; €3e$b$6TWO 03/ 11839-47 Cross Reference. To Rel ated Applications This /07
application is related to the foll ow ng co-pendi ng, commonly assigned U. SL%
pat ent aw&ﬁ%;ﬁns: "Qpen Bit I“ m iih U tra Thi n Rgoglysoknazssi st or s,
attorney docket no. 1303. 005U81,L er 09/780, 125, "Flash Menory
with Utra Thin Vertical Body Tr nsi*s&)&)&,s," attorney docket no.

1303. 003US1, serial number 09/780, 168 " Pr ogranmmabl e Logic Arrays with

Utra Thin Body Tr i T MOANBOIRAO7US |, seri al

nunber 09/ 7S0, 087, ggﬁ‘gﬁ%ﬂ)%ﬂ res?NgE%K%e%ode Circuits with Utra Thin
Body Transistors," attorney THISKRODNARABSETOBYS 1, serial nunber

09/ 780, 144, "Programuabl e Menory Address and Decode Circuits with Utra

Thin Body Transistors,"attorney docket no. 1303.008US1, serial nunber

09/ 780, 126, "In Service . | o th Utra Thin Body

Transi stors," attorney 8{ R g’%@ : Bt ,Iﬁ?ségrl al nunmber 09/780, 129,

whi ch are fil ed Ts @peRatiat i rdldedtBEDYOIRANSLSDERBNS, comumsilyier ewi t h and

each of which disclosure is herein incorporated by {ﬁgﬁreﬁﬁe%q%o

rrr~na~xii rssigiOlDEDPEPT aPPNEIYDF@XMQRFﬁ'ﬁ“\;EWb%&EAUK el Bt he

| nvention The present, i nvention r t : ontsegnat ed circuits,
and in par E}%‘%ﬁg 5t cf‘tttPg}eéféféCfﬁqtnol g@?%ﬁ“ﬁj lllljl?htﬂ%ég O‘?ﬁ ngbody transistors.
Backgr ound «f,qh RgerhHanii D2 Bhid & Gedal Botgl UeineistongTrattéresy delietnas dynani ¢

random access menoriés (DRAMs), are wi dely used jn conputer gl){stems for
st or i ngl@latl803 A0BERAM sesirbrymies |00/ 7804 p2alPrerammalisd o eah A HR¥Y N f | | d- ef f ect

transi stor @g}@li@g}gggﬁgn%%gg” SORBS) §icer 1193856070 FELrilyRite: t he

transfer of d? € storage capacitor during reading

and wri ti noyppey &, aRs MERRrHAldce gRE0anCIrbeitsyth 2iea Ehipdidyor ar e
periodically refreshed during a refresh operation.

NEWD@ density is
typi cal |y |Tmndigdrsdyatmmmyrdasiiention t H3I08RIN ¢ sershnpmberdidy O(Jlf‘)?1 that is

i nposed by |ithographic proc es u dyr j-ng. .: i L 64 exanpl e, the
present geriraERERABIe BieBl UBAReR T eatt o P S s 2fp B PO
113/ U83'1%)i- lfralggg}gsugt(c}rﬁ Joc BT, 1| 58 (IRAS erialMiin@bercd % 780812b . of storing

256 Megabits of dafa, reduire an area of 8F2 per bit of data. There is a
need in theS@vice Progrmnwiat leoginAtrypheith BéresThip Bashoirpesistpn, GHEEXYt o furt her
i ncrease data_storage ca jty.and red fact.uri creasi ng
the data st‘éﬁ%ﬁb‘l%dggép@&i}gjf’ SE%%“&‘B’:?&M@Z?% ‘I;’hl £erse qg%‘gﬁfér‘é% dlg{ér educt i on
in the siz e(%gw#tﬂ%ﬂig&%sosfvsﬁ 1 &8st Ol:a8RiE aRBEIotAEd BY refaefcenenory cel | .
However, otMer factors, such as subt hreshol d | eakage currents and

al pha-particle induced soft errBieklofithglnvertiathat | arger storage capacitors
be used. Thus, there is a need in the art to.increase - density while
al | owi n@0t he useTBf PESEHAYEIEGD FFEFeARY O W%ﬁtﬁgggﬂpﬁ?@l{%ﬁt i munity to
10 | eakage cyr. filne @58 RFSwitl RRFShirSb@ysAngiseed in the broader

i nt egrated Ei&pr{l(%ﬁllg{&’ar[&éfl%?dgiee%e st‘;vbctur es an.dlyf abrication techniques. As
the density requirenents becofmkigioyhéof ; r in gigabit DRAMS and
beyond, it becones nore and nore crucial to m.ni(g' ze celllnel%g%s One

possi bl e DRAM ar SRMiadustar MEMERES, SUNAS AYBHPIC TARAOT ARqTRs 1P The
continuous sGaling, Lised T s RGPk 9@Yink @afah ey DR@MSUb- M cron
regi on wher gﬁ%ﬁ%&ﬁéﬂiﬁ%ﬁﬁge@hﬁ@% fq*san 0.1 m c_%on, 100 nm or 1000 A
causes sisgnipfdneapicelp typidagigindludes he acoss/@sitlietieal transistosi(EED) amita uct ures. As

shown in Figure 1, junction depths shoul e C ss. tha channel
| ength of 16BOagK capicitori $he ﬁiﬂeiSSe%Esw %‘gﬁ?fa‘é{;‘]tflh& ‘J@fa °§1a+%e\%?%%‘{r?§r ed

Angstrorms. %ruo?rb the storage capacitor during reading and writing operations. The data

charges on the storage capacitor are periodically refreshed during a refresh

operation.
30 Memory density is typically limited by a minimum lithographic feature
size (F) that is imposed by lithographic processes used during fabrication. For

example, the present generation of high density dynamic random access

R
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20 shallow junctions are difficult to form by conventional inplantation and
di ffusion techniques. Extrenely high | evels of channel doping are required

to supprg%smﬁmghg-cham el effects such as drain-induced harmy@robowering;
t hreshol d voltage roll off, and sub-threshold conduction. Sub-threshold

eshol d Vol tage thr b- t hr esh
he. char go SemPRELTEA Rl B RTARIA Cof St Hid RepI Al dinehing S0 ces

extremely higleslopsFichet Bit@lf Satae Jubike it Antelcinelasadtd pakidgevaniigheduced

carrier nmobility. Thus making the channel shorter to inprove performance is

negat ed by denidy mezrorics in prdbi 1o fugtherTrapase dpie STy @PpEty:Addeden the art to

provi de i nprov nmenory densities I vai di t j.ous effects of
\g.'gcftglélp% cé&iﬁsc c&gasgtg ta\el\'mtg gto?a&l gg‘é)f[&gg oli)gelﬂfac%)ﬁ&\?clfdr

short - chann&f™ Fat n=1 nee arrier | owering; threshold
vol tage kol hepbfies R PrddbEmsialike aansiunt haess FET aedsethek ealager and
reduced carrier nobility. At the same tine charge storage retention tine
nust be mai of achewmay ceN\Eoweasrlatbgdaaorsperhiasephibgshald deakpgs y of t he

| nvention The abov nti oned.proble with se r nori es and

ot her probl %W"égraé‘%aagﬁ}aégasrﬁ%eE@WCECLSQE%%?Ttre‘ﬂ?ﬁl{r/getﬁ?ﬁqg%%% "Wl be

under st ood py.£ieAdbBgs@NArisils UiikieNda bl it ohd AMoBcepachEmeat deasity Syst ens and
nmet hods are provided for transistors with ultra thin bodies, or

t ransi st or swhileaowing tsundfead st peoepatitarstbatgiidn seifigicat inawupitale ot her

transi st or di ensi ons scal e, down. .1 n one enbodj t. of .the present

i nventi df, gﬁ_&%ﬂ&@&“%ﬁ@ PO CBRAM 8&%1%@5?@“6? i e broadhaie ag"éig_ bit line

DRAM devi ce 4.6 éffjﬁ? dRRs N B Q& andBIRIH i GPlebBniqledCh menory cell in the

array of nenory cells includes a pillar 10 exténding outwardly froma

semi conduct or substthadensitEaanipmehtabedontd higles aad dighgt i gegat BRAM fir st

contact layer and a single crystalline second contact :m;ae)‘/leg) separated by an
f

oxi de | ayer andbeioRg bbeqopss Fpqre ﬁ%‘.i 9’8Fet‘irl°}%iﬁ“f)r1%1ﬁ§?’§?8?11 rfred al ong

al ternati N9 ,54sitie D f ARGt iRl is'thd {%‘lc%d%itrl%s%cﬁké.l ars. The single
crystalline*vertical transistor includes an ultra thin single crystalline
verticalisfirst 1Fheouitdeiods sdahing dgiveners ofMIQSFRIbteth®ldgy totthedgepact | ayer,
an ultra thin single crystalline vertical sec}?ndgjource/ ?ﬁ@l n region

coupl ed to sHemiaesaeBiebhaEchpres fengthyaredfsshag & L operpns { g8 ¥ yst al | i ne
vertical bo [ e t. L& HoAN e R GaURL RS, ke first
and the seccd%?h‘%dg‘g“&?%é%‘g@%%?@&%%ﬁ‘?ﬂﬁlegf&?}?% i|0ty o% burli ed bit lines are
formed of siReleircFigsteal, fiteos depthostdult s moeit lesd thin drcthafndiegised bel ow
the pillars in the array nmenory cells for interconnecting with the first

contact | ayef 180 Sopuihis immliszinetion dapseliadey handicd A\PesFomEnsrsh cel | s.
rurther. gﬁ#@%‘t %%Xti@isragﬁaﬁ}édépﬁsfoﬁqg boHAGik nfBGaNBh nd | N€ | S dI sposed

or t hogona p buri e Ines tn a trench between rows
of the pill @usiarteasidyessiBrgemletydtigtalel¢lg obcltyneladyipampsarefeduived &1 ngl e
crystalline vertical 25 transistors that are adjacent ta t_hﬁrtr(?nch. The

i nventi on alsgpprpsseliprehaaneheties sush a5 drin-axucehpanFoNsHN Rt ng a

folded bit Lyne CRAMfey) ¢ TG TELARE I NCKINT LRIELAM BRI a of mermory

cells fornmed® r'OWS urmms. m ng each nmenory I'ncl udes form ng
a pillar extaagulglypovmdiyif DRAM tBibl6@nablictcducsuhs thagestod@e For ni ng
each pillar ‘includes formng a single crystalline first contact |ayer of a
first codducttentiantimges thimerppeitaricals alhepmegrieenesly bighidopie lewdvisdiEont act

| ayer . For mingpeasind PRt BEKShONT, IS R ER el 0 (e
i ncl udes f orgRbgt 18 iSbREkPeAbIhRE id Ratée by o darrn sicbiilty. al ong al t ernat i ng

sides of the pillar within a row of pillars. Accordi n% to the teachings of
the present i nvenklieseforeotheraig agwethinsting git éo proyidedmproyedyee®9¥al transi st or

*includes depgpsi.t.in Lightly doped.pol ysili }
conduct 1 vi ¢ Reasifi e alotiie Yo FGH AR bt f brl BRhe QiR PR
pol ysi | i N J&%ahdwed bagics esasthes anelusldiwltaye tollpeft, taad lselvigeshiold) on
‘sidewalls of the pillars. Form ng each single crystalline vertical
transi stor icooludey, meresastd lngkaghengiadnend carrisy npepakityt M the gime §Mejoped

polysilicon layer of th econd conductivity,type recrystallizes and
| ateral epi t%‘i‘f/gglﬁ%%ﬁ rﬁ@gﬁggﬁﬁf@ggp%&f H1a3)ﬁé%1§}¥% vertically to forma single

crystalline 10 vertically oriented material of the second conductivity
type. Further, 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 |ayer of the second type to formvertically oriented first and
second source/drain regions of the first 15 conductivity type separated by
the now single crystalline vertically oriented material of the second

o — - r 1 o ~EF< AR A o o N



present invention will be set forth in part in the description which
follows, and in part will becone apparent to those skilled in the art by
referencgg@ughasfol l owi ng 30 description of the inventi grra2iseszer enced
drawi ngs or by practice of the invention. The aspects, advantages, and
features of the invention arg.Le ﬂr%@%e‘hwen\%l@ | 13/ 08397 PCT/ D S42/ 113231
and attained by nmeans of the instrunmentalities, procedures, and

conbi nati ons parhé sheovanientipaédpreblemstwitinsenticondpgiontiethocieapifsothely i ef
Description of the Drawings Figure 1 is an illu i)rathon O<fl a convention
MOSFET t r aproblsmsrarg pddzessediby Hi PSeﬁeHTe“@ﬁ‘Hch?Bﬂi“ﬁg e JpdgeRd Y nvent i onal

MOSFETs as_contin i | ' Ratidle HeRRsSMBnBikdRArd €Qi On where
channel Ieﬁeﬁglﬁlg agggt%?gzlg%é}%%ogﬁ%gﬁgrloarll, 10 m"l,S or lI 000 A. Figure 2Ais a
di agr amsi | husidedtthneangines ahthyltenthiebdihies, oetransitora whetedbe swface| i ne DRAM
with vertical ultra thin body transistors,ac.cord]iéﬁrj:% to tﬁg t eachi ngs 10 of
the presenspacaebaree tegionrscgles dowpas pihgsiransishy AReRIFSFCHE™Bf the present
invention for a folded bit Li chi : Ld GetnbpRiAg a single

wor dl i ne/ gate p&t OWFeFHIY 3Tlelﬁlogﬁéeaﬁ1§%gﬁﬁ ﬁ@%ﬁ‘;ﬁ‘?‘r gﬁ@?s‘% or sngor nmed on opposi ng

si des of pidb{zi@éﬁ}ﬁ&\ﬁ@é(ﬂim fbRiet e ireashAMGevide ihtiadgraaserny of nvent i on. 15
Figure 3 is a diagramillustrating a vertical ultra thin bodﬁ t ransi st or

formed al omgensirdeeltsf Eachiveiary adburtie agay of mpmonyesininggeyp PEKRE present

invention. Figyre 4A i _perspectivye, Vi | [ erally one
enbodi nlé)_nt 2 gg‘nﬁﬁlwaﬁ) Y Téafg}lﬁgﬁ&ﬁt?r_Sﬁﬁr%ltéﬁe%p?hgagg%_r ing to t he
present | n‘éﬁ-{%ﬁé Qstallih@HFse céiadt 3ay@r bftPa MingW cpfstafligiceontifcdnkdctiklyerat i ng
generally pilfTars 20 including the ultra thin single cr%/'%toal | ne vertical

transi st or sepdeatgdiby adl Gxids layep eh spgba ¢rystaliipe wertical FRPPISIOF HfOBRG her

enbodi nent of a_port.ion.of folded.bit |Lin r : ding to the
present i n\ﬁgﬁ’cgiaé‘r%maﬁl%ﬂp%s %%h? pilar Withina tow filgﬁ%?' ?Pé‘%ﬁ?ﬁaékcg}ﬁfégﬁhgéng cut-line
4D- 4D of Fi&Hﬁ% AG kUSRS GL DR @k cBystallafesvertival Bigtng the ultra thin
single crystalline vertical 25 transistors according to the teachings of

t he pres®ntsolveklntin cagionFaypledgo Bre- fixst antass taver an ylirajthingsingle pr ocess sequence

which fox form ng pillars along si.de of.whic i I hi n body
transi stor §r2§é?1h?%‘t’%'?*°a_géeq"8fl ﬁ%‘g‘cg‘grab‘é’retglod]f ?Oflgﬁre%%%gl%g#%}%&égﬁggt | i ne DRAM
according tjg. & he 03¢ MES siAblelhRtMRSRMicd] BYGNERI. width bh@iseshic 6A- 6C
illustrate that the above techni ques described in connection w th Figures
5A-5C can heideipyemadceapled thh fisstisod kheavpmd urmssiagyesensa APIWHER on

i nsul ator (SO ). technol ogy. f13/118397 PCTI || Sf| 2/ i 7A-7D
T st at e @ st BEPELHR RO AERARY T oML RSl SEP g 01 ©°

embodi ”?6” Sdiggfo%& Ja8withe F19H18 $hD e GndiBorfy QeI R idtbieahnaating arithhher body
transistors ong side of the pillars. Figures 8A-SCillustrate a process

sequence f ofirst comaanipyer dfaoluonbdihcegapidlars inthaarayrof memIYCAlnt . referred to

herein as horizontal replacenent gate i N nnect J. on: V. he present
i nventi on. W@W&Pﬁgﬂil%ﬁa"(‘?rggp?%g@ 1%§qugc é%g gg’a%ié%glg\ﬁfl%’r% formng a
verti cal gaéghg?:oﬁéﬂfﬁ tdlife @Mﬁl}" FERried it 1GRE MEE trbdh Bk dent lowrs pf drent

S

i nvention. I'ption of the Preferred Enbodinents 10 In the follow ng
det ai | ed depitlaispbr ahlresbing hiteinntiembodyrregions of thaswglescrygiglline vertical

25  transistors that are adjacent to the trench.

The invention also provides a method of fabricating a method for
forming a folded bit line DRAM device. The method includes forming an array
of memory celis formed in rows and columns. Forming each memory cell
includes forming a pillar extending outwardly from a semiconductor substrate.

30 Forming each pillar includes forming a single crystalline first contact layer of a
first conductivity type and forming a single crystalline second contact layer of

the first conductivity type vertically separated by an oxide layer. Forming each

3



to the acconpanyi ng drawi ngs which forma part hereof, and in which is
shown, by way of illustration, specific enbodinents in which the invention
may be pwharésiieedy; The enbodi nents are intended to descri lrrTasqenssiof the
invention in sufficient detail to enable those skilled in the art to
practice tpn%rﬂo?%@éﬁ er tdc[HaEs rmBEROGAFIE BHEtallie VReidd! frhrstest abdiy changes
may be made W thout departing fromthe Scope of the present invention. In
the fol | owhngnategcsidgtdfaie pillmewitidn meowafeillan dAswuding 4 thedeaghings

i nterchangeably used to refer generally to any struciure. on which

i nt egr at ed of thedipsent ventios, fppang spd Sé‘i‘é%%’étaﬁﬁ‘@ﬁ’eglcta TGS during vari ous
stages of integrated.cir.cul ! i i ieitdoped and
undoped 201%03‘#8 (;%ﬁ%sét‘flg %Hé}%tB{®§§(¢ g@&%lggoenr @%r;b ftg%gﬁlidccgﬁ%%? gg on a

Suppor t iNg tRNGveP Yl Aran direstiubkdy etolingatheepal geiticond aysr nithesaeondf such

| ayers, as well as other such structures %hat ,E{Ee ]f‘snov.vn in the art. The
fol | owi ng cenductizily twsde iqsve enlyios siiswallyobbepillash FHmng ¢4eh I8P sense, and
t he scope of e present _inventi j i ol nded cl ai ns.
25 Fi gur e St UG b PLbbRpla b AR okt DR 1RRRE A S B e
bit |ine DRAMIHSPsiUES iag@ ofihd dedortddondbaihytyttypnstissaizenardagialg to the
teachings of "the present invention. In _general, Figure 2A shows an

i nt egr at ed epitaxiai solid@hasesggiowals oecuseyardemiae fam nuiRgleyrEEliing,

i ncorporating.an arr of e cell [ OV i.nyention. As shown
in Figut® 2&M V@HFPa‘%é66‘“?‘1?@8{%8Sec%%fg?/&lfbg@gf’?’xa?{r}%é%ﬁﬁo, such as 210A
and 210B. EQGR. Ml @ses Mk §iﬂ§l: NMer¥andRecdNd@ohtatTiayes ofefisty cel | s 212,
WO () 3/0839a7 PC‘F/I 1S5(12/ 113231 In the enbodi nent of Figure 2A, each nmenory

cel | i ncl udeadectivityrigfeseed e giavah of sispleasystalintamatsrialcf|the Bistess fi el d- ef f ect

transi stor (FET), 23 0. Mor icularly, ..a Fncl.udes at | east
one. but _repiHel e GanEety PR et urT Rt Sl St B een t he
et ﬁn%%%rtféaﬁ%%riérﬁ@d SRS APscRoRPsE&Y/dthimi ragibas of thalisst Access FET 230
is coupled at a secohd source/drain termnal to a storage node of a storage

capaci t 05 28adudhatydypeseptrtedibydhe ndw singreaaistaipaivertieslyxsEnted coupl ed to a
reference vol t age f\SKECh as ag{ﬂgun% vol tage VSS. Each of the Mrows includes
one of wor dupieRakofifagyeopid cor 18 YR m whi ch serve as or 10 are coupled to

a first gate in ﬁl‘ﬁﬁéﬁ{eifBHleH‘BWli%Qﬂﬁ&@Md@%@ﬁﬁh&Hdu&'ﬁQonﬂiﬁg'ahe enbodi nment
shown in Figure 2A, each of the Mrows al so includes one of word |ines RO,

rR2, ..., Rm 1plufRiity ofipired Hidires $evwdof gagke dystallinesenicondgciosmaitdizhcent access

FETs 230 in nenory |I1s 212 As gne of aqrdinar Kid | i e art will

under st and @ﬁbﬁ@‘@ﬁ@gﬁﬁwﬂﬁ? Bﬂldf%eﬁb%%’raéf,&ﬁ%"%?éaﬁ% nliﬁeoé.m b ﬁlgccess FET 230

are 15 ngt ?ﬁ‘i’éﬂtt%SQbﬁr%din@Hﬁés%?clﬁd%@_cbﬂﬂﬁigtth@ﬂrst Botitadt dyREGT CobneSENt ONe
or

enbodi nmént e sanme. The invention may be practiced having a single
wor dl i ne/ gahdjaqeu palatsanriad anay of ovenaaty skt Theonetbed frthepBgluday t he sane is
illustrated in Figure 2B. .The, i nvention..i ot, s@.lin term
wordline i n&rﬁ%gaﬁlﬁal}t}ﬁf)gweﬁlrm@ét %ﬁorﬁ}@oﬂberte%chmgrsg}lf F]%%e%gﬁducti on

bet ween the;fJ RGO B ARY bEROAT B iRdud R 1TBintiaL Saddfwad tiess FETs 230.
Accordi ng t(l)II\}tehtZ&% eac mgsBOf1 tﬁe present inventi on,gand as explained in

nore det ai | dpbsed,orthogesslyFete phaoliiyndbuded bislingciala tygnch REierR THBYy

transi stors 230. .Fach of .the N col yms i.,ncl udes e .of: bj i.nes BLO
BLI . .. BI23- 10f thepillass or| gdgeessipg pAteEp: m&fbé)dﬁgg%or}soofﬁﬁ? ?%glte gwasﬁalcliﬁ%ead data from

ey oel | SedLdr AR o bOSMLNENARG RO AN are used to act] vat e

alternating row adj acent access FETs 230 to access a particular row of
menory cel |'s 212 Tiead aridsother endbodinents aspmctsy advantages, snbivatures afiteir es 2A and

