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IMAGE SENSING APPARATUS AND MANUFACTURING METHOD 

THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] Korean Patent Application No.  10-2017-0127985 filed on September 29, 2017, in the 

Korean Intellectual Property Office, and entitled: “Image Sensing Apparatus and 

Manufacturing Method Thereof”, is incorporated by reference herein in its entirety. 

 

TECHNICAL FIELD 

[0002] Embodiments relate to an image sensing apparatus and a manufacturing method 

thereof. 

BACKGROUND 

[0003] Image sensing apparatuses, capturing images and converting images into electrical 

signals, have been used in cameras mounted in automobiles, security devices, and robots, 

as well as consumer electronics, such as digital cameras, camera modules for mobile 

phones, and portable camcorders. 

SUMMARY 

[0004] Embodiments are directed to a method of manufacturing an image sensing apparatus, 

including forming a first substrate structure including a first region of a pixel region, the 

first substrate structure having a first surface and a second surface opposite the first 

surface; forming a second substrate structure including a circuit region for driving the 

pixel region, the second substrate structure having a third surface and a fourth surface 

opposite the third surface; bonding the first substrate structure to the second substrate 

structure, such that the first surface of the first substrate structure is connected to the third 
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surface of the second substrate structure; forming a second region of the pixel region on 

the second surface of the first substrate structure; forming a first connection via, the first 

connection via extending from the second surface of the first substrate structure to pass 

through the first substrate structure; mounting semiconductor chips on the fourth surface 

of the second substrate structure, using a conductive bump; and separating a stack 

structure of the first substrate structure, the second substrate structure, and the 

semiconductor chips into unit image sensing apparatuses. 

[0005] Embodiments may also provide a method of manufacturing an image sensing 

apparatus, including forming a first substrate structure including a photoelectric 

conversion element in a pixel region, the first substrate structure having a first surface 

and a second surface opposite the first surface; forming a second substrate structure 

including a circuit region for driving the pixel region, the second substrate structure 

having a third surface and a fourth surface opposite the third surface; bonding the first 

substrate structure to the second substrate structure, such that the first surface of the first 

substrate structure is connected to the third surface of the second substrate structure; 

forming a color filter and a microlens of the pixel region on the second surface of the first 

substrate structure; and mounting semiconductor chips on the fourth surface of the second 

substrate structure, using a conductive bump. 

[0006] Embodiments may also provide a method of manufacturing an image sensing 

apparatus, including forming a stack structure of a first substrate structure and a second 

substrate structure, the first substrate structure including a pixel region, and the second 

substrate structure including a circuit region for driving the pixel region; bonding a 

carrier substrate to one surface of the first substrate structure; removing a portion of the 
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second substrate structure from one surface of the second substrate structure; forming a 

redistribution layer and a conductive connection pad on the redistribution layer, on the 

one surface of the second substrate structure; connecting semiconductor chips on the one 

surface of the second substrate structure, using a conductive bump; forming an 

encapsulation portion, the encapsulation portion encapsulating the semiconductor chips; 

removing the carrier substrate from the one surface of the first substrate structure; and 

separating a stack structure of the first substrate structure, the second substrate structure, 

and the semiconductor chips into unit image sensing apparatuses. 

[0007] Embodiments may also provide an image sensing apparatus, including a first substrate 

structure including a pixel region, the pixel region having a photoelectric conversion 

element; a second substrate structure having a first surface connected to the first substrate 

structure, and a second surface opposite the first surface, the second substrate structure 

including a circuit region, and the circuit region being electrically connected to the pixel 

region through a first connection via to drive the pixel region, the first connection via 

passing through the first substrate structure; and a memory chip mounted on the second 

surface of the second substrate structure, connected to the second substrate structure by a 

conductive bump, and electrically connected to the circuit region through a second 

connection via, the second connection via extending from the second surface of the 

second substrate structure to pass through a portion of the second substrate structure. 

[0008] Embodiments may also provide an image sensing apparatus, including a first substrate 

structure including a pixel region, the pixel region having a photoelectric conversion 

element; a second substrate structure including a circuit region, the circuit region being 

electrically connected to the pixel region of the first substrate structure to drive the pixel 
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region; and at least one semiconductor chip mounted on the second substrate structure, 

connected to the second substrate structure by a conductive bump, and electrically 

connected to the circuit region through a second connection via, the second connection 

via passing through a portion of the second substrate structure. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] Features will become apparent to those of skill in the art by describing in detail 

example embodiments with reference to the attached drawings in which: 

[0010] FIG. 1 illustrates a schematic block diagram of an image sensing apparatus, according 

to example embodiments; 

[0011] FIG. 2 illustrates a schematic layout of an image sensing apparatus, according to 

example embodiments; 

[0012] FIG. 3 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments; 

[0013] FIGS. 4A and 4B illustrate schematic cross-sectional views of portions of an image 

sensing apparatus, according to example embodiments; 

[0014] FIGS. 5A and 5B illustrate schematic cross-sectional views of pixels forming a pixel 

region of an image sensing apparatus, according to example embodiments; 

[0015] FIGS. 6A and 6B illustrate circuit diagrams of pixel circuits of an image sensing 

apparatus, according to example embodiments; 

[0016] FIGS. 7A and 7B illustrate schematic cross-sectional views of image sensing 

apparatuses, according to example embodiments; 

[0017] FIG. 8 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments; 
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[0018] FIG. 9 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments; 

[0019] FIGS. 10A and 10B illustrate schematic flowcharts of a method of manufacturing an 

image sensing apparatus, according to example embodiments; 

[0020] FIGS. 11A to 11L illustrate schematic cross-sectional views of a method of 

manufacturing an image sensing apparatus, according to example embodiments; 

[0021] FIGS. 12A and 12B illustrate views of a method of manufacturing an image sensing 

apparatus, according to example embodiments. 

[0022] FIGS. 13A, 13B, and 13C illustrate schematic cross-sectional views of a method of 

manufacturing an image sensing apparatus, according to example embodiments; and 

[0023] FIG. 14 illustrates a block diagram of a system including an image sensing apparatus, 

according to example embodiments. 

DETAILED DESCRIPTION 

[0024] Example embodiments will now be described more fully hereinafter with reference to 

the accompanying drawings; however, they may be embodied in different forms and 

should not be construed as limited to the embodiments set forth herein.  Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and will 

fully convey example implementations to those skilled in the art.  In the drawing figures, 

the dimensions of layers and regions may be exaggerated for clarity of illustration.  Like 

reference numerals refer to like elements throughout. 

[0025] The terms “upper,” “upper portion,” “upper surface,” “lower,” “lower portion,” “lower 

surface,” and “side surface” may be understood below on the basis of directions depicted 
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in the drawings appended hereto, except in the case that they are indicated by the 

reference denotations and referenced separately. 

[0026] FIG. 1 illustrates a schematic block diagram of an image sensing apparatus, according 

to example embodiments. 

[0027] Referring to FIG. 1, an image sensing apparatus 1000 may include an image sensing 

unit 1100 and a memory 1200. 

[0028] The image sensing unit 1100 may include a control register block 1110, a timing 

generator 1120, a ramp signal generator 1130, a buffer unit 1140, an active pixel sensor 

(APS) array 1150, a row driver 1160, a correlated double sampler 1170, a comparator 

1180, and an analog-to-digital converter (ADC) 1190. 

[0029] The control register block 1110 may control the overall operations of the image 

sensing unit 1100.  For example, the control register block 1110 may directly transmit 

operating signals to the timing generator 1120, the ramp signal generator 1130, and the 

buffer unit 1140.  The timing generator 1120 may generate an operating timing reference 

signal for the various components of the image sensing unit 1100.  The operating timing 

reference signal, generated by the timing generator 1120, may be transmitted to the row 

driver 1160, the correlated double sampler 1170, the comparator 1180, and/or the ADC 

1190.  The ramp signal generator 1130 may generate and transmit a ramp signal used in 

the correlated double sampler 1170 and/or the comparator 1180.  The buffer unit 1140 

may include a latch portion.  The buffer unit 1140 may temporarily store an image signal 

to be transmitted to an external source, and may transmit the image data to the memory 

1200 and an external device. 
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[0030] The APS array 1150 may sense an external image.  The APS array 1150 may include a 

plurality of active pixels.  The row driver 1160 may selectively activate rows of the APS 

array 1150.  The correlated double sampler 1170 may sample and output an analog signal 

generated from the APS array 1150.  The comparator 1180 may compare data, 

transmitted from the correlated double sampler 1170, to a slope of a ramp signal, and the 

like, fed back according to analog reference voltages thereof, to generate various 

reference signals.  The ADC 1190 may convert analog image data into digital image data. 

[0031] The memory 1200 may receive image data from the image sensing unit 1100, store or 

process the received image data, and transmit the processed image data to the image 

sensing unit 1100.  The memory 1200 may include a memory element, such as a dynamic 

random access memory (DRAM) element, a static random access memory (SRAM) 

element, a spin-transfer torque magnetic random-access memory (STT-MRAM) element, 

or a flash memory element.  When the memory 1200 includes a DRAM element, the 

memory 1200 may receive image data at a relatively high speed and process the received 

image data. 

