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(57) ABSTRACT

A plurality of line image sensor ICs 110 are formed to be
arranged in X, Y directions with gaps therebetween on a
semiconductor substrate 101. The gaps between the line
image sensor ICs 110 become scribe lines 102X, 102Y. A
pattern of dummy interconnects 120 is formed in a region
where a short side 110S of an arbitrary line image sensor IC
110 is opposed to a short side 110S of another line image
sensor IC 110 adjacent to the arbitrary line image sensor IC
110 in the X direction in a region where the scribe line 102Y
is formed. When a material gas is generated by plasma CVD,
the material gas is uniformly deposited not only on the line
image sensor ICs 110, but also on the dummy interconnects
120. Consequently, a protective film with a uniform thickness

(6 References Cited can be formed on the line image sensor ICs 110.
U.S. PATENT DOCUMENTS
6,261,883 B1* 7/2001 Koubuchi etal. ........... 438/197 5 Claims, 9 Drawing Sheets
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PHOTOELECTRIC CONVERSION DEVICE
AND METHOD OF PRODUCING THE SAME,
AND METHOD OF PRODUCING LINE
IMAGE SENSOR IC

This application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. JP2006-348989 filed Dec.
26, 2006, the entire content of which is hereby incorporated
by reference.

FIELD OF THE INVENTION

The present invention relates to a photoelectric conversion
device and a method of producing the same, and a method of
producing a line image sensor IC, in which reduction of
variation in electric signal values sent from respective photo-
electric conversion elements placed in a line image sensor IC
is performed.

DESCRIPTION OF THE RELATED ART

An image reader such as an image scanner and a facsimile
includes a line image sensor IC in a reading portion in order
to read an image.

The line image sensor IC has an elongated rectangular
shape. In such a line image sensor IC, a plurality of (e.g., 400)
photoelectric conversion elements (light-receiving elements,
pixels) are placed so as to be aligned in a row in a longitudinal
direction, and electric interconnects formed of a conductive
material such as aluminum are placed in a region adjacent to
a region where the photoelectric conversion elements are
placed.

In a line image sensor IC, in order to protect a light-
receiving surface of the photoelectric conversion element, a
transparent protective film is formed so as to cover the surface
of a semiconductor substrate (light-receiving surface of the
photoelectric conversion element). As the protective film, a
silicon nitride (SiN) film or the like formed by plasma chemi-
cal vapor deposition (CVD) is adopted.

Herein, the configuration of a photoelectric conversion
device in which a plurality of line image sensor ICs are
formed on a semiconductor substrate (semiconductor wafer)
will be described with reference to FIG. 7 and FIG. 8 showing
a cross-section taken along a line A-A in FIG. 7. In FIGS. 7
and 8, the dimension of each member is not drawn to scale for
ease of understanding of the configuration.

As shown in FIGS. 7 and 8, in the photoelectric conversion
device, a plurality of line image sensor ICs 10 are formed on
the surface of a semiconductor substrate (semiconductor
wafer) 1. For example, in the case where a wafer diameter of
the semiconductor substrate 1 is 6 inches, thousands of line
image sensor ICs 10 are formed on one semiconductor sub-
strate 1.

In each line image sensor IC 10 having an elongated rect-
angular shape, a plurality of (e.g.,400) photoelectric conver-
sion elements 11 are placed so as to be aligned in a row in a
longitudinal direction (X direction).

The horizontal direction size (X-direction size) of the line
image sensor IC 10 is, for example, 10 to 20 mm, and the
vertical direction size (Y-direction size) thereof is, for
example, 0.3 to 0.5 mm. Such line image sensor ICs 10 are
formed adjacent to each other in the horizontal direction (X
direction) and the vertical direction (Y direction) with a gap
therebetween on the surface of the semiconductor substrate 1.

Then, the gaps between the adjacent line image sensor ICs
10 form scribe line 2X, 2. The scribe line 2X extending in
the horizontal direction (X direction) is formed along a long
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side 10L of the rectangular line image sensor IC 10, and the
scribe line 2Y extending in the vertical direction (Y direction)
is formed along a short side 10S of the rectangular line image
sensor I1C 10.

In other words, the scribe lines 2X and the scribe lines 2Y
form a lattice shape, and each line image sensor IC 10 placed
in the horizontal and vertical directions (XY directions) is
surrounded by the scribe lines 2X, 2Y.

Widths WX, WY of the respective scribe lines 2X, 2Y are
respectively 50 pm to 200 pm.

A transparent insulating separation film (oxide film) 3 is
formed on the surface of the semiconductor substrate 1. On
the surface of the insulating separation film 3, electric inter-
connects 12 made of aluminum are formed in a region (where
the photoelectric conversion elements 11 are not formed)
adjacent to a region where the photoelectric conversion ele-
ments 11 are formed, which is in a region where the line
image sensor [Cs 10 are formed. The electric interconnects 12
are electrically connected to the photoelectric conversion ele-
ments 11. In FIG. 7, the electric interconnects 12 are not
shown.

On the surface of the insulating separation film 3, inter-
pixel light shielding aluminum for light shielding (not shown)
is placed at a position between the adjacent photoelectric
conversion elements 11 in the region where the line image
sensor ICs 10 are formed.

A transparent protective film 4 made of silicon nitride
(SiN) or the like is formed on the surface of the insulating
separation film 3 by plasma CVD. That is, the protective film
4 is formed so as to cover a light-receiving surface 11a of the
photoelectric conversion element 11 with the insulating sepa-
ration film 3 interposed therebetween.

Then, the semiconductor substrate 1 is cut along the scribe
lines 2X, 2Y by dicing machine (cutting machine), whereby
the line image sensor ICs 10 which are independent of each
other are produced.

