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(57) ABSTRACT 

Manufacturing processes for phase change memory have 
suffered from the problem of chalcogenide material being 
susceptible to delamination, since this material exhibits loW 
adhesion to high melting point metals and silicon oxide 
?lms. Furthermore, chalcogenide material has loW thermal 
stability and hence tends to sublime during the manufactur 
ing process of phase change memory. According to the 
present invention, conductive or insulative adhesive layers 
are formed over and under the chalcogenide material layer 
to enhance its delamination strength. Further, a protective 
?lm made up of a nitride ?lm is formed on the sideWalls of 
the chalcogenide material layer to prevent sublimation of the 
chalcogenide material layer. 
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SEMICONDUCTOR MEMORY 

TECHNICAL FIELD 

[0001] The present invention relates to a technique that is 
effective When applied to semiconductor integrated circuit 
devices Which employ phase change memory cells formed 
of a phase change material such as chalcogenide. 

BACKGROUND ART 

[0002] Mobile devices, typi?ed by cellular phones, use a 
semiconductor memory such as a DRAM, SRAM, or ?ash 
memory. A DRAM provides large capacity but its access 
speed is loW. A SRAM, on the other hand, is high-speed 
memory, but is not suitable for forming a large capacity 
memory, since each cell requires a number of transistors (4 
to 6 transistors) and hence it is di?icult to produce highly 
integrated SRAM. DRAM and SRAM must continuously 
receive poWer to retain data; that is, they are volatile 
memories. Flash memory, on the other hand, is a nonvolatile 
memory; it does not need to continuously receive poWer to 
electrically retain data. HoWever, the ?ash memory is dis 
advantageous in that its program/erase count is limited to a 
maximum of approximately 105 and its reprogramming 
speed is a feW orders of magnitude loWer than those of other 
memories. Since each memory (described above) has its 
disadvantage, it is current practice to select suitable memory 
depending on the application. 

[0003] If a universal memory having all the advantages of 
DRAM, SRAM, and ?ash memory Were developed, a plu 
rality of memories could be integrated on a single chip, 
Which alloWs cellular phones and other mobile devices to be 
miniaturized and enhanced in functionality. If the universal 
memory could replace all other types of memory, it Would 
have a tremendous impact (on the semiconductor industry). 
The requirements for universal memory are that: (1) like 
DRAM, it is highly integrated (and hence can have large 
capacity); (2) its access (Write/read) speed is high, compa 
rable to that of SRAM; (3) it has the same nonvolatility as 
?ash memory; and (4) it exhibits loW poWer consumption 
and hence can be poWered by a small battery. 

[0004] Among next-generation nonvolatile memories 
referred to as universal memories, phase change memory is 
currently attracting the most attention. Phase change 
memory uses a chalcogenide material, Which is also used by 
CD-RWs and DVDS. Like these disks, phase change 
memory stores data by assuming tWo states: a crystalline 
state and an amorphous state. HoWever, they di?er in hoW 
data is Written to or read from them. Speci?cally, Whereas a 
laser is used to Write to or read from CD-RWs and DVDs, 
the Joule heat generated by an electrical current is used to 
Write data to the phase change memory and the change in the 
resistance of the memory due to the phase change is read as 
a data value. 

[0005] The principle of operation of phase change 
memory Will be described With reference to FIG. 2. When a 
chalcogenide material is amorphized, such a reset pulse is 
applied that causes the chalcogenide material to be rapidly 
quenched after it is heated to a melting point or more. 

[0006] The melting point is, for example, 600° C., and the 
quench time (t1) is, for example, 2 nsec. When crystallizing 
the chalcogenide material, on the other hand, a set pulse is 

Jul. 26, 2007 

applied to the memory so as to maintain the chalcogenide 
material at a temperature betWeen its crystallization point 
and melting point. The crystallization point is, for example, 
4000 C., and the time (t2) required for the crystallization is, 
for example, 50 nsec. 

[0007] A feature of phase change memory is that the 
resistance value of the chalcogenide material (of the phase 
change memory) varies by tWo to three orders of magnitude 
depending on its crystallization state. Since (the change in) 
the resistance value is used as a signal, the read signal is 
large, facilitating the sense operation and hence increasing 
the speed of the read operation. Another feature of the phase 
change memory is that it can be reprogrammed 1012 times, 
Which is an advantage over ?ash memory. Still another 
feature of the phase change memory is that it can operate at 
a loW voltage and loW poWer, Which alloWs it to be formed 
on the same chip as logic circuitry. Therefore, phase change 
memory is suitable for use in mobile devices. 

[0008] An exemplary manufacturing process for a phase 
change memory cell Will noW be brie?y described With 
reference to FIGS. 3 to 5. First, a select transistor is formed 
on a semiconductor substrate by a knoWn manufacturing 
method (not shoWn). The select transistor is made up of a 
MOS transistor or bipolar transistor. Then, an interlayer 
insulating ?lm 1 made up of a silicon oxide ?lm is deposited 
and a plug 2 of, for example, tungsten is formed in the 
interlayer insulating ?lm 1 by a knoWn manufacturing 
method. This plug is used to electrically connect betWeen the 
select transistor and the phase change material layer over 
lying the select transistor. Then, a chalcogenide material 
layer 3 of, for example, GeSbTe, an upper electrode 4 of, for 
example, tungsten, and a hard mask 5 made up of, for 
example, a silicon oxide ?lm are sequentially deposited, 
forming the structure shoWn in FIG. 3. 

[0009] Then, the hard mask 5, the upper electrode 4, and 
the chalcogenide material layer 3 are processed by a knoWn 
lithographic technique and dry etching technique, as shoWn 
in FIG. 4. 

