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(57) ABSTRACT

The present invention provides a semiconductor device
including a semiconductor element and a dummy semicon-
ductor element adjacent to the semiconductor element.
When the semiconductor element 1s a capacitor element
including a bottom electrode, a top electrode and a dielectric
layer between the electrodes, a dummy capacitor element
also has dummy electrodes and a dummy dielectric layer
between the dummy electrodes. The dummy electrode 1s
located so that a space between the top electrode of the
capacitor element ad the dummy top electrode 1s 1n a prede-
termined range (e.g. 0.3 um to 14 um). The dummy capacitor
clement prevents the capacitor dielectric layer from degrad-
ing since the collisions of the etching 10ons with the capacitor
dielectric layer 1n a dry etching process 1s suppressed.

4 Claims, 21 Drawing Sheets

o]

31



U.S. Patent Dec. 9, 2008 Sheet 1 of 21 US RE40,602 E

FIG 1



U.S. Patent Dec. 9, 2008 Sheet 2 of 21 US RE40,602 E

VAYV4 ViV4 Vv
N N N TN/ RN N
~Z 2 2. o4e4 L

mw

20
N1 19)16 93
17 22 18 22 17

FIG. 2



U.S. Patent Dec. 9, 2008 Sheet 3 of 21 US RE40.602 E

27 27 217 26

w,"””""””"””’”‘5

e N N N N NN N N N N N S
AN E NN EEEENELE N

FIG . 3A m“

27 27 20 27
23 PSS

L‘
v
“‘.‘““““““

"”'””"""”"'”’”’E

““

FIG . 3B

28 28 20 28

3 ATANY R N 23

<< 71y LD/ 1 ilw:.-..
8 S S .S S XU XIS CUS CO X
AL AN DN AL

FIG . 3C “““

20
23 28 28 19 928 93
22 18 22

PR a> FOTSO)
WVrarah truui Sy
- N 1 NN "N N\ A

AV AV4 R A4 e

FIG . 3D “‘.‘

29
24
15

25
24
15

25
24
19

10



U.S. Patent Dec. 9, 2008 Sheet 4 of 21 US RE40,602 E

30
27 23 27 20 1 27 23

O 00O 000#O00ﬂ0ﬂ000300 00000000

W ” ” //// ///
NN G G e T s S S SIS STsS N SIS  SES N  --25

L L L S K

N O

FIG . 4



US Patent Dec. 9, 2008 Sheet 5 of 21

-I"ll’llll'.‘.'ll'__Il'.l_._llll-ll

FIG. 5



U.S. Patent Dec. 9, 2008 Sheet 6 of 21 US RE40.602 E

; 36 36 36
. 38 35 )32 35}3 35}32 39
34 34 34 3833

37 37

X PVA VAl Vav4 Vard

' AN B ANEANS B A E S A
N7 7)) V7 72y {77723 V7L L WL

NANANANANA

FIG. 6



U.S. Patent Dec. 9, 2008 Sheet 7 of 21 US RE40.602 E

49

41

FI1G . 7



U.S. Patent Dec. 9, 2008 Sheet 8 of 21 US RE40.602 E

44

46
49
42 45} *e 48}43

Va4 “ra
h““h‘&“‘l
AEEEENE AL

NN NN N

FIG.8



US RE40,602 E

Sheet 9 of 21

Dec. 9, 2008

U.S. Patent

90

00000
O 0O OO O

of

FIG . O



U.S. Patent Dec. 9, 2008 Sheet 10 of 21 US RE40,602 E

o 56 56 56
o b 55}52 55}52 5?}52 09
54 54 5 0893

o/ 57

Va4 vard Va4 Vel 4V /%

NN N N N INA N N N TN N NN A N A

NN N N s

FIG .10



U.S. Patent Dec. 9, 2008 Sheet 11 of 21 US RE40,602 E

F1G 1]




