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. . A memory device With multiple bits per cell. The memory 
( ) Inventor' Hslang Lan Lung’ Hsmchu device includes a side electrode; a doped semiconductor 

Correspondence Address region disposed laterally in contact With a sideWall of the 
BIRCH STEWART KOLASCH & BIRCH side electrode, such that the doped semiconductor region 
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’ phase-changing material disposed laterally in contact With a 
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’ doped semiconductor region is disposed betWeen the layer 
(22) Filed; Jun_ 23, 2003 of phase-changing material and the side electrode; and an 

upper electrode disposed on the layer of phase-changing 
Publication Classi?cation material. Many storage regions can be stacked vertically, 

and multiple bits can be stored in one cell. Also, the contact 
(51) Int. Cl.7 ................................................... .. H01L 47/00 area is reduced to a minimum dimension beloW the photo 
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CHALCOGENIDE MEMORY DEVICE WITH 
MULTIPLE BITS PER CELL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a chalcogenide 
memory device, and more particularly to a chalcogenide 
memory device With multiple bits per cell. 

[0003] 2. Description of the Prior Art 

[0004] The use of chalcogenide material in memory 
devices is Well knoWn in the art. For example, Ovshinsky et 
al. in US. Pat. No. 5,296,716 disclose the use of chalco 
genide materials and provide a discussion of the current 
theory of operation of chalcogenide materials. 

[0005] Chalcogenide material can be electrically sWitched 
betWeen amorphous and crystalline states and exhibits dif 
ferent electrical characteristics depending upon its state. For 
example, in its amorphous state, the material exhibits loWer 
electrical conductivity than it does in its crystalline state. 
Because chalcogenide material retains its programmed state 
even after removal of the electrical stimulus, chalcogenide 
memories are non-volatile. As an added bene?t, chalco 
genide elements may be programmed into tWo or more 
states. Thus, chalcogenide-based memories may operate as 
traditional binary memories or as higher-based memories. 

[0006] The operation of chalcogenide memory cells 
requires that a region of the chalcogenide memory material, 
called the chalcogenide active region, be subjected to a 
current pulse typically With a current density betWeen about 
105 to 107 amperes/cm2, to change the crystalline state of the 
chalcogenide material Within the active region contained 
Within a small pore. Referring to FIG. 1, this current density 
may be accomplished by ?rst creating a small opening 1 in 
a dielectric material 2 Which is itself deposited onto a loWer 
electrode material 3. A second dielectric layer 4, typically of 
silicon nitride, is then deposited onto the dielectric layer 2 
and into the opening 1. The chalcogenide material 5 is then 
deposited over the second dielectric material 4 and into the 
opening 1. An upper electrode material 6 is then deposited 
over the chalcogenide material 5. Carbon is a commonly 
used electrode material although other materials have also 
been used, for example, molybdenum and titanium nitride. 
A conductive path is then provided from the chalcogenide 
material 5 to the loWer electrode material 3 by forming a 
pore 7 in the second dielectric layer 4 by the Well knoWn 
process of popping. Popping involves passing an initial high 
current pulse through the structure Which passes through the 
chalcogenide material 5 and then provides dielectric break 
doWn of the second dielectric layer 4 thereby providing a 
conductive path via the pore 7 through the memory cell. 

[0007] The energy input required to adjust the crystalline 
state of the chalcogenide active region of the memory cell is 
directly proportional to the lateral dimension of the pore. 
That is to say, smaller pore siZes result in smaller energy 
input requirement. Conventional chalcogenide memory cell 
fabrication techniques provide a minimum lateral pore 
dimension limited by the photolithographic siZe limit. This 
results in pore siZes having minimum lateral dimensions 
doWn to approximately 1 micron. 

