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A semiconductor device including a semiconductor Substrate 
(21) Appl. No.: 12/960,717 with circuit elements and electrode pads formed on one Sur 

1-1. face. The surface is covered by a dielectric layer with open 
(22) Filed: Dec. 6, 2010 ings above the electrode pads. A metal layer is included on the 

Related U.S. Application Data dielectric layer and patterned to form a conductive pattern 
with traces leading to the electrode pads. A protective layer is 
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now Pat. No. 7,582,972. conductive pattern to one of the electrode pads. The thickness 

of the protective layer, which may function as a package of the 
(30) Foreign Application Priority Data semiconductor device, is thus reduced. The protective layer 

Dec. 24, 2004 (JP) ................................. 2004-372615 
may be formed from a photosensitive material, simplifying 
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SEMCONDUCTOR DEVICE HAVING 
WAFER-LEVEL CHP SIZE PACKAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of appli 
cation Ser. No. 12/489,544 filed Jun. 23, 2009, which is a 
divisional application of application Ser. No. 1 1/294.502 filed 
on Dec. 6, 2005, now U.S. Pat. No. 7,582,972, which are 
hereby incorporated for all purposes. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a small semiconduc 
tor device such as a device with a wafer level chip size 
package, and to the fabrication of this type of semiconductor 
device, more particularly to the fabrication of electrodes on 
the Surface of the package and their interconnections to pads 
on the semiconductor device within the package. 
0004 2. Description of the Related Art 
0005 With the recent rising demand for smaller, slimmer 
semiconductor integrated circuits, wafer level chip size pack 
ages have become prevalent, especially for thin semiconduc 
tor devices. A wafer level chip size package (WCSP) is simply 
a protective layer with a grid of hemispherical bump elec 
trodes, formed on a semiconductor integrated circuit in the 
wafer processing stage before the wafer is diced into indi 
vidual integrated circuit chips. WCSP semiconductor devices 
as thin as three-tenths of a millimeter (0.3 mm) have been 
developed. 
0006. In a conventional semiconductor device of the 
WCSP type, integrated circuits formed on the front major 
surface of the wafer are covered by a dielectric layer on which 
there are electrode pads electrically connected to the circuitry 
below. An interlayer dielectric film is then deposited, holes 
extending to the electrode pads are formed in this film, a layer 
of metal is deposited, filling the holes, and a conductive 
pattern of redistribution wiring is formed, extending from the 
holes to the grid sites where bump electrodes will be placed. 
Posts about one hundred micrometers (100 um) high are 
created at these sites by coating the wafer with a layer of 
photoresist, forming holes in the photoresist layer, filling the 
holes with metal, and then removing the photoresist. The 
surface of the wafer is then sealed in a layer of resin injected 
in liquid form, after which the surface is polished to expose 
the posts, and hemispherical bumps are formed on the 
exposed ends of the posts. After this the wafer is diced into 
separate semiconductor devices. (See, for example, Japanese 
Patent Application Publication No. 2003-60120). 
0007. A problem with this process is that even after pol 
ishing, the resin layer is nearly as thick (e.g., 90 um thick) as 
the original height of the posts, and takes up much of the total 
thickness (e.g., 30%) of the semiconductor device. 
0008. It is also known art to form bump electrodes without 
forming posts, (See, for example, Japanese Patent Applica 
tion Publication No. H11-195665 and U.S. Pat. No. 6,621, 
164.) 

SUMMARY OF THE INVENTION 

0009. An object of the present invention is to reduce the 
thickness of a semiconductor device having a wafer-level 
chip size package. 

Apr. 21, 2011 

0010. The invented semiconductor device includes a semi 
conductor Substrate having a first Surface, a second Surface 
opposed to the first Surface, and a circuit element formed on 
the first surface. An electrode pad disposed on the first surface 
is electrically coupled to the circuit element. A first metal 
layer is formed on the electrode pad, and a conductive pattern 
is formed on the first metal layer. The first-surface side of the 
semiconductor Substrate is sealed by a protective layer having 
an opening exposing part of the conductive pattern. The open 
ing is covered by an electrode that is electrically coupled to 
the part of the conductive pattern disposed within the open 
ing. 
0011. This structure enables the thickness of the protective 
layer (the package layer in a wafer level chip size package) to 
be reduced because the electrode is connected directly to the 
conductive pattern. The protective layer may comprise a pho 
tosensitive material, which simplifies the formation of the 
opening for the electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. In the attached drawings: 
(0013 FIGS. 1, 2, 3, 4, 5, 6, and 7 illustrate steps in a 
semiconductor device fabrication process according to a first 
embodiment of the invention; 
(0014 FIGS. 8, 9, 10, 11, 12, 13, 14, and 15 illustrate steps 
in a semiconductor device fabrication process according to a 
second embodiment; 
0.015 FIGS. 16, 17, 18, 19, 20, 21, 22, 23, 24, and 25 
illustrate steps in a semiconductor device fabrication process 
according to a third embodiment; 
(0016 FIGS. 26, 27, 28, 29, 30, 31, and 32 illustrate steps 
in a semiconductor device fabrication process according to a 
fourth embodiment; 
0017 FIGS. 33, 34, 35, 36, 37, 38, 39, and 40 illustrate 
steps in a semiconductor device fabrication process accord 
ing to a fifth embodiment; 
0018 FIGS. 41, 42, 43, 44, 45, 46, 47, and 48 illustrate 
steps in a semiconductor device fabrication process accord 
ing to a sixth embodiment; 
0.019 FIGS. 49, 50, 51, 52,53,54, 55,56, 57,58, and 59 
illustrate steps in a semiconductor device fabrication process 
according to a seventh embodiment; 
0020 FIGS. 60, 61, 62, 63, 64, 65, 66, 67, 68, and 69 
illustrate steps in a semiconductor device fabrication process 
according to an eighth embodiment; and 
0021 FIGS. 70, 71, 72, 73, 74, 75, 76, and 77 illustrate 
steps in a semiconductor device fabrication process accord 
ing to a ninth embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0022. Embodiments of the invention will now be 
described with reference to the attached drawings, in which 
like elements are indicated by like reference characters. The 
drawings illustrate steps in the fabrication of semiconductor 
devices embodying the present invention. Each drawing is a 
cross-sectional view of the region of a semiconductor wafer 
around one electrode pad; the drawings illustrate the forma 
tion of a bump electrode and wiring connecting the bump 
electrode to the electrode pad. After the illustrated steps, the 
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wafer will be diced into integrated circuit chips, each having 
a plurality of electrode pads and bump electrodes of the type 
illustrated. 

