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(57) Disclosed herein are a video display and a 
manufacturing method therefor, more particularly a 
video display including a display panel (11) having a 
plurality of anodes (13) and cathodes (15) arranged 
orthogonally to each other so as to form a grid, a printed 
wiring board (21) having a drive circuit with wirings {23) 
for driving the display panel (11) and a plurality of 
bumps (25) for electrically connecting the wirings (23) to 
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the anodes (13) and the cathodes (15), and an adhesive 
layer (17) for bonding the display panel (11) and the 
printed wiring board (21) to form a multilayer structure. 
With this structure, a large-sized video image with no 
discontinuities can be displayed, and the thickness of 
the video display can also be reduced. 
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EP 1 026 744 A1 2 

Description 

[0001) The present invention relates to a video dis­
play having a display panel provided with anodes and 
cathodes arranged such as to form a grid, and also a 5 

manufacturing method for such a video display. 
[0002) FIG. 5A is a plan view of a related art elec­
troluminescent (EL) display panel in an active matrix 
drive type EL video display, and FIG. 5B is a cross sec-
tion view taken along the line B-B in FIG. 5A. As shown 10 

in FIGS. 5A and 5B, the EL display panel 11 includes a 
glass substrate 12, a plurality of anodes 13 formed on 
one surface of the glass substrate 12 opposite to the 
display surface of the EL display panel 11 so as to be 
arranged in rows, for example, a plurality of EL phos- 15 

phor layers 14 formed in the form of a matrix, an insulat-
ing layer (not shown) formed on the EL phosphor layers 
14, and a plurality of cathodes 15 formed on the insulat-
ing layer so as to be arranged in columns, for example. 
[0003) To drive the EL display panel 11, a drive cir- 20 

cuit must be connected to the anodes 13 and the cath­
odes 15. To this end, the related art EL display panel 11 
shown in FIGS. 5A and 5B is formed with an L-shaped 
region 16 along adjacent two sides of the EL display 
panel 11 as a dedicated region for electrical connection 
of the anodes 13 and the cathodes 15 to the drive cir-
cuit. Although not shown, electronic components consti­
tuting the drive circuit are mounted on a printed wiring 
board separate from the EL display panel 11, and wir-
ings formed on the printed wiring board are connected 
at first ends to the electronic components and con­
nected at second ends to the anodes 13 and the cath­
odes 15 in the L-shaped region 16. 

25 

30 

sized video image with no discontinuities and is of 
reduced thickness. 

[0008) It is another aim of the present invention to 
provide a manufacturing method for the video display 
mentioned above. 
[0009) In accordance with a preferred aspect of the 
present invention, there is provided a video display 
comprising a display panel having a plurality of anodes 
and cathodes arranged orthogonally to each other so as 
to form grids; a printed wiring board having a drive cir­
cuit with wirings for driving the display panel and a plu-
rality of bumps for electrically connecting the wirings of 
the drive circuit to the anodes and the cathodes; and an 
adhesive layer for bonding the display panel and the 
printed wiring board to form a multilayer structure. That 
is, the anodes and the cathodes of the display panel are 
electrically connected through the bumps to the wirings 
of the printed wiring board, and the display panel and 
the printed wiring board are bonded together through 
the adhesive layer. With this structure, the display panel 
is not required to have any dedicated region for electri-
cally connecting the anodes and the cathodes of the 
display panel to the drive circuit for driving the display 
panel. Further, the total thickness of the display panel 
and the printed wiring board is small. 
[0010) Preferably, the drive circuit comprises a plu­
rality of electronic components mounted on one surface 
of the printed wiring board for driving the display panel, 
and the bumps are formed on the other surface of the 
printed wiring board. That is, the electronic components 
for driving the display panel are mounted on one surface 
of the printed wiring board oppositely-directed to its 
bump forming surface. With this structure, the electronic 
components for driving the display panel are integrated [0004) However, in the related art EL display panel 

11 having the L-shaped region 16 dedicated for electri­
cal connection, no video image is displayed in this 
region 16. Further, if the area of the EL display panel 11 

35 with the display panel. 

is large, the yield of such large EL display panels manu­
factured is reduced. In addition, the area of the EL dis-
play panel 11 that can be manufactured is limited. 
[0005) Accordingly, it is desirable to planarly join a 
plurality of EL display panels 11 as shown in FIG. 6 to 
thereby display a single large-sized video image. How-
ever, since no video image is displayed in each region 
16, the large-sized video image displayed on the plural 
EL display panels 11 planarly joined has discontinuities 
corresponding to the regions 16. That is, a large-sized 
video image with no discontinuities cannot be displayed 
by the configuration shown in FIG. 6. 
[0006) Furthermore, since the electronic compo­
nents constituting the drive circuit are mounted on the 
printed wiring board separate from the EL display panel 
11, the total thickness of the EL display panel 11 and the 
printed wiring board is large, so that it is difficult to 
reduce the thickness of the entire EL video display using 
the related art EL display panel 11 mentioned above. 
[0007) It is accordingly an aim of the present inven-
tion to provide a video display which can display a large-

40 

[0011) In accordance with another preferred aspect 
of the present invention, there is provided a manufactur­
ing method for a video display, comprising the steps of: 
preparing a display panel having a plurality of anodes 
and cathodes arranged orthogonally to each other so as 
to form grids; preparing a printed wiring board having a 
drive circuit with wirings for driving the display panel and 
a plurality of bumps for electrically connecting the wir­
ings of the drive circuit to the anodes and the cathodes; 

45 forming an adhesive layer on any one of one surface of 
the display panel on which the anodes and the cathodes 
are provided and one surface of the printed wiring board 
on which the bumps are provided; and electrically con­
necting the anodes and the cathodes through the 

50 

55 

2 

bumps to the wirings and bonding the display panel 
through the adhesive layer to the printed wiring board. 
That is, the anodes and the cathodes of the display 
panel and the wirings of the printed wiring board are 
electrically connected together through the bumps, and 
the display panel and the printed wiring board are 
bonded together through the adhesive layer. Accord­
ingly, it is possible to manufacture a video display in 
which the display panel is not required to have any ded-
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icated region for electrically connecting the anodes and 
the cathodes of the display panel to the drive circuit for 
driving the display panel, and the total thickness of the 
display panel and the printed wiring board can be 
reduced. 5 

[0012] Preferably, the manufacturing method fur-
ther comprises the step of mounting a plurality of elec­
tronic components for driving the display panel on the 
other surface, oppositely-directed to the surface with 
bumps, of the printed wiring board. That is, the elec- 10 

tronic components for driving the display panel are 
mounted on one surface of the printed wiring board 
oppositely-directed to its bump forming surface. Accord­
ingly, it is possible to manufacture a video display in 
which the electronic components for driving the display 15 

panel are integrated with the display panel. 
[0013] Other aims and features of the invention will 
be more fully understood from the following detailed 
description and appended claims when taken with the 
accompanying drawings. 20 

[0014] Preferred embodiments of the present inven-
tion will now be described hereinbelow by way of exam-
ple only with reference to the accompanying drawings, 
in which: 

25 

FIG. 1A is a sectional side view of an EL video dis-
play according to a preferred embodiment of the 
present invention; 
FIG. 1 Bis a plan view of an EL display panel consti-
tuting the EL video display shown in FIG. 1A; 30 

FIG. 1 C is a plan view of a flexible printed wiring 
board constituting the EL video display shown in 
FIG.1A; 
FIGS. 2A to 2D are sectional side views showing a 
manufacturing method for the EL video display 35 

shown in FIG. 1A; 
FIGS. 3A to 3D are sectional side views showing 
various preferred embodiments of a bump used in 
the EL video display shown in FIG. 1A; 
FIG. 4 is a plan view of a large-sized display panel 40 

obtained by planarly joining a plurality of EL display 
panels according to the preferred embodiment; 
FIG. 5A is a plan view of an EL display panel in the 
related art; 
FIG.5B is a cross section view taken along the line 45 

B-B in FIG. 5A; and 
FIG. 6 is a plan view of a large-sized display panel 
obtained by planarly joining a plurality of EL display 
panels in the related art. 

50 

[0015] There will now be described a preferred 
embodiment of the present invention applied to an 
active matrix drive type EL video display and its manu­
facturing method with reference to FIGS. 1A to 4. In 
manufacturing the EL video display shown in FIGS. 1A 55 

to 1 C, an EL display panel 11 is first prepared by 
sequentially forming anodes 13, EL phosphor layers 14, 
an insulating layer (not shown), and cathodes 15 on one 

3 

surface of a glass substrate 12 which surface is oppo­
site to the display surface of the EL display panel 11, by 
vapor deposition, CVD, etc. as shown in FIG. 2A. 

[0016] As shown in FIG. 1 B, the anodes 13, the EL 
phosphor layers 14, and the cathodes 15 are formed 
substantially uniformly on the glass substrate 12, so that 
the EL display panel 11 has no L-shaped region dedi­
cated for electrical connection as in the related art con­
figuration shown in FIG. 5A. As usual, the anodes 13 
are formed by vapor deposition of an aluminum layer or 
a chromium layer, for example, on an ITO (indium-tin 
oxide) layer, and the cathodes 15 are formed by vapor 
deposition of an aluminum layer or a gold layer, for 
example. 
[0017] In the next step, an adhesive layer 17 is 
formed on the EL display panel 11 so as to cover the 
anodes 13, the EL phosphor layers 14, and the cath­
odes 15 as shown in FIG. 2B. The adhesive layer 17 is 
formed of a thermoplastic resin softening at a relatively 
low temperature, such as polyester, vinyl chloride, vinyl 
acetate, polyamide, and polyurethane. The adhesive 
layer 17 is formed on the EL display panel 11 by print 
coating of such a resin once heated to be softened or by 
thermal transfer of such a resin coated on a film. 
[0018] In the next step, a flexible printed wiring 
board 21 to be connected to the anodes 13 and the 
cathodes 15 of the EL display panel 11 is prepared as 
shown in FIG. 2C. The flexible printed wiring board 21 
has a substrate 22 formed of a flexible material such as 
polyimide, polyethyleneterephthalate, liquid crystal pol­
ymer, and glass epoxy resin. 
[0019] As shown in FIGS. 1C and FIGS. 3A to 3D, 
foil-like copper wirings 23 are formed on one surface of 
the substrate 22 which surface is opposite to the lower 
surface of the substrate 22 as viewed in FIG. 2C oppos­
ing to the EL display panel 11. Further, a plurality of 
through holes 24 are formed in the substrate 22 at its 
peripheral portion along adjacent two sides of the sub­
strate 22 where the copper wirings 23 are to be con­
nected to the anodes 13 and the cathodes 15. FIGS. 3A 
to 3D show various preferred embodiments of a bump 
25 formed of a conductive material for providing electri­
cal connection of the copper wirings 23 to the anodes 
13 and the cathodes 15. Each through hole 24 may 
have a relatively large size as shown in FIGS. 3A to 3C, 
or may have a relatively small size as shown in FIG. 3D. 
[0020] In each of the preferred embodiments shown 
in FIGS. 3A to 3C, the bump 25 is formed in the rela­
tively large through hole 24 so as to project from the 
substrate 22 to its upper side opposite to the copper wir­
ing 23. In the preferred embodiment shown in FIG. 3D, 
a copper pattern 26 is formed in the relatively small 
through hole 24 and at a portion of the substrate 22 in 
the vicinity of the through hole 24 on the upper side 
opposite to the copper wiring 23, and the bump 25 is 
formed on the copper pattern 26 integrated with the 
copper wiring 23. In each of the preferred embodiments 
shown in FIGS. 3A to 3D, the height of the bump 25 is 
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set to 10 µm to 100 µm. 

[0021) The bump 25 shown in each of the preferred 
embodiments shown in FIGS. 3A and 3D is formed by 
print coating a conductive paste thermally curing at a 
relatively low temperature, such as a silver paste or a 5 

copper paste. The bump 25 shown in FIG. 3B is formed 
by forming a relatively thick copper film by electroplating 
or electroless plating, next forming a nickel coating on 

crystal display, and their manufacturing method. Fur­
ther, the EL video display according to the present 
invention may include a simple matrix drive type EL 
video display. 

[0027) In the video display according to the present 
invention, the display panel is not required to have any 
dedicated region for electrically connecting the anodes 
and the cathodes of the display panel to the drive circuit 
for driving the display panel. Accordingly, by planarly the surface of this copper film by electroless plating, and 

finally plating this nickel coating with gold or palladium. 
[0022) In the bump 25 shown in FIG. 3B, the nickel 
coating is formed to facilitate the plating with gold or pal­
ladium, and the gold or palladium plate is formed to pre­
vent oxidation of the copper film and thereby enhance 
stability of electrical contact. The bump 25 shown in 
FIG. 3C is formed by melting the tip of a gold wire to 
form a gold ball, next ultrasonic bonding the gold ball to 

10 joining a plurality of such display panels, a large-sized 
video image with no discontinuities can be displayed. 
Further, since the total thickness of the display panel 
and the printed wiring board is small, the thickness of 
the video display can be reduced as a whole. 

the copper wiring 23, and finally tearing off the gold 
wire. 
[0023) In the next step, the flexible printed wiring 
board 21 is put on the EL display panel 11 so that the 
bumps 25 are aligned with the anodes 13 and the cath­
odes 15 as shown in FIG. 2D. In this condition, the 
whole is heated to a temperature at which the adhesive 
layer 17 is softened, and pressure is applied to make 
the bumps 25 to be pressed onto the anodes 13 and the 
cathodes 15. Thereafter, the whole is cooled to harden 
the adhesive layer 17. As a result, the bumps 25 are 
electrically connected to the anodes 13 or the cathodes 
15, and the flexible printed wiring board 21 is mechani­
cally fixed to the EL display panel 11 by the adhesive 
layer 17. 
[0024) In the next step, electronic components 27 
constituting a drive circuit for driving the EL display 
panel 11 are bonded to the copper wirings 23 of the flex­
ible printed wiring board 21 by soldering or conductive 
adhesive as shown in FIGS. 1A and 1C, thereby electri-
cally connecting the electronic components 27 to the 
flexible printed wiring board 21 and mechanically fixing 
them together. 
[0025) As apparent from FIG. 1 B, in the EL video 
display manufactured by the above-mentioned method, 
the EL display panel 11 has no dedicated region for 
electrically connecting the anodes 13 and the cathodes 

15 

20 

25 

30 

35 

40 

15 to the electronic components 27. Accordingly, by 45 

planarly joining a plurality of such EL display panels 11 
in this preferred embodiment as shown in FIG. 4, a 
large-sized video image with joints thereof hardly seen 
can be created. 
[0026) While the adhesive layer 17 is preliminarily 50 

formed on the EL display panel 11 as shown in FIG. 2B, 
the adhesive layer 17 may be preliminarily formed on 
the flexible printed wiring board 21. Further, while there 
has been described a specific preferred embodiment of 
the present invention applied to an active matrix drive 55 

type EL video display and its manufacturing method, the 
present invention is applicable also to any video dis­
plays other than the EL video display, such as a liquid 

4 

[0028) Further, the electronic components for driv­
ing the display panel can be integrated with the display 
panel, thereby facilitating handling, maintenance, etc. 
[0029) In the manufacturing method for the video 
display according to the present invention, it is possible 
to manufacture a video display in which the display 
panel is not required to have any dedicated region for 
electrically connecting the anodes and the cathodes of 
the display panel to the drive circuit for driving the dis­
play panel, and the total thickness of the display panel 
and the printed wiring board can be reduced. Accord­
ingly, a large-sized video image with no discontinuities 
can be displayed, and a thin video display can be man­
ufactured. 
[0030) Further, it is possible to manufacture a video 
display in which the electronic components for driving 
the display panel are integrated with the display panel. 
Accordingly, a video display with easy handling, mainte­
nance, etc. can be manufactured. 
[0031) While the invention has been described with 
reference to specific embodiments, the description is 
illustrative and is not to be construed as limiting the 
scope of the invention. Various modifications and 
changes may occur to those skilled in the art without 
departing from the scope of the invention as defined by 
the appended claims. 

Claims 

1. A video display, comprising: 

a display panel having a plurality of anodes and 
cathodes arranged, preferably orthogonally to 
each other, so as to form a grid; 
a printed wiring board having a drive circuit with 
wirings for driving said display panel and a plu­
rality of bumps for electrically connecting said 
wirings of said drive circuit to said anodes and 
said cathodes; and 
an adhesive layer for bonding said display 
panel and said printed wiring board to form a 
multilayer structure. 

2. A video display according to claim 1, wherein said 
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drive circuit comprises a plurality of electronic com­
ponents mounted on one surface of said printed 
wiring board for driving said display panel, and said 
bumps are formed on the other surface of said 
printed wiring board. 5 

3. A manufacturing method for a video display, com-
prising the steps of: 

preparing a display panel having a plurality of 10 

anodes and cathodes arranged, preferably 
orthogonally to each other, so as to form a grid; 
preparing a printed wiring board having a drive 
circuit with wirings for driving said display panel 
and a plurality of bumps for electrically con- 15 

necting said wirings of said drive circuit to said 
anodes and said cathodes; 
forming an adhesive layer on any one of one 
surface of said display panel on which said 
anodes and said cathodes are provided and 20 

one surface of said printed wiring board on 
which said bumps are provided; and 
electrically connecting said anodes and said 
cathodes through said bumps to said wirings 
and bonding said display panel through said 25 

adhesive layer to said printed wiring board. 

4. A manufacturing method according to claim 3, fur-
ther comprising the step of mounting a plurality of 
electronic components for driving said display panel 30 

on the other surface, oppositely-directed to the sur-
face with the bumps, of said printed wiring board. 

5. A video display according to claim 1 or manufactur-
ing method according to claim 3, wherein said dis- 35 

play panel comprises an active matrix drive type 
electroluminescent display panel. 

6. A video display according to claim 1 or manufactur-
ing method according to claim 3, wherein said dis- 40 

play panel comprises a liquid crystal display panel. 

7. A video display according to claim 1 or manufactur­
ing method according to claim 3, wherein said dis-
play panel comprises a simple matrix drive type 45 

electroluminescent display panel. 

8. A video display according to claim 1 or manufactur­
ing method according to claim 3, wherein each of 
said bumps comprises a bump formed by melting 50 

the tip of a gold wire to form a gold ball, next ultra­
sonically bonding said gold ball to a copper wiring, 
and finally tearing off said gold wire. 

55 

5 

8 
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LOW COST INTERPOSER FABRICATED WITH ADDITIVE PROCESSES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to U.S. Patent Application 13/418,834, filed 

5 March 13, 2012, titled "LOW COST INTERPOSER FABRICATED WITH ADDITIVE 

PROCESSES," all of which is incorporated herein by this reference for all purposes. 

TECHNICAL FIELD 

[0002] This disclosure relates generally to three-dimensional (3-D) device packaging 

10 and more particularly to electrically conductive interconnects for 3-D device packages. 

DESCRIPTION OF THE RELATED TECHNOLOGY 

[0003] Electromechanical systems include devices having electrical and mechanical 

elements, actuators, transducers, sensors, optical components (e.g., mirrors) and 

15 electronics. Electromechanical systems can be manufactured at a variety of scales 

including, but not limited to, microscales and nanoscales. For example, 

microelectromechanical systems (MEMS) devices can include structures having sizes 

ranging from about a micron to hundreds of microns or more. Nanoelectromechanical 

systems (NEMS) devices can include structures having sizes smaller than a micron 

20 including, for example, sizes smaller than several hundred nanometers. 

Electromechanical elements may be created usmg deposition, etching, lithography, 

and/or other micromachining processes that etch away parts of substrates and/or 

deposited material layers, or that add layers to form electrical and electromechanical 

devices. 

25 [0004] One type of electromechanical systems device is called an interferometric 

modulator (IMOD). As used herein, the term interferometric modulator or 

interferometric light modulator refers to a device that selectively absorbs and/or reflects 

light using the principles of optical interference. In some implementations, an 

interferometric modulator may include a pair of conductive plates, one or both of which 

30 may be transparent and/or reflective, wholly or in part, and capable of relative motion 

upon application of an appropriate electrical signal. In an implementation, one plate 

may include a stationary layer deposited on a substrate and the other plate may include a 

reflective membrane separated from the stationary layer by an air gap. The position of 

one plate in relation to another can change the optical interference of light incident on 
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the interferometric modulator. Interferometric modulator devices have a wide range of 

applications, and are anticipated to be used in improving existing products and creating 

new products, especially those with display capabilities. 

[0005] Device packaging in electromechanical systems can protect the functional units 

5 of the system from the environment, provide mechanical support for the system 

components, and provide a high-density interface for stacked electrical interconnections 

between devices and substrates. 

SUMMARY 

10 [0006] The systems, methods and devices of the disclosure each have several 

innovative aspects, no single one of which is solely responsible for the desirable 

attributes disclosed herein. 

[0007] One innovative aspect of the subject matter described in this disclosure can be 

implemented in a method of forming an interposer. The method can include forming a 

15 sacrificial layer on a carrier substrate and forming a plurality of interconnect posts on 

the sacrificial layer. The plurality of interconnected posts can be oriented substantially 

perpendicular to the carrier substrate. One or more flowable dielectric layers can be 

deposited and solidified to cover the sacrificial layer and the plurality of interconnect 

posts. The solidified dielectric material can be planarized to expose the plurality of 

20 interconnect posts and to form an interposer layer releasably attached to the carrier 

substrate via the sacrificial layer. In some implementations, the one or more flowable 

dielectric layers can include one or more spin-on dielectrics or one or more epoxy 

layers. In some implementations, forming a plurality of interconnect posts can include 

plating metal posts in a patterned photoresist layer. 

25 [0008] The method can further include forming one or one more passive components 

on the solidified dielectric material. Examples of passive components include resistors, 

capacitors, and inductors. In some implementations, one or more passive components 

can be formed after planarizing the solidified dielectric material. In some 

implementations, one or more passive components can be formed after forming the 

30 sacrificial layer on the carrier substrate and before depositing any flowable dielectric 

layers. The method can further include plating the plurality of interconnect posts with 

solderable material. In some implementations, the method can further include forming 

one or more routing layers on the solidified dielectric material. 
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[0009] Another innovative aspect of this disclosure can be implemented in an 

interposer. The interposer can include an additive glass interposer layer and one or 

more metal interconnect posts extending through the glass interposer layer. In some 

implementations, a routing layer including electrically conductive routing lines can be 

5 connected to the one or more metal interconnect posts. The density of the routing lines 

can greater than the density of the interconnect posts. Examples of metals in a metal 

interconnect post can include nickel, nickel alloy, and copper. In some 

implementations, the metal interconnect posts can have height to width aspect ratios of 

greater than about 5: 1. Example heights of the metal interconnect posts range from 

10 about 10 microns to about 100 microns, and in some cases as much as about 500 

microns. Example widths of the metal interconnect posts range from about 5 microns to 

about 100 microns. Example thicknesses of the glass interposer layer can range from 

about 10 microns to about 500 microns. In some implementations, the interposer can 

include one or more passive components on the glass interposer layer. In some 

15 implementations, a metal interconnect post can include an interconnect cap that 

protrudes from the spin-on glass substrate. An interconnect cap can include a solderable 

material in some implementations. 