[0008] Many researchers have attempted to solve the 
above problem. For example, Gilgen in US. Pat. No. 
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6,147,395 provides a chalcogenide memory With a small 
contact area betWeen the chalcogenide element and elec 
trode. Referring to FIG. 2, the chalcogenide memory 
includes, from the bottom to top, a substrate 20, a loWer 
electrode 22 With a frusto-conical tip 30, a chalcogenide 
layer 34 in contact With the frusto-conical tip 30, a carbon 
layer 35, an upper electrode 36, and an upper conductive 
grid interconnect 40. Symbol 32 refers to an insulating layer 
and symbol 38 an interlayer dielectric (ILD) layer. Since the 
loWer electrode 22 has a frusto-conical tip 30, the contact 
area betWeen the chalcogenide layer 34 and the loWer 
electrode 22 is made small. The small contact area provides 
minimum dimensions beloW the photolithographic limit, 
thereby reducing the required energy input to the chalco 
genide active region in operation. 

[0009] HoWever, the conventional chalcogenide memory 
can store only one bit on one cell, thus, the memory density 
is not suf?cient. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to solve the 
above-mentioned problems and provide a chalcogenide 
memory With multiple bits per cell. In the chalcogenide 
memory of the present invention, the side electrode, diode, 
chalcogenide layer, and upper electrode are disposed later 
ally. Therefore, a single storage region occupies a smaller 
vertical space compared With conventional chalcogenide 
memory. Thus, according to the present invention, many 
storage regions can be stacked vertically. Thus, multiple bits 
can be stored in one cell and the memory has super high 
memory density. 

[0011] Another object of the present invention is to pro 
vide an energy-saving chalcogenide memory. The contact 
area betWeen the chalocogenide layer and electrode is con 
trolled by the thickness of the diode. Thus, the contact area 
is reduced to a minimum dimension beloW the photolitho 
graphic limit. This can reduce the required energy input to 
the chalcogenide active region in operation. 

[0012] To achieve the above object, according to a ?rst 
aspect of the present invention, the memory device of the 
present invention includes a side electrode; a doped semi 
conductor region disposed laterally in contact With a side 
Wall of the side electrode, such that the doped semiconductor 
region forms a diode, or the junction betWeen the side 
electrode and the doped semiconductor region forms a 
diode; a layer of phase-changing material disposed laterally 
in contact With a sideWall of the doped semiconductor 
region, such that the doped semiconductor region is dis 
posed betWeen the layer of phase-changing material and the 
side electrode; and an upper electrode disposed on the layer 
of phase-changing material. 

[0013] When the doped semiconductor structure forms a 
diode, it can be a PN junction diode. The side electrode can 
be metal, such as a tungsten plug. 

[0014] When the junction betWeen the side electrode and 
the doped semiconductor region forms a diode, the side 
electrode can be doped polysilicon having a different con 
ductive type from the doped semiconductor region to form 
a PN junction diode With the doped semiconductor region. 
The side electrode can be a doped polysilicon plug. Or, 
alternatively, the side electrode is metal, such as a tungsten 
plug, to form a Schottky diode With the doped semiconduc 
tor region. 
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[0015] According to a second aspect of the present inven 
tion, the memory device of the present invention includes a 
?rst side electrode; a second side electrode; and a storage 
region laterally disposed betWeen the ?rst and second side 
electrodes. 

[0016] The storage region includes a ?rst doped semicon 
ductor region disposed laterally in contact With a sideWall of 
the ?rst side electrode, such that the ?rst doped semicon 
ductor structure forms a diode, or the junction betWeen the 
?rst side electrode and the ?rst doped semiconductor region 
forms a diode; a second doped semiconductor region dis 
posed laterally in contact With a sideWall of the second side 
electrode, such that the second doped semiconductor region 
forms a diode, or the junction betWeen the second side 
electrode and the second doped semiconductor region forms 
a diode; a layer of phase-changing material disposed later 
ally betWeen and in contact With the ?rst and second doped 
semiconductor regions; and an upper electrode disposed on 
the layer of phase-changing material. 

[0017] According to a third aspect of the present inven 
tion, the memory device of the present invention includes a 
?rst side electrode; a second side electrode; and a plurality 
of the storage regions disposed betWeen the ?rst and second 
side electrodes, stacked vertically, and separated from each 
other by a dielectric layer. 

[0018] According to a fourth aspect of the present inven 
tion, there is provided a process for fabricating a memory 
device With multiple bits per cell. A conductive layer is 
formed on a semiconductor substrate. A dielectric layer is 
formed on the conductive layer. 