In order to read an image exactly with the line image sensor
IC incorporated in an image reader such as an image scanner,
it is necessary that the values of electric signals sent from the
respective photoelectric conversion elements 11 are the same
when the same amount of light is incident upon the respective
photoelectric conversion elements 11.

However, since the protective film 4 is formed by plasma
CVD, the thickness thereof varies depending upon the
arrangement state of the electric interconnects 12 and the
inter-pixel light shielding aluminum. When the thickness of
the protective film 4 varies, the reflection and interference
conditions on the protective film 4 and the insulating separa-
tion film 3 change, with the result that the amount of light
actually incident upon each of the photoelectric conversion
elements 11 changes. In such a circumstance, even if light of
the same amount is incident upon each of the photoelectric
conversion elements 11, the amount of light actually incident
upon each of the photoelectric conversion elements 11
becomes different. As a result, the values of electric signals
sent from the respective photoelectric conversion elements 11
vary.

Hereinafter, the reason for the reflection and interference
conditions change on the protective film 4 and the insulating
separation film 3 due to the difference in thickness of the
protective film 4 will be described further.

When light is incident upon the photoelectric conversion
element 11 from outside of the line image sensor IC 10, a part
of the incident light is reflected by the interface between the
protective film 4 and the insulating separation film 3, and the
interface between the insulating separation film 3 and the
light-receiving surface 11a of the photoelectric conversion
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element 11. The reflected light is reflected again by the sur-
face of the protective film 4 and the interface between the
protective film 4 and the insulating separation film 3 to cause
multiple-beam interference. At this time, when the thickness
of' the protective film 4 varies, the reflection and interference
conditions change due to the thickness, and the amount of
light actually incident upon each of the photoelectric conver-
sion elements 11 varies, with the result that the values (volt-
age values) of electric signals sent from the respective pho-
toelectric conversion elements 11 vary.

FIG. 9 shows the output characteristics of each of the
photoelectric conversion elements (pixels) 11 when the thick-
ness of the protective film 4 changes in a conventional line
image sensor IC 10. Solid line indicates a voltage ratio of
electric signals sent from the respective photoelectric conver-
sion elements 11, and dotted line indicates a thickness ratio of
the protective film 4 formed above the respective photoelec-
tric conversion elements 11.

FIG. 9 shows that, when the thickness of the protective film
4 changes, the voltage of electric signals sent from the respec-
tive photoelectric conversion elements 11 changes.

In FIG. 9, when the thickness ratio (thickness) of the pro-
tective film 4 increases, the values of electric signals sent
from the photoelectric conversion elements 11 increase.
However, the values of electric signals sent from the photo-
electric conversion elements 11 may decrease when the thick-
ness ratio (thickness) of the protective film 4 increases,
depending upon the reflection and interference conditions.

As a method for suppressing the variation in values of
electric signals sent from respective photoelectric conversion
elements caused by the variation in thickness of the protective
film, unevenness is made on the surface of the protective film
(e.g., see Japanese Patent Application Laid-open No.
06-260625). According to this method, the size of one pitch of
unevenness made on the surface of the protective film is set to
be smaller than the size in a vertical direction and the size in
a horizontal direction of the light-receiving surface of the
photoelectric conversion element. A number of light beams
having different interference conditions are, therefore, inci-
dent upon one photoelectric conversion element, whereby the
interference effects of the respective light beams are can-
celled. As a result, the amount light actually incident upon
each photoelectric conversion element is uniformized, and
the values of electric signals sent from respective photoelec-
tric conversion elements are uniformized.

Further, as another method for suppressing the variation in
values of electric signals sent from respective photoelectric
conversion elements caused by the variation in thickness of
the protective film, there is known a method in which a
portion of the protective film positioned above the light-
receiving surface of the photoelectric conversion element is
removed.

Forming unevenness with a short pitch size on the surface
of the protective film as in the method shown in Japanese
Patent Application Laid-open No. 06-260625 is actually a
very difficult operation. Further, there is a fear that the varia-
tion in the values of electric signals becomes larger depending
upon the size and shape of unevenness.

Further, according to the technique of removing a portion
of the protective film positioned above the light-receiving
surface of the photoelectric conversion element, the protec-
tive film for protecting the photoelectric conversion element
is removed, so the protection of the photoelectric conversion
element becomes insufficient.

A further basic problem lies in that the cause and mecha-
nism of variation in thickness of the protective film 4 are not
accurately clarified.
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That is, only the following (1) and (2) have conventionally
been predicted.

(1) When the protective film 4 is formed by plasma CVD
while the semiconductor substrate 1 is placed in a film-for-
mation chamber, the density of material gas (material that is
plasmolyzed) in the film-formation chamber changes due to
the variation in electric field conditions in the film-formation
chamber.

(2) Since the electric interconnects 12 and the inter-pixel
light shielding aluminum are made of a conductive material
(aluminum), the electric field conditions in the film-forma-
tion chamber change depending upon the arrangement state
of the electric interconnects 12 and the inter-layer light
shielding aluminum.

Although, conventionally, the above (1) and (2) can be
predicted, it has not been clarified in which portion of the
protective film 4 and by which mechanism the thickness
increases/decreases depending upon the arrangement state of
the conductive material.

Inventor of the present invention studied earnestly the rela-
tionship between the change (variation) in thickness of the
protective film 4 and the arrangement of the conductive mate-
rial, and consequently, found out the causal relationship
between the change in thickness of the protective film 4 and
the arrangement of the conductive material.

Hereinafter, the causal relationship between the change
(variation) in thickness of the protective film 4 and the
arrangement of the conductive material, found out by the
inventor of the present invention, will be described with ref-
erence to FIG. 10 that shows a cross-section taken along a line
B-Bin FIG. 7.

In FIG. 10, reference numeral 1 denotes a semiconductor
substrate (semiconductor wafer), 2Y denotes a scribe line, 3
denotes an insulating separation film, 4 denotes a protective
film, 10 denotes a line image sensor IC, 10S denotes a short
side of the line image sensor IC 10, 11 denotes a photoelectric
conversion element, and 13 denotes inter-pixel light shielding
aluminum.

