FLOATI NG BODY TRANSI STOR CONSTRUCTI ONS, SEM CONDUCTOR CONSTRUCTI ONS,
AND METHODS OF FORM NG SEM CONDUCTOR CONSTRUCTI ONS TECHNI CAL FI ELD

[ 0001] The invention pertains to sem conductor constructions and to
met hods of form ng sem conductor constructions, and in particul ar
aspects pertains to floating body transistor constructions and to
met hods of formng floating body transistor constructions. BACKGROUND
OF THE | NVENTI ON [ 0002] There is a continuing goal to produce
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typically consumes a relatively large amount of semiconductor real estate relative to other
types of memory. DRAM traditionally comprises a transistor and a capacitor, and individual
DRAM unit cells can be formed 1o consume relatively small amounts- of-semiconductor real
estate as compared to SRAM cells. HovJever, even DRAM is becoming too large for next
generation levels of integration, because it is becoming increasingly difficult to create
satisfactory capacitors with increasing levels of intégration.

[0003] There is currently substantial interest in a new type of capacitor-less DRAM
(also referred to as a floating body cell) that may be able to achieve much higher levels of
integration than the traditional DRAM that utilized a capacitor. The new memory uses a
floating body of a partially or fully depleted silicon on insulator (SOI} field effect transistor
(FET) as a storage node, instead of using a storage capacitor.

[0004] It would be desirable to develop floating body cells which can be readily
incorporated into semiconductor fabriéation processes. It would also be desirable to
develop memory-arrays using floating body cells, and to develop-methods for forming such
arrays.

[0005] Although the methods and structures described herein were developed, at least
in part, for integration of floating body cells; it is o be understood that the invention can

have additicnal applications.



[ 0005] Al though the nethods and structures described herein were
devel oped, at least in part, for integration of floating body cells;
It is to be understood that the invention can have additi onal :
applications. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0006] Preferred
enbodi nents of the invention are described below with reference to
the foll ow ng acconpanyi ng drawi ngs. [0007]Figs. 1-4 are a top view
and cross-sectional side views of a fragnment of a sem conductor
construction at a prelimnary processing stage of an exenplary aspect
of the present invention. The cross-sections of Figs. 2, 3 and 4 are
along the lines 2-2, 3-3 and 4- 4, respectively, of Fig. 1. The

Cross-secti f. Fi | I ' -4 of Figs. 2 and 3; and the
cross-sect |%ﬂ§8&€%§%'®sgﬁﬁ%gggﬁé%@% g the lines 2-2 and 3-3,
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Ccross- sect i pasnPhvditigs. The 838s-Ledibhs &1 ﬁ%@ ot §8nd i BRSatbnPineNies’2-2, 3-3 and 4-
respecti vel4y 9-

of Fi gs. " 1-4respealyel o\liay: ORI RECIPTS GEL a4 FPArRsd Lo Ay % 5
that of Fi dise crbs8seclibes ofifigs 250013 avaslood tHei liges 2-BANd13E3. aashetively, ef Fig. 4.
al ong the | iga88] 10rd9 5-d dreldevddl HelirafnehSSHIIRSL h VS lebpe@ivell] dhowll at dhe
cross-section of Fig. 12 i Su al.on 1 | T1es i_% 1%‘ 01:_ Fi 98 10f .”S'.ﬁ})]z? r&dare
the_ or oss- GavErgRs *dee Frieivay Waflal of G &2 BRgremarioned! Boe fo 4
11- 11, r espémwithelings 6c8, 7H gnd 8-8, respectively, of Fig. 5. The cross-section of Fig. 8 is along
lines 8-8 of Figs. 6 and 7; and the cross-sections of Figs. 6 and 7 are along the lines 6-6
and 7-7, respectively, of Fig. 8.
[00D9]  Figs. 9-12 are views of the fragments of Figs. 1-4, respectively, shown at a
processing stage subsequent to that of Figs. 5-8. The cross-sections of Figs. 10, 11 and 12
are along the lines 10-10, 11-11 and 12-1. 2, respectively, of Fig. 9. The cross-section of
Fig. 12 is along lines 12-12 of Figs. 10 and 11; and the cross-sections of Figs. 10 and 11
are along the lines 10-10 and 11-11, respectively, of Fig. 12.
[0010]  Figs. 13-17 are views of the semiconductor construction of Figs. 1-4 shown at a
processing stage subsequent to that of Figs. 9-12. The fragments of Figs. 13-16
correspond 1o those of Figs. 1-4, respectively; and the fragment of Fig. 17 is an additional
view besides those of Figs. 1-4. The cross-sections of Figs. 14, 15, 16 and 17 are along
the lines 14-14, 15-15, 16-16 ‘and 17-17, respectively, of Fig. 13. The cross-section of Figs.
16 and 17 are along lines 16-16 and 17-17, respectively, of Figs. 14 and 15; and the cross-
sections of Figs. 14 and 15 are along the lines 14-14 and 15-15, respectively, of Figs. 16
and 17.
[0011] Figs. 18-21 are views of the fragments of Figs. 1-4, respectively, shown ata
processing stage subsequent to that of Figs. 13-17. The cross-sections of Figs. 19, 20 and
21 are along the lines 19-19, 20-20 and 21-21, respectively, of Fig. 18. The cross-section
of Fig. 21 is along lines 21-21 of Figs. 19 and 20; and the cross-sections of Figs. 19 and 20
are along the lines 19-19 and 20-20, respectively, of Fig. 21.
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[0010] Figs. 13-17 are views of the sem conductor construction of

Figs. 1-4 shown at a processing stage subsequent to that of Figs.

9-12. The fragnents-of Figs. 13-16 correspond to those of Figs. 1-4,
respectively; and the fragnment of Fig. 17 is an additional view

besi des those of Figs. 1-4. The cross-sections of Figs. 14, 15,16 and
17 are along the lines 14-14, 15-15, 16-16 and 17-17, respectively,

of Fig. 13. The cross-section of Figs. 16 and 17 are along |lines

16-16 and 17-17, respectively, of Figs. 14 and 15; and the
cross-sections of Figs. 14 and 15 are along the |ines 14-14 and

15- 15, respectively, of Figs. 16 and 17. [0011]Figs. 18-21 are views
of the fragnents of Figs. 1-4, respectively, shown at a processin
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[0016] Fig. 38 is a three-dimensional view of a fragment of the semiconductor
construction at the processing stage of Figs. 13-17. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] In particular aspects, the invention described herein pertains to a design for
floating body transistor constructions in which source and drain lines are laid out along
prongs of a U-shaped semiconductor fin. The layout can be reduced to 6F2 or smaller with
current 90 nanometer technology when titilizing current pitch doubling procedures. Full
feature 8F? iayouts may be manufacturable up to 40 nanometers and beyond. Structures
formed in accordance with the present invention are expected to have high scalability, and

good data retention.



processi ng stage subsequent to that of Figs. 30-33. The
cross-sections of Figs. 35, 36 and 37 are along the |ines 35-35,
36-36 and 37-37, respectively, of Fig. 34. The cross-section of Fig.
37 is along lines 37-37 of Figs. 35 and 36; and the cross-sections of
Figs. 35 and 36 are along the lines 35-35 and 36-36, respectively, of
Fig. 37. [0016]Fig. 38 is a three-dinmensionatview of a fragnment of
the sem conductor construction at the processing stage of Figs.

13-17. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0017]In
particul ar aspects, the invention described herein pertains to a
design for floating body transistor .copstructions in which source and

drain lines are laid out al ong prongs of a U- shaped semni conduct.or
fin. The | ajigl caﬁx%@'?@éﬁﬁf@gﬁ ¢fdhasipyersion arigssribeg wilp refarenesiio Gigs. 1-38.
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Figs. 1-4, SEIT CORC construc on I'S
prel i m nar y’ﬂ?i%?dé§§Fﬂ915§'ﬁh‘g9em?1ﬁ"%ldé‘(ﬂa&&ﬁ@énwﬁtfﬁd HHOQ%‘b%fd?te g¥engipenductor on
present i nugdidtensoleR&uctidie constructlon 10 conprises a

sem conduct ogr ES eSe;rglbomc%L G 8’3&5‘ Lr‘&}éu‘ﬁ%bIggé%lc%ﬁdéc%rwaterjal

referred to"herein as an nsu ator
sem conductitsiuditg &riexpmals, Bliemonrersysialide slicea pf %/S'l'?%‘uﬂ'aé?"r V@ SPrag §sPeFife
seni conducthase MBEST bakorkfieasio beaLdehiiconeuemi fibsedte 1 %o aRiNp ind@pretation of the

ggg:!{ ?(ngd cﬁa?m& 919.,%“&& tpgte@rné %%QH&IVQ uQ‘Jﬂrallen %H!'J aée%lcc(n%gg‘l))r substrate” are
deflned to mean any construction compnsilng semiconductive material, including, but not

limited to, bulk semiconductive materials such as a semiconductive wafer {(either alone or in
assemblies comprising other materials thereon), and semiconductive materiai layers (either
alone or in assemblies comprising other materials). The term "substrate” refers to any
supporting structure, including, but not limited to, the semiconductive substrates described
above. :

f0D22]  Although base 12 will typically comprise a semiconducior material, it is to be
understood that the base can comprise other materials suitable for being suppbrting
substrates in various aspects of the invention.

[0023] The elecirically insulative material of mass 14 can comprise any suitable
composition or combination of compositions, and in particular aspects will comprise, consist
essentially of, or consist of silicon dioxide;. Mass 14 can have a thickness of, for example,
from about 1000A to about 1500A.

{0024]  Semiconductor material 16 can comprise any suitable composition or
combination of cornpositions, and in particular aspects will comprise, consist essentially of,
or consist of silicon. Semiconductor matérial 16 will typically be monocrystalline, but it is be
understood that the material can be in anjy suitable form. In the shown aspect of the
invention, material 16 is directly against ihsulator 14.



