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Field of the Invention

The present invention relates generally to integrated circuits, and in

20 particular to Flash memory with ultra thin vertical body transistors.

Background of the Invention

Modern electronic systems typically include a data storage device such as

a dynamic random access memory (DRAM), static random access memory

25 (SRAM), video random access memory (VRAM), erasable programmable read
only memory (EPROM), flash memory, or other conventional memory device.
As these systems become more sophisticated, they require more and more
memory in order to keep pace with the increasing complexity of software based
applications that run on the systems. Thus, as the technology relating to memory

30 devices has evolved, designers have tried to increase the density of the
components of the memory device. For example, the electronics industry strives
to decrease the size of memory cells that store the data in the memory device.

This allows a larger number of memory cells to be fabricated without



1 WD 03/063250 PCT/ USO02/ 03244 substantially increasing the size of the
sem conduct or wafer used to fabricate the nenory device. Menory devices
store datwoion/ogxrse arrays of nmenory cells. Essentially, ®he/usetbr4are

| ocated at intersections of wordlines and bitlines (rows and colums 5 of

an array). Each cell conventionally _stores a single bit of data as a
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decoder arrays use a pdrtion o e surface e sem conduct or
waf er. Thus, isdeategn ahs sedond nsultiibienuntber adwoRininhaldsess fidaaifes @& requi red for
t he decoder arrays. 20 Menory devices are fabricated usi
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to decsease 4rffs aicZ@dnffuredgo ad BRcBd&ired hWord andbit lineslbasel hiedddness ds, there
is a mnimum dinension that can be achi eved through conventi onal
phot ol i t hogr ap&als anplid gothgiinnutyeh the Aamsi dhwith theareayafanangoryselisthe criti cal

di mensi on” ( C(Péco&)ér a@a% 1 portion of the surface area of the semiconductor wafer.
Thus, designers also strive to reduce the surface area required for the decoder
arrays.

20 Memory devices are fabricated using photolithographic techniques that
allow semiconductor and other materials to be manipulated to form integrated
circuits as is known in the art. These photolithographic techniques essentially
use light that is focussed through lenses and masks to define patterns in the
materials with microscopic dimensions. The equipment and techniques that are

25 used to implement this photolithography provide a limit for the size of the
circuits that can be formed with the materials. Essentially, at some point, the
lithography cannot create a fine enough image with sufficient clarity to decrease
the size of the elements of the circuit. In other words, there is a minimum
dimension that can be achieved through conventional photolithography. This

30 minimum dimension is referred to as the “critical dimension” (CD) or minimum
“feature size” (F) of the photolithographic process. The minimum feature size

imposes one constraint on the size of the components of a memory device,
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"feature size" (F) of the photolithographic process. The m nimum feature
size inposes one constraint on the size of the conponents of a nenory
devi ce, 2W003082863250 PCT/ US02/ 03244 includi ng the decoaem/tsn2/e3244 | n
order to keep up with the demands for higher capacity nenory devices,
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t he cqpti nuou calin he dee cro 0 e channel Iengths
are | ggs than&ﬁﬁl 1€ S?ZHOB S}Ef"ocaﬂ P'é’ro 1681601%’ g%“fﬂ \Aﬁla#als&‘?iﬂ%e Brobl ens in
the conventi ogghputél §t€#ﬂ§' ThRfwotld Kl [P delicAR rﬁé&%ﬂcdl@yﬁéﬁ%&né junction
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rule limitations of conventional MOSFET technology. That is, the continuous
scaling to the deep sub-micron region where channel lengths are less than 0.1
micron, 100 nm, or 1000 A causes significant problems in the conventional

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

25 induced barrier lowering; threshold voltage roll off, and sub-threshold
conduction. Sub-threshold conduction is particularly problematic in MOSFET
technology as it reduces the charge storage 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

30 negated by lower carrier mobility.

Therefore, there is a need in the art to provide improved flash memory

densities while avoiding the deleterious effects of short-channel effects such as



carrier nobility. Thus making the channel shorter to inprove performance is
30 negated by lower carrier nobility. Therefore, there is a need in the art
to provi dwoiospsxesed flash nmenory densities while avoi di ngcrhesogedzet eri ous
effects of short- channel effects such as 3 WD 03/063250 PCT/ US02/ 03244

dr ai n-induced, barrier .l ower es oIt ol | n

sub-t hreshol dd a%’oﬁgﬁceflb(%ﬂ‘er %‘%%&’& ﬁ?‘gigkvoé r%c?&%g(g) @g?ﬂ%l gq’ mobi lity.
At the sane tidfBuctfohdn@Rasddaeadge bid @eﬂhééarbamg%dmsty e tiedafteaimied. 5
Summary of the Invention The above nmentioned problens with nmenory address
and decode ci ¢hatgetstoragardtentipe timemobst bermaintainedidr essed by t he present
invention and will be understood by reading and studying the follow ng
specification. Systenms and nethods are provided for programabl e nmenory
address and decode circuits 10 Wikbhat¥ bf e Iheftiderti cal body transistors
where the surface space charge region scales down as other transistor

di nensi ons scal e dBlvmabommnbomdbudblmnWlthfmtmerymdé@@mnd dpcede Ciontitsa

pr ogr ammabl e no coder d. r ogr.amrabl e nmenory
decoder i ncl u%@sc’tgé; pﬁ‘ﬂﬁ%? ar&fadaffg?egg’é'qﬁ? H&se “gﬁa'eﬁmﬁﬁﬂﬁle‘?(&]o}? out put |ines
such that they,addsSsyleiise %ﬁl&&@lﬁ@ﬁle%ﬁ&% spaeiicatiOh TS fledt by . A nunber
of vertical pillars extend "outwardly froma Sem conductor substrate at

i ntersecti onsmotﬂlodmrpmtowlderdefsr pmgranad@hlewmqry]e@ireﬁaod dpéddeaircnitec| udes a
Si ngli crystal Ih E hrst co%&i:t | a éer and a é%nd conflact | ayer

separ af ed by ¥HD Bl Vefrqal DY EaRsEsfory E‘ier’rB‘F %Pr § &8RP e "H T a thin
vertical floafdRgdg&has B(h@f‘éhr?sis%p’ihﬁl@ﬁsﬁoﬁ%rs%alé%b@ﬁt' vely di sposed adj acent
20 the nunber of vertical pillars. Each single crystalline vertical
floating gate tra]msurstembodmdrmdéélemsanttmwmﬂonm plioginenahly sicalory ne

vertical firs urce/d egion coupled to the first, co | ayer, an
U tra thin s SRSPAETGS BiaFet AGS TisPtary B EEBHS Mgty PQET APEG bn - Soupl od
to the Secondmﬁ%latr%@‘éddré’ééq{nes anfla ﬁﬁ‘mHértJf%ufpm In&isueh fhat HewaliRkd fing vertical
body regi on which opposes the oxide | ayer and couples the 25 first and the

secondl5 sour cedmlrthe nuupeglrtm gormparf hmayt |Angulghela>fcvpnmal pifatstestentit ra t hin

single crystalline rtical Yngx on Each of .t he unbeli of address
lines is di spPB¥ éﬂiib PRI étr?JtFlaT integsegtiansf et lipesand, o4t i ng

gates of the &A@k @nes. Each pillar includes a single crystalline first contact layer and a

second contact layer separated by an oxide layer. A number of single crystalline
ultra thin vertical floating gate transistors that are selectively disposed adjacent
20 the number of vertical pillars. Each single crystalline vertical floating gate
transistor includes 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 contact layer, and an ultra thin single
crystalline vertical body region which opposes the oxide layer and couples the
25 first and the second source/drain regions. A floating gate opposing the ultra thin
single crystalline vertical body region. Each of the number of address lines is
disposed between rows of the pillars and opposes the floating gates of the single
crystalline vertical floating gate transistors for serving as a control gate.
These and other embodiments, aspects, advantages, and features of the
30 present invention will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art by reference to the following

description of the invention and referenced drawings or by practice of the
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crystalline vertical floating gate transistors for serving as a control
gate. These and ot her enbodi nents, aspects, advantages, and features of the
30 presemvoioamezso on will be set forth in part in the desecrutSopm2ehi ch
follows, and in part will becone apparent to those skilled in the art by

reference to the foll.ow n description,of the invention and r.eferenced
drawi ngs or bﬂ}wﬁr}tg%t i'@g ag?ec{sng&v e%ﬁ‘%%ﬁ%fﬁ g(f% Ugﬁ%t}(ﬁéaﬁﬁeaillz% ention.
The aspects, afvaRiRE®y maRs of @Rl AfalitiBE prdvéaites, aRd a3b@binaAbaszed and
attained by neans of the instrunmentalities, procedures, and conbi nations

particul arly pautienlady peintedout inghe pprendediclaimsi ms. 5 Brief Description of the
Drawings Figure 1 is an illustration of a convention MOSFET transistor
illustrating the shortcom ngs of such conventional MOSFETs as conti nuous

scaling occurs to the deep sBef&GERRidaditDMEngs channel |engths are
| ess than 0.1 mcron, 100 nm or 1000 A. 10 Figure 2 is a di agram

illustrating a verFigoe 1 islanriBustiation pbagonveainest MQNFET gansstordllewigtisg de of a
pillar accordjng,to the teachings of t nt invention.. Figures 3A-3C
Pl uetrat e anteantfere @08 BN elivl GIPHAERGE BRI, SHine b ong si de
of whi ch vert{Gaé detptsuB-rhidtdh 1’@%1% wWheRd\&afihQ1én g hré REEthak ©. If IckEd

according to the teachings of the present invention. 15 Figures 4A-4C

il lustrate t h&0 arheoral®f0A.t echni ques described in connection with Figures
3A-3C.can be inplepgented wit.h a bylk CMOS technol or a silicon on

i nsul a{p_or (Sa) te]g‘I%H_E?Ieg'ﬁf.‘}lﬁrﬁlﬂr@gﬂlgﬂy%@Vf”mcﬁlsl{q?rﬁﬂgxaoé% BEBE 'sequence
continui ng frgmnbigloRp kidelof afpRlaiatdRding SdidRANEs Bf B¥ipeQent iflvdrkigHr es 3A-4C
to formvertical ultra thin 20 body transistors along side of the pillars.

Fi gures 6A-6F il | ukignees 8Aa3@lbustrats andyitiehprecdss sequgned which fertfauiiag

hori zontal flogtin at .contr.ol gate.structure enbodi ment .according to
the "t oaohi noRiia Hhrl S orhior Rubfet R B bRt AR hEERS (FESE by oess
description oficcorin iR teaBithg OOF the prewdh elver@sd.i cal floating gates and
vertical control gates can be fornmed al ongside vertical ultra-thin

transildt or body stFigoresrdédsdGaltusirdicribatitie atiere teshuiguagdesofibadha
connection with Figures 3A-3C can be implemented with a bulk CMOS
technology or a silicon on insulator (SOI) technology.

Figures SA-5C illustrate a process sequence continuing from the pillar
formation embodiments provided in Figures 3A-4C to form vertical ultra thin

20 body transistors along side of the pillars.

Figures 6A-6F illustrate a process sequence for forming a stacked
horizontal floating gate and control gate structure embodiment according to the
teachings of the present invention.

Figures 7A-7F illustrate a process description of one embodiment by

25 which vertical floating gates and vertical control gates can be formed alongside
vertical ultra-thin transistor body structures according to the teachings of the
present invention.

Figures 8A-8E illustrate a process description of one embodiment by
which vertiéal floating gates can be formed alongside vertical ultra-thin

30 transistor body structures and a horizontal oriented control gate can be formed
above the vertically oriented floating gates according to the teachings of the

present invention.



present invention. Figures 8A-8E illustrate a process description of one
enbodi nent by which vertical floating gates can be forned al ongside
vertical wbtosmerbd n 30 transi stor body structures and a heciramsot/ed24ori ent ed
control gate can be forned above the vertically oriented floating gates

according to the tgachihgs of the r jnvention. 5 WO 03/ 063250
PCT/ US02/ 03244  Fi 5&% %%W&&CO&V%M??@WO aéfg%‘BSmg’F—‘/rcé’S?“&%r nmenor y
circuits accogdébﬂgn%@thgeeag@agggmg@mq&grhe prior art. Figure 10 is a

schematic diagramillustrating an enbodi nent of a decode circuit, or
menory address decbigsre, 10his @schiinmgictdiagrire illestratingigscobodimentnfagisnodsd

invention. Figure 11 is a sjnplified bl ock diagramof a high-|evel

or gani 2at on Greuin wrBeR SKISS UsBEnruRipar gt tELERISEY of ¢ ne
preseng i nvenfyheftion. Description of the Preferred Enbodinents 10 In the
foll owm ng detailed description of the invention, reference is nmade to the
acconpanyi ng dr awi Rigerenhi isla sfroplifical tlackt dingmmaff,a lagidlevel ospangtatios oshown, by
way of illustration, s ecific.enbogime t.s in which the invention may be
oracticed.  ThECUMISHTIMER Locaring 0 16 trachings JIBTPIRERR! FSRIGTS of ¢ he
invention in sufficient detail to enable those skilled in the art to
practice the invention. O her 15 enbodi nents may be utilized and changes
may be nmade without departDag omof thi PrefemegkEmbodinenr esent i nvention. In

M G i[st
the follow ng descyipti.on, .the ter waf er nd. substrate are
nter Shangeatl v usbuie 6 Rurbf Sl Srip i ofpF ohiem piTore v
integrated cifoGHé héotipan}iah WBAvingWhidh $6ni QpatRttest biMFiUiGsh AUhbRE, vari ous
stages of integrated circurt fabrication. Both termnms include doped and

undoped 20 sebhy wondldivsiratjone ppecHic eahbddayents imWhigh geninventidnatayrbeon a
supporting sem conduyctor or. insulatin teri conbi pati.ons .of . such
avor s, s wob @l i amoSRR e reIed ) FEets BPRIOON I NUOREL  The
fol I owi ng det Qifigidnt ALSCH BABIOhIsS sKifkd iothb art k@ pRBtiédthd idvieRlidd. NGtheense, and
the scope of the present invention is defined only by the appended cl ai ns.

25 Fi gbre 2 iembodiinggtsamayi bel uidizedandchangesuhay be madwithewyldepastipg fram i ne
verti cal

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
invention is defined only by the appended claims.

25 Figure 2 is a diagram illustrating an ultra thin single crystalline vertical
transistor, or access FET 200 formed according to the teachings of the present
invention. As shown in Figure 2, access FET 200 includes a vertical ultra thin
body transistor, or otherwise stated an ultra thin single crystalline vertical
transistor. According to the teachings of the present invention, the structure of

30 the access FET 200 includes a pillar 201 extending outwardly from a

semiconductor substrate 202. The pillar includes a single crystalline first contact

layer 204 and a second contact layer 206 vertically separated by an oxide layer



transi stor, or access FET 200 forned according to the teachings of the
present invention. As shown in Figure 2, access FET 200 includes a
vertical wiotmaci2sé n body transistor, or otherw se statedpam/usor/nz4t hi n
single crystalline vertical transistor. According to the teachings of the

present inventjon, the structure of. 30 the acce T 200 includes a pillar
D01 ext end ng2daraB iRy oS s@lind drbiie BT 20T R @b ASn e T B
includes a sigohe piilay 3O B! Theatrh ihif kingRdrakhlliné ddt€ital 2Q4sisde 2 80 meh@eg cont act
| ayer 206 vertica Igﬁ/ separated by an oxide |layer 6 WO 03/ 063250

PCT/ US02/ 03244n ulppghin Aingly arydalling metsicaldiody eegien 212 whish yeparatessan wlransi st or
210 is forned,al ong side,.of the, pillar 1. The ultra.thi ngl e

crystal | ine vt PBge pPGuRoe B phr it ER it o ppbldlg o
crystakline vengleedstaadyei@al StoRd fontbd/@RinS@Edh 216S TAO anlififadhint hi n singl e
crystalline vertical first source/drain region 214 and an ultra thin 5

si ngl e cryst atinglaerysellinecgrticabBesh doweridiany wewn 14 égsavpled e thetfiyst an ul tra
thin single crystalli vertical first source/drain region 214, is coupled
to the first Cont Boe! f AN e G dhim e SRV T pf e R ol e

vertical secopgicnabGELslipRddno thee@eond oktack fayeQURIcaE 2118 is fiemsgcond cont act
| ayer. A gate 218 is forned opposing the ultra thin single crystalline

vertical bodyoprogingriheulirasing singleigyyalbiae setigaltndy stgiom? Byand ishi n gate oxi de
| ayer 1820. Acge ra%ke'?ilgcpérgfrgrrﬁ% dal tmsnézﬁe 8{id5p epﬁ@sent invention, the ultra
ysta or 21

thin single C inée vertical®transrs 0 includes a transistor

having a vertical heqgding® embéditehRT tHtesbanipneiting thandirathitosinglent al
wi dth of |less than 10 nanoneters. Thus, in one enbodinent, the ultra thin
single cryst afiypialing yexticeldransisioy 24 @gichires s tansistpnbavirges vertied dength ohavi ng a
vertical |eng . r t ra thin
singl e crystaf %t&]}g])l\%gé {‘%@g‘fet“tﬁgg‘gd %ggﬁl%ﬁ&gﬁ&tﬁg%sﬁlgﬁiq%lﬁpglpweém& dth (W of

| ess than 10 mhaireéresnboittent] the ulttd thin difigle cSktagine verteal Bddyiregionverti cal
first source/drain region 214 and an ultra thin single gqr)a/stal i ne verti cal

secondJsour ce? by @rhdesyehaand teving\iereatiqablengdrit-apt Igpoihan 600 panosmetgian 10 20
nanonet ers. AGgQr ?‘:% lrﬁﬁrat Rird ﬁﬁ%llé g&%&;llﬂ%sveﬂfcai Q@%g@g '};12 hiYE H{n’iﬁ’)ﬂtal the ultra

thin single crys I ne ver ransi st or ormed from solid phase
epi taxial  graudth(WAsf keethah 10 handtadtyrss kind| the mittwdiredihglevictystaliiider st and upon
reading this vertical first source/drain region 214 and an ultra thin single crystalline vertical
second source/drain region 216 have a horizontal width of less than 10
20 nanometers. According to the teachings of the present invention, the ultra thin
single crystalline vertical transistor 210 is formed from solid phase epitaxial
growth.
As one of ordinary skill in the art will understand upon reading this
disclosure, the ultra thin single crystalline vertical transistors with ultra thin
25 bodies of the present invention provide a surface space charge region which
scales down as other transistor dimensions scale down. This structure of the
invention facilitates increasing density and design rule demands while
suppressing short-channel effects such as drain-induced barrier lowering;
threshold voltage roll off, and sub-threshold conduction.
30 An n-channel type transistor is shown in the embodiment of Figure 2.

However, one of ordinary skill in the art will further understand upon reading

this disclosure that the conductivity types described herein can be reversed by



di sclosure, the ultra thin single crystalline vertical transistors with

ultra thin 25 bodies of the present invention provide a surface space

char ge r egioas/oesseh scal es down as ot her transistor di nren®cansoyezie down.

This structure of the invention facilitates increasing density and design

rul e demands suppressiag short-channel .effects . suc qﬂ rai n-i nduced
i ahb

il )
barrier | omer%‘lwﬁiﬁlflg doRPE LS FUEDINALIRE PreSFt TRYention i Faualy sRRlicabla iy

conduction. 3fMeRutd@RPRhvihY RRralthANSHRRAY o'ﬁémémwgleicﬁyswﬁneeﬁrbodi ment  of
Figure 2. However, one of ordinary skill in the art wll further

under st and upcdrnndagpetgansishirs Thevivesiongs noleso lihigedconductivity types

descri bed herein can be re))(@r.lied by .7 .VEWO3/ 063250 P éUSOZ/ 0ﬁ244
altering doping ty ‘@é‘reéééh Rats R PP R TR VERET 81 O LBYUR'T§ appl i cabl e
to inglude S&le%EiHé 88 wiRYi Vagticdl &Ik tﬂihlbedyr&aﬁsﬁsfe@ds lcin REdr RS Ehe APhR
crystalline p- channel type transistors. The invention is not so |limted.

Fi gures 3A- 30of formigraggregramnabile inginoryr aidesss awkbdgrode eirustactondirignig the | | ars 5

al ong si de of i.ch vertical ultra thin pbody.transistors can |ater be
formed as par ¢ ‘ngfﬁrtf‘r‘? PGSRt HW@?%%HI@%WV“_&%&%’S@C ﬁ?ﬁ:foﬂé%%{?e circuit
according to %bg @afbinqw@ioﬁf(cﬂgeecnﬁcﬁ@gn&nd RN BE sQed alB&dfighERsi ons
suggested are appropriate to a 0.1 pmcell dinmension (CD) technol ogy and

may be scal edothecGPdizegl In the embodimeent gi¥igiess\, almtyphdukkrablaadinsebsiragf Fi gur e

3A, a_p-type k silicon.substrate 10 310 startin cial i d. A
e ol 2P PH et i 8RR R ok i e S b OB ed s opla on o "
substrate 310jaysUei i@foriiédiARubRENOALIANhs b§RbA-BpidhtatiG, @pftikialor a

conbi nati on of “such techniques to forma single crystalline first contact
| ayer 312. Acgomti.ng atcombirative af bichdechafqueh o formeeingle eryetatling firstt he nor e

heavi | y conducti v d d,lower portion .of t first .contact, | ayer 312
56 13 funct Pt iaber AEE e e RS ey 1 e piss 8 P PHBS S B P on o
first contact hedvaty@bndikdivél§ dopét lo®er poreiodl 86 thegistbohtaki APer32 alsbi ckness,
whi ch can be approximately between 0.1 to 0.25 m The overall thickness of

the filbst confumetiony asyls bighine 8¢t Bee thisknesg iofrtitealy pestioeednfiot @ntast 0.5 m  An
oxide, L ayer Sksolio SUBLOUTILY OB PRATHRIGE D gufbd . T ckress o
oxi de |ayer 351§>r§ﬁﬂ1a&ﬂ?y beweesl0. 1y ot23gmireT hsveda] Gicknkdy df eledfisetigact A second
contact |layer 316 of n+ silicon is
layer 312 can be approximately between 0.2 to 0.5 pm. An oxide layer 314 of
approximately 100 nanometers (nm), 0.1 um, thickness or less is formed on the
20 first contact layer 312. In one embodiment, the oxide layer 314 can be formed
by thermal oxide growth techniques. A second contact layer 316 of n+ silicon is
formed on the oxide layer 314, using known techniques to form a polycrystalline
second contact layer 316. The second contact layer 316 is formed to a thickness
of 100 nm or less.
25 Next, a thin silicon dioxide layer (Si0O,) 318 of approximately 10 nm is
deposited on the second contact layer 316. A thicker silicon nitride layer (Si;N,)
320 of approximately 100 nm in thickness is deposited on the thin silicon
dioxide layer (SiO,) 318 to form pad layers, e.g. layers 318 and 320. These pad
layers 318 and 320 can be deposited using any suitable technique such as by
30 chemical vapor deposition (CVD).

