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SEMICONDUCTOR DEVICE WITH CAPACITOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2002-210176, ?led on Jul. 18, 2002, the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
device Which incorporates a semiconductor integrated cir 
cuit chip for use in electronic equipment, such as a computer. 
More speci?cally, the present invention relates to a semi 
conductor device in Which a decoupling capacitor for poWer 
supply use is arranged in close proximity With a semicon 
ductor integrated circuit chip in order to stabiliZe operation 
of the semiconductor integrated circuit chip at high frequen 
cies. 

[0004] 2. Description of the Related Art 

[0005] A decoupling capacitor (or bypass capacitor) is 
commonly used With the semiconductor integrated circuit 
(IC) chip to reduce the noise in the poWer supplied to the IC 
chip. Advances in IC technology have increased the sWitch 
ing speeds employed by the recent IC devices, so that many 
IC chips are capable of operation at high frequencies, or 
microWave frequencies. High sWitching speeds increase the 
problem of poWer supply noise, a component of Which is 
generated as the device is sWitched on and off. In order for 
the IC chip to function properly, the poWer supplied must be 
free from noise. 

[0006] Use of the decoupling capacitor to alleviate the 
problem of poWer supply noise is Well knoWn. It is also Well 
knoWn that it is desirable to position the decoupling capaci 
tor as close as possible to the IC chip for best effect. The 
leads connecting the capacitor to the IC chip have an 
inherent inductance Which becomes signi?cant at high speed 
operation, to the point that if the capacitor is positioned too 
far from the IC chip, the lead inductance can cancel the 
usefulness of the capacitor for eliminating poWer supply 
noise. 

[0007] In a semiconductor device in Which decoupling 
capacitors are arranged near a semiconductor integrated 
circuit (IC) chip as preventive measures against malfunc 
tioning of the IC chip due to poWer supply noise at high 
frequencies, multi-layered chip capacitors have often been 
used as the decoupling capacitors. 

[0008] FIG. 1 shoWs the structure of a semiconductor 
device in Which multi-layered chip capacitors are mounted. 

[0009] In the semiconductor device of FIG. 1, the semi 
conductor IC chip 2 is connected to the top of the package 
substrate 1 using BGA (ball grid array) connection, and the 
multi-layered chip capacitors 4 are connected to the bottom 
surface of the package substrate 1 via solder bumps. The 
package substrate 1 is also connected to the top of the circuit 
Wiring board (mother board) 3 via solder bumps. The 
package substrate 1 is, for eXample, a multi-chip module 
(MCM) substrate. 
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[0010] As for the semiconductor device of FIG. 1, in order 
to avoid the interference of the height of the multi-layered 
chip capacitors 4 With the circuit Wiring board 3, the portion 
of the circuit Wiring substrate 3 Where the capacitors 4 are 
mounted in opposing relationship to the substrate 3 must be 
cut through. 

[0011] In this case the inductance betWeen the semicon 
ductor IC chip 2 and the capacitors 4 poses the problem of 
poWer supply noise at high frequencies. 

[0012] The semiconductor device, such as shoWn in FIG. 
1, requires the Wiring leads Within the package substrate 1 to 
connect the multi-layered chip capacitors 4 and the semi 
conductor IC chip 2, and the Wiring leads Within the package 
substrate 1 have a signi?cant inductance When the IC chip 2 
operates at high frequencies. Even if the decoupling capaci 
tors 4 are arranged therein, the effect of suppressing the 
?uctuation of the poWer-supply voltage to the IC chip 2 
during high-speed operation and the effect of absorbing the 
high frequency ripple are fading. 

[0013] What is needed for suppressing the variation of the 
poWer-supply voltage to the IC chip 2 is to reduce the 
equivalent in-series resistance (ESR) and the equivalent 
in-series inductance (ESL) of the capacitors 4. Especially 
there is a problem in that the increase in the inductance due 
to the Wiring leads Within the package substrate 1 deterio 
rates the high frequency characteristics of the decoupling 
capacitors 4. 

[0014] In order to overcome the problem, reduction of the 
inductance is attained by positioning the capacitors as close 
as possible to the IC chip such that the length of the Wiring 
leads from the poWer supply and the ground of the IC chip 
to the capacitors is made shortest. 