After that, an interlayer insulating ?lm 6 is deposited, as 
shoWn in FIG. 5. 

[0010] Then, a Wiring layer electrically connected to the 
upper electrode 4 is formed on the interlayer insulating ?lm 
6, and a plurality of other Wiring layers are formed on the 
Wiring layer on the interlayer insulating ?lm 6, completing 
formation of phase change memory (not shoWn). 

Patent Document 1: Japanese Laid-Open Patent Publication 
No. 2003-174144 

Patent Document 2: Japanese Laid-Open Patent Publication 
No. 2003-229537 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0011] There are tWo problems that make it di?icult to 
manufacture phase change memory: the loW adhesive 
strength and the loW thermal stability of the chalcogenide 
material. HoW the manufacturing process is affected by each 
problem Will be speci?cally described. 

[0012] First, since chalcogenide material has loW adhesive 
strength, it tends to delaminate (or peel) during the manu 
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facturing process. Since the chalcogenide material is heated 
to its melting point or a higher temperature When the phase 
change memory is in operation (as described above), the 
plug and the upper electrode in contact With the chalco 
genide material must be formed of a high melting point 
metal. For example, tungsten is a high melting point metal 
conventionally used in semiconductor integrated circuit 
devices. However, We have found that since chalcogenide 
material (layer) has loW adhesion to high melting point 
metals such as tungsten, it tends to delaminate at its inter 
faces With the plug and the upper electrode. Furthermore, 
since the chalcogenide material also exhibits loW adhesion 
to silicon oxide ?lms, it also tends to delaminate at its 
interface With the interlayer insulating ?lm. 

[0013] It is obvious that the manufacturing process 
described With reference to FIGS. 3 to 5 produces a phase 
change memory cell in Which the chalcogenide material 
exhibits loW adhesion at its upper and loWer interfaces. 
Therefore, there is a need for a means of enhancing the 
adhesive strength of the chalcogenide material (at these 
interfaces). 
[0014] Second, since the thermal stability of chalcogenide 
material is loW, it tends to sublime during the manufacturing 
process. FIGS. 6A to 6C shoW results of thermal desorption 
spectrometry of a GeSbTe ?lm. This analysis Was conducted 
in ultrahigh vacuum (approximately, 10'7 Pa). When the 
GeSbTe ?lm Was heated to approximately 300° C., the 
elements Ge, Sb, and Te sublimed at the same time, as 
shoWn in the ?gures. The sample Was further heated to 500° 
C. and then cooled to room temperature. After this, We 
retrieved the sample and found that the GeSbTe ?lm had 
completely disappeared. Thus, chalcogenide material has 
very loW thermal stability. The loW thermal stability of the 
chalcogenide material does not cause problems With CD 
RW and DVD manufacturing processes, since these pro 
cesses do not include any high-temperature heating process. 
(That is Why CD-RWs and DVDs employ a substrate of 
polycarbonate, Which has loW heat resistance.) HoWever, 
care must be taken When using a chalcogenide material in a 
semiconductor integrated circuit device Whose manufacture 
includes a Wiring process in Which the Wafer is heated to 
400° C. or higher. FIG. 7 is a graph shoWing the sublimation 
characteristics of a GeSbTe ?lm, Wherein the horiZontal axis 
represents temperature and the vertical axis represents pres 
sure. Speci?cally, the temperature and pressure at Which the 
GeSbTe ?lm Was heat-treated Were varied. In the ?gure, 
each open circle indicates a condition in Which the GeSbTe 
?lm did not sublime, While each solid circle indicates a 
condition in Which the GeSbTe ?lm sublimed. As shoW in 
the ?gure, the loWer the pressure under Which the GeSbTe 
?lm Was heat-treated, the loWer the temperature at Which it 
sublimed. A manufacturing process of a semiconductor 
integrated circuit device performs, for example, chemical 
vapor phase groWth at a pressure of approximately 10-1-103 
Pa and a temperature of approximately 400-700° C. 

As can be seen from FIG. 7, the GeSbTe ?lm Will sublime 
if it is directly exposed to these conditions. 

[0015] In the manufacturing process described With refer 
ence to FIGS. 3 to 5, the interlayer insulating ?lm 6 must be 
formed by chemical vapor phase groWth, Which is superior 
in terms of step coverage. As a result, the chalcogenide 
material layer 3 might sublime at its sideWalls. Therefore, 
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there is a need for a means for maintaining the thermal 
stability of chalcogenide material even if a portion of the 
material is exposed. 

MEANS FOR SOLVING THE PROBLEMS 

[0016] The above objects may be achieved by a semicon 
ductor memory device comprising: a semiconductor sub 
strate; a select transistor formed on a principal surface of the 
semiconductor substrate; an interlayer insulating ?lm pro 
vided on the select transistor; a plug provided so as to 
penetrate through the interlayer insulating ?lm, and electri 
cally connected to the select transistor; a phase change 
material layer provided so as to extend over the interlayer 
insulating ?lm, and connected With the plug; an upper 
electrode provided on the phase change material layer; and 
an adhesive layer provided betWeen an under surface of the 
phase change material layer and top surfaces of the inter 
layer insulating ?lm and the plug. 

[0017] Further, the above objects may also be achieved by 
a semiconductor memory device comprising: a semiconduc 
tor substrate; a select transistor formed on a principal surface 
of the semiconductor substrate; an interlayer insulating ?lm 
provided on the select transistor; a plug provided so as to 
penetrate through the interlayer insulating ?lm, the plug 
being electrically connected to the select transistor; a phase 
change material layer provided on the interlayer insulating 
?lm such that a portion of the phase change material layer 
is connected With the plug; an upper electrode provided on 
the phase change material layer; and a protective ?lm 
formed on at least a sideWall of the phase change material 
layer and containing a silicon nitride. 

