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(57) ABSTRACT 
External connection terminals (25) are disposed on side 
surfaces, a back surface, or both the side surfaces and the 
back surface of a semiconductor element, especially an 
optical element (20) such as an image sensor, a solid state 
imaging device, etc. The external connection terminals (25) 
are connected electrically to an integrated circuit (21) of the 
optical element (20) via Wirings (23). The Wirings (23) are 
connected electrically to electrical measuring electrodes 
(23T) in the course of Wafer process, but the electrical 
measuring electrodes (23T) are disconnected from the Wir 
ings (23) after the electrical measurement has been com 
pleted. The electrical measuring electrodes (23T) are formed 
on dicing lines and then removed at the same time When 
dicing process is executed. The external connection termi 
nals (25) are connected to the Wirings (23) from Which the 
electrical measuring electrodes (23T) are disconnected. 
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SEMICONDUCTOR ELEMENT HAVING 
EXTERNAL CONNECTION TERMINALS, 
METHOD OF MANUFACTURING THE 
SEMICONDUCTOR ELEMENT, AND 

SEMICONDUCTOR DEVICE EQUIPPED WITH 
THE SEMICONDUCTOR ELEMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
element having external connection terminals, a method of 
manufacturing the semiconductor element, and a semicon 
ductor device equipped With the semiconductor elements 
and, more particularly, a semiconductor element, a method 
of manufacturing the semiconductor element, and a semi 
conductor device, capable of reducing a placement area of 
external connection terminals on an integrated circuit 
mounting surface. 

[0003] 2. Description of the Prior Art 

[0004] In general, a semiconductor device comprises a 
semiconductor element and a package in Which the semi 
conductor device is mounted. On a surface of the semicon 
ductor element are formed external connection terminals 
(electrodes) Which connect electrically an integrated circuit 
formed on the semiconductor element to an external device 
placed on the outside of the package. Lead Wirings are 
provided on the package. The external connection terminals 
of the semiconductor element and the lead Wirings are 
electrically connected indirectly via Wires formed by means 
of Wire bonding technique or directly by Wireless bonding 
technique. 

[0005] As shoWn in FIG. 12, an optical element 1 such as 
an image sensor, a solid state imaging device, etc. in the 
prior art includes at least a photo detector 3 and external 
connection terminals 5 disposed in the neighboring area of 
the photo detector 3 on its surface. The photo detector 3 can 
execute so-called photoelectric conversion to convert optical 
signals into electric signals. Though not shoWn, peripheral 
circuits such as a CCD (Charge Coupled Device) Which can 
transfer sequentially the electric signals derived by photo 
electric conversion by use of the photo detector 3 are 
disposed around the photo detector 3. The external connec 
tion terminals 5 connect electrically the photo detector 3 and 
the external device (not shoWn). 

[0006] As shoWn in FIG. 13, an optical device 10 com 
prise the optical element 1 and a package 12 in Which the 
optical element 1 is mounted. A glass lid 14 Which is able to 
transmit the optical signals is provided on the package 12. 
The optical device 10 can be hermetic-sealed by the glass lid 
14 and the package 12. 

[0007] As shoWn in FIGS. 13 and 14, the lead Wirings 13 
are formed in the outer periphery of the optical element 1 on 
the package 12. In the case that the Wire bonding is 
employed, the external connection terminals 5 of the optical 
element 1 and the lead Wirings 13 are connected electrically 
by bonding Wires 9. The optical element 1 is bonded to the 
package 12 by die bonding technique. 

[0008] With the high advance and complication of LSIs in 
recent years, there has been a tendency that the number of 
terminals required for the semiconductor element is 
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increased. HoWever, if the number of terminals are simply 
increased based on a layout rule for the external connection 
terminals on the semiconductor element in the prior art, an 
increase in an element area is brought about. In order to 
overcome this draWback, such a method can be considered 
that the increase in the element area should be avoided by 
reducing a distance betWeen the external connection termi 
nals respectively. In this case, the bonding technique With 
extremely high accuracy is requested since the distance 
betWeen the external connection terminals must be narroWed 
rather than that in prior art. 

[0009] FIG. 15 is a sectional vieW shoWing the Wire 
bonding Which is noW applied to the optical element. The 
bonding Wire 9 is pushed against the external connection 
terminal 5 by use of a capillary 15 and then bonded to the 
external connection terminal 5 in terms of ultrasonic vibra 
tion. HoWever, in the optical element 1 shoWn in FIG. 12, 
the external connection terminals 5 are disposed closer to 
each other and in addition the photo detector 3 and the 
external connection terminal 5 are disposed closer to each 
other. As a result, there has been caused such a disadvantage 
that a part of a surface of the external connection terminal 5 
is peeled off upon bonding and then such peelings fall to the 
photo detector 3 and then stick thereto as adhesive substance 
16. In addition, unless enough bonding accuracy can be 
achieved, the capillary 15 does not abut upon the external 
connection terminal 5 exactly, but upon a protection ?lm 
coated on the surface of the optical element 1. Therefore, 
there has been caused another disadvantage that a part of the 
protection ?lm is peeled off and then such peeled ?lms also 
fall to the photo detector 3 and then stick thereto as adhesive 
substance 16. 