The inter-pixel light shielding aluminum 13 is placed at a
position between adjacent photoelectric conversion elements
11 in a region where the line image sensor ICs 10 are formed
on the surface of the insulating separation film 3.

In FIG. 10, the electric interconnects 12 are present
although not shown.

As shown in FIG. 10, in each of the line image sensor ICs
10, a plurality of (about 400) photoelectric conversion ele-
ments 11 are placed so as to be aligned in a row in a longitu-
dinal direction (X direction). The protective film 4 is formed
s0 as to cover the light-receiving surfaces 11a of the photo-
electric conversion elements 11 with the insulating separation
film 3 interposed therebetween.

The inventor of the present invention conducted experi-
ments and observations, whereby the inventor found the fact
that the thickness of the protective film 4 at an end in the
longitudinal direction (X direction) of the line image sensor
1C 101s larger than that at a center in the longitudinal direction
(X direction) of the line image sensor IC 10.

That is, the inventor of the present invention found the fact
that the thickness of the protective film 4 formed on the
photoelectric conversion element 11 positioned on an end
side (short side 10S side) among the photoelectric conversion
elements 11 arranged in a row in the longitudinal direction (X
direction) is larger than that of the protective film 4 formed on
the photoelectric conversion element 11 positioned at the
center portion (center of the long side 10L.) among the pho-
toelectric conversion elements 11 arranged in a row in the
longitudinal direction (X direction).

TSMC EX. 1011 Page 12 of 18
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Thus, the inventor of the present invention clarified that the
cause of the change in thickness of the protective film 4
depends on presence and absence of the conductive material
(aluminum) on the semiconductor substrate 1, and on the
arrangement density and wiring density of the conductive
material when the conductive material is present.

More specifically, it was clarified that the electric field
conditions in a space close to a portion where the conductive
material is not present on the semiconductor substrate 1, in
the space of the film-formation chamber, do not change, and
the thickness ofthe protective film 4 becomes relatively small
on the surface of the portion where the conductive material is
not present.

Further, the following was clarified: the conductive mate-
rial functions in the same way as in an antenna in a portion
where the conductive material is present on the semiconduc-
tor substrate 1, so the electric field intensity in the space close
to the portion where the conductive material is present in the
space of the film-formation chamber becomes larger, and the
thickness of the protective film 4 formed on the surface of the
portion where the conductive material is present becomes
larger.

Further, it was clarified that the function of the conductive
material similar to that of the antenna becomes stronger as the
arrangement density and wiring density of the conductive
material are higher, and the thickness of the protective film 4
becomes larger.

On the other hand, the following was also clarified. In the
case where the arrangement density and wiring density of the
conductive material are low and the conductive material has a
flat surface, the function of the conductive material similar to
that of the antenna becomes weaker, and the thickness of the
protective film 4 is larger than that in the case where the
conductive material is not present; however, the increase in
thickness can be suppressed.

Referring to FIG. 10, the conductive material (aluminum)
is not present in a portion where the scribe line 2Y is formed
on the surface of the semiconductor substrate 1, so relatively
thin deposition (film formation) of a material gas (plasmo-
lyzed material) is performed.

On the other hand, in a portion where the line image sensor
1C10 is formed on the surface of the semiconductor substrate
1, the inter-pixel light shielding aluminum 13 and the electric
interconnects 12 made of a conductive material (aluminum)
are present, so the film formation of the material gas (plas-
molyzed material) is promoted.

Further, film formation is not performed in the portion
where the scribe line 2Y is formed, so the material gas (plas-
molyzed material) proceeding toward the scribe line 2Y pro-
ceeds toward the end in the longitudinal direction (X direc-
tion) of the line image sensor IC 10, and is deposited to form
a film at the end in the longitudinal direction (X direction) of
the line image sensor IC 10.

Consequently, at the end in the longitudinal direction (X
direction) of the line image sensor IC 10, the material gas
(plasmolyzed material) that originally proceeds toward the
end and the material gas (plasmolyzed material) that origi-
nally proceeds toward the scribe line 2Y, but thereafter,
changes the direction to proceed toward the end of the line
image sensor IC 10 overlap each other to be deposited to form
a film.

As aresult, it was clarified that the thickness of the protec-
tive film 4 at the end in the longitudinal direction (X direction
of'the line image sensor IC 10 becomes larger than that of the
protective film 4 at the center in the longitudinal direction (X
direction) of the line image sensor IC 10.
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A test element group (TEG) may be placed in a part of the
region where the scribe lines 2X, 2Y are formed on the sur-
face of the semiconductor substrate 1. However, the wiring
density of the electric interconnects of the TEG is low, so the
thickness of a protective film to be deposited on the scribe
lines 2X, 2Y becomes smaller even in the case where the TEG
is placed, and the phenomenon in which the thickness of the
protective film 4 becomes larger occurs at the end in the
longitudinal direction (X direction) of the line image sensor
1C 10.

SUMMARY OF THE INVENTION

The object of the present invention is to provide, based on
the finding that there is a causal relationship between the
change in thickness of the protective film and the arrangement
of a conductive material described with reference to FIG. 10,
aphotoelectric conversion device, a method of producing the
same, and a method of producing a line image sensor IC in
which the thickness of a protective film formed on the line
image sensor IC is uniform, whereby the values of electric
signals sent from the photoelectric conversion elements
placed in each line image sensor IC can be uniform.

In order to solve the above-mentioned problems, according
to the present invention, there is provided a photoelectric
conversion device, including:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps therebe-
tween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region where a short side of an arbitrary
line image sensor IC is opposed to a short side of another line
image sensor IC adjacent to the arbitrary line image sensor IC
in a region where one of the plurality of scribe lines is formed
along the plurality of short sides of the plurality of rectangular
line image sensor ICs; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface of the
semiconductor substrate.