A photoresist is applied and selectively exposed to provide a mask for the

directional etching of trenches 325, such as by reactive ion etching (RIE). The



formed on the oxide |layer 314, using known techniques to forma
polycrystalline second contact |ayer 316. The second contact |ayer 316 is
fornmed t oveoshéxkness of 100 nmor |ess. 25 Next, a thinPgiriusemes2ai oxi de

| ayer (Si02) 318 of approximately 10 nmis deposited on the second contact

| ayer 316 A Ll EKeh R LSO L A5 L RNRE ol SN 2020 Bl KRR €l Y

100 nmin thi con I"oxi e 1-ayer (Si02)

318 to form pachiklésyRr 380,Pad MR Syed 3 83,386bnd20ntadiiaps M8doxillaeers 318 and
320 can be deposited ‘using any suitable technique such as by 30 chem cal

vapor deposi t 3bh aidfiB) comagstayend B Brenghes 38 p piectched do Qé?lé‘bttf\llaié‘i y exposed to

provi de a mask f.ar the i.rection et chi.n renches 325, such as by
reactive ion %#%ﬁ?%}" (ﬁcg)the %#@C%%g(ﬂfp mfgigg)’Mﬁéygﬁfﬁpargtll?necti onal
et ching resul pGwkéh &nahétr@gl d0pe@hitaflel B2 DBKSphdestedift ainbved. BAR stack  of
nitride |layer 320, pad oxide layer 318, second contact |ayer 316, oxide

| ayer 314, abdp drenew ozienteddn thealjreeti@nof birhinas3Resc. 3 20lupredisectivad It o a depth

that is sufficient to reach surface 332 substra 10, . t hereby

br ovi di g sepRiriBee R ato EoRdueRiceio uiin i Bl o, "The Y
phot or esi st i midreeVIRS. TBRMNGidtEIRadh BeMAVS23rdakt BE @pproRinididly @i ed then of Dbit
lines 302, e.g. colum direction. In one enbodinent, bars 330 have a

surface |ine nawhitof asp3dki Fia srugtush s nom asrappeass in Bigare 3phe wi dth of each

trench,325 can be roxippt el y. equal .t he . |i&e, w f [ 30. The
Structlre i s now allasears sorteRdtiriddss e i SRl abeeRle 830,
material 333, yenebs 35, IHLvorkingeREALd i€ théndldakized, Rech dsBneRascad25. The
wor ki ng surface is then glanarlzed, such as by chem cal nechanica

pol i shi ng/ pl amsehanigal prlishmgfplananzaad&AMPh A secesd photoresishisl apaldechang
| ecti vel ed, t ' k.for. .the di i .onal i f
Crenches 335 BRTSSysharef i PRytsTRK Bl us s AaF bR or BRASESP, oy o

Trenches 335 gabgdaalkd tHeMiteek 30 digecaldy, estlirdwldirectioeC MMbaphes S3Eandse by
reactive ion etching (RIE). Trenches 335 are etched through the exposed

Si 02 dAd the Expodusingparkuigble tehniquesuringehy BegivegariceshingdRIRyer 318,
Pecond Cant S0k YRS BB BB 3 TSI B LmloB T )
thi ckness, e. gitride la@dFeR0] i@ dxide laydre 18 ieckmbamtdet layyps abkide 10@r 314,
and into the first contact layer 312 but only to a depth sufficient to leave the
desired bit line 302 thickness, e.g. a remaining bit line thickness of typically 100
20 nm. The structure is now as appears in Figures 3B having individually defined
pillars 340-1, 340-2, 340-3, and 340-4.
Figure 3C illustrates a cross sectional view of the structure shown in
Figure 3B taken along cut-line 3C-3C. Figure 3C shows the continuous bit line
302 connecting adjacent pillars 340-1 and 340-2 in any given column. Trench
25 335 remains for the subsequent formation of floating gates and control gates, as
described below, in between adjacent rows of the pillars, such as a row formed
by pillars 340-1 and 340-4 and a row formed by pillars 340-2, and 340-3.
Figure 4A-4C illustrate that the above techniques described in connection
with Figures 3A-3C can be implemented on a bulk CMOS technology substrate
30 or a silicon on insulator (SOI) technology substrate. Figure 4A represents the

completed sequence of process steps shown in Figures 3A-3C, minus the pad

layers, formed on a lightly doped p-type bulk silicon substrate 410. The



20 rim The structure is now as appears in Figures 3B having individually
defined pillars 340-1, 340-2, 340-3, and 340-4. Figure 3Cillustrates a
cross secwpbmamb32se ew of the structure shown in Figure 3Brraksnz/ed2eng
cut-line 3CG3C. Figure 3C shows the continuous bit Iine 302 connecting

adjacent pillars,340-1 and..340-2 in.a Lven colum,, Trench. 25 335 renai ns
For “the subscalIHE PrHE HRGAA bouR g IR SRR fr e st 2

descri bed bel g shos RRbHERBUSB]tABE A2 MNDilPAr stddRs M-I ARG 44GDEHnRE @ r ow
formed by pillars 340-1 and 340-4 and a row forned by pillars 340-2, and

340- 3. Fi gur ethamonCThe pillars40el anbd40-hinchisiewe nt-dirbirdogiacslagersd2i ored i n

connection Ww.{. i gur.es. 3A- can be inmpl emente a CW$B t echnol ogy
substrate 3007856 :fygri Afll%cfSHn%i FHSth aé‘?c?rsrg? r)+ ?Oélc%ﬁg 8rg€l%st§g§? Me. Fi gure
4A repsesentSﬂkh@k@quﬁalgd sequence of process steps shown in Figures

3A-3C, mnus the pad |ayers, forned on a |ightly doped p-type bulk silicon
substrate 410. TheFiguxn@haposems therompligodbscqaenrs of pracasstsigns sSBewwMn i n Fi gur e

4A is simlarsto t oss sectignal view i.n Fi gure 3 d sho a

cont nuous. bi FEThe i ek TRdecy KR bag! Birier 888 Yo BRAE °, her con.
The pillars 44051M@EXJ A4BownimElueedBh tirtielliok fle 19@RUATTs frayeal ofthd, an

oxi de layer 414 fornmed thereon, and a second n+ contact |ayer 416 forned on

5 the oxide | siytsee afithe sphsgriateet OB Thephruefurershowndn Eiptst 48 édalsedudace of
proce steps,shown_in FEigures-3A ] hus th d. | rsaohormed on a
Commerdi al - Sattagrerenin L Beiisde ol Sl Brlihys P8 0SB ed oxi e

layer 411 is pillas@ivks an0ith@d 4300 Refedihetddt, SipEEE AMeecohliduoukht 1sier Uuct ur e
shown in Figure 4B is also simlar to 10 the cross sectional viewin Figure
3C and shows #%isnenamiediSony the pubstratedd Oy tthe bysiad|oxpdedpyeridd 144@ain, and 440- 2

f dth I [ ig L j ) df
the subst r at e 20y 4RL St FRESRINEIRIE, B! Pl 0R 2 Sp RERBIRRET 420" 1

and 440- 2 i nchupferaed therdon] &id £L@0bRLh+ LAt 14¢24 16 formxd 06 tHeaykede 414 formed
t hereon, and a second n+ contact |ayer 416 forned on the oxide 15 | ayer

414. EPgure 4@Y@éﬁﬁesents the conpl eted sequence of process steps shown in
Figures 3A-3C m njs, fNR PRsERY HMeScontpPild Bubite 3P Afoctls stdgs'shQWn P an

i nsul at or,
Figures 3A-3C, minus the pad layers, forming islands of silicon on an insulator,

where the insulator 413 has been formed by oxide under cuts. Such a process
includes the process described in more detail in U.S. patent no. 5,691,230, by

20 Leonard Forbes, entitled “Technique for Producing Small Islands of Silicon on
Insulator,” issued 11/25/1997, which is incorporated herein by reference. The
structure shown in Figure 4C is also similar to the cross sectional view in Figure
3C and shows a continuous bit line 402 with pillar stacks 440-1 and 440-2
formed thereon, only here the continuous bit line 402 is separated from the

25 substrate 410 by the insulator 413 which has been formed by oxide under cuts
such as according to the process referenced above. Again, the pillars 440-1 and
440-2 include an n+ first contact layer 412, an oxide layer 414 formed thereon,
and a second n+ contact layer 416 formed on the oxide layer 414. Thus,
according to the teachings of the present invention, the sequence of process steps

30 to form pillars, as shown in Figures 3A-3C, can include forming the same on at

least three different types of substrates as shown in Figures 4A-4C.
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where the insulator 413 has been formed by oxide under cuts. Such a process

i ncl udes the process described in nore detail in U S patent no. 5,691, 230,
by 20 Leowearodoéxasbes, entitled "Techni que for Produci ng Swariushybiamds of
Silicon on Insulator,” issued 11/25/1997, which is incorporated herein by

reference. The stguctur, in Figure 4C is also.sinll tq the cross
sectional viewin Ié-llga{j:ls é‘%‘%@ﬁﬁg% ﬁ(ﬂgceés MR ﬁén%f}g @leﬁtée Hg]frvm th

pi | lar stacksfoif@tidn @nbodithent? prdvidedBf Fidi@ee3CORhd arfjesfahd idse@ss | nuous bi t
line 402 is separated fromthe 25 substrate 410 by the insulator 413 which

has been f or n¥wwiyindigutes 4des tcliorm vegisehulirg thia body iragsistersalpagsidscds s

ref erenced abgve.,, Agai th i rs -1 and 02 i ncl an n+ first
cont act Iayert ﬁfﬁl}arar%u%&?S(Péﬁ?rg?/%éﬁ?ﬂ%#@?ﬁg%J?gt%eerébr}l?,% r plérﬁa&g%_gecond n+
contact | ayerilid@atioaroid Fsuré BA iltfeeslaaaibodibdent phlass S4CC @idisqrg2t o t he
teachi ngs of the gresent invention, the sequence of process steps 30 to

form pi | | ar s, foamed ppwp-type Fibgurte $18 AndeEparased hyne ireird B0 Aimalpgehetosane on at

| east three djfferent. tvpes, aqf. substrates as .in Fi S -4C. 10 WO
051 063200 pereEuT @0 KSR in SOMRRE QRN BEy By FASHEER i 2C
conti nui ng frganglebeyspillide+ dontartlayes I2rdssHi6R 0f WhithOMione @mibodimeguries 3A- 3C,

and any of the substrates shown in Figures 4A-4C, to formvertical ultra
thi n body traWéigsalbriormedwih gn aetbit linep2piAn exide laygrapgion She isifarrsed40- 1 and

340-2 pn Fi gure 3¢, f.5 0l i Ly, i
1 ustDar oo ol Rlgss A1k R SRPRER B hc b b S8 Rireng hMhBPr e

substrat e 5101ag6db15apicaiefdriayd 8n the@xde 19342 reAoiRb 0 tGe bdlard 3¥0-Oe&Lr i ption
provi ded in connection Figure 5A-5C,  Figure 5A shows a first single

crystal | i ne n34&3nfadipaddyyers of1 Bi9,)p0d andiS N MOctespacH Vel aresosd ment , is
i nt 1y f i ++ Di i i I i 514 i
formad 107 n 15TEd P L BRaRchaRlet 1545658 e T gBHOT 880,209, O84S

second n+ contact IdRigek SBla lightls doped f-opepdlysiticoh tayexb4teis ldaysited egi on 514
inthe pillars 540-1 and 540-2. And, rJ_)ad,ll_gl?ﬁers of (Si02) 518 and (Si 3N4)
520, déspect i v hegpibagRddd and sAaepngslirepdonady siedied knleave the Aghtly 516 in the

er” a5 4 00 o, ELEU Syl AL IR Yoot v 1 con
di recti onal | yIredmeleatbodimért avs@rdihg td thg hédcliingslophd ppeseptirveikivsrthal 545 on the
sidewal s 550lig011ct1yt dho%ecpl) ip!tly;?er [?ol?slill(i)c;o]ﬁ lgyl;]eg is5 (lili?éc%ibnally etched to leave the lightly
doped p-type material 545 on the sidewalls 550 of the pillars 540-1 and 540-2
20 having a width (W), or horizontal thickness of 10 nm or less. The structure is
now as shown in Figure 5B.
The next sequence of process steps is described in connection with
Figure 5C. At this point another masking step, as the same has been described
above, can be employed to isotropically etch the polysilicon 545 off of some of
25 the sidewalls 550 and leave polysilicon 545 only on one sidewall of the pillars
540-1 and 540-2 if this is required by some particular configuration, e.g. forming
ultra thin body transistors only on one side of pillars 540-1 and 540-2.
In Figure 5C, the embodiment for forming the ultra thin single crystalline
vertical transistors, or ultra thin body transistors, only on one side of pillars 540-
30 1 and 540-2 is shown. In Figure 5C, the wafer is heated at approximately 550 to
700 degrees Celsius. In this step, the polysilicon 545 will recrystallize and

lateral epitaxial solid phase regrowth will occur vertically. As shown in Figure

11



I n one enbodi nent according to the teachings of the present invention, the
lightly doped p-type polysilicon |layer is directionally etched to | eave the
lightly wopsdeiseype material 545 on the sidewal |l s 550 oferctthesopid4ars .
540-1 and 540-2 20 having a width (W, or horizontal thickness of 10 nm or

| ess. The structure i now.as .shown .in Fi qure, 5B.. T xt ence of
process steps "stgﬁélgglnséi%}ésga\i\fi‘?? %@W&ﬁeo%?t%ﬁl ‘Fﬁh‘?f”éﬁfsgﬁgge alﬂ?@ﬁq?g'%oi nt
anot her maski fgd sii€Brys@pgloieh &R NaahbeangldesshllardilneBweill foan be
enployed to isotropically etch the polysilicon 545 off of sonme of 25 the

si dewal | s 550whieh chebs/ usedab yhei dhiapmah o6 A ulbral thinsingbnerystpldiepakeiticalt the pill ars
540-1 and 540:2. his.is required.b ope. particul ar .confi.gurati.on, e.dg.
formng ul t?@#ﬁ# BYRP Ay i\rhg'iesefrﬁ’rogl%?ﬂ%ypgﬁgﬁ%ge ’s‘?tllrbe eg‘F?ﬂm I?gerf (_’IBIYLO- 1 and
540- 2. 51 n Fi g4 encdide bthtRe pMAL I @ PicalliRhitidrOk il ptcdel S ettichRakdlinb GEngl e
crystalline wvertical transistors, or ultra thin body transistors, only on

one side of pitpelysilisarpsecad! dontasti mBrdiallayer Sliovriop Phtheipgliare SHEL ante waf er

is heated at oxi,mat el y, 550. t o 00..de iys. In this step, the
pol ysi | i con 5 g ﬁh"%&?%‘ﬁglﬂ‘ﬁt&% of €S o FEPRAER a&%ﬁ%g g COSVSTe?dt%ﬁhase
regrowt h wil I cro@aibzatic willCledveYa grii® boAdMry nBarfth@ebfer olaloﬁ\fl@ @3 plf8250

PCT/ US02/ 03244 5C, the single crystalline silicon at the bottom of the

pi | | ars 540- 154ht asd B2 wiThis embedunaniissshoppgn iguge 8t h and an ul trathin

single,crystalline,filmb546.w |l _for ich can be used th annel of
o ol E0a Thin st nghe P iEline 3G 3hd SRhe iR RE g, 331 55 P
enbodi ment  of rebpe@tiv@y dkill bTBfRed Mahé Ulu@HiS singfeter@MiNnofilnSM&ong 8 of the
pillar, the crystallization wl :Sﬂ&roceed vertically and into the n+

pol ysi | i con sudewllsddAwAghe pdare 5l /and pdo-25n ghegmnegngairogeiabppn Pulr s 540- 1

oo 3902, SO e BB RLa LS S S R

covered, the zatl eadg ear Iﬁ% center

on top of thesmw. | haksannedithglproctds,&de Portibhk f SrRROGARRRInglScighaminel n Fi gure
5D. 10 As shown in Figures 5C and 5D, drain and source regions, 551 and 552

respeddi vel y, fil P46, mews withihg nirfloppet, will sistilarly reqrygalizenossiaglei ne fil m 546
al ong the si | hlLars . -2 | he anneal i ng
process by an&%}?ﬂmgfﬁcu%ri%gﬁi%ﬁ a[lt%haéeﬁi&éﬁggg%%p&?g%gﬁ%é&chr@%% and the second
contact | ayergertisal®. amd drfid Gnd $ourédregidng) &all iang SPL, 00 sepdiee@bpar t i ons of

the ultrathin single crystalline ] )
vertical single crystalline body region 552 formed of the p-type material. In one
embodiment of the present invention, the vertical single crystalline body region

20 will have a vertical length of less than 100 nm. The structure is now as shown in
Figures 5C or SD. As one of ordinary skill in the art will understand upon
reading this disclosure. A conventional gate insulator can be grown or deposited
on this ultrathin single crystalline film 546. And, either horizontal or vertical
gate structures can be formed in trenches 530.

25 As one of ordinary skill in the art will understand upon reading this
disclosure, drain and source regions, 551 and 552 respectively, have been formed
in an ultrathin single crystalline film 546 to form a portion of the ultra thin single
crystalline vertical transistors, or ultra thin body transistors, according to the
teachings of the present invention. The ultrathin single crystalline film 546 now

30 includes an ultra thin single crystalline vertical first source/drain region 551
coupled to the first contact layer 512 and an ultra thin single crystalline vertical

second source/drain region 552 coupled to the second contact layer 516. An
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15 film 546, now with the n+ dopant, will simlarly recrystallize into
single crystalline structure as the lateral epitaxial solid phase regrowth
occurs wptiBoed2by. The drain and source regi ons, 551 andP&FAiSomdI2k4 be
separated by a vertical single crystalline body region 552 forned of the

p-type materi }ra tﬂlH e sfigfg%gy %lrll e eirtl(%]rl]gocﬁ)}; Iee??orﬁ[ﬂf}gr% ﬁl' QGHgtsPigl vertical

single crystalline ave a I"Ca ess than

100 nm The séff umbp:;roem $hd\GMd@RySEIMHNd @ou;ﬂbgwxeefﬁ:st&&m/dﬁdih reftorofE of
ordinary skill in the art will understand upon reading this dlsclosure A
convent i onal §dhesqcand bepres/diaiyesion godwhn effectdhoyltradhin rofype pingleul t r at hi n

single cryst aér{’gl%&)tgl?]pg WL ?Iﬂb%d réﬁ rh%’} ,%ara@%éhé&’ﬂ% fPnd%y %’c%(raé%&%' sspate

structures c or red one o ill in

the ars will anicEs2stesedtividpind eadelegritdliyscou@iesitit dfiin nd ﬁfu@deﬁe@ﬁﬂs sour ce
regi ons, 551 and 552 respectlvel , have been fornmed 1in an ultrathin single
crystal line f31nmm482 whewp ghannplos foraied shereindyantapaliedpetentiahgilae

crystalline vkl GlsobBnSlighossr uff st LRI HONC HARRLSHEY S according

to the teachings |nvent| |n sin

crystalline fﬂegmnayse anORrded bhsihgld esysaling hitaridlvynthe la&ghlesoﬁﬂ)ﬁﬁh@l line
vertical first source/drain region 551 coupled to the first contact |ayer
512 and an ul ¢HExiahregrasyHgyhiche peestsap thayangaling $e-  second source/drain

regi 028552 coupl e?{ﬁ@dl&%ﬁs@ﬁgwe SR tnolvq}ﬂa{ld?%t?ultfb‘%lﬁ%m 03/063250

PCT/ USO2/ 03244 e S|ng cryst ne vertlea body region

553 renmi ns a¢nysrglhaededpfe,gmmrssopﬁomtaazerﬁdmele@gtmtff lesayiemn fbhnandwhielipl es the
first source/drain region 551 to the second source/drain region 552. In
effect, the ud€Ehagnel H}aﬁl%wﬁécaéieﬁgih@f less ylaanal 40 Ha cyebe fosmed-pokY- thegi on 553

separates theggiaaln A0 SOURAS ot AR Te R 531300 s5EE-paRRe LKA, and can

electrically couple rain and sourc

channel is f ojunetibr deprledefiney banhalprlzond] pidkenss aflthe dlrathidsiagle and sour ce
reglons 551 and 552 respectively, and the ultra thin body re |on 553 are
formed2of si ngbealing §lmxprie. r%ﬁ%SéK%lO - eS|t BV antiondias grqy epi t axi al

regrowth whi \ﬁﬂn& (@tﬂsﬂvﬁlp’? '1&&Qhﬁﬁ9c%%&gg§ﬁ% ormg; 531?:% aHIi t he

structure now I nc an u In sin regi on 553
havi ng a vert whizh ateesvglahleafs dleaags rilésafiarth&Gshnink Fumhércthe navenhamhﬁl havi ng a
vertical | englgrgv%];d la%tsrﬁcthrhe or t]I-’E(I)I?SlS?OTS (V:Val.t?l u t?a I;h?rrl geéiles SO t?lat a sur ace space
charge region in the body of the transistor scales down as other transistor
20 dimensions scale down. In effect, the surface space charge region has been
minimized by physically making the body region of the MOSFET ultra thin, e.g.
10 nm or less.
One of ordinary skill in the art will further understand upon reading this
disclosure that the conductivity types described herein can be reversed by
25 altering doping types such that the present invention is equally applicable to
include structures having ultra thin vertically oriented single crystalline p-
channel type transistors. The invention is not so limited. From the process
descriptions described above, the fabrication process can continue to form a
number of different horizontal and vertical gate structure embodiments in the
30 trenches 530 as described in connection with the Figures below.

