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(57) ABSTRACT 

Isolated conductive nanoparticles on a dielectric layer and 
methods of fabricating Such isolated conductive nanopar 
ticles provide charge storage units in electronic structures for 
use in a wide range of electronic devices and systems. The 
isolated conductive nanoparticles may be used as a floating 
gate in a flash memory. In an embodiment, conductive nano 
particles are deposited on a dielectric layer by a plasma 
assisted deposition process Such that each conductive nano 
particle is isolated from the other conductive nanoparticles to 
configure the conductive nanoparticles as charge storage ele 
mentS. 
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DEPOST CONDUCTIVENANOPARTICLES ON THE DELECTRIC LAYER BY A 
PLASMA ASSISTED DEPOSITION PROCESS SUCH THAT EACH CONDUCTIVE 
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CONFIGURE THE CONDUCTIVENANOPARTICELS AS A CHARCE STORACE LAYER 
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CONDUCTIVENANOPARTICLES 

RELATED APPLICATIONS 

0001. This application is a continuation application of 
U.S. application Ser. No. 11/197.184, filed 4 Aug. 2005, 
which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

0002 This application relates generally to semiconductor 
devices and device fabrication. 

BACKGROUND 

0003 Generation of higher capacity electronic devices 
and systems rely on Scaling down device dimensions to real 
ize higher density memory devices. However, associated with 
increased device density due to closer spacing is word line 
coupling within the higher density memories. Techniques are 
needed to reduce word line coupling, reduce programming 
Voltages, and enable continued scaling of devices within a 
memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 depicts features of an embodiment of a 
method to form conductive nanoparticles on a dielectric layer 
to generate a charge storage layer. 
0005 FIGS. 2A, 2B illustrate SEM images of an embodi 
ment of platinum nanoparticles at 650° C. and 750° C. 
0006 FIGS. 3A, 3B illustrate SEM images of an embodi 
ment of platinum nanoparticles at 850° C. and 950° C. 
0007 FIG. 4A depicts an embodiment of a configuration 
of a floating gate transistor having isolated conductive nano 
particles as its floating gate. 
0008 FIG. 4B depicts an embodiment of a three-dimen 
sional structure of isolated conductive nanoparticles. 
0009 FIG. 5 is a simplified block diagram for an embodi 
ment of an electronic system having a controller coupled to an 
electronic device, where the controller and/or the electronic 
device have a charge storage unit configured as isolated con 
ductive nanoparticles on a dielectric layer. 
0010 FIG. 6 illustrates a block diagram for an embodi 
ment of an electronic system having a charge storage unit 
configured as isolated conductive nanoparticles on a dielec 
tric layer. 