[ 0021] Sem conductor base 12 can conprise any suitabl e sem conductor
material, ihcluding, for exanple, bulk nonocrystallihe silicon of a
silicon wafer. In sone aspects, base 12 can be considered to be a
sem conductor substrate. To aid in interpretation of the clains that
follow, the terns "sem conductive substrate"” and "sem conduct or
substrate"” are defined to nmean any construction conpri ai ng

sem conductive material, including, but not limted to, bulk

semi conductive materials such as a seniconductive wafer (either alone
or in assenblies conprising other naterials thereon), and

sem conductive material layers (either. alone or in assenblies
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mat eri al 1619 Thand onthert exteod stlistantgyrparajis! tprmneagmhalaﬂhell_semectmne that
materi al  lenLadenkRys QQCEHT&H S8 didhgan b%laeh.aé& ) baruaﬁ@oﬁﬁan Bﬁectuons 32. In
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extend al ong can be defined to be |atitgdinal directions 32. In sone
aspects, openings 24, 26 and 28 can be considered to be first
trenches extending primarily linearly along the defined | atitudinal



[ 0030] Referring next to Figs. 5-9, portions of materials 16, 20 and
22 are renoved to forman opening 39, and | eave separated structures
34, 36 and 38 along trenches 24, 26 and 28, respectively.
Subsequently, opening 39 and trenches 24, 26 and 28 are filled with
electrically insulative material 40. Electrically insulative materi al
40 can conprise any suitable conposition or conbination of
conpositions, and in particul ar aspects can conpri se, consi st
essentially of, or consist of silicon dioxide. [ 0031] The opening
39 extends entirely through the thickness of sem conductor materi al
16, and in the shown aspect extends partially into the electrically

i nsul ative t end abo
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of senlcondutto nater a %$C|f|ca Iy, sem conductor materi al
structures 34 ghasgg %9? R al ong and under the first
trenches. TERO3Zhdi &% d@awsss@a@e@uqsiagrem\nbe&ﬁ*i £6m/nd 8h dercbe referpgctpiaglfirdr e

E r ougﬂ S haﬂﬁa\ch@omngﬂsrtmem f}dﬁa &zhsr t?é'r@ﬁ% fofaktd @ﬁhwéorlétrgm.oa wa; Bome
roug Space re S Ccon I N Sli a, 0S|l n

Ot he e aEPefEdhe RImSioN BioParing' S8 San b Cansiellolntiiof B o 7 b E6ne
regi ons 43 tandees wiieh leayee pluralityc epacetitegionsefgiemidengientorseaterdtl 16es ar e
formed in tsedtRant béMBoRMictod matdtdl S &tabtufisga, 3éa.4d 3&)@.‘%311&15 afPGRnd

aspects, the se terd ext en t trenches
34" *56° ana BEEETR RIREEEE. 1P BulvupBRetfreln® S{ide bty maGHR 2 4
bei ng consjteggeghdnedpas Famirssasn intherarsscafectidreof Big Ba Such gpugﬁrcangpe@reglons
andt with t][&n@mtaa&augaglam?g tifb?oﬁb@@iﬁg drRIeSdf the fiketrbanes 24, Ef[BQinVE@ and
ortions o e ructure er a ativ
gspect s, tHe" %Im en?f‘“ﬂg Qﬁf%méﬁegb%‘s %nwae%gér%?keﬁ%’eﬁpm? G?'ifgh %F‘Bﬁ%“ ng
fron1centra*mvﬁﬁﬁéyebwm?ﬁwﬁbeﬁﬁﬂm%@é@n@ﬁa@P$Eﬁﬁﬁﬁm d#s 43. [0034] The
regions 34, [obésﬁndnn%%n@asp@&s sneeeébm.aorlaugtor 51a§éﬁaf@c¥é?tdﬂg@i‘&lﬂfd&ﬁst trenches 24,

segnent s 4% d' N% | Bhd ! tu&‘o L|J¥h cpamérﬂne sl eavg\i/f\%gfgelré? c?r}_lséderecyto be

ends 44 connecfj caf‘he € odere € 'si
t roughs Sh.imbaer pwnsw githg ped @tﬁg‘l{fﬁ% agH with dhecepnialgrginns 43 considered to

However, i seabedr tdhial fdifdre ot LREB&bedistiowaldsS Ir)ed BtheP Bieeredifle adfectdhe
can be 2eS gl e L 30elp e LAGHLRL BB B A He
troughs of °PHBSRONENIGHR E9IPEAST egi ons 34, 36 and 38 of senlconductor
{0034} The regions 34, 36 and 38 can be seen in Fig. 5 to have elongated segments 42
extending longitudinally along the trenchés, and to have ends 44 connecting the elongated
segments. The sidewalls of the trougims shown in Fig. 8 are along the elongated segments
42. However, is noted that there are also sidewalls along the ends 44, as can be seenin
Fig. 6. ’
[0035] The insulative material 40 fills the trenches 24, 26, and 28. Such trenches can
be considered to be troughs of the trough-shaped regions 34, 36 and 38 of semiconductor



material 16; and thus insulative material 40 can be considered to
fill the troughs (or alternatively valleys) of the trough-shaped

regi ons of sem conductor material 16. [0036]Insulative material 40
is showmn to have a planarized upper surface 45. Such can be fornmed by
initially providing material 40 to overfill trenches 24, 26 and 28,
as well as opening 39; and to then subject material 40 to polishing
to renove the material fromover |layer 22 and create the planarized
upper surface 45. Suitable polishing can be chem cal - mechani cal
polishing (CW), and layer 22 can function as a stop during such
polishing. [0037] Opening 39 can be considered a deep opening, in
that it is deeper _than the trenches,. 26. and 28. The fornmatjon of
the openi ng™ I8N dR: 1 U BRUFTETERSHAT 4R ahpE Snsari O JELEDohg o

i ncl udi ng, dltematiyaiypdlieys)iod thedtoughrshdped regiorodiisemingndysttdreedtenal 16.
patterned ref3g] "RSHalvdthatsRaVb s ShoGh 1b ANRS a Bidnaiitdd hﬁﬁé}%hﬁ&e%. Sk
and 28; transference of a &atte,n from t4F5e re%hlgt rgﬁs 41 ung%glg/l ng,
| ayers 20 &8 PSIORRed Py dpidaly provising maietalsOdo aYFhliendhgs t4&f and 28, ds well as
t r ansf er enagpeoihg 3Apampbb temmsubjecicusathriaigDdo palishib@ taraindviadire maletialdicmyover
i nto insul ahof >3 4ng Wehlk Bl blARiZ2d el tfacdhsl SGEBNAOISing & Hebcheical-
mask. [003 Al 't hough_de%o gpenj n\%g39 I's _descri bed ‘as, bel ng forned
after shal I'BHEPEAPREINIRHCMIY. anctayas 22 fap fROCUHNA BIRR FHIE SHEE SRR Dot
the i nventi (09371t |Gpanind)29 camchercehsideret! aateep lopening dnthrbihisadegper than the
eNCOoNPAasSse s, ASRECLS 25 AniBh Chnd RfimMol& 1 ofeRing 5! AR b8 hictdMplid&Rwith any
openi ng and shall ow trenches 1s reve\rHiPe?. Al sO,. alt h‘ﬁ'ﬁ%h tpg,e I?eea@
openi ng andUSFRF PORPTYUh TRENG for DREWP: (Y MBEO P AR IgEPYIcR Y atigmed
wi t h i nsul aesistenaskt(eotishbwd)lyver kyér2tapdienahric?ds £6 edd 28atansfaence of a pattern
i nsul ati ve gt @k irédist Gitdsk Qo BSucRTRY 1484 2 ddai 22 diltorehi P dilaBREG s;

i to f t f th . , . . JFurt ito]
Po be undereistepsiaentne DRetHea Fowemvarialy and fieh e R rayiper 14
trenches maithiseitaderpiobingi andakinpval of heresist mdsén t hat within the deep
opening in eelsasmfbhgh Hb&p %}fbﬁ%ﬂtdgwdeicggg@iMiﬁ fokrh&d A¥e shdiRwhtedShes
tr ough- LEQ%E%%%? RO o P al e s BespRr g MRS UE= 51 way
38. The tr dneineentioralsedncompasgbes aspekisiy whighdhre erder gt (orenatiorpdf the Bieepugh
sem conductPenifghRd Sidliowlrensitd iPakbisad. XisbMMifolidlSitk b opdhing 4hd shallow

particul ar ,aspects, the trenches 50, 52 54 and 36 can extend t

ot hal 1 iy DR SHEEHS HErRT R R R e Biih GRGANe e a6 P P8n of
trenches 50nd&2icodahad ik 58 Materiabonipbe piogidedivithin heshallow terpahes prior
processi Ng o idmbiH didhe H&p DEARE! R vickVerA! IFARRE it & to be understood that the

hot ol i t hogr aphi bal | v. t.erne esist,. mask (not shown). across

oot oy uct s JiRve Fatefip ki bR EalsRat i ey bE RemBRR kP A5 R than ppt

a pattern fwitbimthédeercapening imagRe agpagisdbe Inyemlipnt ayers 20 and 22 with
?nhe or hrmr tem_ubllt aliﬂzaeﬁgg et to Flg&{@@z, tﬁeh_@lﬁ'?ﬁ&_f, 52.0.?; a%?fd %lmie Rk @ tdlextend

rou mag.erl a al [ | 0,1 al O

Lol Cabl'o ot iRbdt b eRBf shdlel cBRicbh flordr b AL Bsedns 4,18 and a5,

t renches 5@hedenches exippddodgivpaskinganalgdals 26 ag¥ 23Rfuah serpigendyetes material
into a pl ung| add/pfialy o glRusttapedingddniatar 2gpute, aearbndldsoste B2, Saindsstan

pairs of t t i\ . - i LVi

FFom  egi o 5805 SR palh iy otliFine Yol BEs BORRRSoZ}A. R BHabY bEohonee
in Fig. 1250053&MenHSE caphearetomniphgcowin any ssiteRiaaracessem. jnsludinagot o a
Cﬁnt r aIh bgte&%mplée@hﬁmmaiﬁ a pRetoMheSrapraeYy ipeilffm&i resisgMaskGobdidwhlacrbss

t hrough the m t.Qn [ ; .
Trenches 50 ?"%@%8%14{{3%65 Egge @g%t%ﬁg oftg?. g'%rﬁe 5t ttgg%geré&t%%? (ré(t?a# r'J'ejﬁ'gWetg e jrgpist
sonme aspects of the invention to distinguish themfromthe first
trenches 24, 26 and 28, and the second trench 39 (Figs 5-8).



