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Abstract

A conventional CMOS image sensor manufacturing process involves a chemical mechanical polishing (hereinafter referred to as
“CMP”) process for forming a multilayer comprising a plurality of metal lines and an insulating film after forming a photodiode.
This causes a decrease in light sensitivity due to an increase in the distance from the photodiode to the color filter, and an increase
in bad pixels due to an increase in defects.

The present invention uses a single pad to three-dimensionally integrate an image chip that directly forms a color filter array and
a microlens after forming a photodiode using two chips, an image chip by separating it into a logic chip consisting of a logic array
that can bestow driver IC and other additional functions to drive it, and a logic chip.

Therefore, since a plurality of metal lines on the top of the photodiode are omitted, the distance between the photodiode and the
microlens is reduced to dramatically reduce the optical path, thereby improving the photosensitivity.

The present invention is a method capable of improving color by maximizing the pixel array and reducing the pixel size/design
rule, increasing pixel efficiency, and minimizing the scattering effect; as a solution to the next-generation CMOS image sensor,
it is an innovative method for size reduction for wireless communication devices.

Representative Drawing

FIG. 3

Key Words

BEOL (Back End Of Line), metal wiring, CMOS image sensor, optical path, 3D integration.
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Specification

Brief Description of the Drawings

FIG. 1 is a cross-sectional view schematically showing a conventional CMOS image sensor.

FIGS. 2a to 2d are cross-sectional views showing a CMOS image sensor manufacturing process according to one embodiment
of the present invention.

FIG. 3 is a cross-sectional view showing a CMOS image sensor according to one embodiment of the present invention.
* Explanation of Symbols for Main Parts of the Drawings *
100: First substrate 101: Field oxide film
102: Photodiode 103, 202: Insulating film
104, 201: Metal line 105: Connecting portion
106: Overcoating layer 107: Color filter array
108: Micro lens 109: LTO
200: Second substrate ~ 203: Pad
204: Bonding
Detailed Description of the Invention

Object of the Invention

Technical Field of the Invention and Prior Art

The present invention relates to an image sensor, and more particularly, to a CMOS image sensor using a 3D integration method
and a method for manufacturing the same.

A CMOS image sensor is a device that is widely used in a current mobile phone, a camera for a personal computer (PC), and
electronic devices. The CMO [sic] image sensor is easier to drive than the Charge Coupled Device (CCD) used as an image sensor.
Since a signal processing circuit can be integrated on a single chip, SOC (System On Chip) is possible, enabling miniaturization
of the module.

In addition, it has many advantages, such as being able to lower the manufacturing cost, because the CMOS technology that has
previously been set-up can be used interchangeably.

FIG. 1 is a cross-sectional view schematically showing a conventional CMOS image sensor.

Referring to FIG. 1, in the image sensor, a light receiving unit comprising a photodiode PD is positioned at a lower portion, and
a microlens ML and a color filter array CFA are disposed at an uppermost portion overlapping the photodiode PD.

As shown, metal wirings M1 to M4 and an insulating film therebetween are comprised between the photodiode PD and the color
filter array CFA.
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The manufacturing process of the CMOS image sensor having the above structure, in particular, the BEOL (Back End Of Line),
that is, the metal line process, is similar to the manufacturing process of the semiconductor device. At this time, different insulating
materials must be used to form PMD (Pre-Metal Dielectric), IMD (Inter-Metal Dielectric), and a passivation layer, and the like;
as a result, diffuse reflection of light occurs at the interface between each material, thereby reducing light sensitivity.

In addition, since they have different refractive indices due to different insulating layers, light sensitivity is deteriorated due to
refraction of light.

In forming the conventional CMOS image sensor, M1 to M4 and a plurality of insulating film formation and planarization
processes must be performed after the photodiode is formed, thereby causing defects.

Problem to be Solved by the Invention

The object of the present invention, proposed to solve the problems of the prior art as described above, is to provide a CMOS
image sensor of a three-dimensional integration method that is able to reduce photosensitivity degradation and the occurrence of
bad pixels due to structural problems, comprising multi-layer metal wiring of CMOS image sensors and an insulating film
therebetween, a method for manufacturing the same.

Structure and Operation of the Invention

In order to achieve the above object, the present invention provides, in an image sensor in which an image chip disposed on a first
substrate and a logic chip disposed on a second substrate are integrated in a three-dimensional structure, a CMOS image sensor
wherein the first substrate and the second substrate are bonded through a connecting portion protruding from the rear surface of
the first substrate and a pad on the upper portion of the second substrate, and a microlens is equipped on the upper portion of the
first substrate.

