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This application is related to the foll owi ng co-pendi ng, conmmonl B gned

U S. patent applications: "Open Bit Line DRAMwi th U tra Thin Body

Transi stors," attorney docket no. 1303.005US1, serial nunber 09/780, 125,
"Flash Menory with Utra Thin Vertical Body Transistors," attorney docket

no. 10 1303.003US1l, serial nunber 09/780,169, "Progranmable Logic Arrays
with U trgodiuksBody Transistors,” attorney docket, oy, d3{]3- 007US1, seri al
nunber 09/780, 087, and "Menory Address and Decode & rcurts with Utra Thin
Body Transistors," attorney docket no. 1303.006US 1, serial nunber

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

Thi n Body 15 Tr ansFQLIRFISBIT LATE R AN WIHG YKEBTIOAS. ULTBA3. 008US 1, serial nunber
09/ 780, 126, "In Service R mlgl Le Arrays with Utra Thin Body
Transistors,” attorney doc e"théno. 8@%8§USI, serial nunber 09/780, 129,
which are filed on even date herewith and each of which disclosure is
herein ingorporated by &ef@gLegl m,?ToEélﬁéqu {ma{l&g I nvention 20 The present
invention rel ates gene y 10 uits, and in particular to
folded bit line mmtmhlsmlittqdaoﬁhthHOway-Pblrdamsqomnls Background of the

I nvention Sggj AR AX access menories
(DRAM5), are ﬁﬁ%ﬂ]ﬂg%&@{é %g%cdgrrp %nzéripﬂs?nsterrs or S?g]?lg .data. A DRAM 25
menory cel | Trappsteral #tympwtolc@@l@s13Qh0(§@§b§§1ahue1b€t-0@f7$(b@6 transi stor (FET) and a
storage capaghhQfemo \Fﬁaéa@'oh%wg”a&cﬁﬁb?ﬁ&ket% data charges to and

fromthe storage ca aC| tor ur i r ead and operations. The data

charges ot FB.083 W1 ag6al owpherdH 789, I@r“ rqwmﬂt@hipbwlqm‘ﬂfheshed during a refresh
operation. 3, '\ﬁiﬁ[ﬁoﬁy ﬂ%ﬁlﬁto}s}‘ ahcﬁnéy)i&k&%'l)!m' do%%legsnﬁlhzﬁbem ni mum | it hographic

feature size (F) I's | |c1§mocesses used during

0
fabri cati on09/Eg%087, e&%ﬁﬁlﬂ@ry 4@@%@@@@% Cgfé‘ﬁ@ Badigh density dynanic
random accegndistors,” attorney docket no. 1303.006US1, serial number 09/780,144,

“Programmable Memory Address and Decode Circuits with Ultra Thin Body

15 Transistors,” attorney docket no. 1303.008US1, serial number 09/780,126, “In
Service Programmable Logic Arrays with Ultra Thin Body Transistors,” attomey
docket no. 1303.009US1, serial number 09/780,129, which are filed on even date

herewith and each of which disclosure is herein incorporated by reference.

Field of the Invention

20 The present invention relates generally to integrated circuits, and in
particular to folded bit line DRAM with ultra thin body transistors.

Backeround of the Invention

Semiconductor memories, such as dynamic random access memories

(DRAMS), are widely used in computer systems for storing data. A DRAM

25 memory cell typically includes an access field-effect transistor (FET) and a
storage capacitor. The access FET allows the transfer of data charges to and
from the storage capacitor during reading and writing operations. The data
charges on the storage capacitor are periodically refreshed during a refresh
operation.

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
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1 0 AUG 2005 WD 03/083947 PCT/ US02/ 03231 menories (DRAMs), which are capable
of storing 256 Megabits of data, require an area of 8F2 per bit oé ch%t@
There is a need in the art to provide even higher density menor i b8 AUG T der
to further increase data storage capacity and reduce manufacturing costs.

I ncreasing the data storage capacity of sem conductor 5 nmenories requires a
reduction in the size of the access FET and storage capacitor of each
menory cell. However, other factors, such as subthreshold | eakage currents
and al pha- ggykhsdse 1 nduced soft errors, require thagcthagnges Storage
capacitors be used. Thus, there is a need in the art to increase nenory
density Whi lpgendlidsQDRAMS)] WiGcht S afble S sREAGES6 GAPaRE b, réqgd@d Provi de
sufficient immunity to 10 Ieak%ge, currents and soft errors. There is also a
need i n the BPEEUECTIAT UG dtbdhorgisr oef i e A ¢ BPVISRmerhighe uct ures and
fabrication tdeahpneheiss inAetth Rirtkbensredsy datSehitist PRV mdld@eRMe hi gher and hi gher
in gigabit DRAMs. and beyond,, itedﬁecomes nor e and re crucial to mnimze
cel | area. OfRMuEFEIDE fasts Tnedhecie SRR PRGN FTICOPEItYed bit |ine structure.
15 The conbi rhaidfesS€y@irds A gdudiona we kize (¥ the MISKEET bttt @gx¢itdr0 t he deep

sub-m cron regi on where_channel |engths are S an 0.1 mcron, 100 um or
1000 A causeé’?%‘ﬁdﬂgﬂf‘?‘i%‘ﬁﬂt Hb‘?’%ﬁﬂ %ag?fs’tsﬁ’ a%%“@@%iofdgﬁgalget ransi st or

structures. AsmenshodMiphaparflgindueedkoft ¢ridRgleduind tldelpedistoafoul d be nmuch | ess than

t he channel |ength.  of 00 A .or this inplies junction depths of a few
hundred AngstS %’fﬁ’.‘“@ﬁ%ﬁl—gﬁs’gﬁﬁl’ﬁ ad\ff*’ﬁ&’ﬁﬁn@ﬁpeﬁﬁémmo?yfdﬁ’fﬂt to form by
conventi onal whilphlwingthHeast ofi sickage@aphditdS ittatprovade3irticfere fnmunity toemel y hi gh | evel s
of channel,  dqping are r jred to .syppress short-channel effects such as
dr ai n-1 nad8ed S pRsrs FEAE G, TR AR AR BF PR B - and

sub- t hr eshol dirasad fie densestrusburts-ahdifaleilitioh eeclmiquekict i on is  particularly

probl ematic in t echnol o it reduces.the char orage 25 retention
time on the capgclzgiﬁgtl\%er&%sré}rfeglflg%ﬁngszbgcoé%%“lggeﬁe @“%‘Frdﬁgla% tlg) Sevel's result in

i ncreased | eakdlggondnitberags mew awlanard eeuciahto Ixidinizy cellBlrrasOmaki ng t he channel

shorter to i %ﬁﬁfgmwLf%‘gaﬁ}%ﬁ{*{%%l%??@@ﬂ%%@@ ower carrier nobility.

Therefore, there is a nee provi de inproved nenory densities
whi | e avoildi ng t HEhedaitintons scgwg, hewdvercef MQBFES krolmploghtathedeepef f ect s such as 30

drai n-i nduce ulpﬁfc%in?ggiohglﬂ@rg ikl 1&2@?%2%2%}{‘6.'1 S, 1ok, @f T, and

sub-threshol d conduct’ion, T ncreas: age and reduced carrier nobility. At
t he sanme ti nmd000heaugsesigifipant groblens ia the camentipaabtragsisior shectumsi At ai ned.
shown in Figure 1, junction depths should be much less than the channel length

of 1000 A, or this implies junction depths of a few hundred Angstroms. Such

20 shallow junctions are difficult to form by conventional implantation and
diffusion techniques. Extremely high levels of channel doping are required to
suppress short-channel effects such as drain-induced barrier lowering; threshold
voltage roll off, and sub-threshold conduction. Sub-threshold conduction is
particularly problematic in DRAM technology as it reduces the charge storage

25 retention time on the capacitor cells. These extremely high doping levels result
in increased leakage and reduced carrier mobility. Thus making the channel
shorter to improve performance is negated by lower carrier mobility.

Therefore, there is a need in the art to provide improved memory
densities while avoiding the deleterious effects of short-channel effects such as

30 drain-induced barrier lowering; threshold voltage roll off, and sub-threshold

. conduction, increased leakage and reduced carrier mobility. At the same time

charge storage retention time must be maintained.
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2 1 0 AUG 2005 WD 03/083947 PCT/ US02/ 03231 Summary of the Invention The
above nentioned problens with sem conductor nenories and other problens are
addressed by the present invention and will be understood by readi A Hid
studying the follow ng specification. Systens and nethods are 5 provided for
transistors with ultra thin bodies, or transistors where the surface space
charge region scales down as other transistor dinensions scale down. In one
enbodi ment of the present invention, a folded bit |ine DRAM device is

provi ded. wWhgedehded bit |ine DRAM device includes 29955%9 of nenory
cells. Each nenory cell in the array of nenory cel F§"TRPtes a pillar 10

ext endi ng outwardly from a sgRmGenNEsml@tiorsubstrate. Each pillar includes a

single crystalline first contact [ayer and a single crgstalline second
contact |ayer JbgRpvsmeationsd pieblegisiwith squgpaguctopmemorie 2ad theyst al | i ne verti cal

transi stor bbby afRddresdd O the Pleb el iRRhiidAGndwifl 8Sur@brstbdd®ypi | | ar within a row of
pillars. The single crystalline vertical transistor includes an ultra thin

. ystal i jert.
si ngl e crystealing apdstylyipg the flloying speciffegtion fystaay addpetods®l on coupl ed to t he

first cond aghvilied¥s ransitOrs With iRra tHi BodiSd, B&ttaBsistdid Mietedbdsidf@e Verti cal second
source/drain region coupled to the second contact |ayer, and an ultra thin

si ngl e crystPasechasgs o ssales fovpsa gtherdignsiior NRESIREEHOL#R t he  oxi de | ayer and
coupl es the fir sfonad@fboliiRntSeHOpidseOrlcmDh Al blt @RI IIRM A plurality of
buried bit |ines are forne ﬁl e cryst ‘il | i ne sem conductor material and

d of sin
20 di sposedItie vy @?@QF@"?IH‘CP deyicgn ¥ ¥&f1 s for interconnecting
with the fmneSdry €08 mduidysedell 8f tharhyldinedoiyade clufdsh bidlkrs 1 n the array of

menory cells. . Further, a pluraljty of word lines are included. Each word
line is ﬁ‘isﬁ‘é%‘glag outyar g?‘*f“gf"‘ﬂdac%rf&bsmtﬁr%ﬂ Pc‘@“ BFNE? i od bit [ines in a |
trench bet wsiggle dirRBinofirstichitact [Byek indlaSinkle Erydllche essridrRentaat Ihyef Nnat i ng body regi ons
of the single crystal I.(%r?e vertical Zlgn%‘?n%%st.ors hat, are adj acent to the
trench. The PHYBYAELHIYI YE: pregeicqaes R Fngpor 2 8rlat i ng a met hod for
form ng a f abtaterttiig didesief thapAldt wlithin C@w of pikarsrahdGnbld chstallies f or m ng an array

'ncl udes. ot At 1P B e B SR 9P h o serm conduct or
substrat & 80rcHdniniaggn emplad pithd fast conteet layele s ditortiih siggla si ngl e crystal | i ne
first cont agrgfsta!llﬁx\é %rhcglf send source/drain region coupled to the second 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. A plurality
of buried bit lines are formed of single crystalline semiconductor material and
20 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,
Further, a plurality of word lines are included. Each word line is 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
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 cells 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 sirigle 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
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first conductivity type and formng a single crystalline second contact

| ayer of the first conductivity type vertically separated by an aﬁiéﬁ

| ayer. Form ng each 3 1 0 AUG 2005 WD 03/083947 PCT/ US02/ 03231 ne E@M
further includes formng a single crystalline vertical transistor along
alternating sides of the pillar within a row of pillars. According to the
teachings of the present invention formng each single crystalline vertical
transistor includes depositing a lightly doped polysilicon layer of a

second conguchhydty 5 type over the pillar and di rep(_tf,‘[gm[d}y etching the
polysilicon layer of the second conductivity type to leave only on

sidewal I's of mehgy aanlfhrmelsnculaem&rn@ aBiaglB cr$dtdNGk Gertidal hasdistdr hlofle verti cal

transi stor cludes | i pillar such that the lightly doped
pol ysili con Eﬂ}‘éti‘“gé §@g’dﬂg‘“86‘%‘lf@‘r"?’§l Lording ko t‘ieé?f’F'y%%gal lizes and | ateral

epi t axi al SObﬁtﬁk@&&ﬁ&vénﬁ&f@hﬁﬁrkgeﬁlih@iﬂélScrYﬁilﬁnb@&ﬁdaMrah@stJror m a single
the second conductivity type.

crystalline 10 yertically orien
Furhter, the rst and secon

ntor. 1 nenoudtins Lt e mosTre i fomprri d second
cont act | ayetype @r the fillar S:id directiorElyCdidhing the pélysilRobSla@Ebfthegécomt h of si ngl e
crystalline materi.al of the first 0 uct Vi e i.nto the lightly doped
pol ysi | i con F%_%%“E?ﬂ?%ﬁﬁga ﬁBSF96@5? %Vn%%gwggﬁng% oriented first and
second sour ce:&sﬂallaieNerﬁﬁgtilammrmfcluﬂ&mnéaihﬁgsthep’ll&:ammﬁihmltelh‘gllttyy t ype separated by
t he now si ngl alllne ertl oriented te of the second
conduct i vi t y IR y‘%% ?%l??'ﬁ“{f ?ﬂ% X“B ‘Eyt’(peﬁé ﬁ]\’%\a‘?f gvai?éaé further includes
formng a phmmaMBMMpﬂkebgbwﬁdathmh%ﬂﬁﬁﬁhﬁhﬂﬁgeﬂﬁmﬂhag!e crystalline
B R o LT Lg LT TN b A
the first Comtnaahhgd:aagceﬁleaﬁgl@mﬂsumneﬂradpm®ndcoptal:tll@qsrsofarﬁrstt he array of nenory

cells. The od. . 4] pl-ur ty of word |ines.
Accordi ng tgg%ﬁ%ﬂFEQ%%g%dsbn?&%ﬂggkcggg Ig*ﬁ@éh@l%ﬁgforﬁlng the plurality
of word | i nesondwptivitydws ln%@wrhght}b'@aﬁdbommnlamefﬂl@pcwptb@wdo orthogonally to the

plurality of fJ&H%rﬁcQuPdrIeBtu £16Sind ool §og(?9&ﬂnﬁgfo}%%‘?ﬁhe58¥‘5 25 of the pillars for

addressing alternatin regl ons I'ngle crystalline vertica
transi st ots FM‘!C“&FYESYP&GI‘}P&T@%‘!YﬂEeGIOWh'engrEqﬁRHhe vertiraldeorigiel ot her enbodi nent s,

aspects, advgg&@ggﬁme@@gd&ﬁ@ky&@gmpf the present invention will be set
forth in part 1n the description which follows, and in
Forming the folded bit line DRAM device further includes forming a
plurality of buried bit lines formed of single crystalline semiconductor material
and disposed below the pillars in the array of memory cells. Forming the
20 plurality of buried bit lines includes coupling the first contact layer of column
adjacent pillars in the array of memory cells. The method further includes
forming a plurality of word lines. According to the teachings of the present
invention 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
25 of the pillars for addressing alternating body regions of the single crystalline
vertical transistors that are adjacent to the trench.
These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art by reference to the following

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

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



part will becone apparent to those skilled in the art by reference to the
follow ng 30 description of the invention and referenced draw ngs or by
practice of the invention. The aspects, advantages, and featurgq]gg Hm?
invention are realized 4 1 0 AUG 2005 WD 031083947 PCT/ 1JS02/ 03231 %
attained by neans of the instrunmentalities, procedures, and conbi nations
particularly pointed out in the appended clains. Brief Description of the
Drawings Figure 1 is an illustration of a convention MOSFET transi stor
illustrating 5 the shortcom ngs of such conventional MOSFETs as conti nuous
scal i ng oCgHhsussoli0 the deep sub-m cron regi on wher gcglg@nped; | engths are |ess
than 0.1 mcron, 100 nm or 1000 AL Figure 2Ais a diagramillustrating

general |y ongdewsbedlby Rebs ddthe trsilett@itlies, Blotedhres) @hdlobridihatibdsh vertical ultra thin
body transistors g to the teachings 10 of the present invention.

ccordin
Figure 2B illi’aﬁ‘:?‘t‘l?fg'tpé‘éneﬁﬂ“t OPSRESClagtS t he present invention for a fol ded

bit line architecture prapkdfOegrhay bfke Bawihgigl € wordline/ gate per verti cal
ultra thin body_transistors fornme %i ng sides of pillars according

. . d on Qppo S
to the teachi ngsFWelFﬁﬁﬂlﬂ%%%‘ﬁfa?%Yfémb@(ﬁs.F Torapsysipglistatings 5 di agr am
il : :Jst r at isngtgashw&roﬁﬂngﬁdfsuhwnﬁgmi&iam?mhswoaﬁtaiu&ﬁ@gfaﬁngfdaéu_med al lc:)_ng si donf a
pillar according to the teachings, o e. present invention. i gure is a
per spective R?i“@afﬁpls‘fbd‘é‘f‘r‘”éfeg‘ﬁ‘bw %Cé‘?“&?lltl? clg PAEF%f a portion of a

fol ded bit |icemn@nmow.according to the present invention. Figure 4B is a
top view of Figupe 4A illustratin eneral | illars including the ultra
th!on singl e cr35%‘&1“?%15a&@?‘f“f‘@i\’F“@?éﬁ?&‘i‘@‘?’B?gﬁf‘B?‘i\“@ﬂ}t8fazfé9‘?ds a persgecti ve

vi ew i | | ust r et line DRARDYitheEticbiGal thiEody tohsistors 260rdihgXo tHeteaching®! ded bit |ine
menory ar{ay%@:cording to the present invention. Figure 4Dis a cross

sect i onal i YWePERBHSP® Ry cut-1ine 4D-4D of Figure 4Cillustrating :
general |y pill ar BigirneB fllditfags dnfetnbodithénBoftteipreseit ingdnBonbiaTbladdl | ne vertical 25