[0032] FIG. 2 illustrates a schematic layout of an image sensing apparatus, according to 

example embodiments. 

[0033] Referring to FIG. 2, an image sensing apparatus 10A may include first to third regions 

R1 to R3 stacked in a vertical direction.  The first and second regions R1 and R2 may 

constitute the image sensing unit 1100 of FIG. 1, and the third region R3 may constitute 

the memory 1200 of FIG. 1. 

[0034] The first region R1 may include a sensor array region SA and a first pad region PA1, 

and the second region R2 may include a logic circuit region LC and a second pad region 
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PA2.  The third region R3 may include a memory chip MC and a dummy chip DC.  The 

first to third regions R1 to R3 may be sequentially stacked in the vertical direction. 

[0035] In the first region R1, the sensor array region SA may be a region corresponding to the 

APS array 1150, described above with reference to FIG. 1.  The sensor array region SA 

may include a plurality of unit pixels P arranged in a matrix.  Each unit pixel P may 

include, for example, a photodiode and transistors.  An example embodiment of the unit 

pixel P will be described below in more detail, with reference to FIGS. 5A through 6B. 

[0036] The first pad region PA1 may include a plurality of pads PAD, and may be disposed, 

for example, around the sensor array region SA.  The pads PAD may be configured to 

transmit an electrical signal to, or to receive an electrical signal from, an external device 

or the like. 

[0037] In the second region R2, the logic circuit region LC may be implemented as, for 

example, electronic elements including a plurality of transistors.  The logic circuit region 

LC may be configured to be electrically connected to the sensor array region SA to 

provide a predetermined signal to each unit pixel P of the sensor array region SA or to 

control a signal output therefrom. 

[0038] The logic circuit region LC may include regions corresponding to, for example, the 

control register block 1110, the timing generator 1120, the ramp signal generator 1130, 

the buffer unit 1140, the row driver 1160, the correlated double sampler 1170, the 

comparator 1180, and the ADC 1190.  For example, the logic circuit region LC may 

include the regions, except for the APS array 1150, in the image sensing unit 1100 of FIG. 

1.  The second region R2 may include the second pad region PA2 in a region 

corresponding to the first pad region PA1 of the first region R1. 
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[0039] In the third region R3, the memory chip MC may be encapsulated by an encapsulation 

portion EN.  In an implementation, the memory chip MC may be encapsulated together 

with the dummy chip DC by the encapsulation portion EN.  The first and second regions 

R1 and R2 may be a semiconductor wafer-based structure.  In contrast, the third region 

R3 may be a structure including a semiconductor chip.  The memory chip MC may be 

electrically connected to the logic circuit region LC of the second region R2 to transmit 

or receive image data.  The dummy chip DC may be selectively disposed outside the 

region in which the memory chip MC may be disposed, and may perform, for example, a 

heat dissipation function. 

[0040] FIG. 3 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments. 

[0041] Referring to FIG. 3, an image sensing apparatus 10 may include a first substrate 

structure 100, a second substrate structure 200, and a third chip structure 300 stacked in 

one direction, for example, a y direction.  The first substrate structure 100 may include 

pixels, the second substrate structure 200 may include a circuit driving the pixels, and the 

third chip structure 300 may include a memory chip connected to the circuit.  The first 

substrate structure 100, the second substrate structure 200, and the third chip structure 

300 may correspond to the first region R1, the second region R2, and the third region R3, 

described above with reference to FIG. 2, respectively. 

[0042] The first substrate structure 100 may include a pixel region PIXEL having pixels P 

arranged in a matrix, a pad region PAD having pads in a pad layer 197 therein to transmit 

an electrical signal to, or to receive an electrical signal from, an external device or the 

like, and a connection region CONNECT electrically connecting the pixel region PIXEL 
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of the first substrate structure 100 to the second substrate structure 200 disposed below 

the first substrate structure 100.  In FIG. 3, only a portion of each of the pixel region 

PIXEL, the pad region PAD, and the connection region CONNECT is illustrated 

selectively and schematically, for the purpose of description.  The first substrate structure 

100 may include a first substrate 101, a first interlayer insulating layer 120, and a first 

bonding layer 195. 

[0043] The first substrate 101 may be, for example, a semiconductor substrate.  For example, 

the first substrate 101 may be a p-type silicon substrate.  In example embodiments, the 

first substrate 101 may include a p-type bulk substrate and a p- or n-type epitaxial layer 

grown thereon.  In another implementation, the first substrate 101 may include an n-type 

bulk substrate and a p- or n-type epitaxial layer grown thereon.  In another 

implementation, the first substrate 101 may be an organic plastic substrate. 

[0044] The first interlayer insulating layer 120 may be formed of, for example, an insulating 

material, and may include one or more layers.  For example, the first interlayer insulating 

layer 120 may include a silicon oxide and/or a silicon nitride. 

[0045] The first bonding layer 195 may be a layer for bonding the first substrate structure 100 

to the second substrate structure 200.  The first bonding layer 195 may be formed of an 

insulating material, for example, one or more of SiO, SiN, SiCN, SiOC, SiON, or SiOCN. 

[0046] The pixel region PIXEL may include storage node regions 105 and photodiodes 130 

disposed within the first substrate 101, pixel gate layers 110, first wiring layers 140, and 

first vias 150 disposed within the first interlayer insulating layer 120, and color filters 180 

and microlenses 190 disposed above the first substrate 101.  The pixel region PIXEL may 

further include pixel isolation regions 165 disposed within the first substrate 101, and a 
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buffer layer 170, grids 175, a lower planarization layer 177, and an upper planarization 

layer 185 disposed on the first substrate 101.  An example structure of the pixel region 

PIXEL will be described below in more detail, with reference to FIGS. 5A through 6B. 

[0047] The pad region PAD and the connection region CONNECT may be disposed around 

the pixel region PIXEL, and may include an upper insulating layer 192 disposed on the 

first substrate 101, first connection vias CV1 passing through the first substrate 101 and 

the first interlayer insulating layer 120, and a first via insulating layer 172 disposed on a 

portion of a side wall of each of the first connection vias CV1.  The pad region PAD may 

further include a pad layer 197 disposed on the first substrate 101, such that the pad layer 

197 may be exposed by the upper insulating layer 192. 

[0048] The upper insulating layer 192 may be formed of an insulating material, for example, 

a silicon oxide and/or a silicon nitride.  The pad layer 197 may be formed of a conductive 

material, for example, one or more of tungsten (W), copper (Cu), aluminum (Al), gold 

(Au), silver (Ag), or an alloy thereof. 

[0049] The first connection via CV1 may electrically connect the first substrate structure 100 

to the second substrate structure 200.  The first connection via CV1 may pass through the 

entirety of the first substrate 101 and the first interlayer insulating layer 120, and may 

extend up to a portion of a second interlayer insulating layer 220 of the second substrate 

structure 200.  The first connection via CV1 may be connected to second wiring layers 

240 disposed within the second interlayer insulating layer 220 on a lower portion of the 

first connection via CV1.  The first connection via CV1 may be connected to the first 

wiring layers 140 disposed within the first interlayer insulating layer 120.  In the pad 

region PAD, the first connection via CV1 may be connected to the pad layer 197 on an 
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upper portion thereof.  The first connection via CV1 may have a cylindrical shape, may 

have a width narrowing from the upper portion thereof to the lower portion thereof.  The 

first connection via CV1 may be formed of a conductive material, for example, one or 

more of tungsten (W), copper (Cu), aluminum (Al), gold (Au), silver (Ag), or an alloy 

thereof. 

[0050] The first via insulating layer 172 may be disposed within the first substrate 101 to 

electrically isolate the first substrate 101 from the first connection via CV1.  As 

illustrated in FIG. 3, the first via insulating layer 172 may be in contact with the first 

connection via CV1.  In example embodiments, the first via insulating layer 172 may also 

be spaced from the first connection via CV1.  The first via insulating layer 172 may be 

formed of an insulating material, for example, a silicon oxide and/or a silicon nitride. 

[0051] The second substrate structure 200 may include a second substrate 201, the second 

interlayer insulating layer 220, and a second bonding layer 295.  The second substrate 

structure 200 may further include circuit gate layers 210, second wiring layers 240, and 

second vias 250 disposed within the second interlayer insulating layer 220, and second 

connection vias CV2 and second via insulating layers 272 disposed within the second 

substrate 201.  The second substrate structure 200 may further include first redistribution 

layers 260 and first connection pads 270 disposed on a lower surface of the second 

substrate 201. 

[0052] The second substrate 201 may be a semiconductor substrate.  For example, the second 

substrate 201 may include a semiconductor material, such as a Group IV semiconductor 

material.  For example, a Group IV semiconductor material may include silicon, 

germanium, or silicon-germanium.  The second substrate 201 may also be provided as, 
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for example, a bulk wafer, an epitaxial layer, a silicon on insulator (SOI) layer, a 

semiconductor on insulator (SOI) layer, or the like. 

