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(57) ABSTRACT 
A method of forming a non-volatile memory device includes 
providing a semiconductor Substrate having a surface region, 
thereafter forming a first dielectric layer overlying, thereafter 
forming a first wiring material, thereafter forming amorphous 
silicon layer, and patterning and etching these layers to form 
first structures extending in a first direction and having a 
Switching element. Thereafter, a method may include depos 
iting a second dielectric layer overlying the first structures 
and having a dielectric Surface region, forming an opening 
region in the second dielectric material to exposing part of the 
Switching element, and depositing a silver material in the 
opening region, but not on the dielectric Surface region. 
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SELECTIVE DEPOSITION OF SILVER FOR 
NON-VOLATILE MEMORY DEVICE 

FABRICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present invention is a non-provisional applica 
tion of U.S. App. No. 61/387.963, filed Sep. 29, 2010. The 
provisional application is incorporated herein by reference, 
for all purposes. 

BACKGROUND 

0002 The present invention is generally related to resis 
tive switching devices. More particularly, embodiments 
according to the present invention provide a method and a 
structure for forming a resistive Switching device. The present 
invention can be applied to non-volatile memory devices but 
it should be recognized that the present invention can have a 
much broader range of applicability. 
0003. The success of semiconductor devices has been 
mainly driven by an intensive transistor down-scaling pro 
cess. However, as field effect transistors (FET) approach sizes 
less than 100 nm, problems such as the short channel effect 
degrade device performance. Moreover, such sub 100 nm 
device sizes can lead to sub-threshold slope non-scaling and 
increase in power dissipation. It is generally believed that 
transistor-based memories such as those commonly known as 
Flash may approach an end to Scaling within a decade. Flash 
memory is one type of non-volatile memory device. 
0004. Other non-volatile random access memory (RAM) 
devices such as ferroelectric RAM (Fe RAM), magneto-re 
sistive RAM (MRAM), organic RAM (ORAM), and phase 
change RAM (PCRAM), among others, have been explored 
as next generation memory devices. These devices often 
require new materials and device structures to couple with 
silicon-based devices to form a memory cell, which lack one 
or more key attributes. For example, Fe-RAM and MRAM 
devices have fast Switching characteristics and good pro 
gramming endurance, but their fabrication is not CMOS com 
patible and size is usually large. Switching a PCRAM device 
requires large amounts of power. Organic RAM or ORAM is 
incompatible with large Volume silicon-based fabrication and 
device reliability is usually poor. 
0005 From the above, a new semiconductor device struc 
ture and integration is desirable. 

BRIEF SUMMARY OF THE PRESENT 
INVENTION 

0006. The present invention is generally related to resis 
tive switching devices. More particularly, embodiments 
according to the present invention provide a method and a 
structure for forming a resistive Switching device. The present 
invention can be applied to non-volatile memory devices but 
it should be recognized that the present invention can have a 
much broader range of applicability. 
0007. In a specific embodiment, a method for forming a 
non-volatile memory device is provided. The method 
includes providing a semiconductor Substrate having a Sur 
face region and forming a first dielectric material overlying 
the Surface region. A first wiring material is formed overlying 
the first dielectric material. A contact material is formed 
overlying the first wiring material. The method includes 
forming a Switching material overlying the contact material. 
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In a specific embodiment, the Switching material can include 
an amorphous silicon material. The methods Subjects the first 
wiring material, the contact material, and the Switching mate 
rial to a first patternand etch process to form a plurality of first 
structures. Each of the plurality of first structures includes at 
least a first wiring structure being spatially extending in a first 
direction and a Switching element having a surface region. A 
second dielectric material is deposited overlying at least the 
plurality of first structures to form a thickness of second 
dielectric material overlying the Switching material of each of 
the first structures. The second dielectric material includes a 
Surface region. In a specific embodiment, the method includes 
forming an opening region in a portion of the thickness of 
second dielectric material to expose a portion of the Surface 
region of the Switching material. In a specific embodiment, 
the method selectively deposits a silver material in a portion 
of the opening region to partially fill the opening region while 
the surface region of the second dielectric material is free of 
the silver material. A second wiring material is deposited 
overlying the Surface region of the second dielectric material 
including the silver material. In a specific embodiment, the 
method Subjects the second wiring material to a second pat 
tern and etch process to form a second wiring structure and 
preferably maintaining the silver material in the first portion 
of the opening region. In certain embodiment, the second 
wiring structure extends in a second direction and spatially 
configured at an angle to the first direction. 
0008. Many benefits can be achieved by ways of the 
present invention. For example, the present invention pro 
vides a method for depositing silver material to form a resis 
tive switching device. The silver material is selectively depos 
ited in an opening region Such that silver contamination from 
a metal etch process is prevented. Indeed, etch of the silver is 
avoided by the selective nature of the deposition. Addition 
ally, as the silver material is formed in an opening region 
allowing for ease of device Scaling. Depending on the 
embodiments one or more of these benefits may be achieved. 