Further, according to the present invention, there is pro-
vided a photoelectric conversion device, including:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps therebe-
tween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region where a short side of an arbitrary
line image sensor IC is opposed to a short side of another line
image sensor IC adjacent to the arbitrary line image sensor IC
in a region where one of the plurality of scribe lines is formed
along the short sides of the plurality of rectangular line image
sensor ICs; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface of the
semiconductor substrate,

in which the plurality of dummy interconnects are formed
in a pattern in which a distribution density of the plurality of
dummy interconnects is uniform, and an interval between the
plurality of dummy interconnects is equal to a smallest inter-
val among intervals between electric interconnects formed in
each of the plurality of line image sensor ICs.
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Further, according to the present invention, there is pro-
vided a photoelectric conversion device, including:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps therebe-
tween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region at a center between a short side of
an arbitrary line image sensor IC and a short side of another
line image sensor IC adjacent to the arbitrary line image
sensor IC in a region where one of the plurality of scribe lines
is formed along the short sides of the plurality of rectangular
line image sensor ICs, among the plurality of scribe lines; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface of the
semiconductor substrate,

in which the plurality of dummy interconnects are formed
in a pattern in which a distribution density of the plurality of
dummy interconnects is uniform, and an interval between the
plurality of dummy interconnects is equal to a smallest inter-
val among intervals between electric interconnects formed in
each of the plurality of line image sensor ICs.

Further, according to the present invention, there is pro-
vided a method of producing the photoelectric conversion
device, including:

forming a plurality of photoelectric conversion elements to
be light-receiving portions of a line image sensor IC on a
surface of a semiconductor substrate;

forming an insulating film on the surface of the semicon-
ductor substrate on which the plurality of photoelectric con-
version elements are formed;

depositing a conductive film on a surface of the insulating
film, and etching the deposited conductive film, thereby form-
ing a plurality of electric interconnects, an inter-pixel light
shielding conductive material positioned between the plural-
ity of photoelectric conversion elements, and a plurality of
dummy interconnects positioned between a short side of an
arbitrary line image sensor IC and a short side of another line
image sensor IC adjacent to the arbitrary line image sensor
IC; and

forming a protective film by plasma CVD on the surface of
the insulating film on which the plurality of electric intercon-
nects, the inter-pixel light shielding conductive material, and
the plurality of dummy interconnects are formed.

Further, according to the present invention, there is pro-
vided a method of producing an independent line image sen-
sor IC by cutting the photoelectric conversion device along
scribe lines, including:

forming a plurality of photoelectric conversion elements to
be light-receiving portions of the line image sensor IC on a
surface of a semiconductor substrate;

forming an insulating film on the surface of the semicon-
ductor substrate on which the plurality of photoelectric con-
version elements are formed;

depositing a conductive film on a surface of the insulating
film, and etching the deposited conductive film, thereby form-
ing a plurality of electric interconnects, an inter-pixel light
shielding conductive material positioned between the photo-
electric conversion elements, and a plurality of dummy inter-
connects positioned between a short side of an arbitrary line
image sensor IC and a short side of another line image sensor
IC adjacent to the arbitrary line image sensor IC;

forming a protective film by plasma CVD on the surface of
the insulating film on which the plurality of electric intercon-
nects, the inter-pixel light shielding conductive material, and
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the plurality of dummy interconnects are formed to form the
photoelectric conversion device; and

cutting the photoelectric conversion device along the
scribe lines to produce the independent line image sensor IC.

According to the present invention, dummy interconnects
made of a conductive material are formed in a region where
scribe lines are formed in gaps between a plurality of line
image sensor ICs formed on a semiconductor substrate and
where a short side of an arbitrary line image sensor IC is
opposed to a short side of another line image sensor IC adja-
cent to the arbitrary line image sensor IC.

Thus protective film is formed not only on the line image
sensor ICs, but also on the dummy interconnects when the
protective film is formed by plasma CVD. Accordingly, a
material gas that proceeds toward the dummy interconnects in
the plasmolyzed material gas is deposited to form a film on
the dummy interconnects, and does not flow to the line image
sensor IC side. Consequently, the thickness of the protective
film formed on the line image sensor IC is uniformized in any
portion in the longitudinal direction.

As a result the thickness of the protective film on the line
image sensor IC is uniformized, so the reflection and inter-
ference conditions by the protective film become equal in any
portion in the longitudinal direction, whereby the variation in
values of electric signals sent from a plurality of photoelectric
conversion elements provided in the line image sensor ICs
can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a plan view showing a photoelectric conver-
sion device according to Embodiment 1 of the present inven-
tion;

FIG. 2 shows a cross-sectional view taken along a line C-C
in FIG. 1;

FIG. 3 shows a cross-sectional view taken along a line D-D
in FIG. 1;

FIG. 4 shows a characteristic diagram showing the varia-
tion in thickness and output of a protective film in Embodi-
ment 1;

FIG. 5A shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 5B shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 5C shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 5D shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 5E shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 5F shows an explanatory view illustrating one step of
a production method in Embodiment 3 of the present inven-
tion;

FIG. 6 A shows an explanatory view illustrating one step of
a production method in Embodiment 4 of the present inven-
tion;

FIG. 6B shows an explanatory view illustrating one step of
a production method in Embodiment 4 of the present inven-
tion;

FIG. 6C shows an explanatory view illustrating one step of
a production method in Embodiment 4 of the present inven-
tion;
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FIG. 7 shows a plan view showing a photoelectric conver-
sion device according to a conventional art;

FIG. 8 shows a cross-sectional view taken along a line A-A
in FIG. 7,

FIG. 9 shows a characteristic diagram showing the varia-
tion in thickness and output of a protective film according to
a conventional art; and

FIG. 10 shows a cross-sectional view take along a line B-B
in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The best mode for carrying out the present invention will be
described in detail by way of embodiments.