[ 0041] The trenches 50, 52, 54 and 58 have peripheries conprising the
various materials 14, 16, 20 and 22; as can be seen in the
cross-sections of Figs 10-12. [0042] I n the shown aspect of the
invention, the trenches 50, 52, 54 and 56 extend primarily linearly
al ong |l ongi tudi nal directions 68 which are substantially orthogonal
to the latitudinal directions 32. The term "substhntially orthogonal"
is used indicate that the |longitudinal directions are orthogonal to
the latitudinal directions within tol erances of fabrication and
measur enent, which can ;include but is not limted to applications in
whi ch the | ongitudinal di recti ons are absolutely brt hogonal to the
| atitudi nal directions. 6"[' % The trenches 52 and oi n at
i nt er connecdt'® °r“'€3‘?r§’ﬁ‘97' SRHER ANG €2 b PR RTaPresyitaple SHCP‘J%@ figstheg ﬁ%”Sfe'e”"e
troug h- s hap# dhesspatteesthodugh emtertah dé et themphaeialhaihtoliGsuldtorn ), edh saitabiengiching;
region 70 Lgr;dlrgﬁgg%%f%qgé,gﬁsgl ectrical interconnection between

a

conductive nateri formed wthin trepches 52 and 56, (specifically,
back gat es) [0040} | FheEenshes £9.8% 54 padpe Aebdiidectie SPeah-shaped Rituctures into a

| nt er conneqilmramy oegough-shapedslicas sanqwitmed ddjagentibeaveed ppasiofzbe tradidhes.f or
electri cal :ﬁ&OBG&HHoB@w £ aribilf Rfles! s@ﬁ&rnﬁ?d ﬁém\(\éé J\% Q@Qr@%e@éoeﬂshf:é@ﬁﬁ gaémd

di scussion foll trenches

are not i nt® JRAERIEHOMN EECEZ Qscﬁé“&’t’@e uw&'vgﬁ%@maPtcﬁewav%%mmgﬁea
within the ctenealcﬂmeemcragiodnem TheecrosnsetibaedofRigsand ahed 1 1 kembiouple tedesiom

that of the, DEIEM 6%6resséctﬁély'l ?%Eh%%’ﬂa 55 I'@ é?ﬁl% cgaﬂtb%%@ﬁgd to
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5

bi ased and/asra A tPathEg In some ppeals O?F@de‘f?@ﬁofsts’ %'aglgah E’&Wﬂ"& the fir
wi dened r egremnBses/2t, 26 dnd 28, driddhe seoond ffbneted®(Figstie8)ut i | 1 zed for
patterning mdiﬁwdTrPé"‘ﬁjéncﬂEs 3@ %@ugjf él’(c?séTﬁév%r e?l hé{lébtcélblbﬁ’s:ﬁ&fhe vanous

el ectrical Connection to ot [ayers. [0 % eferring

13-17, seniBIRE@IR1%r16n8? é?fi'%? aﬁéﬁi‘  BRseey m@e REs- WP%@@% 1BT12t he
third trenciea2p0, In3Re shodvreampeief dreonvantied the t¢ncbees50 52064 end 56 extend
dielectric maew lﬂE§rIy7§ond mw&emm#&&ww&%& arE I%ﬁbé?é\'ﬁlaw offgnal to the

dielectric I st. essenti a
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by thermal 'fé(brﬂ:'é@c‘m AYeH B &surerhéiR, vfrﬁl&ﬂ&aﬁ?ﬁﬁaéc?@bdt %d?ﬁa%ntéﬁ to%%mué‘a%ﬁiélﬁtvmch
mat eri al {OBSIMAfter the dielectrifc ma

conduct i ve B igelion are aP%‘?'WE'é[ W?qlﬁ"r?l"f’ﬁ'ée 'FP‘HH'@H'E@“EEW”SSZ 54
and 56. The[QﬂGﬂHucha/mergaeesmmch pin & an ierpnicstngregios (Fotvetithgs peripheral

Colrf})05| ti oneQh afr@yTBI R tLGEH- QTapQQQ%’é'o? LahSondiB@r RidPial 1d. OHleRlonASIIRG L S
Wi conpri se

I
mat or a1 CAROBD RGN GRETE: Bt Iy B st ete i el
more of ti tfamedgnyithinurénshespd ambiSa, i(sresificalynbackigdies) anwillihecerne eranisgye the

]9f | f het Ih an‘dHch@é?on foh&ws qn%hy&ng@é ARG &l Ao Jrgweéllammaa padi kiitable for
| S e renc

i.ca uppec region
of the tr eiMSTRERLRERRGIERE? PRELARY At B iR Tos o ¥ lfblron SRR i
const r uct i GameasPeris.doetisbowa tanches $3 and S5 4rgmet lntyrqqmee%%dm@pplwespects
material t GagR a&b@hmhmfejul ﬂorrhészﬁmrefr@h@%c% cahde ..Exércaﬁde:m ataRethbhevel
s 9 phEeEO B Gy FlLEEh Bhg b DL NS RES 0d SRMR P
unfilled up %o Plons ne PR artlcu?ar aspects he
unfill ed uppepnnseleditepanre amﬂller@e tleﬁsdnﬁy @o@eaﬁg@me!yrh;aaﬁéép or [’r@gwayepn
t he shown aspect the invention, electvically insulative caps are
formed wthin the unfilled upper portions of the trenches over
conductive material 78, with such caps conprising insulative
materials 80 and 82. In sone aspects, ngterial 80 can conpri se,
consi st essentially of, or consist of silicon dioxide;, and materi al
82 can conprise, consist essentially of, or consist of silicon




the cross-sections of Figs. 14, 15 and 17.. The planar gates are
spaced from sem conductor material 16 by the dielectric material 76.
[0049] I n particular aspects, the planar gates can be considered to be
alternating front gates and back gates; with the front gates, being

| abel ed 84 and 86, and the back gates being | abel ed 88 and 90.

Not ably, the back gates are electrically connected (in other words,
electrically tied) to one another in the shown aspect through

i nt erconnect region 70. Thus, the back gates can be readily
mai nt ai ned at a common bias. As discussed previously, the invention
can include other aspects in which the back gates are electrically

tied th [ t t I i that of. t
gat es.  and- JEAL; pOENGBOE A0 RRTPARS oD L EB s 28 50 /¢ oD aey STy
are not el detwilized fpypatteerdng widened pavistdh epnduE @I 0AtERI shitabishioneleetdgrb c t

of the |nvqghhggwnhpahgﬁgﬂgsgates and back gates are forned
si mul t aneou have the sane

i ‘é Wt ?:r and _accordi r@?é

conposi ti on&"™8) on ef&HiﬂgH@‘t toFgs; 13-1 6 SSRIGPRERFLBYIGTE! FRARGA OGS ¢

t he i nvent ipenipbéries of thel ttldjatserabpeﬁm $2( prbandsSbawe inechwitinprhort rhere fdiedertric
gates and t}ﬁ%na@% eﬁ1 SRk aé;ﬂeci‘somé%'efdr Hord &lal%&m%a‘ié?ua%rb%n%ﬂ@é Rhsist

Al so, althou shown aspect gnventlon

e bl o s o ados oo s e b P B ERE 31 isgn e
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associ at ed b blb Nm2A6kecthind sbincehlc el doel ectri o mler al s

bei ng i ndic he | ersto

el 09,1 0ol SRy DY ahdiie Akt dlertel 78 B Tie o ooE SRR T 7 g
associ at ed wilhirithe Itremm@wogéa, &4 ag BB eiThé comuciveaatametsrialaae ¢omplise arye
front gat e%uutaﬂl@@&ﬂtﬂ)osﬂbﬂ &Mblﬁﬁldﬁ%@l’)h%sﬁtlﬁg 2 Bgmétﬁélga%pe&s )comprise

have been renove

add 11 onal CER FRAMElD RELEEr. B2 RonE e G fEd ) gpmpres. consist
sem conductessentiathesfi el consisi of opk gt morst of ditarkumyaetkemigmaad dildniimsnitrige. In the

dashed- | i nenbRKBEEY of the nﬁrem;dalemelasﬁm&b ﬁm@%}QUﬁé smy patialyifRs helb
and 92 to |nd|ca

oot Tr S AR . B8 S e G0 e AREE TP SR Iren s A bty
be i denti cdhe fenduelivsciie materialo Synle censtiublion ogo belaghieydstbyraitiallyiferming the

merge to f %ﬁa@t.sé ﬂa&@samtcsmb@keny fn[tQQErB&chuasbl 810 sSHBhE B6; adna tiddh 1@8&52% the
Can be r em)veri tve mafl gl w+” f’%e tre gl;[ ?Leaﬁﬁthe un?@agle \ﬂszF o? eq[enal(‘?es

construction peripnera erl a and
wth a phot'@P@@Plﬂi@f mthS(th@vnfélh@wngermrtiongwﬂlémmm 0 armﬁt@m%ﬂie% and
22, and pospiodty ahies shownngpbanmaihiemion] clsibatpindulsivercapbbrfbtedddihin

and the phgtﬁér){érﬁﬁ{aé L%{L;@?%m\%% J)f tBQ ﬁgn&%s pver C%HFL}{:?Q% nget" {]}SaLvﬁh gt?cha&gs 22

can be ref rcra %
ultimately cPEwsiaginsulative materials 80 and 82 ln some aspects, material 80 can comprise,

consist essentially of, or consist of 5|I|con dioxide; and material 82 can comprise, consist
essentially of, or consist of silicon nitride. Also, it is to be understood that even though the
caps are shown to comprise two different insulative materials, the invention includes other
aspects (not shown) in which the caps comprise only one electrically insulative material, as
well as aspects in which the caps comprise more than two electrically insulative materials,
[0048] The conductive material 78 within trenches 50, 52, 54 and 56 forms gatelines
within each of the trenches. The gatelines can be considered to be planar gatelines, orin
some aspects gate plates, in that the gatélines have relatively tall thin shapes as shown in
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[ 0053] I n sone aspects, sem conductor material 16 consists of, or
consi sts essentially of nonocrystalline silicon; and sem conduct or
material 92 consists of, or consists essentially of nonocrystalline
silicon epitaxially grown fromthe nonocrystalline silicon of

sem conductor material 16. Thus, in sone aspects sem conductor
material 92 can be conpositionally the same as sem conductor materi al
16. [0054] The sem conductor material 92 is conductively doped to
form source regions 94 alternating with drain regions 96. The
conductive doping of material 92 can be acconplished with any

sui tabl e processing including in situ'doping and/or inplant doping
of the sem I i_.ther n e or

o type. [ 0BRSS REPE LS 14, 1A P2 e iy BB et Fagha 1R
proceSS|ng %¥W@m“@Pmeg§"@351WTb%ﬁ£b@“@dﬁ§?@%7@d to conprise

upwar di'y- pr gpgagy i neh ﬁdrﬂsawbéﬁec@thw&mgh:egem 8 mm&momranm@mg front

sem conduct or ri The source/d d 96
ore i T et alhed B AR ool il Ve iy oeits S G808 End 69 BT Tpe ok Beed
regi ons carbaing lebeled 88 amd/9¢ UNetably cthe Spghadtes @J’etew@tr@altvemahe@ed {in other

i ncl udi ng, mas @@mw uewfd dridd ddbméamnaah@wd @épe&anmagﬁ lrﬁ&b%ﬁebﬁ@%’ngh 70.

