WD 2004/ 114389 PCT/ EP2004/ 051155 1 NONVOLATI LE MEMORY

DEVI CE WTH A FLQOATI NG GATE COWPRI SI NG SEM CONDUCTOR
WORMOTRSBIALS Description Technical Field [O0R¢T/EP®04/051155
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devi ce usi ng sem conduct or cryst als and a nethod for
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1(a)) which is coupled to its surroundings (the control gate 108, and also the channel
104/source 102/drain 103 regions) via dielectrics (e.g., 107, 105) on top and below.
[008] The device 100 is programmed by injecting charge into the floating gate 106
(though the program oxide 105), and is erased by expelling charge from the floating
gate 106. These devices 100 are made nonvolatile by decoupling the floating gate 106
from the source 102/drain 103/channel 104 and control gate 108 with a sufficiently
thick control oxide 107.
[009] As with all other semiconductor technologies, flash memory continues to scale to
increasingly higher densities. At the same time, improvements in device speed, power




WD 2004/ 114389 PCT/ EP2004/ 051155 2 consunption, and
endurance (e.g., nunber of tines the nenory can be

wo eadnessed before failing) al so pay obvi ousPCT/EP2004/051155
benefits. [010] Finally, sonme flash nmenory devices
have i nproved performance through storage of nultiple
bits per nenory cell (e.g., nost notably Intel's
StrataFl ashTM technol ogy currently stores 2 bits/cell
wi th announced future plans to increase the nunber of
bits/ cell). This is achieved by progranm ng the
floating gate 106 with different amounts of e.n d
or depnsumptioh, a8 endngingk (5.8, poalsy pf Enesihe ERBOY %%Fg erase

(W%eﬁ;?éfahﬁl leé %&ﬁ[&sb%ﬁt&e [011] The pathway to

t hese and perfornmance
[01@]nv ol \Fégal]gcg]rqerfgasﬁ o ‘?ﬁYF H%OVS(ESQ?or%\ﬁce thrmégh storage of
| Ncmedtpls ity petinhémary bell (ngn,rmqs}( aupblyg Intelfgy Stfﬂ!‘@%h%echnolo gy

devicgeel {)}Séi‘bﬂsr/&ﬂrwﬂpang c £t in b SBHo e sber of bits

Spee In’lncrease t.urn- o f_fe
capa:@lli Tbts is ankisvedh by a@ gaﬁ) @%%ren{ dunts of

f 1 ogdhinid@ iladder tola&ﬁeve[raalable@bssﬁble tlinezsho]dwgltag&éVﬂ‘D shjftsim the same
oxi d 05 thickness in order to achieve |lower wite/

er as€¥¥b1 t ages (and thus | ower power) has the_ effe g' oJin
[016f r edlieipathwayttemanyol themlgnsatmnd gerformangse hepsfits fryqlyps scaling

Ref %{)in%ﬂm GhHigh i (,&)omlﬂg?lﬁl@fémiﬁglja i ffi@in Fyr temiplpshrinking the
have been .prqQposed as a wa

i
| acipire R eyt ot o Ueolly S SedalFefifn Bl drain
ac hi w@seor e‘fﬁtfstfrmm tdpaeitiie ccmph'n@bd:twnel(fg ¢ drain YBandthe ﬂoatmg gate
Hanafd6, | EEE Trans. Elect. Dev. 43 1553 (1996); S.
[01& vvaCL Ia:i”qlsg Abg?ﬂrl]g m%ggba%gxlfde 195 @Ha@eeﬁgggjerg e%gﬂ)%ver write/
Ti Wadrhse vE)lta and thas 1GRerpowdr) Hda tefeiffect rediucing rabention times and re-

BUCC@E@}[}X DM 521 (1995)). [014] Turning to the
con nal nanocesilst al menory device, 150 shown in

[01B] gur eRafetsjng to Flesresk(bloensceysiab mEBRBHRIICOS FAYP PE frgposed as a way
thatg itﬂxgm el dohihy cﬁffbg@%]leﬁzs@edmcea ahd élbeasd pmmbhgneﬁns o
gat e nanocr
is, #hiexe F‘&b‘ﬁsﬁg‘ém%ﬁt ‘?‘PQWE}B?)(&Q a?eeﬁ&ﬁh&l 2{2%3 (g{é‘g& %leé Bhy. 43
br eal@ﬂ?aqlm)as Tiwad |FnRansz Eonafi,ch- |H1agtsﬁemeﬂt¢ 13lbey &t Ghan, Appl.
106 ppkoraimesh P (1506 add’®1aiyadl 1c RAMLK (Ongh, M ERRLAIW. Chan, D

can al N OVerco some of the roadbl ocks to
f ur t ReehagamlERY SALEAEPNThe nanocrystal floating gate