DETAILED DESCRIPTION 

0011. The following detailed description refers to the 
accompanying drawings that show, by way of illustration, 
specific aspects and embodiments in which the present inven 
tion may be practiced. These embodiments are described in 
sufficient detail to enable those skilled in the art to practice the 
present invention. Other embodiments may be utilized and 
structural, logical, and electrical changes may be made with 
out departing from the scope of the present invention. The 
various embodiments are not necessarily mutually exclusive, 
as Some embodiments can be combined with one or more 
other embodiments to form new embodiments. 
0012. The terms “wafer and “substrate used in the fol 
lowing description include any structure having an exposed 
surface with which to form an integrated circuit (IC) struc 
ture. The term "substrate' is understood to include semicon 
ductor wafers. The term "substrate” is also used to refer to 
semiconductor structures during processing, and may include 
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other layers that have been fabricated thereupon. Both wafer 
and Substrate include doped and undoped semiconductors, 
epitaxial semiconductor layers Supported by a base semicon 
ductor or insulator, as well as other semiconductor structures 
well known to one skilled in the art. The term “conductor” is 
understood to generally include n-type and p-type semicon 
ductors and the term “insulator” or “dielectric' is defined to 
include any material that is less electrically conductive than 
the materials referred to as conductors. 
0013 An embodiment for a method of forming an elec 
tronic device includes forming a dielectric layer in an inte 
grated circuit and forming conductive nanoparticles on the 
dielectric layer to generate a charge storage layer, in which 
each conductive nanoparticle is isolated from the other con 
ductive nanoparticles. In an embodiment, conductive nano 
particles may be formed by a plasma-assisted deposition pro 
cess. Embodiments of structures and methods for forming 
Such structures provide for transistors, memory devices, and 
electronic systems having isolated conductive nanoparticles 
on a dielectric layer to store charge. 
0014. Herein, a nanoparticle includes a material structure 
whose effective diameter is measured in the nanometerrange. 
A nanoparticle may have an effective diameter as large as 20 
nanometers. Depending on the unit cell for a material, a 
nanoparticle of the material may include the material config 
ured as a nanocrystal. A conductive nanoparticle is a material 
structured as a nanoparticle, where the material when struc 
tured in bulk form is conductive. These conductive nanopar 
ticles are able to trap charges. 
0015. In an embodiment, a charge storage unit of an elec 
tronic device includes conductive nanoparticles on a dielec 
tric layer, in which each conductive nanoparticle is isolated 
from the other conductive nanoparticles. The conductive 
nanoparticles may be deposited by plasma-assisted deposi 
tion techniques, which may include, but are not limited to, 
plasma-enhanced chemical vapor deposition (PECVD), 
plasma-enhanced atomic layer deposition (PEALD), and 
plasma-assisted physical vapor deposition (plasma-assisted 
PVD). The application of a plasma may be used to roughen 
the deposited particles to form the nanoparticles. Further, the 
application of the plasma may provide for a higher density of 
conductive nanoparticles and improved adhesion for Subse 
quent processing. 
0016 A charge storage unit may include a capping dielec 
tric on the conductive nanoparticles with the conductive 
nanoparticles as charge storage elements. With the base 
dielectric layer Sufficiently thin, charges may tunnel through 
the base dielectric layer and be trapped in the nanoparticles. 
The capping dielectric provides isolation from conductive 
elements such that the trapped charge may be stored, until an 
appropriate stimulus is provided to release the charge. In an 
embodiment, conductive nanoparticles may be used as a 
floating gate to replace the use of a polysilicon floating gate 
that is currently being used in flash memory. The isolated 
conductive nanoparticles may serve as a charge trapping layer 