2B, addressing circuitry js also jncluded, For .exa e ffer 214

control s colpﬂ?ﬁﬁntdéﬁﬁﬂ’émé”lg ,Se'vﬁ%ﬁt MBS Y ?ﬁéf’ﬁj’&gé@gﬁ’b&mﬁgﬁ’%?@??y and

" input/out put giray ' d18kd 1@ thé hrt BY rdfbiegse Blke Blldwidyldr ess
buffer 214 g’ﬁéﬁlgolﬂﬁgélﬁfé@g%{tgoe@%%rs 216. Row b ) %

30 description of the invention and referenced drawings or by practice of the

invention. The aspects, advantages, and features of the invention are realized



decoders 21 G and col unmm decoders 218 sel ectably access nmenory cells 212 in
response to address signals that are provided on address |ines 220 during
read 7 WW(Q‘,];;‘§17118397 PCT/ LI S02/ 113231 and wite oper atr@msso2/ibasi addr ess
signals are {ypically provi ded by an external controller such as a

i Cr 0PI 0CeS00 AFc Ob Y leaENRRY S OMEAHSs; ploa&iney 2P OBTMineRbss 212 has a
substanti al'Ty i'dentical structure, and accordingly, only one nenory cell
212 struct ypRicukriggsiitedest iheieippendideldmse are described in 5 nore detail
in correction with Figure 3. In one exa node of operation, circuit 200
recei ves an address of a p&UclHEPEPULRQHHE LIAMINGS1 5> ot address buffer 214,
Addr ess buffer 4 identihies..one of r I A husde

parti cul ar neno?‘;)}glggl 1 %'il blh{%gat?%wo e%otgggl}ty@ll\gdsgquvst (rjae{%gttj%\%n%%gué%l ectively
activates tth@sﬁﬁfobfnﬁ%saﬁ SUEN EbnkemteoniDMISBENs s contamiony atadingocess FETs 230
of each nenory cell 212 that is connected to the select gc{ word |ine
W.o-W.m Cobuinndegp subtericpngegien sbess dhpench ache a7 test haRs- I8P Bln of the
parti cul arlly addr e menory cell 212. For a wite operation, data

recei ved by qod}b’ﬁrt(’/‘jaﬁ@@r circuitry is coupled to the one of bit lines
BLO-BLn and t hr opghyebeisataigsamiflstA8as keneiltyr g anbalfiseiafgeoldeé 15
storage capacitor 232 of the selected nenory cell 212 to represent binary
data. For abit BaDBpeMd atithoverticihubiradhiorbody itrangifersascedingiofBatsAchRg | 212, as
repr esent ed f?ﬁ t he charge on its storage capacitor 232, is coupled to the
one of BPt ¢htheBreppbET

NUa%) i fied, and a correspondi ng vol tage |evel is
provided to the FRpMIMUIRIkeS i EMbddEmeRbARE presim dnientionboraskied of t he
invention, each of the first and second gates of access FET é‘go I's capabl e
of control | bingin¢ Mehitenhata practinedeaviegnsingle Wardline/gateiperecsinn! Bbiahis/ dr ai n

termnals, as described below. In.thi.g e Lent. .. I ' i ng

functional i b@y@gﬁ%@%?@@é@@ﬁ OBB?%ﬂg?Shogb W%?%?chh(ggg[eogégﬁgéasc(ﬁgwg%g drain

term nal s o{ e%&%ﬁﬁﬂ{%ﬁoﬁ% by i ndependently operating the 25 particul ar
(T I*I nes [

ones of wor W.m and correspondi ng ones of word |ines RO-Rm For
exanpl e,15by i ndepaneehid ydiaghimvidlvstrgingererticaheltwtiondedy WepEStPT ne RO, bot h

of which are coupled to the sanme rqw qf .nenp cel.l.s [ ndent |y
control | ed fomedglogg seiefd! ar@gﬁoralélgﬁgF}}?Etaacﬁxﬁ]ggggﬁheﬁ%%ggglggﬁfoﬁg access
FET 230 by respegidyesfiil §hedpebisecRACIRt A Rherall} o1 BgbSAmeansiuct i on

between the first 7and second source/drain regions. According to another
aspect of t h@oitivnerftaifokied batdineahendry at¢ording smthequwessntinyerteod. of access FET

230 is capable of contrqlling.the_.conduction, between | £ rst W O

| 13/ 0839-t7 PCT/ @%ﬂéﬁ(ﬁ%m 18‘%6’@&5%‘%%’8‘{??‘ g?%%‘é%?eﬁélt@?%h‘rﬁal s, but the
first angdys PhhiPanh ke G BhliRCseS] FklS:t8R0 are synchronously
activattr-;%), (r%gc? errlg?{]egﬁn?nlgepé%deﬁslyloperated. For exanple, b

synchronousl y actigaé #6gs wpedpédtive viasOllasttatingragothenempRodimsst ¢t iof whi ch are
coupled to the sane row cells 212.. 5 synchr %ﬁ'ﬂ"ﬂ%r)fioﬁcu vat ed

f ] .
i nversi on cWQHH@I‘Efacfalrﬁieggltflg‘r%%%{?rﬁ a’é‘ﬁ}fﬁc‘c@éf}l%gb%&reﬁg access FET 230 by

respective first mand. 3pr00d,Qak&SichAlviak keh AlbneRRdUAE KDMIbEf MiRare the first
and second source/drain regions. In this enbodi nent, synchronous activation

and deact i vatd Winstedtingtpenéiaily pilandinsledimgdheyaltredhial singhe ciystalline vewisek ol over
the potential distributjons jgn the 10 cess FEI'I;,GZ 1(())nv\,hen it isina
conduct i 32 draasistorsgagerhing,ig fae teachipss EIRE B dERERH Y%t i on can be used to
obtain well-contr shUld MndeRt ah adiAnRb ekt Saueha Wisite fdrFbingiag of access
FET 230. In a furfﬁ efr%ge;r\rbod?irrent °n’ whi gﬁ thegﬂ rst and second gates are
ei ther synchjinseuRng stfe df mdagreveteed itrasbin hosly deansigiors eandater befammsd i on

vol tages can be 15 applied to the first and secqn at es of e access FET
230. For exaseg of dorpyiag ég‘?ld%w g@%b aﬁ‘é“g?‘&&? %e?cgn%%?r?(ﬁtl}%heonousl y
-activated word || O and RO, thereby providing different activation
voltages to lfr%%enHﬁ?g?tyegnhd second gates of the access FET 230 to obtain
particul gp desir eRigope 6A-6Q fhatrateahdtelid attove techSigups destatbeddinf f er ent

"deactivation voltages can be applied to the first . .a 20 gates of
t he access F@HHQ@@.HWF@%W%;CWP%%WF“’G‘&S@W%*W%%W{S ages can be

provi ded to ne SsJ: Tl ' > WLO and RO and
correspondin%>X F}éﬁﬂggﬁﬁg%ggﬁghgggége%ﬁyg%%ggggiETs 230, in order to obtain
particul ar desired operating characteristics. Simlarly, different
activation and deactivation voltages cah be applied to independently
operated word lines such 25 as W.O and RO. Figure 3 is a diagram
illustrating an access FET 300 forned according to the teachings of the
present invention which make up a portion of the nenory cells 212 shown in
Fi gures 2A and 2B. As shown in Figure 3, access FET 300 includes a verti cal
ultra thin body transistor, or otherw se stated an ultra thin 30 single
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W O 03/U839-17 PCT/LIS(12/ (13231 crystalline first contact |ayer 304 and a
single crystalline second contact |ayer 306 vertically separated by an

oxi de | awgy 0328%47An ultra thin single crystalline verticalciyosmsssior 310
is formed along side of the pillar 301. The ultra thin single crystalline
vertical transi sfigired 78-7Telhisdat HAtotdst saquehiceconiingihg fionydiepillarne verti cal
body region 312 which separates an ultra thin single crystalline vertical
first sourcotmatiomembagimants providad iadighres 2A00 ta famyericelyss 81 i ne verti cal
second sourbce rain regi on .316.,.A gﬁt_g 318, which may be integrally forned
with a wor P39S StosERens HEGOLDSPE UYid bel ow, is formed opposing the ultra
thin single crystghldsRa-y€hhistale DREYess S@jueiceXdPfoihd Shereatadged therefrom
by a thin gate 10 "oxide | ayer 320. According to enbodi nments of the present

i nventi of, stheturk emhodilient, sefiagbdtacheyeinak hprzonjed replacgment gaies, 8t or 310
includes a transistor tha?vi‘n a vertical |length of |ess than 100 nanoneters
and a hori zSHRSPIGH Wi fpl?sggtsmf’ﬂﬁ’r?nlo nanometers. Thus, in one enbodi ment,

the ultra thin sgpgl& oalyStidhdianes ;{ﬁ&éés%eélueia@éiﬁér FReifna Lrtiddizate1cl udes a
channel having a vertical length (L) of |less than 100 nanoneters. Also, the
ultra thin stuctire embyditrant,iimeomectidrcwith oxyresesyinyant812 has a hori zont al
width (W of |ess than 10 nanonet L. And, th Itra thin single
crystalline vertical firBes&Ry e RS EERONCISd an ultra thin single
crystal lijyne verti - B LR & ReKdgeont al wi dth
of Iessltbhan 10 %ﬁ%gﬁ%ﬁ%@@ﬂ%%@%ﬁ%%fgﬁ%ﬁfgelﬁchéﬁlgg of the present

i nvention, tdeubdongpahiing dsawigkewbichSomh bipme heeof, iandin whihs$ sitoom, 310 i s
formed fromsolid phase epitaxjal growmh. Figure 4A is. a perspective view

i |1 ustratinBy §enef dlysiratigis s Frﬁg?fﬁmSPtSén Wg}« 1i“6‘?1mc‘ff"“té9nrfgﬁ>6§§ bit Iine
menory devi r . ] 3 YIRS | iijfg to the
present i nvgﬁatcﬁ%er?é %éﬁnﬁgﬂﬁﬁt{%gtlétg?&eegv%gr@%gﬁESI%? ﬂssi X rrlgﬁig)l?{/oqclgl | s 401-1,
401- 2, 401- 3uffidldht detaillfdlenableadhekedRilled imttiecint th pedctide thelinventiphi Etldrngl e
crystalline vertical transistors 430. Accorgi ng to,thge Cﬁﬁgjgchi s of the
present liSnv&mbpdimentsiaaebepiilizgd apd shangaymay O yiads withqut (DATINEATO® r ansi st or s
430 are for I In..con i A I i de of

oi 1 ars oxt Dol ooE baRaAHoE RERE e ool PHEE & LR E0EET Those

pi |l ars ar e sh@riRbaRArCaRdtihbydlE egdra tafeofenbiatly ké mgsstd@firebinch repr esent

particul ar ones of bit |ines BLO BLn al igned in the columm direction. In
the enbodi mevitchsintsgratedcirquie pee fogned, apdrlse fosish siryctpres Augpe Y eA3%1 4A

conducti ve nment. I .St . L ne word |ines
W.O W.m Whlgg esp&%\ﬁ/tlzeg;eat%dn ‘%%‘F‘g?‘f y aw())lg!rrgé&? Flﬁlgphgg?é;géq‘eg% 8?‘? §0 thin single
cryst al ligne sw@idoh@@tork fepitakial layears 480 sémiconduwtadpacapporting| ars, on one si de
of a trench in which the particular first word *Li ng 406 is ipterposed. This
is thus 5 déepairgasicterriniaiiogimateriali sasmhinations pf Yishdeyesh aa§’eﬁraésent ed in
connection wyuth Fi : I, quprd line 408
represents ?F\@eréﬁéﬁg‘?‘%%%hﬁ‘ﬁggmmﬁl%mﬁ ﬁ&%r“g@ géelglilér,\&t)egr ally forned
second gat eglef®@iptish s wot thbetaken i elimityipt @hbd, ared thestopead! the presinst or s 430 f or
alternating, row adjacent pillars, in_a nejighboring bench in which the
particul ar devestien iotedingd aalyAudghe appegdedelainosed. As expl ai ned in

connect i with E.gure,3, . ul .l | LGTY, j j

transi st'ors 430 a‘i@”ﬁﬁﬁ%&%ﬁ%ﬁgﬂ gb@#@g‘%ﬂﬁag{ys&{e%gi[ﬂogﬁ?ééﬁgF%‘Ség’l\l}\%dr dly from
an under | yi ngt IsISRAM @ith erticAbultasiiniboéy thediours asedrdingds ¢hedB&hings| udes

bul k sem conductor starting material, sem conductor-on-insulator (SA)
starting 15 ofghepresant inyentsm. [ngeaenh FiguradAisBoWHaitearatgdPEcyt 440,

sem conductor startin ri il I { il trates
one exanp|e5%#%8%?%%%?9ﬂﬁéﬁﬁaﬁ%ﬁﬁidéﬁ?%@%ﬁﬁﬁﬁg%ggg}ﬁ%gﬁgﬁﬂﬁﬁﬁﬁé%ﬂ§As shown
" in Figure 4Ayrotiled By tHeafientionl udehewn titFigutd XQridealy 200 froludes memory bul k
silicon substrate 400 to produce first contact |layer 412 20 and integrally
formed n30 csHdoeys ¥H), yudicased 08 and|231Bs Eegl agey 2 H] mgludepM somsandN col urm of
" menory cells howm:@s @§§Nk15$fbi” Figures 2A and 2B. An oxide layer 414 is
fornmed on n+SOYPRY OIEBHPAE }ayer 412. A further n+ silicon layer is forned
on oxide layer 414 to produce second contact |ayer 416 of in the pillars.
St orage capacitors 432 are formed on the second contact |ayers 416 using
any 25 suitable technique as the same will be known and understood by one
of ordinary skill in the art upon readihg this disclosure. Word |ines
W.O W.m are disposed (interdigitated) within the array 410. For exanple,
first word line 406 is interposed in a trench 431 between pillars of 401-1
and 401-3 and between pillars 401-2 and 401-4. Second word line 408 is 30
interposed in a trench 432 between semn conductor pillars of nenory cel
pairs 401-3 and 401-5 and between pillars 401-4 and 401-6. In the
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| sol ation trenches 420, 431 and 432 provide isolation between ultra thin 10
single crystalline vertical transistors 430 of adjacent nenory cells 401-1,
401- 2, 4Qlo &/08463%- 4, 401-5, and 401-6. Columms of pillar scbon@ssibit |ine
direction are separated by a trench 420 that is subsequently filled with a

sui tabl e i nsul atr, fige sFRb&RRMBAt TFGIUr8SAS bdchanemetywelldecludesn texapl e, a trench
420 provides isolation between pillars 401-1 and 401-2 and between pillars

401- 3 and 4@ticd. susbwsncha®l pill acgess fiekk-pifent tignsipter (FRDZ3PhMPI8i ngl e

crystalline vertical tr i rs. 430 are_ alternatingl araled by
trenches 43’?“59?&&113'39906\%@2@“2%8%}@1‘?5 tgﬁ?sépﬂe’%pﬁlayil%gd% %@%ﬁ %é descri bed
above. SUCHohRbfink oBFSHbRLUAEALR SERITRICH21] O BubgkoRl € 400 by an
under |l ying 1 nsulating layer, described below. Al so, as shown in the

enbodi neft sofirceidgain éerddpalsword | i nes W.O-W.m are separated by 20 a gate

oxide fromthe ultra thin vertically oriented single crystalline bod
regions of ultra*¢9esntBl AP & Q’:’W]s%fié‘i/? ?‘??Qngé?'irf"?,[ﬁfa%f gﬂg%’ii@&SéOlg%e 0 V\%i ch

are adj ace . 43 and, HRinal ' iwragjacent
pillars. Tﬂ%)ﬁ%%gég%ﬂiegd%g@%y%t end tg}%ﬁtsdt—rgﬁgll %fl%lrt(i}ﬁ%ér{h g‘gonal ly to bit

| i nes 402. donpledeo amtfosthoensliage eshemsta greudd valtagahtbSs dizchdf therM | i nes 406
and 408 25 are formed of a refractory. tQ& srg& as ug%sten or titanium
I'n anot her Temisdariadssone of word lngs WEQOWa Lol - {-nWE Ty RICAREVE 68 an be

f or med nt 0 i Ll g : [ C ctors could
al so be?@séleggﬁﬁ%??g H%k hgg@%ﬁ:eﬁ%ﬁ3§%¥§egéﬂﬁggﬁggg@gggg ?Qggectively.
One of or di gabodislsht shovi it Feguee 2A yéakh of thetMeows alde irsfwdes onpefwerdadi ng t hi s
di scl osure that the conductivity types 30 desqriﬂed herein can be reversed

by al t eri nglinrsgith&2:-yBee-1sBancoupled to pacqand Late naHF@ALREIPW I¥gH4I | v

applicable to i stru i t A A g A2 W O
1‘1321( 1830- 4¥°%ﬁﬁgépf§ﬁ°%§%%\g‘d% %ﬁgel if%aéﬁy‘??g%ﬁ{ lhéﬁﬁ%‘tﬁgﬁna type
transi stor Sulﬁﬁ%taﬁﬂh.?oh%’zﬁﬂﬂg' s disclowte, $@o hondlired peBancyds RET 230sdre and second
word |ines 406 and 408 bel ow sem conductor a top surface of %ge.vertical

pi | | ar s 1pr ondtdeguizeddd prastias theprieation buheathis penreysst prermBpdgpetefory cel | s,
401 -1, 40152, 401:-3,.401-4, 40i- 1-6, j f storage
capacitors g@f@lfjhgﬁggsvieﬂ%oq ey é? glgcggegll }#‘g’é}gea ﬁﬂégl Ef\%)?(%l]ﬁ%? aglz)érPage capaci tor
432 i ncr easggerhdttgrosddplcentaltes FaITI 33 0capakd saance iVataed of Fiptor 2Bje
capacitor 432. |In one enbodinent, storage capacitor 432 is a stacked

capaci t or t Bhe inventies iswet seslimijechnjhederm Neordhisineladescany dptescrperetiifes and

rocess sequences 10 .known jn.t r r i 4l d al so be used
For inpleng P?ﬁﬁ‘@?%?Eﬁ%°@5%%%??@?%ﬁ§bﬂgﬁgﬁf%@?%Qgg%?ﬁgwﬁﬁﬁit and second
word |ings R&imnrR8ess FETRESY. Ketirdingan tikacamhiiersaiftisi desenf t he menory
array 410. Figure 4B is a top view of Figure 4A illustrati general ly
pi |l ars 401linventi@u-apd ayexplanedigmmore dgipil bslovaqgeess FEES 23¢ g %ﬁg the ultra
thin single crystalline 15 vertic ransi stors 430. Figure 4B illustrates
subsequegtlye %%&@ﬁahﬂgh?i%%wmgﬁ%ﬁbﬁé oxi de 424, fornedgin trenches 420 to
provi de isol ati omabiebfBEN éd1emEOindRIdss e ¢fiBil lanes BInog BLAi.BILo-heBlul tra thin

single crystalline vertical transistors 430. In this enbodinent, first word
line 406 i s Bitrlines BldnBhn as1usedtauwdte te ahd sepdLafalkanmenery gelds Hladvi ng t he

ltra thji_n sjngl ' ' ' . 0 bet
i 11 ar & 201 MO fhef B WandRa KPR GRL i AU Suchitpe R AgREagD 2R A0
Figure 4A, Recadd FERs D10 1 stotdlaafticyir edw iofineisy cell 21 rthatds otter 430 has

been fornmed on the side of pillar 40l -3 which adjoins trench 431. Thus in
Fi gure 4B, wotttthionecadoars showmliy Figupessk) aRf WBs afidrossing oty 1SHER of pil | ar

401-3 in trench, 431, However, .as i I gur 5 hhln single
crystal | i ne 5% glr gﬁoﬁ8¥m?915’r@|d56§%6&2%1ﬁ%§ﬁ{6g§ﬁglflg@nclleegg%egé fﬁg“sl{l{' ¢ e of

- pillar 401- LigahhQhadsthed Afplhifi@dakd thgdt/outputsircafiryhavis coupldd tgbite 4B,
wordline 406 is serves as a gate separated by gate oxide 418 for the ultra

 thin sinfl e lineyBLABLmeAddess dfer £1halse serolanyy decoders2he Broe of pillar

401-1 which adjpin rench 431. Sim,lar ' LG , ho ultra
Chin si ngl o GrRraTIa 18 oines Beeodyt 20 F sHereds S ey T2 "ot he
side of pill@hoftelin2dWasEH ol Bansre pr@AG t3dddrekl Uisies 220 duri@greaddB, wordl i ne
406 is only a"passing wordline along a side of pillar 401-2 in trench 431.
However, as shown in Figure 4A, an ultra thin single 13 V1' O (13/0839. 17
PCT/ US02/ 03231 crystalline vertical trdnsistor 430 has been forned on the
side of pillar 40l-2 which adjoins trench 431. Thus, as shown in Figure 4B,
wordline 406 is serves as a gate separated by gate oxide 418 for the ultra
thin single crystalline vertical transistor 430 along the side of pillar
401-4 which adjoins trench 431. Thus, in 5 the folded bit |ine DRAM

enbodi nent of Figure 4B, first word line 406 is shared between alternating,
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Anal ogously, in the enbodi nent of Figure 4B, second word line 408 is in 15
a trench 432 between columm adjacent pillars having the ultra thin single
crystal l Ghgoséscal transistor s 43 0, such as between ppdaseoddl-3 and
401-5 which are coupled to the sane bit line. As shown in Figure 4A, no
ultra thin ghdglie &feydions.| TREadtREdsistblstaftypicallp proddkddsankgesmndlor med on
the side of pillar 401-5 which adjoins trench 432. Thus in Figure 4B,

wor dl i ne 408ontwllensuchas agnigeppsitogeponer ehpiieemporpniodeddash opi [ 1 ar 401-5 in

trench 431. However sho LN Fl.gure.4A, ul thin sin

crystal Ii ne™FEFHY & fs ‘t’a}?&% ?%mﬁgggFlaegtl%aﬁgﬁ%lrehé?%cﬁoﬁdﬁ%gﬁ%iO%‘«llf of pillar
401- 3 whi choadineindsy tdlEMOhstddie {EeSoribd8 heRMMT e bafriclids 8estBoedar dl i ne 408
is serves as a gate separated by gate oxide 418 for the ultra thin single

cryst al | iSne mose détaihin ¢conandiontwith K@oral.ong the side of pillar 401-3 25 which
adjoins trench 431. Simlarly, as shown i.n Figure 4A no.yltra.thin single
crystalline vertita#® ‘T’%aﬁﬁ’z‘? @%6‘? oﬁg@rﬁgg, ‘Bbcélﬁ @@Fﬁ%eﬂj‘ééﬁntaﬁgmgﬁ (gfea of pillar