[0019] Subsequently, a storage region is formed, including 
the folloWing steps. A doped semiconductor structure is 
formed on the dielectric layer. An insulating layer is formed 
on the doped semiconductor structure and the dielectric 
layer. The insulating layer is selectively removed doWn 
Wardly to the underlying doped semiconductor structure to 
eXpose the dielectric layer and to separate the doped semi 
conductor structure into tWo doped semiconductor regions, 
thus forming a trench. Next, a layer of phase-changing 
material is formed in the trench, and an upper electrode is 
formed on the layer of phase-changing material. The upper 
electrode and the layer of phase-changing material are 
planariZed to stop on the insulating layer. 

[0020] Subsequently, the above-mentioned steps of form 
ing a dielectric layer and a storage region are repeated N 
times to form (N+1) levels of dielectric layers, doped 
semiconductor regions, insulating layers, layers of phase 
changing material, and upper electrodes, Wherein N is an 
integer equal to or greater than 0. 

[0021] Subsequently, (N+1) levels of insulating layers and 
dielectric layers are selectively removed to eXpose the sides 
of the (N+1) levels of doped semiconductor regions and the 
top surface of the conductive layer, thus forming tWo open 
ings. The tWo openings are ?lled With a conductive material 
to form tWo conductive plugs. In the memory device, each 
of the doped semiconductor regions forms a diode, or the 
junction betWeen the conductive plug and the doped semi 
conductor region forms a diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
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and the accompanying draWings, given by Way of illustra 
tion only and thus not intended to be limitative of the present 
invention. 

[0023] FIG. 1 is a cross-section of a conventional chal 
cogenide memory. 

[0024] FIG. 2 is a cross-section of another conventional 
chalcogenide memory. 

[0025] FIGS. 3a to 3h are cross-sections shoWing the 
process How of fabricating a chalcogenide memory accord 
ing to an embodiment of the present invention. 

[0026] FIG. 4 is a cross-section of a chalcogenide 
memory according to an embodiment of the present inven 
tion. 

[0027] FIGS. 5a to 5c are cross-sections shoWing the 
process How of fabricating a multi-layer chalcogenide 
memory according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] FIG. 3h shoWs a cross-section of a chalcogenide 
memory according to an embodiment of the present inven 
tion. Symbol 100 refers to a semiconductor substrate, and 
symbol 120 a conductive layer, for eXample, a polysilicon or 
tungsten Word line. A memory device, including a ?rst side 
electrode 200, a second side electrode 300, and a storage 
region 400, is formed on the Word line 120. Adielectric layer 
160 is disposed on the Word line 120 to isolate the Word line 
120 and storage region 400. 

[0029] The ?rst side electrodes 200 and 300 can be made 
of metal, for eXample, a tungsten plug. The storage region 
400 is laterally disposed betWeen the ?rst and second side 
electrodes 200 and 300. The storage region 400 includes a 
?rst doped semiconductor region 220, a second doped 
semiconductor region 320, a layer of phase-changing mate 
rial 520, and an upper electrode 540. 

[0030] The ?rst doped semiconductor region 220 is dis 
posed laterally in contact With a sideWall of the ?rst side 
electrode 200. Also, the ?rst doped semiconductor region 
220 includes an N-type region 224 and a P-type region 226 
to form a PN junction diode. 

[0031] The second doped semiconductor region 320 is 
disposed laterally in contact With a sideWall of the second 
side electrode 300. Also, the second doped semiconductor 
region 320 includes a P-type region 324 and an N-type 
region 326 to form a PN junction diode. 

[0032] The layer of phase-changing material 520 is dis 
posed laterally betWeen and in contact With the ?rst and 
second doped semiconductor regions 220 and 320 and can 
be a chalcogenide material. The upper electrode 540 is 
disposed on the layer of phase-changing material 520 and 
can be metal. An insulating layer 140 is disposed on sides of 
the ?rst and second side electrodes 200 and 300, betWeen the 
?rst electrode 200 and chalcogenide layer 520, and betWeen 
the second electrode 300 and chalcogenide layer 520, to 
prevent undesirable electrical contact. 

