10

15

20

25

30

FULLY DEPLETED SI LI CON- ON- | NSULATOR CMOS LOG C

TECHNI CAL FI ELD OF THE | NVENTI ON The present invention
w0 edoanss3general |y to silicon-on-insul ator devPCEESHENG032743

in particular the present invention relates to fully

depl eted silicon-on-insulatory | ogic. BACKGROUND OF THE

I NVENTI ON The i ncreased speeJ’and capability of

comput ers and other el ectronic devices requires better

per f of ldce DERJAETED SHAEHNQN-INSUIATOR 6MOSLIQRGLE

a device. One way to nmake the integrated circuits

faster is to i : ' s that

make up the @&g@ﬁm Ei“% QE iﬁﬁ,{g@ﬁﬁb re made

s el TiRS prédedt inehifdn reﬁ@ésa%ﬁeﬂahff MGhcdlIEn-FRABESIdOREs and in

betmeen the transistors becones greater in relation to
partichlar Sipqueseot inyvpatian tghasisgo dielly dapledcrd shecat-pv-esuedriogjoe

to speed up integrated circuits is to use alternative

sem conductors. For exanple, silicon-on-insulator

(SA) technol ogy provides a 25 - 35% performance

i ncrease over SACKEROUNDVOF THEINVENTEON SO refers

to placing a_thin layer of silicon on top of an
| nsUiTicBseaweipes aicapgnlivt dempptef anglothertglectronic devices

requ?&@ﬁétkﬁig)glg% Kb q‘ro'hpgjg 1}&9%}3%}(}1'(:'&&1[95 {I‘T’lalgebﬁlg? d?% &L e way to

ayer uce e capacli tance
make tiansiegtaedcismits Hatertih eyredyerthe sizé adthe Itranﬁlst@tlsf thatlmake up the

illustrates a t |cal gl sem conduct or.
devis. FHRTS(Ep AS HEnF PFdE FiRdE Haalsr ai“é é%?tqra%aysfb@ugh $he Gognections
betv@:\éﬁ rEhet Bhsistsibadotes %anter-ﬂﬂ ?elét § cbd of ik Qﬁqilg r.LOP

he substrate 10 In t e SI |con ayer

the The.

e A AR 00800 AR U T
semzbadedrs TR exdknﬁ]epﬁhtcﬁgmbﬂii}dla%rl(SOW té&hrﬂldgl?@rdﬁﬂéﬁd 25l 35%

re ion .2 and results framthe gartl al depl etion.

per ?fél&ﬁlﬁ%f%f‘;ﬁse AERedR alephp s tegheplpgics Sl r@f@éswtﬁupéea:nng a thin layer
of sﬂi@éﬂ !)I?Rﬁ’)%:f PTltfk%lastbxl 4R Qf Eitiken (5’)?[89011‘ b Sﬂ]e Irﬁr?slnsst{n'gt\xporu?d then be

be perfect crystalline silricon: $he ' hau
bu1ltl (ay@rs thindagerex SAISTimo$ Ot layat rathhden ¢he dapaditanweoiythe transistors so that
ifficult to make perfect crystalline silicon-on-oxide
ﬂmyéwe§¥qf%%ﬁ with other insulators since the insulator
layer's crystalline properties are so different from_
t he Fighre 1§ﬁ?ﬁ“@éﬁ‘ﬁ a tVPlC@le‘f @lesemicanglaetyr. | Thedragpistog snformed in the

silicBPtay@Pi A & ds oY&" RE trikuittdr'105! T B hdor WY R 8 ER%r B8R substrate
103. Within the silicon layer 101, the drain/source regions 105 and 106 are formed. The gate

107 is formed above the partially depleted channel 109. A floating body 110 is within the

depleted region 112 and results from the partial depletion.

SOI technology, however, imposes significant technical challenges. The silicon film
used for SOI transistors must be perfect crystalline silicon. The insulator layer, however, is
not crystalline. It is very difficult to make perfect crystalline silicon-on-oxide or silicon with
other insulators since the insulator layer’s crystalline properties are so different from the pure
silicon. If perfect crystalline silicon is not obtained, defects will find their way onto the SOI

film. This degrades the transistor performance.

Additionally, if the p-type body is contacted by implanted regions there will be a

very high resistance of the body region, particularly if the transistor is wide. Impact -
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film This degrades the transistor performance.
Additionally, if the p-type body is contacted by
w0 ppsass9ezl regi ons there will be a very hi gh reCI/Esznges2743
of the body region, particularly if the transistor is
wi de. |npact ionization can cause a large current
through this resistance and forward bias the body,
thus resulting in transients. One alternative to this
ionigatpatdan gause dhylawgk fcement through tlfl@.rQSyst@ég prd ggward bias the body, thus

apphire (SOS) sem conductor. This type of
reSUilnr%I%qra %c?%r does not have a partially depleted