to reduce programming Voltage and to reduce word line cou 
pling, as well as to enable continued scaling beyond that 
associated with the conventional floating gate structure. 
0017 FIG. 1 shows features of an embodiment of a 
method to form conductive nanoparticles on a dielectric layer 
to generate a charge storage unit. At 110, a dielectric layer is 
formed in an integrated circuit on a Substrate. In an embodi 
ment, the dielectric layer may be a silicon oxide layer. Alter 
natively, the dielectric layer may be a layer of a high-K dielec 
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tric materials. High-K materials include materials having a 
dielectric constant greater than silicon dioxide, for example, 
dielectric materials having a dielectric constant greater than 
about twice the dielectric constant of silicon dioxide. A set of 
high-K dielectric may include, but is not limited to, Hfo, 
ZrO, TiO, TaO, La AlO, the lanthanide oxides, other metal 
oxides, and corresponding metal silicates. The dielectric 
layer may be a layer of an insulative nitride and/or insulative 
oxynitride. The dielectric layer may be structured as a dielec 
tric stack having a number of layers of different dielectric 
material. The dielectric stack may be nanolaminate. The term 
"nanolaminate’ means a composite film of ultra thin layers of 
two or more materials in a layered Stack. Typically, each layer 
in a nanolaminate has a thickness of an order of magnitude in 
the nanometer range. Further, each individual material layer 
of the nanolaminate may have a thickness as low as a mono 
layer of the material or as high as 20 nanometers. In an 
embodiment, the dielectric layer formed may be structured as 
a tunneling dielectric allowing the movement of charge 
through the dielectric under appropriate stimulation. In an 
embodiment, a tunneling dielectric may have a thickness of 
30 A or less. 
0018. At 120, conductive nanoparticles are deposited on 
the dielectric layer by a plasma assisted deposition process 
Such that each conductive nanoparticle is isolated from the 
other conductive nanoparticles. The conductive nanoparticles 
are configured as isolated material islands forming a charge 
storage layer. This charge storage layer may be covered by a 
top dielectric layer isolating the conductive nanoparticles, not 
only from each other, but from direct contact with a conduc 
tive medium. In an embodiment, the top dielectric layer may 
be of the same construction as the dielectric layer on which 
the conductive nanoparticles are deposited so as to effectively 
form one dielectric layer with conductive nanoparticles dis 
persed in the one dielectric layer. In an embodiment, the 
conductive nanoparticles are configured Substantially in a 
plane on the dielectric layer. Alternatively, the conductive 
nanoparticles may be configured dispersed throughout a 
dielectric layer having at least a minimal distance from the 
bottom of the dielectric layer that is formed on a substrate. 
0019. In an embodiment, the size of the nanoparticles is 
increased by annealing to form isolated agglomerations of 
particles defining isolated enlarged islands of conductive 
material. In an embodiment, the size of the nanoparticles may 
be increased by a factor of about five. Enlargement by anneal 
ing is not limited to a factor of five, but may use other factors 
depending on the application. In an embodiment, a nanopar 
ticle may have an effective or average diameter of about 2 mm 
that may be enlarged to about 10 nm by annealing. Nanopar 
ticles are not limited to these dimensions, but may have other 
dimensions in various embodiments. The isolated structures, 
either as conductive nanoparticles or enlarged islands of con 
ductive material, provide a means to reduce an effect associ 
ated with a defect that allows charge to leak through the 
dielectric on which the nanoparticles are formed. In a struc 
ture having isolated conductive nanoparticles, leakage may 
be localized to a few of these nanoparticles, reducing the 
amount of charge that may leak due to a defect, which may 
amount to only a few electrons. In an embodiment, conduc 
tive nanoparticles may be deposited by PECVD. In an 
embodiment, conductive nanoparticles may be deposited by 
PEALD. In an embodiment, conductive nanoparticles may be 
