CAPACI TORLESS DRAM ON BULK SI LI CON FI ELD OF THE

| NVENTI ON [0001] This invention relates generally to a
wo oeahdsesl silicon-on-insulator ("SO") sem coPODUSDING/017493
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capacitorless DRAM over localized silicon-on-insulator is disclosed. The method
comprises the following steps: A silicon substrate is provided, and an array of silicon
studs is defined within the silicon substrate. An insulator layer is defined atop at least a
portion of the silicon substrate, and between the silicon studs. A silicon-over-insulator
layer is defined surrounding the silicon studs atop the insulator layer, and a capacitorless
DRAM is formed within and above the silicon-over-insulator layer.

[0004] According to another embodiment of the invention, a method of
forming a memory chip is disclosed. The method comprises the following steps: A
periphery region and a memory array region are defined on the memory chip. At least one

silicon-over-insulator region is formed in the memory array region, without forming a



peri phery region and a nenory array region are defined
on the nenory chip. At |east one
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a schematic cross-sectional view of a portion of a memory
device on which a first step of a process for forming localized SOI according to one
embodiment of the present invention has been performed.

[0010] Figure 2 illustrates the memory device of Figure 1 on which a second
step of a process for forming localized SOI according to one embodiment of the present

invention has been performed.
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device on which a first step of a process for form ng

| ocalized SO according to one enbodi nent of the
w@r@sasisos nventi on has been perfornmed. [0010] PCTUSBO&017493

illustrates the nenory device of Figure 1 on which a

second step of a process for formng |localized SO

according to one enbodi nent of the present invention

has been perforned.[0011] Figure 3 illustrates the )
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[0017] SOl is typically created by a uniform layer transfer. Thus, in order to

manufacture capacitorless DRAM over SO, for example, the entire surface of the array
and periphery of the memory device incorporates a SOI substrate. However, while the
SOI is desirable within the array, where the insulator enhances floating body effects, it
adversely affects performance of the chip in the periphery.

[0018] Moreover, the creation of SOI via layer transfer is a difficult, time-
consuming and expensive process. The fusion of different silicon and insulative layers
poses many technical problems and must be performed at particular temperatures under
particular conditions.

[0019] Therefore, there is a need in the art to create localized areas of SOI by
conventional semiconductor fabrication techniques while leaving the rest of the chip

unmodified. There is a further need for a method of making capacitorless DRAM using
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adversely affects performance of the chip in the
peri phery. [0018] Moreover, the creation of SO via

wo agoensssnansfer is a difficult, timeconsum ng POTUS2006/017493
expensi ve process. The fusion of different silicon and
insul ative | ayers poses many technical problens and
must be performed at particul ar tenperatures under
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to Figure 1, in, hernallé-gromn dielectric_ |ayer
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S¥ipliBds! sMhon GINEIAE GRb pYFRed hedamhdnt, AN n{ubVEd) ulerstoid nhant may
deposi tion, annnq,others. Althougp the hard mas Iager
18soc Berpermedsiram | silisgh gfider ifRfeciample, (9F ke ragferials that can protect

?%?%ﬂaﬁ'? Erfosired ld{Hﬁ%gt a %_stgag 68 L@ st Badhsthia sRMicARISRoREsing, as
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c SR AT AL I w2
sthep be @eisanddoesihef alphdteresibelagan. formed over the hard mask layer 12. The
photoresist layer may be patterned to form a mask using conventional photolithographic
techniques, and the hard mask layer 12 may be anisotropically etched through the
patterned photoresist to obtain a plurality of hard mask islands 14 within the array region
of the memory device. The photoresist layer may then be removed by conventional
techniques, such as by using an oxygen-based plasma. In alternative embodiments, the
hard mask layer 12 may be anisotropically etched to obtain a hard mask grid, which can
generally provide similar functionality (namely, protecting portions of the substrate 10

that will serve to seed lateral epitaxial overgrowth) as the hard mask islands 14 discussed

at length below.



[0023] hi a step also not illustrated in the figures,

the hard mask | ayer 12 nmay then be patterned using a
w@b@baswes st | ayer forned over the hard mask | PgEUSHA6/017493

The photoresist layer may be patterned to forma nask

usi ng conventional photolithographic techni ques, and

the hard mask |ayer 12 nmay be anisotropically etched
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byBaaslaid 10 relative to the material forming the hard
mask r 12.. F %@ﬁy . ctiVve:
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e(irjrglgtkstrégsi sél’icon relative

for example, chemical mechanical polishing (“CMP”), may be used.