[0015] Japanese Laid-Open Patent Application No. 
4-211191 discloses a substrate With a built-in capacitor 
Which is formed With a thin-?lm dielectric layer and con 
ductive layers on a ceramic Wiring substrate. The capacitor 
is devised to reduce the inductance, thereby realiZing reduc 
tion of the poWer supply noise. 

[0016] Moreover, Japanese Laid-Open Patent Applica 
tions No. 7-176453, No. 2001-68583 and No. 2001-35990 
disclose some thin-?lm decoupling capacitors. In such 
capacitor con?gurations, the upper surface pads of the 
capacitor formed on the carrier substrate having the via 
holes are connected to the semiconductor IC chip, and the 
loWer surface pads are connected to the circuit Wiring 
substrate. The capacitor con?gurations are provided to 
reduce the inductance. 

[0017] FIG. 2A and FIG. 2B shoW the structure of each 
of conventional semiconductor devices in Which the inter 
poser With a built-in capacitor is mounted. 

[0018] In the con?guration of FIG. 2A, the semiconductor 
IC chip 2 is connected to the top of the package substrate 1 
using BGA connection, and the interposer 5 With the built-in 
capacitor is connected to the bottom of the IC chip 2 using 
BGA connection. In the con?guration, to avoid the interfer 
ence betWeen the interposer 5 and the package substrate 1, 
the surface portion of the package substrate 1 Where the 
interposer 5 is mounted is cut partially. 

[0019] In the con?guration of FIG. 2B, the semiconductor 
IC chip 2 is connected to the top of the interpose 5 With the 
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built-in capacitor using BGA connection, and the interposer 
5 is connected to the top of the package substrate 3 using 
BGA connection. 

[0020] When compared With the semiconductor device of 
FIG. 1, the semiconductor devices of FIG. 2A and FIG. 2B 
have a shorter connection distance of the IC chip and the 
capacitor. HoWever, if the interposer con?guration is used, 
the number of production processes needed to manufacture 
the semiconductor devices Will increase, and also the tech 
nical dif?culty of the production may arise. This makes the 
loW-cost production of the semiconductor devices dif?cult. 
Moreover, the number of interconnections betWeen the 
components of the semiconductor devices increases, and the 
problem of reliability may arise. 

[0021] Furthermore, in the case of the con?guration of 
FIG. 2A, because of the thickness of the capacitor itself, it 
is necessary to perform machining to cut partially the 
portion of the package substrate before the IC chip is 
mounted on the package substrate. 

[0022] Conventionally, in order to position the capacitor in 
close proximity to the IC chip, it has been necessary to use 
the interposer-type chip capacitor mounted betWeen the 
carrier substrate and the IC chip as shoWn in FIG. 2A or 
FIG. 2B. 

[0023] HoWever, to prepare the interposer-type chip 
capacitor, the through vias in the substrate must be formed. 
In order to form the through vias, it is necessary to carry out 
the simultaneous baking process for the conductive material 
and the ceramic material, or carry out the forming of through 
holes in the substrate such as a silicon substrate, and the 
?lling of the conductive material into the through holes of 
the substrate. Therefore, the technical difficulty of the pro 
duction Will arise, and it is dif?cult to attain the loW-cost 
production of the semiconductor devices. 

SUMMARY OF THE INVENTION 

[0024] An object of the present invention is to provide an 
improved semiconductor device in Which the above-de 
scribed problems are eliminated. 

[0025] Another object of the present invention is to pro 
vide a semiconductor device Which is con?gured to position 
the decoupling capacitor as close as possible to the semi 
conductor IC chip for best effect of the decoupling capacitor, 
Without using the interposer type con?guration and the 
multi-layered chip capacitor con?guration as in the conven 
tional semiconductor devices. 

[0026] The above-mentioned objects of the present inven 
tion is achieved by a semiconductor device comprising: a 
carrier substrate; an integrated circuit chip mounted on the 
carrier substrate through bumps; and a capacitor provided to 
stabiliZe operation of the integrated circuit chip at high 
frequencies, Wherein the capacitor is electrically connected 
to pads on bottom of the integrated circuit chip, and the 
capacitor is provided to have a height on the carrier substrate 
that is smaller than or equal to a height of the bumps on the 
carrier substrate. 