First Embodiment 

0023 The first embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 1 to 7. 
0024. The semiconductor wafer 1 includes a semiconduc 
tor substrate 2 having a front surface (the first surface, the 
upper Surface in the drawings) and a back Surface (the second 
surface, the lower surface in the drawings). The front surface 
is also referred to as the circuit surface 3, because it includes 
a plurality of interconnected circuit elements such as transis 
tors (not shown). The circuit surface 3 is covered by a dielec 
tric layer 4 of silicon dioxide with openings referred to as 
contact holes (not shown) leading to circuit elements on the 
circuit surface 3. The surface of the dielectric layer 4 is 
covered with a conductive metal film Such as an aluminum 
film (not shown). The metal is patterned to form interconnec 
tion wiring (not shown) that is electrically coupled to the 
circuitry on the circuit surface 3 through the contact holes. 
0025 Patterning of the conductive metal film also pro 
duces a plurality of electrode pads 5, one of which is shown in 
the drawings. Each electrode pad 5 is electrically coupled to 
a corresponding circuit element on the circuit Surface 3. The 
dielectric layer 4 is covered by a surface protection layer 6 of 
silicon nitride, which also covers the edges of the electrode 
pads 5. An interlayer dielectric film 7 of polyimide resin is 
formed on the surface protection layer 6, with through holes 
8 extending to the electrode pads 5, to reduce stress applied to 
the semiconductor Substrate 2. 
0026. A metal underlayer 9 is deposited as a multilayer 
film on the entire front surface of the semiconductor wafer 1 
by sputtering, covering the interlayer dielectric film 7, the 
inner walls of the through holes 8, and the electrode pads 5. A 
conductive pattern of redistribution wiring, referred to below 
as a redistribution pattern 10, is formed by selectively electro 
depositing copper on the Surface of the metal underlayer 9, 
using a photoresist mask 17 (FIG. 3) that exposes only the 
parts of the metal underlayer 9 disposed above the electrode 
pads 5, the parts of the metal underlayer 9 disposed in elec 
trode areas 11 in which bump electrodes 15 (FIG. 7) will be 
formed, and an interconnecting part that connects each elec 
trode pad 5 to one electrode area 11. The metal underlayer 9 
is removed after the electro-deposition process, except for the 
parts disposed beneath the redistribution pattern 10. 
0027. The front surface of the semiconductor substrate 2 is 
sealed by a protective layer 12 formed by curing a positive or 
negative photosensitive resin, Such as an epoxy resin or poly 
imide resin, by selective exposure to ultraviolet light, which 
makes the resin soluble (if positive) or insoluble (if negative) 
in a chemical developing solution. In the first embodiment, 
the protective layer 12 is formed by curing a negative photo 
sensitive resin using polybenzoxazole that, when exposed to 
ultraviolet light, becomes hardened and insoluble in the 
developing solution. 
0028. After development, the uncured parts of the protec 

tive layer 12 become electrode openings 13 that extend to and 
expose the redistribution pattern 10 in the electrode areas 11. 
The bump electrodes 15 are formed by melting solder balls 
printed on the electrode areas 11, so that the bump electrodes 
15 cover the electrode areas 11 and make direct electrical 
contact with the redistribution pattern 10 at the bottom of each 
electrode opening 13. 
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0029. A fabrication method for the semiconductor device 
in the first embodiment includes the steps P1 to P7 illustrated 
in FIGS. 1 to 7. 
0030. In step P1 in FIG. 1, a plurality of interconnected 
circuit elements (not shown) are formed on the circuit Surface 
3 of the semiconductor substrate 2, which is a generally 
circular wafer formed by slicing a cylindrical bar of silicon. 
The circuit surface 3 is covered by the dielectric layer 4 
having contact holes (not shown) leading to the circuit ele 
ments on the circuit Surface 3, an aluminum film is sputtered 
onto the surface of the dielectric layer 4, and the aluminum 
metal is patterned by photolithography and etching to pro 
duce a plurality of electrode pads 5. Each electrode pad 5 is 
electrically coupled to a corresponding circuit element on the 
circuit Surface 3 through a corresponding contact hole. 
0031. After formation of the electrode pads 5, the surface 
protection layer 6 of silicon nitride is deposited on the sur 
faces of the electrode pads 5 and the dielectric layer 4 by 
chemical vapor deposition (CVD), part of the surface protec 
tion layer 6 on the surfaces of the electrode pads 5 is removed 
by etching, the interlayer dielectric film 7 of polyimide resin 
is formed on the surface protection layer 6 and the electrode 
pads 5, and part of the interlayer dielectric film 7 on the 
surfaces of the electrode pads 5 is removed by etching to form 
through holes 8 extending to the electrode pads 5. 
0032. In step P2 in FIG. 2, the multilayer metal underlayer 
9 is sputtered onto the entire front surface of the semiconduc 
tor wafer 1, covering the interlayer dielectric film 7 and the 
electrode pads 5. 
0033. In step P3 in FIG. 3, the photoresist mask 17 is 
formed. The photoresist mask 17 covers all parts of the metal 
underlayer 9 except for the parts, extending from the surfaces 
of the electrode pads 5 to the electrode areas 11, in which the 
redistribution pattern 10 will be formed. The photoresist 
mask 17 comprises a positive or negative photoresist material 
that is spin-coated onto the wafer 1 and then patterned by 
photolithography. Photolithography in this case means 
exposing the photoresist material to light through a mask and 
then chemically developing the photoresist material. Copper 
is electro-deposited on the uncovered surface of the metal 
underlayer 9, using the metal underlayer 9 as a negative 
electrode, to form the redistribution pattern 10. 
0034. In step P4 in FIG.4, the photoresist mask 17that was 
formed in step P3 is removed with a solvent such as acetone. 
0035. In step P5 in FIG. 5, the metal underlayer 9, except 
for the part below the redistribution pattern 10, is removed by 
plasma etching in an oxygen atmosphere. 
0036. In step P6 in FIG. 6, a polybenzoxazole photosen 
sitive resin is applied to the entire front surface of the semi 
conductor wafer 1 by a spin-coating process, and the applied 
photosensitive resin is exposed to ultraviolet light with a 
photoresist mask masking the electrode areas 11, curing the 
photosensitive resin except the part in the masked electrode 
areas 11. The unexposed photosensitive resin is removed by 
chemical development, leaving a protective layer 12 about 
five micrometers (5 um) thick with electrode openings 13 
measuring about two hundred micrometers (200um) in diam 
eter extending to the redistribution pattern 10 in the electrode 
areas 11. 

0037. In step P7 in FIG. 7, flux is applied to the redistri 
bution pattern 10 that is exposed at the bottom of each elec 
trode opening 13 in the protective layer 12. A template (not 
shown) having approximately the same diameter as the semi 
conductor wafer 1 and having apertures slightly larger in 
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diameter than the solder balls is mounted on the wafer. The 
solder bails are dropped into the apertures and thereby 
emplaced in the electrode openings 13 of the protective layer 
12; then the template is removed and a heat treatment or 
reflow process is performed to melt the solder balls, thereby 
forming hemispherical bump electrodes 15 that project from 
the front surface of the protective layer 12 and are directly 
joined to the redistribution pattern 10 exposed at the bottom 
of the electrode openings 13. 
0038. After steps P1 to P7 above, the semiconductor wafer 
1 is diced into individual integrated circuit chips, each includ 
ing a plurality of semiconductor circuit elements. Each chip is 
a separate WCSP semiconductor device. 
0039. Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device and directly joined to the redistri 
bution pattern 10, instead of being formed on posts, no thick 
resin layer is required to seal the posts. The method described 
in the first embodiment can be used to fabricate WCSP semi 
conductor devices with thicknesses as Small as twenty-two 
hundredths of a millimeter (0.22 mm). 
0040. The use of a photosensitive material for the protec 

tive layer 12 that seals the front surface of the semiconductor 
device simplifies the formation of the electrode openings 13 
for the bump electrodes 15. 
0041 Application of flux to the electrode openings 13 
before the solder balls are placed in the electrode openings 13 
and melted secures reliable solder joints between the redis 
tribution pattern 10 and the bump electrodes 15 by blocking 
air currents. 

