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Field of the Invention

The present invention relates generally to integrated circuits, and in
particular to Flash memory with ultra thin vertical body transistors.

Background of the Invention

25 Logic circuits are an integral part of digital systems, such as computers.
Essentially, a logic circuit processes a number of inputs to produce a number of
outputs for use by the digital system. The inputs and outputs are generally
electronic signals that take on one of two “binary” values, a “high” logic value or
a “low” logic value. The logic circuit manipulates the inputs using binary logic

30  which describes, in a mathematical way, a given or desired relationship between
the inputs and the outputs of the logic circuit.

Logic circuits that are tailored to the specific needs of a particular
customer can be very expensive to fabricate on a commercial basis. Thus,
general purpose very large scale integration (VLSI) circuits are defined. VLSI

35 circuits serve as many logic roles as possible, which helps to consolidate desired



WO 02/ 078186 PCT/ US02/ 03243 |ogic functions. However, random | ogic
circuits are still required to tie the various elenents of a digital

syst em t ogetohersisGever al schenes are used to inpl enent thesa/usawadaas | ogic
circuits. One solution is standard | ogic, such as transistor-transistor
logic (TTL). TTL 5 integrated circuits are versatile because they integrate
onl'y a rel at i \giofusetiing. Hawebesr rapflomdegie sirquitsseeistilbigquir¢ditediatbas. The

drawback is that |arge nu rs,,of TTL iptegrated circuits are typically
required for ‘éansoﬁég[e%ieggé’gtél ?%3‘% F%gﬁe.mlﬁ%e@er'i ncreases the consunption of
power and board Spg&Rral 3Hnfes aMassed B injflerf¥@ItRdsk rafdost logfc difegitdli Ohd al
system 10 One alternative to standard logic is fully custom !l ogic

i ntegrated cisodetiansis sta@iard byai¢, syéheasdrangigiorgraasistop hages @dILY. ALl ored to the

needs of a.specific.application... This alla t he i.npl enentati of
specific cPr c’lﬁ’lgetgraé?%ﬂf)‘{ﬁétéf“ffrvtgsapﬁatfecﬁ?sﬁﬁ]ﬁ?yi l\é\%gﬁt/e_ O’?’lggﬁ%%téveﬁ%gnﬁgnber of
parts requireghhigdr of cSifoRRR usEP WRYEfuncd!t aeldeaiack fVth&Siarge AUMbER
significantly greater engineering tine and effort, which increases 15 the

cost to devel oplTlhadezrated cumivits asniypivally edquuedifir ayspedific pprddbation. cbhhisf t he end
system A |less expensive alternative to, customlogi,c,is the "progranmable
Togi o arr ay. MCToRSS I FHISNEP L PO 404 b ShieaviizBs B Teseror ¢ hat
conpl ex combifabf @BalgitaPgistend Unctions can be reduced and sinplified into
vari ous 20 standard forns.” For exanple, |ogical functions can be

mani pul at éd and r eQue elternatveno stendardidbigi¢ srially Sisternflogie odiegrated ¢iB@Ms. f orm I n
SOP form a lqgical .functjon uses jusf t es of logic functions that
are | mpl emant CEPGBJRRERGHIre repneialored Behd heds Sha ity wbliFetiagy; o anc
can be inpl emept gdowd fHa I\ilx‘ggfeh@d%tioﬁ%@gﬁ&iﬂ@&%'uit'achﬁtEctMé@Qﬁdt‘aPa%qati%alﬁJy ,

AND- OR, NAND- NAND, NOR- . 25 One benefit of the progranmable |ogic array
is that it proedicsshanumagnbofparts reygiteintat a syséppr Baseverocusken thesdé gn  of

random conbinational .logic.circuits. A, nultitude of._.logical. functions can
be created f rOsHSEs S SEBIGRBILY grepieh ehgineeang tmend gffort Whichincirases  or

The 10gi ¢ 135 T @¥ chst 16 USIMP thER GHouitPERIMFHTHRY delBY the(r&dtickiBe oftheRAE! 1 C

nmetallization pattern to interconnect the various transistors in 30 the
array to i nplemsent. the desired function. Progranmable |ogic arrays are

fabricated using phqtolithographic. techni ques. t.haﬁ 2l l ow seni (ionduct or and
ot her materials tOAﬁ%ssr%pﬁna e terpatiye to custo logic is the “programmable logic

array.” Programmable logic arrays take advantage of the fact that complex
combinational logic functions can be reduced and simplified into various

20 standard forms. For example, logical functions can be manipulated and reduced
down to traditional Sum of Products (SOP) form. In SOP form, a logical
function uses just two types of logic functions that are implemented sequentially.
This is referred to as two-level logic and can be implemented with various
conventional logic functions, €.g., AND-OR, NAND-NAND, NOR-NOR.

25 One benefit of the programmable logic array is that it provides a regular,
systematic approach to the design of random, combinational logic circuits. A
multitude of logical functions can be created from a common building block,
e.g., an array of transistors. The logic array is customized or “programmed” by
creating a specific metallization pattern to interconnect the various transistors in

30 the array to implement the desired function.

Programmable logic arrays are fabricated using photolithographic

techniques that allow semiconductor and other materials to be manipulated to

2



2 WD 02/078186 PCT/ US02/ 03243 formintegrated circuits as is known in the
art. These photolithographic techniques essentially use light that is
focused twoorgrsiBenses and masks to define patterns in thecratseziozaks wth
m croscopi ¢ di mensions. The equi pnent and techniques that are used to

i npl ement this photolithography provide a limt 5 for the size of the

circuits thatfoganntgrateardiRdity\hs id khben idhe atta Thesdpstpilithadrhphic at sone poi nt,
the |ithography cannot create a fine enough inmage with sufficient clarity
to decrease ttgehmques eafentizlly esedighhthat igffoqused diroushilenses andomagks towor ds, there

is a mninu ‘%4 rgenﬁi ogl.t gt ﬁanlbe. ]gchi evced.ct(rlr %ugh convent i onah

phot ol !thogrzg% © Py fns“. Hi TSN fIB?{OFSOPFe &Y o seqfwglen ritical 10
di mensi on" ( Glad te¢hniduel MaihrefRad t itnplébat thiFph&blithberaphppiidehaghphi c
process. The mninmum feature size inposes one constraint on the size of the

conponent s5 of foa thersirgrofithe@rauits difit carmbe foymed witbrtiemateoalse Egsanpally, tah t he
demands for |arger .praogr bl.e | ogi.c_arrays, desjgners search for ways to
reduce the. si Pargroif Be IR cang crsal L sionh MRS Wl sfigend
requirements QeGYNE direhi8ithedfisk M tBO8emchts 0P BleCiROA. ITBHBY W6Rs, therB§¢ OMES
nore and nore crucial to mnimze device area. The progranmmble |ogic

array (PLA) cdmenijnun dimensiohtirRt N@Rbecahidvgd througncanyegimmal exanpl e of an
architecture for ipplenenting lLogic circuits. Elash nepory.cells are one
possi bl e sol (RIPGHIPBEEEYG 1 ey GRSR " SUreTREa'? BnERc Lo ach memor | es
i ncl ude aj§i NGhRnbibANE S} HmindHemWiddurBsBE (Heraid jetomdshikave the

capability of replacing hard disk drive data storage in Tconputer systens.
Thi s woul d r egratdssi mhelalinioninefeabed siné tapossy snieesmmstpeninen thesige afthd by rugged,

smal |l and durabl e solid-state nenory .packages, ,and, constituyte a
SNt 11 cant  oHRIEES of A PEpUTENeLat Bre init e ke vebtienen 1 25 a
flash nmenmory &Enﬁiﬁd&?&lﬁ'gglhﬁégraﬁﬁﬁa‘lil@io%icda‘%&%/b,t&ési@ﬁ%? SRRt wAPsS®RI bl e cel |

area. The continuous scaling, however, poSes problens even tor flash
menor i es si ncedudeghs bimgbEthercamposenty ofithe alrgy.f | ash nmenory has the sane

deot on rbe LI gLt ol convent lopgl, NESCET LECHSl oo TR 5. (e
55 e O, S onk e 000 GRiSERSBOLL g ot o5l o |
dept hs shoul dprbgramugdbld lges array (PLA) circuit in the NOR-NOR configuration is one
example of an architecture for implementing logic circuits.
Flash memory cells are one possible solution for high density memory
20 requirements. Flash memories include a single transistor, and with high
densities would have the capability of replacing hard disk drive data storage in
computer systems. This would result in delicate mechanical systems being
replaced by rugged, small and durable solid-state memory packages, and
constitute a significant advantage in computer systems. What is required then is
25 aflash memory with the highest possible density or smallest possible cell area.
The continuous scaling, however, poses problems even for flash
memories since the single transistor in the flash memory has the same design
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
30 micron, 100 nm, or 1000 A causes significant problems in the conventional
transistor structures. As shown in Figure 1, junction depths should be much less

than the channel length of 1000 A, or this implies junction depths of a few
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than the channel |ength of 1000 A, or this inplies junction depths of a few
3 WD 02/078186 PCT/ US02/ 03243 hundred Angstrons. Such shallow junctions
are diffiwoloe/orsasé orm by conventional inplantation and di fPCwdaisSono3243

techni ques. Extrenely high levels of channel doping are required to
suppress short-channel effects such as drain- induced barrier |owering;

thr eshol d vol haRed Shbst@fds, SAoR stsbrjhamASLe diffcaRdyEirhpsy Sub- thr eshol d
conduction is particularly problematic in MOSFET technology as it reduces

t he charge stemagetionat mmplamatian and diffusioretechpgudst dixtrewielyshigh Fvels@fext r enel y
hi gh dopi ng | evel esult in increased | eakage and duced carrier
mobi 11 1y ThuSRRRR AR BRI CRGFTST Ol GTRRG SUET BTG SNt | o
negat ed by | oMhcdaddakdi&ToWsitd; tr¥shokvollAgE 51618, aniREh Shrkshofd Need in the art
to provide inproved in service programable |ogic arrays using sub-mcron

channel | eAgt éondpetngi. sSTubrthrasholl eonduetipalisngprtidvdarjeireblemiaban MIOSFHTS of

short-channel effects sucg as dr%:an-i nduced. harr.i er weri ng; tBéeshol d
and

|
vol tage rol | {sFlno ‘é%?’oe_‘séhrt‘f- 5 s drrBestiagrEtegHon t‘fn_r‘?cf’lné S eI, _
reduced carri¢pes@RRirbhlly -higlisdoﬁmﬁé{s Risult einkRYSANEAA D IR RBG%E Menti oned

problens with in service programmable logic arrays and other problens are
addr essed by tdmsempmelsibityt Thuy erskingrthanthmnell shotter toumgervstpeddmmnce éadi ng and
studying the foll qui speci.ficatjon. Systens and methods are provided for
in service pr%‘@aﬁ?ﬁ%gg\é(el‘@&?‘?fné‘? i¥s using sub-nicron 20 channel |ength

transistong W th ubhdrtd ifrORY Red i@fhe%ﬁ%@?hﬁﬁ&g ﬁ»nrpgdis\gédqnfsa%ic%urface space

charge region scal es down as other transistor dine ns scale down. In one
enbodi nent of pogmnpnadehigid avvaysisiog sub-misen chamebleogtharansibtoes whibgi ¢ arr ays

with ultra thin.yertic bod ansj.stors ar ovi ded. The .inp-service

pr ogr anmabl e ?\@gq\ﬂegg}ercgiﬁt?qu%ﬁﬁégé BtL S'IOF%‘ES“_*‘ 'gie%reﬁﬁé PHEnRYTles a
number of 25 baab0%eARE! hresti® vz troll 88 tdrhBArRAd Bolhliigh LY of | ogic
cells arranged 1 n rows ang col um t%at are I nterconnected to provide a
nunber of | ogincwhsadutgaps andredsedaactidr agibditpl ane has a nunber of | ogic
cells arrapged in rows and colunns that . receive the outputs of the first

| ogi ¢ pl até and that are intercosmmarggfthelayentione 5 nunber of | ogical
out puts such that ' ' i p-npl ements a
p Tﬁ'éa?]ﬂogf %?Jn\ﬁbﬁ?«% g;%ﬂg%]l@ &Tﬁﬁhgfﬁgg S;ﬁoﬁﬁﬁlﬂ%bi%qf)gl@p

| ogi cal function. Eac t he IC a vertical~pillar
arrays and other problems are addressed by the present invention and will be
understood by reading and studying the following specification. Systems and
methods are provided for in service programmable logic arrays using sub-micron
20 channel length transistors with ultra thin bodies, or transistors where the surface
space charge region scales down as other transistor dimensions scale down.

In one embodiment of the present invention, in service programmable
logic arrays with ultra thin vertical body transistors are provided. The in-service
programmable logic array includes a first logic plane that receives a number of

25 input signals. The first logic plane has a plurality of logic cells arranged in rows
and columns that are interconnected to provide a number of logical outputs. A
second logic plane has a number of logic cells arranged in rows and columns that
receive the outputs of the first logic plane and that are interconnected to produce
a number of logical outputs such that the in service programmable logic array

30 implements a logical function. Each of the logic cells includes a vertical pillar

extending outwardly from a semiconductor substrate. Each pillar includes a

single crystalline first contact layer and a second contact layer separated by an
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extending outwardly froma sem conductor substrate. Each pillar includes a
single crystalline first contact |ayer and a second contact |ayer separated
by an 4 wW000274988186 PCT/ US02/ 03243 oxi de | ayer. Each ofcrhsot/engix cells
i ncludes at |east one single crystalline ultra thin vertical floating gate
transistor that is disposed adjacent each vertical pillar. The single
crystal line vgiddigak. Ehapbf 81 llsidedes aPleadtdk Bih@Re astallihé @tdahi n singl e
crystalline vertical first source/drain region coupled to the first contact
| ayer, an 5 uhinnartidal floatinggate teangistaalthat pedisrased adipcenbeavhdegival piHAdr ai n
regi on coupl to the second c act | r, .and.an ultra thi.n single
crystalline S[g"retsi‘ § “nY n?é’@?‘ﬁ%lnﬁ({ﬁﬁfléﬁg%grﬁ&lg@r Pﬁgld(??(?%ﬁlt‘ia%'grm%ﬂ% coupl es
the first angjdgliserenich oHs6&cuRiNegi®UoapRd td\thedlrbt atact lap@t Ang gat e
opposes the ultra thin single crystalline vertical body region. 10 These
and ot her fnbidu themsisgleasytatling, veatisah secage squregidrairerggionesupled tdihe present
invention will be set forth in part .in the description ich follows, and
in part willSeHRAESRBRE A% Y at"o‘ﬁfrﬂgg'é s@%ﬁ’l Wgﬁflﬂgw{gcﬂgg’d%vg}o& erence to
the fol | owi ngyhigiesGidstd th@BxRE 1428 ahdWSIPlds I ARAadEhEsERBEodbaNigS or by
practice of the 1 nvention. The aspects, advantages, and features of the

i nventi on ar gegiem. i X ecrtitsl outingightziopposebyhamdta thinfingleerystatinaivenceal i ti es,

pr ocedur es, %r(l)g@conbi nations particularly pointed out in the appended
clains. Brief §&9"bt i on of the Drawings Figure 1 is an illustration of a
conventi ofy MOSFET a0 sl £4tR&r dnhddithémt, a9kt AdvanbiQkd GRINEAEF eSS REICh
conventional MOSFETsS as continuous scaling occurs 20 to the deep

sub- m cron r ggesent inhartenohillibeskt foethgn part ar the ldessiptihmmhichlfoltbes,and in 100 nm

or 1000 A. Figure 2 is a diagram.illuystrati a vertical ujt t hi n body
transi st or fH?Ftﬁié‘H%‘ﬁF?mﬁaEl?atﬁ%‘té‘? thoses lh n, E%WHVH@IG’FFBC‘VI‘?&L‘? é’ilé’?ﬁ“?ﬁgs of the
present inveni.l e = : A I Al bk 1 : S sequence
whi ch for fo?fﬁ]kﬁg’“% OEi |1§?%’§{§P§%l”%sfi&§§&%1?&r Gy %bgté’ﬁ"?gté%ﬁﬁﬁa thin body

transi st ors daventiaheThéespeots paivantagesoad fegtutes df e ineattonragsreafizeédhe pr esent

invention, Figures 4A-4Cillusirate that the aboye techni ques.described in
connect i oh widf aftpiged E)é“ﬁ’ﬁf-’ss‘és tE}%WS%mFWﬁ]“é??eH‘ioé Wirs ﬁn‘gc 1RAYNS

technol ogy o2 shdryGRAn@RobNS WhelpbndedQdimk echnol ogy.

Brief Description of the Drawings

Figure 1 is an illustration of a convention MOSFET transistor illustrating

the shortcomings of such conventional MOSFETSs as continuous scaling occurs
20 to the deep sub-micron region where channel lengths are less than 0.1 micron,
100 nm, or 1000 A.

Figure 2 is a diagram illustrating a vertical ultra thin body transistor
formed along side of a pillar according to the teachings of the present invention.

Figures 3A-3C illustrate an initial process sequence which for forming

25 pillars along side of which vertical ultra thin body transistors can later be formed
according to the teachings of the present invention.

Figures 4A-4C illustrate that the above techniques described in
connection with Figures 3A-3C can be implemented with a bulk CMOS
technology or a silicon on insulator (SOI) technology.

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

body transistors along side of the pillars.
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30 Figures 5A-5C illustrate a process sequence continuing fromthe pillar
formati on enbodi nents provided in Figures 3A-4C to formvertical ultra thin
body tramypaeorssal ong side of the pillars. 5 WO 02/ 07818®@CP@ROE223 03243
Figures 6A-6F illustrate a process sequence for form ng a stacked
horizontal floating gate and control gate structure enbodi nent according to
the teachings of Ripereptassiillustiateapraaess seqidngd f@SorAingh stdcketbt rate a
process description of one enbodi ment by which vertical floating gates and

vertical conthasizogal Beatinggatseand sopte] @F%%@@M%em%#imeewcmdé%mﬁ ¢ n

transi stor bothCh%’}gSéﬁ%ré’??ﬁe?‘{:ﬁ%&l&g to the teachings of the present

i nvention. Figure ustrate a process description of one enbodi nent
by 10 which vertical floating gates can be forned al ongsi de vertical
ultra-thin transistor body structures and a_horizontal oriented control
gate can b® forned“gwﬁégé;ﬁﬁ@uﬁﬁﬁﬁﬁ@&%ﬁv‘Eﬁ@ﬁﬁ@@@fppéﬁwbﬂﬁnﬁﬁE@% accor di ng

can be | | R EEIRY dspsrdy . accor
1 ustrating SEs sk ToslhE RER pedRin Bt Bt Refled SOEDNe £, 070" 0

i's a schemat ierdadghtanthin trdhsistorbodgsteenaeaidcyrdmg ariadidaciohgy & thé one
enbodi nent of a novel in-service programmable logic may (PLA) with

fl oati ng gat ePreseahigventisns, or | ogic cells, according to the teachings of

the present i nvery bon, o20uF A Lt b8kl gy am of o

hi gh-1 evel organi zafifon of an oni'c system accordin 0 (he teachings

of the pregenyhichveichibatinPeses L4 beofdrhéd dlbrgsiefaticatditktandi ments In the
follow ng detailed description of the invention, reference is nade to the

acconpanyi ng tnaistan§edwmkrudturesand ahgsigontaheriended contig! gatewpn bhfarmedhown, 25
by way of illystratio eci f.i ¢ enbodi ment s _i,n whi.ch the inyention may be
o) aer con. | itk B RicaRESEReS AERRRCHTS I bkl edcies QYA | 00 ™

invention in prggéilfjn%ﬁmn. detail to enable those skilled in the art to
practice the invention. Qther enbodinments may be utilized and changes may
be made without déepavreidigafsehnmaticiiagsarn péustrptingia comvesenal NQRMNORN. 1n the
foll ow ng glescri tion, the ternms wafer
1 proglpammable logic array.
Figure 10 is a schematic diagram illustrating generally an architecture of
one embodiment of a novel in-service programmable logic array (PLA) with
floating gate transistors, or logic cells, according to the teachings of the present
invention. |
20 Figure 11 is a simplified block diagram of a high-level organization of an

electronic system according to the teachings of the present invention.