EFFECTS OF THE INVENTION 

[0018] The major effects of the present invention Will noW 
be brie?y described. 

[0019] The adhesive layers formed over and under the 
chalcogenide material layer can prevent delamination of the 
chalcogenide material layer during the manufacturing pro 
cess. Further, the protective ?lm formed on the sideWalls of 
the chalcogenide material layer can prevent sublimation of 
the chalcogenide material layer during the manufacturing 
process. 

These arrangements improve the phase change memory 
manufacturing process in such a Way as to reduce variations 
in the electrical characteristics of the phase change memory, 
as Well as preventing reliability degradation. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0020] A ?rst means of the present invention is to form 
adhesive layers over and under the chalcogenide material 
(layer) so as to enhance the adhesive strength of the chal 
cogenide material (at its interfaces With the overlying and 
underlying layers). 
[0021] First, the effects of these adhesive layers Will be 
described. We formed GeSbTe ?lms on SiO2 ?lms to a 
thickness of 100 nm, and performed a scratch test on these 
GeSbTe ?lms to compare their delamination strength. In a 
scratch test, a thin ?lm surface of a sample is scratched by 
an indenter While applying a load to the sample in the 
vertical direction, in order to determine the minimum load 
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that cause delamination (referred to as the “critical delami 
nation load”). The higher the critical delamination load, the 
higher the delamination strength. FIG. 8 shows the (critical 
delamination load) measurement results. As shoWn in FIG. 
8, the delamination strength of the GeSbTe ?lm Was 
extremely loW When an adhesive layer Was not inserted 
(betWeen the GeSbTe ?lm and the SiO2 ?lm). Further, 
insertion of a W layer did not lead to any improvement in the 
delamination strength of the GeSbTe ?lm. This re?ects the 
fact that chalcogenide material has loW adhesion to high 
melting point metals. On the other hand, inserting an Al 
material layer increased the delamination strength of the 
GeSbTe ?lm by a factor of 7-9, and inserting a Ti material 
layer enhanced the delamination strength by a factor of 
10-15. 

[0022] These results indicate that insertion of an adhesive 
layer may be effective in enhancing the adhesive properties 
of the chalcogenide material. As can be seen from FIG. 8, Ti 
material is superior to Al material as an adhesive layer. 
Further, nitrides have higher adhesion to chalcogenide mate 
rial than oxides, and individual metals have higher adhesion 
than oxides and nitrides. 

[0023] An exemplary manufacturing process of the 
present invention Will be described With reference to FIG. 1. 
First, an interlayer insulating ?lm 1 and a plug 2 are formed 
by a conventional technique. Then, the folloWing layers are 
sequentially deposited: an adhesive layer 7 of, for example, 
titanium; a chalcogenide material layer 3 of, for example, 
GeSbTe; an adhesive layer 8 of, for example, titanium; an 
upper electrode 4 of, for example, tungsten; and a hard mask 
5 made up of, for example, a silicon oxide ?lm. Then, the 
hard mask 5, the upper electrode 4, the adhesive layer 8, the 
chalcogenide material layer 3, and the adhesive layer 7 are 
processed by a knoWn lithographic technique and dry etch 
ing technique, forming the structure shoWn in FIG. 1. 

[0024] Thus, in the above manufacturing process, adhe 
sive layers are formed over and under the chalcogenide 
material layer, Which increases the delamination strength of 
the chalcogenide material layer and thereby prevents its 
delamination during the manufacturing process. 

[0025] It should be noted that although in the above 
example tWo adhesive layers are formed over and under, 
respectively, the chalcogenide layer, the present invention is 
not limited to this particular arrangement. An adhesive layer 
may be formed only either over or under the chalcogenide 
layer. 

[0026] The desired thickness of the adhesive layers Will 
noW be described. FIGS. 9A and 9B shoW the temperature 
vs. resistance characteristics of GeSbTe ?lms. Speci?cally, 
FIG. 9A shoWs the temperature vs. resistance characteristics 
of a GeSbTe ?lm With no adhesive layer. When the GeSbTe 
?lm set in an amorphous state Was heated, it crystallized at 
approximately 120-1300 C. and, as a result, its resistance 
rapidly decreased. Then, the ?lm Was cooled after being 
heated to approximately 200° C. (as shoWn in FIG. 9A). The 
resistance of the GeSbTe ?lm changed by ?ve or more 
orders of magnitude (betWeen the amorphous and crystalline 
states). Since phase change memory uses the resistance 
value of the chalcogenide material layer as a signal, the 
larger the change in the resistance of the chalcogenide 
material betWeen amorphous and crystalline states, the bet 
ter. On the other hand, FIG. 9B shoWs the temperature vs. 
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resistance characteristics of a GeSbTe ?lm With a 2.5 nm 
thick adhesive layer of titanium. In this case, the GeSbTe 
?lm had loW resistance even When it Was in an amorphous 
state. The GeSbTe ?lm Was heated to approximately 200° 
C., so that the ?lm crystallized. Then, the GeSbTe ?lm Was 
cooled. The resistance did not change much (betWeen the 
amorphous and crystalline states). The reason for this may 
be that titanium Within the adhesive layer diffused into the 
GeSbTe ?lm. This indicates that if the adhesive layer has a 
small thickness, it may degrade the characteristics of the 
phase change memory. 