[011126 hagumathie ek cmmbnamenmgsml imegnorypdeavive 150 ghayen in Figure 1(b),

ra Sceplithdt e floatin
turnt 1“8 t‘“é%f! Sonlleﬁ”%atq%m?l on J[{nignocrfl/‘g{jal Toat neg oamne
gat egai 806 saeplacedaith napecryals &5 | ess susceptible to
[0 Fsgr ess Thidu Gafdsic iRa ﬁﬁ%o@ﬂ#&tﬁﬁﬁémoﬂ]lmhceﬁs thaf bresking up a

G B O
st andarﬁdﬁﬂ owtdongngsunee afehe wadiflecks to fusthetscalipg. devi ce
[0 0). c pa gé’stai ﬁoz{tﬂ@ 5@5}86 Bhs f@%eﬂ%aﬁbﬁ@@ b(ﬁlﬁﬂlﬁ to the source

Cause can nQ n
flo atlﬁ}{gragh{eglo!d& vrlgq_h; ‘?ﬂatﬂ aéwg% ﬁgxéf)fl gtfe addltlon, the
devi agfoctitl ﬂoatﬁigcghteél@ﬁshmﬂ@nmkempIdeﬁceelﬁssbpsqee ldﬁ MSS-mduced

leakage current. That is, if an individual nanocrystal becomes shorted to the channel
154, other nanocrystals remain unaffected. In a standard floating gate device (e.g., such
as device 100), any short to the channel 104 is disastrous because charge can no longer
be maintained in the floating gate 106.

[017] Nanocrystal floating gate devices (e.g., such as those exemplified by reference
numeral 150 in Figure 1(b)) have improved retention characteristics compared to con-
ventional flash devices with the same program oxide thicknesses, because most charge
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[030] Tiwari et al. have published numerous papers and also hold a patent (e.g., see U.S.
Patent No. 5,714,766, incorporated herein by reference) on a memory device based on
CVD-deposited silicon nanocrystals.

[031] Kim et al. have also published results on a similar device (e.g., see I. Kim et al.,
JEEE Electon Dev. Lett. 20 630 (1999)). Welser et al. (e.g., see above-mentioned J. .
Welser, S. Tiwari, S. Rishton, K. Y. Lee, Y. Lee, IEEE Elect. Dev. Lett. 18 278 (1997),
have demonstrated a memory device based on a single nanocrystal in the floating gate.
This type of device is often called a “quantum dot memory”. Chou et al. also hold a
patent on this device structure (e.g., see U.S. Patent No. 6,069,380, incorporated herein

by reference). . ‘
[032] Ostraat et al. have described operation of a memory device in which the floating



patent on this device structure (e.g., see U S. Patent
No. 6, 069, 380, incorporated herein by reference).
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[041] For example, in one aspect, the nanoparticle density may be greater than 10°/cm’,

In addition, in one aspect, the nanoparticles may be arranged in a cubic lattice, or a
close-packed, two-dimensional hexagonal lattice. Further, the hexagonal lattice may

include an average inter-nanoparticle distance between about 1 and about 2 times an
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[060] Figure 3(c) illustrates a step 330 of using reactive ion etching (RIE) to transfer the
PS pattern into the oxide film;
[061] Figure 3(d) illustrates a step 340 of stripping the remaining polymer, leaving a

porous oxide film;
[062] Figure 3(e) illustrates a step 350 of conformally depositing a material (e.g., silicon);
[063] Figure 3(f) illustrates a step 360 of anisotropically etching the silicon; and
[064] Figure 3 (g) illustrates a step of 370 stripping oxide to leave the silicon nanocrystal



[060] Figure 3(c) illustrates a step 330 of using
reactive ion etching (RIE) to transfer the PS pattern
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[078] First, hereinbelow is described an exemplary method for making dense silicon
nanocrystal arrays based on self-assembly in accordance with a preferred embodiment
of the present invention.

[079] In a preferred embodiment self-assembling materials, which are not exclusively the
particular diblock copolymers described below, can be employed. There are a variety
of different material which naturally form regular arrays which make it possible to take
advantage of the scale in self-assembling materials. Indeed, there are nanoparticles
which self-assemble, there are proteins which naturally self-assemble, there are block
copolymers which naturally self-assemble, there are self-assembled pores in anodized
alumina, there are other self-assembling molecules including self-assembled
monolayers (SAMs), etc., all of which the invention may be applied advantageously
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and the time are significant, but may vary dependmg upon the polymer system, with a
particular thickness, concentration, etc.