Preferred Embodiment 1

A photoelectric conversion device according to Embodi-
ment 1 of the present invention, i.e., a photoelectric conver-
sion device in which a plurality of line image sensor ICs are
formed on a semiconductor substrate (semiconductor wafer)
will be described with reference to FIG. 1, FIG. 2 showing a
cross-section taken along a line C-C in FIG. 1, and FIG. 3
showing a cross-section taken along a line D-D in FIG. 1. In
FIGS. 1 to 3, each member is not drawn to scale for ease of
understanding of the configuration

As shown in FIGS. 1 to 3, a plurality of line image sensor
ICs 110 are formed on the surface of a semiconductor sub-
strate (semiconductor wafer) 101 in the photoelectric conver-
sion device. For example, in the case where a wafer diameter
of the semiconductor substrate 101 is 6 inches, thousands of
line image sensor ICs 110 are formed on one semiconductor
substrate 101.

In each line image sensor IC 110 having an elongated
rectangular shape, a plurality of (for example, 400) photo-
electric conversion elements 111 are placed so as to be
arranged in a row in a longitudinal direction (X direction).

The horizontal direction size (X-direction size) of the line
image sensor IC 110 is, for example, 10 to 20 mm, and the
vertical direction size (Y-direction size) thereof is, for
example, 0.3 to 0.5 mm. Such line image sensor ICs 110 are
formed adjacent to each other in the horizontal direction (X
direction) and the vertical direction (Y direction) with a gap
therebetween on the surface of the semiconductor substrate
101.

Then, the gaps between the adjacent line image sensor ICs
110 form scribe line 102X, 102Y. The scribe line 102X
extending in the horizontal direction (X direction) is formed
along a long side 110L. of the rectangular line image sensor IC
110, and the scribe line 102Y extending in the vertical direc-
tion (Y direction) is formed along a short side 110S of the
rectangular line image sensor IC 110.

In other words, the scribe lines 102X and the scribe lines
102Y are formed in a lattice shape, and each line image sensor
IC 110 placed in the horizontal and vertical directions (XY
directions) is surrounded by the scribe lines 102X, 102Y.

Widths WX, WY of the respective scribe lines 102X, 102Y
are respectively 50 um to 200 um, for example.

A transparent insulating separation film (oxide film) 103 is
formed on the surface of the semiconductor substrate 101. On
the surface of the insulating separation film 103, electric
interconnects 112 made of aluminum are formed in a region
(where the photoelectric conversion elements 111 are not
formed) adjacent to a region where the photoelectric conver-
sion elements 111 are formed, which is in a region where the
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line image sensor ICs 110 are formed. The electric intercon-
nects 112 are electrically connected to the photoelectric con-
version elements 111.

On the surface of the insulating separation film 103, inter-
pixel light shielding aluminum 113 for light shielding is
placed at a position between the adjacent photoelectric con-
version elements 111 in the region where the line image
sensor ICs 110 are formed.

A transparent protective film 104 made of silicon nitride
(SiN) or the like is formed on the surface of the insulating
separation film 103 by plasma CVD. That is, the protective
film 104 is formed so as to cover a light-receiving surface
111a of the photoelectric conversion element 111 with the
insulating separation film 103 interposed therebetween.

Further, as shown in FIG. 2, the thickness of the protective
film 104 is uniform in any portion in the longitudinal direction
(X direction) of the line image sensor IC 110. That is, the
thickness of the protective film 104 formed above the photo-
electric conversion elements 111 is uniform in any portion in
the longitudinal direction (X direction) of the line image
sensor IC 110. The reason and mechanism for setting the
thickness ofthe protective film 104 to be uniform as described
above will be described later.

In this embodiment, dummy interconnects 120 made of
aluminum (conductive material) are formed in a region where
ashortside 110S of an arbitrary line image sensor IC 110 (end
of'an arbitrary line image sensor IC 110) is opposed to a short
side 110S of another line image sensor IC 110 which is
adjacent to the arbitrary line image sensor IC (end of another
line image sensor IC 110) (in a horizontal direction (X direc-
tion)) in a region where the scribe line 102Y is formed on the
surface of the insulating separation film 103.

The dummy interconnects 120 are formed in a pattern in
which the distribution density of the dummy interconnects
120 made of aluminum (conductive material) is uniform, i.e.,
a pattern in a lattice shape in this example.

The pattern formed by the dummy interconnects 120 may
be another pattern as long as the distribution density of the
dummy interconnects (conductive material) 120 is uniform.

Further, the interval between the dummy interconnects 120
is the same as the smallest interval among the intervals
between the electric interconnects 112 formed in the line
image sensor 1C 110.

That is, the electric interconnects 112 and the dummy
interconnects 120 are formed by a semiconductor manufac-
turing machine of producing the semiconductor image sensor
ICs 110. At this time, the dummy interconnects 120 are
formed so that the interval between the dummy interconnects
120 is the smallest interval between interconnects, deter-
mined by the ability of the semiconductor manufacturing
machine.

Specifically, at present, the interval between the dummy
interconnects 120 is set to be 0.5 pm to 1 pm.

Further, in the longitudinal direction (X direction) of the
line image sensor IC 110, the pattern formed by the dummy
interconnects 120 is formed at a center between the end in the
longitudinal direction (X direction) of an arbitrary line image
sensor IC 110 and the end in the longitudinal direction (X
direction) of another line image sensor IC 110 adjacent to the
arbitrary line image sensor IC 110 (in a horizontal direction
(X direction)).