[0010] As shoWn in FIG. 16(A), in the case that, for 
example, the adhesive substance 16 falls to a pixel 3c out of 
a plurality of pixels 3a to 36 constituting the photo detector 
3, there are some cases Where a White level signal Which 
should be output properly from the pixel 3c is converted into 
a black level signal, as shoWn in FIG. 16(B), When a light 
is incident into the photo detector 3. As a consequence, 
proper signal output values cannot be output from the photo 
detector 3. 

[0011] In order to overcome the above disadvantages, a 
semiconductor element set forth in Patent Application Pub 
lication (KOKAI) 3-104246 has been proposed. FIG. 17 is 
a vieW shoWing a con?guration of the semiconductor ele 
ment 1a in the prior art. In this semiconductor element 1a, 
the external connection terminals 5 are disposed on side 
surfaces of the semiconductor element 1a, so that an occu 
pied area of the external connection terminals 5 on a surface 
of the semiconductor element 1a can be reduced, Which 
results in reduction in the surface area of the semiconductor 
element 1a. In addition, if the semiconductor element set 
forth in the above Patent Application Publication (KOKAI) 
3-104246 is applied to the above optical device 10, there has 
not been caused the disadvantage due to the adhesive 
substance 16 generated during Wire bonding since the photo 
detector 3 and the external connection terminals 5 of the 
optical element 1 are formed on different surfaces of the 
optical element 1, as shoWn in FIG. 18. 

[0012] Nevertheless, in the above semiconductor element 
1a shoWn in FIG. 17, the external connection terminals 5 
can be formed on the side surfaces of the semiconductor 
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element 1a, but the electrical measuring electrodes 17 used 
to execute the electrical measurement of the integrated 
circuit in the course of production process (Wafer process) is 
required separately. The electrical measuring electrodes 17 
are arranged on the surface of the semiconductor element 1a 
as the integrated circuit mounting surface. The electrical 
measuring electrodes 17 and the external connection termi 
nals 5 are connected electrically by the Wirings 18 respec 
tively, so that the external connection terminals 5 are con 
nected electrically to the not shoWn integrated circuit in the 
semiconductor element 1a via the Wirings 18 and the elec 
trical measuring electrodes 17 respectively. In the optical 
device 10, the electrical measuring electrodes 17 as Well as 
the photo detector 3 are arranged on the surface of the 
optical element 1 and the external connection terminals 5 are 
arranged on the side surfaces of the optical element 1. The 
occupied areas of the electrical measuring electrodes 17 are 
small rather than those of the external connection terminals 
5. HoWever, the occupied areas of the electrical measuring 
electrodes 17 are not so small as they can be neglected. For 
this reason, the element area of the optical element 1 cannot 
be sufficiently reduced because the electrical measuring 
electrodes 17 are required substantially as many as the 
external connection terminals 5. 

[0013] In addition, the increase in the element area of the 
optical element 1 results in an increase in siZe of the package 
12 and therefore the optical device 10 is enlarged in siZe. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been made to overcome 
the above problems, and it is an object of the present 
invention to provide a semiconductor element capable of 
reducing an element area by reducing occupied areas of 
external connection terminals and electrical measuring elec 
trodes used only in production processes. More particularly, 
it is an object of the present invention to provide an optical 
element capable of reducing an element area and also 
preventing degradation in characteristics due to adhesive 
substance being generated upon bonding. 

[0015] It is another object of the present invention to 
provide a method of manufacturing a semiconductor ele 
ment and, more particularly, a method of manufacturing an 
optical element capable of reducing the number of produc 
tion process While achieving reduction in the element area. 

[0016] It is still another object of the present invention to 
provide a semiconductor device capable of achieving reduc 
tion of the element area While reducing a siZe of a package 
to thus reduce a siZe of overall semiconductor device. More 
particularly, it is still another object of the present invention 
to provide an optical device capable of reducing a siZe of 
overall optical device. 

[0017] In order to achieve the above object, according to 
a ?rst aspect of the present invention, there is provided a 
semiconductor element comprising Wirings formed on an 
integrated circuit mounting surface of a semiconductor chip 
to extend from an integrated circuit to end portions of the 
semiconductor chip; and external connection terminals con 
nected to the Wirings so as to connect electrically the 
integrated circuit and an external device arranged on an 
outside of the semiconductor chip, at least bonding areas of 
the external connection terminals being disposed only on 
side surfaces, a back surface, or both the side surfaces and 
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the back surface of the semiconductor chip. The Wirings are 
disconnected from electrical measuring electrodes Which are 
formed on dicing lines and then connected to the external 
connection terminals. The Wirings being extended up to an 
end portion of the semiconductor chip and the external 
connection terminals are connected electrically by terminal 
Wiring connection members Which are formed integrally 
With the external connection terminals and are extended 
from the side surface or the back surface of the semicon 
ductor chip to the integrated circuit mounting surface 
respectively. The external connection terminals and the 
terminal Wiring connection members are formed of same 
conductive plate material respectively. The Wirings being 
extended up to an end portion of the semiconductor chip and 
the external connection terminals are connected electrically 
by terminal Wiring connection members Which are formed of 
material different from those of the external connection 
terminals and the Wirings ,and are extended from the side 
surface or the back surface of the semiconductor chip to the 
integrated circuit mounting surface respectively. Preferably 
the external connection terminals are formed of either gold 
bump electrodes or electrodes Which are formed With use of 
a TAB (Tape Automated Bonding) technique. The external 
connection terminals are disposed on the side surfaces or the 
back surface of the semiconductor chip via an insulator. It is 
preferable that the semiconductor element further comprises 
a CCD (Charge Coupled Device) provided in the integrated 
circuit. 