0042 Compared with conventional WCSP fabrication 
processes that form posts, the fabrication process described in 
the first embodiment has fewer steps: specifically, it does not 
require steps to form a photoresist layer defining the posts, to 
form the posts, and then to remove the photoresist layer, it is 
also unnecessary to polish the front Surface of the resin pro 
tective layer to expose the ends of the posts before forming the 
bump electrodes. WCSP semiconductor devices according to 
the first embodiment can accordingly be fabricated more 
efficiently and in a shorter time than devices having posts. 
0043. As described above, in the first embodiment, the 
front Surface of a semiconductor device is sealed by a protec 
tive layer having openings exposing part of a redistribution 
pattern of conductive traces. The openings are covered by 
bump electrodes that make direct contact with the redistribu 
tion pattern. This structure enables the thickness of the pro 
tective layer (the package layer in a wafer level chip size 
package) to be reduced. The protective layer may comprise a 
photosensitive material, which simplifies the formation of the 
openings for the electrodes. 

Second Embodiment 

0044. The second embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 8 to 15. 

0045. The second embodiment differs from the first 
embodiment by including conductive nubs referred to below 
as redistribution nubs 21, seen in FIGS. 12 to 15. The redis 
tribution nubs 21 are cylindrical projections of the same mate 
rial as the redistribution pattern 10, and are formed in the 
electrode areas 11, making direct electrical contact with the 
redistribution pattern 10. 
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0046. A fabrication method for the semiconductor device 
in the second embodiment includes the steps PA1 to PA5 
illustrated in FIGS. 8 to 15. 
0047. Since steps PA1 to PA4 in FIGS. 8to 11 are the same 
as steps P1 to P4 in FIGS. 1 to 4 in the first embodiment, 
descriptions will be omitted. 
0048. In step PA5 in FIG. 12, a second photoresist mask 17 

is formed (this photoresist mask is different from the photo 
resist mask used in step PA3 in FIG. 10). The second photo 
resist mask 17 covers all parts of the metal underlayer 9 and 
the redistribution pattern 10 except for the parts of the metal 
underlayer 9 below the redistribution pattern 10 and the parts 
of the redistribution pattern 10 in the electrode areas 11. The 
photoresist mask 17 is a positive or negative photoresist mate 
rial that is patterned by photolithography. Copper is electro 
deposited on the exposed parts of the redistribution pattern 
10, using the metal underlayer 9 as a negative electrode, to 
form the redistribution nubs 21. 
0049. In step PA6 in FIG. 13, the photoresist mask 17 that 
was formed in step PA5 is removed with a solvent, and the 
metal underlayer 9, except for the part below the redistribu 
tion pattern 10, is removed as in step P5 in the first embodi 
ment. 

0050. In step PAT in FIG. 14, a photosensitive resin is 
applied to the entire front surface of the semiconductor wafer 
1 by a spin-coating process, and the applied photosensitive 
resin is exposed to ultraviolet light, curing the photosensitive 
resin, except for the parts residing on the redistribution nubs 
21, which are masked. The unexposed photosensitive resin on 
the redistribution nubs 21 is removed by chemical develop 
ment, leaving a protective layer 12 about 5 um thick with 
redistribution nubs 21 projecting from the protective layer 12. 
0051. In step PA8 in FIG. 15, flux is applied to the redis 
tribution nubs 21 that project from the front surface of the 
semiconductor wafer 1. Solder balls are emplaced on the ends 
of the redistribution nubs 21 with a template as in step P7 in 
the first embodiment; then a heat treatment process is per 
formed to melt the solder balls, thereby forming hemispheri 
cal bump electrodes 15 that cover the redistribution nubs 21 
projecting from the protective layer 12. 
0052. After steps PA1 to PA8 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0053. Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device and electrically coupled to the 
redistribution pattern 10 through the redistribution nubs 21, 
instead of being formed on posts, a thin resin layer Suffices to 
seal the front surface of the semiconductor device. The 
method described in the second embodiment can therefore be 
used to fabricate WCSP semiconductor devices with reduced 
thicknesses. 
0054 The use of a photosensitive material for the protec 
tive layer 12 that seals the front surface of the semiconductor 
device simplifies the formation of the protective layer 12 
around the projecting redistribution nubs 21. Compared with 
conventional WCSP fabrication processes that form posts, the 
fabrication process described in the second embodiment has 
fewer steps because it is unnecessary to polish the front Sur 
face of the resin protective layer to expose the ends of the 
posts before forming the bump electrodes. WCSP semicon 
ductor devices according to the second embodiment can 
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accordingly be fabricated more efficiently and in a shorter 
time than devices having posts. 
0055. The large area of both vertical and horizontal con 

tact between the hemispherical bump electrodes 15 and the 
projecting redistribution nubs 21 assures reliable solderjoints 
between the bump electrodes 15 and the redistribution nubs 
21. After the semiconductor device is mounted on a printed 
circuit board or card, the redistribution nubs 21 absorb exter 
nal stress applied to the bump electrodes 15, making the 
external electrical connections of the semiconductor device 
still more reliable. 
0056. As described above, in the second embodiment, the 
front Surface of a semiconductor device is sealed by a protec 
tive layer with openings for projecting conductive nubs, 
which are formed on the redistribution pattern, and bump 
electrodes are formed on the nubs. The protective layer may 
comprise a photosensitive material, which simplifies removal 
of the protective material from the nubs. The projecting struc 
ture enables the thickness of the protective layer (the package 
layer in a wafer level chip size package) to be reduced, and 
allows secure joints to be formed between the bump elec 
trodes and the nubs, so the semiconductor device is electri 
cally coupled to external devices with high reliability. 

Third Embodiment 

0057 The third embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 16 to 25. 
0058. The third embodiment differs from the first embodi 
ment by including a second metal underlayer 23 and conduc 
tive redistribution nubs 24. In FIG. 22, the second metal 
underlayer 23 is deposited as a multilayer film on the entire 
front Surface of the protective layer 12 by Sputtering, as was 
the metal underlayer 9 in the first embodiment, and is pat 
terned by etching to cover the edges of the electrode openings 
13 in the protective layer 12, the exposed parts of redistribu 
tion pattern 10 at the bottom of the electrode openings 13, and 
the inner walls of the electrode openings 13. 
0059. The conductive redistribution nubs 24 are generally 
cylindrical projections of the same material as the redistribu 
tion pattern 10. The conductive redistribution nubs 24 have 
large-diameter and Small-diameter parts, and are formed on 
the electrode areas 11, making direct electrical contact with 
the second metal underlayer 23. 
0060 A fabrication method for the semiconductor device 
in the third embodiment includes the steps PB1 to PB10 
illustrated in FIGS. 16 to 25. 
0061 Since steps PB1 to PB6 in FIGS. 16 to 21 are the 
same as steps P1 to P6 in FIGS. 1 to 6 in the first embodiment, 
descriptions will be omitted. In step PB2, the first metal 
underlayer 9 is deposited on the entire front surface of the 
semiconductor Substrate 2. 
0062. In step PB7 in FIG. 22, the multilayer second metal 
underlayer 23 is sputtered onto the entire front surface of the 
wafer, covering the protective layer 12, the exposed parts of 
the redistribution pattern 10 at the bottom of the electrode 
openings 13, and the inner walls of the electrode openings 13. 
0063. In step PB8 in FIG. 23, the photoresist mask 17 is 
formed. The photoresist mask 17 covers all parts of the sec 
ond metal underlayer 23 except for the electrode openings 13 
and the edges of the electrode openings 13. The photoresist 
mask 17 is a positive or negative photoresist material that is 
patterned by photolithography. Copper is electro-deposited 
on the exposed parts of the second metal underlayer 23, using 
the second metal underlayer 23 as a negative electrode, to 
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form the conductive redistribution nubs 24. The large-diam 
eter parts of the conductive redistribution nubs 24 project 
from the protective layer 12. 
0064. In step PB9 in FIG. 24, the photoresist mask 17 that 
was formed in step PB5 is removed with a solvent, and the 
second metal underlayer 23, except for the parts below the 
conductive redistribution nubs 24, is removed as in step P5 in 
the first embodiment. 

