
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0302362 A1 

Kikuchi et al. 

US 20090302362A1 

(43) Pub. Date: Dec. 10, 2009 

(54) 

(75) 

(73) 

(21) 

(22) 

(63) 

173 

SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

Hideaki Kikuchi, Kawasaki (JP); 
Kouichi Nagai, Kawasaki (JP) 

Inventors: 

Correspondence Address: 
WESTERMAN, HATTORI, 
ADRIAN, LLP 
1250 CONNECTICUT AVENUE, NW, SUITE 700 
WASHINGTON, DC 20036 (US) 

DANELS & 

FUJITSU 
MICROELECTRONICS 
LIMITED, Tokyo (JP) 

Assignee: 

Appl. No.: 12/541,639 

Filed: Aug. 14, 2009 

Related U.S. Application Data 

Continuation of application No. PCT/JP2007/055130, 
filed on Mar. 14, 2007. 

14O 

n 
%22, 

N 

Publication Classification 

(51) Int. Cl. 
HOIL 27/5 (2006.01) 
HOIL 2L/02 (2006.01) 

(52) U.S. Cl. ............. 257/295; 438/3; 257/306:438/239; 
257/E21.008: 257/E27.104 

(57) ABSTRACT 

A lower electrode film, a ferroelectric film, and an upper 
electrode film are formed on an insulation film covering a 
transistor formed on a semiconductor Substrate. Furthermore, 
a Pt film is formed as a cap layer on the upper electrode film. 
Then, a hard mask (a TiN film and an SiO, film) of a prede 
termined pattern is formed on the Pt film, and the Pt film and 
the upper electrode film are etched. Then, an insulating pro 
tective film is formed on an entire Surface, and a side Surface 
of the upper electrode film is covered with the insulating 
protective film. Next, the ferroelectric film and the lower 
electrode film are etched, thus forming a ferroelectric capaci 
tOr. 
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SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of the prior Inter 
national Patent Application No. PCT/JP2007/055130, filed 
Mar. 14, 2007, the entire contents of which are incorporated 
herein by reference. 

FIELD 

0002. The embodiments discussed herein relate to a semi 
conductor device including a ferroelectric capacitor of a 
structure in which a ferroelectric film is sandwiched between 
a pair of electrodes, and a method of manufacturing the semi 
conductor device. 

BACKGROUND 

0003. In recent years, development has been underway for 
a semiconductor device including a ferroelectric capacitor 
(Ferroelectric Random Access Memory: hereinafter referred 
to as “FeRAM) which stores information utilizing hysteresis 
characteristics of ferroelectrics. FeRAM is a nonvolatile 
memory which does not lose information even after being 
powered off, and has advantageous characteristics that it can 
achieve high degree of integration, high speed drive, high 
durability and low power consumption. A ferroelectric 
capacitor used in FeRAM has a structure in which a pair of 
electrodes sandwiches a film (ferroelectric film) made of a 
ferroelectric oxide, such as PZT (Pb(Zr, Ti)O) or SBT 
(SrBi-Ta-Oo), having a large residual polarization quantity. 
0004 FIGS. 1A to 1Iare schematic sectional views depict 
ing, in process sequence, one example of a related method of 
manufacturing FeRAM. 
0005 First, as depicted in FIG. 1A, after a transistor (not 
depicted) is formed on a semiconductor Substrate (not 
depicted), an interlayer insulation film 11 covering the tran 
sistor is formed and an SiN film 12 is formed on the interlayer 
insulation film 11. Then, a contact hole running from a Sur 
face of the SiN film 12 to the transistor is formed using a 
photolithographic method, and a plug 13 is formed by embed 
ding W (tungsten) in the contact hole. 
0006. Then, as depicted in FIG. 1B, a lower electrode film 
14 made of 1r (Iridium), a ferroelectric film (PZT film) 15, 
and an upper electrode film 16 made of IrOX (iridium oxide) 
are formed on the SiN film 12 and the plug 13. Then, as 
depicted in FIG. 1C, a Pt (platinum) film 17, which acts as a 
cap layer, is formed on the upper electrode film 16. Inciden 
tally, although the cap layer is herein provided on the upper 
electrode film 16, the cap layer is not provided in Some cases. 
0007 Next, as depicted in FIG.1D, a TiN film 18 is formed 
on the Pt film 17 and then a SiO, film (TEOS(Tetra-Ethyl 
Ortho-Silicate) film) 19 is formed on the TiN film 18. Then, as 
depicted in FIG. 1E, a photoresist film 20 is formed on the 
SiO film 19, and this photoresist film 20 is patterned into a 
predetermined shape. 
0008. After that, as depicted in FIG.1F, the SiO, film 19 is 
etched with the photoresist film 20 as a mask. Then, as 
depicted in FIG. 1G, after the TiN film 18 is etched, the 
photoresist film 20 is removed. 
0009 Subsequently, as depicted in FIG. 1H, the Pt film 17, 
the upper electrode film 16, the ferroelectric film 15, and the 
lower electrode film 14 are collectively etched with the 
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remaining SiO film 19 and TiN film 18 as a hard mask. With 
this, a ferroelectric capacitor 25 having a structure in which 
the ferroelectric film 15 is sandwiched between the lower 
electrode film 14 and the upper electrode film 16 is formed. 
Thereafter, as depicted in FIG. 1I, the hard mask (the SiO, 
film 19 and the TiN film 18) is removed by dry etching and 
wet etching. Thus, a semiconductor device including the fer 
roelectric capacitor 25 is completed. 
0010. In this regard, when stack type ferroelectric capaci 
tors are manufactured, the upper electrode film 16 to the lower 
electrode film 14 (the cap layer to the lower electrode film, if 
there is any cap layer) are collectively etched as depicted in 
FIGS. 1A to 1I. A semiconductor substrate is heated to high 
temperature (400° C., for example) to improve reactivity 
during the collective etching, and becomes Susceptible to 
oxidation. The upper electrode film 16 and the lower elec 
trode film 14 are exposed to high temperature also in a crys 
tallization process and a recovery anneal process of the fer 
roelectric film. This is a reason why materials for the upper 
electrode film 16 and the lower electrode film 14 are required 
to have nonoxidizing properties or conductive properties that 
do not deteriorate even if the materials are oxidized. Thus, 
noble metals such as Irare used as described above. However, 
since noble metals have poor reactivity, conductive particles 
generated from etching are not easily discharged from an 
etching chamber. As depicted in FIG. 2, conductive particles 
21 may adhere to a side surface of the ferroelectric film 15 and 
cause a short between the lower electrode film 14 and the 
upper electrode film 16. 
0011. In addition, an etching mask is required to be heat 
resistant, and a photoresist (resin) cannot be used. Thus, a 
hard mask composed of an SiO, film and a TiN film is used in 
collective etching as described above. In the step of removing 
the hard mask after the end of etching, however, conductive 
particles 21 may also be generated and adhere to the side 
surface of the ferroelectric film 15. The conductive particles 
21 adhered to the side surface of the ferroelectric film 15 are 
difficult to remove even with a drug solution of hydroxy 
lamine or an acid solution or the like. 

