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SEMICONDUCTOR PACKAGE 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001]  This patent application claims priority from Korean Patent Application No. 10-2022-

0181439 filed on 22 December 2022 in the Korean Intellectual Property Office, the contents 

of which in its entirety are herein incorporated by reference. 

 

TECHNICAL FIELD 

[0002]  Some example embodiments of the inventive concepts relate to a semiconductor 

package. 

 

BACKGROUND 

[0003]  A weight ratio of silicon included in an insulating material used for bonding of a 

wafer may be less than 20%.  While a bonding process of the wafer is being performed, H2O 

generated according to a surface treatment condition, a heat treatment condition after the 

wafer bonding, and the like, may generate voids in a bonding joint surface.  The voids 

formed on the bonding joint surface of the wafer may cause a delamination on the bonding 

joint surface of the wafer.  Therefore, in order to improve the reliability of the wafer bonding, 

it is desirable or necessary to inhibit or prevent the occurrence of voids on the bonding joint 

surface of the wafer. 

 

SUMMARY 

[0004]  Some example embodiments of the inventive concepts provide a semiconductor 

package in which a bonding reliability of a substrate is improved. 
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[0005]  However, the inventive concepts are not restricted to the ones set forth herein.  The 

above and other inventive concepts will become more apparent to one of ordinary skill in the 

art by referencing the detailed description of example embodiments given below. 

[0006]  According to some example embodiments of the inventive concepts, a semiconductor 

package includes a first substrate including silicon, a first insulating layer in contact with the 

first substrate on the first substrate, the first insulating layer including silicon oxide, the first 

insulating layer having a first concentration of silicon, a second insulating layer in contact 

with the first insulating layer on the first insulating layer, the second insulating layer including 

silicon oxide, the second insulating layer having a second concentration of silicon, the second 

concentration lower than the first concentration, and a structure on the second insulating layer, 

wherein the first concentration is a ratio of a weight of silicon in the first insulating layer to a 

total weight of the first insulating layer, wherein the second concentration is a ratio of a weight 

of silicon in the second insulating layer to a total weight of the second insulating layer, and 

wherein the first concentration is in a range from 20 wt% to 50 wt%. 

[0007]  According to some example embodiments of the inventive concepts, a semiconductor 

package including a first substrate including silicon, a first insulating layer in contact with the 

first substrate on the first substrate, the first insulating layer including silicon oxide, the first 

insulating layer having a first concentration of silicon, a second insulating layer in contact 

with the first insulating layer on the first insulating layer, the second insulating layer including 

silicon oxide, the second insulating layer having a second concentration of silicon, the second 

concentration lower than the first concentration, a third insulating layer in contact with the 

second insulating layer on the second insulating layer, the third insulating layer including 

silicon oxide, the third insulating layer having a third concentration of silicon, the third 

concentration higher than the second concentration, and a structure disposed on the third 

insulating layer, wherein the first concentration is a ratio of a weight of silicon included in 
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the first insulating layer to a total weight of the first insulating layer, wherein the second 

concentration is a ratio of a weight of silicon included in the second insulating layer to a total 

weight of the second insulating layer, and wherein the third concentration is a ratio of a weight 

of silicon included in the third insulating layer to a total weight of the third insulating layer. 

[0008]  According to some example embodiments of the inventive concepts, a semiconductor 

package includes a first substrate including silicon, a first insulating layer in contact with the 

first substrate on the first substrate, the first insulating layer including silicon oxide, the first 

insulating layer having a first concentration of silicon, a second insulating layer in contact 

with the first insulating layer on the first insulating layer, the second insulating layer including 

silicon oxide, the second insulating layer having a second concentration of silicon, the second 

concentration lower than the first concentration, a third insulating layer in contact with the 

second insulating layer on the second insulating layer, the third insulating layer including 

silicon oxide, the third insulating layer having a third concentration of silicon, the third 

concentration higher than the second concentration, and a second substrate in contact with the 

third insulating layer on the third insulating layer, the second substrate including silicon, 

wherein the first concentration is a ratio of a weight of silicon included in the first insulating 

layer to a total weight of the first insulating layer, wherein the second concentration is a ratio 

of a weight of silicon included in the second insulating layer to a total weight of the second 

insulating layer, wherein the third concentration is a ratio of a weight of silicon included in 

the third insulating layer to a total weight of the third insulating layer, wherein a thickness of 

the second insulating layer is smaller than each of a thickness of the first insulating layer and 

a thickness of the third insulating layer, wherein each of the first concentration and the third 

concentration is in a range from 20 wt% to 50 wt%, and wherein the second concentration is 

in a range from 5 wt% to 20 wt%. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009]  The above and other features of the inventive concepts will become more apparent by 

describing in detail example embodiments thereof with reference to the attached drawings, in 

which: 

[0010]  FIG. 1 is a diagram for explaining a semiconductor package according to some 

example embodiments of the inventive concepts; 

[0011]  FIG. 2 is an enlarged view of a region S1 of FIG. 1; 

[0012]  FIGS. 3, 4 and 5 are intermediate step diagrams for explaining a method of 

manufacturing the semiconductor package shown in FIG. 1; 

[0013]  FIG. 6 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts; 

[0014]  FIG. 7 is an enlarged view of a region S2 of FIG. 6; 

[0015]  FIGS. 8, 9 and 10 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 6; 

[0016]  FIG. 11 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts; 

[0017]  FIG. 12 is an enlarged view of a region S3 of FIG. 11; 

[0018]  FIG. 13 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts; 

[0019]  FIG. 14 is an enlarged view of a region S4 of FIG. 13; 

[0020]  FIGS. 15, 16 and 17 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 13; 

[0021]  FIG. 18 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts; 

[0022]  FIG. 19 is an enlarged view of a region S5 of FIG. 18; 
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[0023]  FIGS. 20, 21 and 22 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 18; 

[0024]  FIG. 23 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts; and 

[0025]  FIG. 24 is an enlarged view of a region S6 of FIG. 23. 

 

DETAILED DESCRIPTION  

[0026]  A semiconductor package according to some example embodiments of the inventive 

concepts will be explained below with reference to FIGS. 1 and 2. 

[0027]  FIG. 1 is a diagram for explaining a semiconductor package according to some 

example embodiments of the inventive concepts.  FIG. 2 is an enlarged view of a region S1 

of FIG. 1. 

[0028]  Referring to FIGS. 1 and 2, a semiconductor package according to some example 

embodiments of the inventive concepts includes a first substrate 100, a first insulating layer 

110, a second insulating layer 120, a third insulating layer 130, and a second substrate 140. 

