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QUANTUM EFFICIENCY IMPROVEMENTS
IN ACTIVE PIXEL SENSORS

BACKGROUND OF THE INVENTION

The present invention describes to a technique of opti-
mizing quantum efficiency in a CMOS image sensor, spe-
cifically an active pixel sensor.

Electronic image sensors obtain an electrical image of a
subject. The sensor converts the incoming light photons to
an electronic signal (electrons). The efficiency of conversion
between the photons and electrons is often called quantum
efficiency (“QE”). QE is one of the key imaging perfor-
mance benchmarks of sensors.

CCD type light sensors store charge in an array formed on
a substrate. Each portion of the array stores a picture
element, or “pixel” of the overall image.

Sensors formed of complementary metal oxides semicon-
ductor (“CMOS”) include associated circuitry within the
pixel. That associated circuit portion is not light sensitive.
Those areas which do not collect light include the associated
circuitry which operates to convert the information stored in
the pixel into an electronic signal. These non-photosensitive
areas include, but are not limited to, routing buses,
transistors, and areas covered by opaque materials such as
silicides.

Many image sensor devices convert the incoming photons
to charge using a photogate. That charge is stored in the
substrate. Other devices convert the incoming photons to
electrons using a photodiode. However, the photodiode must
therefore receive the photons in order to convert them.
Therefore, it has been the understanding of those of ordinary
skill in the art that the non-light sensitive areas would reduce
the overall quantum efficiency of the device and hence, the
overall light sensitivity of the device. Therefore, those
having ordinary skill in the art have tried to minimize the
amount of the pixel area which was used for associated
circuitry, in order to maximize the photosensitive area. This
was done by, for example, enlarging the size of the photo-
diode to maximize the amount of light received thereby.

Another common trend in the art has been to use a
combination of polysilicon and metal to reduce the resis-
tance of electricity. The polysilicon and metal combination
is often called a polycide. Specific materials include silicides
and salacides. Many modern sub-micron processes use these
materials in order to reduce the resistance. However, these
materials are also opaque.

Diodes, including the photodiodes which can be used in
active pixel sensors, can be formed of such a polycide.
However, to the knowledge of the inventors, no one has
suggested doing so, since the photodiode formed of polycide
would be opaque and therefore would not be expected to
receive information from the incoming light.

A basic active pixel sensor is shown in U.S. Pat. No.
5,471,515, the disclosure of which is herewith incorporated
by reference.

SUMMARY OF THE INVENTION

The present invention describes a technique that improves
quantum efficiency in a CMOS sensor. This is done accord-
ing to the present invention using different techniques. A first
technique describes improving the QE in a photodiode pixel
by reducing, rather than increasing, the amount of photo-
sensitive area in the pixel.

A second technique describes improving the QE response
of a photogate structure.
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An aspect of the present invention involves making the
photodiode smaller, instead of larger as was suggested by the
prior art. This is done by using the inventor’s understanding
of a new technique of operation. Photons are captured in the
substrate of the photodiode and are converted to electron-
hole pairs. These electron-hole pairs diffuse into the diode to
form current. The diode size according to this embodiment
is optimized for obtaining diffusion from the substrate,
rather than for obtaining the light directly. This requires that
the diode be smaller than the overall open area in the
substrate.

Another aspect of the present invention includes the
special shapes for these photodiodes which reduce their
capacitance and further increase their gain.

Another aspect of the present invention is using a thinned
polysilicon layer overlying a photogate structure. This
thinned polysilicon layer avoids certain photon attenuation.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings include:

FIG. 1 shows an active pixel sensor using a photodiode
device;

FIGS. 2—6 show different possible shapes for the photo-
diodes:

FIG. 7 shows and exemplary response of active pixel
sensor;

FIG. 8 shows a photodiode formed of polycides;

FIGS. 9 and 10 show two additional shapes for photo-
diodes of the present invention; and

FIG. 11 shows a photogate device with a thin polysilicon
overlayer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic representation of a photodiode
pixel. Each pixel 100 includes a photodiode area 102 and
associated circuitry area 104. The device shown in FIG. 1 is
an “active pixel” which means that each pixel includes at
least some circuitry associated with the pixel and actually
formed within the pixel. Circuitry 104 is shown schemati-
cally as including a source follower, but it should be
understood that other associated circuitry can also be inte-
grated in the pixel. That associated circuitry is preferably
formed of NMOS or CMOS. NMOS is preferred since
CMOS circuits would be larger in size. No specialized
semiconductor formation techniques are required to form
either NMOS or CMOS, such as those required with charge
coupled devices (“CCD’s”). More details about this are
found in U.S. Pat. No. 5,471,515.

The photodiode element 102 is also shown in FIG. 1.
Photodiode 102 is formed of a CMOS-compatible process,
such as CMOS or NMOS. FIG. 1 shows a system according
to the present invention whereby the size of the photodiode
102 is smaller than the total area within the pixel which is
available for such a photodiode.

The established teaching in the art of image sensors and
especially active pixel sensors has been that the photodiode
pixel should have a photon collecting area which is as large
as possible. Conventional photodiode pixels have formed
the photodiode in the shape of a solid polygon such as a
square, rectangle, or L-shaped photodiode area. For
example, in the exemplary pixel layout shown in FIG. 1, the
photodiode would have had the L-shaped area shown in
everything except conversion circuitry 104.