0012 Patent Document 1 discloses a semiconductor 
device including a multilayer capacitor. In the semiconductor 
device, a sidewall is formed on sides of a capacitor insulation 
film and of an upper electrode film in order to prevent con 
ductive particles generated in etching of a metal film from 
adhering to the sides of the capacitor insulation film and thus 
to prevent a short from occurring between the capacitor elec 
trodes. The sidewall is formed by patterning the upper elec 
trode film and the capacitor insulation film, then forming a 
thick insulation film made of an insulator Such as SiO, SiN 
Al-O, TiO or Ta-Os on an entire surface by a CVD (Chemi 
cal Vapor Deposition) method, and etching back the insula 
tion film. According to Patent Document 1, adherence of 
conductive particles is prevented by making a top of the 
sidewall to have a taper angle of 75° or smaller. 
0013 However, in the method described in Patent Docu 
ment 1, since a thick insulation film is formed on a Substrate, 
and a sidewall is formed by etching back the insulation film, 
it is difficult to determine the time to finish etching. Thus, 
overetching may cause chipping or stripping of the sidewall 
or the upper electrode film. In addition, there is also a problem 
that the method described in Patent Document 1 requires the 
taper angle of the top of the sidewall to be 75° or smaller, 
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which results in an increase in thickness of the sidewall and 
thus makes it difficult to achieve high integration of the semi 
conductor device. 
0014 Furthermore, in Patent Document 1, the sidewall is 
made by covering a ferroelectric capacitor with an insulation 
film formed by the CVD method and etching back the insu 
lation film. However, when the insulation film covering the 
ferroelectric capacitor is formed by a normal CVD method 
(such as a plasma CVD method or a thermal CVD method), 
the properties of ferroelectric capacitors may degrade due to 
hydrogen gas contained in a CVD gas, and heating, or plasma 
damage in the plasma CVD method. In addition, although 
Patent Document 1 discloses an example in which the side 
wall is made of SiO, or TiO, there is another problem that the 
sidewall made of SiO has such low barrier properties to 
hydrogen or moisture that the capacitor easily deteriorates in 
etching processing. Furthermore, there is yet another problem 
that when a ferroelectric capacitor is coated with a TiO, film, 
Ti is dispersed in PZT and the properties of PZT may dete 
riorate. 
0015 There is another related technique described in 
Patent Document 2 considered as related to the embodiments. 
Patent Document 2 describes etching of a ferroelectric film 
under specific conditions using high-temperature BC1 in 
forming a capacitor of FeRAM with use of a hard mask. 
Patent Document 2 states that etching with use of the high 
temperature BC1 under the specific conditions can prevent 
conductive particles generated in etching of a lower electrode 
film from accumulating on a side Surface of the ferroelectric 
film, which in turn allows prevention of a leak and a short of 
the ferroelectric capacitor. 
0016. In addition, Japanese Patent Application No. 2004 
55319 filed by the present applicant discloses FeRAM having 
a structure in which: multiple lower electrodes are collec 
tively covered with a ferroelectric film; upper electrodes 
opposed to the respective lower electrodes are formed on the 
ferroelectric film; and multiple capacitors each composed of 
the lower electrode, the ferroelectric film, and the upper elec 
trode are covered with a protective film. 
0017 Patent Document 1: Japanese Patent No. 3666877 
0018 Patent Document 2: Japanese Laid-open Patent 
Publication No. 2003-318371 

SUMMARY 

0019. According to an aspect of the embodiments, a 
method of manufacturing semiconductor device includes: 
forming an insulation film on a semiconductor Substrate, 
forming a lower electrode film on the insulation film, forming 
a ferroelectric film on the lower electrode film, forming an 
upper electrode film on the ferroelectric film, forming a hard 
mask of a predetermined pattern on the upper electrode film, 
removing the upper electrode film of a portion uncovered 
with the hard mask, forming an insulating protective film on 
an entire upper Surface of the semiconductor Substrate to 
cover a side surface of the remaining upper electrode film 
with the insulating protective film, removing the ferroelectric 
film and the lower electrode film of a portion uncovered with 
the hard mask, and removing the hard mask. 
0020. According to other aspect of the embodiments, a 
method of manufacturing a semiconductor device includes: 
forming an insulation film on a semiconductor Substrate, 
forming a lower electrode film on the insulation film, forming 
a ferroelectric film on the lower electrode film, forming an 
upper electrode film on the ferroelectric film, forming a hard 
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mask of a predetermined pattern on the upper electrode film, 
removing the upper electrode film of a portion uncovered 
with the hard mask, forming a first insulating protective film 
on an entire upper Surface of the semiconductor Substrate to 
cover a side surface of the remaining upper electrode film 
with the first insulating protective film, removing the ferro 
electric film of a portion uncovered with the hard mask, 
forming a second insulating protective film on the entire 
upper Surface of the semiconductor Substrate to cover a side 
surface of the remaining ferroelectric film with the second 
insulating protective film, removing the lower electrode film 
on the portion uncovered with the hard mask, and removing 
the hard mask. 
0021. According to other aspect of the embodiments, a 
method of manufacturing a semiconductor device includes: 
forming an insulation film on a semiconductor Substrate, 
forming a lower electrode film on the insulation film, forming 
a ferroelectric film on the lower electrode film, forming an 
upper electrode film on the ferroelectric film, forming a hard 
mask of a predetermined pattern on the upper electrode film, 
removing the upper electrode film and the ferroelectric film of 
a portion uncovered with the hard mask, forming an insulat 
ing protective film on an entire upper Surface of the semicon 
ductor Substrate to cover side Surfaces of the remaining upper 
electrode film and the remaining ferroelectric film with the 
insulating protective film, removing the lower electrode film 
of the portion uncovered by the hard mask, and removing the 
hard mask. 
0022. According to yet other aspect of the embodiments, a 
semiconductor device includes: a semiconductor Substrate, a 
transistor formed on the semiconductor Substrate, an inter 
layer insulation film formed on the semiconductor substrate 
and covering the transistor, a ferroelectric capacitor con 
structed by laminating a lower electrode film, a ferroelectric 
film, and an upper electrode film and arranged on the inter 
layer insulation film, the lower electrode film being electri 
cally connected to the transistor, and an insulating protective 
film having film thickness of 5 to 20 nm and covering at least 
side surface of the upper electrode film. 
0023 The object and advantages of the embodiments will 
be realized and attained by means of the elements and com 
binations particularly pointed out in the claims. 
0024. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the embodi 
ments, as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0025 FIGS. 1A to 1I are schematic sectional views depict 
ing a related method of manufacturing FeRAM: 
0026 FIG. 2 is a schematic sectional view depicting 
related problems; 
(0027 FIGS. 3A to 3T are sectional views depicting a 
method of manufacturing a semiconductor device according 
to a first embodiment; 
0028 FIG. 4 is a sectional view depicting an insulating 
protective film that remains after removal of a hard mask and 
projects upward, in the step depicted in FIG. 30: 
(0029 FIG. 5A to 5G are sectional views depicting a 
method of manufacturing a semiconductor device according 
to a second embodiment; 
0030 FIGS. 6A to 6E are sectional views depicting a 
method of manufacturing a semiconductor device according 
to a third embodiment; 
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0031 FIG. 7 is a schematic view depicting a structure of a 
semiconductor device according to a first modification; 
0032 FIG. 8 is a schematic view depicting a structure of a 
semiconductor device according to a second modification; 
and 
0033 FIG.9 is a schematic view depicting a structure of a 
semiconductor device according to a third modification. 