[0027] The thickness of the adhesive layers in phase 
change memory is preferably 5 nm or less although this may 
vary depending on the material of these layers. Further, the 
thickness of the adhesive layers is more preferably 2 nm or 
less to increase the ratio betWeen the resistance values in 
amorphous and crystalline states. 

[0028] The desired materials for the adhesive layers Will 
noW be described. A current (as a set pulse or reset pulse) is 
supplied from the select transistor to the chalcogenide 
material (layer) through the plug to change the phase of the 
chalcogenide material. To ef?ciently deliver this current to 
the chalcogenide material, the adhesive layer at the interface 
betWeen the chalcogenide material layer and the plug is 
preferably electrically conductive. LikeWise, the adhesive 
layer at the interface betWeen the chalcogenide material 
layer and the upper electrode is also preferably conductive. 

[0029] Further, the smaller the regions used to change the 
phase of the chalcogenide material, the smaller the current 
required for reprogramming (the memory cell). That is, to 
reduce the poWer consumption of the phase change memory 
cell, all regions other than the plug need be insulative (or 
nonconductive), and the adhesive layer at the interface 
betWeen the chalcogenide material layer and the interlayer 
insulating ?lm is preferably insulative. 

[0030] FIG. 10 shoWs a phase change memory cell using 
an ideal material for the adhesive layers. Referring to the 
?gure, a conductive adhesive layer 9 is formed at the 
interface betWeen a chalcogenide material layer 3 and a plug 
2; an insulative adhesive layer 10 is formed at the interface 
betWeen the chalcogenide material layer 3 and an interlayer 
insulating ?lm 1; and a conductive adhesive layer 11 is 
formed betWeen the chalcogenide material layer 3 and an 
upper electrode 4. 

[0031] Examples of conductive adhesive layers include Ti, 
Al, Ta, Si, Ti nitride, Al nitride, Ta nitride, W nitride, TiSi, 
TaSi, WSi, TiW, TiAl nitride, TaSi nitride, TiSi nitride, and 
WSi nitride ?lms. Further, since Te in chalcogenide material 
is reactive With Ti and A1, a layer formed of a compound of 
Ti and Te, or Al and Te, may be used as a conductive 
adhesive layer. Examples of insulative adhesive layers 
include Ti oxide, Al oxide, Ta oxide, Nb oxide, V oxide, Cr 
oxide, W oxide, Zr oxide, Hf oxide, and Si nitride ?lms. 

[0032] Further, the adhesive layer at the interface betWeen 
the chalcogenide material layer and the interlayer insulating 
?lm need not necessarily be insulative (or nonconductive) if 
the chalcogenide material layer is not (fully) electrically 
connected to the interlayer insulating ?lm. (This also 
reduces the regions used to cause a change in the phase of 
the chalcogenide material.) For example, the adhesive layer 
may be a conductive layer having an island shape (i.e., a 
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discontinuous conductive layer). In this case, the adhesive 
layer at the interface betWeen the chalcogenide material 
layer and the plug and the adhesive layer at the interface 
betWeen the chalcogenide material layer and the interlayer 
insulating ?lm can be formed of the same material at the 
same time. When an adhesive layer is formed to an island 
shape (or When a discontinuous adhesive layer is formed), its 
thickness is preferably 2 nm or less. Further, the thickness of 
the adhesive layer is more preferably 1 nm or less to increase 
or ensure the electrical discontinuity (betWeen the chalco 
genide material layer and the interlayer insulating ?lm). For 
example, the adhesive layers may be formed of titanium to 
a thickness of 0.5 nm. 

[0033] It should be noted that Patent Document 1 (listed 
above), for example, discloses means for using an adhesive 
layer to improve the adhesion betWeen a chalcogenide 
material and a dielectric material. The present invention is 
different from this technique. As described above, in a phase 
change memory cell, the plug and the upper electrode must 
be formed of a high melting point metal such as tungsten. 
HoWever, We have found that the chalcogenide material 
tends to delaminate at its interfaces With such a plug and 
upper electrode. The present invention has been devised to 
solve this problem. On the other hand, the above knoWn 
technique (disclosed in Patent Document 1) is intended to 
insert an adhesive layer only betWeen a chalcogenide mate 
rial and an interlayer insulating ?lm (formed of a dielectric 
material), Which is distinctly different from the technique of 
the present invention. 

[0034] A second means of the present invention is to form 
a protective ?lm on the sideWalls of the chalcogenide 
material layer to ensure the thermal stability of the chalco 
genide material. 
[0035] An exemplary manufacturing process of the 
present invention Will be described With reference to FIG. 
11. First, an interlayer insulating ?lm 1 and a plug 2 are 
formed by a conventional technique. Then, a chalcogenide 
material layer 3 of, for example, GeSbTe, an upper electrode 
4 of, for example, tungsten, and a hard mask 5 made up of, 
for example, a silicon oxide ?lm are sequentially deposited. 
After that, the hard mask 5, the upper electrode 4, and the 
chalcogenide material layer 3 are processed by a knoWn 
lithographic technique and dry etching technique. Then, a 
sideWall protective ?lm 12 made up of, for example, a 
silicon nitride ?lm is deposited, and an interlayer insulating 
?lm 6 is further deposited, as shoWn in FIG. 11. 

[0036] Thus, the sideWalls of the chalcogenide material 
layer that have been processed by dry etching are fully 
covered With the protective ?lm, preventing sublimation of 
the chalcogenide material during the interlayer insulating 
?lm forming process. 