401-6 whi ch ﬁl@ﬂc&'apﬁleﬁ{o%nsén #4321 am_lé?si buffr gw.UA_@dl%Bs bm%@lm Aenf@gs is only a

passi ng vvorg ine along 'a side of pillar 40l-4 in trench 432. However, as

shown in Fi gue of thawoad liuést WA Ot WiLm ef thglpertidolac mestosy £élh2l Aerpwecal transi st or
430 has been fornmed on the sid f pillar 401-4 which adjoins trench 432.
Thus, as shgﬁﬁPngfllﬁ-glg?‘{éHﬁ‘ﬁ{de\'/\glrcg?qlé)?@V@@E’S‘C‘i“éajf%setp?/B%r gaia @’éiﬂé“esepar ated by
gate oxi i t - [ i 139 i enhical 14 WO

03/ 118311%74%@%855?01‘[ 5hG Rk TS 10 0?1556%%1%8}%%2 U thuds pillar 401-4
whi ch adj oi rendecedcd tie32lecttld waard iline Wie0-Wilde Cobirthn HecvdeTRAMekaeisable nent  of
Figure 4B, second word line 408 is sheir?d (&Stwe n al terrha;i ng, row adj acent
pi [1ars i nclonaPhbjt Hpes Bo-BLnqiithe rarAgtlaleadicessed memoperdlt €t [9%hsi st or s
430, which . di ffar I | . rg |ine 408
is located ?"E\rﬁ% ?gﬁ%&gg ﬁtlgézfyegxb?g%}é@&gg&mggﬁnﬁé %l aﬁgﬂ%o%éqand 401-5.
As shown i nbltilies BLABL1s awbihebughrthle hdcos FHIB23 (stoschpepeat dibchargatiiehi n oxi de
418 fromthe vertically oriented pillars 401-3, 401-4, 4g1-5, and 401-6

whi ch ar®® adjosesefapagitehep? gathe sqlpcted mepiory esll 2l e rapregsny Bwagdata-1 hi n gat e
oxi de for t (A : { [ I i ne
verti cal 10@,{%?%;}%%& %Eazlo%?%sﬁggﬂgﬁeesg P%?ﬁ?%‘gﬂryfglﬁgﬁi?{‘§§é&§s%gkhp| Il ars
401- 3 and 4®-the ciakgloieitst€otage darfaeiisiisal isweupleéve thelous of hit lings BD®Ot her

enbodi ment of a portion of a folded bit Iine nenory array 410 according to
the present Blayeamplified, apd gepaespondmg yeitagelevel puprovisisd totiednputiontt y cel | s
401-1, 401-2,. 1%9513 401-4, 401-5, and 401-6 which include ultra thin
single crystalC I'ne vertical transistors 15 430. According to the teachings
of the preesent i nuebidighio dneesgectbf tha ivehtiorsieagdi ef the Yisdtahd sevender ti cal
transistors 430 are forned, as described in connelgﬁ]iﬁon with Fj ggre 3, along

side of pil |aics obagceri b Py0 Huenalia Py caniohing the AprdysHeR PWea kS HFEt e 400.
These pillar g I 0 b ol 02 whi ch
represent paailfi ?%C&nggggﬁg/gfgg% Fegni[ﬂﬂﬂfsf, h%gesgf%a%{}%&.l fnnt? Seeneﬁr@grg?ﬁ’e nt shown 20
i n Figure 4G@argtiensiuedhinvefusegiriityscapfbefeffestied botwdeh ithrefir$O6R seoshd406B

represent any one of word_|ines W.O W.m_ which provide integrally forned
first gates sooiceidrain termpals of a¢gese FETE0A indepepdenttyoperating i st or s 430

f ormed n Lter i I } t_RI : i J of a
trench | f wiEH EhaTsLnc ol hleF PRI B BB BRB0R A EE:

i nt er posed. JOPREWIClidr\eRaBORIBY irklepéndepitndivamigiwahl lina W A0BA word 1i408B
represent any one of word lines RO-Rm which provide jntegrally forned
second gat esk9.dpthofiwhich pierrouplsd tethesyme 0w pheeiry Fdli21er ansi st ors 430
formed al on t i [ il g sides of a
trench in \A/ﬁlllg‘%’eﬁ#eillﬁgé:rgg?%lu a}ﬁ%g@g% ﬁn\}\%irs aﬁ%ﬁgés}ﬂlfggﬁggﬁld 408B are

i nter posed. Jbakpondfipthctéss FETWIO Bl rexotvdiRsRindgeeoal gatesfat allghing di sposed
(interdigitated) 30 within the array 410. As_explained in connection with
Fi gure 330 ul sonductioinbesyeeyithe Brsy andgacprbsopege(drainiregiphhsi stors 430 are for med
" alongside of pillars_t.h ou di 3

PCT/ USU2/ 113231 f %C%%ﬁg {‘J"n e?‘f‘%?%wé%%é% %%F%@*iﬁ%@é%g%??‘gde%f”%% ow,
substrat e 408dstFlabeles FETIZR0 SEMpablR @ chiftol i @ihkicOgduthibe beteen its first

sem conduct or-on-insulator (SO) starting material, or SO material that is
formed froma bul k sem conductor starting material during processing. >
Figure 4C illustrates one exanpl e enbodi ment, using bulk silicon processing
techni ques. As shown in Figure 4C, the pillars include an n+ silicon |ayer
formed on a bulk silicon substrate 400 to produce first contact |ayer 412
and integrally formed n++ conductively doped bit Iines 402 defining a
particular colum of nmenmory cells shown as BLO - Bln in Figures 2A and 2B.
An oxide 10 layer 414 is forned on n+ first contact |ayer 412. A further n+
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(interdigitated) wwthin the array 41 0. For exanple, first word |lines 406A
and 406B are interposed in a trench 431 between pillars of 401-1 and 401-3
and bet wegyuirighdsars 401-2 and 401-4 and separated by an ipeguissbos2zmat eri al
such as an oxi de. Second word |ines 408A and 40SB are interposed in a

trench 432 Betclay $:3f S 18 (TohtticRRirT s 40l -3 and
%éc? sé%%a“@&f}?é@gln FE}%P%%@)& it & ccORIEUtS TPhattic

40l -5 and ween pilla nt odi nrent shown in Figure 4C, the ultra
thin singl ecesyBET$ L3here wpidhramlisly ratiedtet, oatber4Ban indepehdentld al ong si de of
the pillars adjacent to the trer]c.hes 431 .and 432 i.n aé‘/,mr nﬁ?t ioné;, row

adj acent pioperared. Fag exile gy ynerenquss Ve VoiddingeVEant ¥o8F ovi ded wi t h
word |ines,406A, 6 n | ssing gates for
transi stor émﬁg@ ’ P%%ﬁ%@g%ﬁ%?ﬁ@%#ﬁgpééa ﬁ?\é& gﬁ}lgév?ﬂr&eﬁggg% in Figure 4C,
the ultra tshidhridtalyerctvated mbisio chemidcan Werfansédsinansh d@tespaniding ar e f or med

along side of the pillars are also in contact with hit |ines 402 through
the first corasafETI230dygespectivelfiistandscerndomntardn allagipe F‘i"ﬁjg‘ét‘%z cont act
bul k sem conduct ubstrate 40 i .ation trenches provide isolation
bet ween ul tlﬁ""eteﬂi(%(\e ﬁfsgﬁ‘?(feseg?%/sstoglmeﬁﬁgh\s/rg ltgll;lgéal transistors 43 0 of adjacent
nemory cell's 403y ks 4RbodimeA bydohrorbd adivation and desctvatidh-of thehtsurms  of

pillars along a bit line direction are separated (fy a .16 | O 43/ 0839-47
PCT/ US02/ 0328 Secandrgates altows befter cantsql pyeihie Reteptial itabutigng in Besy t abl e

i nsul at | ter] h as. sjli i oxi de. . " h 420
orovi deld P BPSFSH 10t YR i &7 BBy O it SvhBo AT Pt bt DT, 278
401-3 and 4QcifhatiBRWen B¢ udeil kb abtain well-vetitrlet el ldpleted tpanatiigngl e

crystalline vertical transistors 430 are alternatingly separated 5 by
trenches 43jhacactbridB8es ofemedss BETWROch contain word |ines W.O-W.m and RO Rm as

descri bed above._ Such_word I, nes. WO n ed from
substrate 400 bylnaanﬁ’ﬂthﬁ‘éeinF Haerﬁh%&/%cﬁltﬁ%%}sg%r,Séggéfgg?[ff%@g%g@%low, and
separ at ed f%ﬁ@nrong%s&'}lf b Badfthdent§rdcliGabd, \iiéreatcadationnglimgsroaatbal | i ne body
regi ons of tra thin single crystalline vertical transistors 430 (as

descri besl i apptiod hethiifost abd seiond ghieg of heypcasy FET 3P e FOXPHEIPIY| so descri bed

bel ow. Trenches 431 and 432 ext. bstantjal | y. bit |i
402" n' onclrmsh e coResE gL SRet oo AR RPA TR XIO 0c) 'udes

and 408A, AQ8R: 6 QRALEY 1)1‘6@1&{11 @ferdhPadRANS valtdees foatit fify an@sebnd such as
tungsten or titanium” In another enbodinment, first and second word |ines,
406A, 406B ghesolthd adess HIUBE3 (G wapain pesicplar desired @peigting shasictenstigdped

polysilicon, Simlarly, qther suitaple conductor used for
first and s_@%’él}?;lﬂy\;\g‘rf%?r‘mt ﬁ%@}lvmﬂfﬁgé%ﬁfa&r}?& aBB@ 1tojg<§ggg g‘g‘fﬁ%é I?Q/e! y. One of
or di nar YoSkilbs bfint Aol Frpbbd. Fof dxhmplaianiRg & ARetivaG (@agnenit S

di scl osure at the conductivity types described herein can be reversed by
al tering dopiovietlytpegnchrmbusip deactivetep mes HnePWLOppdRA e i s equal |y
applicable to incluyde _structure avi ul NV i oriented

si ngl e crysPesp 1nglﬁs(§ﬁp,cg§ecm%ga Fi’}%ﬁﬁ%@sﬁl}_mfﬁ%&itﬁ\%@h% on is not so
limted. Bu géﬁifegﬁai lidshled %g@l-a&?g?&{a%cwsﬂcé. i Si8slarlg OfiffereADfTR vatish AQBA, 408B
respectively, Bel ow sen conduct or a top surface of the vertical pillars

provi des 25 desttivhti@nedltageame benpplel toppdapepdantly oneisted resrd dipes @ichs,  401- 1,
401-2, 401-3,_401 4, 401-5, and 401-6, for formation of storage capacitors
43 3 . Izﬁcré%g‘{lrfbalﬁﬁ%o'ar ea available for fornm ng storage capacitor 433
i ncreases the pogg {OPHALAAPHIB SERARRGNtRBGS FEAl 300 fofmal Acadingctopaci t or
433. I n one enbo |$‘r‘€%?,l sto%%ge capacitor 433 is a stacked capacitor that
is formed ushewgachinygsalf thdy@resenninvediaeapkich tmoke up pportionee thpleRost ess
sequences known_in the art. Oher hni ques coul d S f or
i mpl ement i ngeldg %]rzaﬁ‘é’wéldﬁgéguﬂ'?f’r“"ﬁ%‘% 5%)rr%‘tsgg?‘é’nl“bﬂ‘tgf‘}éea#’iargg%ggﬁgr?%%{)/l' O
U3/ 11830. 17 Ihigndds aaRadoVVer dttlehiesstatd@ @AultAdEE and 408A,
408B respectnFc\(}:g eg,a“':{ée%%{at@%%m&g ou?si de of the menmory array 410. Figure 4D
is a cross sanlé ayskllineeerticakennsiatoon g coutlinlg tn ghettBachingsfof Hiejupsent C
“illustrating generally pillars includi the ultra .thiq.sihgle crystalline
verticar 5 drmapnelse Siriesue Oheatoe F ogarbogs b D pieghe’ V2" S
and 406B ar ﬂagﬁ'ﬁ- LRGctS S8strl 303 enpbpifiddineRidacesihglei | | ar s
i ncl udi ng tﬁoélfug%t a @ﬁiaﬁggl?%&ﬁgc crystzral i ne ver]t)i cal transistors 430, such
as between pillars 401-2 and 4014 which are coupled to the sanme bit line in
a given colum. In the enbodi nent of FiSgure 4C, the ultra thin single
crystalline vertical transistors 430 have been 10 forned as pair s on
opposi ng sides of the pillar s 401-1, 401-2, 401-3, 401-4, 4015, and 401-6.
Accordingly, in the folded bit |Iine DRAM device of the present invention,
wordl ine 406A is separated by a thick oxide 418A fromthe ultra thin single
crystalline vertical transistor 430 formed along side of pillar 40l-2
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15 for this ultra thin single crystalline vertical transistor 430.
Conversely, wordline 406B is separated by a thin gate oxide 418B fromthe

ultra thgﬂ)@iﬂﬂ@ﬁ crystalline vertical transistor 430 forpadghong:si de of
pillar 401-4 adjoining trench 431 such that wordline 406B serves as an

integrally formed_.gate far tNHhi § nbid By §cbAY 8dimadt layer ver ti cal

transi st orcrﬁ%tﬁlﬁggﬁ%%lcg?tﬁé,laé%ﬁgﬁ:E{Jﬁ&eﬁglgg%Ci?}é separ zgt ed 210 by@a t hi ck oxi de

418A from §he, dilidalis sbiirited by@h@xileysteaB08.nanwlirs thimsinglesnsiaiiner 430 f or ned
il

al ong side of pillar 401-4 adjoining trench 432 ch that wordline 408A

only ser vesertical arapsister AP M@W?%Olfﬁﬁidet%f? eBﬁ?‘F atéﬂtﬂ]il%‘r}@iaﬁlape crystalline

vertical transistor.430.  An rolq 1§t kabRGPYalBnd hi n gate
e e e e Rt

oxi de 418BSHE stngle crystalline vertical transistor 430
formed al ongysiidRaptedibn by whRh4GAnAea itmiliig stupbnarstalbac sertikalt hat
wordline 4 serves as an integrally formed gate_ for thif ul tia thin
singl e crysgtabburngdmer tegwal 3 ldrand oh sitey thiygpnglprgigtelPesgra@l 5Pt rat e an
initial process sequence for, forni il i i ch vertical
ultra thi nS%B'Gﬁj/dliaPh‘f?gloé’thtﬁs ‘Abﬁﬁe ?L{?’g‘fkﬁ%he ?%{&Qggl%gﬁtﬁlegkl%r mng a fol ded
bit |ine DRAM ﬁﬁé:?sr (gé'sglqbgdoabbk}gaﬁ@?&&ﬂv,ﬂig$01ﬂ{edtdppo$iﬁgﬁﬁnﬂtr8mm siuglet i on. The
di mensi ons ‘'suggested are appropriate to a 0.1 umcell dipension (CD)

t echnol ogy cayehllivayvdpcas baderbgamcd2ding dd seppigtedghereiompys UG ¢ he

enbodi nent of Figure 5A, a p-type bulk silicon substrate 510 starting

mat er i al0 i $xidg layepd3/ UB39- 47° PCT/ LS02/ U323. 1 used. An n++ and n+ silicon
conposite first a?n%- bBthE @F¢¥B6t ifversiohsthe alter thihGingleich as by
ion-inplantati oﬁ&&géﬁé&o: a éirug\%vt&?lb or?’a conbi nati on of 'Sagfh tle%hni gues to
forma si nghptahivsvatitimansistos 81 Cbrludes a trayséstordiaying asBiay RN Y ¢ he

teachi ngs of the present invention, th e i ikvel y doped 5
| ower port iless thdn fQ%“@PP@’éer%?fﬁ{ %]&anloﬁg?gyvﬂgéﬂfgeggﬁla ﬁg%@ﬁ%@&ﬂgé the bit |ine

502. The thi,ckness Hn0 Aliai 1R safeld brysthlligeReartl balyeegib2 i s that of
t he desi re?l1Ll Stlnlqnﬁge[r%%g&?ﬂ}tct}zness, vvhsi c clgn be approxi mately between 0. 1

to 0.2571ym 3{bhaclodes adlanhdlibakingssvenicat leagthi(E3 of lsahihar 109 BIOMEENS can be

approxi mately between 0.2 to 0.5 um An i de | aver 4 . oxi mately
100 nanomet Alse, thawjtra hinsipgle cmtatllmecqgﬁg@gg% yrle@é)é%ilg%% of ﬁé%ﬁyggaﬁt he first

contact |ayer,» i Eet, Adenexiwetinyasledivtilar be fornmed by
t her mal oxiﬁédﬂbk\g]\)\ﬁot&tsgigﬁ%iqg%gg. A second contact layer S 16 of n+ silicon
is formed opetibg fRstisderckaysn réglen 3 Rmdsaodinethin singletcrysigline witecals forned to
a thickness of 100 nmor |ess. xt, thin.silic loxide | ayer (SiQ2) S
18 of appr osdcaed @ch@ameg@nﬁgygxgmgﬁqré@ngaﬁ“{l‘%@Oggecsgﬂ clgnt act |ayer 516.
A thicker silicon nitrjda. | Sihal¥ ot 820 redenpippeionaicaltya tBéh t o 50 nmin
t hi ckne i QaNPRNAL é&k%ﬁmlgﬁé%’geht%n gﬂi\#i co%q)di oxi de | aﬁ/er (Sio®) 518 to form
pad | ayers, si%gﬁ-crj/s@aylﬁﬁév&ﬂi&landsi%ﬂii10ﬁsefsml€}§bﬁ110m§9]€¢B HegPiRI520 can be
deposi ted using any suitable techni que such as by chem cal vapor deposition
(CVD). 20 Agphdboresist is applied and sel ectively exposed to provide a
mask for the diregct| 15 LR idw fstham eraBy6he agbiimestastt i ve ion
etching (R E). Tﬁségdélgrﬁgé ?%ﬁ%b%"gh} ng resul tggg%iﬁn aylpl urality of colum
bars 530 contmkiin¢f 4 fotdedbtdineahiemoryrdediee loagusay sppformed ingeraant ayer 518,

second contact |ayer 516, oxide |ayer 514, _.and [f.jrst . er 512.
Tr enches2®25ohwansecerramette e preyshinyFaon; Figued djflﬁ%rcafeé%{a h?O glg P ggi%h t he

surface 532 of sub 21 94 Lo tApgrsehy1-Br fyi-sli g 498w Rich ditlddetulteen
conducti vel ﬁ“%?}gﬁgglggéﬂh%@ %’(@? 3?’he photoresist is renoved. Bars 530 are
now or i ent edpiniiidlecstaitizieivertioal transistdrs AZS Socordiag ¢ thedeashingtiP ®€tion. In

one enbodi nent, bars 530 have a surface |i W dt.h .qf appr.ox ely 0.1
m cron or | guesentringentiom Hhess u@&é@“ﬁ?’éﬁ&W@%@“ﬁ é{ﬂ%ﬁ%ﬂ]é%ﬁlr%%islo&r?g{%{ay equal to

the line 30 width of 30, UG iafonk QlleaT pARpe&tending Fi gur e
5A. In Fi gureg“gg? aFS%ﬁ%giP?%ﬁ‘ %a?ggﬁ’é‘ﬁ‘gg%fgu’??éh agSi s deposirt[ged to fill
the trengqesoé%éfdlyT hemWddelitshdautof substrats 40AeThedeaildars awedformedcn as by
“chemical 19 WO 113/118397 PCT/ LI SOZ@Q 231 mechani cal £bit lines

pol i shi ng/ pl comdnétiveseamentenPpit linesHPow CEH%FWB%R%‘EC 4 A§HP B and
sel ectively ed.to proyid for bbb &ieten® Stwieh Ghgurg Of
trenches 535§§33ﬂﬁbﬁﬁgfgp%*?ﬁﬁhﬁﬁpﬁﬁﬁﬂéﬁ5%§m§Fg@g?@%n, e.g. row direction.
Trenches 535 can be fornmed using any suitable technique such as by reactive
ion etching (RIE). 5 Trenches 535 are dfiched through the exposed Si 02 and
t he exposed stack of nitride |layer 520, pad oxide |ayer 518, second contact
| ayer 516, oxide layer 514, and into the first contact |layer 512 but only
to a depth sufficient to | eave the desired bit Iine 502 thickness, e.g. a
remai ning bit line thickness of typically | ess than 100 m. The structure
is now as appears in Figures 5B having individually 10 defined pillars
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shown in Figure 6Ais simlar to the cross sectional viewin Figure 5C and
shows a continuous bit line 602 with pillar stacks 640-1 and 640-2 forned

t her eon. whh@ mekdshars 640-1 and 640-2 include an n+ first rEmtsien3lsayer 612,
an oxide layer 614 25 fornmed thereon, and a second n+ contact |ayer 616
formed on the o, elségtﬁéntgilbf’ﬁrs'tzww fndBd RPFRSRN Sy bitSofoaimilipeed sequence
of process steps shown™in Figures 5A-5C, minus the pad |ayers, forned on a
commer ci al YBOD-Wahe whichyebyvids ifbtgdviy fobmed iosugaten foFivdwa thiBngle buri ed oxi de
| ayer 611 is present on the 30 surface of the .gubstrate.610. The structure
shown in Ficgyatalisgvergcal frapsigprid38fos 19w sacenbrillaseen pRssife Qf%w i n Fi gure 5C
and shows cont i el i kl: K and 640-2
Formed t ner B b ey Aol Moy Blerbd e s 3. 17

PCT/ USU24 f 1828dd260&n ihe desiparcatcei chifrurativn m\esentetl én 6drtreblyort Widhbur i ed oxi de
| ayer 611. Again, the pillars 640-1 and 640-2 include an n+ first contact

| ayer 612, RiguisBdeCordyetivessEgments 9b 8econe Mosh meHeP tePEseshanhalent act | ayer