[0029]  For example, the first substrate 100 may be a wafer.  The first substrate 100 may 

include silicon.  That is, the first substrate 100 may be a silicon substrate.  However, the 

inventive concepts are not limited thereto.  In some other example embodiments, the first 

substrate 100 may be silicon-on-insulator (SOI).  Hereinafter, a horizontal direction DR1 

may be defined as a direction parallel or substantially parallel to an upper side of the first 

substrate 100.  Also, a vertical direction DR2 may be defined as a direction perpendicular or 

substantially perpendicular to the upper side of the first substrate 100.  That is, the vertical 

direction DR2 may be perpendicular or substantially perpendicular to the horizontal direction 

DR1. 
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[0030]  The first insulating layer 110 may be disposed on the upper side of the first substrate 

100.  The first insulating layer 110 may be in contact with the upper side of the first substrate 

100.  Although FIGS. 1 and 2 show that the first insulating layer 110 is conformally formed, 

the inventive concepts are not limited thereto.  The first insulating layer 110 may have a first 

thickness t1 in the vertical direction DR2. 

[0031]  For example, the first insulating layer 110 may include silicon oxide (SiO2).  For 

example, the first insulating layer 110 may include silicon of a first concentration.  Here, the 

first concentration may mean a ratio of the weight of silicon included in the first insulating 

layer 110 to a total weight of the first insulating layer 110.  For example, the first 

concentration of silicon included in the first insulating layer 110 may be in a range from 20 

wt% to 50 wt%.  More suitably, for example, the first concentration of silicon included in 

the first insulating layer 110 may be in a range from 40 wt% to 50 wt%. 

[0032]  The second insulating layer 120 may be disposed on the upper side of the first 

insulating layer 110.  The second insulating layer 120 may be in contact with the upper side 

of the first insulating layer 110.  Although FIGS. 1 and 2 show that the second insulating 

layer 120 is formed conformally, the inventive concepts are not limited thereto.  The second 

insulating layer 120 may have a second thickness t2 in the vertical direction DR2.  For 

example, the second thickness t2 of the second insulating layer 120 in the vertical direction 

DR2 may be smaller than the first thickness t1 of the first insulating layer 110 in the vertical 

direction DR2.  For example, the second thickness t2 of the second insulating layer 120 in 

the vertical direction DR2 may be in a range of 20 Å to 200 Å. 

[0033]  For example, the second insulating layer 120 may include silicon oxide (SiO2).  For 

example, the second insulating layer 120 may include silicon of a second concentration.  

Here, the second concentration may mean a ratio of the weight of silicon included in the 

second insulating layer 120 to a total weight of the second insulating layer 120.  The second 
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concentration of silicon included in the second insulating layer 120 may be smaller than the 

first concentration of silicon included in the first insulating layer 110.  For example, the 

second concentration of silicon included in the second insulating layer 120 may be in a range 

from 5 wt% to 20 wt%. 

[0034]  A structure may be disposed on the upper side of the second insulating layer 120.  

For example, the structure may include a third insulating layer 130 and a second substrate 

140.  The third insulating layer 130 may be disposed on the upper side of the second 

insulating layer 120.  The third insulating layer 130 may be in contact with the upper side of 

the second insulating layer 120.  Although FIGS. 1 and 2 show that the third insulating layer 

130 is formed conformally, the inventive concepts are not limited thereto. 

[0035]  The third insulating layer 130 may have a third thickness t3 in the vertical direction 

DR2.  For example, the third thickness t3 of the third insulating layer 130 in the vertical 

direction DR2 may be greater than the second thickness t2 of the second insulating layer 120 

in the vertical direction DR2.  For example, although the third thickness t3 of the third 

insulating layer 130 in the vertical direction DR2 may be the same or substantially the same 

as the first thickness t1 of the first insulating layer 110 in the vertical direction DR2, the 

inventive concepts are not limited thereto. 

[0036]  For example, the third insulating layer 130 may include silicon oxide (SiO2).  For 

example, the third insulating layer 130 may include silicon of a third concentration.  Here, 

the third concentration may mean a ratio of the weight of silicon included in the third 

insulating layer 130 to a total weight of the third insulating layer 130.  For example, the third 

concentration of silicon included in the third insulating layer 130 may be in a range from 20 

wt% to 50 wt%.  More suitably, for example, the third concentration of silicon included in 

the third insulating layer 130 may be in a range from 40 wt% to 50 wt%. 
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[0037]  The second substrate 140 may be disposed on the upper side of the third insulating 

layer 130.  The second substrate 140 may be in contact with the upper side of the third 

insulating layer 130.  For example, the second substrate 140 may be a wafer.  The second 

substrate 140 may include silicon.  That is, the second substrate 140 may be a silicon 

substrate.  However, the inventive concepts are not limited thereto.  In some other example 

embodiments, the second substrate 140 may be silicon-on-insulator (SOI). 

[0038]  A method of manufacturing a semiconductor package according to some example 

embodiments of the inventive concepts will be explained below with reference to FIGS. 1 to 

5. 

[0039]  FIGS. 3 to 5 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 1. 

[0040]  Referring to FIG. 3, a first insulating layer 110 may be formed on the upper side of 

the first substrate 100.  For example, the first insulating layer 110 may be formed 

conformally.  For example, the first insulating layer 110 may include silicon oxide (SiO2).  

For example, the first concentration of silicon included in the first insulating layer 110 may 

be in a range from 20 wt% to 50 wt%. 

[0041]  Referring to FIG. 4, the third insulating layer 130 may be formed on the surface of 

the second substrate 140.  For example, the third insulating layer 130 may be formed 

conformally.  For example, the third insulating layer 130 may include silicon oxide (SiO2).  

For example, the third concentration of silicon included in the third insulating layer 130 may 

be in a range from 20 wt% to 50 wt%.  For example, although the thickness of the third 

insulating layer 130 in the vertical direction DR2 may be formed to be the same or 

substantially the same as the thickness of the first insulating layer 110 in the vertical direction 

DR2, the inventive concepts are not limited thereto. 
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[0042]  Subsequently, the second substrate 140 may be located on the upper side of the first 

substrate 100 such that the third insulating layer 130 faces the first insulating layer 110.  The 

third insulating layer 130 may then be attached to the first insulating layer 110. 