[0018] With the above con?guration, in the semiconductor 
element, basically the external connection terminals are 
disposed only on the side surfaces, the back surface, or both 
the side surfaces and the back surface of the semiconductor 
chip. In more detail, at least bonding areas of the external 
connection terminals are disposed only on side surfaces, a 
back surface, or both the side surfaces and the back surface 
of the semiconductor chip. The electrical measuring elec 
trodes used to measure electric characteristics of the inte 
grated circuit are disposed on the dicing lines to be con 
nected to the Wirings, and then removed by dicing process 
after the electrical measurement (characteristic evaluation 
test) has been completed, so that the electrical measuring 
electrodes are disconnected from the Wirings. The external 
connection terminals are connected electrically to the Wir 
ings from Which the electrical measuring electrodes have 
been disconnected. As a consequence, the external connec 
tion terminals can be formed on the side surfaces or the back 
surface of the semiconductor chip. In addition, only the 
integrated circuit and the Wirings are formed on the inte 
grated circuit mounting surface of the semiconductor ele 
ment, but the electrical measuring electrodes are not formed 
on the integrated circuit mounting surface of the semicon 
ductor element. For this reason, the element surface area of 
the semiconductor element can be reduced. 

[0019] Besides, in the case that the semiconductor element 
consists of the optical element Which has the photo detector 
and the CCD in the integrated circuit, the photo detector and 
the external connection terminals can be formed on different 
surfaces of the semiconductor element respectively and 
therefore adhesive substance Which is generated upon bond 
ing and dropped doWn onto the photo detector can be 
lessened. For this reason, degradation in characteristics of 
the photo detector due to such adhesive substance can be 
prevented While reducing the element area. 
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[0020] Further, the Wirings and the external connection 
terminals can be connected simply by the terminal Wiring 
connection members. 

[0021] According to a second aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor element comprising the steps of forming, on a 
surface of a semiconductor Wafer, a plurality of semicon 
ductor elements having integrated circuits therein respec 
tively, electrical measuring electrodes arranged on dicing 
lines betWeen the semiconductor elements, for measuring 
electric characteristics of each integrated circuit in each 
semiconductor element, and Wirings for connecting electri 
cally the integrated circuits and the electrical measuring 
electrodes; executing electrical measurement of the inte 
grated circuits provided in the semiconductor elements by 
use of the electrical measuring electrodes; dividing the 
semiconductor Wafer into individual semiconductor ele 
ments along the dicing lines and simultaneously removing 
the electrical measuring electrodes from the semiconductor 
elements; and forming external connection terminals on side 
surfaces or a back surface or both the side surfaces and the 
back surface of the semiconductor element to be electrically 
connected to the Wirings from Which the electrical measur 
ing electrodes are removed. It is preferable that basically the 
electrical measuring electrodes and the Wirings are formed 
as an identical Wiring layer. Like the above, it is preferable 
that the semiconductor element comprises the photo detec 
tors and CCD in the integrated circuits. 

[0022] With the above con?guration, the semiconductor 
element can be formed Which enables reduction in the 
element area. The semiconductor element can also be 
formed Which can prevent degradation in characteristics 
While reducing the element area. Since the electrical mea 
suring electrodes can be removed at the same time dicing 
process is executed, the number of production process can 
be reduced by eliminating an individual step of removing the 
electrical measuring electrodes. 

[0023] According to a third aspect of the present inven 
tion, there is provided a semiconductor device on Which a 
semiconductor element is mounted, comprising a semicon 
ductor element including the above integrated circuit, Wir 
ings, and external connection terminals; and an encapsula 
tion package having lead Wirings connected electrically to 
the external connection terminals of the semiconductor 
element thereon, the semiconductor element being mounted 
in the encapsulation package. As explained above, it is 
preferable that the semiconductor element comprises the 
photo detectors and CCD in the integrated circuits. The 
external connection terminals of the semiconductor element 
are connected electrically to the lead Wirings of the encap 
sulation package by direct contact or via Wires. Further, it is 
preferable that the semiconductor element includes a photo 
detector and a CCD in the integrated circuit, and the 
encapsulation package includes a light transmission glass 
provided on the photo detector to transmit optical signals, 
and is made of a ceramic package With high moisture 
resistance. 

[0024] With the above con?guration, since the element 
area of the semiconductor element can be reduced as stated 
above, a siZe reduction of the encapsulation package can be 
implemented so that a siZe reduction of the semiconductor 
device can be achieved. In addition, the optical device can 
be provided Which enables a siZe reduction. 
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[0025] Other and further objects and features of the 
present invention Will become obvious upon an understand 
ing of the illustrative embodiments about to be described in 
connection With the accompanying draWings or Will be 
indicated in appended claims, and various advantages not 
referred to herein Will occur to one skilled in the art upon 
employing of the invention in practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a perspective vieW shoWing a semicon 
ductor element according to a ?rst embodiment of the 
present invention; 

[0027] FIG. 2 is a sectional vieW shoWing the semicon 
ductor element shoWn in FIG. 1; 

[0028] FIG. 3(A) is a plan vieW shoWing a semiconductor 
Wafer used to explain a method of manufacturing the semi 
conductor element shoWn in FIG. 1; 

[0029] FIG. 3(B) is an enlarged plan vieW shoWing a 
pertinent portion of the semiconductor Wafer shoWn in FIG. 
3(A), Which is noW subjected to electrical measurement; 