Description of the Preferred Embodiments

In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which is shown,
25 by way of illustration, specific embodiments in which the invention may be
practiced. The embodiments are intended to describe aspects of the invention in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized and changes may be made without departing from
the scope of the present invention. In the following description, the terms wafer
30 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



30 and substrate are interchangeably used to refer generally to any
structure on which integrated circuits are forned, and also to such

st ruct ur ewod7sige vari ous stages of integrated circuit f@omusat/oxm3 Both
terms include doped and undoped 6 WO 02/078186 PCT/ US02/ 03243

sem conductors, epitaxial |layers of a sem conductor on a supporting

sem conduct OrseRicdnBthAL efHAxARIGEIRI a sERAMERhAR 6 QlppsHl | ayers, as wel |
as other such structures that are known in the art. The Tollow ng detailed
descri pti on issmiwndegober inat@img matarisli ednobinaticns of suchdaykrs,lae vetlape of t he

present 5 inventign . is defined only by the p ed cl.ai Figure 2 is a
diagramil | us"[ﬂ?eéls}lﬁbﬂﬂ}‘f“{‘i?st at acrﬁgﬂo‘)él? Hﬁﬁhg agy 3@?3&&%85‘?@?@%& transi stor,
or access FEQ200{hAhiRs 1866 elkdh tPa lithifit}Esdn§2Gh NSO dMBe PreSNt
invention. As shown in Figure 2, access FET 200 includes a vertical ultra

thin 10 bodyintensinsiisdedmed onlydiyhtbe wpsanded elamas.an ultra thin single
crystalline vertical transistor. According to the teachings of the present
invention, the structure of the access FET 200 includes a pillar 201

extendi ng out war dlpy; O, ?idli’]ag?%ﬂl ‘Hﬁi&%ﬁﬁ@{n §1HQ$ﬁih%fn%12eg%§sta1§h€vaitikélaf

includes a single crysta Irst contact |ayer and a second cont act
| ayer 206 ver tramsidtdry ossgpessdtbEId2 @y foamed a¢cdedih@ joethe IackRifgs ofthe pteserst t hi n

single crystalline vertjcal . transistor 2 is formed al ong, si de . of the
pilTar 201. TR¥ENbOR Aschp¥in &1 Fighee %@ygqsaf’gw@%%he S aiveftahdirad 210

| nel udes 13N dilab iAnbioR o bithFise SURkA IPLHHELhLIE POt [P 212 whi ch
separates an ultra thi'n single crystalline verticdl Tirst source/drain
regi on 214 anehnaistou! Arceortimigno tisd tagdhéngsroyf shiegpreseneinventidng e ssectoredof

source/drain region 216, The an ultra thin 20 single crystalline vertical
first source/t8¢ assssEgl o0 Elflf}‘die§aBﬁ@blnge’ftﬁnqqﬂ%o‘f‘tlwrag‘{ly fl8ht act | ayer 204

and the ult rgsgh{i‘&;)o'ﬁtdﬁ&t&géu%s&%é!%ﬁ' Th@ﬁilll\éle{ntciu‘ag:l 2 gitﬁgl%gyéaﬁﬁ'ﬁé?ﬁ{sgé fefke T egion

216 is coupl e second contact [ayer. 218 I's fornme opposi ng
t he ultra thilayei20glaad asgdhdlcbntaet 1xt 206 abrtivalthy sapeicrby2dhZoxaded ay &
separated therefromby a thin gate oxide |ayer 22Q. 25 According.to

enbodi mentd AR08 ¥ Wia dupsingls anitalbine V%Iﬁéald%/apﬁlat% Ri tisdorpedalong 91de a1 | i ne

vertical transigl i3 IARLEERR HERMN ARk ISR MEE 3 Pkbengt h of

| ess than 100 nanoneters an orlrzonta I'ess than nanonet ers.
Thus, in one sandiedthiRsingletdhgstallihe eertibdl body regiicn Zi2yshiah bépaeatssemtuleal  body
rlggl ﬁgnoﬁéf elrtgi?ll slijr(ljg?g cr%st%ﬂ%gqg'ticglaf\{rls{] gou?ce\//c(lz‘};{[nl r(égailon I2(la£1 g;[lc? arg 1III)tra(%}f1inl ess than
single crystalline vertical second source/drain region 216. The an ultra thin
20 single crystalline vertical first source/drain region 214 is coupled to the first
contact layer 204 and the ultra thin single crystalline vertical second source/drain
region 216 is coupled to the second contact layer. A gate 218 is formed
opposing the ultra thin single crystalline vertical body region 212 and is
separated therefrom by a thin gate oxide layer 220.
25 According to embodiments of the present invention, the ultra thin single
crystalline vertical transistor 210 includes a transistor having a vertical length of
less than 100 nanometers and a horizontal width of less than 10 nanometers.
Thus, in one embodiment, the ultra thin single crystalline vertical body region
212 includes a channel having a vertical length (L) of less than 100 nanometers.
30 Also, the ultra thin single crystalline vertical body region 212 has a horizontal
width (W) of less than 10 nanometers. And, the ultra thin single crystalline

vertical first source/drain region 214 and an ultra thin single crystalline vertical
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30 Also, the ultra thin single crystalline vertical body region 212 has a
hori zontal wdth (W of less than 10 nanoneters. And, the ultra thin

si ngl e crwyetoalorsise vertical first source/drain region 21fcansozam2udtra
thin single crystalline vertical 7 WO 02/078186 PCT/US02/ 03243 second
source/drain region 216 have a horizontal wdth of |ess than 10

hanonet ers. %%E&ﬁ@éo%ﬁemaims%ibﬁ@f@hmsaMﬁzwﬁl QE&&%F%sHB& @gion, the ultra

thin single crystalline vertical transistor 210 is forne rom solid phase
epitaxial groanbhetess. Asccondingfo the déachings ekihk lprdsenttifimeensiot, the hitrathiger st and
upon reading this disclosure, the ultra thin single crystalline vertical
transi stors wiRgle grystalinerericahapsitorgl Ons, rwﬁézr@m S‘ﬁ#ﬁl\l@ﬁfq ‘E?htabllaﬁvi de a
surface space%g)u,ﬁ{ge regi on which scales down as other transistor

di mensi ons scal'e down. This structure of the invention facilitates

i ncreasi ng5densi t yAsogk efasdgary skiile irdkhan dell whidéretadd upapeadiag ithig
short-channel effects such as drain-induced barrier |owerinpg;. . threshold
vol tage rol | ¢pglosusydhesyifrathip singly ‘HY%E@HH%Z{?‘T‘lﬁ‘i‘\‘.tra}lﬁsﬁ‘?-r%‘ﬁﬁlhHBTa thippe

transi stor i : I i - 10f Flgur - e of
ordi nary ski ﬁ@%@ﬁ%@%%%hﬁﬁ&?d ur§ Eglrd gﬁlr? }et?és%tsgﬁ% CJ‘S%W?%‘%?”%‘S& this
di scl osur e t hatlek dewa andihet trusisyortdipessiciascile dednhdhé strucaie dfthe ever sed by

15 altering doping types such that the present invention is equally
appl i cabl et oinventionfaaliteigs yeereasing deasitnand desies rplsidemagds WhB¢ | y ori ent ed

single cr é@ t aédgéﬂ:g%?%g?q?ﬁ%gb?lte\fﬁgtstsﬁa{]?s' FhiAlifiduckh Bat Y i ; I s not so

limted. FIgur ate an rnitral process sequence for formng

pillars al onir&héld voftagdrviotitofiy and swathreshbldacohbictiohody transistors can |ater
be fornmed as part 20 of formng an in-service progranmabl e | ogic array

accordi ng to the tAaamhapael gfpettrasisior seshowniy distenaipdinrent ofiFiaF& 2 ons

suggested are rop . P 11 di I 10l ogy and
may be scal edH %g\éér%bgl r?gq yr(glg?r?ggﬂﬁe]}l %%#Viléglr{@f]ﬁﬁ%ﬁset %@éﬁ%&lﬁ? of Figure
3A, a p-type i dis@bdurcmae thebsiduaticityBhPesiattibsdther¢licad bateveiSedibed. An n++

and n+ silicon conposite first contact |layer 312 is 25 fornmed on substrate
310, suchlas #ieringlopingitynes suetoihat the presgitanvegtionisequally applicapinat i on of

such L eohn! Qugs 2 L S Nen Aol G ¥ SEAILID SrLit e LpSRAAGRuAYer 312

According to eachings o e present 1nvention, heavi | y
conductively gppgd typuvensert.i Die @ierithd i§ hotso Ineiddact | ayer 312 al so

functions as
Figures 3A-3C illustrate an initial process sequence for forming pillars

along side of which vertical ultra thin body transistors can later be formed as part

20 of forming an in-service programmable logic array according to the teachings of
the present invention. The dimensions suggested are appropriate to a 0.1 pm cell
dimension (CD) technology and may be scaled accordingly for other CD sizes.
In the embodiment of Figure 3A, a p-type bulk silicon substrate 310 starting
material is used. An n++ and n+ silicon composite first contact layer 312 is

25 formed on substrate 310, such as by ion-implantation, epitaxial growth, or a
combination of such techniques to form a single crystalline first contact layer
312. According to the teachings of the present invention, the more heavily
conductively doped lower portion of the first contact layer 312 also functions as
the bit line 302. The thickness of the n++ portion of first contact layer 312 is

30 that of the desired bit line 302 thickness, which can be approximately between
0.1 to 0.25 um. The overall thickness of the first contact layer 312 can be

approximately between 0.2 to 0.5 um. An oxide layer 314 of approximately 100
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the bit line 302. The thickness of the n++ portion of first contact |ayer
312 is 30 that of the desired bit |line 302 thickness, which can be

appr oxi mewelog/obsassveen 0.1 to 0.25 m The overal | thi ckneesTafSor/bm4sirst

contact |ayer 312 can be approximtely between 0.2 to 0.5 m An oxide

| ayer 314 of approxinmately 100 8 WO 02/ 078186 PCT/ US02/ 03243 nanoneters

(nm, 0.1 M fRbRASGA! 0.1 85% itk QL BPRSOR dhiffdldnthE ggs@te%rﬁga igyRyer ~312.

I n one enbodi nent, ayer 314 can be forne er mal” oxi de
gr owt h t echniXj@edn ofe siabodichean tlieandidd layear3 13 16n bé formed iblyitlsarmal exifler med on

the oxide layer 314, using kno techniques to forma polygrystalline
second 5 cont#ewth ggHquess A segen %&?ﬂla@ﬁﬁﬁ]&quaiﬂé‘ionﬂg)wgp&tﬁd to a

thickness. of 408 L0 A LEsSid Bkl Shld GTcAuhgSpayer (S02) 318

of approxi mat nmis eposite n e sec ontact layer 316. A

t hi cker si$i contdat IayerBd 6l aherseohid TdMact 12Per326 informpg tooacthiakinedsyof100 rimin

t hi ckness is deposited on the thin silicon dioxide |layer (Si02) 318 to form
pad | ayers, eugorlesgers 318 and 320. These pad |ayers 318 and 320 can be
deposi ted using any suitable techni que such as by chem cal vapor
deposition (CVD). A photoresist is applied and selectively exposed to

provi de a mask f orNédea thibsitltdredivkide &dyee{SiO)id 8aff appreriiesy30mm such as by
reactive ion etching (RIE). The directional etching results in.a plurality
of col um bardepsStrdsthepesond cemect 43v8E R16- o thickgrisgicon ajtede Byer (Sde) oxi de

| ayer 318,,5S r.3164.: 90Xl Gf1lrst contact
| ayer 312?0Trencq@§8%%§8%F%q§®éﬂgéﬁngga;é%%ﬁ%§h§f§ﬁ§eﬂgﬂg¥$%§ent to reach
the surface 388xiat 18P0 83d Gormi hrrlefys, [ele) VaydisrB) 8m@parat Theseg@d bet ween

conductively doped bit |ines 302. The photoresist is renoved. Bars 330 are
now ori ent ed lpyers B&S and 344 ¢aprbegiepesited luping gngagitable tgchrigie swah & Pection. In

one enbodineq&mn$%%§wﬁggﬁﬂ%¥%g§%ﬁH§iace line width of approxinmately one

m cron or | ess. ench 325 can be approxi mately equal to

the line width of ARab®reddPis appRedindigddetiOelly Sxpaved &spdpidearsaskforthgur e 3A.
25 In Figure 3B, isolation material 333, such as SiQ2 is deposited to fil
the trenéhesdigzgonafistchingrafitregehas SRacwIch gs b}ﬁéﬁqctpYeazﬁaﬁrctlm,(RE‘%)e hhes by
chemi cal neqﬂanycal P
e

chem cal e RRLE5 ERL AR BRI A0SR AR RIRRR, oo = 1S
etching of tremsfrie 1830320, pad oxide layer 318, second contact layer 316, oxide layer

314, and first contact layer 312. Trenches 325 are etched to a depth that is

sufficient to reach the surface 332 of substrate 310, thereby providing separation

20 between conductively doped bit lines 302. The photoresist is removed. Bars
330 are now oriented in the direction of bit lines 302, e.g. column direction. In
one embodiment, bars 330 have a surface line width of approximately one
micron or less. The width of each trench 325 can be approximately equal to the
line width of bars 330. The structure is now as appears in Figure 3A.

25 In Figure 3B, isolation material 333, such as SiO, is deposited to fill the
trenches 325. The working surface is then planarized, such as by chemical
mechanical polishing/planarization (CMP). A second photoresist is applied and
selectively exposed to provide a mask for the directional etching of trenches 335
orthogonal to the bit line 302 direction, e.g. row direction. Trenches 335 can be

30 formed using any suitable technique such as by reactive ion etching (RIE).

Trenches 335 are etched through the exposed SiO, and the exposed stack of
nitride layer 320, pad oxide layer 318, second contact layer 316, oxide layer 314,
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orthogonal to the bit line 302 direction, e.g. row direction. Trenches 335
can be 30 fornmed using any suitable technique such as by reactive ion

et chi ng (WDHR/078186¢ enches 335 are etched through the exposedT&is02oamzl t he
exposed stack of nitride |layer 320, pad oxide |ayer 318, second contact

| ayer 316, oxide layer 314, 9 WD 02/078186 PCT/US02/03243 and into the

first contact I | Gk t he
anll gﬁftg th ; %Eﬁac? My¥1é 3 % lﬁauét1 %rﬁgﬁ B a31ébit SFEALntQ 1da52

desired bit |in 02 t ness, e. mai nihg bit Ii1ne thickness of
typi cal |y 10Qesirédbit Mine3 @ thickhessee.g.sa reowirdisg bip peathscknessrofgypiesly3B0havi ng

i ndi vi dual Iy defined illars 340-1, 340-2, 340-3, ang. 340-4. Figure 3C
1 ust rat s diter BASSEIBIT S $ BREHF ﬁ@ugqsf’&*mlg 18 wmailﬁdefgﬁl re 3B

t aken al ong gﬂﬁﬁg§m§13ﬁF§£34§§%g§@3§§hshoms the continuous bit line 302

connecting adj acent pillar’s and 340-2 in any given columm. Trench
335 remai s for tIRgwubBsatuanitesfadromtsectionaf vitivadtthexwyrugatre sheendincont r ol
gates, as described below, in_between adjacent rowg of the pillars, such

as a row f or rfagure 38 tBkenplonggus-ling GC13 G higymp3U s € CORMTUSFHRG LB pillars
340- 2, d 3 i c i : j
describgg in4%%§ﬁ%§#ﬁg%gﬁéﬁ?ﬁgﬂ%dtggif%kf%%ﬁ%g%&ﬁgyﬁﬁg%gwéﬁfEﬂabﬁe: bul k

CMOS t echnol @3y rembist f@ttRe subkequest forationost floasitig ghtes adSédntrot garéd)as ogy
substrate. Figure 4A represents the conpleted sequence of process steps
shown in Fi guiesaibsdbglow, m beiweemadiprsnt roavsiof yhs rillas grush @s afow farmsdt | v doped
p-type bu i) 1 IRst I 3 . : C ! -hgure 4A is
simlar tg¥tﬁ%h%§%§gaggc F%ﬁgﬁﬁégéwggﬁbﬁﬁéﬂﬁéﬁgéséﬁ S g%g«Fg'continuous

bit line 402 w th HijghreaA-8C dbdstratb4lat theutbvé 4éthRighes describdiein eomectibe
pillars 440-1 and 440-2 include an n+ first contact |ayer 412, an oxide

| ayer 414 fovilebiguresRdodC cambe implemeriad an abyit GMOS teglrolagisubgifaied on t he
oxi de | ayer 29 a‘%ﬂgf‘con%‘@H@Mﬁs&ﬁnf%g@&{ﬂ@ %‘ggm}%’.”ﬂrggfeef% PEIUBRE @ P! P ocess

steps shown in Igure aye on a commerci al

SA wafer, sughpl@sd Sqikdte ofpraebavdiepsRh&wa il EBigdfs 3A-D0 hims theiphd | ayer 411
is present on the surface of the substrate 410. The structure shown in
Fi gure 4Bl% s layesy feimad aira kightbygloped pdypestulk sidicon pibistrated0i Fheptgestere3C and

N o A
substrate 41Q dntihbeushyit lirkdtooxiidepillayfickd 430-1A@dida0-2 foémed thereon. 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
20 414.
Figure 4B represents the completed sequence of process steps shown in
Figures 3A-3C, minus the pad layers, formed on a commercial SOI wafer, such
as SIMOX. As shown in Figure 4B, a buried oxide layer 411 is present on the
surface of the substrate 410. The structure shown in Figure 4B is also similar to
25 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 substrate 410 by the buried oxide layer 411. 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
30 414.

Figure 4C represents the completed sequence of process steps shown in

Figures 3A-3C, minus the pad layers, forming islands of silicon on an insulator,
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pillars 440-1 and 440-2 include an n+ first contact |ayer 412, an oxide

| ayer 414 formed thereon, and a second n+ contact |ayer 416 forned on the
oxi de | aywp 0307818¢l. Fi gure 4C represents the conpl et ed se®agnse2/ef24pr ocess
steps shown in Figures 3A-3C, mnus the pad |ayers, form ng islands of
silicon on an insulator, 10 WD 02/078186 PCT/ US02/ 03243 where the

I nsul at or 41?«»«9&@t&qﬁgmitefm&me%f&&w?g%&id@%@ao%@s@*slﬁhﬁr §s 1 ncludes
N L O.

t he process described i n nore detai patent no. 5,691, 230, by

Leonar d For besgludest the prdessTesdritied ie mfoor ddeaibuhuldiSngatSatadol 5)681 2BQdbyof Silicon
on Insulator," issued 11/25/1997, .which_ is i.ncqrparate einb

ref erence. Threeogagltsljj#%g?suF‘étltéﬂoa}‘?C}?%q‘ﬁ h?@%‘awgnﬁﬂé@? ‘?Srﬁr}lf%lﬂcolnd’ he cross
sectional Vi egiioFP GUn& 1 355/2067, WHRUBis troRrABY RMSinty refdrdfRe 4@Be W t h

pillar stacks 440-1 and 440-2 fornmed thereon, only hére the continuous bit
line 402 i§ supatuat gobwiriorRigure 4Csisiblso smtitar 44 helvyoss kectiongluliew or Figa® whi ch

has been for by oxi de under cuts ch_as_according. to.t process
ref er enced a%é‘?(}/ﬁ@é‘isﬁ,c_mﬂ@lﬂsﬁﬂ‘%ﬁ@ 43)2(3‘11@ Rl S'K?Ii‘ﬁﬁé&i ainﬁépﬁ'&e an n+ first
contact |ayergdlé fkoﬁférﬁﬁh{ex%%ﬁé coﬁguwmetmﬁgrgébmat@dﬂéoﬂ gecond n+

contact |layer 416 forned o e oxX ayer 414. us, according to the

t eachi ngs of dubstrge é5@by thenuanitondl,3 whieh hechren dernadd yroddessdst eps to form
pillars, as shown in Fjgures 3A-3C, can include form ng.the sane on at

| east three divechas asor %@stiepmscaﬁsrﬁ Eneed 2ROVER A\RAIT: Hleml'éﬁlﬁ A hadc s

Fi gures 5An5G4(. a c AL {2068 A9 HERE thB&oRi | 1 ar
formati on'fgn&%ﬂi irreﬁﬁdsd@%?gwf%ﬁ&)?ﬁd%‘:?g%g %'A@gc, agﬁlld any o theos’ubstrat es
shown in Fi gunds deriG+ tantdcdidyev 4l focmbd oh theaoxidu laydrddy. Thas)si st ors al ong

side of the pillars, such as piJlars 340-1 and 340-2 in Figure 3C. For
purposes of 39cPidste Bitheisaghings ofthepregent mventions thejegeenss ob ARG fAE pil | ar s

540-1 and 540tb2fPr(¥)x8BflﬁFﬁgsl%erﬁgg'sx%?@&&%@EE&&%@%%&H@%&%Q%%S%W a

trench 530. Ana us fo the I'ption’ provi In nnect1on Figure

5A-5C, Fi gur eleasAtlaboddfesent types of subsgates srshotvalin Figares ¥ Acd6t act | ayer 512 a
portion of which, in one enmbodinment, is integrally forned wth an n++ bit
line 502. 12n oxi deFiguipe PA-dgilBistrate s nrgceﬁmﬁléaweiCﬁn%w%ﬁgmga@milaand 540- 2

on the first + CcQpt is shown
formed on t heﬁgﬁ%@ ?%@%&F@é ?f)oﬁ%?jﬁ ?Eg%tr %emfolgpl’ %ﬁa@%étqygﬁéégt%m- 2. And,
pad | ayers ofsho®inGaFigut& 40dC( o DNA)velinal ultrasiia bbdy ehiysisos abhgwside of

the pillars, such as pillars 340-1 and 340-2 in Figure 3C. For purposes of

illustration only, Figure 5A illustrates an embodiment pillars 540-1 and 540-2
20 formed on a p-type substrate 510 and separated by a trench 530. Analogous to
the description provided in connection Figure SA-5C, Figure SA shows a first
single crystalline n+ contact layer 512 a portion of which, in one embodiment, is
integrally formed with an n++ bit line 502. An oxide layer region 514 is formed
in pillars 540-1 and 540-2 on the first contact layer 512. A second n+ contact
25 layer 516 is shown formed on the oxide layer region 514 in the pillars 540-1 and
540-2. And, pad layers of (Si0O,) 518 and (Si;N,) 520, respectively are shown
formed on the second contact layer 516 in the pillars 540-1 and 540-2.
In Figure 5B, a lightly doped p-type polysilicon layer 545 is deposited
over the pillars 540-1 and 540-2 and directionally etched to leave the lightly
30 doped p-type material 545 on the sidewalls 550 of the pillars 540-1 and 540-2.
In one embodiment according to the teachings of the present invention, the

lightly doped p-type polysilicon layer is directionally etched to leave the lightly
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formed on the second contact layer 516 in the pillars 540-1 and 540-2. In
Figure 513, a lightly doped p-type polysilicon |ayer 545 is deposited over
the pill awe 024®18 and 540-2 and directionally etched to | earasohes2us ghtly
30 doped p-type material 545 on the sidewalls 550 of the pillars 540-1 and
540-2. In one enbodi ment according to the teachings of the present

i nvention, t hdopel ipehpd matbapledhSpornt the sidpehs5 30 afdhe pilyesr540s] alidre®t2 onal | y

etched to | eave the |] y .11 WD 02/07818 CT/ US02/ 03243 doped p-type
mat erial 545 “tgt?ewléiﬂgMIqrélogwtﬂftgl{ch‘éesﬁf’ﬁ(g?@05 ?f—s'l%gﬁat“?bcﬁ'ﬁ?és havi ng a
width (W, orpfiprd 400hah fifl-c¥pess of 10 nmor less. The structure is now

as shown in Figure 5B. The next sequence of process steps is described in
connection w th 5 Higuxesdlencdtofiphicessmberstis desotibat inraskéchgn stithp, as t he
sane has been_descrjbed,  above, can be enployed to isotropically etch the
pol ysi | i con SHBUEHC: oft %‘b*r%’“&fa“o&‘ﬁ’émﬁ PR LS agyedraf é%%éfeﬁw ilicon 545

only on one sj I . - =2 % of qui red by
sonme parti cul %)ggﬁ%lﬁ |bgfﬁrrntg?§’ SQH Jes. 6&)1?;10 n?t%lgﬁ@%?r%glctg% F{tls %{;}133 S%I?gﬁgi stors
only on one sthdeidetvalps $30parsl 18d@-pdblyailitob405 dnlyldh dne skleguailef B, pitlive

enbodi nent for formng the ultra thin single crystalline vertical
transistors, ¥0-Lppd %‘ﬂ%%i‘ﬁfhﬁdﬂ’fﬁqt“rr%‘ﬁ QR RartigHpn cogf epREon et fopMIpE | | ar s
540- 1 and 540Q: 2 i : Fi e e [ d at
approxinateléggﬁghﬁgg&gﬁﬁmﬁtg?8g§%%EF§SE§fﬁﬁH“?%?£)g?ggsaé e polysilicon
545 will necrystallize and 15 | ateral epitaxial solid phase regrowth wl|

occur vertically. As shown in Figure 5C the single crystalline silicon at
the bottom of the iliigwesUs - embodumeny derfogping th“s‘gé‘é thigsingls grestalling r owt h

q Ltrathi ! _ C : : : ' C b q
and, UL 8 Rl L B LARBAR i) of G5 g8 anpbe v

transi stor. |natid®teriahomantn Bfgufd 3Trthe Hafer Whigsaedtdnepprokimatey 566 to onl y 20
on one side of the pillar, the crystallization wil] proceed vertically and
into the n+ P¥degrees Eskivsednis etemithrpolysitiean 3y vihrserystaldizeand op of the

pillars 549- lla%pag ep?%gél?sg%ié g{l%?}ﬁ?ézfg{vth ot cﬁf ?e?ﬁca(?lfy. tAFshB%'ir?F%ﬁé 0-1 and

540-2 are covere on w eave-a graln bourdary near
the center onseahe Sihglelteyspillihedibconod thelbottosh Sfe Billatd§49- eambsiorERilli s shown

in Figure 5D 2(? As shown in Fidgur es 5C and 5D, drain and source regions,
551 and 552 seed this crystal growth and an ultrathin single crystalline film 546 will form

which can be used as the channel of an ultra thin single crystalline vertical

MOSFET transistor. In the embodiment of Figure 5C, where the film is left only

20 on one side of the pillar, the crystallization will proceed vertically and into the
n+ polysilicon second contact material/layer 516 on top of the pillars 540-1 and
540-2. If however, both sides of the pillars 540-1 and 540-2 are covered, the
crystallization will leave a grain boundary near the center on top of the pillars
540-1 and 540-2. This embodiment is shown in Figure 5D.

