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MIM CAPACITOR HAVING REDUCED 
CAPACITANCE ERROR AND PHASE ROTATION 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a Metal 
Insulator Metal (MIM) capacitor for a semiconductor inte 
grated circuit device. More particularly, the present inven 
tion relates to such MIM capacitor and a method of manu 
facturing the same in Which a capacitance error and phase 
rotation in a high frequency can be reduced. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, as a capacitor for a semiconductor 
integrated circuit device, there is knoWn a Metal Oxide 
Semiconductor (MOS) capacitor. The MOS capacitor is 
manufactured as folloWs. First, a diffusion layer is formed in 
a semiconductor substrate Which layer is also used as a loWer 
electrode of the capacitor. Then, a dielectric layer is depos 
ited on the diffusion layer and patterned. An upper electrode 
is then formed on the dielectric layer, and an oXide layer is 
formed on Whole area of the semiconductor substrate. There 
after, rectangular shaped openings for contacting the upper 
and loWer electrodes are formed in predetermined locations 
of the oXide layer. A metal ?lm made of aluminum and the 
like is formed on the oXide layer such that the openings are 
?lled With the material of the metal ?lm, and the metal ?lm 
is then patterned. In this Way, the conventional MOS capaci 
tor is fabricated. 

[0003] In the conventional MOS capacitor, When a high 
frequency signal is applied to it, a relatively large phase 
rotation occurs due to internal resistance of the MOS capaci 
tor and, thereby, admittance is decreased. In Japanese patent 
laid-open publication No. 58-159367, comb-shaped capaci 
tor contacts are used to avoid such disadvantage. 

[0004] HoWever, in the MOS capacitor disclosed in J apa 
nese patent laid-open publication No. 58-159367, although 
the capacitor contacts each having a comb shape are used, a 
Way of contacting the capacitor electrodes and an effective 
Width of the capacitor are not optimiZed. Therefore, even in 
this capacitor, When a high frequency signal is applied 
thereto, an admittance of the capacitor is decreased. 

SUMMARY OF THE INVENTION 

[0005] Therefore, it is an object of the present invention to 
obviate the disadvantages of the conventional MIM capaci 
tor for a semiconductor integrated circuit device. 

[0006] It is another object of the present invention to 
provide an MIM capacitor for a semiconductor integrated 
circuit device in Which admittance reduction When a high 
frequency signal is applied to the capacitor can be sup 
pressed. 

[0007] It is still another object of the present invention to 
provide an MIM capacitor for a semiconductor integrated 
circuit device in Which parasitic resistance of the capacitor 
can be decreased. 

[0008] It is still another object of the present invention to 
provide an MIM capacitor for a semiconductor integrated 
circuit device in Which a Way of contacting the electrodes of 
the capacitor and a Width of the capacitor are optimiZed. 
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[0009] It is still another object of the present invention to 
provide an MIM capacitor for a semiconductor integrated 
circuit device in Which capacitance error and phase rotation 
in a high frequency can be reduced. 

[0010] It is still another object of the present invention to 
provide an MIM capacitor for a semiconductor integrated 
circuit device in Which circuit characteristics of the semi 
conductor integrated circuit device can be improved. 

[0011] According to an aspect of the present invention, 
there is provided an MIM capacitor for a semiconductor 
integrated circuit device comprising: a semiconductor sub 
strate; a ?rst insulating ?lm formed on the semiconductor 
substrate; a loWer electrode formed on the ?rst insulating 
?lm; a second insulating ?lm formed on the loWer electrode; 
a ?rst opening Which penetrates the second insulating ?lm 
and Which reaches the loWer electrode; a capacitor insulating 
?lm formed on a portion of the loWer electrode eXposed by 
the ?rst opening; an upper electrode formed on the capacitor 
insulating ?lm; a third insulating ?lm formed on the second 
insulating ?lm and the upper electrode; a second opening 
Which penetrates the second and third insulating ?lms and 
Which reaches the loWer electrode; a ?rst lead electrode 
Which ?lls the second opening, Which connects to a portion 
of the loWer electrode eXposed via the second opening, and 
Which is draWn out onto the surface of the third insulating 
?lm; a third opening Which penetrates the third insulating 
?lms and Which reaches the upper electrode; and a second 
lead electrode Which ?lls the third opening, Which connects 
to a portion of the upper electrode eXposed via the third 
opening, and Which is draWn out onto the surface of the third 
insulating ?lm; Wherein ?rst lead electrode is continuously 
formed such that the ?rst electrode surrounds at least three 
sides of the capacitor insulating ?lm, and the Width of the 
capacitor insulating ?lm satis?es the folloWing formula: 

[0012] Where, H designates the Width of the capacitor 
insulating ?lm, Adesignates a predetermined constant deter 
mined depending on a structure and a manufacturing process 
of the MIM capacitor to obtain desired admittance charac 
teristics, and F designates maXimum frequency of a signal 
used by the MIM capacitor. 