[0027] In the semiconductor device of the present inven 
tion, the capacitor is formed on a substrate made of silicon 
or glass and having a ?at and smooth surface, and the entire 
thickness of the capacitor is reduced by machining the back 
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surface of the capacitor substrate. The thin ?lm capacitor is 
provided to have a height on the carrier substrate that is 
smaller than or equal to a height of the bumps on the carrier 
substrate, and it is possible that the capacitor be mounted in 
the shortest distance near the IC chip. 

[0028] The above-mentioned objects of the present inven 
tion is also achieved by a semiconductor device comprising: 
a carrier substrate; an integrated circuit chip mounted on the 
carrier substrate; a capacitor provided to stabiliZe operation 
of the integrated circuit chip at high frequencies; and a lead 
frame provided on the carrier substrate and electrically 
connected to the integrated circuit chip through a Wire, 
Wherein the capacitor is electrically connected to pads on the 
integrated circuit chip, and the capacitor is provided to have 
a height on the integrated circuit chip that is smaller than a 
height of the Wire on the integrated circuit chip. 

[0029] In the semiconductor device of the present inven 
tion, the capacitor is formed on a substrate made of silicon 
or glass and having a ?at and smooth surface, and the entire 
thickness of the capacitor is reduced by machining the back 
surface of the capacitor substrate. The thin ?lm capacitor is 
electrically connected to pads on the integrated circuit chip, 
and the capacitor is provided to have a height on the 
integrated circuit chip that is smaller than a height of the 
Wire on the integrated circuit chip. It is possible that the 
capacitor be mounted in the shortest distance near the IC 
chip. 
[0030] According to the semiconductor device of the 
present invention, the decoupling capacitor can be mounted 
directly on the IC chip bottom in the shortest distance near 
the IC chip. The resistance and the inductance of the 
decoupling capacitor in the semiconductor device can be 
loWered by such con?guration. Therefore, it is possible for 
the semiconductor device of the present invention to stabi 
liZe high-frequency operation of the IC chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description When read in conjunction With the 
accompanying draWings. 

[0032] FIG. 1 is a diagram shoWing the structure of a 
semiconductor device in Which multi-layered chip capaci 
tors are mounted. 

[0033] FIG. 2A and FIG. 2B are diagrams shoWing the 
structure of each of conventional semiconductor devices in 
Which an interposer With a built-in capacitor is mounted. 

[0034] FIG. 3A and FIG. 3B are diagrams shoWing the 
structure of a semiconductor device of the ?rst preferred 
embodiment of the present invention. 

[0035] FIG. 4 is a diagram shoWing the structure of a 
semiconductor device of the second preferred embodiment 
of the present invention. 

[0036] FIG. 5 is a diagram for explaining a method of 
production of a thin ?lm capacitor for use in the semicon 
ductor device of the present invention. 

[0037] FIG. 6A and FIG. 6B are diagrams shoWing the 
structure of the semiconductor device of the present inven 
tion in Which the thin ?lm capacitor of FIG. 5 is mounted. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0038] A description Will noW be given of preferred 
embodiments of the present invention With reference to the 
accompanying drawings. 
[0039] FIG. 3A and FIG. 3B shoW the structure of a 
semiconductor device of the ?rst preferred embodiment of 
the present invention. FIG. 3A is a cross-sectional vieW of 
the semiconductor device of the present embodiment, and 
FIG. 3B is an enlarged vieW of the semiconductor device of 
FIG. 3A. 

[0040] As shoWn in FIG. 3A and FIG. 3B, the semicon 
ductor device 10 includes a package substrate 1 as a carrier 
substrate, a semiconductor integrated circuit (IC) chip 2 
mounted on the package substrate 1, and-a thin ?lm capaci 
tor 20 con?gured as a decoupling capacitor Which stabiliZes 
high-speed operation of the IC chip 2. 