25 As shown in Figures 5C and 5D, drain and source regions, 551 and 552
respectively, will be formed in the ultrathin single crystalline film 546 along the
sidewalls 550 of the pillars 540-1 and 540-2 in the annealing process by an out
diffusion of the n+ doping from the first and the second contact layers, 512 and
516. In the annealing process, these portions of the ultrathin single crystalline

30 film 546, now with the n+ dopant, will similarly recrystallize into single
crystalline structure as the lateral epitaxial solid phase regrowth occurs

vertically. The drain and source regions, 551 and 552, will be separated by a
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respectively, will be forned in the ultrathin single crystalline film 546
along the sidewalls 550 of the pillars 540-1 and 540-2 in the annealing
process bwyoan/owmise diffusion of the n+ doping fromthe fiPsr/imodoizhe second
contact l|layers, 512 and 516. In the annealing process, these portions of
the ultrathin single crystalline 30 film 546, now wth the nt+ dopant, wl|
simlarly re N i i ngl.e.: j 1 t teral
epi t axi al sol(:\{%é% gég%?%%%iﬁ%@crﬁ@ﬁXéﬁeﬁr}ﬂggﬁfﬁerﬁf_ﬁ@%!gfa é?rﬁdl'afn}gm{segur ce
regi ons, 551 emitsbdxbéht oftid priensmpaitiing thebrtical S2glEBMINeITG region

PCT/ US02/ 03243 vertical single crystalline body region 552 formed of the
p-t ylpe mat e[ i‘éﬂ“: havg adﬁ’élca]elﬁwhioﬁrﬁﬁﬁ thep 199(@“}3r@§eﬁ‘ﬁu° @rﬁ’Pl"Vdﬁ,Sh?T@ HQ/e[ Li cal
singl e cryst a. e - : - ess an
100 nm The. QUEUEY CQE D HL AR oYM B EA AEled B uh R2S

ordi nary sKi lieading tHiediaclosure.| A dondaitiohalndtdipanatdr cadsh grgwhlor deghisged osure. A
conventional gate insulator can be grown or deposited on this ultrathin
si ngl e cryst M thisailrathin ssagde cixsigllingitlmeY46nh gynidz gighes hoggonia or verdical gat e

structures C2$n$§n%8ﬁ&§%nﬁgf%&%QQP%%na% s3fs one of ordinary skill in the
stan ng

art will und upon readi hi's i'SCl osure, drain and source

regi ons, 551 and S5&2onEsrdinhiyaikill inhay ert RGR And@staRdlupckOreadingthigil t r at hi n
single crystalline filmb546 to forma portion of the ultra thin single
crystal | i ne vépalpsigg, deaimprd saussestegions, i ard 652 resprsdiy el bavsibsemfosmedccor di ng

to the fgachings,of NG Rl eeanil BN 0mNE b BFHRc] A Sole

crystalline fil'm es anu single crys

vertical fir sdrystflune eértieaitnkie@ts)br Birk thia®epy edndiqoisheccbidisd toahait act | ayer
512 and an ultra thin single crystalline vertical 15 second source/drain

regi on 552 coepthéngstos themwessationentioontRemltrahiasimpigerygalling fidm 346 Wow p- t ype

i ngl | | igal b i. i i ,
oL rot e, oros AR el kR AR ST DR BRIPRINED' o 550

. 1
opposite, t he ana’ cou S e 1T1rst sourc

to the seco ”(Q)u?}éﬁrt@ {eCHrad donta@Ola08 $13%nd lah et @G singlb erydtallir® viehtidal p- t ype
single crystalline verti cal bod%éreglon 553 separates the drain and source

regi ons, 531 soorhwpupsraiasesien Py2fauplegie thasecendeantact lyeySk¥our e the drain
o0, SO LS gy AE AR PR S SO AR BAD®Y, 21
and the ul traotdppbsifeOtht oxidRdh@hi 595 In@ESupl @A Hrseloitdi@lam @Eats3l kb ne
material by the lateral solid phase epitaxial regrowh which occurs in the
anneal i ng st et|b§= second source/drain region 552. In effect, the ultra thin p-type single
crystalline vertical body region 553 separates the drain and source regions, 551
20 and 552 respectively, and can electrically couple the drain and source regions,
551 and 552, when a channel is formed therein by an applied potential. The
drain and source regions, 551 and 552 respectively, and the ultra thin body
region 553 are formed of single crystalline material by the lateral solid phase
epitaxial regrowth which occurs in the annealing step.
25 The dimensions of the structure now include an ultra thin single
crystalline body region 553 having a vertical length of less than 100 nm in which
a channel having a vertical length of less than 100 nm can be formed. Also, the
dimensions include drain and source regions, 551 and 552 respectively, having a
junction depth defined by the horizontal thickness of the ultrathin single
30 crystalline film 546, e.g. less than 10 nm. Thus, the invention has provided

junction depths which are much less than the channel length of the device and

which are scalable as design rules further shrink. Further, the invention has
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25 The di nensions of the structure now include an ultra thin single
crystalline body region 553 having a vertical length of less than 100 nmin
whi ch a wbannedishavi ng a vertical |ength of |ess than 10@cmrusozos2be
formed. Also, the dinensions include drain and source regions, 551 and 552
respectively, having a junction depth defined by the horizontal thickness
of the ultrathin.single 30 .crystalline film5 e .g...l.ess than 10 nm
Thus, the i nvpéﬂYlfig%a %té‘éc%rlg g?fit enalSL(irfj\r’lvgt iultl)tﬁat leng?(?"lds"%vﬁ%itg% LAY ess than
the channel |@aglche@bn ih@eBBY¥Y 6£thaMEnsi¥Wbi §dale3dOWBGS loBlk Gadsistgesi gn rul es
further shrink. Further, the 1 nvention has 13 WO 02/ 078186 PCT/ US02/ 03243

provi ded a stdimensions scale dowandn stfeststheiseraogispace ohnige regian bas besnt hat a

f . ch i i .he body of .th ' | d
other t ranei ST R RBYRaRainE SRty Freian Vbt MOREE ChiRdbughoe” °°

charge regsonhas o8 m nim zed by physically making the body region of
the MOSFET ultra thin, e.g. 5 10 nmor less. One of ordinary skill in the
art will further Uddeefardimdrygkdhintbaditvglltfinither udilerstand upen teading thie

ductivity t. d i bed, her ei b sed | tering dopi
Cypes such { it acbase oLt Pare P Sutory Sppby eabrethy ™ el ude
structures hayieAdg Hb]%ihgt}ﬂéis Budhﬁh&titﬁ@bx‘e&’en@Eﬂ\%ﬂ@i@xﬂisféqﬁﬂl}ea;gﬂi}fﬁl@td ine p 10

channel type transistors. The invention is not so limted. Fromthe process
descri pti ons idesde sthaturabluaring wlre thialyeitically onerpedsingls cowstalliwap-i nue to form

nb f diff t hori | \ tical. gat t t nbodi t
"o the -t 8o bRy blin e i P SE E R RAREPOERSS bel o
Fi gures 6A- 6Fydsliiiht abRriBePARARSHe PAMIBNGEPHOEss b B liBud tefoRaked 15

hori zontal floati'ng gate and control gate structure enbodinent, referred to
herein as hominzwnb&tiffeeqit horrmetet] agdversicaligatecshmtice erohodiinehtstilghepr esent

i nvention. The i si ons suggested in the faql.l own rocess steps are
appropriate ttﬁenéiﬁ‘?ir% aﬁidg?%‘;i?ﬁggfc‘@ﬁe‘ft@@h%g?%y‘%ﬁaslﬁ%?‘ebe scaled
accordingly for otifignreSBASGIZ fitistratEh P LssORGhGRE EHHBIMing aStdcied ure simlar
to that shown in Figure 5C. That is 20 Figure 6A shows an ultrathin single

crystal | i b2 flidrizof4biledtmggatemmdsiodeoladatsstBsire ambodihieat, scféntéd tb hengin 640- 2 i n

trenches 630. The ultrathin single.crystalline film 646 at.thi§ point
i ncl udes an WStiPEZepplreRlaggnent é%‘?%t"éf’ neEtiQRMith &g PresensnveRian: ehhér ai n

L?gis'?gl |6:5 ﬁecoleJeﬁgoﬁsos@géé-t&ﬁﬁl tRORNBHingd FHYELss Skgs AReAppfophhfefidalohi n single
micrometer CD technology and may be scaled accordingly for other CD sizes.
Figure 6A represents a structure similar to that shown in Figure 5C. That is

20 Figure 6A shows an ultrathin single crystalline film 646 along the sidewalls 650
of pillars 640-1 and 640-2 in trenches 630. The ultrathin single crystalline film
646 at this point includes an ultra thin single crystalline vertical first source/drain
region 651 coupled to a first contact layer 612 and an ultra thin single crystalline
vertical second source/drain region 652 coupled to a second contact layer 616.

25  An ultra thin p-type single crystalline vertical body region 653 is present along
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
embodiment shown in Figure 6A an n+ doped oxide layer 621, or PSG layer as
the same will be known and understood by one of ordinary skill in the art will

30 understand, is deposited over the pillars 640-1 and 640-2 such as by a CVD

technique. This n+ doped oxide layer 621 is then planarized to remove off of the

top surface of the pillars 640-1 and 640-2. An etch process is performed to leave
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vertical second source/drain region 652 coupled to a second contact |ayer
616. 25 An ultra thin p-type single crystalline vertical body region 653 is
present awvongo7agdle of, or opposite, an oxide |ayer 614 amrdTasupirs3the
first source/drain region 651 to the second source/drain region 652.
According to the process enbodi ment shown in Figure 6A an n+ doped oxide

| ayer 621, OraRCd MG ey GAEn 180 NBE, KNOHD A0 doAeLPogE bY one of

ordinary skill 1n't under sta over the pillars

640-1 and 64122 guabopsl dxydedafd 622 tieddpositedover tHepilars dopednox40 dndyer 621
is then planarized to renove off of the top surface of the pillars 640-1

and 640-2. AfMPdHanyrigediosagan rsmope figanthe don wlifpse ofithe piblagpp 478 2ab
PCT/ US02/ 032 . . . doped
(a0 2 B, BR (TR ANGIRRL R 82 BRI, §illes BT KIE 0, e

pol ysilicon |layer X1 yer epos

pillars 648- lleanrth thifinesafido0 MR At A Hezshch 63@ xRN side BH\e obfis&rﬂﬂet he top
surface of the pillars 640-1 and 640-2. Then, the undoped polysilicon

| ayer 622 is @iemiener JdciNexs apgthry i deped axedpayes 62 s layerfasto nm or
less in the ts%%”cvb‘l11%§g<n§'vv%%d@g@&s@;d B%én?gpgr hltge?/ gﬁfg'irgfs?lg:@yv%il 614. Next,

anot her n+ doped oxi ayer aye wi'll be known

and under st oathdepstaaeis Aepsyitdd BaEhS fsillats 640-1 A1 G40L2 Widhlas byndevet and, i's
deposited over the ¥|Ilars 640-1 and 640-2 such as by a D process. The

structure is Hevwsas [ apyamiue ishow srapedAin FBuR @dre 6B il lustrates the

structure,fol | ow th t. seguence of abrication steps. Jn Figure 6B,
a heat trtla(lz;it ment ﬁgg%rﬁgﬁﬁgﬂf%es! Fiﬁ%"et“&eﬁ8ﬁ%"-v‘fl§g€e ne&)ﬁ)%?&fﬁﬁf of the PSG
layers, e.g. fGBicatiofl skgs NEEp@etdB/@lhkat trddtRert R appiied te-diffusedhenalypé n singl e
crystalline film®646 to additionally formthe drain and source regions,
651 and 652 rdoppelicaut ethg PSGelayersaee Si7dvandiod3 FespestvebBinta theeiedidal ve et ch 15

is perforned, ,as.the same wl!l Re wn .and derstood b ne of ordinary
ski T ot ne Rt e PRl i R SeeuH b BhE FEfaRtigefs, "psc T ayer
623 and the ¢pidANS31RANYS2 kdsp&tiveRY NexB 24 shéin MXFighrel @Y @lseRédve dicht he
trench 630. The structure is now as appears in Figure 6B. Next, in Figure
6C, a thi hS gas pedxingd, anthe samewathvhe ksowih endsundersipdd bybene @ rdinawrskidhd

e 000 Dy el RS b Bonf s G L B o o0
ultra thin hedypdd sHISdiBEN 18y @B20N& oxide 18¢&@ 62D it hR théntH 836.hike si ngl e
crystalline vertica ody
structure is now as appears in Figure 6B.
Next, in Figure 6C, a thin gate oxide 625 is grown as the same will be
20 known and understood by one of ordinary skill in the art, such as by thermal
oxidation, for the ultra thin single crystalline vertical transistors, or ultra thin
body transistors on the surface of the ultra thin single crystalline vertical body
region 653. Next, doped n+ type polysilicon layer 642 can be deposited to form
a gate 642 for the ultra thin single crystalline vertical transistors, or ultra thin
25 body transistors. The structure then undergoes a CMP process to remove the
doped n+ type polysilicon layer 642 from the top surface of the pillars 640-1 and
640-2 and RIE etched to form the desired thickness of the gate 642 for the ultra
thin single crystalline vertical transistors, or ultra thin body transistors. In one
embodiment, the doped n+ type polysilicon layer 642 is RIE etched to form an
30 integrally formed, horizontally oriented floating gate 642 having a vertical side
of less than 100 nanometers opposing the ultra thin single crystalline vertical

body region 653. Next, an oxide layer 644 is deposited such as by a CVD
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regi on 653. Next, doped n+ type polysilicon |ayer 642 can be deposited to
form a gate 642 for the ultra thin single crystalline vertica

transi stowe, 02018186 tra thin 25 body transistors. The structrarasvhends
undergoes a CMP process to renove the doped n+ type polysilicon |ayer 642
fromthe top surface of the pillars 640-1 and 640-2 and RIE etched to form

. h - ket
the desired tgt:‘otgigsgg.ﬁ& P&Baﬁ&% l%fa;[s,@l\/%ﬁﬁ'o%égg tc}ﬂ[?lﬁllrglll%}{e§‘63(t). AR efh M &ss

crystalline v ransi st ultra ody transi stors. n one

enbodi nent, tpafaopdtasatcdriting tp deytschniqen desyibed Sbeits stRpEhehiodded to form
an 30 integrally formed, horizontally oriented floating gate 642 having a
vertical sidel2ygro30deam thesstrustyee. nbhis ft Bekude 3 phesnhgrie gEh pregess using si ngl e

Genos t ed sucthdsbfidte aRB Mg B8R0 Bibw Mabberdh RERARERUE (2 and
pl anari zedsby a CMPigpreosIe#ustrate$ tHelnekt @qadires o6 BBricAioredtei. P BRRSS | S

perfornmed, as accordjngﬁto t he techni ques descri bed above to striB t he
nitride | ayepPDotheoxidghasenad4en thettop af thehposzendally oreanteiclloatisr g8isKdRi ¢ et ch
process using: i Cj r re j [S. is shown
P F gar e 60 sSREREERRY iy i ol 87 S1B; Wibithls bl RN BPRRRCHAS, | 3,

steps. | n Fi gwhere thdntdrpsly @riedesul Ayedr Bdtoloftd insulbtopwall bé Remiar Neent al |y
oriented floating gate 642 1is masked and etched, such as by RIE, to renpve

the oxide | ayde iggmpolygateipselator oppeniel gpfe inswaterdys fumedi d8eineroelyor

control gake | [ W f A oas he inpterpoly .gate insulator
or controﬁbga %gﬁﬁgh(EP%%&ggg%ﬁfqéﬁﬁﬁg.. fﬁngﬁF%r6@¥§“§§1%%g%kyﬁéulator or

control gate 660k adegosfiédarcatyrieidt et |ghte iB50MOr R ErdB0] AVBE sari0, or a
deposi ted an oxgnitride control gate insul ator |ayer 660, as the same wll
be know and uwdebakenyyandunsdgestesd tyr aiicrpdoydisay skill in thart. aFhe infaspolynt er pol y
gate insul ato cant.rol te_Jlnsukator 660 is.for to t hi ckness of
approxinatelyéﬁgpgu Rﬁgﬁg%%ﬁ% %@1 ‘é@?r%“B%‘?EFF?%%@E%SH?%% gate 662 is

formed. 15 Thgrpahnely 2 €M neMidterk. DRkE a palysiieoh 66ritRA ghi 6600y Rhe@nal
photolithogra&hic techni ques for patterning and then §ep05|t|ng, such as
ol

by cvD, al k¢ polpghconceomtrpbgate ganebd fopraediby genvehidorad photohithagtaphigr i ent ed
of the 5t ruct e dus i RS e e RRGR e SP SR P R wbat i on
steps. 20 As gjiroPfatelidl Bisg thkhdrizontally lbeieatell Mohling Higkest anehtkpon readi ng
this disclosure, contacts can be fornmed to the second contact |ayer 616 on
top of the  oxidelayer can be deposited over the surface of the structure, such as by CVD to
proceed with further fabrication steps.
20 As one of ordinary skill in the art will understand upon reading this
disclosure, contacts can be formed to the second contact layer 616 on top of the
pillars 640-1 and 640-2 to continue with interconnect line 664 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
25  and peripheral circuits. Figure 6F is a perspective view of the completed
structure. And, Figure 6F is a cross sectional view of the same taken along cut
line 6F-6F.
Alternatively, the above sequence of fabrication could have been
followed minus the replacement gate steps. In this alternative embodiment, the
30 process would have again begun with a structure similar to that shown in Figure

5C. However, in Figure 6A a conformal nitride layer would have been deposited

to approximately 10 nm and then directionally etched to leave the nitride on the
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pillars 640-1 and 640-2 to continue with interconnect |ine 664 fornmation
and standard BEOL processes. These nethods can include conventi onal
contact Woloe/p741e6 mi nal nmetal and inter |evel insulator stepasvvoxenpl ete
wiring of the cells 25 and peripheral circuits. Figure 6E is a perspective
view of the conpleted structure. And, Figure 6F is a cross sectional view

of the same Lakenialong Stk hBGnATo0Re hiCLOALINE) ol BEYR s eduence

of fabrication cou een m nus the rep acenent gate steps.
I'n this altersegiiente of tHeadurelihes G0Rpor YBaddrendins bawdidR d Thawéridgaonldoegun wi t h
a structure sim/lar to that shown in Figure 5C. However, in Figure 6A a
conformal ni ttheriae $t§93‘?d Ron ’éO‘}ﬁ%R}%etlﬁbé‘hgdﬂB&h%&“dﬂ én%ﬁﬁrlﬁﬂn#ﬁlﬂ%gay 10 nm

and then dir 02/ 078186
PCT/ US02/ 0322‘3&1“98%% J}ggﬁ]gnl&ﬁ grté Piyh %Oé‘;‘)drrlg‘i Q@@E@ t\l}\%‘gvf‘%@ge grown to
i nsul ate the thxpossed uﬁﬁgﬁﬁi@fhgle(lfrysitdlﬁnéﬁlﬂxﬁ 644.1 ARB-t6PLpolgsiliyorddgiress | i ne
bars 602. The nitride wuld _then be stripped by an isotropic etch (e.q.

phosphori c acveyldaadepesitad i £l Hiteranales (e1g|>dé?9|nﬁ3 a@éﬂ’@“@&ﬁﬂ’de& y
appr oxi mat el yC]%IPt) Qn@t iv,@,%;eeg fsﬁght f@@\v%pe % OWe to f etu@t?at}?ﬁ é%i woul d

ultrathin single crys ype porysilicon

be deposited dr?stﬁlllhé ﬁhh@46ren@bﬁ>ses(s®vcﬁxld A sinmly aostiflcavias irz@ch (e g. by
CWP) and then recessed slightly below the |evel of the top of the ultrathin
single cr ystmpmsms qi@spﬁb@moverﬁestpp &@eamdﬁdwed@%ﬁmsﬂﬂﬁﬁwt@rént hifue Wit h

an etch 0Cess desc e ri AL 0 fromthe
struct urelPdS Thi's lll‘gé%eaangh SB# rgce a ﬁgéssgﬁorﬁggo{prﬂﬁncfl%’)lgeggo%gly g % osphoric

aci d. From Fifgriadeie ploeésearoilld &ﬁmﬁwmcﬁmaﬁoc@mdmta&e@@@eﬁwed above
to conplete the structure. Figures 7A-7E illustrate amﬁrocess description

of one enbodi ment Eigumﬁﬁéhm/élﬂﬁrétalaW¢C@&i¢qfig’llgmné§0§ﬁd edimeatby cont r ol

gates can be f ide  verti ul tr in tyrapsis
It bt ures. - THEEEVEPHORAPRE Rareh B Gt Ui Tt CERERARERERN 1 ¢ e

art of integrakesl altfaqmdtreﬁ@ﬁfdrcbaay @tmdﬂlm@@ Tead sirgethleh SarfhSahksed By The
di mensi ons suggested in the foll ow ng process steps are appropriate to a

0.1 m CD t&cHeoteons skilled methe g of t,réq:mred\é@@nblfahgc%rwn@pommémg t® si zes.
FLour e A LRGSR By R e R B °C,, T
sidewal | s of gptdpriate t64W. LuaNOD 14édmaloigh ahd 8GR ScaldPaccdhngl) tradthdrn si ngl e
CD sizes. Figure 7A represents a structure similar to that shown in Figure 5C.
That is Figure 7A shows an ultrathin single crystalline film 746 along the
20 sidewalls of pillars 740-1 and 740-2 in trenches 730. The ultrathin single
crystalline film 746 at this point includes an ultra thin single crystalline vertical
first source/drain region 751 coupled to a first contact layer 712 and an ultra thin
single crystalline vertical second source/drain region 752 coupled to a second
contact layer 716. An ultra thin p-type single crystalline vertical body region 753
25 is present along side of, or opposite, an oxide layer 714 and couples the first
source/drain region 751 to the second source/drain region 752. According to the
process embodiment shown in Figure 7A, 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 740-1 and 740-2. A oxide layer 721 is
30 then grown, such as by thermal oxidation, to a thickness of approximately 20 nm
in order to insulate the exposed bit line bars 702. The conformal nitride layer on

the sidewalls of the pillars 740-1 and 740-2 prevents oxidation along the
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crystalline film 746 at this point includes an ultra thin single
crystalline vertical first source/drain region 751 coupled to a first

cont act |wgpanr/07di8 and an ultra thin single crystalline vecritsatoresond
source/drain region 752 coupled to a second contact |ayer 716. An ultra
thin p-type single crystalline vertical body region 753 25 is present al ong

side of, or oppAhl GueRRr il ARY e ik ARMGONPIERCA DRcbbd Shing ng to

source/drain region second source/drain regio

the process esbedticranitrippidgmridesses gsithe sdfle wall be khownmahd ohderitelal byayer of
approximately 10 nm s deposited, such as by CVD, and directionally etched
to |eave onl 9neef arfiwamy; shella the ahs The strystyre a5 Bow apappearsdn F1gwreo7AA oxi de
| ayer 721 is 30 th . nal i-dat J t i.ckness of
apor oxi mat el y 20 ni TR A K URTHE 38 538 R Bobllof 705