616 forned on .the i | ayer. 614. .5 Fi ' onpl et ed
sequence ofwﬁ‘]d(}g’&gﬁsqé p%ns\ﬁ%l\%ﬁ%fdﬁ' K?Bl lglte%&ej%&gg&é%e&rfn&%ﬁg&t fé’hgléfi’ | ayers,
form ng i sl@pfsingt cSklailiRNefitaRiarishtar 450 for altb@reng, hewiadfuctmpiiar§13 has
been formed by oxide under cuts. Such a process includes the process
descri bed iin anzmighbdengtrenchrinwhdch fb&@é‘ﬁlcu‘?%.secg%g’l’@h@? 49%/is eonard For bes,
entitleg "Te hnig e for Producing Small Islands of Silicon on 10
I nsul at P, IEROFEY 11/ 25/1997, which is incorporated herein by reference.
The structure shgwexiifinkd SidoBn&&ohSvied Bigusd Iultar thirosifdle costtinesect i onal
view in Figure SC and shows a continuous bit line 602 with pillar stacks
640-1 and 64@tiealftrmnsistdrst438asnformenh plpnasdeot pilars dhatexisnd opivardlyne 602 is
separated fromthe substrate 6 by the insulator 61 i been forned
B GO E it 00 e diene R B pr oG s

by oxide un e’process rererenced above.
Again, the pillahtofdRck seiinSiBtedial, Behiedfddforton-nkdlstor (O0D atitin@yer 612,
an oxi de layer 614 formed thereon, and a second n+ contact |ayer 616 forned
on the a$i dmatesipkor 804 mafniabthahisdomatidnomae tullesendgeiniugigs s@ftinghe present

i nvention, the sequence of .process steps to formpillars, as shown in

Fi gures 5A—§’é,tc"@gﬂurfr’r¥d1r€|‘ﬁ?§51$%'rm ng the sanme on at 20 |east three different
types of subst raF%%r@@A?lhﬁWﬂteg Bo& 3RS edBodiment ugivp ®81k/ANotk il ustrate a
process sequence continuing fromthe pillar formation enbodi nents provided
in Figures picBBinganchniques.ofs sheviswbdenmdds tetpillarsiinclpleuy wssilpoBC, to form

vertical ultra thin_bod ransi stors. a side of .the pi,l]ar such as
pi |l ars 540layenigmsden Q%P{]f ﬁ%i“ﬁ’&rsgg%@te W‘%ﬁ?‘%&?&@“&f’“‘? tllahl G@g ration only,
Figure 54 i %@ﬁ&é@&llgsfgﬁge@me&me&vm lbpdchif s hoarefifihndaftisuteed on a

p-type substrate separated by a trench 730. Anal ogous to the
descri pti on cplumn afenknary celtmghomings BliGpuBl i8 Kigees 34 god B7 Ansttad®s a fir st

single crystalline n+ contact .|layer 712 a r{ion of tch, j.n.one
enbodi ment , 13Y&r f‘h‘f’é ?@?q%f“frb*‘r ﬁ@gé/%tffcﬁllaé'ﬁr ﬁgﬁ ‘%if?r%qrﬁg\g’gff%.nl 5 Oki de | ayer
region 71 4 X&ﬁnécdq{nr@(@deelgyér'lmité #%rdﬁcgék‘éoﬂd adMact #eR4 o ftinehd pillads. cont act

| ayer 712. second n+ contact Tayer 716 is shown fornmed on the oxide |ayer
regi on 714 iStoragecaphditons 43270 farmeddnhe secoml cargaqt 18@os 416 Wwaw ayys112/ (13231

740-2. And, pad.layers of (SiQ2) 7 nd (Si 20,,..resp i.yely are
shown foﬁreé“’é‘ﬁ’l? frehnigueasdhe s E’fl}g%@‘éorwrg%ﬁ?%%fs Oé)%p;qyl ?naerog%%%ﬁ and
740-2. In Figuy: | Qhdihy igopedofntype polysilicon layer 745 is

deposi ted o&gwlﬁﬁggﬁ?ﬁ?dgfg%ﬁ%ﬁ and07£0-2 and directionally etched to

| eave the |ight| ywbrddimes8VI0-Wihe anadispdised (intesdigitatedlevighia dhigdrray 4190 of t he
pillars 740-1 and 740-2. In one enbodi nent, .accor di to the.teachings of
the present H%@Wﬂ&rﬁmﬁ‘ﬁ@qll}lﬁﬁpgﬁs %%B%Feﬂ-l?9%8@@@&%%8%?41%%? i's

~di rectional | jy et t i J ed. Bdeyeword 9d /)8 i€45 on t he
si doval | s 76815k &t elpaf)ﬂdg‘?eg‘%i%i’ -I{MSﬁ'gi %aél-qg@havi ng a width (W, or

“hori zont 30 tihiegdosedsin adfentB 48Rrbeiweke semicThdnctirpiltarspfmemory cell pairs
401-3 and 401-5 and between pillars 401-4 and 401-6. In the embodiment

shown in Figure 4A, the ultra thin single crystalline vertical transistors 430

11



10 now as shown in Figure 7B. The next sequence of process steps is
described in connection with Figure 7C. At this point another masking step,
as the S| oJ\RSyHeEN described above, can be enployed to peRUsepsmal |y etch
the polysilicon 745 off of sone of the sidewalls 750 and | eave polysilicon
745 only onang stdswald @l ddeomhd pillass abifacéOo thethehcKd43A dnfd 48Ri s i s
required by some particular configuration; e. % formng ultra thin body

t ransi st or s imalteratimgprev sdidesnbpillprs. |Amcerdiagly.1the fieldsdlt bne doyigsigure 7C, "t he

nbodi t for . ) t | I i ngl > talli rti
te r a(rjls: gf gr SP?%Wéé)ﬂr‘g’nFQ%‘foﬁﬁE]ﬁn%o ( %Pﬁghg?g‘{vg a,es Og%ﬁée%ﬁl%ﬁ?ages\s{f%el g? pillars
740 1 and 748h§§f8§st€§bggﬁl7t8%ﬁg€%lrﬁﬁﬁﬁ a?&}g 4 R, VRS SowrSinlFealiedAathe

approxi mat el'y ees Celsius. In this step, the polysilicon
745 wil | 5 ealtysthad sihgle caysthllint eriddal epndistrisai3 0gdhitldanp Herseedradereotiih wi | |

occur vertically. As shown in Figure.7 t ingle, c talline silicon at
t he bottom &f thaillasaregleo inmenjac Hglﬂfgi-nfs gﬁ ﬁ’r%"ggé‘gh? ﬁ?si C%‘?tf}%t?%ﬁelsgr owt h and
an ul trat hi i al ] £ % b bhd QpRonhGor 8drfle used as the
channel of arhrﬁ'u?ﬂlgs %rﬁ?‘?l&lg}elﬁgpghfg%ﬂza%tér%hverti cé)l 25 I\/%FET transi stor.

In the enmbodjpgent of Figure 7C, where the filmis left only on one side of

the pillar, the crystallization wll Cgr oqceed_ vertli calt{#/ andli.n 0 the n+

pol ysi | i con secordolaton wenchandds F31 prdi§3d provisledsplatiny RFweidIER IV 5 740- 1
and 740- | £ howey ' ) I 7 A4 nare
covered, ?Q he' rfeilglty gﬁmnze gﬁ}‘gﬁ%gﬁfgmﬁé3%@829‘3%45%’?‘8%’35%%@313 Qg}agf Q?%e’ center on
top of the pidilnue1304F48; dndid -d 40eRmnEhif pillndadigrebit lins dsbdion a@rq Fi gur e
7D. As shown in Figures 7C and 7D, drain and source regions,, 751 and 752
respect i vel ysepsvated Dyer trenchdgO that tsrﬁ@b%ﬂqvfﬂa?m heds i p SUEFDISISVIRIRG i | m 746

al ong the 22 atep! %,1% {aé%ﬁgognt %}Zmﬁg £ !?ji atkr 1933hek hﬁ’@g@rﬂcﬁs {sothtiBh the

pillars 740-% € anneal 1 ng "process by out diffusion of

the n+ dopi ngtfeqpiliae 401 r1sdndannd-2 el teewesdiltanuats andyoi -4s Rovidofand 716.
In the anneal i ng process, these portions of the ultrathin single

crystal | ifie dillhmifoleding g whire thin pagle-cryrsphing ,vewz}htrag?iﬁPrSaﬁOff? ecrystallize
into single 8 cryetal Lng SUAGLIGE A5 Hhas) Abef obyeRbaXLEly 5l d phase

regrowt h occ ai n-and source regions, and 752, wl|
be separ at edjjkes WLYSWLIER desérit@t ab6ve Suehlwaié linedWloeWilom aigs2pdrateded of the
p-type material. In one enbodi nent of the present invention, Ehe verti cal

si ngl e cryst fibin substtaiel§0¢ byyampndarlyingiagdatinajaysr; dosrribed RN ofAl50e&S t han 100

run. The strycture tt. %elgﬁ&li%%pﬁso%rie f%gvéalr:d AHEERLOSVR I Jxﬁi'sglﬁgat%‘?y of

ordinary ski F1°H" ers upon reading t i sclosure. A

convent i gpal 5 @k @xiRIHR U ulgahideerficaWnodnt siepogie tedtalimettoidg redionsat hi n
single crystalline film746. And, either horizontal or vertical gate

structures cafulbe thiosingle ¢ristaltinp Eertisal tpmsisinss SHEwhIch areadiaceyt QMY 1 in the

art will understan 0 eadi.ng hi .dj r i urce

regi ons, 751" es/gﬁflg‘écgﬁezclpiai}ggﬁ%ln%%%g%g%%% @@%e rlergcqlgénﬁbu]la%l{raaﬁ% n single
crystal line gjthbaa ddBtahRallPsicroRallst fodsit [afestbe. ul tra thin single crystalline
vertical transistors, or ultra thin body transistors, accordi ggp%o t he

teachi ngs of the preseernbodiment fespectivnirsiiand seqens wordlines 496,284 408i ne il m

746 now includes an.ultra thin si r | i ti LI st

sour ce/ drai narreetéfrﬁ?fi %regr@Ctggu]Bthg%{l% E?Sh%ﬁésﬁérns lqgglﬁ?l%btlﬁ a?/tfé%l 712 and an
ultra thin siepgb8infeny Frad dntl Reconadre diheS 40 408Wan & doraied of agidoped S2
coupl ed to the second contact |ayer 716. An ultra thin -t%(pe si ngle

> p
crystal | i ne velysilicah. Siijarlyegthensuiblecenduaiers speldglseibgased for &irstgpiosi t e,

the oxide layer 714 coupl e e fi 0 j k 1 to the

second sour c&7F |"Y9r8£€?ﬁi§rf'lds §§& 4@% rg% étc%:éefl?'t ﬁ[elg §f ﬁdg{aﬁhﬁﬁﬂ pﬂ% ég single 25
-crystal line vaftagid vRad¥tah@BpRredBide BEPAistloS e N b @dntudivityspsesce

regions, 751 and 752 respectively, and can electrically couple the drain

and sour ¢ r dgsaibsq hasin cancdbe TR rsedihsraltgring dewiag types sephribet theiBiestt by an
“applied potential. The drain.a our reqi,ons, 7. ; g ectively,
P Lhe b1t oyehfine Fsayal L bl 3O o hRe SRHkERS nalitg g i G poct Vel Y

material by the lateral solid phase 30 epitaxial regrowh which occurs in
the annealing step. The di nensions of the structure now include an ultra

thin single crystalline body region 753 having a vertical length of |ess
than 100 nmin which 23 12




W O 03/08397 PCTI US02/ 03231 a cham el having a vertical length of |ess than
100 nm can be formed. Also, the dinensions include drain and source

regi ons, woonkeid7 752 respectively, having a junction deptrcTdesoensdi by t he
hori zontal thickness of the ultrathin single crystalline film 746, e.g.

I ess than e Bnd PNERHOR P AandkeN 4360 Thejinventibnis mépd hs whi ch
are much I(Jaoglg&t zsal-r{ég#ﬁcéy% alrlmgl Ienggyﬁ of the device and which are scal abl e
as design nied. further shrink. Further, the invention has provided a
structure for transistors with ultra thi odi so that. ce space
charge region i erWégl%ﬁ;ﬁnéﬁe‘ioﬁ‘é WQI‘EHE?SSMa“g‘C@%é’g% O\S/\%aﬁ%@ldgltg{?férg transi st or
di mensions scal @ dowg,. )0 prb{BesSHiafi RG] §7286 6n BleATHEr fRPON has been
10 mi ni mi z&P B‘iy%ﬁﬁﬁ galeﬂil‘;%%%d‘n%ﬂee body reg?%(%n of the@l\/DSFET ultra thin,
e.g. 10 M @Findn@s§ cell) @001, 90 401y3, il 14, 40151 drel 400t formaiigrhel

under st and upon reading this disclgsure that 1t ge_fcondtécgg Xiety types

descri bed hérregmcapasiidsedd e iacsasing fhersaavahiP a6 MEPGSEESuch that the
present inventi.on.s.e I i e LRSI URR IS Totitliay es havi ng
ultra thin %?“t“i%3??V’C%}%?%Sﬁt{%ﬁggs%.m%%@gh@?@st‘%‘n’sﬁ"i ne pchannel tgﬁ)e

t ransi st or Sganddir UBYent bieniodiabntsQodapercdpaditorr3ars & sackedowpasitodescri pt i ons

descri bed above, the fabrication process can cont %ﬁﬁge to forma nunber of
di fferent hibnatig fortreek vaing angof theananyagapadior SERCHES BAHBRCHEREE TRt he

trenches 730 as described in connect i | LBIESshiRe @Waee20 Fi gures
8A- 8C i 1P uskioxt néﬁ?)?r&c g?l §eé’§ﬂ1§ﬁl§seéoflgd:al¥ﬂc3{r)€nu%g%gﬁﬁ%#ilzont a ggt% e structure
enbodi ment , ce{pgﬁﬁcﬁ-&@i Qnhekeh heGrshaid seenidavorddieadedrent 4¢fat es, in
connection wth the present invention. The di mensjons suggested in the
fol | owi ng prespeetiselst eqpdheanacapysidpe the memornaway - cr oneter CD t echnol ogy
and may be scal ed. accordingly.for .ot her | ' iBAs heRIesent s a
structure 25 sinfl84f® lst%lg’i’x’é%%%ﬁigﬁle Af‘g@%{r@%@g%&?lﬁ gure BA shows an
ul trathin S&@ﬂgemty%o@hi,im%f LA @46 iRl g thbeltsd devsihgls c850llofe pil | ar s
840-1 and 840-2 in trenches 830. The ultrathin single crystalline film 846
at this ipoi merticaictansiswradd Ol Rigarerd ilusiraiey subsqaperthy jormed sPafor SH  r st
source/drain regio 51 coupl ed tqg flrs uffdd an ultra
g? é?‘f”i H@%P%"B ess4g§ 19, ovfdquﬁ%tg[rﬁltbét@%%f th8+6l

t hi n si ngl e3&PAt source/drarn 30 region 852 coupled
to a second egifh AGhahakgfnSiifta tAR sield @yitilline petiyplarmisisgired i Vst al 11 ne
verti cal bogy region 853 is present along side of, or oggosme, n oxi de

| ayer 814 amds embpdiesnt, Hiestiward ding 406 isdn artesngh A3hbefivegn solupnadi#celc ond
source/ drai n_24

/ - / | 1.3 : o
t he process pé%@vmﬁ%&% i3 gq %Kﬁgggyﬁgﬁgé J&t@&f?ﬁaﬁs@ﬂb r1l3§,5§1ch'ﬁ*§cor Ing to

( an n+ doped oxi de [ ayer 821, or
PSG | ayeq a%ehtk%nﬁ 0B ¥01-h ah@ 46N8Whianste ¢Baisles toothe siayie bitdinef Asr di nary ski | |
in the ar({ W understand, is deposited over the pill a,rs.§46)-1 and 840-2
such as by ah@wPit Eigord 4o it ¢hin singlepaystalingiuertiggldrangistor 430 Bas, oy
pl anari zed to renove off of the.top . .sur - ifzh ar$u8A0-1 and 840- 2.
An etch pr o@@%ﬁi@leg«%fﬂ& ?’r@%lo{]lﬁ}uﬁre eygg}%ﬁltea dgognstnt?n&é:tﬂ he Boitom of trench
830. Next, ARk 68 o rAvEhe W3AIL@E alongepede abpille 40a%er 822 s
deposi ted oﬁ@?%@eg‘i‘é’h ares 841f0-1s}an%y84g()-2 and CWVP pl a_na{i zed 1o again
renmove fromihmhentioss s udbaeer.afs shhen pi Figarest B0 ultra Hin smelocrysiiine ¢ he

undoped polysilicon | aye 0 822 s etched, .such. . . ve a

t hi cknesg5 of verides! HARDST Ii‘{a@ihaﬁ ??e?lhtf’r?l?(iﬂ% %68%%6 %ﬁb&ﬁ% Lisb?[dle%V E“C?l%gjr(ﬁ%pposi te

oxi de | ayer e]néh 4E'?X5Fhu§}'39§ﬂ1%n RiTigERAB, Wordlel 4Dpds s@2@; asargaRSG | ayer as
e kn

the sane wil own and under st ood by one of ordinary skill .in the art
wi |1 under st apgkatadsydmpomided] Hioe the wisa Biin Fiagle @ygalling Mertigddeassisigbh as by a

CVD process. The structure i.s as, . rs.l hgure 8A. 15 Figure 8B

il lustrates ‘ﬁpeal%%ﬂ?@tsl#é’%ﬁ’gfql g&n\(\iﬂg“s’q@ggﬁgﬁ tllsegcaﬂl?é%lée of fabrication steps.
In Figure 8B, a healidifead MMM ihFidROUheso tilradhinf sisgle tilystatliewpricdbpant out
of the PSG | ayer ssﬁrg.lg.y"s&l ancl1 85%Rr es(gecti vely, into the verti_cal

ul trat hi Bosi Rgisestar4adtimk beenefofmbdros s sids efaillari49h=) which gdipinsiengt aj n and
"source regions, 85l and 8S2 respectivel.y. Ne . j j 8B, a
sel ective et &w-zﬁmssm;%gﬂr&r‘%a‘{or@éﬂeﬁ@ %8% aﬁaﬁlﬁg‘e"% Ecﬁ%nﬂ%ﬁ %érll%ifr st ood by
one of ordi nar i bl an SR Fibin® 4, 96 hdisaihén sihgler enove
the top PSG P%y%?d%géngﬁndéhtnﬁé' ﬂ%@%@g aE)oI ysili cglrl1 | ayer 822, or %xi de | ayer
822 in the trench 830. The structure is now as appears in Figure 8B. Next,
in Figure 8C, a thin gate oxide 825 is lgrown as the same will be 25 known
and understood by one of ordinary skill in the art, such as by thernal
oxidation, for the ultra thin single crystalline vertical transistors, or
ultra thin body transistors on the surface of the ultra thin single
crystalline vertical body region 853 for those transistors in alternating,
row adj acent pillars which will be connected to trench wordlines for

. ~IEF< AR A o ~ Rl




WO 031 11839-47 PCT/L S02/ 03231 type polysilicon |ayer 842 fromthe top
surface of the pillars 840-1 and 840-2 and RIE etched to formthe desired

t hi cknesg,Piz/dghas0ate 842 for the ultra thin single crystritiswenysitical
transistors, or ultra thin body transistors. In one enbodi nent, the doped
n+ type polysjlicaon layer 842 j.s R t f -1k Kally 5 forned,
hori zont al Fé’sgbfrgrﬁebtbcaﬁﬁlﬁt?rr#gﬁ ghg% ge‘?ila@?‘ﬁgd ggelg(r%{dlycogﬁlﬂs#ggg_gf | ess t han
100 nanomelmich SPAASIr&EhiRe, Uhiis askhéwn & Pighe 4B, wirdlidd 406 iveervescal body
region 853. Next, an oxide |layer 844 is deposited such as by a CVD process
and pl anar az egateysepar@bby pae oxiletdd 8fpt the uttentbinesingdg otysiaHinstverisl ocess i s
performed, as .accordi.n o the techniqyes described gbpove strip the
nitride | a}réPS@?f)g{TOr %Hﬁ?gl%letg_ Ogﬁjﬁfﬁgh?é.“qlﬁﬁgé%%?ﬁ%ﬂ% ﬁ%lé g%ghltg)lsphpri c etch
process SUSQ%QfO%QWHfC'MM Snbddifeft SUGEREER, SirdQWr@En@PPERI S as is shown
in Figure : one of ordinary skill in the art will understand upon
readi ng t hiskardd betwesualégrnatony mot sdjecant pdlafsanelvding the Hira Sseiwglecont act | ayer
816 on top of the pillars 840- nd, 840-2 to ntiAue w.th c citor

f or mati on &Fﬁ@taélﬂ%%?%i‘?gﬁﬁlﬁﬁ@]438038&&8’%6. CWE@?%Q‘%&%@WW%?@& e a _
process Seqyangs:d e {]darim&gtea i REAdCA1 A& chlS BaleEPHRPARRS JBNt accordi ng
to the teachings of the present invention. The di mensions suggested in the
fol | owi ng pAreadess-stepshoancndigureo@Bi ftst wood Bnd4 b inisepapated by a @t echnol ogy
and may be scal ed accordingly for other S| zes. Ei qu 9A represents a
struct ute a4 fam theate Mnieﬁteéipg[ﬁ’%)@ilci’@ﬁé&%&'%g&{]&é"@A shows an

ul trathin bsbakleh0pad ) | TRAIBiRLARD I D rplsdevahngaRSfiad pill ars
940-1 and 3{2{8%%‘3&@6}%&%& eleﬂs}%%]b. é&&?t r at h|i n éi r?gl e clrlflgsat alline film 946
at this poifpi thosepiltahesvich hdvierthe tiliarthisisiglecrystyldinavbitiogl tvapsisiocal fir st
source/drain region 951 coupled to a first conta yer 912 and an ultra

DL | I
thin singl e3@ropst sdle adieining t{each ﬁéble&é’é&‘iﬂ“%hﬁ’é‘ﬁ%’% n regi on 952 coupl ed
to a second contact r. - i Sih@lige oy atigl | i ne
vertical body re%?%?é@é‘%’ 1‘*3*%?‘8@@%@%4 g?}g‘@lsl{%d@’té Cfyﬁgr 0?)pplogi te, 1an oxi de
| ayer 9{3t angereBupb ®stvidag chiunsi adsmentosillaks diving i wina B6d singlet he second
source/drain regi on 952. According to the proceﬁaz %(Frb?d{ﬂg t _shown in
Fi gure 9A, aysdhneveriralifansipiaes 434y sechap bspisen pilist & y° 8 Am i s
deposited, such _as nd .dinecti - A Gd @a¥enipn! y on the
sidewal | s Q%fépﬁﬂ%ocﬁ%élg I&%}gfsaﬁg%ktﬁgﬁ ﬁf}%wéﬁgfgﬁ% b’y1 t her ma{I oxi dat i on,
to a thi ckngsse efysaleoxitival @insishér 430 Han beendlermedon thesidetof pillee exposed bi t
line bars 26 = WO 113/ 0839-47 PCT/US112/ (13231 gq(\)tZ. 4;5 e colnformal nitride
| ayer on t hD1sh siehl adipinsienshdd énThus iy BigriediB, HogHe e WP 3t hi n singl e
crystalLine film 946, The njlki Layes i T 3BRETer. MSIHAG
convent# naﬁ’asglflgiwﬁf)‘?innge apl)ér% cegs'}ééegfapalislgrtzﬁj('a1 %gln%é}l\?mﬂl4?ibggkno% and l?nderstood
by one of ofdiig@aeyAs bh hitra thint dhgelactystallite vettioabtrairsistarst3Adwas beenappear s i n
Figure 9A. 5 As shown in Fi]gﬁ;re 9B, . an intrinsicﬂg)ol silicon | ayer 954 is

r

deposi t ed ofpemed pe thei sideafpilbardt01-3awhich adiomsdrrgch hBSS8E Mg t hen

directionally etghed to |gav. ' W | WSdkd GARe Py & 11904 only on
the verti ca#gég'ie e chrgﬁ%efﬁﬁhlg S%P% %ﬁédé%g%p%raanﬁﬁ 0- 2. ?A g%:otroresi st is
appl i ed andyiraskadidet @¥Raisac pedticalr raisins 430 eloag devdideofyiba@d-are to be
formed, e.g. integrally formed 10 wordline/gates on alternating, row

adj acen®5pi whishaidjains trameBé3locations, the intrinsic polysilicon | ayer 954
is selectively etch t e SqIe Wi h LA N ans L eQkay one of
ordinary skill i tﬁn?lﬁag]?ya?sfs,hopgx 1?132%)\%”4 Ielggg}égg%n@t (rn?’nsi ¢ poﬁygi licon

| ayer 954. Nendistor430Mab bedi forawd oe theayd of3Hfari49 1 gr winch adjotrisereazlposed
sidewal I's of the ultrathin single. crystalline film946 for the ultra thin
15 singl e c#3tBhus; mFigenetdBs ayordling18ss gply a napsipg PPEIDR2PNG &?ansi st ors.