[0041] The thin ?lm capacitor 20 is electrically connected 
to the electrode pads on the bottom of the IC chip 2. The thin 
?lm capacitor 20, including the capacitor substrate, is pro 
vided to have a height on the package substrate 1 that is 
smaller than or equal to the height H of the solder bumps of 
the IC chip 2 on the package substrate 1. 

[0042] The thin ?lm capacitor 20 in the present embodi 
ment is provided on a substrate made of silicon or glass and 
having a ?at and smooth surface, and an upper electrode 
layer and a loWer electrode layer, Which interpose a dielec 
tric layer therebetWeen, are formed on the substrate. The 
entire thickness of the capacitor 20, including the pads and 
the substrate, is reduced to 50 micrometers or less by 
machining the back surface of the capacitor substrate. The 
capacitor 20 is electrically connected to the IC chip 2 by 
using the Au—Au ultrasonic joining of the pads of the 
capacitor 20 and the pads of the IC chip 2. 

[0043] As shoWn in FIG. 3B, the solder bumps are used to 
mount the IC chip 2 on the package substrate 1, and the 
height H of the solder bumps of the IC chip 2 on the package 
substrate 1 is about 70 micrometers. The solder bump height 
H in this case is considered as containing the thickness of 
each electrode pad of the package substrate 1 and the IC chip 
2. 

[0044] Moreover, the thickness of each of the pads of the 
package substrate 1 and the pads of the IC chip 2 is about 10 
micrometers. Therefore, it is possible to con?gure the semi 
conductor device 10 of the present embodiment so that the 
thin ?lm capacitor 20, including the capacitor substrate, is 
provided to have a height on the package substrate 1 that is 
smaller than or equal to the height H of the solder bumps of 
the IC chip 2 on the package substrate 1. 

[0045] In the present embodiment, the thin ?lm capacitor 
20 is provided With the substrate having the bottom surface 
that is in contact With the top surface of the package 
substrate 1, as shoWn in FIG. 3B. By this con?guration, 
When connecting the semiconductor IC chip 2 to the package 
substrate 1 via the solder bumps, the solder bump height Will 
be restricted to be in consistency With the height of the 
capacitor 20. 

[0046] Since the distance betWeen the semiconductor IC 
chip 2 and the package substrate 1 is speci?ed in this 
manner, the spreading of the solder When the solder is 
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melted or re?oWed Will be limited by the electrode pads of 
the IC chip 2 and the package substrate 1. By the surface 
tension of the solder, the solder bumps are formed into the 
cylindrical con?guration rather than the spherical con?gu 
ration. 

[0047] For this reason, it is possible to prevent the stress 
concentration from arising at the solder connections betWeen 
the pads of the semiconductor IC chip 2 and the pads of the 
package substrate 1. 

[0048] In addition, Japanese Laid-Open Patent Applica 
tion No. 57-118650 discloses that if the solder connections 
betWeen the electrodes of the carrier substrate and the 
electrodes of the circuit component are formed into the 
cylindrical con?guration instead of the spherical con?gura 
tion When the solder is re?oWed, the height of the soldered 
joints is increased in the same amount of the solder, and the 
stress by the temperature change Will be distributed to the 
soldered joints uniformly. Therefore, according to the semi 
conductor device 10 of the present embodiment, the reli 
ability of the solder connections of the circuit components 
can be improved. 

[0049] FIG. 4 shoWs the structure of a semiconductor 
device of the second preferred embodiment of the present 
invention. 

[0050] In the embodiment of FIG. 4, the semiconductor 
device 11 includes the package substrate 1 as a carrier 
substrate, the semiconductor IC chip 2 mounted on the 
package substrate 1, and the thin ?lm capacitor 20 con?g 
ured as a decoupling capacitor Which stabiliZes high-speed 
operation of the IC chip 2. The semiconductor device 11 of 
the present embodiment further includes a lead frame 16, 
Wires 17, and a resin mold 18. 

[0051] In the structure of the semiconductor device 11, the 
IC chip 2 and the lead frame 16 are electrically connected 
together by the Wire bonding. After the Wire bonding is 
performed, and the capacitor 20, the IC chip 2, the package 
substrate 1 and the Wires 17 are enclosed in the resin mold 
18. 