The conf or gal theisideivdtls bighe exfited Uhitlih dRgR drgstdlfing fign pité.| Thethit0- 1 and
740-2 prevents oxidation along the 17 WO 02/ 078186 PCT/ USQ2/ 03243
ul trathin si ngnaclingexidg Ti6nie gfawmiortbickiress of ppprogiandtely d rto 2im.hadna ndt r i pped,

using  convenyy gnalo, hidRRIAGPLOGERBRSHéR 150, 38R habs dsneyp, and

under st ood by ordinary ski n struc e’Is’now as

appears in Fi gufilethéArenfifes3b @\ cluiesEdOippeoxiiBateBy 40 of WRRETheg+ aypddie 756 s
thermally grown on 5 the sidewalls of the exposed ultrathin single

crystal | i ne fpolisitias matgaal Hors then mlasariagl, ssahcs bySEMP sangkigogssed secht hi ckness

of appr oxi,pat el 2.0 + oped pol ysikhicon material qr.,..suitable
met ol 750 s GeliokTe do nEiib A0y peRGBForRg e Bl i PR gt
thi ckness of ApRVeE.I ABiiRIdY 14Qr P61 RrthdredspositddEsuth ad ®P € D pelathickh&sen
material 750 is then planarized, such as by CWP, and recessed, such 10 as

by RIE, to a deingrxizpichhi( ymped pacy fempatioavad dapctionelly btiched teileaveiongl e

crystalline il m7486. nit.r.ide . layer. 761 i.5 the e ited, such as by
by to o ni esebali o bt Pfige SRR mnetaierE JAERT A fpoeliellng

di rectional | yTRé sheturt & AEAYEHOWn ihFesugé dBWal | s of the thick oxide and
nitride pad |ayers, 718 and 720 respectively. The structure is now as

shown in Rbgure 7BFiges T glnswateChelsirugivreafodewingdhe nexiceqneacd off | owi ng t he
are used as. oPREERIETTOST HeP et PR et Sofl (A SRR T e e,
e.g. oxide 33@eieRpdied bkRleIBbetiv@en SEILAGE b SilldrsSé.eNodddes mangibgBsaur cel i nes
702 to a depth approximately level wth the oxide 721 on the
sour cel i nes/ yseetivelysthied bstween theNentcelingsai0a tarsidapthtapproximately level
with the oxide 721 on the sourcelines/y-address lines 702. Next, again using the
20 nitride spacers 761 as a mask, the exposed n+ doped polysilicon material 750 is
selectively etched stopping on the oxide layer 721 on the sourcelines/y-address
lines 702 thus creating a pair of vertically oriented floating gates 763 in trench
730. The structure is now as appears in Figure 7C.
Figure 7D illustrates the next sequence in this embodiment of the
25 fabrication process. In Figure 7D, the interpoly gate insulator or control gate
insulator 760 is formed in the trench 730 covering the vertically oriented floating
gates 763. The interpoly gate insulator or control gate insulator 760 can be
thermally grown oxide layer 760, or a deposited an oxynitride control gate
insulator layer 760, as the same will be know and understood by one of ordinary
30 skill in the art. The interpoly gate insulator or control gate insulator 760 is

formed to a thickness of approximately 7 to 15 nanometers. An n+ doped

polysilicon material or suitable gate material 762 is deposited, such as by CVD,
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20 nitride spacers 761 as a nmask, the exposed n+ doped polysilicon materi al
750 is selectively etched stopping on the oxide |ayer 721 on the

sour cel i n@e/pragidé ess |ines 702 thus creating a pair of wemtiSoabizy3
oriented floating gates 763 in trench 730. The structure i s now as appears
in Figure 7C. Figure 7D il ustrat es the next sequence in this enbodi nent of

t he 25fabr|cat ess. e i e.in Iator or
control gate #HE{I}FEIECB? S 3a§e &Mgmug&sti@ tf)raghlc?k&f\%éf%@f 3f he

vertically orjg®RdTht a3ldopét pd lﬁ&n7rﬁ§tenarh7%zh§lnﬁﬁ@mnxn&at @uchr&§'l’5 ator or
control gate insulator 760 can be thernally grown oxide [ayer 760, or a

deposited an GMPmsltOppmg ondhg thadk Igmcb pail taygt 32 r Theayledopp@@olyadicohe same wil |

be know and under.st one of or ill in the art

i nterpoly gat®3 eﬁ%‘uﬁ%‘ﬁ eBreeESy %‘F g@ﬁlﬁ Stg‘? %Qpr%ﬁlafeiyafo@rlf?é‘g fo a

thi ckness of @1@l%lt%lﬁlﬂ%hl%lé’cr}sthlﬁné%lrﬂ@ﬂ@”Rﬁefétr the Md@ba&'%@ﬁﬁd@@' ysilicon
material or suitable gate material /62 is déposited, such as by CvD, 18 WO

02/ 078186 PCTreus02d 68avtBe pillars 740-1 aik740-2nThesitrida pagdaer tchm bug:lmdvmug hs 730
to a thickness . of xi. mat el 100, e, d i con materi al

L2715t hon it ORI Lot e (PGt G R RS RS it 1 e pad
l'ayer 720. Th@ep@ﬁtéﬁ%ﬂﬂﬁ%hﬁéﬁé masr@t@vb% cb9& the siBRB. TREGPR@Ge Such as
by RIE, to the approximtely a top |evél 5 the ultrathin single

crystalline fisinow7s@ppdexin Figtve 7ﬂDtr| de pad | ayer 720 is renoved fromthe

pillars 7 1 and 740-2 e ni pad yer, can_be rempved .  using a
phosph0r|38etch or 691\%9’["%{3 tlbfé dﬂgélndi{ﬁt%%a‘é“fﬁ? ng &his pan

deposi t ed oveg;s{|h&irs thHGEYY &béﬂﬁﬁe@%ﬁﬁés@@d cBHta&%(ﬁerﬂtl@% ﬂ{&%@ The

structure is now as appears In Figure /D. 10 As one of ary skill in
the art w || mphHdsr’d40dnohdifdo m&@dtlmg: with mterdosekolsne 4 fonmtmtasdcan be
formed to the sec nt act 716 ontop f the plllars 740-1 and
740-2 to contﬁrmﬂ@ﬂ{}ﬁﬁﬁ? R{P%ﬁ%n?ﬁle%e pethedsgn rGpdranyritional costashdar d BEOL
processes. Thgge t%lf?ﬁ%etﬁladﬁd'lﬂt%} 198 1ﬁ§ﬂ2\f§1n§rtmﬁ%r{9|co fé&éa\%n h)?ltl?e cetllﬁr m nal
metal and inter level insulator steps to conplete ring of the cells 15
and peri phéraahndpenphefabmrdﬁltgulaguﬁdzmsaepqn@lestp&r,\tlewefmeemmetéd]e conpl et ed
structure. And, Figure 7F is _a cross sectiqnal w of the sane taken al ong

cut |ine 7F-SHRCES ofipdFiguedE is p crass segfign vgﬁ%ee syas takep aloBg cBt  one
enbodi nent byhne7F-7F.

Figures 8A-8E illustrate a process description of one embodiment by

which vertical floating gates can be formed alongside vertical ultra-thin

20 transistor body structures and a horizontal oriented control gate can be formed
above the vertically oriented floating gates. These structures can be achieved by
someone skilled in the art of integrated circuit fabrication upon reading this
disclosure. The dimensions suggested in the following process steps are
appropriate to a 0.1 um CD technology and may be scaled accordingly for other

25 CDsizes. Figure 8A represents a structure similar to that shown in Figure 5C.
That is Figure 8A shows an ultrathin single crystalline film 846 along the
sidewalls of pillars 840-1 and 840-2 in trenches 830. The ultrathin single
crystalline film 846 at this point includes an ultra thin single crystalline vertical
first source/drain region 851 coupled to a first contact layer 812 and an ultra thin

30 single crystalline vertical second source/drain region 852 coupled to a second
contact layer 816. An ultra thin p-type single crystalline vertical body region 853

is present along side of, or opposite, an oxide layer 814 and couples the first
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whi ch vertical floating gates can be fornmed al ongside vertical ultra-thin
20 transi stor body structures and a horizontal oriented control gate can be
formed aWwowe/otsies vertically oriented floating gates. The®eTdtSoraei2us es can
be achieved by soneone skilled in the art of integrated circuit
fabrication upon reading this disclosure. The dinensions suggested in the

fol |l ow ng progess te t tiechno and may
be scal e ncoornrtg et 8y ERRS SRoafifiutadisleiol s PEEFEGETT IS
structure si frbédss b@bbditHenSHIWR ih FidurJBAEa 5&fonﬂ_dl@ﬁmt1§1 egeF € 8A shows an
ultrathin single crystalline film846 along the sidewalls of pillars 840-1

and 840-2 in appmmme@l%t{bmnm@emslmdawnhmwiyﬁg\(@, angrdjrectignallystohed ta 846 at

Sour cbi ar ai n P o B8Pt o bR B e L BRI Ao Bt S i 1o

thin 30 s§nghén sfowst fldhi RSy VEdrinaPelid &RMOMh hRheR/Ahphdxin@pnoda2 coupl ed
to a second conftact |ayer §16 An ultra thin p-type single crystalline

vertical bodyinmedsrémingsidte the exprosedbit ling barg 862. dEhmonf@mab ppudé lager am oxi de

| ayer 814 and, coupl t first, 19 7818 /USO /03243

sour ce/ dr ai nqp'éﬁ‘lﬂgwg@%ﬂﬂg%p‘tuﬁ%g 85?@010% @@ﬁ@ér?ﬂ PG BABES . According to
the process aghadi tec@@amelmm@@urﬁe%ﬁnd@u;@f\i‘s(mémdtnﬁpédrmﬁg | ayer of
approximately 10 nmis deposited, such as by CVD, and directionally etched
to |eave onlqonmcnttomel s;nptamglpltose&sés 4sitbe grnh¢ wilkbelpwin anddirgéBtodd bX oxi de

| ayer 821 rown,. .such as_by thernmal oxidation, hi ckness of
wpor oxi rat &T yors ey ShGR G TS HRAGHEERS Racsidseetibin Fetfd bar s 502
The conf or mal n'”AQ&olv@b’lﬁrFlgﬂe 8‘Bh§th$1'1 fdevelidsoQle §5EisRhdrAl rg&%&nand
840-2 prevents oxidation along t ultrathin single crystalline film 846.
The nitride |thyeidewsllsdfghe s:tposqubuittathussmgie costalleret filongd6. sTheltbi}ni ng processes

as the sanme will be kn and understo 10 one o nary skill in the
ATt The ot r JLERFIDEOSIR WO 25 Baplda nhichoss BARramakly DiohAm MEFbur e 88, o

thin tunneli %ﬁ’% be8siBebn htears Bithdle Q{e@éflﬂ’%@@s detplaﬁte?l' drwakhbs cofpt he
exposed ul trathin“si'ngle crystalline film846. The thin tunhneling oxide

856 is grown todilktht hieninessthisknesp pf apprmtrmtqlry 40 hm & lesn Tha nh-dopetbped
POl Yot 1T eon TRerl gl OSSN 6 oA A0, L2 Cepo oty suh 58 by o0, 15
Goped, 20! YoUINGTE e ST LISop GBI DM Dot PR 209
ul trat hin si nijire84fr. yAtnahHe hagrer 861 is then deposited, such as by CVD, to a thickness
of approximately 50 nm for spacer formation and directionally etched to leave on
20 the sidewalls of the thick oxide and nitride pad layers, 818 and 820 respectively.
The structure is now as shown in Figure §B.
Figure 8C illustrates the structure following the next sequence of
processing steps. In Figure 8C, the nitride spacers 861 are used as a mask and
the exposed oxide in between columns of pillars, e.g. oxide 333 in Figure 3B, is
25 selectively etched between the sourcelines 802 to a depth approximately level
with the oxide 821 on the sourcelines/y-address lines 802. Next, again using the
nitride spacers 861 as a mask, the exposed nt doped polysilicon material 850 is
selectively etched stopping on the oxide layer 821 on the sourcelines/y-address
lines 802 thus creating a pair of vertically oriented floating gates 863 in trench
30 830. The structure is now as appears in Figure 8C.

Figure 8D illustrates the next sequence in this embodiment of the

fabrication process. In Figure 8D, an oxide layer 880 is deposited in the trench
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film846. A nitride layer 861 is then deposited, such as by CVD, to a

t hi ckness of approximately 50 nm for spacer formation and directionally
et ched t owlbeawesieq 20 the sidewal | s of the thick oxide anecritsoz/de4pad

| ayers, 818 and 820 respectively. The structure is now as shown in Figure
8B. Figure 8C illustrates the structure follow ng the next sequence of
processi ng steps 1 Fi . bt r . lﬁ%?% as a nmask
and the expgg@ °8§ﬂ1‘h?g&ﬁégéggﬁgﬁ%rﬁﬁﬁgg§?é§??fa?%?éé9§&®8x| e°333 in

Fi gure 3B, i splafarized,8ath asdyyCotPs e fpihg oweignthidkeanitside pad layees2080Phet 0 a dept h
approximately level wth the oxide 821 on_the sourcelines/y-address |ines
802. Next, agwide la¥erigointhen oessedesushaciey Bligde thecpprawimptely erdsysbsed n+

doped pol yoi 140, A LRk 380 BRL R NG ELARRG, A apaliag o0 Lhe ox de

| ayer 821 on the sourceline ress i nes ating a pair of

vertical | y5 ordegitedifrbmané pillgrsgADESandE} 0k Narid 1818 @hridS&paB&e 86 ThR #dor ucture i s
now as appears in Figure 8C Figure 8D illustrates the next sequence in
thi s enbodi megmoyed.t ﬁ@nlmrﬁaééwebazq)wh@we spacers YfUr@andpremovedxi de | ayer
880 is deposited in t trench 0 2{0,8186 PR, 24 0
cover i ng ¢ e Yaikd BugePfors S ot SRRl AAAS. At B hiudel. gg0 1 ¢

pl anari zed, sdGBn@sl dave ieMatos 8GPRIfOEN DV thetoRideKayr 880 Gethea@dntiag®y 820.
The oxide layer 880 is then recessed, such as bx RIE, to the approximately
¢

a top |evel a5 avhethgvertigally erignterhfleatinggateaBp3 .néhe interpgly@ateNpsulatot he
nitride p | ayer, 820 1S reppved fromthe pillars 840- nd_840-2 and the
it de SihocREShmt g RapabIRLER RO AT v B3 B 5P a0 ana
nitride spacefcpoSitel sadiyRitidesdausHgate! fisiidto |43ROSEU) Q5 te s@inefvilbeot her
suitable techniques. An interpoly gate insulator or control gate insulator

860 is formedkmywesndiundersiood dyloay of osgmry pkitlhe therash ckhegg@rpadngatover t he

vertically oriented floatin at e .. Jhe inte I te insulator 10 or
contror gat e PGtIPAet Bebete ARk RQY P ryed Pl Bnadt iy "o T2

deposi ted an Pxyhddohfdeers SineQlert@allf oliBfbd 8bMing AYRR686An msddgee sanme wil |
be know and understood by one of ordinary skill in the art. The interpoly

gate i nslf atpalysalicononateridl ogawitablengatd matsriaBYE is depasitadguetoasbt GVBkness of
approximately 2.to 4 nan

L O MO R T T NS S
deposited, s Lk@ﬂti@aﬂy%eﬁk@ﬂoam{gatémy tohehieR s BRdfpromdicht S0 nl Thent r ol
gate insul ator 860 and above the
n+ doped polysilicon material 862 is then patterned, as the same will be know
and understood by one of ordinary skill in the art, into horizontal bars or control
20 gate lines. An oxide 875 is can then deposited, such as by CVD to cover the
surface. The structure is now as appears in Figure 8D.
As one of ordinary skill in the art will understand upon reading this
disclosure, contacts can be formed to the second contact layer 816 on top of the
pillars 840-1 and 840-2 to éontinue with interconnect line 864 formation and
25 standard BEOL processes. These methods can include conventional contact
hole, terminal metal and inter level insulator steps to complete wiring of the cells
and peripheral circuits. Figure 8E is a perspective view of the completed
structure.
Figure 9 shows a conventional NOR-NOR logic array 900 which is
30 programmable at the gate mask level by either fabricating a thin oxide gate
transistor, e.g. logic cells 901-1, 901-2, . . ., 901-N and 903-1, 903-2, . . ., 903-N,

at the intersection of lines in the array or not fabricating a thin oxide gate
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vertically oriented floating gates 863 to a thickness of approximately 50
nm The n+ doped polysilicon naterial 862 is then patterned, as the sane
will be kwow2ozsidé under st ood by one of ordinary skill in trlog/or/p32nt o

hori zontal bars or control 20 gate lines. An oxide 875 is can then
deposited, such as by CVD to cover the surface. The structure is now as
appears in Figure, 8D, As. Kk idhHthe ar I der st and
upon readi ng tahnmtor’oe %cqnggs{ﬁ th%gglngltaﬁglgtmss b(%)é 1‘f§(})r2n%d t ng‘r?ﬁé ssel%:&(ri)lnd cont act

| ayer 816 on #roptedfectidte APbhd A c¥diBAQ-skilbindhS4@wall uad&aid tpth rehdig
interconnect |ine 864 formation and 25 standard BEOL processes. These

met hods can ithts|dy&f@setmﬂ@rwm@rﬁeqhnwmwnvmmnéﬂytl@drfprﬁemn petypesfl i nt er

| evel insul at Qr. ste npl.ete wir er| pheral
circuits. Fi Japis aﬁrla':ﬁ?S “"ta?h%‘z 6‘83?‘?“’ Egﬁren%g%&sqegf‘g nigde it ure.
Figure 9 showgMOI QMM NSlanlORS mgedtﬁelycmrdsa&a&leadmlw Is 30
programmabl e at the gate mask | evel y either fabricating a thin oxide gate
transistor, e.g. |Biynveitiogaldogicrrragshowm in Figuregonclndesraifisblpgic, 903- 2,

903-N, at the nt on of line the arr t f.abr tin ath n
903N 2t the, LRLARGELL0RL LhgRel LN AR O MBles AT Lol 10 @ L
oxi de transi s§@fple, 80 nvkrte@Qle grovided fordRedhin@torfiplemennd of Hehg@ct i on. As

one of ordinary skill in the art will understand upon reading this
di scl osure, thignabarowashrirsflegicplane N e wan mnhldbynweﬁ tp prddyearthst her types

of logic,arrays not shown a.nunber of depletion

mode 5 N 0&?@?‘5‘?’3?’? Sl%‘f’é%& nﬁv%d lggﬁg%t‘f?/g‘m}lca%?% used as | oad

devi ces. The conv ettt PR plaREH L0 ALTudYs $R@WReriof tih ONIdR Atd tRFIIRS e, f 1 1 st
| ogic plane 910 which recelves a nunber of input signals at |nput | i nes

912. In this trawsats 801-hdURker t, @0$-Nar Ehpthovoxidelgite tragusiersa®iing ¥dnpl enent s

Co produce.t 10 RompieEnionti ot bt iirreetilndn Medbfes 1o BRupbfiaipger "ot

appl i cation. fids9i4! agihe ceﬁ\ee@eo@al@umgm @tmygm&ﬂhv@ffauﬁwbrp&tﬂﬁ gat e
transistors, e.g. transistors 901-1, -2, 01-N. The thin oxide

gate transb st onide A0 rarsist@0e.g. @ansmtom 991}1 %Q1-2r.e ,I%ddﬂ,edreferrctdnte as

i ntersection of |aBqut | i nea@% I d. int er onng‘%T hl nes 914. E t.he
convent i onal BPEEIMIEE §ifceths logifsl dunction imp Byd ?PWW?‘HF 8% oxi de
ggt e transi stgfay i€ etereliRDThS By sdlectRR hrrdngement of B Mniloxide gagf erred to

transistors, or logic cells, 901-1, 901-2, . . ., 901-N, at the intersections of input
lines 912, and interconnect lines 914 in the array.

20

In this embodiment, each of the interconnect lines 914 acts as a NOR

gate for the input lines 912 that are connected to the interconnect lines 914
through the thin oxide gate transistors, 901-1, 901-2, .. ., 901-N, of the array.
For example, interconnection line 914A acts as a NOR gate for the signals on

25 input lines 912A and 912B. That is, interconnect line 914A is maintained at a
high potential unless one or more of the thin oxide gate transistors, 901-1, 901-2,

., 901-N, that are coupled to interconnect line 914A are turned on by a high

logic level signal on one of the input lines 912. When a control gate address is
activated, through input lines 912, each thin oxide gate transistor, e.g. transistors

30 901-1,901-2, .. ., 901-N, conducts which performs the NOR positive logic
circuit function, an inversion of the OR circuit function results from inversion of

data onto the interconnect lines 914 through the thin oxide gate transistors, 901-
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progranm ng since the logical function inplenented by the progranmabl e
logic array is entered into the array by the selective arrangenent of the
t hi n oxi dwogatwesisé r ansi stors, or logic cells, 901-1, 901- 2CT/US02/0204- N, at
the intersections of input |ines 912, and interconnect lines 914 in the
array. 20 In this enbodi nent, each of the interconnect lines 914 acts as a

NOR gate for 4 Npuhni hat are connected to the interconnect
i nes 914 th%%@gﬁithéb?LPﬂgﬁggééagate transi stors, 901-1, 901-2, ...,

901-N, of the arraxsshdwal infBigifeloga sédohe Icppnplaas 9Dhislprivedédiwiicact s as a NOR
gate for the signals on 25 input l|lines 912A and 912B. That is, interconnect
i ne 914A i s ingiudessd maabesiof thin piigls gatstteansisr, ag teasisteredBrl.#88e. of > t he t hin
oxi de gate tr GStors,. 901-1 o , L, N, thatyare;counled to
interconnectSﬁﬁﬁe'B%ﬁiuggg&?ﬁ?ﬁég&%%“%§933ﬁfg§§21bgfgﬁﬂgvg k?%%ﬁg on one

of the inpst theneers&lidn offieercanteeline!91924m AMsll ¢inss 920. Ratayahatle t hrough
input lines 912, each thin oxide gate transistor, e.g. transistors 30

901-1, 901- 2, logical fugetionef thosrsard bgitplake Pekris onplsmented kothpesdictivge | ogi c

circuit function, an inversion.of the OR cirgui tio ults from
i nver si on of a‘ff‘é‘tggm8l?1ttog\ﬁ?%t§“} l‘ger %acg?\ﬁgﬁstwt?rishes glgfz?g%r b'ﬂg%é(ﬁigl {hﬁi n oxi de
gate transi stigfepsectbisofdmteMbhilcdt A&1BG, RIS IHRA1He382Bin the s&BAd Togic - -

901-N, of the array. As shown in Figure 9, a second |ogic plane 924 is
provi ded whi chlang 4. (dheseepnduapieplase RAiinalex tandigyeadesuch thatihsoptput e, g.

