
CHIP STRUCTURE INCLUDING HEATING ELEMENT 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims benefit of priority to Korean Patent Application No. 

10-2017-0103828 filed on August 16, 2017 in the Korean Intellectual Property Office, 

the disclosure of which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present inventive concept relates to a chip structure, and more 

particularly, to a chip structure including a heating element capable of heating a pixel 

array region of an image sensor. 

BACKGROUND 

[0003] An image sensor that converts incident light into an electrical signal to form 

image data may be used not only in an electronic device for a general consumer, such as 

a digital camera, a camera for a mobile phone, a portable camcorder, or the like, but also 

in a camera mounted on a vehicle, a security device, a robot, or the like. Because image 

sensors may be miniaturized and have high resolution, various studies aimed at 

satisfying the demand for miniaturization and high resolution of such image sensors are 

being conducted. 

SUMMARY 

[0004] An aspect of the present inventive concept may provide a chip structure 

including a plurality of chips. 

[0005] An aspect of the present inventive concept may provide a chip structure 
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including a heating element. 

[ 0 0 0 6 	According to an aspect of the present inventive concept, a chip structure is 

provided. The chip structure includes: a first lower chip structure; and an upper chip 

structure on the first lower chip structure and having a pixel array region. The first 

lower chip structure comprises: a first lower semiconductor substrate having a first side 

and a second side opposing each other; a first portion on the first side of the first lower 

semiconductor substrate; and a second portion on the second side of the first lower 

semiconductor substrate, the first portion of the first lower chip structure comprises a 

gate wiring, the second portion of the first lower chip structure comprises a second side 

wiring and a heating element, and the heating element is on the same plane as that of the 

second side wiring and has a length greater than that of the second side wiring. 

[00 07 	According to an aspect of the present inventive concept, a chip structure is 

provided. The chip structure includes: a lower semiconductor substrate having a first 

side and a second side opposing each other; a first portion on the first side of the lower 

semiconductor substrate, and having a gate wiring; and a second portion on the second 

side of the lower semiconductor substrate, and having a second side wiring and a 

heating element. The heating element is on the same plane as that of the second side 

wiring, and has a length greater than that of the second side wiring. 

[00 0 8 ] According to an aspect of the present inventive concept, a chip structure is 

provided. The chip structure comprises: a lower chip structure having a wiring and a 

heating element, the heating element being on the same plane as that of the wiring and 

having a length greater than that of the wiring; and an upper chip structure disposed on 

the lower chip structure and having a pixel array region. The heating element overlaps a 

portion of the pixel array region. An arrangement density of the wiring and an 

arrangement density of the heating element are configured to reduce temperature 
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differences between different areas of the pixel array region. 

[0009] According to an aspect of the present inventive concept, a chip structure 

operating method is provided. The chip structure operating method comprises operating 

a chip structure comprising temperature sensors, heating elements, and a pixel array 

region, deteiiiiining a high temperature region and a low temperature region in the pixel 

array region by sensing temperatures in the pixel array region using the temperature 

sensors, and heating the low temperature region in the pixel array region using the 

heating elements. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] The above and other aspects, features and other advantages of the present 

inventive concept will be more clearly understood from the following detailed 

description, taken in conjunction with the accompanying drawings, in which: 

FIG. 1 is a perspective view schematically illustrating a chip structure 

according to some embodiments of the inventive concept; 

FIG. 2 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 3 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

FIG. 4 is a block diagram schematically illustrating a cross-sectional area of a 

portion of a chip structure to illustrate an example of a chip structure according to some 

embodiments of the inventive concept; 

FIG. 5 is a plan view illustrating an exemplary example of a chip structure 

according to some embodiments of the inventive concept; 

FIG. 6 is a plan view schematically illustrating an enlarged portion of a chip 



structure according to some embodiments of the inventive concept; 

FIG. 7 is a cross-sectional view schematically illustrating an enlarged portion of 

a chip structure according to some embodiments of the inventive concept; 

FIG. 8 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 9 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 10 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

FIG. 11 is a block diagram schematically illustrating a cross-sectional area of a 

portion of a chip structure to illustrate an example of a chip structure according to some 

embodiments of the inventive concept; 

FIG. 12 is a plan view illustrating an example of a chip structure according to 

some embodiments of the inventive concept; 

FIG. 13 is a plan view schematically illustrating an enlarged portion of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 14 is a flow chart illustrating an operating method of a chip structure 

according to some embodiments of the inventive concept; 

FIG. 15 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 16 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

FIG. 17 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 18 is a perspective view schematically illustrating an example of a chip 



structure according to some embodiments of the inventive concept; 

FIG. 19 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 20 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

FIG. 21 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 22 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments of the inventive concept; 

FIG. 23 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

FIG. 24 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept; 

and 

FIG. 25 is a longitudinal cross-sectional view schematically illustrating an 

example of a chip structure according to some embodiments of the inventive concept. 

DETAILED DESCRIPTION 

[0011 ] Hereinafter, example embodiments of the present inventive concept will be 

described with reference to the accompanying drawings. 

[0 012 ] It will be understood that when an element is referred to as being 

"connected" or "coupled" to another element, it can be directly connected or coupled to 

the other element or intervening elements may be present. In contrast, when an 

element is referred to as being "directly connected" or "directly coupled" to another 

element, there are no intervening elements present. Other words used to describe the 



relationship between elements or layers should be interpreted in a like fashion (e.g., 

"between" versus "directly between," "adjacent" versus "directly adjacent," "on" versus 

"directly on"). 

