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MANUFACTURI NG METHOD THEREFOR BACKGROUND OF THE | NVENTI ON TECHNI CAL FI ELD 5
The present invention relates generally to Flash nmenory devices and nore
particularly to Flash nenory devices using nanoncrystals. BACKGROUND ART

The increasing use of portable electronics and enbedded systens has

resulted in a neeNANOORNS DAL ASHMEMQORY/DEMACFKoAND | e nenori es t hat
can be programred at Ri menory, which has been
devel oped, is Flash %ﬁ?ﬁ%%@g\ggg‘%&é%%ﬁgﬁ%g%{e read only nenory
(Flash EEPROM). It is used in many portable el ectronic products, such as
personal conputers, cell phones, portable conputers, voice recorders, etc.

as well as in many |ar _ ' as cars, planes,

i ndustrial control sysg%%ggkggéﬁﬂﬁgﬁgﬁ%ﬁ%§ﬁ§EE§%§ﬁldevice is formed on a

sem ¢ supstrate. In portions of the surface of the substrate, a

doped?gggﬁggﬂgé §ﬁ5and a doped drain region are fornmed with a channel

regi on thempbhehranen. infedtivhneblateh | b&RmlRXid eFRkie! @eibic dedites il frasrged on

t he sem conductor substrate over the channel region and between the source

and dpatiguladyioRlash memesy devices upinamanencryséis.oxi de diel ectric |ayer, over

the channel region, a stacked-gate ?0 structure is fornmed for a transistor

' havin%w? floatin %?te | ayer, an inter-electrode dielectric layer, and a
cont r BAGHRO ARThe source region is |ocated on one side of the stacked

O orur o R SIS RSBl LSRR R, FEPLRR SSELRRR) P08 08,
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nanocryst al Fl ash EEPROM devi ce has al so been denonstrated that can be
programmed at | ow vol tages and hi gh speeds. Such a device was fabricated by

i ipl ant i ng Ay ElagaMERRQM slewice ig frened o wenmisenshicios sebstiagandsy pertion ef the
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t hi ckness of the resulting_ tunnel oxide, because defect-induced |eakage
cur r efEMIGNGuGlE; Sbstate opeinthe | chanqel segiom apd befreen thesrceyadadiai: BatIsNn

perfo rﬁpﬁﬁg S[h% ﬁl‘g}gggl 'ss%qﬁ%flte‘%uag' e&edthiO %yeem; V@V PERAnd] Ofdion? légﬁﬁckeﬁl-gatfh ave

| ong e
20  structure is formed for a transistor having a floating gate layer, an inter-clectrode dielectric

layer, and a control gate layer. The source region is located on one side of the stacked gate
structure with one edge of the source region overlapping the gate structure. The drain region
is located on the other side of the stacked gate structure with one edge overlapping the gate
structure. The device is programmed by hot eleciron injection and erased by Fowler-

25 Nordheim tunnelling.

A silicon (8i) nanocrystal Flash EEPROM device has been proposed that can be
programmed at fast speeds (hundreds of nanoseconds) using low voltages for direct tunneling
énd storage of electrons in the silicon nanocrystals. By using nanocrystal charge storage sites
that are isolated electrically, charge leakage through localized defects in the gate oxide layer

30 is presumably reduced.




inthe art. 10 DI SCLOSURE OF THE | NVENTI ON The present inventi onidflo$ERe20lk
Flrash nenory having a trilayer structure of rapid thernal oxide

(RTO /germani um (Ge) nanocrystals in Si02/ sputtered Si02 cap. This
structure has been denonstrated with via capacitance versus voltage (CV)

measur ement s, hay Yo dberdseh SHhch EEERORY GEHIRRLL B OBAOE LY AL Ahedd" theE
zﬁzgmﬁﬁﬁ%;yer %}e ce s?alds are

m ddl e | ayer structure. nanocry

synt heshatadn by pragiathniddedtrial ataged aniohigiREpdedof Swuh € deritenas fibeichic@yf i | 5.
The present invention provides a nethqod for_obtaining a Flash nenory
st r uct dP@lasfinggernangun pigmy gty silisen pubstatsy HRpaverebs Amglaotalieg nesses 6¥es

that t r d:s..critical: -%@d : :
concen?r%gst%?%é?nﬁlang t eﬂrcg%iag\%{lselprér%rﬂdg%ﬁeg{lhm pro’cgds?@%]gﬁé%glcton |1t‘|)a(§1ns.
Cer t5ai nlegrade dherdentice pérfarmancarThetpresentravieswoh hep sigy altcega $ower laddite ithen t o
or in ace of .those nmentioned.above. The advantages wi || beconme apparent
Lo t hodbicknsss pEfhe resvifiae Bipcloxid, Reciuspilelactondyord Trakees Gt 4ot SPPeg

descri Rihi o¥4A8 Rak RIEER 'éd?d&ﬁfr%ﬁﬁ&.egpé&rﬁﬁﬁceacconpanyi ng draw ngs. z5
BRI EF DESCRI PTI ON OF THE DRAW NGS FI 1 is a chart of the capacitance

versus vol t dpdutiads\g thehaprablemsihave beerotong setighty dutrhase lohg yladed those skilled
devi ces; FI %l' 2 is a diagramrepresentative of a transm ssion electron
m cr osc%ﬁkée? EM m crograph of one of the devices of FIG 1; 2 3 U 5~N
LWk FIG 3 is a diagramrepresentative of a TEM m crograph of another of
the devices of FIG 1; FIG 4 is a schematic diagam of a nanocrystal Flash
memary devi ce accordi ng t DISORORURSEOF THE/ENWENTION
The present invention provides a Flash memory having a trilayer structure of rapid
thermal oxide (RTO)/germanium (Ge) nanocrystals in SiO,/sputtered SiO; cap. This structure
has been demonstrated with via capacitance versus voltage (C-V) measurements having
memory hysteresis due to germanium nanocrystals in the middle layer of the trilayer
15 structure. The Ge nanocrystals are synthesized by rapid thermal annealing (RTO) of co-
sputtered Ge+SiO; films.
The present invention provides a method for obtaining a Flash memory structure of
Ge nanocrystals synthesized by RTA technique and discloses that the Ge nanocrystal growth
is critically dependent on the Ge concentration and the rapid thermal anneal RTA processing
20  conditions.
Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed description when taken with reference to the

accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart of the capacitance versus voltage (C-V) characteristics of various
multi-layer structure devices;
FIG. 2 is a diagram representative of a transmission electron microscope (TEM)

micrograph of one of the devices of FIG. 1;




5 FIG 5 is a diagamrepresentative of a transm ssion el ectron rﬁ?;:ﬂoﬁb\fﬁug?
a TEM m crogaph of the nanocrystal Flash nenory device according to the
present invention; FIG 6 is a Flash EEPROM devi ce according to the present
invention; and FIG 7 is a sinplified flow chart according to the present

i nvention. BEph M%a% AN TER mNYSHIHIOD A iRefkd 88i0QWft O

FIG 1, therein are s apaci tance versus voltage (G V) curves of
vari oull@xigeri ment al devices. The Beater the hysteresis, or difference in

ol tage.t nEbet i eprbats dpedm i hRebRa) BFh AREdE ST g © B e

devi ceprcllif ikARA6AT ance versus vol tage curves are shown for three devices:
Devi ces 100, 200, 15 300. Each device includes a sem conductor substrate
upof whi ch ElGuS s aldiagmem jrepreseatasive of rauicangmession ¢lestraadmigregraple hhprddEMare to

be stored. Th vice 100 s.atrilayer strugture of RTO S Q2.