LSS0, AR B REAAE S BE  BRET BT ™ B
al ong si de obodyhangiktors €irhédwa loppobihg sidet dfipiilab acbyrding &thé sdchings ofan | at er be forned
as part of f %Ir)];iesglq m%ell‘u%rll-ded bit Iine DRAM according to the teachings of the
15 Figure 3 is a diagram illustrating a vertical ultra thin body transistor
formed along side of a pillar according to the teachings of the present invention.
Figure 4A. is a perspective view illustrating generally one embodiment of
a portion of a folded bit line memory according to the present invention.
Figure 4B is a top view of Figure 4A illustrating generally pillars
20 including the ultra thin single crystalline vertical transistors.
Figure 4C is a perspective view illustrating another embodiment of a
portion of a folded bit line memory array according to the present invention.
Figure 4D is a cross sectional view taken along cut-line 4D-4D of Figure
4C illustrating generally pillars including the ultra thin single crystalline vertical
25 transistors according to the teachings of the present invention.
Figures 5A-5C illustrate an initial process sequence which 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 invention.
30 Figures 6 A-6C illustrate that the above techniques described in
connection with Figures 5A-5C can be implemented with a bulk CMOS

technology or a silicon on insulator (SOI) technology.
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present invention. 30 Figures 6A-6C illustrate that the above techni ques
described in connection with Figures 5A-5C can be inplenmented w i AUGRMIEK
CMOS technology or a silicon on insulator (SO) technology. 5 1 0 AUG 2005
WD 031083947 PCT/ US02103231 Figures 7A-7D illustrate a process sequence
continuing fromthe pillar formation enbodi nents provided in Figures 5A-6C
to formvertical ultra thin body transistors along side of the pillars.
Figures 8A-8C illustrate a process sequence for formng a horizontal gate 5
structure hoskkyient, referred to herein as horizoq%ﬁh]*ﬁag@cenent gates, in
connection wth the present invention. Figures 9A-9 F ustrate a process
sequence for forrﬁig‘mg:saA-VBﬁltuistea&Ja;g&es@seqsdncdmﬁtmniegﬁdmaelbﬂmm i n connection
with the present |nve tion. he Pre d Enbodi mrents 10 In
the fol | ow ng A PP T R ?d’%%gué?s%ﬁégt? Pﬁr?% T‘er ence is made to

t he acconpanybmgan§MMamg§mmhﬁﬁhpﬂ@@n1a part hereof, and in which is shown,
by way of illustratio ch the invention maybe
practiced. The en%%‘ﬁfs%ﬁéﬂﬁ%%aipﬁ cessgffg‘éen oori%lgl&glall}%nz%t?)l %?s of the invention
i n  suffichentructheteaibbddihat, eifaietl @ hedemashasikintal epladetmert fgesdnt t o practice the

i nvention. C%n%&mo ﬁﬂR:r rent s .may be utilized and changes nmay be nade

W t hout depar?lng HYomeFRe §Eo e of the present invention. In the foll ow ng
description, the m@rmmﬁlhmtratwpﬂocwmmnedfa fmgmrve:ﬁcatgmgeabl y used to

refer general!}/ ructure oqh egrated circuits are formed,
S cﬁn' n coanecuon the' reseut mve t10
and also to SUCH sti ures ur'i ng varrt ous ages of integrated circuit

fabrication. Both "m limensed 20 sem conduct ors,

epi taxi al ;jayers r S ortin conduct or or

i nsul at i ngbmat er IIth ﬁ;(l:lg\ﬁig% &:CQQQAJ&EC% ?o%%f ﬁﬁmffletagon Ee{"eregce 1ssr§%5|fs ot her such
structures thtattheapfalpkrwuwdrawmgmbcleﬁommaﬁﬁhberéodlahcbwmghd@hoaml ed description is
not to be ta he present invention
i s defined or@?g’a%&ﬂﬁlﬁl&eah@ppd ge%&gﬁgf@q%pﬁf&g@g ;lbrg a di agram

i Il ustrati ng peeteed. dlbe smbgrdimentsriye tiended to @fcnbpaﬁwbtdeﬂhelmentmmne DRAM wi t h

ver Ui cal ul { igrslibh BBl mf;@'sﬁﬁeqnéth@&aeéﬁwegms Qvdall. ORRFNI ngs  of the

present i nventi on. gener a ure OWS an I nt egr at ed ci I’CUI t 200,
15 embodlments may be utilized and changes may be made without departmg from

the scope of the present invention. In the following description, the terms wafer
and substrate are interchangeably used to refer generally to any structure on
which integrated circuits are formed, and also to such structures during various
stages of integrated circuit fabrication. Both terms include doped and undoped

20 semiconductors, epitaxial layers of a semiconductor on a supporting
semiconductor or insulating material, combinations of such layers, as well as
other such structures that are known in the art. The following detailed
description is not to be taken in a limiting sense, and the scope of the present
inveation is defined only by the appended claims.

25 Figure 2A is a diagram illustrating generally one embodiment of a folded
bit line DRAM with vertical ultra thin body transistors according to the teachings
of the present invention. In general, Figure 2A shows an integrated circuit 200,
such as a semiconductor memory device, incorporating an array of memory cells
provided by the invention. As shown in Figure 24, circuit 200 includes memory

30 cell arrays 210, such as 210A and 210B. Each array 210 includes M rows and N

columns of memory cells 212.



such as a sem conductor nenory device, incorporating an array of nenory
cells provided by the invention. As shown in Figure 2A circuit »00AUG 2005
i ncludes nenory 30 cell arrays 210, such as 210A and 210B. Each array 210
includes Mrows and N columms of nenory cells 212. 6 1 0 AUG 2005 WO
03/083947 PCT/ US02/ 03231 In the enbodi nent of Figure 2A, each nenory cel
includes a transfer device, such as n-channel cell access field-effect
transi stor (FET) 230. Mdire particularly, access FET 230 includes at | east
one, but n@gojggkpde two, gates for controlling conduction between the
access FET'S 230 first and second 5 source/drain t&FHPHEPS! Access FET 230

is coupled at a mAkQRBodmH SiFiglieaiANeabitthdioRAdell iBludts #ER5@Je node of a storage
capacitor 232. The other termnal of storage calQam tor 232 is coupled to a

reference volerisg el grrhanaelgelbgcersyfisldiabiest apsiSoEEDRA MY the M rows

i ncl udes onepaafculd); sbedst PEIS23Mfclude¥ btleast- oMY, Bt Tnay WEIGAMMIS, Ghest@r Ve as or 10 are
coupled to a first gate in al ternatlﬁr}%,row adj acent access FETs 230. In the

enbodi ment  sHBEHIIESondRcon betwepn theagesss 1Ty 1R i 40dis0nd| so i ncl udes one of word
|l i nes RO, s5RZ2source/drRitedmind®¥N Ccoupl ed to a second gate in alternating row

adj acent access FETs 230 in nmenory cells 212. As one of ordinary skill in
the art will unO&eSEERAUpeopledahatertyd st/ dpndermigal e a5torgko wor dl i nes per

access FET 2@fde éffaStoraBe dapicitdr @9 IThE6lher RrfihA 6t stoei@e EaDRitOrRYEPL i ON, but rat her
represent one enct)&gdi ment for the same, The_invention nay be practiced
having a si ngFReqiop Efereaes giase sushuts 2 epipdpoliage VRg FasetdfiMcent access FET 230
and the sanerolysintthdeslsidelo il lined WEDGML E..WiBn-1, Whi@ whidk @Rk la9dt IS not so limted.

The term wordline jncludes.a i ntercqnnecti o | ine for controlling
conduct i ow)b@‘f%@ﬁh{’ﬁ rsﬁ‘gapé'iar}%‘ﬁﬁm%)@' °°§toaﬁ?eés}fgar? ranh‘élﬁ? term nal s of access

FETs 230. Ac&sibodiag skotn lideguieIC Bucin¢FsheV rdinkd alsib&sdeedne of wore€Nt i on, and as

expl ai ned in,no et ai el o accesyg FETs 23Q include vertical ultra thin

body transi si¥? é(?}gﬂﬁﬁilcﬁ“ %?f“\’lyfdﬁ%aﬁc@algﬁﬁﬂgltﬂ?gfﬂa‘&‘ﬂ% of bit lines BLO,
BLI . .. BLN- 1, acBsIFETs Bb(tin hemag cdBk 232BAR olo€ordisiag skilbin Wie it @il 0 and read data from
menory cells

_ 12 43> \/r‘t)rlmgl1 is’&%a WO Wm and RO Rm.ar Ouseed_ to activate
al ternating ‘imévf/ angiunond g gzha’%cés% wfg%vg legn £ B ﬁcgggs % Barticul ar row of
menory celd sna eguiteth ttpractice the ityention, but rather represent one embodiment for
the same. The invention may be practiced having a single wordline/gate per
alternating row adjacent access FET 230 and the same is illustrated in Figure 2B.
The invention is not so limited. The term wordline includes any interconnection
line for controlling conduction between the first and second source/drain
20 terminals of access FETs 230. According to the teachings of the present
invention, and as explained in more detail below, access FETs 230 include
vertical ultra thin body transistors 230.
Each of the N columns includes one of bit lines BL0, BL1...BLn-1, Bln.
Bit lines BLO-BLn are used to write to and read data from memory cells 212.
25 Word lines WLO-WLm and RO-Rm are used to activate alternating row adjacent
access FETSs 230 to access a particular row of memory cells 212 that is to be
written or read. As shown in Figures 2A and 2B, addressing circuitry is also
included. For example, address buffer 214 controls column decoders 218, which
also include sense amplifiers and input/output circuitry that is coupled to bit
30 lines BLO-BLn. Address buffer 214 also controls row decoders 216. Row
decoders 216 and column decoders 218 selectably access memory cells 212 in

response to address signals that are provided on address lines 220 during read

7



witten or read. As shown in Figures 2A and 2B, addressing circuitry is also
i ncl uded. For exanple, address buffer 214 controls colum decoder $ (24§ 2005
which also include sense anplifiers and input/output circuitry that is
coupled to bit 30 Iines BLO BLn. Address buffer 214 also controls row
decoders 216. Row decoders 216 and col um decoders 218 sel ectably access
menory cells 212 in response to address signals that are provided on
address lines 220 during read 7 1 0 AUG 2005 WD 031083947 PCT/ US02/ 03231

and wite QBg§@tdPNs. The address signals are typi GalA¥phfAVvi ded by an
external controller such as a mcroprocessor or other nenory controller.

Each of nenorayd ewt dpsradl. Hesddesssigrels an typaillyprovidetityiag edtersd r uct ure, and
accordingly. Billfe: s@R% JHRIBIeEE )t offeh elbly LIS Badp glescribed hereln. The
cribed in nor e

same are des etarl in connection wth Figure 3. In one
exanpl e node mnoypelsdil lomg substmbaliytideipal sirented, sdscq@nlimlyombss of a particul ar

memory cel | %il%r%ﬁ?gl?sﬁgﬁgzisg&cr%g eée?gq{lgs%ﬁle Qr%{sﬁ{bﬁ%‘l Identifies one of

the word line ) particu nenory ce to row decoder
216. Row décanhesdeldil & comlection witeFigurast i vates the particular word line 10

WO Wmto acti vqgg?%gg,g,%ndﬁ%&?&%n%&%&%% R %%&ﬁg L¢,212 that is

connected to the selected wor I ne decoder 218 selects the
one of bit | ipadiculaBmen@y eelll2 atiaddrgsabpufferiif-arddgeshyfier@dsidentiicsnory cel | 212, For

a wite operoas$mwofhaﬁlawe&%w'mbgarﬁm%ém&%mhrowi try is coupled to
the one of bit I'ines BLO BLn and through the access FET 230 to charge or

di schar ge t helecpder 316 Ravydeceodgs LS selegtiveipativates the parialapwerdtoenerory cell 212 to

represent Bi Ry wHRkPactivakecess FE8580 QPGB cefidiranpis0r ed in the sel ected
menory cell 212, as represent elql b!{g{yh@% charge on its storage capacitor 232,

is coupl ed tomdeddnibe gfected word - Bplpmn dasprler 318 edects§d a correspondi ng

vol t age | evelogh & bR IBASBLA 6F the PartibtN addPddield Hemor§ b&ICYD t Bor 20 According to one
aspect of the invention, each o first and second gates of access FET

! f the first a
230 i s capabl'EtePerainT; a3 rcpieg by BUOBRRGET TS Wurlske ke pRedt f i st and second
sour ce/ dr ai n Hit@h&BNAIBEN ardiShrh@f @lelhbted FEELIOWS chbige briisShagge@di ment,  paral | el
swi tching functionalit be effected bhetween the first and second

can
sour ce/ drarn Sfoéalg?ﬁaﬁﬁit%‘%& &éli?é‘@%c?dlg’ﬁﬂ‘orﬁéﬂlzﬂ O repSEE PSR operating the 25
particul ar orrsaedd operitidn, data €Bred i @re\Able6ted REMOE cEIEX PR ttpra@ntees of word | i nes

by the charge on its storage capacitor 232, is coupled to the one of bit lines BLO-
BLn, amplified, and a corresponding voltage level is provided to the input/output
circuits.

20 According to one aspect of the invention, each of the first and second
gates of access FET 230 is capable of controlling the conduction between its first
and second source/drain terminals, as described below. In this embodiment,

f parallel switching functionality can be effected between the first and second
source/drain terminals of access FET 230 by independently operating the

25 particular ones of word lines WLO-WLm and corresponding ones of word lines
RO-Rm. For example, by independently activating word line WL and word line
RO, both of which are coupled to the same row of memory cells 212,
independently controlled inversion channels can be formed in each
corresponding access FET 230 by respective first and second gates for allowing

30 conduction between the first and second source/drain regions.

According to another aspect of the invention, each of the first and second

gates of access FET 230 is capable of controlling the conduction between its first
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RO-Rm For exanple, by independently activating word |ine W.O and word |ine
RO, both of which are coupled to the same row of nmenory cells 212710 Aug 2005

i ndependently controlled inversion channels can be fornmed in eac

correspondi ng access FET 230 by respective first and second gates for

all owi ng 30 conduction between the first and second source/drain regions.
According to anot her aspect of the invention, each of the first and second
gates of access FET 230 is capable of controlling the conduction between its
first 810 005 WO 03/083947 PCTf 11S02103231 and second source/drain
term nal s, But the first and second gates of parti G2 cess FETs 230 are
synchronousl I rated For exanpl e,
by synchrono%glgegéng\éﬁc\glgﬁa}nﬁ%ﬂ%ghﬁ%t%pgmgﬁ %Gam i ne RO, both of which
are coupl ed aessstiids @Qm@s}‘wwslwﬁ’mw rathr thgn irdependsntlyy nchr onousl y act i vat ed

i nversion cABRe! Fof&infiE vf Shislolsly BREheGRHIGE R aCCESS FET 230 by
respective first and second gates ["lom ng conduction between the first
and second sl@eR@é»p@péwlnchra@qutomwamhrosvoémwwhw synchronous activation
and deact isv ?ﬁcﬂé&n&@ly%&?atédhﬁv%}snon%eﬁ%&%%rﬂéﬁﬁéac@&dn@%ndhﬁtter control over
the potential distributions in the 10 access FET 230 when it is in a
conduct i ve sC#iFETSYMpHesaesivesfivd and;sooand gsies fonallowing sendiofigt i on can be used to
obtain well &%I{tggﬁrgiqm{s@gohysoqlgghr%%ogsoerat| ng characteristics of access
FET 230. In a further enbodinent in which the first and second gates are

ei ther synchr onBdtis gpbediment gEskprpsnaciivationand degstivationgf the iptent acti vati on

vol tages Carhn@?econ@ atSARbvsBettel Qnfrbl@vdr the §$texﬁiﬁl%s§ﬁ9tﬂ>ﬁﬂm%t es of the access FET
230. For exanp i fferent voltages can provi_ded to synchronously

acti vat ed? ngsqf«’q@go Ve it is-ify @ cquduc ‘(%@P"eﬁ?‘%‘ﬁ’rw Yot f er ent activati on

vol tages to deR@vdibi &h beiel t5 BRARFell-@aikdMed Afly dbRiedbgepisy FET 230 to obtain
particul ar desired operating characteristics. Simlarly, different

deact i vat i orfrateristisaefacssss FEL 23hplied to the first and second 20 gates of the
access FET 230. maffurth¥anpddanentiinwhith @8 firsthad cdcdnd ghtesQre cithdrt ages can be

provi ded to synchronous egctivated word |i.nes WO apd RO and
corr espondi nséjx OP%IYQHHA%@g?ﬂH“&&te&dd efe“é?'?(t,‘@b%“‘?gal%s > in order to obtain
particul ais dpplied ecthexfe ailstdond gakea bithd sedebsHETQ30. For ¢xathple,| y, di fferent

activation atﬂgerent voltages can be provided to synchronously activated word lines WLO

and RO, thereby providing different activation voltages to the first and second

gates of the access FET 230 to obtain particular desired operating characteristics.
Similarly, different deactivation voltages can be applied to the first and second
20 gates of the access FET 230. For example, different deactivation voltages can be
provided to synchronously deactivated word lines WLO0 and RO and
corresponding first and second gates of access FETs 230, in order to obtain
particular desired operating characteristics. Similarly, different activation and
deactivation voltages can be applied to independently operated word lines such
25 as WLO and RO.
Figure 3 is a diagram illustrating an access FET 300 formed according to
the teachings of the present invention which make up a portion of the memory
cells 212 shown in Figures 2A and 2B. As shown in Figure 3, access FET 300
includes a vertical ultra thin body transistor, or otherwise stated an ultra thin
30 single crystalline vertical transistor. According to the teachings of the present
invention, the structure of the access FET 300 includes a pillar 301 extending