U.S. Patent Dec. 9, 2008 Sheet 12 of 21 US RE40,602 E

d

" WAWR IS N

105 107 108 108 107 105
103 110 106 103

-

/
Nﬁ’ﬁj‘ 102
101

FIG .12



U.S. Patent Dec. 9, 2008 Sheet 13 of 21 US RE40,602 E

120 123

123 - il

FIG 13



U.S. Patent Dec. 9, 2008 Sheet 14 of 21 US RE40,602 E

13 60
)i‘ ”
—jpoh e
. -[_T'”‘ 1 [ =
E -
a6 e “ 69
65 m A8

F1G .14



U.S. Patent Dec. 9, 2008 Sheet 15 of 21 US RE40,602 E

66 63
64 6/

N 'z

lﬂ“““
VA A A AL AL

AN -




U.S. Patent Dec. 9, 2008 Sheet 16 of 21 US RE40,602 E

73
13 72 763
/1

WAV

“““‘
L L L L Ll L L L L L




U.S. Patent Dec. 9, 2008 Sheet 17 of 21 US RE40,602 E

ik
O]
lll

Y
-

Remnant Polarization [# Clem?)
&)

Number




U.S. Patent Dec. 9, 2008 Sheet 18 of 21 US RE40,602 E

-
N

o
I'I|I

Remnant Polarization [u Clem?]
&)

< 10 19

Number

FIG .18



US RE40,602 E

Sheet 19 of 21

Dec. 9, 2008

U.S. Patent

— -— mp w m

20
O
10
o

[;wo/y 7] uoryezueog Jueuway

O
N

Space between Electrode and Dummy Electrode

[ 4 m]

FIG. 19



U.S. Patent Dec. 9, 2008 Sheet 20 of 21 US RE40,602 E

209 204
. N U, D, . N, . "G, N T, V. . . N . S
VBN NI NN ENEE AN 202

i “““ 201

207
206 ;) 208
vary 205

.
L

FIG. 20B “‘“‘ 201

PRIOR ART



U.S. Patent Dec. 9, 2008 Sheet 21 of 21 US RE40,602 E

212 213 209 207 210

2 O O\O O D 0 O O % ﬂﬁﬂﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂﬂ(ﬂ

k\\ \
S
\\\\\\\\\a\\“’@‘\\\\.\\\\‘ 203
AL ISP AA LI AN IS ////I//'

FIG. 21
PRIOR ART

Q0 00 0 000 Q0 0L

211




US RE40,602 E

1

SEMICONDUCTOR DEVICE HAVING A
FERROELECTRIC TFT AND A DUMMY
ELEMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a semiconductor device.
More particularly the present invention relates to a semicon-
ductor device including a semiconductor element such as a
capacitor and a transistor 1n which a dielectric with high
dielectric constant or a ferroelectric 1s used.

BACKGROUND OF THE INVENTION

With increases in the packing density of semiconductor
memories, a capacitor element with larger capacity 1is
needed. Therefore, a technology to integrate a capacitor ele-
ment including a dielectric layer with high dielectric con-
stant or a ferroelectric characteristics into a itegrated circuit
lately has attracted considerable attention.

In order to put a nonvolatile RAM 1nto practice which
enables writing and reading with lower operating voltage at
higher speed compared to conventional devices, a technol-
ogy to 1ntegrate a capacitor element including a ferroelectric
layer has been pursued.

A conventional method for manufacturing a semiconduc-
tor device including a dielectric with high dielectric constant
or a ferroelectric characteristics (heremnafter, a dielectric

with high dielectric) 1s explained below referring to FIGS.
20A and 20B.

As shown 1 FIG. 20A, a first metal film 202 (e.g. a Pt
f1lm) 1s formed on a substrate 201 with an integrated circuit
by sputtering. A dielectric film 203 with high dielectric con-
stant 1s formed on the first metal film 202 by spin coating or
chemical vapor deposition (CVD), followed by forming a
second metal film 204 (e.g. a Pt film) on the dielectric film
203 by sputtering. After a photoresist 209 1s formed on the
second metal film 204 1n a predetermined pattern, each film
1s selectively removed by dry etching to form a capacitor
clement 208 composed of first electrode 205, a capacitor
dielectric layer 206 and a second electrode 207.

However, 1in such a capacitor element produced by the
conventional method, a capacitor dielectric layer with high
dielectric constant 1s degraded in electric characteristics.
Such a degradation also 1s observed 1n a transistor including
a dielectric layer with hugh dielectric constant.