(Snxn) Feseaeb oo PEsiel B efmeras dSfonrorintf ket BYor o 1 api o
ther mal oxi ¢heG0f s FlasiOPERR O 8&/i6f acttidirigth ¢k mssent infventieart 9hdZ i s a

conbi nation_of germani um and silicon dioxide of 50nxn thickness, and the
sputtered sFIGCOHB affimplified fleweharh ageordins fa the Pegepidaventige Devi ce 200 has a
trilayer structure of RTO SiOz (Snm/sputtered Si Oz(20nxn)/sputtered

Si Oz(SOnm cap. And the Device 300 has a two-layered structure of RTO Si 02

(Snxn)/ Ge+Si 02( Zon@EISTTﬂ@)_ﬂEFb‘R%AﬁﬁYm OO T BaR i/ Ehaeny st ructure,

exhibits a counter-clockw se hysteresis of about 6V in the GV curve as

shown in FI 1.. 25 The vi,ce 200, ich is._anothe i r re
.w:i.‘tlﬂ the m BPR SRS oﬁ%l Ayg}ereé%ﬁrseymss?}owvrl?gcag?m%né%y%ﬁé{%l%égrgg?\}e)r %{%ﬁ tered
oxi de, ofxhiidistsxperifental @fvicek 0Tk fatchitillskRedsE, abdiferddcd B\capddianee gfdn of
this hysteresis is smaller than the width of the hysteresis of the Device
100. Napprkessian of o bias valtager andr severpaly ofsthe hiasyaltage the beltethe €hagp staspge
omtti I (RTA) step, which showed a hysteresis of
1. 09V. Eﬁég{eﬁgﬂéﬁsgfrﬁg@gmk@%gﬁécess i nproves the sputtered oxide quality
and reduces THeeapafipact ehasgeltdgnairtes araslidve e direedR0@sf Dravics 62X 20Q1 cm Z
(as-prepaxed) to 1.98x101' cm Z (after A. The 3. .3 0 SEP 2004

pr dﬁour@@d Ry devdes melydss 15 30y SHRAvERE S uBQTh Wit 2 PHEFART daletiie t o

charge Gh.eRA0R thfned where charges are to be stored. The Device 100 has a trilayer structure of
RTO SiO; (5nm)/Ge+SiOx(20nm)/sputtered SiO,(50nm) cap, where the RTO is a rapid
thermal oxide of silicon dioxide of 5nm thickness, the Ge+Si02 is a combination of
germanium and silicon dioxide of 50nm thickness, and the sputtered silicon dioxide is of a
20  50nm thickness. The Device 200 has a trilayer structure of RTO SiO, (5Snm)/sputtered
Si0,(20nm)/sputtered SiO2(50nm) cap. And the Device 300 has a two-layered structure of
RTO 810, (5nm)/Ge+S10,(20nm).
The Device 100, which is a trilayer structure, exhibits a counter-clockwise hysteresis
of about 6V in the C-V curve as shown in FIG. 1.
25 The Device 200, which is another trilayer structure with the middle insulator layer
- consisting of a 20-nm thick pure sputtered oxide, exhibits a counter-clockwise hysteresis
about 0.73V. The width of this hysteresis is smaller than the width of the hysteresis of the
Device 100. ‘
Not shown is a similar trilayer structure as the Device 200, but omitting a rapid
30 thermal anneal (RTA) step, which showed a hysteresis of 1.09V. This means that the RTA
process improves the sputtered oxide quality and reduces the frapped charge density in the
Device 200 from 3.62x10'" e¢m? (as-prepared) to 1.98x10" cm™® (after RTA). The
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the Ge nanocrystals located at the niddle insulator |layer. The ex§g Q'FEEMZMI'
Ge nanocrystals in the mddle layer will be discussed further in the

results to be presented |ater. The Device 300, which is a two | ayer device,
exhibits a snmall hysteresis of less than 5 0.5 volt. The smaller normal i zed

m ni mu g}ss B 51 gﬁ%ﬁe&gexhﬁ%@% 1eD300e 160 AUS thaeﬁ,ré bl peelo dgld st&zgf B

t hi ckn ere a e fewer nanocrystals, It Is reasonab
expect thehGe naﬂrm:rfsmis eatsd ot thgeniddisaciulatomiai¢r. The bzastsnmfrﬁﬂ: eahocrystateinDevi ce

100. It, has 0 be dj.scovere t r i nm cap is

i rrportél?ﬁmiqﬁl%@ ﬁ?&de%“égfﬁ% &?@rel\'ldg%\i\?ﬁ ?@eﬁgéﬁﬁf g now to FIG
2, therein neIhawe R h&%ﬁ@arﬁ%rlﬁ%grﬂe@idev&lﬁ’&t@a AN HP3tS5Q Bf Bds§ anoN
m croscope (TEM m crograph of the vice 100. FIG 2 is a diagramof the

tribay @rS mlt u&mmalbarmermalezpd ehiniyarrehpagitaeglof she DEGOCIPbis BBGO gdbionets. The

t-rilay ure of elOO is fornmed, .gn. semc ctor fer
such: adbta St BiGeRi P ime AL Bee forder e LR, LS EotRlly b SegtBhCos oo
5 nxn Qlfle H{E%eﬁlt&ﬂége SapABiIRPG/AlY BE Rks bdaﬁpdr@d@rthé Beice 106 of 20 nxn of 15
co-sputtered Ge+Si Oz, and a second insulator |ayer 108 of 50 nm of pure

sputtered Sifohas Fte pen dissocapd tthait hecapptiseede SiGpédOnm) e3p s imppdertbit i s
h f this di that th
shown as?lgﬁﬁﬁpé'fﬂ“u|<%3§a§9‘ﬂg£t51 &%%gpe seen fromthis diagramtha e

nanocr)?s yer consi sts of Ge nanocrystals 110 of

di fiber ent siRdfaring hewt tol F1ay eI thetein &t dhbenaf dibframDepresentdtOe dfastnb&ﬁﬂssmn
subjected to a rapid thermal anneal_ at IQOOC for. 300 seconds. shoul d

be not électmagirrsepe (EEMianisegaphnfshaRovies 100- oG- €ris pjagp of e\fae % or med
near thgy a]m §]’te92r V&BIQ Rl SR %ﬁeﬁioﬁ% Jwg@@& ﬁd@rﬁe be&tnfeure of the
a orne

nanocryst ~6nm are at the RTO SiOz To sputtered

Ge+Si Oma@nek 100es ﬁnﬁteﬁemeplse@@do‘ﬂdﬁ&of @afer sechsapul sildgordubiifate 101 atdfiaclades alher e
seens to be nore nanocrystals 110 near the RTO SOz .to s uttered Cﬁ+8|
P

i nt er f d&8t PREAOE F?éfe% Hoft okd amn BB EPGIOp. prvoerysiglrinsalaty 1@1@0& ot 2 ngt
Thelscegg b Rd 'c%ﬂsftﬁ ,%}{%a Q%'taﬁ%%sgfé%@%ggbégf@ LAV, u!r%u&%h%@g Tieh

f ewer anocr ystal s use gnl frcantly in Si Qz.
It is bdlicoawabsttdatands: dither w-ange dbpal b is showBasdicagq-dagadin SiOz is I ower

t han t he soI b|| y at .the Si .to Si interface and hi the of
Lhe 'St Co, ¢ o S B S BOPohHaGeD e meaadS T RSP f5en 06 Fistsel
resul tigg nbﬁb@%eﬁg Q‘me%ﬁ&@nto&z&e he 18ydrNiQEiual 8f thd DBRse 188madiveepver ed
that when th Vi ce was anneal ed at 1000C, significant Ge diffusion

t owar dssubmfed\m anméthea@elsamé@m BPRSE. forBR0 grcpedsss can account for t he