[0027] Thus, the array preferably comprises a plurality of silicon studs 16
surrounded by insulator 18, whereas the periphery will simply remain in its original
configuration with a hard mask layer 12 overlying the dielectric layer (e.g., pad oxide, not

shown) covering the substrate 10.



[0026] In Figure 2, the portions of the array stripped
according to the steps above are shown filled by an
wopewhadsos | ayer 18, preferably an oxide. |n arPCT/US2006/017493

preferred enbodi nent, the insulator layer 18 is

bl anket deposited over the array at least up to the

hei ght of the top surface of the silicon studs 16.

After deposition of a sufficient anmount of insul ator,
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enbodi nent, each active area has_ its own trench

20,
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Q%Eféﬁﬁiér thE GRENED 130a SEHI FetRSenldb6hiB0b %oanatll R0-A.AS
described above, this process iIs preferably perforned
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i nsul at or er 18 rel e to.the r | ayer 12 .
s i S et 6 B et SHOHEE o IR 5t SR Ghiexy i
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etching process is preferably continued until

tan@ rritide suifpceni Arefrably lstivesn Aboptayb A gl %%Ae\)/fe%h@n (or other
Iﬁ% &F { Rlordiign the height of the hard mask |ayer
es’s tgﬁan the height of the silicon studs 16,
t her e 5903@( posﬁkmﬁjloampo Miguoe 404 laB'hIEO%ammrprns sillyen R4treayliden be
Prefer t he

c?egosrce% w1{} in glg \Rréréc% §% Eoﬁm’,&lda I ﬁ}h((‘.ﬁljlosttg\& el'[g B‘g% Ifreferred
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UEF g b (At b o0 e R it isPhidio ftvepigme be

t3R8 Gedoby &k bl a hiinbR & PrdcessbN FeBRhWX kthoS OM in the art. As
produces silicon extensions 22 with
shown in Figure 4, the surface of the device is preferably planarized to the top surface of

the hard mask islands 14. Any suitable planarization process, such as, for example, CMP,
may be used. In another embodiment, the silicon extensions 22 may instead be extended
by epitaxial deposition in order to fill the trenches 20. In still another arrangement,
planarization may follow the crystallization step described below.

[0031] In a preferred embodiment, a thin oxide 23, shown in Figure 4, may
then be grown over the surface of the silicon layer 24, which may further facilitate the
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the sane crystalline structure as the silicon

substrate 10. Preferably, selective epitaxy is
weoplbaysdst o avoi d the need for subsequent renP@BUSDING/017493

pol ysilicon fromthe exposed oxide and nitride

surfaces. Preferably between about 50 A and 500 A of

silicon (or ot her sem conductor) is grown. [0030] As

shown in ure 4, a layer, of anmorphous silicgn 24 may
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surface qf evi ce pref bl nari zed.taq
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be used. I n another enbodi ment, the silicon_ extensions

22 majO03akt e&inallp escshavdetn Biguesppt el bard qrasksilendsn14 anay be
qglﬂ@&edt Qndc fhlelsﬂfcgﬁ lz{y%xe hg l@ﬁ@fegagly 1%0@\/ élg/btgllhzéﬂ %Me recessed. In a

arr angenent anari zation may
qugfeiral dm@dhmenn astlegivdetd rmatyé)d ub@l that.ctche0Bd pilibgn 24 and the hard

%%&E{y@f ﬂ 8re ertrtg nmfelafsganr}%] 1ens% afe f 1aXe:e% 1(8)TIIH? E@r é:éikf)f %%ﬁ’lr E §ilicon

|stndero 2o, funtihr (plf‘bcﬁylgfswpb h%ﬂﬁacsbiecttxat épitaxial depos1t1on can then be
thggr stalllzatlgn of tqﬁ I er silic
i e

al0| §ehifNp Jhe detired; - e EHRAL Ya2§'4 ¥hgle o %ecan be

fized 0032] The preferred silicon and oxide

ep osition is followed by an anneal ing process,
wher eti{03the aspigineuis &5 evsrdeurited recesse fdlorlized gilicon-over-