[0010] Another innovative aspect of this disclosure can be implemented in a method of 

forming an interposer that includes using an additive process to fabricate an additive 

20 glass interposer layer on a carrier substrate and integrating one or more passive 

components within the interposer layer during the additive process. Examples of 

passive components include resistors, capacitors and inductors. In some 

implementations, using the additive process includes depositing flowable dielectric 

material around a plurality of metal interconnect posts and the carrier substrate after 

25 forming the plurality of metal interconnect posts on the carrier substrate. 

[0011] Another innovative aspect of this disclosure can be implemented m an 

apparatus. The apparatus can include a packaging substrate, an interposer layer in 

electrical communication with the packaging substrate, and one or more dies positioned 

over the interposer layer. The interposer layer can include a solidified dielectric 

30 material, one or more metal interconnect posts extending through the solidified 

dielectric material, and a routing layer including electrically conductive routing lines 

connected to the one or more metal interconnect posts. In some implementations, the 

density of electrical connections from the routing layer to the one or more dies is greater 

than the density of electrical connections from the interposer layer to the packaging 
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substrate. In some implementations, the solidified dielectric material can include spin­

on-glass or epoxy. Examples of dies include at least one of memory, logic, radio 

frequency, application specific integrated circuit, and MEMS chips. In some 

implementations, the one or more dies can include stacked dies. The apparatus can 

5 further include one or more passive components within the interposer layer. Examples 

of passive components include resistors, capacitors and inductors. 

[0012] Another innovative aspect of this disclosure can be implemented in an 

apparatus including an interposer formed by a process including forming a plurality of 

interconnect posts on a sacrificial layer, the sacrificial layer formed on a carrier 

10 substrate; depositing and solidifying one or more flowable dielectric layers around the 

interconnect posts; planarizing the solidified dielectric material to expose the 

interconnect posts; and releasing the interposer from the carrier substrate by sacrificially 

etching the sacrificial layer. 

[0013] The apparatus can further include one or more routing layers on an upper side 

15 or a lower side of the interposer. At least one passive component can be formed on an 

upper side or a lower side of the interposer. In some implementations, at least one 

interconnect post provides strain relief when the interposer is connected between a 

packaging substrate and an integrated circuit chip. In some implementations, at least 

one interconnect post allows heat transfer between an integrated circuit chip and a 

20 packaging substrate, the interposer connected between the packaging substrate and the 

integrated circuit chip. The apparatus can further include one or more of an integrated 

circuit chip and a packaging substrate attached to the interposer. In some 

implementations, the interposer provides stress isolation between a packaging substrate 

and an integrated circuit chip attached to the interposer. 

25 [ 0014] Details of one or more implementations of the subject matter described in this 

specification are set forth in the accompanying drawings and the description below. 

Other features, aspects, and advantages will become apparent from the description, the 

drawings, and the claims. Note that the relative dimensions of the following figures 

may not be drawn to scale. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 shows an example of an isometric view depicting two adjacent pixels 

in a series of pixels of an interferometric modulator (IMOD) display device. 
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[0016] Figure 2 shows an example of a system block diagram illustrating an electronic 

device incorporating a 3x3 interferometric modulator display. 

[0017] Figure 3 shows an example of a diagram illustrating movable reflective layer 

position versus applied voltage for the interferometric modulator of Figure 1. 

5 [0018] Figure 4 shows an example of a table illustrating various states of an 

interferometric modulator when various common and segment voltages are applied. 

[0019] Figure 5A shows an example of a diagram illustrating a frame of display data 

in the 3x3 interferometric modulator display of Figure 2. 

[0020] Figure 5B shows an example of a timing diagram for common and segment 

10 signals that may be used to write the frame of display data illustrated in Figure 5A. 

[0021] Figure 6A shows an example of a partial cross-section of the interferometric 

modulator display of Figure 1. 

[0022] Figures 6B-6E show examples of cross-sections of varying implementations of 

interferometric modulators. 

15 [0023] Figure 7 shows an example of a flow diagram illustrating a manufacturing 

process for an interferometric modulator. 

[0024] Figures 8A-8E show examples of cross-sectional schematic illustrations of 

various stages in a method of making an interferometric modulator. 

[0025] Figure 9 shows an example of a flow diagram illustrating a manufacturing 

20 process for forming an interposer. 

[0026] Figure 10 shows an example of a flow diagram illustrating a manufacturing 

process for forming an interposer. 

[0027] Figures l lA-11 G show examples of cross-sectional schematic illustrations of 

various stages in a method of manufacturing an interposer layer. 

25 [0028] Figures 12A-12C show examples of cross-sectional schematic illustrations of 

varying implementations of interposers with one or more routing layers. 

[0029] Figure 13 shows an example of a cross-sectional schematic illustration of 

stacked dies on an interposer. 

[0030] Figures 14A-14D show examples of cross-sectional schematic illustrations of 

30 various stages in a method of forming an interposer. 

[0031] Figures 15A and 15B show examples of cross-sectional schematic illustrations 

of an interposer positioned between an integrated circuit chip and a packaging substrate. 

[0032] Figures 16A and 16B show examples of system block diagrams illustrating a 

display device that includes a plurality of interferometric modulators. 
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[0033] Like reference numbers and designations in the various drawings indicate like 

elements. 

DETAILED DESCRIPTION 

5 [0034] The following detailed description is directed to certain implementations for 

the purposes of describing the innovative aspects. However, the teachings herein can be 

applied in a multitude of different ways. The described implementations may be 

implemented in any device that is configured to display an image, whether in motion 

(e.g., video) or stationary (e.g., still image), and whether textual, graphical or pictorial. 

10 More particularly, it is contemplated that the implementations may be implemented in 

or associated with a variety of electronic devices such as, but not limited to, mobile 

telephones, multimedia Internet enabled cellular telephones, mobile television receivers, 

wireless devices, smartphones, bluetooth devices, personal data assistants (PDAs), 

wireless electronic mail receivers, hand-held or portable computers, netbooks, 

15 notebooks, smartbooks, tablets, printers, copiers, scanners, facsimile devices, GPS 

receivers/navigators, cameras, MP3 players, camcorders, game consoles, wrist watches, 

clocks, calculators, television monitors, flat panel displays, electronic reading devices 

(e.g., e-readers), computer monitors, auto displays (e.g., odometer display, etc.), cockpit 

controls and/or displays, camera view displays (e.g., display of a rear view camera in a 

20 vehicle), electronic photographs, electronic billboards or signs, projectors, architectural 

structures, microwaves, refrigerators, stereo systems, cassette recorders or players, DVD 

players, CD players, VCRs, radios, portable memory chips, washers, dryers, 

washer/dryers, parking meters, packaging ( e.g., electromechanical systems (EMS), 

MEMS and non-MEMS), aesthetic structures (e.g., display of images on a piece of 

25 jewelry) and a variety of electromechanical systems devices. The teachings herein also 

can be used in non-display applications such as, but not limited to, electronic switching 

devices, radio frequency filters, sensors, accelerometers, gyroscopes, motion-sensing 

devices, magnetometers, inertial components for consumer electronics, parts of 

consumer electronics products, varactors, liquid crystal devices, electrophoretic devices, 

30 drive schemes, manufacturing processes, electronic test equipment. Thus, the teachings 

are not intended to be limited to the implementations depicted solely in the Figures, but 

instead have wide applicability as will be readily apparent to one having ordinary skill 

in the art. 
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[0035] Some implementations described herein relate to 3-D device packaging and 

interposer technology. An interposer generally serves as an intermediate layer that can 

be used for direct electrical interconnection between one device or substrate and a 

second device or substrate with the interposer positioned in between. For example, an 

5 interposer may have a pad configuration on one side that can be aligned with 

corresponding pads on a first device, and a different pad configuration on a second side 

that corresponds to pads on a second device. The interposer can contain electrical traces 

that allow interconnecting pads to be aligned and mated to devices on opposite sides. In 

some implementations, the interposer includes an interposer layer that has electrically 

10 conductive interconnects (vias) extending through the layer. For example, in some 

implementations, the interposer layer can be a through-glass via layer. For example, in 

some implementations, the interposer layer can be an additive glass interposer layer. In 

some implementations, the interposers can further include one or more routing or 

redistribution layers. In some implementations, the interposer may include a ground 

15 plane and/or a power plane. In some implementations, one or more passive components 

can be integrated within the interposer. In some implementations, one or more devices 

may be attached to each side of the interposer. 

[0036] Some implementations described herein relate to additive processes to fabricate 

interposers. An additive process can involve depositing flowable dielectric material 

20 over a plurality of metal interconnect posts and solidifying the flowable dielectric 

material. In some implementations, the process can further include forming the 

plurality of metal interconnect posts on a carrier substrate prior to depositing the 

flowable dielectric material. For example, the flowable dielectric material may be 

deposited by spinning, dispensing, extruding, injecting, casting or otherwise disposing 

25 the dielectric material around, and in some cases, over the interconnect posts. The 

interconnect posts may be formed, for example, directly on the carrier substrate or on a 

sacrificial layer disposed on the carrier substrate. Examples of flowable dielectric 

material include spin-on dielectric and epoxy materials. The process can further include 

planarizing the solidified dielectric material to form an interposer layer including 

30 through-layer interconnects. In some implementations, one or more passive 

components can be formed prior to or after forming the solidified dielectric material. In 

some implementations, one or more routing or redistribution layers can be formed prior 

to or after forming the solidified dielectric material. 
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[0037] Some implementations relate to additive glass interposer layers. An additive 

glass interposer layer is any interposer layer formed by solidifying a flowable dielectric 

material such as a dispensable glass or epoxy around one or more interconnect posts of 

the interposer layer. 

5 [0038] Particular implementations of the subject matter described in this disclosure 

can be implemented to realize one or more of the following potential advantages. 

Forming an interposer layer using an additive process can reduce the cost of fabrication 

in comparison to subtractive processes that require multiple patterning and deposition 

operations. Use of a flowable dielectric material around electroplated posts allows 

10 relatively thin interposers to be formed. The posts may be formed with a relatively high 

density. Patterned photoresist materials may be used to form the electroplated posts, 

which can then be removed and replaced with a stronger material having a high 

dielectric strength. One or more routing layers separated by thin dielectric layers may 

be formed prior to or after formation of the posts. Passive components can also be 

15 integrated in a cost-efficient manner within the interposer by using an additive process. 

Additive processes are also scalable to large panel or continuous roll substrates that can 

further reduce cost. 

[0039] Some implementations described herein relate to 3-D device packaging, 

including packaging of EMS or MEMS devices. An example of a suitable EMS or 

20 MEMS device, to which the described implementations may apply, is a reflective 

display device. Reflective display devices can incorporate interferometric modulators 

(IMODs) to selectively absorb and/or reflect light incident thereon using principles of 

optical interference. IMODs can include an absorber, a reflector that is movable with 

respect to the absorber, and an optical resonant cavity defined between the absorber and 

25 the reflector. The reflector can be moved to two or more different positions, which can 

change the size of the optical resonant cavity and thereby affect the reflectance of the 

interferometric modulator. The reflectance spectrums of IM ODs can create fairly broad 

spectral bands which can be shifted across the visible wavelengths to generate different 

colors. The position of the spectral band can be adjusted by changing the thickness of 

30 the optical resonant cavity, i.e., by changing the position of the reflector. 

[0040] Figure 1 shows an example of an isometric view depicting two adjacent pixels 

in a series of pixels of an interferometric modulator (IMOD) display device. The IMOD 

display device includes one or more interferometric MEMS display elements. In these 

devices, the pixels of the MEMS display elements can be in either a bright or dark state. 
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In the bright ("relaxed," "open" or "on") state, the display element reflects a large 

portion of incident visible light, e.g., to a user. Conversely, in the dark ("actuated," 

"closed" or "off') state, the display element reflects little incident visible light. In some 

implementations, the light reflectance properties of the on and off states may be 

5 reversed. MEMS pixels can be configured to reflect predominantly at particular 

wavelengths allowing for a color display in addition to black and white. 

[0041] The IMOD display device can include a row/column array of IMODs. Each 

IMOD can include a pair of reflective layers, i.e., a movable reflective layer and a fixed 

partially reflective layer, positioned at a variable and controllable distance from each 

10 other to form an air gap (also referred to as an optical gap or cavity). The movable 

reflective layer may be moved between at least two positions. In a first position, i.e., a 

relaxed position, the movable reflective layer can be positioned at a relatively large 

distance from the fixed partially reflective layer. In a second position, i.e., an actuated 

position, the movable reflective layer can be positioned more closely to the partially 

15 reflective layer. Incident light that reflects from the two layers can interfere 

constructively or destructively depending on the position of the movable reflective 

layer, producing either an overall reflective or non-reflective state for each pixel. In 

some implementations, the IMOD may be in a reflective state when unactuated, 

reflecting light within the visible spectrum, and may be in a dark state when unactuated, 

20 reflecting light outside of the visible range ( e.g., infrared light). In some other 

implementations, however, an IMOD may be in a dark state when unactuated, and in a 

reflective state when actuated. In some implementations, the introduction of an applied 

voltage can drive the pixels to change states. In some other implementations, an applied 

charge can drive the pixels to change states. 

25 [0042] The depicted portion of the pixel array m Figure 1 includes two adjacent 

interferometric modulators 12. In the IMOD 12 on the left (as illustrated), a movable 

reflective layer 14 is illustrated in a relaxed position at a predetermined distance from an 

optical stack 16, which includes a partially reflective layer. The voltage VO applied 

across the IMOD 12 on the left is insufficient to cause actuation of the movable 

30 reflective layer 14. In the IMOD 12 on the right, the movable reflective layer 14 is 

illustrated in an actuated position near or adjacent the optical stack 16. The voltage Vbias 

applied across the IMOD 12 on the right is sufficient to maintain the movable reflective 

layer 14 in the actuated position. 
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[0043] In Figure 1, the reflective properties of pixels 12 are generally illustrated with 

arrows 13 indicating light incident upon the pixels 12, and light 15 reflecting from the 

IMOD 12 on the left. Although not illustrated in detail, it will be understood by one 

having ordinary skill in the art that most of the light 13 incident upon the pixels 12 will 

5 be transmitted through the transparent substrate 20, toward the optical stack 16. A 

portion of the light incident upon the optical stack 16 will be transmitted through the 

partially reflective layer of the optical stack 16, and a portion will be reflected back 

through the transparent substrate 20. The portion of light 13 that is transmitted through 

the optical stack 16 will be reflected at the movable reflective layer 14, back toward 

10 (and through) the transparent substrate 20. Interference (constructive or destructive) 

between the light reflected from the partially reflective layer of the optical stack 16 and 

the light reflected from the movable reflective layer 14 will determine the wavelength(s) 

oflight 15 reflected from the IMOD 12. 

[0044] The optical stack 16 can include a single layer or several layers. The layer(s) 

15 can include one or more of an electrode layer, a partially reflective and partially 

transmissive layer, and a transparent dielectric layer. In some implementations, the 

optical stack 16 is electrically conductive, partially transparent and partially reflective, 

and may be fabricated, for example, by depositing one or more of the above layers onto 

a transparent substrate 20. The electrode layer can be formed from a variety of 

20 materials, such as various metals, for example indium tin oxide (ITO). The partially 

reflective layer can be formed from a variety of materials that are partially reflective, 

such as various metals, e.g., chromium (Cr), semiconductors, and dielectrics. The 

partially reflective layer can be formed of one or more layers of materials, and each of 

the layers can be formed of a single material or a combination of materials. In some 

25 implementations, the optical stack 16 can include a single semi-transparent thickness of 

metal or semiconductor which serves as both an optical absorber and conductor, while 

different, more conductive layers or portions ( e.g., of the optical stack 16 or of other 

structures of the IMOD) can serve to bus signals between IMOD pixels. The optical 

stack 16 also can include one or more insulating or dielectric layers covering one or 

30 more conductive layers or a conductive/absorptive layer. 

[0045] In some implementations, the layer(s) of the optical stack 16 can be patterned 

into parallel strips, and may form row electrodes in a display device as described further 

below. As will be understood by one having skill in the art, the term "patterned" is used 

herein to refer to masking as well as etching processes. In some implementations, a 
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highly conductive and reflective material, such as aluminum (Al), may be used for the 

movable reflective layer 14, and these strips may form column electrodes in a display 

device. The movable reflective layer 14 may be formed as a series of parallel strips of a 

deposited metal layer or layers ( orthogonal to the row electrodes of the optical stack 16) 

5 to form columns deposited on top of posts 18 and an intervening sacrificial material 

deposited between the posts 18. When the sacrificial material is etched away, a defined 

gap 19, or optical cavity, can be formed between the movable reflective layer 14 and the 

optical stack 16. In some implementations, the spacing between posts 18 may be 

approximately 1-1000 um, while the gap 19 may be less than 10,000 Angstroms (A). 

10 [0046] In some implementations, each pixel of the IMOD, whether in the actuated or 

relaxed state, is essentially a capacitor formed by the fixed and moving reflective layers. 

When no voltage is applied, the movable reflective layer 14 remains in a mechanically 

relaxed state, as illustrated by the IMOD 12 on the left in Figure 1, with the gap 19 

between the movable reflective layer 14 and optical stack 16. However, when a 

15 potential difference, e.g., voltage, is applied to at least one of a selected row and 

column, the capacitor formed at the intersection of the row and column electrodes at the 

corresponding pixel becomes charged, and electrostatic forces pull the electrodes 

together. If the applied voltage exceeds a threshold, the movable reflective layer 14 can 

deform and move near or against the optical stack 16. A dielectric layer (not shown) 

20 within the optical stack 16 may prevent shorting and control the separation distance 

between the layers 14 and 16, as illustrated by the actuated IMOD 12 on the right in 

Figure 1. The behavior is the same regardless of the polarity of the applied potential 

difference. Though a series of pixels in an array may be referred to in some instances as 

"rows" or "columns," a person having ordinary skill in the art will readily understand 

25 that referring to one direction as a "row" and another as a "column" is arbitrary. 

Restated, in some orientations, the rows can be considered columns, and the columns 

considered to be rows. Furthermore, the display elements may be evenly arranged in 

orthogonal rows and columns (an "array"), or arranged in non-linear configurations, for 

example, having certain positional offsets with respect to one another ( a "mosaic"). The 

30 terms "array" and "mosaic" may refer to either configuration. Thus, although the 

display is referred to as including an "array" or "mosaic," the elements themselves need 

not be arranged orthogonally to one another, or disposed in an even distribution, in any 

instance, but may include arrangements having asymmetric shapes and unevenly 

distributed elements. 
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[0047] Figure 2 shows an example of a system block diagram illustrating an electronic 

device incorporating a 3x3 interferometric modulator display. The electronic device 

includes a processor 21 that may be configured to execute one or more software 

modules. In addition to executing an operating system, the processor 21 may be 

5 configured to execute one or more software applications, including a web browser, a 

telephone application, an email program, or other software application. 

[0048] The processor 21 can be configured to communicate with an array driver 22. 

The array driver 22 can include a row driver circuit 24 and a column driver circuit 26 

that provide signals to, e.g., a display array or panel 30. The cross section of the IMOD 

10 display device illustrated in Figure 1 is shown by the lines 1-1 in Figure 2. Although 

Figure 2 illustrates a 3x3 array of IMODs for the sake of clarity, the display array 30 

may contain a very large number of IMODs, and may have a different number of 

IMODs in rows than in columns, and vice versa. 

[0049] Figure 3 shows an example of a diagram illustrating movable reflective layer 

15 position versus applied voltage for the interferometric modulator of Figure 1. For 

MEMS interferometric modulators, the row/column (i.e., common/segment) write 

procedure may take advantage of a hysteresis property of these devices as illustrated in 

Figure 3. An interferometric modulator may require, for example, about a 10-volt 

potential difference to cause the movable reflective layer, or mirror, to change from the 

20 relaxed state to the actuated state. When the voltage is reduced from that value, the 

movable reflective layer maintains its state as the voltage drops back below, e.g., 10 

volts, however, the movable reflective layer does not relax completely until the voltage 

drops below 2 volts. Thus, a range of voltage, approximately 3 to 7 volts, as shown in 

Figure 3, exists where there is a window of applied voltage within which the device is 

25 stable in either the relaxed or actuated state. This is referred to herein as the "hysteresis 

window" or "stability window." For a display array 30 having the hysteresis 

characteristics of Figure 3, the row/column write procedure can be designed to address 

one or more rows at a time, such that during the addressing of a given row, pixels in the 

addressed row that are to be actuated are exposed to a voltage difference of about 10 

30 volts, and pixels that are to be relaxed are exposed to a voltage difference of near zero 

volts. After addressing, the pixels are exposed to a steady state or bias voltage 

difference of approximately 5-volts such that they remain in the previous strobing state. 

In this example, after being addressed, each pixel sees a potential difference within the 

"stability window" of about 3- 7 volts. This hysteresis property feature enables the pixel 
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design, e.g., illustrated in Figure 1, to remain stable in either an actuated or relaxed pre­

existing state under the same applied voltage conditions. Since each IMOD pixel, 

whether in the actuated or relaxed state, is essentially a capacitor formed by the fixed 

and moving reflective layers, this stable state can be held at a steady voltage within the 

5 hysteresis window without substantially consuming or losing power. Moreover, 

essentially little or no current flows into the IMOD pixel if the applied voltage potential 

remains substantially fixed. 

[0050] In some implementations, a frame of an image may be created by applying data 

signals in the form of "segment" voltages along the set of column electrodes, in 

10 accordance with the desired change (if any) to the state of the pixels in a given row. 

Each row of the array can be addressed in tum, such that the frame is written one row at 

a time. To write the desired data to the pixels in a first row, segment voltages 

corresponding to the desired state of the pixels in the first row can be applied on the 

column electrodes, and a first row pulse in the form of a specific "common" voltage or 

15 signal can be applied to the first row electrode. The set of segment voltages can then be 

changed to correspond to the desired change (if any) to the state of the pixels in the 

second row, and a second common voltage can be applied to the second row electrode. 

In some implementations, the pixels in the first row are unaffected by the change in the 

segment voltages applied along the column electrodes, and remain in the state they were 

20 set to during the first common voltage row pulse. This process may be repeated for the 

entire series of rows, or alternatively, columns, in a sequential fashion to produce the 

image frame. The frames can be refreshed and/or updated with new image data by 

continually repeating this process at some desired number of frames per second. 

[0051] The combination of segment and common signals applied across each pixel 

25 (that is, the potential difference across each pixel) determines the resulting state of each 

pixel. Figure 4 shows an example of a table illustrating various states of an 

interferometric modulator when various common and segment voltages are applied. As 

will be readily understood by one having ordinary skill in the art, the "segment" 

voltages can be applied to either the column electrodes or the row electrodes, and the 

30 "common" voltages can be applied to the other of the column electrodes or the row 

electrodes. 

[0052] As illustrated in Figure 4 ( as well as in the timing diagram shown in Figure 

5B), when a release voltage VCREL is applied along a common line, all interferometric 

modulator elements along the common line will be placed in a relaxed state, 
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alternatively referred to as a released or unactuated state, regardless of the voltage 

applied along the segment lines, i.e., high segment voltage VSH and low segment 

voltage VSL. In particular, when the release voltage VCREL is applied along a common 

line, the potential voltage across the modulator (alternatively referred to as a pixel 

5 voltage) is within the relaxation window (see Figure 3, also referred to as a release 

window) both when the high segment voltage VSH and the low segment voltage VSL are 

applied along the corresponding segment line for that pixel. 