[0037] The desired conditions for forming the sideWall 
protective ?lm Will noW be described. Chalcogenide mate 
rial sublimes When exposed to high temperature, loW pres 
sure conditions, as described With reference to FIG. 7. 
Therefore, the sideWall protective ?lm must be formed 
under loW temperature, high pressure conditions, Which 
correspond to the upper left portion of FIG. 7. Especially, 
reducing the process temperature is effective in preventing 
sublimation of the chalcogenide material. Exemplary con 
ditions are such that the pressure is 0.1 Pa or more and the 
temperature is 4500 C. or less, although this may vary 
depending on the chalcogenide material. 
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[0038] The desired material for the sideWall protective 
?lm Will noW be described. The sideWall protective ?lm is 
formed by plasma CVD, etc., since it must be formed at loW 
temperature. If a silicon oxide ?lm is used as the sideWall 
protective ?lm, the sideWalls of the chalcogenide material 
(layer) are exposed to oxygen activated by the plasma. In 
this case, since chalcogenide material is easily oxidiZed, a 
portion of the chalcogenide material (layer) might be oxi 
diZed, resulting in degraded characteristics. Therefore, a 
silicon nitride ?lm is preferably used as the sideWall pro 
tective ?lm, since it is “inactive against chalcogenide mate 
rial” (or does not cause an oxidation problem such as that 
described above) and can be formed by CVD, Which is a 
superior technique in terms of step coverage. It should be 
noted that Patent Document 2 (listed above), for example, 
discloses means for forming a protective ?lm on the side 
Walls of a chalcogenide material (layer) to prevent its 
sublimation. HoWever, this technique is different from the 
present invention in that an oxide ?lm is used as the 
protective ?lm. 

[0039] Preferred embodiments of the present invention 
Will be described in detail With reference to the accompa 
nying draWings. It should be noted that in all ?gures, like 
numerals are used to denote components having like func 
tions to avoid undue repetition. 

FIRST EMBODIMENT 

[0040] A ?rst embodiment of the present invention Will be 
described With reference to FIG. 12. This embodiment 
provides an example in Which conductive adhesive layers 
are formed both over and under the chalcogenide material 
layer. 
[0041] First of all, a semiconductor substrate 101 is pro 
vided, and a MOS transistor is formed on the substrate as a 
select transistor. Speci?cally, trench isolation (or device 
separation) oxide ?lms 102 for isolating the MOS transistor 
are formed in the surface of the semiconductor substrate 101 
by a knoWn selective oxidation technique or shalloW trench 
isolation technique. The present embodiment uses the shal 
loW trench isolation technique, Which also can planariZe the 
surface. First, isolation trenches are formed in the substrate 
by a knoWn dry etching technique. Then, after removing 
damage left on the sideWalls and bottoms of the trenches in 
the previous dry etching process, an oxide ?lm is deposited 
by a knoWn CVD technique. Then, portions of the oxide ?lm 
other than those in the trenches are polished (and thereby 
removed) by a knoWn CMP technique, leaving the trench 
isolation oxide ?lms 102 Within the trenches. 

[0042] Then, though not shoWn in the ?gure, Wells of tWo 
different conductive types are formed by high-energy impu 
rity implantation. 
[0043] Then, after cleaning the surface of the semicon 
ductor substrate, a gate oxide ?lm 103 (for the MOS 
transistor) is groWn by a knoWn thermal oxidation tech 
nique. Then, a gate electrode 104 of polysilicon and a silicon 
nitride ?lm 105 are (sequentially) deposited on the surface 
of the gate oxide ?lm 103. After that, the gate is processed 
by a lithographic process and a dry etching process, and then 
impurities are implanted using the gate electrode and a resist 
as masks to form diffusion layers 106. It should be noted that 
although according to the present embodiment the gate 
electrode is made of polysilicon, it may be a polymetal gate 
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(loW resistance gate) having a laminated structure (metal/ 
barrier metal/polysilicon). Then, a silicon nitride ?lm 107 is 
deposited by CVD. (This ?lm is used to help form self 
aligned contacts.) 

[0044] Then, an interlayer insulating ?lm 108 made up of 
a silicon oxide ?lm is deposited on the entire surface, and its 
surface roughness due to the gate electrode is removed by a 
knoWn CMP technique, planariZing the surface. After that, 
plug contact holes are formed by a lithographic process and 
a dry etching process. At that time, to prevent exposure of 
the gate electrode, the interlayer insulating ?lm 108 is 
processed under the so-called self-alignment conditions, that 
is, the interlayer insulating ?lm 108 (i.e., a silicon oxide 
?lm) is selectively etched against the silicon nitride ?lm 107 
With a high selectivity ratio. 

[0045] It should be noted that the folloWing process may 
be used to ensure that the plug contact holes are fully 
connected With the diffusion layers 106 Without causing a 
problem to other layers: ?rst, the interlayer insulating ?lm 
(or silicon oxide ?lm) 108 is selectively dry etched against 
the silicon nitride ?lm With a high selectivity ratio so as to 
leave the portions of the silicon nitride ?lm on the top 
surfaces of the diffusion layers 106; and then the silicon 
nitride ?lm is selectively dry etched against the silicon oxide 
?lm With a high selectivity ratio to remove the portions of 
the silicon nitride ?lm left on the top surfaces of the 
diffusion layers 106. 

[0046] Then, tungsten layers (or tungsten) are formed 
buried in the plug contact holes, and tungsten plugs 109 are 
formed by a knoWn CMP technique (that is, the tungsten 
layers are processed into tungsten plugs 109 by a knoWn 
CMP technique). 