SUMMARY OF THE DRAWINGS 

0009 FIG. 1-10 are simplified diagram illustrating a 
method of forming a resistive Switching device according to 
an embodiment of the present invention. 
0010 FIGS. 11-13 are simplified diagram illustrating a 
resistive Switching device construction and operations 
according to various embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0011. The present invention is generally related to resis 
tive switching devices. More particularly, embodiments 
according to the present invention provide a method and a 
structure for forming a resistive Switching device. The present 
invention can be applied to non-volatile memory devices but 
it should be recognized that the present invention can have a 
much broader range of applicability 
0012. In resistive Switching using amorphous intrinsic 
silicon as the Switching material, a metal material is usually 
used as at last one of the electrodes. The metal material forms 
a metal region in the amorphous intrinsic silicon material in 
the “on” state. In the “off” state, there is an absence or reduc 
tion of metal in the amorphous silicon. The resistance of the 
amorphous intrinsic silicon material is caused to change 
depending on a Voltage applied to the electrodes. Silver is a 
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material of choice as it has a suitable diffusion characteristic 
in the amorphous intrinsic silicon material. However, as silver 
material is not yet commonly used in CMOS fabrication, 
silver contamination from a metal etch process can be detri 
mental to the device as well as the fabrication equipments. 
This occurs when the silver in contact with the amorphous 
intrinsic Si is etched. When etching of the silver is complete, 
the etch profile may result in some or all of the amorphous 
intrinsic Si being etched as well. Etch residue containing 
silver may adhere to a newly etched sidewall of the amor 
phous intrinsic Si layer, resulting in undesirable enhanced 
conductivity of the amorphous intrinsic silicon, especially in 
the offstate. FIGS. 1-10 are simplified diagrams illustrating a 
method of fabricating a resistive Switching device for a non 
Volatile memory device according to an embodiment of the 
present invention. As shown a semiconductor substrate 100 
having a surface region 102 is provided. The semiconductor 
Substrate can be a single silicon wafer, a silicon germanium 
Substrate or a silicon on insulator (commonly known as SOI) 
Substrate depending on the application. In certain embodi 
ments, semiconductor substrate 100 can include one or more 
CMOS device formed thereon. The one or more CMOS 
device provides for controlling circuitry for the resistive 
Switching device in a specific embodiment. In other embodi 
ments, the one or more MOS devices may include other 
functionality, Such as a processor, logic, or the like. 
0013 As shown in FIG. 2, the method includes forming a 

first dielectric material 202 overlying the surface region of the 
semiconductor substrate. First dielectric material 202 can be 
silicon oxide, silicon nitride, silicon oxynitride, or a dielectric 
stack including an alternating layers of silicon oxide and 
silicon nitride (for example, ONO) stack depending on the 
embodiment. First dielectric material 202 can be deposited 
using techniques such as chemical vapor deposition (CVD). 
for example, low temperature CVD, plasma enhanced CVD. 
high density plasma CVD (HDP CVD) and others. Other 
deposition techniques such as spin-on-glass may also be used 
depending on the application. 
0014. In a specific embodiment, the method includes 
forming a first wiring material 302 overlying the first dielec 
tric material as shown in FIG. 3. First wiring material 302 can 
be tungsten, copper, or aluminum depending on the applica 
tion. First wiring material is preferably deposited on an adhe 
sion layer or a diffusion barrier layer Such as titanium, tita 
nium nitride, tantalum nitride ortungsten nitride, and the likes 
to prevent the first wiring material to migrate to other parts of 
the device and to promote adhesion between first wiring 
material 302 and first dielectric material 202. The first wiring 
material may be deposited by techniques such as physical 
vapor deposition, chemical vapor deposition, electroplating, 
or electroless deposition, or a combination of these, depend 
ing on the embodiment. 
0015. In certain embodiments, the method deposits a con 