DESCRIPTION OF EMBODIMENTS 

0034. Hereinafter, preferred embodiments will be 
described with reference to the attached drawings. 

First Embodiment 

0035 FIGS. 3A to 3T are sectional views depicting, in a 
process sequence, a method of manufacturing a semiconduc 
tor device (FeRAM) including a ferroelectric capacitor 
according to a first embodiment. Although, in general, an 
n-type transistor and a p-type transistor which constitute a 
drive circuit (a write circuit and a read circuit) are formed on 
a semiconductor Substrate together with a memory cell, dia 
grammatic representations of the transistors are omitted here. 
0036 First, a process until formation of a structure 
depicted in FIG. 3A is completed is described. As depicted in 
FIG. 3A, element isolation layers 111 are formed in prede 
termined regions of a semiconductor Substrate (silicon Sub 
strate) 110. Specifically, the element isolation layers 111 are 
made by forming trenches in the predetermined regions of the 
semiconductor device 110 by the photolithographic method, 
and embedding an insulating material Such as SiO, or the like 
in the trenches. Such a method of forming the element isola 
tion layers 111 by the trenches in which the insulating mate 
rial is embedded is referred to as an STI (Shallow Trench 
Isolation) method. Instead of the element isolation layers 111 
by the STI method, an element isolation layer may be formed 
by a known LOCOS (Local Oxidation of Silicon) method. 
Additionally, the semiconductor substrate 110 may be either 
p-type or n-type. 
0037 Next, a p-well 112 is formed by introducing a p-type 
impurity (boron (B) or the like, for example) into an n-type 
transistor forming region (a memory cell area and an n-type 
transistor forming region of a drive circuit: hereinafter same 
as above) of the semiconductor substrate 110. In addition, an 
n-well (not depicted) is formed by introducing an n-type 
impurity (phosphorus (P) or the like, for example) into a 
p-type transistor forming region (a p-type transistor forming 
region of the drive circuit: hereinafter same as above) of the 
semiconductor substrate 110. 
0038 Next, gate insulation film 113 is formed by ther 
mally oxidizing surfaces of the p-well 112 and the n-well (not 
depicted). Then, a polysilicon film is formed on an entire 
upper surface of the semiconductor substrate 110 by the CVD 
method, and a gate electrodes 114 are formed by patterning 
the polysilicon film by the photolithographic method. 
0039. Note that it is preferable that gate electrodes into 
which n-type impurities are introduced are formed above the 
p-well 112, while gate electrodes into which p-type impuri 
ties are introduced are formed above the n-well (not 
depicted). In addition, as depicted in FIG. 3A, in the memory 
cell area, two gate electrodes 114 arearranged to be parallel to 
each other on one p-well 112. 
0040. Next, low concentrated n-type impurity regions 116 
are formed by ion implanting n-type impurities such as phos 
phorus (P) or the like at low concentration into the p-well 112 
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in the n-type transistor forming region, with the gate elec 
trodes 114 as masks. Similar to this, low concentrated p-type 
impurity regions (not depicted) are formed by ion implanting 
p-type impurities such as boron (B) or the like at low concen 
tration into the n-well (not depicted) in the p-type transistor 
forming region, with the gate electrodes 114 as masks. 
0041. Next, sidewalls 117 are formed on both sides of the 
gate electrodes 114. The sidewalls 117 are made by forming 
an insulation film composed of SiO, or SiN or the like on the 
entire upper surface of the semiconductor substrate 110 by the 
CVD method, then etching back the insulation film, and leav 
ing the insulation film only on the both sides of the gate 
electrodes 114. 
0042. Subsequently, high concentrated n-type impurity 
regions 118a, 118b are formed by ion implanting n-type 
impurities at high concentration into the p-well 112 in the 
n-type transistor forming region, with the gate electrodes 114 
and the sidewalls 117 as masks. Note that a high concentrated 
n-type impurity region 118a is an impurity region formed 
between the gate electrode 114 and the element isolation layer 
111, while a high concentrated n-type impurity region 118bis 
an impurity region formed between the two gate electrodes 
114. 
0043. Similar to this, high concentrated p-type impurity 
regions (not depicted) are formed by ion implanting p-type 
impurities at high concentration into the n-well (not depicted) 
in the p-type transistor forming region, with the gate elec 
trodes and sidewalls as masks. In this way, a transistor having 
a source/drain of an LDD (Lightly Doped Drain) structure is 
formed in each transistor forming region. The steps up to this 
point are basically same as the conventional CMOS manu 
facturing steps. 
0044 Additionally, it is preferable that a metal silicide 
(silicide) layer such as cobalt silicide or titanium silicide is 
formed as a contact layer on Surfaces of the gate electrode 
114, the high concentrated n-type impurity regions 118a, 
118b and the high concentrated p-type impurity regions. 
0045. Next, a process until formation of a structure 
depicted in FIG. 3B is completed is described. After the 
n-type transistor and the p-type transistor are made in the 
above steps, a cover film 120 being 200 nm thick and com 
posed of SiON, for example, is formed on the entire upper 
surface of the semiconductor substrate 110 by the plasma 
CVD method. Furthermore, for example, a SiO film (TEOS 
NSG (Tetra-Ethyl-Ortho-Silicate-Nondoped Silicate Glass) 
film) being 600 nm thick is formed as an insulation film 121 
on the cover film 120. Subsequently, the surface of the insu 
lation film 121 is polished approximately 200 nm deep by the 
CMP (Chemical Mechanical Polishing) method and 
Smoothed. Then, as degassing process, an annealing process 
is performed attemperatures of 650° C. in an N atmosphere 
for 30 minutes. 
0046. A process until formation of a structure depicted in 
FIG.3C is completed is described hereinafter. After the insu 
lation film 121 is formed and Subjected to the degassing 
process in the steps described above, photoresist is applied to 
the insulation film 121 to form a photoresist film 122. Then, 
exposure and development processes are performed to form 
openings 122a to which the insulation film 121 is exposed at 
predetermined positions. Next, the insulation film 121 and the 
cover film 120 are etched with the photoresist film 122 as a 
mask, and contact holes 121a are formed. The contact holes 
121a run from the surface of the insulation film 121 to the 
high concentrated n-type impurity regions 118a, 118b in the 
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n-type transistor forming region and the high concentrated 
p-type impurity regions (not depicted) in the p-type transistor 
forming region. Then, the photoresist film 122 is removed. 
0047 Next, a process until formation of a structure 
depicted in FIG. 3D is completed is described. After the 
contact holes 121a are formed in the steps described above, 
barrier metal (not depicted) is formed on the entire upper 
surface of the semiconductor substrate 110 by the PVD 
(Physical Vapor Deposition) method. With this, wall surfaces 
of the contact holes 121a are covered with the barrier metal. 
Note that the barrier metal is formed by laminating a Ti film 
of 20 nm thick and a TiN film of 50 nm thick, for example. 
0048 Subsequently, not only a W (tungsten) film (not 
depicted) of 500 nm thick is formed on the entire upper 
surface of the semiconductor substrate 110 by the CVD 
method, but also the contact holes 121a are filled with W. 
Then, the W film and the barrier metal on the insulation film 
121 are removed by the CMP method. With this, W remains 
only in the contact holes 121a, and thus conductive W plugs 
124a, 124b are formed. Now, the W plug 124a is a plug 
connected to the high concentrated n-type impurity region 
118a, while the W plug 124b is a plug connected to the high 
concentrated n-type impurity region 118b. 
0049. A process until formation of a structure depicted in 
FIG. 3F is completed is described hereinafter. After the W 
plugs 124a, 124b are formed in the steps described above, an 
oxidation-resistant film 125 composed of SiON and being 
100 nm thick is formed on the entire upper surface of the 
semiconductor substrate 110 by the plasma CVD method, for 
example. The oxidation-resistant film 125 is formed to pre 
vent the W plugs 124a, 124b from oxidizing. Then, an SiO, 
film (TEOS-NSG film) 126 of 100 nm thick is formed on the 
oxidation-resistant film 125 by the plasma CVD method, for 
example. In the embodiment, the insulation film formed by 
laminating the SiO film 126, the oxidation-resistant film 125, 
and the insulation film 121 is referred to as a first interlayer 
insulation film. Moreover, in order to reliably prevent oxida 
tion of the W plugs 124a, 124b, a SiON film of 30 to 50 nm. 
thick or an AIO (aluminum oxide) film of 10 to 20 nm thick 
may be formed on the SiO film 126. 
0050. Next, a process until formation of a structure as 
depicted in FIG. 9 is completed is described. After the SiO, 
film 126 is formed in the steps described above, photoresist is 
applied onto the SiO film 126 to form a photoresist film 127. 
Then, exposure and development processes are performed 
and openings 127a to which the SiO film 126 is exposed are 
formed at predetermined regions. Then, the SiO, film 126 and 
the oxidation-resistant film 125 are etched with the photore 
sist film 127 as masks, and contact holes 125a running from 
the surface of the SiO film 126 to the W plugs 124a are 
formed. Then, the photoresist film 127 is removed. 
0051. Next, a process until formation of a structure as 
depicted in FIG. 3G is completed is described. After the 
contact holes 125a are formed in the steps described above, 
barrier metal (not depicted) is formed on the entire upper 
surface of the semiconductor substrate 110 by the PVD 
method, for example. With this, wall surfaces of the contact 
holes 125a are covered with the barrier metal. Then, a W film 
(not depicted) of 500 nm thick is formed on the SiO, film 126 
by the CVD method, and the contact holes 125a are filled with 
W.Then, the W film and the barrier metal on the SiO, film 126 
are removed by the CMP method. With this, W remains only 
in the contact holes 125a, and thus conductive W plugs 128 
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are formed. Subsequently, plasma annealing is performed in 
a nitrogen atmosphere, and thereby the surface of the SiO, 
film 126 is nitrided. 
0.052 Next, a process until formation of a structure 
depicted in FIG. 3H is completed is described. After the W 
plugs 128 are formed in the steps described above, a Ti film of 
20 nm thick and a TiAIN film of 100 nm thick (neither is 
depicted) are formed on the entire upper surface of the semi 
conductor substrate 110 by the PVD method. Then, as a lower 
electrode film 131, an Ir film, for example, of 100 nm thick is 
formed on the entire upper surface of the semiconductor 
Substrate 110. 
0053 Next, a ferroelectric film 132 composed of PZT and 
being 120 nm thick, for example, is formed on the lower 
electrode film 131 by an MOCVD (Metal Organic Chemical 
Vapor Deposition) method. The ferroelectric film 132 may be 
formed of any ferroelectric material other than PZT, for 
example, PLZT, BLT, SBT or SBTN or the like. Moreover, 
the ferroelectric film 132 may beformed by any method other 
than the MOCVD method, for example, a sputtering method, 
a sol-gel process, or the CVD method. 
0054 Then, as an upper electrode film 133, an IrO film of 
150 nm thick, for example, is formed on the ferroelectric film 
132 by a PVD method. The upper electrode film 133 may be 
formed of any electrical conducting material other than IrO. 
for example, metal film such as Pt, Ir, Ru, Rh, Re, Os and Pd 
or an oxide film of the metals. Alternatively, the upper elec 
trode film 133 may be made by laminating 2 or more films 
thereof. 
0055. Next, the ferroelectric film 132 is crystallized. The 
crystallization of the ferroelectric film 132 is performed by 
subjecting the ferroelectric film to first RTA (Rapid Thermal 
Annealing) process in mixed gas of Ar (Argon) and O, for 
example, under the conditions that Substrate temperature is 
725°C. and processing time is 60 seconds, and then to second 
RTA process in an oxygen atmosphere under the conditions 
that the substrate temperature is 750° C. and the processing 
time is 60 seconds. 
0056 Next, a process until formation of a structure 
depicted in FIG. 3I is completed is described. After the fer 
roelectric film 132 is crystallized in the steps described above, 
a Pt film of 100 nm thick, for example, is formed on the upper 
electrode film 133 as a cap layer by the PVD method. The Pt 
film 134 may replace an Ir film, as a cap layer. Additionally, 
the cap layer is not essential in the embodiments, and thus 
formation of the cap layer may be omitted. 
0057 Subsequently, a TiN film 135 of 200 nm thick, for 
example, is formed on the Pt film 134 by the PVD method. 
Furthermore, the SiO, film (TEOS-NSG film) 136 of 700 nm 
thick, for example, is formed on the TiN film 135 by the 
plasma CVD method. 
0.058 Next, a process until formation of a structure 
depicted in FIG.3J is completed is described. After the SiO, 
film 136 is formed in the steps described above, photoresist is 
applied to the SiO, film to form a photoresist film 137. Then, 
the photoresist film 137 is subjected to exposure and devel 
opment processes, thus leaving the photoresist film 137 only 
on the SiO film 136 above the W plugs 124a. 
0059 Next, a process until formation of a structure 
depicted in FIG. 3K is completed is described. After the 
photoresist film 137 is formed on a predetermined region of 
the SiO film 136 in the steps described above, the SiO film 
136 and the TiN film 135 are etched with the photoresist film 
137 as a mask. The etching of the SiO film 136 is performed 
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by the dry etching method and mixed gas of CFs, Ar, and 
CF, for example, is used as etching gas. The etching of the 
TiN film is also performed by the dry etching method, and 
mixed gas of BCL and Cl, for example, or Clgas is used as 
etching gas. Subsequently, the photoresist film 137 used as 
the etching mask is removed by ashing. In this way, a hard 
mask composed of the TiN film 135 and the SiO, film 136 is 
formed. 