[0052] In the present embodiment, the thin ?lm capacitor 
20 is electrically connected to the electrode pads on the top 
surface of the semiconductor IC chip 2, and the capacitor 20, 
including the substrate thereof, is provided to have a height 
H1 on the IC chip 2 that is smaller than a height H2 of the 
Wires 17 on the IC chip 2, as shoWn in FIG. 4. 

[0053] Similar to the previous embodiment of FIG. 3A 
and FIG. 3B, the capacitor 20 in the present embodiment is 
provided on a substrate made of silicon or glass and having 
a ?at and smooth surface, and an upper electrode layer and 
a loWer electrode layer, Which interpose a dielectric layer 
therebetWeen, are formed on the substrate. The entire thick 
ness of the capacitor 20, including the pads and the substrate, 
is reduced to 50 micrometers or less by machining the back 
surface of the capacitor substrate. The capacitor 20 is 
electrically connected to the IC chip 2 by using the Au—Au 
ultrasonic joining of the pads of the capacitor 20 and the 
pads of the IC chip 2. 

[0054] As for the semiconductor device 11 of the present 
embodiment, it should be noted that the thin ?lm capacitor 
20 is provided to have the height H1 on the IC chip 2 that 
is smaller than the height H2 of the Wires 17 on the IC chip 
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2. As shown in FIG. 4, the height of the Wires 17 on the lead 
frame 16 is about 150 micrometers, and the semiconductor 
device 11 in Which the capacitor 20 is mounted can be easily 
produced. Therefore, it is possible for the semiconductor 
device 11 of the present embodiment that the thin ?lm 
capacitor 20 be mounted in the shortest distance near the IC 
chip 2. 

[0055] Moreover, like the previous embodiment of FIG. 
3A and FIG. 3B, in the semiconductor device 11 of FIG. 4, 
the thickness of the capacitor 20, including the substrate, is 
reduced to 50 micrometers or less by grinding or polishing 
the back surface of the silicon Wafer as the capacitor 
substrate. In addition, the capacitor 20 is electrically con 
nected to the IC chip 2 by using the Au—Au ultrasonic 
joining of the pads of the capacitor 20 and the pads of the IC 
chip 2. As mentioned above, the height of the Wires 17 on the 
lead frame 17 is about 150 micrometers, and the interference 
of the thin ?lm capacitor 20 When the capacitor 20 and the 
IC chip 2 are enclosed in the resin mold 18 can be easily 
avoided. Therefore, the semiconductor device 11 in Which 
the thin ?lm capacitor 20 is mounted can be easily produced. 

[0056] Next, FIG. 5 is a diagram for explaining a method 
of production of a thin ?lm capacitor for use in the semi 
conductor device of the present invention. FIG. 6A and 
FIG. 6B shoW the detailed structure of the semiconductor 
device of the present invention in Which the thin ?lm 
capacitor of FIG. 5 is mounted. 

[0057] A description Will noW be given of the method of 
production of the thin ?lm capacitor. 

[0058] As shoWn in (a) of FIG. 5, the silicon Wafer 21 is 
used as a carrier substrate of the thin ?lm capacitor. Use of 
the silicon Wafer for the capacitor substrate facilitates for 
mation of a thin ?lm device since the back surface of the 
substrate (silicon) can be easily polished. The silicone 
substrate does not easily break even if it is polished to a 
thickness of about 30 micrometers. Hence, the silicon Wafer 
21 is appropriate for the carrier substrate of the thin ?lm 
capacitor 20 according to the present invention. 

[0059] Moreover, if the silicon Wafer 21 is used as the 
capacitor substrate, the coef?cient of thermal expansion of 
the semiconductor IC chip 2 and the coef?cient of thermal 
expansion of the thin ?lm capacitor 20 can be kept at the 
almost same level. It is possible to relieve the mounting 
stress during production of the semiconductor device. 

[0060] As shoWn in (b), (c) and (d) of FIG. 5, the 
respective thin ?lms of the loWer electrode layer 23, the 
dielectric layer 24, and the upper electrode layer 25 are 
formed one by one on the silicon Wafer 21. 

