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(57) ABSTRACT 
This invention provides a capacitor including a metal loWer 
electrode having an undulated shape and an improved elec 
trode area, and a method of manufacturing the same. A 
capacitor for data storage is formed on a semiconductor 
substrate (not shoWn) via an insulating interlayer having a 
contact plug. The capacitor has a loWer electrode Whose 
inner and outer surfaces are rough or undulated such that one 
surface has a shape conforming to the shape of the other 
surface, a dielectric ?lm formed to cover the surfaces of the 
loWer electrode, and an upper electrode formed to cover the 
loWer electrode via the dielectric ?lm. The loWer electrode 
has a cylindrical shape With an open upper end. The loWer 
electrode is connected to a cell transistor through the contact 
plug. The loWer electrode is formed from a metal or a metal 
oxide. 
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STORAGE CAPACITOR HAVING UNDULATED 
LOWER ELECTRODE FOR A SEMICONDUCTOR 

DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a high-density 
semiconductor memory device having a stacked capacitor 
structure and a method of manufacturing the same, and more 
particularly, to a data storage capacitor having an improved 
charge storage electrode and a method of manufacturing the 
same. 

[0002] In the ?eld of DRAMs (Dynamic RAMs) having 
capacitors for holding data, various kinds of techniques have 
been developed to ensure a given data storage charge 
amount to deal With the decrease of the cell area resulting 
from miniaturiZation. An eXample is disclosed in H. 
Watanabe et al., “An Advanced Fabrication Technology of 
Hemispherical Grained (HSG) Poly-Si for High Capacitance 
Storage Electrodes”, Extended Abstracts of the 1991 Inter 
national Conference on SSDM, pp. 478-480, 1991. This 
reference describes a so-called roughened surface technol 
ogy (to be referred to as an “HSG technology” hereinafter) 
With Which a polysilicon ?lm as an electrode of a capacitor 
is annealed in vacuum to form small hemispherical grains on 
the surface of the polysilicon ?lm. An eXample in Which this 
HSG technology is applied to a DRAM is also knoWn. This 
eXample is disclosed in, e.g., “A Capacitor-Over-Bitline 
(COB) Cell With A Hemispherical Grain Storage Node for 
64 Mb DRAMs”, IEDM90 Technical Digest, pp. 665-658, 
1990, or “Method of Forming A Capacitor”, US. Pat. No. 
5,444,013. 
[0003] With the HSG technology, the surface area of a 
polysilicon ?lm as an electrode of a capacitor can be 
increased. As a consequence, the capacitance required to 
store data increases, and a desired storage charge amount 
can be ensured. 

[0004] When a silicon nitride ?lm is used as the dielectric 
?lm of a capacitor, polysilicon is normally used as an 
electrode material. The HSG technology is advantageous in 
increasing the electrode area of a capacitor When polysilicon 
is used as an electrode material. 

[0005] A method of forming a rough or undulated surface 
on a polysilicon ?lm as the loWer electrode (storage elec 
trode) of a capacitor using the HSG technology Will be 
brie?y described. As shoWn in FIG. 39, an insulating 
interlayer 2 is formed on a semiconductor substrate (not 
shoWn), and then, a contact plug 3 connected to an element 
region on the semiconductor substrate is formed. Polysilicon 
is deposited at 550° C. by, e.g., loW-pressure CVD. The 
deposited polysilicon is patterned by the conventional 
lithography and RIE to form a polysilicon ?lm 601 as the 
loWer electrode of a capacitor. Subsequently, as shoWn in 
FIG. 40, after a natural oXide ?lm on the polysilicon ?lm is 
removed by a diluted HF solution, the resultant structure is 
annealed in vacuum to obtain a polysilicon ?lm 602 With a 
rough or undulated surface. With this process, a capacitor 
having large electrode area and capacitance can be obtained. 