[0033] NoW, refer to FIGS. 3a to 3h, illustrating the 
process How of fabricating a chalcogenide memory accord 
ing to an embodiment of the present invention. 
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[0034] Referring to FIG. 3a, a conductive layer 120, a 
dielectric layer 160, and a semiconductor layer 600 are 
sequentially formed on a semiconductor substrate 100. The 
semiconductor layer 600 can be a polysilicon layer. The 
thickness of the semiconductor layer 600 is the thickness of 
the doped semiconductor regions 220 and 320 to be formed 
in the future (see FIG. 3h). This thickness Will determine the 
contact area betWeen the chalocogenide layer 520 and the 
electrodes 200 and 300 to be formed in the future (see FIG. 
3h). By means of conventional thin ?lm deposition, such as 
chemical vapor deposition (CVD), the semiconductor layer 
600 can be formed as thin as possible, even beloW the 
photolithographic limit, for eXample, to a thickness of 10 A 
to 1500 A, preferably 100 A to 1000 The smaller contact 
area betWeen the chalcogenide layer and the electrodes can 
reduce the required energy input to the chalcogenide active 
region in operation. 

[0035] Subsequently, referring to FIG. 3b, the semicon 
ductor layer 600 is selectively removed and then doped by 
implantation to form a doped semiconductor structure 601 
including three doped semiconductor structures 224, 326 
and 210. 

[0036] Subsequently, referring to FIG. 3c, an insulating 
layer 140, such as silicon oxide, is formed on the three doped 
semiconductor structures 224, 326 and 210 and the dielectric 
layer 160. Chemical mechanical polishing (CMP) is per 
formed to planariZe the surface of the insulating layer 140. 

[0037] Subsequently, referring to FIG. 3a’, the insulating 
layer 140 is selectively removed doWnWardly to the under 
lying doped semiconductor structure 210 to eXpose the 
dielectric layer 160 and separate the doped semiconductor 
structure 601 into ?rst and second doped semiconductor 
regions 220 and 320. A trench 500 and tWo doped semicon 
ductor structures 226 and 324 are thus formed. As shoWn in 
FIG. 3d, the ?rst doped semiconductor region 220 includes 
the N-type structure 224 and P-type structure 226, and the 
second doped semiconductor region 320 includes the N-type 
structure 326 and P-type structure 324. 

[0038] Subsequently, referring to FIG. 36, a chalcogenide 
layer 520 is formed in the trench 500. The chalcogenide 
layer 520 may be deposited using conventional thin ?lm 
deposition methods and can have a thickness of 10 A to 1000 
A. The chalcogenide can be a composition including at least 
tWo of Se (selenium), Te (tellurium), Ge (germanium), and 
Sb (antimony). For eXample, the chalcogenide can be 
TeaGebSb1OO_(a+b), Wherein a, b, and (100—(a+b)) are in 
atomic percentages. For the atomic ratio of Te, a, the range 
can be 23%§a§70%, preferably 40%éaé 60%, most pref 
erably 48%§a§56%. The atomic ratio of Ge, b, can be in 
the range of 15% §b§50%, preferably 17% §b§44%. The 
remainder is Sb. Next, a conductive layer 540, such as a 
tungsten layer, is formed on the chalcogenide layer 520, 
serving as an upper electrode. 

[0039] Subsequently, referring to FIG. 3f chemical 
mechanical polishing is performed to planariZe the tungsten 
layer 540 and chalcogenide layer 520 to stop on the insu 
lating layer 140. 

[0040] Subsequently, referring to FIG. 3g, the insulating 
layer 140, the dielectric layer 160 and the doped semicon 
ductor structures 224 and 326 are selectively removed to 
eXpose the sides of the tWo doped semiconductor structures 
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224 and 326 and the top surface of the polysilicon Word line 
120, forming tWo openings 620 and 640. 

[0041] Subsequently, referring to FIG. 3h, a conductive 
material such as tungsten is ?lled into the tWo openings 620 
and 640 to form tWo conductive plugs 200 and 300. 