| 9
e erial ooMinaBepf Gtfs SheehdyRtfindy ot pordiet Bian Re bR on

of Fig. 16 ps‘hvmeslxt, et ineention camng‘hd%h@pe@pgemrcmdmthechacb Bates araglectiioady

a source r &Qa'dQﬁ\*oaéhéMh@r&brﬁ@&loﬁ@ﬁ@ﬁ&héﬁ“I@\Fé?b@é?tﬁésﬂgatsdf d@thés amiyét other
drain reglon i.n the. ot

ro
[0057] ' The SBRTESRTET B Tueert o MBI ReE eiedrire Ranlr e Waraapoer
sem conduct 6#058ht elnithe S@Fﬁ’aﬁﬁs’é@t o djedipeshtion.ee {5erd gaies gad égck gates are formed
operation, sti.hena@.leaurw w@ﬂbrﬁaﬁaddfhéi@ﬁblaaﬁrﬂlﬁ@y Whiddthé BEMS eBinGesilinG a8 lone
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the prongs a%g&gatgé V\H'i Hé%#on?b%?s b%\ 5 kcg@og é’t %P{Q s&tb??: f%%the same com tg:smon
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si des of t heatexnepsiAg infiltatedNitisOBBLITENI ISR 18 drleftcll tAMdhiAvaitRn 8o uso

|0 Phant oGl JACEL G writh bR dAGLRALE HRbs MBI A BEBRACLNA RS rom

|l ayers in t i nes Frse
conductlvetWﬁ@éﬁﬁ@mm$®Wﬂhﬂ@Hﬂ¥%Qﬁéﬁarated fron1sen1conductor mat eri a

16 by di el epdosiF NMeheEhbsdirg mMStelinlo o 3haen (IF:QS 8- ) hadd) bechht@moved at the
trough-s ha@?&e@&ﬂ?ﬁéﬁe 8Pﬁﬁ§ %B‘Wd hH@a&cﬁt e?r?%‘dﬁ&&r mAR& §|rd a3 ble%bgﬂged

92 contains a pal ro I'ng._ Sl
and 104 whi®R" ?%‘i"FP’thCtS’ ’é‘éﬁ%['?'a‘ls ’('8 0685%-)" r’%ﬂg%‘@ﬂ "m"a'ssawwerd@g? on

94 is w t hibousdateiseproviddiPhetwesh shinsiconhdiegt dateBifis 116 ant bR itdingicad@\sml ihterface
104. The S%h&%n%@h Qér%anc[u%'r %%er%ise bQﬁI.SQ:l Be &r%‘é&‘?&!}oelﬂattéénﬁéb%ducm

anot her thro central reglion ) operati1on, gates nd 88
are a fr ont"‘ﬂ%‘t‘%s hardcranha 'Ee"‘lcé's'BQE'E”P%'i"S'i‘ ‘°PH%1F“‘?,‘B?ftﬁ°d|‘a‘dEﬁ 'i"é?ﬁ’ als
flom1throughmpheabemamabknagemﬂ 106 bétween the source and drain

regions. g)o%ﬁj“ " Abskirietth gnélQ 50 %ﬂHEé 'cﬁﬁﬁe %nﬁdv@&ﬁnﬁﬂ Qn?ﬁﬁhﬁb ettf@nd | in

floating transi st or er st 0o erence

Fig. 13, s&&’ efASEER!P F?@'%é&{/CQWSHH%Il%tereF 'Eh%ﬂé" gietegialg aqnd 32 wig pe p’°'9°‘ed
identical fWithat phogpresstyndsk dms ishdwn)sduriby edmgplalisfahatéral @b ahd aataraigpobsibly
Lransi st Or Sydifhhg FdaudRASEhBhadbo nmgﬁﬁbz T8 FORREMEH Bstqxnhﬁieg be
38 can be conside conprise 2 Pront gate gate pair

front gate 86 and back gate 88) having # single trough-shaped

sem conductor material slice (the slice corresponding to

sem conductor materials 16 and 92) sandw ched t herebetween. [0059]




[ 0060] Referring next to Figs. 18-21, an electrically insulative
material 110 is formed across an upper surface of construction 10 and
patterned to have openi ngs 112 extendi ng therethrough to source
regions 94. Material 110 can conprise any suitable conposition or
conbi nati on of conpositions, and in particul ar aspects can conpri se,
consi st essentially of, or consist of silicon dioxide. Various
structures underlying material tio are shown in phantomin Fig. 18.
[0061 | Referring next to Figs. 22-25,.a series a source interconnect
lines 120, 122, 124 and 126 are fornmed to electrically connect
pluralities of the source regions 94 with one another. The source

I nterconnect |ines coggrlse conductive material 128 and el ectri cal

i nsul at i ve "EBFPFhJVAETRE PAPd 50 carcheyeaflrqd 1o g sasriicisbpaterialscip At ey ate
al ong si demaﬂrhatelgigesom‘d the materials 128 and 130. [0062] Conductive

materi al gudéﬁﬂ dcwge,';ﬁesa% @&g s%m.éoahbao&ﬂ&a §'1%'cgﬂs|§l§ ommr@@w éggemauy

conposi tion articu aspects W | rse (such
t ungst en or mqnaﬁivﬁfﬁ)'me Ao a%?ﬁ?i‘i%‘?"tdi“ﬁ‘ﬁéme?dew “ﬁ'é'lseﬂf "r‘?icf"?ﬁ'sd%s or
met al sil i cisdetiplly ahrdbarcnsalide Glicoretpitagdialpegrowa fiosthd onocrystaltines siidon of

(such as, fap. c@ﬁ@ﬂabﬁnaﬁ%%\qﬁc e l; %@Q&Eﬁ:eﬂs‘ Jefrfbhductor matenal QF can be

[0063]Electr|call I nsul ative cap rise any sul
conposi ti OFFOHPOEIB?ﬂﬂHMéHeI BeAs WPT‘PW%‘E”%‘?@ in parti cuI ar aspects
wi | | conpri f®54F onThes$emissentioambierial 92 io romuatvebt daped 3¢ forroenume tagice. 94

[ 0234] SIt de%g#naﬁmﬁﬁ SrafregioAl o8 O ésHRu@VY% ddHihG 3PnSteRaMEaRhibeon or
conpl nat | Or.]acgomplish ed with any suitable processing, including in situ doping and/or implant doping of

the semiconductor material. The dopant can be either n-type or p-type.

f0055] The trough-shaped semiconductor slices of the processing stage of Figs-. 1317
can be considered to comprise upwardly-projecting sidewalls (or prongs) containing the
combined semiconductor materials 16 and 92. The source/drain regions 94 and 96 are
within such upwardly-projecting sidewalls; The sourcefdrain regions can extend 1o any
suitable depth into the sidewalls, including, for exampie, partially into material 92, entirely
through material 92 to the interface with material 16, or entirely through material 92 and
partially into material 16.

[0056] The cross-section of Fig. 16 shows that each trough-shaped semiconductor slice
contains a source region 94 within one upwardly-projecting sidewall and a drain region 96
within the other upwardly-projecting sidewall.

[0057] The semiconductor material slices can be considered to be semiconductor
material expanses adjacent the planar gates. In operation, the planar gates in combination
with the semiconductor material expanses form floating body transistors. The source and
drain within the prongs of a trough-shaped semiconductor expanse are gatedly connected
to one another through a floating body contained within the central region of the
semiconductor material 16 between the prongs. Such as illustrated in Fig. 38 which shows
a three-dimensional view of a floating body transistor 100 comprising the semiconductor
expanse 62 and the gatelines 86 and 88 on opposing sides of the expanse. The
semiconductor materials 16 and 92 are shown in phantom view in Fig. 38 to in-dicate that
such are behind various layers in the shown view. The gatelines 86 and 88 comprise the
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conpositions, and in particular aspects will conprise, consist
essentially of, or consist of one or both of silicon nitride and
silicon dioxide. [0066]In the shown aspect of the invention;
conductive material 128 extends within openings 112 to partially fil

t he openi ngs, but does not entirely fill the openings; and nateri al
130 fills the remai nder of the openings. It is to be understood that
the invention can also include aspects in which material 128 entirely
fills openings 112. [0066] The source interconnect |ines can be
formed with any suitable processing. In particular aspects, |ayers of
materials 128 and 130 are first forned across material 110 and within
t he openin r

structur esgcl? |']}°|%‘z'? ﬁl&%nﬁ%ﬁ?ﬁ% 2 g'ra?ef?lfcgrpfmg ?‘{”g‘?’ﬂea%ﬁ‘ or e‘ielg tric
mask (not dhARAPIS 2R O&Swft'alﬁ%%l cThe Tepughss Wﬁd@m@ﬂ?@ %ﬁéf@"@@ﬂé‘?

Imsts K i Sf I engaufichndRtteanatktialé m@aﬁa 82 &&R?lﬂé g phid teﬂprfa@gsn(admhyaral&@w;ébnﬁg a
ayer of ap acrpss

ol or i ol s BRI D8 S8 B WRlon 35 B 2ol RPEAE) Mo IRl SelthBedibn 0a e
ani sot r opi ovithircsidewsllt1@2candudsaip redien %yefr-thmﬁldﬁwaﬁé%u albe\mum%wb@aw

[ 0?67] In t hte QiSROAYS g@ﬁs@l n?éctéchi% dna\éﬂﬂihleﬂlﬂroubh %escsaa&sﬁeg.esn@@sun%erauon
i nt er connec 1O

ol ot Foan® Gapis o8 iitheltieh & onCihia % Babu Tl MRl RO S ctlro RN o
68 di scussdtrondotne oghral regigretGefeatween i gourge anghdiginyegiongr The cankial region
sou : cr:]e r elgl m%oﬁlbnéé%% fid=8Rd bory A1/ ndatingBoBitRINSisRF €0d.i ,egicarobmmrstood
ano er al on e

The. tranal i SlerEhRnT Bioprd SO AduBOBNY ReRER R ot iy GabRad

el ectril calfloytmngmanwowms@ph aluraliyoetifigatingraesy irae&'%ie@ caﬁéﬂr@rq @meo
and over thgagource interconnect lines; and subsequently is

pl anari zed @Fﬁﬂgsf’i?e}\io %t%..cuf_s‘l% 1'83 é?éa‘?@b%”co%&e#&fﬁo Qa’ré?;fns%*lefm%?&ét%ack

i nt erconnec

conposi t i orgaist pairdie freat pyR 86RNd @ﬁﬁb@q‘? ﬁwvmaﬁoﬁmg*ﬁ tresanrhgpeg semiconductor
aspects, CaRat6@VPideSthe sUENSIrsp&iieytbisamicon@iclordhaterins i & indde) @asdvilithed
bot h of Sihﬁ%@ﬂmﬂ trlde and silicon dioxide. [0069] Openings 142

are etched throug “taterials 140 and 110 to the drain regi ons 96, and
subsequent | [P08BLh Bieatrangemantef Figs| B4 drambaenngisetad e inehde @i sgriesiafg

The | ocat i nwtihiny d’tﬁrd@cﬂﬁ@ plREss, MIR tHeaNatbE altkehdting Betticeh fidnt gate plates and back

bhot ol | t hoganfical % PRLLEL ﬁsgrrg,geffpo G é&lgggg RO RN S

renmoved after OF et tive na
144 can connpigler ARy JaibeRseR frea P‘Eﬂeﬁ e Pagkogile Alataso fragh of the 'ndw'duai
conposi ti onspsiges didhgaae tolomhe hagia peats regiinl dnd@odrainiregonthd the stdtoland

CONPOSI L1 ong,; ngsllb‘i’& ro@%’l%&&fg}/se%léén%?@%ﬁh éﬁé%rfo‘?rﬁkﬁ gﬁhé@&l&ﬁﬁﬂf the array.