[0013] In this case, it is preferable that the ?rst lead 
electrode is a U-shaped electrode. 

[0014] It is also preferable that the ?rst lead electrode is a 
comb-shaped electrode. 

[0015] It is further preferable that the ?rst lead electrode is 
continuously formed such that the ?rst lead electrode sur 
rounds all sides of the capacitor insulating ?lm. 

[0016] It is advantageous that the capacitor insulating ?lm 
is made of a material selected from a group consisting of 
silicon oxide, silicon oXynitride and silicon nitride. 

[0017] It is also advantageous that the capacitor insulating 
?lm is made of a high dielectric constant material. 

[0018] It is further advantageous that the capacitor insu 
lating ?lm is made of a material selected from a group 
consisting of PbZr1_XTiXO3 (Oéxé 1), Pb1_XLaXZr1_VTiyO3 
(Oéxél, 0<y§1), BaTiO3, Ba1_XSrXTiO3 (02x21), and 
SrTiO3. 
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[0019] It is preferable that the loWer electrode and the 
upper electrode are made of polysilicon. 

[0020] It is also preferable that the ?rst and second lead 
electrodes are made of a material selected from a group 

consisting of aluminum, copper and gold. 

[0021] It is further preferable that the ?rst and second 
insulating ?lms are made of silicon oxide, and the third 
insulating ?lm is made of tetraethoxyorthosilicate. 

[0022] According to another aspect of the present inven 
tion, there is provided a method of manufacturing an MIM 
capacitor for a semiconductor integrated circuit device com 
prising: preparing a semiconductor substrate; forming a ?rst 
insulating ?lm on the semiconductor substrate; forming a 
loWer electrode on the ?rst insulating ?lm; forming a second 
insulating ?lm on the loWer electrode; forming a ?rst 
opening by selectively removing the second insulating ?lm, 
a portion of the loWer electrode is exposed via the ?rst 
opening; forming a capacitor insulating ?lm on the portion 
of the loWer electrode exposed by the ?rst opening; forming 
an upper electrode on the capacitor insulating ?lm; forming 
a third insulating ?lm on the second insulating ?lm and the 
upper electrode; forming a second opening by selectively 
removing the second and third insulating ?lms, a portion of 
the loWer electrode is exposed via the second opening; 
forming a third opening by selectively removing the third 
insulating ?lm, a portion of the upper electrode is exposed 
via the third opening; forming a ?rst lead electrode Which 
?lls the second opening, Which connects to the portion of the 
loWer electrode exposed via the second opening, and Which 
is draWn out onto the surface of the third insulating ?lm; and 
forming a second lead electrode Which ?lls the third open 
ing, Which connects to the portion of the upper electrode 
exposed via the third opening, and Which is draWn out onto 
the surface of the third insulating ?lm; Wherein, in the 
forming a second opening by selectively removing the 
second and third insulating ?lms, the second opening is 
continuously formed such that the second opening surrounds 
at least three sides of the capacitor insulating ?lm, and the 
Width of the capacitor insulating ?lm satis?es the folloWing 
formula: 

[0023] Where, H designates the Width of the capacitor 
insulating ?lm, Adesignates a predetermined constant deter 
mined depending on a structure and a manufacturing process 
of the MIM capacitor to obtain desired admittance charac 
teristics, and F designates maximum frequency of a signal 
used by the MIM capacitor. 

[0024] It is preferable that the ?rst lead electrode is a 
U-shaped electrode. 

[0025] It is also preferable that the ?rst lead electrode is a 
comb-shaped electrode. 

[0026] It is further preferable that the ?rst lead electrode is 
continuously formed such that the ?rst lead electrode sur 
rounds all sides of the capacitor insulating ?lm. 

[0027] It is advantageous that the capacitor insulating ?lm 
is made of a material selected from a group consisting of 
silicon oxide, silicon oxynitride and silicon nitride. 