tact material 402 overlying first wiring material 302 as shown 
in FIG. 4. Contact material 402 comprises a polysilicon mate 
rial in a specific embodiment. The polysilicon material is 
preferably having a p-- impurity characteristic in a specific 
embodiment. Depending on the embodiment, the p--impurity 
can be provided using a boron species, a gallium species, an 
indium species, oran aluminum species at a concentration of 
about 1E18 per cm to about 1E21 per cm. The polysilicon 
material can be deposited by a chemical vapor deposition 
process using silicon precursors such as silane, disilane or a 
Suitable chlorosilane. Deposition temperature can range from 
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about 350 Degree Celsius to about 800 Degree Celsius 
depending on the embodiment. The polysilicon material can 
be part of the first wiring material and prevents excessive 
defects to form on the first wiring material in a specific 
embodiment. Further, a barrier material Such as titanium, 
titanium nitride, tantalum nitride or tungsten nitride can be 
used to prevent any unwanted reaction between contact mate 
rial 402 and first wiring material 302 in a specific embodi 
ment. 

0016 Referring to FIG. 5, the present method forms a 
resistive switching material 502 overlying the contact mate 
rial. Resistive switching material 502 can include an amor 
phous silicon material in a specific embodiment. In a specific 
embodiment, the amorphous silicon is not intentionally 
doped and has an intrinsic semiconductor characteristic. 
Other non-crystalline silicon material having desirable prop 
erties may also be used. The amorphous silicon material may 
be deposited using chemical vapor deposition process using 
silane, disilane or a suitable chlorosilane as precursor. The 
amorphous silicon material may also be deposited using a 
physical vapor deposition process from a suitable silicon 
target material, depending on the application. Deposition 
temperature can range from about 150 Degree Celsius to 
about 500 Degree Celsius depending on the embodiment. 
0017. In a specific embodiment, the method subjects resis 
tive switching material 502, contact layer 402, and first wiring 
material 302 to a first pattern and etch process to form a 
plurality of first structures 602 as shown in FIG. 6. In various 
embodiments, the plurality of first structures 602 are parallel, 
and extend in a first direction along the plane of the Substrate 
100. In certain embodiments, the first pattern and etch process 
can use a photoresist material as a mask for the etch process. 
Or the masking material may include a photoresistanda hard 
mask. The hard mask can be a dielectric or a metal hard mask 
depending on the embodiment. As shown, each of the first 
structure 602 includes an exposed surface region of the resis 
tive Switching material. 
0018. In various embodiments, the method forms a second 
dielectric material 702 overlying the plurality of first struc 
tures and fills the space between neighboring first structures. 
In a specific embodiment, second dielectric material 702 is 
Subjected to a planarizing process to form a planarized Sur 
face region 704 as shown in FIG. 7. As shown, second dielec 
tric material 702 forms a thickness 706 overlying each of the 
first structure 602 in a specific embodiment. Second dielectric 
material 702 can be silicon oxide, silicon nitride, dielectric 
stack such as ONO, high K dielectric, low K dielectric, and 
others, depending on the application. 
0019 Referring to FIG. 8, the method subjects second 
dielectric material 702, which has been planarized to a second 
pattern and etch process to form an opening region 802 or a 
via structure in thickness 706 of second dielectric material 
overlying each of the first structure 602. Opening region 802 
includes an exposed surface region of the resistive Switching 
material 502 in a specific embodiment. 
0020. As shown in FIG.9, the method includes selectively 
depositing a metal material 902 to at least partially fill open 
ing region 802 in a specific embodiment. The metal material 
is silver in a specific embodiment. Silver can be deposited 
using an electroless deposition process, which selectively 
deposits the silver material on the amorphous silicon material 
in a specific embodiment. In light of the present disclosure, 
one of ordinary skill in the art will appreciate than many 
conventional electroless processes may be used, and they are 
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within the scope of the present invention. In this selective 
deposition, silver deposits only on the exposed amorphous 
silicon material, and not on second dielectric material 702 
Surface. As shown, the silver material is in direct physical and 
electrical contact with the amorphous silicon material while 
the planarized surface region of second dielectric material 
702 is free of the silver material in a specific embodiment. 
0021. The method includes depositing a second wiring 
material 1002 overlying the planarized surface region of the 
second dielectric material and the silver material as shown in 
FIG. 10. Depending on the embodiment, an adhesion layer 
and/or a diffusion barrier layer can be first formed overlying 
the second dielectric material before deposition of the second 
wiring material. 
0022. The method then subjects the second wiring mate 

