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THIN FILM DIODE INTEGRATED WITH 
CHALCOGENIDE MEMORY CELL 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a method of 
manufacture for memory devices in integrated circuits and 
more particularly to programmable conductor memory 
arrays comprising glass electrolyte elements. 

BACKGROUND OF THE INVENTION 

[0002] The digital memory most commonly used in com 
puters and computer system components is the dynamic 
random access memory (DRAM), Wherein voltage stored in 
capacitors represents digital bits of information. Electric 
poWer must be supplied to the capacitors to maintain the 
information because, Without frequent refresh cycles, the 
stored charge dissipates, and the information is lost. Memo 
ries that require constant poWer are knoWn as volatile 
memories. 

[0003] Non-volatile memories do not need frequent 
refresh cycles to preserve their stored information, so they 
consume less poWer than volatile memories and can operate 
in an environment Where the poWer is not alWays on. There 
are many applications Where non-volatile memories are 
preferred or required, such as in cell phones or in control 
systems of automobiles. Non-volatile memories include 
magnetic random access memories (MRAMs), erasable pro 
grammable read only memories (EPROMs) and variations 
thereof. 

[0004] Another type of non-volatile memory is the pro 
grammable conductor or programmable metalliZation 
memory cell, Which is described by KoZicki et al. in (Us. 
Pat. No. 5,761,115; No. 5,914,893; and No. 6,084,796) and 
is included by reference herein. The programmable conduc 
tor cell of KoZicki et al. (also referred to by KoZicki et al. as 
a “metal dendrite memory”) comprises a glass ion conduc 
tor, such as a chalcogenide-metal ion glass and a plurality of 
electrodes disposed at the surface of the fast ion conductor 
and spaced a distance apart from one another. The glass/ion 
element shall be referred to herein as a “glass electrolyte,” 
or, more generally, “cell body.” 

[0005] When a voltage is applied to the anode and the 
cathode, a non-volatile conductive pathWay (considered a 
sideWall “dendrite” by KoZicki et al.) groWs from the 
cathode through or along the cell body toWards the anode, 
shorting the electrodes and alloWing current How. The 
dendrite stops groWing When the voltage is removed. The 
dendrite shrinks, re-dissolving metal ions into the cell body, 
When the voltage polarity is reversed. In a binary mode, the 
programmable conductor cell has tWo states; a fully-groWn 
dendrite or shorted state that can be read as a 1, and a state 
Wherein the dendrite does not short out the electrodes that 
can be read as a 0, or vice versa. It is also possible to arrange 
variable resistance or capacitance devices With multiple 
states. 

[0006] The recent trends in memory arrays generally have 
been to form ?rst a via, then ?ll it With a memory storage 
element (e.g., capacitor) and etch back. It is simple to isolate 
individual memory cells in this Way. Programmable memory 
cells also have been fabricated using this so-called container 
con?guration, Wherein the electrodes and cell body layers 
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are deposited into a via that has been etched into an 
insulating layer. Metal diffusion in the course of groWing 
and shrinking the conductive pathWay is con?ned by the via 
Wall. The memory cell can be formed in a number of array 
designs. For example, in a cross-point circuit design, 
memory elements are formed betWeen upper and loWer 
conductive lines at intersections. When forming a program 
mable conductor array With the glass electrolyte elements 
similar to those of KoZicki et al., vias are formed in an 
insulating layer and ?lled With the memory cell bodies, such 
as metal-doped glass electrolyte or glass fast ion di?‘usion 
(GFID) elements. 

[0007] Accordingly, a need exists for improved methods 
and structures for forming integrated programmable con 
ductor memory arrays. 

SUMMARY OF THE INVENTION 

[0008] An integrated programmable conductor memory 
cell and diode device in an integrated circuit is provided. The 
device comprises at least a ?rst diode element, a glass 
electrolyte element over the ?rst diode element, and a top 
electrode in contact With the glass electrolyte element. The 
glass electrolyte element has metal ions mixed or dissolved 
therein and is able to selectively form a conductive pathWay 
under the in?uence of an applied voltage. 

[0009] In accordance With one aspect of the present inven 
tion, a memory device, comprising an integrated diode and 
programmable conductor memory cell is provided Wherein 
both the diode and the memory cell comprise a chalcogenide 
glass. 

[0010] In one embodiment, an integrated programmable 
conductor memory cell and diode device is provided. The 
device comprises a ?rst polysilicon layer With a ?rst con 
ductivity type doping, a layer of germanium selenide glass 
containing metal ions over the ?rst polysilicon layer and a 
top electrode over the layer of germaniumselenide glass. The 
device can further comprise a silicon substrate region having 
a second conductivity type doping, opposite to the ?rst 
conductivity type doping, Wherein the silicon substrate 
region is in direct contact With the ?rst polysilicon layer. 