[0028] It is also advantageous that the capacitor insulating 
?lm is made of a high dielectric constant material. 
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[0029] It is further advantageous that the capacitor insu 
lating ?lm is made of a material selected from a group 
consisting of PbZr1_XTiXO3 (Oéxé 1), Pb1_XLaXZr1_yTuO3 
(Oéxél, Oéyé 1), BaTiO3, Ba1_XSrXTiO3 (Oéxél), and 
SrTiO3. 
[0030] It is preferable that the loWer electrode and the 
upper electrode are made of polysilicon. 

[0031] It is also preferable that the ?rst and second lead 
electrodes are made of a material selected from a group 
consisting of aluminum, copper and gold. 

[0032] It is further preferable that the ?rst and second 
insulating ?lms are made of silicon oxide, and the third 
insulating ?lm is made of tetraethoxyorthosilicate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] These and other features, and advantages, of the 
present invention Will be more clearly understood from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
designate identical or corresponding parts throughout the 
?gures, and in Which: 

[0034] FIG. 1 is a schematic cross sectional vieW shoWing 
a structure of an MIM capacitor for a semiconductor inte 
grated circuit device according to the ?rst embodiment of 
the present invention; 

[0035] FIG. 2 is a schematic plan vieW shoWing an 
arrangement of components of the MIM capacitor of FIG. 
1; 
[0036] FIG. 3 is a circuit diagram shoWing a schematic 
equivalent circuit of the MIM capacitor for a semiconductor 
integrated circuit device of FIGS. 1 and 2; 

[0037] FIG. 4 is a schematic plan vieW shoWing an 
arrangement of components of the MIM capacitor for semi 
conductor integrated circuit device according to the second 
embodiment of the present invention; 

[0038] FIG. 5A is a schematic cross sectional vieW shoW 
ing a structure of an MIM capacitor for a semiconductor 
integrated circuit device according to the third embodiment 
of the present invention; and 

[0039] FIG. 5B is a schematic plan vieW shoWing an 
arrangement of components of the MIM capacitor of FIG. 
5A. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0040] With reference to the draWings, embodiments of 
the present invention Will noW be described in detail. 

[0041] FIG. 1 is a schematic cross sectional vieW shoWing 
a structure of an MIM capacitor according to the ?rst 
embodiment of the present invention. The MIM capacitor 
according to the present embodiment comprises a semicon 
ductor substrate 1, a ?rst insulating ?lm 2 formed on the 
semiconductor substrate 1, a loWer electrode 3 formed on a 
portion of the ?rst insulating ?lm 2, and a second insulating 
?lm 4 formed on the loWer electrode 3. The ?rst insulating 
?lm 2 is made, for example, of silicon oxide such as silicon 
dioxide (SiO2) and the like. The loWer electrode 3 is made, 
for example, of a polysilicon ?lm. The second insulating 
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?lm 4 is made, for example, of silicon oxide such as silicon 
dioxide (SiO2) and the like. In the second insulating ?lm 4, 
there is formed a through hole or an opening 20. 

[0042] The MIM capacitor according to the present 
embodiment further comprises a capacitor dielectric ?lm or 
a capacitor insulating ?lm 5 and an upper electrode 6 Which 
are sequentially formed on a portion of the loWer electrode 
3 exposed via the opening 20 of the second insulating ?lm 
4. The upper electrode 6 is made, for example, of a poly 
silicon ?lm. The MIM capacitor according to the present 
embodiment further comprises a third insulating ?lm 7 
formed on the semiconductor substrate including the ?rst 
insulating ?lm 2, the second insulating ?lm 4 and the upper 
electrode 6. The third insulating ?lm 7 is made, for example, 
of tetraethoxyorthosilicate (TEOS) and the like. Also, there 
is formed an opening 30 Which penetrates the second and 
third insulating ?lms 4 and 7 and Which reaches the loWer 
electrode 3. Further, there is formed an opening 40 Which 
penetrates the third insulating ?lm 7 and Which reaches the 
upper electrode 6. 

[0043] The MIM capacitor according to the present 
embodiment further comprises a ?rst lead electrode 8 Which 
is formed on the third insulating ?lm 7 and Which ?lls the 
opening 30, and a second lead electrode 9 Which is formed 
on the third insulating ?lm 7 and Which ?lls the opening 40. 
The ?rst lead electrode 8 electrically connects to the loWer 
electrode 3 via the opening 30, and the second lead electrode 
9 electrically connects to the upper electrode 6 via the 
opening 40. Thereby, the ?rst lead electrode 8 and the loWer 
electrode 3 is electrically coupled via a contact portion 10a, 
and the seocond lead electrode 9 and the upper electrode 6 
is electrically coupled via a contact portion 10b. 