[0043]  Referring to FIG. 5, an annealing process (Heat) may be performed.  The third 

insulating layer 130 may be bonded to the first insulating layer 110 through the annealing 

process (Heat).  That is, the second substrate 140 may be bonded onto the upper side of the 

first substrate 100 through the annealing process (Heat).  While the annealing process (Heat) 

is being performed, silicon oxide (SiO2) included in the first insulating layer 110 and silicon 

oxide (SiO2) included in the third insulating layer 130 may be combined to generate H2O as 

a by-product. 

[0044]  Referring to FIG. 1, the second insulating layer 120 may be formed between the first 

insulating layer 110 and the third insulating layer 130 after the annealing process (Heat) is 

performed.  For example, the second insulating layer 120 may be formed by partially 

deforming each of the first insulating layer 110 and the third insulating layer 130. 

[0045]  For example, the second insulating layer 120 may include silicon oxide (SiO2).  For 

example, the second concentration of silicon included in the second insulating layer 120 may 

be smaller than each of the first concentration of silicon included in the first insulating layer 

110 and the third concentration of silicon included in the third insulating layer 130.  For 

example, the second concentration of silicon included in the second insulating layer 120 may 

be in a range from 5 wt% to 20 wt%. 

[0046]  The second insulating layer 120 may include silicon oxide (SiO2) formed by 

combining silicon included in each of the first and third insulating layers 110 and 130 with 

H2O formed as a by-product while the annealing process (Heat) is being performed.  The 

semiconductor package shown in FIG. 1 may be manufactured through such a manufacturing 

process. 
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[0047]  In the related art, while the bonding process for a wafer including silicon has been 

performed, H2O as a by-product may have generated voids on the surface of the silicon oxide 

layer, on the surface of the silicon oxide layer to be directly bonded.  In this case, there has 

been a problem that voids generated on the bonding joint surface of the wafer may cause a 

delamination on the bonding joint surface of the wafer. 

[0048]  In the method of manufacturing a semiconductor package according to some example 

embodiments of the inventive concepts, in the process of bonding the first substrate 100 

including silicon, the directly bonded first insulating layer 110 may include a relatively large 

amount of silicon.  After the annealing process (Heat) is performed, H2O generated as a by-

product on the surface of the first insulating layer 110 may be combined with excess silicon 

included in the first insulating layer 110 to form the second insulating layer 120 including 

silicon oxide.  Accordingly, it is possible to inhibit or prevent voids from occurring on the 

surface of the first insulating layer 110, thereby improving the bonding reliability of the first 

substrate 100. 

[0049]  In the semiconductor package according to some example embodiments of the 

inventive concepts manufactured by such a manufacturing method, the first insulating layer 

110 and the second insulating layer 120 may be sequentially disposed on the upper side of the 

first substrate 100.  Each of the first insulating layer 110 and the second insulating layer 120 

includes silicon oxide (SiO2), and the second concentration of silicon included in the second 

insulating layer 120 may be smaller than the first concentration of silicon included in the first 

insulating layer 110. 

[0050]  A semiconductor package according to some other example embodiments of the 

inventive concepts will be explained below with reference to FIGS. 6 and 7.  Differences 

from the semiconductor package shown in FIGS. 1 and 2 will be mainly explained. 
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[0051]  FIG. 6 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts.  FIG. 7 is an enlarged view of a region S2 

of FIG. 6. 

[0052]  Referring to FIGS. 6 and 7, a semiconductor package according to some other 

example embodiments of the inventive concepts may include a second insulating layer 220, 

and a structure disposed on the upper side of the second insulating layer 220. 

[0053]  The second insulating layer 220 may be disposed on the upper side of the first 

insulating layer 110.  The second insulating layer 220 may be in contact with the upper side 

of the first insulating layer 110.  Although FIGS. 6 and 7 show that the second insulating 

layer 220 is formed conformally, the inventive concepts are not limited thereto.  The second 

insulating layer 220 may have a second thickness t22 in the vertical direction DR2.  For 

example, the second thickness t22 of the second insulating layer 220 in the vertical direction 

DR2 may be smaller than the first thickness t1 of the first insulating layer 110 in the vertical 

direction DR2.  For example, the second thickness t22 of the second insulating layer 220 in 

the vertical direction DR2 may be in a range from 20 Å to 200 Å. 

[0054]  For example, the second insulating layer 220 may include silicon oxide (SiO2).  For 

example, the second insulating layer 220 may include silicon of a second concentration.  The 

second concentration of silicon included in the second insulating layer 220 may be smaller 

than the first concentration of silicon included in the first insulating layer 110.  For example, 

the second concentration of silicon included in the second insulating layer 220 may be in a 

range from 5 wt% to 20 wt%. 

[0055]  A structure may be disposed on the upper side of the second insulating layer 220.  

For example, the structure may include a second substrate 240.  The second substrate 240 

may be disposed on the upper side of the second insulating layer 220.  The second substrate 

240 may be in contact with the upper side of the second insulating layer 220.  For example, 
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second substrate 240 may be a wafer.  The second substrate 140 may include silicon.  That 

is, the second substrate 240 may be a silicon substrate. 

[0056]  Hereinafter, a method of manufacturing the semiconductor package according to 

some other example embodiments of the inventive concepts will be explained with reference 

to FIGS. 6 to 10. 

[0057]  FIGS. 8 to 10 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 6. 

[0058]  Referring to FIG. 8, the first insulating layer 110 may be formed on the upper side of 

the first substrate 100.  For example, the first insulating layer 110 may be formed 

conformally.  For example, the first insulating layer 110 may include silicon oxide (SiO2).  

For example, the first concentration of silicon included in the first insulating layer 110 may 

be in a range from 20 wt% to 50 wt%. 

[0059]  Referring to FIG. 9, a second substrate 240 may be attached to the upper side of the 

first insulating layer 110.  For example, the second substrate 240 may be a silicon substrate. 

[0060]  Referring to FIG. 10, an annealing process (Heat) may be performed.  The second 

substrate 240 may be bonded to the first insulating layer 110 through the annealing process 

(Heat).  That is, the second substrate 240 may be bonded onto the upper side of the first 

substrate 100 through the annealing process (Heat).  While the annealing process (Heat) is 

being performed, silicon oxide (SiO2) included in the first insulating layer 110 and silicon 

included in the second substrate 240 may be combined to generate H2O as a by-product. 

[0061]  Referring to FIG. 6, the second insulating layer 220 may be formed between the first 

insulating layer 110 and the second substrate 240 after the annealing process (Heat) is 

performed.  For example, the second insulating layer 220 may be formed by partially 

deforming each of the first insulating layer 110 and the second substrate 240. 
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[0062]  For example, the second insulating layer 220 may include silicon oxide (SiO2).  For 

example, the second concentration of silicon included in the second insulating layer 220 may 

be smaller than the first concentration of silicon included in the first insulating layer 110.  