[0013] An image sensor, which includes photoelectric elements (e.g., photodiodes), 

may be mounted on or in an electronic device. For example, the image sensor may be 

mounted on an electronic device as a 2-stack CMOS image sensor package foiiiied with 

a logic chip, or may be mounted on an electronic device as a 3-stack CMOS image 

sensor package formed with a logic chip and a DRAM chip. The image sensor may, 

however, be affected by heat from an adjacent chip, such as a logic chip. Because the 

heat generated by an adjacent chip may not be uniformly transferred across the entirety 

of the pixel array, some areas or regions of the pixel array may have a relatively high 

temperature and some areas or regions of the pixel array may have a relatively low 

temperature. The charge generated by the photoelectric elements in response to 

incident light is dependent on temperature. As a result, the disparity in temperature 

across the pixel array may result in image distortion. Some embodiments of the 

inventive concept stem from a realization that a chip structure adjacent a pixel array 

may include both wiring and a heating element and that the arrangement densities of the 

wiring and heating element, respectively, can be configured to reduce temperature 

differences across regions or areas of the pixel array. By reducing temperature 

variation across the pixel array, image distortion and errors may be reduced. 

[0014] A chip structure according to an example embodiment will be described with 

reference to FIG. 1. FIG. 1 is a perspective view schematically illustrating a chip 

structure according to some embodiments. 

[0015] Referring to FIG. 1, a chip structure 1 may include a lower chip structure 50 

having a heating element and an upper chip structure 10 disposed on the lower chip 
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structure 50. The upper chip structure 10 may be an image sensor including a pixel array 

region. 

[0016] An example of the lower chip structure 50 will be described with reference 

to FIG. 2. FIG. 2 is a perspective view schematically illustrating an example of a chip 

structure according to some embodiments. 

[0017] Referring to FIGS. 1 and 2, the lower chip structure 50 may include a second 

lower chip structure 30 and a first lower chip structure 20 disposed on the second lower 

chip structure 30. The first lower chip structure 20 may be interposed between the upper 

chip structure 10 and the second lower chip structure 30. 

[0018] The first lower chip structure 20 may include a first portion 20F, a second 

portion 20B, and a first lower substrate portion 20S between the first portion 20F and 

the second portion 20B. The first portion 20F may be closer than the second portion 

20B to the upper chip structure 10. The first portion 20F may include a first side wiring. 

The second portion 20B may include a second side wiring and a heating element. 

[0019] An example of the chip structure 1 including the upper chip structure 10 and 

the lower chip structure 50 will be described with reference to FIG. 3. FIG. 3 is a 

longitudinal cross-sectional view schematically illustrating an example of a chip 

structure according to some embodiments. 

[0020] Referring to FIG. 3 in addition to FIGS. 1 and 2, the upper chip structure 10 

may include a first portion 10F, a second portion 10B, and an upper substrate portion 

10S between the first portion 1OF and the second portion 10B. 

[0 02 1 ] The upper substrate portion 10S may include an upper semiconductor 

substrate 105 having a first side 105f and a second side 105b opposing each other, and 

photoelectric elements 115 in the upper semiconductor substrate 105. 

[0 02 2 ] In this specification, with respect to a first side and a second side of a 
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semiconductor substrate, opposing each other, the 'first side' may be referred to as a 

`front side', and the 'second side' may be referred to as a 'back side'. 

[0023] The photoelectric elements 115 may be a silicon photodiode or a silicon 

photoelectric conversion element. The photoelectric elements 115 may be arranged in a 

row direction and a column direction. In this specification, a region in which the 

photoelectric elements 115 are arranged is defined as a 'pixel array region PX'. Thus, 

the pixel array region PX may be understood as a region including the photoelectric 

elements 115. 

[0024] The first portion 10F may be disposed on the first side 105f of the upper 

semiconductor substrate 105. The first portion 1OF may include a first side insulating 

layer 130 of the first side 105f of the upper semiconductor substrate 105 and a first side 

wiring 135 in the first side insulating layer 130. The first side wiring 135 may be may 

have a multilayer structure. A wiring among the first side wiring 135, close to the first 

side 105f of the upper semiconductor substrate 105, may be upper gate wirings 135g. 

Shallow trench isolation regions 110 may be disposed in the first side 105f of the upper 

semiconductor substrate 105. 

[0 02 5] The second portion 10B may be disposed on the second side 105b of the 

upper semiconductor substrate 105. The second portion 10B may include a second side 

lower insulating layer 152 on the second side 105b of the upper semiconductor substrate 

105, a second side upper insulating layer 154 on the second side lower insulating layer 

152, color filters 160 in the second side upper insulating layer 154, and microlenses 165 

on the color filters 160. The photoelectric elements 115, the color filters 160, and the 

microlenses 165 may overlap each other. 

[0026] The first lower chip structure 20 may include a first portion 20F, a second 

portion 20B, and a first lower substrate portion 20S between the first portion 20F and 
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the second portion 20B. 

[0027] The first lower substrate portion 20S may include a first lower 

semiconductor substrate 205 having a first side 205f and a second side 205b opposing 

each other. 

[0 0 28] The first portion 20F may be disposed on the first side 205f of the first lower 

semiconductor substrate 205. The first portion 20F may include a first side insulating 

layer 230 disposed on the first side 205f of the first lower semiconductor substrate 205 

and a first side wiring 235 in the first side insulating layer 230. The first side wiring 235 

may have a multilayer structure. A wiring among the first side wiring 235, close to the 

first side 205f of the first lower semiconductor substrate 205, may be lower gate wirings 

235g. Shallow trench isolation regions 210 may be disposed in the first side 205f of the 

first lower semiconductor substrate 205. 

(0 0 2 9 ] The second portion 20B may be disposed on the second side 205b of the first 

lower semiconductor substrate 205. The second portion 20B may include a second side 

lower insulating layer 252 disposed on the second side 205b of the first lower 

semiconductor substrate 205, a second side wiring 260 and a heating element 450 on the 

second side lower insulating layer 252, and a second side upper insulating layer 254 

covering or enveloping the second side wiring 260 and the heating element 450. 

[0030] In some embodiments, the second side wiring 260 and the heating element 

450 may be disposed on the same plane. The second side wiring 260 and the heating 

element 450 may be formed of the same conductive material (e.g., titanium (Ti), 

titanium nitride (TiN), and/or copper (Cu), or the like). 