[129] For PS-PMMA copolymers having, for example, a molecular weight 67 kg/mol and
a mass tatio of 70:30 PS:PMMA, the resulting self assembled film (~40 nm thick) is
composed of 20-nm-diameter PMMA cylinders (e.g., the black circles shown in Figure
2(a)) arranged in a hexagonal lattice (40 nm center-to-center spacing) embedded in a
matrix of PS (e.g., shown in the white areas in Figure 2(a) around the PMMA). Again,
the temperature allows this material to phase-separate into the shown ordered pattern.
Prior to being heated, the film is a mixture of the two polymers which are not
physically separated yet.

[130] Again, it is noted that other morphologies can be employed, and thus “ordered
array” is not limited to hcp, and may include others such as spherical or lamellar arrays
which result in a different packing arrangement and which depend on the morpbology
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(RIE) transfer, etc.), and can therefore be used as a mask for transfer of the nanometer-
scale pattern into an underlying film or substrate (as described below). (This is often
desirable since the polymer template is neither thermally stable nor mechanically

robust.)
[139] The above steps will be used in bulldmg an exemplary device of interest according
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[146] Hence, since a directional etch is to be performed subsequently, it is noted that
because of the dimension of the pattemns, a vertical thickness of the deposited silicon
layer (e.g., amorphous silicon layer) is much greater inside the hole than it is on top of
the oxide. It is possible to take advantage of such a greater thickness to leave material
in these holes which will become the silicon nanocrystals.

[147] Then, in step 360 and as shown in Figure 3(f), the conformally deposited silicon
306 is etched using an anisotropic directional etch RIE process that leaves silicon 306
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[157] In step 410, a substrate 401 is provided (e.g., a p-type Si substrate).
[158] Then, a layer of oxide 402 (e.g., exemplary SiOZ) is used, but of course other oxides

and nitrides or stack dielectrics or high k dielectrics could be employed is thermally
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hﬁ:§s w[tﬂiﬁ@]r 1v€ 8bouk 0.5 to about 4 nm).
aﬁfnlg%n ré%}ﬁ[%i e
[1713}020 es’BéSsls éﬁo“fe?d%g’ gi\j/‘Pé i‘ngl é, S I nCJ}OgSg(' 8J s%{Br to the

Whi Gincptloub Bﬁiﬁolﬁsﬂitob,eetﬁeb abovedmstep éSﬁ:)d)fd?ngrp éﬁeb)| ig d@osued as

dlrre%%ﬁlon may be within a range of 2-50 urn"

and W{}ﬁﬂlgﬁge tattered randomy all over the £I 4 isolated
[17%1 t h ahs shownanystepif 4} andde Figure 4(e), npgocrystalistdd %e%?ls and 150

achi @y§ edch ofiRE Wnﬁraﬁ@.hi%@lxcfiﬁm&li@hﬂ RIEGwsiéh dtbyes vcheu&hesomdeslayer
of ever argi cI and can set a very precise

spect ‘?"Y)ﬁ‘? », a specification can be nmde for
[172R parThwhmﬂahmm@&mwmnlthenmrysta}s&alpb%@ﬁﬁoaﬂb’&hmﬂed or

suc hl;e %9 ??9 }s_tg%r ﬁg deleBiivd wetThamREl cﬂ'Q{IE rétchi’n@m t he

next recige sp Z1 C
(1786 obt lge)ﬁeta ep b al a5 spbya 8 FiguR A0y i g8 408s BPosited
20044k (538 SonRop bERRORMOEGFEAISSThid ByercioB ewlé sexve as the control oxide in

subs ala%‘lgal g]g g¥p1£a? FR RS Waftle€ rahl g@ﬁbﬁ&b&ﬁ 490 abséut 10 nm).

cent acing betweefi ad] ac article
[1Adt h a’[‘heatrqn&ghgldefls preferahly, b gg%&smel@w-t mperature txide such as

S IO e Ciofw' pddsh%.cvd t@@vam @ﬂ@@‘(o@ plabing-eplantédCEDPBCVI or rapid

v ar i g‘ﬁ’&’%ﬁ é{;ﬂ ﬁ%‘t‘g@% ‘f’rc"\ af??ér depostt Sﬁm? Eﬁ%% &ﬂfhéﬁvegt e °°ntr°1
aboubxid®fay pd 8fied by thernnal ohnlgh@e@rg gqqqfw,q bly gt & tempetagre within

su bS{aﬁgé bia'«Jfbloﬁ(th b fooe[b%hoﬁ'bb")@f EheSHRGh ﬂgnocf}%télsn'ghe gate material 409

vari ante o e spacin 9

aboutis dppogited AgxS, ai“@ 15 pfe ngf‘e‘fi?trd’ogﬁg ﬁg‘? Y}méQ{ﬁl{aﬂle

whi cihidklaessparticles are typically clustered randomy

th f ; ol T

(8] g o T By s opfFA it g 2, SRRt

( e. gis,nokeshthat gypaeells ze AmcEmbgus silicoad eseys\ﬂewﬁ“ﬁ é“dr‘ﬂ?fggn%ﬁd ence,

abou aﬁ 1R eIl ishndodplous aildlﬂ&]neéassasﬂy aydtalihe kowelsr, the con-

t whi
2 I reiﬂp VQ}“OP@%WQ‘% %ﬂﬂ?%ﬁg a%e q’n(']a Sgen LD 16%%@3 é%%e{aﬁrr& whlclbare hlgh
i n sty Eﬁbhctﬁat Fﬂnegwrm@(@()mﬁ sryele%'@%d s if the tenapragipTe; Wes kept