0060 Next, a process until formation of a structure 
depicted in FIG.3L is completed is described. After the hard 
mask of a predetermined pattern is formed in the steps 
described above, the Pt film 134 and the upper electrode film 
133 are etched. More specifically, using an ICP (Inductive 
Coupling Plasma) type etching apparatus, the upper electrode 
film 133 is etched by allowing HBr gas at the flow rate of 10 
sccm (standard cc/min) and O gas at flow rate of 40 sccm 
flow into a chamber, and by setting pressure inside the cham 
ber to 0.4 Pa, wafer stage temperature to 400° C., source 
power to 800 W (watts), and bias power to 700 W. Note that 
the source power is high-frequency power Supplied to an 
antenna of the ICP type etching apparatus, and the bias power 
is high-frequency power Supplied to the semiconductor Sub 
strate 110. End of the etching is detected by an EPD (End 
Point Detector). In this case, it is preferable to perform etch 
ing under conditions which lead to somewhat overetching. In 
addition, in the etching step, the ferroelectric film 132 may be 
etched halfway in a thickness direction by changing the etch 
ing conditions. 
0061 Next a process until formation of a structure 
depicted in FIG. 3M is completed is described. After the 
upper electrode film 133 is patterned in the steps described 
above, an insulating protective film 138 composed of SiN. 
Al-O, Ta-Osor SiC. for example, and being 5 to 20 nm thick 
is formed on the entire upper Surface of the semiconductor 
substrate 110 by the thermal CVD method or an ALD 
(Atomic Layer Deposition) method. With this, side surfaces 
of the hard mask (SiO, film 136 and the TiN film 135), the Pt 
film 134, and the upper electrode film 133 are covered with 
the insulating protective film 138. Here, as the insulating 
protective film 138, an Al-O film is formed by the ALD 
method. In this case, since gas which contains hydrogen, Such 
as trimethyl aluminum or the like, is used, properties of the 
ferroelectric film 132 may deteriorate due to hydrogen when 
temperature in film formation exceeds 300° C. Accordingly, it 
is preferable that the temperature in film formation of the 
insulating protective film 138 is less than 300° C. (250° C., for 
example). 
0062. Additionally, when thickness of the insulating pro 
tective film 138 is less than 5 nm, not only it is difficult to 
uniformly form the insulating protective film 138, but also it 
is likely that the insulating protective film 138 is delaminated 
when the ferroelectric film 132 and the lower electrode film 
131 are etched in a post-process, and conductive particles 
adhere to the side surface of the upper electrode film 133, thus 
causing a short. In contrast, when thickness of the insulating 
protective film 138 exceeds 20 nm, high integration of a 
semiconductor device is hindered. Consequently, it is prefer 
able that thickness of the insulating protective film 138 is 
made to be 5 to 20 nm. 

0063) Next, a process until formation of a structure 
depicted in FIG. 3N is completed is described. After the 
insulating protective film 138 is formed in the steps described 
above, the insulating protective film 138 on the ferroelectric 
film 132, the ferroelectric film 132, and the lower electrode 
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film 131 are etched. When the insulating protective film 138 
and the ferroelectric film 132 are etched, Cl, gas and Argas 
are introduced into the chamber, and pressure in the chamber 
is set to 0.4 Pa, temperatures of the wafer stage to 400°C., 
source power to 800 W, and bias power to 700 W. The flow 
rate of the Cl gas is 40 sccm, for example, and the flow rate 
of the Argas is 10 Scem, for example. In addition, when the 
lower electrode film 131 is etched, HBr gas, O gas, and CFs 
gas are introduced into the chamber, and pressure in the 
chamber is set to 0.4 Pa, source power to 100 W, and bias 
power to 500 W. The flow rate of HBr gas is 10 sccm, for 
example, the flow rate of O gas is 40 sccm, for example, and 
flow rate of CFs gas is 5 sccm, for example. 
0064. In the etching steps, since the side surface of the 
upper electrode film 133 is protected by the insulating pro 
tective film 138, no conductive particle is generated from the 
upper electrode film 133. In addition, even if conductive 
particles are generated because of etching of the lower elec 
trode film 131, no short may occur between the lower elec 
trode film 131 and the upper electrode film 133 because the 
side surface of the upper electrode film 133 is covered with 
the insulating protective film 138. Note that, if etching is 
performed under the conditions described above, it is possible 
that the insulating protective film 138 adhered to the upper 
part of the side surface of the hard mask may be etched. 
However, there is no problem if the insulating protective film 
138 adhered to the side surface of the upper electrode film 133 
is not removed. 