Further, in order to achieve the above object, the present invention provides a manufacturing method for a CMOS image sensor,
comprising a step of forming a photodiode on a first substrate, a step of forming a connecting portion to protrude from the rear
surface of the first substrate, a step of forming a plurality of metal lines on a second substrate, a step of forming a pad on the upper
portion of the metal line to correspond to the connecting portion, a step of bonding the rear surface of the first substrate and the
front surface of the second substrate so that the connecting portion and the pad correspond to each other, and a step of forming a
microlens on the upper portion of the photodiode of the first substrate.

The present invention uses two chips: one is an image chip that directly forms a color filter array and a microlens after forming a
photodiode, and the other is a logic chip that comprises a driver that drives it and a logic array that can provide other additional
functions.

By three-dimensionally integrating these two chips, through omitting the plurality of metal lines on the photodiode, the distance
between the photodiode and the microlens is reduced to dramatically reduce the optical path, thereby improving the
photosensitivity.

In short, the present invention can solve the problems caused by the conventional stacked structure of the metal line and the
insulating film.

Hereinafter, the most preferred embodiment of the present invention will be described with reference to the accompanying
drawings in order to describe it in enough detail that a person of ordinary skill in the art pertaining to the present invention can
easily implement the technical idea of the present invention.

FIG. 3 is a cross-sectional view illustrating a CMOS image sensor according to an embodiment of the present invention.

Referring to FIG. 3, in the CMOS image sensor of the present invention, the logic chip formed on the second substrate 200 and
the image chip integrated on the first substrate 100 are integrated in a three-dimensional structure. At this time, the connecting
portion 105 protruding from the rear surface of the image chip and the pad 203 of the logic chip positioned below is bonded (204).

Hereinafter, the configuration will be described in more detail.

A plurality of metal lines 201 each surrounded by an insulating film 202 are formed on the second substrate 200 positioned below;
a pad 203 is formed on an upper portion of the second substrate 200 on which the image chip and the integrated bonding are
constituted so as to be exposed to the bonding portion.
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A field oxide film 101 is locally formed on the first substrate 100, and a photodiode 102 is formed inside the first substrate 100
between the field oxide layers 101. A plurality of transistors (not shown) are disposed on the first substrate 100 spaced apart from
the photodiode 102.

A microlens 108 is formed on the photodiode 102 to overlap the photodiode 102; the plurality of transistors are connected to the
pads 203 of the second substrate 200 through the connecting portion 105 penetrating the first substrate 100, and the pads 203 are
connected to the plurality of metal lines 201. The connecting portion 105 comprises a metal such as tungsten, aluminum, or copper.

LTO (Low Temperature Oxide) is formed on the microlens 108 to prevent scratches, etc., of the microlens 108; a color filter array
107 and an over-coating layer 106 are formed under the microlens 107.

The photodiode 102 is a pinned photodiode formed of a plurality of impurity diffusion layers formed on the lower portion of the
surface of the first substrate 100. For example, when the first substrate 100 is a P-type conductivity type, the photodiode 102 will
have a P/N/P structure consisting of a PO region on the lower portion of the surface of the first substrate 100, an n-region below
it, and a first substrate 100 of high concentration P-type (P++); in this case, the n-region is completely depleted during the
photodiode operation.

Here, the transistor comprises a reset transistor, a drive transistor, a select transistor, and the like; in the case of a structure
comprising four transistors, a transfer transistor may be further comprised.

Reference number “104” also performs a light-shielding function to prevent light from entering into regions such as the transistor
except for the photodiode 102 as a metal line for interconnecting the transistor constituting the unit pixel and the lower portion
metal line 201. The metal line 104 is connected to the pad 203 through the connecting portion 105.

The metal line 201 is formed using copper or aluminum.

The CMOS image sensor of the present invention having the configuration as described above separates the logic chip and the
image chip from each other and performs chip bonding so that the image chip is positioned on the upper portion of the logic chip;
by removing the multi-layer consisting of a plurality of metal lines 201 and an insulating film 202 between the color filter array
107 and the microlens 108 on the photodiode 102, it is possible to maximize photosensitivity by eliminating the loss that occurs
when visible light passes through the multi-layered insulating film 202.

In addition, it is possible to form a logic element with 6-layer wiring or more without any major problems, so that SOC is possible,
and there is an advantage in that it can be loaded with core logic technology of 130 nm and 90 nm or less as it is.

Further, it is possible to reduce the diffuse reflectance phenomenon caused between different films due to the multi-layered
insulating film from the microlens 108 to the photodiode 102, and it is also possible to maximize the amount of light incident on
the photodiode by minimizing the refraction of light due to the different refractive indices between the layers, thereby increasing
photosensitivity.

Hereinafter, the CMOS image sensor manufacturing process of the present invention having the above configuration will be
described.

FIGS. 2a to 2d are cross-sectional views showing a CMOS image sensor manufacturing process according to an embodiment of
the present invention.