Conducti ve nat eni ngs ib
initially pl9§PLi rReferdag pextde Figs. l%zb\?érequrlca‘fyriés‘ﬁ%@ﬁﬂ?é%”aéﬁ Brimmed
pl anari zi ngctdse amapperisalfaceAf sonstaktisrol@iind festemeties halte oreniigeWN2 extending

filli ng Op%r&gﬁm Eo é%réec}e?ﬁnéjggeﬂﬁ{eggphbtﬁﬁ caﬁﬁri%%ﬁéﬁfgcm&woﬂlor

can al so be {ormed enlnﬁs rat her r%
openi ngs i ﬁoglpﬁlé}lorb@‘ﬁgglpgsmnst inped ylfib?.gp(eﬁ@tcag ﬁ@wwse corisist essentially of,

or consist of silicon dioxide. Various structures underlying material 110 are shown in
phantom in Fig. 18.

[0061] Referring next to Figs. 22-25, a series a source interconnect lines 120, 122, 124
and 126 are formed to electrically connec¢t pluralities of the source regions 94 with one
another. The source interconnect lines comprise conductive material 128 and electrically
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[0071] Referring next to Figs. 30-33, bitlines 150, 152, 154, 156, 158
and 160 are provided to electrically connect the drain regions 96
along the latitudinal directions 32 (Fig. 9). The bitlines conprise
conductive material 162, and an insulative cap 164. The bitlines are
surrounded by sidewall spacers 166.: Conductive material 162
electrically contacts to drain regions 96 through conductive

i nter Connects corresponding to material 144. [0072] The conductive
material 162 can conprise any suitable conposition or conbination of
conpositions, including, fOr exanple, netal, netal conmpounds, and/or
conducti vel y-doped sem conductor material. [0073]Electrically
nsulat i ve PRt aan; RATRL! 55, YMoualt b AR EPIRASH LB ideal odges o
conbi nation 0O %% enss and 3n I cul ar aspec WP Fisa,
consi st ess@ﬁ!ﬂ%ﬁﬂ%ﬁlﬂﬁaﬂ§ﬂ3@on5|st of one or both of S|I|con

nitride' and[@nslz]cocoﬁamwmaten&mﬁélan Sbid dny%ﬂﬁ’éﬁ?é @o.ﬂ&@niaaarcombmanon

conwise.any, sulta on_or and
o par &1 ou GeoRepaRerS. SRR BRkRr oo B IR a8 By GRRDS |hudot or
consi st of tiiméUfD} Medal go@posiang ¢ieh @b detal eitddag ofimetal ilicides) r angéor
[0075] The danbilidtNes-doped SenibsHAeb@eiehdl (E@hEsN@r bRIHEPIS, RhdiBklay- H@ﬁed
162 and 164 JACr.0ss an upper surface of construction 10, formng a
photol it hogﬁ'ﬁﬁl} cally patterned photoresist mask over the layers to
define | ocaf®0§3k oFlectieallyiinguiative cant 13diahaomprige anyruitalle gompenitiontes
mask to thQ:ohﬂ;Musn bpcd‘neproa?ubrhbeahawﬂam;ar aspbeishail coRpRus] é}ﬂwsish@ssﬁﬁtﬁiﬂy of,
The si devvaII ers, formed by providing a | ayer of

rco SIS |I|con mtn?
appropriate materi af‘ over 'thie bitlines and across the rémainder of
const ruct i ofP0B8] aRidevplbspases)i@e chmeeraprise dny pekablexcaprostion ep¢ambination of

etching. [ddhpoliRedseand Mpairislar b€pekbisGall caifprizd, coamBisbbehidlg af, biconsist of
i nsul ative J;Q%t el @ilof%@%&n&\%ﬁgg%}%ﬂc@o}? construction 10, and

subsequentl¥ 180, 182 and 184 are etched
t hr ough t he W&Ebr i @lth? shayy 3seaet o Bieduneriive cpagustive mategaldigR sriegds widn
be filled wpehingpproprjaniaay el métopeﬁagd YuiCiuag not dritiezly fll 1aE epeHnest and O
connect bit] 106 43{9%&&{.9?&%%;: BPJHE Pgﬁ r‘?qg gpnd tcﬁﬁ’é‘L&oeerétgéqe:rngﬂﬂé‘ﬁ%&oho
appropriate crrcul

Al t hough t H@"&fsenn a&PEC‘%HUV\'ﬂC"b@PWQa'f@ﬁr?EEFeb’ fNﬁPP%m'éﬂ?u@?y, per sons
of ordi nary[ooes} | The $diecedntercohhdct IBAAAILEGortrizdtwithiimy @RI 186c8g bt

formed at 1348“ cﬁ[a?g%aetclsrnrageé%lf ﬁ'lra{eYI%SH?B %Hg 15[518}«3*}?& forlr@%%l ﬂo%& X%{erial 110 and

mat eri al SItIO or cCo

conposi ti ortéthinibe QB'F'H'@QS gy af&(%il?bl'fyemsﬁfﬁ mﬁﬂrpﬁﬁ?'tnﬁiid‘éo ﬁ?ﬁ!r,eéﬁtr'sqw@%ewzmg
di oxi de.  [Ofhbtdlithbgfdpabilyghtigaiet phBBRSIst @RLK (HoDSHEREGh) BRd 8SGIRLRSNET after

Wi th aspec%ﬂa &fmégﬁo@.fe%&?ﬁ%sd 8 Y& Jeﬂ” fa%(l.al?é el e& fm%rn f&fr?eii'bg%r%ng

witing wit e elec araneters.

witing op@r'aﬁr@ﬁa%omq @%ﬂﬂ'laﬂ%aﬁ"%@"@m@éft@ar%q ﬂ‘aé?"ﬁ’tsdﬁﬁ a@ﬁt‘%"
vol t age of and.adroeshtassriabi oy, &dllawsdby agﬁatmblchtcﬂnnglbtcpn\a!ndhalalpadklogﬂé e
vol t age of SIdJeuBII¥[?AcIerSA witing operation to wite a "0" can be
conduct ed ront gate voltage of 0.8 volts drai n_vol t age of
-1.0 volt, 8 h pade 3FBP&tRh ed’f"e“‘i‘“b‘W?oﬁ°P’°eA39'8%‘?fﬁ¢i“%iﬁ%?r%ﬂeSn
can be conehlmt;eiﬂ-emdnh whichreatehd gaargglesolf tahga 46F rdatBe vothedatitizirdd direttions 32
vol tage of agd%n\éﬁtl.lansl'al dﬁ'@&loﬂs @%8@0 é@ayévetv@rﬂere@tencétcpﬁ Oé tin o'tHér %ch the

operatlons the'™b |as l'e retenti on
inthe flo éapprﬁa r%%; o] 1he ﬂoahng body transistors are tied to one ancther along diagonals

extending about 45 degrees to the columns of the transistor array of Figs. 13-17.
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[ 0078] Al t hough t he shown configuration utilizes both front gates and
back gates, it is to be understood that the back gates can be
elimnated in sone aspects of the invention. However, it can be
advant ageous to utilize the back gates to assist in reading and
witing fromthe floating body transistors. It can be further
advantageous if all of the back gates are electrically coupled to one
another and thus easily maintained at an identical bias. [0079] In

t he shown aspect the invention, at |east sone of the front gates are
shared between pairs of floating body transistors on opposing sides
of the front gates and simlarly, at’least sone of the individual

back gates a bet n .S ,of If loatin tr tor
opposi ng si ife)gsai E:%gerﬁ}?ctﬁ B§ bﬁ?%r'c(?e%mgﬁg qg”ﬂ &ﬁ ef%rr"é dsagrrlosgf
menory arr asretq"élrﬁﬂcﬁnﬁwve'ae@ ﬁa@m@ intgrpermectdiops @nd sabsqqn@mb'rl%alémﬂzed so the

i nvention. rr{aﬁﬁgﬂﬂmieﬂwead BOL it oRs HRNEYUERSneREoRARERD iRy qm&ﬁu W40 can

vari ous aspeq%ssga [qgﬁnt hnventl %gw Ko u%k lized %F?%¥
appl i cati onS FOr P}‘.E‘f MHPEMSS ST (I H’88?68f‘é{1 'Y o
vari ous el eaineoisi @awmpgﬁ%,cogﬁr&trﬁsasqﬂaﬁmf escongisieof opgwphethof sljeonavigde and
phones, cargmmmduﬁd@nes canctorders, caneras, nedical devi ces, etc.

The a5sembl |G 2N Rl eIfs) 8 3Tl b il .%%tfeg DS 6 iy 4R cions o5,

syst ens, NorPy  and) f et
i nvent i on céng sHbgequently such Opemngiafem"ﬂ with ¢QT§'U@0@ynatﬁ%ﬁH%t e locations of

construct i Offe®pBMA¢sS1420an He-deNAGeHils & PhaemrbirdpHicaiPbaiidradd pHoResist mask

U- shape havj ng._.a L r. of | inbs entral portion; each of
Che 11 mbs. cloapsrRuRpihicR e et BUsa b gl & i Sidlasl °

gat edl y- coupP@@! s ofrpedyclyaimatariayl 4dreen cawaﬂezwvrﬂ%@hfe AgMpRsifipn@F cemfination
t ransi st or ﬁ)eb&fp)dmft@sﬁ@ricﬁﬁ%ahi&ﬁlaﬁ@%ﬁiwull)@frﬁmge niRANRema éd’iﬁaosrtlons and/or

(S:glrjr{)(r: ?/s ? rngl (fq#rv?@ %ﬁoFed semlc?ncﬁwto-l[n]%letngp %{n%ﬁ&%vg%ﬁena? Hfi‘i can e Qae to fill
the openmgs by muhally providing the material to overfill the openings and then planarizing

the material. Also, although the material is shown filling openings, it is to be understood
that the conductive material can also be fc;:rmed to line the openings rather than filling the
openings in other aspects of the invention (not shown).