[0053] When a hold voltage is applied on a common line, such as a high hold voltage 

VCHorn_H or a low hold voltage VCHorn_L, the state of the interferometric modulator 

10 will remain constant. For example, a relaxed IMOD will remain in a relaxed position, 

and an actuated IMOD will remain in an actuated position. The hold voltages can be 

selected such that the pixel voltage will remain within a stability window both when the 

high segment voltage VSH and the low segment voltage VSL are applied along the 

corresponding segment line. Thus, the segment voltage swing, i.e., the difference 

15 between the high VSH and low segment voltage VSL, is less than the width of either the 

positive or the negative stability window. 

[0054] When an addressing, or actuation, voltage is applied on a common line, such as 

a high addressing voltage VCADD_H or a low addressing voltage VC,wD_L, data can be 

selectively written to the modulators along that line by application of segment voltages 

20 along the respective segment lines. The segment voltages may be selected such that 

actuation is dependent upon the segment voltage applied. When an addressing voltage 

is applied along a common line, application of one segment voltage will result in a pixel 

voltage within a stability window, causing the pixel to remain unactuated. In contrast, 

application of the other segment voltage will result in a pixel voltage beyond the 

25 stability window, resulting in actuation of the pixel. The particular segment voltage 

which causes actuation can vary depending upon which addressing voltage is used. In 

some implementations, when the high addressing voltage VCADD_H is applied along the 

common line, application of the high segment voltage VSH can cause a modulator to 

remain in its current position, while application of the low segment voltage VSL can 

30 cause actuation of the modulator. As a corollary, the effect of the segment voltages can 

be the opposite when a low addressing voltage VCADD_L is applied, with high segment 

voltage VSH causing actuation of the modulator, and low segment voltage VSL having 

no effect (i.e., remaining stable) on the state of the modulator. 
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[0055] In some implementations, hold voltages, address voltages, and segment 

voltages may be used which always produce the same polarity potential difference 

across the modulators. In some other implementations, signals can be used which 

alternate the polarity of the potential difference of the modulators. Alternation of the 

5 polarity across the modulators (that is, alternation of the polarity of write procedures) 

may reduce or inhibit charge accumulation which could occur after repeated write 

operations of a single polarity. 

[0056] Figure 5A shows an example of a diagram illustrating a frame of display data 

in the 3x3 interferometric modulator display of Figure 2. Figure 5B shows an example 

10 of a timing diagram for common and segment signals that may be used to write the 

frame of display data illustrated in Figure 5A. The signals can be applied to the, e.g., 

3x3 array of Figure 2, which will ultimately result in the line time 60e display 

arrangement illustrated in Figure 5A. The actuated modulators in Figure 5A are in a 

dark-state, i.e., where a substantial portion of the reflected light is outside of the visible 

15 spectrum so as to result in a dark appearance to, e.g., a viewer. Prior to writing the 

frame illustrated in Figure 5A, the pixels can be in any state, but the write procedure 

illustrated in the timing diagram of Figure 5B presumes that each modulator has been 

released and resides in an unactuated state before the first line time 60a. 

[0057] During the first line time 60a, a release voltage 70 is applied on common line 1; 

20 the voltage applied on common line 2 begins at a high hold voltage 72 and moves to a 

release voltage 70; and a low hold voltage 76 is applied along common line 3. Thus, the 

modulators (common 1, segment 1), (1,2) and (1,3) along common line 1 remain in a 

relaxed, or unactuated, state for the duration of the first line time 60a, the modulators 

(2,1), (2,2) and (2,3) along common line 2 will move to a relaxed state, and the 

25 modulators (3,1), (3,2) and (3,3) along common line 3 will remain in their previous 

state. With reference to Figure 4, the segment voltages applied along segment lines 1, 2 

and 3 will have no effect on the state of the interferometric modulators, as none of 

common lines 1, 2 or 3 are being exposed to voltage levels causing actuation during line 

time 60a (i.e., VCREL - relax and VCHoLD_L - stable). 

30 [0058] During the second line time 60b, the voltage on common line 1 moves to a high 

hold voltage 72, and all modulators along common line 1 remain in a relaxed state 

regardless of the segment voltage applied because no addressing, or actuation, voltage 

was applied on the common line 1. The modulators along common line 2 remain in a 

relaxed state due to the application of the release voltage 70, and the modulators (3,1), 
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(3,2) and (3,3) along common line 3 will relax when the voltage along common line 3 

moves to a release voltage 70. 

[0059] During the third line time 60c, common line 1 is addressed by applying a high 

address voltage 74 on common line 1. Because a low segment voltage 64 is applied 

5 along segment lines 1 and 2 during the application of this address voltage, the pixel 

voltage across modulators (1, 1) and (1,2) is greater than the high end of the positive 

stability window (i.e., the voltage differential exceeded a predefined threshold) of the 

modulators, and the modulators (1,1) and (1,2) are actuated. Conversely, because a high 

segment voltage 62 is applied along segment line 3, the pixel voltage across modulator 

10 (1,3) is less than that of modulators (1,1) and (1,2), and remains within the positive 

stability window of the modulator; modulator (1,3) thus remains relaxed. Also during 

line time 60c, the voltage along common line 2 decreases to a low hold voltage 76, and 

the voltage along common line 3 remains at a release voltage 70, leaving the modulators 

along common lines 2 and 3 in a relaxed position. 

15 [0060] During the fourth line time 60d, the voltage on common line 1 returns to a high 

hold voltage 72, leaving the modulators along common line 1 in their respective 

addressed states. The voltage on common line 2 is decreased to a low address voltage 

78. Because a high segment voltage 62 is applied along segment line 2, the pixel 

voltage across modulator (2,2) is below the lower end of the negative stability window 

20 of the modulator, causing the modulator (2,2) to actuate. Conversely, because a low 

segment voltage 64 is applied along segment lines 1 and 3, the modulators (2, 1) and 

(2,3) remain in a relaxed position. The voltage on common line 3 increases to a high 

hold voltage 72, leaving the modulators along common line 3 in a relaxed state. 

[0061] Finally, during the fifth line time 60e, the voltage on common line 1 remains at 

25 high hold voltage 72, and the voltage on common line 2 remains at a low hold voltage 

76, leaving the modulators along common lines 1 and 2 in their respective addressed 

states. The voltage on common line 3 increases to a high address voltage 74 to address 

the modulators along common line 3. As a low segment voltage 64 is applied on 

segment lines 2 and 3, the modulators (3,2) and (3,3) actuate, while the high segment 

30 voltage 62 applied along segment line 1 causes modulator (3,1) to remain in a relaxed 

position. Thus, at the end of the fifth line time 60e, the 3x3 pixel array is in the state 

shown in Figure 5A, and will remain in that state as long as the hold voltages are 

applied along the common lines, regardless of variations in the segment voltage which 
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may occur when modulators along other common lines (not shown) are being 

addressed. 

[0062] In the timing diagram of Figure 5B, a given write procedure (i.e., line times 

60a-60e) can include the use of either high hold and address voltages, or low hold and 

5 address voltages. Once the ,vrite procedure has been completed for a given common 

line ( and the common voltage is set to the hold voltage having the same polarity as the 

actuation voltage), the pixel voltage remains within a given stability window, and does 

not pass through the relaxation window until a release voltage is applied on that 

common line. Furthermore, as each modulator is released as part of the write procedure 

10 prior to addressing the modulator, the actuation time of a modulator, rather than the 

release time, may determine the necessary line time. Specifically, in implementations in 

which the release time of a modulator is greater than the actuation time, the release 

voltage may be applied for longer than a single line time, as depicted in Figure 5B. In 

some other implementations, voltages applied along common lines or segment lines 

15 may vary to account for variations in the actuation and release voltages of different 

modulators, such as modulators of different colors. 

[0063] The details of the structure of interferometric modulators that operate in 

accordance with the principles set forth above may vary widely. For example, Figures 

6A-6E show examples of cross-sections of varying implementations of interferometric 

20 modulators, including the movable reflective layer 14 and its supporting structures. 

Figure 6A shows an example of a partial cross-section of the interferometric modulator 

display of Figure 1, where a strip of metal material, i.e., the movable reflective layer 14 

is deposited on supports 18 extending orthogonally from the substrate 20. In Figure 6B, 

the movable reflective layer 14 of each IMOD is generally square or rectangular in 

25 shape and attached to supports at or near the comers, on tethers 32. In Figure 6C, the 

movable reflective layer 14 is generally square or rectangular in shape and suspended 

from a deformable layer 34, which may include a flexible metal. The deformable layer 

34 can connect, directly or indirectly, to the substrate 20 around the perimeter of the 

movable reflective layer 14. These connections are herein referred to as support posts. 

30 The implementation shown in Figure 6C has additional benefits deriving from the 

decoupling of the optical functions of the movable reflective layer 14 from its 

mechanical functions, which are carried out by the deformable layer 34. This 

decoupling allows the structural design and materials used for the reflective layer 14 
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and those used for the deformable layer 34 to be optimized independently of one 

another. 

[0064] Figure 6D shows another example of an IMOD, where the movable reflective 

layer 14 includes a reflective sub-layer 14a. The movable reflective layer 14 rests on a 

5 support structure, such as support posts 18. The support posts 18 provide separation of 

the movable reflective layer 14 from the lower stationary electrode (i.e., part of the 

optical stack 16 in the illustrated IMOD) so that a gap 19 is formed between the 

movable reflective layer 14 and the optical stack 16, for example when the movable 

reflective layer 14 is in a relaxed position. The movable reflective layer 14 also can 

10 include a conductive layer 14c, which may be configured to serve as an electrode, and a 

support layer 14b. In this example, the conductive layer 14c is disposed on one side of 

the support layer 14b, distal from the substrate 20, and the reflective sub-layer 14a is 

disposed on the other side of the support layer 14b, proximal to the substrate 20. In 

some implementations, the reflective sub-layer 14a can be conductive and can be 

15 disposed between the support layer 14b and the optical stack 16. The support layer 14b 

can include one or more layers of a dielectric material, for example, silicon oxynitride 

(SiON) or silicon dioxide (SiO 2). In some implementations, the support layer 14b can 

be a stack of layers, such as, for example, a SiO 2/SiON/SiO 2 tri-layer stack. Either or 

both of the reflective sub-layer 14a and the conductive layer 14c can include, e.g., an 

20 aluminum (Al) alloy with about 0.5% copper (Cu), or another reflective metallic 

material. Employing conductive layers 14a, 14c above and below the dielectric support 

layer 14b can balance stresses and provide enhanced conduction. In some 

implementations, the reflective sub-layer 14a and the conductive layer 14c can be 

formed of different materials for a variety of design purposes, such as achieving specific 

25 stress profiles within the movable reflective layer 14. 

[0065] As illustrated in Figure 6D, some implementations also can include a black 

mask structure 23. The black mask structure 23 can be formed in optically inactive 

regions (e.g., between pixels or under posts 18) to absorb ambient or stray light. The 

black mask structure 23 also can improve the optical properties of a display device by 

30 inhibiting light from being reflected from or transmitted through inactive portions of the 

display, thereby increasing the contrast ratio. Additionally, the black mask structure 23 

can be conductive and be configured to function as an electrical bussing layer. In some 

implementations, the row electrodes can be connected to the black mask structure 23 to 

reduce the resistance of the connected row electrode. The black mask structure 23 can 
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be formed using a variety of methods, including deposition and patterning techniques. 

The black mask structure 23 can include one or more layers. For example, in some 

implementations, the black mask structure 23 includes a molybdenum-chromium 

(MoCr) layer that serves as an optical absorber, an SiO 2 layer, and an aluminum alloy 

5 that serves as a reflector and a bussing layer, with a thickness in the range of about 30-

80 A, 500-1000 A, and 500-6000 A, respectively. The one or more layers can be 

patterned using a variety of techniques, including photolithography and dry etching, 

including, for example, carbon tetrafluoromethane (CF 4) and/or oxygen (0 2) for the 

MoCr and SiO 2 layers and chlorine (Ch) and/or boron trichloride (BCh) for the 

10 aluminum alloy layer. In some implementations, the black mask 23 can be an etalon or 

interferometric stack structure. In such interferometric stack black mask structures 23, 

the conductive absorbers can be used to transmit or bus signals between lower, 

stationary electrodes in the optical stack 16 of each row or column. In some 

implementations, a spacer layer 35 can serve to generally electrically isolate the 

15 absorber layer 16a from the conductive layers in the black mask 23. 

[0066] Figure 6E shows another example of an IMOD, where the movable reflective 

layer 14 is self-supporting. In contrast with Figure 6D, the implementation of Figure 6E 

does not include support posts 18. Instead, the movable reflective layer 14 contacts the 

underlying optical stack 16 at multiple locations, and the curvature of the movable 

20 reflective layer 14 provides sufficient support that the movable reflective layer 14 

returns to the unactuated position of Figure 6E when the voltage across the 

interferometric modulator is insufficient to cause actuation. The optical stack 16, which 

may contain a plurality of several different layers, is shown here for clarity including an 

optical absorber 16a, and a dielectric 16b. In some implementations, the optical 

25 absorber 16a may serve both as a fixed electrode and as a partially reflective layer. 

[0067] In implementations such as those shown in Figures 6A-6E, the IMODs 

function as direct-view devices, in which images are viewed from the front side of the 

transparent substrate 20, i.e., the side opposite to that upon which the modulator is 

arranged. In these implementations, the back portions of the device (that is, any portion 

30 of the display device behind the movable reflective layer 14, including, for example, the 

deformable layer 34 illustrated in Figure 6C) can be configured and operated upon 

without impacting or negatively affecting the image quality of the display device, 

because the reflective layer 14 optically shields those portions of the device. For 

example, in some implementations a bus structure (not illustrated) can be included 
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behind the movable reflective layer 14 which provides the ability to separate the optical 

properties of the modulator from the electromechanical properties of the modulator, 

such as voltage addressing and the movements that result from such addressing. 

Additionally, the implementations of Figures 6A-6E can simplify processing, such as, 

5 e.g., patterning. 

[0068] Figure 7 shows an example of a flow diagram illustrating a manufacturing 

process 80 for an interferometric modulator, and Figures 8A-8E show examples of 

cross-sectional schematic illustrations of corresponding stages of such a manufacturing 

process 80. In some implementations, the manufacturing process 80 can be 

10 implemented to manufacture, e.g., interferometric modulators of the general type 

illustrated in Figures 1 and 6, in addition to other blocks not shown in Figure 7. With 

reference to Figures 1, 6 and 7, the process 80 begins at block 82 with the formation of 

the optical stack 16 over the substrate 20. Figure 8A illustrates such an optical stack 16 

formed over the substrate 20. The substrate 20 may be a transparent substrate such as 

15 glass or plastic, it may be flexible or relatively stiff and unbending, and may have been 

subjected to prior preparation processes, e.g., cleaning, to facilitate efficient formation 

of the optical stack 16. As discussed above, the optical stack 16 can be electrically 

conductive, partially transparent and partially reflective and may be fabricated, for 

example, by depositing one or more layers having the desired properties onto the 

20 transparent substrate 20. In Figure 8A, the optical stack 16 includes a multilayer 

structure having sub-layers 16a and 16b, although more or fewer sub-layers may be 

included in some other implementations. In some implementations, one of the sub­

layers 16a, 16b can be configured with both optically absorptive and conductive 

properties, such as the combined conductor/absorber sub-layer 16a. Additionally, one 

25 or more of the sub-layers 16a, 16b can be patterned into parallel strips, and may form 

row electrodes in a display device. Such patterning can be performed by a masking and 

etching process or another suitable process. In some implementations, one of the sub­

layers 16a, 16b can be an insulating or dielectric layer, such as sub-layer 16b that is 

deposited over one or more metal layers (e.g., one or more reflective and/or conductive 

30 layers). In addition, the optical stack 16 can be patterned into individual and parallel 

strips that form the rows of the display. 

[0069] The process 80 continues at block 84 with the formation of a sacrificial layer 

25 over the optical stack 16. The sacrificial layer 25 is later removed (e.g., at block 90) 

to form the cavity 19 and thus the sacrificial layer 25 is not shown in the resulting 
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interferometric modulators 12 illustrated in Figure 1. Figure 8B illustrates a partially 

fabricated device including a sacrificial layer 25 formed over the optical stack 16. The 

formation of the sacrificial layer 25 over the optical stack 16 may include deposition of 

a xenon difluoride (XeF 2)-etchable material such as molybdenum (Mo) or amorphous 

5 silicon (Si), in a thickness selected to provide, after subsequent removal, a gap or cavity 

19 (see also Figures 1 and 8E) having a desired design size. Deposition of the 

sacrificial material may be carried out using deposition techniques such as physical 

vapor deposition (PVD, e.g., sputtering), plasma-enhanced chemical vapor deposition 

(PECVD), thermal chemical vapor deposition (thermal CVD), or spin-coating. 

10 [0070] The process 80 continues at block 86 with the formation of a support structure 

e.g., a post 18 as illustrated in Figures 1, 6 and 8C. The formation of the post 18 may 

include patterning the sacrificial layer 25 to form a support structure aperture, then 

depositing a material (e.g., a polymer or an inorganic material, e.g., silicon oxide) into 

the aperture to form the post 18, using a deposition method such as PVD, PECVD, 

15 thermal CVD, or spin-coating. In some implementations, the support structure aperture 

formed in the sacrificial layer can extend through both the sacrificial layer 25 and the 

optical stack 16 to the underlying substrate 20, so that the lower end of the post 18 

contacts the substrate 20 as illustrated in Figure 6A. Alternatively, as depicted in Figure 

8C, the aperture formed in the sacrificial layer 25 can extend through the sacrificial 

20 layer 25, but not through the optical stack 16. For example, Figure 8E illustrates the 

lower ends of the support posts 18 in contact with an upper surface of the optical stack 

16. The post 18, or other support structures, may be formed by depositing a layer of 

support structure material over the sacrificial layer 25 and patterning to remove portions 

of the support structure material located away from apertures in the sacrificial layer 25. 

25 The support structures may be located within the apertures, as illustrated in Figure 8C, 

but also can, at least partially, extend over a portion of the sacrificial layer 25. As noted 

above, the patterning of the sacrificial layer 25 and/or the support posts 18 can be 

performed by a patterning and etching process, but also may be performed by 

alternative etching methods. 

30 [0071] The process 80 continues at block 88 with the formation of a movable 

reflective layer or membrane such as the movable reflective layer 14 illustrated in 

Figures 1, 6 and 8D. The movable reflective layer 14 maybe formed by employing one 

or more deposition processes, e.g., reflective layer ( e.g., aluminum, aluminum alloy) 

deposition, along with one or more patterning, masking, and/or etching processes. The 
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movable reflective layer 14 can be electrically conductive, and referred to as an 

electrically conductive layer. In some implementations, the movable reflective layer 14 

may include a plurality of sub-layers 14a, 14b, 14c as shown in Figure 8D. In some 

implementations, one or more of the sub-layers, such as sub-layers 14a, 14c, may 

5 include highly reflective sub-layers selected for their optical properties, and another 

sub-layer 14b may include a mechanical sub-layer selected for its mechanical 

properties. Since the sacrificial layer 25 is still present in the partially fabricated 

interferometric modulator formed at block 88, the movable reflective layer 14 is 

typically not movable at this stage. A partially fabricated IMOD that contains a 

10 sacrificial layer 25 also may be referred to herein as an "unreleased" IMOD. As 

described above in connection with Figure 1, the movable reflective layer 14 can be 

patterned into individual and parallel strips that form the columns of the display. 

[0072] The process 80 continues at block 90 with the formation of a cavity, e.g., cavity 

19 as illustrated in Figures 1, 6 and 8E. The cavity 19 may be formed by exposing the 

15 sacrificial material 25 (deposited at block 84) to an etchant. For example, an etchable 

sacrificial material such as Mo or amorphous Si may be removed by dry chemical 

etching, e.g., by exposing the sacrificial layer 25 to a gaseous or vaporous etchant, such 

as vapors derived from solid XeF 2 for a period of time that is effective to remove the 

desired amount of material, typically selectively removed relative to the structures 

20 surrounding the cavity 19. Other combinations of etchable sacrificial material and 

etching methods, e.g. wet etching and/or plasma etching, also may be used. Since the 

sacrificial layer 25 is removed during block 90, the movable reflective layer 14 is 

typically movable after this stage. After removal of the sacrificial material 25, the 

resulting fully or partially fabricated IMOD may be referred to herein as a "released" 

25 IMOD. 

[0073] Implementations described herein relate to interposers and interposers for use 

in compact three-dimensional (3-D) packages. In some implementations, methods of 

manufacturing an interposer are described. An interposer is an intermediate layer that 

can be used for interconnection routing or as a ground or power plane. Interposers can 

30 be incorporated within 3-D device packages, such as packages for memory, logic, EMS, 

MEMS, and other chip devices. In a 3-D structure, electronic components such as 

semiconductor chips, EMS devices, and the like can be provided in a stacked structure. 

Interposers can connect components in different layers of a 3-D stacked structure. 
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[0074] In some implementations, the interposers described herein include glass or 

epoxy substrates having through-substrate interconnects (vias). For example, a through­

glass via interposer is an interposer including electrically conductive vias that extend 

through a glass interposer layer and that can provide electrical interconnection between 

5 components on both sides of the layer. While portions of the discussion below refer to 

through-glass via interposers, it is understood that dielectric substrates other than glass 

may be used, such as epoxy substrates. 

[0075] Through-glass via interposers may be used to provide electrical 

interconnections and mechanical support to electrically connect components in different 

10 layers in a stacked structure. In one implementation, two or more dies having integrated 

circuits may be stacked such that through-glass vias electrically connect the integrated 

circuits. Through-glass via interposers can provide high wiring density interconnection, 

reduce coefficient of thermal expansion ( CTE) mismatch to the connected dies, and 

improve electrical performance due to shorter interconnection from the dies to a 

15 packaging substrate. 

[0076] In some implementations, through-substrate via interposers, including through­

glass and through-epoxy via interposers, can be formed using an additive process. An 

overview of an additive process according to some implementations is given in Figure 

9, with examples of specific implementations described further below with reference to 

20 Figures 10-1 lG. 

[0077] Figure 9 shows an example of a flow diagram illustrating a manufacturing 

process for forming an interposer. The process 900 begins at block 902 where a 

sacrificial layer is formed on a carrier substrate. The carrier substrate may be 

transparent or non-transparent. Examples of carrier substrate materials can include 

25 glass, plastic, and silicon. The sacrificial layer can be any material that can be 

selectively removed from the interposer layer. Examples include sputtered Cu, 

sputtered Al, and laser-cleavable polymers. Further examples of carrier substrates and 

sacrificial materials are described below with reference to Figure 1 lA. 

[0078] The process 900 continues at block 904 where a plurality of interconnect posts 

30 are formed that are oriented substantially perpendicularly to the carrier substrate. 

Forming the plurality of interconnect posts can include plating a plurality of metal posts 

in a patterned photoresist layer. In some implementations, the metal posts can be 

electrically conductive vias. 
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[0079] The process 900 continues at block 906 where one or more flowable dielectric 

layers are deposited and cured to cover the sacrificial layer and the plurality of 

interconnect posts with a solidified dielectric material. In some implementations, the 

one or more flowable dielectric layers can include one or more spin-on-glass layers. In 

5 some implementations, the one or more flowable dielectric layers can include one or 

more epoxy layers. 

