PROCESS TO MANUFACTURE NONVOLATI LE MOS MEMORY DEVI CE FI ELD OF THE

| NVENTI ON The invention relates to the general field of mcroel ectronics
with particular reference to nonvolatile MOS devices, nore specifically to
their manufacture. BACKGROUND OF THE I NVENTION In the upcom ng age of
nanot echnol ogy, where devices nmay be a thousand tines snmaller than the
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exhi bited charge storage capability. This prom ses to be useful in future
non-vol atile nmenory applications and is currently under investigation by
vari ous research groups. Charge storage devices that exceed the
performance limts of a conventional floating-gate device have attracted a
great deal of interest and are spurrin ra id progress in this area.

Quasi - nonvol atile MOS rrerrﬁ?‘-@e@?éré’i'z i) silicon nanocrystal

char ge-storage sites produced by ion irrpl antation into the gate oxide have
al ready been denonstrated (Tiwari et al., Appl. Phys. Lett. 68 (10),

p. 1377, 1996Theringertioan relatesKiontheegenéral IfEDMoT ecbroelgrgnid998th partitBlar
Devices with 1 enbedded silicon or germani um nanocrystals, fabricated

usi ng }A8dnaRlBNRVbRIAIe MELBIEES, HBRLEp&IITicHIy A0 HieSie Mdrefacthes act er i sti cs
as conpared with conventi onal fl oati ng- gat e devi ces. However, the ion

i npl antation technique has its limtations such as a |long processing tineg,
a non-uni form germanium profile in the oxide and a

BACKGROUND OF THE INVENTION

In the upcoming age of nanotechnology, where devices may be a thousand
times smaller than the microchips of today, semiconductor nanocrystals (Quantum
Dots) have exhibited charge storage capability. This promises to be useful in future
non-volatile memory applications and is currently under investigation by various

research groups.

Charge storage devices that exceed the performance limits of a conventional
floating-gate device have attracted a great deal of interest and are spurring rapid
progress in this area. Quasi-nonvolatile MOS memory devices employing silicon
nanocrystal charge-storage sites produced by ion implantation into the gate oxide
have already been demonstrated (Tiwari et al, Appl. Phys. Lett. 68 (10),

p.1377,1996) or germanium (King et al. IEDM Tech. Dig., 1998, p.115). Devices with




conprom se on the control oxide and interface quality. In addition, ion
inplantation places a lower limt on the top control -oxide thickness. It
has been suggested to use radi o-frequency co-sputtering and rapid thernal
annealing to formthe oxide |ayer containing germani um nanocrystals (docket

number LM silieBhi & gRHABRILNM HRSEnzR8is, Fhbrioaad cudWig Gbn limpidatiomow

patent 6, 656,792, assigned to a common assignee as the instant invention).

A hi gh RNY thine " | Siofi : J er mal
i dat i EeE pup B, et lion BralElhod B bioab Rl o iitioh
sputterjing step results in a ngn-stoichionetric oxi.de film.and also has a
o obl AR 985 s iRV oNe ACR Ut HaCLea R TIHOE e POl EP o as
performed with the followi ng references of interest being found: In US

6, 128, 348h Esan g Arocesping tANertpep-yraiors WW@O@I@rlﬁghemde and a
Nanocrystals. US 5,783,498 (Dotta) shows a process to form gernmani um
Nanocr ystadremisughythaecoptrobbxidshow! mtedace gudidyi de adggsiition, gen mmplapation
Nanocrystals in US 6,060,743 while, in US 6,090,666, Ueda et al. show

anot hers| o JE®Ivalairhie Bn s Rth GRTtREHYXITE Macleesyst al s. 2 SUMMARY OF THE
| NVENTI'ON It has been an object of at |east one enbodi ment of the present

invention to provide a process for manufacturing a non-volatile memory
devi ce. Another object of at |east one enbodi nent of the present invention

has been )
it has been suggested to use radio-frequency co-sputtering and rapid thermal

annealing to form the oxide layer containing germanium nanocrystals {(docket
number CS01-074, serial number 10/087,506, file date March 1, 2002, now patent
6,656,792, assigned to a common assignee as the instant invention). A high quality
layer of thin tunnel oxide is first grown by rapid thermal oxidation prior to the
sputtering process. However, the subsequent sputtering step results in a

non-stoichiometric oxide film and also has a problem with particle generation.