0065. Next, a process until formation of a structure 
depicted in FIG. 3O is completed is described. After the 
ferroelectric film 132 and the lower electrode film 131 are 
patterned in the steps described above, the SiO film 136 and 
the TiN film 135 which remain as the hard mask are removed 
by etching. The SiO film 136 is removed by reactive etching 
(RIE) using CFs gas, Argas, and CF, gas, for example. 
Moreover, the TIN film 135 is removed by wet etching using 
a mixture of NHOH, H2O, and H2O, for example. In this 
way, the ferroelectric capacitor 140 composed of the lower 
electrode film 131, the ferroelectric film 132, and the upper 
electrode film 133 is formed. 
0066. It is also possible that the insulating protective film 
138 protrudes above the edge of the Pt film 134, when the hard 
mask (the SiO, film 136 and the TiN film 135) is removed, as 
depicted in FIG. 4. Although protrusion of the insulating 
protective film 138 above the edge of the Pt film 134 is not a 
problem in particular, a step of removing the protrusions by 
etching with use of Argas may be added. 
0067 Next, a process until formation of a structure 
depicted in FIG. 3P is completed is described. After the hard 
mask is removed in the steps described above, a recovery 
anneal is performed to recover the ferroelectric film 132 from 
any damage due to etching. Here, as the recovery anneal, heat 
treatment is performed in an oxygen atmosphere under the 
conditions that the substrate temperature is 650° C. for 60 
minutes. 
0068 Subsequently, as a capacitor protective film 141, an 
alumina (aluminum oxide) film of 50 nm thick, for example, 
is formed on the entire upper Surface of the semiconductor 
substrate 110 by the MOCVD method. The capacitor protec 
tive film 141 has a function to prevent entry of hydrogen and 
moisture into the ferroelectric film 132. This prevents dete 
rioration of the properties of the ferroelectric film 132. 
0069. Next, a second interlayer insulation film 142 of 1500 
nm thick, for example, is formed by accumulating SiO, 
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(TEOS-NSG) on the capacitor protective film 141 by the 
plasma CVD method. Then, a surface of the second interlayer 
insulation film 142 is polished and smoothed by the CMP 
method. 

0070 Next, a process until formation of a structure 
depicted in FIG. 3O is completed is described. After the 
second interlayer insulation film 142 is formed in the steps 
described above, contact holes running from the surface of the 
interlayer insulation film 142 to the W plug 124b is formed by 
the photoresist technique and the etching method. Then, after 
wall surfaces of the contact holes are covered with barrier 
metal (not depicted), a W film (not depicted) is formed on the 
interlayer insulation film 142, and the contact holes are filled 
with W. Subsequently, the W film on the interlayer insulation 
film 142 and the barrier metal are removed by the CMP 
method, thus leaving W in the contact holes only. With this, 
conductive W plugs 143 are formed. Then, as an oxidation 
resistant film 144, an SiON film of 100 nm thick, for example, 
is formed on the interlayer insulation film 142 and the W 
plugs 143 by the plasma CVD method. 
0071 Next, a process until formation of a structure 
depicted in FIG. 3R is completed is described. After the 
oxidation-resistant film 144 is formed in the steps described 
above, a photoresist film (not depicted) is formed on the 
oxidation-resistant film 144. Then, the photoresist film is 
Subjected to exposure and development processes, openings 
to which the oxidation-resistant film 144 is exposed are 
formed above the ferroelectric capacitors 140. Then, the oxi 
dation-resistant film 144, the interlayer insulation film 142, 
and the capacitor protective film 141 are etched with the 
photoresist film as a mask, thus forming contact holes 142a 
running from the surface of the oxidation-resistant film 144 to 
the Pt film 134. Then, as a recovery anneal, thermal process 
ing in an oxygen atmosphere attemperatures of 500° C. for 60 
minutes is performed. 
0072 Next, a process until formation of a structure 
depicted in FIG. 3S is completed is described. After the con 
tact holes 142a are formed in the steps described above, the 
oxidation-resistant film 144 is removed by dry etching. Then, 
a barrier metal (not depicted) is formed on the entire upper 
surface of the semiconductor substrate 110 by the PVD 
method, and wall surfaces of the contact holes 142a are cov 
ered with the barrier metal. Subsequently, a W film (not 
depicted) of 500 nm thick, for example, is formed on the 
interlayer insulation film 142 by the CVD method, and the 
contact holes 142a are filled with W. Then, the W film and the 
barrier metal on the interlayer insulation film 142 are 
removed by the CMP method. With this, W remains only in 
the contact holes 142a, and thus conductive W plugs 145 are 
formed. 

0073. Next, a process until formation of a structure 
depicted in FIG. 3T is completed is described. After the W 
plugs 145 are formed in the steps described above, a conduc 
tive film is formed by sequentially laminating a TiN film of 
150 nm thick, an Al-Cu film of 550 nm thick, a Ti film of 5 
nm thick, and a TiN film of 150 nm thick on the interlayer 
insulation film 142 and the W plug 145. Then, the conductive 
film is patterned by the photolithography method and the 
etching method, thus forming wiring 146a, 146b. Here, the 
wiring 146a is wiring connected to the upper electrode film 
133 of the ferroelectric capacitor 140 by way of the W plugs 
145 and the Pt film 134, while the wiring 146b is wiring 
connected to the high concentrated n-type impurity region 
118b by way of the W plug 143 and the W plug 124b. In this 

Dec. 10, 2009 

way, a semiconductor device (FeRAM) including the ferro 
electric capacitor 140 is completed. 
0074. In the semiconductor device manufactured in this 
way, the gate electrodes 114 of the transistors in the memory 
cell region constitute a part of a word line, while the wiring 
146b connected to the high concentrated n-type impurity 
region 118b, which is common to the transistors, constitute a 
part of a bit line. 
0075. In the embodiment, since the side surface of the 
upper electrode film 133 is coated by forming the insulating 
protective film 138 on the entire surface after patterning the 
upper electrode film 133, a short between the lower electrode 
film 131 and the upper electrode film 133 can be reliably 
prevented even if conductive particles are generated in the 
subsequent step of patterning the ferroelectric film 132 and 
the lower electrode film 131. In addition, since the insulating 
protective film 138 may beformed as thin as 5 to 20 nm, by the 
CVD method or the ALD method, high integration of a semi 
conductor device is possible. Furthermore, deterioration of 
the properties of the ferroelectric film 132 due to hydrogen 
gas can be prevented through film formation of the insulating 
protective film 138 at temperatures less than 300° C. (250° 
C.). Consequently, with the embodiment, a semiconductor 
device (FeRAM) having good properties can be manufac 
tured. 
0076. Additionally, in the embodiment, the insulating pro 
tective film 138 can be formed by the ALD method, the 
thermal CVD method or the unbiased plasma CVD method or 
the like. In this case, it is preferable that the temperatures in 
film formation are less than 300° C. 
0077 Alternatively, the insulating protective film 138 may 
have a laminated structure. For example, a lower layer film 
may be formed by the sputtering method from which no 
hydrogen gas is generated, and an upper layer film may be 
formed by the plasma CVD method or the thermal CVD 
method. Since the Sputtering method does not generate any 
hydrogen gas, it is less likely that it deteriorates the ferroelec 
tric film 132. However, the sputtering method does not pro 
vide good step coverage, it is not preferable to form a single 
layer insulating protective film 138 by the sputtering method. 
As described above, through formation of the insulating pro 
tective film 138 of laminated structure by combining the 
sputtering method and the CVD method, deterioration of the 
ferroelectric film 132 can be prevented, and the side surface of 
the upper electrode film 133 can be reliably covered. 
0078. When the insulating protective film 138 has a lami 
nated structure, it is preferable to construct lower layer by a 
film having high barrier properties to hydrogen or moisture, 
such as an SiN film, an Al-O film, a Ta-Os film or the like. 
Additionally, since for a TiO film, Ti is diffused in PZT and 
deteriorates the properties of PZT, it is not preferable to 
construct the lower layer film by TiO. Moreover, it is pref 
erable to form the lower layer film attemperature of less than 
300° C. by the thermal CVD method or the ALD method. 
0079 An upper layer film can be formed by the plasma 
CVD method, thermal CVD method or the ALD method. In 
this case, the temperature in film formation may exceed 300° 
C. It is also preferable to construct the upper layer film of a 
film having high barrier properties to hydrogen or moisture, 
such as an SiN film, an Al-O film, a TaOs film or the like. 
However, if the lower layer film is constructed of the film 
having high barrier properties to hydrogen or moisture, the 
upper layer film may be constructed of SiO, or other film 
having low barrier properties. Alternatively, the upper layer 
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film may be formed of a material containing a constituent 
substance of PZT, such as TiO. 