SUMMARY OF THE INVENTION

Therefore, with the foregoing 1n mind, 1t 1s the object of
the present invention to suppress a degradation of a dielectric
with high dielectric constant 1n a semiconductor element.

In order to achieve the above-described object, an
embodiment of the semiconductor device of the present
invention comprises a substrate, a semiconductor element
and a dummy semiconductor element. The semiconductor
clement includes a first dielectric layer on the substrate and
an electrode on the first dielectric layer, and the dummy
semiconductor element includes a second dielectric layer on
the substrate and a dummy electrode on the second dielectric
layer. The dummy semiconductor 1s located so that a space
between the electrode and the dummy electrode 1s 1n a pre-
determined range. The predetermined range i1s preferably
between 0.3 um and 1.4 um.
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When the semiconductor element 1s a capacitor element,
an embodiment of the semiconductor device of the present
ivention comprises a substrate, a capacitor element and a
dummy capacitor element. The capacitor element includes a
bottom electrode on the substrate, a first dielectric layer on
the bottom electrode and a top electrode on the first dielec-
tric layer, and the dummy capacitor element includes a
dummy bottom electrode on the substrate and a second
dielectric layer on the dummy bottom electrode and a
dummy top electrode on the second dielectric layer. The
dummy capacitor element 1s located so that a space between
the top electrode and the dummy top electrode 1s 1n a prede-
termined range (e.g. 0.3 um to 14 um).

Two or more semiconductor elements can be included 1n
the semiconductor device. In such a case, an embodiment of
the semiconductor device of the present invention comprises
a substrate, at least two capacitor elements, and a dummy
capacitor element. Each capacitor element includes a bottom
clectrode, a first dielectric layer and a top electrode, and the
dummy capacitor element includes a dummy bottom
clectrode, a second dielectric layer and a dummy top elec-
trode as described above. The capacitor elements and the
dummy capacitor element are located so that a space
between an adjacent pair of electrodes selected from the top
clectrodes and the dummy top electrode, 1n which at least
one electrode 1n the pair 1s one of the top electrodes, 1s 1n a
predetermined range (e.g. 0.3 um to 14 um). The semicon-
ductor device can include two or more dummy semiconduc-
tor devices.

Such a semiconductor device of the present invention can
be manufactured by a method which comprises forming a
dielectric film on a substrate, forming the electrically con-
ductive film on the dielectric film, and etching the electri-
cally conductive film so as to form the electrode. When etch-
ing the electrically conductive film, a dummy electrode 1s
formed with the electrode so that a space between the elec-
trode and the dummy electrode 1s 1n a predetermined range
(e.g. 0.3 um to 14 um).

The mventors have succeeded in elucidating the degrada-
tion of the dielectric with high dielectric constant in a semi-
conductor element.

As shown 1n FIGS. 20A and 20B, the second metal film
204 1s etched until the surface of the dielectric film 202
appears. As shown in FIG. 21, 1n the dry etching, etching
ions 210 are partially accumulated on the dielectric film 203
so that the surface of the dielectric film 203 holds electrical
charges 211. In the case of a dielectric with high dielectric
constant, the amount of electrical charges 211 1s around 100
times as much as that 1n the case of silicon oxide or silicon
nitride. The amount of electrical charges 1s proportional to
the area of the surface exposed to the etching 1ons 210.

Therefore, the large exposed surface of the dielectric film
203 with high dielectric constant causes an electrostatic
repulsion between the etching 1ons 210 and the electrical
charges 211. As shown 1n FIG. 21, the repulsion changes the
direction of travel 212 of the etching 1ons 210 around the
photoresist 209. The etching 1ons 210 deviate to the dielec-
tric covered with the metal layer 207, which will remain as a
dielectric layer of a capacitor element. More collision of
ctching 10ns 210 with the dielectric below the edge portion
of the metal layer 207 than usual generates defects 1n the
crystal structure in the dielectric. Thus, a damaged region
213, which causes the degradation in the capacitor element,
1s formed.

According to the present invention, the surface of the
dielectric film exposed to the etching 1ons 1s limited by the
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dummy element, which can reduce the electrical charges on
the dielectric film. Therefore, the collision with the etching
ions proceeding diagonally 1s suppressed to prevent the
semiconductor element from degrading 1n electrical charac-
teristics.