[0031] The first lower chip structure 20 may include back side pads 270 electrically 

connected to the second side wiring 260 while passing through the second side upper 

insulating layer 254 and spaced apart from the heating element 450. 
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[0 0 3 2 ] The second lower chip structure 30 may include a second lower 

semiconductor substrate 305 having a first side 305f and a second side 305b opposing 

each other, a first side insulating layer 330 disposed on the first side 305f of the second 

lower semiconductor substrate 305, a first side wiring 335 in the first side insulating 

layer 330, and front side pads 360 on the first side insulating layer 330. 

[0033] Shallow trench isolation regions 310 may be disposed in the first side 305f 

of the second lower semiconductor substrate 305. Embedded gates 315 may be disposed 

in the second lower semiconductor substrate 305 adjacent to the first side 305f of the 

second lower semiconductor substrate 305. 

[0034] In some embodiments, the second lower chip structure 30 may include data 

storage elements 340 in the first side insulating layer 230. For example, the data storage 

elements 340 may be memory cell capacitors of a dynamic random access memory 

(DRAM), but embodiments of the inventive concept are not limited thereto. The data 

storage elements 340 may be formed of a material that may store data using a resistance 

change, such as, for example, a phase change material. 

[0035] In some embodiments, the chip structure 1 may include molding layers 380 

located on both sides of the second lower chip structure 30 and opposing the first lower 

chip structure 20. 

[0036] In some embodiments, the chip structure 1 may include conductive 

connectors 435 disposed between the back side pads 270 of the first lower chip structure 

20 and the front side pads 360 of the second lower chip structure 30 to electrically 

connect the back side pads 270 to the front side pads 360. Thus, the first lower chip 

structure 20 and the second lower chip structure 30 may be electrically connected to 

each other. Side surfaces of the conductive connectors 435 may be surrounded by an 

insulating material 430. 
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[0037] In some embodiments, the first lower chip structure 20 may include lower 

through electrodes 425 passing through the first lower semiconductor substrate 205. The 

lower through electrodes 425 may allow the first side wiring 235 in the first portion 20F 

and the second side wiring 260 in the second portion 20B to be electrically connected to 

each other. The first lower chip structure 20 may include a lower insulative spacer 420 

interposed between the lower through electrodes 425 and the first lower semiconductor 

substrate 205 to allow the lower through electrodes 425 to be insulated from the first 

lower semiconductor substrate 205. A portion of the lower through electrodes 425 may 

be electrically connected to the heating element 450. 

[0038] In some embodiments, the upper chip structure 10 may include upper 

through electrodes 415 electrically connected to the first side wiring 135 in the first 

portion 1OF while passing through the second portion 10B and the upper semiconductor 

substrate 105. The upper through electrodes 415 may pass through the second portion 

10B, not overlapping the pixel array region PX, to be exposed. Regions of the upper 

through electrodes 415, having been exposed, are defined as pad regions 415p of the 

chip structure 1. 

[0039] Upper insulative spacers 410 allowing the upper through electrodes 415 and 

the upper semiconductor substrate 105 to be electrically isolated from each other may 

be disposed between the upper through electrodes 415 and the upper semiconductor 

substrate 105. 

[0040] In some embodiments, the upper through electrodes 415 extend into the first 

portion 20F of the first lower chip structure 20 to be electrically connected to the first 

side wiring 235 in the first portion 20F of the first lower chip structure 20. Thus, the 

upper chip structure 10, the first lower chip structure 20, and the second lower chip 

structure 30 may be electrically connected to each other. 
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[0041] In some embodiments, in a region of the first portion 20F of the first lower 

chip structure 20, a greater amount of heat may be generated in a region of the first 

portion 20F in which an arrangement density of the lower gate wirings 235g is high than 

that generated in a region of the first portion 20F in which the arrangement density of 

the lower gate wirings 235g is low. In example embodiments, the arrangement density 

of the lower gate wirings 235g may correspond to an arrangement density of transistors. 

Thus, a region in which the arrangement density of the lower gate wirings 235g is high 

may represent a region in which the arrangement density of transistors is high. 

[0042] In the second portion 20B of the first lower chip structure 20, a greater 

amount of heat may be generated in a region of the second portion 20B in which an 

arrangement density of the heating element 450 is high than a region of the second 

portion 20B in which the arrangement density of the heating element 450 is low. 

[0043] In the absence of the heating element 450, differences in an amount of heat 

generated depend on the arrangement density of the lower gate wirings (235g of FIG. 

3). Thus, due to the difference in an amount of heat generated depending on the 

arrangement density of the lower gate wirings (235g of FIG. 3), a high temperature 

region and a low temperature region may be generated in the pixel array region PX. In a 

case in which a temperature difference between the high temperature region and the low 

temperature region in the pixel array region PX is large, a defect may occur in an 

electronic product including the chip structure 1 having the pixel array region PX. For 

example, in a case in which light incident into the pixel array region PX is imaged to be 

presented in a display, image errors may occur. 

[0044] To prevent or reduce such image errors, an arrangement density of the 

heating element 450 disposed in a region opposing the low temperature region in which 

a temperature is relatively low in the pixel array region PX may exceed an arrangement 
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density of the heating element 450 disposed in a region opposing the high temperature 

region in which a temperature is relatively high in the pixel array region PX. In some 

embodiments, to prevent image errors, the heating element 450 is not disposed in a 

region opposing the high temperature region in which a temperature is relatively high in 

the pixel array region PX, but is disposed in a region opposing the low temperature 

region in which a temperature is relatively low in the pixel array region PX. Thus, a 

temperature of the low temperature region of the pixel array region PX may increase so 

temperature variations in the pixel array region PX may be significantly reduced. 

[0 0 4 5] Thus, according to example embodiments, configuring an arrangement 

density of the heating element 450 may allow temperature variations in the pixel array 

region PX to be significantly reduced, so image errors may be prevented or reduced. 