That is, the dummy interconnects 120 are not formed in the
vicinity of the end in the longitudinal direction (X direction)
of an arbitrary line image sensor IC 110 and in the vicinity of
the end in the longitudinal direction (X direction) of another
line image sensor IC 110 adjacent to the arbitrary line image
sensor IC 110 (in a horizontal direction (X direction)).
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When silicon nitride (SiN) or the like is formed by plasma
CVD on the surface of the semiconductor substrate 101 hav-
ing the scribe lines 102X, 102, the insulating separation film
103, the photoelectric conversion elements 111, the electric
interconnects 112, the inter-pixel light shielding aluminum
113, and the dummy interconnects 120 in which the distribu-
tion density of the conductive material (dummy interconnects
120) is uniform, and the interval between lines is short, the
protective film 104 is formed not only on the photoelectric
conversion elements 111 arranged in a row in the longitudinal
direction (X direction), but also on the region where the
dummy interconnects 120 are formed.

Further, the protective film 104 formed on the photoelectric
conversion elements 111 arranged in a row, i.e., the protective
film 104 of the line image sensor IC 110 is uniform in any
portion in the longitudinal direction (X direction) of the line
image sensor 1C 110.

The reason and mechanism for the uniform thickness of the
protective film 104 in any portion in the longitudinal direction
(X direction) of the line image sensor IC 110 as described
above will be described below.

Specifically, the protective film 104 is formed by forming
silicon nitride (SiN) or the like by plasma CVD with respect
to the semiconductor substrate 101 on which the dummy
interconnects 120 made of a conductive material as well as
the electric interconnects 112 and the inter-pixel light shield-
ing aluminum 113 that are conductive materials are formed.

At this time, in a region where the pattern of the dummy
interconnects 120 is formed in the region where the scribe line
102 is formed, a material gas (plasmolyzed material) pro-
ceeding toward the region is deposited to form a film in a
region where the dummy interconnects 120 made of a con-
ductive material are formed. Therefore, the protective film
104 is formed on the pattern of the dummy interconnects 120.

Further, in a region where the inter-pixel light shielding
aluminum 113 and the electric interconnects 112 that are
made of a conductive material (aluminum) (i.e., region to be
the line image sensor ICs 110), a material gas (plasmolyzed
material) proceeding toward the region is deposited to form a
film in the region to be the line image sensor ICs 110. There-
fore, the protective film 104 is formed on the region to be the
line image sensor ICs 110.

Consequently, the material gas (plasmolyzed material)
proceeding toward the region where the pattern of the dummy
interconnects 120 is formed is deposited in the region and
hardly proceeds toward the end of the line image sensor IC
110. That is, the material gas (plasmolyzed material) proceed-
ing toward the region where the pattern of the dummy inter-
connects 120 is formed is hardly deposited at the end of the
line image sensor IC 110.

This makes the thickness of the protective film 104 uniform
in any portion in the longitudinal direction (X direction) of the
line image sensor IC 110.

The interval between the dummy interconnects 120 is the
same as the smallest interval among the intervals between the
electric interconnects 112. That is, since the density between
lines of the dummy interconnects 120 is high, the material gas
(plasmolyzed material) proceeding toward the region where
the pattern of the dummy interconnects 120 is formed is
deposited in this region exactly, thereby being prevented from
proceeding toward the end of the line image sensor IC 110
without fail. Therefore, the thickness of the protective film
104 of the line image sensor IC 110 can be surely uni-
formized.

Further, the dummy interconnects 120 has a pattern in
which the distribution density of the conductive material
(dummy interconnects 120) is uniform, so the thickness of the
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protective film 104 formed in the region where the pattern of
the dummy interconnects 120 is formed is uniform.

Assuming that the distribution density of the conductive
material in the pattern of the dummy interconnects 120 is not
uniform, the thickness of the protective film 104 formed in
this region is not uniform, and a part of the material gas that is
not deposited in this region due to the non-uniformity of the
thickness may flow to the line image sensor IC 110 side. If
such a phenomenon occurs, the material gas flowing to the
line image sensor IC 110 side is deposited on the line image
sensor IC 110, and the thickness of the protective film 104 of
the line image sensor IC 110 may be non-uniform.

In this embodiment, however, the dummy interconnects
120 have a pattern in which the distribution density of the
conductive material is uniform, so the thickness of the pro-
tective film 104 to be formed in the region where the pattern
of'the dummy interconnects 120 is formed becomes uniform.
Therefore, a part of the material gas on the dummy intercon-
nect 120 side does not flow to the line image sensor IC 110
side, whereby the thickness of the protective film 104 of the
line image sensor IC 110 can be uniformized.

The protective film 104 formed on the photoelectric con-
version elements 111 and the protective film 104 formed on
the dummy interconnects 120 are separated by etching after
the deposition of the protective film 104.

Then, the semiconductor substrate is cut along the scribe
lines 102X, 102Y by a dicing device (cutting device),
whereby line image sensor ICs 110 which are independent of
each other are produced.

The thickness of the protective film 104 formed on each
line image sensor IC 110 thus produced is uniform in any
portion in the longitudinal direction (X direction).

Further, during cutting, the dummy interconnects 120 and
the protective film 104 on the dummy interconnects 120 are
also cut. However, the protective film 104 on the photoelectric
conversion elements 111 and the protective film 104 on the
dummy interconnects 120 are separated, so the protective
film 104 on the photoelectric elements 111 is not damaged
even if the protective film 104 on the dummy interconnects
120 is cut.

As described above, the thickness of the protective film 104
of'the line image sensor IC 110 is uniform in any portion in the
longitudinal direction (X direction), so the reflection and
interference conditions of the protective film 104 and the
insulating separation film 103 become equal in any portion in
the longitudinal direction (X direction).

Thus, in the case where light of the same amount is incident
upon each of the photoelectric conversion elements 111 of the
line image sensor IC 110 thus produced, the amount of light
actually incident upon each of the photoelectric conversion
elements 111 becomes equal, and the values of electric sig-
nals sent from the respective photoelectric conversion ele-
ments 111 become equal.