[0006] Another technique of improving the capacitance to 
ensure a given data storage charge amount is knoWn. For 
eXample, “Giga-bit Scale DRAM Cell With NeW Simple 
Ru/(Ba,Sr)TiO3/Ru Stacked Capacitors Using X-ray Lithog 
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raphy”, IEDM95 Technical Digest, pp. 903-906, 1995 dis 
closes a technique using a high-dielectric ?lm of (Ba, 
Sr)TiO3 (to be referred to as a “BSTO” hereinafter) having 
a high dielectric constant as the dielectric ?lm of a capacitor. 

[0007] As a semiconductor device becomes further minute 
in siZe in feature, both the electrode area of a capacitor and 
the dielectric constant of a dielectric ?lm need be improved. 
A technique of combining an electrode having a rough or 
undulated surface and a high-dielectric ?lm to form a 
capacitor meets this requirement. 

[0008] A high-dielectric ?lm such as a BSTO ?lm is a 
metal oXide ?lm. In the process of depositing a metal oXide 
?lm, active oXygen is contained in the atmosphere. When 
polysilicon is used for the electrode of a capacitor, and 
BSTO is used for the dielectric ?lm, the polysilicon surface 
is oXidiZed during deposition of BSTO to form an SiO2 ?lm 
having a loW dielectric constant. As a result, the capacitance 
becomes loW. Hence, in the prior art, When a metal oXide 
such as BSTO is used for the dielectric ?lm of a capacitor, 
a metal such as platinum (Pt) or ruthenium (Ru) must be 
used as an electrode material. 

[0009] HoWever, in the use of the above-described HSG 
technology, a rough pattern can be formed on a polysilicon 
surface, but it is not possible to form rough pattern on a 
metal surface. For this reason, When a metal such as plati 
num or ruthenium is used as the electrode material of a 
capacitor, the electrode area can hardly be increased. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a semiconductor memory device including a capacitor hav 
ing a capacitance improved by a metal electrode having a 
rough or undulated surface, and a method of manufacturing 
the same. 

[0011] According to the present invention, there is pro 
vided a capacitor in a semiconductor device, comprising a 
cylindrical loWer electrode having a side Wall portion, a 
bottom portion, and an open upper end, at least the side Wall 
portion of the cylindrical loWer electrode being formed in an 
undulated shape; a dielectric material ?lm being formed to 
cover the cylindrical loWer electrode; and an upper electrode 
being formed on the dielectric material ?lm to face the 
cylindrical loWer electrode through the dielectric ?lm, 
Wherein the cylindrical loWer electrode is made of at least 
one of a metal and a metal oxide. 

[0012] In the semiconductor memory device of the inven 
tion, the inner and outer surfaces of the side Wall portion of 
the loWer electrode are rough or undulated such that one 
surface corresponds to the other surface in shape. In other 
Words, the side Wall is undulated such that a conveX portion 
on the outer surface corresponds With a concave portion on 
the inner surface, and vice versa. With these rough or 
undulated surfaces, the surface areas of the loWer and upper 
electrodes of the capacitor increase, and the electrode area of 
the capacitor is improved. In addition, since a capacitor 
structure is formed on both surfaces of the side Wall portion 
of the loWer electrode, a larger capacitance can be obtained. 
Hence, the capacitance for data storage can be improved, 
and the cell area can be reduced. 
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[0013] According to the present invention, there is also 
provided a capacitor in a semiconductor device, comprising 
a cylindrical loWer electrode having a side Wall portion, a 
bottom portion, and an open upper end, at least the side Wall 
portion of the cylindrical loWer electrode being formed in an 
undulated shape; a dielectric material ?lm being formed to 
cover the cylindrical loWer electrode; and an upper electrode 
formed on the dielectric material ?lm to face the cylindrical 
loWer electrode through the dielectric ?lm, Wherein the inner 
surface and the outer surface of the side Wall portion are 
curved in parallel. 

[0014] According to the present invention, there is further 
provided a capacitor in a semiconductor device, comprising 
a loWer electrode comprising a ?rst conductive material ?lm 
having an undulated surface and a second conductive mate 
rial ?lm formed on the undulated surface of the ?rst con 
ductive material ?lm; a dielectric material ?lm being formed 
to cover an undulated surface of the second conductive 

material ?lm; and an upper electrode being formed on the 
dielectric material ?lm to face the loWer electrode through 
the dielectric material ?lm. 