Fi g. 7&&&1@ it Gefial being
reﬂu %ycr (#115 fg%ﬁ‘gr?e e e

49, used), then the amorphous nature O glmre]r?e%ala oul e%let%ltngc?
[176] It is noted again that while the exemplary embodiment above bas used silicon to
generate the nanocrystals, any material could be used so long as the material can be di-
rectionally etched and can be conformally deposited. For example, instead of silicon,

ot




fromeach other wwth an anisotropic silicon R E which
stops when the oxide |layer 402A below is reached.

WO 21002/114BB® t her mal oxi de 402A between the nanoPCHEPEN$051155
can be optionally thinned or renoved at this stage by
sel ective wet chemcal or RIE etching. [173] Next, in
step 480 and as shown in Figure 4(h), a layer of oxide
408 is deposited over (e.g., on top of) the
nanocrystals. This |layer 408im || serve as the contro
oxide in the device (e.g., typical thickness val ues
range fromabout 4 to about 10 nm). [174] The control
oXi Wi, BiGd, or amethepmefesiakxionld bisyemaployisd fardhe Danocrystals.

i Asvicd QWb EQBplele@ (sowfde/drain patterning,
[1716LPCV8§%§§1?J [e?sg?:lé %O%C%;I& nced CVD 1IE:"’IECVD) or rapid

t he gt comges) PRIERM) daEfer%T gatoRPIICeHEDosi ti on (ALD))..
[17@*t er rgiich )éﬁicb’ssestrh@ 106lv¢ feimoving theenawagryitels fionmthe sappce/ ain
er mal OX “tegrﬁfnlg efsi)ﬁlggfd{mﬁ; 68& ?&%}00 Lﬁ"'i se’gfo%l oRice/dfain implant
S t° dnfmm@‘dw@medl regionsh Eheps PEOCAMELP SIICHE Ay hisfated in stop

depqgotaggm tqg@and i s preferably fornmed of poly-Si or

met al haV|n su1tab| th|c ness.
[178hnocr s gh %g igps SO aftgpnls) Xen l?rg %er?a esk @cnbed herembefore a
h i g rnanbﬁwelrm]nmp demaaah be lformedsn wblcb @hem@a@crys}gf vgagq eyleﬁned

Sas&'rdb'l yer is deposited and then

etch gn‘{%nce })p/% ? t mat e appr

[188hd nolt isiewpesanfq g @Pvgtt%ﬁ PFfrEe! FB&%@W PrBE BlgiR invention at
vent jegdd dhe 6RMEiRespasibg, amatdemyméthemasopamcéqmm tepaplated by the

:)Z:Tﬁe j:‘r?aégengb ed rrgt&l?al 3& g a{)% ﬂﬁstr&?é&%ﬁ g‘thuﬁéé Qlth) . AltB@atively, at least

I f the per at,u
W syt the deastiaciagyAne GRSt 6 the QRBREACIES 2y 4 JErmed by the self-
dep eﬁbgérﬁﬂed RbteRAYE.ES wher théenbpireicleedre baiaruted hyshelje]f-assembled
then t gm)r phous nature of the material coul d be
retamﬁ Hﬂ 1176] It is noted again that while t
[181xenp| Enyhee thouinnepstalahanery daviceigad n@rhorié@rrfowg it) allows good
geneg gl big H%%ﬁﬁﬁﬁﬁ F e siA Vf tRPhRbE étalqﬁniabsp@dlmmhm dis-

so long as t rlal can
and Eﬁﬁu%(%ﬁ’l’@?’%‘g? pgpogEists "‘F"eﬂ’catﬁ% %?R) e %@Pﬁ ce{m)
of sThus @ie.inafi00ethdd r3dt @@ﬁbﬁéezmmm&@a arrpy ofs