Figures 6A-6F illustrate a process sequence for forming a stacked

horizontal floating gate and control gate structure embodiment, referred to herein
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di nensi ons include drain and source regions, 551 and 552 respectively,
having a junction depth defined by the horizontal thickness of the

ul t rat hi rweiongbxsid5 crystalline film 546, e.g. |ess than POTUs02/Tws, the

i nvention has provided junction depths which are nuch |ess than the
channel length ,of. the device and which are scalable as. Lan Kul es
Further shrnie b RRLERREe Ky Rorralon JiB Reps-at s eI % or

transi stors wWikdentibhd iglsBitétl BQRE BiloWingd Prdkesd steps hire@popHaR to 60ar ge regi on
in the body of the transistor scal es down as other transistor 20 di nensions

scal e down. |micaemelet CDxthehnolaglyand neydwescelhd pepordingly dor athey Geewies.ni ni ni zed

by physi cal | y.maki the body reqgion qf t FET ul tr Ln..e.g. 10 nm
or less. One Igllg}lf)eré(;gﬁeé)rrve%tl%F?éfm&ﬂret%@ﬁﬁrrtf)%t:XPOS Ut lﬁélrlreagrlé(igi;llsatt &nd upon
readi ng this FiglgedQstvd dnhatrathiesise dystalMetfmt 648Q%orBaBE kidoeaisdes0ei n can
be reversed by 25 altering doping types such that the present invention is
equal Iy appl i efabillers640-liand (6dere isticnehesr688. Hhe bliggthin singlecrystallieg kineal | y

oriented sing rystallin - _channel type transistors.. The inygntion is
ot oo 11 m t oaro ol pPint s Tigls of ORGIG SihF o e SRR ik R
fabrication prtss1Galple@ R 4 AL coRadt 4yt 812 AiaLkltr@thiflsinkRI@ytalhing | Zont al
and vertical gate structure enbodinents in the 30 trenches 530 as descri bed

i n connect i onveatied) sedond Bpyrog/denimbesginn 652 cgupled tenswPnd pongaqt layee6 0. pr ocess

St ucktre onboarennily e Ee v P ETkeqt S OP bS58 SRkt B8 02904 ”

as hori zont al sigepf, € 6pRRBite, daloREde layer 60 ARE bdPlesihé Nrst BRirgy@amitegionvent i on.
The di nmensions suggested in the foll owi ng process steps are appropriate to

a 0.1 mcronlllo tmpsacenhsmiresgdramaginnPSBe Aseaig tagearesasgl y for ot her CD

s That 1 & SorRliPERGRERITE RGN G B oRLDNEE L ST by PRGNl B 686 ©

al ong the si dgeahing wihhBe kadbwiphhd anderfddlt By aietofoAdinryisRill iheRehes/ilb30. The
ultrathin single crystalline film 646 at this goint i ncludes an ultra thin

si ngl é5cr yst abderigande istdepagited jover the pillaesehHr hnd 04kgpenh 53y 3oVl ed to a
(1% contoctosiile B 800,80 UMD SR BERBIOIIR QKBS 1, o,
ul tra thin p-fopparfategfltie pitlysteabli 41l 640r1.i Aaktchycessigipotfombed tb $eape esent
al ong about 50 nm at the bottom of trench 630. Next, an undoped polysilicon layer
622 or undoped oxide layer 622 is deposited over the pillars 640-1 and 640-2
20 and CMP planarized to again remove from the top surface of the pillars 640-1
and 640-2. Then, the undoped polysilicon layer 622 is etched, such as by RIE to
leave a thickness of 100 nm or less in the trench 630 along side of, or opposite
oxide layer 614. Next, another n+ doped oxide layer 623, or PSG layer as the
same will be known and understood by one of ordinary skill in the art will
25 understand, is deposited over the pillars 640-1 and 640-2 such as by a CVD
process. The structure is now as appears in Figure 6A.
Figure 6B illustrates the structure following the next sequence of
fabrication steps. In Figure 6B, a heat treatment is applied to diffuse the n-type
dopant out of the PSG layers, e.g. 621 and 623 respectively, into the vertical
30 ultrathin single crystalline film 646 to additionally form the drain and source

regions, 651 and 652 respectively. Next, as shown in Figure 6B, a selective etch

is performed, as the same will be known and understood by one of ordinary skill
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side of, or opposite, an oxide |layer 614 and couples the first source/drain
region 651 to the second source/drain region 652. According to the process
enbodi nerwwoaboes2se N Fi gure 6A an n+ doped oxi de | ayer 621pcaruse8@G2uayer as
the same will be known and understood by one of ordinary skill in the art

wi |l 15 under st

d th | | 640- h
by & Ovp 't ecRHiG i b REBRE S istosients ek (3o PRG Inahoar e s o
remove of fof ukdfed hORsHUE] ASE: O, bAGIN k@620 el 390TR. An etch

process is performed fo | eave about 50 nm at the bottom of trench 630.
Next, an undopegtyelismiv acappeirayeFigugXB.or undoped oxi de | ayer 622 is

deposited over the.pillats nd 640- anar i to again
renove fromthe toBIQ g}ére%*% taﬁ@nﬁaTeI%“Eﬁ inz%ds FrOVIh tEﬁ *leﬁgfh t he
undoped pol YSiddwiPand Lma@fst&a%y Shek GRBAhr m%a&@mﬁaﬁast@ thRAve a

t hi ckness of 100 nmor less in the trenc% 630 al ong side of, or opposite

oxi de | ayer 6oxidatigeyxfor tbmdn‘nélnmrsmgthmeslalbm d@‘tlbdyetm%@&, opult@sEn| ayer as

the same wl e _kno an ane. o Kill in the art
w1 25 under edem Rt @b e PERCCUaRe i B RrH IR Ly such ac

by a CVD proggssh 65BNeNekt rdéﬁé&ﬁﬂt}'p’é pBBWﬂ@@n Pd?r@ﬁ@cfﬁcdnrbe':deﬁ%t%d%orﬂﬁ' gure 6B
illustrates the structure fol | owi'ng the next sequence of  fabrication

steps. | n Figagee®B? for th@altratthmatmr}’istslhap peitieal trapsigiors, @s elttalkinn- t ype

dopant, .out of e PSG | ayers n 623 specti vel to the
vertt g 0 bR RS unbyd: LR RIS E e form ¢ he
drain and souggRd n+agpOpsiysifiedn BH&t @2 ZroneHResH SRl of N pillards4Gnanm i n
Figure 6B, a selective etch is perfornmed, as the same will be known and

under st ood by6#he and REE diched ip formithe demed/@c@@megmmmmeos@m in the

art upon readjn i scl osure, . to.renove . th PSG | 623 and the
undoped pol yshﬁg%lggle éaﬁhlgz‘?mcc?p trg%lscﬁ%rs1 %f)}]é?a %’2’?8&‘?’ s ?‘l}i%n@h ’§30. The
structure is pRWOEmeARERAOPed ﬂ+|r_yp&ltfo@ysﬁﬁon|ﬂf59é¥ 641 3 FAE®IER] @6for dnhi N gat e
oxi de 625 is grown as the sane w | known and under stood by one of

ordi nddy ski | Int¢gtalishiormed, hoga@rﬁaléssowtqdrﬁqaﬁag gagXriddnyios a vegical fide ul tra
thin single chy I[S??_l%lan 1\1/231'6“ ?e[r%%[gﬂq%{rlllsgltﬁei lrcl_?[ra’thm smlgﬁe ér?st% 1n VeI‘PlCE(d

transi stors on e surtace O I'n st ngre all'ne verti cal
body region 6&8; reg@ntmdmmlaﬂﬂ;xidym@ep@cwﬁldbpm@dk@&ws w42ceBn be

deposited to form

process and planarized by a CMP process to fill trenches 630. An etch process is
performed, as according to the techniques described above to strip the nitride

20 layer 620 from the structure. This can include a phosphoric etch process using
phosphoric acid. The structure is now as appears as is shown in Figure 6C.

"Figure 6D illustrates the next sequence of fabrication steps. In Figure

6D, the oxide layer 644 on the top of the horizontally oriented floating gate 642
is masked and etched, such as by RIE, to remove the oxide layer 644 in regions

25 where the interpoly gate insulator or control gate insulator will be formed. Next,
the interpoly gate insulator or control gate insulator 660 is formed. The
interpoly gate insulator or control gate insulator 660 can be thermally grown
oxide layer 660, or a deposited an oxynitride control gate insulator layer 660, as
the same will be know and understood by one of ordinary skill in the art. The

30 interpoly gate insulator or control gate insulator 660 is formed to a thickness of
approximately 2 to 4 nanometers. Next, a polysilicon control gate 662 is

formed. The polysilicon control gate can be formed by conventional
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a gate 642 for the ultra thin single crystalline vertical transistors, or
ultra thin 10 body transistors. The structure then undergoes a CVP process
t o renmovewODhg/06xt6ped n+ type polysilicon | ayer 642 from t iReTiusp2/62uf ace of
the pillars 640-1 and 640-2 and RIE etched to formthe desired thickness
of the gate 642 for the ultra thin single crystalline vertical
transistors, & ()_t?}FtEl?%{ae}HFFF%B‘&)‘)CS[WP&B%P?%B%é".“i ﬁﬁnaﬁ%osu%% .r?éﬁ?' , the doped
n+ type pol ysehig aholy@ifon @4kirdl $alk Ihe@bsTtede horitGial ydtichRed fagfg al | Y
formed, horizontally oriented floating gate 642 having a vertical side of
| ess t han 100gatesfoi?etinahappalsilaygr cirebaddpositadnivier tiersgifacecafyleg al | i ne

vertical body reqgion 653. an oxid er. 644 i s deposited such as by
a CVD procesg‘r‘%‘fﬁge’ﬁfl%ésr?%mg? PéO"éﬁéWb&‘JJB@%f ff‘tbncfaflPl_P S?Pgnches 630. An
etch pgocess is pREbHAL BESdiARy AGEH @ERE Wifl vnberstafs DpbEiiegsingdansr i bed above
to strip the nitride 20 | ayer 620 fromthe structure. This can include a

phosphori c et disclpswe eostagtsicag be fnose hothe secaniddontibidaygdr ol 6 ontep ofstheow as

appears as is_sho in Figure 6C . Figure 6D illustrates next sequence
of fabricati oﬂ‘ﬁgﬁs\g%&l W%ﬁgﬁ?oecoéﬂmeﬂg’gh XY §e%P TE3 n%ﬁg‘ﬁ?émﬁ%%“ of the
horizontal 'y g{d @nidadi BEOR!Jrocks&at ThéddnethSdsBa kikduRNOndtdasl cofitaeh as by
RIE, to renove the oxide |layer 644 in regions 25 where the interpoly gate

i nsul ator or kdattewhinglanetal mduhigt evelinsulatpestépsrtmedmpidescwiringtofi¢he eeller pol y

te ipsul at tral gate. | tor 660.is .f d. The int | t
Pnsut d0or or I BRORL kR IS Behericie VREPRENp B owi do ©ayer

660, or a dep@aichfe ARIORYCIH idl8 cFREbéBbnii&y bﬂﬁx@'sﬁh@fakkﬁ)ﬂ%h%@@@, as the
same will be know and undérstood by one of ordinary skill in the art. The

30 interpoly 4aa@-ORsul ator or control gate insulator 660 is formed to a

t hi ckness of appr Qxi mai.el t,0 4 nanonet . Next olysilicon control
oo aes o ¢ opp RhkARLel, Be bt SRR SIS s B ddhy by
conventional fhloWed Aah@HBE I RemhehiSRed f8pd44n b ali¢hateeaihdaihdat tBehni ques

for patterning and then depositing, such as by CVD, a polysilicon control
gate IPne abop@cessevawdd havsragainibggwr withrestueteatimigy todhat skovea in Fighist her

oxi de |l ayer c deposi t.ed er the surfacge, of th structure, .such as by
VD 1o ot ocecttwrOn T PHEERRIFT calPuf o B Ser haRg R LG tEPoBY i)
in the art W {dappRskenstcBNd npand Radiregidnail§ ctcHiS &) 18S1ertBe ni@dd @cths can be

fornmed to the second contact |ayer 616 on top of the

sidewalls of the pillars. A thermal oxide would be grown to insulate the exposed
segments of the sourcelines 602, or y-address line bars 602. The nitride would

20 then be stripped by an isotropic etch (e.g. phosphoric acid) and a thin tunneling,
floating gate oxide of approximately 1 to 2 nm would be grown on the wall of
the exposed ultrathin single crystalline film 646. An n-type polysilicon layer
would be deposited to fill the trenches (e.g ) 100 nm) and planarized (e.g. by
CMP) and then recessed slightly below the level of the top of the ultrathin single

25 crystalline film 646. The process would then simply continue with an etch
process as described above to strip the nitride layer 620 from the structure. This

can include a phosphoric etch process using phosphoric acid. From Figure 6C

forward the process would continue as described above to complete the structure.

30 Figures 7A-7E illustrate a process description of one embodiment by
which vertical floating gates and vertical control gates can be formed alongside

vertical ultra-thin transistor body structures. These structures can be achieved by
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pillars 640-1 and 640-2 to continue with row or word address |ine 664
formation and standard BEOL processes. These nethods can incl ude
convent i owalosomeszs@ct hole, termnal metal and inter |evelpcirnsot/edes steps
to conmplete wiring of the cells 10 and peri pheral circuits Fi gure 6E is a

per spective view of e.co d stru ture,  And, . Fi ure a Cross
sectional Vi eW‘%efonf:ﬁ%m }Petﬁgéﬁé’ Hﬁ?%ﬁtﬁ cipuit falig édué)ﬁ pen r% ‘a?tl vely, the
above SequenC@ls&Beré‘bTheC&B{eﬁﬁoﬁ@éﬂ edl@VR tH@FdTlo“ﬁ% po¥ed s lEEE‘Hn% the

repl acenment gate steps. In this alfernative enb ment , e 15 process

woul d have agarmomwmw a1 hmeCBtieahobloge asd nialy de seaed degordimgyfori athesi gure 5C.

Ho i 6 | trid ld h b ited
o appr oxi at GRS Rifvan ik fAEReR cotp Oy e Rt oo B R R R hi T | de
on thes si devghliss plgu;m RidvhASuitrAnNGIBL Rl HBLIA disnahon {0

insul ate the expose segnents of the sourcélines 602, or y-address line
bars 602. Thesidéwallsdd pw!,tam ‘WD anché4)-Bén Ererrthspéfﬂ) b"?nearitrati;m singlec etch (e.qg.

phosphoric acid nnelln f | oat ate ox

appr oxi mat el y© fgt?@ 13 fﬁ%%%ﬂ} %‘150%0’%‘8 ??rfmt'ﬁ ngle Cr)fsf?gle’éex%‘éf’&
ultrathin si ng}ses&fryes&@i libgien 761 B A& toetrﬁ@tédﬁ%t m%mzl dr@oR i@y &in Woul d
be deposited to fill the trenches (e.Q) nm pl anari zed (e.g. by

CWP) and thensmglc@w@dilr@l\fegmal secbed mmcdﬁkainevgllon(?& ma)lcd)q@ afecome ul trathin

l e, 25 Th t th
an ot ah” pr oceulie G tle ARtauite-ae ShRR M Thng (el bPRY Be%8h0 11 om t he
structure. Thyss 1s‘f>?é?sehtrh¢d fﬁW@iié @n 8k 1B 18/eP ¢ BF Snd\Suples ROGRNOr | C

acid. From Figure 6C forvvard t rocess woul d ‘conti nue as described above
to conpl ete tsmures/draigiregien 73Dtorthg a¢099d Pourgediajn ggionatSe. Aqspwingste the

description of aone enh vert n tes and

verti cal contPSFeségF@gglggﬁ?%@“ﬁ%Prﬁé\@rg énagf"a‘@““%}é?‘fﬁ éz}y%{ﬁ ra-thin

transi stor bogprdifdeli®am i BgRRit&d, kb 45T ePNakEdircib@MBhidtied 16 VWO

03/ 063250 PCT/ US02/ 03244 someone skilled in the art of integrated circuit

fabri dati on ujsare @rémhﬁg: Stlclﬂ“sﬂls of delppdars ¢40-Thed ditP@nd) oxide faygyddltied in t he
11 0w 19 1 083 2Rk Sy BRRLEREURL B O Rylrd T PubREMEN e,
simlar tot hﬁhtorﬁé'tQW'hshl’atd:thg uklﬁ)sé&?bu Bind Bak 703. Fh@bsForiinl HIGIE [38r &tk t rat hin
single cryst alhlelsﬂi%wfzdlé (r)? tl71<f:1 Slllazlllrsoﬁl% lt Qned 740-2 prevents oxidation along the
ultrathin single crystalline film 746. The nitride layer is then stripped, using
20 conventional stripping processes as the same will be known and understood by
one of ordinary skill in the art. The structure is now as appears in Figure 7A.
As shown in Figure 7B, a thin tunneling oxide 756 is thermally grown on
the sidewalls of the exposed ultrathin single crystalline film 746. The thin
tunneling oxide 756 is grown to a thickness of approximately 1to 2 nm. Ann+
25 doped polysilicon material or suitable metal 750 is deposited, such as by CVD,
to fill the trenches to a thickness of approximately 40 nm or less. The n+ doped
polysilicon material 750 is then planarized, such as by CMP, and recessed, such
as by RIE, to a height slightly below a top level of the ultrathin single crystalline
film 746. A nitride layer 761 is then deposited, such as by CVD, to a thickness
30 of approximately 20 nm for spacer formation and directionally etched to leave on

the sidewalls of the thick oxide and nitride pad layers, 718 and 720 respectively.

The structure is now as shown in Figure 7B.
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sidewal I s of pillars 740-1 and 740-2 in trenches 730. The ultrathin single
crystalline film746 at this point includes an ultra thin single

crystal |l iwe mmsi2seal first source/drain region 751 coupl edTiusoz03244 St
contact layer 712 and an ultra thin single crystalline vertical second
source/drain regi oR 75 led o ec 10 ntact |layer .716. An ultra
thin p-type si ngl gﬁlgpﬁfgztcgqﬁllgﬁ%t%é‘?tsﬁ(u,%}ue&g@?/wwégg%%e’& 4 ngr esent al ong
side of, or opjeeskingsteph MXFigre A, She MitfteapacetL1Hl £6 utdltnsla gk and
source/drain region 751 to the second source/drain region 752. According to

the process Gaisspisadaxidsiobeiwiern Felgmpeof/pllars, arixidadd3 iniligureldBl iayer of
approxi mately_10.. i_.s,deposite such..as g CVI nd directionally etched
to 15 |eave Soen‘i"i}o‘glﬁ efcﬁggg?tﬁjgﬁ%ﬁessogﬁce]t”heé7 ?It %?%P‘%BPTX% el;fi%’_-e&. A oxi de
layer 321 is withei i@ Gikb sascélihet/Heidirds Bxdsdapi mxg,tagaiaugihtécsﬂ@ess of
approximately 20 nm in order to insulate the exposed bit |ine bars 702.

The conf or mal nigiderspagers Alegs omask; He expeweda doped pelieilipgen matesial7f iy and
740- 2 preventgs,oxidation al ong the uli.raf hi ingle. crystalli film 746.
S HZ |l SoBpe pine b SO B koM ng

The nitride layer i usinhg

processes as L 792 MusWrdainB @ par@inedsl poatsd 0adingkateon63 af udicdi nary
skill in the art. The structure is now as appears in Figure 7A. As shown in

Figure 7B, a {3 nThesHneluraig noi aseppses indigwer/fal |y grown on the sidewal |'s

of the,exposed ul tgathi i ngl r | line film 746 .. Th in tunneling
oxi de 1956 1 5. gr own’ 4R RlBRHE ek Qs R M B S8 o e an' 25

doped pol ysi | fabficatidatpesdesd. IaIFigue 7Bt inRipdly Z00 instladepesoited gaguch as by
CvD, to fill the trenches to a thickness of approximately 40 nmor |ess.
The n+ doped npdpigs79Q sdarmest iartheyrench 3P sovering the uerticalbeeriengddlpatiag by CVP,
and recessed, I - i | P a | evel of
the ul trathi ngazéi’%ng 3éalere %tf' %oﬁ %%er?}ﬂ{aﬁoqrggégn%}&l %IQ% rll%{sgga%{)rg%/ggrca%gg is then

deposi ted, sughbrnaslyprodbxidedayr 760,0¢ ARieposded ah orgpffrilsicoBdr6ll gate20 nm f or
spacer formatjon and directionally etched to | eave on the sidewalls of the
t hi ck 18xi de aeUIAPE lyere’§9aas thayams wilk bg kagw andpndessipedby gug 9f ordimpgy

structure is How Age 3RO iilﬂ?xléigg}‘l#age i}lgtrlfltl)ZOMn?%{e Qﬁgﬁgglaﬁg%b%o 2/ 03244

Figure 7Cillustrates the's OW ng next sequence of
processi ng stfpsed fon thidues of @pprokEndiely 17itd @ 5 sprRaeeters/ &h @ dopeded as a mask
E? d t thex-pOSoﬁygsilci)cxoindrgatierri]al%?tsx\ﬁzﬁali]e gacefl: }Jnryge?ialc) ;62D iis ldlegtgs?t’ed,eshgli aso l;()l 8%D?33 'n
gure , 18
to fill the trenches, or gate through troughs 730 to a thickness of approximately
20 100 nm. The n+ doped polysilicon material 762 is then planarized, such as by
CMP, stopping on the thick nitride pad layer 720. The n+ doped polysilicon
material 762 is then recessed, such as by RIE, to the approximately a top level of
the ultrathin single crystalline film 746. Next, the nitride pad layer 720 is
removed from the pillars 740-1 and 740-2. The nitride pad layer can be removed
25 using a phosphoric etch or other suitable techniques. An oxide 775 is then
deposited over the structure, such as by CVD, to cover the surface. The structure
is now as appears in Figure 7D.
As one of ordinary skill in the art will understand upon reading this
disclosure, contacts can be formed to the second contact layer 716 on top of the
30 pillars 740-1 and 740-2 to continue with row or word address line 764 formation

and standard BEOL processes. These methods can include conventional contact

hole, terminal metal and inter level insulator steps to complete wiring of the cells
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selectively etched between the sourcelines 702 to a depth approxi mately
level 5 with the oxide 721 on the sourcelines/y-address lines 702. Next,
agai n usiwg osles2smi tri de spacers 761 as a mask, the exposedTrsozaoped
polysilicon material 750 is selectively etched stopping on the oxide |ayer

721 h i - add i 702 th i ir of
vertically ortEesH AL Ty Eates/8e rehrer il V5B MR L e i s now

as appears i nsthiclié. eARE; Fidéte FIFAyA BrofDsdclibhid viewt 65tht Bameeken slefigemce in this
enbodi ment of the fabrication process. In Figure 7D, the interpoly gate

i nsul at or or leenmitk-@8F. gate insulator 760 is formed in the trench 730

covering the vertigall ri ed floatin ates 763, The.,i oly gate

i nsul ator or cont r%ﬁgugﬁ@%—%bﬁﬂ[ﬂstﬁt&a p?%cﬁssg%eﬁg%%mnt%eornﬁﬁm 9dlér%)1§\n5|§)oxi de | ayer
760, op a dep@hich&ertRAl Yk lohieslSarCiiofAbd S8hesiddvdriicdl ufaOthil ayer 760, as
the sane will be know and understood by one of ordinary skill in the art.

