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out a current generated In each of these photo diodes, are provided.

<o
SR ?\*‘e@ VNN
S
B SN / f /]
l‘ ..-

5:3': .&‘"'.
S CIPO
AN

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02308100 2000-05-10

ARSTRACT:

A photo diode array whose linearity can be improved
is realized. 1In a photo diode array, a plurality of photo
diodes arranged in the form of an array and a plurality of
electrodes connected to both ends of the light-recelving
surface of each photo diode, which take out a current generated

in each of these photo diodes, are provided.
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PHOTO DIODE ARRAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photo diode array,

and in particular, to a photo diode array whose linearity can

be i1mproved.
2. Description of the Prior Art

A photo diode 1s formed by making a PN junction with
a p-type region on the light-receiving surface side and an n-
type region on the substrate side, and a current generated by
the light incident from the photo sensitive area flows from the

cathode to the anode.

Figure 1 shows a sectional view of the configuration
indicating an example of such conventional photo diodes. A p-
type diffused region 2 1s formed on one side of n-type layer 1,
the substrate, n-contact 5 1s formed on the opposite side of n-
type layer 1, and passivation layer 3 is formed on the light-
receiving surface side where p-type diffused region 2 is
formed. A p-contact 4 connected to p-type diffused region 2 is
formed by removing part of passivation layer 3 using etching or

the like.
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Operation of a conventional photo diode shown in Figure 1 will be
described below. Electrons generated in the photo diode by input light
100 incident from the photo sensitive area are accumulated in n-type
layer 1, while holes are accumulated in p-type diffused region 2.
Accordingly, n-type layer 1 is negatively charged and p-type diffused
region 2 is positively charged. Thus, 1f an eXxternal circult 1is
connected between p-type diffused region 2 and n-type layer 1, electrons
and holes flow toward the opposite layers from n-type layer 1 and p-type
diffused region 2 respectively.

For example, an electron generated in p-type diffused region 2 shown
as "ELO1" in Figure 1 is accelerated towards n-type layer 1 by the
electric field in the photo diode and accumulated there. In a similar
manner, a hole generated in n-type layer 1 shown as "HLOl" in Figure
1 is accelerated towards p-type diffused region 2 and accumulated there.

A photo diode array is composed of multiple such photo diodes arranged
forming an array. Figure 2 shows a plan indicating an example of such
a conventional photo diode array.

Photo diodes 6a to 6e are arranged forming an array on a substrate
(not shown) so that their photo sensitive area t:—.tre oriented toadirection
and electrodes 7a to 7e are connected to one end of the photo sensitive
area of photo diodes 6a to 6e respectively.

Here, operation of the example of the conventional photo diode array
shown in Figure 2 will be described. If light is incident to the photo
sensitive area of photo diodes 6a to 6e, currents are generated between
each light-receiving surface side and each opposite side and these

currents are taken out to the outside via electrodes 7a to 7Te,

respectively.
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For example, in the example shown in Figure 2, holes generated in photo
diodes 6a to 6e are taken out via electrodes 7a to 7e.

However, in the example of conventional photo diodes shown in Figure
2, current values taken out may vary due to the incident positions of
input light. For instance, if the input light is incident to a portion
marked "P001" in Figure 2, the distance from that portion to electrode
7e is longer compared with the case where the input light is incident
to the portion marked "P002" in Figure 2.

This causes a voltage drop due to a resistance component that exists
between the above portion and the electrode, and so the current wvalue
taken out to the outside changes. 1In other words, a problem exists that
linearity deteriorates depending on the incident positions of the input
light. Specifically, if a high current is generated by the light
incident to the portion marked "P001l" 1in Figure 2, linearity

deterioration increases because the generated voltage drop further

increases.

In order to reduce this linearity deterioration, a bias voltage forming
a reverse bias 1is generally applied to the photo diode. However,
although application of a bias voltage serves to improve the frequency
response and linearity, a problem exists that this causes an increase

in dark current and so increases the noise, and also has the danger of

breaking the photo diode.

SUMMARY OF THE INVENTION
The subject of the present invention is to realize a photo diode array

in which linearity can be improved.




10

15

20

22

30

CA 02308100 2004-02-06

67414-41

According to a first broad aspect, the invention
provides photo diode array provided with a plurality of
photo diodes arranged forming an array and a plurality of
electrodes that are connected to both ends of the photo
sensltive area of these photo diodes and take out currents

generated 1n the above photo diodes.