[0080] The process 900 continues at block 908 where the solidified dielectric material 

is planarized to expose the plurality of interconnect posts and to form an interposer layer 

releasably attached to the carrier substrate via the sacrificial layer. In some 

10 implementations, the process 900 can continue with releasing the interposer layer from 

the carrier substrate (not shown). 

[0081] Additional operations may also be present in the process 900. For example, in 

some implementations, the process 900 can also include plating the plurality of 

interconnect posts with solderable material. In another example, in some 

15 implementations, the process 900 can include forming one or more routing layers on the 

solidified dielectric material. Interposers including routing layers are described below 

with reference to Figures 12A-12C. In yet another example, the process 900 can 

include forming one or more passive components on the solidified dielectric material, as 

described below with reference to Figure 10. 

20 [0082] Figure 10 shows an example of a flow diagram illustrating a manufacturing 

process for forming an interposer. The process 1000 begins at block 1002 where an 

additive process is used to fabricate an interposer layer on a carrier substrate. In some 

implementations, the additive process includes depositing flowable dielectric material 

over a plurality of metal interconnect posts after forming the plurality of metal 

25 interconnect posts on the carrier substrate. 

[0083] The process 1000 continues at block 1004 where one or more passive 

components are integrated within the interposer layer during the additive process. In 

some implementations, the one or more passive components include at least one of a 

resistor, a capacitor or an inductor. In some implementations, block 1004 can include 

30 forming one or more passive components on a surface of the interposer layer fabricated 

in block 1002. For example, a passive component can be vacuum deposited on a 

dielectric surface or a metal interconnect of the interposer layer. In some 

implementations, block 1004 can include forming one or more passive components on a 

sacrificial layer, prior to depositing and curing a flowable dielectric material over the 
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passive components. In some implementations, block 1004 can include forming one or 

more passive components in between deposition of layers of a flowable dielectric 

material. Passive components can be formed by thin film deposition processes 

including CVD, atomic layer deposition (ALD), PVD or other vapor deposition 

5 technique, electrodeposition, or by ink-jet deposition. 

[0084] Figures 1 lA-11 G show examples of cross-sectional schematic illustrations of 

various stages in a method of manufacturing an interposer layer. Figure 1 lA is a cross­

sectional illustration of a sacrificial layer 1104 covering a carrier substrate 1102. In 

subsequent operations described below, a through-substrate via interposer layer can be 

10 formed on the carrier substrate 1102. 

[0085] The carrier substrate 1102 can be glass, plastic, silicon, or other appropriate 

material. In some implementations, the carrier substrate 1102 can be a large panel or 

glass plate having an area on the order of about four square meters or more. In some 

implementations, the carrier substrate 1102 can be provided in a roll, such as a flexible 

15 polymer or other flexible material. For example, the carrier substrate 1102 can be 

provided in a continuous roll of material as part of a roll-to-roll process. Fabrication of 

the interposer layer on such implementations of the carrier substrate 1102 can facilitate 

large format batch processing. 

[0086] In some implementations, the carrier substrate 1102 can have a thickness of 

20 about 50 microns to about 1000 microns. In some implementations, if the carrier 

substrate 1102 is a large panel, the thickness can be about 300 microns to about 1000 

microns. In other implementations, if the carrier substrate 1102 is a roll, the thickness 

can be about 50 microns to about 300 microns. 

[0087] Other substrate materials and thicknesses can be used for the carrier substrate 

25 1102 on which a sacrificial material can be formed. For example, in some 

implementations, the carrier substrate 1102 can be any material that is inert, has good 

planarity, is thermally stable at subsequent processing temperatures, and has a similar 

CTE match with a dielectric material such as spin-on glass. In some implementations, 

the carrier substrate can be thermally stable at temperatures of at least about 300°, and in 

30 some cases, at least about 400°C. The carrier substrate can be substantially planar or 

can include topographical features. For example, a carrier substrate can include 

recesses that correspond to the positions of subsequently formed interconnect posts to 

facilitate the formation of interconnect posts with protrusions. 
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[0088] In some implementations, the sacrificial layer 1104 coats the surface of the 

carrier substrate 1102 on which the through-substrate interposer layer is formed upon, 

such that removal of the sacrificial layer 1104 releases the carrier substrate 1102 from 

the interposer layer. The sacrificial layer 1104 can be any material that can be 

5 selectively removed without damaging the interposer layer. Examples of sacrificial 

materials can include metals, semiconductors, and acrylics. For example, the sacrificial 

material can be a material removable by a wet or dry etching process such as Cu, Mo, 

MoCr, Al, and amorphous Si. In another example, the sacrificial material can be a 

material removable by exposure to radiation or thermal treatment such as a UV-

IO removable acrylic. In some implementations, the sacrificial material can be formed 

from a combination of different sacrificial materials. For example, a first sacrificial 

material can be used to coat a surface of the carrier substrate 1102 with a second 

sacrificial material used to form topological features according to the desired 

implementation. The surface on which the sacrificial layer 1104 is deposited can be 

15 planar or include raised or recessed features according to the desired implementation. 

The sacrificial layer 1104 is generally conformal to the underlying carrier substrate 

1102. 

[0089] In some implementations, the sacrificial layer 1104 can serve as a seed layer 

for subsequent interconnect plating. For example, Cu can be both a seed layer and a 

20 sacrificial layer. Other examples can include Al, Cr, gold (Au), niobium (Nb), tantalum 

(Ta), nickel (Ni), tungsten (W), titanium (Ti), and silver (Ag). The sacrificial layer 

1104 can be deposited by sputter deposition, though other conformal deposition 

processes, including ALD, evaporation and other CVD or PVD processes may be used. 

Example seed layer thicknesses range from about 800 A to about 10,000 A, for example 

25 from about 1000 A to about 5000 A. 

[0090] In some other implementations, a seed layer (not shown) can be formed on the 

sacrificial layer 1104. As examples, a metal seed layer (for example, a Cu seed layer) 

can be formed on a sacrificial layer of sputtered Al, or a metal seed layer can be formed 

on a sacrificial layer of a laser-cleavable polymer. Also in some implementations, one 

30 or more passive components (not shown) can be fabricated on the sacrificial layer 1104 

prior to photoresist deposition. 

[0091] Figure 1 IB shows a cross-sectional illustration of a photoresist layer 1106 

formed on the sacrificial layer 1104 and patterned to define interconnect post 

placement. The photoresist layer 1106 can be patterned by techniques including 
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masked exposure to radiation and chemical development. The photoresist layer 1106 

can include any suitable photoresist that can be applied and patterned at a desired 

thickness, can be stripped easily, and can withstand thermal cycles of about 150°C or 

more. Examples of suitable photoresists can include AZ®4562 and AZ®9260 available 

5 from AZ Electronics Materials in Branchburg, New Jersey, Dupont WBR 2000™ Series 

photoresists, and SU-8 and KMPR photoresists from MicroChem in Newton, 

Massachusetts. 

[0092] The photoresist layer 1106 can have a thickness according to the desired 

thickness of the interposer layer. The thickness of the photoresist layer 1106 may be 

10 about 10% to about 30% greater than the desired interposer layer thickness to 

accommodate non-uniformity in plating and subsequent planarization. For example, to 

achieve an interposer thickness of between about 25 microns and about 100 microns, the 

photoresist thickness can be about 30 microns to about 125 microns. 

[0093] Figure 11 C shows a cross-sectional illustration of the plated interconnect posts 

15 1108 in the patterned photoresist layer 1106. Any appropriate metal material may be 

used for the interconnect posts 1108. Examples of interconnect metals may include but 

are not limited to plated Ni, Ni alloys, Cu, Cu alloys, Au, Au alloys, Al, Al alloys, Ti, Ti 

alloys, W, W alloys, palladium (Pd), Pd alloys, tin (Sn), Sn alloys, and combinations 

thereof. In some other implementations, the interconnect posts 1108 can include non-

20 metal conductive materials such as polysilicon in addition to or instead of a metal. In 

some implementations, the sacrificial layer 1104 has a different metallization than that 

used for the metal interconnect posts 1108. This is to preserve etch selectivity of the 

sacrificial layer 1104 with respect to the interconnect posts 1108. For example, a Ni or 

Ni alloy may be plated on a sputtered Cu layer that functions as sacrificial layer as well 

25 as a seed layer. In another example, a Cu or Ni alloy may be plated on a sputtered Cu 

seed layer, with the Cu seed layer deposited on an Al sacrificial layer. If the sacrificial 

layer is a laser-cleavable polymer, any appropriate seed layer and interconnect post 

metallization may be used. 

[0094] In some implementations, a solderable material can be plated in the photoresist 

30 pattern prior to plating the interconnect posts (not shown). Examples of solderable 

materials include Cu, Au, Sn, Pd, Ag, and combinations thereof including Au/Sn 

bilayers, Sn/ Ag bilayers, Ni/Pd bilayers, Ni/ Au bilayers, and Ni/Pd/ Au trilayers. 

[0095] Figure 11D shows a cross-sectional illustration of the interconnect posts 1108 

on the sacrificial layer 1104 after removal of the photoresist layer 1106. The photoresist 
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layer 1106 can be stripped by a technique appropriate for the photoresist, with post-strip 

cleans of resist-related residue performed in some implementations. 

[0096] Figure llE shows a cross-sectional illustration of a dielectric layer 1110 

formed around the interconnect posts 1108. Because the dielectric material of the 

5 dielectric layer 1110 is flowable when dispensed or otherwise deposited, it can 

conformally surround the interconnect posts 1108. The dispensed flowable dielectric 

material covers and conforms to the topology of the underlying sacrificial layer 1104 

and the interconnect posts 1108 without significant voids. For example, the flowable 

dielectric material may be deposited around the interconnect posts 1108, and in some 

10 cases, extend over the tops of the posts. Suitable flowable dielectric materials can 

include materials with a low dielectric constant, a low loss tangent, and a CTE similar to 

the CTE of the carrier substrate 1102. Examples of suitable flowable dielectric 

materials can include epoxies and spin-on dielectrics, such as spin-on glasses. 

[0097] A spin-on dielectric refers to any solid dielectric deposited by a spm-on 

15 deposition process, which also may be referred to as a spin coating process. In a spin­

on deposition process, a liquid solution containing dielectric precursors in a solvent is 

dispensed on the sacrificial layer 1104. The carrier substrate 1102 may be rotated while 

or after the solution is dispensed to facilitate uniform distribution of the liquid solution 

during rotation by centrifugal forces. Rotation speeds of up to about 6000 rpm may be 

20 used. Spin-on dielectrics can also include dielectrics formed by dispensing, extruding 

or casting a liquid solution without subsequent spinning. In some implementations, for 

example for large panel or continuous roll processes, the spin-on glass can be dispensed 

with an extrusion mechanism using a blade type nozzle, with no subsequent spinning. 

The dispensed solution can then be subjected to one or more post-dispensation 

25 operations to remove the solvent and form the solid dielectric layer. In some 

implementations, the dielectric precursor is polymerized during a post-dispensation 

operation. A spin-on dielectric layer can be an organic or inorganic dielectric layer 

according to the dielectric precursor used and the desired implementation. In some 

implementations, multiple layers can be dispensed and cured to build up the spin-on 

30 dielectric layer. In implementations where the interposer provides an electrical 

connection to a glass device substrate, it can be useful to use a dielectric that, once 

solidified, has a CTE that is matched with the CTE of the glass device substrate. Hence, 

in some implementations, the dielectric layer 1110 is a spin-on glass layer. 
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[0098] In some implementations, the dielectric layer 1110 can include an epoxy, such 

as a UV curable or thermally curable epoxy, that is flowable when dispensed. The 

epoxy can be a two-part epoxy with a resin and a hardener. In some implementations, 

the epoxy can have an epoxide resin and a polyamine hardener. For example, SU-8 

5 from MicroChem in Newton, Massachusetts can be one such suitable epoxy. 

[0099] A flowable dielectric material can be cured to solidify it, forming a solid 

dielectric layer. Figure l lE shows the dielectric layer 1110 after solidification. In some 

implementations, the dielectric layer 1110 can be cured through a thermal anneal at a 

temperature of between about 100°C and 450°C. In some implementations, a single 

10 dispensation operation can be performed to form the dielectric layer ll 10. In some 

implementations, multiple dispensing/post-dispensing operation cycles can be 

performed to form the dielectric layer l ll 0. The dielectric layer ll 10 can be dispensed 

to a thickness greater than the thickness of the interposer layer to accommodate 

shrinkage during anneal and subsequent planarization. In some implementations, after 

15 curing, the surface of a layer of the dielectric material 1110 can include bumps over the 

interconnect posts 1108, as illustrated in Figure 11 E. After curing, the solid dielectric 

material 1110 can form the substrate material of a through-substrate via interposer layer 

1100. 

[0100] Figure I IF shows the interposer layer 1100 after planarization of the dielectric 

20 layer 1110 and the addition of an optional capping layer. The dielectric layer 1110 can 

be planarized such that surfaces of the interconnect posts 1108 are exposed and 

accessible for electrical connection. Planarizing the dielectric layer 1110 can include 

one or more operations, including lapping, grinding, chemical mechanical planarization 

(CMP), anisotropic dry etching, or another appropriate method. Furthermore, 

25 planarization of the dielectric layer 1110 can remove part of the interconnect posts 

1108. In some implementations, planarization can remove between about 5% and about 

25% of the interconnect posts 1108. 

[0101] Also in some implementations, one or more passive components (not shown), 

such as capacitors, inductors and resistors, can be fabricated on the dielectric layer 1110 

30 after planarization. 

[0102] In some implementations as illustrated in Figure llF, the interconnect posts 

1108 can be capped by plating a solderable material on the exposed surfaces of the 

interconnect posts 1108. The interconnect caps 1112 can include solderable 

metallurgies such as Cu, Au, Sn, Pd, Ag, and combinations thereof including Au/Sn 
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bilayers, Sn/Ag bilayers, Ni/Pd bilayers, Ni/Au bilayers, and Ni/Pd/Au trilayers. In 

some implementations, the interconnect caps 1112 have a different metallization than 

that used for the sacrificial layer 1104. This is to preserve etch selectivity of the 

sacrificial layer 1104 with respect to the interconnect caps 1112. For example, a 

5 Ni/Pd/Au interconnect cap 1112 may be plated on a Ni or Ni alloy interconnect post 

1108, with a Cu seed layer serving as the sacrificial layer 1104. In another example, a 

Cu or Ni/Pd/ Au interconnect cap 1112 may be plated on a Cu or Ni alloy interconnect 

post 1108, with an Al layer serving as the sacrificial the layer 1104. 

[0103] In some implementations, the thickness of the plated solderable metal can be 

10 between about 0.5 microns and about 2 microns. The interconnect caps 1112 can be 

used to protect the interconnect posts 1108 from oxidation. In addition, the interconnect 

caps 1112 can be used to provide an electrical connection between materials that could 

not otherwise be electrically connected. While the interconnect caps 1112 depicted in 

Figure 11 F cap the interconnect posts 1108 only on the top surface of the interposer 

15 layer 1100, in some other implementations, the interconnect posts 1108 can be capped 

on the bottom surface. For example, as described above with respect to Figure 11 C, a 

solderable material can be plated in the photoresist pattern prior to plating the 

interconnect posts 1108. The plated solderable material can serve to cap the 

interconnect posts in some implementations. 

20 [0104] In some implementations, channels 1114 can be formed in the interposer layer 

1100 by dicing the dielectric layer 1110. Dicing the dielectric layer 1110 can be 

achieved by, for example, mechanically sawing or laser cutting the dielectric layer 1110 

to form the channels 1114. The channels 1114 can be spaced apart to form the eventual 

die sizes. In some implementations, the pitch of the channels 1114 can vary between 

25 about every 1 mm and about every 15 mm, with the die sizes also between about 1 mm 

and about 15 mm. In some implementations, the channels 1114 can provide an entry 

point for a wet etchant that is selective to the sacrificial layer 1104. The channels 1114 

may be omitted in some implementations, for example, where the sacrificial layer 1104 

is removed via laser ablation. 

30 [0105] Figure 1 lG shows the diced through-substrate via interposer layer 1100 after 

being released from the carrier substrate 1102. In some implementations, releasing the 

interposer layer 1100 from the carrier substrate 1102 can be achieved by etching the 

exposed sacrificial layer 1104 with an etchant that is selective to the sacrificial layer 

1104. Selective etchants can include etchants that have a selectivity of at least about 
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100: 1 or higher for the sacrificial layer 1104. Specific examples of etchants for 

selective etching of copper layers include a mixture of acetic acid (CH 3COOH) and 

hydrogen peroxide (H 2O2), and ammoniacal-based etchant such as BTP copper etchant 

from Transene Company, Inc. in Danvers, Massachusetts. Examples of etchants for 

5 selective etching of aluminum layers include sodium hydroxide (NaOH), potassium 

hydroxide (KOH), and alkaline solutions combined with an oxidizer. In some 

implementations, releasing the interposer layer 1100 from the carrier substrate 1102 can 

be achieved by laser ablation of the sacrificial layer 1104. The laser beam can ablate 

the sacrificial layer 1104 through a transparent carrier substrate 1102. The laser beam 

10 can have a selected wavelength sufficient to ablate the sacrificial layer 1104, which can 

be made of a laser-cleavable polymer. In some implementations, the released carrier 

substrate 1102 can be reused. In some implementations, the carrier substrate may be 

ground, etched, or otherwise removed. 

[0 106] In some implementations, the dielectric layer 1110 can be etched back such 

15 that interconnect posts 1108 protrude along the bottom surface of the dielectric layer 

1110 (not shown). In some implementations, protruding interconnect posts 1108 can be 

formed without etching back the dielectric layer 1110, for example, by using a carrier 

substrate having topographical features. 

[O 107] The resulting interposer layer 1100 can be between about 10 and 100 microns 

20 thick according to various implementations. Thicker interposer layers can also be 

fabricated in some implementations. For example, an interposer layer of about 300 

microns to 500 microns can be fabricated using a photoresist of about 400 microns to 

about 600 microns thick. In some implementations, if for example such thick 

photoresists are not available, thicker interposer layers can be fabricated using multiple 

25 cycles of lithography, plating, flowable dielectric deposition and planarization. These 

cycles can be performed sequentially to build up an interposer layer of desired thickness 

on a carrier substrate, or can be performed in parallel with the resulting interposer layers 

stacked to form an interposer layer of any thickness. Accordingly, single or multiple 

cycles can be used to fabricate interposer layers of about 10 microns to over 500 

30 microns thick. In some implementations, thinner through-substrate via interposers can 

correspond to faster performance in integrated circuit systems, and to a thinner stack 

height when in a stacked configuration. 

[0108] The interconnect posts 1108 in the interposer layer 1100 can made of any 

suitable electrically conductive material. As noted above, examples of interconnect post 
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materials can include but are not limited to Ni, Ni alloy, and Cu. In some 

implementations, the interconnect posts 1108 can be made of Cu, which has a low 

resistivity. 

[0 109] Additionally, the interconnect posts 1108 can have any appropriate size and 

5 shape. In some implementations, the height to width aspect ratio of the interconnect 

posts 1108 can be greater than about 5: 1. For example, the interconnect posts 1108 can 

have a diameter between about 5 microns and about 100 microns. The height of the 

interconnect posts 1108 can be between about 10 microns and 500 microns, for example 

between about 25 microns and 100 microns. The interconnect posts 1108 can also be 

10 configured according to various shapes, such as circular, square, octagonal, hexagonal, 

and rectangular. 

[0110] In some implementations, fabrication of an interposer may be complete at this 

stage, with the interposer including the interposer layer 1100 having through-substrate 

interconnects posts 1108 as well as other components, if any, formed on the solidified 

15 dielectric layer 1110 and/or on the interconnect posts 1108 such as the interconnect caps 

1112 or passive components (not shown). In some other implementations, an interposer 

may further include one or more additional layers, such as routing or redistribution 

layers. 

[O 111] Figures 12A-12C show examples of cross-sectional schematic illustrations of 

20 varying implementations of interposers with one or more routing layers. A through­

substrate via interposer 1200 can have routing layers 1216 on either or both sides of a 

through-substrate via interposer layer 1210. The through-substrate via interposer layer 

1210 can be manufactured by any of the methods described above. A routing layer 

1216, otherwise referred to as a redistribution layer (RDL), can include a plurality of 

25 electrically conductive routing lines 1212 and RDL contacts 1214 embedded in a 

dielectric material for carrying electrical signals. RDL pads 1218 can be disposed on 

the routing layer 1216 to provide a point of external electrical connection. In some 

implementations, the routing layer 1216 can serve as an electrical interconnect between 

the contact points of interconnect posts 1208 in the through-substrate via interposer 

30 layer 1210 and various dies (not shown) through routing lines 1212, RDL contacts 

1214, and RDL pads 1218. Although Figures 12A-12C show only one routing layer 

1216 on the top and/or bottom side of the through-substrate via interposer layer 1210, in 

some implementations, there can be more than one routing layer 1216 on each side. 
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[0112] Each routing layer 1216 can be formed by a series of process steps including 

deposition of dielectric material and conductive lines, photolithography, etching, and 

planarization. The dielectric material in a routing layer 1216 can be a solidified 

flowable dielectric material as described above or can be another dielectric material. 

5 Examples of dielectric materials include a polyimide material, a benzocyclobutene 

material, a polybenzoxazole material, and an ABF film available from Ajinomoto Fine­

Techno. In one example, the routing lines 1212 can be about 10 microns thick, and 

dielectric thickness in the routing layer 1216 can be about 15 microns to 25 microns 

thick. 

10 [0113] The interconnect posts 1208 and other electrical components such as the 

routing lines 1212, the RDL contacts 1214, and the RDL pads 1218, can be defined 

according to density. In some implementations, the density of one or more of the 

routing lines 1212, the RDL contacts 1214 and the RDL pads 1218 can be greater than 

the density of the interconnect posts 1208. Alternatively, the interconnect posts 1208, 

15 the routing lines 1212, the RDL contacts 1214, and the RDL pads 1218 can be defined 

according to pitch, where pitch defines the center-to-center spacing between electrically 

conductive components. In some implementations, the pitch at the top surface of the 

interposer 1200 can be greater than the pitch at the bottom surface of the interposer 

1200. For example, the pitch of the interconnect posts 1208 can be greater than the 

20 pitch of the RD L pads 1218. In some implementations, the pitch at the top surface of 

the interposer 1200 can be between about 20 microns and 125 microns and the pitch at 

the bottom surface of the interposer 1200 can be between about 100 microns and 500 

microns. 

[0114] In some implementations, the routing layer 1216 can include passive 

25 components (not shown). For example, passive components such as capacitors, 

resistors, and/or inductors can be coupled with the routing lines 1212 in the routing 

layer 1216 to provide regulated power between the interconnect posts 1208 and the 

various dies. Examples of passive components in a routing layer are described below 

with respect to Figure 13. 

30 [0115] Figure 12A shows a cross-sectional illustration of an interposer 1200 including 

a routing layer 1216 and a through-substrate via interposer layer 1210, with the routing 

layer 1216 disposed on the top surface of the through-substrate via interposer layer 

1210. In some implementations, the routing layer 1216 may be manufactured after 

planarization of the dielectric material of the through-substrate via interposer layer 
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1210. For example, a routing layer may be formed on the top surface of the interposer 

layer 1100 shown in Figure llF or Figure l lG, or after block 908 of Figure 9. The 

routing layer 1216 may include passive components that electrically connect to the 

interconnect posts 1208. 