outwardly from a semiconductor substrate 302, The pillar includes a single
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deactivation voltages can be applied to i ndependently operated word |ines
such- 25 asW.CandRO. Figure 3 is a diagramillustrating an access E&g%gﬁs
formed according to the teachings of the present invention which

portion of the menory cells 212 shown in Figures 2A and 2B. As shown in
Figure 3, access FET 300 includes a vertical ultra thin body transistor, or
otherwi se stated an ultra thin 30 single crystalline vertical transistor.
According to the teachings of the present invention, the structure of the
access FET 3@0sbsmat udes a pillar 301 extending outw%qgng£50n1a

sem conductor substrate 302. The pillar includes a single 9 1 0 AUG 2005 WO
031083947 PCHysmadﬁ}az&lacclagesl(alahdnmglfelcnysnllmmmbxanr‘onthcayﬁr 304 and a single
crystalline ond font act | ayer ver ted by an oxide | ayer
308. An ul trs}?)% lcal O, SRgfeled oy (’[xgﬂal”eﬁgog var bﬁagﬂﬂg‘lgfaﬁ'al fr 310 is formed

al ong side Oﬁmmbﬂﬁpﬁ$$ﬂm0ﬁﬁ&mamhmgm&hﬁdmmMmWOISﬂﬂgh@ﬁmfystalIlne vertica
transi stor 310 tra Cr alline 5 vertical body
regi on 312 whiEH © “a§F§ égﬂgﬁmﬁfrﬁ5k’ |nanglllltrat n¥%$ %?Plne vertical first
sour ce/ draisn VIemgalNdy&k@natmvmmSeﬂaltalesaantuhtatﬂmsmn’g@lc@s@lﬂly@teﬁlbdll ne vertical second
sour ce/ dr ai n .60 00,340 A LA 18 WA LR DEABEGER! I formed with a
word |ine as eSCFIB d "dhove’ an PTG e opposing the ultra thin
single crystsadrtq/dtmmglortnéah gh;tc)mly% wlecgnmb&megraitydommsdmﬁmr ated therefromby a
thin gate 10 0. Ldip f, the present

i nvention, thvgo u eas cﬁf’eﬁi aﬁ?vﬁaﬁ'%go%%rls sgnefi?? Otgerlwag%ﬁ Lﬁg’lanm stor 310

i ncludes a trthMWmCﬂéWm@@ 3med|ssaiaraleéﬁ1gbﬁmoﬁyatﬂuew t han 100 nanoneters
and a horigonfal . ?(p of less than 10 nanoneters. Thus, in one enbodi nent,
the ultra th|n Sl g e crystalline vertical body region 15 312 includes a
channel havi ng a &@prrlmgalemlbehgqnhotmpr@ﬁnthte'mom,ﬁanlnaﬂﬁlmhorret ers. Also, the
uttra thin sighfinéfoth s Bes W aichid 3boRAfih f0l Aficildehap a horizontal

width (W of nanonet er s tra t |n single crystalline
vertical firdesstauloaingmetpn apdadpiyanty padtnefdessthan 0 ppogmeterb.n si ngl e crystal | i ne

vertical Seeﬁxﬂsdm%‘ﬂyén%%éﬂﬂéﬁ'tﬂem&%ﬁ’ﬂn sRAKEveRicNBbdyzQPal Wi dth of |ess
than 10 20 nanoneters. According to the teachings of the present i nventi on,

the ul tra ¥hi¥2 mslpmp@a@wwlamwﬁﬁal#@s@ﬁdaf legs fhamkqommetﬁo is formed from
solid phase efQid &Xi@h thin single crystalline vertical body region 312 has a horizontal

width (W) of less than 10 nanometers. And, the ultra thin single crystalline

vertical first source/drain region 314 and an ultra thin single crystalline vertical
second source/drain region 316 have a horizontal width of less than 10

20 npanometers. According to the teachings of the present invention, the ultra thin
single crystalline vertical transistor 310 is formed from solid phase epitaxial
growth.

Figure 4A is a perspective view illustrating generally one embodiment of

a portion of a folded bit line memory device or array 410 formed in rows and

25 columns according to the present invention. Figure 4 illustrates portions of six
memory cells 401-1, 401-2, 401-3, 401-4, 401-5, and 401-6 which include ultra
thin single crystalline vertical transistors 430. According to the teachings of the
present invention, these ultra thin single crystalline vertical transistors 430 are
formed, as described in connection with Figure 3, along side of pillars extending

30 outwardly from a semiconductor substrate 400. These pillars are formed on
conductive segments of bit lines 402 which represent particular ones of bit lines

BLO0-BLn aligned in the column direction. In the embodiment shown in Figure
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growh. Figure 4A is a perspective viewillustrating generally one

enbodi rent of a portion of a folded bit |ine menory device or af0ayEiB
formed in rows and 25 colums according to the present invention. Figure 4
illustrates portions of six nenory cells 401-1, 401-2, 401-3, 401-4, 401-5,
and 401-6 which include ultra thin single crystalline vertical transistors
430. According to the teachings of the present invention, these ultra thin
single crystalline vertical transistors 430 are fornmed, as described in
connection wth Figure 3, along side of pillars extending 30 outwardly from
a seni condd¥ 8P &bst rate 400. These pillars are forﬁgﬁmgﬁnlconductive

segnents of kit |J 4 Lch repr t i cul ar s of bit lines

BLO BLn al i gE‘eAcfoéldH&?ﬁSeegg%‘F&@n%&d’forrec eiqgﬁéprfsﬁ&{%g neerﬁ%ga(?ﬁlgeﬁt shown in Figure
10 1 0 AUG 200B)-WDmO&id3B9ul7 infeerall BoRl 6828 ks hAulgothosalieve segnents of first
word |ine 40 . ; j W, m whi ch provide
integrally f%Pé%@&$%@§%Eg%@égggﬁ?Q%Y$@%g¥h@%géPﬁgféCX%%ystaIIine verti cal
transi st ors 4@@chfiowhichdive partifubas Grst wopil lideat06 is intanpossde This g¢huof a trench in which

the particyl g, &aﬂ?oﬁm.&%gsg#ék&ﬁtcﬂr%&mia&oniag r@afe&é’d%f:‘g%nércﬂ&nswﬂhs thus 5 dependant

on the desired circuit configuratiton as presen I'n connection with Figure
2B. Conduct i JiégueeBmEmductioé segmentrof] sepamd crotdiline430@res@pragsenos any one of word

lines WO War%()lry\fﬂjeg‘kmpm}ﬁi ?ﬁcﬂﬂ?&v@cﬂﬁrﬁi(éa?y%%&?%ﬁa%%&?%rgﬁﬁ es for ultra thin

single cryst Ine vertical transis ernating, row adjacent
pillars, i n thinsiaglerdntslinggrtical émeskstorsr#3\for dlembting, rpepdiscent pllrrssecond word |i ne

408 is 10 int. fxHg@ﬁﬁeééﬁcﬁﬁ%ﬁﬂﬁ@gﬂiéﬂlapﬁ%ﬁggwd%%ﬁsh Figure 3, ultra thin

single crystalline rtical tranSistors are rmed al ongside of pillars
t hat exter@ deewmesedly from an underlying substrate 410. As described bel ow,

substrate 400 i NChUgGned BblnARIWARRAHE s UneHRLLIG BT LI

sem conduct or-on-insulator (SOD starting , or SO material that
is formed fromtigal busiktors ¢30;ascdprened eleneside of pillpm that estgmdequivagrdixdur i ng pr ocessi ng.

Fi gure 4A i1 lasd & bRyt iGhsRatalil Rs GRRBEH RRR subdtitk 460 iRldgs Si 11 con  processing
techni ques. As shown in Figure 4A, the pillars include an n+ silicon |ayer

formed on a Dulkeenippilucpstaingmatedelcscmpondpdongpduiiater PP sertiepnt act | ayer 412 20
and i nt egnal |nfatdrial sFBOI MaterialRA Wibrirle Bér 2 BLPLALiBducthd sBRRg 402 defining a

particul ar material during processing.

Figure 4A illustrates one example embodiment, using bulk silicon
processing techniques. As shown in Figure 44, the pillars include an n+ silicon
layer formed on a bulk silicon substrate 400 to produce first contact layer 412

20 and integrally formed n++ conductively doped bit lines 402 defining a particular
column of memory cells shown as BLO - Bln in Figures 2A and 2B. An oxide
layer 414 is formed on n+ first contact layer 412. A further n+ silicon layer is
formed on oxide layer 414 to produce second contact layer 416 of in the pillars.
Storage capacitors 432 are formed on the second contact layers 416 using any

25 suitable technique as the same will be known and understood by one of ordinary
skill in the art upon reading this disclosure.

Word lines WL0O-WLm are disposed (interdigitated) within the 'array 410.
For example, 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 semiconductor pillars of memory 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
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colum of nenory cells showmn as BLO - Bin in Figures 2A and 2B. An oxide

| ayer 414 is formed on n+ first contact |ayer 412. A further n+{ §i AUGQ005

| ayer is fornmed on oxide |ayer 414 to produce second contact |ayer 416 of
inthe pillars. Storage capacitors 432 are formed on the second cont act

| ayers 416 using any 25 suitable technique as the same will be known and
understood by one of ordinary skill in the art upon reading this

di scl osure. Wrd lines W.O-W.m are di sposed (interdigitated) within the
array 410. woesssaxanple, first word line 406 is i nt@itheaRskss N a trench 431
between pillars of 401-1 and 401-3 and between pillars 401-2 and 401-4.
Second word IWhéuﬂﬂﬁmkéﬂ@&SMnoﬁhﬂdbethwmﬂpﬁmEﬂQNSﬂBZmbgﬂmeen seni conduct or

pillars of mﬂ%&%ﬁ%‘%ﬁ \i}\ﬁgilAgcﬁgjﬂlgllye 43\ qmp?gxé@gn pillars 401-4 and

401-6. In the e tra thin single
crystal | i ne vesptided sith tvpléﬁmw%@nM%Sm&aSPr @M&S@g’g@@‘ffor\/\o 03/ 083947

PCT/ US02/ 0323%3%&?@1@{1@ Mﬁ?ﬁ@g‘s ﬁb&%qoé'&%hmmmwhzk ljar s adj acent to the

trenches 431 and 43. ting, row adjacent “pill’ars. Accordi ngly, the
fol ded bit 3 i wea Hievicgecrystalling restidalteadsisirs 430 vthichl ak forraed alp@Bsidend 408 servi ng as

or addr essi NGoYR Itpglgrj agrals%ﬂlr !w"*iﬁl%'itshﬁéﬁ@z ﬂhl%u?'] tﬁeeﬁrﬂ@&dtal@ﬁ%ﬁfs' | ars along a row.

As shown in F|gu ultra thin singfe cr i'ne vertical

transi stors 446 Whieembedigertithnes 463 @n@ctbpllﬂeeml@ﬁdll@th@uw{ﬁ? ars are also in
contact with ot lines 402 through the first contact layers 412. In this
enbodi nent, bit |ines 402 contact bul k sem conductor substrate 400.

| sol ati on trenchekolatuy treapBep 42, 6 1489433 penyide isolptipn bgfeeo pltatinyeen ultra thin 10

single crygf ailﬁfémsmme&@htrsrrsﬁﬂaﬁsu%&faaaéa%e%ry%alsasﬁnumn?mry cell's 401-1,
401- 2, 401-3 | ums pillars along a bit line

direction are40ldeffdratld, 3{994%1 -6 (Colyems of polassialons 4 bit g diecetipnarst |y filled with a

sui tabl e 'nsu&eﬁ&lzit&lg)ya'ﬂ@ﬂcﬁﬁi@hatﬁ%&q@&ﬂ?ﬁlﬁéd%ﬂaght%éﬂﬁla&féﬂ exanpl e, a trench
420 provides isolation _between Fp | ars 401-1 and 401-2 and between pillars
a

401- 3 and 401materiafgyghsas sHicopgiogids. f@caliﬂﬂe|a&aﬁwhé20£wdﬁwaﬁwﬁ hin single

crystalline V@Jt&de@%hari 403N $hS400.0 SndodBvedd Bilarsdol 8 a0l ATRYwsHEPar at ed by
trenches 431 and 4 each of which contain word |ines W.O W.m as descri bed

above. Suck V\E)‘PHS‘P?'I‘@?W@aMﬁ‘%IeéWS’T ?‘éf’ftlé?ﬁltra‘fslsmﬁ“é‘ﬁﬁ%trate 400 by an
underlying i nau}naaﬂongedaawsymd@smu Brich3 1 @hdh\of widhSOntail&ordShown i n t he

enbodi ment Of FI W]{O %VLm as d\é\slocéb%d aboOe? sSuc\:ﬁL wor(wL ines %S-ﬁrrp aafg saéE)a?gedb y
from substrate 400 by an underlying insulating layer, described below. Also, as
shown in the embodiment of Figure 4A, word lines WLO-WLm are separated by

20 agate oxide from the ultra thin vertically oriented single crystalline body regions
of ultra thin single crystalline vertical transistors 430 which are adjacent to the
trenches 431 and 432 in alternating row adjacent pillars. Trenches 431 and 432
extend substantially orthogonally to bit lines 402,

In one embodiment, respective first and second word lines 406 and 408

25 are formed of a refractory metal, such as tungsten or titanium. In another
embodiment, first and second word lines 406 and 408 can be formed of n+ doped
polysilicon. Similarly, other suitable conductors could also be used for first and
second words lines 406 and 408, respectively. One of ordinary skill in the art
will further understand upon reading this disclosure that the conductivity types

30 described herein can be reversed by altering doping types such that the present
invention is equally applicable to include structures having ultra thin vertically
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20 a gate oxide fromthe ultra thin vertically oriented single crystalline
body regions of ultra thin single crystalline vertical transistg\f}\/s%@?@é

whi ch are adjacent to the trenches 431 and 432 in alternating r j-acent
pillars. Trenches 431 and 432 extend substantially orthogonally to bit

| ines 402. In one enbodi nent, respective first and second word |lines 406 and
408 25 are fornmed of a refractory netal, such as tungsten or titanium 1In
anot her enbodi nent, first and second word |ines 406 and 408 can be forned
of n+ dop ysSilicon. Simlarly, other suitabl duct ors coul d al so be
used for ???%?ﬁgﬁﬁ second words |ines 406 and 408?C%§§%§¥'ively. One of

ordinary skiddenttdbinglR@ryRhlfine pMhhdnelliype trhiistod S ITRE ADGhbHOR ELadi ng this
di scl osure that the conductivity types 30 described herein can be reversed

by alteringlﬁﬁﬁﬁng types such that the present invention is equally

applicable to i nﬁ&rg fi3tlahd/ebdall Grd A 40 ant kdg RIoWRERicohIctk @l 1y 12 1 0 AUG
2005 WO 03/083947 / OS02/ 03231 oriented single crystalline p-channel type

transi st ors aByrfaceREhs vettisalillgn proxidestditiogal spaceen theppr@Eeiiethg first and second

word |ines 436..A09 408 0hel40n 30k Gonduet-9hnd4ol loRr Siafiscd of the vertical
pillars provides additional space on the upper portion 5 of nenory cells,

401-1, 401- Ztorappgapagitors 432, Ancreasing e areg gpilaplprforfornyingstorage at i on of st or age

capaci t ors 4dgacitdr A if@shied the héSibId b AnaBNhpaeiRh R VAR ofkBlagd N st orage capaci tor
432 increases the §£55|ble obt ai nabl e capaci tance val ue of storage

capaci t or 432packq] 43n dn AR EEbAdiRERY Storage Gppagiler B34 Sactarls capaoito s a st acked

capaci tor  tihats formed @mEREY df fle RfinyPdaYacitt sthld@relBproeaPfiech@s Structures and
process sequences 10 known in the art. O her techniques could al so be used

for inpl elferiopypyiodiesitaller techpiates oud alsebe used primplementing sfomgef j r st and second

word lines 4Qfacitdnd32} @ntactyt6 G st dnll Sdcdhd worlinBogade0QUt si de of the menory
array 410. Figure 4B is a togdviem/of Figure 4A illustrating generally
1

pi | lars 401-TgPectiygly can be made oytsidg pfthememppypaimay 4191q 401-6 including the ultra
thin single crysrigt 488 a topFiew Fip@aka lllantigperfly gillfts 40tiigure 4B illustrates

Cue et 0 ] LSS o S e ol el 1 0TS 420,
si ngl e crasstattical Aensis@fst4BE Higukd 4BiBisGit@rstbséqdéhtly Fodmed ifsuatoesuttodi ment, first word
Be 406 is | r]as %xi er 452&&1{1%(?&1 trlgr?chg\seélg to %%lviﬂglrslolz?tg}.n geCtV?lQeEl the columns '
of pillars including the ultra thin single crystalline vertical transistors 430. In
this embodiment, first word line 406 is in a trench 431 between column adjacent
pillacs having the ultra thin single crystalline vertical transistors 430, such as
20 between pillars 401-1 and 401-3 which are coupled to the same bit line, As
shown in Figure 4A, no ultra thin single crystalline vertical transistor 430 has
been formed on the side of pillar 401-3 which adjoins trench 431. Thusin
Figure 4B, wordline 406 is only a passing wordline along a side of pillar 401-3
in trench 431. However, as shown in Figure 4A, an ultra thin single crystalline
25 vertical transistor 430 has been formed on the side of pillar 401-1 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 401-1 which adjoins trench 431.
Similarly, as shown in Figure 4A, no ultra thin single crystalline vertical
30 transistor 430 has been formed on the side of pillar 401-2 which adjoins trench
431. Thus, in Figure 4B, wordline 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
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pillars having the ultra thin single crystalline vertical transistors 430,
such as 20 between pillars 401-1 and 401-3 which are coupled to t?ﬁ E me bit
line. As shown in Figure 4A no ultra thin single crystalline verti 1005
transi stor 430 has been fornmed on the side of pillar 401-3 which adjoins
trench 431. Thus in Figure 4B, wordline 406 is only a passing wordline
along a side of pillar 401-3 in trench 431. However, as shown in Figure 4A,
an ultra thin single crystalline 25 vertical transistor 430 has been forned
on the side of pillar 401-1 which adjoins trench 431. Thus, as shown in