According to the invention, the distance between
the input light incident position and the electrodes 1is

shortened by employing the configuration 1n which currents

are taken out from both ends of each photo sensitive area of
any photo diode. Thus, 1t becomes possible to reduce the

deterioration of linearity.

In addition, according to a specific embodiment of
the i1nvention, 1t 1s possible to increase the photo
sensitive area of the photo diode portion by making the
electrodes extending between adjacent photo diodes

transparent.

According to another aspect of the invention,
wiring to the electrodes becomes easy by leading out the
electrodes 1n both directions from the photo sensitive area

of photo diodes because spaces for wiring to the electrodes

are secured.

According to a second broad aspect, the invention
provides a photo diode consisting of: an elongated photo
sensitive surface having at least two contact portions
located directly opposite each other; at least a first
electrode connected to one of said at least two contact
portions; at least a second electrode connected to a second

of said at least two contact portions; and a conductive

extension i1nterconnecting said at least first and second

electrodes so that light impinging at a point on said photo

3a
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senslitlve surface between said at least two contact portions
causes electrons to flow from said point of i1mpingement to
one of said first and second electrodes located closest to
sald point of impingement whereby the distance traveled by
sald electron flow to the closest electrode 1s a maximum at
one half the distance between said at least two contact

portions.

According to a third broad aspect, the invention
provides a photo diode array comprising: a plurality of
photo diodes arranged in an array, each of said photo diodes
consisting of an elongated photo sensitive surface having at
least two contact portions located directly opposite each
other; a plurality of electrodes, each connected to a
respective one of said two contact portions of each one of
sald plurality of photo diodes; a plurality of conductive
extensions each interconnecting an electrode connected to
one of said at least two contact portions of one photodiode
and another connected to another of said at least two

contact portions of that same photo diode, so that light

implinging at a point on said photo sensitive surface causes
electrons to flow from said point of impingement to an
electrode located closest to said point of impingement
whereby the distance traveled by said electron flow to the
closest electrode 1s a maximum at one half the distance

between said at least two contact portions.

3b



CA 02308100 2000-05-10

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a sectional view of the configuration indicating an
example of conventional photo diodes. Figure 2 shows a plan indicating
an example of conventional photo diode arrays. Figure 3 shows a plan
indicating an embodiment of a photo diode array based on the present
invention. Figure 4 shows a plan indicating the second embodiment of
a photo diode array based on the present invention. Figure 5 shows a

plan indicating the third embodiment of a photo diode array based on

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will be described below in detail using drawings.
Figure 3 shows a plan indicating an embodiment of photo diode array based
on the present invention.

Photo diodes 8a to 8e are arranged on a substrate (not shown) forming
an array so that their photo sensitive area are oriented to a direction.
Electrodes 9a to 9e are connected to one end of the photo sensitive area
of photo diodes 8a to 8e respectively and also connected to the other
end of the photo sensitive area of photo diodes 8a to 8e respectively
by extending the electrodes between the photo sensitive area of two

adjacent diodes.
In addition, electrodes 9a to 9e connected to both ends of photo
sensitive area photo diodes 8a to 8e respectively are wired on the

substrate in a direction downwards in Figure 3 to be led out to the

outside.

Operation of the photo diode array of the embodiment shown in Figure

3 will be described. Since this array is configured to take currents

.....
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out of both ends of each photo sensitive area of photo diodes 8a to 8e,
respective distances from incident positions of the input light to
electrodes 9a to 9e are shortened compared with those in examples of
conventional photo diode arrays. Thus, the effect of resistance
components that exist between the electrodes and the corresponding
incident positions 1is reduced. In other words, deterioration of
linearity can be reduced.

For example, i1f the input light is incident to the portion marked "P101"
in Figure 3, the distance from the portion of "P1l01l" to electrode 9%e
is that from the portion of "P101" to the connecting portion marked "ED0O1"
in Figure 3. On the other hand, if the input light is incident to the
portion marked "P102" in Figure 3, the distance from the portion of "P102"
to electrode %e is that from the portion of "P102" to the connecting
portion marked "EDO2" in Figure 3. That is, in both cases where the
input Light is incident to the portions marked "P101" and "P102" in Figure
3, the distances to electrode 9e are the same.