[0011] In accordance With another aspect of the invention, 
a method of fabricating a PCRAM (programmable conduc 
tor random access memory) is provided. The method com 
prises forming an insulating layer With an array of vias, 
providing at least one diode element in each via and pro 
viding a chalcogenide glass memory element over the diode 
element in each via. The chalcogenide glass memory ele 
ment has metal ions therein and is capable of selectively 
forming a conductive pathWay under the in?uence of an 
applied voltage. 

[0012] In yet another aspect of the invention, a method for 
making a PCRAM cell With an integrated thin ?lm diode in 
a via is provided. The method comprises providing a diffu 
sion barrier material at a bottom of the via, depositing a ?rst 
chalcogenide glass to ?ll the via, etching the ?rst chalco 
genide glass back to form a recess in the via, doping the ?rst 
chalcogenide glass to a predetermined depth after etching, 
forming a mixture of a second chalcogenide glass and a ?rst 
conductive material to ?ll the via after doping and deposit 
ing a second conductive material over the mixture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other aspects of the invention Will be 
readily understood by the skilled artisan in vieW of the 
detailed description of the preferred embodiments beloW and 
the appended drawings, Which are meant to illustrate and not 
to limit the invention, and in Which: 

[0014] FIG. 1 is a cross section of a partially fabricated 
integrated circuit, showing a via in a silicon nitride layer 
over a bottom conducting line. 

[0015] FIG. 2 shoWs the via of FIG. 1 after ?lling the via 
With germanium selenide (GeiSe) glass. 

[0016] FIG. 3 shoWs the ?lled via of FIG. 2 after etching 
back to recess the GeiSe glass into the via. 

[0017] FIG. 4 shoWs the GeiSe glass in the via of FIG. 
3 after ion implanting to dope a top portion of the GeiSe 
layer. 

[0018] FIG. 5 shoWs the GeiSe layer of FIG. 4 after an 
additional layer of GeiSe glass has been deposited to ?ll 
the via. 

[0019] FIG. 6A shoWs the ?lled via of FIG. 5 after 
planariZation to make the GeiSe and the surrounding 
silicon nitride coplanar and subsequent metal deposition and 
patterning to make a top electrode, in accordance With one 
embodiment of the present invention. 

[0020] FIG. 6B shoWs the structure of FIG. 6A after 
formation of a top conductor. 

[0021] FIG. 7A shoWs the ?lled via of FIG. 5 after 
deposition of a metal layer over the GeiSe glass, in 
accordance With another embodiment of the present inven 
tion. 

[0022] FIG. 7B shoWs the structure of FIG. 7A after 
patterning and etching the metal layer and the GeiSe 
overlayer. 

[0023] FIG. 7C shoWs the structure of FIG. 7B after 
formation of a top conducting line. 

[0024] FIG. 8 is a cross section shoWing another embodi 
ment of the invention Wherein an integrated programmable 
conductor memory cell and diode device comprises a 
GeiSe doped layer extending doWn to a bottom conducting 
line and overlaid by an undoped layer of GeiSe glass. 

[0025] FIG. 9 is a cross section shoWing another embodi 
ment of the invention Wherein a diode comprises a p+ 
polysilicon layer and an n+ polysilicon layer, integrated With 
a programmable conductor memory cell. 

[0026] FIG. 10 is a cross section shoWing another 
embodiment of the invention Wherein tWo integrated pro 
grammable conductor memory cell and diode devices are 
shoWn. A silicon nitride layer having tWo vias has been 
formed directly on a silicon substrate. The diodes comprise 
the underlying p+ region of the substrate and n+ polysilicon 
layers at the bottom of the vias. 

[0027] FIG. 11 is a cross section shoWing an alternative 
arrangement of the embodiment of FIG. 10 Wherein ?rst n+ 
polysilicon layers are formed in contact With an underlying 
p+ region of the substrate, and then narroWer programmable 
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conductor memory cells are formed in vias in a silicon 
nitride layer to land on the top surfaces of the diode 
structures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0028] A simple diode comprises tWo diode elements, or 
sides of opposite conductivity type, in contact With each 
another, Which form a p-n junction at their interface. More 
complex structures can be made from multiple diode ele 
ments. 

[0029] It is desirable to have a diode connected in series 
With each memory cell in an array. This alloWs for discrete 
sWitching of the memory cell as a certain level of forWard 
bias is needed to overcome the diode barrier. Above that 
voltage, current ?oWs easily through the diode. This diode 
barrier prevents accidental sWitching of the memory ele 
ment. It is further desirable that the diode be “leaky,” that is, 
that it alloW a small amount of conduction When reverse 
biased to alloW a trickle current for reading the memory cell 
state. 