Fi gure 4B, wousdbiine 406 is serves as a gate separ alcedsdwsgat e oxi de 418 for
the ultra thin single crystalline vertical transistor 430 along the side of

pi | lar 401- krphilibiveridhl @bddtot 430MEdbehFdomeSblthd stfeloypillagoighown in Figure 4A, no
ultra thin si n%:ag’ _cr%eital line vertical . 30 transistor 430 has been forned on
the side of ‘HrfyadiPingrrchot i thup astepwp REiguedRoordling¥06 sper¥ss i n Fi gure 413,
wor dI ihne 40613ia§at@§éba¥atédb$3§aﬁédxﬂ@ 4V%ﬁhéﬂ@utﬁihﬁﬂge@ys|&illﬁevéﬁt&:al pill alr 401-2 in
trench 431. Howeve as s i,n Figure 4A, an tra thin single 13 1 0 AUG
7005 WD 03/ 0Fa8¥er4 n@éﬁ?ﬁ%ﬁé‘f“@}géﬁh’é’l‘i‘ G Sk 31 AP Ransi stor 430 has

been formed teafoldeibitinePRAI epbbdiraént SEPlgur 4B)Mrt6ordaidé 06ms trench 431. Thus, as

shown in Figure, 4B, rdline 406 is serves as ate separated by gate
oxi de 418 f oRarpREtvsen t%f“"t“ﬂ$’ﬁ°%?df?§?“éplﬁﬁﬂ§‘§‘§f‘1g%ﬁé‘ﬁ‘\?gm1"@ | transistor 430

al ong the sidgtaline itlchl@tnstdk-440, Whick kre aslpled 0 diffefe@nitinddd2. Thus, in 5 the

fol ded bit Ijne AM diment aof Figure 4B, first word |line 406 is shared
bet ween al te}%"ﬁh‘ﬁr ,64&5[0‘%\)}%&%5‘1@%%‘?@‘ Bit Itqg%ef‘?“qsﬁ?ﬁ"?fﬂflﬁ@‘ I?Iﬁéoql]l tra thin single
crystalline wvad#tdichlAstlonnsd Eiuds 48, 430wortviieas iaseparstedtyladtdn t 0 di fferent bit
lines 402, Fi rd line 406 i.s.|ocated i ren 431 that extends

bet ween ttie W#%&r%&igﬁv-mf&gﬁﬂmﬁe@fluér.s(i@s'l’g‘?%é?\r;\/‘r‘l&lf3na‘{éiq%]u$e 4B, first word line -
406 i s separwitichrendja@ntitdanch 4110 Thxy, thén o4iiB4 Brsavas hdrathiesté oxidel | y oriented pillars
401-1, 401-2 01-. ng ,401- 4 ich.are adjacent trench 431. Thus, thin
oxi de a1 s byt Ak antichun i SRl ARG BIE" 1001 (Ve (he

ul tra thin s430gh esideradishmp trenale43lee.d. pillak 4Qirlaand4Btdors 430 on a side adjoi ning
trench 431, e.q. ,pj S - Eggg 1-4.,oA 10 the enbodi nent of
Fi gure 413, secoﬁ%lg\%%”lplﬂ%ém%b |ts°4|9‘3$m%i s%%l{“{r)‘gog%ﬁrleﬁggzﬂs%et ween col um

adj acent J3i |4 teeneh 432 betwagn ¢olvenn sljagent pillarsthagngri vitra thjp sisdleal | i ne verti cal

transi stors 4301iasWea@snsReiVEs dud ﬁeﬂi%n‘l%}sﬁl@ AP3-5 which are coupled
to the sane %’%’[ 1In;éne. Asssﬁoswn ’ilr11 I%% ureegl , no ultra thin
which are coupled to the same bit line. As shown in Figure 4A, no ultra thin

single crystalline vertical transistor 430 has been formed on the side of pillar
401-5 which adjoins trench 432. Thus in Figure 4B, wordline 408 is only a
20 passing wordline along a side of pillar 401-5 in trench 431. However, as shown
in Figure 4A, an ultra thin single crystalline vertical transistor 430 has been
formed on the side of pillar 401-3 which adjoins trench 432. Thus, as shown in
Figure 4B, wordline 408 is serves as a gate separated by gate oxide 418 for the
ultra thin single crystalline vertical transistor 430 along the side of pillar 401-3
25 which adjoins trench 431.
Similarly, as shown in Figure 4A, no ultra thin single crystalline vertical
transistor 430 has been formed on the side of pillar 401-6 which adjoins trench
432. Thus, in Figure 4B, wordline 408 is only a passing wordline along a side of
pillar 401-4 in trench 432. However, as shown in Figure 4A, an ultra thin single
30 crystalline vertical transistor 430 has been formed on the side of pillar 401-4
which adjoins trench 432. Thus, as shown in Figure 4B, wordline 408 is serves

as a gate separated by gate oxide 418 for the ultra thin single crystalline vertical
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single crystalline vertical transistor 430 has been forned on the side of
pillar 401-5 which adjoins trench 432. Thus in Figure 413, mordangmqmﬁ i's
only a 20 passing wordline along a side of pillar 401-5 in trench 431.
However, as shown in Figure 4A, an ultra thin single crystalline vertical
transi stor 430 has been fornmed on the side of pillar 401-3 which adjoins
trench 432. Thus, as shown in Figure 4B, wordline 408 is serves as a gate
separ at ed by gate oxide 418 for the wultra thin single crystalline vertical
transi stor, %ﬁﬂm ong the side of pillar 401-3 25 which adjoins trench 431.
Sinilarly, V58" 8hown in Figure 4A no ultra thin si AgYE%%Ltalline vertica

transi stor %let&é’&o%ﬁ%méQ&eTE?ﬂlleQOILhﬁhﬁi&lﬁnn@fre&“ﬂzaﬁx&% 6 whi ch adj oi ns
trench 432. Thus gure B, dline 408 is onl 3/8 a passing wordline
1

al ong a si déhedplded it jipepRANG smbpdimentof Bigwrp 4B, 3geondyikng 08 s shown i n Fi gure 4A,

an ultra t higQibBgts af‘eéﬁnaaﬁgy?omh,héeﬂﬁumgnﬁchﬁag tht L@ dinsioge 430 has been forned
on the side of pillar joins trench 432. Thus, as shown in

Figure 4B, Wwortdf eﬁ’é“‘%!!“‘i“é“@é}ov/%‘%‘c*‘%f‘scoapl@%{?é‘ffgfé%é'lt%ﬁeé‘éﬁzby gate oxide 418 for

the ul trast Rdndwali® 408 ¥ Heatbd ih RecY BoaCtendsbetivedd tR\fHa®005 WO 03/ 083947
PCTI1 US02103231_transi stor 430_al Og‘? the side of pillar 401-4 which adjoins
£

trench 432, “hy@d PS5, Asshovndn Bigye B secprdieorpaibniserpietdit of Figure 4B,

second wor d akHiféxidtQ8s ﬁro‘in thmarca@ oha{tmﬁmrsabwwm utgs, addow adj acent pillars
including the ultra t crystalljne verti cal transistors 430, which

are coupl ed 9’06HWF?%?%‘HP"“HF"P%‘ﬁﬂre@“ﬂ@?‘m’%‘i"é&s&?{ﬁf%?hﬂ‘gla‘iene 408 is located in

trench 432 Toﬂﬁéfoﬁtlﬁ&s@ﬁﬂi&s@ﬁEﬁ/}ﬁﬁmh&h@atﬂhklhgé&ystaﬂ@évé%tloalnd 401-5. As shown in

Figure 4B, second word |jine 408 is separa, ed thin oxide 418 fromthe
verti cal I?/ SFERsERESd0 o1 4 dg Agoinipg tragch 446 £.84pt lﬁf)“f_’lém o 401-6 which are

adj acent trench F43314l?e4CT§1M§ersp$cth’ifldW)ﬁlhﬂﬁatA§-&oﬂﬁﬁéﬂﬁ&dnﬁ&t(&'at hin gate oxide for
those pillars whic e cry stall.ine vertical 10

e.the ultra
transi storspﬁ’%“?fﬁ?‘ﬁ&g};‘agnemwﬁfr ‘hp?“é?f ‘Hg élf‘preé nHinvesiigt ar s 401- 3 and
401-6. Fi gtFigﬁrMlestraaespﬁfmpem:dM@ow@m40[humt-rzaml -agomMmot her enbodi ment of a

portion of anra rdi to the present
i nventi on. { deﬂzl%wthf}‘ g‘f’?ear@ggk“%% S%aﬂmf %m?(?ﬁ”f%s%?sy cel I's 401-1, 401-2,
401- 3, 401- 430. Aaﬁdkdxﬁgtoamdeaaﬂ)&sﬁthefpre_shtmmhmadthesuhltra@ntshgh single crystalline
vertica U ASUEAehod P s HloR S b iin LRGN OF the present

i nventi on,

Flcrure 3, along side of pillars extendingly outwardly from a semiconductor
substrate 400. These pillars are formed on conductive segments of bit lines 402
which represent particular ones of bit lines BLO-BLn. In the embodiment shown

20 in Figure 4C, conductive segments of first word line 406A and 406B represent
any one of word lines WLO-WLm, which provide integrally formed first 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 first
word lines 406A and 406B are interposed. Conductive segments of second word

25 line 408A and 408B represent any one of word lines R0-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 WL0-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
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crystalline vertical transistors 430 are forned, as described i 31 cxﬂgﬁﬁstl on
with Figure 3, along side of pillars extendingly outwardly fro 1N

sem conductor substrate 400. These pillars are formed on conductive
segnents of bit lines 402 which represent particular ones of bit |ines

BLO BLn. In the enbodi nent shown 20 in Figure 4C, conductive segnents of
first word |ine 406A and 406B represent any one of word |lines W.O W.m

whi ch provide integrally fornmed first gates for ultra thin single

crystal | i ngouskshdspal transistors 430 fornmed al ong ajcrEdiadsnNg, row adj acent
pillars on opposing sides of a trench in which the particular first word

lines 406A agsh 40REBME sibhitaRr40 SQieschiRg 98164, st 2200 RRLdEs Of second word 25
| i ne 408A and 408B represent any one of word |lines RO-Rm which provide

L y . ]
integral |y fBykisaicendudertagise watetah semjfopdugtop-opi-insulaton OB skptipgt al | i ne verti cal
transi stors pddth, bpsorechteah AAGis rhQAHIMAL bR senki MR t pillars on opposing
sides of a trench in which the particular second word |ines 408A and 408B

are i nt er pos&genai g prosgEing: | j nes W.O-W.m and RO-Rm are al t ematingly

di sposed (3 nt er dirghe at ARtraBYondekdiplt enB&inddnt, adingbdR silidn expl ai ned in
connection with Figure 3, ultra thin single crystalline wvertical

transi stors R@ﬁfssé‘}ggec%‘%“ﬁ%d\sé'i‘WHg%fl%e‘fﬁthg?‘ﬁ?&?‘%‘“‘{eﬁaf&%'}&’%nd outwardly 15 1 0
AUG 2005 WO @igér@523&1Kbh a BEITE kililoR 2dbBteatlido folpeuduc firstidd@dt layérage substrate 410. As

descri bed bel ow, substrate 40Q includes. bulk m conduct or starting

mat eri al , seﬁ‘idd?f??bﬁm&?%w?ldﬁfF?@W‘é%yo#P?%&B“‘?f‘%‘%gﬂﬁgalﬁﬁ‘f‘é?‘i al, or sa

mat eri al t hatolins df Gki®@y cdlls shiswa adBLIOk BEAATFigREDACIOLB. SABdxideng material during
S P oon B ol P Braan 1Rt et A KR B End E e pi 1 ars | ncl ude
an n+ sil i coformddayeridd layerdid toprodacdsedokd @nthdt Ca@dt 4 50T % thegdiarsd00 t 0 produce first
contact |ayer, 412 and j.ntegral f or me ++ congductively doped bit |ines
202 det i ni g ST Ry 27 ok e AR oS i e Bt 2 BLO - Bin i n

Fi gures 2A amdta@Bechhiquesx thel eanibQvill bejkpownddbd uiderstbat iyede eflordinaryf | r st cont act | ayer

412. A furthey il | [y formed on oxide |layer 414 to produce
second cont ac llﬁgtifégu%%g&glfl%%disﬂ%mﬁi | lars. Storage capacitors 432 are

formed onlihe seddndlicoWLONLol o BP-Rmbtdcltersitingly disgosedsui t abl e t echni que as t he
same wi || be (ooauAduelela) 900 i Hf, b RkADAIEA 3K | 11 the art upon
readi ng this disclosure.
406B are interposed in a trench 431 between pillars 0of 401-1 and 401-3 and
between pillars 401-2 and 4014 and separated by an insulator material such as
an oxide. Second word lines 408A and 408B are interposed in a trench 432
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, 4068 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 ultra thin single crystalline
vertical transistors 430 of adjacent memory cells 401-1, 401-2, 401-3, 401-4,

401-5, and 401-6. Columas of pillars along a bit line direction are separated by a
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15 Word lines WO W.m and RO-Rm are altematingly di sposed (intergb t%m?d)
within the array 410. For exanple, first word |lines 406A and 406 A5 100
interposed in a trench 431 between pillars of 401-1 and 401-3 and between
pillars 401-2 and 401-4 and separated by an insulator material such as an
oxi de. Second word lines 408A and 408B are interposed in a trench 432 20

bet ween sem conductor pillars of nmenory cell pairs 401-3 and 401-5 and
between pillars. In the enbodi mrent shown in Figure 4C, the ultra thin single

crystalli cal transistors 430 are forned al of the pillars
adj acent Sgo‘%{%;eht renches 431 and 432 in alternati %‘?"S@c’)"gﬁédj acent pillars.

Accordi ngly h word |ines 406A,
406B and 40%?&{0@928 ‘EPLL) %ﬁgg‘%\l}t?yndlfegglﬂgfs\mt% rdéssﬁlémlg{r%%kegfﬂg‘gwfa %)r transistors 430 in
al ternati ngmmohldramée ébmgnrép,atrmMmrosfﬁmlﬁhm@t@mmﬂwc the ultra thin

singl e CrYSLall ki fIahl bk hliANRLS R So1-4tA0udiFhfs ALGahor Ted al ong side of
the pillars are also 1 n contact [ nes ithroughtheflrst
contact | ay#&eyltia thin singly Wﬁﬂbﬂee’ﬁb@ﬂﬁ%ﬁ?fs 41 are afterpptingly gparatedont act  bul k

sem condugt gf uRSH e Un oAhidiSBhah b6 1hés GNGEm BER- de [ sol ation bet ween

ultra thin single cr l1ne vertical transistors 430 of adjacent nenory
cel | s 401- 1Rmggdesqibedphave3Such gyord dines Wit WEm apdR)-Rio aregeparaied urms of pill ars

al ong a bit g lnh@tﬁ)stg’teu@@%’a‘ﬂ@n(@{lﬁngsxﬁéaﬁfn‘?gtl%gr Qéécrfbe@{@lolvomﬁ“@ 2005 WD 03/083947
PCT/ US02103231 trench i's subsequent | ly filfed with a suitable
i nsul ating AeReraled fZ0m Berdiee tig vertigally %ﬁte‘ﬂﬁl@d@i%@a liphodyesegipnsiof, a trench 420

provi des i S@h@&in%{hgﬂ%&%ﬁ% v&héai @Jn§stox‘é’@3]0'(gs d@é&ﬁbe&@ﬂco&e&ﬁﬂ between pillars
401-3 and 401-4. Rows of pillars includin the ultra thin single

cryst al | the wifeFigpe By by e sapaide: adsp desaribod belew. Slirsnghen 4}l iapdft’y separated 5 by

trenches 43$xt@a%b§t§&m1ﬁﬂﬁ%o@ilymtmesqoﬁt ain word Iines WO-W.m and RO- Rm as
descri bed above. Such word lines W.O W.m and RO-Rm are separated from

substrate 400 by® K cHppdisept fespeetivedrstiaad sepryd ragldipes, 964 hed bel ow, and

separ at edffmlrm&mosr?&srpacuwr% &e‘ﬁﬂhéd'df[a{'é&)(ct&imaﬂtﬁﬁx@mﬂ@teﬂ crystal l:a:) n(e body
regions of ultra thin single crystalline vertic sistors 4 as
descri bed i A° EBHTeR ?‘Bﬁe’f@gme}‘it’ PtAgd seoayd wopr liges ‘g}f’é ‘{93‘9 al so descri bed

bel ow. Ti®nakie®sAlAdEBgechBely, caabt &)ﬂdedSolﬂbsao@aIpo@klhqoﬂoslhhﬁgonal ly to bit lines
402. I n one rrbodé éx%l res ét |bve fi rg agd rgcon word |ines, 406A, 406B
and 408A, 4888 SPRYEEwiclprpuid aljolbe pigd fr Frspgad seeprd ot g} v et al , such as

tungst en 4064, 406B and 408A, 408B respectively. One of ordinary skill in the art will

further understand upon reading this disclosure that the conductivity types
described herein can be reversed by altering doping types such that the present
20 invention is equally applicable to include structures having ultra thin vertically
oriented single crystalline p-channel type transistors 430. The invention is not so
limited.
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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or titanium In another enbodi ment, first and second word |ines, 406A, 406B
15 and 408A, 408B respectively, can be formed of n+ doped polysilicon.
Simlarly, other suitable conductors could also be used for fi rb0 Aled005
second word |ines, 406A, 406B and 408A, 408B respectively. One of ordinary
skill in the art will further understand upon reading this disclosure that
the conductivity types described herein can be reversed by altering doping
types such that the present 20 invention is equally applicable to include
struct ureswhawviswgr ultra thin vertically oriented q;cq)ggogm%glyst all'ine

p- channel type transistors 430. The invention is not so I'mted. Burying
first and secicedndwardiides, 466\, 40HBGA] 408A5B8R neipediD8lf, cadlididde r espect i vel y, bel ow
sem conduct orts&otfglgm%%rface 4?5 the vertical pillars provides 25 additional
space on the" upper Pt 6o menory cells, 401-1, 401.2, 401-3, 401 4,
401-5, and 401- EF,tgufee}D1§mo$a$qctmna1@few@<gramcmaipaﬁb -#RoFigh®3. | ncreasing the

ared avall a8l Ol LOLR, D0, SLOLAGRAARRL R Ealg5LRaPeS he possIl e

obt ai nabl e Capaci &fce orage ca n one enbodi nent,
st orage E:apat;isitoummaashcsvnan&gtactlledrscwprabndsé%Atalnéﬁ%Bsref ornmed usi ng any of

the many 30 ¢capagl, E&&%&&Fgﬁ%@%%%@ i g é’ﬁsﬁ?xﬁﬁéﬁ‘&%’&ﬁ&mm"‘“ in the art.