[0053] The second interlayer insulating layer 220 may be formed of an insulating material, 

and may include one or more layers.  For example, the second interlayer insulating layer 

220 may include a silicon oxide and/or a silicon nitride. 

[0054] The second bonding layer 295 may be a layer for bonding the first substrate structure 

100 to the second substrate structure 200.  The second bonding layer 295 may be formed 

of an insulating material, for example, one or more of SiO, SiN, SiCN, SiOC, SiON, or 

SiOCN. 

[0055] The circuit gate layers 210 may be gate electrode layers of circuit elements.  The 

circuit gate layers 210 may include a doped semiconductor material and/or a metallic 

material.  Each of the second wiring layers 240 and the second vias 250 may be formed 

of a conductive material, for example, one or more of tungsten (W), copper (Cu), 

aluminum (Al), gold (Au), silver (Ag), or an alloy thereof.  The number of the second 

wiring layers 240 and the number and arrangement of the second vias 250 may be varied 

from those illustrated. 

[0056] The second connection via CV2 may electrically connect the second substrate 

structure 200 to the third chip structure 300.  The second connection via CV2 may pass 

through the entirety of the second substrate 201, and may extend into the second 

interlayer insulating layer 220.  The second connection via CV2 may be connected to the 

second wiring layers 240 disposed within the second interlayer insulating layer 220 on an 

upper portion of the second connection via CV2.  The second connection via CV2 may be 

connected to the first redistribution layer 260 or the first connection pad 270 on a lower 
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portion of the second connection via CV2.  The second connection via CV2 may have a 

cylindrical shape, and may also have a width narrowing from the upper portion thereof to 

the lower portion thereof or from the lower portion thereof to the upper portion thereof.  

The second connection via CV2 may be formed of a conductive material, for example, 

one or more of tungsten (W), copper (Cu), aluminum (Al), gold (Au), silver (Ag), or an 

alloy thereof. 

[0057] The second via insulating layer 272 may be disposed within the second substrate 201 

and the second interlayer insulating layer 220 to electrically isolate the second substrate 

201 from the second connection via CV2.  The second via insulating layer 272 may be 

formed of an insulating material, for example, a silicon oxide and/or a silicon nitride. 

[0058] The first redistribution layer 260 and the first connection pad 270 may be a connection 

structure for bonding the second substrate structure 200 to the third chip structure 300.  

The first redistribution layer 260 and the first connection pad 270 will be described below 

in more detail, with reference to FIGS. 4A and 4B.  In example embodiments, the first 

redistribution layer 260 may be omitted.  In this case, the second connection via CV2 

may be directly connected to the first connection pad 270. 

[0059] The third chip structure 300 may include a memory chip 310, a dummy chip 320, and 

an encapsulation portion 350, and may further include second connection pads 330, 

bumps 340, and a bonding layer 370 disposed within the encapsulation portion 350. 

[0060] The memory chip 310 may include a memory element, such as a dynamic random 

access memory (DRAM) element, a static random access memory (SRAM) element, a 

spin-transfer torque magnetic random-access memory (STT-MRAM) element, or a flash 

memory element.  The memory chip 310 may have an upper surface, which may be an 



- 15 - 

active surface, and may be bonded to the lower surface of the second substrate 201 in a 

flip-chip bonding manner.  However, example embodiments are not limited thereto.  The 

dummy chip 320 may be disposed in parallel with the memory chip 310 in an x direction, 

to the side of the memory chip 310.  When the size of the memory chip 310 is relatively 

less than that of the second substrate 201, the dummy chip 320 may be disposed within 

the encapsulation portion 350, which may help with increasing heat dissipation properties 

and mechanical strength of the image sensing apparatus 10.  The number and 

arrangement of each of the memory chip 310 and the dummy chip 320 may be variously 

changed in example embodiments.  In example embodiments, the dummy chip 320 may 

be omitted.  In this case, only the memory chip 310 may be disposed. 

[0061] The encapsulation portion 350 may be formed of, for example, a resin material, and 

may include one or more layers.  The encapsulation portion 350 may be formed of, for 

example, an epoxy resin or a silicone resin.  The encapsulation portion 350 may 

encapsulate the second connection pad 330, the bump 340, and the bonding layer 370.  

The encapsulation portion 350 may directly contact one or more of the active surface of 

the memory chip 310 and/or side and/or back surfaces of the die, for example, a 

semiconductor die, of the memory chip 310.  The encapsulation portion 350 may be 

disposed such that lower surfaces of the memory chip 310 and the dummy chip 320 may 

be exposed, or the encapsulation portion 350 may cover the lower surfaces of the memory 

chip 310 and the dummy chip 320. 

[0062] Each of the second connection pad 330 and the bump 340 may be formed of a 

conductive material.  The bump 340 may have, for example, a cylindrical shape, a 

spherical shape, or a shape, corresponding to a portion of a spherical shape.  The bump 
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340 may include, for example, Sn, Pb, Sn-Pb, Sn-Ag, Sn-Au, Sn-Cu, Sn-Bi, Sn-Zn, Sn-

Ag-Cu, Sn-Ag-Bi, Sn-Ag-Zn, Sn-Cu-Bi, Sn-Cu-Zn, Sn-Bi-Zn, or the like. 

[0063] The bonding layer 370 may bond the dummy chip 320 to the second substrate 

structure 200.  The bonding layer 370 may include, for example, a non-conductive film 

(NCF) or a non-conductive paste (NCP).  In example embodiments, the thickness of the 

bonding layer 370 may be relatively less than the sum of thicknesses of the second 

connection pad 330 and the bump 340.  In this case, the lower surface of the dummy chip 

320 may be covered by the encapsulation portion 350. 

[0064] In the present example embodiment, the third chip structure 300 may be disposed in a 

lowermost portion of the image sensing apparatus 10.  In another example embodiment, 

the third chip structure 300 may be disposed between the first substrate structure 100 and 

the second substrate structure 200.  In this case, the first connection via CV1 may be 

connected to the second substrate structure 200 by passing through the encapsulation 

portion 350. 

[0065] FIGS. 4A and 4B illustrate schematic cross-sectional views of portions of an image 

sensing apparatus, according to example embodiments.  FIGS. 4A and 4B are enlarged 

views of region A of FIG. 3. 

[0066] FIG. 4A illustrates a connection portion between the second substrate 201 and the 

memory chip 310.  The second substrate 201 and the memory chip 310 may be connected 

by a first redistribution portion RL1, the first connection pad 270, the bump 340, the 

second connection pad 330, and a second redistribution portion RL2. 

[0067] The first redistribution portion RL1 may include a first redistribution insulating layer 

262, a barrier layer 261, the first redistribution layer 260, and a first passivation layer 265 
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sequentially stacked from the lower surface of the second substrate 201.  The second 

redistribution portion RL2 may include a second redistribution insulating layer 352, a 

second redistribution layer 351, a third redistribution insulating layer 362, a third 

redistribution layer 360, and a second passivation layer 365 sequentially stacked from the 

upper surface of the memory chip 310. 

[0068] Each of the first, second, and third redistribution insulating layers 262, 352, and 362 

may be formed of an insulating material.  The first redistribution insulating layer 262 may 

electrically isolate the first redistribution layer 260, having conductivity, from the second 

substrate 201.  The second redistribution insulating layer 352 may be disposed in a region 

in which the second redistribution layer 351 is not disposed.  The third redistribution 

insulating layer 362 may be disposed between the second redistribution layer 351 and the 

third redistribution layer 360. 

[0069] Each of the barrier layer 261 and the first, second, and third redistribution layers 260, 

351, and 360 may be formed of a conductive material, for example, one or more of 

tungsten (W), copper (Cu), aluminum (Al), gold (Au), silver (Ag), or an alloy thereof.  

The first redistribution layer 260 may connect the second connection via CV2 to the first 

connection pad 270.  The first redistribution layer 260 may define a position of the first 

connection pad 270, regardless of that of the second connection via CV2.  In an 

implementation, the barrier layer 261 and the first redistribution layer 260 may be layers 

formed by a patterning process, and the barrier layer 261 may only be disposed on an 

upper surface of the first redistribution layer 260.  The second redistribution layer 351 

may connect the memory chip 310 to the third redistribution layer 360.  The third 

redistribution layer 360 may connect the second redistribution layer 351 to the second 
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connection pad 330, and may have a structure including a via VA.  By the second and 

third redistribution layers 351 and 360, the memory chip 310 may be electrically 

connected to the second connection pad 330.  In the first redistribution portion RL1 and 

the second redistribution portion RL2, the number of each of the first to third 

redistribution layers 260, 351, and 360 and the resulting first to third redistribution 

insulating layers 262, 352, and 362 may be variously changed in example embodiments. 

[0070] Each of the first and second passivation layers 265 and 365 may be formed of an 

insulating material, for example, a photosensitive resin. 

[0071] Each of the first and second connection pads 270 and 330 may include one or more 

layers.  Each of the first and second connection pads 270 and 330 may be formed of a 

conductive material, for example, one or more of tungsten (W), copper (Cu), tin (Sn), 

nickel (Ni), aluminum (Al), gold (Au), silver (Ag), or an alloy thereof. 