S| B8l e BRSSP Eie SEon-on-sappiire

(SOV\Z SSmiBORduRtRYTIHS prE%@ Se@RohMeteH @edn¥ab8dPaltHOy Qi@ﬁfé%d silicon
en the transistor is in the saturation regi on of

layeg peﬂaatingrbodb'nﬁowawr thie caustileerpetikioslegrobipmt wheae ltheghreun current
ection of i ther

o gy gt e e KE bisted vER it 85 afihafirason

regibil 6f SRRAVRS Isteal Qe 3DQMR kARG iPfo PhidBEr VRS OGSt @Je RBllection
bel ow which will beconme apparent to those skilled

of camrierseitheugion llpating hrglyr acuribie seremigivagdesinablepr es ent
specification, there is a need in the art for a way to
contFaplthetasms stafddadoveygind doyotbérfreasioss statep dvleloi\aatvhgch will become

wep R e SRR (e 6 P S R 20 B b BREp Y Specification,

ther® 2W/n b i@ tHeSarafod a Ylyab c@ﬁtﬁﬂ'aﬁﬂ&s@ﬂ@atﬁ%qfoﬁg %ﬁ@ct@Ym blGanly
present invention and will be understood by reading

deplgﬁ:d QYidydeniiges heing SO tashngfogpeci fi cation. The present
i nvention enconpasses a nethod for generating a fully
depl eted body structure in a silicon-on-insul ator

devi ce. The net hod provi ract or contact
coupled to the body str u%@ﬁhgﬁt extractor voltage is
pr ovrigemossialintiBRid froBleRX WiBtiREE %‘é@lgé body EFRVRTRE other

bi ased and mnority carriers in the st'ructure are
problems ¢re dddicsset] e rthepiseetit imvengomand wal bmmeh:tstmd hynehdide and

d nd a tus of varying scope. BRI EF
Smd%@@ﬁ%ﬁ% ﬁ"lg% AW NGS Fi gure 1 shows a cr oss
sectj.onal view of XI%I cal sili can- on- i nsul at o
t r anQiedrgsent 1nvent10n encompasses a method for generating a fully depleted body
structure in a silicon-on-insulator device. The method provides an extractor contact coupled

to the body structure. An extractor voltage is provided such that the extractor contact is

reverse biased and minority carriers in the body structure are removed.

Further embodiments of the invention include methods and apparatus of varying

scope.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross sectional view of a typical silicon-on-insulator transistor.

Figure 2 shows a top view of one embodiment of a silicon-on-insulator transistor of

the present invention.
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Figure 2 shows a top view of one enbodi nent of a
silicon-on-insulator transistor of the present
WO pws889en. Fi gure 3 shows a cross sectional vieom/v82084/032743
fully depleted silicon-on-insulator inverter using one
embodi ment of the reverse biaged extractor contact
nmet hod of the present invention. Figure 4 shows a
cross sectional view of an NROM flash nenory cell
usi nNdigares3 showsdi aresstsedfoneheewatfaddllp fleplbied priisseen-insulator
. invention to full ete silicon-on-insulator
imver B e BB eoedtabt SERe Gt s § Syrisio SpiaRtRRes ot the present
invéntisgh nenory cell of Figure 4. Figure 6 shows a cross
sectional view of a typical prior art partially
deplgbed NRMsT B5R sg@cmﬂﬁb’w@@ldf an IN]%NF%ZS Q:eH using one
cross sectional view of a l'y depl et flyas
embodimeny of glel methodgf iha @mmttodvmn tofultyhdeplexd sihutrxamn insulator
contact reverse bias nmethod of the present invention.
rangsloft e 8 shows a cross sectional view of a fully
depl eted verti cal ash menory cell usjing_one
e GHHEREIR TS B Bt alctbo NROVUREY meanisy $el B BGre 4.
met hod of the present invention. Figure 9 shows an
el eckigwisi tcshoystacnvss reciional vam s awypikalpriog prtpadiafy depldted NROM

C i nsul ator transistor of the present
ﬂasmﬁl\?%enn??cgp DETAI LED DESCRI PTION I'n the fol | owi ng

racic B OO RN R S GO R AepIf g SIER memory e

usm%%@ @fnboéﬂﬂen't Bf WRickRadtSr &M revBdse BB rthdd dUBE bﬁgsérﬁ'?nventlon
speci fic enbodi ments in which the invention may be

pr a%gnt % s G/stah:‘?osg ISBWMREBviel JFG fﬂﬁf@%@% d 98%%51' PROM flash

subst y simlar conponents t
meng@y ech Iusmg ens embhéiseneoftbd ereamts @nactesense biad niethod of the
sufficient detail to enable those skilled in the art
ples?%tlﬁ?’eé’é‘lopce the invention. Qther enbodi nents may be
utilized and structural, logical, and electrica
chan§&ereShshons anglrstrapic sptiemde %qufwge PitdA fuHg depleisd silicon-on-

insubltod (s RIGSE He ﬂrtgﬁ\jéﬁpitnlvgrﬁ nrhe follow ng detailed

escription Is, erefore, not to be taken in a
limting sense, and the scope of the

DETAILED DESCRIPTION

In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof, and in whiéh is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 illustrates a top view of one embodiment of a silicon-on-insulator (SOI)
NMOS transistor of the present invention. The present invention uses reverse biasing of the

body contacts, also known as extractors, to provide a fully depleted transistor. The extractors
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present invention is defined only by the appended

clainms and equivalents thereof. Figure 2 illustrates a
wo ops5088992 of one enbodi nent of a silicon-on-i NBCI/ES2904/032743