I I d f th
nanogwgfygais)s Hr?ﬁg}%{%%@%eﬁg&g%{%q??fggkoyg grg\r/vn fhe

[188vi ce can be conpl eted (source/drain patterning,
gate contact) using standard FET fabrication
processes. [178] Such processes may involve renoving
the nanocrystals fromthe source/drain region
patterning the source/drain, and performng a
self-aligned source/drain inplant to define
hi ghl y- doped regi ons. These processes are
schematically illustrated in step 490 and in Fig.
4(i). [179] Thus, with the uni que conbi nation of
exenpl ary features described hereinbefore a
nanocrystal nenory device can be fornmed in which the
nanocrystals can be defined wusing a self-assenbly
process. [180] It is inportant to note that in the
preferred enbodi nents of the present invention at
| east one of a size, spacing, and density of the
nanoparticles may be tenplated by the




sel f-assenbled material (e.g., as illustrated in
Figures 4(a)-4(j)). Alternatively, at |least one of
W0 b@4414389 spaci ng, and density of the nanopar PCTVER®04/051155
may be defined by the self- assenbled material (e.g.,
where the nanoparticles are separated by the
sel f-assenbled material). [181] Further, the
nanocrystal menory device (and nethod for formng it)
all ows good control over thg uniformty of the size
of the nanocrystal particles, and over their dis-
tribution (e.g., where the nanocrystals are | ocated
and the spaci ng between t imsThus, the inventive
met hod results in a device having a regular array of
[005uch  narfstiys bat fortifichefFestiransiséor onmprising;ragpurghtyf discrete

devi ce. %%%ug\é? Wl oh eltjléﬁggnéa Sy sﬁpzﬁﬁéﬂl 5&&- 5&1s1t§1 of said

Cla'”BF I'ng gate or el
transi snaoparislepisicse afteoplaied And) qe{ai?"‘i)tf led material.
[oozy@nopar '-Th@ l’lSﬁuﬂ atehdf chimt, Wbétsih saldelamcfpaalchs be\re diameters between

Spact ng, . ang dmgglr i o iy BANGAYAATES: oS Bl s

t enpl at 830Uk 8l'f-asse mat ef | al
[002] Tisentidllydsi%gf gyaean dtam@teapﬁﬁhgnwm%eﬁ sai d

[ooé;g” opar Bﬁh@ G RidpuR di“cﬁ.ﬂﬁﬁesvﬁexbﬁtmle spagitig isRubstahtially uniform,
out 3 nanoneters S] Z€ stributions no

gr eat er h?ﬂ&&aé’wnc%?%‘}ﬂlpﬁlielt@ml 5 of a mean dj aneter,
[008f the ITaBdRat gateas claifiG3whdikin shldpartiokspgeingisgb
et Shitpf Rt & vBiBEGH Afpb GuPRI ANt | 2l |y

uni f or m variance_ o re than
[00pD04] THae ﬂoma gatp f glaimds wgprg}qﬁag{m I %yiaﬂn%g sa%stanually
part icl %nﬁ@ﬂ&'hﬁﬁngav&wdiﬁé afié mbleythartd %or m  havi ng a
[OOQ r ancﬁl}hgfﬂoaﬁr&%tt Bt E Zlélh i’e14 fpge"ﬂer T&@enftérgﬁ’&ciﬂé%egﬁéeﬁ adjacent

cl ai

subst antriandpayticlasnis mtrnlledwte\han@a §arAFT WA 23R 6f ) flsto about 20
than 10 4o [006] The floating gate of claim2, wherein

a center-to-center t ween ad' 5
[00Fhnopar tA APEE; gé‘tecf%‘fgé &acbt%@nﬂgtvlé 6 %{EA plurality pf discrete
a range @ﬁoﬂaﬁuc%st whabinutida@nofaadrtgs have diametendearaca a‘mﬂt 2 and

afield ?rﬁ&?ﬂs%ﬂﬁ iz€ @RibhidMRGo ghealdk tHa kubisiandhlly 15 % of
dlscrete nano ar M%ETEIH sai d nanoparticles
have di smeeaydiapaergl geartieles, .y  apout 30

[00BRNONEL eX Ficldvdfteb tﬁdni’i@tod icatnpiiking:i axosrce cegipmesat] @rdraim gagion formed in

substantial I > 120 9% e 4 region
nanopar ﬁ%‘*ﬁ&i % %fl% yﬁ%ﬂn‘gft ?? é)?édl é’t veen said Source Ieg

conpr i si ang:said @m regeon a@mwawa&er&f glesirically; ipyyl4tipe matprial
in a sefifRaet 8fid Eﬁhﬁéllréémn QA ffda&ﬁlgl@te Taggriofelectrically conducting

di sposed SO

regi on: raﬁtepﬁegﬁqpaﬁﬂﬁaeﬁ SRRy ARy PPl Z%S“‘a““g

mat er i al mdueﬁaiahsg»dsed\wer sul Hoating gefe IlaYpﬁ ghd gataelpvt%iﬁmaf ying