These and other advantages of the present invention will
become apparent those skilled 1n the art upon reading and
understanding the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view to show a semiconductor device of
an embodiment of the present invention.

FIG. 2 1s a cross-sectional view taken on line A—A 1n
FIG. 1.

FIGS. 3A to 3D are cross sectional views to show a
method for manufacturing a semiconductor device of an
embodiment of the present invention. FIG. 3A shows a step
of forming films and photoresist layers on a substrate. FIG.
3B shows a step of forming top electrodes by dry etching.
FIG. 3C shows a step of forming other photoresist layers.
FIG. 3D shows a step of forming dielectric layers and bot-
tom electrodes.

FI1G. 4 15 a cross sectional view to show a step of forming
top electrodes by dry etching with etching 1ons.

FIG. 5 1s a plan view to show a semiconductor device of
another embodiment of the present invention.

FIG. 6 1s a cross sectional view taken on line B—B 1n
FIG. §.

FIG. 7 1s a plan view to show a semiconductor device of
still another embodiment of the present invention.

FIG. 8 1s a cross sectional view taken on line C—C 1n
FIG. 7.

FIG. 9 1s a plan view to show a semiconductor device of
yet another embodiment of the present invention.

FIG. 10 1s a cross sectional view taken on line D—D 1n
FIG. 9,

FI1G. 11 1s a cross sectional view to show a memory cell as
an embodiment of the semiconductor device of the present
invention.

FI1G. 12 1s a cross sectional view to show another memory
cell as an embodiment of the semiconductor device of the

preset mvention.

FIG. 13 1s a plan view to show a semiconductor device
including a transistor of an embodiment of the present mnven-
tion.

FIG. 14 1s a partial plan view to show a semiconductor
device produced 1n the example.

FIG. 15 1s a cross sectional view taken on line E—F 1n
FIG. 14.

FIG. 16 1s a cross sectional view taken on line F—F 1n
FIG. 14.

FIG. 17 1s a graph to show a distribution of remnant polar-
ization 1n capacitor elements with dummy elements.

FI1G. 18 1s a graph to show a distribution of remnant polar-
ization 1n capacitor elements without dummy elements.

FIG. 19 1s a graph to show a remnant polarization with
respect to the space of the top electrode 1n a capacitor ele-

ment and the dummy top electrode 1n a dummy capacitor
clement.

FIGS. 20A and 20B are cross sectional views to show a
conventional method for manufacturing a semiconductor
device. FIG. 20A shows a step of forming films and a photo-
resist layer on a substrate. F1G. 20B shows a step of forming,
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the electrodes and the capacitor insulating layers of the
capacitor element by dry etching.

FIG. 21 1s a cross sectional view to show a step of forming,
top electrodes by dry etching with etching 1ons 1n the con-
ventional method.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

In the semiconductor device of the mvention, the space
between the electrode and the dummy electrode 1s preferably
in the range of 0.3 um to 9 um, more preferably 1n the range
of 0.3 um to 5 um.

In the semiconductor device of the invention, the elec-
trode and the dummy electrode are preferably composed of
the same electrically conductive matenial. The electrode and
the dummy electrode are preferably formed by etching the
same electrically conductive film.

In the semiconductor device of the invention, the first
dielectric layer 1s composed of the material selected from a
dielectric material having a dielectric constant of 100 or
more and a ferroelectric material.

In the semiconductor device of the invention, the first
dielectric layer and the second dielectric layer are composed
of the same dielectric material. The first dielectric layer and
the second dielectric layer are preferably included in the
same dielectric film. The first dielectric layer and the second
dielectric layer are preferably formed by etching the same
dielectric film.

Some embodiments of the present invention are explained
below referring to the drawings.