0065. In step PB10 in FIG. 25, flux is applied to the parts 
of the conductive redistribution nubs 24 that project from the 
front surface of the semiconductor wafer 1. Solder balls are 
emplaced at the ends of the conductive redistribution nubs 24 
with a template as in step P7 in the first embodiment; then a 
heat treatment process is performed to melt the solder balls, 
thereby forming hemispherical bump electrodes 15 that cover 
the large-diameter parts of the conductive redistribution nubs 
24 projecting from the protective layer 12. 
0066. After steps PB1 to PB10 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0067 Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device and electrically coupled to the 
redistribution pattern 10 through the conductive redistribu 
tion nubs 24 and the second metal underlayer 23, instead of 
being formed on posts, a thin resin layer Suffices to seal the 
front surface of the semiconductor device. The method 
described in the third embodiment can therefore be used to 
fabricate WCSP semiconductor devices with reduced thick 

SSS. 

0068. Use of a photosensitive protective layer 12 to seal 
the front surface of the semiconductor device simplifies the 
formation of the electrode openings 13 for the conductive 
redistribution nubs 24. 

0069. The conductive redistribution nubs 24 are joined to 
the exposed parts of the redistribution pattern 10 at the bottom 
of the electrode openings 13, to the inner walls of the elec 
trode openings 13, and to the edges of the protective layer 12 
Surrounding the electrode openings 13 through the second 
metal underlayer 23. The hemispherical bump electrodes 15 
cover the parts of the conductive redistribution nubs 24 that 
project from the protective layer 12. The joints between the 
bump electrodes 15 and the conductive redistribution nubs 24 
are highly reliable, as in the second embodiment, and the 
joints between the conductive redistribution nubs 24 and the 
semiconductor wafer 1 are also highly reliable, so the reli 
ability of the external electrical connections of the semicon 
ductor device is further improved. 
0070. As described above, in the third embodiment, the 
front Surface of a semiconductor device is sealed by a protec 
tive layer having openings exposing parts of a redistribution 
pattern. A metal underlayer covers the exposed parts of the 
redistribution pattern as well as the inner walls and upper 
edges of the openings. A metal nub, formed on this metal 
underlayer, projects from each opening in the protective layer. 
A bump electrode is placed on the nub. The protective layer 
may comprise a photosensitive material, which simplifies the 
formation of the openings for the nubs. This structure pro 
vides secure joints between the bump electrodes and the nubs, 
and secure joints between the nubs and the semiconductor 
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device, so the external electrical connections of the semicon 
ductor device are highly reliably. 

Fourth Embodiment 

0071. The fourth embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 26 to 32. 
0072. The fourth embodiment differs from the first 
embodiment by including interlayer dielectric nubs 26, with 
corresponding differences in the metal underlayer 9, redistri 
bution pattern 10, and bump electrodes 15. As shown in FIG. 
26, the interlayer dielectric nubs 26 are cylindrical projec 
tions of the interlayer dielectric film 7. The interlayer dielec 
tric nubs 26 and the interlayer dielectric film 7 are formed by 
twice curing a negative photosensitive resin, Such as a poly 
imide resin. 
0073. A fabrication method for the semiconductor device 
in the fourth embodiment includes the steps PC1 to PC7 
illustrated in FIGS. 26 to 32. 
0074. In step PC1 in FIG. 26, a plurality of interconnected 
circuit elements are formed on the circuit surface 3 of the 
semiconductor substrate 2: the dielectric layer 4, the electrode 
pads 5, and the surface protection layer 6 are formed; and the 
surface protection layer 6 is partly removed from the surfaces 
of the electrode pads 5, as in step P1 in the first embodiment. 
0075. A comparatively thick coat of negative photosensi 

tive polyimide resin is applied to the surfaces of the surface 
protection layer 6 and the electrode pads 5 by a spin-coating 
process, and the applied photosensitive resin coating is 
exposed to ultraviolet light through a mask that masks the 
through holes 8, curing the lower part of the photosensitive 
resin coating elsewhere to the thickness of the interlayer 
dielectric film 7. The photosensitive resin in the electrode 
areas 11, which will become the interlayer dielectric nubs 26, 
is exposed to ultraViolet light again through a mask that masks 
all parts except for the electrode areas 11, curing the resin in 
the electrode areas 11 to the additional thickness of the inter 
layer dielectric nubs 26 so that when the redistribution pattern 
10 is formed later (FIG. 28), the parts of the redistribution 
pattern 10 formed on the surfaces of the interlayer dielectric 
nubs 26 will project from the front surface of the protective 
layer 12. The unexposed photosensitive resin is then removed 
by chemical development, leaving the through holes 8 
extending to the electrode pads 5 and forming the interlayer 
dielectric film 7 and the interlayer dielectric nubs 26. 
0076. In step PC2 in FIG. 27, the metal underlayer 9 is 
sputtered onto the entire front surface of the semiconductor 
wafer 1, covering the interlayer dielectric nubs 26, the inter 
layer dielectric film 7, and the electrode pads 5 as in step P2 
in the first embodiment. 
0077. In step PC3 in FIG. 28, a photoresist mask 17 is 
formed. The photoresist mask 17 covers all parts of the metal 
underlayer 9 except for the parts, extending from the surfaces 
of the electrode pads 5 to the interlayer dielectric nubs 26 in 
the electrode areas 11, in which the redistribution pattern 10 
will beformed. The photoresist mask 17 comprises a positive 
or negative photoresist material that is patterned by photoli 
thography. The redistribution pattern 10 is formed on the 
exposed surface of the metal underlayer 9 as in step P3 in the 
first embodiment. 
0078. In step PC4 in FIG. 29, the photoresist mask 17 that 
was formed in step PC3 is removed with a solvent. 
0079. In step PC5 in FIG. 30, the metal underlayer 9, 
except for the part below the redistribution pattern 10, is 
removed as in step P5 in the first embodiment. 
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0080. In step PC6 in FIG. 31, a photosensitive resin is 
applied to the entire front surface of the semiconductor wafer 
1 by a spin-coating process, and the applied photosensitive 
resin is exposed to ultraviolet light, curing the photosensitive 
resin, except for the parts residing in the electrode areas 11, 
which are masked. The unexposed photosensitive resin is 
removed by chemical development, leaving a protective layer 
12 about 5um thick with parts of the redistribution pattern 10 
projecting from the protective layer 12 in the electrode areas 
11. 