[0046] An example with respect to the arrangement of the heating element 450 will 

be described with reference to FIG. 4. FIG. 4 is a block diagram schematically 

illustrating a region of a cross section of the first lower chip structure 20 and the upper 

chip structure 10 to illustrate an example of a chip structure according to some 

embodiments. 

[0 0 4 7] Referring to FIG. 4 in addition to FIG. 3, the first portion 20F of the first 

lower chip structure 20 may include a plurality of wiring regions having different wiring 

densities, and the second portion 20B of the first lower chip structure 20 may include a 

plurality of heating regions having different heating element densities. The wiring 

density of the plurality of wiring regions may be an arrangement density of the lower 

gate wirings 235g, and the heating element density of the plurality of heating regions 

may be an arrangement density of the heating element 450. 

[0048] In some example embodiments, the plurality of wiring regions of the first 

portion 20F of the first lower chip structure 20 may include a first wiring region, a 
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second wiring region, and a third wiring region, and the plurality of heating regions of 

the first lower chip structure 20 may include a first heating region opposing the first 

wiring region, a second heating region opposing the second wiring region, and a third 

heating region opposing the third wiring region. 

[0049] In some embodiments, the arrangement density of the lower gate wirings 

235g may be higher in the second wiring region than that in the first wiring region and 

the third wiring region, and the arrangement density of the heating element 450 may be 

lower in the second heating region opposing the second wiring region than that in the 

first heating region and the third heating region. The arrangement density of the lower 

gate wirings 235g may be lower in the first wiring region than in the third wiring region, 

and the arrangement density of the heating element 450 may be higher in the first 

heating region opposing the first wiring region than in the third heating region. 

[0050] In some embodiments, the second wiring region may be a high density 

wiring region, the second heating region opposing the second wiring region may be a 

low density heating element region, the first wiring region may be a low density wiring 

region, the first heating region opposing the first wiring region may be a high density 

heating element region, the third wiring region may be a medium density wiring region, 

and the third heating region opposing the third wiring region may be a medium density 

heating element region. 

[0051] Thus, the plurality of wiring regions having different wiring densities may 

allow temperature variation in the pixel array region PX to be reduced, while the 

plurality of heating regions having different heating element densities, disposed as 

described above, may allow temperature variation in the pixel array region PX to be 

reduced. Thus, as temperature variations in the pixel array region PX may be 

significantly reduced, image errors may be prevented. 
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[0052] An example of a heating region in which the heating element 450 is disposed 

will be described with reference to FIGS. 5, 6, and 7. FIG. 5 is a plan view 

schematically illustrating a heating region, in which the chip structure 1, the pixel array 

region PX, and the heating element (450 of FIG. 3) are formed, FIG. 6 is a plan view 

illustrating an example of the heating region, and FIG. 7 is a cross-sectional view 

illustrating an example of the heating element and the second side wiring according to 

some embodiments of the inventive concept. 

[0 0 5 3 ] Referring to FIGS. 5, 6, and 7, a heating region HA in which the heating 

element (450 of FIG. 3) is foiiiied may overlap at least a portion of the pixel array 

region PX. The heating element 450 may be disposed in the heating region HA. In some 

embodiments, the second side wiring 260 may be disposed in the heating region HA. 

[0 0 5 4 ] The second side wiring 260 may have a first surface 260s_1 and a second 

surface 260s_2 opposing each other. The first surface 260s_1 may have a first wiring 

contact region 260c 1, and the second surface 260s_2 may have a second wiring contact 

region 260c_2. 

[0055] The heating element 450 may include a first heating element side 450s_1 

having a first heating element contact region 450c _l and a second heating element 

contact region 450c2 and a second heating element side 450s_2 opposing the first 

heating element side 450s_1. The first heating element side 450s_1 may be coplanar 

with the first surface 260s1. 

[0056] In some embodiments, the second side wiring 260 may be a rewiring related 

to operation of the first lower chip structure 20, the second lower chip structure 30, and 

the upper chip structure 10. Thus, to improve an operation speed of the chip structure 1, 

a signal transmission speed in the second side wiring 260 may be increased, so a length 

of the second side wiring 260 may be designed to be as short as possible. Thus, heat 
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generated in the second side wiring 260 may be significantly reduced. 

[0 0 5 7 ] In some embodiments, the heating element 450 may provide heat to the low 

temperature region of the pixel array region PX as described above, so the heating 

element may be designed to heat at least a portion of the pixel array region PX 

regardless of signal transmission speed. Thus, the heating element 450 may be designed 

to have a length capable of generating an amount of heat capable of heating at least a 

portion of the pixel array region PX by converting electrical energy, provided through 

the first heating element contact region 450c_1 and the second heating element contact 

region 450c_2, into thermal energy. Thus, the heating element 450 may have a greater 

length than a length of the second side wiring 260. For example, a length of the heating 

element 450 between the first heating element contact region 450c_1 and the second 

heating element contact region 450c_2 may be greater than a length of the second side 

wiring 260 between the first wiring contact region 260c_1 and the second wiring 

contact region 260c_2. 

[0058] A first heating element electrode 425h_1 electrically connected to the first 

heating element contact region 450c 1 of the heating element 450, a second heating 

element electrode 425h_2 electrically connected to the second heating element contact 

region 450c_2 of the heating element 450, a first wiring electrode 425i_1 electrically 

connected to the first wiring contact region 260c l of the second side wiring 260, and a 

second wiring electrode 270 electrically connected to the second wiring contact region 

260c_2 of the second side wiring 260 may be provided. The second wiring electrode 

270 may be the back side pad 270 described with reference to FIG. 3. 

[0059] The first heating element electrode 425h _l and the second heating element 

electrode 425h_2, as well as the first wiring electrode 425i_1 may be the lower through 

electrodes 425 described with reference to FIG. 3. Thus, the first heating element 
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electrode 425h_1 and the second heating element electrode 425h_2, as well as the first 

wiring electrode 425i_1 may be disposed on the same plane. 