Second Embodiment 

0080 FIGS. 5A to 5G are sectional views depicting a 
method of manufacturing a semiconductor device (FeRAM) 
according to a second embodiment. In FIGS. 5A to 5G, the 
same or similar reference numeral is given to the same or 
similar part in FIGS. 3A to 3T. 
0081 First, as depicted in FIG.5A, with a method similar 
to the first embodiment, a transistor, a cover film 120, an 
insulation film 121, W plugs 124a, 124b, an oxidation-resis 
tant film 125, an SiO, film 126, a W plug 128, a lower elec 
trode film 131, a ferroelectric film 132, an upper electrode 
film 133, and a Pt film 134 are formed on a semiconductor 
substrate 110, and a TiN film 135 and an SiO, film 136 are 
formed on the Pt film 134. Then, the SiO, film 136 and the 
TiN film 135 are patterned by the photolithography method, 
thus forming a hard mask of a predetermined shape. 
I0082 Next, using the hard mask (the SiO, film 136 and the 
TiN film 135), the Pt film 134 and the upper electrode film 133 
are etched, as depicted in FIG. 5B. An ICP type etching 
apparatus is used for etching of the Pt film 134 and the upper 
electrode film 133. HBr gas and O gas are used as etching 
gas, and etching is performed under the conditions that tem 
perature of a wafer stage is 400°C., source power is 800W. 
and bias power is 700 W. End of the etching is detected by an 
EPD (End Point Detector). 
I0083) Next, as depicted in FIG. 5C, a first insulating pro 
tective film 151 composed of SiN. Al-O, Ta-Os or SiC., for 
example, and being 5 to 20 nm thick is formed on an entire 
upper surface of a semiconductor substrate 110. With this, 
side surfaces of the hard mask (the SiO film 136 and the TiN 
film 135), the Pt film 134, and the upper electrode film 133 are 
covered with the insulating protective film 151. Note that it is 
preferable thattemperature in film formation of the insulating 
protective film 151 is less than 300° C. 
I0084. Next, as depicted in FIG. 5D, the ferroelectric film 
132 is etched. The ICP type etching apparatus is used for 
etching of the ferroelectric film 132. Then, using Clgas and 
Argas as etching gas, etching is performed under the condi 
tions that the wafer stage temperature is 400° C., pressure 
inside a chamber is 0.4 Pa, source power is 800 W, and bias 
power is 700 W. Although it is possible that, with the etching, 
the insulating protective film 151 adhered to the upper part of 
the SiO film 136 is removed, there is no problem if the 
insulating protective film 151 on the side surfaces of the upper 
electrode film 133 and the Pt film 134 is not removed. 
0085 Next, as depicted in FIG. 5E, a second insulating 
protective film 152 composed of SiN. Al-O, Ta-Os, or SiC. 
for example, and being 5 to 20 nm thick is formed on the 
entire upper surface of the semiconductor substrate 110. With 
this, the side surface of the ferroelectric film 132 is covered 
with the insulating protective film 152. 
I0086) Next, as depicted in FIG. 5F, the lower electrode 
film 131 is etched. The ICP type etching apparatus is used for 
etching of the lower electrode film 131. Then, HBr gas, O. 
gas, and CFs gas are used as etching gas, and etching is 
performed under the conditions that the pressure in the cham 
ber is 0.4 Pa, the source power is 100W, and the bias power is 
500 W. 
I0087 Next, as depicted in FIG.5G, the TiN film 135, the 
SiO film 136, and the insulating protective films 151,152 on 
the Pt film 134 are removed by etching. The insulating pro 
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tective films 151, 152, and the SiO, film 136 are removed by 
reactive etching (RIE) using CFs gas, Argas, and CF4 gas, 
for example. The TiN film 135 is removed by wet etching with 
use of a mixture of NHOH, H.O., and HO, for example. In 
this way, a ferroelectric capacitor 150 composed of the lower 
electrode film 131, the ferroelectric film 132, and the upper 
electrode film 133 is formed. 
I0088 Since subsequent steps are similar to the first 
embodiment, a description thereof is omitted herein. In the 
embodiment, since the side surface of the upper electrode film 
133 is covered with the insulating protective films 151, 152 
when the lower electrode film 131 is etched, effects similar to 
the first embodiment can be achieved. In addition, in the 
embodiment, since the side surface of the ferroelectric film 
132 is covered with the insulating protective film 152 when 
the lower electrode film 131 is etched, there is also an advan 
tage that deterioration of the ferroelectric film 132 is even less 
than in the first embodiment. 
I0089. In the embodiment, the insulating protective films 
151,152 can beformed by the ALD method, the thermal CVD 
method, or the unbiased plasma CVD method, or the like. In 
this case, it is preferable that temperature in film formation is 
less than 300° C. Moreover, the insulating protective film 152 
of the lower layer may be formed by the sputtering method 
that does not generate hydrogen gas, and the insulating pro 
tective film 152 of the upper layer may be formed by the 
plasma CVD method or the thermal CVD method. Since the 
sputtering method does not generate hydrogen gas, it is less 
likely that it deteriorates the ferroelectric film 132. However, 
the Sputtering method does not provide good step coverage. 
Hence, as described above, through formation of the insulat 
ing protective films 151, 152 of a laminated structure by 
combining the sputtering method and the CVD method, dete 
rioration of the ferroelectric film 132 can be prevented, and 
the side surface of the upper electrode film 133 can be reliably 
covered. 
0090. It is preferable to construct the insulating protective 
film 152 of the lower layer with a film having high barrier 
properties to hydrogen or moisture. Such as an SiN film, an 
Al-O film, a Ta-Os film, or the like. Additionally, Ti in the 
TiO film is diffused in PZT and deteriorates the characteris 
tics of PZT, it is not preferable to construct the insulating 
protective film 151 of the lower layer by TiO. In addition, it 
is preferable to form the insulating protective film 151 of the 
lower layer at temperature less than 300° C. by the thermal 
CVD method or the ALD method. 
0091. The insulating protective film 152 of the upper layer 
can be formed by the plasma CVD method, the thermal CVD 
method, or the ALD method. It is also preferable that the 
insulating protective film 152 of the upper layer is constructed 
of a film having high barrier properties to hydrogen or mois 
ture, such as an SiN film, an Al-O film, a Ta-Os film, or the 
like. 