First embodiment

As shown 1n FIGS. 1 and 2, in the semiconductor device, a
capacitor element 16 formed on a substrate 15 1s encircled
by a dummy capacitor element 17. The capacitor element 16
has a rectangular shape while the dummy capacitor element
17 has a frame-shape surrounding the capacitor element 16
entirely. The capacitor element 16 1s composed of a first
(bottom) electrode 18, a capacitor dielectric layer 19 and a
second (top) electrode 20. The dummy capacitor element 17
1s composed of a first dummy (a dummy bottom) electrode
21, a dummy capacitor dielectric layer 22 and a second
dummy (a dummy top) electrode 23. As shown in FIG. 2, 1n
the capacitor element 16 and the dummy capacitor element
17, the corresponding layers have substantially the same

thickness.

A method for manufacturing the semiconductor device 1s
explained below referring to FIGS. 3A to 3D.

As shown 1n FIG. 3A, a first metal film 24 i1s formed on
the substrate 15 including an integrated circuit at a thickness
of 50 nm to 400 nm. A dielectric film 25 with high dielectric
constant composed of e.g. SrBixTaxOy 1s formed on the first
metal film 24 by spin coating or CVD. A second metal film
26 15 formed on the dielectric film 25 at a thickness of 50 nm
to 300 nm. The first and second metal films 24 and 26 can be
composed of platinum and formed by sputtering. On the
second metal film 26, first photoresist layers 27 are formed
in a predetermined pattern by photolithography.

Next, as shown in FIG. 3B, the second metal film 26 1s
removed selectively by dry etching to form the second elec-
trode 20 and the second dummy electrode 23.

After second photoresist layers 28 are formed 1n another

predetermined pattern by photolithography as shown in FIG.
3C, the dielectric film 25 and the first metal film 24 are
removed selectively by dry etching. As a result, a capacitor
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dielectric layer 19, a first electrode 18, a dummy capacitor
dielectric layer 22 and a first dummy electrode 21 are formed

as shown 1n FIG. 3D.

Thus, the capacitor element 16 and the dummy capacitor
clement 17 are formed at the same time. In the semiconduc-
tor device, the space between the second electrode 20 and
the second dummy electrode 23 1s set 1n the range of 0.3 um
to 14 um.

As shown 1n FIG. 4, 1n the step of etching the second
metal film 26 to reveal the surface of the dielectric film 25,
the surtace of the dielectric film 235 surrounding the second
clectrode 20 1s limited by the second dummy electrode 23.
As aresult, the amount of electrical charges 29 accumulated
on the surface 1s less than that 1n the conventional method as
shown 1n FIG. 21 so that the electrostatic repulsion to etch-
ing 10ns 30 1s reduced. Thus, the etching 10ns 30 can proceed
to the dielectric film 25 without deviating in path. Therefore,
the collision of the etching 1ons traveling diagonally with the
dielectric below the second electrode 20 can be suppressed.

Second embodiment

As shown 1n FIGS. 5 and 6, 1n the semiconductor device,
capacitor elements 32 and dummy capacitor elements 33 are
arranged regularly on a substrate 31 including an integrated
circuit. The capacitor elements 32 are arranged 1n the 1mner
area of a broken line 1n FIG. 5 while the dummy capacitor
clements 33 are located to surround the capacitor elements
32. The capacitor elements 32 and the dummy capacitor ele-
ments 33 have the same rectangular shape. Each capacitor
clement 32 1s composed of a first electrode 34, a capacitor
dielectric layer 35 and a second electrode 36. Each dummy
capacitor element 33 1s composed of a first dummy electrode
37, a dummy capacitor dielectric layer 38 and a second
dummy electrode 39. As shown 1n FIG. 6, 1n the capacitor
clement 32 and the dummy capacitor element 33, the corre-
sponding layers have substantially the same thickness.

The semiconductor device can be produced by the same
method as described above except for a pattern of the photo-
resist layers. The suitable materials for the layers also are the
same as the first embodiment.

In the semiconductor device, each second electrode 36 1s
surrounded by four electrodes.

I'he four electrode are
selected from the other second electrodes 36 and the dummy
clectrodes 39. The space between the second electrode 26
and the electrodes adjacent to the second electrode 1s set 1n
the range of 0.3 um to 14 um.

Such an arrangement also can suppress the damage to the
capacitor dielectric layer 35. In addition, the dummy capaci-
tor elements 33 can reduce the difference 1n electrical char-
acteristics among the capacitor elements 32, especially the
difference between the outer elements and the inner ele-
ments.