[0072] In example embodiments, the second substrate 201 and the memory chip 310 may also 

be connected only by the first connection pad 270, the bump 340, and the second 

connection pad 330, without the first and second redistribution portions RL1 and RL2. 

[0073] Referring to FIG. 4B, the second substrate 201 and the memory chip 310 may be 

connected by a first redistribution portion RL1a, a first connection pad 270a, a bump 

340a, and a second connection pad 330a, and a second redistribution portion RL2a. 

[0074] The first redistribution portion RL1a may include a first redistribution insulating layer 

262a, a barrier layer 261a, a first redistribution layer 260a, and a first passivation layer 

265a sequentially stacked from the lower surface of the second substrate 201.  The 

second redistribution portion RL2a may include a third redistribution insulating layer 
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362a, a third redistribution layer 360a, and a second passivation layer 365a sequentially 

stacked from the upper surface of the memory chip 310. 

[0075] In the present example embodiment, the barrier layer 261a and the first redistribution 

layer 260a may be layers formed by a damascene process, and the barrier layer 261a may 

be disposed on an upper surface and a side surface of the first redistribution layer 260a.  

The first redistribution layer 260a may have a structure including a via VA.  Further, the 

first connection pad 270a may have a structure extending from a lower surface of the first 

passivation layer 265a to the first redistribution layer 260a, and may include an under-

bump metallurgy (UBM) layer.  Further, the second redistribution portion RL2a may 

have the second passivation layer 365a disposed around the second connection pad 330a, 

and may only include the third redistribution layer 360a, a single redistribution layer, 

relative to the example embodiment of FIG. 4A. 

[0076] A structure of the connection portion between the second substrate 201 and the 

memory chip 310, as described above, may be variously changed in example 

embodiments, and the respective structures, illustrated in FIGS. 4A and 4B, may be 

selectively combined in example embodiments.  For example, in example embodiments, 

positions of the first redistribution portion RL1 and the second redistribution portion RL2 

may be reversed. 

[0077] FIGS. 5A and 5B illustrate schematic cross-sectional views of pixels forming a pixel 

region of an image sensing apparatus, according to example embodiments.  FIGS. 5A and 

5B are enlarged views of region P of FIG. 3. 

[0078] Referring to FIG. 5A, a pixel Pa may include the storage node region 105, element 

isolation regions 107, the photodiode 130, and the pixel isolation regions 165 disposed 
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within the first substrate 101.  The pixel Pa may include the pixel gate layer 110, the first 

wiring layers 140, and the first via 150 disposed within the first interlayer insulating layer 

120.  The pixel Pa may include the buffer layer 170, the grids 175, the lower 

planarization layer 177, the color filter 180, the upper planarization layer 185, and the 

microlens 190 disposed above the first substrate 101. 

[0079] The storage node region 105 may be disposed within the first substrate 101 to be 

spaced from the photodiode 130 by the element isolation regions 107.  The storage node 

region 105 may include impurities of a conductivity type different from that of the first 

substrate 101.  The storage node region 105 may be a region corresponding to a floating 

diffusion FD that will be described below with reference to FIGS. 6A and 6B. 

[0080] The element isolation regions 107 may extend from one surface of the first substrate 

101 into the first substrate 101, and may be a region formed of an insulating material. 

[0081] The photodiode 130 may be disposed within the first substrate 101, and may absorb 

incoming light as a photoelectric conversion element to generate and accumulate electric 

charges corresponding to intensity of the light.  The photodiode 130 may include an 

impurity region. 

[0082] The pixel isolation regions 165 may be disposed below the boundary of each pixel Pa.  

The pixel isolation regions 165 may surround the photodiode 130.  A relative 

arrangement relationship between the pixel isolation regions 165 and the photodiode 130 

is not limited to that illustrated in the drawings, and may be variously changed in 

example embodiments.  For example, lower surfaces of the pixel isolation regions 165 

may be higher or lower than a lower surface of the photodiode 130.  The pixel isolation 
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regions 165 may include an insulating material.  For example, the pixel isolation regions 

165 may include a silicon oxide and/or a silicon nitride. 

[0083] The pixel gate layer 110 may be disposed between the first wiring layer 140 and the 

photodiode 130.  The pixel gate layer 110 may constitute a gate electrode of a pixel 

circuit element disposed within the pixel Pa. 

[0084] The first wiring layers 140 and the first via 150 may be disposed within the first 

interlayer insulating layer 120 to be electrically connected to the storage node region 105 

and the photodiode 130 disposed within the first substrate 101.  The first wiring layers 

140 may be parallel to one surface of the first substrate 101, and the first via 150 may be 

perpendicular to the one surface of the first substrate 101, and may have a cylindrical 

shape or a truncated cone shape.  Each of the first wiring layers 140 and the first vias 150 

may be formed of a conductive material, for example, one or more of tungsten (W), 

copper (Cu), aluminum (Al), gold (Au), silver (Ag), or an alloy thereof.  The number of 

the first wiring layers 140 and the number and arrangement of the first vias 150 may be 

varied from those illustrated in the drawings. 

[0085] The buffer layer 170 may be disposed on the photodiode 130 and the pixel isolation 

regions 165.  The buffer layer 170 may include an insulating material, for example, one 

or more of SiO2, SiON, Al2O3, HfO2, Ta2O5, and ZrO2, and may include a multilayer film 

formed of different materials. 

[0086] In example embodiments, an anti-reflective layer may be further provided below the 

buffer layer 170.  The anti-reflective layer may allow a refractive index of incoming light 

to be adjusted, such that the light may travel to the photodiode 130 with a high level of 

transmittance. 
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[0087] The grids 175 may be disposed on the buffer layer 170, and may be disposed below 

the boundary of each pixel Pa.  The grids 175 may be disposed above the pixel isolation 

regions 165 in a direction perpendicular to one surface of the first substrate 101.  The 

grids 175 may include, for example, a metal such as aluminum (Al), chromium (Cr), 

molybdenum (Mo), titanium (Ti), or tungsten (W).  In example embodiments, the grids 

175 may also be disposed within the color filter 180.  In this case, the lower planarization 

layer 177 may be omitted. 

[0088] The lower planarization layer 177 may be disposed on the buffer layer 170 and the 

grids 175.  The lower planarization layer 177 may completely cover the grids 175, and 

may have an upper surface higher than that of each of the grids 175.  The lower 

planarization layer 177 may include an insulating material, for example, a silicon oxide. 

[0089] The color filter 180 may be disposed on the lower planarization layer 177.  The color 

filter 180 may be disposed above the photodiode 130.  The color filter 180 may pass light 

having a certain wavelength, such that the filtered light may reach the photodiode 130 

disposed therebelow.  The color filters 180 may be implemented as a color filter array 

including, for example, a red (R) filter, a green (G) filter, and a blue (B) filter.  The color 

filter 180 may be formed of, for example, a mixture of a resin, and coloring agent such as 

a pigment including a metal or a metal oxide. 

[0090] The upper planarization layer 185 may be disposed on the color filter 180.  The upper 

planarization layer 185 may include an insulating material, for example, a silicon oxide. 

[0091] The microlens 190 may redirect a path of light received to a region to concentrate the 

light on the photodiode 130.  The microlens 190 may be formed of a transparent material, 
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for example, a TMR-based resin (Tokyo Ohka Kogyo Co., Ltd.) or an MFR-based resin 

(JSR Corporation). 

[0092] Referring to FIG. 5B, a pixel Pb may have a structure including an organic photodiode 

OPD, in addition to a photodiode 130a, relative to the example embodiment of FIG. 5A.  

For example, the pixel Pb may include the storage node region 105, the element isolation 

regions 107, the photodiode 130a, and pixel vias 160 disposed within the first substrate 

101.  The pixel Pb may further include the pixel gate layer 110, the first wiring layers 140, 

and the first via 150 disposed within the first interlayer insulating layer 120.  The pixel Pb 

may include the buffer layer 170, the organic photodiode OPD, the color filter 180, and 

the microlens 190 disposed on the first substrate 101.  Hereinafter, features of the pixel 

Pb, different from those of the pixel Pa of FIG. 5A, will be described. 

[0093] The photodiode 130a may be formed of a semiconductor material, as in the example 

embodiment of FIG. 5A.  The photodiode 130a, according to the example embodiment, 

may have a lower surface coplanar with that of the first substrate 101.  The photodiode 

130a may include, for example, two impurity regions having different conductivity types. 

[0094] The pixel vias 160 may be electrically isolated from the first substrate 101 and the 

photodiode 130a by pixel via insulating layers 162.  The pixel vias 160 may be formed of 

a conductive material, and may connect the organic photodiode OPD to the first via 150.  

In example embodiments, the pixel vias 160 may also include two or more layers stacked 

in a vertical direction. 

[0095] The organic photodiode OPD may be disposed above the photodiode 130a, and may 

receive light having a color different from that of light received to the photodiode 130a, 

to generate electric charges.  The organic photodiode OPD may include first and second 
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electrode layers 182 and 186 facing each other, and an electrode insulating layer 181 

disposed between portions of the first electrode layer 182, which may be connected to the 

pixel vias 160.  A color selection layer 184 may be disposed between the first and second 

electrode layers 182 and 186 to generate electric charges using a photoelectric effect.  