[0030] FIG. 4(A) is a plan vieW shoWing the semicon 
ductor Wafer shoWn in FIG. 3(A), Which has undergone the 
dicing process; 

[0031] FIG. 4(B) is a perspective vieW shoWing a semi 
conductor element Which is separated from the semiconduc 
tor Wafer shoWn in FIG. 4(A) by the dicing process; 

[0032] FIG. 5(A) is an enlarged perspective vieW shoWing 
the semiconductor element according to the ?rst embodi 
ment of the present invention, on Which external connection 
terminals have been formed; 

[0033] FIG. 5(B) is an enlarged perspective vieW shoWing 
the semiconductor element according to a modi?cation of 
the ?rst embodiment of the present invention, on Which 
another external connection terminals have been formed; 

[0034] FIG. 5(C) is an enlarged perspective vieW shoWing 
the semiconductor element according to another modi?ca 
tion of the ?rst embodiment of the present invention, on 
Which still another external connection terminals have been 
formed; 

[0035] FIG. 6 is a sectional vieW shoWing a semiconduc 
tor device in Which the semiconductor element shoWn in 
FIG. 1 is mounted; 

[0036] FIG. 7 is a perspective vieW shoWing a semicon 
ductor element according to a second embodiment of the 
present invention; 

[0037] FIG. 8 is a sectional vieW shoWing the semicon 
ductor element shoWn in FIG. 7; 

[0038] FIG. 9 is an enlarged perspective vieW shoWing the 
semiconductor element shoWn in FIG. 7; 

[0039] FIG. 10 is a sectional vieW shoWing another semi 
conductor device in Which the semiconductor element 
shoWn in FIG. 7 is mounted; 

[0040] FIG. 11 is a sectional vieW shoWing still another 
semiconductor device in Which the semiconductor element 
shoWn in FIG. 7 is mounted; 
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[0041] FIG. 12 is a perspective vieW showing an optical 
element as a semiconductor element in the prior art; 

[0042] FIG. 13 is a sectional vieW showing an optical 
device in the prior art on Which the optical element in FIG. 
12 is mounted; 

[0043] FIG. 14 is an enlarged sectional vieW shoWing a 
pertinent portion of the optical device shoWn in FIG. 13; 

[0044] FIG. 15 is a fragmental sectional vieW shoWing the 
optical device shoWn in FIG. 13, Which is noW being 
subjected to Wire bonding; 

[0045] FIG. 16(A) is a fragmental plan vieW shoWing the 
optical element in the prior art; 

[0046] FIG. 16(B) is a vieW shoWing output signal values 
Which are output from the optical element in the prior art; 

[0047] FIG. 17 is a perspective vieW shoWing a semicon 
ductor element in the prior art; and 

[0048] FIG. 18 is an enlarged sectional vieW shoWing a 
pertinent portion of the optical device in the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

[0049] As shoWn in FIGS. 1 and 2, an optical element 
(semiconductor element) 20 to be mounted on an optical 
device (30, described later) comprises an integrated circuit 
21, Wirings 23, and external connection terminals (elec 
trodes) 25. The optical element 20 is formed of a semicon 
ductor chip made of a single crystal silicon substrate. An 
integrated circuit 21 and the Wirings 23 are disposed on an 
integrated circuit mounting surface of the semiconductor 
chip. 

[0050] The integrated circuit 21 comprises a photo detec 
tor 22, and peripheral circuits such as CCD, driver circuit, 
signal detector circuit, etc. disposed around the photo detec 
tor 22, though not shoWn. The photo detector 22 is com 
posed of pixels made up of a plurality of photodiodes, etc. 
Which are aligned in one or tWo-dimensional fashion. The 
pixels can convert optical signals into electric signals by 
means of photoelectric conversion. The CCD as the periph 
eral circuit can transmit sequentially the electric signals 
derived by the photo detector 22. The driver circuit can 
select predetermined pixels of the photo detector 22. The 
signal detector circuits can detect the electric signals derived 
from the pixels. In other Words, the optical element 20 is 
composed as a one-line-dimensional image sensor, a tWo 
area-dimensional image sensor, a solid state imaging device, 
or the like. 

[0051] The Wirings 23 are formed around the integrated 
circuit 21 to extend from the integrated circuit 21 to end 
portions of the integrated circuit mounting surface. In more 
detail, respective Wirings 23 are extended on the integrated 
circuit mounting surface to reach the edge of the side surface 
of the semiconductor chip. The Wirings 23 are electrically 
connected to the external connection terminals 25 in one 
by-one correspondence and are then connected electrically 
to an external device via the external connection terminals 
25. More particularly, control signals for the image sensor or 
the solid state imaging device are input from the external 
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device to the integrated circuit 21 via the external connec 
tion terminals 25 and the Wirings 23 respectively. On the 
contrary, image information or picture information are out 
put from the integrated circuit 21 to the external device. In 
addition, the Wirings 23 are also used as test Wires Which 
transmit various signals obtained by electrical measurement 
(characteristic evaluation test) carried out in the course of 
production process. 

[0052] As explained above, the external connection ter 
minals 25 are connected electrically to the Wirings 23 and 
thus used as terminals Which connect electrically the Wirings 
23 and the external device. In the ?rst embodiment, the 
external connection terminals 25 are aligned only on the side 
surfaces of the semiconductor chip Which are different from 
the integrated circuit mounting surface of the semiconductor 
chip. After the above Wirings 23 have been used as the test 
Wires, electrical measuring electrodes (23T, described later) 
(see FIG. 3(B)) are disconnected from the Wire 23 and then 
the external connection terminals 25 are connected electri 
cally to the disconnected Wirings 23. Respective structures 
of the external connection terminals 25 Will be explained in 
detail later. 