[0060] Thus, the back side pad 270 may be disposed on a plane different to that of 

the first heating element electrode 42511_1 and the second heating element electrode 

425h_2, as well as the first wiring electrode 425i_1. 

[0 0 6 1] Insulative spacers 420, a first lower semiconductor substrate 205, a second 

side lower insulating layer 252, and a second side upper insulating layer 254, illustrated 

in FIG. 7, are the same as described with reference to FIG. 3, so a detailed description 

thereof will be omitted in the interest of brevity. 

[0062] In some embodiments, as described above with reference to FIG. 1, the 

lower chip structure 50 of the chip structure 1 may include the heating element 450, but 

example embodiments are not limited thereto. For example, as illustrated in FIG. 8 

schematically illustrating an example of a chip structure according to some 

embodiments, the lower chip structure 50 of the chip structure 1 may further include a 

temperature sensor. Thus, as illustrated in FIG. 8, the chip structure 1 including the 

lower chip structure 50 may further include the temperature sensor in addition to the 

heating element 450. 

[0 063] In some embodiments, as described above with reference to FIGS. 2 and 3, 

the second portion 20B of the lower chip structure 50 may include the second side 

wiring 260 and the heating element 450, but example embodiments are not limited 

thereto. For example, referring to FIG. 9, a perspective view schematically illustrating 

an example of a chip structure according to some embodiments, and FIG. 10, a 

longitudinal cross-sectional view schematically illustrating an example of a chip 

structure according to some embodiments, the second portion 20B of the lower chip 

structure 50 may further include a temperature sensor 470. Thus, the second portion 
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20B of the lower chip structure 50 may include a temperature sensor 470 in addition to 

the second side wiring 260 and the heating element 450. In some embodiments, the 

temperature sensor 470 may be disposed on the same plane as that of the heating 

element 450 and the second side wiring 260, and the temperature sensor 470 may be 

formed of the same material as the heating element 450 and the second side wiring 260. 

[0064] An example with respect to arrangement of the heating element 450 and the 

temperature sensor 470, according to some embodiments, will be described with 

reference to FIGS. 10, 11, and 12. FIG. 11 is a block diagram schematically illustrating 

a region of a cross section of the first lower chip structure 20 and the upper chip 

structure 10 according to some embodiments, and FIG. 12 is a plan view schematically 

illustrating the chip structure 1 and the pixel array region PX with heating regions in 

which the heating element 450 and the temperature sensor 470 are formed according to 

some embodiments. 

[0065] Referring to FIGS. 10, 11, and 12, the first lower chip structure 20 may 

include a plurality of heating regions HAI. to HA9. The plurality of heating regions 

HAI. to HA9 of the first lower chip structure 20 may include the heating element 450 

and the temperature sensor 470. The plurality of heating regions HAI to HA9 may 

overlap the pixel array region PX. 

[0066] An example embodiment of any one heating region HA, among the plurality 

of heating regions HAI to HA9, including the heating element 450 and the temperature 

sensor 470, will be described with reference to FIG. 13. FIG. 13 is a plan view 

illustrating an example of the heating region according to some embodiments. 

[0 0 67 	Referring to FIG. 13 in addition to FIGS. 10 through 12, any one heating 

region HA, among the plurality of heating regions HAI to HA9, including the heating 

element 450 and the temperature sensor 470, may include the second side wiring 260 

18 



and the heating element 450 having substantially the same cross-sectional structure and 

a similar planar layout as those illustrated in FIGS. 6 and 7. 

[0 0 6 81 The temperature sensor 470 in the heating region HA may be a resistance 

temperature sensor using the principle in which resistance is changed according to a 

change in a temperature. The heating region HA may include first to fourth sensor 

wiring lines 470i_1, 470i_2, 470i_3, and 470i_4 electrically connected to the 

temperature sensor 470. At end portions of the first to fourth sensor wiring lines 470i_1, 

470i_2, 470i_3, and 470i_4, sensor contact regions 470c_1, 470c_2, 470c_3, and 

470c_4 electrically connected to the through electrodes (425 of FIG. 10), may be 

formed. The sensor contact regions 470c_1, 470c2, 470c_3, and 470c4 may be 

disposed on the same plane as that of the first and second heating element contact 

regions (450c _l and 450c_2 of FIG. 7) as described with reference to FIG. 7. Among 

the first to fourth sensor wiring lines 470i_1, 470i_2, 470i_3, and 470i_4, the first 

sensor wiring line 470i_1 and the fourth sensor wiring line 470i_4 may be voltage lines, 

spaced apart from each other to be connected to a different portion of the temperature 

sensor 470, and the second sensor wiring line 470i_2 and the third sensor wiring line 

470i_3 may be current lines spaced apart from each other to be connected to a different 

portion of the temperature sensor 470. 

[0 0 6 91 As described with reference to FIGS. 10 through 13, the plurality of heating 

regions HAl to HA9 may include the heating element 450 and the temperature sensor 

470. An operating method of the chip structure 1 including the plurality of heating 

regions HAl to HA9, according to some embodiments, will be described with reference 

to FIG. 14. FIG. 14 is a flow chart illustrating an operating method of the chip structure 

1 including the plurality of heating regions HA]. to HA9 according to some 

embodiments. 
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[0070] Referring to FIG. 14 in addition to FIGS. 10 through 13, as described above, 

the chip structure 1 may include the temperature sensors 470, the heating elements 450, 

and the pixel array region PX. The chip structure 1 may be operated (S10). The 

temperature sensors 470 of the chip structure 1 may be used to sense a temperature in 

the pixel array region PX of the chip structure 1 (S20). Next, it may be determined 

whether temperature variations of temperatures, which are sensed by the temperature 

sensors 470, are within a set value (S30). In some embodiments, an internal circuit in 

the first portion 20F of the first lower chip structure 20 may be used to determine 

whether temperature variations of temperatures sensed by the temperature sensors 470 

are within a set value. When the temperature variation is within a set value, the heating 

elements 450 of the chip structure 1 may be maintained in a turned off state (S40). 