[0047] Then, a tungsten layer is neWly deposited to a 
thickness of 100 nm by sputtering and processed by a 
lithographic process and a dry etching process to form ?rst 
Wiring layers 110A and 110B. After that, an interlayer 
insulating ?lm 111 made up of a silicon oxide ?lm is 
deposited on the entire surface, and its surface roughness 
due to the ?rst Wiring layers is removed by a knoWn CMP 
technique, planariZing the surface. Then, a plug contact hole 
is formed by a lithographic process and a dry etching process 
and ?lled With a tungsten layer. Then, a tungsten plug 112 is 
formed by a knoWn CMP technique. 

[0048] Then, the folloWing layers are sequentially depos 
ited by a knoWn sputtering technique: a conductive adhesive 
layer 113 of titanium having a thickness of 1 nm, a chalco 
genide material layer 114 of GeSbTe having a thickness of 
100 nm, a conductive adhesive layer 115 of titanium having 
a thickness of 1 nm, and an upper electrode 116 of tungsten 
having a thickness of 50 nm. After that, a silicon oxide ?lm 
117 is deposited by a knoWn CVD technique. Then, the 
silicon oxide ?lm 117, the upper electrode 116, the conduc 
tive adhesive layer 115, the chalcogenide material layer 114, 
and the conductive adhesive layer 113 are sequentially 
processed by a knoWn lithographic process and dry etching 
process. 

[0049] It should be noted that the chalcogenide material 
may be crystallized by heat treatment after depositing the 
upper electrode 116 or the silicon oxide ?lm 117. This heat 
treatment process can be performed under any conditions 
that alloW the chalcogenide material to crystalliZe. Exem 
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plary conditions are such that: the treatment atmosphere is 
an argon gas or nitrogen gas atmosphere; the treatment 
temperature is ZOO-600° C.; and the treatment time is l-lO 
minutes. 

[0050] Then, an interlayer insulating ?lm 118 made up of 
a silicon oxide ?lm is deposited on the entire surface, and its 
surface roughness is removed by a knoWn CMP technique, 
planariZing the surface. After that, a plug contact hole is 
formed by a lithographic process and a dry etching process. 
Then, a tungsten layer is buried in the plug contact hole, and 
a tungsten plug 119 is formed by a knoWn CMP technique. 
Then, an aluminum layer is deposited to a thickness of 200 
nm and processed to form a second Wiring layer 120. It 
should be noted that copper, Which has loWer resistance than 
aluminum, may be used instead of aluminum. 

[0051] This substantially completes manufacture of the 
phase change memory cell of the present embodiment. 

[0052] According to the present embodiment, adhesive 
layers are formed over and under the chalcogenide material 
layer, Which increases the delamination strength of the 
chalcogenide material layer and thereby prevents its delami 
nation during the manufacturing process. 

[0053] Although the above example uses Ti ?lms as the 
adhesive layers, the present embodiment is not limited to 
this particular material. The adhesive layers may be con 
ductive ?lms such as Al, Ta, Si, Ti nitride, Al nitride, Ta 
nitride, W nitride, TiSi, TaSi, WSi, TiW, TiAl nitride, TaSi 
nitride, TiSi nitride, or WSi nitride ?lms. Further, the 
adhesive layers may be formed of a compound of Ti and Te 
or a compound of Al and Te. 

[0054] It should be noted that the present invention is not 
limited to the preferred embodiments described above. It is 
obvious that the present invention embraces all means 
described in the “Best Modes for Carrying out the Inven 
tion” section of this speci?cation. 

SECOND EMBODIMENT 

[0055] A second embodiment of the present invention Will 
be described With reference to FIG. 13. This embodiment 
provides an example in Which: a conductive adhesive layer 
is formed at the interface betWeen the chalcogenide material 
layer and the plug; an insulative adhesive layer is formed at 
the interface betWeen the chalcogenide material layer and 
the interlayer insulating ?lm; and a conductive adhesive 
layer is formed at the interface betWeen the chalcogenide 
material layer and the upper electrode. 

[0056] Since the steps before and including the step of 
forming the tungsten plug 112 are the same as those 
described in connection With the ?rst embodiment, a 
description of these steps is not provided herein. 

[0057] There Will noW be described a process of forming 
an insulative adhesive layer 121 and a conductive adhesive 
layer 122 on the interlayer insulating ?lm 111 and on the 
tungsten plug 112, respectively, in a self-aligned manner. 
First, a titanium layer is deposited on the entire surfaces of 
the interlayer insulating ?lm 111 and the tungsten plug 112 
to a thickness of 3 nm by sputtering and then heat treated. 
Since titanium has a loWer free energy of oxide formation 
than silicon, the portion of the titanium layer deposited on 
the interlayer insulating ?lm 111 (that is, a silicon oxide 
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?lm) reacts With oxygen in the underlying interlayer insu 
lating ?lm 111 to form a titanium oxide ?lm. The portion of 
the titanium layer deposited on the tungsten plug 112, on the 
other hand, reacts With tungsten in the underlying tungsten 
plug 112 to form a conductive titanium-tungsten alloy. Thus, 
the insulative adhesive layer 121 is formed on the interlayer 
insulating ?lm 111 and the conductive adhesive layer 122 is 
formed on the tungsten plug 112 in a self-aligned manner. 

[0058] The above heat treatment can be performed at any 
temperature that causes titanium to react With the silicon 
oxide ?lm. HoWever, 4000 C. or a higher temperature is 
preferred to form a favorable titanium oxide ?lm. Further, 
the heat treatment is preferably performed in an inert atmo 
sphere to prevent oxidation of the conductive adhesive layer. 
Exemplary conditions are such that: the treatment atmo 
sphere is an argon gas atmosphere; the treatment tempera 
ture is 400-8000 C.; and the treatment time is l-lO minutes. 