[0015] According to this semiconductor memory device, 
since the loWer electrode has a rough or undulated surface, 
a capacitor having a large electrode area can be obtained. 
Hence, a capacitor With an improved capacitance and a small 
cell area can be provided. 

[0016] The conductive material ?lms may be formed on 
the rough or undulated surface of the silicon semiconductor 
?lm by plating. 

[0017] According to the capacitor of the invention, since 
a metal ?lm may be formed on the surface of the loWer 
electrode, any chemical reaction betWeen the loWer elec 
trode and dielectric ?lm can be suppressed, so the capaci 
tance can be prevented from loWering due to the product of 
the chemical reaction (e.g., oxidation). 

[0018] In addition, a reaction barrier layer for suppressing 
chemical reaction (e.g., silicidation) may be inserted 
betWeen the loWer electrode structure and the metal ?lm. 
With this arrangement, the quality of the dielectric ?lm can 
be kept high, and a high-quality semiconductor memory 
device can be obtained. 

[0019] According to the present invention, there is pro 
vided a method for forming a capacitor in a semiconductor 

device, comprising the steps of forming a ?lm having an 
undulated surface; depositing a conductive material ?lm on 
the ?lm so as to have the shape of the conductive material 
?lm conform to the undulated surface of the conductive 
material ?lm; forming a loWer electrode by removing the 
conductive material ?lm While leaving the ?lm; forming a 
dielectric material ?lm to cover inner and outer surfaces of 

the loWer electrode; and forming an upper electrode on one 
surface of the dielectric material ?lm to face the loWer 
electrode through the dielectric material ?lm. 

[0020] According to this manufacturing method, since a 
rough pattern is formed on the inner Wall of the hole portion 
in the silicon semiconductor ?lm, and the loWer electrode is 
formed using the silicon semiconductor ?lm as a mould, a 
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rough pattern can be formed on the surface of the loWer 
electrode made of a metal Which is dif?cult to be roughen. 
The surface of the loWer electrode is rough such that conveX 
and concave portions are formed on the outer surface in 
correspondence With concave and conveX portions on the 
inner surface, so the electrode area of the capacitor is 
increased. For the dielectric ?lm of the capacitor, a metal 
oXide can be used. Hence, the capacitance for data storage 
can be increased, and a semiconductor memory device With 
a small cell area and high degree of integration can be 
obtained. 

[0021] According to the present invention, there is further 
provided a method for forming a capacitor in a semicon 
ductor device, comprising the steps of forming a ?lm having 
an undulated surface; forming a loWer electrode by forming 
a conductive material ?lm on the undulated surface of the 
?lm; forming a dielectric material ?lm so as to cover one 
surface of the conductive material ?lm; and forming an 
upper electrode on the dielectric material ?lm so as to face 
the loWer electrode through the dielectric material ?lm. 

[0022] According to this manufacturing method, a loWer 
electrode can be provided by forming the conductive mate 
rial ?lm on the rough or undulated surface of the ?lm. With 
this arrangement, the electrode area of the capacitor is 
increased, and the capacitance is improved. Since the 
capacitor is buried in the insulating layer, planariZation after 
capacitor formation is facilitated, and the subsequent min 
iaturiZation process is also facilitated. Hence, a semicon 
ductor memory device having a small cell area and high 
degree of integration can be obtained. 

[0023] The conductive material ?lm may be formed by 
plating. 

[0024] According to this manufacturing method, a loWer 
electrode can be formed by plating a conductive material on 
the rough or undulated surface of the ?lm. With this arrange 
ment, the electrode area of the capacitor increases, and 
oxidation betWeen the silicon semiconductor ?lm and 
dielectric ?lm can be prevented by the ?rst conductive ?lm. 
Hence, the capacitance for data storage can be improved, 
and a semiconductor memory device having a small cell area 
and high degree of integration can be obtained. 