The color selection layer 184 may include an organic material, and may include a p-type 

layer in which a main carrier is a hole, and an n-type layer in which a main carrier is an 

electron.  The color selection layer 184 may generate electric charges, in response to light 

having a specific wavelength band, and as an example, may generate electric charges, in 

response to light having a green color.  In this case, light having different colors, except 

for the green color, may be transferred to the photodiode 130a through the color filter 180. 

[0096] Each of the first and second electrode layers 182 and 186 may be formed of a 

transparent conductive material, such as ITO, IZO, ZnO, or SnO2, or a semitransparent 

conductive material, such as a metal thin film, or the like.  In example embodiments, the 

second electrode layer 186 may be formed of a material having a work function greater 

than or equal to that of the first electrode layer 182. 

[0097] The respective pixels Pa and Pb of FIGS. 5A and 5B may include photoelectric 

conversion elements, such as one or more photodiodes 130, and may include a pixel 

circuit processing electric charges generated by the photoelectric conversion element.  

Such a pixel circuit will be described below, with reference to FIGS. 6A and 6B. 

[0098] FIGS. 6A and 6B illustrate circuit diagrams of pixel circuits of an image sensing 

apparatus, according to example embodiments. 

[0099] Referring to FIG. 6A, the pixel circuit may be a circuit generating an electrical signal, 

using electric charges generated by an organic photodiode (OPD). 
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[00100] The pixel circuit may include, for example, a plurality of transistors RX, DX, and SX, 

and may have a three transistor (3T) circuit structure.  The pixel circuit may include a 

reset transistor RX, a drive transistor DX, and a select transistor SX.  A gate terminal of 

the drive transistor DX may be connected to a floating diffusion FD, and electric charges 

generated by the organic photodiode OPD may be accumulated in the floating diffusion 

FD.  The organic photodiode OPD may include first and second electrodes parallel to 

each other, and an organic photoconversion layer therebetween.  The organic 

photoconversion layer may receive light having a predetermined wavelength band to 

generate electric charges. 

[00101] The drive transistor DX may operate as a source follower buffer amplifier by electric 

charges accumulated in the floating diffusion FD.  The drive transistor DX may amplify 

electric charges accumulated in the floating diffusion FD and transfer the amplified 

electric charges to the select transistor SX. 

[00102] The select transistor SX may be operated, in response to a select control signal SEL 

input, by a row driver, and may perform switching and addressing operations.  For 

example, when the select control signal SEL is applied from the row driver, a first pixel 

signal VOpix may be output to a first column line connected to the select transistor SX.  

The first pixel signal VOpix may be detected by a column driver and a readout circuit. 

[00103] The reset transistor RX may be operated, in response to a reset control signal RG input 

by the row driver.  The reset transistor RX may reset a voltage of the floating diffusion 

FD to a readout voltage VRD, in response to the reset control signal RG. 

[00104] In the present example embodiment, the organic photodiode OPD may use holes as 

main charge carriers.  For example, when the hole is used as the main charge carrier, a 
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cathode of the organic photodiode OPD may be connected to the floating diffusion FD, 

and an anode of the organic photodiode OPD may be connected to an upper electrode 

voltage Vtop.  The upper electrode voltage Vtop may have a voltage of a few volts, for 

example, about 3.0 V.  Since the hole is generated as the main charge carrier in the 

organic photodiode OPD, a drain terminal of the reset transistor RX may be connected to 

the readout voltage VRD having a voltage level different from that of a power supply 

voltage VDD.  Dark current characteristics may be improved by implementing the pixel 

circuit such that the pixel circuit may use the hole as the main charge carrier.  In example 

embodiments, the organic photodiode OPD may also generate electrons as main charge 

carriers, and may have a resulting circuit structure. 

[00105] Referring to FIG. 6B, the pixel circuit may be a circuit generating an electrical signal, 

using electric charges generated by a semiconductor photodiode SPD. 

[00106] The pixel circuit may be, for example, a 4T circuit including four transistors.  The 

pixel circuit may further include a transfer transistor TX, in addition to a reset transistor 

RX, a drive transistor DX, a select transistor SX.  The semiconductor photodiode SPD, 

connected to the pixel circuit, may be a semiconductor photodiode formed on a 

semiconductor substrate including silicon or the like, and may be connected to a floating 

diffusion FD through the transfer transistor TX.  For example, relative to the example 

embodiment described above with reference to FIG. 6A, a cathode or an anode of the 

semiconductor photodiode SPD may not be directly connected to the floating diffusion 

FD. 

[00107] The transfer transistor TX may transfer electric charges, accumulated in the 

semiconductor photodiode SPD, to the floating diffusion FD, based on a transfer control 
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signal TG transmitted by a row driver.  The semiconductor photodiode SPD may generate 

electrons as main charge carriers.  Operations of the reset transistor RX, the drive 

transistor DX, and the select transistor SX may be similar to those described above with 

reference to FIG. 6A, and a second pixel signal VSpix may be output through a second 

column line connected to the select transistor SX.  The second pixel signal VSpix may be 

detected by a column driver and a readout circuit. 

[00108] FIGS. 7A and 7B illustrate schematic cross-sectional views of image sensing 

apparatuses, according to example embodiments. 

[00109] Referring to FIG. 7A, an image sensing apparatus 10a may not include the first 

connection via CV1, relative to the example embodiment of FIG. 3.  The image sensing 

apparatus 10a may include first connection portions 198 disposed in lower portions of a 

first interlayer insulating layer 120, and second connection portions 298 disposed in 

upper portions of a second interlayer insulating layer 220, to electrically connect a first 

substrate structure 100 to a second substrate structure 200.  The first connection portions 

198 may be connected to first wiring layers 140, and the second connection portions 298 

may be connected to second wiring layers 240.  The first and second connection portions 

198 and 298 may pass through first and second bonding layers 195 and 295, respectively. 

[00110] Each of the first and second connection portions 198 and 298 may have a columnar 

shape.  Each of the first and second connection portions 198 and 298 may be formed of a 

conductive material, and for example, may be a metal layer formed of a metal material.  

For example, each of the first and second connection portions 198 and 298 may be 

formed of copper (Cu).  A width W1 of each of the first connection portions 198 and a 

width W2 of each of the second connection portion 298 may be the same, or one of the 
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widths W1 and W2 may be greater than the other, and the widths W1 and W2 and 

thicknesses of the first and second connection portions 198 and 298 are not limited to 

those illustrated in FIG. 7A. 

[00111] Substrate vias TV may be disposed in a pad region PAD and a connection region 

CONNECT, and the substrate vias TV may be connected to the first wiring layers 140 

and first vias 150 disposed within the first interlayer insulating layer 120 through the first 

substrate 101.  As illustrated in FIG. 7A, a plurality of substrate vias TV may be arranged 

in a single group.  However, example embodiments are not limited thereto.  The substrate 

vias TV may be formed of a conductive material, and an insulating layer may further be 

disposed on a side surface thereof. 

[00112] Referring to FIG. 7B, an image sensing apparatus 10b may further include first and 

second dummy connection portions 198D and 298D, in addition to first and second 

connection portions 198 and 298, relative to the example embodiment of FIG. 7A. 

[00113]  The first dummy connection portions 198D may be disposed in upper portions of a 

first interlayer insulating layer 120, the second dummy connection portions 298D may be 

disposed in upper portions of a second interlayer insulating layer 220, and the first and 

second dummy connection portions 198D and 298D may be formed of the same materials 

as those of the first and second connection portions 198 and 298.  The first and second 

dummy connection portions 198D and 298D may not be electrically connected to first 

and second wiring layers 140 and 240.  For example, each of the first and second dummy 

connection portions 198D and 298D may be in a floating state.  To this end, the first and 

second dummy connection portions 198D and 298D may have thicknesses less than those 

of the first and second dummy connection portions 198D and 298D, respectively.  
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However, example embodiments are not limited thereto.  For example, when the first and 

second dummy connection portions 198D and 298D are disposed in regions in which the 

lowermost first wiring layers 140 and the uppermost second wiring layers 240 are not 

disposed, the first and second dummy connection portions 198D and 298D may have the 

same shapes as those of the first and second dummy connection portions 198D and 298D. 

[00114] FIG. 8 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments. 

[00115] Referring to FIG. 8, an image sensing apparatus 10c may include a third chip structure 

300 that may have a logic chip 320a in addition to a memory chip 310, relative to the 

example embodiment of FIG. 3.  The logic chip 320a may have an upper surface, which 

may be an active surface, and may be bonded to a lower surface of a second substrate 201 

in a flip-chip bonding manner.  The logic chip 320a may be disposed in parallel with the 

memory chip 310, and may have a side surface and an upper surface covered by the 

encapsulation portion 350. 