FIG. 4 shows the thickness of the protective film 104 and
the output characteristics of each of the photoelectric conver-
sion elements (pixels) 111 in the line image sensor IC 110 of
Embodiment 1.

More specifically, solid line indicates a voltage ratio of
electric signals sent from the respective photoelectric conver-
sion elements 111, and dotted line indicates a thickness ratio
of'the protective film 104 formed on the respective photoelec-
tric conversion elements 111.

FIG. 4 shows that the thickness of the protective film 104 is
substantially uniform in the longitudinal direction of the line
image sensor IC 110, and the voltage values of electric signals
sent from the respective photoelectric conversion elements
111 are substantially uniform.
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In FIG. 4, the values of the electric signals sent from the
photoelectric conversion elements 111 increase when the
thickness ratio (thickness) of the protective film 104
increases. The values of electric signals sent from the photo-
electric conversion elements 111 may, however, decrease
depending upon the reflection and interference conditions
when the thickness ratio (thickness) of the protective film 104
increases.

Since the pattern of the dummy interconnects 120 can be
formed simply with a semiconductor manufacturing machine
in the same way as in the electric interconnects 112, the
photoelectric conversion device according to this Embodi-
ment can be produced easily.

Preferred Embodiment 2

There is also a line image sensor IC in which light-shield-
ing aluminum (second conductive material) is provided
above the electric interconnects 112 and the inter-pixel light
shielding aluminum 113 (that is, the first conductive mate-
rial), and the electric interconnects 112, the inter-pixel light
shielding aluminum 113, and the light-shielding aluminum
are buried with the protective film 104.

The light-shielding aluminum is formed substantially over
the entire region of the line image sensor IC, and only a part
that is placed above the light-receiving surface 111a of the
photoelectric conversion device 111 is opened.

In a photoelectric conversion device having a line image
sensor IC that includes not only the first conductive material
but also the second conductive material, the dummy intercon-
nects 120 as shown in Embodiment 1 are formed, whereby the
thickness of the protective film 104 formed in the line image
sensor 1C can be uniformized.

Preferred Embodiment 3

Next, a method of producing a photoelectric conversion
device and a method of producing a line image sensor IC
according to Embodiment 3 of the present invention will be
described with reference to FIGS. 5A to 5F.

According to the production method of Embodiment 3, the
photoelectric conversion device of Embodiment 1 can be
produced.

First, as shown in FIG. 5A, a semiconductor substrate
(P-type silicon substrate) 101 is prepared.

Next, as shown in FIG. 5B, a local oxidation of silicon
(LOCOS) oxide film 103a, which is an element separation
film, is formed on the surface of the semiconductor substrate
101. N-type regions constituting N-wells, P-wells, and pho-
toelectric conversion elements (pixels) 111 of a CMOS tran-
sistor forming a signal processing circuit are formed by ion
implantation. The photoelectric conversion elements 111
function as light-receiving portions of the line image sensor
IC.

Next, a gate oxide film is formed, polysilicon is deposited
by CVD, and a gate of the CMOS transistor is formed by
etching.

Next, an N-type region and a P-type region to be a drain
region and a source region of the CMOS transistor are formed
by ion implantation.

Next, as shown in FIG. 5C, a boro-phospho silicate glass
(BPSGQ) film is deposited as an intermediate insulating film
1035 by CVD, and contact holes are formed by etching.

An insulating separation film 103 is formed of the oxide
film 1034 and the intermediate insulating film 1034.

Next, as shown in FIG. 5D, an aluminum (conductive
material) film is deposited on the surface of the intermediate
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insulating film 1034, and desired electric wiring is formed by
etching. Atthis time, inter-pixel light shielding aluminum 113
is formed at a position between adjacent photoelectric con-
version elements 111, and simultaneously, dummy intercon-
nects 120 are formed on a scribe line 102Y. At this time, the
dummy interconnects 120 are formed in a region where the
short side of an arbitrary line image sensor IC is opposed to
the short side of another line image sensor IC adjacent to the
arbitrary line image sensor IC.

Next, as shown in FIG. 5E, a protective film 104 of a silicon
nitride film is formed on the surface of the intermediate insu-
lating film 1035 by plasma CVD. At this time, the protective
film 104 between the photoelectric conversion elements 111
and the dummy interconnects 120 is removed by etching.

The steps shown in FIGS. 5A to 5E are production steps of
a wafer (photoelectric conversion device). The photoelectric
conversion device shown in FIG. 5E is cut by a dicing device
to be divided into line image sensor ICs 110 which are inde-
pendent of each other.

That is, as shown in FIG. 5F, the semiconductor substrate
101 is cut along the scribe lines 102Y, 102X by the dicing
device. At this time, the dummy interconnects 120 are also cut
simultaneously. Then, the line image sensor ICs 110 indepen-
dent of each other can be produced.

Inthe description of Embodiment 3, the element separation
layer is the LOCOS oxide film 103a; however, the burying
oxide film of shallow trench isolation (STI) or the like may be
set to be an element separation layer, for example.

Further, the ion implantation of the N-type regions consti-
tuting the N-wells, P-wells, and the pixels may be performed
before the element separation layer is formed.

Preferred Embodiment 4

Embodiment 3 is the production method in the case of
using one aluminum film. In Embodiment 4, a production
method using two aluminum films will be described with
reference to FIGS. 6A to 6C.

The photoelectric conversion device of Embodiment 2 can
be produced by the production method of Embodiment 4.

According to the production method using two aluminum
films, the surface of the semiconductor substrate 101 is sub-
jected to the steps shown in FIGS. 5A to 5C in the same way
as in Embodiment 3, whereby the contact holes are formed.