The i nt er pol ytrajaistoribedy saucures andcoherizsintag grientpd seritepd gpte zambe Hrmedr ned to a
t hi ckness of roxi nmat e 7. 10,15 nanonet ers. An n+ doped i Jicon
material or s |°1‘:\)' an1%e’ é‘ia@f SRENE glpa%gait%s' (ég’ﬁ%essl’t’t—uggfresscﬁlg%eggﬁg{?y@%, to
fill the trenghgone Gkills@iretht bt @E iedrated ghduit’BBritAioA upbh edaaapIhif
approximately 20 100 nm The n+ doped polysilicon material 762 is then

pl anari zed, sdietlosse.pThe dnRnsisnopgEericdin thhtollomiirgkpraressis@es pad | ayer 720.

I T R G T e O ST i L

in st hgle cr I"ne film

746. Next, theDnjides] dgupagiA héepteentd AQuusurd SameG thateidbWhen Pightead® 740-1 and
740-2. The nitride pad | ayer can be renoved 25 using a phosphoric etch or

ot her sui t abl Ehatéchigpeuts shoars amylgehinangle ciyp@Hineddpoiiotaengsher t he
structure, sugh b ne cl. IS now as
appears in Fi Sdﬂ?‘gaﬁlfﬁxp@sé%o%%&%%?&ég@-%g}t§ r}sé&:éﬁa@ n{}{kﬁléﬁéwls\t}m 1 under st and

upon readi ng &HRbtallingifisinl 336 ur @iis goamtiacihdeseanlde Hivsingld crgtdilie wegand cont act
| ayer 716 on top of the 30 pillars 740-1 and 740-2 to continue with row or
word 3d8dress fijsheourgddminragion Al seupled eridiscmiact layeiotlesnd an ultiedidn et hods

can | 1, ST BRRl AT kSl TEPEh ol B A 50
PCT/ US02/ 0324dontanthypes i@ hes altrathinguiybs sinEieauystal iz vatieal pedsrgiin ve vi ew of
the compl et ed853 is present along side of, or opposite, an oxide layer 814 and couples the first
source/drain region 851 to the second source/drain region 852. According to the
20 process embodiment shown in Figure 8A, a conformal nitride layer of
approximately 10 nm is deposited, such as by CVD, and directionally etched to
leave only on the sidewalls of the pillars 840-1 and 840-2. A oxide layer 821 is
then grown, such as by thermal oxidation, to a thickness of approximately 20 nm
in order to insulate the exposed bit line bars 802. The conformal nitride layer on
25 the sidewalls of the pillars 840-1 and 840-2 prevents oxidation along the
ultrathin single crystalline film 846. The nitride layer is then stripped, using
conventional stripping processes as the same will be known and understood by
one of ordinary skill in the art. The structure is now as appears in Figure 8A.
As shown in Figure 8B, a thin tunneling oxide 856 is thermally grown on
30 the sidewalls of the exposed ultrathin single crystalline film 846. The thin

tunneling oxide 856 is grown to a thickness of approximately 1 to 2 nm. Ann+

doped polysilicon material or suitable metal 850 is deposited, such as by CVD,
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structure. And, Figure 7F is a cross sectional view of the sanme taken al ong
cut line 7F-7F. Figures 8A-8E illustrate a process description of one
enbodi nerwolmg/nesmhi ch vertical floating gates can be for med/mbooss de
vertical ultra-thin transistor body structures and a horizontal oriented
control gate can be forned _above the vertically orient floating gates.

i

These struct y‘i‘)efél.l ﬁreggl.l Eﬁ’cﬂﬁh@\l‘éﬁﬁsw ap@@?‘r’é‘éﬂﬁ"éy é‘R npy ‘é‘de?sn drlopeds
i ntegrated ci g&géificJ Eﬂeﬁﬁtgsﬁr} rhgﬁfﬁlz{nﬁﬁﬂédf‘gu&%% CNIBCARSYERsed] Eljh,
g in the follo &ps

di nensi ons su ste W ng process st are 10 appropriate to a
0.1 m CD t echaobyoRIE, amnd heiglt dhighdy beled @aopdevdl afythy uftcithiotingte cr@@nliing es.

Figure 8A represents a structure simlar to that sho in Figure 5C. That
is Figure 8A SHB#R0-af W‘@?éﬁyﬁf%g isﬁ'@q"é?eé’??ge@a?qci‘ﬁ%g?mr#’éﬁét]giF%ﬁ‘fﬁst he

si dewakl s of - e £ r Se8mfalS Bendd biakhiog single
cryst aFI i ne f?qirépgdﬁmgég'tﬁ @Hg%léﬁgc%nc%%lggqggauft raat)aian Si ng?até' ©

crystal l i ne véetsideadalld bf the itk sxide ewd oliti@derpaidgyens) 88% And 82(ptespkctivelg. i r st
contact layer_812 and an ultra thin_ single crystalline vertical second

sour ce/ drai n ?’é"g?tﬁ}?t‘gS%‘ %ﬁ%wpdngl%% d contact layer 816. An ultra
thin p-type singl eF%h}’eSé@hfu!sgge%’t%ts{rﬁ&hre%ﬁé{wfngﬁlhf’ﬂext §ﬁg1ehéed¥r esent al ong

side of, or opposit an oxi ayer 814 and coOuples t first
sour ce/ drai n pegessing8tbs.t n Fiperes¥t olndnisriderspedets &6 Inare egidoas a8bask adcor di ng to

the 20 process enbodinment shown in Figure 8A, a confo | nitride |ayer of
appr olPiat ol yDEGHPRES 9&51'@;%@?%8} ol 3§P1§9r8<ﬁ/@, GARSET R IS et ched
to Ieave onl yel%‘?lvz:l %télb@ﬁ%e%? tl'f%fSOhH:%Hlﬁ)éslé & a%g&hll gﬂfﬂmﬁﬁgyg veft Oxi de

t hen as by t at|8 ,

| ayer 821 is rown, suc ermal oxi to a'thickness of
appr oxi mat el ywad tiemoxida82ir atethe sourcelgneb/yt ldtdie livosi e iNelai, taghinnsinigahes 802.

The confornal nitride | er on .25 the sidewall of the pilla 840-1 and
840-2 prevent witids Sd’&fﬁfﬁgg‘a?%aikhg‘%ﬁxﬁ’f’%m+$%aQP'&S‘i‘F%g’éﬁf’PLfgq FI'm 846.
The nitride |_§e|¥<f‘€til\3/lél§r kew&%@ st%bbihgrag%e bﬁ%ﬂg&geﬁﬁmﬁﬂhé Oh\bel ety PRIRGs Processes

as the same w nown and Understood by one of ordinary skill in the
art. The st r ubbesr82itbusnoeatiag agppedivsrticallFogented Bdatingdgash @0 in merfehgur e 8B, a

e P i R0 R P Bhit GG 0 (fe of deval o of (e
856 i s grown to a ERiEKISARusRhtcRRRMRX FRLGIY idtHiCerRbddimenddt gt doped
polysilicon material or suitable metal 850 is deposited, such as by CvD, 19
fabrication process. In Figure 8D, an oxide layer 880 is deposited in the trench
830 covering the vertically oriented floating gates 863. The oxide layer 880 is
20 planarized, such as by CMP, stopping on the thick nitride pad layer 820. The
oxide layer 880 is then recessed, such as by RIE, to the approximately a top level
of the ultrathin single crystalline film 846. Next, the nitride pad layer 820 is
removed from the pillars 840-1 and 840-2 and the nitride spacers 861 are also
removed. The nitride pad layer 820 and nitride spacers 861 can be removed
25 using a phosphoric etch or other suitable techniques. An interpoly gate insulator
or control gate insulator 860 is formed over the oxide layer 880 in the trench 830
and over the vertically oriented floating gates 863. The interpoly gate insulator
or control gate insulator 860 can be thermally grown oxide layer 860, or a
deposited an oxynitride control gate insulator layer 860, as the same will be
30 know and understood by one of ordinary skill in the art. The interpoly gate

insulator or control gate insulator 860 is formed to a thickness of approximately

2 to 4 nanometers on the vertically oriented floating gates 863. An n+ doped
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WO 03/ 063250 PCT/ US02/ 03244 to fill the trench to a thickness of
approximately 40 nmor |ess. The n+ doped polysilicon material 850 is then
pl anari zedp 8oedzsas by CMP, and recessed, such as by Rl Epcraisa2/height
slightly below a top level of the ultrathin single crystalline film846. A

nitride |layer 861 is then deposited, such as by CVD, to a thickness 5 of
appr oxi mat el yPHPSIHERT BatcEpRispitale gafe muterinh 803 isrdsepsitsdatuch apbrhddP:t 0 | eave
on the sidewg| 0 j i itrid e 8 and 820
respectivel y\./\@VéfEhee lgl{e%ﬂ(g %E‘fg%&g ?ﬁ%‘sv&égﬂtgﬂgﬁ%‘?‘%ﬁﬁ@gg?de%sz{b%ﬁf gltjfr e 8C
illustrates thatisdliyusiented ficatihggphteg8e® arhicknss @fapmoexdlatelpSOGRSSI Ng St eps.

In Figure 8C,_the nitride spacers 861 are used as a mask and_ 10 the
exposed oxi deThéheprasarel ysolicommatesial §67 fsthen pategnedgas de samg Wikhbei gure 3B,
is selectivel g@ﬁ;}_ e |4 t. xi mat el y

| evel gwi th tﬁ%&%gﬁlﬁggm%% on t‘§1e Os@ﬁ#‘é% iSir(l@gLl ;ﬁ% rlgtsc%oﬁ&ﬁ{latgl lglgsg(sloNext,

agai n usi ng t&mtrohigiteiligles. SpACRIs 8351s @8 tleendepksitddnsuchrap b €VIDto cvped
polysilicon material 850 is selectively etched stopping on the oxide |ayer
821 on the sotiedBifatieihg-shuetsis N9 a8 ppRearg XigHeSer eati ng a pair of
vertically oriented_.f I . L, bl . yUcture i s now
as appears in Fi gugé Oh%gf {)—Ilragﬁ?}g&g%u?@?Sgﬁlgt@gg{gﬁgﬁﬁg% Iésagﬁlggﬁge inthis
enbodi ment of diktlesuré,aonhiacatichn be foroed 36 thelsacdridgonacByere816@xitoeof tager 880 i s

deposited in the trench 830 covering the vertically oriented floating

gat es 1863. ThRillgss ¥8-1 apdt4O0ge Goatinee Witk iy Py ward addeess dige §04 epmatien oppi ng
on the thick nifsl OF ide..l: i cessed,
such as by R @& {t%&%ﬁ(gﬁgg%?%%eﬁg% 'eITgllgga%q?%g S(ej%lrelllﬁé{'g‘ge Cfbﬁlgelgﬁ)tn%g%ﬁlmﬁgsi ngl e
crystal | i ne fhdletBabinalNexth] aridhiatenievel iderlpadstegsytercoBipleté wiringasfalectllisr om t he
pillars 840-1 and 840-2 and the nitride spacers 861 are also renoved. The
nitride pad | #reperiphberabeigcustss Fiegee & hadesspsetvecdav st thessmmdeieds using a
phosphoric etgh,flc0t her suitable techniques. An interpoly gate insulator
or control gate insulator 860 is forned over the oxide |ayer 880 in the
trench5830 and ovEBigutdteshosvsta aaléntional OReattcbdeoatayrfgr mamesy Afidits.The

interpoly gate insulator or control gate insulator 860 can be thermally
grown oxi de | A&t dg%,hnswr&ﬁdle%wgﬁe@g W 18ysres 2ddreps linghylohrygh &3 nsul at or

| ayer 860, as A I rdi nary
skill in the g&%&@%@@?n\% fgp{%ﬁ?ogg?éﬁgg gdt%ng#g@agr% g%%tar OTQ%gte ‘geéfl Pﬂs ul at or
860 i s f or nedeither fabirichtidgvetsn ofidapge eansistdek)e. transistors 901-1, 901-2, . . .,

901-N, at the intersection of lines in the array or not fabricating a thin oxide gate

20 transistor, e.g. missing thin oxide transistors, 902-1, 902-2, . . ., 902-N, at such
an intersection. As one of ordinary skill in the art will understand upon reading
this disclosure, the same technique is conventionally used to form other types of
decode arrays not shown. As shown in Figure 9, a number of depletion mode
NMOS transistors, 916, are used as load devices.

25 In this embodiment, each of the row lines 914 acts as a NOR gate for the
address lines A1 through A3 and inverse address lines, A1l through A3 that are
connected to the row lines 914 through the thin oxide gate transistor, e.g.
transistors 901-1, 901-2, . . ., 901-N, of the array. That is, row line R1 is
maintained at a high potential, +VDD, in the positive logic NMOS decode array

30 shown in Figure 9A, unless one or more of the thin oxide gate transistor, e.g.
transistors 901-1, 901-2, . . ., 901-N, that are coupled to row line R1 are turned

on by a high logic level signal, +VDD, on one of the address lines A1 through
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2 to 4 nanoneters on the vertically oriented floating gates 863. An n+
doped 20 WO 03/ 063250 PCT/ US02/ 03244 polysilicon material or suitable gate
mat eri al WO3i0e326posi t ed, such as by CVD, over the intePpdlusozyetes

i nsul ator or control gate insulator 860 and above the vertically oriented
floating gates_863 to a thickness of approximtely 50 nm Th(? n+ doped

pol ysi | i con nf? &F inyersg@ddiess kingsApthroeghndd, Whena{eansistos goie pAdises is know and
under st ood by, f bLnarny,ski Lt i {.zantal bars or
control gate ?C:ﬁggtse&’ %&gb@elx%égé‘%eismggﬂ’ Pﬂgﬁyy‘gﬁ%@%& ,“sléé(}h‘&gs by CVWD to

cover the suthfagh ATHEinsérsdigddiess linss, AOWhAsigh B @dich thinh dxidiugate 8D. As one of
ordinary skill in the art will understand upon reading this disc|osure,
contacts can EsisErnea. transistss 8@lcbriPlchnt adPlMNhyperdwisonis tesed oont he 10

pillarg 840- %ﬁ?g%%ggg%t%%?%gﬁyo%ﬁ gg{.et nrsg%r,%‘ré%.vt\%r g’ist@%ﬁé’dﬁﬁ oh} ne. 864

formation and s OCEess ese hods I nérudé

conventional ¢o0L-BGberfbiisahe NEYRotiveTOLielciratid findtied, ahenksibmsghat or st eps
to conplete wring of the cells and peripheral circuits. Figure 8E is a
per spective VPBWiSHIt finetionngsulis &6m isyersien 9f data pgtorthg raveligessHdwkroggh

conventi onal .decode array. for mor.y, cifeujt The e lines are
Al through A3tlﬁg§3flioﬁv%rg§§e t&?ﬁ%\s@’s&gﬁw&%’wﬁ é(ﬁﬁ’r’g@&ﬁ’mf 9€$ﬁé°€%‘ﬁventi onal
NOR decode ar iy, irSoraE0gloatpiRRiley 8gid RecIG Rl 6REle bRMBles DY4. Bhdsher
fabricating a thin oxide gate transistor, e.g. transistors 901-1, 901-2,

..., 1001-N, partiether riowtlarestdtis addressed whesnone afitke thin exidogatarandision i cati ng a
thin oxide gate 20 tyransisto . 0. Al ssing . thin oxide.transistors, 902-1,
00220 ¢ 9508 o R ONR Yo oL B iels R AR R |

the art will «gpderstand upon reading this disclosure, the sane technique

is conventionally used to formother types of decode arrays not shown. As
shown i n Figure 9,Againuthbércoofingiadsiress oo cactoliee is imesed pahthe sbmbmation 6, are

T RN LR O
hi o de. ol e ey o o T §01 2 e ™ 03 N, of
the array. Th211-Ngn theowrdyi99@ arienhgncemeinhmaidedM@8 davikésgindpgispletion al , +VDD,
In the positi r\rllgdelz ﬁ%ﬁs It\lr%%stgresca(r)ed l?se rag ?(}éld devices 916. All voltages are positive
in a simple NMOS circuit. This is a positive logic NOR decode array, the logic
one state, “1" is the most positive voltage, +VDD, and the logic level zero, “0" is
20 the least positive voltage or ground.
The transistors used in Figure 9 are NMOS driver transistors with a
depletion mode NMOS load technology. The load device or NMOS load
transistor is a depletion mode or normally “on” transistor which acts as a
constant current source during the pull up switching transient thus providing
25 high switching speed. The driver transistor is an enhancement mode NMOS
transistor which is normally “off” with zero gate bias.
Figure 10 is a schematic diagram illustrating one embodiment of a
decode circuit, or memory address decoder, 1000 according to the teachings of
the present invention. Analogous to Figure 9, the address lines are A1l through
30 A3 and inverse address lines, Al through A3. As shown in Figure 10, the

decode circuit 1000 is programmable at the gate mask level by either fabricating

a drniver transistor, or logic cell, e.g. transistors 1001-1, 1001-2, . . ., 1001-N, at
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30 shown in Figure 9A, unless one or nore of the thin oxide gate
transistor, e.g. transistors 901-1, 901-2,. .., 901-N, that are coupled to
row | i ne WD oanes2sur ned on by a high logic |evel signal, PUDDSomes2ene of

t he address Iines Al through 21 V\D 03/ 063250 PCT/ US02/ 03244 A3 or inverse
address |ines t hr oug 02 A3. . V\E tranqu,stor ate address is, activated,
by the high |@§|n&teqsgq;@|n ligR%In the Yty onmef NET ARSI OT {86 gh A3
or inverse ad L e ga r n5|stor
e.g. transi stg‘{lgégo g%ﬁl% ﬂ"%ﬁé Qﬁtgﬂﬂbeﬁ%sﬁﬁj?@lc%d%dﬂg? gtqor |¥5®t2u$n%d "on.

5 This conducSuohmnoﬁteﬁsb&mmhlImomxeldhaocgmbet decandiiggd dire teachingstof dresi st or s

901-1, 901-2, . . perforns the NOR positive |lqqgic circu
function, an Pli‘?\qreé’lté‘?"éﬁtl%?» f%br‘i’éam@'\ﬁ é‘ilY"éG‘iaPSIFtGh@tg Hﬁnsr‘%%‘iﬁllggf‘fl i)(gﬁ #NGI’SI on

of datg onto thgo%lg}iyz iftﬂﬁﬁli%e%“g‘%%g% ]l.r-lF\ll*}Ed(g#aglt l‘gagsqgorg;%?%&lréany stor,

e.g. transistor array, order to
out put a | ow floging daewdrives trgusdtorarRcdridingrtothd éniteslirBdrts difbussed @nd10 parti cul ar

row line 914 is addressed when none of the thin oxjde gate transistor,
e.g. transi st 8ssribgshindetagdn connection yigh FiguresoliPEd In®nermbodimgnt phibeo14 are

turned “on. "%@Qﬁﬂweh@& 'aé‘?}%’&}é{c}ﬂf@ e 18 finbid o p'thI?ne'l §r1e'ta{“6§fdfe6d and t he

conbi nati on e origrna res I nverte enent ed val ues
used to dri vesdnhleorﬂcﬁlc@atmosb ldaﬂammstbw $016) afd’l&;edi&@bﬂédaﬁbé’syana&@e The
transi stors 901-1, 01-N in the array 900 are enhancenent node

NMOS dBvi ces wedletplﬂm%wt lmﬂ@rmn@sﬁéﬂ‘s‘i of Bredegpde qicny 1890 0ad deV| ces
916. All voltages %g@ﬂg&t&gra\éﬁresép%@acﬁ aHH}e‘»;s TR GlbasH ,,I)i,;s E&bém%]

positive | Ogl C eco one state; e nost

posi tive vol t agethe tMaanaamoﬁthe ohg@alcaddessebn 2edhaddreds 1ihs A2Ghioligh Agast
positive voltage or ground. The transistors used in Figure 9 are NMOS
driver transi 8tbinyergdas Campkf@gﬂnéqdu ‘@%Peﬁﬁﬂénwmdfl@éﬁhlﬁﬁcﬁhémﬁa@ Aff’he | oad

devi ce or Nw%seﬁnglt'lvé {h%%ﬁfeﬁ 59 &aés%stc?r qg@f ?t { J1o de 61 ﬂ]olhqﬁ]ﬁééo

transi stor whic curreh sodrcé urln e pu

swi t chbng tr amsaergoot rms ﬂpa@vg ghta@rivér thhghof\woi logicnglls, Qe,ﬁ(tkansﬁt&sd river
transistor is an enhancenent node NMOS transistor which is normally "of f'

with zero gat &0Uihsl00E2gur-e100 -Nén thederedeeriay 180@greanthannelsicating ggfeone
embodi ment  of dfver transistors.
In Figure 10, each of the row lines 1014 acts as a NOR gate for the
address lines A1 through A3 and inverse address lines, Al through A3 that are
20 connected to the row lines 1014 through the floating gate driver transistors, or
logic cells, e.g. transistors 1001-1, 1001-2, . . ., 1001-N, of the array 1000. That
is, row line R1 is maintained at a high potential VDD, or logic “1" unless one or
more of the floating gate driver transistors, or logic cells, e.g. transistors 1001-1,
1001-2, . . ., 1001-N, that are coupled to row line R1 are turned on by a high