[0053] As shoWn in FIGS. 1 and 2, a difference betWeen 
the optical element 20 according to the ?rst embodiment and 
the optical element 1 and the semiconductor element 1a in 
the prior art resides in that both the external connection 
terminals 25 and the electrical measuring electrodes 23T, to 
be described later, are not placed on the integrated circuit 
mounting surface and thus the element area can be reduced 
suf?ciently. This difference Will be explained in more detail 
along With a manufacturing method (Wafer process) of the 
optical element 20. 

[0054] At ?rst, as shoWn in FIGS. 3(A) and 3(B) respec 
tively, the optical elements 20, the Wirings 23, and the 
electrical measuring electrodes 23T are formed on the sur 
face of the semiconductor Wafer 28 Which is made of a 
single crystal silicon substrate. A plurality of optical ele 
ments 20 are aligned regularly, and all adjacent optical 
elements 20 are formed integrally With each other in this 
stage. The electrical measuring electrodes 23T are formed 
on dicing lines (scribe areas) 29 betWeen the optical ele 
ments 20. The Wirings 23 are formed to extend from the 
integrated circuit 21 on the optical element 20 to the 
electrical measuring electrodes 23T so as to connect elec 
trically the integrated circuit 21 and the electrical measuring 
electrodes 23T. The Wirings 23 can be formed by a manu 
facturing step identical to that used for the Wirings Which 
connect respective elements or circuits in the integrated 
circuit 21. It is preferable that the Wirings 23 and the 
electrical measuring electrodes 23T are formed by the same 
Wiring layer to reduce the number of production steps. For 
example, the Wirings 23 may be made of either a single-layer 
?lm such as aluminum thin ?lm, aluminum alloy thin ?lm, 
copper thin ?lm, copper alloy thin ?lm, etc. or a laminated 
?lm Which is formed mainly of these thin ?lms. 

[0055] Next, as shoWn in FIG. 3(B), the electrical mea 
surement (probe test) of the integrated circuit 21 of the 
optical element 20 is executed With the use of the electrical 
measuring electrodes 23T. The electrical measurement is 
carried out When the optical element 20 is still in its Wafer 
state, and the selection Whether the optical element 20 is 
good or bad can be implemented by such electrical mea 
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surement. If such quality selection of the optical elements 20 
can be accomplished in their Wafer state, there is no neces 
sity of selecting the quality of every optical element 20 after 
a plurality of optical elements 20 have been separated from 
one sheet of semiconductor Wafer 28 by the dicing process, 
and therefore Wasteful packaging of defective optical ele 
ments 20 can be avoided. Accordingly, in order to carry out 
the electrical measurement of optical elements 20 in their 
Wafer state, the electrical measuring electrodes 23T must be 
formed on the surface of the semi-conductor Wafer 28 before 
the dicing process is executed. 

[0056] The electrical measurement is carried out by bring 
the probe stylus 40 connected to a tester (not shoWn) into 
contact With the electrical measuring electrodes 23T so as to 
transmit test signals from the tester to the integrated circuit 
21 via the probe stylus 40, the electrical measuring elec 
trodes 23T, and the Wirings 23 respectively. 

[0057] Next, as shoWn in FIGS. 4(A) and 4(B) respec 
tively, the semiconductor Wafer 28 is divided into a plurality 
of individual optical elements 20 by the dicing process on 
the dicing lines 29. In other Words, such dicing process is 
carried out by cutting the dicing lines 29 of the semicon 
ductor Wafer 28 by a thin diamond grinding Wheel (dicing 
saW) Which is rotated at high speed. According to this dicing 
process, the semiconductor Wafer 28 is divided into the 
plurality of optical elements 20 and at the same time the 
electrical measuring electrodes 23T formed on the surfaces 
of the dicing lines 29 are disconnected from the Wirings 23 
to be removed from respective optical elements 20. As a 
result, as shoWn in FIG. 4(B), the optical element 20 Without 
the electrical measuring electrodes 23T can be formed. 

[0058] In turn, as shoWn FIG. 5(A), the external connec 
tion terminals 25 are ?tted to the side surfaces of the optical 
element 20 to be connected electrically to the Wirings 23. In 
order to connect the external connection terminal 25 to the 
Wiring 23 formed on the integrated circuit mounting surface, 
a terminal Wiring connection member 25a formed like an 
L-shape Which is brought into tight contact With the side 
surface and the integrated circuit mounting surface of the 
optical element 20 respectively is formed integrally With the 
external connection terminal 25. In other Words, the terminal 
Wiring connection members 25a are formed to be extended 
from the external connection terminals 25. In the present 
invention, if the external connection terminals 25 serving as 
bonding pads to connect the optical element 20 to the 
external device are formed on the side surfaces of the optical 
element 20, the terminal Wiring connection members 25a 
Which are formed integrally With the external connection 
terminals 25 may be extended onto the integrated circuit 
mounting surface of the optical device 20. The external 
connection terminals 25 and the terminal Wiring connection 
members 25a are made of conductive plate material such as 
copper plate or gold plate, for example. The terminal Wiring 
connection members 25a are formed by machining, for 
example. The terminal Wiring connection members 25a 
formed as above are able to connect easily the external 
connection terminals 25 and the Wirings 23. 