After the contact holes are formed, a first aluminum film is
deposited on the surface of the intermediate insulating film
1034, and a desired electric wiring is formed by etching. At
this time, as shown in FIG. 6A, an inter-pixel light shielding
aluminum 113 is formed at a position between adjacent pho-
toelectric conversion elements 111.

Next, an insulating film 103A of tetra ethoxy silane
(TEOS) is deposited on the surface of the intermediate insu-
lating film 1035, and the insulating film 103 A is flattened by
chemical mechanical polishing (CMP), etch back, or the like,
whereby via holes are formed.

After the via holes are formed, a second aluminum film is
formed on the surface of the insulating film 103A. At this
time, as shown in FIG. 6B, inter-pixel light shielding alumi-
num 113A is formed at a position between adjacent photo-
electric conversion elements 111, and simultaneously,
dummy interconnects 120 are formed on the scribe line 102Y.

Next, as shown in FIG. 6C, a protective film 104 of a silicon
nitride film is formed on the surface of the insulating film
103a by plasma CVD. At this time, the protective film 104
between the photoelectric conversion elements 111 and the
dummy interconnects 120 is removed by etching.
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The steps shown in FIGS. 6A to 6C are production steps of
a wafer (photoelectric conversion device). The photoelectric
conversion device shown in FIG. 6C is cut by a dicing device
to be divided into line image sensor ICs which are indepen-
dent of each other.

When the photoelectric conversion device is divided by
dicing, the dummy interconnects 120 are also cut simulta-
neously. Then, line image sensor ICs independent of each
other can be produced.

In Embodiment 4, two aluminum films are used, and the
inter-pixel light shielding aluminum 113, 113 A are formed of
both of the first and second aluminum layers. However, an
inter-pixel light shielding aluminum may be formed of either
one of the first aluminum film and the second aluminum film.

What is claimed is:

1. A photoelectric conversion device, comprising:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps ther-
ebetween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region where a short side of an
arbitrary line image sensor IC is opposed to a short side
of another line image sensor IC adjacent to the arbitrary
line image sensor IC in a region where one of the plu-
rality of scribe lines is formed along the short sides of the
plurality of rectangular line image sensor ICs; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface
of the semiconductor substrate.

2. A photoelectric conversion device, comprising:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps ther-
ebetween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region where a short side of an
arbitrary line image sensor IC is opposed to a short side
of another line image sensor IC adjacent to the arbitrary
line image sensor IC in a region where one of the plu-
rality of scribe lines is formed along the short sides of the
plurality of rectangular line image sensor ICs; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface
of the semiconductor substrate,

wherein the plurality of dummy interconnects are formed
in a pattern in which a distribution density of the plural-
ity of dummy interconnects is uniform, and an interval
between the plurality of dummy interconnects is equal to
a smallest interval among intervals between electric
interconnects formed in each of the plurality of line
image sensor ICs.

3. A photoelectric conversion device, comprising:

a semiconductor substrate;

a plurality of rectangular line image sensor ICs formed on
a surface of the semiconductor substrate with gaps ther-
ebetween;

a plurality of scribe lines formed in the gaps between
adjacent line image sensor ICs;

a plurality of dummy interconnects made of a conductive
material formed in a region at a center between a short
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side of an arbitrary line image sensor IC and a short side
of another line image sensor IC adjacent to the arbitrary
line image sensor IC in a region where one of the plu-
rality of scribe lines is formed along the short sides ofthe
plurality of rectangular line image sensor ICs, among the
plurality of scribe lines; and

a protective film formed by plasma CVD so as to cover the
plurality of dummy interconnects as well as the surface
of the semiconductor substrate,

wherein the plurality of dummy interconnects are formed
in a pattern in which a distribution density of the plural-
ity of dummy interconnects is uniform, and an interval
between the plurality of dummy interconnects is equal to
a smallest interval among intervals between electric
interconnects formed in each of the plurality of line
image sensor ICs.

4. A method of producing the photoelectric conversion

device according to claim 1, comprising:

forming a plurality of photoelectric conversion elements to
be light-receiving portions of a line image sensor IC on
a surface of a semiconductor substrate;

forming an insulating film on the surface of the semicon-
ductor substrate on which the plurality of photoelectric
conversion element are formed;

depositing a conductive film on a surface of the insulating
film, and etching the deposited conductive film, thereby
forming a plurality of electric interconnects, an inter-
pixel light shielding conductive material positioned
between the plurality of photoelectric conversion ele-
ments, and a plurality of dummy interconnects posi-
tioned between a short side of an arbitrary line image
sensor IC and a short side of another line image sensor
IC adjacent to the arbitrary line image sensor IC; and

forming a protective film by plasma CVD on the surface of
the insulating film on which the plurality of electric
interconnects, the inter-pixel light shielding conductive
material, and the plurality of dummy interconnects are
formed.

5. A method of producing an independent line image sensor

40 IC by cutting the photoelectric conversion device according
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to claim 1 along scribe lines, comprising:

forming a plurality of photoelectric conversion elements to
be light-receiving portions of the line image sensor IC on
a surface of a semiconductor substrate;

forming an insulating film on the surface of the semicon-
ductor substrate on which the plurality of photoelectric
conversion elements are formed;

depositing a conductive film on a surface of the insulating
film, and etching the deposited conductive film, thereby
forming a plurality of electric interconnects, an inter-
pixel light shielding conductive material positioned
between the photoelectric conversion elements, and a
plurality of dummy interconnects positioned between a
short side of an arbitrary line image sensor IC and a short
side of another line image sensor IC adjacent to the
arbitrary line image sensor IC;

forming a protective film by plasma CVD on the surface of
the insulating film on which the plurality of electric
interconnects, the inter-pixel light shielding conductive
material, and the plurality of dummy interconnects are
formed to form the photoelectric conversion device; and

cutting the photoelectric conversion device along the
scribe lines to produce the independent line image sen-
sor IC.
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