The dummy capacitor element may have another shape
such as a frame-like shape as described 1n the first embodi-
ment.

Third embodiment

As shown 1n FIGS. 7 and 8, 1n the semiconductor device, a
capacitor element 42 formed on a substrate 41 including an
integrated circuit 1s encircled by a dummy capacitor element
43. The capacitor element 42 composed of a first electrode
44, a capacitor dielectric layer 45 and a second electrode 46.
The dummy capacitor element 43 1s composed of a first
dummy electrode 47, a dummy capacitor dielectric layer 48
and a second dummy electrode 49. As shown 1n FIG. 8, the
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first electrode 44 and the first dummy electrode 47 are
included in the same electrically conductive film. The
capacitor dielectric layer 45 and the dummy capacitor layer
48 also are included 1n the same dielectric film.

The semiconductor device can be produced by the same
method as described above except for a pattern of the photo-
resist layers. The suitable materials for the layers also are the
same as the first embodiment. The space between the second
clectrode 46 and the dummy electrode 49 1s set in the range
o1 0.3 um to 14 pum.

Such an arrangement also can suppress the damage of the
capacitor dielectric layer 45.

The semiconductor device described above or in the first
embodiment may include two or more capacitor elements.

Fourth embodiment

As shown 1n FIGS. 9 and 10, 1n the semiconductor device,
capacitor elements 52 and dummy capacitor elements 53 are
arranged regularly on a substrate 51 including an integrated
circuit. The capacitor elements 52 are arranged 1n the mnner
area of a broken line 1n FIG. 9 while the dummy capacitor
clements 33 are located to surround the capacitor elements
52. Each capacitor element 52 1s composed of a first elec-
trode 54, a capacitor dielectric layer 55 and a second elec-
trode 56. Each dummy capacitor element 53 1s composed of
a first dummy electrode 57, a dummy capacitor dielectric
layer 58 and a second dummy electrode 59.

As shown 1n FIGS. 9 and 10, the first electrode 54 and the
first dummy electrode 57 arranged 1n a line are included 1n
the same electrically conductive film. The capacitor dielec-
tric layer 55 and the dummy capacitor layer 58 1n the line
also are included in the same dielectric film. In the semicon-
ductor device, lines including the capacitor elements 52 and
the dummy capacitor elements 53 at both ends are arranged,
except for the lines at both ends. The lines at both ends
includes only the dummy capacitor elements 53.

—

T'he semiconductor device can be produced by the same
method as described above except for a pattern of the photo-
resist layers. The suitable materials for the layers also are the
same as the first embodiment.

As described 1n the second embodiment, the space
between the second electrode 56 and the electrodes adjacent
to the second electrode 56 1s set 1n the range of 0.3 um to 14
L.

Such an arrangement also can suppress the damage to the
capacitor dielectric layer 35 and reduce the difference in
clectrical characteristics among the capacitor elements 52.
In addition, the semiconductor device has less undulations
since some of the films remains without etching. Less undu-
lations make wiring to the integrated circuit easier.

In the embodiments as described above, the electrode and
the dummy electrode corresponding to the electrode are
composed of the same material. The capacitor dielectric ele-
ment and the dummy dielectric layer also are composed of
the same maternial. The capacitor element 1s 1ntegrated into
the circuit 1n the semiconductor device while the dummy
capacitor element 1s produced not for being integrated into
the circuit but for suppressing the collision of the etching
ions with the dielectric 1n the capacitor element. As long as
the desired object can be achieved, the shape, the material
and the arrangement of the dummy element are not limited.

For example, electrically conductive oxides such as RuO,
and IrO, can be used as a material for the electrode as well as
various kinds of metal. Dielectric compounds such as
Ba Sr,_ Ti0O_, Pb(Zr,_Ti_)O,;, SrBi1,(Ta,. Nb_ ),O,,
B1,T1;0,,(0=x=1) can be used for the dielectric capacitor
layer.
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Fifth embodiment

Other semiconductor elements such as transistors also can
be used for the semiconductor element of the present inven-
tion as well as capacitor elements.

FIG. 11 shows an embodiment of a memory cell including
a transistor 97 and a capacitor element 98. In such a memory
cell, the dummy elements as described above can be used for
transmission and capacitor elements.