!s?nra er ngﬂb rs?nf w%ngnt% %lﬁsg i(%% &Qr?o%g'ysttaqs ltlﬁvootJ gi%:l%gela (ig)s 38 % ok Tt ‘Were

formed near the RTO Si0O; to sputtered Ge+SiQ; interface and smaller Ge nanocrystals 114

with 8 ~6nm are formed at the RTO SiO; to sputtered Ge+SiO, and the sputtered Get+SiO; to

pure sputtered SiO, interfaces. There seems to be more Ge nanocrystals 110 near the RTO

Si0; to sputtered Get+SiO; interface than the sputtered Get+SiO; to pure sputtered SiO;

25 - .interface. The central region of the nanocrystal-insulator layer 106 contains much fewer Ge
nanocrystals 110. ,

At 1000°C, Ge can diffuse significantly in SiO,. It is believed that as the
concentration of Ge dissolved in SiO; is lower than the solubility at the Si to SiO, interface
and higher at the bulk of the Si0O,, the concentration gradient can lead to a diffusion flux,

30  resulting in an accumulation of Ge at the interface.

It has been discovered that when the Device 100 was annealed at 1000°C, significant

Ge diffusion towards the two interfaces took place. The process can account for the larger

number of Ge nanocrystals 110 near the two interfaces and the smaller number of Ge
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nanocrystals 110 in the central region of the nanocrystal-insul at 30 I%J?ezﬂﬂll
| 06. However, the reason is not known for the preferential formation of
| arge Ge nanocrystals 112 and hi gher nunber of smaller Ge nanocrystals 114
at the RTO Si02 to sputtered Ge+Si Oz interface. It should be noted,
ref er npgy fagda1t 915G thel cerllBftedidiP oPR¥ Ko dYRaRInSAaRh ORer 306. BbBB] gRNt
positive shift of about 4V and a GV curve™with gentl ér sl ope as conpared
t 0 t he r@svi cen@itownstor tlee predirentad femwitidn lofilarga s mwooamstelsyl Rvand highemeans

‘that the Device 100 _has a better char e Llid.y than the Device
200, | AORS: HoE L GRSaR S A 1 K e STST SRb R EBRGHER: 1B g
Si - O Ge bongg shéihie b@en@e@pfb@eﬁiﬁgr%@k% B camabehebDekies 1®asilky shbeaw ng a
Si -O dangling bond structure. The 1000C anneal ed sanple contained a io

subst ansignaficaatpenitiveothiteOrbes ds andrn CsV da! Wil shwtedl skope e compargd o theen
trap an, el eciy,0 negatively. charged, . T LN i i1Jve
sii Tt QR iR W ElE pESERIT nIFHE o oB AL s sierd (i PEORSRATHA

el ect r arisetiey cHafge lamage cagbliRndan tlhPegieald@r ItdaopeenafugpéstedGhit inursystenfl t he
Device 100 is a result of the |large_ voltage shift induced by the charge

st or ed that eonéainmth8tPySit andsSi-Priie brads, Jhs iGor@dbany ie weaken ang &ap besbrgken
now ¢ o B Tefing b T0- larfiipk bohd SShEMAHBCI0NE Bihe UL SiphIB Glin 1 11 1O

M Cip0grsapfaial bRGuRAGE,HHds. s ddﬁ@ﬁ%b%ﬁ&tﬂw edriithen @bp bhelebesn ool 200
is formed on a silicon substrate-202, which is p-doped, and .includes a

first ibheeomanegativelyeghapasd. Tie Sepifisantmeetivp ehift of the Gdy euveof tha Bevieal} of

20nm of i . j Y { fer
spurt oredy i B3¢ Enelidpyind ¥ RoBGRORD W BHER ol ) Pho Blatef SRBEPIRGY g
whi ch, asvexpihaiDwitealiovie a residli cfathe Sarph adltddeashitt glduteVigt thefchahpgraeed fror age
is due to the existence of Ge nocrystals. Referri. no o FIG /4,
t her ei rihf DaBpEYFals Hﬂ‘ég‘f’ %ﬁﬁ?fﬁﬁg:@bﬁrétmwufﬁne&t&rﬁwlﬁﬁ%%%ffﬁﬁ%% e Wevi ce
300,54 Th&nhg%ééi@%ﬁ&‘tﬁ%ég%&ge of the Device 300 is formed on a 25 silicon

2, 1ch |

substrate p- doped, and includes a first insul ator layer 304
of Snm of RIRefSirg ace @ RHRO08s fieteih-ik ndovat ordidgiger repGBemhti’Onkn ¢EM

-sputtered Ge+Si,02. Th ice 300 i ect at. 10Q0C f
300" SocHIISETE ob it BEVSCeN 1 TBRIEFEINg: FRURNESt i bEYTeAD 4 SIAE Bl y
| ocat edsiftort fifdsFHE B2Owhidh BRMESRUEHnCRILRIAR? al fikeinkala®r 14yer IO SofURh 08 Was

fabricated w thout a capping oxide layer, it is reasonable to 30 expect a
signi fi Baﬁ)tsi@z,tamiddﬂq@s@ntoo?ayaoﬁ@nat@ﬁﬂpua@rﬁd SORFAd asecrpd ooulatyrdaer of
charactgrj st | f 1 Deyd j iRl :
ny <t Cr ogit of Sufesc For e s FPOhetT 9B REP bl Habho B ALBLSITu Bl o
Devi ce gHhiasd ssuvpainditates thdiehehighlevdbuf clesgd stofk&is dud 1o tHeexistenee dhGaner
total SiOz thickness (25 m) in the Device 300. 5 ~ 0 SEP 2004 As the Ge
nanocr y8#¥CEsile nuch | esser in nunber in the Device 300, it is reasonable
<!

to expect th Giowt %g@@ qaRRGLhYisOfhowWH 8 (iﬂ%‘lja%erépﬁ’esgﬁta{iw ATEM

conpared to the ice Reterring nowto F therein is shown a
di agr ammiepgmpk nif dbé Veviek 380t rErstwekiyenstaicart od thaDeviog38phs dérzedBavice

40025h av Isirl}gorijl s&b%?r%t[er 3362? wﬁggh ?sng-dbge%l, léllg(lrl ?gch?dgslar ﬁ}st Iinns.%ﬂltoa}t lgjr/er 304 of 5nm of
RTO 8i0; and a nanocrystal-insulator layer 306 of 20nm of co-sputtered Ge+Si0,.
The Device 300 was subjected fo a RTA at 1000°C for 300 seconds. It can be seen

from FIG. 3 that Ge nanocrystals 310 are only located at the RTO SiO; to sputtered Ge+Si0,
interface. As this device was fabricated without a capping oxide layer, it is reasonable to

30 expéct a significant out-diffusion of Ge to occur during RTA at 1000°C.
The C-V characteristic of the Device 300 as seen in FIG. 1 exhibits a small hysteresis
of <0.5 V. The smaller normalized minimum capacitance of the Device 300 as compared to

 the other devices in FIG. 1 is due to a thinner total SiO; thickness (25 nm) in the Device 300.