(SA) NMCS transistor of the present invention. The

present invention uses reversge biasing of the body

contacts, also known as extractors, to provide a fully

depl eted transistor. The extractors4 renove nminority )
remeys Pinorky eargagstiFan tsdipdy dggien obt PartiHy deripted Mi@p deyieg This
elindfifReARY EEEct Witk 1! drdTh Ak &R do@@n&fsfteﬁ/‘:ctoam&tr & thd'Grafll Aifhge
current does not stay constant as the drain voltage
increases whaes dewietisaopdening én the sepeatehimgdd. n t he sat urati on
node. The SO transistor illustrated in Figure 2 is

CONPTtiesSOI @dnsisesr iliskialddsia W Qe D egianpris2d bf e didwsouree regions
e enbodi nent, these regions are n+ wells fornmed in

on
201 ap@ 297.|Ip opp embgdiment; fesgregionsgre phseedls fagicdris theosiliepadayer. The
0% ds Lndi ‘ ' i . v
widf 0 SRR A0l NS SO IR ookl ik s cn
mickuindir Bsss. Aherame tehehodandmduseniier widdssinsinother wmbledinicharansistors
..one mcron can he realized through parall el
wider tharspre; gicgon gandue reglized thiengh Brple! tasisiosr 205 i s
formed in the silicon |ayer substantially adjacent the
t wo A PIrpZien grlErctoragninat2000s fermpdap the siicanlaygrisebsiantially

SR R AN U R o st

PMOS devioe, the gat®tad@éniast T05rwadd &b dnipleaiedcden\u@ean- diliéon region. A
drai n/source regions 201 and 202. Figure 3 illustrates

gate20d g, Eymed abpiad Befwegnghe disdy samsesdicsions 261 arth2@o

inverter using the reverse biased extractors of the
pr esdgtrei3nllusiratesn crosresertmuest visw ¢fone embodineent of an {OI inverter
. transi st ors n.N device 320 and a -RPMOS device 321
wsin Ry R Pus SPS0RR AT s R o Ao Ry Bomiied o ovo
tran§i¥forsa et BIMOS [k diet 330 AndnBMDS d&aed 3 EX Dadis trfisistdB @Nehd 321 has

Is coupled to the body structure 301 and 302 of each
an agsogipégdsaxgiactorpentpgidE0 Bady 1 s thagk exfracta i 0jagd 34 hypy ¢aspled to the
Tt ! . . .
bodrd i RSy 1 SPOLHGEP BRI, oo
a p-gpd sidizdn hade dre REOSCH@lyaducard 302 is gamn@ri&dofanch-39P8 silicon.
respectively. The control gate 307 is |ocated above

t he EHcRinAhSiOF 20 RT3 DINas (1A Absos @ YontrdNgaté BTt 908 respectively.
305 and substrate 306 are also illustrated. The

Thesentreleatsy 0733 dpcaled abovs e deyjelsawcoregsay (witshowak g dnsulator 305
and Shshi 0403 188 AnReheRt ' al -

The extractors 310 and 311 are reverse biased with respect to the substrate potential.
To reverse bias the extractor 302 of the PMOS transistor 321, a voltage that is greater than
the drain voltage, Vpp, is applied. The NMOS transistor’s extractor 301 is reverse biased by

applying a voltage that is less than ground potential.

In one embodiment, the additional voltages needed to bias the extractor nodes above
Vpp and below ground can be generated by charge pump circuits that are well known in the

art. These pumps are not illustrated.

The extractor reverse biasing of the present invention changes the partially depleted

SOI structure to fully depleted without a floating body region. Charge that is generated by
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To reverse bias the extractor 302 of the PMOS

transistor 321, a voltage that is greater than the
waole@s038962 t age, is applied. The NMOS transi st oOPCEHUS2004/032743

extractor 301 is reverse biased by applying a voltage

that is less than ground potesnitial. In one enbodi nent,

the additional voltages needed to bias the extractor

nodes above bel ow ground can be generated by charge
floagingpody eicifiar hersourceaRemapd! of Rbokrepscharge generaterusleakage currents

or QYIS S O AR Bl B e
typeleqlyeegidnSO structure to fully depleted without a

floating body region. Charge that is generated

byf | Piati REmBABYbAE] BE dlectrbE tEHMAE Bre WRAIRYAIN &{d &MWmonly used
excess charge generated by | eakage currents or inpact

eleqtrgnicgpiponents-| Smaller il sizes haye ehvayabeemencefdhagtorgenportant issues
for B AR B S LSS BB S st mermory s

reqireoar @NahniRFBD odritadis AUANDETIsh Sitingorf@ AROANGIHeS of &¥Ratdserith
cell sizes have always been one of the nore inportant
confagly b thefeddl of @hprg gerigp st bigsn dhisirgligana very Highbih dpmsityr v .
Conventional planar NOR flash nenory cells require a
| ar g¥itridersed opky memerc™NROMANBsH mamlornésvicds espdoyecharge trapping