deposited by ALD followed by exposure to a plasma. In an 
embodiment, material may be deposited by ALD followed by 
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exposing the material to a plasma to form nanoparticles. The 
material deposited by ALD may be in the form of nanopar 
ticles, where the Subsequent exposure to a plasma enhances 
the density of the nanoparticles. Herein, a process that 
includes atomic layer deposition followed by exposure to a 
plasma is referred to as plasma agglomerated atomic layer 
deposition or plasma agglomerated ALD. Though the expo 
Sure to a plasma in plasma agglomerated ALD may be post 
deposition with respect to a number of ALD deposition 
cycles, plasma agglomerated ALD is herein defined as a 
plasma-assisted deposition process. The flow of precursors in 
these plasma-assisted methods is controlled to provide for the 
formation of isolated nanoparticles such that a uniform layer 
of the deposited material is not formed. 
0020. In an embodiment, ruthenium nanoparticles are 
deposited on a dielectric layer using plasma assisted chemical 
vapor deposition. A capping dielectric layer may be formed 
on the ruthenium nanoparticles to create a charge storing unit. 
During processing Subsequent to nanoparticle deposition, 
Such as the formation of the capping dielectric layer, some of 
the ruthenium nanoparticles may oxidize. However, the oxi 
dation may form conductive ruthenium oxide nanoparticles, 
which are applicable as conductive nanoparticles. Thus, 
selecting conductive nanoparticles that remain conductive on 
oxidation eases the constraints on Subsequent processing. 
0021. In an example embodiment, ruthenium nanopar 
ticles may be formed at a temperature of about 200°C. The 
processing wafer may be soaked in argon at 10 Torr for 2 
minutes, after which a 30 second 200 sccm flow for 300 W Ar 
plasma may be conducted to stabilize the plasma. Then, a 
(CHs)Ru(CO), reactants may be switched to the reactant 
chamber at the same time as the argon is turned off. The 
delivery lines to a showerhead, held at about 50° C., may be 
heated to about 62°C. A 500 sccm. He carrier gas may be used. 
The reactants may be controlled to flow for about 2 seconds 
providing ruthenium nanoparticles with a density of approxi 
mately 4x10''/cm (100-110 nanocrystals/50 nmx50 nm 
area). This is an example embodiment, other embodiments 
are not limited to these precursors and process parameters. 
0022. In an embodiment, ruthenium nanoparticles depos 
ited on a dielectric layer may be capped with a dielectric layer. 
In various embodiments, the dielectric layer may be a plasma 
enhanced tetraethylorthosilicate (PE-TEOS), a silicon oxide 
in the form of a high density plasma (HDP) oxide, a silicon 
oxide in the form of a high temperature oxide (HTO), a low 
temperature ALD oxide, a high temperature (such as 600 °C.) 
ALD oxide, or a combination of an ALD oxide between the 
ruthenium nanoparticles and one of the other dielectric layers. 
A capping dielectric layer may be characteristic by the 
method used to form the capping dielectric layer. Charge 
storage structures including a capping dielectric layer on 
ruthenium nanoparticles deposited on a dielectric layer may 
have a range of program erase (P/E) windows. 
0023. In an embodiment, platinum nanoparticles may be 
deposited on a dielectric layer using plasma assisted chemical 
vapor deposition. In an example embodiment, platinum nano 
particles may beformed at a temperature of about 200°C. The 
processing wafer may be soaked in argon at 10 Torr for 2 
minutes, after which a 30 second 200 sccm flow for 300 W Ar 
plasma may be conducted to stabilize the plasma. Then, 
(CH)(CHCH-)Pt and O. reactants may be switched to the 
reactant chamber at the same time as the argon is turned off. 
The delivery lines to a showerhead, held at about 50° C. may 
be heated to about 60° C. A 100 sccm. He carrier gas may be 
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used. The reactants may be controlled by flow for about 8 
seconds providing platinum nanoparticles with a density of 
approximately 4x10"/cm (100-110 nanocrystals/50 nmx50 
nm area). This is an example embodiment, other embodi 
ments are not limited to these precursors and process param 
eters. 