" The structure i W as appeans. | [ oy [ Paxaedl i ne
conduct or opﬁ%a%ﬂgé‘bﬁ%c?ﬁo%?ygwé&gg arrglﬁcg}'rl?a Flgé}esatﬂ%? ;d gglftgaqglertpsé 960 is
~deposi ted, sHeRIAS vaticEMBansisoral30Mias kaasratd appicaidendiillay 48D4nm or | ess.
This wordliné conductor 960 is then directionahﬁy 20 _etched to | eave only

on the vert iwhidh asljalastaedod 438. {Thas, g5 shews in Figure i, mprdine 108 18 piriesyat e oxi de
| ayers. 956 of alternati [ ' t...Di J separate
ve?/ti cal, iff %éf‘%l#@?@%‘?ﬁ%gat%gg{gﬂ:ﬁgﬁglatthggh@é% gé%gé)%g{guh‘%ﬁ’fgﬁ{sctmr uclto ure is

now as appears in Figure 9C. In Figure 9D, a brief oxide etch is perforned

to expose the top of the 25 renmining idntrinsic polysilicon |ayer 954.
Then, a selective isotropic etch is perforned, as the sane will be known

and understood by one of ordinary skill in the art, in order to renove all
of the remaining intrinsic polysilicon |ayer 954. An oxide |layer 970 is
deposited, such as by CVD, in order to fill the cavities left by renoval of

the intrinsic polysilicon layer and the spaces in the trenches 930 30

o o o o, S - NN N T Y. V.. o



As one of ordinary skill in the art will understand upon reading this 10
di scl osure, the process steps descri bed above produce integrally forned
vertical o pldssyibed wordlines 960A and 960B which serve agetiiee@sah !y
formed vertical gates along the sides of alternating, row adjacent pillars.
Thi s produggssigot ¢iadndite sidest pRRAYD SUrviGEN hGoRRIRALIEIN. THuscin i s si il ar
the perspective view of "Figure XC and the cross sectional view taken al ong
t he di r ect itinfoddedttielikSDRAM bmbedimient ¢fi Bjgute 4BDseconi@ionSlimntOthe above
structures and fabrication, nethods haye.been .describ b of exanpl e,
and not by shargd BetweeRAHSHEE, TR a?eé‘gBléléfs 1{181u§mg3‘1%§1§361?1¥ S\{\{%nee DRAM wi t h
ultra thin . i i : fio At Re@ bituilkynes are 20
shown whi cif canh{l)%%}ﬁ{xﬁ%%{el St%?%&’?\ggﬁgiaﬁ/@glnﬂg ?;%es of substrates to form
open bi t5 | iqeeokdRAM 08 iatacagd in trendhaiS2bkasextendwbetvien thRipgdhes and hi gher
density requirenents in DRAVS result :E?E smal | er ﬁnd4€§r1al | er td('agensi ons of
the struct #0ds3 andAQirands shoynsin Foge 4R enaf Word Har 493 538Pa8E %t r uct ur es
are di fficul bl 8igeal€nbl hOFERR SHiicADiMe nONIdigRARRknd e0i e, The
pr esent i nvent on provi des vertical access or transfer transistor devices
whi ch are fahré eaicBdré adjadent @erichidd2 s Thod, ¢hiooyatead IBismeresad 4 himg#te | s gr own
al ong the sidewall of an oxide pillar, These transi ﬁtors wWith ultra-thin

body regi onexidetar shiosapillesy Wick bavathe plire thinsiagle FvsRliergi Eons whil e

preser V0 Lhe. ReL 40K RIS A AN 20e Alus0TBL Bladav] S6By D18, advant ages of

30 smal nsrty I gher performance are both
achi eved in fol dg iféiztcisiar&r%ﬁamwiaﬁﬁlmamz@anotmeaﬁmmvom/|_| S02/ 03231
e

WHAT | S CLAIMED |S: 1. A folded bit |ine DRAM devi ce, corrg,risi ng: an array
of menory cedrtien pHa Fided bit Hesmemary ety fHRACCABEdP Hhegeinsn ?ﬂﬂ?’y cell in
the array of. ne cells inclu : I tendi{hospui wndl y froma

sem conduct ugeur%zsmu:ﬂr%t,es B\ﬂglf’%sl ‘%%?’%%‘%%%BW ge?fsi4§)£lldggisaé (gi ngl e ¢érystalline

first contagd-baw@raodmwhichiftGlde Wiy siabihpRerstdlindveatod arutsistagser separ at ed
by an oxide |layer; 10 a single crystalline vertical transistar formed al ong
al t er natl5ng430. desconding bethsiteachingst the freseptdnyeptiop; thesgrdtra WesBEls ¢ he singl e
crystalline vertical transistor, ihcludes: . 1 hi Loglgmcrystal line

vertical fiFpedug eeics ?Iﬁlsioéﬁf’éo ar(e:g%p egdg{]%égk lgeé%fllh:}g?ne%&gontlact | ayer;

an ultra thipgsd DHéheChISsRilidrfextvedibglo duteaaigriton asemibddator regi on
coupled to the second contact layer; and an ultra thin Ei _ngl e zfr stal line
vertical bosybsireigi4dn. Thesapidars arsforeerd etheonguriine segrnants gh it HBES the first

and the second. source/drain regions: ..a il 1y ' [ i.nes formed
of single c?"@%"theﬂeplieﬁeélt B%%F@BB%‘%’&O@}S’“%F ée)iéﬁgl%lér%dl nﬁ?g%ﬁé&é«l‘éﬁg@{ %vavltnhe pillars
in the air ay, FRARY 4C,cBhistivOkeghdntd Jtfast wOANERRU06S andt406Bheprésenst cont act

| ayer of columm adjacent pillars in the an ay of nmenmpry cells; and a
plurality ofanwonelof werddines ¥d-Wdma, whikk pmvmw%mfﬁﬂ@ﬂé‘ﬂ 8¢5 t he

o L1 R S bR P B gy o
transi st ors 5 paljae&R plfirash 85RRInglsRiek B€a tregdicin. widh the particular first
word lines 406A and 406B are interposed. Conductive segments of second word
25 line 408A and 408B represent any one of word lines RO-Rm, which provide
integrally formed second gates for ultra thin single crystalline vertical transistors
430 formed along alternating, row adjacent pillars on opposing sides of a trench
in which the particular second word lines 408A and 408B are interposed. Thus,
word lines WLO-WLm and RO-Rm are alternatingly disposed (interdigitated)
30 within the array 410.
As explained in connection with Figure 3, ultra thin single crystalline

vertical transistors 430 are formed alongside of pillars that extend outwardly

15



WO 113/U839. 17 PCT/ USU2/ U3231 2. The folded bit |ine DRAM device of claim
1, wherein the ultra thin single crystalline vertical body region includes
a channelyd\@awissigsa vertical length of |ess than 100 nanorgi@iszosip. The
folded bit Iine DRAM device of claiml, wherein the ultra thin single

crystalling, L cAl. ' h ' ! than 10
nanonet er s%oﬁﬂl{fﬁgﬂlgﬁggﬁb%ﬁé %@he&%ﬁﬁ%{#g@%’g# b%i’}ag% @Q{llciﬁags?ei n the

ul tra thinbilk shi@hduetoysthding nitteri deini@ndbadyon-aguiori(SONMtardeg f rom sol i d
phase epitaxial growth. 5. A folded bit |ine DRAM devi ce, conprising: an
array of mopaserial.csiSI makeréa] dhat iekoened&arabul semicandustorsieaiindt 15 nenory
cells incl u@@ﬁs:a ? gi | | ar %)ﬁt endi ng outwardly froma sem conduct or
substrate, ! eé}é et 5?% 1%& inciudes a si ngle crystalline first contact

layer amd a si ngigréhystidtlatdd@ns exaiisle eABbaigient, AR vaEPAnaded by an oxi de
| ayer; 20 a single crystalline vertical transistor forned along side of the

pi |l l ar, wheraessingtecliigugse Asrshewalih Figare4C tthepillatsringlsds tront siticdbudes; an
ultra thin ,single crystalline vertical first.source/drajn region coupled to
the firot 3t Bipadpl gl SR SPiraeund IY SpagRenirpbladl fridver: ca
second Souraﬁgérﬁé@hlll'!yl {0PREeQ B+¢%15’d1§:gvdl9 doP& SERRAURQRERR o BYiRfularan ultra

thin single crystalline vertical body region 30 fornmed al ong alternating

si des of t lvelupin dfanemdiyricHs shavovasdBL(pi Blaindigurds 24apl 2Bg Adexi@® WO
(13/11839.47 PCT/LIS02/03231 first and the second squrce/drain regions; and
L gat e Bbpddiehd!d FOUBR LR B o tadsh F o d O 2 G HAF G Fom by . gat e
oxi de; 5 af{?ﬂn&érd%n'&ﬂdél%yél%gﬁg Riduct s65d é(ﬁ{t]a{@gay@f4§6 @ﬂh?hﬁéiné{s?i' l'ine

sem conductor naterial and |sBosed elow the prilars int array menory

cel |l s for iSiregeccpaatdrs AR wictfbrnidueor the s¢cond nomedt lhyeyed 1 Godsiggodnyrm  adj acent

pillars in the array of nory cells; and a plurality of rd lines, each
word |ine dPEpLseayaes ﬁaﬂ}"fl?wﬂu’? frrowimang yndsrsiqag hyforw\%&dinw lines in

a trench b%fcﬂﬁﬁ@héé;’(‘ﬁ?&freﬁ&ﬁ%mié hﬁﬁl%s&r@.r addressi ng gates of the single

crystalline vertic ransi stors that are adjacent to the trench in
al t ernali ng pi | [Véorsl laleo VgL G Wiow anfl RiFRincars altdinatiiigty dispated bit |i ne DRAM

device of claimb5, wherein the plurality of 15 buried bit |lines are nore
heavi | y do;g@éler‘fr‘nllgg?‘nte@h%“ﬂﬁmrtg? a‘E'@m]epcthr§§5@Fplﬁrﬁg‘sh\"@'df16}eﬁ€96‘f*ﬁ%‘€gr ally with

the first C4@§F%Fé in{ﬁ?f@sred j17 a Pzﬂ'&x Afﬁl %?\ge iéJ'illArg HF4§IB'fx%&j@Ui-§%nﬁ)f claim 5,

wherein the tra thin single crystalline vertic body region includes a
p-type charbetdechpillang4@l-2 and #CBH aR stparaedbpén inssiator hateria)Gudhaazonet ers. 8.
The folded bit ]ine M device of claim7, whereipn the ultra thin single
crystal | i néngide; Ssponslogrdrlings dp8haad 4088 ateipisipgsediingt Frensh 48dss t han 10

20 between semiconductor pillars of memory cell pairs 401-3 and 401-5 and
between pillars. In the embodiment shown in Figure 4C, the ultra thin single
crystalline vertical transistors 430 are formed along side of the pillars adjacent to
the trenches 431 and 432 in alternating, row adjacent pillars. Accordingly, the
folded bit line device is provided with word lines 406A, 406B and 408A, 408B

25 serving as or addressing gates for transistors 430 in alternating pillars along a
row. As shown in Figure 4C, the ultra thin single crystalline vertical transistors
430 which are formed along side of the pillars are also in contact with bit lines
402 through the first contact layers 412. In this embodiment, bit lines 402
contact bulk semiconductor substrate 400.

30 Isolation trenches provide isolation between ulfra thin single crystalline
vertical transistors 430 of adjacent memory cells 401-1, 401-2, 401-3, 401-4,

401-5, and 401-6. Columns of pillats along a bit line direction are separated by a

16



nanoneter s 25 9. The folded bit |ine DRAM device of claim5, wherein the
pillar- extends outwardly froman insulating portion of the sem conductor
subst r at @ ¢sszohie fol ded bit |ine DRAM device of clai m pewssessit he

sem conductor 30 substrate includes a silicon on insulator substrate. 31

WO U3/ U839 %I‘h @{t@ﬁ%ﬂb&%@%&t as;[ﬁlledr@ﬁh a%}lﬂme lﬂishla 111%’3121%%%15 sce of claim

5, wherein orizonta oriente ate erein a

vertical sgitleomdiokide. Ror ¢xaoipla laltyencli 4z(np1©d1®amldmaﬁ batvdr@ngailtamf | ess than
100 nanoneters. 5 12. The folded bit |ine ice of claim5, wherein

the gate il b@e@%lﬁém@b@wepypéhi%‘iﬂleawghﬂ@ ﬂa&owg Oépx}l@r%mel&ﬁmgengt h of
| ess than &1%%1t1a‘?p0?‘?&1&1{:%1}/39%1116’6\‘/3&&219ﬁgnsgét&lsuﬁ%rpﬁt\%% g% ps%galﬁ&?p“ sing: an

array of nenor nmenory

cel | insthy atfichés @81 BRIAIY el Ifswhidlcddndkas woad Bhéd WILOSWILenghdgoout war dl y
froma sem conductor substrate, wherein the pillar includes a single

cryst al | i nBnf asrdescrisdtabeye. |S9(yebrwcaﬁéma% N%Wér@ﬂ%ii&mnme sspeisted cont act

{1 ansi ot or TPBHea st Angbk A wr RSy B Bre AERRR O Tow o

pillars, V\'Etﬁj’ai%itéﬁ 68 Bl ﬁlﬁlaqnﬁ R¥sicatly bﬁamv&glhgmiys&alm&iyqegmﬂ@wdes an
ultra th| n single crystalline vertical first source/drain region coupled to

the first Blracbmtsingle brygtelline aprtichk transiskirn4 30 @gldescmby@tramnnn@tmbrt i cal

second ourc r ai ion co pled to eco r; an ultra
thin si gI L ﬁﬁ%‘f’fagﬂ’}ﬁgg@@m a?ls%éwl‘lf’ﬁ‘&%ﬂwzg‘d%g E%‘pwa%g t he oxide

| ayer and gcoupd gﬁ)sgaﬂgaﬁ};&ggoggﬂglyttlaq,lts&fé@qgosource/dral n regions; and
wherein a surface space charge region for the single crystalline verti cal

transi stor scal &soBdelowinmas, teslbwtlvdﬁmeasd ssrond wordbngsy 406A, s"toéB scal e down;
32 WO (13/ 39. PCT/ US02/ 113231 | ur.al burjed bit |ines formed
of single B’Fé/é& I"ijoég TERGPLGh 36 é{fmﬁ‘gf’g? Feélacg’ﬁ%n’c?;a%ﬁblgféas WO t he pillars
in the arrgy;aR. ymcaﬁbhr%r Exﬂﬁodlﬂlteﬁtr %m@ﬁggédaadw&@hﬁ&emm540690nt act |ayer
of colum adjacent pillars in the array of menory cells; and S aplurality

of wordjli amd;4083¢a,c408®mesjaebmvaéy ahas po $athed rif ndgloped pglymbcmmeslpillarlal ity of
buried bit Ilnes in a trench t nro illars for addressing
al ternatingt ’Sbﬂytatbgﬁg‘ioé‘ﬁ‘é"t?)‘ﬁ CPYI@ a&eﬁtﬁl@eﬁwg{r%@ﬁﬁg copd¥qrd dinesr ansi st or s
that are adpggesicd &hdté?fBAt LGS Pesgé&w@?ro @hd & Hedal) iil irﬂﬁe Wldev' ce,

conprising: an array of menory c rmed in rows and colums, wherein
each menor furtelr hndetst’aﬂmbumlrragdmg thiedisclysure tHas therrohdubdivity aypes| | ar  ext endi ng

outwardly fro enj conduct or rate, wherein t iJlar includes a
Sing e cry SETbRA RS GP PSR DTS PAYS oG DReL P R R s ne second
contacty( ay, enﬁgrpféré%ﬁl gy 11%19@ ﬁt@luh@)(@ﬁotur@s ﬁb\'ﬂﬂé ﬁltl%rtﬁﬁltxﬁehhdaﬂ? vertical
transistor tforned alon I'ternating sides of the pillar within a row of
pillars, woekesticdsingk gystglire pichainal typa&avastorseB. {Thamsiestion isinotbades; 20 an

ultra th|n single crystalline vertical first source/drain region coupled to
the first &8HiSEct |ayer:

Burying first and second word lines, 406A, 406B and 408A, 408B
respectively, below semiconductor a top surface of the vertical pillars provides
25  additional space on the upper portion of memory cells, 401-1, 401-2, 401-3, 401-
4, 401-5, and 401-6, for formation of storage capacitors 433. Increasing the area
available for forming storage capacitor 433 increases the possible obtainable
capacitance value of storage capacitor 433. In one embodiment, storage
capacitor 433 is a stacked capacitor that is formed using any of the many
30 capacitor structures and process sequences known in the art. Other techniques

could also be used for implementing storage capacitor 433, Contacts to the first
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an ultra thin single crystalline vertical second source/drain region
coupled to the second 25 contact layer; and an ultra thin single

crystal | {yeRs¥8sdshcal body region which opposes the oxi de Hcayeso2asdi coupl es
the first and the second source/drain regions; and 30 wherein a horizontal

junction depth faqr I a Qﬁlmomjggllég tively) cai bgheder yst al i ne
verti cal EISE%OP r“éclhﬁ(ﬁpéégﬁgﬁé {Mékﬂrmch | ess 33 pacV\,O 0310831. 17

PCT/ USf 12/ §g3@lot thahemorptirigdl 0.l ength of the ultra thin si ngl e crystalline
vertical body region a plurality o{ buri.ed bit Ilneswbo %ru Single
crystalline serﬁlgmdﬁ%ts@raﬁﬁt$?‘il%a WRY RSN CIS A Ohi 195 s i n t he

array me L([fégﬁkg ” @ng %qrng?%ﬂp{q}l 1.6 ARRGE 1?9 utthd t'BuHi IE cfystaliGeVeattdal | ayer of

col um adj e array o I's;” and a plurality of

word |'i gesy,RAEdHs won.dak lsl'itﬂmdhﬁﬂ@&xedlmlfnho;gndéjnby%ﬁﬁtalhis"r(ﬁﬁ]iﬁrm ity of buried
bit lines 1n a trench between rows of fhe P :llars @1 %gldrﬁs g body
regi ons of foted on ngpesing sidesaifitreneh ¢k adigeent pillasdpdpding 45V adj acent to

the 10 trenc 15, . The fol € gﬁ;‘)@e _is #0122 sadl4b1-wherein the
ultra thi ns@gﬁgﬂﬁta&]ﬂ%‘feﬁlﬂq 3“?/1% |dg’g1 ‘%B%%r egl(ﬁﬁnﬂl ncl udes a p-type

channel haying ﬂé%&&;ﬂe@{o the Bath&bRling ﬁﬁ@gltvhmnolilﬁm rlarﬂmmnlmdgnems 16. A

sem conduct or devi ce, npr i Slng%é an array of pillars ]js(g{\ in rows and
col umms exbﬁﬂ(gufagﬁt@uhmlmaltbnnfsﬂ ervaialhing yadisat HnsStE 7 GPEC OfffLr ei n each

pillar includes a single crystalli f t agt.o| e 4ana 30si ngl e
cryst alll n@r@é’éé‘ﬁﬂa’é%%f %Ros?/ GSsocgﬁnaerﬂ:}t151 4E§qaﬁmo;|4§)é 20 layer; a pair of

single crystaldidigs. vgaédr&ﬁ@}x ﬁ@m@f@m@dsﬂm mdmuldm@e@;ﬁﬁmsmwgntm des of each
pi | lar, whétein each single ¢rystalline vertical tr Sl}?‘«}lfé@ﬁd udes;

ultra thinjsiengbe voordknad06is separaied BY afthllckt()x%j@drléé WA coupl ed to
the first contact |ayer an u ldoh e verti cal
second soutsti’éleo‘iféi;tﬁlllflég’fﬂ%‘ﬁs]ct&%‘ﬁ\s& 4?% %d:a('la&%nsgd 1g%t40:12yer an ultra

thin single,ct Ve e hyopdifhé 4084 ﬁmmmi @asmggwodﬁmof t he oxi de
in each pi 1% fi]al%ﬁ%?el\}\ﬂ]%ﬁ S?(%u les the fi rst&g}ad t he secoﬁ}fw béce/dral n

r egi ons14 orfpelisallaonthis Bnhgleodryﬁﬂlmhgerppaht@psgtoh 439 eForyer % 1ines
Singl e or y<HORBIS AR PEARD oY FOR BRE Lo 4 et ReARE: Del ow e
vertical transistor 430 formed along side of pillar 401-4 adjoining trench 431
such that wordline 406B serves as an integrally formed gate for this ultra thin
single crystalline vertical transistor 430. Similarly, wordline 408A is separated
20 by athick oxide 418A from the ultra thin single crystalline vertical transistor 430
formed along side of pillar 401-4 adjoining trench 432 such that wordline 408A
only serves as a passing wordline for this ultra thin single crystalline vertical
transistor 430. And, wordline 408B is separated by a thin gate oxide 418B from
the ultra thin single crystalline vertical transistor 430 formed along side of pillar
25  401-6 adjoining trench 432 such that wordline 408B serves as an integrally
formed gate for this ultra thin single crystalline vertical transistor 430.
Figures 5A-5C illustrate an initial process sequence for forming pillars
along side of which vertical ultra thin body transistors can later be formed as part
of forming a folded bit line DRAM according to the teachings of the present
30 invention. The dimensions suggested are appropriate to a 0.1 pm cell dimension
(CD) technology and may be scaled accordingly for other CD sizes. Inthe
embodiment of Figure 5A, a p-type bulk silicon substrate 510 starting material is
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WO U3/ 08397 PCT/ USU21 | 13231 t he nunber of buried bit lines couple to the
first contact |ayer along colums of pillars; a nunber of wordlines,

wher ei n %3 \Q?Jrgll ine is disposed in a trench f or med betmngnm&sof
pillars an 6 owa top surface of the pillars, and 5 wherein each wordline

dependent | for th tall
vertieal 1T ARaTS Ha A RiEeh RS PRE S el B D2 8 iMEsR Vo e: and a
number of %ﬁgﬁfa{té 91 sm' &f&yll&%ﬁﬁﬁ%ﬂ&ﬁ Ye ?t@ki@l' &olveh, Tolf'ﬁc&%ﬁﬁﬁﬁo&@ﬂt act |ayer

in each pillar. . The“sem conduct or deV| ce of claim16, wherein each
wor dline i rsuelgteahmguésdo rﬁmnaa gagle cﬁymtalhni@lﬁ%mlm@ptﬂayel btidyAc@gdmg ton a pillar

on a first |de e trench and.is jsolated from 0 reglonlna
col um adj & %fﬁaclﬁpgq &Lth%weae% HRSREO thpsmgre }fq%‘fl¥ F@W&lﬁtw‘%\?g{ 4 The

sem Condycgg p@éﬂlgﬁoﬁﬁlegh IoBhth& la\\/@%rlg'a&omoﬁ@ﬁéjﬂh'e%ﬁ lhfetsegr gihky forns a
gate for addressing t ody region in a pillar on the first side of the

trench and thitkhessofitled+Hpomidthel fistontaeylayer 512 1atlmwf thdjdesiegitbipi | | ar on the

first side of the trench. 20 19. The sem onducto é e of__claim 16,
wher ei n eadmediORrthickngss vérilyean beAporoRimpie “?FéW?‘?lh @§ Wz ol i ncl udes a

DR o Rtal AR BRI ek @hiac PG 1ol B8 R%Jaggnn%gg WREARARLET S 25 20.