. i es..of [ it h. . f
i S8FOE3 Qe VLR NGER 8! ookl SRR 8B Rcse

densj Nitride read onl N flash nenor
dov; SLEasERealY Ore GEPEIEd BT RICONL AASGioE e GHEHF Argretes a cross
secti MR ViewNRGYNIEYACESHGAIMAS delTRERERAL @ﬁgﬁ?i%nkgﬁth%%d of the

process. SO has recently been enploye or NROM
preseel ingentiongo fidl yddpldie sifican-es-imsubitagsnsistors. dikeINROMflash memory

|l usi . di f th
DR SRR b TR ene o the
N NPT 4 —
411VTHd M@lin&r@)g rbg%i bl't()% é&és%%ﬁjle rg QSnNstehﬁ%ﬁimeﬁ rﬁlelfx.tractor

IS conprise ayer 410 on the insulato
confhblg (Hiown indegird 01 awndvetfobiased, the thpde ragigi 408cbdtwedrhths bit lines is

L XA MR T

the 9BENERYertNO. bit lines is fully depleted. The :
oxi de-nitride-oxide (ONO region 405 is between the

contighre%AiIGst G ARY &P of ik NIEOM %R mét Oy cell of Figure 4. This

view shows the bit lines 401 and 402 and the control gate 406. The extractor contacts 501 and

502 are p-type regions over the depleted body 403.

One problem with typical partially depleted NROM flash memory cells is that the
floating body causes a problem during an erase operation. When a negative erase potential is
applied to the control gate in an NROM device, the partially depleted body terminates many
of the electric field lines as illustrated in the cross sectionai view of Figure 6. In this case, the
body potential floats negative causing the electric field 601 that is attempting to erase the
charge 603, stored in the ONO composite gate insulator 605, to become smaller and the erase

speed slower.
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Figure 5 illustrates a top view of the NROM fl ash

menory cell of Figure 4. This view shows the bit |ines
wdobs5a86932102 and the control gate 406. The extP@DUS2004/032743

contacts 501 and 502 are p-type regions over the

-depl eted body 403. One problegnmw th typical partially

depl eted NROM fl ash nenory cells is that the floating

body_causes a probl em during an erase operation. Wen

a nebf XRClF Hoerss buasta methpd ofhisipresgnt igvertioncgn be gpplied to an
NROR fad ' A& iR i i

98 Sl oM e o2 RBE AR ISPLENSE RO vt o i
andichangstwidt exle idne tdBoatingdedy effecto ambeoviseiw paftialiyglepletedl. devices.

In this case, the body potential floats negative

causFiggret hidlugthRes 4 érosd deelichabOikewt bfatn NROM Flediinbment &Il that uses
erase the charge 603, stored_ in the ONO conposite gate
one epbafiment obths mathpdyftherresentinentian forially depletingsyibiean-on-

i i I F | &R f .
ns S 1, L RG0S BUALER, P ORI TPII et I i
fieldrédowitheelal drifoinithe erassspeed. a8 falie depletdd Bbly D1GHbs, not hgve a
er ase,. spee i11.not drift, and change with time due to
neg?ﬁ"&&?ﬁ@ﬁ@%@ﬂ geé?’fceftetl‘% Ak aynApatigly daplateddewcedepl et ed
devices. Figure 7 illustrates a cross sectional view
of a¥hNRtha srbeskmertsef Higuws |4 + hatustate NRAM Bagbodemenytcells,
e

t Lovention for full . .

e AR R oL RERSE NS bATOEn SH W 0 ncnig

body,dBe at¢gatiee comrd] gate G¥ankiay@uplkd ShroGgiemhagrAtiRy gitB€o the floating
electric field 701 without a drift in the erase speed.

bodsrhherfigafipe dedy berahaigay tora teaabue peisktinlalies decretsas ieelectric field
§ i r
s 18 8 cHRISHRG, St B a8 B I, me o
depléted|SQistanaisor NRGM 61 ths prayemonyentioh leimimdid e neffeet.
enbodi ments may use conventional flash nmenory cells on

SO . Figire Bt grates advehli@@ NROMBI hatldag ube@s tréWescaitet @k tractors
gate potential couples through the floating gate to

of theruesenbiay eHipne @yedur a fyll el beshystiugvie. dkfathges in Figure 8, the
' i hi . tric.field.