[0025] The method may further comprise, betWeen the 
step of forming a rough or undulated surface on the ?lm and 
the step of forming the conductive ?lm, forming a reaction 
barrier layer for suppressing a chemical reaction betWeen the 
?lm and the conductive material ?lm. With this arrange 
ment, the quality of the dielectric ?lm can be kept high, and 
a high-quality semiconductor memory device can be 
obtained. The conductive material ?lm may be formed by 
electroplating or electroless plating. For the dielectric ?lm, 
a high-dielectric material such as a metal oXide can be used. 
Hence, the capacitance can be further improved, and the 
storage charge amount can be increased. 

[0026] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0027] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0028] FIG. 1 is a sectional vieW for explaining the step 
of forming contact plugs in the ?rst embodiment; 

[0029] FIG. 2 is a sectional vieW for explaining the step 
of forming hole portions in the ?rst embodiment; 

[0030] FIG. 3 is a sectional vieW for explaining the step 
of forming a rough or undulated polysilicon surface in the 
?rst embodiment; 

[0031] FIG. 4 is a sectional vieW for explaining the step 
of forming a conductive ?lm as a loWer electrode in the ?rst 

embodiment; 

[0032] FIG. 5 is a sectional vieW for explaining the step 
of removing the polysilicon ?lm in the ?rst embodiment; 

[0033] FIG. 6 is a sectional vieW for explaining the step 
of forming an upper electrode on the loWer electrodes via a 
dielectric ?lm; 

[0034] FIG. 7 is a sectional vieW shoWing a comparative 
example of loWer electrodes; 

[0035] FIG. 8 is a sectional vieW shoWing the loWer 
electrodes of the ?rst embodiment in comparison With the 
comparative example of loWer electrodes; 

[0036] FIG. 9 is a sectional vieW for explaining the step 
of forming hole portions in an insulating interlayer in the 
second embodiment; 

[0037] FIG. 10 is a sectional vieW for explaining the step 
of forming a polysilicon ?lm in the second embodiment; 

[0038] FIG. 11 is a sectional vieW for explaining the step 
of forming a polysilicon ?lm having undulated surface in the 
second embodiment; 

[0039] FIG. 12 is a sectional vieW for explaining the step 
of forming loWer electrodes on the polysilicon ?lm in the 
second embodiment; 

[0040] FIG. 13 is a sectional vieW for explaining the step 
of forming an upper electrode on each loWer electrode via a 
dielectric ?lm in the second embodiment; 

[0041] FIG. 14 is a sectional vieW for explaining the step 
of forming a reaction barrier layer in the third embodiment; 

[0042] FIG. 15 is a sectional vieW for explaining the step 
of forming loWer electrodes on the reaction barrier layer in 
the third embodiment; 

[0043] FIG. 16 is a sectional vieW for explaining the step 
of forming an upper electrode on each loWer electrode via a 
dielectric ?lm in the third embodiment; 

[0044] FIG. 17 is a sectional vieW for explaining the step 
of forming an insulating interlayer in the fourth embodi 
ment; 
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[0045] FIG. 18 is a sectional vieW for explaining the step 
of forming hole portions in the insulating interlayer in the 
fourth embodiment; 

[0046] FIG. 19 is a sectional vieW for explaining the step 
of forming a polysilicon ?lm on the inner Wall of each hole 
portion in the fourth embodiment; 

[0047] FIG. 20 is a sectional vieW for explaining the step 
of forming a polysilicon ?lm having undulated surface in the 
fourth embodiment; 

[0048] FIG. 21 is a sectional vieW for explaining the step 
of converting the polysilicon ?lm into a silicon oxide ?lm in 
the fourth embodiment; 

[0049] FIG. 22 is a sectional vieW for explaining the step 
of forming loWer electrodes on the silicon oxide ?lm in the 
fourth embodiment; 

[0050] FIG. 23 is a sectional vieW for explaining the step 
of removing the insulating interlayer and the like in the 
fourth embodiment; 

[0051] FIG. 24 is a sectional vieW for explaining the step 
of forming an upper electrode on each loWer electrode via a 
dielectric ?lm; 

[0052] FIG. 25 is a sectional vieW for explaining the 
manufacture of a DRAM before formation of capacitors in 
the ?fth embodiment; 

[0053] FIG. 26 is a sectional vieW for explaining the 
manufacture of capacitors in the ?fth embodiment; 