25 logic level signal, VDD, on one of the address lines A1 through A3 or inverse
address lines, A1 through A3. In the decode circuit 1000 configuration shown in
Figure 10, a logic “1", or VDD, on one of the address lines A1 through A3 or
inverse address lines, Al through A3, is required in order to turn on one of the n-
channel floating gate driver transistors, or logic cells, e.g. transistors 1001-1,

30 1001-2, ..., 1001-N, coupled to row line R1. As one of ordinary skill in the art

will understand upon reading this disclosure, the floating gate driver transistors,

or logic cells, e.g. transistors 1001-1, 1001-2, . . ., 1001-N, can be programmed
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decode circuit, or nenory address decoder, 1000 according to the teachings
of the present invention. Analogous to Figure 9, the address lines are Al
t hrough 3W0A3/063260 i nver se address |lines, Al through A3. AcIhusemoizm Fi gure
10, the decode circuit 1000 is programrable at the gate nask | evel by

ei ther fabricatin r t sistor iccell, e.qg. transistors
T001: 1, | 3001 B Ml S et addBRF SR GlepiRELEN RbmeRe s B The

i ntersection @frelioR@se {/é?tlézh'@loaﬁﬁ@%’ at® Wheh afchist eatdrod of K Vevtdal t r ansi st or,
or logic cell, e.g. mssing f ing gate driver transistors 1002-1,

1002-2,. .., flenmgdatedor anguaie adithgsafleatengcgatadriver frapngosnbdir hdAp1 Accor di ng

to the teach|ngs resent |nven i on catin drj ver transistor,
e.g. transi st‘o‘r‘slc%éd\iqﬁ PP gpte trans Or 15 éﬁf?fg’_(elﬁrerﬁ? ‘f%r?gfllﬁ‘% %rsection of
lines kn the %mmm&m@%&m&éﬁaﬁa agcoa@elrcdd i ng gate driver
transistor according to the ‘embodi nents di scussed and described in detai

i n connection wi thF@Eithedendgsir@it 1000 ofitlke matsotlinventiongshawreindiigge i,

i nvention, as,shawn in Fi gure cha oxi de
senlconductorhfgﬁﬁgf”FEE TFéhﬁ?%?%?@q%Qgiﬁﬂ&ar 3§8L§JVﬁgﬁma@VFﬁes and
are 10 coupl gehting shiRarAYikRYHeliteIn 0RE eth(‘Mﬂn'eﬂte §1e fﬂ&@iﬂ ilﬁ’ttz dtibg decode
circuit 1000. The incom ng address on each dréss |ine through A3 is

|nverted andnmhskushﬂﬂn&ﬂO&hZﬁ Lh@Obeg¢ﬁmmedddxmésganmeach address |ine
on..i verse addr ess

t hrqugh A i nverted or conplenented v S
M om0 P e fimanty 8F b pretsn T Gopia dndlosel S desclinel s Rgi §001 1

1001- 2 o con%@&ljoanﬂtlprgHFes@%Qgﬂelnlélsarﬁilﬁﬁér %Q@@oatﬂ;?‘aga{el RRkt NG gate driver
transi stors, or logic cel e.g. transistors 1001 1001-2, ..., 1001-N

in the decodeUammaysﬂ@ﬂ@&aﬂ@OMQphadﬁ©ﬂ¢1wambepg@gamneddanbmntranS|stors

In Figure 10, .each. of the row lines 1014 acts as te far.the
address |inesfa EFCEFWP@B ATh3° HEREPEHYRFS 85 Barsess QCFHES echfe FdBGh A3 t hat

are 20 conneggnt,qge te% R ﬂr@&(ahq‘n%?e g@ﬂqﬂ)l&ﬁérﬁl&?e&ﬁédédoﬁ@tfﬁﬂwoﬁla’frﬁe driver

transi stors, or Ic cel . transistors 1001-1, 1001-
1001- N5 of thk)adide\ag/esﬂ@me shﬁSWatm thesaddresnwdédoder IRD0Iof Framirnt Gianeet at a hi gh
potential VDD, or

" unl ess on nore of t tin ate driver
transistors, B*}anv?igﬁl a@éﬁdlessenéwduft ﬁ’éﬁé@b%mﬂaam notﬁ@el%ﬂ%n thode |

1001-N, 't hat A Raxﬁ@#t?éﬂ%flt&r?ag Q%Aﬂe QG In%i% &%@P%é’&bc@&e éiréﬁﬁt%o85 | ogi ¢
| evel signal, VDD, on one of the address |ines Al through A3 or inverse

embodiment of the present invention shown in Figure 10 is formed according to
a CMOS process and can be referred to as a CMOS decode array 1000.

20 In one embodiment, as shown in Figure 10, the decode circuit 1000 of the
present invention includes at least one redundant row line, RD. In the
embodiment shown in Figure 10, a number of additional floating gate driver
transistors, e.g. transistors T1-T6, are provided in the array coupled to address
lines A1 through A3 or inverse address lines, Al through A3 and the redundant

25 row line, RD. According to the teachings of the present invention, these
additional driver transistors, e.g. transistors T1-T6, are formed according to the
embodiments described and discussed in detail above in connection with Figures
3A-8E. In one embodiment, as described above according to the teachings of the
present invention, the additional floating gate driver transistors, T1-T6, will have

30 a vertical control gate formed by the address lines Al through A3 or inverse
address lines, A1 through A3. In another embodiment, as described above

according to the teachings of the present invention, the additional floating gate
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address lines, Al through A3. In the decode circuit 1000 configuration
shown in Figure 10, a logic "1 ", or VDD, on one of the address |lines A

t hrough ABOw®B/063260/er se address |ines, A through A3, is reqgmiusezoizm or der
to turn on one of the n- channel floating gate driver transistors, or logic
cells, e.g. transistars 1 ed to row

line RL. As o%veéftra{ﬁlﬁtf’ﬁa?g Jrék}’vflfg?"r? athé‘ZB?tlal C%b‘roi[g%} ﬁ%ﬁ%ﬁ@hmpon r eadi ng

this di scl osujgiredsiged JA‘P@}H)G% B8R il Gl dsARS 5APH§®ugh°A3 ledica cells,
e.g. transistors 1001-1 01-2,. . ., 1001-N, can be programmed 23 V\D

03/ 063250 PCT4tdse Zbid)ﬂczmﬁg ghies bfthe floatnglgdté drieerttrapsistdse il viG. yAcs:Dacheg
dependi ng upon er electrons are  store the verti gating gate.
Wien a char get9t ge[a 18§ Qfﬁﬁ? PESSpL Frvertign, thy ‘ggf‘ HHE) S’ﬁlﬁlceecrﬁ‘%aﬁfi'é‘h rBf?é: of these
floatigg gatesdlhhy &urdd/@ag é%?l? for tIJrQ cfd’ ittonal 3QVer4ransistors, T1 5N, the

floating gate transistor 1Is ective renoved fromthe 5 prograrrmabl e
menory addr essouphed td dlooad deast (lSrre{rBdlunH@ﬁl&omee bﬂmondlhnegdb])cArmuhm&lOOO of the

present inventio shown_ in Figure 10, the drivyer transistors,
transi stors 1@’6‘1‘%’“ dg gemiconductor (PM%é‘iadl\‘qunﬁ‘Sf%é‘ a?lpﬁlﬂr E%IéCh*F‘F‘Slatl ng gate

transi stor dey SR IURJF
transistors 1%18%??1(1%\[8%%3% : WP 86%%(1:3?%{%%?%1@1% cl)érj({zlilo\r?gtls ?to the 10
enbodi ment s ofeastlv@e pednadait rownlieatRDas asll do e@hpls&adha@u/l(d@mrthed in detail

in connectlon with Figures 3A-8E. In this manner, the floating gate driver
transil@tors, qudEnmtiongp1-2, ..., 1001-N, can be progranmmed initially in

fabrication and can b nse%nrsﬂ&mgqﬂ&ieseﬁbéa%%éé«'%ﬁe/se%ﬁ%fanfe fesndcaar ray is

in service, field programma I ément a specific

function. Thednddi tﬂaﬁﬁﬁiofﬁeh’gmﬁb&lﬁl‘l-ﬁmm berprbgﬂnmﬁhﬂirteslavdamder 1000 of
Figure 10, are p- channel netal oxide sem conductor (PMOS) transistors and
not depl et i ondifiserat cwd@ﬁtawweﬂtat@%%mn@ﬂ&ﬂgoray F@e%%rong g storeon Hies nanner ,

L e T &H&:h Cgljogcc DOGHEAELha Grel0f TR Verli &Yﬂ%&%@‘ga%%%‘im AL

Figure 10 is ornre |ng to a process and can erred to as

a CMO$5decodeady sriyof TR36 floZthg gatedéver rdandstoBné.g. ttanmsBRend14T6, thegur e 10, the
decode circuit 1000 of the present invention includes at |east one
r edundant romﬂpatﬁ@ gappiransistar fiectfesyely reraoeddranthe piogragmablepemarynunber  of

addi ti.onal 11 QakLAG,88bEAICIURL 1000 BRIt infeion! HAQThBHeRdaBda T, are

provided in the array couple o ad
of these floating gate driver transistors, e.g. transistors T1-T6, in the decode

circuit 1000 of the present invention, enables error correction for replacing a
20 row, or column in the array as one of ordinary skill in the art will understand
upon reading this disclosure.

According to the teachings of the present invention, it is desirable to have
redundant row lines, e.g. redundant row line RD, available to replace or error
correct for row lines 1014, which are determined defective or which have failed

25 in the field. The present invention is usable to provide such error correction by
replacing a row, or column, in a memory decode circuit 1000.

One of ordinary skill in the art will understand upon reading this
disclosure that there can be more than one redundant row line, e.g. a RD2, RD3,
etc. (not shown), and similarly more additional floating gate driver transistors,

30 like transistors T1-T6, coupled thereto in order to enable multiple row error
correction. One of ordinary skill in the art will further understand, upon reading

this disclosure, the manner in which the additional floating gate driver

25



lines Al through A3 or inverse address lines, A through A3 and the
redundant 25 row line, RD. According to the teachings of the present

i nvent i orwotobme®so addi ti onal driver transistors, e.g. trameiraisoz/e32dd- T6,
are formed according to the enbodinents described and di scussed in detail

above in connection with Figures 3A-8E. In one e di nrent, as.described
above accor di H@ns.gs(gortsh”lél '?@atl_@%F?Fg%CCBTd?}BWé’ th%feé%@ﬂgs ‘?r}ﬁgeeWF?e&ﬁ }nvfﬂ%onaddi ti onal
floating gate.gdr mevﬁkégﬁﬂggfoﬁﬁﬁﬁe%ﬁérgg’ toWebdss RA¥8edOreBuYBint iosRIRISONt T O

gate forned by the 171 nes through A3 or inverse address |ines,
Al t hrough A3in deplacsiénin or aagioael bfithetoutpas lidesiir 4 e thealeoande armgd60@i ng to t he
teachi ngs of the present invention, the additional floating.gate 24 WO

03/ 063250 PCT/ US02mopumary.df elgetrons ass stordymsa verticatfloatije gAY ane0for | zont al

controls gate {arytaihe B id)ing BARESS: ddBRR-AITILIE AT AR igh Dy o° adar ess

| i nes, "Al throug ocC above t Oati ng gates of oating gate
driver transi signdlss retdivddbon dddiess dinag Altthroufie AB @adahversgaddfesd lvespAesent

invention, the ultra thin single crystalline vertical 5 second source/drain
regi on for thewekelAd.dhalrrogemeiediflosting gutsdevertnansigtor gkl To Willyiem@in o t he at

| east one redunda I rdlj . - xi de
sem conduct or ‘?‘gr\/&’? [q%\g%%ér{ﬁ rg%dﬁgf%l}g%rlg%gﬁgﬁdn@%la%%O?‘éﬁg-@%ﬁg%rgggﬁﬁ%%tgl oxi de
sem conduct or forhdoparticaias flbatapSiasd driver 1@dGstos, TDAP| Ben the flda€ingkatel east one

redundant row line, RD as well to conplete the CMOS inverter 10

conf i d0r at i ondriyes tieasisteseh 1 o will spriugewben pbighanmy signglieseseivedh ool ati | e,
floating gate iyer I Sy : . nsi: st o T1-16

o oar e S YA N BPE] R18 ffe HARRRLAAOAT T 00cRE

whet her el ect WafshafRasiPERE dOVertth@sistoer HitkaflodiingdhientyiveatransisWiemia char ge
is stored on the vertical floating gate for 15 any one of these floating
gate driver tTamsvenerchargestgrediandns vertiselsflopting gate they wifl|faagtiongs gat e

transistor is_effectively r ved fro ogr amrebl.e nenon address and
decode o r our PGy ST RGP L0 B A et B Rt resh “of *t hese
floatijgg gat estdfdd\hhrgt baflitd $dr@E3 flogtith gdté, ANSeHd0ESvithlof e flddting lpetedecode
circuit 1000 of the present invention, enables error correction for

repl aci ng a 20rivesdrangptorsol Lirk®, witll npiebegpmg i gisenongh fd willatdunetiokiab p i n t he
art will undeﬁrsl;[/earqgnsigt P nInrtﬁl%qailtPeg cgs%i, ﬁle%iu p%lt 5t ¥ Sredundant row line RD in
the decode circuit 1000 of the present invention will not change charge states.
Hence, if there is a charge stored on the vertical floating gate of the floating gate
20 driver transistors, T1-T6, the drivers are effectively removed from the decode
circuits 1000.

Analogously, the decode circuit shown in Figure 10 can represent a
column decode circuit 1000. In this case, the lines 1014 or redundant line RD
which are coupled to the address lines A1 through A3 or inverse address lines,

25 A1 through A3 through the floating gate driver transistors, 1001-1, 1001-2, . . .,
1001-N and T1-T6, can be complementary bit lines for column decoding as the
same will be know and understood by one of ordinary skill in the art.

As one of ordinary skill in the art will further understand upon reading
this disclosure, additional inverters can be used as necessary to affect the

30 transition from one logic system, e.g. positive logic system, to a negative logic
system while still capitalizing on the utility of the novel floating gate driver

transistors 1001-1, 1001-2, . . ., 1001-N and T1-T6 in decode circuit 1000. If the

26



According to the teachings of the present invention, it is desirable to
have redundant row lines, e.g. redundant row line RD, available to repl ace
or error woasnex2so for row |ines 1014, which are determ ne@cdafsezvine or

whi ch have failed 25 in the field. The present invention is usable to

provi de such error correction by replacing a row, or colum, in a nenory
decode circui ﬁoam@c&ateaa@ figatipg a?tﬁépyers%nﬁllsg’irf*?Rrﬂgrag‘rni‘e‘\/bi"'lﬂi‘aﬂ?ﬁi‘é‘?’%tand upon

reading this i L - t| ; dapt row
Tne. 0.9 a HORUEEYTRghiPkyd A AGOL R6, TR G0 oA 1 SRR 1 G
fl oating gat eretlidvee froht the airsy.olnghis3thnhekthe hrray Right fnstiohlsca®be coupl ed

thereto in order to enable multiple row error. correction. One of ordinary

skill in the Brograjmed evenehen theeiesuidininghe fipgrircus ar Hythe figldandibemneosur e,

t he magner in I: agdl]. ki i.N . 1 25 WD 03/ 063250
PCT/ USO2/ 032491%3[?3%2%?%?'0?@% h’%@ﬁ@%ﬁ%’édg‘a%@;&?%%é%%“‘f he t eachi ngs of
the present ipnogrinirdble,dagic deviss|desdribee hyrepragvatmmdch lower deltageothmacess, or
sel ect, redundant rows RD in replacenent for any one of the output |ines
1014 in the ddesgENddexicespd.in pyTaiingld, orip servise: progrmmabledespddl on a

vertical fl oaf. for f I i driver
transistors, %ﬁi&%ég&%]ﬁgoﬁg valie{g}?%a l?eg;ﬁoér E%er qq’!él%ggf&%eé Or?g{(:)etp\%gg@ %lﬁs addr ess

| ines Al throughthAdofhaliopuatise veltiieesstheivietival Antrol Patedigin LS thehe
"programed floatin ate driver transistor, T1-T6, will remain "off." On
t he otlfer han@lf,deﬂ-otg\ﬁg?@ﬁos no stored charge on the vertical floating gate
for that particul oat In [l S|.S T v t he
floating gate 10 g??%/!é?sglﬁéreaoﬁéﬁg %%lgcrego,“t\ﬁéd%{a% (h trhg(rt)lﬁat&%g{ gek\}\f?el%}%gk@ﬁygh i nput
signal is recgidredingithe RAddrRsSorldonesl ghte lirts abid B-cARind/sdundktinsLtoddeh ass
lines, Al through A3 associated wth that floating gate drjver transistor.
| f the floatiejnegjdensedn pddsesstat apaitiselay Boating gatps TheppatralgaghlitegEodtdor ed on
the vertical f]oati e they. w f i l, i nverters for the
decode circui for %Egégﬁbg?ns&%fv\%#g(frﬂéé{r)@%gg%g?g)hg@gsg% dfggg't ored charge on
the vastical §dlembisbaregiatcgrothiRd CiOMBUATatiME bite Of ndthBadgk@afithnrgecgahe dri ver
transistors, TI J6, will not becone high enough and will not function as a
driver transi tienthe yegtigahpidewall trapsiserseould fsn entending lorholhdere@d@hdant r ow

line RDin the degcode,.circui 1000 of the present i.nhvention |l | ot
Change.char ge VETEHERES ik R et pdiBalion! duPiRaRhe TR AL M adrel O,

fl oating gate«gfeimtheldeRatfthld paAicalar floating gate is charged with stored electrons,

the transistor will not turn on and the presence of a stored “zero” indicated in the

20 cell. In this manner, data stored on a particular floating gate can be read. In
reality, data is read out in “bit pairs” by addressing not only a single floating gate
but rather both of the floating gates in row adjacent pillars on each side of a
particular control gate address line. Data is stored into the cell by hot electron
injection. In this case, the row or word address line coupled to the ultra thin

25 single crystalline vertical second source/drain region is driven with a higher
drain voltage like 2 Volts for 0.1 micron technology and the control gate line is
addressed by some nominal voltage in the range of twice this value. Hot
electrons generated in the channel of the ultra thin single crystalline vertical
floating gate transistor will be injected through the gate or tunnel oxide on to the

30 floating gate of the transistor selected by the address scheme. Erasure is
accomplished by driving the control gate line with a negative voltage and the

sourceline of the transistor with a positive bias so the total voltage difference is

27



20 driver transistors, T1-T6, the drivers are effectively renoved fromthe
decode circuits 1000. Anal ogously, the decode circuit shown in Figure 10
can repr ewens/os32seol um decode circuit 1000. In this casepdriesotinses 1014
or redundant |line RD which are coupled to the address lines Al through A3

or inverse address lin th ough A3 thro th floatlng gate driver
transistors, ‘i‘dg Orile“if(e}byo Scausmgeec g’(bs‘ltol\tlu'é??&l kli%r%ﬂbe @RE At onpl enent ar y
bi t 11 nes 1 or ook MAD (8EcRMeESt il Bressit Ty Mrbh. by KRN Afda ndgr st ood by
one of ordinary SkIH?| ﬁl% gdﬁe §$t§ A?regﬁeq}?\{ ordi nary skill 1n the art wll
further undermahdmuabmhrfbadhg@testdsﬁ sacHisiielofa wpetrolapth dan baatasedatghe er s can
be used as necessary to affect the 30 transition fromone | ogic system

e.g. positivesIMEcs ks apphitegiurg lﬁ%‘ﬁéﬁqulﬁ’etol% k(?%dée)s%@ﬁ‘in\%?” Cstill

capi taki zi ng V. ate driver transistors
1001- 115 1001- S%“m%ﬂlt‘é %%’arﬂgmgég hﬂia%f% ?{lthgg%:'%ﬂg S rcuit 1000. 11 the 26
WD 03/ 063250 PCT / Lﬁ(ga{eqaZéé smﬁﬂlﬁ”wﬁlbm@:kgﬁﬁ@ammfa higholet ¢lrggapddation of wer
transistor is programmed with a negative charge on the floating gate it

will not be a®lesttrdlq systeHel lé)rlraagoréwa to the tga@mgé@f thedirgsentigheRol- ASom t he
In thi d
array. In thig, t@@lﬂ%ﬁ%ﬁ?ﬁl %@éax 9 gyw k{p?fdlqgﬁsﬁﬁ%?&oa@ang{ 1 even

when the circul I hal Ci F int ng 5 used
in a system dbaeits ebmhigpoOg athimetielogitusie(ALIGR] D0 dripraiessouil 120, a
progrannable | ogi ¢ devi ces described here work with much | ower  vol tages
than 1@he norsRmtrolienif EE30, ageeanqry devies wit 1149 andendnpysfoutpyt déP)device

pr ogr ammabl e t?e&xe%'ll&;%ﬁ%}f art & n%{&ﬁLos%tem M WiThaP€a REAY RPPED W th

Vol t ages of 2. e-nornal operating voltages on the

vertical continefrugiahethacgpeclie opdratidie t&Bepéxd@ﬁneﬂcﬂddcdﬁythéAmj 1te absence
of presence of stored charge on the floating gates is read b){l addr essi ng

the x- addr essansrotbesrinterictions ketweanehe Ay Y120 Mgmemaery rdéélF? et Y gk ma
coi nci dence i g %jj&&%%aﬁs@ %&E&UWevﬂF%ﬂt&n%@ n?aln-tlm:edaié)@h{/g gate line

woul d for instance be driven positive a lts and the
y 15 ¢8l umm/ sQuired éilst mngmua@ked if the floating gate is not charged with
el ectrons then the vertical sidewall transistor would turn on tending to
hold the row or The control unit 1130 coordinates all operations of the processor 1120,
the memory device 1140 and the I/O devices 1150 by continuously cycling
through a set of operations that cause instructions to be fetched from the memory
device 1140 and executed. Memory device 1140 can be implemented with “in-
20 service” programmable low voltage decode circuits, according to the teachings
of the present invention. In addition, the decode circuits of the present invention

can enable error correction by replacing a row, or column, in a memory array.

CONCLUSION

25 The above structures and fabrication methods have been described, by
way of example, and not by way of limitation, with respect to programmable
memory address and decode circuits with ultra thin bo.dy floating gate
transistors. Different types of gate structures are shown which can be utilized on
three different types of substrates to form the memory address and decode

30 circuits.