For example, the second concentration of silicon included in the second insulating layer 120 

may be in a range from 5 wt% to 20 wt%. 

[0063]  The second insulating layer 220 may include silicon oxide (SiO2) formed by 

combining silicon included in the first insulating layer 110 and H2O formed as a by-product 

while the annealing process (Heat) is being performed.  The semiconductor package shown 

in FIG. 6 may be manufactured through such a manufacturing process. 

[0064]  A semiconductor package according to some other example embodiments of the 

inventive concepts will now be described below with reference to FIGS. 11 and 12.  

Differences from the semiconductor package shown in FIGS. 1 and 2 will be mainly explained. 

[0065]  FIG. 11 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts.  FIG. 12 is an enlarged view of a region 

S3 of FIG. 11. 

[0066]  Referring to FIGS. 11 and 12, in the semiconductor package according to some other 

example embodiments of the inventive concepts, a first recess R1 may be formed on an upper 

side of a first substrate 300, and a second recess R2 may be formed on a lower side of the 

second substrate 340. 

[0067]  For example, the structure may be disposed on the upper side of the second insulating 

layer 320.  For example, the structure may include the third insulating layer 330 and the 

second substrate 340.  The third insulating layer 330 may be disposed on the upper side of 

the second insulating layer 320.  The third insulating layer 330 may be in contact with the 

upper side of the second insulating layer 320. 
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[0068]  For example, the first recess R1 may be formed on the surface of the first substrate 

300 that faces the second substrate 340.  The first recess R1 may be formed to be recessed 

from the upper side of the first substrate 300 toward the inside of the first substrate 300.  The 

first insulating layer 310 may be disposed on the upper side of the first substrate 300.  For 

example, the first insulating layer 310 may fill the inside of the first recess R1. 

[0069]  For example, the second recess R2 may be formed on the surface of the second 

substrate 340 that faces the first substrate 300.  The second recess R2 may be formed to be 

recessed from the lower side of the second substrate 340 toward the inside of the second 

substrate 340.  The third insulating layer 330 may be disposed on the lower side of the 

second substrate 340.  For example, the third insulating layer 330 may fill the inside of the 

second recess R2.  The second insulating layer 320 may be disposed between the first 

insulating layer 310 and the third insulating layer 330.  The second insulating layer 320 may 

be in contact with each of the first insulating layer 310 and the third insulating layer 330. 

[0070]  For example, a second thickness t32 of the second insulating layer 320 in the vertical 

direction DR2 may be smaller than each of a first thickness t31 of the first insulating layer 

310 in the vertical direction DR2 and the third thickness t33 of the third insulating layer 330 

in the vertical direction DR2.  Here, the first thickness t31 of the first insulating layer 310 in 

the vertical direction DR2 may be defined as a thickness in the vertical direction DR2 from 

the uppermost side of the first substrate 300 to the lower side of the second insulating layer 

320.  Also, the third thickness t33 of the third insulating layer 330 in the vertical direction 

DR2 may be defined as a thickness in the vertical direction DR2 from the lowermost side of 

the second substrate 340 to the upper side of the second insulating layer 320.  For example, 

the second thickness t32 of the second insulating layer 320 in the vertical direction DR2 may 

be in a range from 20 Å to 200 Å. 
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[0071]  A semiconductor package according to some other example embodiments of the 

inventive concepts will be described below with reference to FIGS. 13 and 14.  Differences 

from the semiconductor package shown in FIGS. 1 and 2 will be mainly explained. 

[0072]  FIG. 13 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts.  FIG. 14 is an enlarged view of a region 

S4 of FIG. 13. 

[0073]  Referring to FIGS. 13 and 14, a semiconductor package according to some other 

embodiments of the present disclosure may include a second insulating layer 420, and a 

structure disposed on an upper side of the second insulating layer 420. 

[0074]  The second insulating layer 420 may be disposed on the upper side of the first 

insulating layer 110.  The second insulating layer 420 may be in contact with the upper side 

of the first insulating layer 110.  Although FIGS. 13 and 14 show that the second insulating 

layer 420 is formed conformally, the inventive concepts are not limited thereto.  The second 

insulating layer 420 may have a second thickness t42 in the vertical direction DR2.  For 

example, the second thickness t42 of the second insulating layer 420 in the vertical direction 

DR2 may be smaller than the first thickness t1 of the first insulating layer 110 in the vertical 

direction DR2.  For example, the second thickness t42 of the second insulating layer 420 in 

the vertical direction DR2 may be in a range from 20 Å to 200 Å. 

[0075]  For example, the second insulating layer 420 may include silicon oxide (SiO2).  For 

example, the second insulating layer 420 may include silicon of a second concentration.  The 

second concentration of silicon included in the second insulating layer 420 may be smaller 

than the first concentration of silicon included in the first insulating layer 110.  For example, 

the second concentration of silicon included in the second insulating layer 420 may be in a 

range from 5 wt% to 20 wt%. 
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[0076]  The structure may be disposed on the upper side of the second insulating layer 420.  

For example, the structure may include a third insulating layer 430, and a wiring pattern 450 

disposed inside the third insulating layer 430.  The third insulating layer 430 may be 

disposed on the upper side of the second insulating layer 420.  The third insulating layer 430 

may be in contact with the upper side of the second insulating layer 420.  The third insulating 

layer 430 may include silicon oxide (SiO2).  For example, the third insulating layer 430 may 

include silicon of a third concentration.  The third concentration of silicon included in the 

third insulating layer 430 may be greater than the second concentration of silicon included in 

the second insulating layer 420.  For example, the third concentration of silicon included in 

the third insulating layer 430 may be in a range from 20 wt% to 50 wt%. 

[0077]  The wiring pattern 450 may be disposed inside the third insulating layer 430.  For 

example, the wiring pattern 450 may include a plurality of wirings spaced apart from each 

other in each of the horizontal direction DR1 and the vertical direction DR2.  The wiring 

pattern 450 may include a conductive material. 

[0078]  Hereinafter, a method of manufacturing a semiconductor package according to some 

other example embodiments of the inventive concepts will be explained with reference to 

FIGS. 13 to 17. 

[0079]  FIGS. 15 to 17 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 13. 

[0080]  Referring to FIG. 15, the first insulating layer 110 may be formed on the upper side 

of the first substrate 100.  For example, the first insulating layer 110 may be formed 

conformally.  For example, the first insulating layer 110 may include silicon oxide (SiO2).  