I0081. In step PC7 in FIG.32, flux is applied to the parts of 
the redistribution pattern 10 that project from the front surface 
of the semiconductor wafer 1. Solder balls are emplaced at the 
ends of the parts of the redistribution pattern 10 in the elec 
trode areas 11 with a template as in step P7 in the first 
embodiment; then a heat treatment process is performed to 
melt the solder balls, thereby forming hemispherical bump 
electrodes 15 that cover the parts of the redistribution pattern 
10 projecting from the protective layer 12. 
I0082. After steps PC1 to PC7 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0083. Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
that project from the front surface of the protective layer 12 of 
the semiconductor device and are formed on parts of the 
redistribution pattern 10 that also project from the protective 
layer 12, instead of being formed on posts, a thin resin layer 
suffices to seal the front surface of the semiconductor device. 
The method described in the fourth embodiment can there 
fore be used to fabricate WCSP semiconductor devices with 
reduced thicknesses. 
I0084. Use of a photosensitive protective layer 12 to seal 
the front surface of the semiconductor device simplifies the 
formation of the protective layer 12 around the projecting 
parts of the redistribution pattern 10. 
I0085. In step PC1, a comparatively heavy coat of negative 
photosensitive resin is applied to the Surfaces of the Surface 
protection layer 6 and the electrode pads 5. The applied pho 
tosensitive resin is exposed to ultraviolet light through a mask 
masking the through holes 8; then the photosensitive resin is 
exposed to ultravioletlight again through another mask mask 
ing the parts of the interlayer dielectric film 7 in the electrode 
areas 11, thereby forming the interlayer dielectric film 7 and 
the interlayer dielectric nubs 26 in one step. This compares 
favorably with conventional WCSP fabrication processes that 
use three steps to form posts (a step of forming a photoresist 
layer defining the posts, a step of forming the posts, and a 
further step of removing the photoresist layer) and must then 
polish the front surface of the resin protective layer to expose 
the ends of the posts before forming the bump electrodes. 
WCSP semiconductor devices according to the fourth 
embodiment can accordingly be fabricated more efficiently 
and in a shorter time than devices having posts. 
I0086. The hemispherical bump electrodes 15 cover the 
parts of the redistribution pattern 10 that are formed on the 
interlayer dielectric nubs 26 and project from the protective 
layer 12, thereby securing reliable solder joints between the 
bump electrodes 15 and the redistribution pattern 10. After the 
semiconductor device is mounted on a printed circuitboard or 
card, the redistribution pattern 10 and interlayer dielectric 
nubs 26 absorb external stress applied to the bump electrodes 



US 2011/00895.62 A1 

15, making the external electrical connections of the semi 
conductor device more reliable. 

0087. As described above, in the fourth embodiment, the 
front Surface of a semiconductor device is sealed by a protec 
tive layer. Parts of a redistribution pattern that are formed on 
nubs project from the protective layer, and bump electrodes 
are placed on those parts of the redistribution pattern. The 
protective layer may comprise a photosensitive material, 
which simplifies removal of the protective material from the 
projecting parts of the redistribution pattern. The projecting 
structure enables the thickness of the protective layer (the 
package layer in a wafer level chip size package) to be 
reduced, and the solder joints between the bump electrodes 
and the redistribution pattern to be made more secure, so the 
semiconductor device is electrically coupled to external 
devices with greater reliability. 

Fifth Embodiment 

0088. The fifth embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 33 to 40. The 
fifth embodiment differs from the first embodiment by 
including interlayer conductive nubs 30, and has a different 
redistribution pattern 10 and bump electrodes 15. The inter 
layer conductive nubs 30, seen in FIGS. 35 to 40, are cylin 
drical projections made of the same material as the redistri 
bution pattern 10. The interlayer conductive nubs 30 are 
formed in the electrode areas 11, making direct electrical 
contact with the metal underlayer 9, to lift the redistribution 
pattern 10 above the protective layer 12. 
0089. A fabrication method for the semiconductor device 
in the fifth embodiment includes the steps PD1 to PD8 illus 
trated in FIGS. 33 to 40. 

0090 Since steps PD1 and PD2 in FIGS.33 and 34 are the 
same as steps P1 and P2 in FIGS. 1 and 2 in the first embodi 
ment, descriptions will be omitted. 
0091. In step PD3 in FIG.35, a first photoresist mask 17 is 
formed. This photoresist mask 17 covers all parts of the metal 
underlayer 9 except for the electrode areas 11, in which the 
interlayer conductive nubs 30 will beformed. The photoresist 
mask 17 comprises a positive or negative photoresist material 
that is patterned by photolithography. To form the interlayer 
conductive nubs 30, the same type of metal as used for the 
redistribution pattern 10, which will be formed on the inter 
layer conductive nubs 30 in step PD5, is electro-deposited on 
the exposed parts of the metal underlayer 9, using the metal 
underlayer 9 as a negative electrode, to a thickness such that 
the redistribution pattern 10 will project from the front sur 
face of the protective layer 12. 
0092. In step PD4 in FIG. 36, the photoresist mask 17 that 
was formed in step PD3 is removed with a solvent. 
0093. In step PD5 in FIG.37, a second photoresist mask 17 

is formed. This photoresist mask 17 covers all parts of the 
metal underlayer 9 except for the parts, extending from the 
surfaces of the electrode pads 5 to the interlayer conductive 
nubs 30 in the electrode areas 11, in which the redistribution 
pattern 10 will beformed. The photoresist mask 17 comprises 
a positive or negative photoresist material that is patterned by 
photolithography. The redistribution pattern 10 is formed on 
the exposed surface of the metal underlayer 9 as in step P3 in 
the first embodiment. 
0094. In step PD6 in FIG.38, the photoresist mask 17 that 
was formed in step PD5 is removed with a solvent, and the 
metal underlayer 9, except for the part below the redistribu 
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tion pattern 10 and the interlayer conductive nubs 30, is 
removed as in step P5 in the first embodiment. 
(0095. In step PD7 in FIG. 39, a protective layer 12 about 5 

thick is formed as in step PC6 in the fourth embodiment. 
The parts of the redistribution pattern 10 disposed on the 
interlayer conductive nubs 30 project from the protective 
layer 12 in the electrode areas 11. 
(0096. In step PD8 in FIG. 40, hemispherical bump elec 
trodes 15 are formed as in step PC7 in the fourth embodiment. 
The bump electrodes 15 cover the parts of the redistribution 
pattern 10 projecting from the front surface of the protective 
layer 12 of the semiconductor wafer 1. 
(0097. After steps PD1 to PD5 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0098. Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device and covering the parts of the redis 
tribution pattern 10 projecting from the protective layer 12, 
instead of being formed on posts, a thin resin layer Suffices to 
seal the front surface of the semiconductor device. The 
method described in the fifth embodiment can therefore be 
used to fabricate WCSP semiconductor devices with reduced 
thicknesses. 
0099 Use of a photosensitive protective layer 12 to seal 
the front surface of the semiconductor device simplifies the 
formation of the protective layer 12 around the projecting 
parts of the redistribution pattern 10. Compared with conven 
tional WCSP fabrication processes that form posts, the fab 
rication process described in the fifth embodiment has fewer 
steps because it is unnecessary to polish the front Surface of 
the resin protective layer to expose the ends of the posts 
before forming the bump electrodes. WCSP semiconductor 
devices according to the fifth embodiment can accordingly be 
fabricated more efficiently and in a shorter time than devices 
having posts. 
0100. The hemispherical bump electrodes 15 cover the 
parts of the redistribution pattern 10 that are formed on the 
interlayer conductive nubs 30 and project from the protective 
layer 12, thereby securing reliable solder joints between the 
bump electrodes 15 and the redistribution pattern 10. After the 
semiconductor device is mounted on a printed circuitboard or 
card, the redistribution pattern 10 and the interlayer conduc 
tive nubs 30 absorb external stress applied to the bump elec 
trodes 15, making the external electrical connections of the 
semiconductor device more reliable. 
0101. As described above, in the fifth embodiment, the 
front Surface of a semiconductor device is sealed by a protec 
tive layer. Parts of the redistribution pattern project from the 
protective layer, because they are formed on nubs on an 
underlying metal layer, and bump electrodes are placed on the 
projecting parts. The protective layer may comprise a photo 
sensitive material, which simplifies removal of the protective 
material from the projecting parts of the redistribution pat 
tern. The projecting structure enables the thickness of the 
protective layer (the package layer in a wafer level chip size 
package) to be reduced, and the joints between the bump 
electrodes and the redistribution pattern to be made more 
secure, so the semiconductor device is electrically coupled to 
external devices with high reliability. 