[0044] FIG. 2 is a schematic plan vieW shoWing an 
arrangement of components of the MIM capacitor of FIG. 
1. As shoWn in FIG. 2, in the MIM capacitor according to 
the present embodiment, the ?rst lead electrode 9 is con 
tinuously formed around and adjacent three sides of the 
capacitor insulating ?lm 5. In this embodiment, the capacitor 
insulating ?lm 5 has a rectangular shape, and a lateral Width 
H of the capacitor insulating ?lm 5 satis?es the folloWing 
formula. 

[0045] Where, Adesignates a constant determined depend 
ing on a structure, material and manufacturing process of the 
capacitor such that a desired admittance characteristic is 
obtained, and F designates a maximum frequency used. 

[0046] The polysilicon ?lm as the loWer electrode 3 is ion 
implanted by impurity ions, such as boron, phosphorus, 
arsenic and the like to loWer electrical resistance, after 
forming the polysilicon ?lm on the ?rst insulating ?lm 2. 

[0047] The ?rst and second lead electrodes 8 and 9 are 
made of metal material or materials, for example, aluminum 
(Al), copper (Cu), gold (Au) and the like. The capacitor 
insulating ?lm 5 is made of dielectric material, for example, 
silicon dioxide (SiOZ), silicon oxynitride (SiON), silicon 
nitride (SiN), high dielectric constant materials and the like. 
The high dielectric constant materials may include PZT 
(PbZr1_XTiXO3: 02x21), PLZT (Pb1_XLaXZr1_yTiO3: 
Oéxé 1, Oéyé 1), BTO (BaTiO3), BST (Ba1_XSrXTiO3: 
02x21), STO (SrTiO3) and the like. 
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[0048] Next, With reference to FIG. 1, an explanation Will 
be made on a method of manufacturing the MIM capacitor 
of the ?rst embodiment having the above-mentioned struc 
ture. 

[0049] First, a semiconductor substrate 1 made of a P-type 
silicon substrate is prepared. On the semiconductor substrate 
1, a ?rst insulating ?lm 2 made of silicon dioxide (SiO2) is 
then formed. The thickness of the ?rst insulating ?lm 2 is, 
for example, 200-1000nm (nanometers). Then, a polysilicon 
?lm Which is to be a loWer electrode 3 is groWn on the ?rst 
insulating ?lm 2. The thickness of the polysilicon ?lm is, for 
example, 300-500 nm. Then, in order to loWer electrical 
resistance of the polysilicon ?lm, impurity ions, such as 
boron, phosphorus, arsenic and the like are ion implanted. In 
this case, it is possible to form the polysilicon ?lm to be the 
loWer electrode 3 as a ?lm common to a layer of a base lead 
portion of an NPN type or PNP type transistor not shoWn in 
the draWing. 

[0050] A second insulating ?lm 4 made of silicon dioxide 
(SiO2) is then formed on the loWer electrode 3 made of the 
polysilicon ?lm. The thickness of the second insulating ?lm 
4 is, for example, 200-300 nm. By using a photo resist mask 
not shoWn in the draWing as an etching mask, a portion of 
the second insulating ?lm 4 corresponding to a capacitor 
portion is removed by etching to form an opening 20. 

[0051] On the portion of the loWer electrode 3 exposed via 
the opening 20, a capacitor insulating ?lm 5, for example, of 
a silicon nitride (SiN) ?lm, and a polysilicon ?lm to be an 
upper electrode 6 are sequentially groWn. The thickness of 
the capacitor insulating ?lm 5 is, for example, approxi 
mately 100 nm. The thickness of the polysilicon ?lm to be 
the upper electrode 6 is, for example, 300-500 nm. In this 
case, materials of the capacitor insulating ?lm 5 can be any 
materials selected depending on a combination of a With 
standing voltage, dielectric constant and the like required by 
a circuit Which uses the capacitor. In addition to the above 
mentioned silicon nitride, the materials of the capacitor 
insulating ?lm 5 can be silicon dioxide (SiOZ), silicon 
oxynitride (SiON), high dielectric constant materials and the 
like. The high dielectric constant materials may include PZT 
(PbZr1_XTiXO3: 02x21), PLZT (Pb1_XLaXZr1_yTiO3: 
02x2 1, 0§y§ 1), BTO (BaTiO3), BST (Ba1_XSrxTiO3: 
02x21), STO (SrTiO3) and the like. 