0024. In an embodiment, platinum nanoparticles depos 
ited on a dielectric layer may be capped with a dielectric layer. 
In various embodiments, the dielectric layer may be a PE 
TEOS, a HDP oxide, a HTO oxide, a low temperature ALD 
oxide, a high temperature ALD oxide, or a combination of an 
ALD oxide between the platinum nanoparticles and one of 
the other dielectric layers. Structures including a capping 
dielectric layer on platinum nanoparticles deposited on a 
dielectric layer may have a range of P/E windows. In an 
embodiment, platinum nanoparticles on a dielectric layer 
with a top ALD oxide may provide a program/erase window 
of about 3.2 volts using 15V, 1 sec pulses with no degradation 
during Subsequent cycles. 
0025. In an embodiment, platinum nanoparticles may be 
deposited on a dielectric layer using physical vapor deposi 
tion. The physical vapor deposition may be performed in 
short doses to provide the nanoparticles. A platinum sputter 
target may be exposed to an argon plasma for about 1-2 
seconds to provide nanoparticles on a dielectric layer, where 
the nanoparticles are separated from each other. Other dosing 
periods may be used to provide spaced-apart platinum nano 
particles. PVD processing of platinum nanoparticles may be 
formed in a vacuum or at appropriately low pressures. In an 
embodiment, platinum nanoparticles may be processed by 
PVData pressure ranging from about 107 Torr to about 10 
Torr. Other conductive elements and conductive combina 
tions of elements may be used in a PVD process to provide 
spaced-apart conductive nanoparticles. 
0026. In an embodiment, platinum nanoparticles may be 
deposited on a dielectric layer using atomic layer deposition. 
Controlling nucleation sites for the platinum nanoparticles 
may provide spaced-apart platinum nanoparticles. The for 
mation of the nanoparticles by ALD may be followed by other 
processes, such as plasma exposure, annealing, or combina 
tions of post deposition processes, to enhance the density of 
the platinum nanoparticles. 
0027. In an embodiment, cobalt nanoparticles may be 
deposited on a dielectric layer using plasma agglomerated 
atomic layer deposition. ALD processing provides nucleation 
mechanism for generating the nanoparticles as isolated 
islands. A number of ALD cycles may be performed followed 
by exposure to a plasma for a given amount of time. An ALD 
cycle for depositing cobalt may consist of independently 
pulsing a cobalt-containing precursor, a purge gas, a reactant 
precursor, and another purge gas. Pulsing purge gases is per 
formed to remove precursors and by-products from the reac 
tion chamber after the precursors have been pulsed into the 
chamber for a specific time. For additional aid in removal of 
material, the purge pulse may be followed by evacuating the 
reaction chamber for a short period to pump out by-products 
and excess precursors. In an example embodiment, cobalt 
nanoparticles may be formed at a Substrate temperature of 
about 325°C. in an ALD reactant chamber with the shower 
head held at about 50° C. The ALD cycle may include a 4 sec 
pulse of CpCo(CO), where the cyclopentadienyl (Cp) ligand 
is a monoanionic ligand with the formula CHs. The CpCo 
(CO) pulse may be followed by a 5 sec Arpurge followed by 
a 60 sec evacuation pump. After the purge/pump for the 
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cobalt-containing precursor, a 2 sec NH reactant precursor 
may be pulsed followed a 5 sec argon purge and a 10 sec 
evacuation pump to complete a cycle. In an embodiment, after 
conducting 10 cycles the deposited material may be exposed 
to a 10 second 300 watt 300 sccm Ar plasma to form cobalt 
nanoparticles. This is an example embodiment, other 
embodiments are not limited to these precursors and process 
parameters. 
0028. To form a charge storage unit, a capping dielectric 
may be formed on the cobalt nanoparticles. During the cap 
ping process or in Subsequent processing, some cobalt nano 
particles may oxidize eliminating Such structures as conduc 
tive nanoparticles. Processing at low temperatures may aid in 
reducing the amount of cobalt nanoparticles that oxidize. 
Further, choice of dielectrics used in the charge storage unit 
may aid in reducing the amount that the cobalt nanoparticles 
oxidize. Using dielectrics that do not contain oxygen, such as 
silicon nitride, may reduce any tendency for cobalt nanopar 
ticles to oxidize. Alternatively, silicon oxide may be used for 
a tunneling oxide and a capping oxide with a barrier, or liner, 
layer between the cobalt nanoparticles and these oxides. 
Metal oxides may be used in which the metal oxygenbonding 
is structurally preferred such that cobalt nanoparticles do not 
oxidize as the metal oxide is formed on the cobalt nanopar 
ticles. 