Sixth Embodiment 

0102 The sixth embodiment is a semiconductor device 
identical to the semiconductor device in the fifth embodiment 
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but fabricated by the process illustrated in FIGS. 41 to 48. The 
photoresist masks 32 seen in FIGS. 43, 44, and 45, which 
replace the photoresist masks 17 of the fifth embodiment, 
comprise a positive photoresist material. The fabrication pro 
cess will be described below. 
(0103 Step PE1, illustrated in FIG. 41, and step PE2, illus 
trated in FIG. 42, are the same as steps P1 and P2 in FIGS. 1 
and 2 in the first embodiment. Descriptions will be omitted. 
0104. In step PE3 in FIG. 43, a coat of positive photosen 
sitive resin is spin-coated onto the Surface of the metal under 
layer 9 and dried. The dried photosensitive resin is exposed to 
ultraviolet light through a mask that masks all parts except for 
the electrode areas 11. The exposed photosensitive resin is 
then removed by chemical development, exposing the parts of 
the metal underlayer 9 on which interlayer conductive nubs 
30 will be formed, and forming a first photoresist mask 32. 
The first photoresist mask 32 covers all parts of the metal 
underlayer 9 outside the electrode areas 11, and covers the 
parts in the electrode areas 11 in which interlayer conductive 
nubs 30 will not beformed. The interlayer conductive nubs 30 
are formed on the exposed parts of the metal underlayer 9 as 
in step PD3 in the fifth embodiment. 
0105. In step PE4 in FIG. 44, the first photoresist mask32. 
which was used to form the interlayer conductive nubs 30 in 
step PE3, is exposed to ultraviolet light again through a mask 
that masks all parts of the wafer 1 except for the surfaces of 
the electrode pads 5, the electrode areas 11, and paths leading 
from the electrode pads 5 to the electrode areas 11. The 
exposed portion of the first photoresist mask 32 is then 
removed by chemical development, forming a second photo 
resist mask 32 that exposes the metal underlayer 9 and the 
interlayer conductive nubs 30 in these areas, in which the 
redistribution pattern 10 will be formed. 
0106. In step PE5 in FIG. 45, the redistribution pattern 10 

is formed on the exposed surface of the metal underlayer 9 
and on the interlayer conductive nubs 30 as in step PD5 in the 
fifth embodiment. 
0107 Steps PE6 to PE8, illustrated in FIGS. 46 to 48, 
which form the protective layer 12 and bump electrodes 15, 
are the same as steps PD6 to PD5 in the fifth embodiment, 
illustrated in FIGS. 38 to 40, so descriptions will be omitted. 
0108. After steps PE1 to PE8 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0109 As described above, in the sixth embodiment, the 
positive photoresist mask that is used to form the nubs is not 
removed, but is patterned by exposure to light again in the step 
that forms the first redistribution pattern. Compared with the 
fifth embodiment, one photoresist coating step is saved. In 
addition to the effects obtained in the fifth embodiment, 
WCSP semiconductor devices according to the sixth embodi 
ment can be fabricated more efficiently and the indirect mate 
rial cost can be reduced. 

Seventh Embodiment 

0110. The seventh embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 49 to 59. The 
seventh embodiment differs from the fifth and sixth embodi 
ments by including a barrier metal layer 34 of a metal such as 
nickel, palladium, or gold. As seen in FIGS. 56 to 59, the 
barrier metal layer 34 covers all parts of the redistribution 
pattern 10 except for surfaces of contact between the redis 
tribution pattern 10 and the metal underlayer 9, and between 
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the redistribution pattern 10 and the interlayer conductive 
nubs 30, to prevent current from leaking from one segment of 
the redistribution pattern 10 to another due to moisture taken 
up by the protective layer 12 and the interlayer dielectric film 
7. 

0111. A fabrication method for the semiconductor device 
in the seventh embodiment includes the steps PF1 to PF11 
illustrated in FIGS. 49 to 59. 
O112 Steps PF1 to PF5, illustrated in FIGS. 49 to 53, are 
identical to steps PD1 to PD5 (FIGS. 33 to 37) in the fifth 
embodiment, so descriptions will be omitted. 
0113. In step PF6 in FIG. 54, the second photoresist mask 
17 that was formed in step PF5 is removed with a solvent. 
0114. In step PF7 in FIG.55, a third photoresist mask 17 is 
formed. This photoresist mask 17 covers all parts of the metal 
underlayer 9 except for the part below the redistribution pat 
tern 10 and the interlayer conductive nubs 30 and the parts 
surrounding the redistribution pattern 10, in which the barrier 
metal layer 34 will be formed. The photoresist mask 17 com 
prises a positive or negative photoresist material that is pat 
terned by photolithography. 
(0.115. In step PF8 in FIG. 56, to form the barrier metal 
layer 34, a barrier metal is electro-deposited on the exposed 
parts of the metal underlayer 9 and the redistribution pattern 
10, using the metal underlayer 9 as a negative electrode. The 
barrier metal layer 34 covers all parts of the redistribution 
pattern 10 except for the surfaces of contact between the 
redistribution pattern 10 and the metal underlayer 9, and 
between the redistribution pattern 10 and the interlayer con 
ductive nubs 30. 
0116. In step PF9 in FIG.57, the photoresist mask 17 that 
was formed in step PF7 is removed with a solvent, and the 
metal underlayer 9, except for the part below the redistribu 
tion pattern 10, the interlayer conductive nubs 30, and the 
barrier metal layer 34, is removed as in step P5 in the first 
embodiment. 
0117. In step PF10 in FIG. 58, a protective layer 12 about 
5um thick is formed as in step PC6 in the fourth embodiment. 
The parts of the redistribution pattern 10 and barrier metal 
layer 34 that are disposed on the interlayer conductive nubs 
30 project from the protective layer 12 in the electrode areas 
11. 
0118. In step PF11 in FIG. 59, hemispherical bump elec 
trodes 15 are formed as in step PC7 in the fourth embodiment. 
The bump electrodes 15 cover the parts of the redistribution 
pattern 10 that are covered by the barrier metal layer 34 and 
project from the front surface of the protective layer 12 of the 
semiconductor wafer 1. 
0119. After steps PF1 to PF11 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0120 Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device, covering projecting parts of the 
redistribution pattern 10 and barrier metal layer 34 instead of 
being formed on posts, a thin resin layer Suffices to seal the 
front surface of the semiconductor device. The method 
described in the seventh embodiment cantherefore be used to 
fabricate WCSP semiconductor devices with reduced thick 

SSS. 

I0121 Use of a photosensitive protective layer 12 to seal 
the front surface of the semiconductor device simplifies the 
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formation of the protective layer 12 around the projecting 
parts of the redistribution pattern 10 and barrier metal layer 
34. 