[0059] The external connection terminals 25 are ?tted to 
the side surface of the optical element 20 via an insulating 
?lm 26 respectively. For instance, a resin ?lm having 
adhesive property such as epoxy resin ?lm, polyimide resin 
?lm, etc. may be employed as the insulating ?lm 26. 
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[0060] The terminal Wiring connection members 25a 
Which are formed integrally With the external connection 
terminals 25 and folded to the integrated circuit mounting 
surface side come directly into contact With the Wiring 23. 
In such contacting area, the Wiring 23 is exposed from a 
protection ?lm 24. The protection ?lm 24 covers a substan 
tially Whole area of the integrated circuit mounting surface 
of the optical element 20 such as the integrated circuit 21, 
the Wirings 23, etc. 

[0061] Moreover, any of gold bump electrodes (projection 
electrodes) 25B shoWn in FIG. 5(B) and TAB electrodes 
25T formed by a TAB (Tape Automated Bonding) technique 
shoWn in FIG. 5(C) may be employed as the external 
connection terminal 25. 

[0062] The gold bump electrodes 25B shoWn in FIG. 5(B) 
are formed by bonding gold balls on a surface of the 
insulating ?lm 26 With the use of a bump bonder like the 
Wire bonder. The gold balls per se can be used as the external 
connection terminal 25. Such gold ball is formed by heating 
a top end of the gold Wire and then Working the heated top 
end into a ball shape. A rear end side of the gold Wire is used 
as a terminal Wiring connection member 25Ba Which is 
bonded to the Wiring 23. If the gold bump electrode 25B is 
used as the external connection terminal 25, such material 
that has high junction property With gold is formed at least 
on an uppermost layer of the insulating ?lm 26. 

[0063] The TAB electrodes 25T formed by the TAB tech 
nique shoWn in FIG. 5(C) are formed on a surface of the 
tape type insulating ?lm 26 having adhesive property. The 
TAB electrodes 25T and the Wirings 23 are connected 
electrically via terminal Wiring connection members 25Ta 
Which are extended from the side surfaces to the integrated 
circuit mounting surface of the optical element 20. For 
example, a polyimide resin tape may be used as the insu 
lating ?lm 26, and the gold Wire may be used as the terminal 
Wiring connection member 25Ta. The gold Wire can be 
bonded by the ordinary Wire bonding technique. The termi 
nal Wiring connection member 25Ta is formed of material 
different from those of the Wiring 23 and the TAB electrodes 
25T. 

[0064] After the above Wafer process has been completed 
and, as shoWn in FIG. 5(A) (or FIG. 5(B) or FIG. 5(C)), the 
external connection terminals 25 have been ?tted to the side 
surfaces of the optical element 20, the optical element 20 is 
then packaged to thus complete an optical device 30, as 
shoWn in FIG. 6. The optical device 30 comprises the 
optical element 20 and a package 31 Which can hermetic 
seal the optical element 20 therein. 

[0065] The package 31 includes a light transmission glass 
(glass lid or WindoW) 33 over the photo detector 23 of the 
optical element 20 so as to input optical signals into the 
photo detector 23. For example, borosilicate glass may be 
used as the light transmission glass 33. In addition, a cavity 
in Which the optical element 20 is placed is formed in the 
package 31. Lead Wirings 32 Which are to be connected 
electrically to the external connection terminals 25 of the 
optical element 20 are formed on a surface of the cavity. 

[0066] In the ?rst embodiment, the external connection 
terminals 25 of the optical element 20 are brought into 
contact directly With the lead Wirings 32 by means of 
Wireless bonding. For instance, solder may be employed to 
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bond the external connection terminals 25 and the lead 
Wirings 32. In the event that such Wireless bonding is 
employed, the siZe reduction of the package 31 can be 
achieved since occupied area required for routing of the 
Wires can be reduced. 

[0067] The package 31 may be formed by a ceramic 
package or a plastic package. If moisture resistance is 
required for the package, the ceramic package Will be 
utiliZed. If cost of the package has to be suppressed loWer, 
the plastic package Will be utiliZed. Further, the lead Wirings 
23 may be formed of aluminum clad or copper clad, for 
example. 

Embodiment 2 

[0068] In a second embodiment, the external connection 
terminals 25 are formed on the back surface of the optical 
element 20. As shoWn in FIGS. 7 and 8, the external 
connection terminals 25 are arranged on the back surface of 
the semiconductor chip, i.e., the surface opposing to the 
integrated circuit mounting surface of the optical element 
20. 

[0069] As shoWn in FIG. 9, in order to connect electrically 
the external connection terminal 25 placed on the back 
surface of the optical element 20 to the Wiring 23 formed on 
the integrated circuit mounting surface, terminal Wiring 
connection members 25a each formed like a C-shape Which 
is brought into tight contact With the back surface, the side 
surface, and the integrated circuit mounting surface of the 
optical element 20 respectively so as to be extended from the 
back surface to the integrated circuit mounting surface via 
the side surface are formed integrally With the external 
connection terminals 25. In the present invention, like the 
?rst embodiment, if the external connection terminals 25 are 
formed on the side surfaces of the optical element 20, the 
terminal Wiring connection members 25a Which are formed 
integrally With the external connection terminals 25 may be 
extended onto the integrated circuit mounting surface of the 
optical element 20. Since a basic structure of the external 
connection terminal 25 is similar to that of the external 
connection terminal 25 in the above ?rst embodiment, its 
explanation Will be omitted in the second embodiment. 