5 [0116] Figure 12B shows a cross-sectional illustration of an interposer 1200 including 

a routing layer 1216 and a through-substrate via interposer layer 1210, with the routing 

layer 1216 disposed on the bottom surface of the through-substrate via interposer layer 

1210. In some implementations, the routing layer 1216 may be manufactured after 

forming the sacrificial layer on the carrier substrate but before applying any patterned 

10 photoresist layer. For example, a routing layer may be formed on the sacrificial layer 

1104 in Figure l lA or after block 902 in Figure 9. In some implementations, the 

routing layer 1216 may be manufactured after release of a carrier substrate. For 

example, a routing layer may be formed on the bottom surface of the dielectric layer 

1110 in Figure l lG. The routing layer 1216 may include passive components that 

15 electrically connect to the interconnect posts 1208. 

[0117] Figure 12C shows a cross-sectional illustration of an interposer 1200 with 

routing layers 1216a and 1216b on both the top and bottom surface of a through­

substrate via interposer layer 1200. In some implementations, the routing layer 1216b 

may be manufactured after forming the sacrificial layer on the carrier substrate but 

20 before applying any patterned photoresist. In some implementations, one or both of the 

routing layers 1216a and 1216b may be manufactured after planarization of the 

dielectric material. The routing layers 1216a and 1216b can include passive 

components that electrically connect to the interconnect posts 1208. 

[0118] The interposers described herein may be applied with various components in 3-

25 D electronics packaging depending on the application. In some implementations, the 

interposer may be implemented in one or more application specific integrated circuits 

(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs), 

programmable logic devices (PLDs ), field programmable gate arrays (FPGAs ), memory 

stacks, processors, controllers, microcontrollers, and other electronic devices. One 

30 example of an interposer as implemented in a 3-D device package is depicted in Figure 

13, described below. 

[0 119] Figure 13 shows an example of a cross-sectional schematic illustration of 

stacked dies on an interposer according to one implementation. The packaging system 

includes a packaging substrate 1322, which can be a material that provides base 
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mechanical support to the 3-D device package. In some implementations, the packaging 

substrate 1322 can be a metal, semiconductor, ceramic, plastic, glass, or a ceramic, 

organic or fiberglass printed circuit board (PCB) material. 

[0120] In Figure 13, the packaging system can include electrical connectors 1320 

5 positioned over a packaging substrate 1322. In some implementations, the electrical 

connectors 1320 can include under bump metallization (UBM) or solder balls in contact 

with the packaging substrate 1322. In some implementations, the electrical connectors 

1320 may be positioned under the packaging substrate 1322. The electrical connectors 

1320 can serve to electrically and physically couple components within the packaging 

10 system and can be made of electrically conductive material. As illustrated in Figure 13, 

the electrical connectors 1320 can connect an interposer 1300 with the packaging 

substrate 1322 so that the interposer 1300 is in electrical communication with the 

packaging substrate 1322. 

[0121] The interposer 1300, such as one manufactured by any of the methods 

15 described earlier herein, can include a solidified dielectric material 1310 and one or 

more metal interconnect posts 1308 extending through the solidified dielectric material 

1310. In some implementations, the solidified dielectric material 1310 includes spin-on 

glass or epoxy material. The interposer 1300 can further include routing layers 1316a 

and 1316b with electrically conductive routing lines 1318a and 1318b connected to the 

20 one or more metal interconnect posts 1308. In some implementations, the interposer 

layer 1300 can include one or more passive components such as one or more inductors, 

capacitors, or resistors. For example, the passive components can include an inductor 

electrically coupled to the routing lines 1318 to regulate electrical flow. In Figure 13, 

the routing layer 1316a includes a metal-insulator-metal capacitor formed by insulator 

25 layer 1342 and metal layers 1340 and a spiral inductor 1344. The conductive and 

insulator materials used to form passive components can be the same or different 

materials used to form the routing lines and main dielectric material of a routing layer. 

[0 122] The routing layer 1316a is a multi-layer redistribution network including 

alternating layers of metallization and dielectric material. In some implementations, 

30 forming the routing layer 1316a includes forming alternate layers of plated metal, such 

as plated Cu, and dielectric film. The uppermost layer can include UBM (not shown) 

for attaching dies. 

[0123] The packaging system can further include electrical connectors 1326 to connect 

the interposer 1300 with dies 1328, 1330, 1332, and 1334 positioned over the interposer 
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1300. The electrical connectors 1326 can be any appropriate electrically conductive 

material such as solder balls. In some implementations, the density of the electrical 

connectors 1326 from the routing layer 1316 of the interposer 1300 to the dies 1328, 

1330, 1332, and 1334 can be greater than the density of the electrical connectors 1320 

5 from the packaging substrate 1322 to the interposer 1300. In some implementations, 

two or more of the dies 1328, 1330, 1332, and 1334 can be stacked or mounted over one 

another. In some implementations, the dies 1328, 1330, 1332, and 1334 can include one 

of a memory, logic, or MEMS chip. It is understood that any number of dies may be 

mounted in various configurations over the interposer 1300 to achieve a desired 

10 implementation. In some implementations, an interposer can have a CTE between the 

CTE's of the dies, substrates, or layers that it connects. For example, in some 

implementations, an overlying silicon die may have a CTE of about 3 parts per million 

(ppm) and an underlying PCB may have a CTE of about 16 ppm; an interposer layer 

disposed between the silicon die and the PCB may have a CTE between about 3 ppm 

15 and 16 ppm, for example, between about 5 and 14 ppm. 

[0124] In some implementations, an interposer can be used as part of a 3-D or other 

package including a display or non-display device fabricated on a glass or epoxy 

substrate, the combination having well-matched thermal expansion properties. In some 

implementations, the interposer can be used to communicate data to a processor (such as 

20 processor 21 of Figure 16B). 

[0 125] Figures 14A-14D show examples of cross-sectional schematic illustrations of 

various stages in a method of forming an interposer. The interposer 1400 is formed in a 

sequence of stages including forming a plurality of interconnect posts 1408 on a 

sacrificial layer 1404 that has been deposited on a carrier substrate 1402 such as a glass 

25 substrate or panel, as shown in Figure 14A. The sacrificial layer 1404 may also serve as 

a seed layer for subsequent electro- or electroless plating. An additional seed layer (not 

shown) may be deposited on the sacrificial layer 1404 prior to plating the interconnect 

posts. The interconnect posts 1408 may be formed by spinning, dispensing, or 

otherwise depositing a photoresist layer (not shown) on the sacrificial layer 1404; 

30 exposing and developing the photoresist layer to form holes for the interconnect posts 

1408; and plating the interconnect posts 1408 through the patterned photoresist. The 

photoresist layer is subsequently removed. As shown in Figure 14B, one or more 

flowable dielectric layers 1410 may be spun, dispensed, cast, or otherwise deposited 

around and possibly over the interconnect posts 1408 on the sacrificial layer 1404. The 
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dielectric layer 1410 is solidified and may be planarized to expose the interconnect 

posts 1408. As shown in Figure 14C, dicing streets 1414 may be cut through the 

dielectric layer 1410 to expose at least a portion of the sacrificial layer 1404. The cuts 

may extend into or through the carrier substrate 1402. As shown in Figure 14D, a 

5 sacrificial layer etchant may be used to remove the sacrificial layer 1404 and release the 

interposer 1400, including interconnect posts 1408, from the carrier substrate 1402. 

[0126] One or more routing layers (not shown) may be formed on an upper side, lower 

side, or both sides of the interposer 1400 prior to depositing the flowable dielectric layer 

1410 or after the planarization of the dielectric layer 1410, as described above with 

10 respect to Figures 12A-12C. One or more passive components (not shown) such as a 

resistor, a capacitor, an inductor, a coupling transformer, or a power combiner may be 

formed on an upper side or a lower side of the interposer 1400, as described above with 

respect to Figure 10 and Figure 13. 

[0127] Figures 15A and 15B show examples of cross-sectional schematic illustrations 

15 of an interposer positioned between an integrated circuit chip and a packaging substrate. 

In Figure 15A, an interposer 1500 with a plurality of interconnect posts 1508 is 

connected between a packaging substrate 1522, such as a PCB, and an integrated circuit 

chip 1530, also referred to as a die that may be a memory chip, a logic device, a radio 

frequency (RF) chip, an ASIC, a MEMS chip, or other electronic or mechanical device. 

20 Solder bumps or balls 1520 may be used to attach the interposer 1500 to the packaging 

substrate 1522. Similarly, solder bumps or balls 1526 may be used to attach integrated 

circuit chip 1530 to corresponding interconnect posts 1508 on interposer 1500. 

Additional dies (not shown) may be stacked on top of integrated circuit chip 1530, or 

positioned laterally to integrated circuit chip 1530 and connected to other interconnect 

25 posts 1508. 

[0128] The interposer 1500 may provide stress isolation and strain relief when the 

interposer 1500 is connected between the packaging substrate 1522 and the integrated 

circuit chip 1530. Strain relief may be provided, for example, when the temperature of 

the integrated circuit chip 1530 rises substantially with respect to the packaging 

30 substrate 1522. Alternatively, strain relief may be provided when the overall 

temperature of integrated circuit chip 1530, interposer 1500, and packaging substrate 

1522 rise and stress is generated due to differences in the CTE between the integrated 

circuit chip 1530 and the packaging substrate 1522. Extra interconnect posts 1508b, as 

shown in Figure 15B, may be provided to enhance the strain relief due to CTE 
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mismatches. The extra interconnect posts 1508b may be attached only to the packaging 

substrate 1522 as shown, attached only to the integrated circuit die 1530 (not shown), or 

attached to both the integrated circuit die 1530 and the packaging substrate 1522. Extra 

bond pads may be provided on the integrated circuit chip 1530 or the packaging 

5 substrate 1522 that are dedicated to strain relief. 

[0129] Alternatively or in addition to providing electrical connections and possible 

strain relief between the integrated circuit chip 1530 and the packaging substrate 1522, 

one or more interconnect posts 1508 may be positioned to provide increased heat 

transfer between the integrated circuit chip 1530 and the packaging substrate 1522, so 

10 that the integrated circuit chip 130 may be kept at a lower temperature closer to that of 

the packaging substrate 1522 during operation. 

[0130] An underfill material (not shown) such as an epoxy may be positioned between 

the interposer 1500 and the underlying packaging substrate 1522. The underfill material 

may be injected, for example, between the interposer 1500 and the packaging substrate 

15 1522 and then cured. The underfill material may provide additional stress isolation and 

protection from excessive shearing forces that may develop during high temperature 

excursions. The underfill material may also provide additional heat transfer capability 

between the interposer 1500 and the packaging substrate 1522. Similarly, underfill 

material may be positioned between the interposer 1500 and an attached integrated 

20 circuit chip 1530. Molding compound (not shown) customary in many packaging 

configurations may be placed over the integrated circuit chip 1530, the interposer 1500, 

and portions of the packaging substrate 1522. 

[0 131] Figures 16A and 16B show examples of system block diagrams illustrating a 

display device 40 that includes a plurality of interferometric modulators. The display 

25 device 40 can be, for example, a cellular or mobile telephone. However, the same 

components of the display device 40 or slight variations thereof are also illustrative of 

various types of display devices such as televisions, e-readers and portable media 

players. 

[0132] The display device 40 includes a housing 41, a display 30, an antenna 43, a 

30 speaker 45, an input device 48, and a microphone 46. The housing 41 can be formed 

from any of a variety of manufacturing processes, including injection molding, and 

vacuum forming. In addition, the housing 41 may be made from any of a variety of 

materials, including, but not limited to: plastic, metal, glass, rubber, and ceramic, or a 

combination thereof. The housing 41 can include removable portions (not shown) that 
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may be interchanged with other removable portions of different color, or containing 

different logos, pictures, or symbols. 

[0133] The display 30 may be any of a variety of displays, including a bi-stable or 

analog display, as described herein. The display 30 also can be configured to include a 

5 flat-panel display, such as plasma, EL, OLED, STN LCD, or TFT LCD, or a non-flat­

panel display, such as a CRT or other tube device. In addition, the display 30 can 

include an interferometric modulator display, as described herein. 

[0134] The components of the display device 40 are schematically illustrated in Figure 

16B. The display device 40 includes a housing 41 and can include additional 

10 components at least partially enclosed therein. For example, the display device 40 

includes a network interface 27 that includes an antenna 43 which is coupled to a 

transceiver 47. The transceiver 47 is connected to a processor 21, which is connected to 

conditioning hardware 52. The conditioning hardware 52 may be configured to 

condition a signal ( e.g., filter a signal). The conditioning hardware 52 is connected to a 

15 speaker 45 and a microphone 46. The processor 21 is also connected to an input device 

48 and a driver controller 29. The driver controller 29 is coupled to a frame buffer 28, 

and to an array driver 22, which in tum is coupled to a display array 30. A power 

supply 50 can provide power to all components as required by the particular display 

device 40 design. 

20 [0135] The network interface 27 includes the antenna 43 and the transceiver 47 so that 

the display device 40 can communicate with one or more devices over a network. The 

network interface 27 also may have some processing capabilities to relieve, e.g., data 

processing requirements of the processor 21. The antenna 4 3 can transmit and receive 

signals. In some implementations, the antenna 43 transmits and receives RF signals 

25 according to the IEEE 16.11 standard, including IEEE 16.11 (a), (b ), or (g), or the IEEE 

802.11 standard, including IEEE 802.11 a, b, g or n. In some other implementations, the 

antenna 43 transmits and receives RF signals according to the BLUETOOTH standard. 

In the case of a cellular telephone, the antenna 43 is designed to receive code division 

multiple access (CDMA), frequency division multiple access (FDMA), time division 

30 multiple access (TDMA), Global System for Mobile communications (GSM), 

GSM/General Packet Radio Service (GPRS), Enhanced Data GSM Environment 

(EDGE), Terrestrial Trunked Radio (TETRA), Wideband-CDMA (W-CDMA), 

Evolution Data Optimized (EV-DO), lxEV-DO, EV-DO Rev A, EV-DO Rev B, High 

Speed Packet Access (HSPA), High Speed Downlink Packet Access (HSDP A), High 
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Speed Uplink Packet Access (HSUPA), Evolved High Speed Packet Access (HSPA+), 

Long Term Evolution (LTE), AMPS, or other known signals that are used to 

communicate within a wireless network, such as a system utilizing 3G or 4G 

technology. The transceiver 47 can pre-process the signals received from the antenna 

5 43 so that they may be received by and further manipulated by the processor 21. The 

transceiver 4 7 also can process signals received from the processor 21 so that they may 

be transmitted from the display device 40 via the antenna 43. 

[0136] In some implementations, the transceiver 47 can be replaced by a receiver. In 

addition, the network interface 27 can be replaced by an image source, which can store 

10 or generate image data to be sent to the processor 21. The processor 21 can control the 

overall operation of the display device 40. The processor 21 receives data, such as 

compressed image data from the network interface 27 or an image source, and processes 

the data into raw image data or into a format that is readily processed into raw image 

data. The processor 21 can send the processed data to the driver controller 29 or to the 

15 frame buffer 28 for storage. Raw data typically refers to the information that identifies 

the image characteristics at each location within an image. For example, such image 

characteristics can include color, saturation, and gray-scale level. 

[0137] The processor 21 can include a microcontroller, CPU, or logic unit to control 

operation of the display device 40. The conditioning hardware 52 may include 

20 amplifiers and filters for transmitting signals to the speaker 45, and for receiving signals 

from the microphone 46. The conditioning hardware 52 may be discrete components 

within the display device 40, or may be incorporated within the processor 21 or other 

components. 

[0138] The driver controller 29 can take the raw image data generated by the processor 

25 21 either directly from the processor 21 or from the frame buffer 28 and can re-format 

the raw image data appropriately for high speed transmission to the array driver 22. In 

some implementations, the driver controller 29 can re-format the raw image data into a 

data flow having a raster-like format, such that it has a time order suitable for scanning 

across the display array 30. Then the driver controller 29 sends the formatted 

30 information to the array driver 22. Although a driver controller 29, such as an LCD 

controller, is often associated with the system processor 21 as a stand-alone Integrated 

Circuit (IC), such controllers may be implemented in many ways. For example, 

controllers may be embedded in the processor 21 as hardware, embedded in the 

processor 21 as software, or fully integrated in hardware with the array driver 22. 
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[0139] The array driver 22 can receive the formatted information from the driver 

controller 29 and can re-format the video data into a parallel set of waveforms that are 

applied many times per second to the hundreds, and sometimes thousands ( or more), of 

leads coming from the display's x-y matrix of pixels. 

5 [0140] In some implementations, the driver controller 29, the array driver 22, and the 

display array 30 are appropriate for any of the types of displays described herein. For 

example, the driver controller 29 can be a conventional display controller or a bi-stable 

display controller ( e.g., an IMOD controller). Additionally, the array driver 22 can be a 

conventional driver or a bi-stable display driver ( e.g., an IMOD display driver). 

10 Moreover, the display array 30 can be a conventional display array or a bi-stable display 

array (e.g., a display including an array of IMODs). In some implementations, the 

driver controller 29 can be integrated with the array driver 22. Such an implementation 

is common in highly integrated systems such as cellular phones, watches and other 

small-area displays 

15 [0141] In some implementations, the input device 48 can be configured to allow, e.g., 

a user to control the operation of the display device 40. The input device 48 can include 

a keypad, such as a QWERTY keyboard or a telephone keypad, a button, a s,vitch, a 

rocker, a touch-sensitive screen, or a pressure- or heat-sensitive membrane. The 

microphone 46 can be configured as an input device for the display device 40. In some 

20 implementations, voice commands through the microphone 46 can be used for 

controlling operations of the display device 40. 

[0142] The power supply 50 can include a variety of energy storage devices as are 

well known in the art. For example, the power supply 50 can be a rechargeable battery, 

such as a nickel-cadmium battery or a lithium-ion battery. The power supply 50 also 

25 can be a renewable energy source, a capacitor, or a solar cell, including a plastic solar 

cell or solar-cell paint. The power supply 50 also can be configured to receive power 

from a wall outlet. 

[0143] In some implementations, control programmability resides in the driver 

controller 29 which can be located in several places in the electronic display system. In 

30 some other implementations, control programmability resides in the array driver 22. 

The above-described optimization may be implemented in any number of hardware 

and/or software components and in various configurations. 

[0144] The various illustrative logics, logical blocks, modules, circuits and algorithm 

steps described in connection with the implementations disclosed herein may be 
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implemented as electronic hardware, computer software, or combinations of both. The 

interchangeability of hardware and software has been described generally, in terms of 

functionality, and illustrated in the various illustrative components, blocks, modules, 

circuits and steps described above. Whether such functionality is implemented in 

5 hardware or software depends upon the particular application and design constraints 

imposed on the overall system. 

[0145] The hardware and data processing apparatus used to implement the various 

illustrative logics, logical blocks, modules and circuits described in connection with the 

aspects disclosed herein may be implemented or performed with a general purpose 

10 single- or multi-chip processor, a digital signal processor (DSP), an application specific 

integrated circuit (ASIC), a field programmable gate array (FPGA) or other 

programmable logic device, discrete gate or transistor logic, discrete hardware 

components, or any combination thereof designed to perform the functions described 

herein. A general purpose processor may be a microprocessor, or, any conventional 

15 processor, controller, microcontroller, or state machine. A processor also may be 

implemented as a combination of computing devices, e.g., a combination of a DSP and 

a microprocessor, a plurality of microprocessors, one or more microprocessors in 

conjunction with a DSP core, or any other such configuration. In some 

implementations, particular steps and methods may be performed by circuitry that is 

20 specific to a given function 

[0146] In one or more aspects, the functions described may be implemented in 

hardware, digital electronic circuitry, computer software, firmware, including the 

structures disclosed in this specification and their structural equivalents thereof, or in 

any combination thereof. Implementations of the subject matter described in this 

25 specification also can be implemented as one or more computer programs, i.e., one or 

more modules of computer program instructions, encoded on a computer storage media 

for execution by, or to control the operation of, data processing apparatus. 

[0 14 7] Various modifications to the implementations described in this disclosure may 

be readily apparent to those having ordinary skill in the art, and the generic principles 

30 defined herein may be applied to other implementations without departing from the 

spirit or scope of this disclosure. Thus, the claims are not intended to be limited to the 

implementations shown herein, but are to be accorded the widest scope consistent with 

this disclosure, the principles and the novel features disclosed herein. The word 

"exemplary" is used exclusively herein to mean "serving as an example, instance, or 
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illustration." Any implementation described herein as "exemplary" is not necessarily to 

be construed as preferred or advantageous over other implementations. Additionally, a 

person having ordinary skill in the art will readily appreciate, the terms "upper" and 

"lower" are sometimes used for ease of describing the figures, and indicate relative 

5 positions corresponding to the orientation of the figure on a properly oriented page, and 

may not reflect the proper orientation of the IMOD as implemented. 

[0148] Certain features that are described in this specification m the context of 

separate implementations also can be implemented in combination in a single 

implementation. Conversely, various features that are described in the context of a 

10 single implementation also can be implemented in multiple implementations separately 

or in any suitable subcombination. Moreover, although features may be described 

above as acting in certain combinations and even initially claimed as such, one or more 

features from a claimed combination can in some cases be excised from the 

combination, and the claimed combination may be directed to a subcombination or 

15 variation of a subcombination. 

[0149] Similarly, while operations are depicted in the drawings in a particular order, 

this should not be understood as requiring that such operations be performed in the 

particular order shown or in sequential order, or that all illustrated operations be 

performed, to achieve desirable results. Further, the drawings may schematically depict 

20 one more example processes in the form of a flow diagram. However, other operations 

that are not depicted can be incorporated in the example processes that are 

schematically illustrated. For example, one or more additional operations can be 

performed before, after, simultaneously, or between any of the illustrated operations. In 

certain circumstances, multitasking and parallel processing may be advantageous. 

25 Moreover, the separation of various system components in the implementations 

described above should not be understood as requiring such separation in all 

implementations, and it should be understood that the described program components 

and systems can generally be integrated together in a single software product or 

packaged into multiple software products. Additionally, other implementations are 

30 within the scope of the following claims. In some cases, the actions recited in the 

claims can be performed in a different order and still achieve desirable results. 
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CLAIMS 

What is claimed is: 

1. A method of forming an interposer comprising: 

5 forming a sacrificial layer on a carrier substrate; 

forming a plurality of interconnect posts on the sacrificial layer, the interconnect 

posts oriented substantially perpendicularly to the carrier substrate; 

depositing and solidifying one or more flowable dielectric layers to cover the 

sacrificial layer and the plurality of interconnect posts with a dielectric material; and 

10 planarizing the solidified dielectric material to expose the plurality of 

interconnect posts and to form an interposer layer releasably attached to the carrier 

substrate via the sacrificial layer. 

2. The method of claim 1, wherein the one or more flowable dielectric layers 

15 include one or more spin-on dielectric layers. 

3. The method of claim 1 or 2, wherein the one or more flowable dielectric layers 

include one or more epoxy layers. 

20 4. The method of any of claims 1-3, wherein forming a plurality of interconnect 

posts includes plating a plurality of metal posts in a patterned photoresist layer. 

5. The method of any of claims 1-4, further comprising forming one or one more 

passive components on the solidified dielectric material. 