[0059] Then, a chalcogenide material layer 114 of GeSbTe 
having a thickness of 100 nm, a conductive adhesive layer 
115 of titanium having a thickness of 1 nm, and an upper 
electrode 116 of tungsten having a thickness 50 nm are 
sequentially deposited by a knoWn sputtering technique. 
After that, a silicon oxide ?lm 117 is deposited by a knoWn 
CVD technique. Then, the silicon oxide ?lm 117, the upper 
electrode 116, the conductive adhesive layer 115, the chal 
cogenide material layer 114, and the insulative adhesive 
layer 121 are sequentially processed by a knoWn litho 
graphic process and dry etching process. 

[0060] It should be noted that the chalcogenide material 
may be crystallized by heat treatment after depositing the 
upper electrode 116 or the silicon oxide ?lm 117. This heat 
treatment process can be performed under any conditions 
that alloW the chalcogenide material to crystallize. 

Exemplary conditions are such that: the treatment atmo 
sphere is an argon gas or nitrogen gas atmosphere; the 
treatment temperature is 200-600° C.; and the treatment time 
is l-lO minutes. 

Since the steps folloWing the above step are the same as 
those described in connection With the ?rst embodiment, a 
description thereof is not provided herein. 

[0061] These steps substantially complete manufacture of 
the phase change memory cell of the present embodiment. 

[0062] According to the present embodiment, adhesive 
layers are formed over and under the chalcogenide material 
layer, Which increases the delamination strength of the 
chalcogenide material layer and thereby prevents its delami 
nation during the manufacturing process. Further, since a 
conductive adhesive layer is formed at the interface betWeen 
the chalcogenide material layer and the plug, a current can 
be e?iciently delivered to the chalcogenide material. Still 
further, since an insulative (or nonconductive) adhesive 
layer is formed at the interface betWeen the chalcogenide 
material layer and the interlayer insulating ?lm, the current 
required to reprogram the chalcogenide material (or the 
memory cell) can be reduced. 

[0063] Although in the above example the adhesive layers 
formed on the interlayer insulating ?lm and the plug are 
formed of Ti, the present embodiment is not limited to this 
particular material. Any metal having a loWer free energy of 
oxide formation than Si, such as Zr, Hf, or Al, can be used, 
With the same effect. 

Jul. 26, 2007 

[0064] It should be noted that the present invention is not 
limited to the preferred embodiments described above. It is 
obvious that the present invention embraces all means 
described in the “Best Modes for Carrying out the Inven 
tion” section of this speci?cation. 

THIRD EMBODIMENT 

[0065] A third embodiment of the present invention Will 
be described With reference to FIG. 14. This embodiment 
provides an example in Which a protective ?lm is formed on 
the sideWalls of the chalcogenide material layer. Since the 
steps before and including the step of forming the tungsten 
plug 112 are the same as those described in connection With 
the ?rst embodiment, a description of these steps is not 
provided herein. 

[0066] First, a chalcogenide material layer 114 of GeSbTe 
having a thickness of 100 nm and an upper electrode 116 of 
tungsten having a thickness of 50 nm are sequentially 
deposited over the entire surfaces of the interlayer insulating 
?lm 111 and the tungsten plug 112 by a knoWn sputtering 
technique. After that, a silicon oxide ?lm 117 is deposited by 
a knoWn CVD technique. Then, the silicon oxide ?lm 117, 
the upper electrode 116, and the chalcogenide material layer 
114 are sequentially processed by a knoWn lithographic 
process and dry etching process. It should be noted that the 
chalcogenide material may be crystallized by heat treatment 
after depositing the upper electrode 116 or the silicon oxide 
?lm 117. This heat treatment process can be performed 
under any conditions that alloW the chalcogenide material to 
crystallize. Exemplary conditions are such that: the treat 
ment atmosphere is an argon gas or nitrogen gas atmosphere; 
the treatment temperature is 200-600° C.; and the treatment 
time is l-lO minutes. 

[0067] Then, a sideWall protective ?lm 123 made up of a 
silicon nitride ?lm is deposited to a thickness of 20 nm by 
a knoWn CVD technique. It should be noted that this 
sideWall protective ?lm must be formed under high tem 
perature, loW pressure conditions to prevent sublimation of 
the chalcogenide material. Exemplary conditions are such 
that the pressure is 0.1 Pa or more and the temperature is 
4500 C. or less. 

[0068] Then, an interlayer insulating ?lm 118 made up of 
a silicon oxide ?lm is deposited on the entire surface, and its 
surface roughness is removed by a knoWn CMP technique, 
planarizing the surface. After that, a plug contact hole is 
formed by a lithographic process and a dry etching process. 
Then, a tungsten layer is formed buried in the plug contact 
hole, and a tungsten plug 119 is formed by a knoWn CMP 
technique. Then, an aluminum layer is deposited to a thick 
ness of 200 nm and processed to form a second Wiring layer 
120. (It should be noted that copper, Which has loWer 
resistance than aluminum, may be used instead of alumi 
num.) 
[0069] This substantially completes manufacture of the 
phase change memory cell of the present embodiment. 
According to the present embodiment, the sideWalls of the 
chalcogenide material layer that have been processed by dry 
etching are fully covered With a protective ?lm, preventing 
sublimation of the chalcogenide material during the inter 
layer insulating ?lm forming process. 