[0070] As shoWn in FIG. 10, the optical element 20, on 
the back surface of Which the external connection terminals 
25 are aligned, is packaged in the package 31, so that the 
optical device 30 is completed. On the bottom surface of the 
cavity of the package 31 are formed previously the lead 
Wirings 32 Which are connected, by means of Wireless 
bonding, to the external connection terminals 25 Which are 
formed on the back surface of the optical element 20. 

[0071] Further, as shoWn in FIG. 10, the optical device 30 
can be packaged by bringing the photo detector 22 previ 
ously into direct contact With the back surface of the light 
transmission glass 33, then mounting the optical element 20 
on the light transmission glass 33, and then installing the 
optical element 20 in the package 31. In the optical device 
30 formed in this manner, adhesion of foreign substance 
such as dust, etc. betWeen the photo detector 22 for photo 
electric conversion and the light transmission glass 33 can 
be prevented and therefore defects due to such adhesion of 
the foreign substance can be reduced. 

[0072] Furthermore, as shoWn in FIG. 11, While the photo 
detector 22 and the back surface of the light transmission 
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glass 33 are brought into contact With each other, the optical 
element 20 in Which the external connection terminals 25 are 
aligned on its back surface can be mounted directly on the 
back surface of the light transmission glass 33 Which has the 
lead Wirings 32 on its back surface. The external connection 
terminals 25 formed on the back surface of the optical 
element 20 and the lead Wirings 32 formed on the back 
surface of the light transmission glass 33 are connected 
electrically by bonding Wires 35. In the optical device 30 
thus formed, siZe reduction can be implemented much more 
since the package 31 can be neglected. 

[0073] As explained as above, in the present invention, in 
essence the external connection terminals 25 are arranged 
only on the side surfaces, the back surface, or both the side 
surfaces and the back surface of the optical element 20. The 
electrical measuring electrodes 23T used to measure electric 
characteristics of the integrated circuit 21 are arranged on 
the dicing lines 29 so as to be connected to the Wirings 23 
and then removed by dicing process after the electrical 
measurement has been completed, so that the electrical 
measuring electrodes 23T are disconnected from the Wirings 
23. The external connection terminals 25 are connected 
electrically to the Wirings 23 from Which the electrical 
measuring electrodes 23T have been disconnected. Accord 
ingly, the external connection terminals 25 can be formed on 
the side surfaces or the back surface of the optical element 
20. Only the integrated circuit 21 and the Wirings 23 are 
formed on the integrated circuit mounting surface of the 
optical element 20, but the electrical measuring electrodes 
23T are not formed on the integrated circuit mounting 
surface of the optical element 20. Consequently, the element 
surface area of the optical element 20 can be reduced. 

[0074] In addition, in the case that the semiconductor 
element consists of the optical element 20 Which has the 
photo detector 22 and the CCD in the integrated circuit 21, 
the photo detector 22 and the external connection terminals 
25 can be formed on different surfaces of the optical element 
20 respectively and as a result adhesive substance Which is 
generated upon bonding and dropped doWn onto the photo 
detector 22 can be lessened. Therefore, degradation in 
characteristics of the photo detector 22 due to such adhesive 
substance can be prevented While reducing the element area. 

[0075] Moreover, according to the present invention, in 
the manufacturing method of the semiconductor element 20, 
the number of production process can be reduced by elimi 
nating an individual step of removing the electrical measur 
ing electrodes 23T since the electrical measuring electrodes 
23T can be removed at the same time When dicing process 
is executed. 

[0076] Furthermore, in the present invention, since the 
element area of the optical element 20 can be reduced as 
stated above, a siZe reduction of the package 31 can be 
implemented so that a siZe reduction of the optical device 30 
can be achieved. 

[0077] The present invention should be interpreted not to 
be limited to the above embodiments. For instance, in the 
present invention, the external connection terminals 25 may 
be provided previously to the lead Wirings 32 of the package 
31 in positions corresponding to the side surfaces, the back 
surface, or both the side surfaces and the back surface of the 
optical element 20 and then the external connection termi 
nals 25 and the Wirings 23 of the optical element 20 may be 
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connected electrically. Otherwise, the lead Wirings per se 
may be formed as the external connection terminals 25. 

[0078] Furthermore, the present invention is not limited to 
the optical element 20 such as the image sensor, the solid 
state imaging device, etc. For example, the present invention 
may be applied to other optical elements such as a photo 
detector Without the CCD used in a photo coupler. In 
addition, the present invention may be applied to all semi 
conductor elements such as memory element, logical ele 
ment, etc. According to the present invention, the semicon 
ductor devices in Which these semiconductor elements are 
mounted respectively can achieve the same advantages as 
those as described above. 

[0079] Various modi?cations Will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure Without departing from the scope thereof. 

What is claimed is: 
1. A semiconductor element comprising: 

(a) Wirings formed on an integrated circuit mounting 
surface of a semiconductor chip to extend from an 
integrated circuit to end portions of the semiconductor 
chip; and 

(b) external connection terminals connected to the Wirings 
so as to connect electrically the integrated circuit and 
an external device arranged on an outside of the semi 
conductor chip, at least bonding areas of the external 
connection terminals being disposed only on side sur 
faces, a back surface, or both the side surfaces and the 
back surface of the semiconductor chip. 