For example, 1n the case of a transistor, a gate electrode
121 on a substrate 120 corresponds to the top electrode 1n a
capacitor element as shown 1 FIG. 13. A gate insulating
layer (not shown in FIG. 13) corresponding to a capacitor
dielectric layer 1n a capacitor element 1s formed between the
substrate 120 and the gate electrode 121. When forming a
transistor, a dummy gate electrode 122 can suppress the deg-
radation of the transistor as 1s 1n the case of a capacitor
element. As shown 1n FIG. 13, a source electrode 123 and a
drain electrode 124 formed 1n the substrate 120 1s not neces-
sary below the dummy gate electrode 122.

In the memory cell 1n FIG. 11, a transistor 97 includes a
gate 87, a source 83, a drain 86 and a gate insulating layer 88
composed of a ferroelectric material. The memory cell also
has a capacitor element 98 including a bottom electrode 91,
a capacitor msulating layer 92 composed of a ferroelectric
material and a top electrode 93.

The transistor 97 and the capacitor element 98 are con-
nected with other elements by bit lines 89, 90 and 95. A field
oxide layer 82 and insulating layers 83 and 84 formed on a
substrate 81 prevent unnecessary contacts between the ele-
ments.

A memory cell in FIG. 12 also has transistors 117 includ-
ing gates 107, sources 103, drains 106, gate insulators 103
and gate msulating layers 108 composed of a ferroelectric
material. On an msulating layer 102, there are capacitor ele-
ments 118 including bottom electrodes 111, capacitor 1nsu-
lating layers 112 composed of a ferroelectric material and
top electrodes 113.

The transistor 117 and the capacitor element 118 also are
connected with each other and other elements by bit lines
109, 110 and 1135. Insulating layers 102 and 104 prevent
unnecessary contacts between the elements. In the memory
cells as shown 1 FIGS. 11 and 12, dummy capacitor ele-
ments and/or dummy transistors (dummy gate electrodes)
can be used for preventing degradation of the layer com-
posed of the dielectric with high dielectric constant.

The semiconductor device for which the dummy element
can be used 1s not limited to the memory cells as described
above.

EXAMPLE

The devices as shown 1n FIGS. 14 to 16 were produced. In
the semiconductor device, capacitor elements 61, first
dummy capacitor elements 62 and second dummy capacitor
clements 63 were arranged on a substrate 60.

As shown 1n FIGS. 14 and 15, 1n the capacitor elements 61
and the first dummy capacitor elements 62, a first electrode
64 and a first dummy electrode 67 are included in the same
clectrically conductive film. A capacitor dielectric layer 65
and a dummy capacitor dielectric layer 68 also are included
in the same dielectric film. As shown 1n FIG. 15, the first
dummy capacitor elements 62 are located at the end of the
line including the capacitor elements 61 and the first dummy
capacitor elements 62.

As shown 1 FIGS. 14 and 16, only the second dummy
capacitor elements 63 are provided at the line at the end. In
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the second dummy capacitor elements 63, first dummy elec-
trodes 71 are included in the same electrically conductive
film and dummy dielectric capacitor layers 72 are included
in the same dielectric film.

The space a. between a second electrode 66 and a second
dummy electrode 69 1n the first dummy capacitor element 62
was set at 1.5 um. The space {3 between the second electrode
66 and a second dummy electrode 73 in the second dummy
capacitor element 63 was set at 12.8 um. The devices were
produced by the process as described above. The capacitor
dielectric layer was composed of SrBixTaxOy at a thickness
ol 0.24 um. The electrodes were composed of Pt.

On the other hand, semiconductor devices were produced
in the same way but without the first dummy elements 62
and the second dummy elements 63. Remnant polarization
in each device was measured.

As shown 1n FIG. 17, remnant polarization 1n the devices
with the dummy elements was 13 nC/cm® to 15 uC/cm®. As
shown 1n FIG. 18, remnant polarization 1n the devices with-
out the dummy elements was 5 nC/cm?® to 10 uC/cm®. Thus,
the dummy elements can improve and stabilize remnant
polarization 1n the capacitor elements. Therefore, for
example, the dummy elements can expand a margin for error
in reading data from the device.