0029. In an embodiment, the size of conductive nanopar 
ticles may be increased by annealing. In an embodiment, 
platinum nanoparticles remain stable in an N2O atmosphere 
up to 650°C., but may begin to forman agglomeration at 750° 
C. FIGS. 2A, 2B illustrate SEM images of platinum nanopar 
ticles at 650° C. and 750°C. In a NH atmosphere, platinum 
nanoparticles may be stable up to 850° C., but may begin 
incremental agglomeration at 25°C. intervals above 850°C., 
with large crystals and spacing occurring at 950° C. FIGS. 
3A, 3B illustrate SEM images of platinum nanoparticles at 
850° C. and 950° C. By selectively controlling annealing, 
different formats for isolated conductive material may be 
formed allowing the selection of dense conductive nanopar 
ticles or enlarged islands of conductive material with larger 
spacing, depending on the application. The spacing between 
isolated conductive regions may be correlated to the effective 
diameter of these isolated conductive regions. 
0030 FIG. 4A shows an embodiment of a configuration of 
a floating gate transistor 400 having isolated conductive 
nanoparticles 405 as its floating gate. Transistor 400 includes 
a silicon based substrate 410 with a source 420 and a drain 
430 separated by a body region 432. However, transistor 400 
is not limited to silicon based substrates, but may be used with 
a variety of semiconductor and insulating Substrates. Body 
region 432 between source 420 and drain 430 defines a chan 
nel region having a channel length 434. Located above body 
region 432 is a stack 455 including a gate dielectric 440, 
conductive nanoparticles 405 as a floating gate, a floating gate 
dielectric 442, and a control gate 450. An interfacial layer 433 
may form between body region 432 and gate dielectric 440. In 
an embodiment, interfacial layer 433 may be limited to a 
relatively small thickness compared to gate dielectric 440, or 
to a thickness significantly less than gate dielectric 440 as to 
be effectively eliminated. 
0031 Conductive nanoparticles 405 may be structured as 
a layer of spaced-apart conductive particles. Alternatively, the 
conductive nanoparticles may be structured as a number of 
layers of spaced-apart conductive particles. In an embodi 
ment, the number of layers, or thickness of the film of isolated 
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conductive nanoparticles, is selected to provide charge trap 
ping to the various levels of conductive nanoparticles by a 
tunneling mechanism. Suchathickness or distance from body 
region 432 is dependent on the application. Conductive nano 
particles 405 may include, but are not limited to, platinum 
nanoparticles, ruthenium nanoparticles, conductive ruthe 
nium oxide nanoparticles, nanoparticles of other transition 
metals (W, Ni, etc.), noble metals (Rh, Ir, Pd, etc.), conductive 
metal oxides, conductive nitrides, and other conductive com 
pounds. 
0032 Gate dielectric 440 may be configured as a tunneling 
dielectric. In an embodiment, gate dielectric 440 has a thick 
ness, measured as the shortest distance from body region 432 
to a conductive nanoparticle, of 30 A or less. In an embodi 
ment, floating dielectric 442 has a thickness, measured as the 
shortest distance from control gate 450 to a conductive nano 
particle, between about 100 A and about 150 A. Gate dielec 
tric 440 and floating gate 442 made be composed of the same 
component materials or different component materials. The 
insulating materials selected for gate dielectric 440 and float 
ing gate dielectric 442 may be selected to reduce or eliminate 
oxidation of the conductive nanoparticles during processing 
subsequent to their formation. The material for gate dielectric 
440 and floating gate dielectric 442 may include, but is not 
limited to, silicon oxide, insulating nitrides, insulating oxyni 
trides, and high-K dielectric materials. Gate dielectric 440 and 
floating gate dielectric 442 may each be structured as a single 
dielectric layer or as a dielectric stack. 
0033. Various embodiments for charge storage units using 
isolated conductive nanoparticles on a dielectric layer may 
provide for enhanced device performance by providing 
devices with reduced leakage current. In a floating gate tran 
sistor, a number of conductive nanoparticles replace a con 
ventional floating gate that may be considered to be structured 
as a plate. Leakage for a conventional floating gate or for an 
embodiment of conductive nanoparticles may typically be 
determined by defects, which are not uniform in the structure. 
If the leakage is mainly by defects, then using isolated con 
ductive nanoparticles, only a few of the nanoparticles are 
associated with the defects from which charge may leak. With 
a few associated leakage sites, such leakage may be ignored 
since it is associated with charge trapped in a few nanopar 
ticles. However, with a conventional plate configuration, the 
entire plate is conductively coupled associating non-uniform 
defects with the entire plate such that charge may be con 
ducted to the defects, increasing the amount of leakage 
charge. With a much lower leakage associated with the con 
ductive nanoparticles as compared with the conventional 
floating gate, thinner gate dielectric 440 may be used with the 
conductive nanoparticles. Further, structures with thinner 
gate dielectric 440 also allow the use of lower voltages to 
program charge in floating transistor 400. 
0034. In an embodiment, conductive nanoparticles may be 
configured with a structure having three-dimensional features 
rather than a flat structure. A flat structure may be considered 
to be a planar structure whose three-dimensional aspect is 
provided by having a uniform or gradual-varying thickness. 