:ﬁéﬁ?at&n{x%%i $hrel | B0l 1&%? LR, eakivh 'f%mtdgoﬂ hetmRfies on a

e epi y gr own SI I con extensi ons
Rroe‘#amtiazhﬂl )polysﬁneoramﬁxsptt@uflglrw ¢ and Z4shoak &s amangemeldrgepre two
staII a ter Such conver si,on i.S spec
?ﬁl?i‘fp‘i’? f)lat E&Q (FBBE O RSWR adl dTHHRT & esleaf%meﬁ lustrate
caaparcgbﬂasﬁ mKﬂzDIonnb@%Sdndenmhltym mx sivewate.i rOfFc@iieg in other
the hard mask islands 14 may be ved, and the
S‘Whoé’é’i‘PnFsa?/@?r DA Mo 26 %}SorFBWe’E’P allized) may be
recesgggis) | N 1R MERE 9, raegoﬁﬁf@l@@“dﬂﬁdﬁtoﬂ@s ISR AR k@Bt GO shown

may be used that “etches the silicon 24 and the hard
nfagked eypelocdlized SP1 pispied a¢dording ipthg stemragst ford Jopré| A Blustrated,

! @Y ?kco:&’?s'tudt fbeljél%g%s FERAR 't Ss'olnjcg 1§ E%eé‘c@d ﬂ}%cmtﬁcts 26 to

fur processi ng steps. LUt her se ctive epitaxia

depasittivendiginor bihéne B8. ddnnaﬂmmsew b1 1accahadem ghe faethest ends of the

desi red .t JCk ess,, Al.ternati,v t he

b@%‘}‘%ﬁ&ﬁﬁ’f% ayer 24 and are aﬂso elec %1é/a11y connevw&) Iby CcON ac%s 35 sense
lines 34. Floating bodies 36 form part of the channels that separate the drains 30 and the
source (at the top of the pillar 16) in the preferred embodiment, and these floating bodies
36 are directly adjacent an inner pair of word lines 38. This inner pair of word lines 38
preferably separates the source 16 and the drains 30, as may be seen in Figure 6, serving
as dual gates. While referred to hereinabove as drains 30 and source 16, it will be

understood that these are mere labels used for convenience and for ready comparison to

traditional capacitor-based DRAM designs. The labels can be reversed; whether the



[0034] According to the above-described process, a

| ocal i zed silicon-overinsulator may be forned using
WO eboatiBsses y | nexpensi ve fabrication techni quespOUS2006/017493

conventional polysilicon substrate. Figures 6 and 7

show an arrangenent where two nmenory cells share a

single transistor source. In particular, these figures

illustrate capacitorl ess DRAM fornmed on and within

‘fﬂlféges@ at g Jigher davel at e woutse 98 the draigrdepende wpertvhethers: read or a

5] In

P oo S B Fa L 3 e B e et ur e 15

shown [f@36ired Timesrructtme ahoweth Bgire 6mwtbecf01amdcanmrdlgg tocn number
SLEeps se for bgve. |IIu ted co .
PR 3hern B e A L g T BPE T gl T abe W MWhie
camﬁgm@cfomyapmmm@d SmAt@eﬁue@ ndlucmumméaﬂ @dhtemer whtkby two
line 28. The drains 30 ocated at the farthest
SREROF el ehagsy 3, s bip ﬁnes?fi PRAORE Jing Rantagiy2Gy iryotprayisg sipilar to
eth€ GbHenfeadnl W.SC PAREC N8 6/8Y0,SONLRGES 1037 ral m §i8&8rd bf‘%mh is
34. Floating bodies 36 forn1part of the channels t hat )
s@ﬁf&?‘ﬁﬁ'féd thigeeiny by 1pigregee #nhéfs tabreSouribe ‘68t petoet despribss a “6F”
PP it bifed [nBRG) SN PO OMRE b 1D d DR ropion
oWltIV\mdebehdemepmﬁ&f wbind lgnek ingins qmﬁmapa(oftomo (Tihe piravess usﬁi to form the

RSB eV u SEREHR Eh gl BocSt i Ry R b BRPRI Seso.sus

Vibitheeexkept thar thelsthenhestinad o vrkaspadidisns 30 and source
16, it will bhe understood that these are nere | abe

l's
used f[B‘?:’ TsonViErieRRYe? &718 OKIF 1t BEbigrovdmysy the 6ﬂ1°?lblayer followed
tyyaglighic Rk &9&@1%& Ba Q@lﬁxt?% BRAMeEEsI9R 1n§_ rﬂlﬁplla@t?%ﬁz then be

can be reversed; whether evoltage i's a hi gher
| forreed tatdefirreths semese digin andshannal agidesp e?mdsermﬁbmay\h@ddpemted and

d.
s R L DR N B
hedbas s lef ther ddptn, rmpsbghEth doell didagudodi r‘dmrf d,
i%l e&gneilgﬁr > g@g g etchfg on ;egl kﬁ?sma .
CREERER SarPfrol Rt BRGARRS ikt SRT Ry e8iPoeEiont and othe