A routine search of the prior art was performed with the following references

of interest being found:

In US 6,128,243 Chan et al. show a memory for a SRAM using germanium
Nanocrystals. US 5,783,498 (Dotta) shows a process to form germanium
Nanocrystals.  Sugiyama et al. show a memory device using germanium
Nanocrystals in US 6,060,743 while, in US 6,090,666, Ueda et al. show another

memory device using germanium Nanocrystals.




that said device be of the MOS type. Still another object of at |east one
enbodi nent of the present invention has been that the gate insul ation of
sai d device include gernmani um nanocrystals suspended in silicon oxide.
been A further object of at |east one enbodi mrent of the present invention

has that formation of saiggRfaRY CFRUTHE NVERYRINNOt require use of either
RF sputtering or ion inplantation. These objects have been achi eved by

initial use of rapid thermal oxidation to grow a high quality |ayer of
thin tunnel oxide. Chem cal vapor deposition is then <carried out to

deposit a gernmani um doped oxide |ayer. A capping,oxide is th ited

f ol | owi ng wﬁi’?ﬁ? %’ﬁ%“ ?Pr%?ﬁﬁ'%{j?tsieﬁéb?ﬁe ﬁﬁ@?@ﬂe@ Qﬁmea%ec?epﬁwﬁﬁgﬁze t he
ger mani um nanocrystal s. The use of chem cal vapor deposition process does
not pbiddealpsoresy forinamsiagtteng agabrelabie BRMPEY BRViERness. It al so gi ves
rise to better <control oxide and interface quality as ion inplantation

damage is absent. In addition, 3 the oxide in which the germani um
nanocrystals are enbedded is of better quality as conpared to a sputtered

oxi de. Thi s arpsidrighib®t FURGEASTorBRBRJIMERNST e wapeat ihivéntiorBRa&EBeen
DESCRI PTI ON OF THE WNGS FIG 1 shows formation of a layer of tunneling

oxi de gnthe, SUitase &ftnd mbbiges body.

Still another object of at least one embodiment of the present invention has
been that the gate insulation of said device include germanium nanocrystals

suspended in silicon oxide.

A further object of at least one embodiment of the present invention has been
that formation of said gate insulation layer not require use of either RF sputtering or

jon implantation.

These objects have been achieved by initial use of rapid thermal oxidation to
grow a high quality layer of thin tunnel oxide. Chemical vapor deposition is then
carried out to deposit a germanium doped oxide layer. A capping oxide is then
deposited following which the structure is rapid thermally annealed to synthesize the
germanium nanocrystals. The use of chemical vapor deposition process does not
place a lower limit on the top control-oxide thickness. It also gives rise to better

control oxide and interface quality as ion implantation damage is absent. In addition,




FIG 2 shows formation of a gernmani um doped oxide layer on FIG 1. FIG 3
shows deposition of the capping layer. FIG 4 illustrates the appearance of
the Ge nanocrystals after RTA. FIG 5 illustrates a finished device. FIG
6 is a CV curve for a gate insulation |ayer of the type used in the

pr esemthe b%@ﬂh'vﬂﬂch dBskRERTUhONakScry Sl R-ERBERd BYROBE MBS QuaY \dsew:

Rapid thermal oxidation’is first used'to grow a high quality layer of thin
t unnel [ [ sit a
ger manCCFAGELE Sepaaore BRte RS Eb ey B el Blortish cef o TRRS i g
which the structure is rapld thernally anneal ed to synthesi ze the
ger mani um nanocrystals. Referring nowto FIG 1, the process of the present
i nvention begins with the provision of silicon body 11. Body 11 is
preferably P-type but this is not essential for the invention to work.
Tunnel oxide layer 12 is then grown on the upper surface of 11. This was
achi eved by neans of rapid thermal oxidation (at between about 900 and
1,000 C for between about 5 and 60 seconds in a dry oxygen anbient),
| eading to an oxi degHIEFHDESERIPTIONDDIHEDRANNGSand 2 and 5 nm  Next,
as seen in FIG 2, layer 21 of germanium doped silicon dioxide is
deposited onto tunnel oxide layer 12. Layer 21 was fornmed by reacting
silane in a mxture containing between about 5 and 30% ger mane and an

oxygen sour ?—FI‘G( %us%gws formation of a layer of tunneling oxide on the surface of a silicon

body.
FIG. 2 shows formation of a germanium doped oxide layer on FIG. 1.
FIG. 3 shows deposition of the capping layer.
FIG. 4 illustrates the appearance of the Ge nanocrystals after RTA.
FIG. 5 illustrates a finished device.