[0042] An important advantage of the present invention is 
that the contact area betWeen the chalocogenide layer 520 
and the side electrode 200 or 300 is controlled by the 
thickness of the diodes, i.e., the ?rst and second doped 
semiconductor regions 220 or 320. The thickness of the 
diode 220 or 320 is the thickness of the polysilicon layer 600 
(see FIG. 3a). And the polysilicon layer 600 can be formed 
to a very thin thickness, even beloW the photolithographic 
limit. Thus, the contact area is reduced to a minimum 
dimension beloW the photolithographic limit. This can 
reduce the required energy input to the chalcogenide active 
region in operation. 

[0043] Refer to FIG. 4, shoWing a cross-section of a 
chalcogenide memory according to an embodiment of the 
present invention. The numerals in FIG. 3h represent the 
same elements. The structure of FIG. 4 is almost the same 
as that of FIG. 3h, eXcept that ?rst and second doped 
semiconductor regions 260 and 360 are different. In FIG. 4, 
the ?rst and second doped semiconductor regions 260 and 
360 are not diodes themselves. Rather, the junction betWeen 
the ?rst side electrode 200 and the ?rst doped semiconductor 
region 260 forms a diode, and the junction betWeen the 
second side electrode 300 and the second doped semicon 
ductor region 360 forms a diode. 

[0044] For eXample, the ?rst and second side electrodes 
200 and 300 are n-doped polysilicon plugs, and the ?rst and 
second doped semiconductor regions 260 and 360 are 
p-doped polysilicon. Thus, tWo PN junction diodes are 
formed. Alternatively, the ?rst and second side electrodes 
200 and 300 are metal, such as tungsten plugs, and the ?rst 
and second doped semiconductor regions 260 and 360 are n 
or p-doped polysilicon. Thus, tWo Schottky diodes are 
formed. 

[0045] Another important advantage of the present inven 
tion is that the storage regions can be stacked vertically. 
FIG. 5c shoWs a chalcogenide memory according to an 
embodiment of the present invention, in Which three storage 
regions are stacked vertically. Symbol 100 refers to a 
semiconductor substrate and symbol 120 a conductive layer. 
The memory device includes a ?rst side electrode 720, a 
second side electrode 740, and three levels of storage 
regions 400a, 400b, and 400C, Which are disposed betWeen 
the ?rst and second side electrodes 720 and 740, stacked 
vertically, and separated from each other by dielectric layers 
160b and 160C. The ?rst level of storage region 400a is 
separated from the conductive layer 120 by a dielectric layer 
160a. 

[0046] The storage regions 400a, 400b, and 400C in FIG. 
5c have the same structures as the storage region 400 in FIG. 
3h, and redundant descriptions are omitted here. Referring 
back to FIG. 3h, for a single storage region 400, the side 
electrodes 200 and 300, diodes 220 and 320, chalcogenide 
layer 520, and upper electrode 540 are disposed laterally. 
Therefore, a single storage region 400 occupies a smaller 
vertical space compared With conventional chalcogenide 
memory. Thus, many storage regions, for eXample, three 
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levels of storage regions 400a, 400b, and 400c in FIG. 5c, 
can be stacked vertically, While still occupying a small 
vertical space. Thus, multiple bits can be stored in one cell 
and the memory has super high memory density. It can be 
seen in FIG. 5c that siX bits are stored in one cell. 

[0047] The process for fabricating the chalcogenide 
memory of FIG. 5c is similar to that for fabricating the 
chalcogenide memory of FIG. 3h. Therefore, cross-sections 
illustrating the process How of fabricating the chalcogenide 
memory of FIG. 5c and detailed descriptions are omitted to 
avoid redundancy. 

[0048] First, referring to FIG. 5a, a ?rst polysilicon layer 
120 and a ?rst dielectric layer 160a are sequentially formed 
on a semiconductor substrate 100. Next, a storage region 
400a is formed according to the same steps for forming the 
storage region 400 in FIG. 3h. 

[0049] Subsequently, a second dielectric layer 160b, a 
second level of storage region 400b, a third dielectric layer 
160C, and a third level of storage region 400c are sequen 
tially formed. Symbol 140 refers to an insulating layer. 
Symbols 221a and 321a refer to the ?rst level of diodes, 
symbols 221b and 321b the second level of diodes, and 
symbols 221c and 321C the third level of diodes. 