Craaambtoeﬁﬂaas Smd?%ﬂ aRemat fofifed. t Bchl plotksidsahgdbs eEB® out in a
wher eby T% cel]ls share a common bit |ine 28
SHHEPUST 0 FFe DEs p Saracnplesy DRAM Spupfaned; ipppriipulpdy pffetive as a

S&Bﬁm 1tsrfoﬁ41a§on B@érqat!ahm S&L 680a R3¢t of B ued, $0 ﬂgitﬁl% bodies 36

the disclosure of which is incorporated herein by
rianeiogpsetiquiriyt welbrisdlated ys thietjeare SEthir freeimsulaies bybbes and the

" 8 Res mgﬁafgp[&g A@Mﬁgur bl b b%fueﬁ?cgg{ %uxggbés ghare

a comon egi on enaent
pai r s [0838hor dnlaiprdaredtnfiotignecat) thecapatolas ERAM @hown in Figure 6

T RN E T RGN S
Ginfpet i&futibe clirbi@t %Y €186 bé NRl. A& osIdHd Glell@d Qo Wﬁ@se@kﬂl@d
! qull(esar‘(c: %gp%((:nltgr?erss DRAM uses the floating bodies 36 to store information regarding
the state of the transistor. In particular, in order to write a logical “1” value to the
transistor shown in Figure 6, a “drain” 30 is placed at an elevated voltage relative to an
adjacent gate (i.e., one of the word lines 38). The voltages of the drain 30 and gate 38 are
controlled by the sense lines 34 and the word lines 38 respectively. As a result of electron

tunneling, electrons flow to the drain 30, while generated holes flow to the floating bodies
36 underlying the gates.



[0037] Preferably, a gate oxide is first grown over
the silicon layer, followed by a gate stack deposition

wan@eassshi ng. The necessary dopi ng i npl ants mapCT/Os00&e17493

formed to define the source, drain and channel
regions. Spacers 40 nay be deposited and etched, in a
typi cal spacer fabrication process vveII knovvn to those

of sKkij in the ar before so of ste
The b ({&ﬂ neAéﬁlﬁF%iqslacgi%atf thfe ‘?%‘H& % Ye36b ﬁ‘éﬁ}%’f* FF@%Pltage of
fued {renaRebr BY rddatdmtah® theOdoutdd @uffBitak lth&eiORtREdd. afls Pl Higital

lines. Sense regl ons and other netallic contacts ma

©aosseRsompe be BEee dypicily Hupipe shesdssign rafythe sanasitorieati DRAM, to

'nﬂeaﬁu@ 'ﬂ{ébﬁfuré%f cd@@)ﬁs arllcplrﬂe P? &he Qth@CcStI @k ln%ﬁsci taRAM &lﬁuﬁlustrated
formed 1s particularly eftfective as a result of its

fembndimemm thwmde guaént zeg bg@ktected alang ths whiseddfit litee28S@h prder to

RJH% lggcaég‘ ’t’ he aof 8131’6\% of ﬁx%cttrain%rs]to sa[d%?: g c?xgt: %a{/e\é\falc%’san elevated

annhgte hetatthed ﬁﬁ&irzﬁ]ﬁ 30.hehethe pbles i thaflsdidf BobhBa direfoacreﬂwt the
anb tied to the bul k substrate 10. [ 0038] hi

gl LatBEn RS Ao e DR gACPE SIFLSE PRI digita

Blscﬂlll’ds%p@ ARSI QSedUs Qete@ain®s Chaigeaf il NcdRaK 38 Qietermining

(@ DL) current, although in other enbodi nents inpact

PRRIPRES BRFrionplcthteshpids: AVlers intormation, regesding by Syeh gappgitorless

wrdeystaqe | t

A a2 p 1RG40 B0 ol ARARL bl 3t by

Edipgrithishiga enveT ggvalapalof the transistor. In part| cul ar,

in or ot O W 1"

transiof O sﬁc%v\}i“mﬁ eé’- egfh' %Ctl(ge ‘”ga Dg h§| cﬁpacgﬁﬂ?sg‘, DRAN dgrms part

af aepalreif evaicey colBl doapeising had iffeetidgtbodivs 3d] ates tra@dhd having a

word lines 38). The voI tages of the

é\na er%D%r@e jﬁ aﬁﬁaﬁr By ths mgmery Gelisy B*rq giesAnditie dEans- | Thporair of

Bt cdIREtORIH:, | HaB 880 3G1ERSHE ch&llsythe@ﬁa@lgr@oﬁwst%ofhat can
el ectron tunneling, electrons flowto the drain 30,