FIG. 4B shows an embodiment of a structure 460 having 
spaced-apart conductive nanoparticles 470 with three-dimen 
sional features. Conductive nanoparticles 470 may beformed 
on a dielectric layer 480 having stud 490 protruding up from 
a surface 485 of dielectric layer 480. Conductive nanopar 
ticles 470 may be disposed around vertical and horizontal 
sides of stud 490. Stud 490 is not limited to having perpen 
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dicular walls, but may behave various shapes protruding from 
surface 485 of dielectric layer 480. Various embodiments 
provide conductive nanoparticles as a charge storage unit 
configured in multiple planes or in a non-planar arrangement. 
Structure 460 may be used in the floating gate transistor 400 
of FIG. 4A. 
0035. Additional improvements in leakage current char 
acteristics may be attained by forming one or more of gate 
dielectric 440 and floating gate 442 in a nanolaminate struc 
ture. The transition from one layer of the nanolaminate to 
another layer of the nanolaminate provides further disruption 
to a tendency for an ordered structure in the nanolaminate 
stack, eliminating the occurrence of convenient paths from 
body region 432 to conductive nanoparticles 405. 
0036 Transistors and other devices having isolated con 
ductive nanoparticles on a dielectric layer be implemented 
into memory devices and electronic systems including infor 
mation handling devices. Embodiments of these information 
handling devices may include telecommunication systems, 
wireless systems, and computers. 
0037 FIG. 5 is a simplified block diagram for an embodi 
ment of an electronic system 500 having a controller 505 
coupled to an electronic device 525, where controller 505 
and/or electronic device 525 have a charge storage unit con 
figured as isolated conductive nanoparticles on a dielectric 
layer, in accordance with various embodiments. Electronic 
system 500 includes a bus 515, where bus 515 provides elec 
trical conductivity between controller 505 and electronic 
device 525. Electronic system 500 may include, but is not 
limited to, information handling devices, wireless systems, 
telecommunication systems, fiber optic systems, electro-op 
tic systems, and computers. 
0038 FIG. 6 illustrates a block diagram for an embodi 
ment of an electronic system 600 having a charge storage unit 
configured as isolated conductive nanoparticles on a dielec 
tric layer. System 600 may include a controller 605, a memory 
625, an electronic apparatus 635, and a bus 615, where bus 
615 provides electrical conductivity between controller 605 
and electronic apparatus 635, and between controller 605 and 
memory 625. Bus 615 may include an address bus, a data bus, 
and a control bus, each independently configured. Alterna 
tively, bus 615 may use common conductive lines for provid 
ing address, data, and/or control, the use of which is regulated 
by controller 605. In an embodiment, electronic apparatus 
635 may be additional memory configured similar as memory 
625. An embodiment may include an additional peripheral 
device or devices 645 coupled to bus 615. In an embodiment, 
controller 605 is a processor. In an embodiment, controller 
605 is a processor having a memory. Any of controller 605, 
memory 625, bus 615, electronic apparatus 635, and periph 
eral device devices 645 may include an embodiment of a 
charge storage unit configured as isolated conductive nano 
particles on a dielectric layer. System 600 may include, but is 
not limited to, information handling devices, telecommuni 
cation systems, and computers. 
0039 Peripheral devices 645 may include displays, addi 
tional storage memory, or other control devices that may 
operate in conjunction with controller 605. Alternatively, 
peripheral devices 645 may include displays, additional stor 
age memory, or other control devices that may operate in 
conjunction with controller 605 and/or memory 625. 
0040 Memory 625 may be realized as a memory device 
having a charge storage unit configured as isolated conductive 
nanoparticles on a dielectric layer, in accordance with various 
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embodiments. It will be understood that embodiments are 
equally applicable to any size and type of memory circuit and 
are not intended to be limited to a particular type of memory 
device. In an embodiment, a flash memory may include an 
array of memory cells, each memory cell having a charge 
storage unit configured as isolated conductive nanoparticles 
on a dielectric layer. The conductive nanoparticles of a charge 
storage unit serve as a charge trapping layer instead of a 
structure having a polysilicon floating gate, as discussed with 
respect to embodiments associated with FIGS. 4A-4B. Each 
charge storage unit may be accessed using word lines, where 
the conductive nanoparticles provide for reduction of word 
line coupling. In addition, the conductive nanoparticles 
enable the use of reduced programming Voltages and provide 
enhanced charge leakage characteristics. Such properties 
may provide for increased density of memory cells. 
0041 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that any arrangement that is calculated 
to achieve the same purpose may be substituted for the spe 
cific embodiments shown. It is to be understood that the above 
description is intended to be illustrative, and not restrictive, 
and that the phraseology or terminology employed herein is 
for the purpose of description and not of limitation. 
Combinations of the above embodiments and other embodi 
ments will be apparent to those of skill in the art upon study 
ing the above description. 
What is claimed is: 
1. An apparatus comprising: 
a dielectric in an integrated circuit, the dielectric including 