[0054] FIG. 27 is a sectional vieW for explaining the 
manufacture of a DRAM (insulating interlayer) after forma 
tion of capacitors in the ?fth embodiment; 

[0055] FIG. 28 is a sectional vieW for explaining the 
manufacture of a DRAM (contact plug) after formation of 
capacitors in the ?fth embodiment; 

[0056] FIG. 29 is a sectional vieW for explaining the 
manufacture of a DRAM (metal interconnection layer) after 
formation of capacitors in the ?fth embodiment; 

[0057] FIG. 30 is a sectional vieW for explaining the step 
until a polysilicon ?lm as a loWer electrode is formed in the 

sixth embodiment; 

[0058] FIG. 31 is a sectional vieW for explaining the step 
of forming a conductive ?lm as a loWer electrode in the sixth 

embodiment; 

[0059] FIG. 32 is a sectional vieW for explaining the step 
of forming a dielectric ?lm on the conductive ?lm as a loWer 
electrode in the sixth embodiment; 

[0060] FIG. 33 is a sectional vieW for explaining the step 
of forming an upper electrode on the loWer electrode via the 
dielectric ?lm in the sixth embodiment; 

[0061] FIG. 34 is a sectional vieW shoWing a capacitor 
structure having a reaction barrier layer in the seventh 
embodiment; 

[0062] FIG. 35 is a sectional vieW for explaining the 
manufacturing process of a DRAM (MOS transistor) in the 
eighth embodiment; 
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[0063] FIG. 36 is a sectional vieW for explaining the 
manufacturing process of a DRAM (bit line) in the eighth 
embodiment; 
[0064] FIG. 37 is a sectional vieW for explaining the 
manufacturing process of a DRAM (contact plug) in the 
eight embodiment; 
[0065] FIG. 38 is a sectional vieW for explaining the 
manufacturing process of a DRAM (capacitor) in the eight 
embodiment; 
[0066] FIG. 39 is a sectional vieW for explaining the step 
of forming the loWer electrode of a capacitor of a conven 
tional semiconductor memory device using the HSG tech 
nology (before roughening process); and 
[0067] FIG. 40 is a sectional vieW for explaining the step 
of forming the loWer electrode of a capacitor of a conven 
tional semiconductor memory device using the HSG tech 
nology (after roughening process). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0068] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ing. A DRAM Will be referred to herein as one example of 
application of the present invention. The present invention 
can be applied to any sorts of semiconductor devices having 
a capacitor structure, such as an FRAM. 

[0069] The same reference numerals denote the same parts 
throughout the draWing, and a detailed description thereof 
Will be omitted. In the draWing, no semiconductor substrate 
is illustrated, and portions associated With a data storage 
capacitor are extracted and illustrated. 

First Embodiment 

[0070] The ?rst embodiment is related to a DRAM having 
a stacked capacitor structure called a croWn capacitor. 

[0071] As shoWn in FIG. 6, data storage capacitors C of 
a semiconductor memory device according to the ?rst 
embodiment are formed on an insulating interlayer 2 formed 
on, e.g., a semiconductor substrate (not shoWn). Contact 
plug 3 are buried in the insulating interlayer 2. Each capaci 
tor C comprises a cylindrical loWer electrode 7 With an open 
upper end and bottom portion connected to a corresponding 
one of the contact plugs 3, a high-dielectric ?lm 8 formed to 
cover the outer and inner surfaces of the loWer electrode 7, 
and an upper electrode 9 formed on the high-dielectric ?lm 
8 to face the loWer electrode 7. 

[0072] The loWer electrode 7 has a cylindrical shape 
Whose side Wall portion has rough (or undulated) surfaces 
and an substantially uniform thickness. The loWer electrode 
7 is connected to a cell transistor formed on the semicon 
ductor substrate (not shoWn) through the contact plug 3. The 
high-dielectric ?lm 8 having a substantially uniform thick 
ness is formed to cover the loWer electrode 7. The upper 
electrode 9 is formed to cover the high-dielectric ?lm 8 and 
face the loWer electrode 7. The upper electrode 9 functions 
as a common plate electrode for a plurality of capacitors. A 
predetermined plate voltage is applied to the upper electrode 
9. The surface of the upper electrode 9 facing the loWer 
electrode 7 has a shape conforming to the surface shape of 
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the loWer electrode 7. Consequently, the distance betWeen 
the loWer electrode 7 and upper electrode 9 is kept substan 
tially uniform at any portions. 