It has been shown that higher and higher density requirements in

memories, and consequently decode circuits, demand smaller and smaller
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word address line on that particular row down indicating the presence of a

stored "one" in the cell. If this particular floating gate is charged with
stored elwotmsoers0 the transistor will not turn on and thecprusssoxes of a
stored "zero" indicated in the 20 cell. In this manner, data stored on a

B s by add BLbHE R e s e BaE P hape Pigar TSR “bot h of
the floating galfged e BRfCREACSRYo meldeef; %Wﬁl&@&hlﬁétﬂ%ngﬁe imeDatel cul ar

control gate address line. Data is stored into the cell by hot electron
i nj ection. | nprekinginyastion prieideovertcal oatngghde Esnslswrrrkvmsm/lhsdi a® the ultra

thin 25 single, cr alline vertjcal con so rce/ dr ai ion ig driven
with a hi gher{aab %?%%V? %S‘I“glﬁecr?t%ﬁ?‘? gug IS8TV e ta[]?ﬁ‘gt ecﬂfln‘m’%]gy and the
controk gate J)w]emal&e plﬁgd MERSEarlYst St WRhN - nﬁﬁ bY@ fefifis 'séhlé hufafipge of

tw ce this val ue. el ectrons generated in the ‘channel of the ultra thin
si ngl e cryst atol smuﬂewmdtsnml]ler dMamaltonmgfhgapesﬁwmgsthspﬂfomahte bbantagect ed

t hrough the ga unnel e on to_th floati e .of the

transi st or se?‘le‘é'ﬂaglﬁ é‘?’l‘feﬁe 83 Vé"é‘%a%%ﬂ%%%aehelég‘é%‘ﬁ‘ls’é’n? Eogr hgé'%ﬂfﬂsftg #ed by
driving the cg AN sourcel i ne
of the transi s?’g‘?rq;\;c\nrftgﬁh&&og%%% iévaegqggt)%th@ %%ot a \‘?/‘s(gl tagg difference is
27 WO 03/ 063250 PCT/U802/03244 in the order of 3 Volts causing el ectrons
to tunnel off of the floating gates. According to the teachings of the
present invention, data can be erased in "bit pairs" since both floating
gates on each side of a control gate can be erased at the sane tine. This
architecture is anenable to bl ock address schenes where 5 sections of the
array are erased and reset at the sane tinme. Figure 11 is a sinplified

bl ock di agram of a high-Ievel organization of an electronic system 1101
according to the teachings of the present invention. As shown in Figure
11, the electronic system 1101 is a system whose functional elenents
consist of an arithnmetic/logic unit (ALU) 1120 or processor 1120, a 10
control unit 1130, a nenory device unit 1140 and an input/output (1/0O
device 1150. Generally such an electronic system 1101 wll have a native
set of instructions that specify operations to be perfornmed on data by the
ALU 1120 and other interactions between the ALU 1120, the nenory device
unit 1140 and the 1/0O devices 1150. The nenory device units 1140 contain
the data plus a
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15 stored list of instructions. The control unit 1130 coordinates all
operations of the processor 1120, the nenory device 1140 and the 1/0
devi ces IWBM3by32sont i nuously cycling through a set of opecatisoneshat
cause instructions to be fetched fromthe nenory device 1140 and execut ed.

Menory devicgg&ééfégzﬂggigg§2$enented with "in 20 service" programmable | ow
vol t age deco : ding to the teachings of the present
invention. In addition, the decode circuits of the present invention can

enabl e error correction by replacing a row, or colum, in a nenory array.
CONCLUSI ON  2b TheAalsowder $orauntmprsdesive, domtprisorg i on nmet hods have been

descri bed, by vvay of nd not by way of limtation, with respect
to prograrmable 5 a‘gg‘pg%eésa]é‘?fﬂ decode circuits with ultra thin body

floatigg gate tran§h§ﬁlg&sof dtdut ghept types of gate structures are shown
whi ch can be utilized on rﬂéle different types of substrates to formthe

menory address andwﬂaendheaﬂ)drea;srlmstand the ouvtpgt limee forshovarrayhatd hi gher and
hi gher density requirepents in Wrgﬁm)rl es,. and conseguently decode circuits,

dermand smal | er and? 8waPerf vesisal pyllars cpisading opeardlyisom 8 somicopfuciisi ons f or
e sty vl Ut o8yl h] AP Sor GBI OROlGRLRIAL, LGRS SEpigP! Fuct ur s

are difficult to scale to t -m cron |rrenS|ona reg

present i nveninchideps sinpldesysiadlite fiat cdnkavatayagangat econdasitast hiyerdevi ces whi ch -
are fabrl cated in yltra- th| n single crystalline silicon filnms grown al ong
the silflewal | $sPafRtedPYAR WddGiayetar ~ These transistors with ultra-thin body

regions scal e nat ug glber dQirsiBL QLIADG TR RFidll ABHSIQAR MALLRPT eser vi ng

the perfornmance advantage evi ces ages of smaller

di mensi ons f othaturghdectiehsditposad ddjadengthe nupdef of vaaticad pdlaes, bbtRimgdkcheved i n
floating gate transistor arr % 29 WD 03/ 063250 PCT/ USOZ/ 03244 WHAT IS
CLAI MED | S: 1single gpistsliuie ‘feé‘i‘cai RretHs SptefERNSSEr 1gdudssi sing:  a nunber  of

address |ines; an ultra thin single crystalline vertical first source/drain region
15 coupled to the first 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 which opposes
the oxide layer and couples the first and the second
20 source/drain regions; and
a floating gate opposing the ultra thin single crystalline vertical
body region;
a plurality of buried source lines formed of single crystalline
semiconductor material and disposed below the pillars in the array for
25 interconnecting with the first contact layer of pillars in the array; and
wherein each of the number of address lines is disposed between rows of
the pillars and opposes the floating gates of the single crystalline vertical floating

gate transistors and serves as a control gate.

30 2. The decoder of claim 1, wherein the number of address lines includes a
number of complementary address lines that are disposed in the array which

serve as control gates for the number of single crystalline ultra thin vertical
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5 a nunber of output lines; wherein the address |ines, and the output |ines
forman array; and a nunber of vertical pillars extending outwardly froma
sem conduwwD®B/06RBbSt rate at intersections of output |inesPandsadaness

| ines, wherein each pillar includes a single crystalline first contact

| ayer and a sgcond contact |ayer .10 separated by an. oxide |ayer. a nunber
ofysi ngl e prygf’%ﬂn!gigﬁ? tmnﬂ%?_r% %‘i’r‘?t‘%l?'tdi‘ S?G%TZ\?%%%&dﬁﬁ%rsf“r%‘%%?eﬁl%riss t hat
are sel ecti vegythgb%?%gn@g; AfR&S ihBewnaRIult 1iweg tical pillars, wherein

each single crystalfine vertical floating gate transistor includes; an
ultra thin single crystalline vertical first source/drain region 15

coupled to the fir ontact, | ayer; an.ultra thin. single crystalline
vertical secofid soﬁ’%é?cﬂﬂ%ﬁorfclaé’éilpwhe@&hﬁfé‘ﬂ & ?fr?éng:ls%%ﬁaﬁ%‘_ﬁr‘}ﬁﬁf’ct | ayer;
and ansul tra iy Oerﬁhﬁ%o@iirg%ga?%glm#sﬁﬂ@rs %f'er%'cg %!ml%a% I8 SidRd £ YU fkhiRPPOS €S

t he oxide | ayer and coup Irst an e second 20 source/drain

regi ons; and af fdroad pilprowitle omppidthe nddredsdingt forminga corsiohgate adjayatt & | i ne
vertical body region; a plurality. o:fawgeuri ed source |jnes forned of single
crystalline floainggrtentt thapitaihin syele evepbiseyenetldi0atiRgsyel 1 ars in the
array for 25 jnt i i L A a jhlars in
the array; angb.&&}}%érggﬁﬁgggw%ff mtlﬁgs’ hﬂ(?mvavfg%{eg#eaggg?@sﬁ{sh %géuﬁgédg%%%osed

bet ween rows sdcond bentgit ldyar slosna calpmasdpilidne fl oati ng gates of the single
crystalline vertical floating gate transistors and serves as a control

gat e. 180 2. The decoder of claim1, wherein the number of address |ines

i ncl udes a nynber | §TBRLAN i . neqtz i ed in the
array which g'erveTg‘gsd%gn r°§| glga'fl éélhg%g{t @tgﬁﬁﬁgg}@of ?%{Hgflgb%%@t al l'ine
ultra thin vefloativgl gaBOrad€ls3iOHIRED oPENd bidnR 32464 of Edobglillarg gat e

transi stors selectively disposed along side of pillars at intersections of

the conplenentary address lines with the output lines. 3. The decoder of

claim1, wher §.i nt J?ﬁe @%ﬁ&%fﬁahﬁh?@h@reﬁ{ st @Jll!lﬂ‘nﬂgdj%én'i Bair pillars an

15 address line is formed in a trench between the column adjacent pair of pillars, the
address line forming a control gate for a pair of floating gates in the column
adjacent pair, and wherein each output line is coupled to the second contact layer

in the column adjacent pair of pillars.

20 6. The decoder of claim 1, wherein at least one of the output lines includes a

redundant wordline.

7. The decoder of claim 1, wherein the semiconductor substrate includes a

silicon on insulator substrate.

25
8. A decoder for a memory device, comprising:
a number of address lines;
a number of output lines;
wherein the address lines, and the output lines form an array;
30 a number of vertical pillars extending outwardly from a semiconductor

substrate at intersections of output lines and address lines, wherein each pillar
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5 thin vertical floating gate transistors are each fornmed on one side of
the nunber of vertical pillars with one of the address lines formng a
control gape3adizacent to the floating gates of the ultraPprchiusosiang e
crystalline vertical floating gate transistors along a row of pillars, and
wherein each output line is ﬁ:oupl ed to thegars?ﬁcond contact, | ayer along a

|

col urm of pi | Inghides a gingle cnystallgnsclygierontact ay £, 3G ONReHAYE t ra t hin
single cryst i rii pating gate transistor is fornmed on two
opposi ng si dggselpg@&g\a{l) haglpol ﬁeal?{'ér’s. The decoder of claim1l, wherein in a

col um adj acent pai furpbdrlddrmghicrishalfidel ukaashinivesicabfléavingedtei transistorench

bet ween the columm adjacent pair of pillars, tnri:lia address line formng a
control gate thatarg disapsedgdiacensdhe mynbaod yertigalipiliars, sYsssin eady SRgeit pair, and
wherei g each it L i nd contact layer in the

col urmgadj aceﬁ‘%tg@% F L“Lg?l%%ifﬁagggggtggraégs%gwg@gsgder of claim1, wherein at

| east one of the out putad ilfeshihBgld@sstaling ecttical dinst sammcaldrdieregion The
decoder of claim1, wherein the sem conductor substrate includes a silicon
on insul ator substrate. 25 geounledee efchirst enpntast la¥efory devi ce, conprising: a

mb f add i , i : j :
nos, and the output PhOSTHIRSIngY oPHhHE iR ReccbISLERBULITAR OO0,

extendi ng outwardly from a sesiiptednduled @tondSeddsdct Riyer; aid | nt er secti ons of
out put lines and address |ines, wherein e_ach@f_i |lar 31 WD 03/063250
PCT/ U302/ 03244 i ncl udedn wltrgithigisingle gestalling Mertiegl bedy segitnawhich gpegsesand a

second contact |ayer separ a&%%xﬁé&%’%%& go phe%Xﬁéﬁrs?a%@éﬁoﬁﬁ singl e

crystalline ultra thin vertical ate transi s at are

di sposed adj acent the nunbersqfrce/drhinirégibngi | | ars, wherein each single 5
crystalline vertical floating gate transistor includes; an ultra thin
single crystalline vertwhereinfa hasizostsl junetien dgpth fasdhcobirst and the second

ultra thin single crystalline vertical source/drain regions is
15 much less than a vertical length of the ultra thin single
crystalline vertical body region; and
a floating gate opposing the vertical body region and separated
therefrom by a gate oxide;
a plurality of buried source lines formed of single crystalline
20 semiconductor material and disposed below the pillars in the array for
interconnecting with the first contact layer of pillars in the array; and
wherein each of the number of address lines is disposed between rows of
the pillars and opposes the floating gates of the single crystalline vertical floating

gate transistors for serving as a control gate.

25
9. The decoder of claim 8, wherein the ultra thin single crystalline vertical
body region includes a channel having a vertical length of less than 100
nanometers.

30 10.  The decoder of claim 8, wherein the ultra thin single crystalline vertical

body region has a horizontal width of less than 10 nanometers.
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coupled to the first contact layer; an ultra thin single crystalline
vertical second source/drain region coupled to the second contact |ayer;
and 10 arwoloses2shi n single crystalline vertical body regipem/usht/edz4dpposes
the oxide |ayer and couples the first and the second source/drain regions;

wherein a horizont Lunctiaon depth for the first .and the second ultra
thin single CHZ/st aﬂ“? ﬂ@oa%rrq%icm%sﬁ’lﬁ?@é}' Féﬁtﬁﬂ‘tﬁ‘ ‘ngg cpyslling VARl | ess t han

a vertical | e&]giliyto}ggi;)ntibﬁ)rﬁﬁlﬂ Fidni 3}i gﬁﬁﬁ%ﬁaﬁﬁl}’g%l@m.i ne vertical body

region; and a i ng gate opposing the vertical body region and separated
therefromby a gate oxide; a plurality of buried source |ines forned of
single crystalline_ 20 sem conductor and gisp sed hel ow t he

I mat eri al
pillars in th&arr W@Wdeﬁq{t%@“a&nW@Eﬁei“h e RIYRIGY [9F bRyl 3OUEes &2t ayer of
pillarg in thg argayy 9§§Ed‘t’lﬂ§{ tglll: ﬁrs‘?%BJ&a&Ha}e‘?%n@Hfét}ﬁﬁré&ff iln%gfia_rll?%tﬂ fhges 1s

di sposed between rows’ o ars and ‘opposes t ting gates of the
si ngl e cryst afitst centaiidyiecal floating gate transistors for serving as a
control gate. 25 9. The decoder of claim8, wherein the ultra thin single
crystalline vertical body region includes a channel having a verti cal

llength of lesgst ha@r%@&:odm & Shersth l:hlg 'sel:ég:ggm&%ﬁﬁst&fw kbRl 8. wherein

the ultra thin sing crystalline vertica regi on has a hori zontal

wi dt h of | esssitib@norlsulatormisens. 32 WO 03/ 063250 PCT/ US02/ 03244 11. The
decoder of claim8, wherein the ultra thin single crystalline vertical

body ﬂQgion is formed fromsolid phase epitaxial growh. 12. The decoder of

claim8, whergjn tﬁeprg%’dﬁlﬂ{aibieydegédebﬁ% QQOﬁé)%%ﬁrgr%Aéfu%§nﬁe% nmore heavily

doped than the first contact |ayer are integralTy with the
first contactcémyiying:13. The decoder of claim8, wherein the sem conductor
substrate incl Udesa gumber of address lines;

a number of output lines;

15 wherein the address lines, and the output lines form an array;

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

20 a pair of single crystalline ultra thin vertical floating gate transistors
formed along opposing sides of each pillar, wherein each single crystalline
vertical floating gate 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; and

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

30 wherein a surface space charge region for the single crystalline

vertical transistor scales down as other dimensions of the

transistor scale down; and
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silicon on insulator substrate. 10 14. A progranmabl e decode circuit for a
sem conduct or nenory, conprising: a nunber of address |lines; a nunber of
out put | iwes3ndfzs;mherein the address |ines, and the out puteciriusesof2es m an
array; a nunber of vertical pillars extending outwardly froma

sem conductor substrate att. i nt ersect.i og?s of 'c%ﬁ; cgytr | i nelsldand ddr ess
lines, wherein each pi ¥ APtinga[EAPPOsing te varlk @ tSPOMAEC PP % ont act

layer and a second contact |@¥RkonSIRPRAE#AL 6&ideYanarvHerdifénel foaEhg g@ i@ pair of
single crystalline ultra thin vertical floating gate transistors forned

al ong opposi ng sides of eachfopiéd airg trevebrbetweesaets ef thgnembenafipalldrs ne
vertical floating gate transist.or in des; .an . ultra.thin single
crystalline vertical first s8 rlﬁél_}aﬂ?‘g’#wf’%ﬁhSHIt_rac%Wpﬁl%ge ?%’Stf’ﬁ tirst
contact layer; 25 an ultra t{ificad nogifs Sty hRidiérd ehaY SletadfRbnt SI8E ONd _
source/drain region coupled to the second contact layer; and an ultra thin

single crystalline vertical thodhineguon adfsicedt pifgssises t he oxi de | ayer and

couples the first anld he ibeco d source/ldrajn r,g@i ons;“30 wherein a
surface space charyBUredy 8 spyrse dpgiytoomed ohtingle Pyl gy ¢ cal transi stor

scal es down agnatheicdl FRSLEAR Alpdsbebelbh ARShifbQlin feal@ydgwn; and 33 VWO
03/ 063250 PCT/ US02/ 03244 a floati'ng gate opposing the vertical body region

and separ at edintdnematctom voh the gaiiteootacdeyera gillsheinghaartdyeafid oati ng gate i s
formed in a trench petween r of .t he nmbeyr. of pillar and is shared
bet we_gﬂ the ultra ¥ ?fﬁm_sfiaﬁwgt“sewgabaq ?fiaﬁﬁress lessis ‘éPOSFﬂBSRWeﬁ@r%%p
transistors t{at; ke iRosdkhd ﬁ@atintgrg%fé@ et sﬁ@lé‘&@stél‘ﬁh@@@x‘%almdahﬂési

gate transistors for serving as a control gate.

15.  The programmable decode circuit of claim 14, wherein each address line
15 integrally forms a control gate for addressing floating gates in the trench and is

isolated from the floating gates by an insulator layer.

16.  The programmable decode circuit of claim 14, wherein each ultra thin
single crystalline vertical body region includes a p-type channel having a vertical

20 length of less than 100 nanometers.

17.  The programmable decode circuit of claim 14, wherein the number of
buried source lines are formed integrally with the first contact layer and are

separated from the semiconductor substrate by an oxide layer.

25
18.  The programmable decode circuit of claim 14, wherein each address line
includes a horizontally control line having a vertical side length of less than 100
nanometers.

30 19. A decode circuit for a semiconductor memory, comprising:

a number of address lines;

a number of output lines;
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a plurality of buried source lines fornmed of single crystalline

sem conduct or material and disposed below the pillars in the array for

i nt erconrwotoBnes2d t h the first contact |ayer of pillars i RrCrhsSozoxnay; and
10 wherein each of the nunber of address lines is disposed between rows of

the pillars and opppses the floatin tes of .the.single crystalline
vertical floating ‘9’8%{?@ fa F?ﬁﬁ?%%?g?}‘es%?%tﬁ‘&e%@@ Yol gate. 15. The

programabl e decodg,ghbGUittveRfcalChifhileldndivB 8L f4dhRERdUctore 15
integrally forns a control gate for addresSing flodating gates in the trench

and is i sol asubdtrdte amintdngecfibmatfiouwtpug inessanidyaddresd krsas] whereinl eaylepillad 6. The

programuabl e decqde circuit of claim 14, wherein each ultra thin single
crystalline VE‘F@E%‘I‘ SlB@Gf%@g"wrﬁhﬂ%EQYQ ﬁ?ﬁta)ﬁﬁ%‘”@l‘ﬁﬁ’m?& I%Vl%{vi ng a

verticgl 20 ée%g‘%wg@{anl&é&el\tﬁgén 100 nanoneters. 17. The progranmmabl e

decode circuit o m 14, efein the nunber of buried source lines are
formed i ntegrally apiihof siegleicrystalloend@cthin vgracal dlodtiag gate sepsistased from t he

sem conduct or .substrate by an _oxide |ayer. 25 18. The programmbl e decode
Sircuit of ol BrmPdAPPOE G o6 edh piiery Kberein sish sinaleiSliEe Yionsd ont ally

control line Rawi f ekkicdcrsdede | ength of Iess than 100 nanoneters. 30
19. A decode c?ér{él%%a for Sa Osen(‘zl cc?n’ductor menory, conprising: a nunber of

address |ines; a nunberamiltrathipsingld cregyllite vaiicd IrQ63Ake/dRGT fddith?/ 03244
wherein the address lines, and the output Ilines forman array; a nunber of
vertid8l pillars extending oEﬂ‘Wia‘?ddP@q BrgoRtacki#yeonduct or  substrate at

Intersections of out p“t%r} {“Lﬂ%%iﬁi@?‘& C &3ifind iuflﬁ?/aelrslé‘%ﬁlg%b{ﬂrc%&lﬁn %gldnar

i ncludes a single cryst i ne nt act a second cont act

| ayer 5 separated by an oxi deoupdadan thessepaidrcontacsiaggt e crystalline ultra
thin vertical floating gate transistors _forned %pposi ng sjides of each
pillar, wherein each si#yviErathipsinglqerydalling yertigal body greiqyhigh oBPasEinsi st or

i ncl udes; the oxide layer and couples the first and the second
15 source/drain regions; and
a floating gate opposing the vertical body region in a trench and
separated therefrom by a tunnel oxide; and
wherein each of the number of address lines is disposed between rows of
the pillars and is shared as a control gate for addressing floating gates on

20 opposing sides of the trench in column adjacent pillars.