For example, the first concentration of silicon included in the first insulating layer 110 may 

be in a range from 20 wt% to 50 wt%. 
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[0081]  Referring to FIG. 16, a structure may be attached onto the upper side of the first 

insulating layer 110.  For example, the structure may include a third insulating layer 430, 

and a wiring pattern 450 disposed inside the third insulating layer 430.  The third insulating 

layer 430 may include silicon oxide (SiO2).  For example, the third concentration of silicon 

included in the third insulating layer 430 may be in a range from 20 wt% to 50 wt%. 

[0082]  Referring to FIG. 17, an annealing process (Heat) may be performed.  The third 

insulating layer 430 may be bonded to the first insulating layer 110 through the annealing 

process (Heat).  That is, the third insulating layer 430 having the wiring pattern 450 formed 

therein may be bonded to the upper side of the first substrate 100 through the annealing 

process (Heat).  While the annealing process (Heat) is being performed, silicon oxide (SiO2) 

included in the first insulating layer 110 and silicon oxide (SiO2) included in the third 

insulating layer 430 may be combined to generate H2O as a by-product. 

[0083]  Referring to FIG. 13, a second insulating layer 420 may be formed between the first 

insulating layer 110 and the third insulating layer 430 after the annealing process (Heat) is 

performed.  For example, the second insulating layer 420 may be formed by partially 

deforming each of the first insulating layer 110 and the third insulating layer 430. 

[0084]  For example, the second insulating layer 420 may include silicon oxide (SiO2).  For 

example, the second concentration of silicon included in the second insulating layer 420 may 

be smaller than each of the first concentration of silicon included in the first insulating layer 

110 and the third concentration of silicon included in the third insulating layer 430.  For 

example, the second concentration of silicon included in the second insulating layer 420 may 

be in a range from 5 wt% to 20 wt%. 

[0085]  The second insulating layer 420 may include silicon oxide (SiO2) formed by 

combining silicon included in each of the first and third insulating layers 110 and 430 with 

H2O formed as a by-product while the annealing process (Heat) is being performed.  The 
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semiconductor package shown in FIG. 13 may be manufactured through such a manufacturing 

process. 

[0086]  A semiconductor package according to some other example embodiments of the 

inventive concepts will be explained below with reference to FIGS. 18 and 19.  Differences 

from the semiconductor package shown in FIGS. 1 and 2 will be mainly explained. 

[0087]  FIG. 18 is a diagram for explaining a semiconductor package according to some other 

example embodiments of the inventive concepts.  FIG. 19 is an enlarged view of a region 

S5 of FIG. 18. 

[0088]  Referring to FIGS. 18 and 19, a semiconductor package according to some other 

example embodiments of the inventive concepts may include a second insulating layer 520, 

and a structure disposed on the upper side of the second insulating layer 520. 

[0089]  The second insulating layer 520 may be disposed on the upper side of the first 

insulating layer 510.  The second insulating layer 520 may be in contact with the upper side 

of the first insulating layer 510.  Although FIG. 18 and 19 show that the second insulating 

layer 520 is formed conformally, the inventive concepts are not limited thereto.  For example, 

the lower side of the second insulating layer 520 may be formed to be lower than the 

uppermost side of the first insulating layer 510.  For example, at least a part of side walls of 

the second insulating layer 520 may be in contact with the first insulating layer 510. 

[0090]  For example, a width of the second insulating layer 520 in the horizontal direction 

DR1 may be smaller than a width of the first insulating layer 510 in the horizontal direction 

DR1.  The second insulating layer 520 may have a second thickness t52 in the vertical 

direction DR2.  For example, the second thickness t52 of the second insulating layer 520 in 

the vertical direction DR2 may be smaller than the first thickness t51 of the first insulating 

layer 510 in the vertical direction DR2.  For example, the second thickness t52 of the second 

insulating layer 520 in the vertical direction DR2 may be in a range from 20 Å to 200 Å. 
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[0091]  For example, the second insulating layer 520 may include silicon oxide (SiO2).  For 

example, the second insulating layer 520 may include silicon of a second concentration.  The 

second concentration of silicon included in the second insulating layer 520 may be smaller 

than the first concentration of silicon included in the first insulating layer 510.  For example, 

the second concentration of silicon included in the second insulating layer 520 may be in a 

range from 5 wt% to 20 wt%. 

[0092]  A first conductive terminal 515 may be disposed on the upper side of the first 

substrate 100.  The first conductive terminal 515 may be surrounded by each of the first 

insulating layer 510 and the second insulating layer 520.  For example, the upper side of the 

first conductive terminal 515 may be formed between the lower side of the second insulating 

layer 520 and the upper side of the second insulating layer 520.  The first conductive 

terminal 515 may include a conductive material. 

[0093]  A structure may be disposed on the upper side of the second insulating layer 520.  

For example, the structure may include a third insulating layer 530, a second conductive 

terminal 535, and a semiconductor chip 560.  The third insulating layer 530 may be disposed 

on the upper side of the second insulating layer 520.  The third insulating layer 530 may be 

in contact with the upper side of the second insulating layer 520.  Although FIGS. 18 and 19 

show that the third insulating layer 530 is formed conformally, the inventive concepts are not 

limited thereto. 

[0094]  For example, a width of the third insulating layer 530 in the horizontal direction DR1 

may be smaller than a width of the first insulating layer 510 in the horizontal direction DR1.  

For example, the width of the third insulating layer 530 in the horizontal direction DR1 may 

be the same or substantially the same as a width of the second insulating layer 520 in the 

horizontal direction DR1.  The third insulating layer 530 may have a third thickness t53 in 

the vertical direction DR2.  For example, the third thickness t53 of the third insulating layer 
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530 in the vertical direction DR2 may be greater than the second thickness t52 of the second 

insulating layer 520 in the vertical direction DR2. 

[0095]  The third insulating layer 530 may include silicon oxide (SiO2).  For example, the 

third insulating layer 530 may include silicon of a third concentration.  The third 

concentration of silicon included in the third insulating layer 530 may be greater than the 

second concentration of silicon included in the second insulating layer 520.  For example, 

the third concentration of silicon included in the third insulating layer 530 may be in a range 

from 20 wt% to 50 wt%. 