transisto 903- 903-2, ., .903- The thin oxide.gate transistors,
903-1, 90 62,11995.39,2()%@1)&[?6 %¥°§lﬁag§9§e@n§?orﬁoﬁtﬁ‘éSligﬂ?éﬁggc Fon of interconnect
lines 914, ang@tdnRbdtidni 13RS 992 that HRcBuAedtdpartiflBar duBSlitGidbs H200@tdugR of the
second |l ogic plane 924 is inplenented the sel ective arrangenent of the

t hi n oxi de gathe thin anisie gatsrtsanseEss, 9939083/32,%- -+ 90398 301 Nhe saconhlogic

i ntersections of interconnect lines.914. and qutput .l.ines 92Q.in.the second
ogi o pl ane B3 B FERCRTakys g B raminBSin f SR FAey e it 08k h ¢ hat
the output I1felhidesr QARIERTH heNOR 168E &Rdy N fameisikabwabylone ofi gnal s
fromthe interconnection lines 914 that are coupled to particul ar output

| i nes 92018 hradiglary skiléint thie artexil dall hauederstand by reading thigdisglose@3- 2, . . .,
903-N, of the sec 4 t he ing@ning

signal s on each i ‘gur!fﬁg)l iﬁgggalt‘?as(rjl‘%cf?rf gir;lr‘%}ﬁz’fééfr’]‘é@hg'gérg’icg;%?gﬁ%?’g n the NOR
logic array aggfch@ra§PEA) forkB@WELoRYin® BEtheteachings of the present invention. In
Figure 10, PLA 1000 implements an illustrative logical function using a two
level logic approach. Specifically, PLA 1000 includes first and second logic
20 planes 1010 and 1022. In this example, the logic function is implemented using
NOR-NOR logic. As shown in Figure 10, first and second logic planes 1010 and
1022 each include an array of, logic cells, or floating gate driver transistors,
1001-1, 1001-2, . . ., 1001-N, and 1002-1, 1002-2, . . ., 1002-N respectively,
having their first source/drain regions coupled to source lines or a conductive
25 source plane, as shown and described in more detail in connection with Figures
3A and 8E. These floating gate driver transistors, 1001-1, 1001-2, . . ., 1001-N,
and 1002-1, 1002-2, . . ., 1002-N are configured to implement the logical
function of FPLA 1000. The floating gate driver transistors, 1001-1, 1001-2, . .
., 1001-N, and 1002-1, 1002-2, . . ., 1002-N are shown as n-channel floating gate
30 transistors. Also, as shown in Figure 10, a number of p-channel metal oxide
semiconductor (PMOS) transistors are provided as load device transistors, 1016

and 1024 respectively, having their drain regions coupled to a voltage potential
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15 ordinary skill in the art and will be understood by reading this

di scl osure. Figure 10 illustrates an enbodi nent of a novel in-service
pr ogr ammewbe2/o0vg1gé ¢ array (PLA) formed according to the teathisayes2as the
present invention. In Figure 10, PLA 1000 inplenents an illustrative

| ogi cal function using a two |evel |ogic approach. Specifically, PLA 1000
i ncludes firs econd .l.0gi . 2.1 0 n this exanple,
the | ogic fun@tl ] Fﬁjse%?[rbﬁ gﬁeﬁgggg Sbsz‘lkr%gﬁﬁﬁé%ﬂ?%%éé%‘%e%"%eﬁ%ﬁﬁ“i n Figure
10, first andcongi@néhtlt®giedidating ese 48L& teandistord) 180Bact001RE ] udaoennarray of ,
| ogic cells, or fl oati&% ate driver transistors, 1001-1, 1001-2, ...,
1001- N, and 19g2092-13 90322, .. ., 100300®-frn degddnyeniess.y, having their first
source/drain regions couphked, toq urce lines o conduetive 25 source

o ane. a6 shown anirdeer Pan® SRRl Raar et o BARRLN B YR BR Brgres o
and 8E. Thes eexfaﬁxgl?é 4nldthod BY Q/asirolf‘ﬁﬁﬁtaﬁblﬂnﬂbe%ifﬂfaﬂy, the &hcHingsl&Qthe Bresent -
1001-N, and 1002-1, 1002-2,. .., 1002-N are configured to inplenment the

| ogi cal f uncappbeatoh aFePnt lindegl to Pregramoabledegig atreydinitheNOR-HNAK st or s,
1001-1, 1001-2, . .. 1001-N, . .and 02-1, ,1002-2 . .. 002-N are shown
as n- channel %ﬂpﬁoa?ﬁl'nSu'aléetr’etgg&aﬂn&ﬁss?ég%PEG.Sé%aggl,lcaﬁgn 853l %lfrﬂt%flit% ‘e 10, a
nunber of p- C&ib@élﬁ@'log]@il&hnc%hQl%wﬁﬁmi%ﬁk@qwmher(lff fuhdtRAScHi Qs are
provided as |oad device transistors, 1016 and 1024 respectively, having

t heir drain risplonentebng pdgrammablologrgerapovidhthedloating gyt@doiz¢r078186

respect i vy, gty Ao Fs KR arverd DOl 5 bl T (08 2y a0 o o D
transistors, 1309device thiidihtots, 1016 and 10U redbectitdlf ¥WR2présent Béntton, - -+ 1002-N

to formload inverters. It is noted that the configuration of Figure 10 is
provi ded by wsyngxnyneod thsl variansitwiolevéljlogiaypprbadhiesd t ati on. Specifically,
the teachings of the present plication are pot |i.mted .to progranmabl e
logic arrays in t fﬁﬂ@%ﬂﬁ\@ﬁ“e 5@3%8&‘8}‘.‘?3 W%?ép?lﬁpﬁ_ Slg%aa%%i‘ﬂ@nggt he
present appligabl ¢AtAE Sxadle, hoThi@Lrd e bﬂﬁide@&@ﬁgérﬂef?atib?%ﬁ@ienfe‘ﬂfkféﬂ on shown
in Figure 10. O her |ogical functions can be inplenented in a programrmabl e
| ogi ¢ arr &y, theirput kigndls.ocdpwaverghrstlogid plare 100 Otcammrslwleongertets001- 1, 1001- 2,
..., 1001-N, ang 10@2-1, 1100 -2, ..., éOOZ-Nﬁend | oad devi ce transistors,
1016 and 10247PEYd ?fmweémtwab% BHCeHEf Bt SPSHTIC 2RV RYO%ny one of the
various two |evel ﬂ'i?@ﬂ&gi@?ﬂﬁﬁ@f‘@ﬁﬁﬁclu&ésrasﬁuﬂ]%'o@ﬂBJitﬁ{gegal@éthé'rece' ves a

a

nunber of 1nput signals i nput |ines

transistors, 1001-1, 1001-2, . . ., 1001-N, that form an array. The floating gate

driver transistors, 1001-1, 1001-2, . . ., 1001-N, are located at the intersection of

20 input lines 1012, and interconnect lines 1014. Not all of the floating gate driver
transistors, 1001-1, 1001-2, . . ., 1001-N, are operatively conductive in the first
logic plane. Rather, the floating gate driver transistors, 1001-1, 1001-2, . . .,
1001-N, are selectively programmed, as described in detail below, to respond to
the input lines 1012 and change the potential of the interconnect lines 1014 so as

25 to implement a desired logic function. This selective interconnection is referred
to as programming since the logical function implemented by the programmable
logic array is entered into the array by the floating gate driver transistors, 1001-1,
1001-2, .. ., 1001-N, that are used at the intersections of input lines 1012, and
interconnect lines 1014 in the array.

30 In this embodiment, each of the interconnect lines 1014 acts as a NOR
gate for the input lines 1012 that are connected to the interconnect lines 1014

through the floating gate driver transistors, 1001-1, 1001-2, . . ., 1001-N, of the
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1012. In this exanple, no inverters are provided for generating conplenents
of 15 the input signals. However, first logic plane 1010 can include

i nverterswompraasiice the conpl enentary signals when neede#cCirrusez/epnexi fic
application. First logic plane 1010 includes a nunber of floating gate
driver transistors, 1001-1, 1001-2, ..., 1001-N, that forman array. The
floating gate drpéﬁr tranS| tors 100 1-N,, are

located at t HE& IO sEk ?X&Hl "%fcf)%eﬁ%l Pﬂ%ggﬂlz‘OAﬁCts BHNPR %a?%g’ﬁﬁléct l'i nes
1014. Not al Isjgfaid fieinbhtQstes @glmtﬁ)ldB'a&ﬁQVIOliC aPﬁigﬁrﬁ&h&bﬂlm]thelverﬁQQl 2,

.., 1001-N, are operatively conductive in the first logic plane. Rat her
the floati ng @mleggme\d@rvet transsstas,ol09]-110001-2, . - L0@01 N is.achieved®01- N, are
selectively pro escrlbed to respond.to the

d, as ai l I
Thput | nes TOAEE ek gL GR e e e ot VerieT Riing Ghh St es 1014 so
as 25 to 'W'tﬁ%tﬁg‘é@t%'dh@@rt‘r&lﬁls%rf HitAtd Q0o1-Bhi s, s®I18QtWiM erhh§h GPNNECt i on
isreferred to as progranm ng since the logical function inplenented by
t he programedt gatelungji it isrepengramsmedt Applingnd retheviag nahiagy ta the f | oat i ng

gate driver transistors, 1001-1, 1001- t.hat are used at the
i ntersections’ e(‘.')'FC"’li ﬁBEH“gI §atesas diggusse deoreﬁiﬁé’ﬂlé’ﬁh%cf\'}lha%%gitﬁfﬂv? t he

array. 30 1n ddissiranedirendol -£ach 10h1 NrobPlShGPANGGHE Lh@GSmdiRdth acts as a
NOR gate for the Input Iines T0iZ that aré connected to the interconnect
lines 1014 tthatsteyduntilehé tloage sgemate fdom wis vetticalnoasingigate. 1001- 1, 1001- 2,

..., 1001- 24 WD 02/078186 P S 43 1000.. For

exanpl e, ﬂ&lterco :}Sei‘ti%alt‘? Vof (FRARSIESy %60;{ Pa}/‘)@ gat ﬁédlta)gl nOLRAVIBE Rna| s on
i nput |ines 9%2% t al

fl oati ng gat é&é’%ﬁ{/&ﬁ tra@}ggé%éé%éég%&%&%%&h e?{th&fa &pStM%b%\lhl?s achi eved
by chargi ng tdféstater tvheain ihpatastigmty rgediesl. by\/themmxhhneselmﬂizAalOIfZB)mdl ng gate is
charged, 5 that floating gate driver tr?n5| stor, 1001- 1%2

1001°N wil 1 r SHACKeiermu thiepnplicable statgnlf pny ppilines AP Ly 2R andppi vi ng and

removing a chiyge it fuchBFon HEb Ak ARG OMcGT fipfl AUSSSELID Tor e

detail below. A floating gate transistors
1001- N pr ofr eaidel®12@, thon afgfountiat prolv&hasdltmmadKievmdnahnm(a'SéOlmtTlhe lohé char ge

oG St L SEMRTR S TR b
vertical floajdng t&%@to?shlaf{lg%‘i’osﬂ@@& ggl&[gﬁ'lé@?&héﬂ rﬂﬂoﬁé&tﬂi ﬁéaﬂ%g L 20”

state, wherein I nput signals-recelve e I nput |nes 10 B and
gate driver transistors, 1001-1, 1001-2, .. ., 1001-N connected to the

corresponding output line is activated. This performs the NOR logic circuit

20 function, an inversion of the OR circuit function results from inversion of data
onto the interconnect lines 1014 through the floating gate driver transistors,
1001-1, 1001-2, . . ., 1001-N of the array 1000. When the floating gate driver
transistors, 1001-1, 1001-2, . . ., 1001-N are in an off state, an open is provided
to the drain of the load device transistors 1016. The VDD voltage level is

25 applied to corresponding input lines, e.g. the interconnect lines 1014 for second
logic plane 1022 when a load device transistors 1016 is turned on by a clock
signal received at the gate of the load device transistors 1016 (®). Each of the
floating gate driver transistors, 1001-1, 1001-2, . . ., 1001-N described herein are
formed according to the teachings of the present invention as described in detail

30 in connection with Figures 3A-8E.

In a similar manner, second logic plane 1022 comprises a second array of

floating gate driver transistors, 1002-1, 1002-2, . . ., 1002-N that are selectively

25



1012C determ ne the applicable state. If any input lines 1012A, 1012B and
1012C is turned on by input signals received by the input |ines 1012A,
1012B 15 wod2b@8C, then a ground is provided to | oad devipca/uSoamRUZt Or S
1016. The | oad device transistors 1016 are attached to the interconnect
| ines 1014. The |l oad device transistors 1016 provide a | ow vol tage | evel

when any one of the floatin ate driver.transi rs, 1001-1, 1001-2, .
001, N conttegrainsS e e Rl e Sh AT Re 0 Bl ac ea. Thi s

perforns the iMih&daGpedifi€ WelcalRinttidre inQhis eBibolitveit thORrf oft it Ci rcui t
function results frominversion of data onto the interconnect |ines 1014
t hrough the fgatadiivey trgasistors | QQ2-1,t108A<% st.01¢02-Nipalso ¢onfigmoad such that . | 1001- N

f th 000. Wi fl [ i ' -1,
Toos-a, - egien S 1036 shmifse LRata FoR tyhlon A RTEHRRESM B he arai n

of the |oagl dguréRnbétnIingt P0& thitlRe cdipfedioParitduladatguelifds thougR ttRPPl i ed to
corresponding input lines, e.g. the interconnect |lines 1014 for second

| ogi ¢ pl ane 1ld@@ingigets daivieowehstears,cd0rlahdZs2.or.s 10926N pEthe sesoad legicby a
cl ock signal lreCﬁbéed at the gate of the |oad device transistors 1016
((D). Each ofP'#fe'"¥t oating gate driver transistors, 1001-1, 1001-2, . . .,

1001- N descri bed hepghaphidtRlity PR rAGE AbstiM0AOdhe tlafaabisngs020f, t he
present invention as describéd in detail 30 1n connection with Figures

3A-8E. I n a slGRiZr . nafdeN issduoved Hyotharging thn eertioall eating igatce Vhenstbe ond
array of | oat j.n te driver tr i.S{Ol.S 0Q2-1, 1002-2, . ., 1002-N
that are L8 e\éeﬁ‘?f’gﬂ&gt“ﬁg%s(é?r@%%g%%@{f?@ﬁg5§§‘Jéffsan515%’6>§‘r09r7ritled to provide
the second | epph-0f  t h6oi-WowlIERaird iAGnGRAEaLPis ﬂe?;ggfmﬂéd.a specific

ing

| ogical function. In this enbodinent, the array of f gate driver
transi stors, Ap@gngand@@Revng a chargd B0he Kettisalflmting gates pudismissedelm t hat  t he

out put lines 1020 conpri se | ogi cal NOR functio t I I the 5
i nt gr connect i 'BA™ qef?élrs?ei‘b”i'4Ataﬂﬁflt‘g§|g§te@6’ﬁ B %@S{Siprf,groﬁ%ﬂu F(ngs 8'? gdt%o{z'lr ﬁ?s ©
through the Nl o@khReheddt &n GFfished rehlafiSh 8@ Sthte vHAP Aicbhark@Q2refroved . . 1002-N

of the second l'ogic plane 1022. Programmability of the vertical floating
gate drivéd tiremshsvotiesl oG date. 1002-2, ..., 1002-N is achi eved by

charging Lhe vert | caluLL20ha0 SaLS, PR [0ofd ver hah LLREHALE 920 |
will remain i R0dingSidati&l WBhtidg date LtirdRRPREKAE er an on state or an
off state, wherein signals received by the interconnect lines 1014 determine the
applicable state. If any interconnect lines 1014 is turned on, then a ground is
20 provided to load device transistors 1024 by applying a ground potential to the
source line or conductive source plane coupled to the transistors first
source/drain region as described herein. The load device transistors 1024 are
attached to the output lines 1020. The load device transistors 1024 provide a low
voltage level when any one of the floating gate driver transistors, 1002-1, 1002-
25 2,...,1002-N connected to the corresponding output line is activated. This
performs the NOR logic circuit function, an inversion of the OR circuit function
results from inversion of data onto the output lines 1020 through the floating
gate driver transistors, 1002-1, 1002-2, . . ., 1002-N of the array 1000. When the
floating gate driver transistors, 1002-1, 1002-2, . . ., 1002-N are in an off state,
30 an open is provided to the drain of the load device transistors 1024. The VDD
voltage level is applied to corresponding output lines 1020 for second logic plane

1022 when a load device transistor 1024 is turned on by a clock signal received
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Appl ying and renoving a charge to the vertical floating gates is discussed
in nore detail below A floating gate driver transistors, 1002-1, 1002-2,
., 1002woN2prs1g6 anmred in an off state remains in that straraSazoi2k3t he
charge is renoved 15 fromthe vertical floating gate. Floating gate driver

transi stors, 1002-1, 1002-2, ..., 1002-N not having a correspondi ng

AR Tt e e B

the appli cabligtSéatlyrodrimaiavld 1bEieaGa Mbst'ehﬂl@&nﬂg@éﬂeﬂt&lﬁtﬂfz hen, then a
ground is 20 provi degxt% | oad de\én ce ?r ansi stors 1024 by appIm;%ing a ground

potential to Ilqii@al Blod agey siresursy E@dhdﬁthf:|ﬂ@etn§3gﬂ¢@ér1¥ﬁrm981§f@cx;p|1%2 -1o the
transi stors f SO ai i 0 des erein. ,The |.oad device
transistors 1 2ar e’ Tg@te&d‘{?éﬂﬁfegq%ﬁeé © a}cﬁ%r r%}%he FRRES L4 devi ce
transi stors IfiefraREMVhWatien b@a\escﬂpédtlﬂgi@tahqa@bm%@éh i FaRiResSAgRe fl oating
gate driver transistors, 1002-1, 1002 25 002- N connected to the

correspondi ng out pThuSIFlgmfe ilg shaws khatappllcamhn thhpelpf’drmsn véletilkidRating)i ¢
an_ inversion.of e ORcircuit sults from

t f ti
Chvers: on-or 4t e b X it bpdiE a B A o A HEE e SRR yace

driver transigdRfstrs, 4002111001092~ 2.1001-N aﬁ@@@@i\hOfootz@ ar nay2-40f0. Wien the
floating gate driver transistors, '1002-1, 1002- , 1002-Nare in an

off state, 30pragraoped with pncgatldedhztrge pin thedregtiaal ﬂoattnlggateoads edisoticady

transi sto 1024. The e level .is a to correspondi ng out put
T noe 30960 gpmexediim B S mess i aribResindiioof 8 65 oo st or 1004

is turned on Byo@nelACKes WHBRkhd GBIt YER tﬁéﬁmc@%ﬁ@w&l&ﬁe REIH/ HE®E{n33243 Naok

the gate of t'he load device transistors 4 (c). his manner a NOR-
electrically pedgrasystdol.e 1 ogic array is rmst ea5|ly |rrpl enmented utilizing

the normal PLA arjay . structure. Each of the floati,ng.gate driv

transi stors, 1002- he'ab bgitys 05 presence of pgecdyg tﬁ%h %B%Eﬁaﬁesﬁ@a&h?’ned
according to Maﬁasglﬁg% i lﬁlfes 2016 d?)‘h%ﬁéﬂte llﬂé’seaﬂh'y%hﬁﬁn/g&r?%lin@?g) in
detail in connection with Figures 3A-8 hus Figure 10 shows the
appl i cati oh oforthheompidehce mordress attd lbeetlcfulardiqangg gefat @he centsil gatcﬂmevm th

ultra thin bodi inaloqgic arra |f a floating ga riv tran5|stors
100151, 1005 9ouid fornursphe el B adomsGoltaEo 1 Tofip g

pr ogramed wi éd‘urﬂn/@&ﬁé’élin\éegr&ﬁﬂw Gf e ﬁola&ng/ gétfe Gt cﬁir@é’& witd e%ﬁ&mé tis

effectively 10 renoved fromthe ‘array. his manner the array | ogic
functi ons canhbethe vertical sidewall transistor would turn on tending to hold the

interconnect line on that particular row down indicating the presence of a stored

20  “one” in the cell. If this particular floating gate is charged with stored electrons,
the transistor will not turn on and the presence of a stored “zero” indicated in the
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

25 particular control gate address line. Data is stored into the cell by hot electron
injection. In this case, the interconnect line coupled to the ultra thin 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

30 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

floating gate of the transistor selected by the address scheme. Erasure is
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programed even when the circuit is in the final circuit or in the field
and being used in a system The absence or presence of stored charge on
the fl oatwog2gaties is read by addressing the input |inesPtaiZozn3edntr ol
gate lines and y-colum/sourcelines to 15 forma coincidence in address at
a particular floating gate. The control gate line would for instance be

driven positive at..so vol t a of . 1.0 Veolts.and the y- .colu sourcel i ne

grounded, if ?%8@}1%?5%1?15&%%? gonr%otl g%tﬁglrn 8§Vd§1vnﬁ_ I%‘“llga&ewéle\é h('régﬁgn {hﬁen t he

vertical si deyakdeliht 8nthieHHaRSistoPWitH alpekifiveBiak et eHengtal Golbu@k diffdience is

i nterconnect |line on that [)artl cular row down indicating the presence of a
t

stored 20 "onia'th¢ ardehef T¥plts causingtelestrpay toj tannch pftfaf tha flopsing#ptes.i s char ged

with stored el ectr.ons the.transistor will not turn on and the.presence of
A Stored - ger deceriagane sBFAMALS! B Plesehiivehifte ifiaf e ded B Req on o |
particul ar 5f | gaksh BEcOBbE flafnd atbLatleach Bidelof@lcbhtyol gdaf @inibe ckRadlatalé i n " bit
pairs" by addressing not only a single floating gate but rather both of

the floating gpategsme.nThiswchitpetorsris apehable to bdockedress pahemes whez5 parti cul ar

control gate address.]Jine. Data i tored into the cell by hot electron
i njection. | nCHPY %fééee?mlyhaée Pie ad’glﬁﬁsgg?t t}“f’ 8¢ dWS1 ed to the ultra thin

single crystallinggygrf i@@Isi@ﬂm%lmigﬁéﬂro@iamlighegivarbr' shighiib @RaM t h a
higher drain voltade like 2 Volts for 0.1 mcron technology and the
control gate ¢lectmnicsysgdut E¥saedordingdo the teashingalof thel nregget inmention. enge of
twi ce thig value. . 30.el ectrons .genera in the channel of the ultra
thin si ngﬁg cHpsndp |lgﬂ§e\]/g’rtﬁ? Elﬁ?tror?‘fgfﬁ?%gﬁg)dféS%’?q%fﬂﬂ%’lﬁ%?u’\ﬁl??atl be injected
through the gab@eQ chaiISl aXitmeABIdd arhte(Amg\%tg. gﬂ)cgs%znel 20, h Béntkdansi st or
sel ected by the address schene. Erasure is 27 02/ 078186 PCT/ US02/ 03243

acconpl i shed wyit Hr30y A ngemdre ugid i 4@ lor getrery devecenl 140, andragaputiaaitpmdl t age and
the sourceli of th ansistor wth ositive bhi the tatal voltage
di f f erence istQ‘? 4%@63#5@ 88@@?%%@8%6@?9}@3 ¥eé’3?:1@qs1§’ﬁf]6a‘felfﬂ}? VCof f of

the floating gabestrudfn it E‘&cﬁ?%p&g@&ﬂitg%@?et%nﬁe}a%nﬂh%sﬁ}“ﬁwWL\(?nt i on,

data can be erased in "bit 5 pairs” since both floating gates on each side

of a conti6l H0endarhdpenteragias batwaehdéhe ARbel I2Dnthe nkmey deobé tt ure i s
anenabl e to bl oc dress enes where  sectiops of .the arr are erased
and reset at "Pﬁjethg?ﬂ)e‘getvi“i’?‘éi?g?'gmﬁ?eemirfoﬁysdeé{‘cﬁ Fqntayn BP&@F? fg?’/%fbr am of a
hi gh-1evel orggniiaat b@RstRfctidns. €l ectronic system 1100 according to the

teachi ngs of the present iInvention. As
The control unit 1130 coordinates all operations of the ALU 1120, the

memory device 1140 and the /O devices 1150 by continuously cycling through a
20 set of operations that cause instructions to be fetched from the memory device
1140 and executed. In service programmable logic arrays, according to the
teachings of the present invention, can be implemented to perform many of the
logic functions performed by these components. With respect to the ALU 1120,
the control unit 1130 and the /O devices 1150, arbitrary logic functions may be
25 realized in the "sum-of-products" form that is well known to one skilled in the
art. A logic function sum-of-products may be implemented using any of the
equivalent two-level logic configurations: AND-OR, NAND-NAND, NOR-OR,
OR-NOR, AND-NOR, NAND-AND or OR-AND.
CONCLUSION