gate | ayggy & ﬁ‘%ﬁ ﬁﬁ%ﬂlnhﬁénﬁlo%&%ﬁéﬁﬂlﬂdiﬁﬁﬁgdt@hyer includes a
al

di sposed” ove ati.ng |

el ect ri cplpfality Qféjtlﬂcﬁaﬁ ‘?‘?QOP%?IE?% hlfh %tg??ﬁte%‘eé’%ﬁlz‘%’g%cmg’ and
floati ngd@@iqeoﬂ siiefanopunetles iy aheoftbmplated dad dafimed Yy agelf-assembled
said | ayer insulating naterial, wherein said

af
f1 oati ng™§ Ella er includes a
[009] The field effect transistor of Claim 8, wherein said nanoparticles in said floating

gate have diameters between about 2 and about 30 nanometers, with size dis-

tributions no greater than substantially 15 %.

[010] The field effect transistor of Claim 8, wherein said self assembly involves a
block copolymer film.
[011] The field effect transistor of Claim 10, wherein said block copolymer comprises

a diblock copolymer including polystyrene (PS) and poly(methyl methacrylate)



plurality of discrete nanoparticles in which at |east
one of a size, spacing, and density of said
woamwepa3Be cl es is one of tenpl ated and defi nedPGIER2004/051155
sel f-assenbled material. [009] The field effect
transi stor of Claim8, wherein said nanoparticles in
said floating gate have di aneters between about 2 and
about 30 nanoneters, with size dis- tributions no
greater than substantially 1% % [010] The field
effect transistor of Caim8, wherein said self
assenbly involves a block copolynmer film [011] The
field efPMMAX ransi stor of Claim10, wherein said
[0 ock capply @fe&f{mﬂ&bt?ﬁéf c1am§ig b&ﬁe@ém 640 ganopRrticles include at Jeast

cluding p styrene net hyl
met hacr;ﬂlﬂ&f’fe‘)'ﬁ% 2D, 051155 2
[o1 s\ﬁ MVA) . ke 5ieid efflaet tiansiktdr of Chtm 81 wlaem&n sid panpparticlgidengty is greater
erein tﬁallgng%nopartl cles include at |east one of
silicon nium and silicon- germanla 1.3%5 The di
[01#] el d erﬁhecﬁpldtaf@n@r@mor of Clajma Bnwhereipsud 8 § arc arranged m

nanopart 4 didsE-paaRal fwh- dlﬁleﬁﬁi&ﬂlﬁéx éﬂahrattibelw cm . [014]
t ransj St ﬁ

[01 Eﬂﬁ opar tﬁaé%f@ e& gt téqnlsgwé g CIPIHI 1 %:'énes-al 5%411&1 lﬁﬁ‘i'cg includes an
t wo- di meaveragetiater-menapguivid dlstamqmbg@veep @11(51} 1 mabqug times an

ef fect tran gé%{n Bharféle AlafticRr ldhd 2WRAHAU AeHach dfemagmabaﬂwle
lattice 1nc S

an _aver i nanopar t i..c
di st ancéhiiﬂcﬁ/@@ﬁfeaﬁbﬂlmiul&??&uﬁlg'oﬁ% fa& ﬁ{fgn 4 ag(cifver age
[016RNOpar tTHe! feldliffseet-isiston ofl Chair Bawtiersin sdidvianopagislesfin said floating
| nter- nan clﬁ%llé}% z%ngl' %(t,oqlﬂ%?snﬂ s%e? %Eﬁf wit&8meter standard

subst antg e nean di St an 016
field efdewtmmlwmlgas@an@pp@xanws St Wbﬁf‘t&’?@f of said
nanopartﬂagblgﬁudlég said floating gate include first and

B85t S BB RC hE 0 B e

di anet era dlbloslacmpolymapﬂmhmgzﬁlé's)f PPU&WFWG%S)#E
effect trapsd 5@5 FNIMA) %Ji%b]u@adléﬂ@%@'bﬁtyﬁﬁétﬁbrﬁhﬁp bolybutadlene-

copolyners o) ses

any of pRAlyding gqléox(apg)po an(a ﬁl%n %ﬁ% gf}h#%t @?ybutadlene—

(PMA) , pﬁmxmpelprsbprbn&-pdﬂmemmeﬂawlate polylSOPrene-

pol ybut adl PRyl H?ex th lm thacrylate, polybutylacrylate-
pol ybut Sl %VneY ﬂ;ﬁﬁr}éia y e 5 eXmuliya | ep lene-

pol yvi nyp(ﬂy\rmﬂpyr hexylacrylate—po yvmy pyn e, polyiso uty

pol yi sopp@siARle matyme polyebutylead-poly dimethosysioxame, poly-

pol yvi ny ri ol Ioyridine, poly-
pol ybut yiS%FX)P%Ff%‘“%‘B?WE{ AR £ OIIYISPbI%t%lene polyvinylpyrdine, poly
pol ybut ybugimettmteylatgpdlybutykacmylaie, a1y tyhnethacrylate—polyvmylpyndme,