Third Embodiment 

0092 FIGS. 6A to 6E are cross sectional views depicting 
a method of manufacturing a semiconductor device (Fe 
RAM) according to a third embodiment. In FIGS. 6A to 6E, 
the same or similar reference numeral is given to the same or 
similar part in FIGS. 3A to 3T. 
0093 First, as depicted in FIG. 6A, with a method similar 
to the first embodiment, a transistor, a cover film 120, an 
insulation film 121, W plugs 124a, 124b, an oxidation-resis 
tant film 125, an SiO film 126, a W plug 128, a lower elec 
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trode film 131, a ferroelectric film 132, an upper electrode 
film 133, and a Pt film 134 are formed on a semiconductor 
substrate 110, and a TiN film 135 and an SiO, film 136 are 
formed on the Pt film 134. Then, the SiO, film 136 and the 
TiN film 135 are patterned by the photolithography method, 
thus forming a hard mask of a predetermined shape. 
0094) Next, as depicted in FIG. 6B, the Pt film 134, the 
upper electrode film 133, and the ferroelectric film 132 are 
etched. An ICP type etching apparatus is used for etching of 
the Pt film 134, and the upper electrode film 133. Then, HBr 
gas and O gas are used as etching gas, and etching is per 
formed under the conditions that wafer stage temperature is 
400° C., source power is 800W, and bias power is 700° C. End 
of the etching is detected by an EPD (End Point Detector). 
0095. The ICP type etching apparatus is used for etching 
of the ferroelectric film 132. Then, Clgas and Argas are used 
as etching gas, and etching is performed under the conditions 
that the pressure in the chamber is 0.4 Pa, the source power is 
800 W, and the bias power is 700 W. 
0096. Next, as depicted in FIG. 6C, an insulating protec 
tive film 161 composed of SiN. Al-O, Ta-Os or SiC. for 
example, and being 5 to 20 nm thick is formed on the entire 
upper surface of the semiconductor substrate 110. With this, 
side surfaces of the hard mask (the SiO film 136 and the TiN 
film 135), the Pt film 134, the upper electrode film 133, and 
the ferroelectric film 132 are covered with the insulating 
protective film 161. Note that it is preferable that temperature 
of film formation of the insulating protective film 161 is less 
than 300° C. 
0097. Next, as depicted in FIG. 6D, the lower electrode 
film 131 is etched. The ICP type etching apparatus is used for 
etching of the lower electrode film 131. Then, HBr gas, O. 
gas, and CFs gas are used as etching gas, and etching is 
performed under the conditions that the pressure in the cham 
ber is 0.4 Pa, the source power is 1000W, and the bias power 
is SOO W. 
0098 Next, as depicted in FIG. 6E, the TiN film 135, the 
SiO, film 136, and the insulating protective film 161 on the Pt 
film 134 are removed by etching. The insulating protective 
film 161 and the SiO, film 136 are removed by reactive 
etching (RIE) with use of CFs gas, Argas, and CF4 gas, for 
example. The TiN film 135 is removed by wet etching with 
use of a mixture of NHOH, H.O., and HO. In this way, a 
ferroelectric capacitor 160 composed of the lower electrode 
film 131, the ferroelectric film 132, and the upper electrode 
film 133 is formed. 
0099. Since subsequent steps are similar to the first 
embodiment, a description thereof is omitted herein. In the 
embodiment, since the side surface of the upper electrode film 
133 is covered with the insulating protective film 161 when 
the lower electrode film 131 is etched, effects similar to the 
first embodiment can be achieved. 
0100 Note that the insulating protective film 161 can be 
formed by the ALD method, the thermal CVD method or the 
unbiased plasma CVD method, or the like. In this case, it is 
preferable that temperature in film formation is less than 300° 
C 
0101 Alternatively, the insulating protective film 161 may 
have a laminated structure. For example, a lower layer film 
may be formed by the Sputtering method that does not gen 
erate hydrogen gas and an upper layer film may be formed by 
the plasma CVD method or the thermal CVD method. Since 
the Sputtering method does not generate hydrogen gas, it is 
less likely that it deteriorates the ferroelectric film 132. How 
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ever, since the Sputtering method does not provide good step 
coverage, it is not preferable to form the single layer insulat 
ing protective film 161 by the sputtering method. As 
described above, through formation of the insulating protec 
tive film 161 of a laminated structure by combining the sput 
tering method and the CVD method, deterioration of the 
ferroelectric film 132 can be prevented, and the side surface of 
the upper electrode film 133 can be reliably covered. 
0102. When the insulating protective film has a laminated 
structure, it is preferable to construct the lower layer by a film 
having high barrier properties to hydrogen or moisture. Such 
as an SiN film, an Al-O film, a Ta-Os film or the like. Note 
that, since Ti in the TiO, film is diffused in PZT and deterio 
rates properties of PZT, it is not preferable to construct the 
lower layer film by TiO. In addition, it is preferable to form 
the lower layer film attemperature of less than 300° C. by the 
thermal CVD method or the ALD method. 

0103) The upper layer film can be formed by the plasma 
CVD method, the thermal CVD method or the ALD method. 
In this case, temperature in film formation may exceed 300° 
C. It is also preferable to construct the upper layer film of a 
film having high barrier properties to hydrogen or moisture, 
such as an SiN film, an Al-O film, a TaOs film or the like. 
However, if the lower layer film is constructed of the film 
having high barrier properties to hydrogen or moisture, the 
upper layer film may be constructed of SiO, or other film 
having low barrier properties. Alternatively, the upper layer 
film may beformed of material containing a constituent Sub 
stance of PZT, such as TiO. 

(Modification) 

0104 FIGS. 7 to 9 are schematic views depicting struc 
tures of semiconductor devices of a first to a third modifica 
tions. FIGS. 7 to 9 depict only a ferroelectric capacitor and 
portions adjacent thereto. In addition, in FIGS. 7 to 9, the 
same reference numeral is given to the same part in FIG.3T. 
0105. In the semiconductor device depicted in FIG. 7, a 
water-resistant film 170 which prevents entry of moisture into 
a ferroelectric capacitor 140 is formed on an SiO, film 126. 
The water-resistant film 170 is formed of a plasma SiON film 
oran aluminum oxide. A ferroelectric capacitor 140 is formed 
on the water-resistant film 170. 

010.6 An insulating protective film 171 covers not only 
side surfaces of a Pt film 134 and an upper electrode film 133, 
but also portions (upper side portions) of a ferroelectric film 
132. The ferroelectric capacitor 140 and the insulating pro 
tective film 171 are covered with the capacitor protective film 
141 composed of alumina, or the like. 
0107. In a semiconductor device depicted in FIG. 8, a 
water-resistant film 170 is formed on an SiO, film 126, and a 
ferroelectric capacitor 140 is formed on a water-resistant film 
170, similar to the semiconductor device depicted in FIG. 7. 
Then, the insulating protective film 171 covers the entire side 
surfaces of a Pt film 134 and an upper electrode 133, as well 
as portion of a side surface of the ferroelectric film 132. 
0108. An insulating protective film 172 is formed to over 
lap the insulating protective film 171, and covers the entire 
side surface of the ferroelectric film 132. 

0109. In a semiconductor device depicted in FIG. 9, a 
water-resistant film 170 is formed on an SiO film 126, and a 
ferroelectric capacitor 140 is formed on a water-resistant film 
170, similar to the semiconductor device depicted in FIG. 7. 
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An insulating protective film 173 covers the entire side sur 
faces of a Pt film 137, an upper electrode film 133, and a 
ferroelectric film 132. 
0110. In the semiconductor devices depicted in FIG. 7 to 
FIG.9 also, similar to the first to third embodiments, the effect 
that a short of the ferroelectric capacitor 140 due to conduc 
tive particles generated during etching can be prevented is 
achieved. 
0111 All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the invention and the concepts contributed 
by the inventor to furthering the art, and are to be construed as 
being without limitation to Such specifically recited examples 
and conditions, nor does the organization of such examples in 
the specification relate to a showing of the Superiority and 
inferiority of the invention. Although the embodiments of the 
present inventions have been described in detail, it should be 
understood that the various changes, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A method of manufacturing a semiconductor device 

comprising: 
forming an insulation film on a semiconductor Substrate; 
forming a lower electrode film on the insulation film; 
forming a ferroelectric film on the lower electrode film; 
forming an upper electrode film on the ferroelectric film; 
forming a hard mask of a predetermined pattern on the 

upper electrode film; 
removing the upper electrode film on a portion uncovered 

with the hard mask; 
forming an insulating protective film on an entire upper 

Surface of the semiconductor Substrate and covering a 
side surface of the remaining upper electrode film with 
the insulating protective film; 

removing the ferroelectric film and the lower electrode film 
on the portion uncovered with the hard mask; and 

removing the hard mask. 
2. The method of manufacturing a semiconductor device 

according to claim 1, wherein, in the removing of the upper 
electrode film, the ferroelectric film is etched halfway in a 
thickness direction. 