[00116] The logic chip 320a may be, for example, a microprocessor chip, and may include, for 

example, a central processing unit (CPU), a controller, or an application-specific 

integrated circuit (ASIC) chip.  The logic chip 320a may receive image data from a 

second substrate structure 200 and process the image data.  The logic chip 320a may be 

electrically connected to the second substrate structure 200 through a second connection 

pad 330a and through a bump 340a.  In example embodiments, the logic chip 320a may 

be directly connected to the memory chip 310 through a redistribution structure. 
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[00117] In example embodiments, the image sensing apparatus 10c may also include all of the 

logic chip 320a, and the dummy chip 320 according to the example embodiment of FIG. 

3. 

[00118] FIG. 9 illustrates a schematic cross-sectional view of an image sensing apparatus, 

according to example embodiments. 

[00119] Referring to FIG. 9, an image sensing apparatus 10d may have second connection vias 

CV2 only extending to an upper surface of a second substrate 201, relative to the example 

embodiment of FIG. 3.  In this case, the second connection vias CV2 may be connected 

to second wiring layers 240 through separate connection vias 245.  A structure of the 

second connection vias CV2, as described above, may be formed by a process of forming 

the second connection vias CV2.  For example, the second connection vias CV2 may be 

formed by a via-first process of forming a via prior to formation of circuit elements or by 

a via-last process of forming a via subsequent to formation of a wiring structure.  An 

example embodiment of the process of forming the second connection vias CV2 will be 

described below in more detail, with reference to FIGS. 13A through 13C. 

[00120] The connection vias 245 may be formed of a conductive material, and may have a size 

similar to that of the second connection vias CV2.  In example embodiments, the shape of 

the connection vias 245 may be variously modified.  For example, the connection vias 

245 may also have a structure including a plurality of second vias 250. 

[00121] FIGS. 10A and 10B illustrate schematic flowcharts of a method of manufacturing an 

image sensing apparatus, according to an example embodiment, and  FIGS. 11A and 11B 

illustrate schematic cross-sectional views of a method of manufacturing an image sensing 

apparatus, according to an example embodiment. 
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[00122] Referring to FIGS. 10A and 11A, a first region of a pixel region may be formed on a 

first substrate structure 100p (S110).  In the process, components disposed in a first 

substrate 101 and those disposed in a first interlayer insulating layer 120 may be formed 

in the pixel region PIXEL of FIG. 3. 

[00123] The first substrate 101 may have a first thickness T1, which may be greater than an 

ultimate thickness of the first substrate 101 of FIG. 3.  The components, disposed within 

the first substrate 101 while including storage node regions 105 and photodiodes 130, 

may be formed.  The storage node regions 105 and the photodiodes 130 may be formed 

by injecting impurities into the first substrate 101 through an ion implantation process.  

For example, the storage node regions 105 may be formed by injecting n-type impurities 

into the first substrate 101, and each of the photodiodes 130 may include an n-type 

impurity region and a p-type impurity region. 

[00124] Subsequently, pixel gate layers 110, first wiring layers 140, and first vias 150 may be 

formed on the first substrate 101 to constitute a pixel circuit.  Subsequent to the formation 

of the pixel gate layers 110, at least a portion of the first interlayer insulating layer 120 

may be formed on an upper surface of the first substrate 101.  The first interlayer 

insulating layer 120 may be formed in part in the process of forming the first wiring 

layers 140 and the first vias 150, to ultimately cover the components disposed on the first 

substrate 101.  A first bonding layer 195 may be formed on an upper surface of the first 

interlayer insulating layer 120. 

[00125] In the process, the first substrate structure 100p, including the first substrate 101 and 

the first interlayer insulating layer 120, in which the first region, a portion of the pixel 

region, is formed, may have a first surface 100A and a second surface 100B. 
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[00126] Referring to FIGS. 10A and 11B, a circuit region and second connection vias CV2 

may be formed in a second substrate structure 200 (S120). 

[00127] The second substrate 201 may have a second thickness T2, which may be greater than 

an ultimate thickness of the second substrate 201 of FIG. 3.  Regions for circuit 

configuration, such as an element isolation region and an impurity region, may be formed 

in the second substrate 201, and then circuit gate layers 210 may be formed on the second 

substrate 201. 

[00128] Subsequently, a portion of a second interlayer insulating layer 220 may be formed to 

cover the circuit gate layers 210.  The second interlayer insulating layer 220 and the 

second substrate 201 may be etched to certain depths from upper surfaces thereof to form 

holes, and the holes may be sequentially filled with an insulating material and a 

conductive material, so that second via insulating layers 272 and the second connection 

vias CV2 may be formed.  In the present example embodiment, the second connection 

vias CV2 may be formed by a via-middle process of forming a via prior to formation of a 

wiring after circuit elements are formed. 

[00129] At least a portion of the second interlayer insulating layer 220 may be formed on the 

second substrate 201, and second wiring layers 240 and second vias 250 may be formed 

thereon.  The second interlayer insulating layer 220 may be formed to cover all of the 

circuit gate layers 210, the second wiring layers 240, and the second vias 250.  A second 

bonding layer 295 may be formed on an upper surface of the second interlayer insulating 

layer 220. 
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[00130] In the process, the second substrate structure 200, including the second substrate 201 

and the second interlayer insulating layer 220, in which a circuit for driving pixels is 

formed, may have a first surface 200A and a second surface 200B. 

[00131] Referring to FIGS. 10A and 11C, the first substrate structure 100p may be bonded to 

the second substrate structure 200 (S130). 

[00132] For example, the first substrate structure 100p and the second substrate structure 200 

may be bonded by bonding the first surface 100A of the first substrate structure 100p to 

the first surface 200A of the second substrate structure 200.  The first bonding layer 195 

of the first substrate structure 100p and the second bonding layer 295 of the second 

substrate structure 200 may be bonded to each other.  For example, when the first and 

second bonding layers 195 and 295 are formed of the same materials, the first and second 

bonding layers 195 and 295 may be bonded by pressure without a separate bonding layer. 

[00133] The image sensing apparatuses 10a and 10b, described above with reference to FIGS. 

7A and 7B, may be fabricated by forming the first and second connection portions 198 

and 298, such that the first and second connection portions 198 and 298 may pass through 

the first and second bonding layers 195 and 295, respectively, in the previous processes 

described above with reference to FIGS. 11A and 11B, and then bonding the first and 

second bonding layers 195 and 295, such that the first and second connection portions 

198 and 298 may be connected to each other. 

[00134] Referring to FIGS. 10A and 11D, a second region of the pixel region may be formed 

on one surface of the first substrate structure 100p (S140).  In the process, components, 

disposed on the first substrate 101, may mainly be formed in the pixel region PIXEL of 

FIG. 3. 
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[00135] First, a process of thinning the first substrate 101 may be performed.  Material of the 

first substrate 101 may be removed from the second surface 100B of the first substrate 

structure 100p by a predetermined thickness, to have a third thickness T3 less than the 

first thickness T1 of FIG. 11A.  A portion of the first substrate 101 may be removed by a 

polishing process or a back-grinding process. 

[00136] Pixel isolation regions 165 may be formed to have a predetermined depth from an 

upper surface of the first substrate 101 of which the portion has been removed.  

Subsequently, a buffer layer 170 may be formed on the upper surface of the first substrate 

101, and grids 175 may be formed in regions including boundaries of the pixels.  A lower 

planarization layer 177 may be formed to cover the grids 175.  Color filters 180 may be 

formed as, for example, red (R), green (G), and blue (B) filters, in the respective pixels.  

An upper planarization layer 185 may be formed on the color filters 180, and microlenses 

190 may be formed on the upper planarization layer 185. 

[00137] Referring to FIGS. 10A and 11E, first connection vias CV1 may be formed to extend 

from one surface of the first substrate structure 100p (S150). 

[00138] The first connection vias CV1 may pass through the first substrate 101 and the first 

interlayer insulating layer 120, and may extend into the second interlayer insulating layer 

220, from the upper surface of the first substrate 101.  The first connection vias CV1 may 

be connected to the uppermost second wiring layers 240 in the second interlayer 

insulating layer 220.  In example embodiments, extension lengths of the first connection 

vias CV1 may be different.  For example, the first connection vias CV1, formed in the 

connection region CONNECT of FIG. 3, may extend to at least one first wiring layer 140 
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disposed within the first interlayer insulating layer 120, and the first connection vias CV1, 

formed in the pad region PAD, may extend into the second interlayer insulating layer 220. 

[00139] Holes may be formed to extend from the upper surface of the first substrate 101, and a 

conductive material may be deposited in the holes to form the first connection vias CV1.  

First via insulating layers 172 may be formed on side surfaces of the first connection vias 

CV1 in the first substrate 101. 

[00140] Subsequently, an upper insulating layer 192 may be formed to cover the upper surface 

of the first substrate 101, and a pad layer 197 may be formed in the pad region PAD of 

FIG. 3 to connect to the first connection via CV1. 

[00141] By the process, the first substrate structure 100, including the first substrate 101, may 

be completed.  In example embodiments, a test process for an image sensing unit, 

including the first and second substrate structures 100 and 200, for example, an image 

sensor, may further be performed. 