5 404 and a nanocrystal -insul ator |ayer 406 with Ge nanocrystal sglﬂl%glfeozmd
at the_RTO oxi de/co-sputtered silicon oxide + Ge interface achieved d
optim zed fabrication conditions. An exanple of the CV curve of the Device
| 00 (not fully optim zed) containing the various |ayers described above is

shown i ( ' ' h r96ns s ad -capabi i f the
pr oposé tg% %ec#ﬁogwsﬁlg %%u{ngcﬁé&%\%t le?iﬁfrﬁttﬁ lgﬁgg rtgnge%o(gd’)égfsel%%ha{é%e@ at
depl et expect the chivge swpadeagpaciigtadiles dedice tocbedewecss @aipabe] thulid bevicopdd.m zed
by changi ng_t he .thickness_ of the various I(gyers of the Device 100,

Ref erring nBFFTEEFIRY 16 @ her BerPin & SRBHT HASTERARPICEIATE HiadEiRSRESIReM
devi Cecf%@@?xiiﬁﬁ&rog?%ﬁ df% bBGcP "4?%' %%?in%ghvmﬁﬁ)c@’m%%hnl lﬁlain a first insulator

- metal -insul ator - conduct or structure. S cOn substtate 502
hassa 404irapd a egrw@nyskEd4nsauaton layea o reith Gie B cnistals 41@ Hammel atr ggi RHEO508

t herebet ween. I n one.enbodi nent, the silicon.suhstrate 502. and.channel
Fegi on OB oA Buier bl @It *5 Gif CUSHHE BUPYFY SB{%n SPEBIFCA nioBORRr o
n- dopedondiiddhd | ayer structure 512 consists of three insulator |ayers. A
thin (5 nxn) SiOz |layer 514 was grown on the p-type silicon substrate S02
in dry zo odmenmpbpbite G eyyve apthe Pérdearid0 (ot daltyi eminizedpontainiopde. A

Ge+Si OZ l.ayer 516, of .a .t hi ckness 20.n s A4.hen deposi t by the radio

1 cquonai ¥ by St taboRs X SRofr s EToTRe TS RelRrRe v 3 alekf Stk 7 o1
Si Q8 ( WpBARY GHUIHe) prop&sed WntubnGe. it 6685 1Rf ndtod e dh&Rangk t% Yol %t
0.3mm attached. The argon pressure and rf gower were fixed at 3x10-3 nbar

and 10@enigtion dorethe tyel pgicogiatas ohithel dpviee cat bp fimbesromtingzedsby whynging thehen
«deposi L eni ' h a rf power of 100Wand sputtering
pr essu?@glg%\é%?(h{%%% é?yeqﬁ'hgm[%rl Q’gl‘l:f?glﬁ)o’structure 512 was then rapid thernal
anneal ed ( RR&ferting abgow Blithi & nheréin i8 shewp anadxuinpleodf 4 POBE HRIRGU08evice f orm

the nanaocrystals 51Q. The RTA ranp-up. and ranpdown rates were fixed at
about 368 seering Sotheresof qurl%nvv‘gl&ﬁt | g@ﬁa@lw{yt%a@mﬂn%ﬁ%&wgl he
Si Qg | aygbnRlS G0 RE sUR YRR mréésl%giorg_f SEPadPHdh! -0&10566%5&@6
germani um nanocrystal 1 nsulator Tayer 1067 Since a high-qudlity Si 02 | ayer
514, whhetmel segiort ftththerababicenxiluene embodimegt, dhwsibyor substlate 962 mad cloadndht | on

DO Q907 R S REES Sce ¥l 50 R4 8% ShSLpET°A ety © OFP
structure 512 consists of three insulator layers.
A thin (5 nm) SiO; layer 514 was grown on the p-type silicon substrate 502 in dry
20 oxygen ambient using rapid thermal oxidation at about 1000°C.
A GetSi0; layer 516 of a thickness 20 nm was then deposited by the radio frequency
{(xf) co-sputtering technique. The sputtering target was a 4-inch Si0, (99.999% pure) disc
with 6 pieces of undoped Ge (10mm x 10mm x 0.3mm) attached. The argon pressure and rf
power were fixed at 3x10” mbar and 100 W, respectively.
25 A third pure Si0; layer 518 (50 nm) was then deposited by rf sputtering in argon at a
1f power of 100W and sputtering pressure at 3x10 mbar.
The trilayer structure 512 was then rapid thermal annealed (RTA) in argon ambient at
a temperature of 1000°C for 300s to form the nanocrystals 510. The RTA ramp-up and ramp-
down rates were fixed at about 30°C/second.
30 The polysilicon control gate 520 was formed over the SiO, layer 518.
The present invention uses rf co-sputtering to form the germanium nanocrystal-
insulator layer 106. Since a high-quality SiO, layer 514, which is a thin tunnel oxide, can be

grown by rapid-thermal oxidation prior to the sputtering process, the silicon to oxide interface
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of the first insulator |ayer 104 can be of a very good quality a%ﬂ SEP 2004
ion-inplantati'on danage is non-existent. The first insulator |ayer 104 al so
" serves as a barner to "line up" the Ge nanocrystals 510 at the

oxi de-sputtered | ayer interface during high-tenperature rapid thermnal

anneal i f the oxi.de- ttered d ayer. 5 .The.structure, consists of.a rapid
Fhor maf OB e A s O R oY o HBLT St lgtieten damert ion

oxi de neARxdsBNer Thel FRstGRsMae Ahyett A4S aRb e RS PRNS I Hakfer! @ "R upN I Ge
storage. In order for the proposed device to function well as a | owvoltage

hi gh- speeadystladho petheojidgespidered layer interach dveng bighvicinperatine rapid $ermal t ages

and shart .. i and, e se duration), the Ge nanocrystals nust lie as
cl oseqﬁ%éaglﬁgogﬁwsol}bds rpglﬁgregtsﬂyﬁ%ssi ble (i.e., 1o located at the RTO

oxkde/ sput tieestritile+ Consisdy &3f bNiid abiennal Thadd abydrSOL ORyar ahtss Geeps of

t he proposed device are as follows: (1) A good quality thin (about 2 - 5
nm t Meperaystysispritared giligih owide Spp Wasreer They Geapnacryslalsnaip respoagbleder e a dry
oxyge ' 1 - oxi . ¢ Lis ¢

mamac AR shhee. fEralr (UL ol iR ufRlron Well oy b SR B SBecd

cO- spHlishrmeagosi devien(itl,axiteiee &nd wakte tadd gedss violtagdst idnshart write and erase
germani um silicon-oxide |ayer with g thickness of about 3 to 20 _nxn. The Ge

conce MU Wi, heeCARERqcyEah MBIt 1688 o tenha s JbsiTale as patsile d1.c.
PefoC Cb@e didhe REO oKl r%ﬁeazsliAcrﬁgcgé;%giértihe cdf € about: a sputtering

pressure of 5 mlorr gon a radio’fiequenty (r~ power of 100W
The nanocr yBtedhbrication pramassibepaiof thdygopaed ddvioeisreat falovet ep (5) i's