a nanolaminate; 
conductive nanoparticles on the dielectric Such that each 

conductive nanoparticle is isolated from the other con 
ductive nanoparticles, the conductive nanoparticles con 
figured as charge storage elements; and 

a capping dielectric disposed on the conductive nanopar 
ticles. 

2. The apparatus of claim 1, wherein the conductive nano 
particles are configured in a non-planar arrangement. 

3. The apparatus of claim 1, wherein the conductive nano 
particles include metal nanoparticles. 

4. The apparatus of claim 1, wherein the conductive nano 
particles include nanoparticles of a conductive compound. 

5. The apparatus of claim 1, wherein the conductive nano 
particles include platinum nanoparticles, ruthenium nanopar 
ticles, conductive ruthenium oxide nanoparticles, cobalt 
nanoparticles, or rhodium nanoparticles. 

6. An apparatus comprising: 
silicon oxide on a Substrate in an integrated circuit; 
conductive nanoparticles on the silicon oxide Such that 

each conductive nanoparticle is isolated from the other 
conductive nanoparticles, the conductive nanoparticles 
including iridium, the conductive nanoparticles config 
ured as charge storage elements; and 

a capping dielectric disposed on the conductive nanopar 
ticles. 

7. The apparatus of claim 6, wherein the capping dielectric 
includes silicon oxide. 

8. The apparatus of claim 7, wherein the conductive nano 
particles contact and are enclosed by Silicon oxide. 

9. The apparatus of claim 7, wherein the substrate includes 
silicon on which the silicon oxide is disposed in contact with 
the silicon of the substrate. 
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10. The apparatus of claim 6, wherein the conductive nano 
particles are arranged as charge storage elements for a flash 
memory. 

11. An apparatus comprising: 
a dielectric in an integrated circuit 
conductive nanoparticles on the dielectric Such that each 

conductive nanoparticle is isolated from the other con 
ductive nanoparticles, the conductive nanoparticles 
including a conductive metal oxide, the conductive 
nanoparticles configured as charge storage elements; 
and 

a capping dielectric disposed on the conductive nanopar 
ticles. 

12. The apparatus of claim 11, wherein the conductive 
nanoparticles include iridium. 

13. The apparatus of claim 12, wherein the conductive 
nanoparticles contact and are enclosed by silicon oxide. 

14. The apparatus of claim 13, wherein the dielectric 
includes silicon oxide arranged as a tunneling oxide to the 
conductive nanoparticles. 

15. The apparatus of claim 14, wherein the dielectric, the 
conductive nanoparticles, and the capping dielectric are dis 
posed in a memory device. 

16. The apparatus of claim 11, wherein the dielectric is a 
material having a dielectric constant greater than silicon diox 
ide. 

17. An apparatus comprising: 
a dielectric in an integrated circuit, the dielectric having a 

protrusion, the protrusion having sides extending verti 
cally from a surface of the dielectric to a top of the 
protrusion; and 

conductive nanoparticles on the dielectric with at least one 
of the conductive nanoparticles disposed on and contact 
ing the top of the protrusion and at least one of the 
conductive nanoparticles disposed on and contacting 
each of the sides of the protrusion, each conductive 
nanoparticle isolated from the other conductive nano 
particles, the conductive nanoparticles configured as 
charge storage elements. 

18. The apparatus of claim 17, wherein the conductive 
nanoparticles include conductive metal oxide nanoparticles. 

19. The apparatus of claim 18, wherein the conductive 
nanoparticles include iridium. 

20. The apparatus of claim 17, wherein the apparatus 
includes a capping layer contacting the conductive nanopar 
ticles and the dielectric, the dielectric and the capping layer 
Substantially having a common composition. 

21. The apparatus of claim 17, wherein the conductive 
nanoparticles include platinum nanoparticles, ruthenium 
nanoparticles, conductive ruthenium oxide nanoparticles, 
cobalt nanoparticles, iridium, or rhodium nanoparticles. 

22. A method of forming an apparatus, the method com 
prising: 

forming a dielectric in an integrated circuit on a Substrate; 
forming, after forming the dielectric, conductive nanopar 

ticles on the formed dielectric, the conductive nanopar 
ticles formed by a plasma-assisted deposition process 
Such that each conductive nanoparticle is isolated from 
the other conductive nanoparticles, wherein forming 
conductive nanoparticles includes forming iridium; 
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forming, after forming the conductive nanoparticles, a cap 
ping dielectric on and contacting the formed conductive 
nanoparticles and contacting the dielectric, the capping 
dielectric providing isolation from conductive elements; 
and 

configuring the conductive nanoparticles as charge storage 
elements. 

23. The method of claim 22, wherein the forming conduc 
tive nanoparticles includes forming conductive metal oxide 
nanoparticles. 
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24. The method of claim 22, whereinforming conductive 
nanoparticles on the dielectric by a plasma-assisted deposi 
tion process includes forming the conductive nanoparticles 
on the dielectric by plasma-enhanced atomic layer deposi 
tion. 

25. The method of claim 22, whereinforming conductive 
nanoparticles and forming the capping dielectric includes 
forming silicon oxide. 

c c c c c 