[0052] The polysilicon ?lm to be the upper electrode 6 is 
then patterned by etching. Thereby, the upper electrode 6 is 
formed. A third insulating ?lm 7 is then formed on Whole 
area of the substrate. A material for the third insulating ?lm 
7 is, for example, tetraethoxyorthosilicate (TEOS). The 
thickness of the third insulating ?lm 7 is, for example, 
approximately 1000 nm. Then, openings 30 and 40 reaching 
respectively to the surfaces of the loWer electrode 3 and the 
upper electrode 6 are formed by etching. Here, the opening 
30 is formed by selectively removing the second insulating 
?lm 4 and the third insulating ?lm 7 by etching, and the 
opening 40 is formed by selectively removing the third 
insulating ?lm 7 by etching. 

[0053] A conductive ?lm made of aluminum (Al), copper 
(Cu), gold (Au) and the like is formed on the third insulating 
?lm 7 such that the openings 30 and 40 are ?lled With the 
conductive material of the conductive ?lm. The conductive 
?lm is patterned to form the ?rst lead electrode 8 and the 
second lead electrode 9 Which are the lead electrodes for the 
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lower electrode 3 and the upper electrode 6, respectively. In 
this Way, the MIM capacitor according to the present 
embodiment is completed. 

[0054] In this embodiment, as shoWn in FIG. 2, the 
opening 30 is formed as an approximately U-shaped opening 
so that the ?rst lead electrode 8 surrounds the three sides of 
the capacitor insulating ?lm 5. Also, in this embodiment, the 
opening 20 is formed such that the Width H (see FIG. 2) of 
the capacitor insulating ?lm 5 satis?es the folloWing formula 
or inequality. 

[0055] Where, Adesignates a constant determined depend 
ing on a structure, material and manufacturing process of the 
capacitor such that a desired admittance characteristic is 
obtained, and F designates a maximum frequency used. 

[0056] FIG. 3 is a circuit diagram shoWing a schematic 
equivalent circuit of the MIM capacitor for a semiconductor 
integrated circuit device of FIGS. 1 and 2. That is, in a high 
frequency, an equivalent circuit of the MIM capacitor of 
FIGS. 1 and 2 can be represented by using a distributed 
parameter circuit model shoWn in FIG. 3. 

[0057] From the distributed parameter circuit model of 
FIG. 3, it is possible to derive the above-mentioned formula 
shoWing a relationship betWeen the Width of the capaci 
tor and the frequency actually used. The value of Ain the 
above formula is determined depending on a parasitic resis 
tance of the capacitance, thickness and dielectric constant of 
the capacitor insulating ?lm 5, and the like. In practice, the 
value of A is determined by experiment, simulative calcu 
lation and the like. One exemplary Way of determining the 
value of A is as folloWs. 

[0058] First, the MIM capacitors having various Widths H 
of the capacitor insulating ?lms are actually fabricated or 
simulated according to the above-mentioned structure, mate 
rial and manufacturing process. Then, at a predetermined 
frequency F0 and for various values of H, difference or 
deviation values are calculated betWeen the capacitance 
values determined by the distributed parameter circuit model 
and the capacitance values determined by the lumped con 
stant circuit model approximating the capacitor. Alterna 
tively, at a predetermined frequency F0 and for various 
values of H, difference or deviation values are measured 
betWeen the capacitance values actually measured and the 
capacitance values determined by the lumped constant cir 
cuit model approximating the capacitor. Then, at that fre 
quency F0, the Width HO of the capacitor insulating ?lm is 
obtained at Which a predetermined admittance characteristic 
is obtained. The predetermined admittance characteristic is, 
for example, the characteristic corresponding to a capaci 
tance difference of 4%, or a phase rotation of 1 degree. 