PP 008, 8 T ] e

(MGHEW) 180 1 tehending setvopdlydtim a.sudetd 800. The pOSFET 860has a first

transi stor dj es. of . the present invention elimnate
SOUIE IR, iy ff.%%#fl%jumégé T ¢haneelcaitodinen; dineludey 2 hgaony doned (n+) n-

&b ddSGit Benk | ASE K imi
oS R D IR e EYCSEED s s
strugtored seapmd sowrse/dtranvegion Fégure 8, the vertical NROM 801

i ncludes a vertical netal oxi de sem conductor field
ef f ek thdnhangpi®h @05 is located in the vertical pillar between the first and the

second source/drain regions, 802 and 806 respectively. As shown in the embodiment of
Figure 8, a gate 809 is separated from the channel region 805 by a gate insulator 807 as is

located alongside of the vertical pillar opposing the channel region 805.

In the embodiment shown in Figure 8, the gate insulator 807 includes a gate
insulator formed of an oxide-nitride-oxide (ONO) composition 807. In alternative
embodiments, discussed below, the gate insulator 807 includes a gate insulator selected from
the group of silicon dioxide (SiO,) formed by wet oxidation, silicon oxynitride (SON), silicon
rich oxide (SRO), and silicon rich aluminum oxide (Al,O3). In one embodiment, the gate

insulator 807 has a thickness of approximately 10 nanometers (nm).
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(MOSFET) 801 extending outwardly froma substrate 800.
The MOSFET 801 has a first source/drain region 802

W bas/038982 t hi s n- channel enbodi nent, includes BCTES2004/§32743
doped (n+) ntype region |layered with an n-type doped
region. The MOSFET 801 includes a simlarly structured
second source/drain region 806. A channel region 805
is located in the vertical pillar_between the firs

t
and Inteshes cabrdinasts dhe aainsilrogPehcluslys a gat 1apdror 807 selected
frorﬂa ﬁ%%‘?g&%%ﬁiﬂcon@&hm%?hpoﬁ@@i @ﬁ‘f‘ﬁ&)ﬁé, RBidbn ¢ikh Bk Qg %%t‘ﬁgr;clusions

9 1s separated fromthe channel region 8
of nanagattelésng sllmboy silsdn axsdel issulatosst weith alcbrsgmis o€ nafopatieles of silicon

vertical. pillar opposing the annel region 805. In
cartyf o SRR ROy Jorell e oreb i it e dpsulator 807
incl&:€ ol RE JICiES1aFerdRicRtcld Tith BHeQrodPbMB0:qle-BMminum oxide (AlO3)-
oxi de-nitride-oxide (ONO conposition 807. In

" oxideldosrposite lagere atb oxfidersilicen oy cehidseridosbmpositeiayqyaanst an oxide-

- nsPI ator 807 incl uﬁegﬁya gate insulator selected from
nitrifgralumigiin QxpdeGomRosEe WY8ki de (Si 0a) formed by wet
oxidatiaqn, silicqn oxynitride (SQN), silicon ric )
oxi cENe BRI IG Fap s e_ﬁlgéﬁmlﬁﬁam%@flatém(smtg%)thls layer can
be thifk&I8 oI AbABR ke tlﬁlﬂ@lil%aﬁo%nli Mth HeUonBO S e nitride storage
appr oxi mat €l y rﬁ.?

t hi ckness of nanoneters (n I n other
layeerdlocihare etdbpdineatgst etlien bighatidect§0 Fonstait imbekteas gathe top layer.

i nsul ator 807 selected fromthe group of silicon rich

al uninrstIh other @mbodntngd, deSgatesinkulawn 807 afelwades dgateihdultator 807 that
_ inclusions of nanoparticles of silicaon, silicon oxide .
inclpdes @ compositeday e, Phie NRRsPigHbIERetFie piglerlyes b EVQ P BIOFS maigrials

i xyearhi de:y «Thn still

seleGBl BoE et el SRR 2R AR T s

co si.te haver selecte [ .

oxi AR YR o HBER AL I P o b @bLE sl lleyieg 290 coupled toa

proc@Bso@ Vil 0@ne incbgofatimg\hakehibd@mesn 0Laic SOPaghioey telyef the drdent
~an oxidenitride- alum num oxide conposite |ayer. The
inveatignd Termresasss H8pnayReey MKASPTACIFSYh @ PraFeesb ©F spige other type of
. [ r
N S R H L S R
electrbhicisgigesito@0age | ayer. Al ternate enbodi ments use ot her
hi gh dielectric constant insulators as the top |ayer.

I'n stid he@bhedeveddined hd®HhSural be SQatserutinsadl aéaorydRils 930 as
i ncludes a gate insulator 807 that jincludes a

desqsiep o iheevarigyembesimanty gbost b e gRadiments thegremerayrells are
nong/fola{tﬁ\@ ﬂ8£tir{§péa?e Hl%l:n%[‘}li @élﬁ and the memory array 930 is arranged in banks of

rows and columns.