The relationship between the space p and the remnant
polarization was investigated. As shown 1 FIG. 19, when
the space p was above 14 um, the remnant polarization
sharply dropped (line A). In this case, the size of the second
clectrodes 66 and the second dummy electrodes 69 and 73
were 5x5 um. When the size of the electrodes was set at
1.5%1.5 um, the remnant polarization sharply dropped 1n the
range above 9 um. When the size of the electrodes was set at
1x1 wm, the remnant polarization sharply dropped in the
range above 5 um. The space 3 below 0.3 um makes 1t diifi-
cult to produce the elements. The same results were
observed when the space o was changed instead of the space
3.

The mvention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The embodiments disclosed 1n this application are to
be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description, all
changes that come within the meaning and range of equiva-
lency of the claims are intended to be embraced therein.

What 1s claimed 1s:

[1. A semiconductor device comprising:

a substrate,

a semiconductor element on the substrate, the semicon-
ductor element including a first dielectric layer and an
clectrode on the first dielectric layer, and

a dummy semiconductor element on the substrate, the
dummy semiconductor element including a second
dielectric layer and a dummy electrode on the second
dielectric layer,

wherein the dummy semiconductor element 1s located so
that a space between the electrode and the dummy elec-
trode 1s 1n a predetermined range, and the semiconduc-
tor device 1s a transistor 1n which the electrode works as
a gate electrode of the transistor; and said first dielectric

layer 1s composed of the material selected from a
dielectric material having a dielectric constant of 100 or

more and a ferroelectric material. ]
[2. A semiconductor device according to claim 1, wherein
the predetermined range of the space 1s between 0.3 um and

14 um.}J
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[3. A semiconductor device according to claim 1, wherein
the electrode and the dummy electrode are composed of the
same electrically conductive material.}

[4. A semiconductor device according to claim 1, wherein
the first dielectric layer and the second dielectric layer are
composed of the same dielectric material. ]

[5. A semiconductor device according to claim 1, wherein
the electrode is surrounded by the dummy electrode.]

6. A semiconductor device comprising:

a substrate,

a multilayer formed on the substrate, the multilayer com-
prising a plurality of semiconductor elements and a
plurality of dummy semiconductor elements, and

a semiconductor element area on the substrate, which
includes the plurality of semiconductor elements, the
semiconductor element arvea being surrounded by the
plurality of dummy semiconductor elements,

wherein each of the plurality of semiconductor elements
includes a capacitor which is comprised of a bottom
electrode, a first dielectric laver on the bottom elec-
trode and a top electrode on the first dielectric layer,
and the first dielectric laver is composed of a material
selected from a dielectric material having a dielectric
constant of 100 or more and a ferroelectric material,

wherein each of the plurality of dummy semiconductor
elements includes a dummy capacitor which is com-
prised of a dummy bottom electrode, a second dielec-
tric layer on the dummy bottom electrode and a dummy
top electrode on the second dielectric laver, and the
second dielectric layer is composed of a material
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selected from a dielectric material having a dielectric
constant of 100 or more and a ferroelectric material,

wherein each of the plurality of dummy semiconductor
elements is located so that a space between the elec-
trode and the dummy electrode is in a predetermined
range, and

wherein the multilayer is produced by a method compris-
Ing.
forming a dielectric film for the first dielectric layer
and the second dielectric layer;
Jorming an electrically conductive film on the dielectric

film;

etching the electrically conductive film so as to form the
electrode and the dummy electrode, and

wherein each of the plurality of semiconductor ele-
ments and each of the plurality of dummy semicon-
ductor elements have the same dimensions.

7. A semiconductor device according to claim 6, wherein
the predetermined range of the space is between 0.3 um and
14 um.

8. A semiconductor device according to claim 6, wherein
remnant polarization in the capacitor is in the range of 13 to
15 uC/em”.

9. A semiconductor device according to claim 6, wherein
the first dielectric layer and the second dielectric layer are
composed of a material selected from SrBi 1a O, Ba,Sr_,
1i0O_, Pb(Zr, 1i YO, SrBi,(1a, Nb ),O, or Bi 11,0/,

where 0=x=].
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