~compl eted. (3) | ayer .of siljcon oxide of about 20.nmis deposited by rf
epurtering OF & gapd ety aBin GPO B § Bndch Rl i ot Blogin GBS P e
structure, Conq-h%aiﬂ%ngfoﬁdit%Qﬁg,dr}§X§@Bia§h‘tﬁé}§! mal anneal ed at about 800
1000C for about 50 to 300 seconds in Ar. 25 It is to be noted that the

di stri buti dB) an¥l layer of siliconeox@s hlamdeat ontains Ge aanedrystdaliy geppsppechddng on:

1). The thick fth id th | i | .. (2) ~The d f
(b et 0 aaer ] s ahORhe ol RETBbo e oS B OB 4" ©
duration. 30 (4)gchheniubi-sikoassxiaé ldyde withiar tickpets tofaBeutBXio) iy eheGe

sputtered SiOz cap. Referring nowto FIG 7, therein is shown a sinplified
fl ow chart 600 Sonceatipm iy fhecnatrixrignrhst veigd drom ghow letoch atomyg PeTceBiage The

fhed
thod start ' ' iJ Lcon: \\af : [ First
sul ator Layer b T rrihe Lol ofC aie o WRLEREERSTRES s TRETE £56.
and Form Secondirgms{ArRtnd a kalefre@bty @htpowet h£1000Y eTlse aare cfyetairBadmatibe

met hod proceeds to Rapi.d Thermal Anneal 610. Subsequently, other steps are
us#d to finish Wﬁ@ﬂ%@%@%\ﬁt%&?&%cw%%@'l known to those having

ordinary skishl ARajdp@ra{licon WaideQriaBud 7Y ALk Aepdided Bosn 3ﬂﬁ&%hg REG hite
conjunction Wth & specific best node, it is 5 to be understood that nany
al ternatives, noldidndexidetssget ahdimort 21tli06W5 wi || be apparent to those

“skilled in eart in light of. th f or egoi n scription:. Accordingly, it
Ps' i ntended®o TistibanbPbnsilind 3F s3pR6E 30 s8Ma 65FA Rn Al ACHRAC 0T %t i ons
which fall w thjgoordErspbit 30 Brd0seards af Akhe included clains. All matters
hither-to-fore set forth herein or shown in the acconpanyi ng drawi ngs are

‘t02be i nt er Brigte deinoteththaf thesdistibtien and sivsrrfl haiGq AyposersEds alpocrgtwaﬂy
dependent on:
(1) The thickness of the rapid thermal oxide layer.
(2) The deposition of the Ge+SiO; layer. _
(3) The Ge concentration, the RTA temperature and duration.
30 (4) The thickness of the third sputtered oxide layer or sputtered SiO, cap.

Referring now to FIG. 7, therein is shown a simplified flow chart 600 of the
manufacturing method of the present invention. The method starts with Provide. Silicon

Wafer 602, which proceeds to Form First Insulator Layer 604, Form Nanocrystal-Insulator
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3 0 -SEP 2004 THE I NVENTION CLAIMED IS: 1. A nethod for manufact J OngER 2[][]4

Fl ash nenory device conprising: providing a sem conductor wafer; .formng a

first insulator |ayer over the sem conductor wafer; formng a

nanocrystal -i nsul ator | ayer over the first insulator | ayer, the forning t he
stal -i-nsul ator |ayer uses from1l to atom ¢ percent age of

nanocr
nanocr i@f%n 60¢npad Farm Seepnd ngulatos daperdd8n sﬁﬁaﬁt e lavgpearefornped; e method
nanocr i NS e a I i

i nsul a??&c@{ec{asy@rRL@EZ&#;%%IC%%%&%}P”% g%égﬁhﬁg’y%t?&q&% ?[%eﬁssggéénﬂ %hnghﬁl at or
| ayer . FPash HiPR@Vhiedicaas eicH ke it thok@hawidg wddéraey skill iotheiang t he

nanocryst al ator |.a 516 erforned. by co-s erln anocrystal
mat eri al &’{"{r‘ﬁ% et lﬂgﬁ@r‘geﬂl d]eé"fﬁ’?ﬁé“ RRRI WO gV %F&éﬁ‘i ‘?PSE ?n“lls
wheg ei i, bfe anﬂbﬂ%ohﬁﬁatsﬁﬁﬂﬁ %tbrﬂ%éét ﬁfodlfﬁ%ﬁéni %ﬁé]vaﬂ%@&s%ﬁpﬂé %?%Ar&&l o

process. 4. The nethod as clai med in claim 1 wherein: formng
i nsul altlm‘seIShﬂbd 1{1511&1@11 us Bghteofrthpiathredvengrdéscppooes 4 cc@dingly, Gt ﬁEﬁteﬁWtoS A

met hod act r|n a Fl nory .devi ce c OVIdLn

e o PGl i ek, TG fid Gt s TR R, b R A vt or
waf er; sf:@fenbﬂﬂleamﬂl%ﬂé@ chshal -AID %Laltteﬁsomlﬂiee-y@for@vse{ fdriehérenSbr b at ae

| ayer; form ng a second insul ator er over the nanocrystal-insul ator

| ayer ; ageranpagiying dragings prede héaltﬁlmgete anjiflustratie andinerrlimdiyeg sengehe
nanqcrystal -i nsul ator layer, and the second insulator |layer to provide nore
nanocrystals proximate the first insulator |ayer to nanocrystal-insul ator

| ayer than proxi mate the nanocrystal -insulator |ayer to the second
i.nsulator layer. 6.A method for manufacturing a Flash menory device
conprising: providing a sem conductor wafer; formng a first oxide |ayer
over the sem conductor wafer; formng a gernaniun1nanocrystal-oxide | ayer
over the first oxide layer, the formng the germni um nanocrystal - oxi de

| ayer uses fromabout 1 to 5 atom c percentage of gernmanium material; 10




3 0 SEP 2~0' ~ form ng a second oxide |ayer over the germani um ofi ;
and rapid thermal annealing the first oxide |ayer, the gernani umnd%ElPﬁ%ﬁiﬁi
crystal -oxide | ayer, and the second oxide layer. 7. The nethod as cl ai ned
in claim6 wherein: form ng the germani um nanocrystal - oxi de | ayer is

per f or ned - i ium material and oxide material. 8. The

net hod as W%‘ZEW‘?&%&%% n: formng the gernmani um

nanocr yst ali: oxi de Aay@kod @€ hisdefchlinfiaTasBendbatly @ Raoeapishal s by the
rapid thermal annealing. 9. The nethod as clainmed in clalm®6 wherein:
forning t herevidiag agemigendysjerwafees a rapid thermal oxidation process. 10. A
met hod f or f&%ﬂ\i}%ﬁ‘iﬁé{rﬂgéﬁﬂm& 15&&%%%@%&{1%8&4&& WARgPrising: providing a