An address buffer circuit 940 is provided to latch address signals provided on
address input connections A0-Ax 942. Address signals are received and decoded by a row
decoder 944 and a column decoder 946 to access the memory array 930. It will be
appreciated by those skilled in the art, with the benefit of the present description, that the
number of address input connections depends on the density and architecture of the memory
array 930. That is, the number of addresses increases with both increased memory cell counts

and increased bank and block counts.

The memory device 900 reads data in the memory array 930 by sensing voltage or

current changes in the memory array columns using sense/latch circuitry 950. The sense/latch
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sel ected fromthe group of silicon (Si), titanium
(Ti), and tantalum (Ta). Figure 9 illustrates a
wo eovssssnl bl ock di agram of a nmenory devi ce 9BOI/US2004/032743
coupled to a processor 910 and i ncorporating one
enbodi nent of an SO nmenory cgell of the present
i nvention. The processor 910 may be a m croprocessor,
a. processor, or sone other tyge of controlling

circpiiye iy Qeyembndemerinisopurled [cEaG aed i 3 tow pfr déefiemrthgmgmory

arrag@@m ]Bétﬁtirgfbft ﬁ‘ﬁ]oﬁ‘ﬂﬁﬁpﬁdffé? lfr lﬁg%b%msgl%g{udyf gbr%‘?—%é’tional data
evice I n uaes a array O? -structure menory

commalilicatida @versa plasatity bedhta portnketiorsriod weitteb editreir 910. Write

. _above._.In one enbodi ment, the nmenory cells are
circ g5 i8 Pravaer e AT 23 e RARRTY @1 s and the memory
array 930 is arranged in banks of rows and colums. An
addr e gipwiiry 7P dgredes aignals pRrvdladdcangrol eanegctions 972 from the

LoV . nn
proGEtRT8 Sl S s ER Ey hBEBleTREABR by RUBERA ARy o
inclading datd ecal) €ataSviite pend edase operationte The eont84 Girt 0ing®7038ay be a state
(%he menory array 930. It will be appreciated by those

macipe; f SHIUERC 1Y SR ORGT EYPet M SOBERET t of the present
description, that the nunber of address input -
connkbla flashgnerepraigsice allustrated émEiguge A has aecolsimpltfiadrie fafilitate a
- ; . tj t ke _nu r, . of addresses..

basi: Wa FRARAH B fotHles o Mindrfor AP0 TR R bnfi aRRE Bt ncerma

circuingraad gestioan kf At hEnckescodRiicyn T BoseEied idend &€ 900
reads data in the nenory array 930 by sensing voltage

or current changes in t RQONEMMISIONray col ums using
sense/latch circuitry 950. The sense/latch8 circuitry,

i n oesusmiroyi flasting body eldentt mdpartenlbyedeg]etadoC &S dievaces owing SOI

of . data from the. nepnry arr 930. a.lnpyt and .
tech(r)la]t%?j A5 | g}rab(lzelc IRnTA gﬁéﬁaﬁewq{glaﬁg{t@c&t@{}f i stagc CMOS logic and
SRAVI-Héhe6és, araloadag Bodiesansd Baéshol wiRkeandl swihinesp&dds to be

data connections 962 with the controller 910. Wite

varighle apd eempplgn Sunciiopy elthe switehinghistasy @he aattisulen bogiregnse-yin dynamic
. g i . r .
o 1 FOFEL U8 TR B0 RS AU rccion
timéhegteas rgnhlis dan dosys@chvienti@nih flagd] memeriepardatR OM nefories
t he nmenpry arra%/e[l 30, includin? data read, data wite,

CXPYHACRFELEC PR and sieeercgie rigtes due uflpatinedrgistayhese of
reveRseBife8 extractors of the present invention, resulting in fully depleted body structures,

substantially reduces or eliminates these undesirable effects.

Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

this application is intended to cover any adaptations or variations of the invention.
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machi ne, a sequencer, or sone other type of
controller. The flash nenory device illustrated in

wWO-2@a88932 has been sinplified to facilitate a PeEBEUS2004/032743

under standi ng of the features of the nenory. A nore
detai | ed understanding of intgrnal circuitry and
functions of flash nenories are known to those skilled
in the art. CONCLUSION In summary, floating body

Whatrig eletrsed i8: partial |y depl eted CMOS devi ces using SO

technol ogy are undesirable in many | ogic and nenory
applications. In static CMOS | ogic and SRAM nenori es,

. theA hlegadd fogghiedithg Ll dejlblee bdy strivdhrt ag e silaba-on-insulator

switching speeds to be variable and conpl ex functions
of denise YR RisHBSS tlsy Rrethpd SOWBHEING Ul ar | ogi ¢ gat e.