[0061] In the present embodiment, the silicon Wafer 21 on 
Which a silicon dioxide (SiO2) ?lm With a thickness of 0.3 
mm is formed is employed. First, the thin ?lm of TiO2 (0.05 
micrometers)/Pt (0.1 micrometers), Which is used as a loWer 
electrode material, is formed on top of the silicon Wafer 21 
by the sputtering method. Second, the thin ?lm of (Ba, 
Sr)TiO3 (hereinafter, called BST), Which is used as a highly 
dielectric material, is formed on top of the loWer electrode 
layer 23 by the sputtering method Within the same vacuum 
system. Third, the thin ?lm of Pt (thickness: 0.1 microme 
ters), Which is used as an upper electrode material, is formed 
on top of the dielectric layer 24 by the sputtering method. 
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[0062] A composite oxide containing at least one of the 
elements including strontium (Sr), barium (Ba), lead (Pb), 
tin (Zr), bismuth (Bi), tantalum (Ta), titanium (Ti), magne 
sium (Mg), niobium (Nb), etc. may be used as the source 
material suitable for the dielectric layer 24 of the thin ?lm 
capacitor 20 according to the present invention. Besides (Ba, 
Sr)TiO3 in the above-described embodiment, suitable dielec 
tric oxide materials for the dielectric layer 24 of the thin ?lm 
capacitor 20 may include Pb(Zr, Ti)O3, Pb(Mg, Nb)O3, 
SrBi2Ta2O9, Ta2O5, etc. 

[0063] Moreover, at least one of the metallic elements or 
the metallic oxides including platinum (Pt), gold (Au), 
copper (Cu), lead (Pb), ruthenium (Ru), ruthenium oxide, 
iridium (Ir), iridium oxide, chromium (Cr), etc. may be used 
as the source material suitable for the upper electrode layer 
25 and the loWer electrode layer 23, Which interpose the 
dielectric layer 24 therebetWeen, in the thin ?lm capacitor 20 
according to the present invention. 

[0064] Next, as indicated in (e) of FIG. 5, the patterning 
of the opening of the upper electrode layer 25 and the 
dielectric layer 24 is carried out by using the photolitho 
graphic method. Furthermore, the dry etching of both the Pt 
layer and the BST layer is performed by using the argon ion milling. 

[0065] As shoWn in and (g) of FIG. 5, the polyimide 
insulating layer 26 is formed, and the 0.05 micrometer thick 
Cr ?lm, the 1 micrometer thick Cu ?lm and the 10 microme 
ter thick Au ?lm are laminated one by one, so that the 
electrode pads 22 are formed in the polyimide insulating 
layer 26. 

[0066] In order to perform the Au—Au ultrasonic joining 
of the electrode pads 12 of the semiconductor IC chip 2 and 
the electrode pads 22 as shoWn in FIG. 6B, the outermost 
surfaces (Au) of the pads 22 of the thin ?lm capacitor 20 are 
formed With a diameter of about 40 micrometers and a 
thickness of about 10 micrometers, While the outermost 
surfaces (Au) of the pads 12 of the IC chip 2 are formed With 
a thickness of about 0.2 micrometers. The electrode pads 12 
of the semiconductor IC chip 2 are formed similarly by 
laminating the 3 micrometer thick Cu ?lm, the 2 micrometer 
thick Ni ?lm and the 0.2 micrometer thick Au ?lm one by 
one. 

[0067] As shoWn in (h) of FIG. 5 and FIG. 6A, the back 
surface 21a of the silicon Wafer 21 is ground or polished so 
that the thickness (except for the electrode pads 22) of the 
thin ?lm capacitor 20 containing the substrate 21 is made to 
about 40 micrometers. This causes the height of the capaci 
tor 20 on the package substrate 1 to be smaller than or equal 
to the mounting height (bump height) of the semiconductor 
IC chip 2 on the package substrate 1. In the present embodi 
ment, as shoWn in FIG. 6A, the thickness of the capacitor 
20, including the substrate 21 and the pads 22, is set to 50 
micrometers or less. 