[00142] Referring to FIG. 10A, a process of mounting a semiconductor chip on one surface of 

the second substrate structure 200 may be performed (S160).  Operations for the process 

are illustrated in FIG. 10B. 

[00143] Referring to FIGS. 10B and 11F, a carrier substrate 400 may be bonded to one surface 

of the first substrate structure 100 (S161). 

[00144] The carrier substrate 400 may be bonded to support a stack structure of the first and 

second substrate structures 100 and 200 in a subsequent process.  The carrier substrate 

400 may be bonded to the second surface 100B of the first substrate structure 100, for 

example, using a bonding layer.  The bonding layer may be formed of a material enabling 

the carrier substrate 400 to be attached thereto or detached therefrom in a subsequent 
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process, and a film-type or liquid-type material may be used.  The carrier substrate 400 

may include, for example, silicon (Si), germanium (Ge), silicon germanium (SiGe), 

gallium arsenide (GaAs), glass, plastic, or ceramic. 

[00145] Referring to FIGS. 10B and 11G, the second connection vias CV2 may be exposed by 

removing a portion of the second substrate structure 200 (S162).  A portion of the second 

substrate 201 may be removed from the second substrate structure 200, and the second 

substrate 201 may be thinned from an upper surface corresponding to the second surface 

200B of the second substrate structure 200.  Accordingly, the second substrate 201 may 

have a fourth thickness T4 less than the second thickness T2 of FIG. 11B. 

[00146] Referring to FIGS. 10B and 11H, first connection pads 270, connected to the exposed 

second connection vias CV2, may be formed (S163).  In addition to the first connection 

pads 270, the first redistribution insulating layer 262 or 262a, the first redistribution layer 

260 or 260a, and the first passivation layer 265 or 265a, described above with reference 

to FIGS. 4A and 4B, may be formed in the process. 

[00147] Referring to FIGS. 10B and 11I, a semiconductor chip, having second connection pads 

330 formed on one surface thereof, may be prepared (S164).  The semiconductor chip 

may include a memory chip 310.  The memory chip 310 may be a tested chip, and may 

have the second connection pads 330 formed on an upper surface of the memory chip 310.  

In addition to the second connection pads 330, redistribution layers, for example, the 

second redistribution insulating layer 352, the second redistribution layer 351, and the 

third redistribution insulating layer 362 or 362a, the third redistribution layer 360 or 360a, 

and the second passivation layer 365 or 365a, described above with reference to FIGS. 

4A and 4B, may be formed in the process. 
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[00148] Referring to FIGS. 10B and 11J, the semiconductor chip may be connected to the 

second substrate structure 200, using bumps 340 (S165).  The first connection pad 270 

and the second connection pad 330 may be connected using the bumps 340, and thus the 

memory chip 310 may be mounted on a stack structure of the first and second substrate 

structures 100 and 200.  In the process, a dummy chip 320 may be mounted together with 

the memory chip 310, and may be connected to the second substrate 201 by a bonding 

layer 370.  The dummy chip 320 may also be connected to the second substrate 201, 

using a dummy bump, in a manner similar to that of mounting the memory chip 310.  The 

image sensing apparatus 10c, described above with reference to FIG. 8, may be fabricated 

by mounting a logic chip 320a in the same manner as that of mounting the memory chip 

310 in the process. 

[00149] Referring to FIGS 10B and 11K, an encapsulation portion 350 may be formed to 

encapsulate the semiconductor chip (S166).  The encapsulation portion 350 may cover 

the memory chip 310 and the dummy chip 320, and may fill a space between the bumps 

340.  In example embodiments, the encapsulation portion 350 may have a multilayer 

structure, and may include an under-fill portion filling the space between the bumps 340. 

[00150] Referring to FIGS. 10B and 11L, the carrier substrate 400 may be removed from the 

first substrate structure 100 (S167).  After the carrier substrate 400 is detached from the 

first substrate structure 100, a bonding layer used in bonding the carrier substrate 400 

may be removed, and a cleaning process may be performed.  In example embodiments, a 

test process for an image sensing apparatus, including the memory chip 310, may further 

be performed. 
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[00151] Referring to FIGS. 3 and 10B, a portion of the encapsulation portion 350 may be 

removed, such that one surface of the semiconductor chip may be exposed (S168).  The 

portion of the encapsulation portion 350 may be removed by a grinding process, whereby 

lower surfaces of the memory chip 310 and the dummy chip 320 may be exposed. 

[00152] Referring to FIGS. 3 and 10A, a process of separating the stack structure of the first 

and second substrate structures 100 and 200, having the semiconductor chip mounted 

thereon, into unit image sensing apparatuses 10 may be performed (S170). 

[00153] First, the stack structure of the first and second substrate structures 100 and 200, 

having the memory chip 310 mounted thereon, may be separated into the unit image 

sensing apparatuses 10 by a blade cutting process or a laser cutting process. 

[00154] FIGS. 12A and 12B are views of a method of manufacturing an image sensing 

apparatus, according to example embodiments. 

[00155] Referring to FIGS. 12A and 12B, the method of manufacturing an image sensing 

apparatus, described above with reference to FIGS. 11A through 11L, is schematically 

illustrated on a wafer scale.  A first wafer WF1 may be a wafer including the first 

substrate structure 100 of FIG. 3, for example, in plurality.  A second wafer WF2 may be 

a wafer including the second substrate structure 200 of FIG. 3, for example, in plurality.  

Chips CP may include the memory chip 310 and the dummy chip 320 of FIG. 3. 

[00156] As illustrated in FIG. 12A, the first wafer WF1 and the second wafer WF2 may be 

bonded on a wafer level.  The chips CP may be bonded to the second wafer WF2 in a 

chip on wafer (COW) manner.  Subsequently, as illustrated in FIG. 12B, the first wafer 

WF1, the second wafer WF2, and the chips CP may be separated into image sensing 

apparatuses 10 in a bonding state.  Each of the respectively separated image sensing 
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apparatuses 10 may include the first substrate structure 100, the second substrate structure 

200, and the third chip structure 300. 

[00157] FIGS. 13A through 13C are schematic cross-sectional views of a method of 

manufacturing an image sensing apparatus, according to example embodiments.  Relative 

to the process described above with reference to FIG. 11B, FIGS. 13A through 13C 

illustrate a process of forming the second connection vias CV2 by a via-last process, 

subsequent to bonding the first substrate 101 to the second substrate 201 (S130). 

[00158] Referring to FIG. 13A, while only the circuit region is formed on the second substrate 

structure 200 in S120, described above with reference to FIG. 11B, the first substrate 

structure 100p and the second substrate structure 200 may be bonded (S130). 

[00159] Referring to FIG. 13B, as described above with reference to FIG. 11D, the second 

region of the pixel region may be formed on one surface of the first substrate structure 

100p (S140). 

[00160] Referring to FIG. 13C, as described above with reference to FIGS. 11E through 11G, 

the first connection vias CV1 may be formed to extend from the one surface of the first 

substrate structure 100p (S150), the carrier substrate 400 may be bonded to one surface of 

the first substrate structure 100 (S161), and a portion of the second substrate 201 may be 

removed.  Subsequently, via holes CV2p may be formed within the second substrate 

structure 200, in order to form the second connection vias CV2.  The via holes CV2p may 

be sequentially filled with an insulating material and a conductive material to form the 

second via insulating layers 272 and the second connection vias CV2. 

[00161] Subsequently, the processes, described above with reference to FIGS. 11H through 

11L, may be performed in the same manner. 
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[00162] FIG. 14 illustrates a block diagram of a system including an image sensing apparatus, 

according to example embodiments. 

[00163] Referring to FIG. 14, a system 2000 may be any one of a computing system, a camera 

system, a scanner, a vehicle navigation device, a video phone, a security system, or a 

motion detection system that may require image data. 

[00164] The system 2000 may include an image sensing apparatus 2010, an input/output (I/O) 

device 2020, a memory device 2030, a processor 2040, and a power supply 2050.  The 

system 2000 may further include ports that may communicate with a video card, a sound 

card, a memory card, a universal serial bus (USB) device, or with other electronic devices. 

[00165] The processor 2040 may perform specific arithmetic operations, or tasks.  According 

to an example embodiment, the processor 2040 may be a microprocessor or a central 

processing unit (CPU).  The processor 2040 may communicate with the image sensing 

apparatus 2010, the memory device 2030, and the I/O device 2020 via a bus 2060.  

According to an example embodiment, the processor 2040 may be connected to an 

expansion bus, such as a peripheral component interconnect (PCI) bus. 

[00166] The image sensing apparatus 2010 may also have an image sensor and a memory 

which may be provided as a single independent semiconductor chip.  The image sensing 

apparatus 2010 may be fabricated or provided according to the example embodiments 

described above with reference to FIGS. 1 through 13C. 