The sem con Vi ce of rernt uried bit

lines are figroneeml Miegtiad layeﬂ/ﬂ1t4h)ﬂabp1o&ilﬁatelyCI(D)Dtnaﬁtbmbtm;sE(mra,rﬁi1 ang separ at ed
fromthe sem conductor substrate \% an oxi de Iaé 21. The sem.conduct or
device &0 chigknesser leshisifermedsanthediseidrniost lnr| ddedn anaembrtimsainthe | y

ﬁglngma?gr S. 6’%@‘& B%‘7\0 ( ggE?&%ﬁ{eg?glg@hgg’ﬂlggﬁ%h?&%ﬁ%%teﬂser%]icgnduct or

devi ce of cdontddr k§er SWBRITRHkiIRRANs Mm@l ionehd arilleitigsr 31 4v elteiseedndy or i ent ed
wordl i ne having a vertical length of |ess than 100 nanoneters. 23. A
sem conductQﬂnt@élﬂy@lél%émeéltwgmél\ﬁeéﬂ* aeP0m or lese array of menory cell s,

et endi ng-out war SF § PihiCal BBl Sy TR o P Gpl B T TPy, ™

includessa &pasid &t the kdohd BenthdtnSfer SOHL Aqmckaysemcomﬁiuﬂesaywtﬁm; ystal line
second contact layer 10 separated by an oxide |ayer; a single crystalline

verti cal trmci»mroxirmtnhrda%tpéﬁgmam idkaessrigdenogised of thewingiliorar “within a
row of pill

i ncl udes; Oﬁ dF&%ef ’tﬂ SIf(ch an[;la?/'?Sr eé Il%%fl Ca#é@ﬁzg% ﬁ%‘?»?és%tgﬂ:e/ drain

region COUpia?QstSQS BH@SZO éaﬁltbefﬁéﬁbﬁfeﬁ Usitgeihy suitable technique such as by
chemical vapor deposition (CVD).

20 A photoresist is applied and selectively exposed to provide a mask for the
directional etching of trenches 525, such as by reactive ion etching (RIE). The
directional etching results in a plurality of column bars 530 containing the stack
of nitride layer 520, pad oxide layer 518, second contact layer 516, oxide layer
514, and first contact layer 512. Trenches 5235 are etched to a depth that is

25 sufficient to reach the surface 532 of substrate 510, thereby providing separation
between conductively doped bit lines 502. The photoresist is removed. Bars
530 are now oriented in the direction of bit lines 502, e.g. column direction. In
one embodiment, bars 530 have a surface line width of approximately 0.1 micron
or less. The width of each trench 525 can be approximately equal to the line

30 width of bars 530. The structure is now as appears in Figure 5A.

In Figure 5B, isolation material 533, such as SiO, is deposited to fill the

trenches 525. The working surface is then planarized, such as by chemical
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an ultra thin single crystalline vertical second source/drain region
coupled to the second contact layer; and 20 an ultra thin single

cryst al | woansuesdsr cal body region forned al ong side of thexsdessagyer and
whi ch couples the first and the second source/drain regions; and a gate

opposi ng t heeshanichlcgdlishingyplaragzatong AMIR5 A?@éb%ﬁ@?ﬁ@'toié@ﬁf Rfappedahda gate
oxide; a plurality of buried bit lines formed of single crystalline

sem conductSSteCHYRE cxpgsed feipigvisis agnapkifer tw dimsetiquial etahisg phtreivbensiay nmenory
cells for i I n i - WM .he .first contact |ayer of_colu adj acent
pillars in @ggﬁégé@ﬁ{c?fﬁgr%%grd} C%T&CP%Q’ 665180%8“80 Lﬂnu?%F‘?C@? OF SROr§ | i nes,

each word |fonfedliSposedsafabRASMRR UL ¥udtPasd tiereRticab Li¥hi led bit |ines
in a trench between rows of the %ﬁ | ars fﬂ(}(rar addreessi nglglﬁé(gﬂﬁ)m 03/ 0839- 47

PCT/ US027 ( 1BeBdhey 48 2 srectcheddhioiglythe expyset 8i0] arel the exposed sthekaofsi st or s t hat

are adj acent., he:trench in.alt atin i|lars along .a row of pillars.

24. The se%%r%)d%é%%ef 8? ’(:Peﬂgio édéd?yeégjig’rﬁe%% ‘%H{é’lpg{aﬁe‘é%ého@%blb’@' Tystalline 5

vertical bogt iiahofirst Bl asyefs P2 buiRmLERANG: Akt @ 4ot Heal | endth of
ctor c

| ess than 100 nanoneters. 25.° The sem condu evice o alm 23, wherein
each of t helepired bif ling 502 thicknessde.i 4 remandsg bit line paiclatesdoftypiastlpkkge | ayer
fromthe s§ﬂ1 cg(ﬂguct g.ﬁ sybst rate. 10 2G The sem conductor device of claim
23, wher ei &4 t &0 SUHCTHECAH RAW 45 gPREaLs pdikgwses B hpups individeallgr al | y

formed v { NieaRg: Billakd1eion] Wsdlol 508 oot [ nes in the adjacent trench, and
wherein each of the plurality of wor ines includes a horizontally

oriented word | ilfiguled¢l tigstrateser ¢trossadecisorche viefy ¢ 66 stidvdie vl nanonmet er s

opposi ng t single crystalline vertical body regions. 27. The

seni conducgﬁgurﬂg% takenlong ghtrins $C-dhe Figure & showathe cpmtimions bivdineal ong a row
of pillars 5039 dy I B ) ] f rd lines in
t he adj acent t r%ﬁ?lggnﬁgc%ﬁg?gﬁnﬂedagﬁgd(;?(?%éﬁ %ﬁ’u& g%l:; ?03}{1%%{' &@gﬁl i nes

i ncl udes a 520 remnins @l thy sdrseq@rhefbrmatich of werdhas, AgdecNBidietdt, thengt h of

| ess th 09 nangheters. 28 A menory device, conprising: an array of
menory @gl | OSSR AECA LW Ogr@weliﬁf%éwh 57 foreloamed Py pfilapss4dehand cel | s
i ncludes: &4pid Alﬂ{a]‘%ﬁ%wgﬁgg%a%@?ﬁd afnagqp_%“ sem conductor substrate,

wherein the pillar inc es gle Crystalline first contact |ayer and a

si ngl e crystal | iFigurs6Ae6d ilhomt@chatltiy shove epanRjuesdday vl i9xbalectiayer; a
single cr yst.ﬁ&j ne veréi cal ,transistor, wherein the single 30 crystalline

vertical tr IPES Sfnet saR ke implemenjed on @ utk @REDS teclrolygysubstidte 3231 an

erti cal . ed o SRS an
Uhe Tirst Comeaken PRYa el (R Bhicidly dbidhe BRI TPRBbERT Cal *Secand 5

sour ce/ 2 aicompbgiedseqoentel of grdoesstsheps SREWA th Eighitcd GiA-b@YRius 82 gadt ra thin
singl e cryﬁtal li.ne verti]ggfllt body_ region fornmed along alternating sides of

the pillar ‘Wehiormedg bebtlyidopsd B-tuprcbwlosiicomebstiate 610. The structure
shown in Figure 6A is similar to the cross sectional view in Figure 5C and shows
a continuous bit line 602 with pillar stacks 640-1 and 640-2 formed thereon. The
pillars 640-1 and 640-2 include an n+ first contact layer 612, an oxide layer 614
25 formed thereon, and a second n+ contact layer 616 formed on the oxide layer
614.
Figure 6B represents the completed sequence of process steps shown in
Figures 5A-5C, minus the pad layers, formed on a commercial SOI wafer, such
as SIMOX. As shown in Figure 6B, a buried oxide layer 611 is present on the
30 surface of the substrate 610. The structure shown in Figure 6B is also similar to
the cross sectional view in Figure 5C and shows a continuous bit line 602 with

pillar stacks 640-1 and 640-2 formed thereon, only here the continous bit line
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10 first and the second source/drain regions; and a gate opposing the
vertical body region and separated therefromby a gate oxide; a plurality

of buri eqohislogldsnes fornmed of single crystalline sem congai@idszzmateri al
and di sposed below the pillars in the away nenory cells for interconnecting

with the fi : t J1RCH I &1 N ray of
rerory ool 102 15 EARaRE o Bl P LT, ARIARERLRL ISR 1| NakDR A 2
di sposed orgilagosad layd 640-LHAaclpdeiiah+ fiyst odnthet layed 6 b2, tanldxideslayen 624 t r ench
between rows of the pillars for 20 addressing gates of the single

crystal | i neforegd thergpn.tang goieeandrns ¢apiact lyer Gl@jTataed or hepxiderlayersi de of the
trench in 1ternating pillars along the first side of the trench; and a
plurality of second word |ines, each second word |ine disposed orthogonally

to the bt |inegijireblereplesditthbbitPried @iGen0t of fidciislstepk Shandinsepar at ed
fromeach first word line by an insulator such that the second wordline 25
i s adj acentFigusetarid, stites & pah tayerse fremingnidlandiorisilies agaandssubgton, he singl e

talli ical .t ist hat dj t,t d side of th
Crench in aFier Psonmielt s Pl By B BiGsy e iRreRin” 20 “the
nenory devijgeu@s tﬁéﬁiioebs%glesaiﬁlb?a%ﬁlo@@@éaaigﬁht@.saghg&%t5,69_1,@%6,iwyst si de 30 of

the trench along a row o ars is integrally formed with one of the

P
plurality odfechanddtoriesy ehtitledédechmiquedfonBjodueing SmalldslandsaaiBilidearasi n each of

the plurali of 38 397 PCT/ US(12/03231 first wo l i nes

el Laobla WPy AReybl B 0 I e R B R e SRt of 1 ess
than 100 napQERiEdDwn in39zurd BE iTBRB iVl £R cBss SbdioRulddew BBt each
pillar includes a capacitor 5 coupled to the second contact |ayer. 31. The

menory devi ¥eamf shokaiamoRBnuonis dxtdine 603 otithspilgl stacks P46-dlanid 9d0+2er t i cal body
regi on has vertical length of less than 100 nanoneters. 10 32. The nenory
devi ce of Pfggpﬁt%lgl;eowgﬁ}ggﬁ'eé%%w AN té{a‘ﬂ‘i“i/gq%dis ISFWéat?fg%rﬂncéf transistors
has a vertigglihesal by ffe ihﬁﬁa?%tmr\vﬂigﬁ)gwm&ﬂeﬁ ide et &gt al width of

| ess than 10 nanoneters. 33. menory device, conprising: 15 a folded bit
i ne arify wichaemeoydicetd the pidcessaeferaachatreep Aygametle pilhars 040-drandy of nenory

cells includes:. a pillar extending ou rdly . froma sem conduct or
substrate, et wchide g g fﬁﬁt&i‘)llFat‘iElgaM@é@\ﬁga‘é?%ﬁ? L‘yerr @@t rgpp?‘ﬁg‘eﬁo}"st cont act
| ayer and amﬁ'a%b&m&ﬁ?é&ﬁéét:l@%{: §§<§f&> oF O URTidANRL A9, S@Raraled by an

oxi de layer; a palr of sing talline vertical transistors formed al ong
opposi ng si atesrdofg tedichtepetihgsrof thhpresdnh iryvantios ithegleguancy sf ptdcesseteper t i cal

transi stor |r}clud, ;an ultra _hinglkggie crystalline vertical first 25
sour ce/ drai i P%P@ﬁ“@%ﬂ?"é"ﬂ“ﬂl IEHES P5e CELIE: fqngygg:neéﬁmﬁpplaé t hin
Singl e 6pY Sfeal blBEalRFk fies BEGBRAEON EBGHTAFIRULRCEOUPl ed to the

second contact [ayer; an an ultra thin single crystalline vertical body
regi on whi ch oppfigees 7he7Oxlideateayeoceanskquentel cestiBing frof tBe pBla0839- 47

P R et sk 00, L0 SGond cpuceelfisl n fegione, @ plural ity
0 9posed Dehgi L G, LG AN Sl Hibidh Aol aloromnect 19
menory cel | the pilags, augh asrpllars $404l anil 540-2vin Figure A€s Foepadpofasro$t word i ne
di spos e%SOr itllrlllgtgac‘zirc])?ll o|11¥y, Figure 7A illustrates an embodiment pillars 740-1 and 740-2

formed on a p-type substrate 710 and separated by a trench 730. Analogous to

the description provided in connection Figure 5A-5C, Figure 7A shows a first

single crystalline n+ contact layer 712 a portion of which, in one embodiment, is

integrally formed with an n++ bit line 702. An oxide layer region 714 is formed

30 inpillars 740-1 and 740-2 on the first contact layer 712. A second n+ contact

layer 716 is shown formed on the oxide layer region 714 in the pillars 740-1 and
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to the plurality of buried bit lines in a trench between rows of the
pillars for addressing body regions of the single crystalline vertical
transi st Os(,3%(;§3.ﬁ,l7ternati ng 10 row adj acent pillars that gha/esip@assnt to a

first side of the trench; and a plurality of second word |ines, each second

word |ine diygno S,ﬁ%l, g)é% ﬁ&gﬁ%gl (F%’%?r?lto’ B&d I1$1\é4|t) hQ@,sl'eé;pl@ctﬁ\té?y hieQRGRn bet ween rows

of the pillars’a arate eac word l'ine by an insulator such
that the saemisd oothelsédoad contadjlagel 6 i theqpdliwls 240de and 740@. t rench and

addresses body regions _of the single 15 crystalljne vertical, tyansistors in
al ternating rowladjigedB, plighthr doped Rrivae Bolysifigarelayer74°4s deRosief si de of the

trench. 34. Th rrﬁimr i 1 : plurality of
first V\Drdlolvﬁ]etzleip aé%?%quéh(fzdr'(%‘é aghgie{?aett%?i 81#%’31%?&;931%%@@1@ dy region in a
pillar on aioﬁed {éity métefl® 7k dnhiBe titlensils 290cbflthe piflalsauod dd 70-1.nsul at or

e body

| ayer fromt region in a row adjacent pillar on the first side of
t he trench.In®8e embedimenbageoniing wethefeaghiagnoihe pipay drsnBasiiof t he

plurality qf .second rdl ines. intearall.y f sing the

Body r eg) orP SRV SOBF PRIgR AT HARE kel BRI FIn i B IR I 1Y | D e
by an i nsul @et pliayehaferigm4shs thesivew st P30 éfthépillaw 740} loa@m40m | | ar on the
second si de of Fhe trench. 36. The nenory device of claim 33, wherein each

of the pl urlavirga width (Wtor dndzerdddhigknese ¢f 19 pesoriless! Ghe strecthygds i cal |y
oriented word |ine hav%gﬁ]}_ag%erti cal 30 length of |less than | 00 nanoneters.
40  v1'® me3y AV ©S62/ 03231 37. The nenory device of claim 33,

wherein each si ngle, &g ¥élh§111deid1’gard’c°e§st§t€1ﬁ|is HERABEGIUohndtESn avither ti cal | engt h
of less than 100 nanoneters and a horizontal width of |ess than 10

nanomet er s. FiguisgC. At disgmintanpthespasking steprastheiamy: hag bperodesgdlnd: and a

folded bit i ne DRAM devi ce coupl ed .fo .th rocesso r.ein the fol ded
bit 1i neI DF@QQII VA 08 epwﬁyggé%}sgﬁﬂplg?liyﬂ}clbﬁlep,pgﬁ\gﬁyog27]4? \é\ﬁfo Fh%ja O?n rows and
col urms,  ihgESiddhfls AP TERRIBOIRRIdon170S R B ki RivlRITRRYpiflas! S i ncl udes:

a pillar extending outwardly froma sem conductor substrate, wherein the
pi |l ar iigcl et and S40gLifthisiy sdgairkd by sére particalat eonfigherfion, agdomnisEngl e

crystalline second contact |ayer separated. n.15 i | ayer; a single
cr gst al | i nevhxathip bedy frﬁ%%?l§9§fy ‘?’b?rff‘e%&a‘? ﬁﬁéﬁf‘%&ﬁaﬁf’ﬁg% dgs of the ]
pillar within a @ggg%foﬁéhﬂﬁﬁoomgh%ﬁf&%ﬁ@qitﬁ Ryl biyagiver ti cal

transistor inclu tra thin single crystalline vertical first
sour ce/ dr ai vertieglit@nsistorsp bewltrh thih bedy irasdistoxsnomy bn bag side ofipillatst#48- t hi n

SLs e CTYs) oLl B el el BESOD gueRl SRR SRR S8 Lo (e
whi ch 0pBOSesy fiStdiGud. aY Shis 32H, O YBKSTicbRN§4] iviibtecARMITIAR@ANGECON
source/drain redions; and 30 wherein a’surface space ‘charge region for the
si ngl e cr ystadrhli apitaxiel dolid phaterragovih will scair esrtically. As shown in Figure
7C, the single crystalline silicon at the bottom of the pillars 740-1 and 740-2 will
seed this crystal growth and an ultrathin single crystalline film 746 will form
which can be used as the channel of an ultra thin single crystalline vertical
25 MOSFET transistor. In the embodiment of Figure 7C, where the film is left only
on one side of the pillar, the crystallization will proceed vertically and into the
n+ polysilicon second contact material/layer 716 on top of the pillars 740-1 and
740-2. If however, both sides of the pillars 740-1 and 740-2 are covered, the
crystallization will leave a grain boundary near the center on top of the pillars
30 740-1 and 740-2. This embodiment is shown in Figure 7D.
As shown in Figures 7C and 7D, drain and source regions, 751 and 752
respectively, will be formed in the ultrathin single crystalline film 746 along the
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41 WO 03/0839. 47 PCT/ US112/ (13231 down as ot her dinensions of the

transi stor scale down; a plurality of buried bit lines fornmed of single
crystal | ypoaRg96onduct or material and di sposed bel ow t hepciibdoans2zin t he
array nmenory cells for interconnecting with the first contact |ayer of

col um adj agen §dnl - f ar fy : rality of
word |i nes?‘agvz‘ﬁ@}'usp’v%)rogﬂ% fr’%@“&ih@pq?s@?wérat‘hléqgg%ﬁegﬁ‘{‘%ﬁ ltoﬁggggjlyﬁapg)lluyt y of buried
bit lines jifuRidarE@iedn-bespiee frofiohs fiesdh addthiesecquidl doarast fagersgtidrandsi ng
alternating body regions of the single crystalline vertical transistors
that are ad]@churthe aeneaking pyogesshtheggoriionse Neptulfrathit singestystaling ded bit 1ine