In addition, even if the input light is incident to the portion located
at the center of the photo diode marked "P103," the distance between
thlis portion and electrode 9e becomes approximately 1/2 compared with
that in an example of the conventional array shown in Figure 2. Since
this distance represents the maximum between the input light incident
portion and the electrode in that photo diode, even in the worst case,
deterioration of linearity can be reduced by about 1/2.

As a result, adoption of the configuration in which current is taken
out of both ends of the photo sensitive area of photo diodes 8a to 8e
shortens the distances between the input light incident portions and

electrodes 9a to 9e respectively and so enables deterioration of

5
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linearity to be reduced.

In the embodiment shown in Figure 3, there is only one lead-out
direction of electrodes 9a to 9e (towards the bottom of Figure 3).
However, this lead-out can be done in both directions (towards the top
and bottom of the figure). Figure 4 shows a plan indicating the second
embodiment of a photo diode array of the present invention, in which
the electrode lead-out direction is modified.

Photo diodes 8a to 8e are arranged forming an array on a substrate
(not shown) so that the light-receiving surfaces face to this side.
Electrodes 10a to 10e are connected to one end of the photo sensitive
area of photo diodes 8a to 8e respectively as well as connected to the
other ends of the photo sensitive area of photo diodes 8a to 8e
respectively by extending the electrodes between adjacent photo diodes.

Further, electrodes 1l0a, 10c, and 1l0e connected to both ends of the

photo sensitive area of photo diodes 8a, 8c, and 8e respectively are

extended on the substrate towards the bottom of Figure 4 to be led out

to the outside, while electrodes 10b and 10d connected to both ends of

the photo sensitive area photo diodes 8b and 8d respectively are extended
on the substrate towards the top of Figure 4 to be led out to the outside.

Operation of the photo diode array of the embodiment shown in Figure
4 will be described below. However, the basic operation is the same
as 1n the embodiment shown in Figure 3 and the differences are as follows:

By alternately changing the electrode lead-out direction, wiring to
the electrodes becomes easy in the case where it is difficult to secure

wiring spaces for the electrodes from which the current signals are led

out to the outside because the photo diodes are arranged in a highly

dense manner.
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In addition, 1n the embodiment shown in Figure 4,
the electrode lead-out direction 1s changed alternately
(every other electrode). However, the method of determining
the electrode lead-out direction 1s not limited to the above

but any number of electrodes may be led out in both

directions. The lead-out direction may be changed
regularly, for example, for every two electrodes, three

electrodes, etc. The lead-out direction may also be changed

irregularly.

As a result, wiring to the electrodes becomes easy
because wiring spaces for the electrodes are secured by
leading out the electrodes from both ends of the photo

sensitive area of the electrodes.

In another case, the electrodes extended between
adjacent photo diodes may be made transparent to secure the
photo sensitive area of those portions of the photo diodes.
In some embodiments of the invention, the electrodes

extended between adjacent photo diodes are made of a

transparent material that 1s i1ndium tin oxide. Figure 5

shows a plan indicating the third embodiment of a photo
diode array of the present i1nvention using such transparent

electrodes 1n part of the array.

Photo diodes 1lla to lle are arranged forming an
array on a substrate (not shown) so that the light-receiving
surfaces face to this side. Electrodes 12a to 1l2e are
connected to one end of the photo sensitive area of photo
diodes l1lla to lle and electrodes 1l4a to l4e to the other

ends of photo diodes 1lla to lle respectively.

Further, electrodes 12a and 1l4a are connected to
each other by transparent electrode extension 13a located

between adjacent photo diodes, and electrodes 12b and 14b
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are connected to each other by transparent electrode

extension 13b located between adjacent photo diodes.
In some embodiments of this invention, electrode extensions

13a, 13b are made of a transparent material that 1s indium

tin oxide.

Electrodes 12c¢, 12d and 12e and electrodes 1l4c,

14d and 1l4e are connected to each other respectively by

corresponding transparent electrodes 13c, 13d and 1l3e

extended between adjacent photo diodes.

Further, electrodes 1l2a, 12c and 1l2e connected
to one end of each photo sensitive area of photo diodes
1la, 1llc and lle respectively are wired on the substrate to
lead out to the outside towards the bottom of Figure 5.
Electrodes 12b and 12d connected to one end of each photo
sensitive area of photo diodes 11b and 11d respectively are

wired on the substrate to lead out to the outside towards

the top of Figure 5.