2. The semiconductor element of claim 1, Wherein the 
Wirings extended up to an end portion of the semiconductor 
chip and the external connection terminals are connected 
electrically by terminal Wiring connection members Which 
are formed integrally With the external connection terminals 
and are extended from the side surface or the back surface 
of the semiconductor chip to the integrated circuit mounting 
surface respectively. 

3. The semiconductor element of claim 1, Wherein the 
Wirings extended up to an end portion of the semiconductor 
chip and the external connection terminals are connected 
electrically by terminal Wiring connection members Which 
are formed of material different from those of the external 
connection terminals and the Wirings, and are extended from 
the side surface or the back surface of the semiconductor 
chip to the integrated circuit mounting surface respectively. 

4. The semiconductor element of claim 1, Wherein the 
Wirings are disconnected from electrical measuring elec 
trodes Which are formed on dicing line areas and then 
connected to the external connection terminals. 

5. The semiconductor element of claim 2, Wherein the 
external connection terminals and the terminal Wiring con 
nection members are formed of same conductive plate 
material respectively. 

6. The semiconductor element of claim 2, Wherein the 
external connection terminals are formed of gold bump 
electrodes. 

7. The semiconductor element of claim 3, Wherein the 
external connection terminals are formed of electrodes 
Which are formed With use of a TAB (Tape Automated 
Bonding) technique. 
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8. The semiconductor element of claim 2, Wherein the 
external connection terminals are disposed on the side 
surfaces or the back surface of the semiconductor chip via an 
insulator. 

9. The semiconductor element of claim 1, further com 
prising a photo detector provided in the integrated circuit to 
execute photoelectric conversion. 

10. The semiconductor element of claim 9, further com 
prising a CCD (Charge Coupled Device) provided in the 
integrated circuit. 

11. A method of manufacturing a semiconductor element 
comprising the steps of: 

(a) forming, on a surface portion of a semiconductor 
Wafer, a plurality of semiconductor elements having 
integrated circuits therein respectively, electrical mea 
suring electrodes disposed on dicing lines betWeen the 
semiconductor elements for measuring electric charac 
teristics of the integrated circuits in the semiconductor 
elements, and Wirings for connecting electrically the 
integrated circuits and the electrical measuring elec 
trodes; 

(b) executing electrical measurement of the integrated 
circuits provided in the semiconductor elements by use 
of the electrical measuring electrodes; 

(c) dividing the semiconductor Wafer into individual 
semiconductor elements on the dicing lines, and 
removing simultaneously the electrical measuring elec 
trodes from the semiconductor elements; and 

(d) forming external connection terminals, Which are to be 
connected electrically to the Wirings from Which the 
electrical measuring electrodes are removed, on side 
surfaces or a back surface or both the side surfaces and 
the back surface of the semiconductor element. 

12. The method of claim 11, Wherein the electrical mea 
suring electrodes and the Wirings are formed as an identical 
Wiring layer. 

13. The method of claim 11, Wherein the step of forming 
the plurality of semiconductor elements on the surface 
portion of the semiconductor Wafer comprises of a step of 
forming the semiconductor elements having the integrated 
circuits Which include therein photo detectors to execute 
photoelectric conversion respectively. 

14. The method of claim 13, Wherein the step of forming 
the plurality of semiconductor elements on the surface 
portion of the semiconductor Wafer comprises of a step of 
forming the photo detectors and CCD in the integrated 
circuits. 

15. The method of claim 11, Wherein the step of forming 
the external connection terminals comprises of a step of 
pasting the external connection terminals made of conduc 
tive plate material on the side surfaces, the back surface, or 
both the side surfaces and the back surface of the semicon 
ductor element. 

16. The method of claim 11, Wherein the step of forming 
the external connection terminals comprises of a step of 
forming gold bump electrodes. 

17. The method of claim 11, Wherein the step of forming 
the external connection terminals comprises of a step of 
forming the external connection terminals by use of a TAB 
technique. 

18. A semiconductor device on Which a semiconductor 
element is mounted, comprising: 
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(a) a semiconductor elernent including, 

an integrated circuit, 

Wirings extended from the integrated circuit to end por 
tions on an integrated circuit mounting surface of a 
semiconductor chip, and 

external connection terminals connected electrically to 
the Wirings so as to connect electrically the integrated 
circuit and an external device disposed on an outside of 
the semiconductor chip, at least bonding areas of the 
external connection terrninals being disposed only on 
side surfaces, a back surface, or both the side surfaces 
and the back surface of the semiconductor chip; and 

(b) an encapsulation package having lead Wirings Which 
are connected electrically to the external connection 
terminals of the semiconductor elernent thereon, the 
semiconductor element being mounted in the encapsu 
lation package. 
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19. The semiconductor device of claim 18, Wherein the 
Wirings of the semiconductor element are disconnected from 
electrical rneasuring electrodes Which are formed on dicing 
lines, but are connected to the external connection terminals. 

20. The semiconductor device of claim 18, Wherein the 
external connection terminals of the semiconductor element 
and the lead Wirings of the encapsulation package are 
connected electrically to each other by direct contact or via 
Wires. 

21. The semiconductor device of claim 18, Wherein the 
semiconductor element includes a photo detector and a CCD 
in the integrated circuit, and 

the encapsulation package includes a light transmission 
glass provided on the photo detector for transmitting 
optical signals, and is made of a ceramic package. 