D 8oty O P& datho | Tais mplowed embcnbmemémqnﬁgs progially aggescribed

S8 R SEASERAORSE g o S B8l ik

beanss, g"teuherlﬁ theélhati@bodms (36tlshﬂmsr®ﬁr‘tié bumhe entred @urent at the bit

UEEE  oPAE PO et o P L VR SRy B adfe e

Dﬁéﬁfbted pameiaﬁem@ytcéi& witlltsleel g rsfrﬁiﬂfanaﬁl@lyttdﬂ Bt Mpatiddebodies 36,

S}}??l%)e %{} the transistor i the illustrated enbodi nent,
Oy SHMFRE ey ent may be detected al ong the raised

bi t *0'0@1]28 AREr@ASS, tHeGaW o hnRry Qs Gy hale th‘x‘e%l P6Ssib1e states.
one of the transistors, the ad acent gafe takes "an

& evmsteig bash flaginerheriss 36 storea Az bigrand fhg gourcpraerentt theough the
laﬂ{cﬁ&h\}erigxte B@ 1§‘ At %ﬁdvﬂzgt 1@\%@ ym3a6se90rnﬁ sIaPer g& dah ‘a%h otng %f the floating

res tage 1 ncreases agal n,
bodieedi stomss raédtj détd andAdhaiisoyroa cu’hcayt t}mbughs:he bit dvme dﬁ dés atay higher
IP lusﬁdcﬁ t at m 1sC E.ec(t)n RatS l}ﬁl %Va{te?d sso%}'lcrecc%rrgrlf{r %\r}éh the bit line 28
ywlds only the mformatmn that one of the floating bodies 36 is storing a “1” bit, and does
not indicate which of the floating bodies 36 is in this elevated state. In a third state, both
of the floating bodies 36 store a “1” bit, and the source current through the bit line 28 is at
its highest level. Thus, a sensitive oscilloscope, for example, will be able to differentiate

between these three states.



appropriate operational thresholds. Mre information
regardi ng how such capacitorl ess DRAM functions nay be

wé oead3sssnsthe article cited and incorporated aboOv@s2006/017493
witten by Eijiag Yoshida and Tetsu Tanaka. [0040] As
illustrated, each active area of the capacitorless
DRAM fornms part of a pair of nenory cells conprising
two floating bodies 36, and a transistor having a
si ngl d0&Blir ceh sEemniia rlen blthOIﬁ éllﬁWlSﬂrlc@I IPE,AMt Mshayat ieFigure

r r
Reo b Al oitond N BRI el FEIBIDEEY Besopplsgebrpe e
kiodlheﬁl %I mtthad dearibelabhvetvih esfarecehb lFlgnfres da‘i ﬁ:.ay Phiused in any
referr d enb$ i rent, functions generally as descri bed

é%%bgroﬁ%WgVE‘N(Fﬁn%ﬁ@mﬁﬂﬁl|cat|on the pair of nenmory

cel | s [00B] pr OVhilke cérRdl BEBS MRS GAUBE inviehtids 106 vefn B&Sribed,
éhoatlng bodies 36 is storing a "1" bit, the source

#F SROOUEIR S B2, Roon prreeniad hyavaen of paaraele orﬂwu@d arqyns ietended to
a0 tHe B8 of ttlnﬁn{/é?ﬁgn afdedt {hte 9& ‘?ﬁc‘ﬁ?ddg Q:Ed h‘e??o%g alsdB8ved herein
illustrated pair of menory
g4l be aprabrgi¢dy in 02 betiety f bfoa?then gfot;m;h ésth&mom heareiuy omissions,

4 tern veI t he

r?ggrr%?dtﬁgs ?x{dr Slaes 5111 t% %c%rﬁ‘r eehepr%% Scladgla ?Vé(ieg ggscilﬁedgnﬁéem may be
Shaieeiyltltoot ﬂbphitmgtftolngthb Gﬁ]lnesf 86 1S\teﬁté@1 aTheOaclcbﬂnpanyﬁinglaims and

e source curt rou conductive |ine 28
0t Aot 1rigrd 008wk Bt o Ssincarieis oo i witin
ahescope ddaapfiit 0fthe Rgchesl es 36 stores a "1" bit, and
the source current through the bit line 28 is at a
hi gher level. Note that in this second state, the
el evated source current through the bit line 28 yields
only the information that one of the floating bodies
36 is storing a "1" bit, and does not indicate which
of the floating bodies 36 is in this elevated state.
In a third state, both of the floating bodies 36 store
a "1" bit, and the source current through the bit line
28 is at its highest level. Thus, a sensitive
osci |l | oscope, for exanple, will be able to
differentiate between these three states.[0042] A
schematic plan view of this capacitorless DRAMis
shown in Figure 7. O course, this capacitorless DRAM
design is shown by way of exanple only, and the
| ocal i zed SO nethod described above with reference to
Figures 1-5 may be used in any nunber of sem conductor
environnents. [0043] While certain enbodi nents of the
i nventions have been described, these enbodi nents have
been presented by way of exanple only, and are not
intended to limt the scope of the invention. I|ndeed,
the novel nethods and devi ces descri bed herein