30 The above structures and fabrication methods have been described, by
way of example and not by way of limitation, with respect to in service

programmable logic arrays with ultra thin body transistors. Different types of

28



10 shown in Figure 11, the electronic system 1100 is a system whose
functional elenents consist of an arithnetic/logic unit (ALU), e.g.
processorwdli20781a6 control unit 1130, a nenory unit 1140, pom/usezvos2y3 devi ce
1140, and an input/output (UO device 1150. Cenerally such an electronic
system 1100 w Il have a native set of instructions that specify operations

to be perfor [ [.Qns bet ween
the ALU 1120,7 “2'2ﬁ“gﬁ%éi}p%%@%‘e‘ﬁwﬂf’é%re;%‘ég’t“ﬁ’@qi%%?{eev‘}tg}ezga BEROS o omor y
devi ces 1140 diffetedt 1ypedef sUBitatdsltd$ortn thetiwE@dick pRigrahmablslédichd®Rs. The

control unit 1130 coordinates all operations of the ALU 1120, the nenory

devi ce 1140 and t hléhexhasavhews they bigherand dvghen denssly yeqrementg in lgdtugh a 20
3et _of “operat | ops L0ak, SRR ahd Sha iR dr ot?%'ref s‘?{u‘c‘#&?é% dnd YL LB gTErTOr Y
evi ce 1140 and“executed. In service programmable 1'ogic arrays, according

to the tesachtogen@bnadl PRnfY ERRtorist@lics aft, difflthe séatloaheBéepdubo perform
many of the logic functions perforned by these conponents. Wth respect to

the ALU 1120, microredigensiond! regime. hgpresaet inyratioopreidesdlpatinggate ar bitrary
| ogi ¢ functions be.25 real.ized. in the "sum of -nf ts'~formthat is
wet ] Cknown t iR R fiBikGE0 ok N SR Bl RRCHARAER 1 ouct sy

be i npl enent eghowsialthgaRy si@éwilNEf artsidyGil1eNt THesO flbaugl gatcO@iBistrefitgur at i ons:
AND- OR, NAND- NAND, -OR, OR-NOR, AND-NOR, NAND- AND or OR- AND. CONCLUSI ON

30 The above @irathinbedy regransisede nathrallyrio poelided sagbersbmandenscyhilsed, by

way of ex |l e and nat by.way of lintatdon ith respect to in . service

br ogr ammaiie Pegreramearri it Ie s Bue It T B ShehPBthiar ent types
of 28 WO 02/ OB:R6 dtelisidnd 2dr idaies dedsit9 ahd RhaisbrioRmbicel argBéth ashiewd ures are
shown which can be utilized on three different types of substrates to form

the in servi ca the prpetammiileldgiyreaya of Bgpresert ingentiseen shown that hi gher and
hi gher density requirements.,in |ogic rrays result in s | er and snal |l er
di mensi ons of the,gf%ﬁ@%%%%gwéﬁﬁﬁggaﬁgﬁfpg¥gﬁlngﬁfﬁﬁfgﬁﬁqﬁhgp pl anar

transi stor stgdnindtRnaloicdifdtionWhh bt feafitd @ thesd-baled 88M-SURoMicE ON

di mensi onal regime. The present invention provides floating gate

transi st ol§ woroh Aasuan paproidecis wdyiba implementediby uginggltmde\@?mq ine silicon
film grown along the o deval ol ndk SXhISHRIA hifigul B35, b} at i no gate
combination of NOR gates and NAND gates. A NAND gate can be realized by a
NOR gate with the inputs inverted. By disconnecting the first contact layers in
the pillars, which are isolated from the substrate, these arrays can be field

20 programmed or erased and re-programmed to accomplish the required logic

functions.
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ultra-thin body regions scale naturally to smaller and small er dinensions
while 10 preserving the perfornmance advantage of smaller devices. The
advant agesoob/o7sasal | er di nensions for higher density and RCcghso2/qsusf or mance
are both achieved in the programmable |ogic arrays of the present

i nvention. According to the teachings of the present invention, any
arbitrary CgﬂgifigiﬁgghMLiftﬁ function can be realized in the so-called
sum of - pr odu A E m of products may be inplenented by using a
two | evel logic configuration such as the NOR-NOR arrays shown in Figure

10, or by a conbination of NOR gates and NAND gates. A NAND gate can be
realized by al. Nd%lgat-ﬁrvibeprdgrmmatpeliqgidmcmmﬁyg di sconnecting the

first contact Iayerg i .;ﬂe pLIIars i C solat d. fr mthe
substrate, these & réﬁ/g’gE ansdhgtiregegves § agsr stipgic

r e- progr anﬁﬁ%ﬁ& 1%99&’%31111%?1&&% @qausra%gngwincmwé YRE LoIOMRs th7‘a9a1\éo 02/ 078186
PCT/ US02/ 032 'S CLAI I\/ED An~1 n-servi ce progranmabl e | ogic

array, conpr iistengnnectéd uospro%dganumbaftefloglaal ougues; ves a nunber of i nput
signals, the first logic having .a plurali gic cells
arranged in rows ahtfoeyl lﬁﬁ?@q glavﬁllgé‘ n”i“?ﬁeéPElLﬁj’ﬁ’r‘Fé\é’i%a“?’&ge H’bfﬂvtﬁ?ea“él nunber
of logical oyt R BEr a&émrmﬁr | ogic cells
arranged in rows Izsnggt égﬁqﬁ@nﬂg 018 lgfs récel \?gﬁ)ﬁéﬂout put s o the first logic

pl ane and t hahteatomanedted terprodmecatrmdlbteooﬂbgﬁtulormtlwmsudhehatcnlhe inogiviad out put s

such that the in serV| ce 10 programmabl e Io array jnplenments a | ogical
functi on; 1&ndProgyammadls lagicrragy "f‘HlémleBﬁladO%‘é Ifgn‘it‘r?é‘i ?ﬁie a vertical pillar

ext endi ng out war dly, f L0 H%fb%w&@lts%clu&ngt rate, wherei n each pillar

i ncludes a single crysta t contact 1ayer and a second contact
| ayer separated by an oaxvei}&cdl ailar extamding butatardlg &sin dremisomblewrcryst al | i ne
ultra thin vertical fl oatl%g[;1 gate transistor that is selectively disposed

adj acent t he spBptfatearhegsin pagh piligrdpdpdesasingle §IIYF'F@H’é‘ecﬁrf§ﬁ§PaﬁaF‘i lagergadt i cal
floating gate gecmé&}% :yQFJepQﬁ&d b@,r&n%le({e )% ! gsingle crystalline
n 0

vertical first Source egi on-coupl e e first contact |ayer;
15 at least one single crystalline ultra thin vertical floating gate

transistor that is selectively disposed adjacent the vertical 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;
an ultra thin single crystalline vertical body region which
opposes the oxide layer and couples the first and
the second source/drain regions; and
25 a floating gate opposing the ultra thin single crystalline

vertical body region.

2. The in service programmable logic array of claim 1, wherein the first
logic plane and the second logic plane each comprise NOR planes.

30
3. The in service programmable logic array of claim 1, wherein the ultra

thin single crystalline vertical body region includes a channel having a vertical
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20 an ultra thin single crystalline vertical second source/drain region
coupled to the second contact layer; an ultra thin single crystalline
verti cal wody/norsagé on whi ch opposes the oxide | ayer and ceapless2/bdzes first
and the second source/drain regions; and 25 a floating gate opposing the
ultra thin single crystalline vertical body region. 2. The in service

bl e L0gj i ; . . . dth
00T TR0 L B g M D BN Gl 0 e

programmabl e Vep@dat bady @¥ioafhas b dbfirchtalWithed Medshiganul ¢t izdomlettrd) si ngl e
crystalline vertical body region includes a channel having a vertical 30
WO 02/ 078186 PCT/ US02/ 03243 |ength of |less than 100 nanoneters and wherein

the ultra thip single cixstalling., ¥entleal bapu.ie9i onchas,a fiari zont

wi dth of |ess tha nano S. rvice prog & | ogi c

array of c4 aitRinlsingébefyeiallineRRrtithl balyTekibh s firMed foff whitphhdenityaat i cal body
region is formed fromsolid phase epitaxial growh. 5. The in service
progr ammabl e 8rogtle array of claim 1, wherein the single crystalline ultra
thin vertical floating gate transistor includes a control gate that is 10
formed in a trench adjacent to floating gate. 6. The in service

programmabl e 4 ogi cri@fihdyrvde pfeb@hiMinbblebgic@imy bhelamh NOkRerei@tNSsiaglei ne ultra
thin vertical floating gate transistor Includes a control gate that is

| ocat ed abovecrydtialing pitaithig vgeicel flaging gatrreansistos gnolidee agonigelatedbatds | ogi ¢
thetr enct? noeas! M rsbefiebhE Slre RIS es 25’ 2 control Iine for
addressing the floating gates of selected transistors on either side of
the trench. 20 8. The in service progranmmable |ogic array of claiml,
wherein a trench Bepasetves paograwenblelogis aghy pf ¢lhiam $, wiheteinike singlach houses
two floating cg?gtaﬁﬁné Qftra thin vertical floating gate transistor includes a control gate that is
located above the floating gate.
15
7. The in service programmable logic array of claim 1, wherein a trench
separates adjacent rows of pillars and the trench houses an input line which
serves as a control line for addressing the floating gates of selected transistors on
either side of the trench.
20
8. The in service programmable logic array of claim 1, wherein a trench
separates adjacent rows of pillars and the trench houses two floating gates for
respective single crystalline ultra thin vertical floating gate transistors formed on
opposing sides of the trench.
25
9. The in service programmable logic array of claim 1, wherein the ultra
thin single crystalline vertical body region comprises a lightly doped body region
such that the single crystalline ultra thin vertical floating gate transistor functions
as a fully depleted transistor.
30

10.  The in service programmable logic array of claim 1, wherein the single

crystalline first contact layers of the pillars are coupled together.
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respective single crystalline ultra thin vertical floating gate transistors
formed on opposing sides of the trench. 25 9. The in service progranmbl e
| ogi ¢ arrapoed7s1B@i m 1, wherein the ultra thin single crystalsht/oe4vertical
body region conprises a lightly doped body region such that the single
crystalline ultra thin vertical floating gate transistor functions as a
fully depleted transistor. 30 10. The in service programuable |ogic array
of claim1l, wherein the single crystalline first contact |ayers of the

pillars are cpypleglﬁagghgggk1§§cgghpgbg%ﬁ§§g:PCT/U802/03243 11. A
ing” a pl

programmabl e | ogi ¢ array, conprising: urality of input lines for

recei vi ng an i nputa plugglay of inputdings &drirtgeivihg eninput siphales; and 5 one or nore
arrays having a first | ogi Iaqe and a second | ogic plane connected

bet ween the i nput ?PW%%“%H%“RW@ B6ER0e 1ines, wherein the first |ogic

plane and she Secogd dioghe oRh AN ATPRLERAR ALY A kel |baTRuge! TS

arranged in rows and umms” for providi sum of - pro termon the
out put |ines conmsgedhbétweert theanpue tiees/ad thaputpuslignavhereinaghefint kadh | ogi c

cell includes: 10 an ultra thin single crystal]ine vertical first
sour ce/ dr ai n Plags @i the sgpopgd iQ%C RlARG Campiee PéW?LWé]ﬂW&%"?) rarfapgsd Wecond

fdrai Al AR 3 fearc Second
sour ce/ dr ai n qQiAf confhs b g laigh ShBE PRSI Akl diie ¥Eh iy bOTY T egi on

whi ch couples the first an urce n regl ons; wherein a
hori zont al | ursfdneivede pidteived inpue sighalstvhereth dable lepdcaldnclulés: a t hi n singl e
crystalline vertical source/drain regions is .much |less than a vertical

length of ®he ultra thi# ¥fage S‘“@H%Y%Tllipﬁéeméffltﬁqﬁépfl‘%@fﬁ‘? EHYR; and a
1,021 19901 & 0PoS1 0 LGS Sl UIAL S AEISL b laf s 20, o0
lines for receiving an input signal; 25 a plurality of output |ines; and
an ultra thin single crystalline vertical body region which coupleé
the first and the second source/drain regions;
15 wherein a horizontal junction depth for the first and the second

ultra thin single crystalline vertical source/drain regions is

much less than a vertical length of the ultra thin single

crystalline vertical body region; and

a floating gate opposing the ultra thin single crystalline vertical

20 body region.

12. A programmable logic array, comprising:
a plurality of input lines for receiving an input signal;
25 a plurality of output lines; and
one or more arrays having a first logic plane and a second logic plane
connected between the input lines and the output lines, wherein the first logic
plane and the second logic plane comprise a plurality of logic cells arranged in
rows and columns for providing a sum-of-products term on the output lines
30 responsive to a received input signal, wherein each logic cell includes:
a vertical pillar extending outwardly from a semiconductor

substrate, wherein the pillar includes a single crystalline first contact layer and a
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one or nore arrays having a first logic plane and a second | ogic plane
connected between the input lines and the output |ines, wherein the first

| ogi ¢ plwoe2amisé he second | ogi c plane conprise a pl ural iPCy/uso2/bags c cell s
arranged in rows and colums for providing a sum of-products termon the
output lines 30 responsive to a received input signal, wherein each |ogic

cell includes: a v%%%i? I]Filla% %5tendkpg outwardly from a sem conduct or
substrate, whiFEdcqas %WFfﬁme DY FEOXIIRYt e crystalline first contact
llayer and a 32 WO 02/ 0483dBBoRGIAHISORLQRREAItrS @GOVSHIEAMoakihg fAYer separ at ed

by an oxide layer; at least one single crystalline ultra thin vertical
fl oating gat etransistslispossd afijapnistbel vertica paltar, whereinethe tclgast pn¢ siagle wher ei n

the at | east on i ngl talline vertical, floating gate transistor
includes; 5 aﬂy§Wﬁpﬁg?ﬁfﬂ%§%ﬁag§m8FV@?§PTVW@MS%rtical first source/drain
region coupled to the first goREAMinlAMERS oryRaliHé VéBicdiHrit sdlRelagigr ystal line

vertical second source/drain region coupled to the second contact |ayer;
an ultra thin single crystalline negioniconplettultherfiggficontaglayds; 10 opposes the

oxi de | ayer and couples the first and. the second soyrce/drain regions; and
a floating gate opposing thealh‘iﬂfrf‘éh‘i’ﬁl“ﬁ}es‘ir?ﬁ%?el H%W‘gfﬂisp? SOW«S?@T‘%‘%\I body

region. 15 13. The programmuabl e |Q%kﬁlﬁﬁﬁ@anpﬁwghghﬁk$%ﬁdW?ﬁﬁpin each i nput

line integrally forns a control gate for addressing the floating gate..
14. The progranmabl e | ogi ¢ aar ayradhin cingleargRallinhieertical bedy regionpabichi ne

integrally forns a control gate fornmed jn a . trench 0si he fl oating
gate. 20){95. The programmabl e Io@?p@s%FrtL%W‘gPIiaé’%?l?ﬂo‘%gpfeﬁﬂger%?hm@ach ultra
thin single crystalline vertical,RQg¥%nli88h R0 dlmeldsfdRs: mdP-type channe
having a vertical length of less than 100 nanonetérs.’ 25 16. The

progranmabl e 1 ogic array of zflaitmgigate apipesiegthd dera phiogmalenagptalind ogi ¢ arr ay
i ncl udes a nunber of buried source Luggs which are forned integrally wth
the first contact |ayer and are s&pHralPady 8 t he semi conductor substrate

by
15 13.  The programmable logic array of claim 12, wherein each input line

integrally forms a control gate for addressing the floating gate..

14.  The programmable logic array of claim 12, wherein each input line
integrally forms a control gate formed in a trench opposing the floating gate.

20
15.  The programmable logic array of claim 12, wherein each ultra thin single
crystalline vertical body region includes a p-type channel having a vertical length

of less than 100 nanometers.

25 16.  The programmable logic array of claim 12, wherein the programmable
logic array includes a number of buried source lines which are formed integrally
with the first contact layer and are separated from the semiconductor substrate by

an oxide layer.

30 17.  The programmable logic array of claim 12, wherein each input line
includes a horizontally oriented input line having a vertical side length of less

than 100 nanometers.

33



an oxide layer. 30 17. The programmable logic array of claim 12, wherein
each input line includes a horizontally oriented input |ine having a
verti cal wode/orsasgth of | ess than 100 nanoneters. 33 WO @2m0R814/6243

PCT/ US02/ 03243 18. The programmabl e | ogic array of claim 12, wherein each
input line includes a vertically oriented input |ine having a vertical

| ength of less than 100 nanqgneters. 5 19. A progranmable |ogic array,
conpri sing: al$l ur B progmmahle tog)q sy lemége'f" IR e3ch IpYLENG gnal © a

plurality of i?lUﬁ;Hlagerlzérﬂéﬁg/l cﬁ»féﬂté&gg%dr?]ﬁin@%éﬁgg%@}f&aﬂ%%{étﬂ%f?eﬁ }Haﬁtlobogi ¢

pl ane and a secon ogi C ane ecte tween the 1 nput itnes and the
out put |ines,nanogieasrs) the first logic 10 plane and the second | ogic plane
conprise a plurality of logic cells arranged in rows and colums for

provi ding a sumof-products termon the output lines responsive to the

recei ved igpuﬁlsiggﬁ#? &QﬁﬁBEQO§g%§ﬁ%QEhﬁﬁ§% ] includes: a vertical pillar

ext endi ng outwardly ma sem tor ubstrate, wherein the pillar

includes a singl e g£plygdliay b inpufflires foraociviag ah aypart signdd; a 15 second cont act
| ayer separated by an oxide layer; a pair of single crystalline ultra thin
vertical transi st otBlufahityptoutpitdigs:é8Bosi ng si des of the pillar, wherein

tical | . 2 digeiophosi ng the pillar, wherein
crystalline verti el RndEobiayry SRR mARE RReoMgteide. " 1 5179 ©

contact | ayergonaseted bétaethihe igpul Gihes fidythé ahtpunignck ewhdreialths AB0RGic _
source/drain region coupled to the second contact layer; and an ultra thin

si ngl e cry8t aplpagandiibe secend laginiplapeemaniisaeiRbralipideme cellsar@rein ayer and
courl o L LR BB pug TR R BRIl AT T, B o
scal es down agsginiRE to tHerreqsvadrifp@fsignbl wheais tahAbgis cél mc@en, and

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

15 second contact layer separated by an oxide layer;

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

an ultra thin single crystalline vertical first source/drain
20 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 first and
25 the second source/drain regions;
wherein a surface space charge region for the single
crystalline vertical transistor scales down as other
dimensions of the transistor scale down; and
a floating gate opposing the ultra thin single crystalline
30 vertical body region, and wherein the floating gate
is formed in a trench between rows of the number

of pillars and is shared between the ultra thin
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a floating gate opposing the ultra thin single crystalline 30 vertical
body region, and wherein the floating gate is fornmed in a trench between
rows of tweonurdiee of pillars and is shared between the wrcrrzsor/bazm 34 WO
02/ 078186 PCT/ US02/ 03243 single crystalline vertical floating gate
transistors that are adjacent the trench in colum adjacent pillars; a

plurality of buried source |ines toqned @ﬁ.sin %ek@r stalline 5
sem conductor nmaterial and di spossélbg HEPD ‘tnﬁé/eg]if‘ \s lngﬁaﬁeﬁ@ngwﬁ for

i nterconnecting with the first ch&g@émha*ﬁfﬂ@mgaa{ﬁﬁ&ﬁmﬁ@aﬁg§narray; and
wherein each of the nunber of input linés is disposed between rows of the

pillars and opposes the floating mBares of the single crystalline vertical
floating gate transist.ors.for servi a control te. 10 20. The
programmabl e | ogi ¢ &HA Vﬁbu&egﬁ?ﬂrf@{,}g‘fﬁﬁé%‘?(ﬁoﬁéﬁe fflg'?tlaglthi n single
crystal l'i ne verfidonalctBoditeli S naRidpasddsiesw ahdill ¥R en aRamAgohavi ng a

vertical length of less than 100 nanoneters. 15 21. The programmabl e | ogic
array of cl aiimef®@nnedtiegevith thhdrstenitect lafer bipillets in gmareay; indes are for ned

integrally with the first contact |ayer and are separgted from the

sem conduct or sub§f@§?§eﬂ§vgﬂhﬁﬁwa m%ﬁQ@??%§§stﬁ@gﬁ?@§$§%WdBW§Ofogic array
of claim 19, tﬂ@ﬁﬂﬁk%n@%@iﬂoée@%ﬂéa‘tiﬂg gatt® of e IsHERScristht 7amtaldoking | ent ed
input line having and is separated fromthe floating gates by an T nsul ator
| ayer. 23. A datnramsistag forpevgrgasmadongol gge.c array, conprising: a nunber of

input lines for receiving an input signal; 25 a nunber of output |ines;
and a fir&s? | ogi ¢ plane that receives a nunber of input signals on the

nunber of in 'Tﬁg@%@%&'&mm&gweiaﬁﬂqmaﬂéraa AR SHin QfngleP9i C

cells arranged’in r colu at are interconnected to provide a
nunber of | ogirgsadllineivgrtita body seconidcludes cpypervbamelbinaug 8 werting 1éngtlst | ogi c

pl ane by a nunher of =30 interconnect |ines, the second |ogic plane having
a nunber of |(§3§:Sé thay 109 nanometers.

15 21.  The programmable logic array of claim 19, 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.

22.  The programmable logic array of claim 19, wherein each input line
20 includes a horizontally oriented input line having and is separated from the

floating gates by an insulator layer.