0122) The parts of the redistribution pattern 10 and barrier 
metal layer 34 that are covered by the hemispherical bump 
electrodes 15 are lifted above the protective layer 12 by the 
interlayer conductive nubs 30, which enhances the reliability 
of the solder joints between the bump electrodes 15 and the 
barrier metal layer 34. After the semiconductor device is 
mounted on a printed circuit board or card, the redistribution 
pattern 10 and the interlayer conductive nubs 30 absorb exter 
nal stress applied to the bump electrodes 15, making the 
external electrical connections of the semiconductor device 
more reliable. 
0123. The barrier metal layer 34 covers all parts of the 
redistribution pattern 10 except for the surfaces of contact 
between the redistribution pattern 10 and the metal under 
layer 9, and between the redistribution pattern 10 and the 
interlayer conductive nubs 30, so moisture taken up in the 
protective layer 12 and the interlayer dielectric film 7 cannot 
react with the copper material in the redistribution pattern 10, 
and does not cause current to leak from one segment of the 
redistribution pattern 10 to another. The semiconductor 
device accordingly has high moisture resistance and 
enhanced reliability. 
0124. As described above, in the seventh embodiment, a 
barrier metal layer covers all parts of the redistribution pattern 
except for the surfaces of contact between the redistribution 
patternand the underlying metal layer, and between the redis 
tribution pattern and the underlying nubs. In addition to the 
effects obtained in the fifth embodiment, the structure of the 
seventh embodiment prevents moisture taken up in the pro 
tective layer and the interlayer dielectric film from reacting 
with the redistribution pattern material, and therefore pre 
vents current from leaking between different parts of the 
redistribution pattern due to moisture, so the semiconductor 
device has high moisture resistance and enhanced reliability. 

Eighth Embodiment 

0.125. The eighth embodiment is a semiconductor device 
identical to the semiconductor device in the seventh embodi 
ment, but fabricated by the process illustrated in FIGS. 60 to 
69, comprising steps. PG1 to PG10. The fabrication process 
will be described below. 

0126 Since steps PG1 to PG5, illustrated in FIGS. 60 to 
64, are the same as steps PE1 to PE6 in the sixth embodiment, 
illustrated in FIGS. 41 to 45. Descriptions will be omitted. 
0127. In step PG6 in FIG. 65, a third photoresist mask32 

is formed. After the first photoresist mask32, which defined 
the interlayer conductive nubs 30 in step PG3 (FIG. 62), is 
exposed to ultraviolet light in step PG4 (FIG. 63), forming a 
second photoresist mask32, and the redistribution pattern 10 
is formed by use of the second photoresist mask 32 in step 
PG5 (FIG. 64), in step PG6 (FIG. 65), the second photoresist 
mask 32 is exposed to ultraviolet light through a mask that 
masks all parts of the wafer 1 except for the redistribution 
pattern 10 and a narrow area Surrounding the redistribution 
pattern 10, these being the parts in which the barrier metal 
layer 34 will be formed. The exposed photoresist mask 32 is 
then removed by chemical development, uncovering the parts 
of the metal underlayer 9 on which the barrier metal layer 34 
will be formed, to form the third photoresist mask32, which 
covers the other parts of the metal underlayer 9. 

Apr. 21, 2011 

0128 Steps PG7 to PG10, illustrated in FIGS. 66 to 69, 
which form the protective layer 12 and bump electrodes 15, 
are the same as steps PF8 to PF11 (FIGS. 56 to 59) in the 
seventh embodiment. Descriptions will be omitted. 
I0129. After steps PG1 to PG10 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0.130. As described above, in the eighth embodiment, the 
positive photoresist mask used to form nubs is left in place 
after the nubs have been formed and is patterned by two more 
exposures to light, one defining the first redistribution pattern, 
the other defining a barrier metal layer, so it is only necessary 
to deposit the photoresist material once. In addition to the 
effects seen in the seventh embodiment, WCSP semiconduc 
tor devices according to the eighth embodiment can be fab 
ricated more efficiently and the indirect material cost can be 
reduced. 

Ninth Embodiment 

0131 The ninth embodiment is a semiconductor device 
fabricated from a wafer 1 as illustrated in FIGS. 70 to 77. The 
ninth embodiment differs from the first embodiment by add 
ing a second redistribution pattern 35 to redistribution pattern 
10, which will be referred to below as the first redistribution 
pattern. The first redistribution pattern 10 also differs from the 
redistribution pattern 10 in the first embodiment in having an 
edge 10a disposed within the electrode area 11, as seen in 
FIGS. 73 to 77. As seen in FIGS. 74 to 77, the second redis 
tribution pattern 35 covers the surface of the first redistribu 
tion pattern 10 and its edge 10a in the electrode areas 11, has 
an edge 35a disposed at the edge of the electrode area 11, and 
has an extension 36 extending from that edge 35a onto the 
surface of the metal underlayer 9. 
(0132 A fabrication method for the semiconductor device 
in the ninth embodiment includes the steps PH1 to PH8 illus 
trated in FIGS. 70 to 77. 
(0.133 Steps PH1, illustrated in FIG. 70, and PH2, illus 
trated in FIG. 71, are the same as steps P1 and P2 in FIGS. 1 
and 2 in the first embodiment. Descriptions will be omitted. 
I0134. In step PH3 in FIG.72, a coat of positive photosen 
sitive resin is applied to the surface of the metal underlayer 9 
by a spin-coating process, and the applied photosensitive 
resin is dried. The dried photosensitive resin is exposed to 
ultravioletlight through a mask that masks all parts except for 
the parts, extending from the surfaces of the electrode pads 5 
to the electrode areas 11, in which the first redistribution 
pattern 10 will beformed. The exposed photosensitive resin is 
then removed by chemical development, exposing the parts of 
the metal underlayer 9 on which the first redistribution pattern 
10 will be formed, and forming a first photoresist mask 32. 
The first photoresist mask 32 covers the other parts of the 
metal underlayer 9. The first redistribution pattern 10 is 
formed on the exposed parts of the metal underlayer 9 as in 
step P3 in the first embodiment. 
I0135) In step PH4 in FIG. 73, after the first redistribution 
pattern 10 has been formed, the photoresist mask 32 is modi 
fied to form a second photoresist mask 32. Specifically, the 
first photoresist mask 32 is exposed to ultraviolet light 
through a mask that masks all parts of the wafer 1 except for 
the part in which the extensions 36 will be formed, this part 
extending from the edge 10a of the first redistribution pattern 
10 in each electrode area 11 to a point outside the electrode 
area 11. The exposed photoresist mask32 is then removed by 
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chemical development, uncovering the part of the metal 
underlayer 9 on which the extensions 36 will be formed, and 
leaving the second photoresist mask 32, which covers the 
other parts of the metal underlayer 9. 
0136. In step PH5 in FIG. 74, the second redistribution 
pattern 35 is formed on the first redistribution pattern 10 and 
the exposed part of the metal underlayer 9 by electro-depo 
sition, as in step P3 in the first embodiment. The part of the 
second redistribution pattern 35 formed on the metal under 
layer 9 becomes the extensions 36. 
0137 In step PH6 in FIG. 75, the remaining part of the 
photoresist mask 32 that was formed in step PH3 is removed 
with a solvent, and the metal underlayer 9, except for the part 
below the first redistribution pattern 10 and the extensions 36, 
is removed as in step P5 in the first embodiment. 
0.138. In step PH7 in FIG. 76, a photosensitive resin is 
applied to the entire front surface of the semiconductor wafer 
1 as in step P6 in the first embodiment, and the applied 
photosensitive resin is exposed to ultraviolet light with a 
photoresist mask masking the electrode areas 11. The unex 
posed photosensitive resin is removed by chemical develop 
ment, leaving a protective layer 12 about 5 um thick with 
electrode openings 13 extending to the second redistribution 
pattern 35 in the electrode areas 11, and also exposing the 
extensions 36. 
0.139. In step PH8 in FIG. 77, flux is applied to the second 
redistribution pattern 35, including the edge 35a and exten 
sions 36, that is exposed at the bottom of each electrode 
opening 13 in the protective layer 12. Solder balls are 
emplaced in the electrode openings 13 with a template as in 
step P7 in the first embodiment; then aheat treatment process 
is performed to melt the solder balls, thereby forming hemi 
spherical bump electrodes 15 that project from the front sur 
face of the protective layer 12 and are directly joined to the 
second redistribution pattern 35 and the edges 35a thereof 
that are exposed at the bottom of the electrode openings 13. 
0140. After steps PH1 to PH8 above, the semiconductor 
wafer 1 is diced into individual integrated circuit chips, each 
including a plurality of semiconductor circuit elements. Each 
chip is a separate WCSP semiconductor device. 
0141 Since a WCSP semiconductor device fabricated as 
described above includes a plurality of bump electrodes 15 
projecting from the front surface of the protective layer 12 of 
the semiconductor device and directly joined to the second 
redistribution pattern 35, instead of being formed on posts, a 
thin resin layer suffices to seal the front surface of the semi 
conductor device. The method described in the ninth embodi 
ment cantherefore be used to fabricate WCSP semiconductor 
devices with reduced thicknesses. 
0142. The use of a photosensitive material for the protec 