[0096]  The semiconductor chip 560 may be disposed on the upper side of the third insulating 

layer 530.  The semiconductor chip 560 may be in contact with the upper side of the third 

insulating layer 530.  For example, the width of the semiconductor chip 560 in the horizontal 

direction DR1 may be the same or substantially the same as the width of the third insulating 

layer 530 in the horizontal direction DR1.  For example, the semiconductor chip 560 may 

be a logic semiconductor chip.  For example, the semiconductor chip 560 may be an 

application processor (AP), such as a CPU (Central Processing Unit), a GPU (Graphic 

Processing Unit), a FPGA (Field-Programmable Gate Array), a digital signal processor, an 

encryption processor, a micro-processor, a micro-controller, and an ASIC (Application-

Specific IC), but example embodiments are not limited thereto. 

[0097]  For example, the semiconductor chip 560 may be a memory semiconductor chip.  

For example, the semiconductor chip 560 may be a volatile memory such as a DRAM 

(dynamic random access memory) or a SRAM (static random access memory), or a non-

volatile memory such as a flash memory, a PRAM (Phase-change Random Access Memory), 

a MRAM (Magnetoresistive Random Access Memory), a FeRAM (Ferroelectric Random 

Access Memory) or a RRAM (Resistive Random Access Memory), but example 

embodiments are not limited thereto. 
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[0098]  The second conductive terminal 535 may be disposed on a lower side of the 

semiconductor chip 560.  The second conductive terminal 535 may overlap the first 

conductive terminal 515 in the vertical direction DR2.  The second conductive terminal 535 

may be connected to the first conductive terminal 515.  For example, the semiconductor chip 

560 may be electrically connected to the first substrate 100 through the second conductive 

terminal 535 and the first conductive terminal 515. 

[0099]  The second conductive terminal 535 may be surrounded by each of the second 

insulating layer 520 and the third insulating layer 530.  For example, a lower side of the 

second conductive terminal 535 may be formed between the lower side of the second 

insulating layer 520 and the upper side of the second insulating layer 520.  The second 

conductive terminal 535 may include a conductive material. 

[00100]  Hereinafter, a method of manufacturing the semiconductor package according to 

some other example embodiments of the inventive concepts will be explained with reference 

to FIGS. 18 to 22. 

[00101]  FIGS. 20 to 22 are intermediate step diagrams for explaining the method of 

manufacturing the semiconductor package shown in FIG. 18. 

[00102]  Referring to FIG. 20, a first insulating layer 510 may be formed on the upper side of 

the first substrate 100.  For example, the first insulating layer 510 may be formed 

conformally.  For example, the first insulating layer 510 may include silicon oxide (SiO2).  

For example, the first concentration of silicon included in the first insulating layer 510 may 

be in a range from 20 wt% to 50 wt%.  The first conductive terminal 515 may be formed 

inside the first insulating layer 510 on the upper side of the first substrate 100.  The first 

conductive terminal 515 may include a conductive material. 

[00103]  Referring to FIG. 21, a structure may be attached onto the upper side of the first 

insulating layer 510.  For example, the structure may include a third insulating layer 530, a 
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second conductive terminal 535 and a semiconductor chip 560.  The third insulating layer 

530 may be formed on the lower side of the semiconductor chip 560.  The third insulating 

layer 430 may include silicon oxide (SiO2).  For example, the third concentration of silicon 

included in the third insulating layer 430 may be in a range from 20 wt% to 50 wt%. 

[00104]  The second conductive terminal 535 may be formed inside the third insulating layer 

530 on the lower side of the semiconductor chip 560.  The second conductive terminal 535 

may include a conductive material.  In the structure, the third insulating layer 530 may be 

located to face the first insulating layer 510 and attached to the first insulating layer 510. 

[00105]  Referring to FIG. 22, the annealing process (Heat) may be performed.  The third 

insulating layer 530 may be bonded to the first insulating layer 510 through the annealing 

process (Heat).  That is, the semiconductor chip 560 may be bonded to the upper side of the 

first substrate 100 through the annealing process (Heat).  The second conductive terminal 

535 may be bonded to be in contact with the first conductive terminal 515.  While the 

annealing process (Heat) is being performed, silicon oxide (SiO2) included in the first 

insulating layer 510 and silicon oxide (SiO2) included in the third insulating layer 530 may 

be combined to generate H2O as a by-product. 

[00106]  Referring to FIG. 18, the second insulating layer 520 may be formed between the 

first insulating layer 510 and the third insulating layer 530 after the annealing process (Heat) 

is performed.  For example, the second insulating layer 520 may be formed by partially 

deforming each of the first insulating layer 510 and the third insulating layer 530.  For 

example, the width of the second insulating layer 520 in the horizontal direction DR1 may be 

smaller than the width of the first insulating layer 510 in the horizontal direction DR1.  For 

example, the width of the second insulating layer 520 in the horizontal direction DR1 may be 

the same or substantially the same as the width of the third insulating layer 530 in the 

horizontal direction DR1. 
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[00107]  For example, the second insulating layer 520 may include silicon oxide (SiO2).  For 

example, the second concentration of silicon included in the second insulating layer 520 may 

be smaller than each of the first concentration of silicon included in the first insulating layer 

510 and the third concentration of silicon included in the third insulating layer 530.  For 

example, the second concentration of silicon included in the second insulating layer 520 may 

be in a range from 5 wt% to 20 wt%. 

[00108]  The second insulating layer 520 may include silicon oxide (SiO2) by combining 

silicon included in each of the first and third insulating layers 510 and 530 with H2O formed 

as a by-product while the annealing process (Heat) is being performed.  The semiconductor 

package shown in FIG. 18 may be manufactured through such a manufacturing process. 

[00109]  A semiconductor package according to some other example embodiments of the 

inventive concepts be explained below with reference to FIGS. 23 and 24.  Differences from 

the semiconductor package shown in FIGS. 1 and 2 will be mainly explained. 

[00110]  FIG. 23 is a diagram for explaining a semiconductor package according to some 

other example embodiments of the inventive concepts.  FIG. 24 is an enlarged view of a 

region S6 of FIG. 23. 

[00111]  Referring to FIGS. 23 and 24, the semiconductor package according to some other 

example embodiments of the inventive concepts may include a second insulating layer 620, 

and a structure disposed on the upper side of the second insulating layer 620. 

[00112]  The second insulating layer 620 may be disposed on the upper side of the first 

insulating layer 610.  The second insulating layer 620 may be in contact with the upper side 

of the first insulating layer 610.  Although FIGS. 23 and 24 show that the second insulating 

layer 620 is formed conformally, the inventive concepts are not limited thereto.  For example, 

the lower side of the second insulating layer 620 may be formed to be lower than the 
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uppermost side of the first insulating layer 610.  For example, at least a part of side walls of 

the second insulating layer 620 may be in contact with the first insulating layer 610. 