O her techniques e use nting storage capacitor 433.
Cont act s t osipglecrystallze vetffealltrasistd3 30,60 wm@n@sasm-zmmsoz/ 03291 and second

vord 11 nes, 4086 4058 00 A08A 4R399 EESRAEL 1Fl g be, made  out i de o

the menory array 4 I'S a Cross sectlon vi ew taken al ong
cut-line 4D0ﬂ1?ngur‘b‘fc ﬁpglerﬂé\mSlt@elcwmlhllerva{ﬂmgmg'em@ﬂwHayebmnl lars including the

ultra thi SiaghSpalYRbabd Rk biah o0 K@N s sy 430 As shown in

‘Figure 4D, first nes 406A and are formed on opposing sides of
trench 431 adpdtlrit Aseordinglys inthedbldedibiiding RRAMIdevies of e presedj ngl e crystal | i ne

vertical tragRsliss, %ﬁluﬂﬁl@@Aﬁ@%@@b)bﬁﬁl\é@memléﬁl%ﬁthélgﬂatgmand 401- 4 which are
coupled to the sane bit line.in atgl ven columm. In the enbodi nent of Figure

4C, the ul t Figele ysrlior megtice! eapsisar 439 Prmed plerasdeaf pillr M st ors 430 have been 10

formed as pag; 61§1n%@en6}p43@§lcﬂﬂ1a§kdﬁlﬂi§eﬂf6Ato s&{/ésk@erp%ssﬂl Jvorlﬂme401 2, 401-3, 401-4,
401- 5, and ZI Accordingly, in the folded bit i ne DRAM deV| ce of the

present 17 nfREHYS W thingpgls o5 ﬂﬂﬁﬂ‘c@%“% EGO¥57e% YOtk oxi de 418A from

the ultra tRoeB is separated by a thin gate oxide 418B from the ultra thin single crystalline

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 trapsistor 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. In the
embodiment of Figure SA, a p-type bulk silicon substrate 510 starting material is
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single crystalline vertical transistor 430 forned along side of pillar 401-2
adj oi ning trench 431 such that wordline 406A only serves as a pdE&UHQZMS’
wordline 15 for this ultra thin single crystalline vertical transistor 430.
Conversely, wordline 406B is separated by a thin gate oxide 41813 fromthe
ultra thin single crystalline vertical transistor 430 forned al ong side of
pillar 401-4 adjoining trench 431 such that wordline 406B serves as an
integrally forned gate for this ultra thin single crystalline vertical
transistogv4%%8&§inilarly,_mordline 408A i s separapehygdihspy @ thick oxide
418A fromthe ultra thin single crystalline vertical transistor 430 forned

| id iJ | = . h dli 408A
2l ong st de et 8% ol Rlollonh LERGDLATZ syl D vor ol ne

only serves as a passl artra thrn si ngl e crystalline
vertical trshstits 6 sudB6 by indmplantatioll, pitexial @B BtH, o asepkinatioredd by a thin gate

oxi de 418B f / I i inal ld ne tical transistor 430
formed al ongsru%cehhg%s %iférfng‘rs}nglg%%ﬁ}% ﬁgséfoélééﬁitlaggr Stlge‘}]c\éﬁﬁlh% such that wordline
408B serves thstegchingsof hgpradentynvertion tednogateavily omdudively dopadr a thin single
crystal line ¥arhal o APlahliaf 30 as Tt s MAndfe idb] yf rate an initial

or To e of IC

process sequenc rmng pillars along si vertical ultra thin
body transi sthisknsss@bthe hiztpertiobef firsh pantack laysr Shaisthat fthefdesired bty a f ol ded bit |ine

DRAM accor di g s&?m%&@ss}vﬁﬁc%QM§%nQ{fn%my&ﬁ%§?ﬂto%.% L.AvVeRtion. The di nmensions

suggested are agproprl ate to a O. m<ce di mensi on CD) technol ogy and
may be scal eevermt Biskepsyad iy firshoontest kner ST yanbeapproximpiely hetweeafBodi nent of Fi gure

oA 2 B LY Peolub, Sliloli8OBPUASH rplomakl) 16) Ahdriics (B 61, 15 18 1 0 AUG 2005
WO 03/ 083947 PC‘F/ US02/ 03231 used. An n++ and n+ silicon conposite first

cont act | ¥y ethickiess of lessfisfprmsdionthe firghigpatact lagep5131 bn oneg grabedigsntifhe i on- i npl ant at i on|

epi taxi al  gr oaelaye3ii4 &n 68BRAA 8} ih@haQxide B tdcRfdMA. QUBSg 0 forma single
crystalline first contact |ayer 512. Accordin o the teachings of the

present i nve??PF%frlﬁYeftSFl@fﬁﬁFiéwﬂésafmo‘b‘é?ﬂ}@é!aﬂvgw Thepre®ds | ower portion of

the first coph@@layb3YEE foaded téh GRKdetbtE1d0ARSr RSs. t he bit |ine 502. The
t hi ckness of the_n++ portion of first con%fact | ayer 512 is that of the

desired bit | i nEesb@stug fikopfigdde laxgSidy L 80f aprroxiely 1 Mibel y between 0.1 to
0. 25 Ji m 15Thé@positvdvndelsecbit cohtieRger Of6. tARicket dilsdon GQIAE R (JiByer 512 can be

DD X1 Tt DA o B B o Bl O SPP! 01 TR Y 100

| ayer 512. | dioxddedayer(Bi0gi5hEta formiphtayetsyé.glydraii8andhRd. Trse pak f or med by t her nal

oxi de growt hla;[leer'\scﬂ g !m(cjllbl?& can ‘g‘e d%;exg:s{?er&qlsing any 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 525 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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contact |ayer 516 of n+ silicon is fornmed on the oxide |ayer 514. The second
contact layer 516 is formed to a thickness of 100 out or |ess. Nexg Ayg2ihi n
silicon dioxide layer (SiO 518 of approximately 10 run is 15 deposited on
t he second contact |ayer 516. A thicker silicon nitride layer (Si3N4) 520
of approximately 20 to 50 run in thickness is deposited on the thin silicon
di oxi de layer (Si2) 518 to formpad | ayers, e.g. layers 518 and 520. These
pad |ayers 518 and 520 can be deposited using any suitable technique such
as by chgig Giaszedapor deposition (CVD). 20 A phot opegissinsiss applied and

sel ectively exposed to provide a mask for the directional etching of

t renches 525mechanishl méshmg/phmmtibw(@wonAeﬁcmﬂiphcgorésﬁt iE)ppliéﬂhed di recti onal
etching resu] . ing the stack of
nitride Iayere{eéﬁ’é19 %o%d f?%&dte m%fkf&% csh%%g%%‘?g act gyer 516, oxide

| ayer 514, qthdgmalrttstbebldmté@tdubcayrepgErQ\zdire‘fticanEh@eﬁ%caabe etched to a depth
that is 25 s strate 510, thereby
provi di ng se%géegg %ug%tny %Qtal&\%gcﬁﬁg Q.gclﬂ%%l F%@#g"%@%&%ﬁ%ﬁfa{i nes 502. The

phot or esi st TrenchesFdvaeletcliBhthough3BExposal S1andihe exposedistichiot he direction of bit
lines 502, ey [ t s 530 have a
surface |ine %d%ﬁ?r %m?qo%gﬁ%)’ﬁgﬂs SL&Bd &Htga%?gg% gﬁgﬁlgepﬁﬁ"rhe wi dt h of each
tench 525 casdfo @p&ﬁ@kntmhﬁ@%qmww@)depﬂleufﬁﬂmtomvwﬂlﬁth of bars 530. The
structure i sydaow Bikes %{”F’ solation materi al
533, such as SI Q2 bﬁﬁn@%g oSl tgeg 3 g%éﬁréét&tc@g%c é@zlgés The wor ki ng
surface is tqhmqlowanahqsﬁrwrelsmyrﬁsa@emm@mmélamavmgmgw@u@&wa 2005 WO 03/ 083947
PCT/ USOZ/@’32&%@@{3@@@@I54(p9|54(§§1|a§gj4@hanar| zation (CWP). A second .
photoresist is applied and 'selectively exposed to provide a mask for the
“directional etchFigyeaf ilfuptetss heress spgtionalyiewnd is fErueShotRédn bit |ine 502

direction, epigure 51@%&'&0%@&&Q&SCE@@@U@SO&%@s%&n@&o&f&ﬂﬂEd using any
suitabl e techni gue such reactive ion etching (RIE). 5 Trenches 535 are

et ched t hr oudfi ‘H‘@"t‘é&ﬁ%%f’@m‘%‘oéﬁwi“ﬁ'@“é%é%’%"%’?‘éc?‘e nitride | ayer 520,
pad oxi de Iamrrem,for&@GMu&mmﬁ&ndf%ﬁr:ne'ala@des@mdiﬂowaner 514, and into
the first_contact er é@ nl toadeﬁ% ﬁuffb({l t to | eave the
desired bl P& “ttFﬂw(s,R hepillarsgsugh as 2 rowfomme by pillasg 3404 t hi ckness of
typically | e_s:m4a‘nhafa>w1f&ﬁme<nby‘pluaiﬁheo -3fahdIBBC e IS now as appears in Figures 5B
having indivi dualFngre 6A-6C illustrate that the above techniques described in connection
with Figures SA-5C can be implemented on a bulk CMOS technology substrate

or a silicon on insulator (SOI) technology substrate. Figure 6A represents the
20 completed sequence of process steps shown in Figures 5A-5C, minus the pad
layers, formed on a lightly doped p-type bulk silicon substrate 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 defined pillars 540-1, 540-2, 540-3, and 540-4. Figure 5Cillustrates a
cross sectional view of the structure shown in Figure 513 taken ql[prAgBmS
cut-line 5C-5C Figure 5C shows the continuous bit line 502 connecting

adj acent pillars 540-1 and 540-2 in any given colum. Trench 535 remnains
for the subsequent formation of wordlines, as described below, in 15 between
adj acent rows of the pillars, such as a row forned by pillars 540-1 and
5404 and a row fornmed by pillars 540-2, and 540-3. Figure 6A-6C illustrate
that the a hni ques descri bed in connection res 5A-SC can be
i npl enent eg‘%cgﬁmsé %ul k CMOS technol ogy substrate WT&EM :’zggn on insul at or
(SA) technol e qnpl et ed sequence
of process st@ﬂéseéﬁ%%éﬁtﬁﬁuaﬁ ‘é%?oggﬁgaﬁ:%%ﬁﬁﬁéfehéﬁ AgaQn ﬁlayer s, fornmed on a
lightly dopednl]@sw'}%leanbé‘w}@ ls¢1¢de@mm+ fretlogrtactlayer Gzoinoiﬁuelawt ¢ldcture shown in

Figure 6A is t jgure 5C and shows a
cont i nuous bi @nﬁth&&gﬁdsﬂgﬁﬁ F@m&?@%ﬂggﬁﬁh%%aﬁ?(eoﬂ%ﬁégg_z formed thereon.
The pillars 6#0-1 and 640-2 |ncI ude an n+ first contact |ayer 612, an oxide
layer 614 25 for r 616 formed on the
oxi de Iaye;’g 614@%guréep?e§g8bwrt€%9%@e egcé(%g{ggé%éhés@éﬁence of process

st eps shown ifigureFAHeE, elsnlglhe@@la}fﬁSnfe@utghéanémiSlh@y@n@lmbtoned on a commer ci al
SO wafer, s A\Z@?@ T ed oxide layer 611
is pr esent oﬁﬁ‘?ﬁtehgg% tur a%%ﬁﬁﬁ%%byg gét‘gatrgu@%ac}’aa %Eggtructure shown in

Fi gure 6B i s izpudes theipracesgdeseried in meredetaibia Ustepatnbuea$.631i28WbY n Fi gure SC and
shows a cont 'waamoéaest en'hfléae"l‘&%qﬁ@"ﬁ;rI?rodt&'ﬂg'Sﬂﬁill I%faﬁkﬁ‘&isslﬁc%g of and 640-2 formed

t hereon, only here cont i nous UG 2005 WD 03/ 083947

PCTI US02/ 0823usulgioy” IFSQedslé/Bé[ﬂ%Féﬂnqhﬂfdmotpﬁ'@teéb%m‘Pm@mO% t he buried oxide |
| ayer 611. AQ@&cHuesBMmPi'gbrle@é%aﬁégmﬁm%%gse&ohﬂ%ew%@ﬂe nt+ first contact

| ayer 612, an oxide |ayer formed t hereon a second n+ contact | ayer

616 for med orﬁctﬂﬁb*hﬁ‘%ad’é“qn%ﬁ’élalth‘@fﬁ-’-w‘ﬁlﬂﬂi"gﬁ?clis66@:11*’%"&48'§ents the conpl et ed

sequence of pEBEEHESeon! ARheR R} \Whtihdus bitfiBUOES sepdatffronim&US t he pad | ayers,
formng islands of silicon on an insulator, where the insulator 613 has

been formed bybsEas Q18 byheiarulaies 653 whighhas beenfprmed bsoxideypder@iss t he process
descri bed 1i5n sGaaeaceRdif th the ProbdssTefeRBde@iHovd) Qgaild, D 1a 390-1 I

640-2 include an n+ first contact layer 612, an oxide layer 614 formed thereon,

and a second n+ contact layer 616 formed on the oxide layer 614. Thus,

according to the teachings of the present invention, the sequence of process steps

to form pillars, as shown in Figures 5A-5C, can include forming the same on at
20 least three different types of substrates as shown in Figures 6A-6C.

Figures 7A-7C illustrate a process sequence continuing from the pillar
formation embodiments provided in Figures SA-5C, and any of the substrates
shown in Figures 6A-6C, to form vertical ultra thin body transistors along side of
the pillars, such as pillars 540-1 and 540-2 in Figure 5C. For purposes of

25  illustration only, 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  in pillars 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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Leonard Forbes, entitled "Technique for Producing Small Islands of Silicon
on 10 Insulator,"” issued 11/25/1997, which is incorporated herein{layAys 005
reference. The structure shown in Figure 6Cis also simlar to the cross
sectional viewin Figure 5C and shows a continuous bit line 602 with pillar
stacks 640-1 and 640-2 forned thereon, only here the continous bit |ine 602
is separated fromthe substrate 610 by the insulator 613 which has been
formed by oxide under cuts 15 such as according to the process referenced
above. Agay pillars 640-1 and 640-2 include + J.lrst contact |ayer
612, an oi?ggm%gﬁér 614 forned thereon, and a secgﬁgmﬂﬁn%%ntact | ayer 616

formed on t heooXiade pddaers o &lo,) TiRUSd (Si,RY ¢! Riphdvdiyard fi6wd €achi ngs of the
present inventiaqgn, the sequence of process steps to formpillars, as shown

f. . P
in Fi gures 5{amsgon theseeqnd eonizgidayentifindte Rilles 74Ghwdd#P-at 20 | east three
different types pfrigttastd @h@pdops pSR\Wolybilco lagh18%s &fysld. Fi gures 7A-7C

illustrate a process sequence contl nui ng he pillar formation

n fromt
embodi ment s PFGYS Rl 710rL prdg30-2 andeliredjenall Bgiched i {eatsthetlightlys upst rat es  shown in

Fi gures 6A- 6sped mryfehaberiverns dnamd siddtiif asd JTird pid@siyaotifaadraiot or s al ong si de of
the pillars, such as pillars 540-1 and 540-2 in Figure 5C. For purposes of

25 i |1 ust r at \"GA° Ghpdmentpogerdias tp fhejtqaghings pLipepresahinentilddhrent pillars 740-1 and
el 0gous. Lo P et o e SA 8C, | Figure 7A
nal ogous (0] e descr.l 1 oNn roviaed 1n connectl on I gure - ) I gure
Shows a1 + Stoperompraepry 41 1 hEHEVHE TSt ia B TaTHB 20 por ¢ o of wh ch

i n one enmbodhaBph widthgW),loRicRigdnddl thickidesy o bEinnVbrlldss. dMe firbdtubist | i ne 702. An oxi de
| ayer regjon 714 is f .ne% 30 in pillars 740-1 and 740-2 on the first

ccontact | ewm7§§pwﬂ“§%@§ & n+ contact layer 716 is shown fornmed on the

oxi de | ayer regi URenédtdequéncd dTPropéss dtepk B ddsdibedinasectidn Wlith0 AUG 2005 WO O 310 8

espect | vel y RFE G HUNE PP SRR R e BORCRde s er 716 in the
pi Il ars 740- doecin Belénphhyed th isbirapically ettBthepolysilight 14y offi ofserde - t ype pol ysilicon
ctoned to 1 cBORRAE T BHEE T rebBB ot AbGp AR al <A on the o dewal |s 750
of the pild ar4-1a40740-2af1bis i84duized by bameparticutantrofigumting, e.adomingi Ng t 0 t he
ayer 19 i vy B RaERatlro UG b Ll e e B Frtype water! al
745 on the si dewdl Higure/Bptheémitoligmentiférifamming he Olird thiprsthgle 4@stilline
vertical transistors, or ultra thin body transistors, only on one side of pillars 740-
1 and 740-2 is shown. In Figure 7C, the wafer is heated at approximately 550 to
20 700 degrees Celsius. In this step, the polysilicon 745 will recrystallize and
lateral epitaxial solid phase regrowth will occur vertically. 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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having a width (W, or horizontal thickness of 10 amor |ess. The structure
is 10 now as shown in Figure 7B. The next sequence of process st fsAUGI005
described in connection with Figure 7C. At this point another masking step,
as the same has been described above, can be enployed to isotropically etch
the polysilicon 745 off of sone of the sidewalls 750 and | eave pol ysilicon
745 only on one sidewall of the pillars 15 740-1 and 740-2 if this is
required by sonme particular configuration, e.g. formng wultra thin body
transi storg qnly, on one side of pillars 740-1 and 740:2., .15 Figure 7C the
or

embodi nent "1 orming the ultra thin single crystalliné vertical

7401 and FAvued pk s PRVl TR0 Bk Qnfanp ket PRE B 0E DT PITTANS
appr oxi mat elmié@oiitbemomgﬁ@e@%ésnm%#mécontaulamglémp, the polysilicon
745 will re S |.1.78; . ' I al ' e regrowmth wll

occur vertigg'I%akﬁgégﬁggﬂm?haéﬁgﬂb%ﬁg%%ﬁm%ﬁéf%?‘% gﬁgﬁistalline silicon at
t he bott om ofim{7H#® npy Witethent7depant, willsimiladPregryshillize intessinglt t hi s crystal growt h and
an ultrathi et ' £ ' whi ch can be used as the
channel o gﬁ’g {G{Etg%sgmt rlxglsttgtjil%téﬂagplga?‘llf/lg%Igf@fs\ﬁﬂéégl\[?&[{){c%ﬁ 25 MOSFET transistor.