25 
6. The method of claim 5, wherein forming the one or more passive components is 

performed after planarizing the solidified dielectric material. 

7. The method of claim 5 or 6, wherein forming the one or more passive 

30 components is performed after forming the sacrificial layer on the carrier substrate but 

before depositing any flowable dielectric layers. 

8. The method of any of claims 1-7, further compnsmg forming one or more 

routing layers on the solidified dielectric material. 

35 
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9. The method of any of claims 1-8, further comprising plating the plurality of 

interconnect posts with solderable material. 

10. An interposer comprising: 

5 an additive glass interposer layer; and 

one or more metal interconnect posts extending through the glass interposer 

layer. 

11. The interposer of claim 10, further comprising one or more passive components 

10 on the glass interposer layer. 

15 

20 

25 

30 

12. The interposer of claim 11, wherein the one or more passive components include 

at least one of a resistor, a capacitor, and an inductor. 

13. The interposer of any of claims 10-12, wherein the one or more metal 

interconnect posts include at least one of nickel, a nickel alloy, and copper. 

14. The interposer of any of claims 10-13, wherein the one or more metal 

interconnect posts have a height to width aspect ratio of greater than about 5: 1. 

15. The interposer of any of claims 10-14, wherein the one or more metal 

interconnect posts have a height of from about 10 microns to about 500 microns and a 

width of from about 5 microns to about 100 microns. 

16. The interposer of any of claims 10-15, wherein the glass interposer layer has a 

thickness between about 10 and 500 microns. 

17. The interposer of any of claims 10-16, wherein the one or more interconnect 

posts include an interconnect cap that protrudes from the glass interposer layer. 

18. The interposer of claim 17, wherein the interconnect cap includes a solderable 

material. 

19. The interposer of any of claims 10-18, further compnsmg a routing layer 

35 including electrically conductive routing lines connected to the one or more metal 

interconnect posts. 
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20. The interposer of claim 19, wherein the density of the routing lines is greater 

than the density of the metal interconnect posts. 

21. A method of forming an interposer, comprising: 

using an additive process to fabricate an additive glass interposer layer on a 

carrier substrate; and 

integrating one or more passive components within the interposer layer during 

the additive process. 

22. The method of claim 21, wherein the one or more passive components include at 

least one of a resistor, a capacitor and an inductor. 

23. The method of claim 21 or 22, wherein usmg the additive process includes 

depositing flowable dielectric material around a plurality of metal interconnect posts 

15 and the carrier substrate after forming the plurality of metal interconnect posts on the 

carrier substrate. 

24. An apparatus, comprising: 

a packaging substrate; 

20 an interposer layer in electrical communication with the packaging substrate, 

wherein the interposer layer includes: 

a solidified dielectric material; 

one or more metal interconnect posts extending through the solidified dielectric 

material; 

25 a routing layer including electrically conductive routing lines connected to the 

30 

one or more metal interconnect posts; and 

one or more dies positioned over the interposer layer, wherein the density of 

electrical connections from the routing layer to the one or more dies is greater than the 

density of electrical connections from the interposer layer to the packaging substrate. 

25. The apparatus of claim 24, wherein the one or more dies include at least one of 

memory, logic, radio frequency (RF), ASIC or MEMS chips. 

26. The apparatus of claim 24 or 25, wherein the one or more dies includes a 

35 plurality of stacked dies. 
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27. The apparatus of any of claims 24-26, further comprising one or more passive 

components within the interposer layer. 

5 28. The apparatus of any of claims 24-27, wherein the solidified dielectric material 

includes spin-on-glass or epoxy. 

29. The apparatus of any of claims 24-28, further comprising: 

a display; 

10 a processor that is configured to communicate with the display, the processor being 

configured to process image data; and 

a memory device that is configured to communicate with the processor. 

30. The apparatus of claim 29, further comprising: 

15 a driver circuit configured to send at least one signal to the display; and 

a controller configured to send at least a portion of the image data to the driver circuit. 

31. The apparatus of claim 29 or 30, further comprising: 

an image source module configured to send the image data to the processor. 

20 

32. The apparatus of claim 31, wherein the image source module includes at least 

one of a receiver, transceiver, and transmitter. 

33. The apparatus of any of claims 29-32, further comprising: 

25 an input device configured to receive input data and to communicate the input data to 

the processor. 

34. An apparatus, comprising: 

an interposer, wherein the interposer 1s formed by forming a plurality of 

30 interconnect posts on a sacrificial layer, the sacrificial layer formed on a carrier 

substrate; depositing and solidifying one or more flowable dielectric layers around the 

interconnect posts; planarizing the solidified dielectric material to expose the 

interconnect posts; and releasing the interposer from the carrier substrate by sacrificially 

etching the sacrificial layer. 

35 
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35. The apparatus of claim 34, wherein at least one interconnect post provides strain 

relief when the interposer is connected between a packaging substrate and an integrated 

circuit chip. 

36. The apparatus of claim 34 or 35, wherein at least one interconnect post allows 

heat transfer between an integrated circuit chip and a packaging substrate, the interposer 

connected between the packaging substrate and the integrated circuit chip. 

37. The apparatus of any of claims 34-36, further comprising one or more routing 

10 layers on an upper side or a lower side of the interposer. 

38. The apparatus of any of claims 34-37, further comprising at least one passive 

component formed on an upper side or a lower side of the interposer. 

15 39. The apparatus of any of claims 34-38, further comprising at least one integrated 

circuit chip attached to the interposer. 

40. The apparatus of any of claims 34-39, further comprising a packaging substrate 

attached to the interposer. 

20 

41. The apparatus of any of claims 34-40, wherein the packaging substrate 1s a 

printed circuit board. 

42. The apparatus of any of claims 34-41, wherein the interposer provides stress 

25 isolation between the packaging substrate and an integrated circuit chip attached to the 

interposer. 
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[liffi,tff] 
[0001] * ~ a,13 t;L .::t--v 1, V 9 Ii-~ ~ L, tc re ■ ~ tJi fC: 00 L, , J: IJ M *HJ ,c: ti , i'iu 3m 0) A -1 'Y "f- :::,, 3/ 
•~~•*~:ttG¥•ft•rc"f-o/7)-\0 ■ rffl3~•1i-• ■ TQk~O), Tno/79Y3/ 
)fl 0) .:f--v ,, V 9 Ii-. 00 ~ ~ l, t.:: re.~ tJi ( .:f--v ,, V 9 ~~re.~ tJi) ,c: 00 T -Q 0 

[0002] 