l yh ! buty-
o Sy L st

pol yi sobleylaénheo eiuimeharsyisemolbyiylmethasrylate, polystyrene-

i sobutyl pﬂﬁblﬂiﬂléﬁﬁﬁﬁtﬂydtymﬁdmdybdtﬂhﬂylate, polystyrene-polybutyl-

gglt z: ?rgtb ﬁ)tg%xra@ %eo Bblﬁ%lty%ﬁ -??fgb%ﬁgrreneoﬂ)dystyrene—polydlmethoxysﬂoxane,

pol ybut ypqwlgstyrgg@-pqﬂg{sgprw, yq GBWP mqgly]methacrylate, polystyrene-

pol yet hy hgpanpyndms, I@ﬁly@ﬂiytbﬁé-lpylyﬁhﬂpyndme, polyvinylpyridine-

pol ymet h%xl) yrr%te aﬁnéﬁllacry?atg p0¥yeH1ty¥ene0x1de-polylsoprene, polyethyleneoxide-
polybutadiene, polyethyleleoxide-polystyrene, and polyetheleneoxide-

polymethylmethacrylate.

[018] The field effect transistor of Claim 8, wherein said nanoparticles are arranged in
one of a hexagonal lattice and a cubic lattice.

[019] The field effect transistor of Claim 10, wherein said block copolymer comprises

a diblock copolymer including a molecular weight within a range of about 5,000



| acryl ate,

pol ynmet hyhnet hacryl at e- pol ybut yl net hacryl at e,
w@oiogdi4psene- pol ybut adi ene, PCT/EP2004/051155

pol yst yrene- pol ybutyl acryl ate, pol ystyrene-pol ybutyl -

nmet hacryl ate, pol ystyrene-pol ybutyl styrene,

pol yst yrene- pol ydi net hoxysi | oxane,

pol yst yr ene- pol yi sopr ene,

pol yst yr ene- pol ynet hyl net hacryl ate, pol ystyrene-

pol yvi nyl pyri di ne, polyethyl ene-pol yvinyl pyri di ne,

pol yvi nyl pyri di ne- pol ynet hyl net hacryl at e,

pol yet hkbewkmabde-256100D &gfmadne, pol yet hyl eneoxi de-
[0 @0' ybut g4} 608 efo&'uééﬁél M} &P@% ﬁ?m}eﬁﬁd mmeamar weight of said block

ol yet hel eneoxi neth .at e.
field ePPMmftflﬁi‘i‘P gim‘%ﬂg?s (?fﬁ %Pmﬁles
[o2mianopar trhe field effeet tﬁm;l&tngdb[llam 10y rvéhersin amhbgdgbwqght of said block

latti Ce ang %rser%‘]'}ﬂ' i§ él%ttéd V\g %ete{'n%lg b (ﬁ'getei' bdait ﬂnﬁﬁaﬁ‘hcles after

transi st I'n sal bl ock cﬁgg é 1
conpri s@&d sdf-@ﬁsmnb}wné epmo;qﬁé?etwwm pent onps ?‘%‘i’Paftlc es.

[02: CIT? ELZ\%%/Q%% 61’5 fis)ﬁﬁﬁi g aGFloafilOptte ﬁ@%lMeﬂt&%éﬂtbﬂ,%ﬁlpnsmg
a
[020] TAETHRER D %‘Jt?ﬁ%c?%%% SpBRey sé?gg SSHTR) mteral to
a nol ecwneaof mmplyta:andfdeﬁm ahyifacize, apefpm }aﬁ@ enrs;tyr# aéd
sel ect eq 4, agﬁ]efr m ne di nensi ons of said

nanoparticles 021] The field effect tr.ansi . .
10281 o . 10h e oF RaB i PoRapRaile ey fompt S P lngh dimension of
copoly rr&rserﬂalsmnbledﬂinénmmmctdeﬁhm o frema porenseliedectrg film;

2352. o BRETRARY ERodihe maBAUypEald FRORTR ik oG and

ones o sal nano
[ 022] Aampmoaélv aﬂ@ﬁ@i@qﬁgelaetqhalgt CHOsIE E’aﬂngf field
[0 23 jfect tFRRASIIIVE claiﬁﬁlzBI Wwhdréigl said haiiopaniglecarply ompritey aahiform
|screte nanoparticl es usin
Hagﬁ:g G arfay JLw %eé'?lg rslgidi(ﬁk Ess?lﬁﬁl%gﬁhﬁgoﬁ Bi & b 3blymer

one B e an a Size, spacl ng,
and denSﬁmpmmf sai d nanopartlcles [023] A nethod of