tive layer 12 that seals the front surface of the semiconductor 
device simplifies the formation of the electrode openings 13 
for the bump electrodes 15. 
0143. The hemispherical bump electrodes 15 cover the 
second redistribution pattern 35, its edges 35a, and the exten 
sions 36 that are exposed in the electrode openings 13 in the 
protective layer 12. The extensions 36 improve the reliability 
of the solder joints between the bump electrodes 15 and the 
second redistribution pattern 35 by providing a route for 
escape of air, and by allowing the bump electrodes 15 to make 
vertical as well as horizontal contact with the second redis 
tribution pattern 35. After the semiconductor device is 
mounted on a printed circuit board or card, the second redis 
tribution pattern 35 helps absorb external stress applied to the 
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bump electrodes 15, making the external electrical connec 
tions of the semiconductor device more reliable. 
0144. The second redistribution pattern 35 is deposited on 
the first redistribution pattern 10, so the combined thickness 
of the second redistribution pattern 35 and the first redistri 
bution pattern 10 in the ninth embodiment is twice the thick 
ness of the redistribution pattern in the first embodiment, 
thereby providing a WCSP semiconductor devices with 
improved electrical properties and higher added value. 
0145 The positive photoresist mask used to form the first 
redistribution pattern 10 is left in place after the first redistri 
bution pattern 10 is formed and is patterned by one more 
exposure to light, defining the second redistribution pattern 
35, so it is only necessary to deposit the photoresist material 
once. WCSP semiconductor devices according to the ninth 
embodiment can accordingly be fabricated efficiently and the 
indirect material cost can be reduced. 

0146. As described above, in the ninth embodiment, a 
second redistribution pattern is deposited on the first redistri 
bution pattern. The front surface of the semiconductor device 
is sealed by a protective layer having openings exposing parts 
of the second redistribution pattern, including extension 
parts. The openings are covered by bump electrodes that are 
electrically coupled to the parts of the second redistribution 
pattern disposed within the openings. This structure enables 
the thickness of the protective layer (the package layer in a 
wafer level chip size package) to be reduced because the 
electrodes are connected directly to the top surfaces and edges 
of the second redistribution pattern. The protective layer may 
comprise a photosensitive material, which simplifies the for 
mation of the openings for the electrodes. The combined 
thickness of the first and second redistribution patterns in the 
ninth embodiment is twice the thickness of the redistribution 
pattern in the first embodiment, thereby providing WCSP 
semiconductor devices with improved electrical properties 
and higher added value. 
0147 The invention is not limited to the embodiments 
described above; those skilled in the art will recognize that 
further variations are possible within the scope of the inven 
tion, which is defined in the appended claims. 

What is claimed is: 
1: A semiconductor device comprising: 
a semiconductor Substrate having a first Surface, a second 

Surface opposed to the first Surface, and a circuit element 
formed on the first surface; 

an electrode pad disposed on the first surface of the semi 
conductor Substrate, and electrically coupled to the cir 
cuit element; 

a first conductive pattern overlying the electrode pad, and 
electrically coupled to the electrode pad; 

a protective layer sealing the first-Surface side of the semi 
conductor Substrate, and having an opening exposing 
part of the first conductive pattern; 

an interlayer dielectric film disposed below the first con 
ductive pattern and between the protective layer and the 
first surface of the semiconductor substrate, the inter 
layer dielectric film having a dielectric nub disposed 
below said opening in the protective layer and a through 
hole extending to the electrode pad, the dielectric nub 
being an upwardly protruding portion of the interlayer 
dielectric film, and the first conductive pattern extending 
from the through hole to said opening; and 
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a bump electrode covering said opening, and electrically 
coupled to the exposed part of the first conductive pat 
tern through said opening. 

2: The semiconductor device of claim 1, wherein the 
upwardly protruding portion of the interlayer dielectric film is 
cylindrical. 

3: The semiconductor device of claim 1, wherein the inter 
layer dielectric film is a photosensitive resin. 

4: The semiconductor device of claim 1, wherein the pro 
tective layer is a photosensitive resin. 

5: The semiconductor device of claim 1, further compris 
ing a first metal layer patterned to cover the electrode pad, and 
disposed between the interlayer dielectric film and the first 
conductive pattern. 

6: The semiconductor device of claim 5, wherein the first 
conductive pattern is formed by an electro-deposition process 
using the first metal layer as an electrode. 

7: A semiconductor device comprising: 
a semiconductor Substrate having a first Surface, a second 

Surface opposed to the first Surface, and a circuit element 
formed on the first surface; 

an electrode pad disposed on the first surface of the semi 
conductor Substrate, and electrically coupled to the cir 
cuit element; 

a first conductive pattern overlying the electrode pad, and 
electrically coupled to the electrode pad; 

a protective layer sealing the first-Surface side of the semi 
conductor substrate, and having an opening exposing 
part of the first conductive pattern; 
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an interlayer dielectric film disposed below the first con 
ductive pattern and between the protective layer and the 
first surface of the semiconductor substrate, the inter 
layer dielectric film including a first region having a first 
film thickness, a second region having a second film 
thickness less than the first film thickness, and a through 
hole extending to the electrode pad, the first region being 
located below said opening in the protective layer, the 
second region being located around the through hole and 
in the neighborhood of the first region, and the first 
conductive pattern extending from the through hole to 
said opening; and 

a bump electrode covering said opening, and electrically 
coupled to the exposed part of the first conductive pat 
tern through said opening. 

8: The semiconductor device of claim 7, wherein the first 
region of the interlayer dielectric film is shaped as a protru 
S1O. 

9: The semiconductor device of claim 7, wherein the inter 
layer dielectric film is a photosensitive resin. 

10: The semiconductor device of claim 7, wherein the 
protective layer is a photosensitive resin. 

11: The semiconductor device of claim 7, further compris 
ing a first metal layer patterned to cover the electrode pad, and 
disposed between the interlayer dielectric film and the first 
conductive pattern. 

12: The semiconductor device of claim 11, wherein the first 
conductive pattern is formed by an electro-deposition process 
using the first metal layer as an electrode. 

c c c c c 