[0030] For the purpose of this disclosure, an integrated 
programmable conductor memory cell and diode device is 
de?ned as a device that incorporates both a programmable 
conductor memory cell and a diode so that they function 
together, Without intervening electrical devices or lines, 
although layers such as optional diffusion barriers (described 
beloW) can intervene. Several embodiments are discussed 
comprising various con?gurations Wherein a programmable 
conductor memory cell and diode elements are arranged to 
perform this function. 

[0031] The aforementioned needs are satis?ed by the 
preferred embodiments of the present invention, Which 
provide integrated programmable conductor memory cells 
and diode devices and methods for making the same. The 
advantages of the embodiments Will become more fully 
apparent from the folloWing description taken in conjunction 
With the accompanying draWings. 

[0032] Reference Will noW be made to the draWings 
Wherein like numerals refer to like parts throughout. The 
?gures have not been draWn to scale. 

[0033] A programmable conductor memory element com 
prises a glass electroltyte element, such as a chalcogenide 
glass element With metal ions mixed or dissolved therein, 
Which is capable of forming a conductive pathWay along or 
through the glass element under the in?uence of an applied 
voltage. The extent of the conductive pathWay depends upon 
applied voltage and time; the higher the voltage, the faster 
the groWth rate; and the longer the time, the greater the 
extent of the conductive pathWay. The conductive pathWay 
stops groWing When the voltage is removed. The conductive 
pathWay shrinks, re-dissolving metal ions into the cell body, 
When the voltage polarity is reversed. 

[0034] FIG. 1 is a cross-section draWing shoWing a struc 
ture for a portion of a memory array from Which many 
embodiments of the current invention can be constructed. A 
bottom conducting line 10 overlies a substrate 8. The 
substrate 8 may be a simple silicon Wafer or it may contain 
up to several layers of integrated circuit devices and insu 
lating layers; typically, an insulating layer intervenes 
betWeen the conducting line 10 of a cross-point array and a 
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lower semiconductor layer (e. g., top portion of a silicon 
Wafer or an epitaxial layer thereover). The bottom conduct 
ing line 10 extends from side to side in the plane of the page 
and continues on past the edges of the page. For the memory 
array, there are a series of conducting lines parallel to the one 
10 shoWn lying over the substrate 8. The bottom conducting 
line 10 may comprise any conducting material suitable for 
integrated circuit manufacture, such as aluminum, copper, or 
combinations thereof. Preferably, the bottom conducting 
line 10 comprises tungsten and acts as a bottom electrode for 
devices that Will be fabricated over and in contact With the 
line 10. In one arrangement, an additional layer (not shoWn) 
comprising a diffusion barrier, preferably tungsten or tung 
sten nitride, is deposited over the bottom conducting line 10. 

[0035] A layer of an insulating material 12 has been 
deposited over the bottom conducting line 10. Preferably, 
the insulating layer 12 has a thickness betWeen about 25 nm 
and 150 nm, more preferably betWeen about 35 nm and 75 
nm, most preferably, betWeen about 40 nm and 60 nm. The 
insulating material 12 may be any insulating material that 
does not interact adversely With the materials used in the 
programmable conductor memory cell and that has enough 
structural integrity to support a cell formed in a via therein. 
Suitable materials include oxides and nitrides. Preferably, 
the insulating layer 12 comprises silicon nitride. Using 
standard techniques, an array of vias is patterned and etched 
into the insulating layer 12. The vias are positioned so that 
their bottom surfaces expose a bottom conducting line (or a 
diffusion barrier layer thereover). One via 14 that exposes 
the bottom conducting line 10 is shoWn in FIG. 1. The Width 
of the via 14 is preferably betWeen about 100 nm and 180 
nm, more preferably betWeen about 120 nm and 140 nm. It 
is in vias such as the one shoWn in FIG. 1 that the 
programmable conductor memory cells of many preferred 
embodiments can be constructed. 

[0036] FIG. 2 shoWs the structure of FIG. 1 after depo 
sition of a chalcogenide glass 16, preferably a germanium 
selenide (GeiSe) glass, such as Ge2Se8 or Ge25Se75, to 
over?ll the via 14. The chalcogenide glass may be deposited 
by any of a number of methods including sputtering and 
evaporating. 
[0037] As shoWn in FIG. 3, the chalcogenide glass layer 
16 is etched back to form a recess in the via 14, leaving only 
a portion 18 of chalcogenide glass remaining in the via 14. 
The chalcogenide glass is etched back using an isotropic 
etch, such as a CF4 dry etch or a tetramethyl ammonium 
hydroxide (TMAH) Wet etch. 