rial, including the adhesion layer and/or the diffusion barrier, 
to a third pattern and etch process to form a second wiring 
structure. As the silver material is formed only in a portion of 
the via which is subsequently filled with the metal material 
from the second wiring layer, the third pattern and etch pro 
cess only removes portions of the second wiring material to 
form the second wiring structure, and does not remove any of 
the silver material in a specific embodiment. This prevents 
silver contamination on the exposed sidewall of the intrinsic 
amorphous silicon Switching material. It also minimizes or 
eliminates silver contamination in etching equipment. In a 
specific embodiment, the second wiring structure is spatially 
configured to extend in a second direction orthogonal to the 
first direction of the first wiring structure to enable a high 
density interconnected crossbar array. Such array of resistive 
Switching devices can be used for a non-volatile memory 
device in a specific embodiment. 
0023. As illustrated in FIG. 11, a resistive switching 
device 1100 for a non-volatile memory device is provided. 
Resistive switching device 1100 includes a first wiring struc 
ture 1102 spatially configured to extend in a first direction and 
a second wiring structure 1104 spatially configured to extend 
in a second direction orthogonal to the first direction. In a 
specific embodiment, resistive switching device 1100 
includes a resistive switching region 1106 overlying the first 
wiring structure and disposed in an intersection region 
formed from the first wiring structure and the second wiring 
structure. In a specific embodiment, resistive Switching 
region 1106 can include an amorphous silicon material hav 
ing an intrinsic semiconductor characteristic. A junction 
material 1108 comprising a p- polysilicon material is dis 
posed between the resistive switching material 1106 and the 
wiring structure 1102. 
0024. In a specific embodiment, resistive switching device 
1100 includes a dielectric material 1110 overlying the switch 
ing region. The dielectric material includes a surface region 
and an opening region 1114 overlying the Switching region in 
a specific embodiment. In a specific embodiment, a silver 
material 1112 is configured in a portion of the opening region 
and in contact with the amorphous silicon material while the 
surface region of the dielectric material is free of any or 
includes less the silver material. The device includes a second 
wiring structure overlying the dielectric material and the sil 
ver material. The second wiring structure is spatially config 
ured to extend in a second direction orthogonal to the first 
direction in a specific embodiment. 
0025. As illustrated in FIG. 12, in embodiments of meth 
ods of operating the structure described above, the silver 
material forms a silver region 1202 derived from the silver 
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material in a portion of the amorphous silicon material upon 
application of a forward bias Voltage. The forward bias volt 
age is a positive Voltage 1204 with respect to the second 
wiring structure. The silver region comprises a plurality of 
silver particles formed in the amorphous silicon in a specific 
embodiment. The plurality of silver particles can include 
silver ions, silver clusters, silver atoms, and others. The silver 
region reduces the resistance of the amorphous silicon mate 
rial. In a specific embodiment, the silver region further 
includes a filament structure characterized by a length and a 
distance between the silver particles. The filament structure is 
configured to extend 1206 towards the first electrodestructure 
upon application of a programming Voltage and the device is 
in a low resistance state or a programmed State. The program 
ming Voltage can range from about 4 volts to about 8 Volts, or 
larger or Smaller depending on a device size and processing 
conditions of amorphous silicon material. 
0026. As shown in FIG. 13, the filament structure retracts 
1306 upon application of a backward bias voltage 1304 after 
programming. The backward bias Voltage comprises of a 
negative Voltage applied to the second electrode with respect 
to the first electrode in a specific embodiment. The backward 
bias Voltage can have a magnitude Substantially the same as 
the forward bias voltage and can be slightly lower (for 
example about 5-10 percent lower) than the forward bias 
Voltage, in Some embodiments. Accordingly, depending on a 
Voltage applied to the device the resistance of the amorphous 
switching material can be modulated. This enables a multibit 
storage capability by configuring a cell at various resistance 
values. Multibit storage capability is made possible by two or 
more discrete resistance values or states for each of the 
device. 