In o WoToll L £S, ' odi es
cadaE i Ao A RIRIA R thd P el e

t hgirovidingraasstrhctonvalaiga shasthat thio emtenetarenatact is aslerse biased and
menori es and NROM nenpries experience redyced erase
fields dREOYIYORERCTEMY bPﬁYré%'PC&‘ﬂFQ HOMY&Ei ng bodi es.

The use of reverse biased extractors of the present
invention, resulting in fully depleted body

. st riletmetbed ofsclhist Amthiesdin thersebluipesis at g@undpo@hed. t hese

undesirable effects. Al though specific enbodi nents
have been illustrated and described herein, it will be
any arrangenent that is calculated to achieve
purthoseulaty. be substituted for the specific

enbodi ments shown. Many adaptati ons of the invention
wi Il be apparent to those of ordinary skill in the

. aPPRGh&hEH PN il @ KheRiin ﬂfe;&ﬁlﬁ&b{r cédﬁitalclt is dlg)_ubi%@ t?%&)-t&ﬁ@&ilicon on
e sane

. ar tTheAGGR6EbNGhivn 1 iWhefeimielekGadtbOdbnkat isToRprRado k@ n-type silicon on

cover any adaptations or variations of the

i nvbdioselatophat is clainmed is: . A method for
generating a fully depleted body structure in a
silicon-on-insul ator device having a substrate, the

. MetTednabopol dhing! whemsi thengican-odxnhsiabodedestia@tdrain region and

cougl ed to the body structure; .and providing an .
extthapetiod forthe gemprsss apRLNg hdradkylee &t theshtinsegion
reverse biased and mnority carriers in the body
structure are renoved. 2. The nethod of claiml

. WhéFteimethbrbofalhigt § atherdis thatexgaaomneblipge esrgre@br th3n thERieain voltage.

met hod of claim 1l wherein the extractor contact is
coupled to a p-type silicon on

The method of claim 2 wherein the extractor voltage is less than the substrate

potential.

A method for generating a fully depleted body structure in a PMOS silicon-on-

insulator device having a substrate, a control gate, a drain region, and a source region,

the method comprising:

applying an extractor voltage to an extractor contact coupled to the body structure;
and

applying a substrate voltage to the substrate such that the extractor voltage is greater

than the substrate voltage.



10

15

20

25

30

the insulator. 4. The nethod of claim 1 wherein the
extractor contact is coupled to an n-type silicon on

WO b@sioss98t ator. 5. The net hod of claim 1l wher ePCT/URID04/032743

10. €

a
11'to

12.

13.

14.

15.

16.

17.

silicon-on-insulator device has a drain region and the
met hod further conprises apphying a drain voltage to
the drain region. 6. The nethod of claim5 wherein
the extractor voltage is greater than the drain
voltage 7. The nmethod of claim2 wherein the
act o ol tagesi s | ¢ t
ot tRandhod & Qs WhsisT B R bEREPE bR 0an peyne iticon on
bodubgﬂﬁmgbure in a PMOS silicon-oninsul ator deV|ce
having a substrate, a control gate, a drain region
and a source region, the nethod conprising: applying
n t ;
TR QR el 8B R BRI AR e ThAi QHRIsE® the contro
volgagge eta3e hlvharge bsredinghs deticd hat t he extract or
voltage is greater than the substrate voltage. 10 10.
The met hod of claim8 wherein the extractor contact is
o P o TofEerkrdgHER ity UERRC@ ol RriE L 8 SOV Siicon-on
posn:tulater devlidedgeinga substraieratqooiropgata atdyaisragien.candhicgogese region,
sto ed in.the device. 12. A nethod for generating a

fult ?HﬁgﬁpéPgﬂnﬂﬂay structure in an NMOS

Si Iy ;pﬁﬁl'ihg%\'ﬂ AL R ObItARUb G ek@Mt YL oftaS UBRDIEAS thefbody structure;
control gate, a drain region, and a source region, the

nmet hod dmdpr|5|ng applylng an extractor voltage to an

extract or nt I n

apﬁpyﬁ/hrbg aés@a% ept8 ﬁe sug)sttrzge ts% C%a é (rgﬂgt fa tosr uvgﬁ ge is less than
t hat thqhgﬁng@gk@bnwgitage is | ess than the substrate
vol t age.

The method of claim 12 wherein the extractor contact is coupled to a p-type silicon on

the substrate.

The method of claim 12 and further including applying a negative voltage to the

control gate to erase a charge stored in the device.

A method for generating a fully depleted body region in an NROM flash memory

device using a silicon-on-insulator structure, the device having a substrate, a control

gate, a drain region, and a source region, the method comprising:

applying an extractor voltage to an extractor contact coupled to the body structure;
and

applying a substrate voltage to the substrate such that the extractor voltage is less than

the substrate voltage.
The method of claim 15 wherein the extractor contact is comprised of a p-type silicon.