3. The method of manufacturing a semiconductor device 
according to claim 1, wherein the insulating protective film is 
made to be 5 to 20 nm thick. 

4. The method of manufacturing a semiconductor device 
according to claim 1, wherein temperature in film formation 
of the insulating protective film is less than 300° C. 

5. The method of manufacturing a semiconductor device 
according to claim 1, wherein the insulating protective film is 
formed by a CVD method or an ALD method. 

6. The method of manufacturing a semiconductor device 
according to claim 1, wherein the insulating protective film is 
composed of at least one kind of insulation film selected from 
a group consisting of an SiN film, an Al-O film, a Ta-Os film, 
and an SiC film. 

7. A method of manufacturing a semiconductor device 
comprising: 

forming an insulation film on a semiconductor Substrate; 
forming a lower electrode film on the insulation film; 
forming a ferroelectric film on the lower electrode film; 
forming an upper electrode film on the ferroelectric film; 
forming a hard mask of a predetermined pattern on the 

upper electrode film; 
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removing the upper electrode film on a portion uncovered 
with the hard mask; 

forming a first insulating protective film on an entire upper 
Surface of the semiconductor Substrate and covering a 
side surface of the remaining upper electrode film with 
the first insulating protective film; 

removing the ferroelectric film on the portion uncovered 
with the hard mask; 

forming a second insulating protective film on the entire 
upper Surface of the semiconductor Substrate and cover 
inga side Surface of the remaining ferroelectric film with 
the second insulating protective film; 

removing the lower electrode film on the portion uncov 
ered with the hard mask; and 

removing the hard mask. 
8. The method of manufacturing a semiconductor device 

according to claim 7, wherein, in the removing of the upper 
electrode film, the ferroelectric film is etched halfway in a 
thickness direction. 

9. The method of manufacturing a semiconductor device 
according to claim 7, wherein the first insulating protective 
film and the second insulating protective film are each made 
to be 5 to 20 nm thick. 

10. The method of manufacturing a semiconductor device 
according to claim 7, wherein temperature in film formation 
of the first insulating protective film and the second insulating 
protective film is less than 300° C. 

11. The method of manufacturing a semiconductor device 
according to claim 7, wherein the first insulating protective 
film and the second insulating protective film are formed by a 
CVD method or an ALD method. 

12. The method of manufacturing a semiconductor device 
according to claim 7, wherein the first insulating protective 
film and the second insulating protective film are each com 
posed of at least one kind of insulation film selected from the 
group consisting of an SiN film, an Al-O film, a Ta-Os film, 
and an SiC film. 

13. A method of manufacturing a semiconductor device 
comprising: 

forming an insulation film on a semiconductor Substrate; 
forming a lower electrode film on the insulation film; 
forming a ferroelectric film on the lower electrode film; 
forming an upper electrode film on the ferroelectric film; 
forming a hard mask of a predetermined pattern on the 

upper electrode film; 
removing the upper electrode film and the ferroelectric film 

on a portion uncovered with the hard mask; 
forming an insulating protective film on an entire upper 

Surface of the semiconductor Substrate and covering side 
Surfaces of the remaining upper electrode film and the 
remaining ferroelectric film with the insulating protec 
tive film; 

removing the lower electrode film on the portion uncov 
ered with the hard mask; and 

removing the hard mask. 
14. The method of manufacturing a semiconductor device 

according to claim 13, wherein the insulating protective film 
is made to be 5 to 20 nm thick. 

15. The method of manufacturing a semiconductor device 
according to claim 13, wherein temperature in film formation 
of the insulating protective film is less than 300° C. 

16. The method of manufacturing a semiconductor device 
according to claim 13, wherein the insulating protective film 
is formed by a CVD method or an ALD method. 
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17. The method of manufacturing a semiconductor device 
according to claim 13, wherein the insulating protective film 
is composed of at least one kind of insulation film selected 
from the group consisting of an SiN film, an Al-O film, a 
Ta-Os film, and an SiC film. 

18. A semiconductor device comprising: 
a semiconductor Substrate; 
a transistor formed on the semiconductor Substrate; 
an interlayer insulation film formed on the semiconductor 

Substrate and covering the transistor, 
a ferroelectric capacitor constructed by Stacking a lower 

electrode film, a ferroelectric film, and an upper elec 
trode film, and arranged on the interlayer insulation film, 
the lower electrode film being electrically connected to 
the transistor, and 

an insulating protective film being 5 to 20 nm thick, and 
covering at least a side Surface of the upper electrode 
film. 

19. The semiconductor device according to claim 18, 
wherein the insulating protective film is composed of at least 
one kind of insulation film selected from the group consisting 
of an SiN film, an Al-O film, a TaOs film, and an SiC film. 

20. The semiconductor device according to claim 18, fur 
ther comprising a capacitor protective film which covers the 
ferroelectric capacitor and prevents entry of hydrogen and 
moisture into the ferroelectric film. 

21. The semiconductor device according to claim 18, 
wherein the ferroelectric film is formed of at least one kind of 
ferroelectric material selected from the group consisting of 
PZT, PLZT, BTL, STB and SBTN. 

22. A semiconductor device comprising: 
a semiconductor Substrate; 
a transistor formed on the semiconductor Substrate; 
an interlayer insulation film formed on the semiconductor 

Substrate and covering the transistor, 
a ferroelectric capacitor constructed by Stacking a lower 

electrode film, a ferroelectric film, and an upper elec 
trode film, and arranged on the interlayer insulation film, 
the lower electrode film being electrically connected to 
the transistor, 

a first insulating protective film covering an entire side 
Surface of the upper electrode film and partly covering a 
side surface of the ferroelectric film; and 
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a second insulating protective film covering the ferroelec 
tric capacitor and the first insulating protective film. 

23. A semiconductor device comprising: 
a semiconductor Substrate; 
a transistor formed on the semiconductor Substrate; 
an interlayer insulation film formed on the semiconductor 

Substrate and covering the transistor, 
a ferroelectric capacitor constructed by Stacking a lower 

electrode film, a ferroelectric film, and an upper elec 
trode film, and arranged on the interlayer insulation film, 
the lower electrode film being electrically connected to 
the transistor, 

a first insulating protective film covering an entire side 
Surface of the upper electrode film and partly covering a 
side surface of the ferroelectric film; 

a second insulating protective film formed to overlap the 
first insulating protective film and covering the entire 
side surface of the upper electrode film an entire side 
surface of the ferroelectric film; and 

a third insulating protective film formed to overlap the 
second insulating protective film, and covering the entire 
side surface of the upper electrode film, the entire side 
surface of the ferroelectric film, and an entire side Sur 
face of the lower electrode film. 

24. A semiconductor device comprising: 
a semiconductor Substrate; 
a transistor formed on the semiconductor Substrate; 
an interlayer insulation film formed on the semiconductor 

Substrate and covering the transistor, 
a ferroelectric capacitor constructed by stacking a lower 

electrode film, a ferroelectric film, and an upper elec 
trode film, and arranged on the interlayer insulation film, 
the lower electrode film being electrically connected to 
the transistor, 

a first insulating protective film covering an entire side 
surface of the upper electrode film and an entire side 
surface of the ferroelectric film; 

a second insulating protective film formed to overlap the 
first insulating protective film, and covering the entire 
side surface of the upper electrode film and the entire 
side surface of the ferroelectric film; and 

a second insulating protective film covering the ferroelec 
tric capacitor and the first insulating protective film. 

c c c c c 