10071] Referring next to Figs. 30-33, pitlines 150, 152, 154, 156, 158 and 160 are
provided to electrically connect the drain regions 96 along the latitudinal directions 32 (Fig.
9). The bitlines comprise conductive mat:erial 162, and an insulative cap 164. The bitlines
are surrounded by sidewall spacers 166. . Conductive material 162 electrically contacts to
drain regions 96 through conductive inter:connects corresponding to material 144,

[0072] The conductive material 162 c_-an comprise any suitable composition or
combination of compositions, including, f{ar example, metal, metal compounds, and/or
conductively-doped semiconductor matefrial. _

[0073] Electrically insulative cap 164fcan comprise any suitable composition or
combination of compositions, and in particular aspects will comprise, consist essentially of,
or consist of one or both of siticon nitride and silicon dioxide.

{0074] Sidewall spacers 166 can comprise any suitable composition or combination of
compositions, and in particular aspects will comprise, consist essentially of, or consist of
one or both of silicon dioxide and silicon nitride.
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filling the U of the U shaped sem conductor material. 3. The
construction of claim2 wherein the electrically insulative materi al
conprises silicon dioxide. 4. The construction of claim2;
wherein the electrically insulative material consists of silicon

di oxi de. 5. The construction of claim21 wherein the

sem conductor material conprises nonocrystalline silicon. 6.
The construction of claimI| wherein the sem conductor materi al

consi sts of nonocrystalline silicon. 7. The construction of
claim1! wherein the sem conductor material is a planar expanse; and
further conprising a planar gate on one side of the sem conductor

materi al ex;ﬁ%}%?. The bitlines can be patterned by forming layers of material 162 and 164 across
an upper sutface of construction 10, forming a photolithographically pattemed photoresist
mask over the iayers to define locations of the bitlines, transferring a pattern from the mask
to the layers to form the bitlines, and then removing the mask. The sidewall spacers can be
formed by providing a layer of appropriate material over the bitlines and across the
remainder of construction 10, and then subjecting such layer to anisotropic etching.

[0076]1 Referring next to Figs. 34-37, an electrically insulative material 170 is formed
across construction 10, and subsequently openings 172, 174, 176, 178, 180, 182 and 184
are etched through the material to various conductive layers. The openings can be filled
with appropriate electrically conductive interconnects {o connect bitlines, back gates, front
gates and sour&e interconnects to abprop'riate circuitry to read and write from the memory
array. Although the openings are shown being formed simultaneously, persons of ordinary
skill in the art will recognize that the openings can be formed at different times relative to
one another. Insulative material 170 can comprise any suitable composition or combination
of compositions including, for example, silicon nitride and/or silicon dioxide.

[0077] A fioating gate memory cell formed in accordance with aspects of the present
invention can be accessed for reading and writing with any appropriate electrical
parameters. For instance, a writing operation to write a "1" can be conducted with a front
gate voltage of -2.0 volts, a drain voltage of 1.0 volt, and a back gate voltage of -1.0 volt. A
wriling operation to write a "0" can be conducted with a front gate voltage of 0.8 volts, a
drain voltage of -1.0 volt, and a back gate voltage of -1.0 volt. A reading operation can be
conducted with a front gate voltage of 0.8 volts, a drain voltage of 0.2 volts, and a back gate
voitage of -1.0 valt. In such operations, the back gate is biased 1o -1.0 volt for hole
retention in the floating body,

{0078] Although the shown config-urat'ion utilizes both front gates and back gates, itis to
be understood that the back gates can be eliminated in some aspects of the invention.
However, it can be advantageous to utilize the back gates to assist in reading and writing
from the floating body transistors. It can be further advantageous if all of the back gates are
electrically coupled to one another and thus easily maintained at an identical bias.

[0079] In the shown aspect the inventicon, at least some of the front gates are shared
between pairs of floating body transistors on opposing sides of the front gates, and
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8. The construction of claim7 further conprising gate oxi de between
the planar gate and the sem conductor material expanse. 9.
The construction of claim7 wherein the planar gate conprises one or
nore netals. 10. The construction of claim7 wherein the

pl anar gate conprises one or nore of titanium rutheniumand titanium
nitride: 11. The construction of claim1l wherein the

sem conductor material is a planar expanse; and further conprising a
pl anar front gate on one side of the sem conductor naterial expanse,
and a planar back gate on an opposing side of the sem conduct or

mat eri al expanse. 12. The construction of claim 11l wherein
e oo O6thfard G LG <RE by O8I En AR bR Sl L EORRARE) bOL dr ol
anot her . g consStruction 2o T2 RNRT LR PRE

conposi t i orPddidapRisrsHeonsesing selesret the §ack gates. Thisjapn engbledighdnptegrationef

of claim 12mwﬂ6t5(€%in@y§ hms@m&bﬁdaﬁéb w.&méspdag oame pPéseADheribn.t i t ani um -
e.constructl

rut heni um ai&lﬂ :[ta nuurgonc!'ll}c ra blies in dccprdan ewn ario ecps f91fe (l:'l at‘eln{n

11 further CO is COPTIER ﬁ?ﬁn% 8xufe Bé‘? '-f'ﬁé' Fs Ot °te e

t he semni condyrition camlpq;ptpham in numerous applications. For instance, the assemb!ies can be
incorporated into various electronic syslen:'ls, such as, for example, computer sysiems,
phones, cars, airpfanes, camcorders, cameras, medical devices, etc. The assemblies can
provide various circuit functions within such systerns, including memory and/or processing

functions.
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expanse; and second gate oxide between the back gate and the

sem conductor material expanse. 16. A sem conduct or
construction conprising: an electrically conductive pl ate;

an expanse of sem conductor material adjacent the plate, and spaced
fromthe plate by one or nore dielectric materials; the expanse
having a pair of prongs extending froma base portion; the prongs
conpri sing conductivel y-doped regions; an insulative material between
t he prongs; and a floating body transistor conprising
at |east a portion of the sem conductor material and at |east a
portion of the plate, the conductively-doped regions of the prongs
bei ng source/drain regions of the transistor, the plate conprising a
gate of t hé®t4¥Ssi stor, and the base portion of the expanse
conprising the fl oat iThg ilvedyonadlaitnkee ist r ansi st or . . 17. The

construction of clai : ' [k ' erial j
ST von oni cp, 2 RSG5 ek LS ey B L R0 A
t he i nsul atT&eriseihet-share HRENS 2 £alhPf el jgipRd I Bsania! portion; each of the limbs

containing a source/drain region of a pair (?f gatedly-coupled source/drain regions; and the
floating body of the transistor extending across the central portion between the source/drain
regions.

2. The construction of claim 1:further comprising electrically insulative material

filling the U of the U-shaped semiconductcsr material.

3. The construction of claim 2'wherein the electrically insutative material

comprises silicon dioxide.

4. The construction of claim 2 wherein the electrically insulative material

consists of silicon dioxide.

5. The construction of claim 1 wherein the semiconductor material comprises.

monccrystalline silicon.

G. The construction of claim 15 wherein the semiconductor material consists of

monocrystalline silicon.

7. The construction of claim 1 wherein the semiconductor material is a planar
expanse; and further comprising a pIanarjgate on one side of the semiconductor material
expanse.

8. The construction of claim 7 further comprising gate oxide between the planar
gate and the semiconductor material expanse.
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19. The construction of claim 116 wherein the sem conductor materi al

conprises nonocrystalline silicon. 20. The construction of
claim 16 wherein the sem conductor material consists of
nonocrystalline silicon. 21. The construction of claim 16

wherein the one or nore dielectric materials include silicon dioxide.
22. The construction of claim 16 wherein the one or nore dielectric

materials consist of silicon dioxide. 23. The construction of
claim 16 wherein the plate conprises one or nore netals. 24.
The construction of claim 16 wherein the plate conprises one or nore
of titanium ruthenium and tltanlun1n|tr|de 25. A

sem conduct or construction conpri Si a series of

el ectrical ly conduct iWe epnsifustion ?flféa"ﬂl_’d’("@ée'&pteeﬁ'%igﬁ@ PEPHRRS PIEG Aore
gat e pl at esmana. back gate pl ates; and a plurality of
expanses of trough-shaped sem conductor material; individual expanses

bei ng between front g_te pl at esi and back gate plates t he indi vi dual
expanses conpri sithg dhg&ppsigilionoliaim.y/- W'@MW%BB@WF?@SJ%PMW’Q

t 0 a centr adf tivsmidng yYuthoritirm@Rd titdhmshitiraal | s conpri si ng transi stor
source/drain regions and the central portions conprising floating

body regions of floating body tranlistors. 26. The
construction of dtai rhhe cansipistien ¢f:claim 1:wherein the semiconductor material is a planar

expanse; and further comprising a planar front gate on one side of the semiconductor
material expanse, and a planar back gate bn an opposing side of the semiconductor
I .

material expanse.

12. The construction of claim 11 wherein the front gate and the back gate are
identical in composition to one another.

13. The construction of ¢claim 12 wherein the composition includes one or more
metals.

14. The construction of claim 12 wherein the composition includes one or more

of titanium, ruthenium and titanium nitride.f

15, The construction of claim 1:1 further comprising:
first gate oxide between thé front gate and the semiconductor material
expanse; and
- second gate oxide between the back gate and the semiconductor materiai
expanse. - l
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the floating body transistors are within a nenory array;

at | east sonme of the individual front gates are shared between pairs
of floating body transistors on opposing sides of the individual
front gate plates; and at | east sonme of the individua
back gates are shared between pairs of floating body transistors on
opposing side's of the individual back gate pl ates. 27. The
construction of claim25 further conprising electrically insulative
material filling the troughs of the trough-shaped expanses.

28. The construction of claim27 wherein the insulative materi al
conprises silicon dioxide. 29. : The construction of claim 27
wherein the insulative material consists of silicon dioxide.