However, when the temperature variation is not within a set value, a high temperature 

region and a low temperature region in the pixel array region PX may be set or 

deteiiiiined (S50). The high temperature region and the low temperature region in the 

pixel array region PX may be set in the pixel array region PX opposing the plurality of 

heating regions HAI. to HA9. Thus, the pixel array region PX located in a region 

corresponding to a heating region, in which a temperature sensor, among the 

temperature sensors 470, sensing a high temperature is located, may be set as a high 

temperature region, and the pixel array region PX located in a region corresponding to a 

heating region, in which a temperature sensor, among the temperature sensors 470, 

sensing a low temperature is located, may be set as a low temperature region. 

[0071] Next, the heating elements 450 of the chip structure 1 may be used to heat 

the low temperature region in the pixel array region PX (S60). As described above, 

heating the low temperature region in the pixel array region PX may include heating a 

heating element, among the heating elements 450, located in a heating region in which, 
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among the temperature sensors 470, a temperature sensor for sensing a low temperature, 

is located. Next, sensing a temperature in the pixel array region may be repeatedly 

perfoi 	med. 

[0072] Thus, the temperature sensors 470 and the heating elements 450 are used to 

increase a temperature of the low temperature region of the pixel array region PX, so a 

temperature variation in the pixel array region PX may be significantly reduced. Thus, 

according to example embodiments, a temperature variation in the pixel array region PX 

is significantly reduced, so image errors may be reduced or prevented. 

[0073] In an example embodiment, as described with reference to FIGS. 9 and 10, 

the temperature sensor 470 and the heating element 450 may be disposed on the same 

plane in the second portion 20B of the first lower chip structure 20, but example 

embodiments are not limited thereto. For example, as illustrated in FIG. 15, a 

temperature sensor may be disposed in the first portion 20F of the first lower chip 

structure 20, and a heating element may be disposed in the second portion 20B of the 

first lower chip structure 20. FIG. 15 is a conceptual perspective view corresponding to 

FIG. 9. In an example embodiment, as illustrated in FIG. 16, a temperature sensor 470 

may be a sensor capable of sensing a change in a temperature using a transistor and/or a 

diode formed over the first side 205f and/or the first portion 20F of the first lower 

semiconductor substrate 205 of the first lower chip structure 20. 

[0074] In an example embodiment, as described with reference to FIGS. 2 and 3, 

the heating element 450 may be disposed in the second portion 20B of the first lower 

chip structure 20, but example embodiments are not limited thereto. For example, as 

illustrated in FIG. 17, a heating element may be disposed in the first portion 20F of the 

first lower chip structure 20. FIG. 17 is a conceptual perspective view corresponding to 

FIG. 2. 
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[0075] In an example embodiment, as described with reference to FIGS. 9 and 10, 

the temperature sensor 470 and the heating element 450 may be disposed in the second 

portion 20B of the first lower chip structure 20, but example embodiments are not 

limited thereto. For example, as illustrated in FIG. 18, a temperature sensor and a 

heating element may be disposed in the first portion 20F of the first lower chip structure 

20. FIG. 18 is a conceptual perspective view corresponding to FIG. 9. 

[0076] In an example embodiment, as described with reference to FIGS. 2 and 3, 

the first portion 20F of the first lower chip structure 20 may be closer to the upper chip 

structure 10 than the second portion 20B of the first lower chip structure 20, but 

example embodiments are not limited thereto. For example, as illustrated in FIGS. 19 

and 20, the second portion 20B of the first lower chip structure 20 may be disposed 

closer to the upper chip structure 10 than the first portion 20F of the first lower chip 

structure 20, and a heating element 450 may be disposed in the second portion 20B of 

the first lower chip structure 20. Referring to FIGS. 19 and 20, upper through electrodes 

415 in the upper chip structure 10 may extend into the second portion 20B of the first 

lower chip structure 20 to be electrically connected to the heating element 450 and the 

second side wiring 260. 

[0 07 7] A second lower chip structure 30 may be fon-ned to have the same width as 

that of the first lower chip structure 20. The second lower chip structure 30 may include 

a second lower semiconductor substrate 305, a first side insulating layer 330 disposed 

on a first side 305f of the second lower semiconductor substrate 305, as well as a first 

side wiring 335 and a data storage element 340 in the first side insulating layer 330. The 

first portion 20F of the first lower chip structure 20 may be combined with the first side 

insulating layer 330 of the second lower chip structure 30. In some embodiments, a 

front side pad 240 of the first portion 20F of the first lower chip structure 20 may be in 

22 



contact with a front side pad 360 of the first side insulating layer 330 of the second 

lower chip structure 30 so as to be electrically connected to each other. 

[0078] As described with reference to FIGS. 19 and 20, the second portion 20B of 

the first lower chip structure 20 close to the upper chip structure 10 may include the 

heating element, but example embodiments are not limited thereto. For example, as 

illustrated in FIG. 21, the second portion 20B of the first lower chip structure 20 close 

to the upper chip structure 10 may include a temperature sensor with the heating 

element. 

[0 0 7 9] As illustrated in FIG. 1, the heating element may be included in the lower 

chip structure, but example embodiments are not limited thereto. For example, as 

illustrated in FIG. 22, a heating element may be included in an upper chip structure. For 

example, the heating element may be disposed in the first portion 1OF of the upper chip 

structure 10 in FIG. 3. 

[0080] The second lower chip structure 30 as described with reference to FIG. 3 

may be foinied of a single semiconductor chip, but example embodiments are not 

limited thereto. In other embodiments, the second lower chip structure 30 may further 

include another chip with a single semiconductor chip. Examples described above will 

be described further with reference to FIGS. 23 through 25. 