[0073] A method of manufacturing the semiconductor 
memory device and, more speci?cally, the croWn capacitor 
structure of the ?rst embodiment Will be described beloW. 
First, as shoWn in FIG. 1, an insulating interlayer 2 such as 
a silicon oxide ?lm is deposited on a semiconductor sub 
strate (not shoWn). Holes are formed in the insulating 
interlayer 2, and contact plugs 3 for electrically connecting 
capacitors (to be described later) With transistors (not 
shoWn) on the semiconductor substrate are formed in the 
holes. 

[0074] As shoWn in FIG. 2, a polysilicon ?lm 4 (silicon 
semiconductor ?lm) as a dummy ?lm is deposited on the 
insulating interlayer 2 at 550° C. by, e.g., loW-pressure 
CVD. Hole portions 5 are formed in the polysilicon ?lm 4 
to be located above the contact plugs 3 by, e.g., photoli 
thography and etching. After this, a natural oxide ?lm (not 
shoWn) is removed by using, e.g., a diluted HF solution. 

[0075] As shoWn in FIG. 3, the polysilicon ?lm 4 is 
annealed in a non-oxidiZing atmosphere (e.g., in vacuum, 
Ar, H or the like) using, e.g., the HSG technology to form 
a rough or undulated surface on the polysilicon ?lm 4. As the 
HSG technology, not only a method of annealing the poly 
silicon ?lm 4 in a non-oxidiZing atmosphere to form a rough 
or undulated polysilicon surface, as described above, but 
also a method of depositing an HSG polysilicon layer on a 
doped polysilicon surface is knoWn. The ?rst and subsequent 
embodiments Will be described assuming that the former 
method is applied. HoWever, the present invention can also 
be practiced by applying the latter method or other HSG 
technologies. 
[0076] Subsequently, the resultant structure is annealed in 
an oxygen atmosphere to oxidiZe the surface of the poly 
silicon ?lm 4, thereby forming a thin silicon oxide ?lm 6. 

[0077] As shoWn in FIG. 4, a metal ?lm (?rst conductive 
?lm) of, e.g., ruthenium (Ru) as a loWer electrode 7 is 
deposited by, e.g., CVD to cover the polysilicon ?lm 4 on 
Which the silicon oxide ?lm 6 is formed, and the bottom 
surfaces of the hole portions 5. The ?rst conductive ?lm 
serving as an electrode can be formed from a metal or an 

alloy or oxide thereof. For example, Re, Os, Rh, Ir, or Sr, an 
oxide thereof, an alloy thereof, an oxide of the alloy (for 
instance, SRO), or W, Nb, Al, Ti, Ta, Mo, Cu, WN, TaN, Pd, 
Fe, Mn, Cr, Co, or Ni can be used as an electrode material. 
In the embodiments to be described later, ?lms formed from 
these materials can be used as electrodes. 

[0078] After this, the upper portion of the loWer electrode 
7 and the upper portion of the polysilicon ?lm 4 on Which 
the silicon oxide ?lm 6 is formed are removed and pla 
nariZed by, e.g., CMP (Chemical Mechanical Polishing). 
With this process, a plurality of loWer electrodes 7 are 
formed to be isolated from each other. At this time, the loWer 
electrodes 7 are buried in the hole portions 5 and connected 
to the contact plugs 3 at their bottom portions. 

[0079] Next, as shoWn in FIG. 5, the polysilicon ?lm 4 
(unoxidiZed portion) is removed, and then, the silicon oxide 
?lm 6 (oxidiZed portion of the polysilicon ?lm 4) is removed 
by, e.g., CDE (Chemical Dry Etching). As a result, the inner 
and outer surfaces of each croWn-shaped loWer electrode are 


