FIG. 6 is a C-V curve for a gate insulation layer of the type used in the present

invention.




as ozone or nitrous oxide under conditions of |ow pressure chem cal vapor
deposition or plasma-enhanced chem cal vapor deposition. 5 This is foll owed
by the deposition of capping |ayer 31 (usually, but not necessarily,
silicon oxide or silicon nitride) onto |ayer 21, as shown in FIG 3. This

| ayer is between about 10 and 50 nmthick and its deposition is achi eved by
using |ow pressure chem cal vapor deposition or plasma-enhanced chem cal
vapor deposition. At this point, formation of the charge retaining portion
of the structure has been conpleted except for the formation of the
germani um nanocrystals (see below). To conplete formation of the

nonvol atile nenory structure, layers 12, 21, and 31 are patterned to form
gate pedestal 52 as _sho in_El . Sj i e pedestal as a
mask, source anJDESQR{P\ﬂ@N&HE T%E %ﬁa’-%gg%ﬁﬁﬁ E%gﬁéﬁg@lﬁj downwards from
it) are forned by ion inplantation or by diffusing suitable dopant materi al
through a hard mask. |If the preferred version of P-type was used for the
silicon body 11, then regions 51 will necessarily be N-type. Using

convent i onaDverli@edRapideirectni oridationtafitst usedttbeyrowur bgghagqualily &Eyerrodgi ons
and to the gate pedestal are made. The final process step (after source
and drajin {@gEPHXidAVEnBREhIT 0ap@mdtepbssition BURIEFtedriied AR &2 dePoditr api d

t hermal anneal (between about 800 and 1, @0C for up to 300 seconds) in a

non T esggr{.’lé{r%upr?aoﬁé'& R ?ary%?.nAoéadBirﬁé QR is e We%%is%(ﬁ %lﬁﬁ/ving which

the structure is rapid thermally annealed to synthesize the germanium nanocrystals.

Referring now to FIG. 1, the process of the present invention begins with the
provision of silicon body 11. Body 11 is preferably P-type but this is not essential for
the invention to work. Tunnel oxide layer 12 is then grown on the upper surface of
11. This was achieved by means of rapid thermal oxidation (at between about 900
and 1,000° C for between about 5 and 60 seconds in a dry oxygen ambient), leading

to an oxide thickness that is between about and 2 and 5 nm.

Next, as seen in FIG. 2, layer 21 of germanium doped silicon dioxide is
deposited onto tunnel oxide layer 12. Layer 21 was formed by reacting silane in a
mixture containing between about 5 and 30% germane and an oxygen source (such
as ozone or nitrous oxide under conditions of low pressure chemical vapor

deposition or plasma-enhanced chemical vapor deposition.




some of the germani umout of solution in the formof nanocrystals having a
mean di aneter between about 2 and 10 nm such as 41 in FIG 5.
Additionally, this annealing step serves to repair ion inplantation damage
as well as to activate dopant sites in the source and drain regions. 6

FIG 6 is amhgxapbidvidd dycamacdpusitonvef cmipiragdayds- 8) suadyf but anadevi ce
for a device having a simlar structure to that described above (germani um

nanocr ystal rﬂ;ﬁf&*ﬂf&:@ﬂe&?ag RILIREA MR P Bjer DUt 28 Sl en GFRGMBNI TR and

cappi ng OXI ayers ricated using sputtering ( as in docket nunber

o, 656, raar *Ebefimdlhpal:, ¢ seboro M anih sl frdtch b pelinsed R T

a
counter-cl ockwi se hy stere5|s seen in.the C curv reflects th ablllty of
Lhe deWMeOTe8SE o IeaHE & aPoh PRI T GLASTEAPRBENGRT ¢ FRTRlEaE oY ARy
structure is increased from-15 to +15 volts, in steps of 0.5 volts, the
capaci tepestiéml | ows curve 61 as the P-doped silicon at the silicon-oxide
interface is driven fromaccunulation to inversion. Wen the siliconis in
inversion, electrons will be injected into the gate oxide and subsequently
be trapped at defect sites in, or at, the surface of the gernanium

nanocryst al gy tﬁ}%nﬁﬁﬁﬁ%hhét:oﬁ%ftthé @fwbeq@ta\mhgmnbﬁ SveRt striidtars had to
-15 volts, 1n steps of 0.5 volts, the capacitance folloms curve 62,