sem conduct or ér; formng a first oxide lTayer over the sem conductor

~waf er; forfomgng ageanvanistaiinsalaoeT Mgdradvep xhel dirdtaiyaulatoy diyet, e fibimsihg aké de

| ayer; form ng a second oxide |ayer over the gernmani umoxi de | ayer; and
rapi d ther ﬁ&P"%é&W‘aﬂO’f ﬁ?éerf‘st%{m%‘x]i e @ta%crl?er%%&g@é’f paRaciysial patgialayer |

and the segofnoXidenk dkelatdrQa Q¥edfe TRHRrEeH FMMEP IRAROL{ySt al s proxi mat e
the first oxi dléé)l aye%1 to gaerrn%)%um na%ocry?lggf{-ox?de Fge@y’e%{dt han proxi mate

t he ger maniramd tenoalrapsealingshé et myktortlgyer itbe savondtamsbtdrdyer, antithe 3 0
SAP 2004 11. gge thold as clainmed in claim 10 wherein: formng the
ger mani um NEREEAYAPLBY e | ayer is performed by radio frequency co
sputtering germanium material and oxide material in an inert anmbient. 12.
"The nmethod as clainmed in claim10 wherein: form ng the second oxide. | ayer
uses a radi o _frequency sputtering process in an inert anbient. 13. The
met hod as & Ehﬁﬁ@thﬁ%lc&lfﬁ?qmmgwwwﬂférm ng the first oxide |layer uses a
rapi d ther Oxi dat i D a C. gen .ent. 14.
The. met hod Bt ke e BYREC RSy Bl SRSt 18P Befofihitn By IERsSHHRER
nanocrystal material and insulator material.

3. The method as claimed in claim 1 wherein:

forming the second insulator layer [518] uses a sputtering process.

4. The method as élaimed in claim 1 wherein;

forming the first insulator layer [514] uses a rapid thermal process.




rapid thermal annealing at about 800 - 1000C for about 50 to BOOiﬁigﬁ?n
inert anbient for the first oxide |ayer, the gernmani um nanocryst®al*- de004
| ayer, and the second oxide |ayer to provide nore gernmani um nanocrystals
proxi mate the first oxide |ayer to germani um nanocrystal - oxi de | ayer -t han
proxi mate the germani um nanocrystal -oxide |ayer to the second oxi de | ayer.
15. The  nmetshadmahos Fd e fAddurelgd mhékpmm@fsemacer@mgﬂistdger mal anneal i ng
ranmp-up and ranp-down rates were fixed at about 30C/ second for the first

oxi de | ayeprovidiag gsemwondunteramger.yst al - oxi de | ayer, and the second .oxi de

| aver o provi e, GG, ARLAN AT OARGSLYL Ak AL mRt e the first oxi de

| ayer to gérnantum nanocrys -oxi dé Tayer an proxi mte the gernmani um
nanﬁcaystaﬂ?@mhggnh@jﬁ%ﬁﬂdhh%ﬂﬁﬁm?ﬁgﬂexﬂﬁthﬁyﬁﬂmnﬂﬁya;3 0 SEP 2g04 1?. The
met hod as clainmed in ¢laim210 including: inplanting sources,in the silicon
waf er; i nplfamting g seporf asuiator lpger over the Hanperystaldagustan lavet an t he sour ces by

channel s; f ] : : E 1,C

compri si ng B e g R B parelry PRI e ey
t he sen corsdemidansidatbs tayeat ®; pravidemoee ystadrystals proxtmate [ty Brst frsnlrbot loxeer t he
first insulator |ayer, the nanocrystalinsulator |ayer contains froml to 5
at omi ¢ per d8 rﬂaﬁagyM'Wé‘hlﬁf@F g@feélth%‘htpé?"'i“é‘ﬁe © S8 Stﬁlrﬁ’é’ﬁﬁrﬁﬁPBgaYeéfgrt or med
over the nagesidahdhot R§H ator layer; and nanocrystals proxi mate the first
i nsulator |layer and the nanocrystal-insulator |ayer. 18. A Flash device
conprising: a sem conductor substrate; a first insulator |ayer fornmed over
the sem conductor substrate; a nanocrystal -insulator |ayer forned over the
first insulator layer; a second insulator |layer formed over the ,
nanocrystal -i nsul ator | ayer; and nanocrystals proximte the first insul ator
| ayer and the nanocrystal -insul ator |ayer wherein nore nanocrystals are
proxi mate the first insulator layer to nanocrystalinsulator |ayer than
proxi mate the nanocrystal -i nsulator |ayer to the second insul ator |ayer.
-19. The device as clained in claim 18 including: sources inplanted in the
sem conductor substrate; drains inplanted in the sem conductor substrate
separated f . | s; t forned over the channel s.
20. A Flas h"r-§e@&§t§§%§°ﬁ%$%9‘§?aﬁ§?‘ln§@?%@%ms bdse?'?%f{f%{np%ﬁg' 3 0 SEP 2004 a
first oxi deprbeidére 4 @nifeshdovter wafeg; sil i con substrate; a gernmani um
nanocrystal - oxj de | ayer. forned over the first oxi de |layer, the gernmani um
nanocr yst al PgRIge HrslRrde BReTVEE thesemicoBButtorWalgts at omi ¢ per cent age of

ger mani um %hﬁfﬂgaz{ germanium nanocrystal-oxide layer over the first oxide layer, the forming
the germanium nanocrystal-oxide layer uses from about 1 to 5 atomic percentage of

germanium material,
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a second oxide layer fornmed over the germani um nanocrystal - oxi de |&JJe5£Pa?4Hl‘*
ger mani um nanocrystals proximate the first oxide |ayer, the gernmani um
nanocryst al oxi de | ayer, and the second oxide |ayer. 21. A Flash device
conprising: a silicon substrate; a first oxide |ayer forned over the
silicon SUStSt rate; a gernmni um nanocrystal -oxide | ayer forned over the
first oxi deCITap8a.seep égﬁgaﬁiioél@ & germangimeyidgJaeyertand ger mani um

nanocr yst al 1188 ali i r .S D i mat. he first
oxi do 1 ayer e el Rl T B b M R e G e

| ayer wher éhmsamngogécmm.um nanocrystal s are proximate the first oxide

| ayer to gernmani um nanocrystal - oxi de | ayer than proxi mate the germani um
nanocrystal -oxi de | ayer to the second oxide |ayer. 22. The device as
claimed in claim?21 including: doped sources inplanted in the silicon
substrate; doped drains inplanted in the silicon separated fromthe doped
sources by chafnrctdodasglayaed i qlaisdhwhercss f or ned over the channels. 23.