-10-



may be enbodied in a variety of other fornms;

furthernore, various om ssions, substitutions and
waeb@agsesoi n the formof the nethods and devi CEeBCT/US2006/017493

descri bed herein may be made wi thout departing from

the spirit of the invention. The acconpanyi ng cl ai ns

and their equivalents are intended to cover such forns

or_nodifications as would fall within the scope and

the invention. WE CLAIM 1. A nethod of

form ng capagkd0l | 2SRV ab 149 ARRAFLDver localized silicon-on-

silicon-oninsulator, the nmethod conprising: providing

ansylaparctbemsihod cempiésingdef i ni ng an array of silicon

st uds mﬁthbgvﬁﬂgg%g%gggﬁFéagstrate; defining an

i nsul ator Tayer east a portion of the silicon
subst r at e, demihglxetaneeof siliven stulls withnn sesiiEon ddfsiraieng a

silicon-over-insulator |ayer surroundi ng the sil.icon

st uds. at opSEIRS FHrLaten 21 pieP. o AAS § BRI GT 1he silicon Substrate,
capac bidbdtessn thiRmMonistuds;n and above the
silicon-over-insulator |layer. 2. The nmethod of Claim

1, wher ei ndd@mem ﬁiéicqrh%vea-p}svélgtobﬁaygq FyrpoyRdiag Ghessilicon studs atop

CONMPr iReSqhGMyRl shdie silicon substrate using
phot ol i t hographi ¢ techniques. 3. The nethod of C aim

1, wher ei niogwfrignicappcitpidess RRAM wathinl aag @bovedlapiilicpagver-insulator
deposh&&ng an insulator material over the silicon
substiraté to a height at |east equal to a height of

t he skl i comfhsmetind ahdlgdhahawharbingddfinggi the udreayoof silicon studs
mat er.i al d sil.icon substrate. 4. The nethod of C aim
SO SioRng SR SHERG SRBRE Prine et S AP PR aye:

conpr Bses: TR ©bhsdotlaine B StheRiP@ningIhihsdi A6y lafes vbaprdes:

| ayer surrounding the silicon studs to_define trenches
sur r oundi n¢epPesiEng pn iinsglatos rrigial gRe thk siePTh gubsrate dg gtheight at

sone %%bh%&ﬂt@?h&@h%kﬂﬁ@ﬁ%&ﬂéﬁ&ﬁa&ﬁe_Si|i00n studs. 5.
The nmethod of Claim 4, wherein defining the

si | i con- ovelenarizingltiag ipsuldtereaterial prdhalicongnpaties::
?Egoz :4It : gg’ﬁﬁés l llﬁﬁlga] 8?/ ﬁa%plsji, %%reﬁ)dhe%ﬁ‘@ the isﬁ%@%l)x'fe?—il%{ﬂator layer
comprises:
etching at least a portion of the insulator layer surrounding the silicon studs
to define trenches surrounding the silicon studs; and
exposing at least some silicon material comprising the silicon studs.
5. The method of Claim 4, wherein defining the silicon-over-insulator layer
further comprises:
depositing silicon extensions adjacent sidewalls of the silicon studs by
selective epitaxy.
6. The method of Claim 5, wherein defining the silicon-over-insulator layer
further comprises:
depositing additional silicon within the trenches and converting the
additional silicon by lateral epitaxial overgrowth.
7. The method of Claim 4, wherein defining the silicon-over-insulator layer

further comprises:

-11-



sel ective epitaxy. 6. The nethod of Caimb5, wherein

defining the silicon-over-insulator layer further
weompnsses: depositing additional silicon w thPOTURE06/017493

trenches and converting the additional silicon by

| ateral epitaxial overgrowth. 7. The nethod of Caim

4, wherein defining the silicon-over-insul ator |ayer

further co i . ot sil.con,within the,.
trenches an F)‘L(':lgg Selg | g‘glkl{l%ggstfepf}begﬁn%ﬁoqvﬁ?lég Hhe silicon by lateral
epi t agpikiabvergowit h. 8. The nmethod of Caim1,

wher el,n fofm ng. .t he acitorl ess DRAM conpri ses:

f or ni %‘g aoi%enﬁ%ﬁlogoﬂf g:ia“@h 1 SteIsp 4orpung B cARastipess DRAM

cedpssest he menmory cell's further conprising two

floating bodies, two gates and two drains. 9. The

met hod of A ORI eIse FRied bige paie ot mpaeit ash, gbsmemory

DRAM §dis trieifer St Go AbAMYLDGieL RS, LID £ki0Rb b

bodi es wit hie]r% t he Ssﬁél i?:on- g\?er?ﬁeﬁsg? gt _osr nldg?;er_. 0.

The n®t hodThsfmethed of Qlainf §irwiivesin Gompry the _r:@acid:e]fessﬁb]hglvafurther
j ry region and a nenory array region on the

?r%?r%‘?%gchi p; and defining the silicon-over-insulator

layer in tfheningtisrtyo Apatayg bodigs ehhin\led foeh-oharimtgodayer.

silicgp-over-i LCI1| tor. region in at |east part of the

peri phéry ﬁ'gd’imglio. o?f?mﬂ‘ﬁe 'HOPPHF8l ai m 10, wherein

form ng t hiefiging|LpGiphenGegoPatd bahdtss HEAMSEE] bn the memory

further conprises defining at |east one floating body
Wi t hiﬁ“lﬁﬁédat | east one silicon-over-insulator |ayer.

12. The ”Qfeﬂﬂi@%%ti&e Qilﬁﬂomo}érainyﬁ%\%rﬂa ef H B %e%rn)?y aray region,
capaci torl ess M conprises definrng a single,~ sha e
sour cWithayt forminge psiligompyaynsubtyr argifoim avieasy pesef the periphery
fl oatji g, bodies. 13. A nmenory device, conprising: a
source and a drain;

11.  The method of Claim 10, wherein forming the at least one capacitorless

DRAM cell further comprises defining at least one floating body within the at least one
silicon-over-insulator layer.

12. The method of Claim 11, wherein forming the capacitorless DRAM
comprises defining a single, shared source in the memory array region for every two
floating bodies.

13. A memory device, comprising:

a source and a drain;

a floating body formed between the source and the drain, the floating body
defined within a localized silicon-over-insulator; and

a gate adjacent the floating body.

14, The memory device of Claim 13, wherein the floating body is configured
to attain a first state when the drain is placed at a first elevated voltage relative to the gate.

15. The memory device of Claim 14, wherein the floating body is configured

to attain a second state when the gate is placed at a second elevated voltage relative to the
drain.

-12-



a floating body fornmed between the source and the

drain, the floating body defined within a | ocalized
waéocasssepver -i nsul ator; and a gate adj acent tPeT/US2006/017493

floating body. 14. The nenory device of O aim 13,

wherein the floating body is configured to attain a

first state when the drain is placed at a first

el evated vplt l.at.ive.tq the_gate. 15 The nenory
devi cﬁe&:’of '@ealﬁ%?lf%,ﬁ d\?\i11beer Z)ifn ‘ﬁréelﬁ 8‘3’tefeﬁ’g%i')eo:1F tj gate calises an
cordasegusoactetonrraiit it souseer amtl ihs tsadodd Wheh cdiR€ YaAbReds&d source
I ac§dt t a second elevated voltage relative to the
glﬁ%ff“n.alt ° SO menory device of Claim 15, wherein the
first15t al FheGR&S®S d@Acd GTATIGAS BF] vHRMELL st6A HRYE 1 r1daflBs body
source, and the second state causes a decreased source
BuPadhite vrrentiiacagged gldhe spiceThe nenory devi ce of Claim
13, wher eifhedy, | e TRt | dy is.read .
by a current. néha%s%‘éﬁg%ft aé&s%dr ce. ¥f§’lﬁ%p ’?‘ﬁ%gﬁéjﬁ%?}i/ery fegion
ged/p gemefy @rayi 192io8, whiawit ter localinpt silitangovar-peulaphehy source, the