I n the embodieriiesily. Blfe driinand soutregippre?d andiid2fwill hq Jepardtedby aonly  on one si de of
the pillar, : i 0N Whi| ) L Cal nd into the n+

pol ysi | i con Jsetea‘g%l%’ gﬁg%ﬁéglgg %r%i&?%r°?ﬁ2/f?rg‘§/e&e)§ﬁ§e 6%““%‘%‘%‘ gﬁ%“?he pillars 740-1
and  740- 2. arpodinoutoithe prasert veskieethe writicalsinglgictybtallise bpdygegionand 740-2 are

cover ed, t heyn LS edidal 2R 02 Rstih 100 B ViGe AnditlidhoRQUAGRI 4 near the center on
top of the pillars 30 740-1 and 740-2. This enbodiment is shown in Figure
7D. As sh@wFigwes 2 quia Aspes efigrtiopry kil gtk af valhundegiagdgory egi ons, 751 and 752
respecti vel Yreaditghtlis ddGlobudd. Mmi'eﬁ‘tiohhgatwn&dia?&@inrbe o bitegokivat al | ine film 746
along the 22 10 AUG 2005 WD 031083947 PCT/ U502/ 03231 sidewal I s 750 of the

pi | lars 740-°0 thinytrathimsinelq gystalige BRTAS | Anderither erdzantalgyvegisalout  di f f usi on of t he
n+ dopi ng frRamsterd it fane ih R@ckemond contact |ayers, 712 and 716. In the
anneal i ng process, these portions of the ultrathin single crystalline film

746, now with t hésoneotrsgagey skillip fhe akyilliupderstand ppop readinefhif | 26 i nto single 5
crystal : :rse cgirgﬁrobtgé, ial aacssgﬁx’e@:eéi@&,evsaéqdem k@gdgiély,ﬁgleiggbgwﬂﬁﬁﬁ_ 7 rggr owt h occgr;
verti ca y. .Ine raln n sSQuUrce 1.0Ns, . n y . e separate Yy
o vertical @enruinnsE oyl pdis s am aentisnd SeHAIE 1S he p- type

mat eri al . | ncr@tltine vertical transistors, or ultra thin body transistors, according to the

teachings of the present invention. The ultrathin single crystalline film 746 now
includes an ultra thin single crystalline vertical first source/drain region 751

20 coupled to the first contact layer 712 and an ultra thin single crystalline vertical
second source/drain region 752 coupled to the second contact layer 716. An
ultra thin p-type single crystalline vertical body region 753 remains along side of
or opposite, the oxide layer 714 and couples the first source/drain region 751 to
the second 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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enbodi mrent of the present invention, the vertical single crystalline body
region will have a vertical length of |ess than 100 nm The str it A0S
now as shown in 10 Figures 7C or 7D. As one of ordinary skill in the art

wi || understand upon reading this disclosure. A conventional gate insulator
can be grown or deposited on this ultrathin single crystalline film 746.
And, either horizontal or vertical gate structures can be forned in
trenches 730. As one of ordinary skill in the art will understand upon
readi ng thiyg dmsdli scl osure, drain and source regi ONgyudRd,And 752
respectively, have been formed in an ultrathin 5|ngle crystalllne film746
to forma p%rchmafl&fn Ebﬁu 1&%@.&&&%&'1 can 6¢ %8| Asdiheverti cal

transi stors ] b transistors, according to the teachings of
t he present dipspeonsingiude dmeandlsqmmrdmons 23 raed 52@qsgpstevalyl haviegdi | m 746 now
ncludes an hilddueduficflycdio] e fortbta WiMds it Blinidhogl 1 T ST sour ce/drain regi on
751 20 coupled t TSt contact | ayer nultra thin single
crystalline Owéﬁﬁldmftﬂllﬂ7463eed?ﬁélth§bk9mé1eﬂ'§?3aﬁlwnwe§ﬂn@?§P?@Zde‘éoupl ed to the second

contact | 8y&fincchQep ﬂé'%vmcHLJehﬁcﬁl Palthb YR SbdBlPmE fiiRE &al 1 ne vertical body
regi on 753 Femal ns al ong 0 or opposite, the oxide |ayer 714 and

coupl es the‘ﬂW¢§FS@bUP§EkﬁwHPhS@@@F8ﬁm9§@mﬁbﬂwﬂﬁeﬁ@@@@nd source/ drain region
752. 1 n_ef f ggdvided Nrudided foiatrzingkt&s Rl RS thibbids So Bzt a%@é?&l&' ne vertical body
region 753 separates the drain and source regﬁons and 752

respect i vel yharggiegiondmthebady of thetepgisior seslep faymphetheg rsifoand sour ce regi ons, 751

and 752, Whefin&sitaaRabwi. %E&E{Tﬁgs&-ﬂa&rsﬁ‘dc&hb}ge@ﬁoﬂﬁpi»ée@d potential. The
drain and source regions, 751 and 752 resgectlvel , and the ultra thin body

regi on 758 dpiEimized byphysisellimaking the bpdydegigniof e MOSFIER it thigs£-& he | ateral sol i d
phase 30 epipthokRis. r €egrowt h which occurs in the annealing step. The

di mensions of the strycture now include an ultra thin single crystalline
body regi on 753 ﬂﬁ@%ﬂ aty sk} ip the a1t Wil m‘““?@ggmﬁﬁgﬂg%ﬁo amin which 23 1 0
AUG 2005 WO dis3lo&ee3eithe Eadicliti 2ypesiRadiball herbia bk rdaeldBgy a vertical |ength of
| ess than 100 am can ons, i nclude drain and
source regi gh¥re ?@T%§W$Sﬁ%fgﬁgﬁBﬁﬁ?VW@WV“wﬁﬂﬁﬁe %mﬁfﬁnction depth defi ned
by the haisi Zn@dlutdakmtzthlexzﬂmegﬂtmﬁiuntvhﬁcmy bﬂieﬁtechhﬁ'gle&jrﬁglhﬁep crystalline film 746,
e.g. less th% %Q 1ﬂms e%ge Jnyg Rm%%aﬁrg rovided 5 junction depths
whi ch are much™f ”ﬁ ARhEM°T°8n POISPGEYi ce” and  which are
scal abl e as dmspt@m desmhbﬁd albqyc,ttlteefabnsdnpmprkqessléwmﬁtmnq totfdme ai nventi on has

number of different horizontal and vertical gate structure embodiments in the

trenches 730 as described in connection with the Figures below.

20 Figures 8 A-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

25  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 film 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
crystalline 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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provided a structure for transistors with ultra thin bodies so that a
surface space charge region in the body of the transistor scal es 1dohkb BE

ot her transistor dinensions scale down. In effect, the surface space charge
regi on has been 10 m nim zed by physically making the body region of the
MOSFET ultra thin, e.g. 10 rimor |less. One of ordinary skill in the art

w Il further understand upon reading this disclosure that the conductivity
types described herein can be reversed by altering doping types such that
the present invention is equally applicable to 15 include structures having
ultra thi N8P *ally oriented single crystalline BEVYSPARHEI type
transistors. | nvention.is n Jimted. E the, process descriptions
descri bed a6%%§%5%2%3$§%$?3§ Paﬁé%éﬁgggghgﬁﬁ“E%%@ﬁ%ﬁ%%?o forma nunber of

di f f er ent holoped oxidedhyead?d, or 3G lagen bs thatame willrbekravnandmbadeodent s in t he

trenches 73 ' .i s ' Wt h Figures below 20 Figures
8A- 8C i||usng%39§§%%8?§g?“gég8@Qgg&?%@”$%#ﬁ¥%g§%*%%ﬂ%§ontal gate structure
enbodi nent , 8#ed endr3dei2 sush by @ CNDdechtiquei Tlontadopedepidalbynditis gat es, in

connecti og ‘%ekglaﬁaﬁ%d% E&@J&toffiof‘t\{%%i&ﬂ%e J{ﬁgplg!a:g?d%ﬁiaﬂi‘@o-%ygge“ ed in the

foll ow ng process steps are appropriate m cronmeter CD technol ogy
and may be Ancttheuceacis parfdimed foyjleavorbogtSh em aChy witom of trefih@dt.e 8A represents a

structure 2 i 1M : i i T .Sy Fi gure 8A shows an
ultrathin sﬁkﬁgi{’gdng{p;s@% @%ﬁéa??ﬁ%rgﬂ%oﬁ%ﬂ%&dgla? %gzzsl?%eg(\ﬁatﬁ S 350 of pillars
840-1 and 84GerZeipillars $#(heh 84)-880 CMPhpbnyized tapgpinternsivafbrather yst al | i ne fil m 846
at this p0|q&nhgﬁ% ﬂﬂR8«H}%§%4&ﬂl eﬁm&gh§?§ﬁ¥@5&%bhg§ vertical first

source/drain region 851 coup to a first act layer 812 and an ultra
t hi n si ndPe 8% ipsiched] sneheaas YRIE tlgdve & thickness of Q) newgrdpssin fhegenchegi on 852 coupl ed

to a second HNiAGHo by ShSkrxabllyd biq Hokiabn@nt wigea sddagl e  crystalline

vertical body reglon present al ong e of, or opposite, an oxide
| ayer 814 artyerBeysr BEG kyreasthersame wif e knopg pud usdersqgil Bnomssfi t o t he second

sour ce/ dr ai Ny @hrkic idWGrR00 nddaRB 083964 oRERL HER24@323d region 852,
Accordi ng t%ﬂ&ggﬁﬁrocess enbodi nent shown in Figure 8A an n+ doped oxide

| ayer 821, iy @CVRPracee Thesisuctirg if ngyeas pppsthin Sisre 8fder st ood by one of

ordi nary 18Ki | | i pigdrd B iistrattithe strbbRIEL B AAthe ekt seRRRSbA €d over the pillars

840-1 and 840-2 such as by a CVD techni que. This n+ doped oxide |ayer 821 is
fabrication steps. In Figure 8B, a heat treatment is applied to diffuse the n-t?pe

dopant out of the PSG layers, e.g. 821 and 823 respectively, into the vertical
ultrathin single crystalline film 846 to additionally form the drain and source
regions, 851 and 852 respectively. Next, as shown in Figure 8B, a selective etch
20 is performed, as the same will be known and understood by one of ordinary skill
in the art upon reading this disclosure, to remove the top PSG layer 823 and the
undoped polysilicon layer 822, or oxide layer 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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5 then planarized to renove off of the top surface of the pillars 840-1 and
840-2. An etch process is perfornmed to |eave about 50 am at the g]th gﬁt
trench 830. Next, an undoped polysilicon |ayer 822 or undoped oXi m
822 is deposited over the pillars 840-1 and 840-2 and CWP planarized to
again renove fromthe top surface of the pillars 840-1 and 840-2. Then, the
undoped pol ysilicon layer 10 822 is etched, such as by RIE to | eave a

t hi ckness of 100 nmor less in the trench 830 along side of, or opposite
oxi de | ayery@dshssofdext, another n+ doped oxide layep 823 or PSGlayer as

the sane will be known and understood by one of ord| nary Ekill in the art
wi |l under st pol&s‘ihcg@ﬁ%?&tmw&!ips‘xH@e@ﬂtﬂld;ﬁ‘Ha?s8861-@3(;[48@6]2]and840 2 such as by a
CVD process. The structure is now as appears in Figure SA. 15 Figure 8B

i |lustrates t%@etéttelit?cft"t}‘r%e‘?eﬂtepg\)ﬁ‘q‘f@*‘tfﬁ‘égﬁ"e%zf%'étﬁ&&%*é“%e fabrication steps.

I'n Figure 88,cqatamﬁatentcmetsm&torluﬁraamoaﬁetn&aor@lltttxtt&eb&dmnn type dopant out
of the PSG I%ers and 823 respectively, into the vertical

ultrathin si dé’P“(‘,lr“ng&quYSH@“fli’ﬂe‘iﬁ%ﬁm Ef"hﬁﬁt?lf?ff“éﬁé{‘ltqgvlbf ormthe drain and

source regi OBned, BizoRAY oBoted WRENREdtMRYiNg a Naiehi sidasr &M 1 n Figure 8B, a
selective etch 20 is Eerfor med, as the same wil| be known and understood by

one of or di nat%)naaRmetyes opppsingithe uliaithin singls cvstalfinggrticsl PedyBOR| osure, to renmove

the top PSG |y eNexfddoxaiathyttsed is dpedpslcoby sCVDpRbest ayer 822, or oxide |ayer
822 in the trench 30. The str cture |§ now as appears in Figure 8B. Next,

in Figure 8C,Paaai by af:Mipraseisde r%ﬁcha‘g“f’sﬁé“’%medw Il be 25 known

and under st 0043 adwrdlagle t&ftecﬁm@eﬁﬁcﬁbﬁiﬁbdvh tol sBipttheaitadellayesd2¢ Bords by ther mal
oxi dati on, LB the uI ra thin, single cr%stal | i ne vertical, transistors, or

ultra thin?® s&pipduds A phoRbods foh rogesy psing Rhosphori 8¢t 1y 1y si ngl e
crystalline vmétsthﬁtaieldmd/)ésapp&@ia@ﬂsﬁ'@ﬂuﬁﬁ@r&ﬂf(pse transistors in alternating,

row adj acent pill e ot ch wordlines for
conmpl eting the f ?Su"éla ‘ir‘fmalrx%l"b%%ﬂ‘ﬁg an ‘5’“&@?‘{‘ rElH?)ped n+ type
pol ysi licon IdkﬁbfureBétﬁtaCtaﬁnlbefodﬁﬁﬁﬂh&se«dmd cmfactrlaybra;lgattep 42 for the ultra

T Lnal © ChNSsR ) LR S L ANSLE Rh Sy Plog AR sBBL" DY
transi stors. tEt Y &t Ren"UN grogm FOCEsS to renove the doped

n+ 25 1 0 IAUCiar@:eeﬁé WO 03/ 083947 PCTNSOZN3231 type pol ysilicon |ayer 842 from

the top surface Oﬁlg@%ﬁ%'hﬁﬁ%ﬁé&f reqlp% 10? emghgaetched to formthe

desired thickness |n S
structure embodiment accordmg to the teachings of 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.
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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crystalline vertical transistors, or ultra thin body transistors. In one
enbodi nent, the doped n+ type polysilicon layer 842 is R E etched to form
an integrally 5 fornmed, horizontally oriented word |ine/gate havin% a
vertical side of less than 100 nanometers opposing the ultra thinldi A6 205
crystalline vertical body region 853. Next, an oxide |ayer 844 is deposited
such as by a CVD process and planarized by a CW process to fill trenches
830. An etch process is perforned, as according to the techniques descri bed
above to strip the nitride layer 820 from 10 the structure. This can include
a phosphori ), process usi ng phosphoric acid. The structure is now as
appear s ashﬁgggﬁggn in Figure 8C. As one of ordinarf™8RMA%® n the art will

under st and n i A =Ty fornmed to the
second cont ;k"cb?' F%&gﬁ&@%é&%ﬂﬁ%}yg&ho S{aﬁ?lg%ﬁoﬁﬁg‘%ﬂ%%ﬁg@&gﬁ% 840-2 to continue
W t h capaci ttb¢ ulfratrimsnglesrystaliies fdmAhG dhenig@e)ayer is3hep sippedgeisg Fi gur es 9A- 9C
illustrate C : ! i e structure

erbodi ront asnrl B PR a0y WL IR SR e S he

di mensi ons stgglasdiead kil in theart Jht $mEtirg ispewetppeastiefjgura?e appropriate to a 0.1
mi cromet ers CD t eghygl,00Y:,A09p MR Yordiic PAMIRGh BREHH dsked OF Ot her CD si zes.
20 Figure 9A represents a structure simlar to that shown in Figure 7C. That
is Figure we@ﬁm»@rs&m-bmdﬁé(t-mnd instrangfie?30 egdsthenidirpatienaily | m 946 al ong the

St devall s 95Quoph iRlddeAlis R0 diaRly 90 1ol ubkENGDSRyERO. The ul trat hin

single crystalline fi I's point includes an ultra thin single
crystal | i ne féetpjllers P40} and P40 iy rhetorspist iisppplicd gidansiad to exppapl ed to a first

contact | ayegLidesele @Rickithhdnds &dio Be RInA! & Mle¥ifiPolniede® 25 vertical second
source/drain region 952 coupled to a second contact |ayer 916.  An ultra
thin p-tylfe Serigatecy sicapinesew pdrest ellpspladipsaleglionn 1953 is present along
side of, or QRRGSIHRiicod hyQ54iS sdiiiRly Ridl, AN seRRliBSKdoie first source/drain
region 951 to the second source/drain region 952. According to the process

embodi nent  sHéwpersiqoddygag o onimary skill gyihestnigremere the ef@o*dyer of approxi mately 20

30 ma is dep@gihdiGfblysifissh ly@d 95D WY Pnindpd odild 186t 956 Makdwh ofttiehed to | eave only
on the sidewalls 950. A oxide |la 'S thenggrovm, such as by thernal

. er is
oxi dation, t3Ped fdsralk Aethsulpphinginglesrisialinetip 94otonihe pli Gitder to i nsul ate the
exposed bist didgherya@ife vdfical RanSislors 20 Olera W HdY 838ty TREJthicioRk2/ 03231

is now as appears in Figure 9B.