A transistor having a silicon-on-insulator structure on a substrate, the transistor
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13. The nmethod of claim 12 wherein the extractor
contact is coupled to a p-type silicon on the

wenisossase. 14. The met hod of cl ai mand furt hePCT/US2004/032743
i ncluding applying a negative voltage to the contro
gate to erase a charge storegiin the device. 15. A
nmet hod for generating a fully depleted body region in
an NROM fl ash nenory device using a ) .
si laidsin Tegion prynpritieg a &irst depest watefinanddoimasd indbs sijcep-on-
substragﬁﬂﬂﬁkpontrol gate, a drain region, and a
source réegion, the nethod conprising: applying an
extarsagico fegioh t@periding e faxtdoped anteciahirakciorroedijpl thd silicon-on-
the body structure; and applying a substrate voltage
to the dUPHKPAte such that the extractor voltage is
! e%ﬁ:oﬁ!\%ﬁi&a‘i@ﬁmﬁﬁ@ SH&RLBA4abL a8y berwelh end ®hiACHAdRburce regions;
claim eln the extractor contact 1s conprised of a
p-type snlicon. 17. A transistor having a
silicon-on-insul ator .structure on substrate, th .
{r ARERERPHOPLACHF RIS SSroRg AP LR aregpplge frug depletion
mat eri ale 454 sfRIABALY Petlvisn fleldrfif An@Bh#8d el ; thd depletion region
source region conprising the first doped material and
formed ibeingfelly d¢pletod iraspensk & areverse binstof dhe qydiagtor contact.
fornmed above and substantially between the drain and
source regions; and an extractor contact conprising a

18. SeCRRGraA6pRd oNBhERM | Akvherh gRYRbIRIpEO mAtRPIs@bhPhised of n-type
regi on substantially between the drain and source
r egilinas and He sdepiidedoped masgjiadis eaimiged of PyRéspic®Red i n
response to a reverse bias of the extractor contact.
18. The transistor of claim 17 wherein the first doped

19. MatRkitahsis®r 606RIn $2 vhefeimthe)ret dopkd aareranid dohprisetofisttype
doped material is conprised of p-type silicon, 19. The
t r aHligostapd therseeqngl daped mgkatad istopHBIsed pR-tpspaléron.
material is conprised of p-type silicon and the second
doped material is conprised of n-type silicon. 20. A

20. verA veicalmibiltiplel bét themorperstirhavingl d sili@oni-orginaulator structure on a
silicon-on-insulator, structure on a substrate, the

substitep tiE BEIPIYSSHFOPPISHS:

a vertical metal oxide semiconductor field effect transistor (MOSFET) extending
horizontally outward from a substrate, the MOSFET having a first source/drain region, a
second source/drain region, a channel region between the first and the second source/drain
regions, and a gate separated from the channel region by a high dielectric constant gate
insulator that can store a first charge in a first storage region and a second charge in a second
storage region;

a first transmission line coupled to the first source/drain region;

a second transmission line coupled to the second source/drain region; and

an extractor contact coupled to the channel region such that a reverse bias on the

extractor contact fully depletes the channel region.

21. An electronic system, comprising:

a processor; and
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a vertical netal oxide sem conductor field effect
transi stor (MOSFET) extendi ng horizontally outward

w0 c@si038932bst rat e, the MOSFET having a first PCT/US2004/032743

source/drain region, a second source/drain region, a
channel region between the fiipst and the second
source/drain regions, and a gate separated fromthe

channel region by a hi&g di el ectrjc constant gate .
i nAUmemery qavige codpled {o e Progesiass Whrginghe memery lgwdge includes a

e o R MR R e IR, P PR e PR sructure,

souwackehgnmiryceleginyprisi@g:second transm ssion |ine

coupled to the second source/drain regjon; and an .

ext f act g RBHFEED CEBRHFiag 2gsy Bt H’&Fﬁ%’é’?al}de%’r“@ﬁg 41 silicon-on-
that a reversgghi@s on the extractor contact fully

depl etes the c%annél region. 21. An electronic system

conpr i siagpurce rpgiot eswmprising tietliZrsadopedwragertd wnd forowdph g silicon-
to the processor, wherein the nenory device includes a
menory array BaVPHE% plurality of memory cells with a

si i con-Oimis i@ tsmed tabbéd AHdSubSasdhlR¥BNdnaBE Hrain and source
conprising: a drain region conprising a first doped

mat eri al and ®gensdnidn the silicon-oninsulator; a

source region conprising the first e terial an

formed | B eHaciGr FRiR sheliiGer st S BEERERER! YR etBhla o a
formed above @prtidhbediantitianyalbeboreesn thb@rdn ahds@mek regions,
source regions; and an extractor contact conprising a )
second doped thadenletian igaipndsing fully deplgted éprespensa to a reverse bias
regi on subst j the drain and source

regi ons, thqug%?%%¥%ﬁ§%§§§§h being fully depleted in
response to a reverse bias of the extractor contact.

22. The el ectronic system of claimwherein the nenpry

22. ¢ | The; edeciropie sy stemy of, %/1 wh¢rein the memory cell is a vertical miemory cell.