23. A low voltage programmable logic array, comprising:
a number of input lines for receiving an input signal;
25 a number of output lines; and
a first logic plane that receives a number of input signals on the number of input
lines, the first logic plane having a number of logic cells arranged in rows and
columns that are interconnected to provide a number of logical outputs;
a second logic plane coupled to the first logic plane by a number of
30 interconnect lines, the second logic plane having a number of logic cells
arranged in rows and columns that receive the outputs of the first logic plane on

the interconnect lines and that are interconnected to produce a number of logical
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arranged in rows and columms that receive the outputs of the first logic
pl ane on the interconnect lines and that are interconnected to produce a
nunber ofwbagiozsaBe 35 WO 02/ 078186 PCT/ US02/ 03243 out put s Pem/uShz032ut put

| ines such that the progranmable logic array inplenments a | ogical
function; wherein each logic cell includes: a vertical pillar extending

outwardly from a sem.con u rate at er.section t he i nput
lines and i ntSHREHAREE 94 glﬁgim%%lcgﬁla?ﬁ? pr?g{?@pgaglgetloglﬁsarrgy nflﬁlgmleﬂ?ér connect
lines and theggidtipdhetidnfes, wherein each pillar includes a single
crystalline first contact layer and a second contact |ayer separated by an
oxi de layer; and avhereienchofogsiaeljliecladegst al | i ne uI t ra thin vertical

t tors formed 10 al ted sid illar wh h
Single crystalline ver it tnes priskererspe oty ERRy K efelr s o nglo

crystal l'ing veptidfaht ihitbiGRWYTeRs 1%&' Ithes hRPinRRciRUR!16(s hd éthﬁ‘e first
contact layer; an ultra thin single crystalline vertical second

source/ drain mtb'ﬁsepmmsmf thooin remhned lmh@amhhondtpubhmu@cwhtrarymaph pilaul tra thin

single crystal line vertical dy. regi on whi ch es the oxide | ayer and
coupl es the f‘F‘Flé' esfhanele ey BH’SH‘HS BPaﬁtelF}S‘?ré‘f‘ﬂ aﬁg&f@ﬁgn AN A floating gate

opposi ng the ¥erbiadly HAedydene@ohdand 20 separated therefrom by a tunnel
oxi de; a nunber of bdried source lines formed of single crystalline

seni conductor materi al amunbkirsf singlt dogtadline Wera phih vartisal tran_shmrsafon'mydf or
the arragd. ZU0aseltiid Yo LA P bEP B TEb P ER GBI G cf i m 23, |
wherein the ﬁfrl luddput lines are disposed in a trench between rows of
the pillars in't Irst logic plane and oppose the floating gates of the
single crystalli ne verti cal artultaathissingk drytalBes warticpl fisst somte/dtailgat es, and
wherein the number of inter Connecrteglon coupled to the first contact layer;
an ultra thin single crystalline vertical second source/drain
15 region coupled to the second contact layer;
an ultra thin single crystalline vertical body region which
opposes the oxide layer and couples the first and
the second source/drain regions; and
a floating gate opposing the vertical body region and
20 separated therefrom by a tunnel oxide;
a number 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
array.
25
24.  The low voltage programmable logic array of claim 23, wherein the
number of input lines are disposed in a trench between rows of the pillars in the
first logic plane and oppose the floating gates of the single crystalline vertical
transistors for serving as control gates, and wherein the number of interconnect

30 lines couple to the second contact layer in columns of pillars for implementing a

logic function in the first logic plane.
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30 lines couple to the second contact layer in colums of pillars for
inplementing a logic function in the first logic plane. 36 WO 02/ 078186
PCT/ US02/WB24878126. The | ow vol t age progranmabl e | ogi c ar pay/usb2/ed2as m 23,
wherein the nunber of interconnect lines are disposed in a trench between
rows of the pillars in the second |ogic plane and oppose the floating
gates of the s nglg. cr i er theal . i f ryLng as
control gat es?g'andﬁv%lgﬁoyaé%ﬁ%ﬁﬁlﬁg@rﬂlg?)gtl)%{rga&tsd féfaﬁé%gs&é%%ﬁll t}e{ét o the
second cont aciurhtiey ofF intdtcEtlebiities afe dispgoséd t 4 ednch BpIVeRE RdW NS the pllAgH C
function in the second | ogic plane. 26. The | ow voltage progranmmabl e | ogic
array of cl ailmtbasecopblogicplenst anhoppassj the Bpating gates of thersingle pastatling by a
trench a_nd e.a\(/\elgﬁiéali ‘tergn%i' té){gcf!)rus%?\gxég & lirogéa g's(,) altlcﬁ &ﬁgﬂeﬂlgthgﬁﬁl%%eroﬁ%%%u@g the
ultra thin single crys%a I'Pre Ver £ Al éy reglions on oppositesides of
the trenchs Zfes theplt e/thé@kdoad Rofthediviabdlemhoef j5illads féyingleridn@inga26,
wherein each of the input Iines in the first logic plane includes a
vertical ly orlogwstfisectionputhe seeandilegitdtaned in the trench between the pair of
floating gates for serving as a control gate. 28. The | ow vol tage
programmabl e | ogic array of claim 26, wherein each of the interconnect
l'ines in the meconphd 1891 vollRE@P@gtanthale g MEIyIdTERIih230WheRinedhafn
interconnect Iine forned in the trench between the pair of floating gates
for serving aBacsnicpiHars afe ssparated by a timeh padeagh|teagenshdgy anmapf e | ogi ¢

array of ai 6 erein.each of . the input lines. in the fi.rst |ogic

ol oo § noi B R0 s SRe e i plo i e B VR B O Tt o e
pair of fl oatigpasitkedi@s Jrekc €@icki Ng as a control gate. 30. The | ow voltage
programuabl e I'ogic array of claim 26, wherein a pair of input lines are
formed above the pair of floating gates in each trench in the first logic
pl ane for serying .as control |ines d.a.pair i.nterconnect lipnes are 30
Porned above The ol S5 Reepeabrynfie P S il MRSt chelig Fogi c
bl ane  for Sey i Afie:iMhd st lob R ancIRMRL O QTG rRAEN USA21iA3243 31

The | ow vol tage programmabl e | ogic array of claim 23, wherein each
15 formed in the trench between the pair of floating gates for serving as a control

gate.

28.  The low voltage programmable logic array of claim 26, wherein each of
the interconnect lines in the second logic plane includes a vertically oriented
20 interconnect line formed in the trench between the pair of floating gates for

serving as a control gate.

29.  The low voltage programmable logic array of claim 26, wherein each of
the input lines in the first logic plane includes a horizontally oriented input line

25 located above the pair of floating gates for serving as a control gate.

30.  The low voltage programmable logic array of claim 26, wherein a pair of
input lines are formed above the pair of floating gates in each trench in the first
logic plane for serving as control lines, and a pair of interconnect lines are

30 formed above the pair of floating gates in each trench in the second logic plane

for serving as control lines.
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single crystalline vertical transistor has a vertical length of |ess than
100 nanoneters and a horizontal width of |ess than 10 nanoneters. 5 32. An
el ectroniwogyerHERs conprising: a nenbry; a processor coupicadshnoizhe
menory; and wherein the processor includes at |east one in service
programmable logic array including: 10 a first logic plane that receives a

nunber of | npi(‘;l. Siﬂﬂaait)@’vozljtgge iﬂg%&nrx&%&?io@é&gﬁa&%f RAY%h"Y @Pgﬁgl'ﬁ{e%lzllnty of logic

cells arranged’'in rows an nt er connéc 0 provide a
nunber of | ogigglé cyufaphie SertidalteaeRtbrhagh eempicalriengiavt legs thamuoder of | ogic
cells arranged in rows and columms that receive the outputs of the first
| ogi ¢ pl ane da@omsiers ande horzontal width ahlest ban 4@ npraseies a nunber of | ogi cal
out puts such that the programmable |logic array inplenents a | ogical
function; and wherein each of the logic cells includes; a vertical pillar

ext endi ng sutsmr dl An tleoiidic syt congisingr substrate, wherein each pillar
includes a single crystalline first 20 contact |ayer and a second cont act

| ayer separated by &@MERE;de | ayer; and at | east one single crystalline

ultra thin vertical transistor Eﬁt i e% tively disposed adjacent the
vertical pillar, W%%Pg?%“éggﬁmgF%g%énmﬁgisIgfline vertical transistor

includes; an ultrayhdibia thd POt&seisuads dt Measti@ietih SévickiptGdradmableusgie/ dr ai n
region coupled to the first contact layer; an ultra thin single
crystal | i ne vasraviigdpdisgcond source/drain region coupled to the second
contact |ayer; 30 an ult hi n e crystall

iy Rk VST G A 56O

whi ch opposes the oxide ond
sour ce/ drai n 138ic\WRrR3/a0iA8 hurRGt]/ doTeE¢ Bl BBrant&Uin@6Ws adNEblumns that

are interconnected to provide a number of logical outputs;
a second logic plane having a number of logic cells arranged in
rows and columns that receive the outputs of the first logic plane and that are
15 interconnected to produce a number of logical outputs such that the
programmable logic array implements a logical function; and
wherein each of the logic cells includes;
a vertical pillar extending outwardly from a
semiconductor substrate, wherein each pillar includes a single crystalline first
20 contact layer and a second contact layer separated by an oxide layer; and
at least one single crystalline ultra thin vertical transistor
that is selectively disposed adjacent the vertical pillar, wherein each single
crystalline vertical transistor includes;
an ultra thin single crystalline vertical first
25 source/drain region coupled to the first
contact layer;
an ultra thin single crystalline vertical second
source/drain region coupled to the second
contact layer;
30 an ultra thin single crystalline vertical body region
which opposes the oxide layer and couples

the first and the second source/drain
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a floating gate opposing the vertical body region and separated therefrom
by a tunnel oxide. 5 33. The electronic systemof claim32, wherein the
first | ogwo oplozsies and the second | ogic plane each conpri PETNGR/m2anes. 34.
The el ectronic systemof claim32, wherein the ultra thin single 10
crystalline vertical body region includes a channel having a vertical

| ength of less than 100 nanoneters aqggwmggﬁ'n the ultra thin single
crystalline vertical body region has a RoriZontal width of |ess than 10
nanoneters. 35. The el ectronic sysfledtingfgatd apposidg thewkstical Bodyhregioht ra thin
single 15 crystalline vertical body region is fornmed fromsoljd phase
epitaxial growth. 36. The el ectronic @scpanisd tharelrom by a tymel exidet he
single crystalline ultra thin vertical transistor includes a vertically
oriented floating gate that is forned in a trench adjacent to the ultra
thin singl® yst alid aectioaiddystem dfathimreg iwbereir’the Jifst 1dgie prineaiid thiei ¢ system
of claim 32, wherein each pillar includes a pair of single crystalline
ultra thin veeeenddogichiansieselveamprisehAR plpnépposi ng si des of the pillar,
and wherein each single crystalline ultra thin vertical transistor includes
a floating gate that is fornmed in a trench adjacent to the ultra thin
single crystalline 25 vertical body region on opposite sides of the pillar.
38. The electronic _systemof claim37, wherein the trench separates

adj acent rowkt of Phd dlegisonjasystsm gficlaim 32 yiherey) galtempin Hegler ench houses an
i nput |ine,that erve ont r ol te.for S| I i.n ates
of the tr i arr DRt HETeR bty it Rl £ b VR aSl Rl Ml tiest e
trench. = 39 Wi 20Od&hbBetdréddd SREEMIRY Bltradfin sitige Elysalim@Regicaltsodgm of claim
37, wherein a pair of input lines are fornmed opposing the pair of floating
gates in eachregioahena horizangal pyiddhrof|lesgithanplOarpaometsrs. ser vi ng as control

lines, and a pair of interconnect lines are fornmed opposing the pair of
floating gates in each trench in the second logic plane for serving as 5
control |ines3s 40. TH@edttoned fysehCofYSmeID, dhefdimihndida thihéngen each ultra
thin single crystalline vertical body region conprises a lightly doped
body regi bh suptallinaverticéidody megien isrfgrmed fromeolid phase epitaxial @awtbal

transi stor functions as a fully depl eted

36.  The electronic system of claim 32, wherein the single crystalline ultra
thin vertical transistor includes a vertically oriented floating gate that is formed
in a trench adjacent to the ultra thin single crystalline vertical body region.

20
37. The electronic system of claim 32, wherein each pillar includes a pair of
single crystalline ultra thin vertical transistors formed on opposing sides of the
pillar, and wherein each single crystalline ultra thin vertical transistor includes a
floating gate that is formed in a trench adjacent to the ultra thin single crystalline

25  vertical body region on opposite sides of the pillar.

38. The electronic system of claim 37, wherein the trench separates adjacent
rows of pillars in the first logic plane and the trench houses an input line that
serves as a control gate for addressing the floating gates of the transistors in

30 column adjacent pillars on either side of the trench.
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10 transistor. 41. The electronic systemof claim32, wherein the single
crystalline first contact layers of the pillars are coupled together. 15
42. An elwoteorsige system conprising: a nenory; a proces®am/usouesi to the
menory; and wherein the processor includes at | east one programmabl e |ogic
array including: 20 one or nore arrays having a first logic plane and a

second | ogic 3l a t . ut put i nes,
wherein the flgr)st nﬁljé(:)‘glgég%g’lﬁ@ﬁm%ﬁl e sé(‘:%lﬁﬁ%f B%H?:SE Eghl](i:%%{)ér)i se a
plurality of foagedop®sing the paﬂgbﬂloatmgrg@ws ireathaehoniisthé Gest pogiy pldheg a

sum of -products termon the output |ines responsjve to the received input
si gnal , wher efon s@Xpg as ggnigoldisrs, ang g pak of iersonngst limes g fornad epRAsing

crystal I ne vgetlcakabls QYR RO id £31500nd 188 Bl E?or@é wgl <
n u

crystalline vertical 'sec source/ drain region; tra t S|ngle
crystal line vemtdoChhesbody regi on which couples 30 the first and t he second
source/drain regions; and wherein a horizontal junction depth for the
first and the second wultra thin single crystalline vertical source/drain

reqions 1 40,0 O OTELAS POLHORR 03247 NGBSk BANRer 1 cal | ength

of the uItra in singlre ne vertic region;-and a floating

gate opposi ngcr?yb’tellme ieitical bddQ dygisegimptisend hgmpﬁd@ieedmdy hegiaf suemtiky a tunnel
oxide. 5 43. An electronic system co rising menor a_processor

coupl ed to thtbesmetsrgrystalige v%rért@nrvert %@@@&@Ctioﬁ& p%@g.glyaﬁep letaglst one
progrannaqgel(alébfuray 10 including: a nunber of input lines for

.. tra
recei vi ng nput Signal ;

41.  The electronic system of claim 32, wherein the single crystalline first

contact layers of the pillars are coupled together.

15 42.  An electronic system, comprising:
a memory;
a processor coupled to the memory; and
wherein the processor includes at least one programmable logic array
including;:

20 one or more arrays having a first logic plane and a second logic
plane connected between the input lines and the output lines, wherein the first
logic plane and the second logic plane comprise a plurality of logic cells
arranged in rows and columns for providing a sum-of-products term on the
output lines responsive to the received input signal, wherein each logic cell

25 includes:

an ultra thin single crystalline vertical first source/drain region;

an ultra thin single crystalline vertical second source/drain region;

an ultra thin single crystalline vertical body region which couples
30 the first and the second source/drain regions; and
wherein a horizontal junction depth for the first and the second

ultra thin single crystalline vertical source/drain regions is
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a nunber of output lines; and one or nore arrays having a first |ogic plane
and a second | ogic plane connected between the input |ines and the out put

| i nes, whwoaern7dibe first 15 | ogic plane and the second | ogca/yshaeme4zonpri se
a nunber of logic cells arranged in rows and colums for providing a

sum of - products termon the output lines responsive to the received input

signal., wherein cach 1ogic e ibAhHFeS:RIMEHA Srthe Bid i SXhiENd! ng

outwardly froma sem conductor substrate, erein eac 0 includes
a single crystalline first centdlihe Vatied badgregionseednd cont act | ayer
separated by an oxide layer; and a nunber of single crystalline ultra thin
vertical transistor tHafoaing gaieoppeune g vatkat badydegian apd sgparstqd ar, 25

wherein each single crystallj ntj.C r istor includes; an ultra
thin single crystalline verﬁb@g?&ﬁﬁégtﬁé%%?%@?drain region coupled to the

first comact layer; 30 an ultra thin single crystalline vertical second
source/drain region coupled to the second contact |layer; and 41 WO

02/ 078186 PCH3USO2xDeeatBonigsystan, CAMPHFINEsi ngl e crystal line vertical body
regi on which oppo%ﬁ%m%Q§Poxide | ayer and couples the first and the second
source/drain regions; dhd 5 a floating gate opposing the vertical body

region and separ af@bcdsbharcdlipledtdtheandmisipgdndoxi de. 44. The el ectronic
system of claim 43, wherein each input line integrally fornms a control

gate and opposes tWhergingdha pragessertineludgs af frastanggiregramyiablel lpgigarray verti cal
transistO{é Hﬁdt&% first logic plane. 45. The electronic system of claim
43, wherein €ach ogtput line is coupled to

a number of input lines for receiving an input signal;

a number of output lines; and
one or more arrays having a first logic plane and a second logic
plane connected between the input lines and the output lines, wherein the first
15 logic plane and the second logic plane comprise a number of logic cells arranged
in rows and columns for providing a sum-of-products term on the output lines
responsive to the received input signal, wherein each logic cell includes:
a vertical pillar extending outwardly from a
semiconductor substrate, wherein each pillar
20 includes a single crystalline first contact layer and
a second contact layer separated by an oxide layer;
and
a number of single crystalline ultra thin vertical transistor
that are disposed adjacent the vertical pillar,
25 wherein each single crystalline vertical transistor
includes;
an ultra thin single crystalline vertical first
source/drain region coupled to the first
contact layer;
30 an ultra thin single crystalline vertical second
source/drain region coupled to the second

contact layer; and
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the second layer in row adjacent pillars in the second |ogic plane. 15 46.
The el ectronic systemof claim43, wherein each ultra thin single

crystal | iwe me@rgiBeal body region includes a p-type channelPCrasongs32a3
vertical length of less than 100 nanoneters. 47. The el ectronic system of
claim43, wherein the programmable logic array 20 includes a nunber of
buried source |lines which are for L L egrall it I nt act

| ayer and are separated fromthe iﬁg%r%g&llggl@gigr&}ésﬁ%g%%‘%}gc%fybg}ﬁ&g@% de

| ayer. 48. The el ectronic system of clwhich4gposehthiceixidedagdn ahdpatipldsi ne
includes a 25 horizontally oriented input line having a vertical side

| ength of |ess than 100 nanoneters. 49?@%@%5\9@@%%8@%69@(% of claim 43,
wherein each input line includes a V%%iioﬁ Iy oriented input line having a
vertical length of |Iess than 100 30 nanonet’ers. 42 WO 02/ 078186

PCT/ US02/ 08243 50. An el ectr oni ca 8¢®ingBateapppsing thegerticalreodrmggion processor
coupled to the nenory; and wherein at | east one of the processor _and nenory
include a 5 progranmmabl e |ogic array ddsepaiated theseframbia tyme] opgde: | i nes
for receiving an input signal; a nunber of output lines; a first logic

pl ane that receives a nunber of input signals on the nunber of input
lines, the figsast | dedionttesybiain ¢sT@lammdyideretf edchdghput tige rdeghfllyar r anged in
rows and columms that are interconnected to provide a nunber of | ogical
outputs; a secepndiareyrd gpieand oppriss B flastipg gates elthe pinglecrytallige by a nunber
of interconnect..|i . 0gh.c . pl ane having a nunber of |ogic
cells ar ?gng‘getamllalrllHS%%BEE%%%ﬁ%ﬂRéB%?@[& receive the outputs of the first

| ogic plane on 15 the interconnect |lines and that are interconnected to
produce a number of |ogical outputs on the output |ines such that the

pr ogr ammabl e 4%gi cThadegronigystesrislam 43gyihersin ¢agh epinghline is coupled to

the second layer in row adjacent pillars in the second logic plane.

15 46.  The electronic system of claim 43, wherein each ultra thin single
crystalline vertical body region includes a p-type channel having a vertical length

of less than 100 nanometers.

47. The electronic system of claim 43, wherein the programmable logic array
20 includes a number of buried source lines which are formed integrally with the
first contact layer and are separated from the semiconductor substrate by an

oxide layer.

48. The electronic system of claim 43, wherein each input line includes a
25 horizontally oriented input line having a vertical side length of less than 100

nanometers.
49.  The electronic system of claim 43, wherein each input line includes a

vertically oriented input line having a vertical length of less than 100

30 nanometers.
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wherein each logic cell includes: a vertical pillar extending outwardly
froma 20 sem conductor substrate at intersections of the input |ines and
i nt er conrwoto2lorsies and at the intersections of the inter®omnsoroizihes and
the output lines, wherein each pillar includes a single «crystalline first
contact |ayer and a second contact 25 | ayer separated by an oxide |ayer;

and a nunber of si l.e cr stahline ultra thin vertical transistors forned

al ong sel ect ed” si elS?tro eI B PREr ei n each si ngl e crystalline

vertical transistaormehéhpides; an ultra thin single crystalline vertical
first 30 source/drain region coupled to the first contact layer; an ultra
thin single cryst a proerssareoupledito demmmaory4@dn\D 02/ 078186 PCT/ US02/ 03243

source/drain regio couptgptto t?ﬁ§§econd cgn%gct lag%%; an ultra thin
singl e crystal | i ne"VBPPEEEPSHEEEY! FERBFSSUAPE A BIHOYEY Fhe oxi de | ayer and

coupl es 55tQ§Oégh@kmﬁngggaﬁa§gﬁgﬂﬂnéource/drain regions; and a floating
gate forned in a trench opposing the vertical body region and separated

therefrom by a gate oxiammbkd ofiinputhiess fof repeivingdndapnt snil nes f or med of
single crystalline sem conduct.or terial and di sposed below the pillars
inthe array for interdOHAEEOT AYPH ¥HSt he first contact layer of pillars

in the array. 51. The e §Gt @R flarfNBhGER@esGl RitBePOf inpiedi@lal dh@enunber  of
input lines are 15 di sposed between rows of the pillars in the first logic

pl ane for addneser nfjinphi lows; thg figuiegc plane havisg aghmberofdogitctllse verti cal

E:LﬁBISIeSE gllﬁ hléugain tgg%h%rrgxgggg% ?&ﬁgy\gﬂ%{ glrler%ntterrz:%mqel’(l:te etE) p?(];viéieng Iei‘er% erm)?Ct lines

logical outputs;

a second logic plane coupled to the first logic plane by a number
of interconnect lines, the second logic plane having a number of logic cells
arranged in rows and columns that receive the outputs of the first logic plane on

15 the interconnect lines and that are interconnected to produce a number of logical
outputs on the output lines such that the programmable logic array implements a
logical function;

wherein each logic cell includes:

a vertical pillar extending outwardly from a
20 semiconductor substrate at intersections of the
input lines and interconnect lines and at the
intersections of the interconnect lines and the
output lines, wherein each pillar includes a single
crystalline first contact layer and a second contact
25 layer separated by an oxide layer; and
a number of single crystalline ultra thin vertical transistors
formed along selected sides of each pillar, wherein
each single crystalline vertical transistor includes;
an ultra thin single crystalline vertical first
30 source/drain region coupled to the first
contact layer;

an ultra thin single crystalline vertical second
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rows of pillars in the first logic plane for inplenenting a |logic function
inthe first logic plane. 20 52. The el ectronic system of claim 50,
wherein twe mwomies of interconnect |ines are di sposed betrosdrsoz/oses3 of the
pillars in the second | ogic plane for addressing floating gates of the
single crystalline vertical transistors in the trench, and wherein the

nunmber of output lines couple to the sgaRRMHAMAGHE chY&T to thoseBnd OWS Of
pillars in the second | ogic plane for I nplenenting a logic function in the

second | ogic plane. 53. The el ectroni ccontest bagerpf cl ai m 51, wherein each

input line includes a vertically oriented. ipput |jne havi a vertical
|l ength of less than 100 nmand 30 Wira fua s %W%ll?%%?ﬁl@g@wgwna pai r of

fl oating gates on opposing sides of theyit66550s iH2 KR 1hidrShd LOFI& Pl ane.
140 03/ 098186 PO (902] 03243 54, Thaich ffscs it systeymr%% PG By

wherein eagh interconnect |ine includeske &rstand theasetondoousrtdedni nt er connect
line having a vertical length of less than 100 nm and di sposed in the
trench between a pair of floating gate€88RS: ®Bposi ng sides of the trench in

the second logic plane. 5 55. The, g8/ rggféifﬁnﬂé(cﬁﬂlea”&é?fch%hg(%sﬂ}ga@e wherein

each single crystalline vertical transSistor has a verti ength of |ess
than 100 nanoneters and a horizontal wirdtahbody tegim ahldaepatflehanoneters. 10
56. A nethod for formng a programmable | qQgic array, conprising: formng a
first logic plane that receives a nurrb@?regf’mi%gat%%ﬁﬁﬂ s, wherein formng

the first hogic plane | neludes,hOnd dend MORSEAAlLAgCriehili, arranged in

rows and colums that areé I nterconnected to provide a~nu | ogi cal
out puts; 15 fanitdsiguatosfatendl hreidispastdibeowwhepitiam if dremriag fothe second | ogi ¢
pl ane includes form ng a nunber of logic cells arranged in rows and
col ums t hat infeseqsngetingreithythedisteopact layer pf pdlary igghearyane and that are
i nterconnected to produce a nunber of |ogical outputs such that the
programuabl e | ogic array inplenents a |ogical function; and

51.  The electronic system of claim 50, wherein the number of input lines are

15 disposed between rows of the pillars in the first logic plane for addressing
floating gates of the single crystalline vertical transistors in the trench, and
wherein the number of interconnect lines couple to the second contact layer in
rows of pillars in the first logic plane for implementing a logic function in the
first logic plane.

20
52. The electronic system of claim 50, wherein the number of interconnect
lines are disposed between rows of the pillars in the second logic plane for
addressing floating gates of the single crystalline vertical transistors in the
trench, and wherein the number of output lines couple to the second contact layer

25 inrows of pillars in the second logic plane for implementing a logic function in

the second logic plane.