[0070] The above example uses a silicon nitride ?lm as the 
sideWall protective ?lm. The reason for this is that if a 
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silicon oxide ?lm is used as the sidewall protective ?lm, the 
sideWalls of the chalcogenide material (layer) might be 
oxidized, resulting in degraded characteristics. In addition, 
the silicon nitride ?lm helps process regions other than the 
chalcogenide material layer 114 region in a self-aligned 
manner. 

[0071] Such a process Will be described With reference to 
FIG. 15. FIG. 15 shoWs a structure to the left of the structure 
shoWn in FIG. 12, 13, or 14. Referring to FIG. 15, a ?rst 
Wiring layer 110B is electrically connected to the source or 
drain of the MOS transistor (shoWn in FIGS. 12 to 14). 

[0072] Since the steps before and including the step of 
depositing the silicon nitride ?lm 123 to a thickness of 20 
nm by a knoWn CVD technique are the same as those 
described in connection With the third embodiment, a 
description of these steps is not provided herein. Note that 
the silicon nitride ?lm 123 shoWn in FIG. 15 corresponds to 
the sideWall protective ?lm 123 (for the chalcogenide mate 
rial layer) shoWn in FIG. 14. Then, an interlayer insulating 
?lm 118 made up of a silicon oxide ?lm is deposited on the 
entire surface, and its surface roughness is removed by a 
knoWn CMP technique, planariZing the surface. After that, a 
plug contact hole reaching the surface of the silicon nitride 
?lm 123 is formed by a lithographic process and a dry 
etching process. This dry etching process is performed under 
such conditions that the etching rate of the silicon oxide ?lm 
is higher than that of the silicon nitride ?lm. Then, dry 
etching is further performed under such conditions that the 
etching rate of the silicon nitride ?lm is higher than that of 
the silicon oxide ?lm to extend the plug contact hole to the 
surfaces of the tungsten plug 112 and the interlayer insulat 
ing ?lm 111. 

[0073] In the above process, even if the plug contact hole 
is misaligned With the tungsten plug 112, the interlayer 
insulating ?lm 111 is not deeply etched. 

[0074] Then, a tungsten layer is formed buried in the plug 
contact hole, and a tungsten plug 119 is formed by a knoWn 
CMP technique. After that, an aluminum layer is deposited 
to a thickness of 200 nm and processed to form a second 
Wiring layer 120. It should be noted that copper, Which has 
loWer resistance than aluminum, may be used instead of 
aluminum. 

Thus, this process alloWs the tungsten plug 119 to be formed 
on the tungsten plug 112 in a self-aligned manner. Therefore, 
a silicon nitride ?lm is preferably used as the sideWall 
protective ?lm for the chalcogenide material layer. 

[0075] It should be noted that the present invention is not 
limited to the preferred embodiments described above. It is 
obvious that the present invention embraces all means 
described in the “Best Modes for Carrying out the Inven 
tion” section of this speci?cation. 

[0076] Although the present invention has been speci? 
cally described based on preferred embodiments thereof, it 
should be understood that the invention is not limited to 
these embodiments and various alterations may be made 
thereto Without departing from the scope and spirit of the 
invention. 

[0077] As described above, the ?rst and second embodi 
ments provide exemplary adhesive layers and the third 
embodiment provides an exemplary sideWall protective ?lm, 
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separately. HoWever, these embodiments may be combined 
as necessary to collectively utiliZe their effects. 

[0078] There Will noW be described technical ideas of the 
present invention other than those indicated by the appended 
claims. (These technical ideas can be understood from the 
above description of the preferred embodiments.) 

[0079] l) A method for manufacturing a semiconductor 
integrated circuit device, comprising the steps of: 

[0080] forming a select transistor in a memory cell region 
on a semiconductor substrate and forming peripheral cir 
cuitry; 

[0081] forming ?rst plugs connected to the select transis 
tor; 

[0082] forming ?rst Wires in the memory cell region and 
in the peripheral circuitry region; 

[0083] forming a ?rst interlayer insulating ?lm on the ?rst 
Wires; 

[0084] forming a second plug and a third plug in the ?rst 
interlayer insulating ?lm, the second and third plugs being 
connected to the ?rst Wires formed in the memory cell region 
and in the peripheral circuitry region, respectively; 

[0085] forming a conductive adhesive layer on the second 
plug, forming a phase change material layer, another con 
ductive adhesive layer, and an upper electrode laminated to 
one another so as to cover the conductive adhesive layer, and 

forming an insulative-(or nonconductive) adhesive layer 
betWeen the ?rst interlayer insulating ?lm and the phase 
change material layer; 

[0086] forming a silicon nitride ?lm so as to cover the 
multilayer ?lm; 

[0087] forming a second interlayer insulating ?lm over the 
upper electrode; 

[0088] forming a second Wire on the second interlayer 
insulating ?lm; 

[0089] forming a fourth plug connected betWeen the upper 
electrode and the second Wire; and 

[0090] forming a ?fth plug in the second interlayer insu 
lating ?lm, the ?fth plug being connected to the third plug. 

[0091] 2) A method for manufacturing a semiconductor 
integrated circuit device, comprising the steps of: 

[0092] forming a select transistor in a memory cell region 
on a semiconductor substrate and forming peripheral cir 
cuitry; 

[0093] forming ?rst plugs connected to the select transis 
tor; 

[0094] forming ?rst Wires in the memory cell region and 
in the peripheral circuitry region; 

[0095] forming a ?rst interlayer insulating ?lm on the ?rst 
Wires; 

[0096] forming a second plug and a third plug in the ?rst 
interlayer insulating ?lm, the second and third plugs being 
connected to the ?rst Wires formed in the memory cell region 
and in the peripheral circuitry region, respectively; 