In Figure 9C, a wordline conductor of an n+ doped polysilicon material
or suitable metal 960 is deposited, such as by CVD, to a thickness of
approximately 50 nm or less. This wordline conductor 960 is then directionally

20 etched to leave only on the vertical sidewalls of the pillars, including on the thin
gate oxide layers 956 of alternating, row adjacent pillars in order to form
separate vertical, integrally formed wordline/gates 960A and 960B. The
structure is now as appears in Figure 9C.

In Figure 9D, a brief oxide etch is performed to expose the top of the

25 remaining intrinsic polysilicon 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 peighboring 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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902. The conformal nitride |layer on the sidewalls 950 prevents o iﬁibéﬂﬁ
along the ultrathin single crystalline film946. The nitride Iaye hen
stripped, using conventional stripping processes as the sanme will be known
and understood by one of ordinary skill in the art. The structure is now as .
appears in Figure 9A. 5 As shown in Figure 9B, an intrinsic polysilicon

| ayer 954 is deposited over the pillars 940-1 and 940-2 and in trenches 930
and then directionally etched to |eave the intrinsic polysilicon |ayer 954

only on thgo¥fgdical sidewalls of the pillars 940pdradgys40-2. A
photoresist is applied and masked to expose pillar sides where device

channes ar e bl @MPQo feRbVERFm the t8p of kHpMEHs 84d-anfi 9400 Ehpdifk Naked! | Ne/ gat es on
alternating, row adjacent pillars. In these |locations, the intrinsic

pol ysi | i con bittdpapd GB, Thea the smaining pad matesil W Band 92(kis gtehed, s9ehas wi | | be known and

under st ood Q%’RIE)&)_raﬁov@ﬁ@hﬂx%Eaéoﬂﬁé illard Sn0t1hRd ALL, NEB deREPVE the exposed
intrinsic po éSlllcon | ayer 954. h ate oxide layer 956 is grown

xt. a thin
on the exp xide d BVt PaVer thsutfyse of fherpillapsifdsL %‘idﬁgq‘% Beystalline film946 for

the ul trast Rinttuldis Sow@hspests M¥igalebbne vertical transistors, or ultra thin
body transistors, The structure is now as appears in Figure 9B. In Figure

9C, " a wordline covaafosinagyskillin thearyy| spdersiardperq eadpg hibat eri al  or suitable

met al 960 i slisdepasht febesseuttddwatochy wit/EBorageQapaciboiofkesssd of  approxi mately 50
run or less. This wordline conductor 960 is then directionally 20 etched to
| eave only SFHREGEHHFcal sidewalls of the pillars, including on the thin

gate oxide | ayer gs &R6f@linay karin ik kb §ill un@étadiRe eadingdbis | ars in order to form
separate yertical, integral qu f.or med V\D%(yj ne/ ng‘t es,. 960A and 960B. The

;structur éxl Sislashrethe ppsEsiens deyribed gopve prgduce infeerplydormed g 4 brief oxi de etch
I S perfor mededicallg xfxace wbidknel 940A @hd 9608 whidlbserve BFihtadrdlly fdoméd | NSi ¢ pol ysilicon

| ayer 954. Then sel ective isotropic etch i rformed, as the sane wl|
be known and’ e‘ﬁﬁa&Eﬁ?eﬁ?B%ﬁ%V%ﬁ?#@ﬁ%?mﬁé)Eﬂwnagpﬁlentsagfafsi qﬁﬁpm Yf&€2%art, in order to
renmove al | déldédivit liheDmBAM istgtuterttnbodirséncwiiic iy Stildar e perdpecyies 954. An oxi de | ayer
970 is deposited.. su by CvD, in order to fill.the cavities left by
removal of t'IN& °?ﬁ‘tg?r|e rgﬁgla‘%sdﬁfo QO HeY fodhalons e fifegtion Bgﬂéees in the trenches
930 30 bebtweiringstweFigepdd.ate vertical wordlines 960A and 960B nei ghbori ng
pillars 940- 1 and 940-2. As nghkh gnabove, the separate vertical

wordlines will integrally for n alternating, row adjacent pillars.
The oxi de | ayer Dif@bavestyyttamasani fabiation mMett@dsdia)g: bE@GBscribed, by

way of example, and not by way of limitation, with respect to a folded bit line
DRAM with ultra thin body transistors. Different types of gate structures are

20 shown which can be utilized on three different types of substrates to form open
bit line DRAM memory arrays.

It has been shown that higher and higher density requirements in DRAMs
result in smaller and smaller dimensions of the structures and transistors.
Conventional planar transistor structures are difficult to scale to the deep sub-

25 micron dimensional regime. The present invention provides vertical access or
transfer transistor devices which are fabricated in ultra-thin single crystalline
silicon films grown along the sidewall of an oxide pillar. These transistors with
ultra-thin body regions scale naturally to smaller and smaller dimensions while
preserving the performance advantage of smaller devices. The advantages of

30 smaller dimensions for higher density and higher performance are both achieved

in folded bit line memory arrays.
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WO 0 310 8 3 94 7 PCT/ US02/ 03231 by CVMP to renove fromthe top of the
pillars 940-1 and 940-2 stopping on the nitride pad 920. Then thﬁor/ﬁﬁ%@i ng
pad material 918 and 920 is etched, such as by RIE, to renove fromthe top
of the pillars 940-1 and 940-2. Next, deposit CVD oxide 975 to cover the
surface of the pillars 940-1 and 940-2. The 5 structure is now as appears in
Figure 9D. As one of ordinary skill in the art will understand upon readi ng
this disclosure, the process can now proceed with storage capacitor
formation 3FOL process steps. As one of ordin i inthe art wll
under stanﬁ&%‘gﬁﬁfeadi ng this 10 disclosure, the p%@gzzlé’wss{ eps descri bed

above produwﬁAir% @gj{ﬂgﬁﬁ&formd vertically oriented wordlines 960A and 960B

whi ch serve formed vertical gates along the sides of
alternating, row adjacent pillars. This produces a folded bit |ine DRAM

structure eqrbodi PE UG A i m . ge perspective view of Figure 4C and
the cross secti ‘8@ v%‘@\l/?/ ta e?\e%!fpg!?@qs'l% direction of the 15 bit lines in

Fi gure 4D. CONCuligkyQmeibry cells rmedsn rows tndreelsmamabefeabeaticat i on net hods have

been descri gg, , |8 ; not by way of limtation, with

respect t%olg 0 gﬁ‘@a{‘%{?fﬁ@%m@&ﬂ ' ultra thin body transistors.

Dif ferent types of gpille estendingoutrerdly fow a s@ficondiustonsubdtiath can be utilized on

three different types o f i i.ne DRAM nenory
fwh§rgiﬁ g{e'i)ﬁl%xqﬁchfdgs a sgxgﬁ:cgﬁggne cﬁ?ét Eontal:tn

arrays. It has been shown t “higher an ensity requirements in
DRAMs result in smal | edayemiod st costaliiaresrnd entctddyert he structures and
transistors. Conventional .@hgnahxlil@psi stor structures are difficult to
scale to the deep sub ZSQJI?nmc.ron 8fnman$|’onal regi me. The present invention
provi desiOverti cal ae&egecrystalling yesfivaliteapsistor formedplope aligmptinges whi ch are

fabricated in ultra-thi gigad ek G Wishakdw FPilasi defe@ind i | ™5 grown along the
sidewal | of an oxide pillar. These transistors with wultra-thin body regions:

scal e natural ly to snal S8gle grivpllinguertical tragsistesipsludess whil e  preserving the

performance advantage of smalhgh el stallitseAdM @Rt ages of 30 smal | er
di rensi ons for higher density and hi?gjh.er performance are both achieved in

fol ded bit line memory arrays. 28uge/@ainggopenypled to the first

15 contact layer;
an ultra thin single crystalline vertical second
source/drain region coupled to the second
contact layer; and
an ultra thin single crystalline vertical body region
20 | which opposes the oxide layer and couples
the first and the second source/drain
regions;

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 gddr@esing
alternating body regions of the single crystalline vertical transistors that are

30 adjacent to the trench.
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WO 0 3108 3 9 4 7 PCT/US02/01291 WHAT IS CLAIMED IS: 1. A folded bit line
DRAM devi ce, conprising: an array of menory cells formed in rows hBdUG 2005
colums, wherein each 5 nenory cell in the array of menory cells includes:
a pillar extending outwardly froma sem conductor substrate, wherein the
pillar includes a single crystalline first contact |ayer and a single
crystalline second contact |ayer separated by an oxide |layer, 10 a single
crystalline vertical transistor fornmed along alternating sides of the

pillar witQRpRyg@sPwW of pillars, wherein the singlg&gh¥shasl i ne vertica
transi stor includes; an ultra thin single crystalline vertical first

source/drain, regﬂfé@ol&%i@h&@)l&ﬂd&é@fée&'c&%ﬁl w%@reﬁ%hﬁ&hud ayer, an ultra thin
single crystalline vertical second source/drain region coupled to the

second contsigle ciygaline vertigpbodyregipn ingludeps chanpiekhgries cvegistl dgogthne vertical body
region 20 VfictnaRBPREsmelete Oxi de layer and couples the first and the
second source/drain regions; a plurality of buried bit |lines fornmed of
single crystalline sem conductor naterial and di sposed below the pillars in

the arraysm%rmrynﬁ@dlaeabitme@M&uvésmﬁﬂﬁwh%nmemmm first contact |ayer
of colum adjacent pillars in the array menory cells; and a plurality of

word |ines, SBgeryHyl VF‘F‘??&*’QQY&"E‘B%’@Gab?‘tzﬂéﬁjé}'ﬁzﬁ}qfks%tbmtlﬂe plurality of buried

bit |ines |mm@nk@gnch between rows of the pillars for addressing
alternating body regions of the single crystalline vertical transistors that
are 30 adjacent to the trench. 29 1 0 AUG 2005 WD 03/083947 PCT/ US02/ 03231

2. The fol ded Dbithelfdiit@ bIPRANVRIOY iciRe 6f clafich &iwherbin tiohiRG@IN the ultra thin

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

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
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single crystalline vertical body region includes a channel having a vertical
|l ength of less than 100 nanoneters. 5 3. The folded bit |ine DRA vi ce of
claiml1, wherein the ultra thin single crystalline vertical bod§/ r&gﬁwﬁ has
a horizontal width of less than 10 nanoneters. 4. The folded bit |ine DRAM
device of claim1, wherein the ultra thin 10 single crystalline vertical
body region is formed fromsolid phase epitaxial growh. 5. A folded bit

| i ne DRAM devi ce, conprising: an array of nenory cells, wherein each nenory
cell inth 2L ay of 15 menory cells includes: a J@T}Ukﬁ{osz? t endi ng outwardly
froma seNicOnguct or substrate, wherein the pillar 1ncludes a single

crystalline first contact |[ayer ﬁgqrédghessggag&s%rtg&%ﬂ@?%'sne second cont act
; a

| ayer separated by an oxide |ayer a single crys [ine vertical
transistor formed along side of t#é pillar, wherein the single crystalline

vertical transistor includes; L1 ol ' rystalline vertical
first source/drain region coff)']@gpd)utlcgrt he W?@%%Em@ont act layer; an ultra
thin single crystalline vertical sgadsdtherefemybyadatérosides r egi on coupled to the

second cantact | Al ofblkiddblfifes it o il SefilitSlefilcbdiorver 1 cal body regl on
30 fornmed along alternating sides of the pillar wthin a row of pillars and
coupl i ng t hem®@ialiapd digpcsed belov herillss D8Boagy eaprdt9r03231 first and the second

sour ce/ drai rﬁnl@t%&ﬂx&:ﬂx?%wi&%rﬁ c&@mg@p&%&ﬁ&d}a&ﬁt plfkdih BBhedpOdy region and
separated therefromby a gate oxide;
of memory cells; and
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 ’

25
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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5 a plurality of buried bit lines fornmed of single crystalline sem conduct or
mat-eri al and di sposed below the pillars in the array nenory cell Dfﬁﬁ 05
interconnecting with the first contact |ayer of colum adjacent prl g#@ in
the array of nmenory cells; and a plurality of word |ines, each word |ine

di sposed 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
al ong a rowoodnspid | ars. 6. The folded bit |ine DRAMcdeswmorsiof claimb5,
wherein the plurality of 15 buried bit lines are nore heavily doped than
the first cont acThelfalgedibit hetORANM ddvixe bfothirh Biiwbereia ke gatwintlides e first cont act

| ayer. 7. The .fo] ded. hi i ne. DRAM.devi.ce .of claimb5b erein the ultra thin
single cryst PTOP! %‘tﬁﬁ%gwr}ﬁffwvfg‘éa?%%eQ?H’SF‘W%’gﬂléo‘bé-“f%e channel having a
vertical 2Qgaledagiléngthfof lew #an t(daanokBBrsmanonet ers. 8. The folded bit |ine DRAM
device of claim7, wherein the ultra thin single crystalline vertical body
region has a horizontal width of |ess than 10 nanoneters 25 9. The fol ded
bit |ine DRAN deViedadadbit ihedPRAND devivka ef adiiim 5 twhereipitielgate ineludeends outwardly from
an insulatin ti.on.of the sem conductar .substrate. 10. The fol ded bit

| i ne DRAM dé%ﬁ@%ﬁgFm%?'?ﬁ%%f%3J%ﬁéﬁﬁ§%ﬂﬁ@8§gﬁ?coﬁﬁﬁ%?%?‘ 30 substrate
includes a silicon on insulator substrate. 31 1 0 AUG 2005 WD 03/ 083947

PCT/ US02/ 03231 14,. . f.ol i 1jine DRAM device of claimb5, wherein the
gat e includeé'a Lﬁ%%??%%egﬁﬁgdg%%%ﬁ%gﬁwﬁ'te, wherein a vertical side of the
hori zont al | y or i aramegoef mgmbm célla oraed iergs mdgbluhmswhetdregach] 00 nanoneters. 5 12.
The fold ' | AR ifdRAM [ of k5, wherein the gate includes a
verti cal Ielé BIHmeO t%gmga_te ﬁgv}{l{e%grya u\s/glrhtq{lég)al length of less than 100
nanoneters. 13. A fokgidy eipndingiopfwarBiRAnndesnticoaducoompstietsi ng: an array of
menory cells formed in rows.A0d ;G iiAS 2 MR LR FR condkd MENDrY cell in the

array of menory cells includes: "a pillar extehdi ng outwardly froma
sen conduct or substr at e, layerand a single crystalline second contact [ayer

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 ultra thin sihgle crystalline vertical body region

25 which opposes the oxide layer and couples

the first and the second source/drain

regions; and

whereina 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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wherein the pillar includes a single crystalline first contact er gﬂﬂ%a
single crystalline second contact |ayer separated by an oxide Iaa AU
single crystalline vertical transistor formed al ong alternating si des of
the pillar within a row of pillars, wherein the single crystalline vertical
transi stor includes; an ultra thin single crystalline vertical fast
source/drain region coupled to the first 20 contact layer; an ultra thin
single crystalline vertical second source/drain region coupled to the
second co layer; an ultra thin single crystal} j,tical body region
25 whi ch d%%ggégnthe oxi de | ayer and coupl es the f |rs§y%? d the second
source/drain reLir J"Qn for the single
crystalline vert|c§@§¥ran3|?hﬁws%ggﬁ%H£k%6Q§gﬁm%mma’t di mensi ons of the
transi stor matsiblendidsmsed BRowl thOpilldgGn e by Wemo3/cOB &4 7 PCT/U802/03231 a
plurality of, ' bl r [ S e sem conduct or
materi al ~ and" tgr?(rsn%%g%gghg'greoﬁ?g%l{eaaé r%f&flmﬁl aggﬁgtpgl!a)é&ﬁu&ﬁgry cells for

i nt er connectdf mgmewy tdlis;tafve fir st contact Iayer of colum adjacent pillars in

the array s n | i nes, each word |ine
di sposed orthog&ﬁﬁ%l§ﬁﬁhkﬁﬂmg'gfura @#H&@%&%ﬁ?ﬁg E%ﬁ ines in a trench

bet ween rom&llmilltstdféurpﬂ bik mesmfad.rpnctnw@sanfthwlﬂmfmﬁdrwg}nbody regi ons of the
single cryst S cent to the trench. 10
14. A fol ded Adhggbo\égké&%l\/#%‘g éﬂ&ecﬁ&ﬁﬁﬁeﬁgiﬁtgg% {sg)ﬁ' t%?%gy of menory cells
formed in rodiceartothetbngems, wherein each nenory cell in the array of nenory
cells includes:

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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a pillar extending outwardly froma sem conductor substrate, wherein the
pillar includes a single crystalline first contact 15 |ayer andgﬁ Fz@he
crystalline second contact |ayer separated by an oxide |layer; a &@
crystalline vertical transistor forned 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 cr§§(gk¥&pe vertical second source/drain rg&i®kesaypl ed to the
second 25 contact layer; and an ultra thin single crystalline vertical body

regi on which opposes the oxide |@gyalvedflefithRSiIra hidsisle and the second
source/drain regions; and 30 wherein a horizontal junction depth for the

first and the second ultra thin vHiPeveEicgidediirtsione vertical source/drain
regions is nuch i?&ﬁi&&b&de@b&%%g&%@si%&ﬁé@iﬂ?seﬁgddmﬂ 03231 than a

vertical length of the ultra thin single crystalline vertical body region a
plurality ofmasgieladigored peloys the pHprsiadhesmaydpemgivecllsfrst al | i ne semi conduct or

material  3ntn@icsRQEMRLNIMEhOMS LbiacPbyet FoSluhdadfabit PN mEBRARrY cells for 5
interconnecting with the first contact |ayer of colum adjacent pillars in

the array oEMTEMIFYS@ |s: and a plurality of word lines, each word Iine

di sposed ort hogogghrhiiky §fvokdIfhes, Pdchiiva likipdsedoHhb@alipidthd i nes in a trench
bet ween rows of t rs,for(%gdressin eqgions of the single

i,l]a bo
crystal | i ne RIgplty EW%L% Wradien ﬁtgfené?“@%gﬂfé@%%fg" fre$¥8 10 trench.