53.  The electronic system of claim 51, wherein each input line includes a
vertically oriented input line having a vertical length of less than 100 nm and
30 disposed in the trench between a pair of floating gates on opposing sides of the

trench in the first logic plane.
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20 wherein form ng each of the logic cells includes; form ng a vertical
pillar extending outwardly froma sem conductor substrate, wherein formng
each pillwooz2nediseles formng a single crystalline first eomi@otoidayer and
a second contact layer of a first conductivity type separated by an oxide
| ayer; and 25 formng a single crystalline ultra thin vertical transistor

that is dispased fli a6aRhid NeedEdtid bRl 5P ivhkin edthSiigicBn{Rt g the single
crystalline vertical transistor 1ncludes; depositing a [ightly doped

pol ysi |l i con liayledesd vatisdlyami@nted dmterconnact tiye haypez ovetical hengph 6f lass and
directionally 30 etchi B% the polysili ﬁ%” I aéer of g%lhe_ second conductivity

type to | eavethghi 90 pn ad dispasaddn fie trengh beiween apair i Hoghingogatesng g

PCT/ US02/ 0324%);)8?&8?@1{6%18%1&%%@{ il B seHEd! g@l%laﬁé.‘e lightly doped

pol ysilicon | e second conducti vi ype recrystallizes and
| ateral epbtaxial solid phase regrowh occurs vertically to forma single
crystalline vertically 5 oriented terial of the second C%Eductivity type;

and wherein the anhedlegignicaysten eficlaigy 3y Pherein ach pingifetytalike  and second
contact | ayer i: i ¥k FnSHh & single
crystalline rr‘z%r@‘];a.‘ g}f'{léé%tgltl}ba%%ﬁ%ﬂg# tsét g%é’rf&%@??@ﬁ?g t ype }Mr??g@{ahe l'ightly
doped pol ysihdrizental aykh obfesd then $@aamdndtyipe to form vertically oriented
first and second source/drain regions of the first conductivity type
separated by a body region formed of the single crystalline 15 vertically
oriented ngptegtal Qf g%ﬁ' ' : : - ing a floating
gate oppoglgnggq'he 8&%&%%@%%5@“% %g‘?’ n Ig%ﬂdégogé)%%}gatyég&ﬁ%%ﬁé romby a gate
oxi de. forming a first logic plane that receives a number of input signals,

wherein forming the first logic plane includes forming a number of logic cells
arranged in rows and columns that are interconnected to provide a number of
logical outputs;

15 forming a second logic plane, wherein forming the second logic plane
includes forming a number of logic cells arranged in rows and columns that
receive the outputs of the first logic plane and that are interconnected to produce
a number of logical outputs such that the programmable logic array implements a
logical function; and

20 wherein forming each of the logic cells includes;

forming a vertical pillar extending outwardly from a
semiconductor substrate, 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; and

25 forming a single crystalline ultra thin vertical transistor that is
disposed adjacent the vertical pillar, wherein forming the single crystalline
vertical transistor includes;

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

30 etching the polysilicon layer of the second

conductivity type to leave only on sidewalls of the

pillars;
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20 57. The method of claim56, wherein formng the first |ogic plane and
the second |ogic plane each conprise form ng NOR planes. 58. The net hod of
cl ai m 56, wotenaiiss f ormi ng the single crystalline vertical pPCrTnsnsIRIDr
includes formng a single crystalline vertical transistor having a 25
vertical length of |ess than 100 nanonmeters and a horizontal width of |ess
than 10 nanonmeters. 59. The, g : i g i 1 e single
crystalline ultra thin verti Caa}lﬁ%?gﬁfgﬁllg% %irCH}ﬂﬁdglﬂllj e ﬂ?graﬁl&ggaﬁg%&ﬁ{'rol gate
opposing the floating gate for 3J@yarefdiewecmndidoadmiivitgtypefretrpgailizes gnal s.
46 WO 02/ 078186 PCT/ US02/03243 60., The nethod of claim56, wherein formng
the single crystalline ultra thi ridJaes] epifaxial solid iase regreyth@seus or ni ng a
pair of single crystalline ultra i i : i r pposi ng
sides of each pillar, and form ng\;egﬁgfapgg(% fdr?glaégsértl%léi@ﬁé%ﬁ%ngev%g g jacent to
the ultra $hin single crystalli nericatedimaéridl ofithersegomrconductvit9pyrsi t e si des
of the pillar. 61. The nethod of claimb56, wherein the nethod includes
formng a trench which separat es"médj acent rows of pillars, and wherein

form ng the trench includes,forn [ [ Ny whi ch
opposes the floating gates g\?’ e?%ﬂlﬂg%arg]l@%l?r%pétéh?éﬁ t@‘?sﬁ}é@g%gg?glgnglr}ﬁ?tne verti cal
transi stors on either side of thentdreteld.contad laydieof@fifsotorfuckivi m 56,

wherein the nethod further includes formng a pair of input |ines disposed
above the floating gates between WRRsedn ewthaf singlsrerystadling mitegiat ofe i nput

. | f ; t . 1. t hj i 15
crystallih vertical transiotors rofRhEdRulfubt SUCIAEUBIE. 2, o

of claimb56, wherein form ng the polysilicohhayer of thglsecoad yyieab iforie  verti cal
body region conprises formng a lightly doped body region such that the
single crystalline ultra thin vertrtallyorgied §isoand sasend sriscesdram ful |y

depleted 20 transistor. 64. The ng iQRﬁdOﬂBeﬁ*S?iagﬂd%%tiYig]g%EiF{}’%ag'%‘fn@)ﬂg t he

single crystalline first contact Tayer 1 ncludes I'n g a nore
heavi |y doped source |ine which wdypégen fofited bf the siigld @gdtalliayer in col um

adj acent pillars together. 25 65. A nethod for formng an in service
pr Ogr arrn*ag? e | Og| c arr ay, Vertlcally oriented material of the second

conductivity type; and
forming a floating gate opposing the vertical body region

and separated therefrom by a gate oxide.

20 57.  The method of claim 56, wherein forming the first logic plane and the

second logic plane each comprise forming NOR planes.

58.  The method of claim 56, wherein forming the single crystalline vertical
transistor includes forming a single crystalline vertical transistor having a
25  vertical length of less than 100 nanometers and a horizontal width of less than 10

nhanometers.
59.  The method of claim 56, wherein forming the single crystalline ultra thin

vertical transistor includes forming a control gate opposing the floating gate for

30 receiving the number of input signals.
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conprising: formng a plurality of input lines for receiving an input
signal; formng a plurality of output lines; and 30 form ng one or nore
arrays haworig/oasiié r st | ogi c pl ane and a second | ogic pl areTamserex2ted
between the input lines and the output lines, wherein formng the first
| ogi ¢ plane and the second logic plane formng a plurality of logic cells

47 WD 02/ 078186 PCiiidaeo832613im 36, ANGEd fbiminhS W siide 6Q5tITAE ulttd thigy ovi di ng
a sum of -products termon the output |ines responsive to the received input

si gnal , wher evatti¢ab fransgosiachideoigimingeepair ¢fstigleierystallioe mitragharvedtical a t hi n
single crystalline vertical first .source/draj S5 region; formng an ultra
thin single .Ciirzy)ss{sgqrf PREPRASHE S ijls Ogéﬁcg}ﬁﬁwsﬁ?ﬁrg’gfﬂ}gaﬁ ﬂ?aglgéigﬁtﬁ;mfor m ng an
ultra thin sipglch a8fa¥&itd tHeNfiry Biid sifigle RRENIIKEEHOMR] BOAFRgionMP! €s the first
and the second source/drain regions; 10 wherein form g each |ogic cell

i ncl udes f &r noppysite $idesi Adhg pillar.j uncti on depth for the first and the second

ultra thin single crystalline vertical source/drain regions which is nuch
| ess than a vertical length of the ultra thin single crystalline vertical

body region; @nd 1Pnd QEbaSf Alafnh Qé,txbﬁ@eiﬁ%@m_@@l@@%di‘ﬂie%%ﬁiﬁéShﬁfi’éh body
region and separated therefromby a gate oxide. 66. A nmethod for formng a
pr ogr ammabl e Wwhigh sepratesadjaeniovsiofigillars, endrivhgrean fokmimglthe fremh i nput | i nes

for receiving, an.input.signal; . 20 form .pluralit f output lines; and
Form ng. ome. GCgFeHhiyE et i mie et hBiPopp i dleRraeeBER Al [ ogi o
pl ane conpgct @d uRel WREEndID ek veitRePraAf 1D 8n QiR Ydel JrRRStreneher ei n

formng the first logic plane and the second | ogic plane I ncludes formng
a plurality of logic cells arranged in rows and colums for providing a

sum of - products term 25.0on e. oytput lines respansive to the received
i nput signal, é%ert‘i‘ean@PﬂP%ga’é%g%r Whesgindhe e OB%'&'F}E?H«%‘T&“deS orming a
pair of input lines disposed above the floating gates between rows of pillars for
receiving the input signals and for serving as control gates to the ultra thin single

15 crystalline vertical transistors in the first logic plane.

63.  The method of claim 56, wherein forming the ultra thin single crystalline
vertical body region comprises forming a lightly doped body region such that the
single crystalline ultra thin vertical transistor functions as a fully depleted

20 transistor.

64.  The method of claim 56, wherein forming the single crystalline first
contact layer includes integrally forming a more heavily doped source line which

couples the first contact layer in column adjacent pillars together.

25
65. A method for forming an in service programmable logic array,
comprising:
forming a plurality of input lines for receiving an input signal;
forming a plurality of output lines; and
30 forming one or more arrays having a first logic plane and a second logic

plane connected between the input lines and the output lines, wherein forming

the first logic plane and the second logic plane forming a plurality of logic cells
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formng a pillar extending outwardly froma sem conductor substrate,
wherein formng each pillar includes formng a single crystalline first
cont act |wger/ozis a second contact |ayer separated by an exirdsodeszes; and
30 formng a single crystalline ultra thin vertical transistor which is
di sposed adj acent the vertical pillar, wherein formng the single

crystalline apihbédml rolvk and tSlhins fdtPrordaing ab8m¥2-$H3d6utSkda JiEé US02/ 03243
depositing a lightly doped polysilicon |layer of a second conductivity type

over each pi |quiputdimgs espansiviedn diel rgceieaddhpuigignab wheres formimgedchyegic of t he
second conduce iiVilta type to |l eave only on sidewalls of the 5 pillars;
anneal i ng t he® gi PYH®such that the Ii ghtly doped polysilicon |ayer of the

second conductivity typBrhRgrasited thiZ §fgle ARAtaliaiesrepdicalRist 8Kired/daf] | d phase
regrowt h occurs vertically to forma single crystalline vertically 10

oriented naaterial of the seasgé@nconductivity type; and wherein the

anneal i ng causes the single crystalline first .and second contact |ayers of
a first conductivity t@ﬁ@%@@gﬁta %Wﬂe(gfyséai”f{’g?lvé’ﬂbﬁa%?% ine material of

15 the first conductivity tyR@rdefkr@Ant88od;i ghtly doped polysilicon layer of
the second type to form vertically oriented first and second source/drain
regi ons of the first cdiodongianiultya thypsnglepastillew wsytical badyoggioagitoch f or ned
of the single crystalline 20 ve%ti cgtllﬁy rt' ented. material of. the.second
conductivity type; and form %P s fhedis fﬁﬁ b%lfeé?(’%‘f)f)%g?% AHEEVBYt i cal body
region ang separated tPREEHMOFNIAY cAchIBER O irftfuded Porfing d R6rizBRkd10d of claim
66, wherein formng each input line includes integrally formng a control
gat e whi ch opposes the fl oatjungiogatepthofor thedirsti and|tle second ultra thin single

crystalline vertical source/drain regions which is much

less than a vertical length of the ultra thin single

crystalline vertical body region; and

15 forming a floating gate opposing the vertical body region and

separated therefrom by a gate oxide.

66. A method for forming a programmable logic array, comprising:
forming a plurality of input lines for receiving an input signal,
20 forming a plurality of output lines; and
forming one or more arrays having a first logic plane and a second logic
plane connected between the input lines and the output lines, wherein forming
the first logic plane and the second logic plane includes forming a plurality of
logic cells arranged in rows and columns for providing a sum-of-products term
25 on the output lines responsive to the received input signal, wherein forming each
logic cell includes:
forming a pillar extending outwardly from a semiconductor
substrate, wherein forming each pillar includes forming a single crystalline first
contact layer and a second contact layer separated by an oxide layer; and
30 forming a single crystalline ultra thin vertical transistor which is
disposed adjacent the vertical pillar, wherein forming the single crystalline

vertical transistor includes;
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crystalline ultra thin vertical transistor. 68. The nethod of clai m 66,
wherein formng the ultra thin single crystalline 30 vertical body region
of a secowodocormiscti vity type includes formng a p-type Irotywsorgi2zan havi ng
a vertical length of |Iess than 100 nanoneters. 49 WD 02/078186

PCT/ US02/ 03243 69. The net hod of claim66, wherein formng the

programmabl e | ogic array f uddpasifini AdigHtde opedrpdiysdican MayEbef a @cohdlr i ed
source lines which are formed integrally with the first contact |ayer and
are separated fromthe sem conduc‘t@%uc%‘ubsﬁ’[?%@‘@rB@Chahllamndéhrlﬂ%t}imﬁl_l}’S 70.
The met hod of claim 66, wherein formng eaeh..in | i inclydes formng a
hori zontally oriented input |ine ‘%8}(1:13%%(? pé@og\l/léwgg%ﬁer ?F@Sf?ﬁ?&ggat e between
rows of pillars and which is sepagadeéivifyaipd ©daedvc@aly G1osidwaAR of gl at or

| ayer. 10 71. The nethod of claim 66, wherein formng each input |ine
includes $ornming a vertically orpilatsed i nput |ine which opposes the

floating gates disposed in a trench betwee f. . pillars,, and wherein
each input line has a verti c%nealfqagnt ?Hﬁ%lfs C éégﬁﬁ%ﬁg}f&floﬁg%BMf@F%? 15 72.
A method of formng a | ow vol tagela?érQﬁrtl@e{@@&{aecdn@ﬁétﬁvi@rtWrccrly%HREé S1 ng:

form ng a nunber of input lines for receiving an m&t;t signal; formng a

nunber of output |ines; 20 forni napddateral spitaxaajiselipbhase regrewthrasceisves a
nunber of input signals on the nunper. of .i nput. |ines, .wherein formng the
first logic plane includes forni n\ﬁqucauﬁfﬁ%wp%§m$18§fy<§ta&1érﬁ gl nged in
rows and ¢gl ums that are intercofi@eddadatbal dMRYicdSnPeondiBityQfpd; 0gi cal
outputs; formng a second |ogic plane coupled to the first |ogic plane by
forming a 25 nunber of interconnast |ines, wherein formng the second

| ogi ¢ plane includes formng,a n er of logic cells arr ed.ip rows and
columt. that receive the ourhaee tBf sisaling Fsy B rotlsan o ik
interconnect lines and that are andsecond contact layers of a first conductivity

type seed a growth of single crystalline material of
15 the first conductivity type into the lightly doped
polysilicon layer of the second type to form
vertically oriented first and second source/drain
regions of the first conductivity type separated by a
body region formed of the single crystalline
20 vertically oriented material of the second
conductivity type; and
forming a floating gate opposing the vertical body region

and separated therefrom by a gate oxide.

25 67. The method of claim 66, wherein forming each input line includes
integrally forming a control gate which opposes the floating gate of the single

crystalline ultra thin vertical transistor.
68.  The method of claim 66, wherein forming the ultra thin single crystalline

30 wvertical body region of a second conductivity type includes forming a p-type

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

49



i nterconnected to produce a nunber of |ogical outputs on the output |ines
such that the programmable logic array inplenents a |ogical function; 30
wher ei n fwormngsieach | ogi c cell includes; formng a verti ealr/ysot/bhzns

extendi ng outwardly froma sem conductor substrate at intersections of the
input lines and interconnect lines 50 WD 02/078186 PCT/US02/03243 and at
the intersects@ns e HBRok BF Bl BESEherbih T6:niRB thel fi6AbnRibic lobit&SrayWher ei n
form ng each pillar 1ncludes faorm ng a single crystalline first contact

| ayer and a Swthenidclndex fachingayemize pabaicldobscedimeowhatb akafoemed and f or mi ng

a pair of single stalline ultra thin vertical transistors 5 on opposing
each pillar, \%ff‘éfaéf nW‘FI?)F}Wif’g@t QpfaRt V?{d’lngaffrifgﬁré‘efiifg%“ rSepicandugtet nsi st or

i ncl udes; depgﬁk&hggygnbkg@qA doped polysilicon layer of a second
conductivity type over each B%flar and directionally etching the
polysilicof |ayer of the second 10 conductivity type to | eave only on
sidewal | s of the | ars; annealing the pillar such that lightly doped

il th
pol ysi |l i con Y%yer%éﬁ methad ok elgiy 66 oRbgien foTmipe nP‘été’r“?s}’P‘éP‘quzes and
| at eral epitay] i : : i forma
single cr ystgf&k'?kr\nésﬂ(ﬁ}?g{aaﬁﬁén&grg(? %‘ﬁ;gl n%?getgﬁla V\éf%ﬂg@aléié%% conductivity
type; and whissteeden fols ofipilad amdgwitial sessparhted Stongthe floasisg BY hn mBulatarst  and
second contact layers of a first conductivity 20 type seed a grow h of
single crystal®$me material of the first conductivity type into the
lightly d?Bed polysilicon | ayer of the second type to form vertically
oriented first and second source/drain regions of the first conductivity
t ype separ at efll.by @h&hethodyf clagn 66, Wisreadomhing bachsinpgl lmednglsdes! | | ne

vertically oriented materjal_ of the second i )
forming a vertically oriented input line which opposes the floating gates disposed

in a trench between rows of pillars, and wherein each input line has a vertical

length of less than 100 nanometers.

15
72. A method of forming a low voltage programmable logic array,
comprising:
forming a number of input lines for receiving an input signal;
forming a number of output lines;
20 forming a first logic plane that receives a number of input signals on the

number of input lines, wherein forming the first logic plane includes forming a
number of logic cells arranged in rows and columns that are interconnected to
provide a number of logical outputs;
forming a second logic plane coupled to the first logic plane by forming a
25 number of interconnect lines, wherein forming the second logic plane includes
forming a number of logic cells arranged in rows and columns that receive the
outputs of the first logic plane on the interconnect lines and that are
interconnected to produce a number of logical outputs on the output lines such
that the programmable logic array implements a logical function;
30 wherein forming each logic cell includes;
forming a vertical pillar extending outwardly from a

semiconductor substrate at intersections of the input lines and interconnect lines
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conductivity type; and formng a floating gate opposing the vertical body
regions and separated therefromby a gate oxide; and 30 form ng a nunber
of buri edwemaneHss i nes formed of single crystalline sem eomdisor/exn43rat eri al
and di sposed below the pillars in the array for interconnecting with the
first contact layer of pillars in the array. 51 WO 02/078186 PCT/ US02/ 03243

73. The met hoﬂd%{ tlﬁliﬂefgen%t?ons‘g?ﬂ]feﬁ%%{goﬁfné@t Tde. :ﬂx% tﬂé’g&ﬁkt I?Jesi\gﬁ)éf' inI I nes

i ncl udes formng the nunber nes di spose a trench between

rows of the fpirhingresch pillbthigicludéssforhingi asigdleogstbine ddlstroeamttigydriagd &l oat i ng
gates of the single créstalline vertical transistors that are adjacent to
the trench orﬁeeﬁf%cfé)mﬁﬁt yelesgpafted by g oxidedyss; a8d wherein form ng the

nunber of interconnect {.j inel . - of .1 nterconnect
lines to the second conéf)g@?lﬁIaa@grotfigﬁ%}eo?%?%@ilhglglltﬁtagﬁlgn%grcglftrrr%I}SIesrt‘?éﬁti ng a

| ogi ¢ funcii am dpposiRg eddhrillar afeinfoafithg edéh sihfle chtaach wticl ai m 72,
wherein form ng the nunber of interconnect 10 lines includes formng the
number of i nttEAngisEEudesnes di sposed in a trench between rows of the

pillars in the second |ogic c%%gg}gné?ggﬂé}g}%o;tseggrg S%iglg%galggra&ians%f?{gjat es of the

single crystalline vertical ansi nt to trench on

opposi ng sides of the trench, andonliéitrith tfgeeveoedthplldrard BirediRhalpf out put
lines includes coupling the nunber of output lines to the second contact

layer in rows 15 of pillars for iatghiegiapphgiligon byecofithessconh in the second
| ogic plape. 75. The nethod of claim 73 erein form ng.the,.nupher of

i ngut Ioi ngg i ncludes formng i ncﬁoﬁ%%cgw*tg\r{%er%%hvg?PPQ&“%}I/&%VF}IEHFE'S i nput
lines having a vertical |ength gfilldrgss than 100 nanoneters. 20 76. The

met hod of claim 72, wherein fornmng the nunber of interconnect |ines

i ncl udes form ng horizont al |apnedlingdhepillpniush gt thedightly depedipad pokieas bet ween
rows of pillars in the second quicr§¥§pe for, servin s contr | i nes

e

opposing the floating gates in the Shgacqnggcf’gdlb(iug&%?ypfgecfﬁtﬁlfﬁeés net hod
of claim72, wherein form ng eachngilfteaPegifaxil 8d1ld piasey Rigkdvihlocedr§ ansi st or

includes formng a single crystalline vertical transistor having a
15 vertically to form a single crystalline vertically
oriented material of the second conductivity type;
and
wherein the annealing causes the single crystalline first
and second contact layers of a first conductivity
20 type seed a growth of single crystalline material of
the first conductivity type into the lightly doped
polysilicon layer of the second type to form
vertically oriented first and second source/drain
regions of the first conductivity type separated by a
25 body region formed of the single crystalline
vertically oriented material of the second
conductivity type; and
forming a floating gate opposing the vertical body regions
and separated therefrom by a gate oxide; and
30 forming a number 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 pillars in the array.
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vertical length of |Iess than 100 nanoneters and a horizontal w dth of
than 10 nanoneters. 30 52
WO 02/078186 PCT/US02/03243
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73.  The method of claim 72, wherein forming the number of input lines
includes forming the number of input lines disposed in a trench between rows of
the pillars in the first logic plane for addressing the floating gates of the single
crystalline vertical transistors that are adjacent to the trench on opposing sides of
the trench, and wherein forming the number of interconnect lines includes
coupling the number of interconnect lines to the second contact layer in row of

pillars for implementing a logic function in the first logic plane.

74.  The method of claim 72, wherein forming the number of interconnect
lines includes forming the number of interconnect lines disposed in a trench
between rows of the pillars in the second logic plane for addressing the floating
gates of the single crystalline vertical transistors that are adjacent to the trench on
opposing sides of the trench, and wherein the forming the number of output lines
includes coupling the number of output lines to the second contact layer in rows

of pillars for implementing a logic function in the second logic plane.

75.  The method of claim 73, wherein forming the number of input lines
includes forming includes forming vertically oriented input lines having a

vertical length of less than 100 nanometers.

76.  The method of claim 72, wherein forming the number of interconnect
lines includes forming horizontally oriented interconnect lines disposed between
rows of pillars in the second logic plane for serving as control lines opposing the

floating gates in the second logic plane.

77.  The method of claim 72, wherein forming each single crystalline vertical
transistor includes forming a single crystalline vertical transistor having a
vertical length of less than 100 nanometers and a horizontal width of less than 10

nanometers.
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