[0038] FIG. 4 shoWs the structure of FIG. 3 after doping 
a layer 20 of the chalcogenide glass portion 18 in the via 14 
to a predetermined depth. In one embodiment, the depth of 
the doped layer 20 is betWeen about 10 nm and 20 nm. 
Preferably, doping comprises processing at a temperature 
less than about 3400 C. and to a concentration of betWeen 
about 0.1 atomic % and 1.0 atomic %. More preferably, 
doping comprises ion implantation With a species such as 
bismuth or lead. In the illustrated embodiment, the ion 
implantation is performed at an energy betWeen about 20 
keV and 30 keV at a dose betWeen about 1><10l3 atoms/cm2 
and 1><10l4 atoms/cm2. 

[0039] Germanium-selenium or germanium selenide (also 
referred to as “GeiSe” herein) is a p-type semiconductor. 
Doping germanium selenide With bismuth or lead changes 
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the conductivity from p-type to n-type. Thus in the structure 
of FIG. 4, the bottom, undoped germanium selenide portion 
18 and the doped layer 20 have opposite conductivity types 
and comprise a p-n junction diode. 

[0040] In FIG. 5, another chalcogenide glass layer 22 has 
been deposited, over?lling the via. This layer 22 forms a 
programmable conductor memory cell and preferably com 
prises a germanium selenide glass, such as Ge2Se8 or 
Ge25Se75, With a conductive material, such as metal ions, 
preferably silver ions, mixed or dissolved therein. In one 
embodiment, the layer 22 is formed by co-sputtering 
GeiSe glass, such as from a pressed poWder target, and 
silver. In other embodiments the GeiSe glass may be 
deposited ?rst and then the silver ions diffused therein, such 
as by photodissolution, as is knoWn in the art of program 
mable conductor memory cell fabrication. Preferably, the 
concentration of silver in the chalcogenide glass memory 
element is betWeen about 20 atomic % and 32 atomic %, 
more preferably, betWeen about 29 atomic % and 31 atomic 
%. The skilled artisan can, hoWever, arrive at a desired ratio 
Within or outside these ranges through routine experimen 
tation. 

[0041] There are tWo illustrated embodiments for com 
pleting the integrated programmable conductor memory cell 
and diode device as described thus far. One embodiment is 
shoWn in FIGS. 6A-6B. The other is shoWn in FIGS. 
7A-7C. 

[0042] In FIG. 6A, the structure of FIG. 5 has been 
planariZed, leaving a programmable conductor chalcogenide 
glass memory element 24 With metal ions mixed or dis 
solved therein ?lling the recess in the via and level With the 
top surface of the insulating layer 12. A layer of a conducting 
material, preferably from Group IE or Group IIB, more 
preferably, silver, has been deposited over the chalcogenide 
glass element 24 and the insulating layer 12. Preferably, the 
thickness of the conducting layer is betWeen about 50 nm 
and 100 nm. The conducting layer has been patterned and 
etched using standard methods to form a top electrode 26 for 
the integrated programmable conductor memory cell and 
diode device. In one aspect of the invention, a diffusion 
barrier (not shoWn), such as tungsten nitride, is deposited 
over the chalcogenide glass element 24 before forming the 
top electrode 26. A di?‘usion barrier may also be deposited 
over the top electrode 26. Another possibility is that the top 
electrode 26 is a multi-layered structure that includes a 
diffusion barrier layer as one of its components. 

[0043] In FIG. 6B, another conducting layer has been 
deposited, patterned and etched to form a top conducting 
line 28 extending into and out of the plane of the paper. 
Preferably the top conducting line 28 comprises tungsten 
and connects a roW of integrated programmable conductor 
memory cell and diode devices in the memory array. Tung 
sten also has the advantage of acting as a diffusion barrier for 
chalcogenide glass species. 

[0044] FIG. 6B is a cross-section vieW of an integrated 
programmable conductor memory cell and diode device in a 
via that shoWs the structure of an illustrated embodiment. 
The device comprises a ?rst diode element 18, having a ?rst 
conductivity type, a glass electrolyte element 24 having 
metal ions, such as silver, therein over the ?rst diode element 
18 and a top electrode 26 in contact With the glass electrolyte 
element 24. The structure further comprises a second diode 
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element 20, having a second conductivity type, between the 
?rst diode element 18 and the glass electrolyte element 24. 
In the illustrated embodiment, the diode elements 18, 20 and 
the programmable conductor memory cell or glass electro 
lyte element 24 all comprise a chalcogenide glass, such as 
GeiSe glass. The ?rst diode element 18 is not intentionally 
doped and is naturally p-type. The second diode element 20 
contains an n-type dopant such as bismuth or lead. Prefer 
ably there is a diffusion barrier layer (not shoWn) comprising 
titanium betWeen the second diode element 20 and the glass 
electrolyte element 24. The ?rst diode element 18 is in 
electrical contact With the bottom conducting line 10. A 
portion of the bottom conducting line 10 that is directly 
beloW and in electrical contact With the ?rst diode element 
18 forms a bottom electrode for the integrated program 
mable conductor memory cell and diode device. 