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 inreachrpillar 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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15. The folded bit Iine DRAM device of claim 14, wherein the ultra,t

single crystalline vertical body region includes a p-type channel ﬂéNAW%mﬁ
vertical Ilength of less than 100 nanoneters. 15 16. A sem conductor devi ce,
conprising: an array of pillars fornmed in rows and col unms extendi ng
outwardly from a sem conductor substrate, wherein each pillar includes a
single crystalline first contact |ayer and a single crystalline second
contact |ayer separated by an oxide 20 layer; a pair of single crystalline
vertical transistors formed al ong opposing sides of each |IIar wherein
each singl 828t al 1ine vertical transistor includd§"" &A™t ra thin single
crystalline vert sour Ln reg | ed .to the first contact
| ayer: 25 afeiP eéalltbﬂfl?ﬁibétﬁ‘ﬁeéf‘é’p@f%}g?%ftlc?'ﬁaé F‘fl‘?nééﬁe'g’&f’gnd source/ drain
regi on couplled; to the second cont act Iayer an ultra thin single

crystalline vertica gion.forne si.de ot.h"xi de
i n-eactrpill ararfdt™ ‘?‘ilg p‘@%ereéleé??dvof%@egg%%?ﬁ‘a‘%?)‘ﬂef‘&be/ drain regions forned
al ong side (ﬁcfnnedi&tvtehe:om6ﬂpﬁlﬁrsa1drbbnﬁbetop@ﬁlfabwflﬂe¢ﬂlbhstand| nes forned of single

crystallipe enlco h # S‘fls osgd bel ow the single
crystalli r% 8‘F‘PF ‘3 NfyjndeRsy eB‘iYsa% &re yﬁeg%lts ‘%b““‘A’B&E %05 WO 03/ 083947
PCT/ US02/ 032iddle t:dymumd frbrtidal texhsidtaay ih @bodatidg pillan@kagoaplotpillas; t he first contact
| ayer alongagflunns of pillars; a nunber of wordlines, wherein each
wordline is sposed in a trench forned between rows of pillars and bel ow a
top surface of tdm:npér of @pasitorsawtichindefeadest yroamct themecoddiconetact ndependent | y
addr esses b?%g OES for the pair of single crystalline vertical
transi stors ’n tlng pillars along a row of pillars; and a nunber of
capaci t ong mhlch i ndependently couple to the second contact |ayer 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.
15

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 integrally 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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17. The sem conductor device of claim 16, wherein each wordline integrally
forms a gate for addressing the body region in a pillar on a firstﬂ}sig [m
the trench and is isolated fromthe body region in a colum adj acentA %? ar
on a second side of the trench. 15 18. The sem conductor device of claim
16, wherein each wordline integrally fornms a gate for addressing the body
region in a pillar on the first side of the trench and is isolated fromthe
body region in a row adjacent pillar on the first side of the trench. 20
19. The segooamsst or device of claim 16, wherein ea /t}solzl/!)tnrla thin single
crystalline vertical body region includes a p-type chanfel” having a vertical

length of |ess {haBniliEuRBQIEbEaEn 162 Whetbln caliDFordRl@inaiangrCct or device of
claim16, wherein the nunber of buried bit lines are fornmed integrally with

the first cotfttigaly oriepiedpvoriter havipe svepisy! dangh ofless g HI nag@etfeonduct or substrate
by an oxide layer. 21. The sem conductor device of claim 16, wherein each
wordline includes a 30 horizontally oriented wordline having a vertical
side | ength ¥ | Asevicqdyston dryice, fompsisieders. 35 1 0 AUG 2005 WO 03/ 083947

PCT/ US02/ 03231 22 foldbit 158 Birdy @Pielehscndelll RMdr&i€ealll m&thady &l ke Wher ei n each
wordline includes a vertically oriented wordline having a vertical |ength

of less thanryef ReaRBfetsdicidesr3 A semi conductor device, conprising: 5 a

fol ded bit Iine arraypihr REsIRHEutGRHly From\Waaki®hniucRAGBsaEOry cell in the
array of menory cells includes: pillar extendi ng outwardly from a

a p ]
semi conduct or substrat e, Whiafhepilarinclidey a single crystplfing fisboogtati ngl e crystal | ine

first contact |ayer and |geShdgdifplectyialiad kioh€con@®yéd contact |ayer 10
separated by an oxi de Iayer;P% single crystalline vertical transistor formed
along alt¥nating sides St BiekfepYhi thin a row of pillars, wherein the

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
;:ontact 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 celumn-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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single crystalline vertical transistor includes; an ultra thin single
crystalline vertical first 15 source/drain region coupled to the ﬁmrﬁﬂﬁlmﬁ
contact layer; an ultra thin single crystalline vertical second
source/drain region coupled to the second contact |ayer, and 20 an ultra
thin single crystalline vertical body region formed along side of the oxide
| ayer and which couples the first and the second source/drain regions; and
a gate opposing the vertical body region and 25 separated therefromby a
gate oxi d@éoo@os@ﬁ" ality of buried bit lines forned,gf siog] € crystalline
sem conductor material and di sposed bel ow t he piITars In the array nmenory
cell's for --gues PRI GRIREKAiRIeMibal Rankiters thal 8 sdRt @@l bR A Of col
untradjaeentpillars_in- he-array- of menory cells; and 30 a plurality of
word |ines, d&@ingillers plpage rofy efpdsd orthogonal ly to the plurality of buried
bit lines in a trench between rows of the pillars for addressing 36 1 0 AUG
2005 WO 03/083947 PCT/US02/ 03231 gates of the single crystalline vertica
transi stors #hat Thesemisenducies device of d4im 23, wEerein e3oh single ¢wialliBe i ng pillars al ong a
row of pild ayeficalBddy rdgidh iscRIALG Ghddhel BRMigGQerfial IBhettl dTeds3, Wherei n each
single crystalline 5 vertical body region includes a p-type channel having
a vertical |®BHgOR"BPRELEEs than 100 nanoneters. 25. The seni conductor device
of claim 23, wherein each of the plurality of buried bit |lines is separated
by an oxide |ayer, fromthe sem conductor subsirate. 10 26. The sem conduct or
device of cl&'m %Se%%d‘é‘it‘ﬁd‘évéféﬂ?%a&?@f fherein £3°8 epl‘éﬁﬁ@' arowof pillars is
integrally feumeesit likedihsepirftedtly ah biGdepdyei fiblnd the/semiconiaétét sibsies | N t he adj acent
trench, apnd wherein each of the plurality of word |lines includes a
hori zontally oriented word |line having a vertical side of |ess than 100

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;

37



15 nanoneters opposing the single crystalline vertical body regions. 27. The
sem conduct or device of claim 23, wherein each gate in a trench aﬂbnminmrow
of pillars is integrally formed with one of the plurality of word lines in
t he adjacent trench, and wherein each of the plurality of word |lines

i ncl udes a 20 vertically oriented word |ine having a vertical |length of |ess
than 100 nanoneters. 28. A nenory device, conprising: an array of nenory
cells, wherein each nmenory cell in the array of 25 nenory cells includes: a
pillar ext@odiaspputwardly froma sem conductor sublsiighssa: Wherein the
pillar includes a single crystalline first contact |ayer and a single -
--crystal line-second contact -k thsLRBlebyReltiRYeéhl S%d de | ayer, - a single
crystalline vertical transistor, wherein the single .30 crystalline vertical
transistor includes; 37 1 0 AUG 1988%/digin seppmadeizo befmUs02/ 03231 an ultra
thin single crystalllne vertical &m@amwasource/draln region coupled to the
first contact layer; an ultra thin single crystalline vertlcal second 5
source/ drai n regi on coupl ed ﬁﬁ“@ﬁ§m§E55ﬁH“”E8HFﬁﬁ4“F&Q an ultra thin
'single crystalline vertical body %agymmnﬁgﬁﬁaﬁgaﬁbgﬁgmahternating si des of
the pillar wthin a row of pillars and coupling the 10 first and the second
source/drain regions; and a gat%m%ﬁﬁﬁﬁlng the vertical body region and
separated therefromby a gat &n(ﬂmiadﬁhsin’glep}ybtﬁlaxldv&rﬁc@ipodbwgfo@d bit lines fornmed
of single crystalline seniconductp terial osed bel ow t he
pillars in the array nenory cellsoFﬁﬁabP g?%%%ﬂ%%?*ﬁﬁ" th the first

contact |ayer of columm adjacent wittlid ©6o® of pillaksued eiplay theof nmenory cel |'s;

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 trench.

29.  The memory device of claim 28, wherein each gate adjacent to a first side
30 of the 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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a plurality of first word lines, each first word |ine disposed orthogonally
to the plurality of buried bit lines in a trench between rows of thdUpi ar s
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 |ine disposed orthogonally to the bit lines in the trench between rows
of the pillars and separated fromeach first word Iine by an insul ator such
that the secopqmyordline 25 i s adjacent a second %%960 {;.4,he trench and
addresses‘&%?@% df the single crystalline vertical transistors that are

adj acent to ) nd.side of .the trench.j.n.. alternating pillars along a
second side % ¥ %Zlnffsrlrlechlgﬁ.aV%?an)ﬁ‘fﬁneem%%?gm 3‘\'/1?gcaever3f§l(?f1§lllm 28, wherein each

gat e adj acenflessghaa 160 medmegrsde 30 of the trench along a row of pillars is
integrally formed with one of the plurality of first word lines in the
adj acent trench, and wherein each of the plurality of 38 1 0 AUG 2005 WD
07/ 087947 PGU| USHEAER2S Hevideofdaim@s, whértineash piielingbidss agapeatot i cal | y ori ent ed
word |inec.hayi j I th of |less than 100 nanoneters. 30. The
menory deéigéh%?“?P§§%$5§%bﬁﬁ ggin each pillar includes a capacitor 5
coupled to the second contact layer. 31. The nenory device of claim 28,

wherein eac@lsinﬂk%m&%é?&ﬁkgh%%nggQ&%ﬁggﬁ%ﬁg iq%ﬁﬂ&@ﬂmﬂ s a vertical length

of | ess than 100 nano ers. evice of claim 28, wherein
each si ngl e bedxrsgion Has heerticel danpth of less thamPg nanowetershas a vertical | ength of |ess
than 100 nanoneters and a horizontal wdth of |ess than 10 nanoneters. 33.
A nenory device, conprising: 15 a folded bit line array of nmenory cells,
wher ei n ddcH#2menBieyncmety|devige of ¢haim 26 mwherpin erich pragherryptabliat vetticiine| udes: a pil | ar

ext endi ng oyf.akdM tas 4 YerPhidens R BF 1620 B F0QhnombBS bid@Brizontih€r €I N the pillar
includes a single crystalline first contact I|ayer and a single crystalline

second cont dfth pHgssfiapl) nepgmetelit ed by an oxide |ayer; a pair of single
crystalline vertical transistors fornmed al ong opposing sides of each
pillar, whe rB%.I n AF:‘ ?n%rrxlor? IdQv(izlcle,ecompn'sing:
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 crystailine vertical body region

which opposes the oxide layer and couples
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crystalline vertical transistor includes; an ultra thin single crystalline
vertical first 25 sourceldrain region coupled to the first contact |ayer,
an ultra thin single crystalline vertical second 30 sourcel drain T@gqienios
coupled to the second contact layer; and an ultra thin single crystalline
vertical body region which opposes the oxide |ayer and couples 39 1 0
AU01005 WD 03/083947 PCTfUS02/ 03231 the first and the second source/drain
regions; a plurality of buried bit lines forned of single crystalline

sem conductor material and di sposed below the pillars in the array nenory
cells for Swombspeonnecting with the fast contact | ayessembscol umm adj acent
pillars in the array of nenory cells; and a plurality of first word |ines,
each first word line disposed ort eganal thy secérd sbde/dplinur al i ty of buried bit
lines in a trench between rows of the pillars for addressing body regions
of the single crystalline verticaf®ansistors in alternating 10 row

adj acent pil | ars aphalityaf Briadhidimedorrde@ofBingle EgitallieS@ni@hdictoe trench; and a
plurality of sec ach second wor i ne di sposed orthogonally
to the bit |“}?§§§Frﬁldfsﬁcge%‘l?ﬁ?‘?fpﬂgfs\)\%téﬁﬂ?ﬁﬂgmﬁ ‘ﬁﬁ% pillars and separated
from each 5Iﬁﬂﬁam&ﬂﬁghﬁm&eanﬂmmnh&ﬂbﬂbmmnﬂﬂ&hﬂbma$uﬂhﬂm&econd wordline is
adj acent a second si f the trench and addresses body regions of the
single 15 crﬂg?g?wy% V@rtical transistors in alternating row adjacent
pillars that are a@ﬁnyaatyeﬁﬁrst viodd liness echfick verdline disposdderthageatih. 34. The nenory

devi ce of cl erel ach ura |rst wor dl i nes
integrally fg?tﬁ]\;gi“réh “?"85“g%f&’r“eag‘eiwhg&k”%&‘%%ab}‘?%g%“ "in apillar on a 20
first side ofaddrésangbb@rreénnanﬁhd single sybtaitiredrertival @ansistors inlaltéreating ayer from t he body
regi on |q0 aﬁm§§“ mﬁlcmn%affhﬁdf'&f%é de of the trench. 35. The

menory deV|ce o &7 8l €At ﬁlurallty of second
a plurahty 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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wordlines integrally forns a gate for addressing the body region in a pillar
on a 25 second side of the trench and is isolated by an insul atorl 0 &yggge§rom
the body region in a row adjacent pillar on the second side of the trench.
36. Themenory-devi c&ef cl ai nr33, - wher ei neaehot he-plurality-aflfirst-and
second word lines includes a vertically oriented word |ine having a vertical
30 length of less than 100 nanoneters. 40 1 0 AUG 2005 WD 03/083947

PCT/ US02/ 03231 37. The nenory device of claim 33, mherein each single
crystalllne vertical transistors has a vertical th of |ess than 100
nanonet er s "2’ ﬁ’horlzontal width of less than 10 ﬁgﬁﬁﬁgfé 5 38. An

electronic s risin pr.ocess and f ol de b|t i ne DRAM

devi ce coupI%@ t fﬂ?l ‘%%§§€8Wm%%ﬁg?@?ﬁm£ﬁﬁge?8*®5ﬁv%? | i ne DRAM devi ce

i ncludes: antaasistayhassh vérixaiiéngthoeledsshah 000MashrieRsiagyShoiindtal ol urms, wherein 10
each menory Cﬁ% 0] th arr%% of nmenory cells includes: a pillar extending
outwardly fro'a gﬁpﬁ ¥ substrate, wherein the pillar includes a
single crystalllne first contact | ayer and a single crystalline second
cont act %y ggnq:ed gg 1% oxi de layer; a single crystalline vertical
transi stor for med®SFERY° PP@WngPﬁg sides of the pillar within a row of
pillars, whereinaphesst;agl e crystalline vertical transistor includes; 20 an

ultra thin S|ngleﬁﬁ{%§ VRBBREU¥§%L%§edgh{ﬁﬁﬁﬁgouéce/ rain region coupled to

the first contat ¥afi ne vertical second
source/dralanagmdmeDmmwmwkedemw the second contact layer; an ultra thin
single crystalline vey gr} )90 memogyycells 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
pillacs, 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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regi on whi ch opposes the oxide 30 | ayer and couples the first and the
second source/drain regions; and wherein a surface space charge rgpbﬁﬁﬂmpr
the single crystalline vertical transistor scales 41 1 0 AUG 208

031083947 PCT(USQ2l 03231 5 10 down as ot her dinensions of the transistor
scale down; a plurality of buried bit lines fornmed of single crystalline
sem conductor material and disposed below the pillars in the array nenory
cells for interconnecting with the first contact |ayer of columm adjacent
pillars i nWOR¥SET ay of nenory cells; and a pl uralPFTySP3zitord | i nes, each
word |ine disposed orthogonally to the plurality of buried bit lines in a
trench between rows of the -pil| dpsn gsptheedimensignsion e nsidteat i ng body regi ons
of the single crystalline vertiGghedoh@iNsi stors that are adjacent to the

trench. 42 :
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.
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