30. The const r uc® on Ao HFUIHFOECANREYIPR CPRRIL conduct or mat eri al
conpri ses nonocryst alanigestrially eoductive plate; 31. The construction of

claim 25 wherein the aﬁnrege&}sg%fr gerﬂk@ﬁo%%to@&%te?ﬁpﬁjééeﬂgthglb%@ rah@spacl?d from

sem conduct or mat eri irst gate dtelectric; wherein
gate pl at ed"ePlataky e &epre Figlectiranalerials YieRIPRBTe haYngra %ﬂ"%@f%@%ﬁﬁﬁ"d'"g
gat e di el edtant & pagenpbriMie tred profidsacofriprisihg aotiusthetndomgatregichsel ectri cs

are the sane conposi tah%#%'ﬁvgg,gtegglq;eméen ‘“eP"’"g. ﬁ% . The construction

of claim 31 wherein Irst and second el ectri cs | ncl ude

silicon dioxide. a "03"'393"0‘*!’#@”%6‘&%?9%15!"&?‘ i5asta Reriensal fhepRERiggfuctor
the first analedsaoddtigasta mhiteinas thel ma;e._dbesomucmielﬁddpedmeglmmlmbeprongs

being source/drain regions of the transistor, the plate comprising a gate of the transistor,
and the base portion of the expanse comprising the floating body of the transistor.

17. The construction of claim 1:6 wherein the insulative material comprises

silicon dioxide.

18. The construction of claim 16 wherein the insulative material consists of
silicon dioxide.

10, The construction of claim 16 wherein the semiconductor material comprises
monocrystalline silicon. ‘

20. The construction of claim 16 wherein the semiconductor material consists of
monocrystalline silicon. :

21.  The construction of claim 16 wherein the one or more dielectric materials
include silicon dioxide.

22. The construction of claim 16 wherein the one or more dielectric materials
consist of silicon dioxide.

23. The construction of claim 16 wherein the plate comprises one or more
metals.
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34. The construction of claim25 wherein the back gate plates are the
sanme conposition as the front gate plates. 35. The
construction of claim25 wherein the back gate plates are the sane
conposition as the front gate plates; and wherein the plates conprise
one or nore netals. 36. The construction of claim25 wherein
the back gate plates are the sane conposition as the front gate

pl ates; and wherein the plates conprise one or nore of titanium

rut henium and titaniumnitride. 37. A sem conduct or
construction conpri sing: a series of electrically
conductive plates; the plates alternating between front 'gate plates
and back gate pl ates; an array of floating body

tmmsistors, with colums of the transistor array being between front
gate pl ates and dack Thatcenghatiesof deve 6athetdirethenpttity colupriiset baa st mberd

along the qgéMmqun@Hjuﬂga,@tﬁgﬁgrﬁ%itﬁ@egi oth and a drain region; the
' of t i

source and draln reglons e transistors alternating with one

anot her al ong the colums of the array; and t he source
regi ons being tizsd t @ semdcaniotbecordtronign domgdsiad:s ext endi ng about 45

degrees to the col um&%eﬂ&s B@eéﬁé‘ag(y)conrdiumive é)latg’é theT;nglreg Q@L&ﬁlggbiﬁg%ggfﬁont

claim37 wherein the transistors nprise expanses of troug
seni conduct¥te Haeeard pack gale platRfaf"bxpanses bei ng between front gate
plates and back gat e aplatlitg pf expansesdif vbagreshapr( asraiesndLongp Iatdrial irglividual

pai r of upvghghebs FBEQP?%WJ%Q f%ngﬁé(@b![aﬁesfaf[% %5\9%&8 p%t&?%riﬁ&ivi%ﬁgbﬁ:}énses

portion.; the sidewa conprising the transi tor source and draln
regi ons, arf@TPHENG 8RRl Sf U%@Fb’tﬂ’i@ ApasidewRiifgoirng e A REMEY HYley egtismdhe
t he fl oati rafdvatly comprisdigsttamsisior 38urcékdrirt regidnoénd the wknigal portions comprising

sem conductf%fm,r 16008 oS Jas irakistsOVi di ng a substrate;
formng a pl urla ityr%t? sepal?ate trgugh'-‘sshaped structures of

sem conductor material over the substrate; the individual
t rough- shaped stBuct Thesomnsuptiorseftpira2paiheredt upwar dl y- proj ecti ng
sidewal I's joined to gheViflakiRybody transistors are within a memory array;
at least some of the individual front gates are shared between pairs of
floating body transistors on opposing side$ of the individual front gate plates; and
at least some of the individual back gates are shared between pairs of

floating body transistors on opposing side;v. of the individual back gate plates.

27. The construction of claim 25 further comprising electrically insulative material
filling the troughs of the trough-shaped expanses.

28. The construction of claim 27 wherein the insulative material comprises
silicon dioxide.

29. The construction of claim 27 wherein the insulative material consists of

silicon dioxide.

30. The construction of claim 25 wherein the semiconductor material comprises
monocrystalline silicon. '
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filling the valleys of the trough-shaped structures with insulative
mat eri al ; formng a plurality of electrically
conductive gatelines extending through the trough-shaped structures
to subdi vide the:trough-shaped structures into a plurality of

t rough- shaped slices sandw ched betweeh pairs of the conductive

gatel i nes; and i ncorporating paired conductive
gatelines and the trough-shaped slices therebetween into floating
body transistors. 40. The nethod of claim 39 wherein the

upwar dl y-proj ecting sidewalls of the trough-shaped structures are
capped with one or nore sacrificial materials, and further
conprising, after formng the electrically conductive gatelines:
renmoving the one or nore sacrificial materials; and

grow ng additi orgdl s ik comgluctiany of etaire £ aherirethe frioet gatplrtk are separated

proj ecting fwﬁ%bh&oheu&&trﬁa&.én B?fuﬂépﬁ‘ﬁé ‘é|eYe'cﬁfc°1vﬁ&Ei'n"iQe 5&&1 ﬂf&teQLre
t he trough- sha ed sl

0
e OO S RaRed i e seaioonetsrro ) B S St el S ind et b et
ni t ri de- corandisptory dadsy dirlecloivearedha sdame camphisdion@e-coenbetheri ng | ayer.
42. The nmethod of claim40 wherein the, one or nore sacrificial
materi als consist of _a layer of silicon nitride over a | aye

silicon dioxide3%  Thecongyuctanol glatm 33 whpreit be firssang iﬁcPH%Pate dielectrics

conpri si ng inadwdes siigos digiicdle. r egi ons and drain regions within the
upwar dl y- proj ecting sidewalls of the trough- shaped slices; each slice
conprising a so rce ion wWthin one dran on,

wi thin the other>sid &g "5"”°"°“° C'aw?*r‘ﬁsfe ‘&’ﬁBH" B " CSP%GQ@ &P n
t he upwar dlcyn&pst(qfevb@crr‘rwomajewal | s of the trough-shaped structures are
capped with one or nore sacrificial materials, and further

comprising, aftef forf ng &&icRlof Sl Sé‘ Wh¥reff ORduSL oo FRkR kB8 same
composition as the front gate plates.

35. The construction of claim 25 wherein the back gate plates are.the same
composition as the front gate plates; and wherein the plates comprise one or more metals.

36, The construction of claim 25 wherein the back gate plates are the same
composition as the front gate plates; and wherein the plates comprise one or more of
titaniumn, ruthenium and titanium nitride.

37. A semiconductor construction comprising:

a series of electrically conductive plates; the plates alternating between front
gate plates and back gate plates; )

an array of floating body transistors, with columns of the transistor array
being between front gate plates and ba\r.:k_5 gate plates; each of the individual transistors
along the columns having a source region and a drain region; the source and drain regions
of the transistors alternating with one another along the columns of the array; and

the source regions being tied to cne another along diagonals extending
about 45 degrees to the columns of the a}ray.
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removing the one or nore acrificial materials; gr ow ng
addi tional sem conductor material over the upwardly projecting
sidewal s to extend the upwardl y-projecting sidewalls of the

t rough- shaped slices; and form ng the source and drain
regions within the extended upwardly-projecting sidewalls.

45. The nethod of claim 39 wherein the conductive gatelines are
alternating front gatelines and back gatelines; and further
conprising electrically connecting all of the back gatelines to one
anot her. 46. The nethod of claim 39 wherein the sem conduct or
mat eri al conprises nonocrystalline silicon. 47. The net hod of
claim39 wherein the insulative. material conprises silicon dioxide.
48. The nethod of claim 39 wherein the insulative material consists
of silicon dioxi3e. The constructiéh of Tadm 38 whetkithe dlansistoBompeise expankes of

substrate GRgh %ﬁﬁ%das@rdtéb%klbé&%a@yﬁr .na.v.aﬁanecz.sm\ag b8ihg BBSRen ABA gate plates
wherein the troggh sh? structures ate forned to bhe dlrem%@¥

agai nst t hé"Pbegk gytgplates; the indiviggpl e’ﬁPPé‘Sﬁ%‘E‘HBFH‘SBP ahal; ofupya rRiefiNgh e

I nsul at or Gidesvais pirdfg teial deatral valizypatinn; dedidewalecomprisengdberiramainiercborce
base conprigzsg &a.ﬁiedﬂ?@o&{d&% Qbhikdp ﬁoﬁiblhé ESbrising foating by rddibhs Bt iHeARaflg

claim 39 whereln conductive gatelines conprise one or nore
met al s body trans:stors

39. A method of forming a sem:iconductor consltruction, comprising:

providing a substrate;

forming a plurality of sepr;trate trough-shaped structures of semiconductor
material over the substrate; the individual trough-shaped structures comprising a pair of
upwardly-projecting sidewalls joined to a valley;

filling the valleys of the troQgh-shaped structures with insulative material;

forming a plurality of electri:'cally conductive gatelines extending through the
trough-shaped structures to subdivide the-trough-shaped structures into a plurality of
trough-shaped slices sandwiched betwee:h pairs of the conductive gatelines; and

incorporating paired conductive gatelines and the trough-shaped slices
therebetween into floating body transistors.

40. The method of claim 39 wherein the upwardly-projecting sidewalls of the
trough-shaped structures are capped wnth one or more sacrificial materials, and further
comprising, after forming the electrically conductwe gatelines:

removing the one or more isacrificia! materials; and
growing additional semiconductor material -over the upwardly projecting
sidewalls to extend the upwardly-projecting sidewalls of the trough-shaped slices.