[00113]  For example, the width of the second insulating layer 620 in the horizontal direction 

DR1 may be smaller than the width of the first insulating layer 610 in the horizontal direction 

DR1.  The second insulating layer 620 may have a second thickness t62 in the vertical 

direction DR2.  For example, the second thickness t62 of the second insulating layer 620 in 

the vertical direction DR2 may be smaller than the first thickness t61 of the first insulating 

layer 610 in the vertical direction DR2.  For example, the second thickness t62 of the second 

insulating layer 620 in the vertical direction DR2 may be in a range from 20 Å to 200 Å. 

[00114]  For example, the second insulating layer 620 may include silicon oxide (SiO2).  For 

example, the second insulating layer 620 may include silicon of a second concentration.  The 

second concentration of silicon included in the second insulating layer 620 may be smaller 

than the first concentration of silicon included in the first insulating layer 610.  For example, 

the second concentration of silicon included in the second insulating layer 620 may be in a 

range from 5 wt% to 20 wt%. 

[00115]  A first conductive terminal 615 may be disposed on the upper side of the first 

substrate 100.  The first conductive terminal 615 may be surrounded by the first insulating 

layer 610.  For example, the upper side of the first conductive terminal 615 may be in contact 

with the first insulating layer 610.  First conductive terminal 615 may include a conductive 

material. 

[00116]  The structure may be disposed on the upper side of the second insulating layer 620.  

For example, the structure may include a third insulating layer 630, a second conductive 

terminal 635, and a semiconductor chip 660.  The third insulating layer 630 may be disposed 

on the upper side of the second insulating layer 620.  The third insulating layer 630 may be 

in contact with the upper side of the second insulating layer 620.  Although FIGS. 23 and 24 
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show that the third insulating layer 630 is formed conformally, the inventive concepts are not 

limited thereto. 

[00117]  For example, the width of the third insulating layer 630 in the horizontal direction 

DR1 may be smaller than the width of the first insulating layer 610 in the horizontal direction 

DR1.  For example, the width of the third insulating layer 630 in the horizontal direction 

DR1 may be the same or substantially the same as the width of the second insulating layer 

620 in the horizontal direction DR1.  The third insulating layer 630 may have a third 

thickness t63 in the vertical direction DR2.  For example, the third thickness t63 of the third 

insulating layer 630 in the vertical direction DR2 may be greater than the second thickness 

t62 of the second insulating layer 620 in the vertical direction DR2. 

[00118]  The third insulating layer 630 may include silicon oxide (SiO2).  For example, third 

insulating layer 630 may include silicon of a third concentration.  The third concentration of 

silicon included in the third insulating layer 630 may be greater than the second concentration 

of silicon included in the second insulating layer 620.  For example, the third concentration 

of silicon included in the third insulating layer 630 may be in a range from 20 wt% to 50 wt%. 

[00119]  The semiconductor chip 660 may be disposed on the upper side of the third 

insulating layer 630.  The semiconductor chip 660 may be in contact with the upper side of 

the third insulating layer 630.  For example, the width of the semiconductor chip 660 in the 

horizontal direction DR1 may be the same or substantially the same as the width of the third 

insulating layer 630 in the horizontal direction DR1.  For example, the semiconductor chip 

660 may be a logic semiconductor chip or a memory semiconductor chip. 

[00120]  A second conductive terminal 635 may be disposed on the lower side of the 

semiconductor chip 660.  The second conductive terminal 635 may overlap the first 

conductive terminal 615 in the vertical direction DR2.  The second conductive terminal 635 

may be surrounded by the third insulating layer 530.  For example, the lower side of the 
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second conductive terminal 635 may be in contact with the third insulating layer 630.  The 

second conductive terminal 635 may include a conductive material. 

[00121]  A connecting terminal 670 may be disposed between the first conductive terminal 

615 and the second conductive terminal 635.  The connecting terminal 670 may connect the 

first conductive terminal 615 and the second conductive terminal 635.  The connecting 

terminal 670 may be surrounded by each of the first insulating layer 610, the second insulating 

layer 620, and the third insulating layer 630.  The connecting terminal 670 may include a 

conductive material.  For example, the semiconductor chip 660 may be electrically 

connected to the first substrate 100 through the second conductive terminal 635, the 

connecting terminal 670 and the first conductive terminal 615. 

[00122]  It will be understood that elements and/or properties thereof described herein as 

being “substantially” the same and/or identical encompasses elements and/or properties 

thereof that have a relative difference in magnitude that is equal to or less than 10%. Further, 

regardless of whether elements and/or properties thereof are modified as "substantially," it 

will be understood that these elements and/or properties thereof should be construed as 

including a manufacturing or operational tolerance (e.g., ±10%) around the stated elements 

and/or properties thereof. 

[00123]  One or more of the elements disclosed above may include or be implemented in one 

or more processing circuitries such as hardware including logic circuits; a hardware/software 

combination such as a processor executing software; or a combination thereof. For example, 

the processing circuitries more specifically may include, but is not limited to, a central 

processing unit (CPU), an arithmetic logic unit (ALU), a digital signal processor, a 

microcomputer, a field programmable gate array (FGPA), a System-on-Chip (SoC), a 

programmable logic unit, a microprocessor, application-specific integrated circuit (ASIC), etc. 
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[00124]  Although some example embodiments of the inventive concepts have been 

described above with reference to the accompanying drawings, the inventive concepts are not 

limited to the above example embodiments, and may be manufactured in various forms.  

Those skilled in the art will appreciate that the inventive concepts may be embodied in other 

specific forms without changing the scope of the inventive concepts.  Accordingly, the 

above-described example embodiments are to be considered as illustrative and not restrictive 

in all respects. 
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What is claimed is: 

 

1. A semiconductor package comprising: 

a first substrate including silicon; 

a first insulating layer in contact with the first substrate on the first substrate, the first 

insulating layer including silicon oxide, the first insulating layer having a first concentration 

of silicon; 

a second insulating layer in contact with the first insulating layer on the first insulating 

layer, the second insulating layer including silicon oxide, the second insulating layer having 

a second concentration of silicon, the second concentration lower than the first concentration; 

and 

a structure on the second insulating layer, 

wherein the first concentration is a ratio of a weight of silicon in the first 

insulating layer to a total weight of the first insulating layer, 

wherein the second concentration is a ratio of a weight of silicon in the second 

insulating layer to a total weight of the second insulating layer, and 

wherein the first concentration is in a range from 20 wt% to 50 wt%. 

 

2. The semiconductor package of claim 1, wherein a thickness of the second 

insulating layer is smaller than a thickness of the first insulating layer. 