[0045] There may also be a diffusion barrier layer (not 
shoWn) beloW the ?rst diode element 18 and a diffusion 
barrier layer over the chalcogenide glass element 24. In one 
embodiment, the thickness of the diffusion barrier layer is 
betWeen about 10 nm and 40 nm. Materials for the diffusion 
barrier layers include titanium, tungsten and tungsten 
nitride. 

[0046] In the second illustrated embodiment for complet 
ing the structure of FIG. 5, as shoWn in FIG. 7A, a layer of 
a conducting material 30, preferably from Group IE or 
Group IIB, more preferably silver, has been deposited over 
the chalcogenide glass layer 22. Preferably, the thickness of 
the conducting layer is betWeen about 50 nm and 100 nm. In 
FIG. 7B, both the conducting layer and the chalcogenide 
glass layer have been patterned and etched to form a 
programmable conductor chalcogenide glass memory ele 
ment 32 With metal ions mixed or dissolved therein and an 
electrode 34 for the integrated programmable conductor 
memory cell and diode device. 

[0047] In FIG. 7C, another conducting layer has been 
deposited, patterned and etched to form a top conducting 
line 28 extending into and out of the plane of the page. 
Preferably the top conducting line 28 comprises tungsten 
and connects a roW of integrated programmable conductor 
memory cell and diode devices in the memory array. 

[0048] FIG. 7C is a cross-section vieW of an integrated 
programmable conductor memory cell and diode device in a 
via that shoWs the structure of an illustrated embodiment. 
The device comprises a ?rst diode element 18, having a ?rst 
conductivity type, a glass electrolyte element 32 having 
metal ions, such as silver, mixed or dissolved therein over 
the ?rst diode element 18 and a top electrode 34 in contact 
With the glass electrolyte element 32. The structure further 
comprises a second diode element 20, having a second 
conductivity type, betWeen the ?rst diode element 18 and the 
glass electrolyte element 32. In one embodiment, the diode 
elements 18, 20 and the programmable conductor memory 
cell or glass electrolyte element 32 all comprise a chalco 
genide glass, such as GeiSe glass. The ?rst diode element 
18 is not intentionally doped, and is naturally p-type. The 
second diode element 20 contains an n-type dopant such as 
bismuth or lead. Preferably there is a diffusion barrier layer 
(not shoWn) comprising titanium betWeen the second diode 
element 20 and the glass electrolyte element 24. 

[0049] There may also be a diffusion barrier layer (not 
shoWn) beloW the ?rst diode element 18 and a diffusion 
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barrier layer over the chalcogenide glass element 32. In one 
embodiment, the thickness of the diffusion barrier layer is 
betWeen about 10 nm and 40 nm. Materials for the diffusion 
barrier layers include titanium, tungsten and tungsten 
nitride. 

[0050] In another embodiment of the current invention and 
With reference again to FIG. 4, the entire thickness of the 
chalcogenide glass portion 18 is doped. This embodiment is 
shoWn in FIG. 8. The doped chalcogenide glass layer 36 
extends doWn to the bottom conducting line 10 or a diffusion 
barrier layer thereover (not shoWn) and forms the ?rst diode 
element. Hereinafter, processing proceeds much as 
described for the embodiment in FIGS. 5, 6A and 6B. 

[0051] Another chalcogenide glass layer is deposited, 
over?lling the via. The structure is planariZed, leaving the 
chalcogenide glass layer 38 With metal ions therein ?lling 
the recess in the via and level With the top surface of the 
insulating layer 12. This layer 38 functions both as the 
second diode element in contact With the ?rst diode element 
36 and as the programmable conductor memory element and 
preferably comprises a germanium selenide glass, such as 
GeZSe8 or Ge25Se75, With a conductive material, such as 
metal ions, preferably silver ions, mixed or dissolved 
therein. A layer of a conducting material, preferably from 
Group IE or Group IIB, more preferably, silver, is deposited 
over the chalcogenide glass element 38 and the insulating 
layer 12. Preferably, the thickness of the conducting layer is 
betWeen about 50 nm and 100 nm. Using standard methods, 
the conducting layer is patterned and etched to form a top 
electrode 26 for the integrated programmable conductor 
memory cell and diode device. 