oS LBy BB Aol daRE ga R A e bl setie |
obser V%g ciorr]n;glg?e f%-rr\n/aﬁgr?ro teeﬁ(')r%&aﬁye memory structure, Iayers 12, 21, and 31 are
patterned to form gate pedestal 52 as shown in FIG. 5. Then, using this gate
pedestal as a mask, source and drain regions 51 that abut it (and extend downwards
from it) are formed by ion implantation or by diffusing suitable dopant material
through a hard mask. If the preferred version of P-type was used for the silicon body
11, then regions 51 will necessarily be N-type. Using conventional methods,

electrical contacts to the source and drain regions and to the gate pedestal are

made.

The final process step (after source and drain regions have been formed) is to
subject the device to a rapid thermal anneal (between about 800 and 1,000°C for up
to 300 seconds) in a non reactive gas such as argon or nitrogen. This precipitates
some of the germanium out of solution in the form of nanocrystals having a mean
diameter between about 2 and 10 nm, such as 41 in FIG. 5. Additionally, this
annealing step serves to repair ion implantation damage as well as to activate

dopant sites in the source and drain regions.




7 What is clained is: 1. A process to manufacture a non-vol atile nenory
structure, conprising: providing a silicon body having an upper surface;
form ng source and drain regions using ion inplant; growing a tunnel oxide
| ayer on said upper surface; depositing a |ayer of germani um doped silicon
di oxi de onto said tunnel oxide |ayer; depositing a capping |ayer onto said
| ayer of gernmani um doped silicon dioxide; and rapid thermally annealing

the struct ' I ; ' e '
e StTUCLUERSYER I%ﬁ?){é@i}iﬁ{&'f%ﬁ#?}%@%ﬁgﬁ@% oo’ (0-01 BBH/d for sad&li@ergrani um

doped silicon di amage i's repaired, and source
and drain region dopant Lvat o T r rl i laim1
wher el G AT ngshEBuAy SreBR by Bt estnd BB R e 1
wherein the step of growi ng said tunnel oxide |ayer further comprises

api d EmasERUaR AR TBPIONSOXHS) RAlyIEH NG GSTEIRNICT Zneh hriios 050 CHRUES: bed
in claim3 wherein the step of rapid thermal oxidation is heating at

bet weefatalwatad 9gHnandpUid® (Casoin bdesesnnumdet GSANLBH sedaindsimbes. The

process described in claim1l wherein said tunnel oxide layer is grown to a
t hi ckngsRgMs16,i file Riitavddarchbio 002, oty batemt 66656TNe2 pasxigresd (teacsarb@dni n
claim1 wherein the step of depositing a | ayer of

assignee as the instant invention). The counter-clockwise hysteresis seen in the C-V

curve reflects the ability of the device to store charge.

When the applied voltage on the capacitor structure is increased from -15 to
+15 volts, in steps of 0.5 volts, the capacitance follows curve 61 as the P-doped
silicon at the silicon-oxide interface is driven from accumulation to inversion. When
the silicon is in inversion, electrons will be injected into the gate oxide and
subsequently be trapped at defect sites in, or at, the surface of the germanium
nanocrystals. Consequently, as the applied voltage is swept, from +15 to -15 volts,
in steps of 0.5 volts, the capacitance follows curve 62, resulting in a positive flatband
voltage shift due to the electrons trapped by the Ge nanocrystals. Hence a counter-

clockwise hysteresis is observed in the C-V characteristics.




ger mani um doped silicon dioxide further conprises using | ow pressure

chem cal vapor deposition or plasnma-enhanced chem cal vapor deposition. 8
7. The process described in claiml1l wherein the step of depositing a | ayer
of germani um doped silicon dioxide further conprises reacting silane in a
m Xt ur gyheHERIAEATs bet ween about 5 and 30% ger mane and an oxygen source.
8. The process described in claim7 wherein said oxygen source i s ozone or
nitrous oxide. 9. The process described in claim1l wherein the step of
depositing a capping |layer onto said |ayer of germani um doped silicon

di oxi de further conprises using |low pressure chem cal vapor deposition or
pl asma4enhpreeds ¢hemradhctuepamotedstile inoemoryl Structhe, poopeistigdescri bed in
claiml1l wherein said cappjn an_er is silicon oxide or silicon nitride.
11. The pr ofE34digg ScsiliGHLOHY BRENED YRRG'SUNESS1 d cappi ng | ayer is

deposited tg. Eréé %bﬁ}ﬁ%eéﬁd g{%tiq\ﬁée\gqoﬁg)gghgjign%gbﬁg nm 12. The process

described in c wher el n step of rapid thermally annealing the
structure further conprises heating at a tenperature between about 800C and