[0059] Thereafter, by changing the frequency F0 to various 
values, and, for various frequencies F0, the Widths HO of the 
capacitor insulating ?lm are calculated or measured in Which 
the above-mentioned predetermined admittance characteris 
tic is obtained. The value of A is obtained from these data 
and an approximate formula FO=A/(HO><HO). In the MIM 
capacitor according to the present embodiment, the capaci 
tor insulating ?lm is formed such that the Width H of the 
capacitor insulating ?lm satis?es the above-mentioned 
inequality. Therefore, it is possible to keep the capacitance 
error and the phase rotation to predetermined values or 
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beloW Within a signal frequency range used by the MIM 
capacitor. That is, even at the maximum frequency F used by 
the MIM capacitor, it is possible to keep the capacitance 
error and the phase rotation to values equal to or loWer than 
predetermined values, for example, 4% in the capacitance 
error and 1 degree in the phase rotation. 

[0060] With reference to the plan vieW of FIG. 4, an 
explanation Will be made on a MIM capacitor according to 
the second embodiment of the present invention. FIG. 4 
schematically shoWs an arrangement of components of the 
MIM capacitor according to the second embodiment. FIG. 
4 corresponds to FIG. 2 in the ?rst embodiment. In FIG. 4 
shoWing the second embodiment, like reference numerals 
are used to designate identical or corresponding parts to 
those of FIG. 2 shoWing the ?rst embodiment. 

[0061] As shoWn in FIG. 4, in the second embodiment, in 
place of the capacitor insulating ?lm 5 of the ?rst embodi 
ment, tWo capacitor insulating ?lms 5a each having a Width 
H are laterally disposed on the loWer electrode 3. The Width 
H of each of the capacitor insulating ?lms 5a is selected such 
that the inequality With the maximum frequency F shoWn in 
the above description of the ?rst embodiment is satis?ed. 
Also, in place of the ?rst lead electrode 8 of the ?rst 
embodiment, a ?rst lead electrode 8a is used Which has a 
comb shape as shoWn in FIG. 4. Structure of other portions 
of the MIM capacitor according to the second embodiment 
may be the same as that of the MIM capacitor according to 
the ?rst embodiment, and detailed explanation thereof is 
omitted here. 

[0062] Also, the MIM capacitor according to the second 
embodiment can be fabricated by a manufacturing method 
similar to that of the ?rst embodiment, and an explanation 
thereof is omitted here. 

[0063] In the MIM capacitors according to the ?rst and 
second embodiments mentioned above, error of circuit 
parameters, such as capacitance, phase rotation and the like, 
can be reduced, and it is possible to realiZe a semiconductor 
integrated circuit device having improved high frequency 
characteristics. 

[0064] With reference to the draWings, an explanation Will 
noW be made on a MIM capacitor according to the third 
embodiment of the present invention. FIG. 5A is a sche 
matic cross sectional vieW shoWing a structure of an MIM 
capacitor according to the third embodiment of the present 
invention. FIG. 5B is a schematic plan vieW shoWing an 
arrangement of components of the MIM capacitor of FIG. 
5A. FIG. 5A corresponds to a cross sectional vieW taken 
along the line A-A of FIG. 5B. Also, FIG. 5A corresponds 
to FIG. 1 of the ?rst embodiment, and FIG. 5B corresponds 
to FIG. 2 of the ?rst embodiment. In FIGS. 5A and 5B 
shoWing the third embodiment, like reference numerals are 
used to designate identical or corresponding parts to those of 
FIGS. 1 and 2 shoWing the ?rst embodiment. 

[0065] In the above-mentioned MIM capacitors according 
to the ?rst and second embodiments, the ?rst lead electrodes 
8 and 8a are the U shaped electrode and the comb shaped 
electrode, respectively, as shoWn in FIG. 2 and FIG. 4. On 
the other hand, in the MIM capacitor according to the third 
embodiment, a ?rst lead electrode 8b is formed such that it 
surrounds the capacitor insulating ?lm 5 completely from 
four sides thereof, as shoWn in FIGS. 5A and 5B. By this 
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structure, in the third embodiment, it is possible to further 
improve high frequency characteristics of the MIM capaci 
tor, When compared With those of the MIM capacitors 
according to the ?rst and second embodiments. 

[0066] Further, in the third embodiment, a fourth insulat 
ing ?lm 12 is formed on a third insulating ?lm 7 so as to 
cover the ?rst lead electrode 8b and a second lead electrode 
9. As a material of the fourth insulating ?lm 12, tetraethoXy 
orthosilicate (TEOS) is used, for eXample. Also, there are 
formed an opening 11a Which penetrates the fourth insulat 
ing ?lm 12 and reaches the second lead electrode 9, and an 
opening 11b Which penetrates the fourth insulating ?lm 12 
and reaches the ?rst lead electrode 8b. 