[0052] In one aspect of the invention, a diffusion barrier 
(not shoWn), such as tungsten nitride, is deposited over the 
chalcogenide glass element 38 before forming the top elec 
trode 26. Alternatively, a diffusion barrier may be deposited 
over the top electrode 26. Another possibility is that the top 
electrode 26 is a multi-layered structure that includes a 
diffusion barrier layer as one of its components. A second 
conducting layer is deposited, patterned and etched to form 
a top conducting line 28 extending into and out of the plane 
of the page. Preferably the top conducting line 28 comprises 
tungsten and connects a roW of integrated programmable 
conductor memory cell and diode devices in the memory 
array. Tungsten also has the advantage of acting as a 
diffusion barrier for chalcogenide glass species. 

[0053] FIG. 8 is a cross-section vieW of an integrated 
programmable conductor memory cell and diode device in a 
via that shoWs the structure of an illustrated embodiment. 
The integrated PCRAM (memory and diode device) 36, 38 
is formed in a via in an insulating layer 12, preferably silicon 
nitride. A conducting line 10 comprising a metal such as 
tungsten, extends along the bottom of the via and off the 
edges of the page. There may be ?rst diffusion barrier layer 
(not shoWn) betWeen the conducting line 10 and the ?rst 
layer of chalcogenide glass 36. 

[0054] The ?rst layer of chalcogenide glass 36 has n-type 
doping from a dopant such as bismuth or lead. A second 
layer of chalcogenide glass 38, infused With silver, is in 
contact With the ?rst layer of chalcogenide glass 36. In one 
arrangement, the chalcogenide glass is GeZSe8 or Ge25Se75. 
The tWo layers 36, 38 comprise a p-n junction, and the 
second layer 38 functions also as a programmable conductor 
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memory element. A top electrode layer 26 lies over the 
second chalcogenide glass layer 38 and may comprise silver. 
A conducting line 28, extending into and out of the page is 
in contact With the electrode 26. In one aspect of the 
invention, the conducting line 28 comprises tungsten and 
acts also as a diffusion barrier. In another aspect of the 
invention, a separate diffusion barrier layer (not shoWn) is 
used either beloW or above the electrode 26. Another 
embodiment of the invention can be described starting With 
the structure of FIG. 1. As discussed above, a bottom 
conducting line 10 overlies a substrate 8. Using standard 
techniques, an array of vias is patterned and etched into the 
insulating layer 12. One via 14 is shoWn in FIG. 1. It is in 
this via that the programmable conductor memory cell of 
this embodiment Will be constructed. 

[0055] With reference to FIG. 9, a layer of tungsten 
silicide 40 is deposited at the bottom of the via. A ?rst diode 
element 42, preferably comprising a doped polysilicon layer 
having a ?rst type conductivity, is deposited over the tung 
sten silicide layer 40. A second diode element 44, preferably 
comprising a doped polysilicon layer having a second type 
conductivity, opposite to the ?rst type conductivity, is depos 
ited over the ?rst diode element 42. The tWo polysilicon 
layers 42, 44, having opposite conductivity types, form a 
polysilicon diode. 

[0056] A diffusion barrier layer 46, preferably comprising 
tungsten nitride, is deposited over the second diode element 
44. A chalcogenide glass element 48, preferably a germa 
nium selenide glass With metal ions, preferably silver ions, 
mixed or dissolved therein, is formed by depositing the glass 
over the diffusion barrier layer 46 and then planariZing the 
glass layer to make it level With the top surface of the 
insulating layer 12. A layer of a conducting material, pref 
erably from Group IE or Group IIB, more preferably, silver, 
has been deposited over the chalcogenide glass element 48 
and the insulating layer 12. Preferably, the thickness of the 
conducting layer is betWeen about 50 nm and 100 nm. The 
conducting layer has been patterned and etched using stan 
dard methods to form a top electrode 26 for the integrated 
programmable conductor memory cell and polysilicon diode 
device. Preferably a diffusion barrier (not shoWn), more 
preferably, tungsten nitride, is deposited over the chalco 
genide glass element 48 before forming the top electrode 26. 
Finally, although not shoWn in FIG. 9, a conducting line 
may be provided as described above With reference to FIGS. 
6B and 7C. 

[0057] FIG. 9 is a cross-section vieW of an integrated 
programmable conductor memory cell and diode device that 
shoWs the structure of an illustrated embodiment. The ?rst 
polysilicon layer 42, having a ?rst conductivity type doping, 
lies in a via in an insulating layer 12. There is a second 
polysilicon layer 44, having a second conductivity type 
doping, opposite to the ?rst conductivity type, betWeen the 
?rst polysilicon layer 42 and a diffusion barrier layer 46. For 
example, the ?rst polysilicon layer 42 may have p-type 
doping, and the second polysilicon layer 44 may have n-type 
doping. There is a layer of germanium selenide glass 48, 
containing metal ions, over the diffusion barrier layer 46. 
There is a top electrode 26 over the germanium selenide 
glass 48. The top electrode 26 may comprise both a con 
ducting layer and a diffusion barrier layer. 