éégggicbfagri ﬁﬂz:ﬁigﬁ%o?%ﬁﬁﬁ%nﬁagg%ﬂﬁgﬁg@%:ﬂéi(@fggggs |1§ a;l'ggnpg;)ceﬁist rogen.
14. The pr odepssitieg arlapedof gerolamivm Hogkdraiconsdidxide ante sgist tirmehaxidea mean
layer; '
depositing a capping layer onto said layer of germanium doped silicon
dioxide; and
rapid thermally annealing the structure whereby germanium nanocrystals are
formed in said germanium doped silicon dioxide layer, ion implant damage is

repaired, and source and drain region dopants are activated.
2. The process described in claim 1 wherein said silicon body is P-type.

3. The process described in claim 1 wherein the step of growing said tunnel oxide

layer further comprises rapid thermal oxidation in a dry oxygen ambient.

4. The process described in claim 3 wherein the step of rapid thermal oxidation is

heating at between about 900 and 1,000 ® C for between about 5 and 60 seconds.

5. The process described in claim 1 wherein said tunnel oxide layer is grown to a

thickness that is between about 2 and 5 nm.

6. The process described in claim 1 wherein the step of depositing a layer of
germanium doped silicon dioxide further comprises using low pressure chemical

vapor deposition or plasma-enhanced chemical vapor deposition.




di anet er between about 2 and 10 nm 15. A process to manufacture a

non-vol atil e MOS based nenory device conprising: providing a silicon body
havi ng an upper surface; growing a tunnel oxide |ayer on said upper
surface; depositing a | ayer of gernmani um doped silicon dioxide onto said

tunnel 70%hdeyrotassedésibdanasidimnMmwhersn pha gtdpyfdepaiitgsdiayel ayer  of
ger mani um doped silicon dioxide, patterning said tunnel oxide, germanium

do_pgd germaonnydered silican diedgp fuither capmrises gepding dlagstie d8dYiel ; usi ng
sai at t f-Qvom i i h b
cai o gapBiSHETYeqs aBolES dnd SR LBIRUERR AIBIABUCE 00 Lot rom

into said silicon body; and rapid thermally annealing the device whereby
germani um nanocrystals_are forned in said germani um doped silicon dioxide
Payer. & TEPABYCRSS AP3ribesiin CHOM 7 WPERID PEIHERIIEN SRS OAUE THANBHEC oss
descri gj jn claim15 wherein said silicon body is P-type. 17. The process
describéd Tn claim 15 wherein the step of growi ng said tunnel oxide |ayer
further conprises rapid thernmal oxidation in a dry oxygen anbient. 18. The
rocess scribed in im1l7 wh i i i i
ips 9. %e prlocess éjesccr!b%ldr?n claim ‘F(f\l?]lepeiltl Qﬁe %%eeﬂpofoéepro%mn% aE Qgépﬁlg Egy)/(érdat 'on
onto said layer of germanium doped silicon dioxide further comprises using low

pressure chemical vapor deposition or plasma-enhanced chemical vapor deposition.

10. The process described in claim 1 wherein said capping layer is silicon oxide or

silicon nitride.

11. The process described in claim 1 wherein said capping layer is deposited to a

thickness between about 10 and 50 nm,

12. The process described in claim 1 wherein the step of rapid thermally annealing
the structure further comprises heating at a temperature between about 800°C and

1,000°C for up to 300 seconds in a non reactive gas.

13. The process described in claim 12 wherein said non reactive gas is argon or

nitrogen.

14. The process described in claim 1 wherein said nanocrystals have a mean

diameter between about 2 and 10 nm.