DRAM devi ¢ rising., 15 f.orm ng,an_.aw f ry. cells formed in rows
and col unng}m&%gf@i%wﬂg #‘ﬁlﬁbd@&% vﬁ]é%?l?%erle?rylsﬁgﬁg(%tg:sﬁ ?ler mng a pillar
ext endi B9 QULMAH Vb hRMsanS BRISIPHNEAIOLE pRsdd B RwiNbes i n forning the

pillar includes formng a single crystalline first contact |layer of a first
conduct i vi verticslppe Hreddrhipramdsguize ségieyise? Yr anslt 72} wilkbe sxparadeddy ont act | ayer

f the first . ductivity.t tical ted b . i de | :
ot 11 et Lk RS Y 7 L Sopnc st gk e s aver
the pillar b nf"lof QW pRiseR ihl @i, tﬁﬂde%ﬁrsﬁig'fb &EQEtAIIAE bbBeresidigl e

crystalline vertical transistor includes: depositing a |ightly doped
pol ysi | i cowill Ayer a vértieal Senptindt 28s tham Hcnmy iThy strygrereay epwtakshqwi inar  and

directional |y etching the polysilicon | ayer of e second conductivity type
to | eavid oﬁ!@‘r%gn7§9’dgaalp’iss°n8f’¥t’ﬁjlé“a&’ Bf‘hr“gﬁ’eﬁ%\g‘gﬂi“?%r#ﬂ@ WPPl ar such that
the lightl Hﬂecﬂ bld C - f drgdnbXikddy type
recrystall |¥ezags angQﬁ%cgozslruL' Igg?xt%%;g#la & %@i“ﬁﬁ%@%ﬁ?’g%@\?&@h %%:p'gulrs vertically
to form a shnigh elteithiatsalgld aestuléing fim7hg. ARd, cither BRIRBBY a7 v&ATHIUS02/ 03231

oriented material of the second con?uc jvity type; and 10 wherein the
anneal i ng EAGSEYCERS cap fgfamedya frgnqiet ¢ r st and second contact |ayers of
a first conductizyi : : Jo i mat eri al of
the first conducC %é}?étoggfc%aewsgltngn%ée)%?@1%?@53%{@ %I%{‘/(g}ll %h(lf:ggn | ayer of the
second 13y pdischstel dauedrid watdeyegione s eahd 75%tespaetvalgclovd bsaufocesdr ai n
regions of the first conductivi tﬁht é%)e separ at ed b%%thhe ?ﬁcm/, Si, nggl e

crystal | i ndn grpitvaghin sipslerqresieline Hle &6 1 fogp anpEiing WHEHERERS ty t ype;
formng a l. i bj j | - g all'ine

sem conduclt% r Ea?flé ée?/?lg%al glﬁaélﬁggsb%}s%gb gg‘? 8§v&{ ﬁ%%bsﬁrls’zdrcggﬁdﬁlg?%@éar ray of
menory cel liachitiae b€ihe present ingeritioa. Thenhtathiy smfpldarystaltinbifilm 746 @swi ncl udes
coupling the first 15 contact |ayer of col %J_rm adj %ent pillars in the array
of nermory deslndes agiiirg Bimpinglesrystalling yerycab fushsoyes/ drpayres din forming the
plurali of [ [ erm : 1 j

ort hogoir%l |°§“¥Y§&?%g‘egﬁ %rclgpﬁ% é;lqg% éﬁraﬁaéglg B?tt%q P\r,]%géi? %}ygg%lgigﬁgﬁ%ggt ween rows
of the pillsasndfsourcadigaia seding 73 ¢oaphedito g deoshd comtricotayenT16 Hen si ngl e
crystalline vertical transistors that are adjacent to the 20 trench. 40.
The net hod uira timprivesosinglpervstalinegiericabbodyvargignd S8 rueeins plopgsige Pl cal

Fransi stor Aagie! heIak N S8R Aupldtnehld Bl blidhegchaw of pi 11 ars

i ncl udes for e transi’stor suc e transistor "has an ultra thin
si ngl e crysh@kdconé source/drain region 752. In effect, the ultra thin p-type single

25 crystalline vertical body region 753 separates the drain and source regions, 751
and 752 respectively, and can electrically couple the drain and source regions,
751 and 752, when a channel is formed therein by an applied potential. The
drain and source regions, 751 and 752 respectively, and the ultra thin body
region 753 are formed of single crystalline material by the lateral solid phase
30 epitaxial regrowth which occurs in the annealing step.
The dimensions of the structure now include an ultra thin single

crystalline body region 753 having a vertical length of less than 100 nm in which
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25 vertical body region having a horizontal width of |ess than 10
nanoneters. 41. The nethod of claim 39, wherein formng a single

crystal I{‘,Ibem){ﬁ#()tﬁcal transi stor along alternating sides qfctiise2psiskar
within a row of pillars includes formng the transistor such that the

[ h rtical. | h I d
e a 11 r Sechanad pPaBBaTAMSBLERER AR SRy et SRR IRT AR, BBNE Phe

second souy ¥ ' 308 1B8bhg 991 ahd W Didspeetivelgsiavidam 10
nanonet er ;glﬁ%ég&%d?%%?l%}g%& 47rPC12'I$U§fI 2/ 113231 eﬁ% A ?}et hod for form ng

a fol ded bjuhctidnndzpiRRMindé by ¢les harimoptal thigkgessiadithd Wiratun &§pgldy of nenory cel I's
formed in rows_and col umms, wherejn form ng_ _each nenory. In the array
of nenory @wstplding ﬁ@?ﬂﬂ@s‘?-g@e*&?ﬁ L(gmﬁ Sirﬂ‘flf’gl?é @%?Ig}%ﬁq}%a%gﬁ%\i/égr dly froma
Sem Congucjég{:ticﬁxu&gh{s%lﬁch Wheh&ihNedsNBaPink lcBindeMehpEQT tiee &dvit@lagdcrystal i ne
first contac ayer and a single crystalline second contact |ayer separated
by an oxi dghichwed scafablersrigsign silagfuether sisinkl Forthery thetineaaltiop hahsi st or al ong

alternating 10 sides of the pillar within.a row of .pjllars rein formng
the singl eprovidsd aisirhefarefer trﬁlé%%tO%SrV%%Wls‘F%fP%Pn PB@F%E%Q’?‘{%‘P Cﬁéﬁﬂz}ﬁ ultra thin
singl e crystall IDGNSHEA dFifebaRat GEIE! @ivh seshantaeupked Lo the first
contact |a =C IPEIOP Y i ng an ultra thin single crystalline vertical second

sour ce/ dr ajjjndiB@hd Featddtne dintffech ehessaefandsmmontizege tegiparhasbegtni ng an ultra
thin single crystalline vertical body regjon I C s t.he oxide | ayer
20 and 16ouplizisiizedeyf physicallnmaking tbf*eb%d‘egwapég%d\dg%sﬁ%&g‘aﬁaHEI}’ %%id wherein
form ng th? Si n&_lle crystalline vertical 25 transistor includes formng the
transi stor JQBBHOASt 2 surface space charge region for the single

crystal line ver Gugal ofdie?$ isBilldh fecat @] fother amlentthil updnrenioies of t he
transistor scale down; formng a plurality of buried bit Jines forned of
singl e crystsalosinedha e eondueioniortypen desried RersinFa SR B By the pillars in

e | nel duEgasrins Soet et P s RpTlRehld: B dpe®e @ tent pi 1 ars
in the gy rayode RORKS HaeldpSul R iR Yetiehllysoriand sidgle crystalline p-

channel type transistors. The invention is not so limited. From the process

descriptions described above, the fabrication process can continue to form a

number of different horizontal and vertical gate structure embodiments in the

trenches 730 as described in connection with the Figures below.

20 Figures 8A-8C illustrate a process sequence for forming a horizontal gate
structure embodiment, referred to herein as horizontal replacement gates, in
connection with the present invention. The dimensions suggested in the
following process steps are appropriate to a 0.1 micrometer CD technology and
may be scaled accordingly for other CD sizes. Figure 8A represents a structure

95  similar to that shown in Figure 7C. That is Figure 8A shows an ultrathin single
crystalline film 846 along the sidewalls 850 of pillars 840-1 and 840-2 in
trenches 830. The ultrathin single crystalline ﬁln.1 846 at this point includes an
ultra thin single crystalline vertical first source/drain region 851 coupled to a first
contact layer 812 and an ultra thin single crystalline vertical second source/drain

30  region 852 coupled to a second contact layer 816. An ultra thin p-type single
crystalliné vertical body region 853 is present along side of, or opposite, an oxide

layer 814 and couples the first source/drain region 851 to the second source/drain
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WO 03/ 08397 PCT/ US02/ 03231 forming a plurality of word |ines, wherein
formng the plurality of word lines includes formng each word |ine

di sposedwgsésganal |y to the plurality of buried bit |inggosoansizgnch
between rows of the pillars for addressing alternating body regions of the

single cr y%ﬁ%&bh is?.’s? )&%E&‘dﬁ%lto tHeSEat ehbodiiRht SHowRdiRegeBAlA tthe 5 trench.
43. The nethod of claim4 wherein formng the plurality of buried bit

lines incl uldgsd bridaiaygr 82hlouPaGileyeras thasamedvibli te kiomasndinderstapé nor e
h ly d dth he fi t d f [ th
the Titst dnrmsc ordiay b o nal meddtSnd i s st For i ng a
single crysial{ blﬂqug Eﬁ&ﬁs b&r aWDStE ifleONGi Bh £ @5 RAIXTR 1848319 the

pillar within a row o s Includes ' formng the transistor such that
the transi shed plaasidelieo bdnhds\& afhéfithe topgiueface gﬁtﬂlalpillamsa&wel and$d0- body regi on
with a p-type channel having a vertical |ength | ess t.han

nanomet ers. 5t°h'Ph%C@ﬁ%1tStP§tf°6‘Fed6Pé?W& OuWéF’é?h&F(yP M$T frRch anS| stor such

that the ”ﬁ%ésaﬁ]f %{d n?@&p{;]ﬁ%h&'ﬁla 2%%@ @ RKidSkh '825'% V@B&'t@da' body

regi on incl I'n single crysta I ne tical body
region to hawgtie Aﬂmﬁﬂs&loilaind%@O-\M edlﬂrcMP plassizédharaghih mmoeedbertie 46. The

nmet hod of claim wherein formn lurality of burle cbit lines of
single crystonishifees ofdhe E@ﬁ@l%@dralﬂ%@rfaT heye fhspndaeedyalysilicopdayeides f or mi ng

Cubstrat® 8% AheErath by b) RSB B EBSHTIIRDEh o BRI SAC e G

form ng thegy) Mpad silly offor wplfﬁdiitb Bﬁﬁlellei},lél'BMSNbitt sgthdriny- cfopedmngea
hori zontal ly ori ent ed te for addressi n&;{ﬁal ternati ng body regions of the

singl e cryslaab11823e0wB$ |1<'.b)@l a3 thg sane Mol be knawn apd undgreedhpy % ¢the 30 trench,

lecs than 100 dREaRe g bTsb B ath GBI e, R0

net hod of chad-Msflch ad¥ied EVD Hr8Ed¥.NThé Beudtrelihdw Yis appenRria FigresSAncl udes
integrally form ng a vertically oriented gate for addressi ntg alternating

body redbons of Fleereshdllusteiey Sreatinrivee fﬂé‘pﬂ’ﬂ%ﬂhetnﬁétrﬁﬂ%qné‘?@ |n a row of

PR A SR e S S L
nanonet ers. g4t &JW‘[H@?SGQ&YGE‘SOe@ 891 BodEIRleYpartively, 111mhf)ﬂier$1bdﬂg forming a
folded bit I'i'ne array of nenor | s, wherein formng each nmenory cell in

the array oﬁltMmsmglﬁedryﬁaﬂln@ﬁ ééé tOl@ﬁdlfdfmﬂlb’iéb@l Bieldraip ad s@¥ER ng out war dl y

froma sem conducfpor s trate elnf m n I |.ugdes form ng
a single crjREU %ﬁemﬁ%) ref?(?ﬁ'{we?heﬁs te?s lgl::lgl%le %h%%g d|t1\Q/|%tey‘ﬂtype and
form ng 2 Sﬁ Rormkd Sksdhd LR WBHNG0%EnAGIndé@ed bYfonkt bemfdln{aSj‘l slannduct ivity
type vertically separated by an 15 oxide layer; forming a sin

crystalli nem/thetartoazlontrcaaim téltScﬂiscé@S@rﬁg t@leﬁé]@fPW@PsﬁCH]é&’efo&Bt ﬂi‘ﬁ |l ar
within ar O\ﬁvngopealpoiyasglfcon y%E gﬁ:‘ or oxf@qufer 822 in the trench 830. The

structure is now as appears in Figure 8B.
Next, in Figure 8C, a thin gate oxide 825 is grown as the same will be

25 known and understood by one of ordinary skill in the art, such as by thermal

oxidation, for the ultra thin single crystalline vertical transistors, or ultra thin

body transistors on the surface of the ultra thin single crystalline vertical body

region 853 for those transistors in alternating, row adjacent pillars which will be

connected to trench wordlines for completing the folded bit line DRAM device.
30 Next, doped n+ type polysilicon layer 842 can be deposited to form a gate 842

for the ultra thin single crystalline vertical transistors, or ultra thin body

transistors. The structure then undergoes a CMP process to remove the doped n+
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the single crystalline vertical transistor includes: 20 25 depositing a
lightly doped polysilicon |ayer of a second conductivity type over the
pillar apg @lkeayi onal ly etching the polysilicon |ayer ofeciesosesond
conductivity type to |l eave only on sidewalls of the pillars; annealing the

pillar suc '?v&e%ﬁ stil%nlliygag'gllﬂf? fidaped tﬁpiu‘fﬁlicé bE®B phlayes4ti ahde4G2andd

conducti vi ty t'ype recr izes and lateral epitaxial solid phase regrowth
occurs ver tRIBakdhed tofdror tive desied ghicknesy of the igaieS4Q don the yitrathiysingle ed nat eri al
of the second conductivity type, and 30 wherein the, annegli uses the
single cr yﬂwaﬁ“#’e"qm?aétt"a%ﬁﬁfoge%‘ﬂga&B’ﬁPﬁ@f {rﬁrgglsé?rg. G one ef';}ll.‘ﬂr)Js%iﬁhlgf(?)thduct ivity
type seed LOGLiB G MSbAD D RIITBIREd @ fofth af nteg Wy ( 13/ UB397

PCT/ US( 12/ ?&%é%;&?ﬁgg’???@?glggﬁd%gtll Vi tly type into the |i g%llt |y doped

pol ysi | i £0orfohmae hofforitdlly @tmesidyond fmetgateflmvingeeveriicshbidy obraseWeRd first and
second source/drain regions of the first co)?FgLiﬁti Vi Eyj ltb%{)ﬁ? separ at ed by the
now si ngl e ¥0yenemplersconpesing &ha yiira gEn sneleFrREng ¥yugd PPRL "e¥hnd

conducti vi ty..t ype: and. ] i L e/ shgke maystal line
vertically %Srv’r i\ﬁe?%cf’nr%‘tl%%g%r%%#qﬁ %%togééggsﬁgﬁgg%ucti wbty type and separat ed
ther ef r om bya@irizad By @XIME prdddsd torfill tignchef Al aAn ¢tyh pfockssris perfasied] i nes of
single crystalline sem conductor material and ,diﬁ oseg \bel 08gpt e pillars in
the an ay nasresegrding th shestgehmiquesdescaibrd abryede stipd Efw § Fied bit
lines cquples the first ¢ FReSMbstHotiba&id. i n the
array oﬁaneﬁﬁrs?u i ;lsacnag‘q#‘%g{lﬁ éhg%gsi’% ucr%?é?l?ggsg woggml islﬁigs dilsposed

or t hogonal | yd @ricAfe B ativahd dppe@k ad b showheal Fhyute 8Cnes, wherein forning the

plurality of word lines includes form ng_each ong of tegg. plurality of
wordlines in a tAenshobedipasnskibigsthsrrippd ydeistng vpgh T ’d‘rgetE@i ng gates of

t he singl rystalli tical t ' ' th
ranch, 20 S6done haErBeb e Gral ARl GRR GlRR B AR AERPLIRE,

crystalli neBﬂl%stSﬁ@)aﬂ aritd §4052 & &fntihﬁ@bv@tﬁesﬁnfcﬁbﬂfongaﬁmn atldt standatd BE@bdy regi on

with a p-type channel having a vertical |length of | ess than 100 nanoneters

and a hdisi zorocedsessi dt h of | ess than 10 nanoneters. 25 51. The nethod of
claim 49, wherein, for

1.nhg.-t.he plurali ! I i i udes
formng the plur }W'Vrgdbf'ggdpll%‘%teo? Plofé%ggi%ggﬁogg %‘%‘1{5%/52%%%%%? | ayer from
the seni conduelol csibdalhé@t Becording Ide i@ichiags of the lpadsemtdflyentiorr &her f or mi ng
the plurality of wordlines 30 includes integrally formng ea(ﬁh gat e,

present in thecminaceggested antie fallowige PrecernEensiye HIreRHEC Y Hhg a row of
e, P o R Bl E b U814 gy othecs serm 1. cach
20 Figure 9A represents a structure similar to that shown in Figure 7C. That is
Figure 9A shows an ultrathin single crystalline film 946 along the sidewalls 950
of pillars 940-1 and 940-2 in trenches 930. The ultrathin single crystalline film
946 at this point includes an ultra thin single crystalline vertical first source/drain
region 951 coupled to a first contact layer 912 and an ultra thin single crystalline
25 vertical second source/drain region 952 coupled to a second contact layer 916.
An ultra thin p-type single crystalline vertical body region 953 is present along
side of, or opposite, an oxide layer 914 and couples the first source/drain region
951 to the second source/drain region 952. According to the process
embodiment shown in Figure 9A, a conformal nitride layer of approximately 20
30 nm is deposited, such as by CVD, and directionally etched to leave only on the
sidewalls 950. A oxide layer is then grown, such as by thermal oxidation, to a

thickness of approximately 50 nm in order to insulate the exposed bit line bars
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WO 03/08397 PCT/U 5112/f13231 horizontally oriented word |ine having a
vertical side of |ess than 100 nanoneters opposing the single crystalline
verti cal wig@ngssgbor. 53. The nethod of claim49, wherein dgaaridon@sizhe
plurality of wordlines 5 includes integrally form ng, present in the

adj acent t al ef ' bl L e atidhlalomes, w th one
of the pl ué@%e %O?n@&m%%jﬁﬁ%dr@é?&%ﬁﬁhﬁlgéi?1%] for ﬁ?’%%\ggﬁ of t heg plurality
of word |i pesulirdthintsiase &9stailing fldm\oa6t Mhamityidetdyenis denatippetli ¥dnthavi ng a
vertical length of |ess than 100 nanoneters. &0 54, A rr(gqth[odd f formng a
menory devioweniombsiripbing Procspses ﬁgﬂﬁﬁa@?r"‘éﬁ bgfnpEpapg updarstieod B ey e n

form ng each ry celd.in the-arr f. . I | &G s: formng a
pillar ext BH%IQE‘SYHB%‘W\%‘F%PVRFtagm@ess%@gﬁgﬁé&?g%a@%gtsfi}lg?%%lggﬁerei n formng
the pillar incl udesolRiNFREreH, anshifigkie polysilicah ldyeeo34 issepasitad act | ayer of
a first conductivity type and formng a single crystalline second contact

| ayer of t beerfthe pillacoH@ucaid/$40y2 aydis teaechesB01apd diggabreedenally an oxi de

| ayer; form a pair of single cryst ] | gal NS} fs al ong 20
opposi ng sieU?ggd BT1G?YFethf)_?lﬁuéﬁlgpah%{Lé‘?lﬁﬁ&‘lgrdﬁﬁ%no\gﬁ%re%%ﬁ@g ﬁg{cﬁ?ﬁ?ﬁ{éﬁéag r of
single cr y%TfFHel i< 9864 126804 nans pRdteresist B appliisnddephead to exgose | i ght |y
doped pol ysilicon [ayer of a second conductivity type over the pillar and
di r ect i onalpiljar sidehiwhgretdericp chymsics axsdn be dgraredog-gtineRsdy A5 conductivity

type to | eave only on opposi.n i dewal | s .of the.nil S: ealing the

p%/lol ar Kluc h‘\’quﬂlé@e/ %/%%9 9 ﬁ%msal;%m 6%@03%&%39":31%%0# ﬁllgéyeel% @r{otﬁm§ ’ﬁgé]secgng

conduct i vi ty 4y bZES sAlREkiVeRf BitRdd, BPihtaxhakvilt bk kdowhase regrowt h
11¥tr1§1|¥12 g)lofj,;%/ﬁ{cgﬁ g%lre} o . B ,

occurs 30 ver ma single crystalline vertically oriented
nmateri al ofant hadaswoddy coadiietinaiy skill yptie agntd rgmeve thpyegppsed/ Us39- 47

PCT/ USI | 2/ 03231 wherein the | i ng causes_the si . j ne first
and second iBEmsigPOLYSHIFSP L2Y6F 8&‘{1&39& ? ﬁ%‘hgﬁgf)f(@ie?ve{ ggéeﬁséé%ﬁgﬁé¢éom h of

si ngl e Crysekﬁbééd@%}e%h%f@k uﬁ{-atﬂih%ﬂg'lé&&stﬁméﬁ%@%&M thy pRraithino the |ightly
doped pol ysi'trcon lTayer of the second type to formyvertically oriented
first apsl seaosdrysalimeekdical mamssgirans ulifa thirebddyriemsigtond ubhe sEpre ype
separated by the now si_n%l_e crystalline vertically oriented material of the
second cond88eMASEPPEHE-FIgHEO®0 forming a pair of gates, each gate
opposing the singla lg;’eX)%f ot @hlih G dPanaE ®pEE PolyEiliesh latepitl t he second
conductivity type an separated therefromby a gate oxide; fornmng a
plurality ofrdaitablecndmio6l isndeposifeds surilae byrGAED ablaithiskeesaioE onduct or 15

mat eri al and di sposed_bel ow the_pjllars in the menpry,.:.celd s such that

each one of apprexipietalap§ 1 %ﬂesﬁu?rﬁléd” ‘Hfiﬁnff ?%’ggc@lg%@ééh%rgé)reﬁl(?%altu contact

| aver obocoluim ATLALSALy A hb3btichilidrane e Plaii@adingehkiss thand form ng
| Of f1rst wo

a plura tye I nes di sposed orthogonally to the plurality of
buried bit piteesidelayars I5srudialtbmbting now adiscerft pilkes ipidrdeta fgrgy addr essi ng 20

gates of the single crystalline vertical transistor tare adjacent to a

first side spapevertiendnteslly ipan ‘f’?rﬁgnffgf‘tle%%@é%ﬁ%édﬁeTl?ei rst side of the

trench; and_formn mﬁl% éﬂlp"é!nistiﬂ( %uréggond word |ines disposed orthogonal |y
[ et Ee

to the bit P1Nes in ench ween rows of the pillars and separated
fromeach first WoFihutd 9T dbriedoxidestohds perforuwk to bxpose Hie tspebHE wor dl i ne is

adj acent a second side of th . . .
’ 25 remaining intrinsic polysi?icon layer 954. Then, a selective isotropic etch is

performed, as the same will be known and understood by one of ordinary skill in
the art, in order to remove all of the remaining intrinsic polysilicon layer 954.
An oxide layer 970 is deposited, such as by CVD, in order to fill the cavities left
by removal of the intrinsic polysilicon layer and the spaces in the trenches 930
30 between the separate vertical wordlines 960A and 960B neighboring pillars 940-
1 and 940-2. As mentioned above, the separate vertical wordlines will integrally

form gates on alternating, row adjacent pillars. The oxide layer 970 is planarized
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25 trench and addresses gates of the single crystalline vertical
transistors that are adjacent to a second side of the trench in alternating
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a plurality of buried bit lines formed of single crystalline semiconductor

material and disposed below the pillars in the array memory cells for
25 interconnecting with the first contact layer of column adjacent pillars in the array
of memory cells; and
a plurality of word lines, each word line disposed orthogonally to the
plurality of buried bit lines in a trench between rows of the pillars for addressing
alternating body regions of the single crystalline vertical transistors that are

30 adjacent to the trench.
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5. A folded bit line DRAM device, comprising:
an array of memory cells, wherein each memory cell in the array of

15 memory cells includes:

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

20 a single crystalline vertical transistor formed along side of the
pillar, wherein the single crystalline vertical transistor
includes;

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

25 contact layer;

an ultra thin single crystalline vertical second
source/drain region coupled to the second
contact layer;
an ultra thin single crystalline vertical body region
30 formed along alternating sides of the pillar

within a row of pillars and coupling the

30



=Y==E>>>?dE] _@!! (10% & ()-S& 10% & ()- $@0% & ()-# 10% & () -

S10% & ()- &10% & () - ?K???2@3dE] @!!, 110% & ()-,L010% & ()-,.10% & ()- -S
10% & () WAy () - ) 10% & () - ATAABBBBBBXxnb@ ! ! | G& M 10%cisobn3@\ 10\
10\f @s10% & ()- @@L0% & ()- @yl0% & ()-9S510% & () - BCDD2FFGz[ 9nb@'! ! 9
10% " & ()-9 10%8& ()-!9 . o

10% " & ()- & M 109%P& ()-1& M 10%& () - M5 RS B58roard Smsparstssaane. @ 1071 10
10%"& ()- L. 109%& ()- 'L. 10%"& () anPS& 10%& ()-!9S& 10% " & ()- 9

109%& () - RKSKTKAKVKKL<MIE@ 10" "1 1 10% & ()-! 10%& ()-, 10% & ( &g -

1L10% & ()-Ls10% & ()- 10"" 10" 2 ensNmedpsther@tival bady regionesd ()

10% & ()-10% & ()-10% {& () - Y! 10%@8x 0P| R-RRSz[ <E@
10"('5' ‘(())10% &? 0) (%/ ‘1o%/§ & 8 3L--10% k‘(QE‘Sa}{?d#gilﬁfiff@%%gm POYBss () - !