[0050] Subsequently, referring to FIG. 5b, three levels of 
insulating layers 140 and three levels of dielectric layers 
160a, 160b, and 1606 are selectively removed to expose the 
sides of three levels of diodes 221a, 321a, 221b, 321b, 221c, 
and 321C and the top surface of the conductive layer 120, 
thus forming tWo openings 701 and 702. 

[0051] Subsequently, referring to FIG. 5c, a conductive 
material, such as tungsten, is ?lled into the tWo openings 701 
and 702 to form tWo conductive plugs 720 and 740. 

[0052] In conclusion, in the chalcogenide memory of the 
present invention, the side electrode, diode, chalcogenide 
layer, and upper electrode are disposed laterally. Therefore, 
a single storage region occupies a smaller vertical space 
compared With conventional chalcogenide memory. Thus, 
many storage regions can be stacked vertically. Thus, mul 
tiple bits can be stored in one cell and the memory has super 
high memory density. 

[0053] Moreover, the contact area betWeen the chaloco 
genide layer and electrode is controlled by the thickness of 
the diode. Thus, the contact area is reduced to a minimum 
dimension beloW the photolithographic limit. This can 
reduce the required energy input to the chalcogenide active 
region in operation, thus providing an energy-saving chal 
cogenide memory. 

[0054] The foregoing description of the preferred embodi 
ments of this invention has been presented for purposes of 
illustration and description. Obvious modi?cations or varia 
tions are possible in light of the above teaching. The 
embodiments chosen and described provide an eXcellent 
illustration of the principles of this invention and its prac 
tical application to thereby enable those skilled in the art to 
utiliZe the invention in various embodiments and With 
various modi?cations as are suited to the particular use 
contemplated. All such modi?cations and variations are 
Within the scope of the present invention as determined by 
the appended claims When interpreted in accordance With 
the breadth to Which they are fairly, legally, and equitably 
entitled. 
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What is claimed is: 
1. A memory device With multiple bits per cell, compris 

ing: 

a side electrode; 

a doped semiconductor region disposed laterally in con 
tact With a sideWall of the side electrode, such that the 
doped semiconductor region forms a diode, or the 
junction betWeen the side electrode and the doped 
semiconductor region forms a diode; 

a layer of phase-changing material disposed laterally in 
contact With a sideWall of the doped semiconductor 
region, such that the doped semiconductor region is 
disposed betWeen the layer of phase-changing material 
and the side electrode; and 

an upper electrode disposed on the layer of phase-chang 
ing material. 

2. The memory device as claimed in claim 1, Wherein the 
doped semiconductor region forms a diode. 

3. The memory device as claimed in claim 2, Wherein the 
doped semiconductor region is a PN junction diode. 

4. The memory device as claimed in claim 3, Wherein the 
side electrode is metal. 

5. The memory device as claimed in claim 4, Wherein the 
side electrode is a tungsten plug. 

6. The memory device as claimed in claim 1, Wherein the 
junction betWeen the side electrode and the doped semicon 
ductor region forms a diode. 

7. The memory device as claimed in claim 6, Wherein the 
side electrode is doped polysilicon having a different con 
ductive type from the doped semiconductor region to form 
a PN junction diode With the doped semiconductor region. 

8. The memory device as claimed in claim 7, Wherein the 
side electrode is a doped polysilicon plug. 

9. The memory device as claimed in claim 6, Wherein the 
side electrode is metal to form a Schottky diode With the 
doped semiconductor region. 

10. The memory device as claimed in claim 9, Wherein the 
side electrode is a tungsten plug. 

11. The memory device as claimed in claim 1, Wherein the 
phase-changing material is a chalcogenide material. 

12. The memory device as claimed in claim 1, Wherein the 
upper electrode is metal. 

13. The memory device as claimed in claim 1, Wherein the 
doped semiconductor region has a thickness of 10 A to 1500 
A 

14. The memory device as claimed in claim 13, Wherein 
the doped semiconductor region has a thickness of 100 521 
to 1000 A. 