20. The decode circuit of claim 19, wherein each of the number of address

lines is located in the trench between the floating gates on opposing sides of the

trench in column adjacent pillars, and wherein each of the number of address
25 lines includes a vertically oriented address line having a vertical length of less

than 100 nanometers.
21.  The decode circuit of claim 19, wherein each single crystalline vertical

floating gate transistor has a vertical length of less than 100 nanometers and a

30 horizontal width of less than 10 nanometers.
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an ultra thin single crystalline vertical first source/drain region 10
coupled to the first contact layer; an ultra thin single crystalline
verti cal wewmsna2source/ drain region coupled to the seconecCrarsvzaei244 ayer ;
an ultra thin single crystalline vertical body region which opposes the

oxi de layer and couples the first and the second 15 source/drain regions;
and a floati mf-gat Enogseds aEeuitd clasml9e whenguife papeiptiaddigss ingsdm and
separated the I, e {5l 1ihBe number of
addr ess Iine§hﬁ%&§?gg%g%8ﬁggﬁﬁggﬁéégﬁgugggC?ﬁ@eﬁ#ﬁFﬁfgagﬁ% %g shared as a
control gate for addressing floating gates on 20 opposing sides of the

trench in colum agﬁacent pillars. 20. The decode circuit of claim19,
wherei n each F t hEhedaepds cigpuitpigland 9, wherem gagh phthgmumbenok (Pyty ench

bet ween the floati t 0, [ ' in colum
adj aceﬁt pi | |lé‘?e§f‘§ %ﬁlg tgi}éfi %@g&g@%@gﬁ%ﬂﬁﬁg@fg}& %ﬁacgh{n‘?g%g 25 |ines
includes a vertically oriented address line having a vertical |ength of

| ess than 100 nanoneters. 21. The decode circuit of claim 19, wherein each

singl e cryst at4i neAvesrpery gidresy despdaigCQiRAISIng ansi stor has a vertical |ength
of less than 100 n er, 30 horizontal wdth of less than 10
nanoneters. 35 VI)%@&%E%fg%dg%g%l $2/ 03244 22. The decode circuit of claim
19, wherein the nusb@éhb&foraduehsesl i nes in alternating row adjacent

trenches includes a conplenentary address line. 23. The decode circuit of
cl ai ml®9, wher ei n whemsinghe adsessdinss end theutppidinesformpagriay; coupl ed to t he

second contact | ayep, . ol uiT. AT AL Dy Rl L raig honfy, UGHREN AU €5

decoder, conprising: a r €ss nes, nunber “of output |ines;

10 wher ei n t heibaide asintdricd@sns viltpfud Bnétidng Widdiekdiegesf Wheremeadh pidlyi a nunber
of vertical pillars extendlg&foutmardly froma sem conductor substrate at
i nt er sect i onsingludesa goglelcrystadlingrierstepntastlayen and £ seopisreontaclardy pil | ar

separated by an oxide layer;

15 a pair of single crystalline ultra thin vertical floating gate transistors
along opposing sides of each pillar, wherein each single crystalline vertical
floating gate transistor includes;

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

20 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 which opposes
the oxide layer and couples the first and the second
source/drain regions;

25 a floating gate opposing the vertical body region and separated

therefrom by a gate oxide; and
wherein each of the number of address lines is disposed in a trench
between rows of the pillars and is shared as a control gate for addressing floating
gates on opposing sides of the trench in column adjacent pillars.

30

25.  The memory address decoder of claim 24, wherein the memory address

decoder further includes a plurality of buried source lines formed of single
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includes a single crystalline first contact |ayer and a second contact

| ayer separated by an oxide layer; 15 a pair of single crystalline ultra
thin vertwoaB/6ti2ze@ti ng gate transi stors along opposi ng sipdeasot/oxrach
pillar, wherein each single crystalline vertical floating gate transistor
includes; an ultra thin single crystalline vertjcal fifst. spurce/drain
regi on coupl %St?]gm? prmicppdyctor spatereal andgisposed pelod the pHLrS iy the ardgics
crystalline v j ) i,0..reqi . second
cont act Iayerﬁ&%ﬁgﬁgﬁﬁﬁﬁgggﬁgﬁyﬁﬁgéﬁg 89¥f§g@§ﬁﬁé§?%%ﬁfP%§P{ gdy region
whi ch opposesarrdyhe oxi de | ayer and couples the first and the second
source/drain regions; 25 a floating gate opposing the vertical body region
and separated therefromby a gate oxide; and wherein each of the nunber of

address 1inesys drRgsinl Mokt HEQRD: o PELNERN ioHen Olon' ol Seand |

shared™as a control gate addressin oatr'n gates on opposi ng sides

of the trenchoutputdiles igtoagicdee the sptdndasbatacSidyetof cdlamnneljmeyt midsas.ess decoder
of claim 24, wherein the nenory address decoder further includes a
plurality of buried source lines fornmed of single 36 WD 03/063250

PCT/US02/ 03244, cr ygd ;?.%Jrnbﬂ:?a Pt ‘&8&%{{»@%@%@K{h%%ei:f@&h%f%}?eo dgrow the

pillars in the array nterconnec I'rst contact layer of
col um adj acenddr@ssllined cluded hreerditdlByorienfed2@drehindivixig/a aetdtgsengtlecoder of
claim 24, wherein each of the nunber of output lines is coupled to the
secondOcont ac®f legpythan B0 raomsieradj acent pillars. 27. The nenory address
decoder of claim 24, wherein each of the nunber of address |ines includes
a vertically oriented address |line having a vertical length 10 of |ess
than 100 nanopgt er The @8momh&ldig@sdesodadsll dsit i ad@esin edchGlmilenrzdallinber ei n
each single crystalline vertical floating gate transistor has a vertica

| ength of | eskerfipd Alogine gaie BaRsideishas a vertical length of less than 100 nanometers

and a horizontal width of less than 10 nanometers.
15
29. An address decode circuit, comprising:
a number of address lines;
a number of data lines that are selectively coupled to the address lines;
wherein the address lines and the data lines form an array; and
20 a number of single crystalline ultra thin vertical floating gate transistors
that are selectively disposed at intersections of data lines and address lines,
wherein each single crystalline vertical floating gate transistor includes;
an ultra thin single crystalline vertical first source/drain region;
an ultra thin single crystalline vertical second source/drain region;
25
an ultra thin single crystalline vertical body region which couples
the first and the second source/drain regions; and
a floating gate opposing the vertical body region and separated
therefrom by a gate oxide;
30 wherein each of the number of data lines is coupled to the second

source/drain region in column adjacent pillars; and
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and a horizontal width of |less than 10 nanoneters. 15 29. An address decode
circuit, conprising: a nunber of address lines; a nunber of data |lines

t hat are weleosi2zsel y coupl ed to the address |lines; whereipaTiUse2/65tds €SS
lines and the data lines forman array; and 20 a nunber of single

SR AP BRI AR R LA B o S S
wher ein each éﬁsqagiég éﬁ%géaﬁg:ga&g o felshrfd Tr%tam Dfradft i@ Bbatlfy | ncl udes;

an ultra thin yst Ine vertical “first source/drain region; an
ultra thin sigmeeasisyatatdh thet the singleadryssaimaaltrs thin vertdalflontinggaten; 25 an
ultra thin single crystalline vertical body region which couples the first

and the secon@anststars Bnelewent 3 wgicdHactiogd atéeIF’Ftégtdiaﬁd“ﬁ’efF@OBf}ﬁgQ #y the
i cal body, f£4i - e 220 wher ei
verti C? 0 y%c{r(rg%'rs Bg%\)?ﬂ(}gttg?l%aécﬁltr&g linkd Yl ej%ﬁf@e@t’ réd gﬁlhf%nfg?é'tlgg ﬁatgg erern

d .
each of the n Ines 1s coupled t© the seco rce/ drain
region in colum adjacent pillars; and 37 WO 03/ 063250 PCT/ US02/ 03244

wherein the nunber of address |ines integrally faormcontrol |ines opposing
the floating at esThsaddress deepglesiney of elpim £ Wherein eadhy ¢f thepddressilingy oat i ng

gate transt St uSHEDiDAly iyl ks ARYERAN 4 Deitd el DF Rsifld 02!

floating gate ransi s enment a |l oglc Tunctrion at selects a data
| i ne responsi V@ tamomieteds adidfoansd fir owenthdetweeh flwatndgass | i nes and a charge
stored on the floating gates. 30. The address decode circuit of claim29,
wher eild each of the address lines includes a verticall y oriented address

line havi t4 foidef - di
| ne naving asyer Tl‘féiédéfrgs@%&d% cbrjcgq-%f glﬁi?ﬁ'w rélﬁg%f? ﬁéléc@gﬂllfn%r”e 'n a

trench between floatin ates. 1 e address decode’circuit of claim
29, wherein eaaticgiffogligy gaty ahadidtonieas awertidabRhgthl of ddsk iging@0mahsmersisst or has

a vertical length of |ess than 100 nanoneters and a horizontal w dth of
l ess than 10 #¥lhhestzeptal width of less than 10 nanometers.

15 32. The address decode circuit of claim 29, wherein each of the address lines
includes a horizontally oriented address line located above the floating gates for

row adjacent single crystalline vertical floating gate transistors.

33. A memory device, comprising:
20 an array of wordlines and complementary bit line pairs;
a number of memory cells that are each addressably coupled at
intersections of a word line with a bit line of a complementary bit line pair;
a row decoder that is coupled to the wordlines so as to implement a logic
function that selects one of the wordlines responsive to an address provided to
25 the row decoder on a number of first address lines;
a number of sense amplifiers, each coupled to a complementary pair of
bit lines;
a column decoder that is coupled to the sense amplifiers so as to
implement a logic function that selects one of the complementary pairs of bit
30 lines responsive to an address provided to the column decoder on a number of

second address lines; and
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15 32. The address decode circuit of claim?29, wherein each of the address
lines includes a horizontally oriented address |ine | ocated above the

fl oati ng wetmems2zer row adj acent single crystalline verti ealr/tshpetitng gate
transistors. 33. A nenory device, conprising: 20 an array of wordlines and
conplenentary bit |ine palrs; Y. S - each

addr essabl y coupl e‘gh‘gr? mqﬁén{ozkf %%8? %ggég{pg?s Lsamavfg}r)ar d qfﬁﬁgievﬁ ﬂagnﬁdﬁ ine of a
conpl ement ar ythli Yerli¢ad Boig gattraritete e ere stieativel s caplyal tedmplenichea wor dl i nes
so as to inplenment a logic function that selects one of the wordlines
responsi ve t oogis fiartiondhatselects devprdline tmsed orpaddsgysercwipaiied Yhthg nHdBer of
first address Jdines;. a nunber of sense | . fid: . > dto a

conpl enment ar yOflpf:IarlS radgfess BIP?S’ Elﬁreelsn; %% él&gﬁé%yé el%%%@m?ﬁ%%mﬁ%@%ﬁpl ed to the
sense anpl i fi®4iist? iddude®; 1 npl enment a logic function that selects one of
the conplenentary pairs of bit 30 lines responsive to an address provided
to the col um decoder oan dtrathibeingtsferystaltingmertierd fisy Source(derin EgPI38 WO

03/ 063250 PCT/ US02/ 03244 rein the r decoder ¢ i rray of

single crystalline uItr%TwﬁQ 198?@&%$ “gﬁ%%¥?ﬁﬁﬁﬁgoggg§g§§?§ o?%mphat are
selectively coupled to inplenment a logic function that selects a wordline
based on addresses supplied on the nunber of first address |lines, wherein

each single crystallineandtra thgmbinglecaystalngeerica bpdwregiont which peuniebes; an

ultra thin single crystallin ertical first source/drain region; an ultra
thin %éngle crystalIine_verﬂ%ﬁﬁpﬂégiBWEegﬁﬂf?gﬁﬁ&g?ﬁr?%%ﬁon; an ultra thin
single crystalline vertjAakinRQdi 5pekiap miiceticat Do @8ion hd bfRardéd st and the

second source/drain regions a floating gate opposing the vertical body
region and separated ther eftherefioy by gyaateosidede. 34. The nenory device of
claim 33, wherein each of the first address lines 15 are forned in a
trench opposing the floating gates, and wherein each of the first address

lines includesjyer tigahkof defieest cBGARBswhtleitcharihedird adefetd Gads | engt h of
15 are formed in a trench opposing the floating gates, and wherein each of the first
address lines include vertically oriented address lines having a vertical length of

less than 100 nanometers.

35. The memory device of claim 33, wherein each of the first address lines

20 include horizontally oriented address lines formed above the floating gates.

36.  The memory device of claim 33, wherein each of the wordlines couples
to the second source/drain region of the single crystalline vertical floating gate

transistors in the row decoder.

25
37.  The memory device of claim 33, wherein each single crystalline vertical
floating gate transistor has a vertical length of less than 100 nanometers and a
horizontal width of less than 10 nanometers.

30 38.  The memory device of claim 33, wherein the column decoder includes an

array of single crystalline ultra thin vertical floating gate transistors that are

selectively coupled to implement a logic function that selects one of the

39



| ess than 100 nanoneters. 35. The nenory device of claim 33, wherein each
of the first address lines 20 include horizontally oriented address |ines
fornmed abwoastbesé | oati ng gates. 36. The nmenory devi ce of pciTaiSoe/B8R244 wher ei n
each of the wordlines couples to the second source/drain region of the

single crystalli vertical tin ate .transistors.in the row decoder.
35 97 The: neneryemenrbegs of P hessiiiogie s ARLEER SrRigel I8 bR ne

vertical fl oaédoBe @RttEe fulrABY of k&@ond addréssvaieh, iddreih @R&H din@é chye@Rinehan 100
nanoneters and a horizontal width of | ess than 10 nanoneters. 30 38. The

menory devi ceveticalflpainggte warnigomineludescol uim decoder includes an array of
single crystalline ultra thiﬁgyertﬁcal si.stors that are

fll. I
sel ectively coupled to ha Htsm&ci‘Hﬁ?t%ﬁlfq%&%&?ﬁg%ﬁ%t??g{’rrcg@faé%f%‘%e of the

39 WO §3/063250 PCT/ USOR{ 0834kin sHRIOONEINhaYHiBAlskson@lsolick /i Ridesponsi ve
to addresses provided to the colum decoder one the nunber of second

address |lines, wherein each single crystalline vertical floating gate
transistor includes: an ultra thin single crystalline vertjcal first
sourcel drain region: 5 HHUPEE G RGRE ERs S ey TR carPlE cond
source/drain region; an ultgga ﬂr&’tiaﬂd$ﬂé“élb@n&§o¥1§éeﬁir$ih@€gi&?sr; hheal body region
whi ch couples the first and the second source/drain regions; and a
fl oati ng gate opposi ng & Heatingrgateceppobingyhe eyyiicrh badydregmpandisemiratdd t her ef rom
by a gate oxide. 39. The nenpry .devjce of claim 38, wherein the
conplg ntary pairs of bit n&?%@?“b%ﬁ%ﬁ@epéﬂfhe second source/drain regions
of the single crystalline vertical floating gate transistors in the colum
row decoder. 15 40. An electronic system conprising: a processor; and a
menory devi ce32oupTeamemopy deveesdic]ainid; whereirhibe vemplemnedtayy pars dfbdl udes a
pr ogr ammabl e Fecoder co risigg: : . : . :
ines couple to the second source/drain regions of the single crystalline vertical
floating gate transistors in the column row decoder.
15
40. An electronic system, comprising;:
a processor; and
a memory device coupled to processor, wherein the memory device
includes a programmable decoder comprising:
20 a number of address lines;
a number of output lines;
wherein the address lines, and the output lines form an array;
a number of vertical pillars extending outwardly from a
semiconductor substrate at intersections of output lines
25 and address lines, wherein each pillar includes a single
crystalline first contact layer and a second contact layer
separated by an oxide layer;
a pair of single crystalline ultra thin vertical floating gate
transistors formed along opposing sides of each pillar,

30 wherein each single crystalline vertical floating gate

transistor includes;
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20 a nunber of address lines; a nunber of output |ines; wherein the
address lines, and the output lines forman array; a nunber of vertical
pillars ewoDan@s3zgo outwardly froma sem conductor substratP€TALS02/03244
intersections of output lines 25 and address |ines, wherein each pillar

includes a single crystalline first contact l.ayer. .a second.cont act

| ayer separated by an oxi de®] BVa/hin ging (fry%?ﬂlg%lHaflgﬂg}réssf)grf?@ﬁénuI tra thin
vertical floating gate transistofgichQoliFed & Sedir@RBRGENEysi des of each
pillar, 30 wherein each single crystalline vertical floating gate

transi stor includes; 40 WO 984l083856inRETrySUHNG 8atidal segondispurge/dtdim si ngl e

crystalline vertical first source/drain region coupled to . the first contact
layer; an ultra thin single cryst%?g’lolnr%‘lglggfq @'ﬁlse%oglgﬁﬂﬂtagt&we&e%“(‘}r ain

regi onscoupled to the secondyf@phash sln@dkSdryst@lfle verfiBalbo {/?egid?li\ﬂhi%h ngl e
crystalline vertical body region which  opposes the oxide [fayer and coupl es

the first and the second sour ce/ chmabes thegkidadgyennel @iuplea tieufirbtasd space
charge region for the single crytilt al li ae vertical transistor scales down
as other 10 dinensions of the trRRSFONGSOUEHARINE/PSand a floati ng gate

opposing the vertical body rggiem aagﬁgfaciéjgﬂ%@é@ﬁa@ fe ﬁfn%fﬁ’i@si?ﬁglea gate oxi de,

and wherein the floating gate is formed in a tren between™ rows of the

nunber of pillars and is shared 1&y#ieliinesertichigrankistoa s¢ddsrdosinraglogher
crystalline vertical floating gate tr.ansiéflors t. hat adj acent the

trench? in colum adjacent pill ar SMeASIEPYPHNF frﬁn%?torbﬁ??‘{egjﬁw%ﬁﬂdce li nes
formed of single crystalline, figting gate opposing the vertical body region and
separated therefrom by a gate oxide, and wherein
the floating gate is formed in a trench between
rows of the number of pillars and is shared
15 between the ultra thin single crystalline vertical
floating gate transistors that are adjacent the trench
in column adjacent pillars;
a plurality of buried source lines formed of single crystalline
semiconductor material and disposed below the pillars in
20 the array for interconnecting with the first contact layer of
pillars in the array; and
wherein each of the number of address lines is disposed between
rows of the pillars and opposes the floating gates of the

single crystalline vertical floating gate transistors for

25 serving as a control gate.

41.  The electronic system of claim 40, wherein each address line integrally
forms a control gate for addressing floating gates in the trench and is isolated
from the floating gates by an insulator layer.

30
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sem conductor material and di sposed below the pillars in 20 the array for
interconnecting with the first contact layer of pillars in the array; and
wher ei n ewoln3etszshe nunber of address |lines is di sposed bewaesn2/0320ns of
the pillars and opposes the floating gates of the single crystalline

vertical floatjng gate transistors. far 25 servi a,control gate. 41.
The el ect r oni & sys! MnslBfranpGsviieanot ‘Wﬂ@’r‘é ' %&dﬁt&@lr}? P ntegral Iy

forns a contr Lhena dis
| Solat ad - fr i ang oA TR ;ﬁgﬁ@%%‘%ﬁ’%{ﬂ‘%&?% %3 063250

PCT/ US02/ 0324éf lessZhanT he® mdnenietedsni ¢ syst em of clai m 40, wherein each ultra
thin single crystalline vertical body region includes a p-type channel
having a vertical length of |less than 100 nanoneters. 5 43. The electronic

syst emsof cl aA 40rhé"ﬂ€&§de'ﬂ;r§>ﬂf‘enp$fucﬁﬁhl 40/ wHerd eSRuERY F Buribd HKScAr €

formed integra Iy W t I'rst contact | ayer and are’separated fromthe
sem conduct orlisistasd foained byegrailowithl ehd fagecontatd laydinendere sdpammddray steem of

cl ai m 40, wherei.n each address line jncludes a 10 horizontally oriented
control Iine $fFoTKluStop ayhsiratg b YsaP(S’élqere]W’h of less than 100 nanoneters.
45. A electronic system conprising: a processor; and 15 a nmenory device
coupl ed to processor, wherein the nenory device includes a programabl e
menory addr es44.decDhke¢lea o i}&'tengof daimdth evheodin agbiiraddssd limeiacludes munber of
out put lines; wherein the address |ines, and the output |ines form an
array10 20 a  heitgRlgorigaied Fero pine hayias ayedical vide lsnetheal Jﬂsythap&ﬁ?

sem conduct or supstrate at intersections of output lines and address

| i nes, wher ei h eac pillar includes a single

45. A electronic system, comprising:
a processor; and
15 a memory device coupled to processor, wherein the memory device
includes a programmable memory address decoder comprising:
a number of address lines;
a number of output lines;
wherein the address lines, and the output lines form an array;

20 a number of vertical pillars extending outwardly from a
semiconductor substrate at intersections of output lines
and address lines, wherein each pillar includes a single
crystalline first contact layer and a second contact layer
separated by an oxide layer;

25 a pair of single crystalline ultra thin vertical floating gate
transistors formed on opposing sides of each pillar,
wherein each single crystalline vertical floating gate
transistor includes;
an ultra thin single crystalline vertical first source/drain

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

region coupled to the second contact layer;
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crystalline first contact |ayer and a second contact |ayer separated by an
oxide layer; 25 a pair of single crystalline ultra thin vertical floating
gate traweiosiexso f ormed on opposi ng sides of each pillar PCTWiser/ei2zms each
single crystalline vertical floating gate transistor includes; an ultra

thin single crystalline vertjc fi.rst source(.drai 0.,reaion coupled to
the first contact |ayer; an %ﬂlt%bgﬂflﬂiswgie’l%?agfl%ery%rﬁ%qli%f)%r er Vlﬂélgﬁ‘ second
source/drain region coupled to tmog@,QH@Qxig@[ﬁyaﬁénd@Mﬁ]Iég tHeZdirWand3/ 063250
PCT/ US02/ 03244 an ultra thin single crystalline vertical body regi on which

opposes the oxide |ayer and coupl s sedoad Spyree/deginregions; asdcond sour ce/ drai n
regions; and a floating gate osi ng the .vertical dy region in a b5
trench and separated therefr%ﬁgﬁwgaga%tﬂﬂ%fm%ghed@?magﬁ yvﬁ‘?gggi"ﬁaeach of the
nunber sof address lines is di SpOS@QlCQ%hg\@&jaraté@ﬂvére%n{Waﬁjnhéﬁfxﬁle@.nd IS
shared as a control gate for addressing floating gates on opposing sides

of the trench 10 in colum adjacestd pillars. 46. The el ectronic system of

cl aim 45, wherein each of the nu r of  ad s lines.is | ted in the
trench between the floal ‘Ffﬁmgeélfnlégpt_g‘ﬁnliﬁﬁgs%rﬁga?ﬁﬁié%es ?d‘tsﬂ%segﬁgté"rﬁ?ﬁ in
colum adj acent pillars, and\Rerendphifasan®@fs shhRdavaReAtrQfgaRddF €ss 15 |ines
includes a vertically oriented address Iine having a vertical |ength of

| ess than 100 nanoneters. 4aldréshingdloetng gatéscorsypoeing ofdes bhthmiréich wher ei n
each a"bngl e crystalline wvertical fligatipﬁugrate transi stor has a verti cal

| engt HVof | ess than 100 nano‘r’?eclog’r‘@’a tea Shori zontal width of |ess than
10 nanoneters. 48. The el ectronic system of claim45, wherein the nunber of

address lines in alternating row adjacent trenches includes a
conpl enent ar y4@ddr Elsseltétromic system of claim 45, wherein each of the number of address

lines is located in the trench between the floating gates on opposing sides of the
trench in column adjacent pillars, and wherein each of the number of address
15 lines includes a vertically oriented address line having a vertical length of less

than 100 nanometers.