[00167] The I/O device 2020 may include an input device, such as a touch screen, a keyboard, 

a keypad, or a mouse, and an output device, such as a printer or a display.  The memory 

device 2030 may store data for operations of the system 2000.  For example, the memory 

device 2030 may be provided as a dynamic random access memory (DRAM), a mobile 
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DRAM, a static random access memory (SRAM), a phase change random access memory 

(PRAM), a ferroelectric random access memory (FRAM), a resistance random access 

memory (RRAM), and/or a magnetic random access memory (MRAM).  In addition, the 

system 2000 may further include a storage device, such as, a solid-state drive (SSD), a 

hard disk drive (HDD), or a compact disk-read only memory (CD-ROM).  The power 

supply 2050 may supply an operating voltage required for operations of the system 2000. 

[00168] As set forth above, embodiments may provide an image sensing apparatus that may 

have a compact size and improved image processing speed, and a method of 

manufacturing the same.  The image sensing apparatus may include a stack of a pixel 

region, a circuit region, and a semiconductor chip. 

[00169] Example embodiments have been disclosed herein, and although specific terms are 

employed, they are used and are to be interpreted in a generic and descriptive sense only 

and not for purpose of limitation.  In some instances, as would be apparent to one of 

ordinary skill in the art as of the filing of the present application, features, characteristics, 

and/or elements described in connection with a particular embodiment may be used 

singly or in combination with features, characteristics, and/or elements described in 

connection with other embodiments unless otherwise specifically indicated.  Accordingly, 

it will be understood by those of skill in the art that various changes in form and details 

may be made without departing from the spirit and scope of the present invention as set 

forth in the following claims. 



- 42 - 

 

WHAT IS CLAIMED IS:  

 

 1. A method of manufacturing an image sensing apparatus, the method 

comprising: 

 forming a first substrate structure including a first region of a pixel region, the first 

substrate structure having a first surface and a second surface opposite the first 

surface; 

 forming a second substrate structure including a circuit region for driving the pixel 

region, the second substrate structure having a third surface and a fourth surface 

opposite the third surface; 

 bonding the first substrate structure to the second substrate structure, such that the 

first surface of the first substrate structure is connected to the third surface of the 

second substrate structure; 

 forming a second region of the pixel region on the second surface of the first 

substrate structure, subsequent to the bonding of the first substrate structure to the 

second substrate structure; 

 forming a first connection via, the first connection via extending from the second 

surface of the first substrate structure to pass through the first substrate structure; 

 mounting semiconductor chips including memory chips on the fourth surface of 

the second substrate structure, using a conductive bump, subsequent to the bonding of 

the first substrate structure to the second substrate structure;  

 separating a stack structure of the first substrate structure, the second substrate 

structure, and the semiconductor chips into unit image sensing apparatuses; and  



- 43 - 

 forming a second connection via passing through a first portion of the second 

substrate structure,  

 wherein the forming of the second connection via is performed prior to the bonding 

of the first substrate structure to the second substrate structure, and further includes 

exposing the second connection via by removing a second portion of the second 

substrate structure from the fourth surface, subsequent to the forming of the second 

region of the pixel region. 

 

 2. The method as claimed in claim 1, further comprising: 

 bonding a carrier substrate to the second surface of the first substrate structure, 

subsequent to the bonding of the first substrate structure to the second substrate 

structure; and 

 removing the carrier substrate from the second surface of the first substrate 

structure. 

 

 3. The method as claimed in claim 1, further comprising: forming a 

redistribution layer and a conductive connection pad on the fourth surface of the 

second substrate structure, the conductive connection pad being disposed on the 

redistribution layer and connected to the conductive bump, prior to the mounting of 

the semiconductor chips. 

 

 4. The method as claimed in claim 1, further comprising: forming an 

encapsulation portion encapsulating the semiconductor chips. 
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 5. The method as claimed in claim 4, further comprising: removing a portion 

of the encapsulation portion, such that one surface of the semiconductor chips are 

exposed. 

 

 6. The method as claimed in claim 1, wherein the semiconductor chips 

include: 

 a redistribution layer disposed on a surface, connected to the fourth surface of the 

second substrate structure; and 

 a connection pad disposed on the redistribution layer and connected to the 

conductive bump. 

 

 7. The method as claimed in claim 1, wherein the mounting of the 

semiconductor chips includes mounting dummy chips, electrically isolated from the 

circuit region, together with the semiconductor chips. 

 

 8. The method as claimed in claim 1, wherein the mounting of the 

semiconductor chips includes mounting logic chips, electrically connected to the 

circuit region, together with the semiconductor chips. 

 

 9. The method as claimed in claim 1, wherein the second substrate structure 

includes: 

 a second substrate having elements disposed thereon to form the circuit region; and 

 an interlayer insulating layer disposed on the second substrate and having a wiring 

structure disposed therein, 
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 wherein the first connection via extends to a portion of the interlayer insulating 

layer. 

 

 10. The method as claimed in claim 9, wherein the second connection via 

passes through the second substrate, and is connected to the wiring structure disposed 

in the interlayer insulating layer. 

 

 11. The method as claimed in claim 10, wherein the first connection via and the 

second connection via are disposed in different positions on a plane. 

 

 12. The method as claimed in claim 1, wherein: 

 the first substrate structure includes a first substrate, the first substrate having a 

photoelectric conversion element, and having a fifth surface and a sixth surface, 

 the first region of the pixel region includes a region formed from the fifth surface 

of the first substrate, and 

 the second region of the pixel region includes a region formed from the sixth 

surface of the first substrate. 

 

 13. A method of manufacturing an image sensing apparatus, the method 

comprising: 

 forming a first substrate structure including a photoelectric conversion element in a 

pixel region, the first substrate structure having a first surface and a second surface 

opposite the first surface; 
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 forming a second substrate structure including a circuit region for driving the pixel 

region, the second substrate structure having a third surface and a fourth surface 

opposite the third surface; 

 bonding the first substrate structure to the second substrate structure, such that the 

first surface of the first substrate structure is connected to the third surface of the 

second substrate structure; 

 forming a color filter and a microlens of the pixel region on the second surface of 

the first substrate structure, subsequent to the bonding of the first substrate structure to 

the second substrate structure;  

 mounting semiconductor chips including memory chips on the fourth surface of 

the second substrate structure, using a conductive bump, subsequent to the bonding of 

the first substrate structure to the second substrate structure; and 

 forming a connection via passing through a first portion of the second substrate 

structure, 

 wherein the forming of the connection via is performed prior to the bonding of the 

first substrate structure to the second substrate structure, and further includes exposing 

the connection via by removing a second portion of the second substrate structure 

from the fourth surface, subsequent to the forming of the color filter and the microlens. 

 

 14. The method as claimed in claim 13, wherein the mounting of the 

semiconductor chips includes: 

 bonding a carrier substrate to the second surface of the first substrate structure; 

 forming a redistribution layer and a conductive connection pad on the fourth 

surface of the second substrate structure, the conductive connection pad being 

disposed on the redistribution layer and connected to the conductive bump; 
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 connecting the semiconductor chips on the fourth surface of the second substrate 

structure, using the conductive bump; 

 forming an encapsulation portion encapsulating the semiconductor chips; and 

 removing the carrier substrate from the second surface of the first substrate 

structure. 

 

 15. The method as claimed in claim 13, wherein the bonding of the first 

substrate structure to the second substrate structure includes: 

 forming a first metal connection portion on the first surface of the first substrate 

structure; 

 forming a second metal connection portion on the third surface of the second 

substrate structure; and 

 bonding the first metal connection portion to the second metal connection portion. 

 

 16. The method as claimed in claim 15, wherein the first metal connection 

portion and the second metal connection portion each have a columnar shape, and the 

first substrate structure and the second substrate structure are electrically connected by 

the first metal connection portion and the second metal connection portion. 

 

 17. A method of manufacturing an image sensing apparatus, the method 

comprising: 

 forming a stack structure of a first substrate structure and a second substrate 

structure, by bonding the first substrate structure to the second substrate structure, 

such that a first surface of the first substrate structure is connected to a third surface of 

the second substrate structure;  
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 wherein the first substrate structure comprises a second surface opposite the first 

surface, and wherein the second substrate structure comprises a fourth surface 

opposite the third surface; 

 wherein the first substrate structure includes a pixel region, and the second 

substrate structure includes a circuit region for driving the pixel region; 

 forming a connection via passing through a first portion of the second substrate 

structure, 

 wherein the forming of the connection via is performed prior to the bonding of the 

first substrate structure to the second substrate structure; 

 bonding a carrier substrate to the second surface of the first substrate structure;

 exposing the connection via by removing a second portion of the second substrate 

structure from the fourth surface, subsequent to the bonding of the first substrate 

structure to the second substrate structure; 

 forming a redistribution layer and a conductive connection pad disposed on the 

redistribution layer, on the fourth surface of the second substrate structure; 

 connecting semiconductor chips including memory chips on the fourth surface of 

the second substrate structure, using a conductive bump, subsequent to the forming of 

the stack structure of the first substrate structure and the second substrate structure; 

 forming an encapsulation portion encapsulating the semiconductor chips; 

 removing the carrier substrate from the second surface of the first substrate 

structure; and 

 separating a stack structure of the first substrate structure, the second substrate 

structure, and the semiconductor chips into unit image sensing apparatuses. 

 

 