c:O)~m•~~, e■at&~¥•~•r~li-M■ TG,,o/,,--1/c:l,-rO)ffi~li-•kT 

~~~, -0!!1!:J::: 1¥.ft1,,y,;--1/J c:~v'?o £tc, ¥•~•-r•/i:-MiGL,t.:::JRf&Hc:a5 
Q re ■ ~l& (¥5ft1, 'Y 7-1/) Ji- 1¥51*~~J c: Ill_¥~ i: c: ic: T Q o 20 

[ 1r :it a ffi J 
[0003] 

lli~, 79Yrre■at&~g-~~-31<~tt, ~J,~~-~1:::1/~~tlkBGA '* 
- J).; • 3/ 1) 'Y F • 7 v -1 ) -\0 P G A C 1:: :::,, • 3/ 1) 'Y F • 7 v -1 ) , C S P C "f- 'Y 7' • if -1 
;( • , , 'Y ,,- - 1/ ) • Ii- M ilG T Q tc ~ , re ■ 0) ■ *Ill 11:: & 'Cf i'iu ~Hfl'.11:: ;lJ, & 31< ~ tL '"t" lt' G o L, ;lJ, 

L, , ttt * 0) 7' 1) :::,, r re ■ a tJi ti 1:: 7 * - Jv 0) W nlc; ic: ~ < 0) oo ff! Ji-~ & c: L, '"t" 1.t, tc tc ~ , R 
~O)~~-~~-~n, re ■ O) ■*HJ~~~-~®?ko ~i:~, lli~~ffl~~-~~~k 
0) n', 1:: 11.; F r ,y 7' ~ Ii- ffl 1.t, t.:: 7' 9 :::,, r re• at& c 1:: 11.; r r ,y 7' ~ • re•~ t&) ~ ® -Q o 

i:0)1::~r7o/7~Mre ■at&~,MMffi ■ MO)~flc:1::7*-~Wn!c;O)-;/'O~AO)fflft 

~ ,c: J: 1J ~ ~ m 0) ~ 0) n' 11: ~ m "g ~ ® 1J , ~ 0) a * ~ 1J: 7' o ~ A ti , ffi • • 0) w n1c; , ffi • 30 
Mic: :t.Ht GI§ rd! MM 0) tc ~ 0) 1:: 7 * - ;J.; 0) W@L 1:: 7 * - ;J.; 0) r-1 $ Ii- -a-~ tc. ~ I§ C ,, 9 

- :::,, w n1c; ~ n t.:: e •, ,, ,y r ~) 0) w mt Ii- .ai ~ • 1J ;i1.! l, 1J: n' & •~•Ii- ff! JJ. 1:: ~f -r v' < ~ 
0) ~ a5 Q o i: 0) J: ? 1J: 1:: Jv F 7 'Y 7' ~ tc: J: ? T ff 6 tL tc ~ I§ re ■ a tJi ~ tt , ffi ff! Jlt • ;lJ, B 
BL,k¥5ft.r("f-o/7) ~~M■ TGi:c:~nJ~~®Qo 

[0004] 

l, n' l, ~ 0) & oo, tJ, n' -Q ~ • re•~ t& c ¥ • ~ , , ,y ,,- - 1/ ) ~ ti ~ re • , , 9 - :::,, tJ, li 1.t, 

,c: lli M L, '"t" t,' G t.:: ~ , re ■ M ~ 7 o A r - 7 / -1 ;( tJ, ~ t; tc IJ , £ tc M ■ 5 -1 :::,, -\0 3/ 5 :::,, 
F5-1:1/•0) ■m~•-l,klJTG·O)~~~~i:IJ.GoM~, •·O)A-1o/"f-Y3/. 
~~-3J<~tLG¥5ft.r-\OWr$~·/i:-··TG¥5~J,o/,,--1/~~' ••• O)J:::ff 
ic: ff lt' 7 o A r - 7 / ,{ ;( ;lJ't ~ ~ l, ~ ( 1J: IJ , £ tc A ,{ 'Y 'r :1/ 3/ • r 'h' ~ • ,c: ::d- :1/ / ::d- 7 40 

T G i: c: ~ A -1 'Y "f- :1/ 3/ / ,{ ;( n' ~ ~ l, , i: tL ,c: J: ? '"t" M ■ 5 -1 :1/ ~ 0) W {ft n' •• l, ~ < 
1J: -Q o c: :tt ti , • • T Q ¥ • ~ • r • 0) • 11: -mt • tt 0) 1lf 7qc: J 1J: n' 1J , w £ l, < 1J: 1.t, o 

[0005] 

~i:~, M■ Wff/i:-~~~~' ~JA-1o/'rY3//,{;(.Ji-fiM~~G§~~, ttE*J: 

1J , ¥ • ~ • r Ii- • • l, t.:: ¥ • ~ , , ,y ,,- - 1/ ,c: "f- ,y 7' .::t--v , , v 9 ~ 0) ~ • • r Ii- N R l, -r 
W tlm 5 ,{ :1/ ~ Ji- 1 7 n 'Y 7 1) :1/ ~-J T G i: c: fJ'> rr b tL T t,' Q o Jilt ~ ~ ;IJ: -=¥ ~ c: l, T ti , ~ 
• ~ ,, ,y ,,- - 1/ 0) ¥•ft • r • n' •ii&~ n Q t.n c: im t; oo x ti~ 0) & M t.u 0) oo ,c:, "f- •y 7' .::t­
-v J' V 9 Ii- ti ~ tt. N ~t ~ ,c: J: IJ • 00 ~ ~ T Q n ~ n' © -Q 0 

[0006] 

L, n' L, c: 0) t;JJJ ft... ~. ~ ,, 'Y 7 - 1/ 0) a oo fC: .::t--v J'\ V 9 Ii- R ~t tc ,t tt. ~t ~. ,, 'Y 7 - 1/ 50 
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~ 12f;; 0) .11c11-ti, * ~ < 1J: -=> --c G £ t,, , £ rL. ... =t--v , , v 1l c: ~ ~ 12f;; ~ -=r 0) rJJ ~ • m 9 ,Q lfc: • 0) 

5 I ~ @I L, ffi ffl 7J' ~ < 7J: -=> --C -1 -Y 11' 7 9 -Y 7- 0) ~ ::k ~ ffl < i:. c: 7J' ® -=5 o -1 -Y !j' 7 9 -Y 7- 7J' ::k 
~ v, c: ... m * 1¥-1 1J: r -=r .'h ,y 7' 1J :::,, /;/' J ~ fi ? L c: ti"' T! ~ 1J: v, 0) T! , -1 ✓ fj' 7 1l ✓ 7- ti l:f:BI~ 
G tt it ,J, ~ t,, 1i h~ 'fJ1. * L, t,, o i:. 0) tL. lb tc:: tt... =t--v 1, V 9 tt /:f:BI~ G tt tt ~ ~ {21;; ~ r 0) Jli {~ tc:: 
ifc: ~ 9 G i:. C: iJ'i 'fJJ. * L, t,, o £ tc.... i:. 0) J: ? tc:: =t--'7 1, V 9 ~ ¥ ~ {21;; ~ r 0) J1i < ic:: lfc! ~ 9 G 0) 

ti, vt * 0) a ffi m ifi T! ® -=> tc. o 

[0007] 

J: E 0) vt * a ffi ic:: Ill ~ 9 -=5 a ffi c: L, --C ta: ... -wi1 x ti ... W Wf ::st ~ 1 ic:: icHoc ~ tL -=5 J: ? tc:: ... I:: 
111 r 7 ,y 7' ~ ic: J: -=> --r ffl. G n tL. fflt H~ 0) ~ ■ @ m ~ l& ic:: -=r .'h o/ 7' 1J ✓ /;/' m 0) =t--v 1, v 1l ~ pg 
~ L, , • =t--v 1, V 9 ~ #4 nx 9 -=5 2 ■ 0) ~ {21;; 1, 9 - -Y ic:: J: -=> --C :p}t £ tL tL. a.~■ ~... ffl }£ ffi 10 

~J:O)~--·~fi9-G~fl(fflt ■) ~J:-::>--CWnx'9-=5J:?~G~b0)~®-=5o 
[)'cfiaffi::st~J 
[WWF::st~] 
[0008] 

[WWf::st~l]W~~l 1-68319~~ffl 
[~a}lO)ffl:ff] 
[ ~ a]l ti, m ?'k G J: ? c: 9 ,Q ~ im ] 
[0009] 

1: Jfil G tL. c1:: ? ic: vt * 0) am T! ti , -=r .'h o/ 7' 1J ✓ ~, m =t--v ,, v 1l 0) -1 ✓ fj' 7 1l ✓ A ~ lfi * 
G tt vt ,j, ~ < '9 -=5 tL. lb tc::, ~. =t--v ,, V 9 ~ ~ ~ ~ ~ r ic:: Jli ·:Ht --C De~ '9 -=5 i:. c: T! jljj ~ rJJ 20 
0) lfc! ■ Ji!g ffl ~ lfi * -=5 tt U ~ < 9 -=5 J: ? ic:: L, L t,' tL. o i:. 0) ~ , =t--'7 I, V 9 tc: 7/rt tl -=5 • 7/rt C: -t" 
0) J1i ffi 0) 7' v - -Y ( ~ 1m ) t'c 0) De ■ 1, 1l - -Y , % tc:: ... • ■ 7° v - -Y )U;l: /;I' 7 -Y r 7' v - -Y 

0) at ~ 1¥-1 7J: ~ ft tc:: 00 9 G ifc: Mi ta: 7J: ~ tL --C v' 7J: 7J' -=> tL. o 

[0010] 

L 0) tL. lb, =t--v ,, v 1l c:. ~ ~ ~ ~ -=r ~ • m G tL. c: ~ ic:: jljj ~ rJJ 0) lfc! • m M tin,oc:: ~ v-. c: v' 
? tt vt T! tt... ~. =t--v 1, V 9 t/• fl 9 -=5 ~ fiffi rnt 91J -1 -Y !j' 7 9 -Y 7- ( E S L ) ~ £" T L, b ,J, ~ 
< T! ~ 7J: t,' ij1 ft b re L IJ ffl, ,Q O -WU X ti' ~ =p-0) l& t'c 0) 'r 'Y 7° =t--'7 ,, V 9 0) lli m T! ~. =t--'7 

,, V 1l ic:: Mm~ tL G 7' v - -Y ( ~ 1m) t'c 0) lfc! ■ ,, 1l - -Y 7J' ® IJ , L, 7J' b -t" 0) re ■,, 1l - -Y 

7J' ~ • ;t- -'7 l, V 9 0) ~ =p-1J !Pl fC:: ~ 1T 7J: :f7c ~ T! , ~ • ;t- -'7 l, V 9 ic:: 7/rt tl ,=5 • 7/rt C: -t" 0) lfc! ■ I, 
9 - -Y tc:: 7/rt tL -=5 • 7/rt 0) 1i 1P1 7J' ll=u t: 1P1 ~ 0) ij1 ft , ~ • =t--v 1, V 9 ic:: 7/rt tL -=5 • 7/rt ic:: J: -=> --C ~ t: 30 

G at ff. c: re ■ 1, 9 - -Y tc:: mt tL G • mt tc:: J: -=> --C ~ t: -=5 at ff. 0) 1i IP17J' ll=u t: !Pl ~ c: 7J: -=5 tL. lb, ~ 

• =t--v 1, V 9 0) E S L ti , De ■ 1, 9 - -Y 7J' G 0) at ff. 0) IH!i ~ ~ ~t --C -t" 0) -1 -Y !j' 7 9 -Y 7- 7J' 
Jl 7J' vt J: ::k ~ < 7J: -=> --C L, £ ? o 

[ 0 0 1 1 ] 

-:J £ 1J , =t--v 1, v 1l 0) re~ c: -t" 0) Jli m 0) re a,, 1l - ✓ 0) De~~ r1rt n -=5 • r1rt 0) 1P1 ~ c 0) oo 
~ tc:: J: -=> --C t;t , ~ • =t--v 1, V 1l 0) E S L ~ £" T L, b m fE ic:: ,rJ-. ~ < T! ~ 7J: t,.., c: t,' -=> tL. ~ RI 7J' 
®-::> tL.o 

[0012] * ~ a]l ta: , n' n' -=5 vt * a ffi ic: :ts tt -=5 ~ im ic:: ~ JJ. :fiU fF ~ n tL. b 0) T! , ~ ~ 9 -=5 =t--v 1, v 1l 
0) ~ {jffi rn[ 91J -1 -Y !j' 7 9 -Y 7- ( E S L ) ~ ffl: ~ L, --C WJ * 1¥-] 7J: -r 7J o/ 7' 1) -Y 3/ ~ fi X -=5 J: ? tc:: 40 

L, ' v-t,' L t;t m ii& 9 ,Q ~ ~ ~ ~ r ~ 0) llJ {1:ftl tJH~ 0) IP1 J: ic:: ~ 1j. 9 ,Q L C: iJ"i T! ~ ,Q =t-i7 1' V 

9~~ffc ■~f&~mm9,=5i:.c:~§1¥-Jc:9-Go 

[~M~IW?'k'9 -=5 tL. lb 0)-=p-~] 
[0013] 

1: i2 0) vt * a m 0) ~ m ~ m ?'k 9 -=5 tc. lb ... * ~ a}l ic:: J: n ti ... -t" n -=e n m :ff 0) w t'c ic:: , , 1l -
-YWnx~n~••O)re•■~ ... m••~*G--ra■ ~tt-=5c:~~ ... •m••~•~1ilP1~ 
1t iM L, --r w nx ~ n rL. !.J ~ ~ * L, --r ffl 1=uc:: • m ~ n , =t--v , , v 1l ti, ... ~ !.J 12f;; ~ -=r ~ • -=r tfl3 ffl't 
~~mfi~tL-=5 ■ c:ll=ut:oo&U-t"O)&tt ■ 0)1fi0)~7J:<c:b-1i0)1m~~~GtL, ttE• 
ftO)re ■■ 0)?~--7--{-YXU/;J'7:::,,p7--(-;/c:L,--cm~tt-GH••O)ffc■■ ~Jli-L, 

--c ~ •re•• ic:: • ~ 1¥-1 ic:: • m ~ n -=5 c: ~ ic:: , • =t--v ,, v 1l ic:: •mt~ mt G rL. c: ~ ic: -t" 0) • mt so 
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(J) rtu % ~ ~ale•• ic: rm n -Q • rm (J) rtu % ti,~ :n rtu ~ tJ: t:> , ti,-:;, a :t- '17 '" v ?l ic: rm n -Q • 
rm (J) ml Im 1J' ~ B fie • J\i ~c rm tL -Q ■ rm (J) ml Im ~ pig .1JL fi ~ 7J: G J: '? tc , ~ 00 ~ ~ 'c! tL --C it' -Q 1:. 

~ 1.r JM: ~ ~ 9 -Q :t- '17 '" v ?l ~ ~ re • £ t& n' ~ m c! n Q o 

[ ft aJJ (J) '5(/J :ll!U 
[0014] 

* ft aJJ ic • -Q :t- "7 '" v ?l ~~re•£ t& (J) M nlUc J: n ti, :t- "7 '" v ?l tJ,, • ~ m < 3Ui -3/' 
5' ✓ r m) ~ G --rm c! n -Q ~ ~ • (J) re•• i.: lli m fie mi c! n, * '17 '" v ?l tc: Tfrt n -Q m rm (J) ml 
im ~ ~ a re • • ic: rm n -Q ■ rm (J) ml im ti, pig .1JL fi ~ tJ: -Q J: -5 i.: ~ oo ~ ~ ~ n --c v, -Q (J) -r: , :t- '17 

l'\1/?l~rmn-Q ■rm~~-re•■ ~rmnQ•·(J)·~~tJ:Mft~-~'c!tl-Qo *k, ~h 
(J) ■ rm (J) IPl % 7J' Ii it' i.: ~ h lPl ~ 7J: -::, --C it' Q (J) c: , ~ -'-t (J) ■ rm tc: J: -::, --C ~ t -Q m W 7J' Ii. it' tc: 10 
fJ ~ ffl 'c! tL -Q o ..'f-(J) M * , ~ B =t-'\7 r, V ?l (J) ~ fiffi ia ?JJ -1' Y ,;J' 7 ?l Y A- ( E S L ) ti , ~ B 
le ■ •~~(J)•w<ga~ft~9-Q•w1.rrr~m9:1J1PJ~*m9-Q•w) (])~•1.r~~--c 

J! tJ, it J:. ,j, 'c! < 7J: Q o -:J * tJ , ~ B =t-'\7 '" V ?l (J) E S L i.r ffi; ~ 9 G 1:. ~ tJ, c: % -Q o 1:. tL tc: 
J: -::, --C , '5(/J * ~ 7J: -r 71 'Y 7 1J Y tl i.t fi '? 1:. ~ iJ'i P)" ft!§ ~ 7J: tJ , * tc , m ilG 9 -Q ~ ~ #: ~ r ~ 
(J)8*fflffift(J)JpJJ:.~-49QL.~~C:%Qo 
[ a w (J) ffii • tJ: jl aJJ ] 
[0015] 

[ a 1 ] * ft aJJ (J) m 1 (J) ~ 1.illi m • t.: • G :t- '17 , " v ?l ~ ~ le • £ 1& (J) m m 1.r ~ 9 ffi oo a -r: a5 

Qo 

Qo 

Qo 

Qo 

Qo 

Qo 

Qo 
[ a g ] a 1 (J) ~ 1.illi m mn.: • -Q :t- '17 '" v ?l ~~re•£ t& (J) ~ tfB < -1-,y 7' :t- '17 '" v ?l (J) ma 
m■ ~ffi-Q$9) (J) ■ ffiifi(..'f-(J)l) i.r~'"9ffiooRc!a5Qo 
[Rl0]R9(J) ■ ffiifi~M< ■ ffiifi(..'f-(J)2) i.r~'"9ffiooRc!a5-Qo 
[ a 1 1 ] a s (J) ~ 1.illi m ft~ tc • -Q :t- '17 '" v ?l ~~re•£ 1& (J) ~ ~~ < -1-,y 7' :t- '17 '" v ?l (J) m 
Mm■ ~ffi-Q$9) (J) ■ ffiifi(..'f-(J)l) i.r~'"9ffiooRc!a5Go 
[R12]Rl l(J) ■ ffiifi~M< ■ mifi(..'f-(1)2) i.r~'"9ffiooRc:a5-Qa 
[ R 1 3 ] 7 'Y 7 =t-'17 I'\ 1/ ?l f.t ~ [fil ~ ~ l., tc ~ft~ f:i 60 ~ # ~ ~ l., tc ~ ft ti: ..'f-tl ~- tl fi ~ 40 

tL-Q~fjffii@:~-1'Y~??lYA. (ESL) i.rMtt'c!~--C~l.,kRc!a5Qo 
[ a 1 4 ] a 6 (J) ~ 1.illi m ft~ (J) - ~ m wu c.: • Q :t- '17 '" v ?l ~~le•£ 1& tc: int G :t- '17 '" v ?l 

tfB9(J)fflm1.t~9ffioo~-r:a5 Q o 
[ft1JJJi.r~itfil9G tc6b(J)m ■ ] 

[0016] 

~ 1 ti * ft aJJ (J) m 1 (J) ~ 1.illi m • t.: • Q * '17 '" v ?l ~ ~ le • £ t& < ~ ~ #: , " •y ':r - 1/ ) (J) 

Mm i.t ffi 1m ~ (J) m. C: #! A ft9 t.: ~ l., tc 't) (J) C: a5 Q O a~ (J) {;lj C: tL T 'Y 7 * '17 I'\ 1/ ?l 1 i.r 
~ ~ #: '" •y 1r - 1/ 1 o (J) • 1m < ~ ~ #: ~ -=r-2 n' m • ~ n Q mu ~ &: :tt oo (J) 1m ) tc: ~ oo ~ ~ G 
tc ~ ft (J) #4 m i.t ~ l., --Cit' Go 

[0017] 50 
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* ~ JJi!! m fl~ tc: ~ ,'5 ~~{;it;: 1, o/ -'T - 1/ 1 0 ,c: ~ v' -C, 1 1 ta:* 1, 'Y -'T - 1/ 0) ::I 7 a ;f1i l:: l, 

-CO)MSttaM(Mx~, ff5A~~.I~*v••~~0~~F ■E~O)·@~tt••~ 
ft~ i:! -li" tc. if> 0)) , 1 2 ta: ::I 7 a ;f1i 1 1 0) J=iJr ~ ffii J=iJr ,c: /Jjf i:! 1i rAJ ,c:: :it iffi L, -CW fflG <! tt tc. A Jv 

- * - Jv 0) pg I! ti: W fflG i:! tt tc. ~ ,tit;; ( @J x ti , ~ ( C u ) ~ 0) ~ Mi ) , 1 3 ta: ~ ,tit;; 1 2 0) pg 
{lllJ ic:: ft ~ <! tt tc. M S ,tit;; ( @J x ti , x ~ * V ■ H~ ~ ) , 1 4 a , 1 4 b ta: .:t-tt .:f' tt ::i 7 a ;f1i 
1 1 0) filjj ffiHC: J=iJr ~ 0) m ~ ic: I\ 5l - :1/ m fflG i:! tt tc. Wt ■ M ( @J 5l ti , C u ) , 1 5 a , 1 5 b 
ta: .:t-tt .:f' tt ::i 7 ~ ;f1i 1 1 & rJ Wt ■ M 1 4 a , 1 4 b J: ,c: m fflG <! tt tc. M rm M S M l:: L, -r 0) ■ 

H~ !m ( @J x ti , x ~ * V ■ D~ M ) , 1 6 a , 1 6 b ta: .:t-tt .:.t' tt Wt ■ M 1 4 a , 1 4 b 0) -

~Inc: ffl m a'-J tc:: :J1Hrt <! tt -r ■ D~ M 1 s a , 1 s b J: ,c: J=iJr ~ 0) W !f:fnc:: 1, 5l - Y W fflG <! tt tc. Wt ■ 
M , 1 7 a , 1 7 b ta: .:t-tt .:f' tt ■ E M 1 5 a , 1 5 b & rJ Wt ■ M 1 6 a , 1 6 b J: tc: W fflG 10 
<!tltdiU~M, 1 8 a, 1 8 b tl:.:fn.:.t'tLWt ■ M 1 6 a, 1 6 b O)-$ic:fflma'-J,c::MM<! 
tt -C ■ H~ M 1 7 a , 1 7 b J: ic:: J=iJr ~ 0) W ~ tc:: l '\ 5l - :1/ m fflG <! tL tc. Wt ■ Jm , 1 9 a , 1 9 b 
ta: .:t-tt .:f' tt ffiJ D~ Jm 1 7 a , 1 7 b & rJ Wt ■ Mi 1 8 a , 1 8 b J: Jc: m fflG <! tt tc. ■ E M , 2 O 
a , 2 o b ta: .:t-tt .:f' tt Wt ■ Mi 1 8 a , 1 8 b OJ - $ ,c: ■ m a'-J ,c: M M i:! tt -C ■ D~ M 1 9 a , 
1 9 h J: ic:: J=iH ~ 0) m ~ ,c:: ,, 5( - ✓ m fflG <! n tc. Wt••~~ 9 0 

[0018] 
* tc. , 2 1 a , 2 1 b ta: .:t-tt .:f' tL J=iJr JE 0) ~~ ,t ,c:: lffl O $ ~ fl° L, -C Wt ■ Jffi 2 0 a , 2 0 b & 

rJ ■ ff~ Jffi 1 9 a , 1 9 b J: tc:: m fflG <! tt tc. -1¥ ~ Jil l:: L, -C 0) 1/ Jv fJ' v -:,l A r-Mi , 2 2 ta: r 001 0) 

1/ Jv ~- v -:,l A r-Jffi 2 1 b 0) Im O $ 1J' G ff l:B L, -C v' ,'5 ~ 1, 'Y F $ (Wt ■ Jffi 2 0 b 0) -$) tc: 
M 1§j-i:! tt tc. ;,i. $MM llifil r l:: L, -C 0) tt Iv ti 1, Y 7', 2 3 ta: IA] t; < 1/ Jv ~, v -:,l A r-M 2 1 b 0) 20 

lffl o $ iJ' J3 n l:B L, -r v' ,'5 2 ffii J=iJr 0) 1, •y F $ (Wt• M 2 o b 0) -$) ic:: =r •y 7' * -v 1, v 5l 1 
~Mm9,'5U/v~~~9o LO)l::~, U/v~O)--ft~ft~,'5k~~, 1/~-:J'v-:,JAJ--M 
2 1 b 0) Im □ $ iP G E /:B L, -C v' ,'5 1, o/ F $ (Wt ■ M 2 0 b 0) - ~~) J: Jc:.::. •y -'T Jv ( N i ) 

/ ~ ( A u ) 0) ~ ? ~ tc:: ~ ,'5 ~ ,tit;; Mi ~ *-'!l. <! -li" -C ~ < 0) iJ"" gJ__ * L, lt' o L tt ta: , J: 001 0) 1/ Jv 

~, v -:,l A r-M 2 1 a 0) Im O $ 1J' G E l:B L, -r v' ,'5 1, •y F $ C Wt ■ M 2 0 a 0) - $) tc: :1,J L, -r 
if> IA] ~ 1: d5 '@ 0 

[0019] 
1J: ~ , ~ ~ 0) @J 1: ta: ta: Iv tt l, Y 7' ( ;,i. $ M m !'t/M r ) 2 2 ~ ~ tt -C v' ,'5 iJ"" , L tt ta: !0 T l, 

<E> ~ ~t '@ !0 ~ ta: tJ: v, o ~ ta: , !0 ~ tJ: c: ~ ,c:: ;,i. $ • M lliM r ~ • -g-1: ~ '@ ~ -5 ,c:: r oo 0) 1/ Jv fJ' 
v -:,l A l--M 2 1 b 0) lffl □ $ 1J' G 1, 'Y F $ (Wt ■ Mi 2 0 b 0) - $) iJ"" ff ili L, -C v' tt ti+ )t 1: 30 
d5 '@ 0 * tc. ' =f- 'Y / * -v l \ 1/ 5( 1 ta: ' / \ o/ -'T - 1/ 1 0 ,c: 1ium ~ ~ <! tt '@ 0) 1: ' l '\ 'Y -'T - 1/ 
~ ,tit;; 0) J~L7j-~ :JW x ,'5 tc. ~ tc:: if> .:t" 0) /!J <! iJ"" jjf & a'-) ,c:: 7W v" if> 0) ~ ffl v" G 0) 1J' gJ__ * L, i..,-, o * tc. , 
~ )ffi 9 '@ ~ -5 tc: =r ,y 7' * -v ,, v 5( 1 ~ :l:ll! ~ 5b Ji-~~ 9 '@ ~ ffm m n ic: ~ v" -c <E>, ,, •-:1 1r - 1/ 

g::r ic: :l:ll! ~ 5b <ts tc. ~ .:t-0) JJjf <! ta: l:B * ,'5 ti ~t WI-v' 1J iJ, gJ__ * L v" o ~ ? -r, * ~ :M!i W ~~ft~ -r 
.I;.( r tc: 1'12 )ffi 9 G ~ ~ JJi!i W fl~ 1: ta: , =f-•y 7' * -v l '\ V 5l 1 l:: L, -C JJjf i:! 1J' 1 0 0 µ m ~ M 0) iW v' 

if> 0) ~ 'tie Jtl L, -C v• ,'5 o 

[0020] 
~ la ■ Mi 1 4 a , 1 4 b , 1 6 a , 1 6 b , 1 8 a , 1 8 b , 2 0 a & rJ 2 0 b ta: .:t-tt 

.:r n J=iH ~ 0) w ~ ic: , , 5l - Y w fflG <! n '@ iJ"" , .:t-0) IL .:t-n .:r n ~ * <! n '@ 1, 9 - :;,.; 0) Fa ~ 5 
~ Y, • • 5 ~ :;,.; c P ) x ta: 3/ 5 :;,.; F 5 ~ Y c c ) c:, •rm• am 0) ,, •-:1 F $ c: ~ft.rs~ 40 
'? ic:: m fflG <! tL '@ 0 ~ ;,i. • 0) Wt • Mi 2 0 a ' 2 0 b .I;.( ;,i. 0) Wt • Jm ,c:: --:::> t, '\ L ta: ' ~ ,q 0) l \ •y F 
$U, .:t-tt.:f'ttM~9G··•~m@Gc!tlGJ:rMMm0)~7*-~CL0)~7*-~~ 
ta:~ ,tit;; ( @J x tC C u ) 1J' ft~<! tt -C v" ,'5) OJ {ft mi ,c:: :it~ L, -C 1, 9 - Y m fflG <! tt -C v" ,'5 o 

-1J, ~ ;,i. M 0) la ■■ 2 0 a , 2 0 b 0) ~ 1, 'Y r' $ ta: , .:f tl .:f' tl tEi ®G 9 ,'5 ~~{;it;:~ r ( =J-
o/ 7') 2 0) • '1i 0) {tr mi, ;,i. $ • • lliM r 2 2 0) • -g-{ft mi, & rJ =r o/ 7' * -v ,, v 9 1 0) ~ ~ m 
mi ic: j,J ~ 9 ,'5 ~ '? tc: 1, 9 - Y m fflG 'c! tL L v • ,'5 o * tc. , ~ ~ 0) 0°tl 1: ta: , J: ffltl 0) la ■ Jffi 1 8 a 
l::r{ll!JO)la ■ M14b~ffl■ 5~Yl::L-C~i:!tl, J:{ll!JO)la ■ M14al::r{ll!JO)~ ■■ l 

8 b 1J' 3/ 7 ✓ F 7 ~ ✓ l:: L, L ~ <! tt L V '\ '@ 0 * ~ JJi!! w ~ ~ ft ~ L .I;.( r ic: lk! :ifil 9 '@ ~ ~ JJi!! m 
n1:u, ~~J:, ■■ 5~Yc:L-r~i:!ttGla■■~ r ■s7'v-YJ, 3/5YF5~Y 
l:: L, -C ~ <! tL ,'5 la ■■~ r 3/ 5 :1/ F 7' v - Y J l:: if> v• -5 o 50 
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[0021] * W tif!i m ft!Hi:: ffi G :t- -v It V :9 W ~ ffa ■ ~ :.ffi{ ( ~ • f:;fu t 'Y ':r - V ) 1 0 t;L ~ Jm '"9 G ~ ? 
t.:: ' -r 7J 'Y / 1) ✓ !J' ffl l:: l, L ~ ~ 9 Q 'f- 'Y / :t- -v It 1/ :9 1 i,r ' • 7Jj / V - ✓ ( N 1 0) 1911 ~ 

ti, ■■ JflO)ffa8 ■ 14b~~7*-~ (~~-~hk.f,f;;)i,rftLtMM~hkMr ■ 

0) De ■ ■ 2 0 b ) t.:: Jli M l, t M3 ~ 7' v - >' t.:: ■ ~ 99 t.:: M m '"9 G l:: :f¾ t.:: , -1- 'Y 7° :t- -v 1 t V :9 
1 t.:: ■ rm i,r rm L tc l:: ~ t.:: .:t 0) ■ rm 0) fA1 ~ C N 1 0) 1911 ~ tL ti i:J" G ti: t.:: fA1 iJ' ? 11 fA1 ) l:: M3 ~ 
7°v->' (Da ■■ 2Ob) ~rmhG ■ rmO)fAJ~ (N10)00~ti, ti:~Gti~fAJ~?:J'JfAJ) 