[0 0 8 1] First, referring to FIG. 23, the second lower chip structure 30 may include a 

first semiconductor chip 300a including the second lower semiconductor substrate 305, 

the first side insulating layer 330, the data storage element 340, and the front side pad 

360, as illustrated in FIG. 3. In addition, the second lower chip structure 30 may include 

a peripheral portion 300b having a smaller size than that of the first semiconductor chip 

300a. The peripheral portion 300b may include one or more components for improving 

functionality of the chip structure 1, for example, a buffer chip, a driver chip, a power 
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management integrated circuit (IC), an analog element, a communications element, a 

controller chip, and/or a passive element. The communications element may be a 

wireless communication chip. The passive element may be a passive element, such as a 

capacitor, or the like. 

[0082] The peripheral portion 300b may be electrically connected to the first lower 

chip structure 20 by conductive connectors 535 disposed between terminals 510 of the 

peripheral portion 300b and back side pads 270 of the first lower chip structure 20. A 

side surface and a lower surface of the peripheral portion 300b may be surrounded by a 

molding layer 380. An insulating layer 530 may be disposed between the peripheral 

portion 300b and the first lower chip structure 20. 

[0 0 83] Next, referring to FIG. 24, the second lower chip structure 30 may include 

the first semiconductor chip 300a as illustrated in FIG. 23. In addition, in the second 

lower chip structure 30, a second semiconductor chip 300c spaced apart from the first 

semiconductor chip 300a and electrically connected to the first lower chip structure 20 

may be disposed therein. The second semiconductor chip 300c may include a third 

semiconductor substrate 305', a first side insulating layer 330' on the third 

semiconductor substrate 305', and internal wirings 335' in the first side insulating layer 

330'. The second semiconductor chip 300c may be a semiconductor element, such as a 

memory element, a logic element, or the like. The second semiconductor chip 300c may 

be electrically connected to the first lower chip structure 20 by a conductive connector 

435 between a front side pad 360 of the second semiconductor chip 300c and the back 

side pad 270 of the first lower chip structure 20. Side surfaces of the first semiconductor 

chip 300a and the second semiconductor chip 300c may be covered by a molding layer 

380. 

[0084] Next, referring to FIG. 25, the second lower chip structure 30 may include a 
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dummy chip 700, with the first semiconductor chip 300a as illustrated in FIG. 23. An 

insulating layer 730 may be disposed between the dummy chip 700 and the first lower 

chip structure 20. Side surfaces of the first semiconductor chip 300a and the dummy 

chip 700 may be covered by a molding layer 380. The dummy chip 700 may be formed 

of a semiconductor substrate. 

[0085] The chip structure 1 as described above may be formed of a plurality of 

chips including an image sensor chip. For example, in the chip structure 1, the upper 

chip structure 10 may be an image sensor chip, the first lower chip structure 20 may be 

a processor chip, and the second lower chip structure 30 may be a memory chip. As 

described above, a plurality of chips are included in a single chip structure or a single 

package, which may be advantageous for the miniaturization of an electronic product 

for a general consumer, such as a digital camera, a camera for a mobile phone, and a 

portable camcorder, including the chip structure 1. 

[0086] The chip structure 1 as described above may include the heating element 450 

capable of significantly reducing a temperature variation in the pixel array region PX of 

the upper chip structure 10. The heating element 450 described above may reduce or 

prevent image errors, which may occur in a product including an image sensor. Thus, 

the chip structure 1 including the heating element 450 is mounted not only in an 

electronic product for a general consumer, such as a digital camera, a camera for a 

mobile phone, a portable camcorder, or the like, but also in a camera mounted of a 

vehicle, a security device, a robot, or the like, to provide high resolution for certain 

applications. 

[0087] As set forth above, according to example embodiments of the present 

inventive concept, a chip structure including a heating element capable of significantly 

reducing a temperature variation in a pixel array region may be provided. Thus, the chip 
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structure including the heating element may provide high resolution in a product 

including an image sensor. 

[0088] As set forth above, according to example embodiments of the present 

inventive concept, a chip structure formed of a plurality of chips may be provided. 

Thus, the chip structure may facilitate miniaturization of electronic products, such as a 

digital camera, a camera for a mobile phone, a portable camcorder, or the like. 

[0089] Various embodiments may provide a chip structure operating method. The 

chip structure operating method may include operating a chip structure including 

temperature sensors, heating elements, and a pixel array region. The method may also 

include determining a high temperature region and a low temperature region in the pixel 

array region by sensing temperatures in the pixel array region using the temperature 

sensors. The method may additionally include heating the low temperature region in the 

pixel array region using the heating elements. 

[0090] In various embodiments, the chip structure may include a lower chip 

structure and an upper chip structure on the lower chip structure. The lower chip 

structure may include the temperature sensors and the heating elements. The upper chip 

structure may include the pixel array region. 

[0091] In various embodiments, the lower chip structure may include a lower 

semiconductor substrate having a first side and a second side opposing each other; a 

first portion on the first side of the lower semiconductor substrate; and a second portion 

on the second side of the lower semiconductor substrate. The first portion may include a 

gate wiring, and the second portion may include the heating elements. 

[0092] In various embodiments, the lower chip structure may include a lower 

semiconductor substrate having a first side and a second side opposing each other; a 

first portion on the first side of the lower semiconductor substrate; and a second portion 
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on the second side of the lower semiconductor substrate. The first portion may include a 

gate wiring, and the second portion may include the heating elements. 

[0093] In various embodiments, the second portion may include the temperature 

sensors. 

[0094] In various embodiments, the first portion may be closer than the second 

portion to the upper chip structure. 