[0058] Another aspect of the invention can be described 
With reference to FIG. 10. A silicon substrate 8 is shoWn 
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With a region 52 doped to have a ?rst type conductivity, 
preferaby p". The region 52 forms the ?rst diode element. 

[0059] A layer of an insulating material 12 has been 
deposited over the substrate 8. Preferably the insulating 
layer 12 has a thickness betWeen about 50 nm and 150 nm, 
more preferably betWeen about 95 nm and 105 nm. The 
insulating material 12 may be any insulating material that 
does not interact adversely With the materials used in the 
programmable conductor memory cell or in the diode and 
that has enough structural integrity to support a cell formed 
in a via therein. Suitable materials include oxides and 
nitrides. Preferably the insulating layer 12 comprises silicon 
nitride. Using standard techniques, an array of vias is 
patterned and etched into the insulating layer 12. TWo such 
vias, containing integrated programmable conductor 
memory cell and diode devices are shoWn in FIG. 10. 

[0060] A polysilicon layer 54, having a second conduc 
tivity type, preferably n", opposite to the ?rst conductivity 
type of the doped region 52, is deposited into the via in 
contact With the doped region 52 of the substrate 8. Poly 
silicon layer 54 forms the second diode elements and, 
together With doped region 52, forms p-n junction diodes. 

[0061] Di?‘usion barrier layers 56, preferably comprising 
tungsten nitride, are deposited over the second diode ele 
ments 54. Chalcogenide glass elements 58, preferably ger 
manium selenide glass With metal ions, preferably silver 
ions, mixed or dissolved therein, are formed by depositing 
the glass over the diffusion barrier layers 56 and then 
planariZing the glass to make it level With the top surface of 
the insulating layer 12. A layer of a conducting material, 
preferably from Group IE or Group IIB, more preferably, 
silver, is deposited over the chalcogenide glass elements 58 
and the insulating layer 12. Preferably, the thickness of the 
conducting layer is betWeen about 50 nm and 100 nm. The 
conducting layer is patterned and etched using standard 
methods to form top electrodes 26 for the integrated pro 
grammable conductor memory cell and polysilicon diode 
devices 58, 52, 54. Preferably a diffusion barrier (not 
shoWn), more preferably, tungsten nitride, is deposited over 
the chalcogenide glass elements 58 before forming the top 
electrodes 26. 

[0062] A conducting line 28, extending into and out of the 
page, is in contact With the electrode 26. A conductive plug 
60, preferably comprising polysilicon or a metal such as 
tungsten, makes contact to the doped silicon substrate region 
52 and to conducting line 62, thus providing electrical 
connections for the integrated programmable conductor 
memory cell and diode device of FIG. 10. Conducting line 
62 is insulated from conducting line 28 by layer 64, pref 
erably comprising BPSG (borophosphosilicate glass). 

[0063] Another aspect of the invention can be described 
With reference to FIG. 11. A silicon substrate 8 is shoWn 
With a region 52 doped to have a ?rst conductivity type, 
preferably p". The region 52 forms the ?rst diode elements 
for integrated programmable conductor memory cell and 
diode devices. 

[0064] A layer of polysilicon With conductivity, preferably 
n", opposite to the conductivity of the doped region 52 of the 
substrate 8 is deposited. The polysilicon layer is patterned 
and etched to form the second diode elements 54. Preferably, 
a diffusion barrier layer, such as tungsten, tungsten nitride or 



US 2006/0243973 A1 

titanium, is deposited onto the polysilicon layer and then 
patterned and etched With the polysilicon layer, thus forming 
diffusion barrier layers 56 over the second diode elements 
54. 

[0065] A layer of material 64, preferably silicon nitride, is 
deposited conformally onto the second diode elements 54 
and diffusion barrier layers 56 to act as an etch stop for a 
subsequent chemical-mechanical planariZation step. An 
insulating layer 66, preferably comprising silicon oxide 
formed from TEOS, is deposited to a thickness that at least 
covers the top surface of layer 64. Chemical-mechanical 
planariZation is performed until the top portions of layer 64 
are exposed to make a ?at top surface for silicon oxide layer 
66. The exposed portions of layer 64 are patterned and 
etched to expose at least a portion of a top surface of the 
diffusion barrier layer 56. 