47.  The electronic system of claim 45, wherein each single crystalline
vertical floating gate transistor has a vertical length of less than 100 nanometers

20 and a horizontal width of less than 10 nanometers.

48.  The electronic system of claim 45, wherein the number of address lines in

alternating row adjacent trenches includes a complementary address line.

25 49.  The electronic system of claim 45, wherein each of the number of output

lines is coupled to the second contact layer in column adjacent pillars.

50. A electronic system, comprising;
a processor; and
30 a memory device coupled to the processor, wherein the memory device
includes a memory address decoder comprising;:

a number of address lines;
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25 49. The el ectronic systemof claim45, wherein each of the nunber of
output lines is coupled to the second contact |ayer in colum adjacent
pillars. w0.038625@Cctroni c system conprising: a processoPCTArsd2/@248 nmenory
devi ce coupled to the processor, wherein the nenory device includes a
menory address decoder conprisi.ng; a.nunber of address lines; 43 WO

03/ 063250 PCT/ US02/ 03244 ‘?ﬂ?ﬁﬁﬂ?‘l@ﬁ“%ut put lines; wherein the address

lines, and the output |{Rg8inftAE MRS HnERYnd thR JuiR@hePformitatap pillars
extending outwardly froma sem conductor substrate at intersections of

output lines 5 and addresgnbérnésertighlarkdrn extandingputvardly fiohugles a singl e
crystalline first contact |ayer. and a second contact. |ayer arated by an
oxide layer; a pair of si ngl%md?(if@f‘%ltf’f ?“%étr{}feﬁlél?ef?ﬁchm\lﬁe toluf:péll%ﬁg?soat! ng gate
transi gtors al ong opposing sifeddREs BAGhwREkInAach WIRF iclhded Psipaeh single
crystalline vertical floating gate transistor includes; an ulfra thin

single crystalline vertical drystaliingGust caitant ddyer andegiesnnd canpdctthyeo t he fir st
contact layer; an ultra thin si ng}l %(ycrys'{égl |i ne vertical second
source/drain 15 region coupic8tfeted BYre oZMEd®cont act layer: and an ultra

thin single crystalline yarifGadle BRI WP GHical FRRASLStE he Oxi de | ayer
and couples the first and the Second source/drain regions; a floating gate

opposi ng the vertical body regisstoraaldng gppesegsidesof cadhgriddn whedein a gat e
oxi de; and wherein each of thﬁ nu[Tber ?é addr.ga(sh%ﬁl i.nes is disposed in a
trenchObet ween rows of the pfachSnglefmEialingyay atng gle Rk gat e f or

addressing floating gates on,eppasi ng

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
15 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 floating gate opposing the vertical body region and
20 separated therefrom by a gate oxide; and
wherein each of the number of address lines is disposed in a
trench between rows of the pillars and is shared as a
control gate for addressing floating gates on opposing

sides of the trench in column adjacent pillars.

25
51.  The electronic system of claim 50, wherein the memory address decoder
further includes a plurality of buried source lines formed of single crystalline
semiconductor material and disposed below the pillars in the array for
interconnecting with the first contact layer of column adjacent pillars in the

30 array.
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sides of the trench in colum adjacent pillars. 25 51. The electronic
system of cl aim50, wherein the nenory address decoder further includes a
pl ural it ywofosbes2sed source |lines formed of single crystal IPOTAIS02/03244

sem conductor material and di sposed below the pillars in the array for

i nt erconnecti Wi the first co ct r of col adj;acept pillars in
the 30 array. %4 V@%@?‘gws%&tﬁ%?/ %glzl@ﬁrel%?cg‘?ﬁgpeg ug{‘: 9 8ﬁ?%t8'§'yst em of
clai m 50, whefigdsis apdab B RcoiRRkacPlayOUdtR¥Iumid ddj&eni silleRUP! ed to the

second contact |ayer of colum adjacent pillars. 53. The el ectronic system

of claim50, wherein each of the nunber of address 5 lines includes a
vertically orLented address |ine i.ng ertical lLength .of le t han 100
nanometers. 5 f T_hﬁ‘%? ‘é%fgﬂ’bc_rﬁyéte @;iciw&&\ﬁﬁfeﬂﬂ %a(‘fll o\g\ﬁbe%’é’inhbeég f\‘fdz?srsigl e
crystakline Ng&tih@adeshlvealdang oflgted 5&1&85%'1&%@1%vi§1§% varti@r lehgdlofl@ggt h of

| ess than 100 nanoneters 10 and a horizontal width of |less than 10

nanonet ers. S5tan A0preatvoetes. forming a logic array for a programmabl e
decoder, the nethod conprising: form ng a nunber of address lines; 15
form ng a nunber of output lines; wherein formng the address lines, and

the output Iigses iMgdHe@niOdRicRBof AT, MherdiPEAh Rhgfe GYstRBRe Of verti cal
pillars extending outwardly froma sem conductor substrate at

i nt er sect i onsvefica flopung gatawansistet haddrvedal liengh of RGs thiaerl 80 mafianetensg each
pillar _includes formng . a.single cr alline first contact |ayer and a
second®cont act™ 2’a}§/‘~€"fz"8%1 gl‘ftt‘f’gles%ﬁ’%zht‘lm‘?rﬁferﬁype separated by an oxide

| ayer; formng a nunber of single crystalline ultra thin vertical floating
gate transistors that are selectively disposed adjacent to the nunber of
vertical pilla¥s, AZbethrbofdormingrartpgig agay forsiprgdgremorapbt decbdanctheerti cal

floating gate transistar. i ncludes; depositing a |lightly doped polysilicon
| ayer of a seE’SWGH comprising;:

forming a number of address lines;
15 forming a number of output lines;
wherein forming the address lines, and the output lines includes forming
an array;
forming a number of vertical pillars extending outwardly from a
semiconductor substrate at intersections of output lines and address lines,

20 wherein forming each pillar includes forming a single crystalline first contact
layer and a second contact layer of a first conductivity type separated by an oxide
layer;

forming a number of single crystalline ultra thin vertical floating gate
transistors that are selectively disposed adjacent to the number of vertical pillars,

25 wherein forming each single crystalline vertical floating gate transistor includes;

depositing a lightly doped polysilicon layer of a second
conductivity type over the pillar and directionally etching
the polysilicon layer of the second conductivity type to
leave only on sidewalls of the pillars;

30 annealing the pillar such that the lightly doped polysilicon layer of

the second conductivity type recrystallizes and lateral

epitaxial solid phase regrowth occurs vertically to form a
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conductivity type over the pillar and directionally etching the
polysilicon | ayer of the second conductivity type to |eave only on

si dewal | swofo3bbzspi | | ars; 30 annealing the pillar such thacriuse2bight!|y
doped polysilicon [ayer of the second conductivity type recrystallizes and

| ateral epitaxial solid phase regrowth occurs vertically to forma 45 WO

03/ 063250 PCT/ US02/ 03244 si H#le Cg’ﬁifmf‘memf@fW@PF‘?tE%ma{F%l P"Ce)‘hﬁ é%?"ﬂ&t erial

of the second conductivity 5&ﬁggéti‘»§q?}§é'é.n the annealing causes the single
n

crystalline first contact |ayer a second contact |ayer of the first
conductivity 5 type towbeaeth the gnmatig cfuses thgkiegleroyesstallihe fisst catteti al of t he

first conductivity type into the lightly doped polysi|igon |ayer of the
second type to form verti cal Ryetginf g gy ?%actgﬂ&y@éhgﬁﬁtgg@egylm ain
regiong of the first CondUCtéygé wscf&% o@tﬁfbﬁ*%@%l%dcrwaﬁiﬂ@m@%\“{aﬁéﬂﬂé e

crystalline vertically 10 orrente erial of "the second conductivity

type; and formng a fl oati nfirsgedreluctiyiostypgintditheVightly depedqmiiysilicegi on and
separated therefrom by a gate oxide, and wherejn the, Ioati%ig gate is
formed in a trench between r@¥& ithe srsondiiyre b fogn vsiticely erighied fisst shar ed

between the ultra thin 15 SiQﬂi's%ﬁ&r{&’s%h?éehdriﬁﬁréé%?ﬁé&ﬁ‘he F}s?@éridﬂgti‘ﬁﬁiafs_

transistors that are adjacent the trenc umm adj acent pi

formng a plurality of buriegpeetpacsed bynhs nolv siighgtrgstalliyis tvatticalive

sem conductor material and disposed below the pillars in the array for

i nterdBnnecting with the firgicnéghmaterial ofyls sespndsandyetevityfypsidndyr r ay; and

20 wherei n T orm ng eachyfitNen SR S looRdil 835l APSody1ebASa 1 or M g

t he address |ines dispose ween “rows ars opposi ng the
floating gates of the singleparaysitthtiefrom byer gatecatidé,|and iwhegeig dice
transistors for serving as a_ control gate. 25 56. The nethod of clai m55,
wherein forning each of the ﬂmrgatﬁlsg@meéégatremhbetweenrows of the

number of pillars and is shared between the ultra thin
15 single crystalline vertical floating gate transistors that are
adjacent the trench in column adjacent pillars;
forming a plurality of buried source lines of single crystalline
semiconductor material and disposed below the pillars in the array for
interconnecting with the first contact layer of pillars in the array; and
20 wherein forming each of the number of address lines includes forming
the address lines disposed between rows of the pillars and opposing the floating
gates of the single crystalline vertical floating gate transistors for serving as a

control gate.

25 56.  The method of claim 55, wherein forming each of the number of address
lines includes isolating the number of address lines from the floating gates by an

insulator layer.

57.  The method of claim 55, wherein forming a number of single crystalline
30 ultra thin vertical floating gate transistors includes forming ultra thin single
crystalline vertical body regions with a p-type channel having a vertical length of

less than 100 nanometers.
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|l ines includes isolating the nunber of address lines fromthe floating
gates by an insulator |layer. 57. The nethod of claimb55, wherein formng a
nunber ofweimgbrscrystalline 30 ultra thin vertical fl oaPCRgSgaox44
transistors i ncI udes forrri ng ultra thin single crystalline vertical body

regi ons W|th hayiLn tical | ength ess than 100
nanonet ers. g@gé’? ééo‘%"%f%@ gy thél*?'fﬁ‘%f’éf’ﬂ%‘bnetﬁlfs OBT%i m 55,
wherein form Hﬂestlﬂﬁu&érmt%ﬁraﬁgl fOHihEtheSRMeLof ﬂ)drﬂ:@%ohﬂée hiHelewnith eqs@l | Y
form ng the nunber of burifed source lines wth first contact |ayer and
separating t he)mmtﬂe'ler afd spanateg the masmber ofimouive lmemfromrtuu s¢noicondghst r at e

w th an oxide % . ‘:'L 59. gehlla nmet hod of claimb55, wherein form ng each of
t he nunber S‘ﬁ’a pteath an giade ¥ udes forming horizontally oriented control
| i nes Bavi ng a vertical side length of Iess than 100 nanoneters. 10 60. A
met hod for formng a decode circuit for a sem conductor nenory,

conpri sing: f5.m nfhametholef clafm 48dwkasinl fomeiag eacflmsfrrhﬂgnabenwﬁbédrem out put

i nes; mherel form the address |ines, and t tput lines, i cludes
foreng 16 ahndsThdbaR i BoLEoray i epted B P LIes B &AL eRERigh 1

outwardly frorghgth O?Qégsg%q%tn%orﬁ&pgtrate at intersections of out put l'i nes
and address lines, wherein formng each pillar includes formng a single

crystalline f| rst contact |ayer and a second contact |ayer separated by an
oxi de | ayer; formng%c? pglr .of S|nle Ccr. talllne ltra thin vertical
for

f1oatitRg” gat 04 ¢ g PP B SPoRge Sirae fos SO gRPPemORer of n
form ng each g crystalline vertical floating gate transistor
i ncl udes; deposi rﬂﬁ ngg a lightly doped polysilicon |ayer of a second
conductivity type forming heurpbdrlofinddrag lohes;ecti onal ly etching 25 the
Polyst LT con L ayer o e e of Sotpat nesy | 1Y tyPe to
wherein forming the address lines, and the output lines includes forming
15 an array;
forming a number of vertical pillars extending outwardly from a
semiconductor substrate at intersections of output lines and address lines,
wherein forming each pillar includes forming a single crystalline first contact
layer and a second contact layer separated by an oxide layer;

20 forming a pair of single crystalline ultra thin vertical floating gate
transistors on opposing sides of each pillar, wherein forming each single
crystalline vertical floating gate transistor includes;

depositing a lightly doped polysilicon layer of a second
conductivity type over the pillar and directionally etching

25 the polysilicon layer of the second conductivity type to

leave only on sidewalls of the pillars;

annealing the pillar such that the lightly doped polysilicon layer of
the second conductivity type recrystallizes and lateral
epitaxial solid phase regrowth occurs vertically to form a

30 single crystalline vertically oriented material of the second

conductivity type;
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| eave only on sidewalls of the pillars; annealing the pillar such that the
lightly doped polysilicon |ayer of the second conductivity type
recrystalwWozesennd | ateral epitaxial solid phase regrow RCOIAS02/683244
vertically to forma 30 single crystalline vertically oriented nmaterial of
the second conductivity type;, 47 03/ 063250 PCT/ US02/ 03244 wherein the
anneal i ng causes the si%’Bﬁ’%méP?/?}n&P 1R EAUPTS T ?518511‘?t°5@fa?lll Pt At he second

contact layer of the first cpaushindclond dfact Ry&SAIanAT AHdlc@insi nal e

crystalline material of the irst conductivity type into the lightly doped
polysilicon 5 | ayer of the stypotuketyperdvathfofsimglearystatbid materialeofithel fi r st

and second source/drain regions of the first conductivyity e separated
by the now single crystalli nfg“(/@“@%té‘f‘?yﬁyp%‘lnf‘bﬁf’gﬁﬁﬁ%%{@?quOE%ﬁlcPBe second
conduckivity type; and formp r%fftﬂegs%k?]ﬂggtg?ﬁoefog{j%ﬁfcgﬂyBx{?&lté’@ﬁltslCa' dbody

regionin a 10 trench and separated t rom a tunnel oxide; an
wherein form ng each of the adrsbesndafounddiras sediomsed thenitsticesluétovityl ng t he

nunber of address |ines disposed between rows of the pillars such that each
address line is shared as a @BhtsParateRthe gpwapleaustalling verlicalhy gates on

opposing sides of the ”e”%éngﬁ?cfﬁ%@?ﬂe&%ﬁ%@mdo 'nggﬁi;\,z St%se @da The net hod

of claim®60, wherein form ng ea er 't nes i ncl udes
form ng the nunber of afdeimegs floatag ghte dppesihg theokrtival bwignregibein 41 oat i ng

gates on opposing sides of the trench in colum adjacent pillars, and
wher el forming each of the teitBand sepaer beetiomisa funael rdds: f8¢ i ng

vertically 20 orie . j i i cal | ess t han
100 nanonet ers. 62\?}&%%@%& ﬁgga%}#%ﬁgﬁﬁﬁg%%f\%ﬂgége%lh&? (I)I}Jrlnl?dr%gtf&ggg{zugsi ngl e
crystal | i ne vigehusbkr off dddadss igesgidposéd Borweai rowsiofi Hepdidars bachthatgaelach si ngl e
crystalline vertical floating gate transistor to _have a vertical |ength of
| ess than 1002ddasss hee & shaed@s a controlgrteAgneddrestingtiipating Badss on pRROSIG

NanoMet ers.  qes of the trench in column adjacent pillars.

15
61.  The method of claim 60, wherein forming each of the number of address
lines includes forming the number of address lines in the trench between the
floating gates on opposing sides of the trench in column adjacent pillars, and
wherein forming each of the number of address lines includes forming vertically

20 oriented address lines having a vertical length of less than 100 nanometers.

62. The method of claim 60, wherein forming each single crystalline vertical
floating gate transistor includes forming each single crystalline vertical floating
gate transistor to have a vertical length of less than 100 nanometers and a

25 horizontal width of less than 10 nanometers.

63.  The method of claim 60, wherein forming the number of address lines
includes forming a number of complementary address lines in alternating row

adjacent trenches.

30
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63. The nethod of claim60, wherein form ng the nunber of address |ines
i ncludes form ng a nunber of conplenentary address lines in alternating row
adj acent woesobxrso 30 48 WD 03/063250 PCT/ US02/ 03244 64. pChasorodred of
cl ai m 60, mherein form ng each of the nunber of out put Iines i ncl udes

Col mm - ad; acett pi Treimenogopdaink b iestinamibgriatg U Raner f adbess o |
decoder, conMpdes hﬁtﬂludesfc@ﬁﬁﬂdg%a% BB ALmBEr FFARESRS Sind 10886 sa‘c@ﬁdn;dmaoa number
of out put | i nes; wherein formng the address |'ines, and the output |ines

i ncl udes for rﬂaylglnavﬂuamr@isa,cellt@l @s.m ng a nunber of vertical pillars
extending outwardly froma sem conductor substrate at intersections of
output lines and address |lines, wherein formng each pillar includes

formng a singd e chysdRdd fo'??orfrhﬁé&n&%?ﬁ&ddreés@)é&fdeﬁ%@n@n§ﬁgond cont act
| ayer separated by an oxide |ayer; formng a pair of singlée crystalline

ultra thin verti caﬁorrhiug&tmmr@)egafeddrdxs lmpanm stors al ong opposi ng sides of
each pillar, wherein formn f crystalline vertical floating
gate transistor i F‘E}H&am’d’gﬁ f"llt an ghtly doped polysilicon |ayer of a

second conducti Vi§YekMPSriRg thd &zﬁr@,g lih&y afthe SufRE lih@NabiLdesabRRiBY the
pol ysilicon layer of the second conduct|V|ty type to 20 leave only on

sidewal | s of anarayi||ars; annealing the pillar such that the |ightly doped
polysiicon |ver Bl LA sSon, Sonduch VLU bype Keerystal) | zes and
cita 1 il gkt el o sp e v
| ayer and t hewbeeimrfdroimgteadt pillayiecludds foheingiarsitgle onystalding Virgt wontact
layer and a second contact layer separated by an oxide layer;
forming a pair of single crystalline ultra thin vertical floating gate
15 transistors along opposing sides of each pillar, wherein forming each single
crystalline vertical floating gate transistor includes;
depositing a lightly doped polysilicon layer of a second
conductivity type over the pillar and directionally etching
the polysilicon layer of the second conductivity type to
20 leave only on sidewalls of the pillars;
annealing the pillar such that the lightly doped polysilicon layer of
the second conductivity type recrystallizes and lateral
epitaxial solid phase regrowth occurs vertically to form a
single crystalline vertically oriented material of the second
25 conductivity type;
wherein the annealing causes the single crystalline first contact
layer and the second contact layer of the first conductivity
type to seed a growth of single crystalline material of the
first conductivity type into the lightly doped polysilicon
30 layer of the second type to form vertically oriented first

and second source/drain regions of the first conductivity
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type to seed a gromh of single crystalline material of the first
conductivity type into the lightly doped polysilicon 30 | ayer of the second
type to fwomsmwessé cal ly oriented first and second source/pdmaiso2/oxgs ons of
the first conductivity 49 WD 03/063250 PCT/ US02/ 03244 type separated by
the now single crystalline vertically oriented material of .tg second
conductivity type: and formi ge serrrased Pnie Vs ip B tAng Nerty ?Xi cal body
region and separated theref t L e : i. orm ng each
of the nunmber of address Iin‘gelgéﬁ:tér%flgtgggl ﬁéﬁﬁ%ﬁ“dﬁgﬁéﬁﬁ@’ﬁﬁ%er of
address |ines di sposed fammngd foatinghatespposings vettidahbodypiegibansd such t hat
each address line is shared as a control gate for addressing floating
gates on opposing sides of t¥@gatediherefry %%ﬁﬁe%fj%i(?é‘at pillars. 10 66.

The method of cl ai ; i ] . r further
i ncl udés form ng awg u}na%?{;&g?d{)ﬁf;%gg%%%re%@?%%%gﬁ%géﬁg%sgﬁﬁgﬂggI e
crystalline sedthegmitiiintter hidirésallinandisplissd irs e dedidl tlRvwddneows bf thes i n the
array for interconnecting with the first contact |ayer of columm adjacent
pillars in t heillagrsugly tha each addrepsdingds gaged s 2 eautiol 8a€ fQREAEPHNE or i ng each
of the nunber - t i I: [ : - nunber of

out put |ines pg&fr%gageéé}gr?gbg%?ﬁ %@% &ﬁgié/gg&gﬁ hgé‘lﬁgﬁﬁaﬁg‘\&g@(}gﬁ%&pi Ilars. 20
68. The nmethod of claim65, wherein form ng each of the nunber of address

lines includes formng vertically oriented address |ines having a verti cal

| engt HO of | €88 t hdhe muthodsheletn &P swhaoin foraingdhgyggmery addggshilemdetyher ei n
cong Hes \ - _ . | .
et udas. 1 or iU ReRlge ke R Ghuried Spliethi W 6 S A0S P20 L o

to have a ver tiye@llinesagiddndictdretsertidland 4RPosedvelrt thi ilkinginahé arayat al
wi dth of |less than 10 nanoneters. 50 _ . .
interconnecting with the first contact layer of column adjacent pillars in the

array.

15
67.  The method of claim 65, wherein forming each of the number of output
lines includes coupling each of the number of output lines to the second contact

layer of column adjacent pillars.

20 68.  The method of claim 65, wherein forming each of the number of address
lines includes forming vertically oriented address lines having a vertical length

of less than 100 nanometers.

69.  The method of claim 65, wherein forming each single crystalline vertical
25 floating gate transistor includes forming each single crystalline vertical floating
gate transistor to have a vertical length of less than 100 nanometers and a

horizontal width of less than 10 nanometers.
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