 

3. The semiconductor package of claim 1, wherein a thickness of the second 

insulating layer is in a range from 20 Å to 200 Å. 
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4. The semiconductor package of any one of claims 1 to 3, wherein the second 

concentration is in a range from 5 wt% to 20 wt%. 

 

5. The semiconductor package of any one of claims 1 to 4, wherein the structure 

includes 

a third insulating layer in contact with the second insulating layer on the second 

insulating layer, the third insulating layer including silicon oxide, the third insulating layer 

having a third concentration higher than the second concentration, and 

a second substrate in contact with the third insulating layer on the third insulating 

layer, the second substrate including silicon. 

 

6. The semiconductor package of claim 5, further comprising: 

a first recess on a surface of the first substrate facing the second substrate, the first 

recess recessed toward an inside of the first substrate; and 

a second recess on a surface of the second substrate facing the first substrate, the 

second recess recessed toward an inside of the second substrate, 

wherein the first insulating layer fills an inside of the first recess, and the third 

insulating layer fills an inside of the second recess. 

 

7. The semiconductor package of any one of claims 1 to 4, wherein  

the structure includes a second substrate in contact with the second insulating layer on 

the second insulating layer, and  

the second substrate includes silicon. 
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8. The semiconductor package of any one of claims 1 to 4, wherein the structure 

includes 

a third insulating layer in contact with the second insulating layer on the second 

insulating layer, the third insulating layer including silicon oxide, the third insulating layer 

having a third concentration of silicon, the third concentration higher than the second 

concentration, and 

a wiring pattern inside the third insulating layer, the wiring pattern including a 

conductive material. 

 

9. The semiconductor package of any one of claims 1 to 4, wherein the structure 

includes 

a third insulating layer in contact with the second insulating layer on the second 

insulating layer, the third insulating layer including silicon oxide, the third insulating layer 

having a third concentration of silicon, the third concentration higher than the second 

concentration, and 

a semiconductor chip in contact with the third insulating layer on the third insulating 

layer. 

 

10. The semiconductor package of claim 9, further comprising: 

a first conductive terminal surrounded by each of the first insulating layer and the 

second insulating layer, the first conductive terminal in contact with the first substrate; and 

a second conductive terminal surrounded by each of the second insulating layer and 

the third insulating layer, the second conductive terminal in contact with the semiconductor 

chip, and the second conductive terminal connected to the first conductive terminal. 
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11. The semiconductor package of claim 9, further comprising: 

a first conductive terminal surrounded by the first insulating layer, the first conductive 

terminal in contact with the first substrate; 

a second conductive terminal surrounded by the third insulating layer, the second 

conductive terminal in contact with the semiconductor chip; and 

a connecting terminal connecting the first conductive terminal and the second 

conductive terminal, the connecting terminal surrounded by each of the first insulating layer, 

the second insulating layer and the third insulating layer. 

 

12. The semiconductor package of any one of claims 9 to 11, wherein at least a 

part of side walls of the second insulating layer is in contact with the first insulating layer. 

 

13. A semiconductor package comprising: 

a first substrate including silicon; 

a first insulating layer in contact with the first substrate on the first substrate, the first 

insulating layer including silicon oxide, the first insulating layer having a first concentration 

of silicon; 

a second insulating layer in contact with the first insulating layer on the first insulating 

layer, the second insulating layer including silicon oxide, the second insulating layer having 

a second concentration of silicon, the second concentration lower than the first concentration; 

a third insulating layer in contact with the second insulating layer on the second 

insulating layer, the third insulating layer including silicon oxide, the third insulating layer 

having a third concentration of silicon, the third concentration higher than the second 

concentration; and 

a structure disposed on the third insulating layer, 
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wherein the first concentration is a ratio of a weight of silicon included in the 

first insulating layer to a total weight of the first insulating layer, 

wherein the second concentration is a ratio of a weight of silicon included in 

the second insulating layer to a total weight of the second insulating layer, and 

wherein the third concentration is a ratio of a weight of silicon included in the 

third insulating layer to a total weight of the third insulating layer. 

 

14. The semiconductor package of claim 13, wherein  

each of the first concentration and third concentration is in a range from 20 wt% to 50 

wt%, and 

the second concentration is in a range from 5 wt% to 20 wt%. 

 

15. The semiconductor package of claim 13 or claim 14, wherein a thickness of 

the second insulating layer is smaller than each of a thickness of the first insulating layer and 

a thickness of the third insulating layer. 

 

16. The semiconductor package of any one of claims 13 to 15, wherein  

the structure includes a second substrate in contact with the third insulating layer on 

the third insulating layer, and  

the structure includes silicon. 

 

17. The semiconductor package of any one of claims 13 to 15, further comprising: 

a wiring pattern inside the third insulating layer, the wiring pattern including a 

conductive material. 
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18. The semiconductor package of any one of claims 13 to 15, further comprising: 

a semiconductor chip in contact with the third insulating layer on the third insulating 

layer. 

 

19. The semiconductor package of claim 18, wherein each of a width of the second 

insulating layer in a horizontal direction and a width of the third insulating layer in the 

horizontal direction is smaller than a width of the first insulating layer in the horizontal 

direction. 

 

20. A semiconductor package comprising: 

a first substrate including silicon; 

a first insulating layer in contact with the first substrate on the first substrate, the first 

insulating layer including silicon oxide, the first insulating layer having a first concentration 

of silicon; 

a second insulating layer in contact with the first insulating layer on the first insulating 

layer, the second insulating layer including silicon oxide, the second insulating layer having 

a second concentration of silicon, the second concentration lower than the first concentration; 

a third insulating layer in contact with the second insulating layer on the second 

insulating layer, the third insulating layer including silicon oxide, the third insulating layer 

having a third concentration of silicon, the third concentration higher than the second 

concentration; and 

a second substrate in contact with the third insulating layer on the third insulating 

layer, the second substrate including silicon, 

wherein the first concentration is a ratio of a weight of silicon included in the 

first insulating layer to a total weight of the first insulating layer, 
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wherein the second concentration is a ratio of a weight of silicon included in 

the second insulating layer to a total weight of the second insulating layer, 

wherein the third concentration is a ratio of a weight of silicon included in the 

third insulating layer to a total weight of the third insulating layer, 

wherein a thickness of the second insulating layer is smaller than each of a 

thickness of the first insulating layer and a thickness of the third insulating layer, 

wherein each of the first concentration and the third concentration is in a range 

from 20 wt% to 50 wt%, and 

wherein the second concentration is in a range from 5 wt% to 20 wt%. 