0027. In various embodiments, as the memory devices 
describe herein are small compared to standard memories, a 
processor, or the like, may include greater amounts of 
memory (cache) on the same semiconductor device. As Such 
memories are relatively non-volatile, the states of Such pro 
cessors, or the like may be maintained while power is not 
Supplied to the processors. To a user, Such capability would 
greatly enhance the power-on power-off performance of 
devices including Such processors. Additionally, Such capa 
bility would greatly reduce the power consumption of devices 
including Such processors. In particular, because Such memo 
ries are non-volatile the processor need not draw power to 
refresh the memory states, as is common with CMOS type 
memories. Accordingly, embodiments of the present inven 
tion are directed towards processors or other logic incorpo 
rating memory devices, as described herein, devices (e.g. 
Smartphones, network devices) incorporating processors or 
other logic incorporating such memory devices, and the like. 
In addition to the memory devices described herein, addi 
tional embodiments may include display components, com 
munication components and circuitry, button, cases, hous 
ings, enclosures, batteries, and the like. 
0028. Though the present invention has been described 
using various examples and embodiments, it is also under 
stood that the examples and embodiments described herein 
are for illustrative purposes only and that various modifica 
tions or alternatives in light thereof will be suggested to 
persons skilled in the art and are to be included within the 
spirit and purview of this application and Scope of the 
appended claims. 
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1.-12. (canceled) 
13. A non-volatile memory device, comprising: 
a first wiring structure spatially configured to extend in a 

first direction; 
a junction material comprising a p-polycrystalline silicon 

material overlying the first wiring structure; 
a Switching region comprising an amorphous silicon mate 

rial having an intrinsic semiconductor characteristic 
overlying the junction material; 

a dielectric material overlying the Switching material, the 
dielectric material having a Surface region and an open 
ing region overlying and exposing at least a portion of 
the Switching region; 

a silver material configured in at least a portion of the 
opening region, the silver material being in contact with 
the amorphous silicon material while the Surface region 
of the dielectric material is maintained substantially free 
of any of the silver material; and 

a second wiring structure overlying dielectric material and 
the silver material, wherein the second wiring structure 
is spatially configured to extend in a second direction 
orthogonal to the first direction. 

14. The device of claim 13 wherein the silver material 
forms a silver region in a portion in the amorphous silicon 
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material to change a resistance characteristic of the amor 
phous silicon material upon application of a Voltage to the 
first wiring structure or the second wiring structure. 

15. The device of claim 14 wherein the silver region further 
comprises a silver filament structure, wherein the silver fila 
ment structure is characterized by a length and a distance 
between silver particles. 

16. The device of claim 14 wherein the length of the silver 
filament structure determines the resistance characteristic, 
and the length of the silver filament structure depends at least 
on the Voltage applied to the first wiring structure or the 
second wiring structure. 

17. The device of claim 14 
wherein the first wiring layer overlies a semiconductor 

Substrate; 
wherein the semiconductor substrate includes CMOS 

devices. 
18. The device of claim 17 wherein the CMOS devices are 

selected from a group consisting of control logic, a proces 
Sor, processing logic, interface devices. 

19. The device of claim 18 further comprising: a housing, 
a display, communication circuitry. 

k k k k k 