Operation of the photo diode array of the
embodiment shown i1n Figure 5 will be described below.
However, the basic operation i1s the same as 1n the

embodiment shown in Figure 3 and the differences are as

follows:

By making electrodes extended between adjacent
photo diodes transparent, the light-receiving areas of the
photo diodes can be increased compared with the embodiments
shown in Figures 3 and 4 because these transparent electrode
extensions may overlap with the photo diodes. Furthermore,
1n some embodiments of the invention, the transparent
electrode extensions are made of a transparent material that

1s indium tin oxide.
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As a result, by employing the transparent
electrode extensions between the adjacent photo diodes, it

becomes possible to enlarge the photo sensitive area of each

photo diode.

In addition, 1n each embodiment shown in
Figures 3, 4 and 5, five photo diodes are shown as an
example for simplicity of description. However, the number
of photo diodes is, of course, not limited to this number
but the present invention can be applied to any photo diode

array using any number of photo diodes.

Also, 1n the embodiments shown in Figures 3, 4
and 5, electrode extensions connecting both ends of the
photo sensitive area of photo diodes respectively are passed
between the target photo diodes and the next photo diodes on
the left side of the target photo diodes respectively.

8a
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However, electrode extensions connecting both ends of the photo
sensitive area of photo diodes respectively may of course be
passed between the target photo diodes and the next photo
diodes on the right side of the target photo diodes

respectively.

Further, 1n the embodiment shown in Figure 5, an
example of electrodes that are led out in both directions
alternately is shown. However, the electrodes may of course be
led out in one direction only or alternately for every two
electrodes in both directions or irregularly in both

directions.
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CLAIMS:

1. A photo diode consisting of:

an elongated photo sensitive surface having at

least two contact portions located directly opposite each

other;

at least a first electrode connected to one of

said at least two contact portions;

at least a second electrode connected to a second

of said at least two contact portions; and

a conductive extension interconnecting said at
least first and second electrodes so that light impinging at
a polnt on said photo sensitive surface between said at
least two contact portions causes electrons to flow from
sald point of i1mpingement to one of said first and second
electrodes located closest to said point of i1mpingement
whereby the distance traveled by said electron flow to the
closest electrode 1s a maximum at one half the distance

between said at least two contact portions.

2. The photo diode of claim 1, further comprising a

conductive lead terminal connected to said first electrode.

3. The photo diode of claim 1, further comprising a

conductive lead terminal connected to said second electrode.

4 The photo diode of claim 1, further comprising a
first conductive terminal connected to said first electrode
and a second conductive terminal connected to said second

electrode.

5. The photo diode of claim 1, wherein said

conductive extension 1is a transparent material.

10
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6 . The photo diode of claim 5, wherein said

transparent material 1s indium tin oxide.

7. The photo diode of claim 1, further comprising a
conductive lead terminal connected to an electric circuit

comprising sald first electrode, said second electrode and

sald extension.
8 . A photo diode array comprising:

a plurality of photo diodes arranged in an array,
each of said photo diodes consisting of an elongated photo
sensitive surface having at least two contact portions

located directly opposite each other;

a plurality of electrodes, each connected to a
regspective one of said two contact portions of each one of

sald plurality of photo diodes;

a plurality of conductive extensions each
interconnecting an electrode connected to one of said at
least two contact portions of one photodiode and another
connected to another of said at least two contact portions
of that same photo diode, so that light impinging at a point
on sald photo sensitive surface causes electrons to flow
from said point of impingement to an electrode located
closest to said point of impingement whereby the distance
traveled by said electron flow to the closest electrode is a
maximum at one half the distance between said at least two

contact portions.

9. The array of claim 8, wherein said plurality of

conductive extensions comprise a transparent material.

10. The array of claim 9, wherein said transparent

material is indium tin oxide.

11
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11. The array of claim 8, further comprising a
plurality of conductive lead terminals, each connected
respectively to one or more electrodes disposed at said at

least two contact portions of each photo sensitive surface

of each photo diode.

12. The array of claim 11, wherein each of said
plurality of conductive lead terminals is connected to a
respective alternative electrode disposed at said at least

two contact portions 1in said photo sensitive surface of each

of said plurality of photo diodes.

13. The array of claim 9, further comprising a
plurality of conductive lead terminals, each connected to an
electric circult comprising said electrodes connected to
sald at least two contact portions of each photo diode and

said conductive extension connecting said electrodes in each

photo diode.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS

12
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