[0068] By applying the thus formed capacitor 20, it is 
possible to obtain the semiconductor device of the present 
embodiment in Which the thin-?lm decoupling capacitor is 
mounted. 

[0069] As shoWn in FIG. 6B, the Au—Au ultrasonic 
joining of the electrode pads 22 of the thin ?lm capacitor 20 
and the electrode pads 12 of the semiconductor IC chip 2 
attains electric connection betWeen the electrodes of the thin 
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?lm capacitor 20 and the electrodes of the semiconductor IC 
chip 2, and the semiconductor device 10 of the present 
invention is thus produced. 

[0070] In the semiconductor device 10 of the present 
embodiment, the thickness of the thin ?lm capacitor 20 is 
made to be slightly smaller than the solder bump height H 
of the semiconductor IC chip 2, and the back surface 21a of 
the substrate of the thin ?lm capacitor 20 does not touch the 
top surface of the package substrate 1. 

[0071] When the semiconductor device 10 is used as a 
?nished product, it is desirable to con?gure the semicon 
ductor device like the above-described embodiment such 
that the thin ?lm capacitor 20 may not be affected directly 
by the stress ?uctuation of the solder junctions (bumps) of 
the semiconductor IC chip 2 due to temperature change. 
According to the above-described embodiment, the solder 
fatigue life can be prolonged and the reliability of electrical 
connection of the solder junctions can be improved. 

[0072] The production method of the thin ?lm capacitor 
20 for use in the semiconductor device 10 of the ?rst 
preferred embodiment of FIG. 3A and FIG. 3B has been 
described in the foregoing. The thin ?lm capacitor 20 for use 
in the semiconductor device 11 of the second preferred 
embodiment of FIG. 4 can be also produced in a similar 
manner. 

[0073] Brie?y, in a method of production of the thin ?lm 
capacitor 20 for the second preferred embodiment of FIG. 
4, the thin ?lm capacitor 20 shoWn in FIG. 6A is placed 
upside doWn. In the inverted state of the thin ?lm capacitor 
20, the Au—Au ultrasonic joining of the electrode pads 22 
of the thin ?lm capacitor 20 and the electrode pads 12 of the 
semiconductor IC chip 2 is performed. The electrodes of the 
thin ?lm capacitor 20 and the electrodes of the semiconduc 
tor IC chip 2 are joined together by the Au—Au ultrasonic 
joining. After the ultrasonic joining, the semiconductor 
device 11 of FIG. 4 is produced through the Wire bonding 
and the resin molding. 

[0074] As described in the foregoing, according to the 
semiconductor device of the present invention, the decou 
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pling capacitor can be mounted directly on the IC chip 
bottom in the shortest distance near the IC chip. The 
resistance and the inductance of the capacitor in the semi 
conductor device can be loWered by such con?guration. 
Therefore, it is possible for the semiconductor device of the 
present invention to stabiliZe high-speed operation of the IC 
chip in the high frequency range (GHZ band). 

[0075] Furthermore, the semiconductor device of the 
present invention serves as a semiconductor package in 
Which the height of the capacitor components is adjusted 
suitably. Therefore, the solder fatigue life can be prolonged 
and the reliability of electrical connections of solder junc 
tions can be improved according to the semiconductor 
device of the present invention. 

[0076] The present invention is not limited to the above 
described embodiments, and variations and modi?cations 
may be made Without departing from the scope of the 
present invention. 

1-2. (canceled) 
3. A semiconductor device comprising: 

a carrier substrate; 

an integrated circuit chip mounted on the carrier substrate; 

a capacitor provided to stabiliZe operation of the inte 
grated circuit chip at high frequencies; and 

a lead frame provided on the carrier substrate and elec 
trically connected to the integrated circuit chip through 
a Wire, 

Wherein the capacitor is electrically connected to pads on 
the integrated circuit chip, and the capacitor is provided 
to have a height on the integrated circuit chip that is 
smaller than a height of the Wire on the integrated 
circuit chip. 

4-9. (canceled) 
10. The semiconductor device of claim 3 further com 

prising a resin mold, the capacitor being enclosed in the 
resin mold. 