The net hod : i i i L0, form.ng the nanpcrystal -i.nsul at or
| ayer is péor ()I%rg{(]fgggeﬂéﬁ(}l-ngjﬁ%t %&Fﬁé%%@gr;aﬁﬁlls n%etrgqrplgﬁ g-‘ﬁd I-AReL S -

mat eri al . Zdémmatiemnmedtirdad aad ogidamimetialn cl aim5 wherein: formng the second
i nsul ator | ayer uses a sputtering process. 25. The nmethod as clainmed in
claim5 wherein: 14 ~ 0 SEP 2004 formng the first insulator |ayer uses a
rapid thernal _process. 26, The nethod as clainmed in claim®6 wherein:

form ng t heé- gEhemsthorhan slageed isrdaimoxwhercitayer i s performed by radio

f tarl : ' ' d ' teri.al i N t
artbi et 290 HHS. Gt o Aa R arhevy - etds Rter, Mot rRaniig g rRE R Cond

oxi de | ayemansegstals badhexrapidaherant ymsplibg.er i ng process in an inert anbient.
28. The nethod as clainmed in claim6 wherein: rapid thermal annealing at
about 800 - 1000C for about 50 to 300s in an inert anbient for the first
oxi de layer, the germani um nanocrystal -oxide | ayer, and the second oxi de

layer to prOVIEEmEMOE af BfalBdt WBIAANPFhYSHAl S proximate the first oxide
| ayer to germani um nanocrystal - oxi de |ayer than proxi mate the gernmani um

nanocr yst alfegyngie|fijiarxidedaydrasesecmpd thinkd okalgton p@@essThe net hod as
claimed in claim6 wherein: rapid thernmal annealing ranp-up and ranp-down
rates were fixed at about 30C/ second for the first oxide |ayer, the
ger mani um nanoncrystal - oxi de | ayer, and the second oxide | ayer to provide

nor e ger mardibuAnmahatfoy siaabtrchirioygiafish h&iRorfy deSice @¥n@fsihgyer to ger mani um
nanocrystal - oxi de | ayer than proxinmate the germani um nanocrystal - oxi de
layer to t REOWUEBEAGCBIGORdUYRMREr30. The nethod as clainmed in claim6

wherein: i ARhARE b st S2MeqERr bl hE se?ﬂi%x‘f&%to%a%r';
forming a germanium nanocrystal-oxide layer over the first oxide layer;
forming a second oxide layer over the germanium-oxide layer; and
rapid thermal annealing the first oxide layer, the germanium-oxide layer, and the
second oxide layer to provide more germanium nanocrystals proximate the first oxide
layer to germanium nanocrystal-oxide layer than proximate the germanium

nanocrystal-oxide layer to the second oxide layer.
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inplanting drains in the silicon wafer separated fromthe sources y Ok
channel s; and form ng gates over the channels. 31.. The device as cl gn%%P zrq
claim17 including: 15 3 0 SEP 2004 sources inplanted in the

sem conductor substrate; drains inplanted in the sem conductor substrate
separated from the sources by channels; and gates formed over the channels.
32. The dewviic®h@methodiafreldinmdét i@l oddim Avhdreintidi Nng: sources inplanted in the

. sem conductor substrate drains inplanted in the sem conductor substrate
separat ed fPEHNE fee g%fmae@sn Bynackvsioride laper iy pedermest be gadie diequensy cRannel s.

é?xsﬁl dAhz]Acg]% r@%né?léf ékﬂl ?\ ﬁﬁcgfﬁé”“ é?ﬂt%m%é# <2PI | b*~F6PUba {

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc al:Sn5ZI N\ p

S| 0| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] da] Thd seithodlas alatadcia] tahced Whamin8\ dW J! ! " 8##} xsni d_Z] ] ca] ca] ca] ca
] ca] ca] ca] ca] calca]ca]ca]ca ca] cajc

a] ca] ca] ca] eaqu@a]ﬂéeaf@apéa}( |lewr dispr a ey depEe Y PR IR RIDITSIRIRERIL O \ ' ' (
(O }**Or gmhsent/ / AOO0CL1} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] cajcalcalc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 11Q2V2c223nB834t 444+5556d667r 778588899

- 4<<} Xsni- ;1114_.251 %l}eﬁlg}i }"%‘5}‘ dal]n ca]ima]ocw]lecrg]nca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] calcalc

a] ca) ca) Cal oty WAARAGGACRFE PEE GG LU A bld bR Chddbie o oa) oal

~ ca)ca]ca] ca]calcalcal]cal]c aJca]ca]ca]ca]calcalca]cal

a] ca] ca] calacky oayga) aatjient] ca] ca] ca] ¢
a] ca! LLLMWN] OPPPt QQRARRR* SSTTvaUUUVJVyWVW‘W WrZ} xsni d_Z] ] ca] ca] ca] ca] ca]
calca]calcalcalca]lc alcalca]calca]calca]calcalcalcalcalcalc
aJcalcalca]ca]calc
a] ca] ca! ZZZ40r¥8 hethod aé cRided mldiial/sl drﬁéleMe{ eef Zf f f f ggg, hZh} xsni d_Z] ] ca] Ca]
cajca]caJcalc a ca] ca] c | ca] ca] ca] ca] ca]0 cal ca] cat] calc
a] ca] ca] ca]*eaif 2] abayics00 - 1000°C Yor about 50 fo 300s in an inert ambient

?lcca' Zhi f kkf%}{@'ft}w&l&éi@wé\%%m bl 89 %0 ARk Sl fal&3hf BL@al cal ca
a] ca] ca] c allewdrcia] prajiia] mateC gérerdanomh eahoal stalk cabrimjata jtha lfied) edfe ddyealteal ca) ¢
a] ca2Pl | i K- 1090x& () -=%0%x& ()- 7109%0x& ()-y109%0x& () - ,

109%0x &' () - YEOOGREN(YO8TH 82‘1(15‘ afy* WG%)@&B HEODER Y I)‘anocrYStaI -oxide

VILOYOXE' ()15 fid AURSE D G IROMOXOXE ()" 109%x& () - 10%X& () - F6PRSaBY
100%0<V10902% ()- 9 10%Ox& ()1 2#1090x0x& () - 0= .

109%0x& () - L*#10%0Ox& () - (WA 0%Ox& () - STUba nV %09B& ()-Y
S#1098& () - QB REINEH A daiin 10VRS b - 81098& () - 100x
rapid thermal anmealing ramp-up and ramp—down rates were fixed at about
30°C/second for the first oxide layer, the germanium nanocrystal-oxide layer, and the
second oxide layer to provide more germanium nanocrystals proximate the first oxide
layer to germanium nanocrystal-oxide layer than proximate the germanium

nanocrystal-oxide layer to the second oxide layer.
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100x { 8dEMN 9%409B10%B& ()-| 109B& ()-s109B& ()-p 109B& ()-010%ERy(SEP 2004
p#109B& ()-8: aBnV. %40% |

t 109B& () -W/d0ovB& () - #109B&' () - VH109B& () - p#109B& ()-!p,

' 10% Bj B& () - SnaBnV

94.0% p#109B& ()-!#) (' 10%ByB& ()-Z& 109B&' () - Yp#109B& () - p#p#109B& () -!
109B& ()-5ZaBmV 9%40%

109B& () - PA#109BE () -! qF2%09%KBKBE () - | 0109B& () --S109B& () - | +p#109B& () - | K
LM\ bC %0(%6-1%@%11[082 il ap Cétmﬁ @'%wﬁﬁ&i}e’ﬂﬁw ()-# 10B 10B

10B0<s 109B&' (). OBR'{ e 0%6P10%| & ()-1f 109%& ()-f 10% & ()-
94.0%| & ()ﬁar@a?gég%d&m E(%-lﬁﬁh&%l & ?j%%}OhA?bc |