10% : & (- STTTTT%W&W bObdAD 8 fines Yorkdd o¥ stngld &1 Mide @émieéﬁ’c?{?c&r() 10SS
10SS 10SS! 9S5MLOUBSE’ (3 - WKz Z[ n[ W AAXVAUVT 101°S9( 2 100& ()-f19(z 10% : & ()-f

,9(z 10%=& pl)atenal arm%nmec( y’elowmwﬂ&rs(lyx the alwamqrmomfcdl AG\VrerM_b@
10! S9! 910%&' 1098 & (). L&
10% & () - 8@%@0 ”16“@@ g&‘ k‘)yef O{Afﬁ&b}é‘k' %‘ﬁaceflg%‘%s&n %I})e HH & () -

10 & ()- ! aﬂ%@ﬁﬁ)}(}&; 1}-gbbbcder<b@ 10! S! &l +S 10% r& ()-!#S 10\ 7\ & ()- !S
109\ & ()- 3 10%& ()-910% & ()- 3&10% & () - eef gggggh| gf [< 10! S 9! 10%& () -
10\ 10\ a plurality of word lines, each word line disposed orthogonally to the
10  plurality of buried bit lines in a trench between rows of the pillars for addressing
gates of the single crystalline vertical transistors that are adjacent to the trench in

alternating pillars along a row of pillars.

6. The folded bit line DRAM device of claim 5, wherein the plurality of
15 buried bit lines are more heavily doped than the first contact layer and are

formed integrally with the first contact layer.

7. The folded bit line DRAM device of claim 5, wherein the ultra thin
single crystalline vertical body region includes a p-type channel having a vertical

20 length of less than 100 nanometers.

8. The folded bit line DRAM device of claim 7, wherein the ultra thin
single crystalline vertical body region has a horizontal width of less than 10

nanometers

o
o

9. The folded bit line DRAM device of claim 5, wherein the pillar extends

outwardly from an insulating portion of the semiconductor substrate.

10. The folded bit line DRAM device of claim 5, wherein the semiconductor

30 substrate includes a silicon on insulator substrate.
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13. A folded bit line DRAM device, comprising;

an array of memory cells formed in rows and columns, wherein each

10 memory cell in the array of memory cells includes:

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

15 a single crystalline vertical transistor formed along alternating
sides of the pillar within a row of pillars, wherein the
single crystalline vertical transistor includes;

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

20 contact layer;

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

an uitra thin sihgle crystalline vertical body region

25 which opposes the oxide layer and couples

the first and the second source/drain
regions; and

wherein a surface space charge region for the
single crystalline vertical transistor scales

30 down as other dimensions of the transistor

scale down;
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10% & ()5 3710% & pluratidyZof@iRsed 1ifles, each word line disposed orthogonally to the

plurality of buried bit lines in a trench between rows of the pillars for addressing
alternating body regions of the single crystalline vertical transistors that are

adjacent to the trench.

10 14. A folded bit line DRAM device, comprising:
an array of memory cells formed in rows and columns, wherein each
memory cell in the array of memory cells includes:

a pillar extending outwardly from a semiconductor substrate,
wherein the pillar includes a single crystalline first contact

15 layer and a single crystalline second contact layer

separated by an oxide layer;

a single crystalline vertical transistor formed along alternating
sides of the pillar within a row of pillars, wherein the
single crystalline vertical transistor includes;

20 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 coupled to the second

25 contact layer; and

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

30 wherein a horizontal junction depth for the first
and the second ultra thin single crystalline

vertical source/drain regions is much less
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10t @ 10% & iferdctmddib & i theSirtdofact layer of column adjacent pillars in the array
of memory cells; and
a plurality of word lines, each word line disposed orthogonally to the
plurality of buried bit lines in a trench between rows of the pillars for addressing
body regions of the single crystalline vertical transistors that are adjacent to the

10  trench.

15.  The folded bit line DRAM device of claim 14, wherein the ultra thin
single crystalline vertical body region includes a p-type channel having a vertical
length of less than 100 nanometers.
15
16. A semiconductor device, comprising:
an array of pillars formed in rows and columns extending outwardly from
a semiconductor substrate, wherein each pillar includes a single crystalline first
contact layer and a single crystalline second contact layer separated by an oxide
20 layer;
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 in each pillar and which couples the first
and the second source/drain regions formed along side of
30 the pillar
a number of buried bit lines formed of single crystalline semiconductor

material and disposed below the single crystalline vertical body regions, wherein
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single crystalline vertical transistors in alternating pillars along a row of pillars;

and

a number of capacitors which independently couple to the second contact
layer in each pillar.
10

17. The semiconductor device of claim 16, wherein each wordline integrally

forms a gate for addressing the body region in a pillar on a first side of the trench

and is isolated from the body region in a column adjacent pillar on a second side

of the trench.

18. The semiconductor device of claim 16, wherein each wordline integrally
forms a gate for addressing the body region in a pillar on the first side of the
trench and is isolated from the body region in a row adjacent pillar on the first
side of the trench.

20
19.  The semiconductor device of claim 16, wherein each ultra thin single
crystalline vertical body region includes a p-type channel having a vertical length

of less than 100 nanometers.

25 20. The semiconductor device of claim 16, wherein the number of buried bit
lines are formed integraily with the first contact layer and are separated from the

semiconductor substrate by an oxide layer.
21. The semiconductor device of claim 16, wherein each wordline includes a

30 horizontally oriented wordline having a vertical side length of less than 100

nanometers.
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array of memory cells includes:

a pillar extending outwardly from a semiconductor substrate,
wherein the pillar includes a single crystalline first contact
layer and a single crystalline second contact layer

10 separated by an oxide layer;

a single crystalline vertical transistor formed along alternating
sides of the pillar within a row of pillars, wherein the
single crystalline vertical transistor includes;

an ultra thin single crystalline vertical first
15 source/drain region coupled to the first
éontact layer;
an ultra thin single crystalline vertical second
source/drain region coupled to the second
contact layer; and
20 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 gate opposing the vertical body region and
25 separated therefrom by a 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; and

30 a plurality of word lines, each word line disposed orthogonally to the

plurality of buried bit lines in a trench between rows of the pillars for addressing
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5 vertical body region includes a p-type channel having a vertical length of less

than 100 nanometers.

25.  The semiconductor device of claim 23, wherein each of the plurality of

buried bit lines is separated by an oxide layer from the semiconductor substrate.
10

26.  The semiconductor device of claim 23, wherein each gate in a trench

along a row of pillars is integrally formed with one of the plurality of word lines

in the adjacent trench, and wherein each of the plurality of word lines includes a

horizontally oriented word line having a vertical side of less than 100

15 nanometers opposing the single crystalline vertical body regions.

27.  The semiconductor device of claim 23, wherein each gate in a trench

along a row of pillars is integrally formed with one of the plurality of word lines

in the adjacent trench, and wherein each of the plurality of word lines includes a
20  vertically oriented word line having a vertical length of less than 100

nanometers.

28. A memory device, comprising;
an array of memory cells, wherein each memory cell in the array of
25 memory cells includes:

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

a single crystalline vertical transistor, wherein the single

30 crystalline vertical transistor includes;
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contact layer;

an ultra thin single crystalline vertical second
5 source/drain region coupled to the second
contact layer;
an ultra thin single crystalline vertical body region
formed along alternating sides of the pillar
within a row of pillars and coupling the
10 first and the second source/drain regions;
and
a gate opposing the vertical body region and
separated therefrom by a gate oxide;
a plurality of buried bit lines formed of single crystalline semiconductor
15 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;
a plurality of first word lines, each first word line disposed orthogonally
to the plurality of buried bit lines in a trench between rows of the pillars for
20 addressing gates of the single crystalline vertical transistors that are adjacent to a
first side of the trench in alternating pillars along the first side of the trench; and
a plurality of second word lines, each second word line disposed
orthogonally to the bit lines in the trench between rows of the pillars and
separated from each first word line by an insulator such that the second wordline
25 is adjacent a second side of the trench and addresses gates of the single
crystalline vertical transistors that are adjacent to a second side of the trench in

alternating pillars along a second side of the trenéh.
29.  The memory device of claim 28, wherein each gate adjacent to a first side

30 ofthe trench along a row of pillars is integrally formed with one of the plurality

of first word lines in the adjacent trench, and wherein each of the plurality of
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5 coupled to the second contact layer.

31.  The memory device of claim 28, wherein each single crystalline vertical

body region has a vertical length of less than 100 nanometers.

10 32.  The memory device of claim 28, wherein each single crystalline vertical
transistors has a vertical length of less than 100 nanometers and a horizontal

width of less than 10 nanometers.

33. A memory device, comprising:
15 a folded bit line array of memory cells, wherein each memory cell in the
array of memory cells includes:

a pillar extending outwardly from a semiconductor substrate,
wherein the pillar includes a single crystalline first contact
layer and a single crystalline second contact layer

20 separated by an oxide layer,

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
25 source/drain region coupled to the first
contact layer;
an ultra thin single crystalline vertical second
source/drain region coupled to the second
contact layer; and
30 an ultra thin single crystalline vertical body region

which opposes the oxide layer and couples
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material and disposed below the pillars in the array memory cells for
5 interconnecting with the first contact layer of column adjacent pillars in the array
of memory cells; and
a plurality of first word lines, each first word line disposed orthogonally
to the plurality of buried bit lines in a trench between rows of the pillars for
addressing body regions of the single crystalline vertical transistors in alternating
10 row adjacent pillars that are adjacent to a first side of the trench; and
a plurality of second word lines, each second word line disposed
orthogonally to the bit lines in the trench between rows of the pillars and
separated from each first word line by an insulator such that the second wordline
is adjacent a second side of the trench and addresses body regions of the single

15  crystalline vertical transistors in alternating row adjacent pillars that are adjacent

to a second side of the trench.

34,  The memory device of claim 33, wherein each of the plurality of first
wordlines integrally forms a gate for addressing the body region in a pillar on a
20 first side of the trench and is isolated by an insulator layer from the body region

in a row adjacent pillar on the first side of the trench.

35.  The memory device of claim 33, wherein each of the plurality of second
wordlines integrally forms a gate for addressing the body region in a pillar on a
25 second side of the trench and is isolated by an insulator layer from the body

region in a row adjacent pillar on the second side of the trench.
36.  The memory device of claim 33, wherein each of the plurality of first and

second word lines includes a vertically oriented word line having a vertical

30 length of less than 100 nanometers.
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5 38 An electronic system, comprising:
a processor; and
a folded bit line DRAM device coupled to the processor, wherein the
folded bit line DRAM device includes:
an array of memory cells formed in rows and columns, wherein

10 each memory cell in the array of memory cells includes:

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

15 oxide layer;

a single crystalline vertical transistor formed along
alternating sides of the pillar within a row of
pillars, wherein the single crystalline vertical
transistor includes;

20 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 coupled

25 to the second contact layer;

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

30 wherein a surface space charge region for the

single crystalline vertical transistor scales
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a plurality of buried bit lines formed of single crystalline
semiconductor material and disposed below the pillars in
5 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 word lines, each word line disposed orthogonally to
the plurality of buried bit lines in a trench between rows of
10 the pillars for addressing alternating body regions of the

single crystalline vertical transistors that are adjacent to

the trench.

39. A method for forming a folded bit line DRAM device, comprising:
15 forming an array of memory cells formed in rows and columns, wherein
forming each memory cell includes:
forming a pillar extending outwardly from a semiconductor
substrate, wherein forming the pillar includes forming a single crystalline first
contact layer of a first conductivity type and forming a single crystalline second
20 contact layer of the first conductivity type vertically separated by an oxide layer;,
forming a single crystalline vertical transistor along alternating
sides of the pillar within a row of pillars, and wherein forming the single
crystalline vertical transistor includes:
depositing a lightly doped polysilicon layer of a second
25 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
30 layer of the second conductivity type recrystallizes
and lateral epitaxial solid phase regrowth occurs

vertically to form a single crystalline vertically
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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
10 the now single crystalline vertically oriented
material of the second conductivity type;
forming a plurality of buried bit lines formed of single crystalline
semiconductor material and disposed below the pillars in the array of memory
cells, wherein forming the plurality of buried bit lines includes coupling the first
15 contact layer of column adjacent pillars in the array of memory cells; and
forming a plurality of word lines, wherein forming the plurality of word
lines includes forming each word line disposed orthogonally to the plurality of
buried bit lines in a trench between rows of the pillars for addressing alternating
body regions of the single crystalline vertical transistors that are adjacent to the

20 trench.

40.  The method of claim 39, wherein forming a single crystalline vertical
transistor along alternating sides of the pillar within a row of pillars includes
forming the transistor such that the transistor has an ultra thin single crystalline

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

41.  The method of claim 39, wherein forming a single crystalline vertical
transistor along alternating sides of the pillar within a row of pillars includes
forming the transistor such that the transistor has a vertical channel length of less
30 than 100 nanometers and has a first and a second source/drain regions wherein
the first and the second source/drain regions have a horizontal width of less than

10 nanometers.
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; 10% & () - XnYYY[ ZZM zXéanSubstrate, wherein the pillar includes a single crystalline
first contact layer and a single crystalline second contact
layer separated by an oxide layer;
forming a single crystalline vertical transistor along alternating
10 sides of the pillar within a row of pillars, wherein forming
the single crystalline vertical transistor includes;
forming an ulira thin single crystalline vertical first
source/drain region coupled to the first
contact layer;

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

forming an ultra thin single crystalline vertical
body region which opposes the oxide layer

20 and couples the first and the second
source/drain regions; and

wherein forming the single crystalline vertical
transistor includes forming the transistor
such that a surface space charge region for

25 the single crystalline vertical transistor
scales down as other dimensions of the
transistor scale down;

forming a plurality of buried bit lines formed of single crystalline
semiconductor material and disposed below the pillars in the array memory cells,

30  wherein forming the plurality of buried bit lines includes coupling the first

contact layer of column adjacent pillars in the array of memory cells memory

cells; and
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43,  The method of claim 42, wherein forming the plurality of buried bit lines
includes forming a plurality of buried bit lines which are more heavily doped
than the first contact layer and are formed integrally with the first contact layer.
10
44. The method of claim 42, wherein forming a single crystalline vertical
transistor along alternating sides of the pillar within a row of pillars includes
forming the transistor such that the transistor has the ultra thin single crystalline
vertical body region with a p-type channel having a vertical length of less than

15 100 nanometers.

45.  The method of claim 44, wherein forming the transistor such that the
transistor has the ultra thin single crystalline vertical body region includes
forming the ultra thin single crystalline vertical body region to have a horizontal

20  width of less than 10 nanometers

46.  The method of claim 42, wherein forming a plurality of buried bit lines of
single crystalline semiconductor material below the pillar includes forming a
pluraltiy of buried bit lines which are separated from the semiconductor substrate

25 by an insulator layer.

47.  The method of claim 42, wherein forminé the plurality of wordlines

includes integrally forming a horizontally oriented gate for addressing alternating

body regions of the single crystalline vertical transistors that are adjacent to the
30 trench, wherein a vertical side of the horizontally oriented gate has a length of

less than 100 nanometers.
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forming a folded bit line array of memory cells, wherein forming each
memory cell in the array of mémory cells includes:
10 forming a pillar extending outwardly from a semiconductor
substrate, wherein forming the pillar includes forming a
single crystalline first contact layer of a first conductivity
type and forming a single crystalline second contact layer
of the first conductivity type vertically separated by an
15 oxide layer;
forming a single crystalline vertical transistor along alternating
sides of the pillar within a row of pillars, wherein forming
the single crystalline vertical transistor includes:
depositing a lightly doped polysilicon layer of a second
20 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
25 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;
and
30 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

46



10' 0 10' 0 10' 0; 10% 0& () - Y710% 0& ()-510% 0& ()-310% 0& ()- S210% 0& () -
vPwmmIXxxaBYNC | F10% & ()-&10% & ()- 10% & ()-10% & () -

10% & () wodsadsdNY& () - xx-yj yWwgzzdEYNC ! | s10% & () - PCT/US02/03231
10% & ()-3310% & ()-10% & ()- 10% & ()- ,S10% & ()- zz{{"{[{{dEYNC !

ti/%oog/a&&( § ) { g?n}#g)‘;/i fa} § % dE /10%155 ( %ﬁ){%@ué@wtﬁéﬁﬁé t%.% Iightly do\ped
o 0 Sait s U 10 & MRS o el
10" &yJ .dE: /[ 10° 19%—1&' 0)- 10%4&' ( )ferti-@dﬁﬁ,dﬂ&p(e)d-ﬁrst and second source/drain
1(1)%'&( § ) oo E § : Ff‘i o % ) rse%éE}@/? fég%%éﬁ%‘g COndp ALy (YPIEFREHIE ) - SZdE: /
R BT L O R S
material of the second conductivity type; and
forming a gate opposing the single crystalline vertically
oriented material of the second conductivity type
and separated therefrom by a gate oxide;
10 forming a plurality of buried bit lines of single crystalline semiconductor
material and disposed below the pillars in the array memory cells such that each
one of the plurality of buried bit lines couples the first contact layer of column
adjacent pillars in the array of memory cells; and
forming a plurality of word lines disposed orthogonally to the plurality of
15  buried bit lines, wherein forming the plurality of word lines includes forming
each one of the plurality of wordlines in a trench between rows of the pillars for
addressing gates of the single crystalline vertical transistors that are adjacent to

the trench.

20 50.  Themethod of claim 49, wherein forming each single crystalline vertical
transistor includes forming an ultra thin body region with a p-type channel
having a vertical length of less than 100 nanometers and a horizontal width of

less than 10 nanometers.

25 51.  The method of claim 49, wherein forming the plurality of buried bit lines
includes forming the plurality of buried bit lines separated by an oxide layer from

the semiconductor substrate.

52.  The method of claim 49, wherein forming the plurality of wordlines
30 includes integrally forming each gate, present in the adjacent trench along
alternating pillars along a row of pillars, with one of the plurality of word lines,

and wherein forming each of the plurality of word lines includes forming a
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010% & () §310 Aj’lgfle(lgleti%g of claim 49, wherein forming the plurality of wordlines
5 includes integrally forming, present in the adjacent trench along alternating
pillars along a row of pillars, with one of the plurality of word lines, and wherein

forming each of the plurality of word lines includes forming a vertically oriented

word line having a vertical length of less than 100 nanometers.

10 54. A method of forming a memory device, comprising:
forming an array of memory cells, wherein forming each memory cell in
the array of memory cells includes:
forming a pillar extending outwardly from a semiconductor
substrate, wherein forming the pillar includes forming a
15 single crystalline first contact layer of a first conductivity
type and forming a single crystalline second contact layer
of the first conductivity type vertically separated by an
oxide layer;
forming a pair of single crystalline vertical transistor along
20 opposing sides of the pillar, wherein forming each one of
the pair of single crystalline vertical transistors includes:
depositing a lightly doped polysilicon layer of a second
conductivity type over the pillar and directionally
etching the polysilicon layer of the second
25 conductivity type to leave only on opposing
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
30 vertically to form a single crystalline vertically
oriented material of the second conductivity type;

and
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material of the second conductivity type; and
10 forming a pair of gates, each gate opposing the single
crystalline vertically oriented material of the
second conductivity type and separated therefrom
by a gate oxide;
forming a plurality of buried bit lines of single crystalline semiconductor
15 material and disposed below the pillars in the array memory cells such that each
one of the plurality of buried bit lines couples the first contact layer of column
adjacent pillars in the array of memory cells; and
forming a plurality of first word lines disposed orthogonally to the
plurality of buried bit lines in a trench between rows of the pillars for addressing
20 gates of the single crystalline vertical transistors that are adjacent to a first side of
the trench in alternating pillars along the first side of the trench; and
forming a plurality of second word lines disposed orthogonally to the bit
lines in the trench between rows of the pillars and separated from each first word
line by an insulator such that the second wordline is adjacent a second side of the
25 trench and addresses gates of the single crystalline vertical transistors that are
adjacent to a second side of the trench in alternating pillars along the second side

of the trench.

55.  The method of claim 54, wherein forming the plurality of first and second
30 wordlines includes integrally forming each gate in alternating pillars along a row
of pillars adjacent the first and the second side of the trench respectively with

one of the plurality of the first and the second word lines, and isolating the
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plurality of first and second wordlines adjacent the first side and the second side

of the trench respectively from the gates in row adjacent pillars,

56.  The method of claim 55, wherein forming each of the plurality of first
and second word lines includes forming vertically oriented word lines having a

vertical length of less than 100 nanometers.

57.  The method of claim 54, wherein forming each single crystalline vertical
transistor includes forming the single crystalline vertical transistor to have a
vertical length of less than 100 nanometers and a horizontal width of less than 10

nanometers.

58.  The method of claim 54, wherein forming each single crystalline vertical
transistor includes forming the single crystalline vertical transistor such that a
horizontal junction depth for the first and the second source/drain regions first
conductivity type is much less than a vertical length of the single crystalline

vertically oriented material of the second conductivity type.

59.  The method of claim 54, wherein forming each single crystalline vertical
transistor includes forming the single crystalline vertical transistor such that a
surface space charge region for the single crystalline vertical transistor scales

down as other dimensions of the transistor scale down.
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