15. A memory device With multiple bits per cell, com 
prising: 

a ?rst side electrode; 

a second side electrode; and 

a storage region laterally disposed betWeen the ?rst and 
second side electrodes, 

Wherein the storage region includes: 

a ?rst doped semiconductor region disposed laterally in 
contact With a sideWall of the ?rst side electrode, such 
that the ?rst doped semiconductor region forms a 
diode, or the junction betWeen the ?rst side electrode 
and the ?rst doped semiconductor region forms a diode; 
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a second doped semiconductor region disposed laterally 
in contact With a sideWall of the second side electrode, 
such that the second doped semiconductor region forms 
a diode, or the junction betWeen the second side elec 
trode and the second doped semiconductor region 
forms a diode; 

a layer of phase-changing material disposed laterally 
betWeen and in contact With the ?rst and second doped 
semiconductor regions; and 

an upper electrode disposed on the layer of phase-chang 
ing material. 

16. The memory device as claimed in claim 15, Wherein 
the memory device includes: 

a ?rst side electrode; 

a second side electrode; and 

a plurality of the storage regions disposed betWeen the 
?rst and second side electrodes, stacked vertically, and 
separated from each other by a dielectric layer. 

17. A process for fabricating a memory device With 
multiple bits per cell, comprising the folloWing steps: 

(a) forming a conductive layer on a semiconductor sub 
strate; 

(b) forming a dielectric layer on the conductive layer; 

(c) forming a doped semiconductor structure on the 
dielectric layer; 

(d) forming an insulating layer on the doped semiconduc 
tor structure and the dielectric layer; 

(e) selectively removing the insulating layer doWnWardly 
to the underlying doped semiconductor structure to 
eXpose the dielectric layer and to separate the doped 
semiconductor structure into tWo doped semiconductor 
regions, thus forming a trench; 

(f) forming a layer of phase-changing material in the 
trench; 

(g) forming an upper electrode on the layer of phase 
changing material; 

(h) planariZing the upper electrode and the layer of 
phase-changing material to stop on the insulating layer; 

(i) repeating steps (b) to (h) N times to form (N+1) levels 
of dielectric layers, doped semiconductor regions, insu 
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lating layers, layers of phase-changing material, and 
upper electrodes, Wherein N is an integer equal to or 
greater than 0; 

selectively removing (N+1) levels of insulating layers 
and dielectric layers to eXpose the sides of the (N+1) 
levels of doped semiconductor regions and the top 
surface of the conductive layer, forming tWo openings; 
and 

(k) ?lling the tWo openings With a conductive material to 
form tWo conductive plugs, 

Wherein each of the doped semiconductor regions forms 
a diode, or the junction betWeen the conductive plug 
and the doped semiconductor region forms a diode. 

18. The process as claimed in claim 17, Wherein each of 
the doped semiconductor regions forms a diode. 

19. The process as claimed in claim 18, Wherein each of 
the doped semiconductor regions is a PN junction diode. 

20. The process as claimed in claim 19, Wherein the 
conductive plug is metal. 

21. The process as claimed in claim 20, Wherein the 
conductive plug is tungsten. 

22. The process as claimed in claim 17, Wherein the 
junction betWeen the conductive plug and the doped semi 
conductor region forms a diode. 

23. The process as claimed in claim 22, Wherein the 
conductive plug is doped polysilicon having a different 
conductive type from the doped semiconductor region to 
form a PN junction diode. 

24. The process as claimed in claim 22, Wherein the 
conductive plug is metal to form a Schottky diode With the 
doped semiconductor region. 

25. The process as claimed in claim 24, Wherein the 
conductive plug is tungsten. 

26. The process as claimed in claim 17, Wherein the 
phase-changing material is a chalcogenide material. 

27. The process as claimed in claim 17, Wherein the upper 
electrode is metal. 

28. The process as claimed in claim 17, Wherein the doped 
semiconductor region has a thickness of 10 A to 1500 521 

29. The process as claimed in claim 28, wherein the doped 
semiconductor structure has a thickness of 100 A to 1000 A. 