%4.0| * %d 0% [idplantihg diGigs|is. the) siDdPowlfar {eparfatetieth Sie(purces by channels; and

lc' ' 10% | & () -.@10%4| & () - hl w*2bC %4.0) F

109%4| & () - !félbl%‘éﬁe& ‘(“3&&‘!‘ 1904| 4] & () - 6##10%4| & () - ! #10%4] & () - #10%4| &
()- u, 8dEbC 9%40i 310%4| & () - 1p#10%4| & () - Op#10%4| & () -

V. %0%4| & ()--10%4| & () -3+ 10%4| & ()- 8xmbC %40y&109B& ()-Y 104| 104|

104| <s10%4| & ().- #8#10%4| & ()-69%40%| & () -4 10%4| & () -\ ddEmbC %40

#109B&' () - 394 O%s&sh(devge comprising:

109B& () -f 1QYB&: ( X- 9B&..()-ffp#109B& ()-WJ!'! dEmbC %0]|

%W OoYB& () - %%{@%é&%%t&#%gﬁ% ()-VF109B& ()-S

109B&' () - 1Q%B& ifyudibt BFS#ABHBRAREEr the semiconductor substrat?;) 0 0
%0* p#1l0YB& () -!" & 10YBB& () - &p#109B& () - | 9$%4QB& () - ! #109BB&' () - #1.0% &

- $$UTYWRHIAEHICCHRE @f@g@&' 1€er3§£"¥£@8{3’( }heigisém%tyr- Jayer, the nanocrystal-

109B&' () - <. Jeyer KRR UBRE A Y | : 9 %B& ()- 10B 10B
10t 1058 ) BALOVBE ) BALORA () deC tvearys STy AR oo
p#109BE& () -=denBaslytoSlayer formed over the nanocrystal-insulator layer; and

109B& () -fF#10%& () -f#109B& () 1| p#lOUB& ()-1¥*Or,-1..3BnbC %40%#109B&' () -
$900Be. () TRIOYMEPIG e bt ROl pd RSB AmbC

%402p#109B&' () - 1p#109B& ()- \/ 109B& ()--GLOYB& ()-!**9%d0YBB& () -
)T 10%& () -z0C111QRS2T2U2V2dYNC 940 10B 10B
10B<V109B& 1(g) AR SHIRAYBE L Eﬁﬁ%O%& ()-6 109B& ()-P4]109B& () -
V270223n834d1EYNC %0 :‘Vd.O%_cg' -TY p#1l0% & () - '
10% & () - f "d@iondueiop#ilBesi® () - %<10% & () - 4t 444+555dEYNC %0
a first insulator layer formed over the semiconductor substrate;
a nanocrystal-insulator layer formed over the first insulator layer;
‘a second insulator layer formed over the nanocrystal-insulator layer; and
nanocrystals proximate the first insulator layer and the nanocrystal-insulator layer
wherein more nanocrystals are proximate the first insulator layer to nanocrystal-

insulator layer than proximate the nanocrystal-insulator layer to the second insulator

layer.

19. The device as claimed in claim 18 including:

sources implanted in the semiconductor substrate;

dfains implanted in the semiconductor substrate separated from the sources by
channels; and

gates formed over the channels.

20. A Flash devicecomprising:

a silicon substrate;
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= 4<aBYNC #10
10% & ( f{ ﬁbfel#ffmd&"@(f)th e siemp Whgale: 0400 & () - 4<<<<<<<=/> @

?%OS‘ZE/%SPQ‘ %%%ﬂné“ﬁa%?}%“ﬁﬂ e U e R T Y

%409\ & () -nahogrygelgoxidle layetl O04AiG} fron MBI 10\ Rafomic percentage of permanium
OABBC<CCI D~\:. @! @ Yd0%N\ T\ & ()- ! P %0%\ d\ & ()- 3' Y40%GE () -
| V94 098\ S\ BTN $0400% & ()-  10% & ()-! D~DDEFFFFF| ] RG<! ! 10\ 10\

10\) LWL 03Aaficbord dSOILOB L) ofer ok 0SS0k 1aycR A7 98 O
FFnFFG GGJERG<!! 10\ C=4.0%&'

109%& () - f z 1ESvRA iy mq@mlo’mS(gmmﬁl@e}& fist oMide@ay ), HSEEBhariuth HandbcyehbCl |
10109%& () - ﬁi&eol@é%, ér)d' thé‘ Qecond oxide layer.

21. A Flash device comprising:

a silicon substrate;

a first oxide layer formed over the silicon substrate;

a germanium nanocrystal-oxide layer formed over the first oxide layer;

a second or;(ide layer formed over the germanium nanocrystal-oxide layer; and
germanium nanoctystals proximate the first oxide layer, the germanium nanocrystal-
oxide layer, and the second oxide layer wherein more germanium nanocrystals are
proximate the first oxide layer to germanium nanocrystal-oxide layer than proximate

the germanium nanocrystal-oxide layer to the second oxide layer.

22. The device as claimed in claim 21 including:
doped sources implanted in the silicon substrate;

doped drains implanted in the silicon separated from the doped sources by channels;

and

polysilicon gates formed over the channels.

23. The method as claimed in claim 5 wherein:

forming the nanocrystal-insulator layer is performed by co-sputtering nanocrystal

material and insulator material.

24. The method as claimed in claim 5 wherein:

forming the second insulator layer uses a sputtering process.

25. The method as claimed in claim 5 wherein:
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10%:& (§)y18%&' O BYZZZ277] [ bC109A 0% s () - 10908 ()" Sid%0xa ()-  10= 10=
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100x 100x, ,formmg the second oxide layer uses a radio frequency sputtering process in an inert

109%0Ox& () - (V X& ()-710%0x& ()-310%x& ()- "jaalbebbaBnbCl\ 10%0& () - .\10%)
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10%)x&' ()-]1!8%c10%xhx& () -

1090x& () -!"10%x& ()-d\ 10%x& ()-\10%00C& ()-!eMe{eef zZf ff dB4AC

28. The method as claimed in claim 6 wherein:

rapid thermal annealing at about 800 - 1000°C for about 50 to 300s in an inert ambient
for the first oxide layer, the germanium nanocrystal-oxide layer, and the second oxide
layer to provide more germanium nanocrystals proximate the first oxide layer to
germanium nanocrystal-oxide layer than proximate the germanium nanocrystal-oxide

layer to the second oxide layer.

29. The method as claimed in claim 6 wherein:

rapid thermal annealing ramp-up and ramp-down rates were fixed at about
30°C/second for the first oxide layer, the germanium nanoncrystal~0xide layer, and the
second oxide layer to provide more germanium nanocrystals proximate the first oxide
layer to germanium nanocrystal-oxide layer than proximate the germanium

nanocrystal-oxide layer to the second oxide layer.

30. The method as claimed in claim 6 wherein:
implanting sources in the silicon wafer;

implanting drains in the silicon wafer separated from the sources by channels; and

forming gates over the channels.

31. The device as claimed in claim 17 including;
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sources implanted in the semiconductor substrate;

drains implanted in the semiconductor substrate separated from the sources by
channels; and

gates formed over the channels.
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