15. A process to manufacture a non-volatile MOS based memory device comprising:
providing a silicon body having an upper surface;
growing a tunnel oxide layer on said upper surface;
depositing a layer of germanium doped silicon dioxide onto said tunnel oxide

layer;




heati ng at between about 900 and 1,000 C for between about 5 and 60
seconds. 19. The process described in claim15 wherein said tunnel oxide
| ayer is grown to a thickness that is between about 2 and 5 nm 20. The
process described in claim215 wherein the step of depositing a | ayer of

ger mani um dejeedsisiny iaCippihidyae ohty sdignaem iges@aniush dgpédsilipopessur e
chem cal vapor deposition or plasma-enhanced chem cal vapor deposition.
21. Théigfdess described in claim15 wherein the step of depositing a

Y O L B SARREAnE olBe Bt I doeliiatedtBiE Sand BAGHINGO 51 | ane

in a mxtur contalnin et ween germane and an ‘oxygen
sour celays fblfermrogsts pedestali bed in claim 21 wherein said oxygen source is

ozone or nitrous oxide. %0 23. The r?ces,s described . in claim 15 wherein
the step of U§EB0HIY GAlF BS %ﬁﬁ %alfﬁ?z%ﬂ OrGNPe SeLIGF ?%@QFE‘"&{?QJ@F tum doped
si | icond Qéi'ddg%]té ZB%HQ%LEP%Q'L@%?%& e LAY exRIREGSNAWERRTHE A oM MRD

deposi t'ion or ma- enhance m cal vapor deposition. 24. The process
descri ed siicart hody; Hhdwherein the step of rapid thermally annealing the

structure further conprises h i t t t bet t 800C and
RIS R s BT N o A B S e
descr i hgthédirtsa ?gaﬂamﬁﬁ 8bPed aildoR UM EAE dyee tHafHySoRhBIRNBE nofl t rogen.

26. The process déscribed in claim 15 wherei'n said nanocrystals have a nean
volatile memory device.

16. The process described in claim 15 wherein said silicon body is P-type.

17. The process described in claim 15 wherein the step of growing said tunnel oxide

layer further comprises rapid thermal oxidation in a dry oxygen ambient.

18. The process described in claim 17 wherein the step of rapid thermal oxidation is
heating at between about 900 and 1,000 © C for between about 5 and 60 seconds.

19. The process described in claim 15 wherein said tunnel oxide layer is grown to a

thickness that is between about 2 and 5 nm.

20. The process described in claim 15 wherein the step of depositing a layer of
germanium doped silicon dioxide further comprises using low pressure chemical

vapor deposition or plasma-enhanced chemical vapor deposition.

21. The process described in claim 15 wherein the step of depositing a layer of
germanium doped silicon dioxide further comprises reacting silane in a mixture

containing between about 5 and 30% germane and an oxygen source.

22. The process described in claim 21 wherein said oxygen source is ozone or

nitrous oxide.
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di anet er between about 2 and 10 nm 27. The process described in claim 15
wherein said source and drain regions are N- type. 28. The process
described in claim15 wherein the step of form ng source and drain regions
further conprises diffusion through a hard nmask. 29. The process descri bed
in claim15 wherein the step of forning source and drain regions further
conprises using ion inplantation. process described in claimli15

furthet3. C—U?ﬁ)pf%:feﬁﬁ dP@?W%ﬁq Brclaim éllséme?rfatf‘atlhe LN PHELROTIBNG 3i (@PRHE [@¥ehind
drain gegi I 5?8?;8 ﬁﬁéﬂuﬂ?&@&?gﬁﬁ@ﬁmxﬁe fuﬁﬁ%r %ﬁfg‘ﬁ%és dSH g%@ﬁd in claim

29 wherern rapi d er na anneal structudre serves,
addi ti m@sbhge cham icap‘aaﬁorldﬂpusrmlnaﬂmpldmragmhanded chanticalatpor depogigorand
drain regions. 11
24. The process described in claim 15 wherein the step of rapid thermally annealing
the structure further comprises heating at a temperature between about 800°C and

1,000°C for up to 300 seconds in a non reactive gas.

25. The process described in claim 24 wherein said nonreactive gas is argon or

nitrogen.

26. The process described in claim 15 wherein said nanocrystals have a mean

diameter between about 2 and 10 nm.

27. The process described in claim 15 wherein said source and drain regions are N-

type.

28. The process described in claim 15 wherein the step of forming source and drain

regions further comprises diffusion through a hard mask.

29. The process described in claim 15 wherein the step of forming source and drain

regions further comprises using ion implantation.

30. The process described in claim 15 further comprising formation of electrical

contacts to said source and drain regions and to said gate pedestal.
31. The process described in claim 29 wherein the step of rapid thermally annealing

the sfructure serves, additionally, to repair ion implant damage and to activate

source and drain regions.
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