41, The method of claim 40 wherein the one or more sacrificial materials
comprise a silicon nitride-containing layer over a silicon dioxide-containing layer.
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52. The nethod of claim 39 wherein the conductive gatelines conprise
one or nore of titanium rutheniumand titaniumnitride. 53.A nethod
of form ng a sem conductor construction, conprising:

providing .a substrate conprising sem conductor material over an
electrically insulative-mass, the sem conductor material having a

t hi ckness; formng a plurality of first trenches
extending into the sem conductor material, but not entirely through

t he thickness of the sem conductor nmaterial; the first 'trenches
extending primarily linearly along defi.ned | atitudinal directions;
form ng one or nore second trenches whi'ch extend entirely through the
semi conductor material and into the insulative mass; the form ng of
the second trendfes @&w%@odaofmauﬁépmfgﬁrw thernae e moggsasHlicigimatereals consist
seni conductdira lapdref sikdonantiencicng IalepbOsiad dixder the first trenches;
the individual spaced regions of sem conductor nmaterial being
trough-shaped wth sidewalI's of the troughs bei ng al ong opposi ng

sides of the firdk trlémerriked cfisthimgetwther cemprdring fpwrinhsouses fegionn ded drain

the first trb@iBﬁshﬁﬁhmee' Ugwagdij- b@,&ﬂﬁ@&de\bmmh@srdagﬁlahaiea%i.ééscaé&ws:.ce
insul ative mate

{renches. xXPRIRIFRE aiseriras9en vitingrs JEREh Snd o Rttt Balonin e el sigewan.
substantially orthogonal to the latitudinal directions, the third
trenc hez ext endiqag amhes@tmctaeaftcraaﬂgﬁmblememew@:amﬁpl re,fecﬁr@es.dewaus of the
seni conduct,or acloss the. electrica sul.at i

mat eri al , and QF% E%; %\}rlugﬁresearr? c?F'eprl es comﬁ’F ST %Sac?éﬁ%?r]l aatt?r{?tlas ﬁ'ﬁ(t‘ fuﬁhgf
regi ons an@Oﬁmﬁlé&rﬂiﬁéfwmﬁﬁ'ﬂ%@'ﬁ‘éﬂcﬁ'ég?'@ﬂi@twﬁtQ?éelmﬁiird trenches

d: viding the trough- $é|—a@.e.eb_ me@hﬁeﬁﬁugggcnrmammalalg nto trough shapfed
slices; : [ La i on

the third trench peri p‘he gj‘&é&@t.aﬁn ﬁs%%&%n%%}%g}#%&%r.@”%ﬁ[\ Bbwhiah prOjg?t%g

t he | i ni ng,sideuets iR xdanddir ppwasdivmrestiap Sﬁet"ﬁl'wft“Pfe‘“?'-fﬁ‘rsﬂaP?Cbﬁ@ﬁ%§“d

conductively dopi ng #mirRasé seuatd aendrali rebibss witiklewrl dxtengéd Upeardly-
trough-shagﬁge&% Saff the sem conductor naterial; and

wherein th onad ve mat eri al vmthlnthethlrdtrenchesform;a
plurality of front-gate/back-gate pairs, with each pair sandwi ching a

singl e of the twrgughTabapethddfcrs 30 haeeirehaeomiuchaciutambs uieCdrentating
front-gate/ fILbO g&%‘nn%Q%RS ga g{?l&?gg"élgnfiQurtﬂgm:gr%br@lngséléc(?r?c.{aﬁfg&nggt n% et?leof 11°N

a floating ransi stor
back gatelines to one another,

46. ' The method of claim 392 wherein the semiconductor material comprises
monocrystalline silicon. '

47. The method of claim 39 wherein the insulative material comprises silicon
dioxide. :

48. The msthod of claim 38 wﬁerein the insulative material consists of silicon
dioxide. .
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54. The nmethod of claim53 wherein the conductivel y-doped portions of
the sidewalls are source and drain regions; arid wherein each
trough-shaped sem conductor material slice has a source:region in one
sidewal | of the slice and a drain region in the other sidewall of the
sli ce. 55. The nethod of claimb54 further conprising
electrically interconnecting pluralities of the source regions al ong
direCtions extending diagonally to the | ongitudinal and |atitudinal

di rections. 56. The nethod of claim54 furiher conprising

electrically interconnecting pluralities of the drain regions along a

common | atitudi nal direction. 57. The nethod of claim54

further conpri si ng: electrically interconnecting
'pluralities of 4%he sdgreahedficiig SSI"@H@E"HWPéEg?‘[ﬁ*\%C%RR@ﬁﬁP"htj'su'aw" over a

di agonal | y ﬁemmdiﬂubtonlgasbLJmMerahnnb traghtshidpatbdtrudivkeCdre GorsetMd the directly

source |ntq£ﬁ9@pﬁ% r and electrically

i nt erconnectl ng plura |t|es of the drain regions along conmon

| atitudinal directions with bitlines. 58. The nmethod of claim

57 wherein the Eotli rmee reteodf@lairh B8 whetHirC BeiifbuRitar@BNestt of $ilies dioxide; and
59. The net [ 1 hi .extend into but
not through q%lglfﬂ?]es uﬂ%ﬁn%ﬁcﬂ%s@ cgmbnges &b@?o&rﬁ%gﬁﬁfﬁl& of claim53
wherein formng the conductive material within the third trenches
only partially fgil| s Theendthéd o clafre BS dsreirothk @aNductiRPgAclipes toropmsewhe or
the third tf @@ % which are not filled; and further Conprising
formng el ecirica Fy i nsul ati ve caps mﬁthin t he upper portions of the
third trenches :

52. The method of claim 39 wherein the conductive gatelines comprise one or

more of fitanium, ruthenium and titanium riitride.
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61. The net hod of claim60 wherein the electrically insula.tive caps
conprise silicon nitride. .62.The nethod of claim 60 wherein the
formng the conductive material to only partially fill the third
trenches conpri ses: form ng the conductive material to
conpletely fill the third trenches; and recessing the conductive
niaterial wthin the third trenches to formthe unfilled upper
portions of the third trenches. 63. The nethod of claim53
wherein the first trenches are formed before the second trenches.
64. The nmethod of claimb53 wherein the first trenches are filled with
t he insul ative naterial during t he fiIIing of the second trenches
with the insul atj od of clai.m 64

wherein the ins at i ﬁ%‘?@? figm E%ﬁﬁ?ﬁnécé’gdlé‘it?rlcé’ﬁﬁmcmn comprising:

providing.a substrate comprising semiconductor material over.an glectrically
insulative'-mass, the semiconductor material having a thickness; '

forming a plurality of first trénches extending into the semiconductor
material, but not entirely through the thickness of the semiconductor material; the first
trenches extending primarily finearly along defined latitudinal directions;

forming one or more second trenches which extend entirely through the
semiconductor material and into the insulative mass; the forming of the second trenches
leaving a plurality of spaced regions of the semiconductor material extending aleng and
under the first trenches; the individual spaced regions of semiconductor material being
trough-shaped with sidewalls of the troughs being along opposing sides of the first
trenches, and bottorns of the troughs being under the first trenches;

filling the second trenches with electrically insulative material;

forming a plurality of third trenches extending primarily linearly along
longitudinal directions substantially orthogonal to the latitudinal directions, the third trenches
extending across the trough-shaped regions of the semiconductor méterial .and across the
electrically insulative material, and thus having peripheries comprising insulative material
regions and semiconductor material regions; the third trenches dividing the trough-shaped
semiconductor material into trough-shaped slices;

fining the semiconductor material regions of the third trench peripheries with
dielectric material;

after the lining, forming conductive material within the third trenches;

conductively doping at least portions of the sidewalls of the trough-shaped
regions of the semiconductor material; and

wherein the conductive material within the third trenches forms a plurality of
front-gate/back-gate pairs, with each pair sandwiching a single of the trough-shaped slices
therebetween; each sandwich of a front-gate/trough-shaped semiconductor material

slice/back-gate being a floating body transistor unit cell.

25



di oxi de. 66. The nethod of claim64 wherein the insulative

mat erial consists of silicon dioxide. 67. The nethod of claim
53 further- conprising electrically connecting all of the back-gates
to one anot her. 68. The nmethod of claim53 wherein the

sem conductor material conprises nonocrystalline silicon. 69.

The nmethod of claim53 wherein the insulative mass i s over a

sem conduct or base; wherein the insulative mass consi Sts of silicon
di oxi de; and wherein the senm conductor base conprises nonocryStalline
silicon. 70. The nethod of claimb53 wherein the conductive
material conprises one or nore netals. -

54, The method of claim 53 whérein the conductively-doped portions of the
sidewalls are source and drain regions; anb wherein each trough-shaped semiconductor
material slice has a source region in one sjdewall of the slice and a drain region in the other
sidewall of the slice. '

55. The method of claim 54 further comprising electrically interconnecting
pluralities of the source regions along direc::tions extending diagonally to the longitudinal

and latitudinal directions.

56. The method of claim 54 funfher comprising electrically interconnecting
pluralities of the drain regions along a common latitudinal direction.
57. The method of claim 54 furéher comprising:
electrically interconnecting fpluralities of the source regions along directions
extending diagonally to the longitudinal and latitudinal directions with source interconnect
lines; and -
electrically interconnecting pluralities of the drain regions along common

r

latitudinal directions with bitlines.

58. The method of claim 57 wherein the bitlines are over the source interconnect

lines.

59. The method of claim 53 wherein the third trenches extend into but not
through the insulative mass.

60. The method of claim 53 wherein forming the conductive material within the
third trenches only partially fills the third trj'enches to leave upper portions of the third
trenches wh-ich are not filled; and further <f:omprising forming electrically insulative caps
within the upper portions of the third trenc;hes.
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71. The nethod of claim53 whprein the conductive material conprises
one or nore of titanium rutheniumand titaniumnitride. 28

61. The method of claim 60 wherein the electrically insulative caps comprise

silicon nitride.

‘82, The method of claim 60 wherein the forming the conductive material to only
partially fill the third trenches comprises: |
forming the conductive material to completely fill the third trenches; and
recessing the conductive rréaterial within the third trenches to form the
unfilled upper portions of the third trenches,

63. The method of claim 53 wi{erein the first trenches are formed before the

second trenches. :

64, The method of claim 53 wh:erein the first trenches are filled with the
insulative material during the filling of the second trenches with the insulative material.

65, The method of claim 64 wherein the insulative material comprises silicon

dioxide.

86. The method of claim 64 wherein the insulative material consists of silicon

dioxide.

B7. The method of claim 53 futther comprising electrically connecting all of the
back-gates to one another.

68. The method of claim 53 wherein the semiconductor material comprises

monocrystalline silicon.

69. The method of claim 53 wherein the insulative mass is over a semiconductor
base; wherein the insulative mass consists of silicon dioxide; and wherein the
semiconductor base comprises monocrystalline silicon.
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70. The method of claim 53 whérein the conductive material comprises one or

more metals,

71. The method of claim 53 wherein the conductive material comprises one or
more of titanium, ruthenium and titanium nitride.
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