' rray regi.on, wherein the

og{aaf}ﬁﬁzteg s@?ﬁ%&%@%ﬁ? A #h&n?eni‘%a%%@ﬁ%‘_%{l' t he
dr ai nl%nd Theembinont devicebol Clame 18, 0wh@dinvait ekl 4 B8rtion of the
nempry array regsl on. 19. The nmenory device of Claim
RgP ﬁ%’é?gé?rh ol asgigep-oxery YBARI™t he periphery region

| acks20a SiTthie MRy BEvideTUNBROTS, (RSB sotitbe clbtEnt TEAR cHtive of
device of Claim 18, wherein a source current 1Is
WE‘HF@%\?‘HF%‘%P“F%?‘%‘#&PP% stored at the floating body.
21. The memRmyedRy 'd@ﬁc@éﬁ)‘/ Elagth e 1§ neriShE Iﬂ%at%nl’él 0 é)é)grates by

fl oating body operates gat e-i nduced drain
84i9-indpeed dpin legkage pemast.y devi ce of Cai m 13, further

conpryg-si n d, drain,,a s floati.ng bod nd .
a 220202?1d gg? er?e%v&%g ST PRE ligrélcgﬁf’l ?“‘??%éﬂnﬁﬂﬂg%&yseg@% glam’ a
gedridnBahting thede nnd hescs@idr gate, antidrdih) heSQLSII 6 AL bodPSs defined

th d gate i s adjacent the second floating body.
Bed¥ech 8 SaWEF 900465 bt Jisinail 99 sexdr aste o HBACGB LD econd

flsatia@bddygur ed to conduct a current having val ues
indicative of three states, the three states
conprisi ndhe 20gmerg tdeieqiog Claim Fhi whereihahs lsomts irgedndigyred to

@Rdudt BewPES AREnd VAR i RO 5 O8 e the fire kihtes comprising:
a first state, in which the floating body and the second floating body store a
“0” bit;

a second state, in which one of the floating body and the second floating
body stores a “0” bit, and the other of the floating body and the second floating
body stores a “1” bit; and '

a third state, in which the floating body and the second floating body store
a“1” bit.

24. The memory device of Claim 23, wherein the second and third states are
not differentiated upon detection of the current.

25. The memory device of Claim 22, wherein the floating body and the second
floating body are redundant.

26. A system including the memory device of Claim 13.

27.  Amethod of operating a capacitorless DRAM, the method comprising:
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a second state, in which one of the floating body and

the second floating body stores a "0" bit, and the
wotden3sshs t he fl oati ng body and the second fl orPCT/0G2006/017493

body stores a "1" bit; and a third state, in which the

floating body and the second floating body store a 'T

bit. 24. The nenory device of C aim23, wherein the

second and ' re not differentiated upon

det ect i on %%%%gﬂg%?ﬁ%gﬁ%ﬂ;’fgﬂ&fﬁge’ ﬁ%‘ﬁory devi ce of

G aim22, sdhetieg nhe st flakaby Bgadagidy aafdt biieens @€ @NGurce of the

floating .bo edundant. 26. A system i ncl uding
the ﬁ%@%@@éﬁﬁ%&%f Claim13. 27. A nethod of
operati ng @’h&epagb tialies SoBRAMdctRg vBhi0d 1ocalized silicon-over-

conpri Si ng: placing a floating body in a first state;
and d8vEe f'ng the first state by nmeasuring a first
currepg atTi SEMbE St fa; ol bRE Qgiﬁ A
the floating body is daelzx%iih%]égﬁ%?e% %Elggﬁ%eca |tg%<i’%y it first
stajeicommrigper i nsul ator. 28. The nethod of O aim 27,
wher ei n pl aGi . flaating . body.i.n the first state
conpr | ses:&éé)la{elg%% {ﬂrﬁlél \lgﬂ%@e&t%d{%x} claljye i gzil{edvroztfigf’ at a gate.

rel at 2%e tTheanghddof\Ghitnage fidthertcogtising:29. The net hod

of Caim28, .further, c rising: placing the floating
body in a Fg%cé%%eg?%%?’g&ﬁ& agetosd figidhe second state
by nmeasur i dégctinSe dtenE sl 81 nedurihd 8 s M GBrentiq the 50

met hogO of Claim 29, wherei nﬁpleacinh% tshe fl oae?i ng e-bgolgr)?e'

in t hedsechdrehed of Clamp??: sdsreinpleviag thedloaties berdyen the second
viglelcaMBriég! ative to the drain voltage. 31. The nethod

of G aim30, wherein the first current is greater than
the seconclevatirgthe satggoltagheslative hottle dfairGledtagn. 29,

‘;“;igﬁ%ﬁsi . éaf @ét%éde égﬁ{legmra?@ Bw ﬁ‘g&?l%l _Si“.hea ﬁrst cmbrlertlt’ is agqgatetr htgan the
second current.

32. The method of Claim 29, wherein the first state represents a “1” bit, and

the second state represents a “0” bit.
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