[ 0 095] While example embodiments have been shown and described above, it will 

be apparent to those skilled in the art that modifications and variations could be made 

without departing from the scope of the present disclosure, as defined by the appended 

claims. 
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What Is Claimed Is: 

1. A chip structure, comprising: 

a first lower chip structure; and 

an upper chip structure on the first lower chip structure and having a pixel an•ay 

region, 

the first lower chip structure, comprising: 

a first lower semiconductor substrate having a first side and a second side 

opposing each other; 

a first portion on the first side of the first lower semiconductor substrate; 

and 

a second portion on the second side of the first lower semiconductor 

substrate, 

wherein the first portion of the first lower chip structure comprises a gate 

wiring, 

the second portion of the first lower chip structure comprises a second side 

wiring and a heating element, and 

the heating element is on a same plane as that of the second side wiring and has 

a length greater than that of the second side wiring. 

2. The chip structure of claim 1, wherein the first lower chip structure 

comprises lower through electrodes electrically connected to the second side wiring and 

the heating element while passing through the first lower semiconductor substrate. 

3. The chip structure of claim 1 or claim 2, wherein the second side wiring 

comprises a first surface having a first wiring contact region, and a second surface 
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having a second wiring contact region and opposing the first surface, and 

the heating element comprises a first heating element side having a first heating 

element contact region and a second heating element contact region and a second 

heating element side opposing the first heating element side. 

4. The chip structure of claim 3, further comprising: 

a first heating element electrode electrically connected to the first heating 

element contact region; 

a second heating element electrode electrically connected to the second heating 

element contact region; 

a first wiring electrode electrically connected to the first wiring contact region; 

and 

a second wiring electrode electrically connected to the second wiring contact 

region. 

5. The chip structure of claim 4, wherein the first heating element electrode, the 

second heating element electrode, and the first wiring electrode are through electrodes 

passing through the first lower semiconductor substrate. 

6. The chip structure of any one of claims 3 to 5, wherein a length between the 

first heating element contact region and the second heating element contact region is 

greater than a length between the first wiring contact region and the second wiring 

contact region. 

7. The chip structure of any one of claims 3 to 6, wherein the first surface and 

29 



the first heating element side are substantially coplanar with each other. 

8. The chip structure of any one of claims 1 to 7, wherein the first lower chip 

structure further comprises a temperature sensor. 

9. The chip structure of claim 8, wherein the temperature sensor is on 

substantially a same plane as that of the second side wiring and the heating element. 

10. The chip structure of any one of claims 1 to 9, further comprising a second 

lower chip structure, the first lower chip structure being between the upper chip 

structure and the second lower chip structure, 

wherein the second lower chip structure, the first lower chip structure, and the 

upper chip structure are electrically connected to each other, 

the second side wiring is electrically connected to the second lower chip 

structure, and 

the heating element is insulated from the second lower chip structure. 

11. A chip structure, comprising: 

a lower semiconductor substrate having a first side and a second side opposing 

each other; 

a first portion on the first side of the lower semiconductor substrate, and having 

a gate wiring; and 

a second portion on the second side of the lower semiconductor substrate, and 

having a second side wiring and a heating element, 

wherein the heating element is on a same plane as that of the second side wiring 
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and has a length greater than that of the second side wiring. 

12. The chip structure of claim 11, wherein the first portion comprises a first 

wiring region and a second wiring region, 

the second wiring region is a region in which an arrangement density of the 

gate wiring is higher than an arrangement density of the gate wiring in the first wiring 

region, 

the second portion comprises a first heating region opposing the first wiring 

region and a second heating region opposing the second wiring region, and 

the second heating region is a region in which an arrangement density of the 

heating element is lower than an arrangement density of the heating element in the first 

heating region. 

13. The chip structure of claim 11 or claim 12, further comprising: 

a lower chip structure comprising the lower semiconductor substrate, the first 

portion, and the second portion; 

an upper chip structure disposed on the lower chip structure, 

wherein the upper chip structure comprises photoelectric elements, color filters, 

and microlenses. 

14. The chip structure of claim 13, wherein the first portion is closer than the 

second portion to the upper chip structure. 

15. The chip structure of claim 13 or claim 14, further comprising an upper 

through electrode that extends into the first portion of the lower chip structure while 
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passing through the upper chip structure. 

16. The chip structure of any one of claims 11 to 15, further comprising: 

a first wiring electrode connected to a first wiring contact region of a first 

surface of the second side wiring; 

a second wiring electrode connected to a second wiring contact region of a 

second surface of the second side wiring; 

a first heating element electrode connected to a first heating element contact 

region of a first heating element side of the heating element; and 

a second heating element electrode connected to a second heating element 

contact region of the first heating element side of the heating element, 

wherein the second surface opposes the first surface, 

the first surface is substantially coplanar with the first heating element side, and 

the first wiring electrode, the first heating element electrode, and the second 

heating element electrode pass through the lower semiconductor substrate. 

17. A chip structure, comprising: 

a lower chip structure having a wiring and a heating element, the heating 

element being on a same plane as that of the wiring and having a length greater than that 

of the wiring; and 

an upper chip structure disposed on the lower chip structure and having a pixel 

array region, 

wherein the heating element overlaps a portion of the pixel array region, and 

wherein an arrangement density of the wiring and an arrangement density of the 

heating element are configured to reduce temperature differences between different 
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areas of the pixel array region. 

18. The chip structure of claim 17, wherein the heating element is configured to 

have a length for heating the portion of the pixel array region. 

19. The chip structure of claim 17 or claim 18, further comprising: 

a first wiring electrode connected to a first wiring contact region of the wiring; 

a second wiring electrode connected to a second wiring contact region of the 

wiring; 

a first heating element electrode connected to a first heating element contact 

region of the heating element; and 

a second heating element electrode connected to a second heating element 

contact region of the heating element, 

wherein the second wiring electrode is on a first plane and the first wiring 

electrode is on a second plane different than the first plane, and 

the first wiring electrode, the first heating element electrode, and the second 

heating element electrode are substantially on the second plane. 

20. The chip structure of any one of claims 17 to 19, wherein the lower chip 

structure further comprises a temperature sensor. 
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