[0067] A third lead electrode 13 is formed on the fourth 
insulating ?lm 12 such that the material of the third electrode 
13 also ?lls the opening 11a. A fourth lead electrode 14 is 
formed on the fourth insulating ?lm 12 such that the material 
of the fourth electrode 14 also ?lls the opening 11b. The 
third lead electrode 13 electrically connects With the second 
lead electrode 9 via the opening 11a. The fourth lead 
electrode 14 electrically connects With the ?rst lead elec 
trode 8b via the opening 11b. 

[0068] Therefore, the upper electrode 6 is draWn out onto 
the fourth insulating ?lm 12 via the second and third lead 
electrodes 9 and 13. The loWer electrode 3 is draWn out onto 
the fourth insulating ?lm 12 via the ?rst and fourth lead 
electrodes 8b and 14. By this structure, it is possible to avoid 
short circuit betWeen the lead electrodes. In the plan vieW of 
FIG. 5B, illustration of the fourth lead electrode 14 and the 
opening 11b is omitted for the sake of simplicity. 

[0069] As materials of the third and fourth lead electrodes 
13 and 14, metal materials such as aluminum (Al), copper 
(Cu), gold (Au) and the like can be used, similarly to the 
materials of the ?rst and second lead electrodes 8 and 9. The 
other structure and manufacturing process may be substan 
tially the same as those of the ?rst embodiment mentioned 
above, and detailed description thereof is omitted here. 

[0070] As mentioned above, according to the present 
invention, the lead electrode of the loWer electrode of the 
MIM capacitor is formed such that the lead electrode of the 
loWer electrode surrounds at least three sides of the capacitor 
insulating ?lm, and the Width of the capacitor insulating ?lm 
is determined depending on the signal frequency Which is 
used by the MIM capacitor. Therefore, it is possible to 
decrease parasitic resistance of the lead portion of the MIM 
capacitor, and to avoid reduction of admittance in a high 
frequency. Also, capacitance error and phase rotation in a 
high frequency can be reduced. It is possible to easily and 
correctly design and fabricate the MIM capacitor for use in 
a high frequency. Further, When compared With the conven 
tional MOS capacitor and the conventional MIM capacitor, 
according to the MIM capacitor of the present invention, it 
is possible to decrease declination of circuit parameters and 
to improve performance of a semiconductor integrated cir 
cuit device. 

[0071] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
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?gures are to be regarded in an illustrative sense rather than 
a restrictive sense, and all such modi?cations are to be 
included Within the scope of the present invention. There 
fore, it is intended that this invention encompasses all of the 
variations and modi?cations as fall Within the scope of the 
appended claims. 

What is claimed is: 
1. An MIM capacitor for a semiconductor integrated 

circuit device comprising: 

a semiconductor substrate; 

a ?rst insulating ?lm formed on said semiconductor 

substrate; 
a loWer electrode formed on said ?rst insulating ?lm; 

a second insulating ?lm formed on said loWer electrode; 

a ?rst opening Which penetrates said second insulating 
?lm and Which reaches said loWer electrode; 

a capacitor insulating ?lm formed on a portion of said 
loWer electrode eXposed by said ?rst opening; 

an upper electrode formed on said capacitor insulating 
?lm; 

a third insulating ?lm formed on said second insulating 
?lm and said upper electrode; 

a second opening Which penetrates said second and third 
insulating ?lms and Which reaches said loWer elec 
trode; 

a ?rst lead electrode Which ?lls said second opening, 
Which connects to a portion of said loWer electrode 
eXposed via said second opening, and Which is draWn 
out onto the surface of said third insulating ?lm; 

a third opening Which penetrates said third insulating 
?lms and Which reaches said upper electrode; and 

a second lead electrode Which ?lls said third opening, 
Which connects to a portion of said upper electrode 
eXposed via said third opening, and Which is draWn out 
onto the surface of said third insulating ?lm; 

Wherein ?rst lead electrode is continuously formed such 
that said ?rst electrode surrounds at least three sides of 
said capacitor insulating ?lm, and the Width of said 
capacitor insulating ?lm satis?es the folloWing for 
mula: 

Where, H designates the Width of said capacitor insulating 
?lm, Adesignates a predetermined constant determined 
depending on a structure and a manufacturing process 
of said MIM capacitor to obtain desired admittance 
characteristics, and F designates maXimum frequency 
of a signal used by said MIM capacitor. 

2. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said ?rst lead 
electrode is a U-shaped electrode. 

3. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said ?rst lead 
electrode is a comb-shaped electrode. 

4. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said ?rst lead 
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electrode is continuously formed such that said ?rst lead 
electrode surrounds all sides of said capacitor insulating 
?lm. 

5. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said capacitor 
insulating ?lm is made of a material selected from a group 
consisting of silicon oxide, silicon oXynitride and silicon 
nitride. 

6. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said capacitor 
insulating ?lm is made of a high dielectric constant material. 

7. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said capacitor 
insulating ?lm is made of a material selected from a group 
consisting of PbZr1_XTiXO3 (02x21), Pb1_XLaXZr1_yTiO3 
(Oéxé 1, Oéyé 1), BaTiO3, Ba1_XSrXO3 (02x21), and 
SrTiO3. 

8. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said loWer 
electrode and said upper electrode are made of polysilicon. 

9. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said ?rst and 
second lead electrodes are made of a material selected from 
a group consisting of aluminum, copper and gold. 

10. An MIM capacitor for a semiconductor integrated 
circuit device as set forth in claim 1, Wherein said ?rst and 
second insulating ?lms are made of silicon oXide, and said 
third insulating ?lm is made of tetraethoXyorthosilicate. 

11. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device comprising: 

preparing a semiconductor substrate; 

forming a ?rst insulating ?lm on said semiconductor 
substrate; 

forming a loWer electrode on said ?rst insulating ?lm; 

forming a second insulating ?lm on said loWer electrode; 

forming a ?rst opening by selectively removing said 
second insulating ?lm, a portion of said loWer electrode 
is eXposed via said ?rst opening; 

forming a capacitor insulating ?lm on said portion of said 
loWer electrode eXposed by said ?rst opening; 

forming an upper electrode on said capacitor insulating 
?lm; 

forming a third insulating ?lm on said second insulating 
?lm and said upper electrode; 

forming a second opening by selectively removing said 
second and third insulating ?lms, a portion of said 
loWer electrode is eXposed via said second opening; 

forming a third opening by selectively removing said third 
insulating ?lm, a portion of said upper electrode is 
eXposed via said third opening; 

forming a ?rst lead electrode Which ?lls said second 
opening, Which connects to said portion of said loWer 
electrode eXposed via said second opening, and Which 
is draWn out onto the surface of said third insulating 
?lm; and 
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forming a second lead electrode Which ?lls said third 
opening, Which connects to said portion of said upper 
electrode eXposed via said third opening, and Which is 
draWn out onto the surface of said third insulating ?lm; 

Wherein, in said forming a second opening by selectively 
removing said second and third insulating ?lms, said 
second opening is continuously formed such that said 
second opening surrounds at least three sides of said 
capacitor insulating ?lm, and the Width of said capaci 
tor insulating ?lm satis?es the folloWing formula: 

H<(A/F)‘/2 
Where, H designates the Width of said capacitor insulating 

?lm, Adesignates a predetermined constant determined 
depending on a structure and a manufacturing process 
of said MIM capacitor to obtain desired admittance 
characteristics, and F designates maXimum frequency 
of a signal used by said MIM capacitor. 

12. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said ?rst lead electrode is a U-shaped electrode. 

13. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said ?rst lead electrode is a comb-shaped 
electrode. 

14. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said ?rst lead electrode is continuously formed 
such that said ?rst lead electrode surrounds all sides of said 
capacitor insulating ?lm. 

15. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said capacitor insulating ?lm is made of a 
material selected from a group consisting of silicon oXide, 
silicon oXynitride and silicon nitride. 

16. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said capacitor insulating ?lm is made of a high 
dielectric constant material. 

17. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said capacitor insulating ?lm is made of a 
material selected from a group consisting of PbZr1_XT'n;O3 
(02x21), Pb1_XLaXZr1_yTiO3 (Oéxé 1, Oéyé 1), BaTiO3, 
BaHSrXTiO3 (Oéxé 1), and SrTiO3. 

18. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said loWer electrode and said upper electrode are 
made of polysilicon. 

19. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said ?rst and second lead electrodes are made of 
a material selected from a group consisting of aluminum, 
copper and gold. 

20. A method of manufacturing an MIM capacitor for a 
semiconductor integrated circuit device as set forth in claim 
11, Wherein said ?rst and second insulating ?lms are made 
of silicon oxide, and said third insulating ?lm is made of 
tetraethoXyorthosilicate. 

* * * * * 