FIG. 2a shows an image chip forming process before bonding.

As shown in FIG. 2a, a field oxide layer 101 is locally formed on the first substrate 100. The field oxide layer 101 comprises a
LOCOS (LOCal Oxidation of Silicon) or STI (Shallow Trench Isolation) structure.

After ion implantation for P or N well formation is performed, the photodiode 102 is formed on the first substrate 100 through
ion implantation.

For example, a deep n-region is formed by ion-implanting an N-type impurity deep into the P-type first substrate 100, and a PO
region is formed by ion-implanting a P-type impurity into the lower portion of the surface of the first substrate 100 thereon.

Next, a plurality of transistors constituting a unit pixel, such as a transfer transistor, are formed.
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Next, an insulating film 103 is deposited and a metal line 104 connected to the gate electrode or source/drain of the transistor
through a contact is formed.

Then, a connecting portion 105 connected to the metal line 104 through the rear surface of the first substrate 100 is formed. At
this time, since the connecting portion 105 needs to be connected to the logic chip during a subsequent bonding process, it is made
to protrude from the rear surface of the first substrate 100.

This consists of a super via process through the rear surface of the first substrate 100, a process of filling the same to form the
connecting portion 105, and a process of grinding the rear surface of the first substrate 100 so that the connecting portion 105
protrudes. For the connecting portion 105, tungsten, aluminum, copper, or the like may be used.

Thus, the image chip forming process prior to bonding is completed.
FIG. 2b shows the logic chip formation process before bonding.

As shown in FIG. 2b, a plurality of metal lines 201 each surrounded by an insulating film 202 are formed on the second substrate
200.

The metal line 201 is formed of aluminum or copper, and the insulating layer 202 comprises a pre-metal dielectric (PMD), an
inter-metal dielectric (IMD), or a passivation layer.

Then, the pad 203 connected to the metal line 201 is formed.

Since the pad 203 must be connected to the connecting portion 105 during bonding, it is preferable to arrange the pad 203 so that
the position where it is connected to the connecting portion 105 matches.

As shown in FIG. 2c, the first substrate 100 on which the image chip is formed is bonded so that the rear surface thereof is
positioned on the upper portion of the second substrate 200 on which the logic chip is formed.

At this time, after the pad 203 and the connecting portion 105 are made to correspond to each other, heat treatment is performed
at a temperature of 300°C to 600°C, whereby bonding between the two substrates 100 and 200 is made.

As shown in FIG. 2d, a planarization layer is formed on the first substrate 100, but it is omitted for the sake of simplification of
the drawing.

Next, the color filter array 107, the microlens 108, and the protective film 109 are formed.

Although the technical idea of the present invention has been specifically described according to the above preferred embodiment,
it should be noted that the above-described embodiment is for the purpose of explanation and not for limitation thereof. In addition,
those skilled in the art will understand that various embodiments are possible within the scope of the technical spirit of the present
invention.

Effects of the Invention

The present invention described above has effects wherein it dramatically reduces the optical path incident to the photodiode,
thereby increasing the light sensitivity, maximizing the pixel array, and alleviating the demand for reducing the pixel size/design
rule; it is able to increase the efficiency of pixels, reduce the scattering effect, increase the color, and significantly reduce the size
thereof for next-generation wireless communication devices, so that it has excellent effects in terms of integration and performance.

(57) Claims

Claim 1

An image sensor in which an image chip disposed on a first substrate and a logic chip disposed on a second substrate are integrated
in a three-dimensional structure,
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wherein the first substrate and the second substrate are bonded through a connecting portion protruding from the rear surface of
the first substrate and a pad on the upper portion of the second substrate, and

a microlens is equipped on the upper portion of the first substrate.

Claim 2
The image sensor according to claim 1,
wherein the image chip further comprises a photodiode formed on the first substrate, and

a color filter array formed between the photodiode and the microlens.

Claim 3
The image sensor according to claim 2,

wherein the photodiode is formed of a plurality of impurity diffusion layers formed on the lower portion of the first substrate.

Claim 4
The image sensor according to claim 1,

wherein the logic chip comprises a plurality of insulating layers and a plurality of metal lines.

Claim 5
The image sensor according to claim 1,

wherein the connecting portion comprises any one of tungsten, aluminum, or copper.

Claim 6

A manufacturing method for a CMOS image sensor, comprising:

a step of forming a photodiode on a first substrate,

a step of forming a connecting portion to protrude from the rear surface of the first substrate,

a step of forming a plurality of metal lines on a second substrate,

a step of forming a pad on the upper portion of the metal line to correspond to the connecting portion,

a step of bonding the rear surface of the first substrate and the front surface of the second substrate so that the connecting portion
and the pad correspond to each other, and

a step of forming a microlens on the upper portion of the photodiode of the first substrate.
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