[0066] A layer of insulating material 12, preferably silicon 
nitride, is deposited over the silicon oxide layer 66. The 
layer 12 is patterned and etched to form vias doWn through 
layer 64 and onto diffusion barrier layer 56. A chalcogenide 
glass layer is deposited, over?lling the vias. The chalco 
genide glass forms the programmable conductor memory 
cells 58 and preferably comprises a germanium selenide 
glass, such as GeZSe8 or Ge25Se75, With a conductive mate 
rial, such as metal ions, preferably silver ions, mixed or 
dissolved therein. In one embodiment, the glass is formed by 
co-sputtering GeiSe glass, such as from a pressed poWder 
target, and silver. In other embodiments the GeiSe glass 
may be deposited ?rst and then the silver ions diffused 
therein, such as by photodissolution, as is knoWn in the art 
of programmable conductor memory cell fabrication. Pref 
erably, the concentration of silver in the chalcogenide glass 
memory element is betWeen about 20 atomic % and 36 
atomic %, more preferably, betWeen about 29 atomic % and 
32 atomic %. 

[0067] A layer of a conducting material 27, preferably 
from Group 1B or Group llB, more preferably silver, is 
deposited over the chalcogenide glass layer 58. Preferably, 
the thickness of the conducting layer is betWeen about 50 nm 
and 100 nm. Both the conducting layer 27 and the chalco 
genide glass layer 58 are patterned and etched to form 
programmable conductor chalcogenide glass memory ele 
ments 58 With metal ions mixed or dissolved therein and 
electrodes and conducting lines 27 for the memory cells 58. 

[0068] A layer of insulating material 64, preferably com 
prising BPSG (borophosphosilicate glass), is deposited over 
the conducting lines 27 and planariZed. A via is etched 
through insulating layers 64, 12 and 66, doWn to expose a 
portion of the doped region 52 of the substrate 8. The via is 
?lled With conducting material, preferably polysilicon or a 
metal such as tungsten, thus forming a conductive plug 60 
that makes contact to the doped silicon substrate region 52. 
A conductive line, preferably comprising aluminum or cop 
per, is formed over the BPSG 64 and makes contact With the 
conductive plug 60, and thus to the diodes in the integrated 
programmable conductor memory cell and diode devices. 

[0069] This invention has been described herein in con 
siderable detail to provide those skilled in the art With the 
information needed to apply the novel principles and to 
construct and use such specialiZed components as are 
required. HoWever, it is to be understood that the invention 
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can be carried out by speci?cally different equipment and 
devices, and that various modi?cations, both as to the 
structure and as to the method of fabricating the structure, 
can be accomplished Without departing from the scope of the 
invention itself. 

1-84. (canceled) 
85. A method of fabricating a memory device, the method 

comprising: 
forming a ?rst chalcogenide; 

forming a resistance variable memory element over the 
?rst chalcogenide layer, forming the resistance variable 
element comprising: 

forming a second chalcogenide layer and doping the 
second chalcogenide glass With a metal, Wherein the 
?rst and second chalcogenide layers form a diode. 

86. The method of claim 85, further comprising forming 
a silicide layer beloW the ?rst layer. 

87. The method of claim 86, further comprising forming 
a barrier layer over the resistance variable memory element. 

88. The method of claim 85, Wherein doping the chalco 
genide glass layer comprises doping the chalcogenide glass 
layer With silver. 

89. The method of claim 85, further comprising forming 
a via Within an insulating layer, Wherein at least the ?rst 
layer and the resistance variable memory element are 
formed Within the via. 

90. The method of claim 85, further comprising forming 
an electrode over the metal doped chalcogenide glass layer. 

91. The method of claim 85, further comprising forming 
an electrode beloW the ?rst chalcogenide layer. 

92. A method of forming a memory device, the method 
comprising: 

forming a diode; 

forming a barrier layer over the diode; 

forming an insulating layer over the barrier layer; 

forming a via Within the insulating layer to expose a 
surface of the barrier layer; 

forming a chalcogenide layer in contact With the barrier 
layer; 

doping the chalcogenide layer With a metal. 
93. The method of claim 92, Wherein the diode is a 

polysilicon diode. 
94. The method of claim 93, Wherein the diode comprises 

a region of a ?st conductivity type Within a substrate and a 
polysilicon layer of a second conductivity type over the 
region of the ?rst conductivity type. 

95. The method of claim 94, further comprising forming 
a conductive plug in contact With the region of the ?rst 
conductivity type. 

96. The method of claim 92, further comprising forming 
an electrode over the chalcogenide layer. 

97. The method of claim 92, further comprising forming 
a silicide layer beloW the diode. 

98. The method of claim 92, Wherein doping the chalco 
genide layer With a metal comprises doping the chalco 
genide layer With silver. 

* * * * * 