2§?ki ng (;fl Fgl,gzgrgvﬁ&emggifmepmmﬁt@ is pﬁ&tmﬁdtmuhgutadete-
Mensi on e m.i.n
film toﬂ(ff%ti% ‘EL‘?‘F‘HW &eé%ﬁPgsF‘?&g’feP

[026§POSi t | Agnethodmif ﬁrakmg aomefons aartbppmpb \agraylicompasipg: dformmg a

fS|a: g] d Zp‘?} ?1{] %ﬁ)ﬂ@%&? Ihﬁx?hin Oxgz[‘%lis k&Rt %7 V)%lya ﬁfsﬁéﬁbﬁ&nc 30’11 silicon;

aher ei n GeiE AZAHAPEETEHE TS EHE ARSI SR iR G Lot

nanopar té(ﬁt&manf ddposiifg a whkipaiticlesadtetiabintl anisateoplidallg etching said
filmconprises ol.yfrer tenplate. [025] The met hod
of clai aggpargﬂ% B

n“said replicating is perforne
[02M]t hout et rethed ofrcaiin?§, wherermesaish coopiing EOTORHLHPRR nyieveIOng

| nher ent ;40 Jf@%fgl?%ﬁfus Be§arRPHRA ald dtehing oQesle pdréwadfisaid porous
of maki n‘g)g a un

rmnanoparticle array, conprising:
form ng BOWREN copolynmer thin film via
[0283! f - as SERDIpthodvfulaim %6, mdabredl aaida:anopacuqm ooimiprige#;least one of

creatlng of |ng a pattern
Rty ket i, Mo blcnfbink, BREBAL

into sai 4% con or O.SJ ting.a
[0284nopar t Aghathadafapakinga ‘thﬂ’ffélﬁ‘?% &a%& i n@egf Tming
said nagBRRk topgolyandtahia Filal self assembly over 2 ﬁrst dielectric on silicon;

creating a porous polymer film; transferring a pattern into said first dielectric; se-
lectively growing epitaxial silicon off a silicon substrate from within pores to

~

create a silicon nanopatticle array.

[030] The method of claim 23, further comprising: shrinking said nanoparticles by
oxidation or etching.
[031] The method of claim 23, further comprising: one of shrinking pores with a spacer

process prior to forming said nanoparticles, and enlarging pores by etching prior



[027] The nethod of claim 26, wherein said creating
conpri ses one of devel oping pores of said porous
w@oedogres3sd i | m and etching to create pores of SBETIEP2004/051155
porous polynmer film [028] The nethod of claim 26,
wherei n said nanoparticles conprise at |east one of
silicon, germanium silicon-germanium and netal.
[029] A method of naking a uniform nanoparticle array,
conprising: performng dibloék copolynmer thin film
self assenbly over a first dielectric on silicon;
creating a porous polyner film transferring a pattern
i nto sait@ spidfermipg epidpanoperticles- | ectivel y grow ng
[0%R)i t axi ah nEthddaBFfabifatitg RhddciRial fielsty devizef doniprisingthemethod of

pores to,,create a silicon nanaopatti,gl [ |
e e

sai d nanmpactyitels o thoyanaxystid particle arraystand deppsiting 3 pptepiaerial over
met hod of; £4,8 %ﬁ; further conprising: one of

Add T
shrinki ng pores th a _spacer 0oCessS prior to ey s
[038r i ng B Bethah el 2 Baeroy saldaHds laYeR SeTRE A5 cpgrol oxide in the
et chi ng @vicel andGndl0ds/a1HidBRSs WitHih BPARE410dbdbE64 todabpuat 10 nm.

id forgn ' ' 2 tégwh] :

[Oigbricat?%ﬁgﬁéﬁ%gﬁggpgﬁgﬁ%ﬁ%#ﬁﬁﬁg%?%é#wéggg |sjn%?bgﬁgnn0XMe

met.hod opriorfie frméng 4najuarphoup Sﬁé‘ﬁhlﬁﬁfcfwélsam fopmige Said gangerystals.
[035); f or "TROfGHnE ¥hid f LRME I, Wikedin sAld BeIE fssembled maferibhses a material

nanocrystg% gq&%g&le arra%P and depositing a gate

mat er i al VB patugally oS afeedlanatiay- '033] The nethod of

claim 32, wherein said oxide |ayer serves as a contro

oxide in the device, and includes a thickness wthin

a range from about 4 to about 10 mu. [034] The net hod

of claim32, further conprising: thermally growing a

program oxi de prior to form ng an anorphous silicon

| ayer for use in form ng said nanocrystals. [035] The

floating gate of claim1, wherein said self assenbl ed

material uses a material which naturally fornms a
regul ar array.