iJ-., i2 ::1J fA1 l:: tJ: G ~ :> t.:: ~ ~ L tc c:. l:: i,r !F-'.f It l:: L t t,' G o c:. 0) ~ :> tJ: !F-'.f ffl 99 tJ: 8 nx tL 'f- 'Y 

7° :t- -v 1 t V :9 1 t.:: lli: M De mi ~ h G M3 ~ 7' v - >' iJ-., ■ t1j 7' v - >' ~ db G n' ... !f 7 >' r 7' v -
>' ~ db G iJ, 0) ~ t,' tt db G t.:: -lt ~ , ~ Jm '"9 G f-t!! 0) W tif!i m ■ t.:: --:.:J t,' t ~ :f¾ Jffi L, t t,' G o 10 

[0022] * ~ tif!i m ft~ t.:: ffi Q ~ • f,f;; , t •y ':r - v 1 o tL ~ ,i, r 7 ,y 7° rt tJ: t:: 0) ml ~ 0) a WI 1,r m t-, -r 
~ ~ '"9 G c:. l:: iJ-., ~ ~ G o ~ -::> t , .:t 0) ~ ~ 11 Ii 0) I ~ t.:: --:.:J t,' t tt N ~ i,r ~ II§ 9 G iJ-., , fffi .¥ 
t.:: ~ a~ 9 G l:: ~ r 0) Jffi I'.) ~ db G o 1911 x tf ~ Jv r 7 'Y 7° ti i,r ffl t,' tc ~ -g.... 7t '9", :J 7 ~ t& 1 
1 cma■m~A~-*-~1,rmdL ... .:tO)~-~-f,f;;12&UMSf,f;;13/,r~-l,k~ 

0) ) 0) fiijfal1H.:: m B 0) 1 t :9 - >' m ilc t.:: De ■ ■ 1 4 a , 1 4 b i,r m d L ... ::j{ t.:: ... ffl ffij ■ ( ■ 00 
MSM) O)Wnx ➔ ffl ■■ ~~~GMOOMMO)k~0)~7*-~0)Wnx➔ ~7*-~0)~8 

i,t 13 ~ tc De ■■ 0) W d i,r Iii ::j{ Ill !? ~ L tJ: iJ-., G J: r ~ 4 M l:: tJ: G * ~De■■ i,r ff! JJ. J: ~ft t,, 

~, ~ G t.:: ._ M ~ M 0) De ■ M 2 0 a , 2 0 b 0) 1t •y ¥ 8 iJ, ffl 1±19 G ~ ? t.:::@: oo i,r fl-::> t 1/ 

Jv ,;J' v V A t- M 2 1 a , 2 1 b i,r W d L tc ti , ~ t& ~ ~ mu 0) 1/ Jv fJ' v V A t- M 2 1 b iJ-.. G 20 

.:t h :e h a 1±1 L -r t-, Q ~ , t ,y ¥ • ,.:: .. ti 1v ti , , :.,, -:t c ~ • • a~ r ) 2 2 1,r • -g. 9 Q c: :f¾ 
t.:: , 'r 'Y / ::f--V It 1/ 9 1 /,r ti fv ti f-j ~t ( 2 3 ) t.:: ~ I'.) ~ 00 W ~ 9 G L C: ~ , * W t/f!i W ■ 0) 

~ • f,f;; It 'Y 'T - V 1 0 ( N 1 ) i,r {~ Q L. l:: iJ', ~ ~ Q 0 

[0023] 

* tc... * ,t 'Y ':r - V 1 0 t.:: ~. f,f;; ~ r ( 'f- 'o/ 7°) 2 i,r m. L t ~. f,f;; ~ mi i,r ffl, G ~ -g. t.:: 
ti._ 1911 x ti... J: mu 0) 1/ Jv fJ' v VA t- M 2 1 a 0) lffl Cl 8 iJ' G ffl /±1 L, t t,, G ,t •y r 8 (De ■■ 

2 0 a 0) - 8 ) ,.:: , ~ • f,f;; 'f- 'Y 7' 2 0) 1 t "/ r J: t.:: M -g. ~ h tc ■ f!1i 3 ( -Wtl x t;f ._ ti Iv rt , , >' 

7°) n' • ~ ~ t.:: • M ~ h Q ~ ? t.:: M3 ~ -1-•y -:t 2 1,r 7 1J •y -:t -1-,y 7° • M L ... ~ G t.:: , 1/ iv fJ' 
vVAr-M21al::O)!ffl~7>'fJ'-74~fflE4i,r~·L, -~~~-lttMa'"9Go dbG 
t,' ti ... c:. 0) 7 >' -:J' - 7 4 Jv W ffij 4 0) f-tt :b I'.) t.:: , db G iJ, l5 ~ / >' • :1 >' fJ' 7 .::;-4 7' • ~ - A 30 
t- (NCP) 1,ra~L .. Xti/Y•:JYf,/'774--;/•74~b (NCF) i,r~!JM~t~ 
~ , 7 1J •y -:t -1- 'o/ 7' • M c: im ll'ij' t.:: 7 >' fJ'- 7 4 ,1,- a ffij 4 c: im ~ 0) w ilc t.:: d w '"9 Q ~ ? t.:: L 
t ~ ~ t,, o 

[0024] * ~ tif!i m • t.:: ffi Q ~ • f,f;; , t •y ':r - v 1 o c N 1 ) 0) • nx t.:: ~ h ti , -1-•y -:t :t- -v , t v :9 1 
l:: ■ 7Jj 7' v - >' ( De ■ M 2 0 b ) iJ, Jli M De mi ~ h G l:: :f¾ t.:: ._ M3 ~ :t- -v 1 t V :9 1 t.:: rm h G ■ 
rm c: M3 ~ -:t v - >' ,.:: rm h Q • rm 0) fA1 ~ n' II t-, ,.:: i2 11 fA1 c: tJ: -=> -r t-, Q 0) ~ ... ~ 11 0) • rm 0) iiM 
~ 99 tJ: ~ -g. n" %t 11: ~ h Q c: :f¾ t.:: , ~ q 0) • rm ,.:: ~ -::> -r ~ t Q I&t w n' II t-, ,.:: rr -r, m ~ h Q o 

.:t 0) ~ * , -1-•y 7' :t- "7 1 t V :9 1 0) E S L ti ._ M3 ~ ■ ■ 7' v - >' ( ffa ■ M 2 0 b ) iJ-.. G & t£ 
~ h Q m w c--:.:) * !? .. M3 ~ :t- "' ,t v :9 1 n' 3£ ~ 9 Q I&t w 1,r rr -r, m 9 :n fA1 ,.:: w m 9 Q iiM w) 40 
0) ~ @Ii i,r ~ it t J[ 7J' it J: ,1, ~ ( 7J: G o --:.:J * I'.) , 'f- 'Y 7° :t- "7 1t V :9 1 0) E S L i,r fli: ~ 9 G C:. 

l:: i:J' ~ ~ , C:. h t.:: ~ -::> t , WI * 99 7J: -r t.J 'Y 7' lJ >' tl i,r fi ? C:. l:: iJ"i "i:iJ fi~ l:: 7J: I'.) , * tc , m • 
9 Q ~ • f,f;; ~ r c -1-•y -:t ) 2 0) '11 f'F fiHJ -~ 0) fA1 J: ,.:: ~ -9-9 Q c:. c: n' ~ ~ Q o 
[0025] 

N 2 ti * 3£ aJj 0) ffi 2 0) ~ tif!i W • t.:: ffi G :t- "7 1 t V :9 ~ ~ ffa ■ ~ :.ffi{ ( ~ • f,f;; 1 t 'o/ ':r - V ) 0) 

:.fffldi,rffiooNO)W ■ ~-~~~~Lk~O)~dbGo 

[0026] * ~ tif!i m ft~ ,.:: ffi G ~ • f,f;; 1 t 'Y ':r - V 1 0 a ti , J: Jfil L tc ffi 1 0) ~ tif!i W • tc: ffi G ~ • f,f;; 1 t 

'o/ 'T - V 1 0 ( ~ 1 ) l:: lt « t, 'f- 'Y 7' :t- "7 it V :9 1 l,r * ,t 'Y 'T - V 1 0 a 0) ~ 00 ( ~ • 
f,f;; * r 2 t;, m • ~ h Q 001 c: im t oo) 0) ~ • f* * r m • fil ~ 0) ml lffl c N ~ 0) 1911 ~ ti , ti oon so 
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0) ffi ~ tc ~ oo ~ ~ L-tc. #-f. ~ ffi:@ '9 Q a ft!! 0) ffi n!Uk r.J :t 0) fflUI§ ,c ·:::n,, T tt... ffi 1 0) ~ M!i % ■ 
O)Wftc&*99~~t~~QO)~, :f:0)8~~~-9Go 

[0027] 
LO)ffi20)~:lif!im ■ K~n~, ffi10)~:lif!im ■ O)wftctt«-r,ma9Q~•~•r2 

0) ~ ~ ili: ffi ,c :J--'Y 7° =t--v ,, V ?X 1 ~ ~ ~ L, T to ~ , ,{ :1/ -!J' -'7 ?X :1/ .7.. 0) * ~ 1J: .7.. Jv - * - Jv 

~ft~ 1J: t,, 0) ~, ~.~~mi ( ~ -~. r 2 ~ m ii& L, tc. ~ ■ 0) ~. ~ ,, 'Y 'T - Y 1 0 a ) 

~~cL-T~kc~0)-~99Mtt~~~~J:~~GLC~~~Go 
[0028] 
~ 3 tt * H ~ 0) ffi 3 0) ~ M!i % ■ ,c ffi Q =t--v ,, v -; ~ ~ ff2 Ra 1& C ~ • ~ ,, ,:, 'T - Y) 0) 

ff4 d ~ ffi oo ~ 0) % ■ ~ ffl :i:\ 99 ic ~ L-tc. 1E, 0) ~ ~ Q o 10 
[0029] 

* ~ :M!i m fl~ ic ffi Q ~ • ~ , , ,y 1r - 1/ 1 o b t;L J: Jfil L-tc. ffi 2 0) ~ M!i m ■ ,c ffi Q ~ • ~ , , 
,:, 'T - Y 1 O a ( ~ 2 ) c J;t « T , :J--o/ 7° =t--v 1, V ?X 1 0) Illl r Jc 3/ 7 :1/ r 7° v - :1/ ( 9 1J: 
b~, =t--v1,V?XlK?'mhGM?'mK~~t~tG ■W~ff~ffl91J~~-W~H~~~G 

M rm 7J' rm h G tf 7 :1/ r ffl 0) ff2 ■ Mf 1 8 a ) ~ ff2 mi L, tc. #-f. ~ ;f;Ef :@ 9 G o L 0) ff2 mi 0) :@ t, • tc ~ 
ti , =t--v , , v ,; 1 ~ rm n Q • rm 0) & m J: ic 1'¥ tE 9 Q 1:: Y * - ,i, 0) ~ ~ c ~ ~ ) tL m 2 0) 

~:M!iW ■ O)Wftctt«TM~L-tto~ ... ~-=t--v,,v,;~rmhGMrmO)HfflJ:KH~9Q 
,,,r ::.,, jl -'7 ,; ::,., A tt ,J, ~ < tJ: Q tc. lsb , ~ • ~ ~ ~ c ~ • ~ • r 2 ~ m a L-tc. ~ ■ 0) ~ • ~ , , 

,:,Jr-y10b)~~cL-T~kc~0) ■ ~99Mtt~~J:'9Goft!!O)•d&r.J:tO)aM~ 

-:J t,, L tL ffi 2 0) ~ M!i m fl~ 0). ft C. * 99 ,c ~ t ~ ~ Q 0) ~' :t 0). aJHi ~. 9 Q O 20 
[0030] 
~ 3 0) W!J ~ tL :f--'Y 7° =t--V 1, V ?X l 0) Illi r 0) ff2 ■ Mi 1 8 a ti 3/ 7 :1/ r ffl c L, t #!; ~ h T 

t,) Q 7J' -,. L n ti , •• ffl C L, L m ~ n L t,' Q !.#} ft ( •• 7° V - / ) ~ 1E, ~ ~ ~ ~ Q O L 0) 

W it ,c ti , ■ ■ ffl c L, T #!; ~ h t t,' G ff2 ■ Mi l 4 a ti 3/ 7 :1/ r ffl ,c ~ ~ ~ h , L 0) ff2 ■ Mi 
1 4 a ti 3/ 7 ::.,, r ffl 0) ~ 'l!IH& M ilifil r 2 2 ( G ) tc m M ~ h G ~ '5 ,c ,, 9 - ::.,, ~ ~ ~ h , -

1J , ft2 ■ Mi 1 8 a ti • ■ ffl 0) ~ $ m M ilifil r 2 2 ( P ) ,c m M ~ h G ~ ? ,c 1, ?X - :1/ ~ ~ ~ 

hGo 
[0031] 

L 0) m 3 0) ~ M!i m ■ tc ~ n ti , :J- •y 7° =t--v , , v ,; 1 0) rnI r ,c 3/ 5 ::.,, r 7° v - ::.,, OUi • 
■ 7° v - :1/) ~ ff2 mi L, t t,, G 0) ~, ffi 2 0) ~ M!i % ■ 0) !.#} ft c J;t « T, ~ H =t--v 1, V ?X 1 tc 30 

rmhG·?'m~~~T~tG ■Wc~H7"v-:1/(ff2■ Mf18a) ~?'mhG·?'m~~~T~ 
t G ■ ff C 0) Nia ft 7J' ~ t) - Mi %{ ft ~ h G o :t 0) Nia • , 'r 'Y 7° .:f--\' I, 1/ 9 1 0) E S L ~ ~ ~ 

--~-99~ftM'9GLC~~~Go 
[0032] 
~ 4 ti * H ~ 0) m 4 0) ~ M!i m ■ ,c ffi Q =t--v , , v ,; ~ ~ E • • 1& c ~ • ~ , , •y 1r - 1/ ) 0) 

• d ~ ffi jjj ~ 0) m • ~ m r\ 99 tc ~ L, tc. 1E, 0) ~ ~ Q O ~ ~ 0) W!J ~ ti ' 7 'Y 7° =t--\' I' 1/ ,; 1 ~ 

~. ~ ,, 'Y 'T - 1/ 1 0 C ,c :tll! lsb ~Ji-~~ L, tc.. ft 0). d ~ ~ L, Lt,, Q 0 

[0033] 
* ~ 1Jt!i W ■ tC ffi Q ~ • ~ l' 'Y 'T - 1/ 1 0 C ti , J: Jfil L, tc. ffi 1 0) ~ 1Jt!i % ■ ,c ffi Q ~ • ~ l \ 

,y 1r - 1/ 1 o c ~ 1 ) c tt ~ -r, * ,, ,y 1r - 1/ ~ • d 9 Q 1:: ,i, r r ,y 7° ■ 0) -5 ~ ::r Y • 1& 40 

110)r■ (~-~-r2~--~hG ■ c&M■) K-■ ~hkl::~r7'Y7°M ( ■E 
Mi I 7 b ) g::r tc :f- 'Y 7° =t--v ,, v ,; 1 ~ :tll! ~ L-tc. #-f. ~ ;f;Ef ~ '9 G a :J--'Y 7° =t--v ,, v ,; 1 tL :t 
0)-1JO)·ffi~ ... ■EMII5b~S~1J~K-DL-tWd~hkt:7*-~~~-~hk 
-~(ff2■■ 16b0)-$) ~:f)-L-t ■■ fflO)ff2 ■■ 14bKmM~n, ftg1JO) ■ -~, 

■E■ 17b~S~1J~~--L,tWd~hkl::Y*-~K~-~nk•~cff2■■ 18 
b 0)-$) ~:f)-L-t//5:1/ rJflO)ff28 ■ 1 8 b tcmM~htv•Go {filO)ffid&r.J:f:O)filM 

ic -:J t,, -r ti , ffi 1 0) ~ M!i m ■ 0) W ft c a* 99 tc ~ t ~ ~ Q 0) ~ , :t 0) ■ aJHi ~ • '9 Q o 

[0034] 
L 0) ffi 4 0) ~ M!i % ■ tc ~ h ti , '1- 'Y 7° =t--\' l, V ?X 1 ~ ■ ■ 7° v - :1/ ( ff2 ■ Mi l 4 b ) c 

3/ 5 ::.,, r 7° v - ::.,, c ff2 a■ 1 s b ) 0) rm ic ~ dj-~ ilJ' ~ -5 ic L-t t,, Q 0) ~, J: JZn L-tc. ~ ~ M!i so 
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W fl~ ( R 1 - R 3 ) 0) J:: 5 ic:: =f- 'Y :t =t--v ;,e. V 9 1 1,r ~ jjj ~ ~ 9 .'Q • -g. ( 9 lJ: b i5 , =f- 'Y :t 
=t--v 1 ,e. V 9 1 0) - 1f 0) OOH.: 0) h ■ • :t v - :1/ ( ~J x ii , R 1 0) i!ia a ■ 2 o b ) )Ua: -3/ :J :1/ 

r :t v - :1/ ( ~J x ti , R 3 0) i!ia a ■ 1 8 a ) 1,r l!ia § 9 .'Q • -g. ) c: .lt « --C , -1- o/ :t =t--v 1 ,e. V 

9 1 ~L mt n .'Q ■ mt ic:: :M 9 .'Q it m ■ mt ( :g. :t v - :1/ 1 4 b , 1 8 b ~L mt n .'Q ■ mt ) ta: ffl i-Hr~ 
{C:: :tffl ::k 9 G o "t" 0) ~ :W: , -f- 'Y :f =f--v I ,e. V 9 1 0) E S L 1,r J:: 1J - ■ ~ :W: ~ ic:: f!t ~ 9 G C: C: if• 
't:'~ Go 
[0035] 

*tc, -f-,y:f=t--v1,e.v9 11,t-¥}S«,:1,e.,y-7-"$J 1 o c ic::~6l:d~h~~L--Ct-'GO)'t:', ffi 
1 - m 3 0) :g. ~ • m • c R 1 - R 3 ) 0) • -g. c: 1t « --c , -¥ }S «,: 1,e. ,y ':r - 1/ 1 o c ~ «,: 0) $ 
h 1,r ,1, ~ < 9 G c: c: nt. 't:' ~ '@ o ~ i; ic:: , =r ,y :t =t--v ,,e. v 9 1 ta: -¥ }S «,: • r :m 11G ffi ~ 0) r 1r 10 
0) ffi ~ ic:: ~ 6016 * n --Ct,, G 0) 't:', ffi 2 , ffi 3 0) :g. ~ :lifii W tffi ( R 2 , R 3 ) 0) J:: 5 ic:: -1- 'Y :t 
=t--v ;,e. V 9 1 1,r-¥ }S «,:. r ffl i!G ffi ~ 0) ml IHI 0) ffi ~ ic:: ~rm~~ 9 .'Q. -g. c: lt « --C, -¥. «,: ;,e. 
o/ ':r - 1/ 1 0 C 0) -lj- -1 ;( 1,r ,j, ~ < 9 G C: C: '/Jt. '"[:' ~ '@ 0 

[0036] 

R s ta: * ~ aJJ 0) m s 0) ~ • m • ic:: ffi '@ =t--v 1 ,e. v 9 ~ ~ Ii:! • a ~ c -¥ • «,: 1, ,y ':r - "$J ) 0) 

ftdf,rffijjjRO)W ■ 't:'G~~~~Lk~O)'t:'~.'Qa 

[0037] 

* ~ :lifJi W ■ ~c:: ffi .'Q -¥ }S «,: 1 ,e. 'Y ':r - "$J 1 0 d ta: , J: ~ L tc ffi 4 0) ~ :lifii W ■ ic:: ffi G -¥ • «,: 1, 

,y 1:r - "$J 1 o c c R 4 ) c: .1::1: « --c, * 1,e. o/ 1:r - "$J 1,r • d 9 .'Q e: ,i, r 7 ,y :t ■ 0) 5 i5 ::z 7 a 
~ 1 1 0) J: 001 c -¥ • «,: • r 2 nt. m i!G ~ n .'Q -Ottl c: im 0 -Ottl ) ic:: ffl M ~ n tc e: ,i, r 7 •y :t ■ c • 20 

H~ M 1 7 a ) q:q;: -1- 'Y :1 =f--v 1, V 9 1 1,r ~ ~ L tc F.i. 't:' ffl ~ 9 G a C: 0) -1- •y :1 =f--v re. V 9 1 
~- "t"0)-1JO) ■ ffi~,affl ■ 17a1,r}Jjf.~1f~~--L--rmd~nkl!:7*-~~~ffi 

~nk.«,:(fi:!a■ 18aO)-$)i,tftL--C ■ -fflO)fi:!a ■ 18a~MM~n, @1JO) ■ 

ffi~,.ffl ■ 1Sai,t}Jjf.~1f~~--L--CWd~nkl!:7*-~~~ffi~nk.«,:(fi:!a 

■ 1 6 a(J)-$) 1,rftL--Ctl:JYrfflO)fi:!a ■ 1 4 afc::MM~n--Ct..'Ga f-t!!O)ftd&'C.f"t" 
0) fflUtnc:: -:J t-, --c ta: , m 4 0) ~ • m ■ 0) • -g. c: ~ * ~ ic:: im 0 't:' ~ .'Q 0) 't:' , 't" 0) • aJJ ta: • ~ 9 
,Q 0 

[0038] 

c:O)ffiSO)~•m•~c1::n~, ffi40)~•m•O)•-g.c:tt«--r,mi!G9G-¥•«,:•rz 
0) J:: IJ ia: ffi ~c:: =f- o/ :t =t--v ;,e. V 9 1 '2' ~ c\b 16 h ~ ~ L --C ~ IJ , -1' :1/ 1/' 7 9 :1/ A 0) ::k ~ lJ: -7. Jv 30 

- * - Jv i,t ft~ lJ: t,, 0) 't:', -¥. «,: ~ ~ (-¥. «,:. r 2 1,r ffl ti L tc ~ fl~ 0)-¥. «,: 1, 'Y ':r - "$/ 
l0d)~«,:c:L--CJ!kc:~O) ■ ~~Mttf,rJ::IJ~J:~~.'QC:c:~'t:'~Ga 

[0039] 

R 6 ta: * ~ aJI 0) m 6 0) ~ • m • ic:: ffi '@ =r--v 1 ,e. v 9 ~ ~ De • a ~ c -¥ • «,: 1, ,y 'T - 1/ ) 0) 

ftdi,tffiooRO)W ■ 't:'G~~~~Lk~O)'t:'~.'Qa 

[0040] 
* ~ :lifJi m fl~ ic:: ffi .'Q -¥ • «,: 1, o/ ':r - "$J 1 0 e ta: , J: ~ L tc ffi 5 0) ~ :OOi W fl~ ic:: ffi G -¥ • «,: 1, 

,y':r-"$/1 0d (RS) c:lt«--c, ffl1oc9.'Q-¥5«,:.r20)ill[ric::3/:JYr:1'v- ✓ (-3/ 
7 :1/ r ffl 0) Ii:! a M 1 8 a ) 1,r Ii:!§ L tc F.i. 't:' ffl ~ 9 G a c: 0) De§ 0) ~ t,' tc:: J:: IJ , =t--v ;,e. V 9 
1 1,r rm n '@ • mt 0) ~ ~ 1: tc:: 1¥ :a: 9 '@ e: r * - ,i, 0) m ~ c ~ ~ ) ia: , m s 0) ~ • m • 0) • -g. 40 
J:: IJ ~ ~ :P L --C ~ IJ , ~ ~ =t--v 1 ,e. V 9 .t,t rm n G ■ rm 0) ~ ~ J: ic:: ~ ~ "9 G -1' :1/ 11' "7 9 :1/ -7. ta: 
1J, ~ < lJ: G tc 60 , -¥ • «,: ~ § ( -¥ • «,: • r 2 1,r ffl 1oc L tc ~ ■ 0) -¥ • «,: 1, o/ ':r - "$J 1 0 e ) 
~ «,: c: L --C J! tc c: ~ 0) S ~ ~ M tt '/Jt. ~ J: 9 .'Q a * tc , -1- •y :1 =t--v 1, V 9 1 ta: , "t" 0) - h 0) 

■■~,aE■ 17a1,r}Jjf.~1f~~--L--CWd~nkl!:7*-~~~ffi~nk5«,:(fi:! 

a ■ 18a0)-$) 1,rftL--C3/7YrfflO)ffca ■ 1Ba~MM~tl, @1JO)Sffi~,a ■ 

■ 1Sai,t}Jjf.~1f~~-DL--CWd~nkl!:7*-~~~ffi~nk5«,:(fi:!■M16aO) 

- $) .t,t ft L --C ■ • m 0) Ii:! ■■ 1 4 a ic::. M ~ n --Ct,, Ga f-t!! 0) m d & 'Cf 't" 0) M tine:: -:J t,, --C 
~' ffiSO)~:lifJiW ■ O)--g.c:a*~~ll:uC't:'~.'QO)'t:', "t"O) ■ aJI~-~9Ga 

[0041] 
R 6 0) ~J 't:' ta: , ffl ilG 9 G -¥ 5 «,:. r 2 0) ill[ r 0) Ii:! ■ ■ 1 8 a ia: lj' :J :1/ r ffl c: L --C ~ ~ :n. 50 
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-Ct,,Gifi ... c:.titL WrffiJflc: G-c-m~ti-Ct,,G:YJft (Wrffi7°v-Y) 7!itiPJ87!d.5Go i:. 
0) W ft i;:: ta: ... • rffi Jfl c: L, -C ,m ~ ti -C t," G E ■ Jm 1 4 a ta: 'f 7 Y F Jfl ic::: ~ !I! ~ tL ... i:. 0) E ■ 
Jm 1 4 a ta: /f 7 Y f' Jfl 0) 51-tflH~ *-7HM! r 2 2 ( G ) ic::: t& m ~ ti G ~ :;, ic::: , , 9 - Y ~ !ii! ~ ti ... 
- 1i ... ffa • Jl!i 1 8 a ,a: W rffi Jfl 0) 91-$ t& m ~ r 2 2 ( P ) i;:: t& m ~ ti Q ~ '? ic: 1, 9 - Y ~ ]I! 

~ tlG o 

[0042] 

- 7 ta: :2fs: ~ fJ}=J 0) ffi 7 0) ~ tii!i W ■ ic: • G :cf--v 1, V 9 ~ ~ Dr. ■ a .f& ( ~ W #: , <: 'Y 'T - 1/ ) 0) 

Rd~ffiffi-O)W ■ 7!ffl~®~~Gt.:it0)7!d.5Qo 

[0043] 

* ~ tii!i m fl~ i;: • Q ~ • «s: , , ,y 1:r - 1/ 1 o r ta: ... --1:: ~ G t.:: m s 0) ~ tii!i m ■ ic: • G ~ • «s: , , 10 

'Y ':r - 1/ 1 0 d ( - 5 ) C: !t « L ... =f-'Y 7° :cf--\"' J' 1/ 9 1 0) m m m • ic::: :to l,, \ L ;f:§ ~ 9 Q O 9 
iJ: b ~... - 7 i;:: .:t.H" -C :2fs: ,, 'Y ':r - 1/ 1 0 f g:r 0) Wl ■ 7! IHI A., tt $ 51-C P 1 t;:: ~ 9 ~ '? f;::... =f-
'Y 7° :cf--v , , V 9 1 ta: ... /f 7 Y F Jfl 0) E ■ Jl!i 1 4 a tc::: t& ~ ~J 3 o ~ :fl- L, -C ~ ~ ~ ti -C :to l'.J ... 
~0)-1JO) ■ •C~tJ:<c:itM$) ~ ... ffiffi®~n-cML*W~~Wd~tit.:E■ lml6 
a ( i:. tL ta: ... E ■ ■ 1 4 a tc::: t& m ~ ti -C t," Q ) i;:: • 11:: ~ tL -C t& m ~ ti -C v" G o * t.: ... =f-'Y 

7° ::f--v , , -v 9 1 ClJ fill 1i 0) W • ta: ... RU 0) $ 51-0) E ■ Jm 1 6 a 0) - $ & 'Cf ■ H~ Jm 1 7 a ~ S ~ 
1i~~-DG-CWd~tit.:~7*-~~~-~tit.:W#:CE■■ l8aO)-$) ~:fl-GT 
• rffi Jfl 0) E ■ Jm 1 8 a tc::: t& m ~ ti -C t," G o fill 0) a d & 'Cf ~ 0) II fm i;: ·:n" -C ti ... ffi s 0) ~ tii!i 
m■ O):YJftc:a:tfs:®~IPJ~(!d.5-QO)(! ... ~0)~~~--9Qo 

[ 0 0 4 4 ] 20 

c:.O)ffi1C1J~•m•~~ti~ ... •*®~~ffisO)~•m•~•G'''Y'T-1/a~c:IPl~ 
7!d.5G0)7! ... ffi50)~:MJiW ■ O):YJftc:IPJ80)~-~-'9Gi:.l::~7!~Go!il!~ ... --1::EO)R 
d --1:: 0) ~ ffl ( =f-'Y 7° :cf--v l, V 9 1 0) - 1i 0) •• 7J' M L * W ~ 0) E ■ ■ 1 6 a t;:: • 11:: ~ ti -C 
t,, G #,i..) i;: a-::5 t,, -C, ~ ~ •• c: /f 7 Y F 7° v - Y ( E ■ Jm 1 4 a ) c: 0). ~ ® iJ: t& m 0) 

1l3 ffl '11:. ~ iffJ lsb G i:. c: iJ' 7! ~ G o 

[0045] 

- 8 tt :2fs: ~ a}J 0) ffi 8 0) ~ tii!i W ■ ic: • G :cf--v 1, V 9 ~ ~ Dr. ■ a .f& ( ~ W #: 1 <: 'Y ':r - 1/ ) 0) 

Rd~ffiffi-O)W ■ 7!ffl~®~~Gt.:it0)7!d.5Qo 
[0046] 

* ~ tii!i m ■ i;: • Q ~ • tt= ,, ,y 1:r - 1/ 1 a g ti... --1:: ~Gt.:: m s 0) ~ tii!i m ■ ic: • G ~ • tt= ,<: 30 

'Y ':r - 1/ 1 0 d ( - 5 ) C: .l.t « L... =f-'Y 7° :cf--\"',~ 1/ 9 1 0) mm m. ic::: :to{.,\ L ffl ~ 9 GO 9 
iJ: b ~... - 8 i;:: .tn, -C :2fs: ,, 'Y ':r - 1/ 1 0 g g:r 0) Wl ■ 7! IHI A., tt $ 51-C P 2 t;:: ~ 9 ~ -5 f;::, =f-
'Y 7° :cf--v 1, V 9 1 ti , fit H~ Jm 1 5 a g:r tc::: t& ~ ~J 3 O ~ :fl- L, -C ~ ~ ~ ti -C :Jo l'.J ... ~ 0) - 1i 0) 

W • ( ~ iJ: < c: it ~ $ ) tJ: ... ffi ffi ® t;:: n -C L * W ~ ic: W d ~ n t.:: E ■ ■ 1 6 a ( i:. ti ti ... 
■Elm15a~S~1i~~-DG-CWd~tit.:~7*-~~~-~tit.:W#:CE■ Jm16 

a 0) - $ ) ~ :fl- L, -C /f 7 Y F Jfl ClJ E ■ Jm 1 4 a ic::: t& m ~ n -C t," Q ) ic::: • 11:: ~ tL -C t& m ~ ti 
-Ct,, G o * t.::... =f-'Y 7° :cf--v ,, V 9 1 0) fl!! 1i 0) W @Ui, BIJ 0) $ 51-0) E ■ ■ 1 6 a 0) - $ & 'Cf 
■Elm17a~S~1i~~-DL,-CWd~tit.:~7*-~~~-~tit.:•tt:CE■ lm18 

a 0) - $ ) ~ :fl- L, -C W rffi Jfl 0) E ■ ■ 1 8 a i;:: t& m ~ n -C t," Q o fl!! 0) a d & 'Cf ~ 0) II tilHc::: "::J 

V \ L ti ... ffi 5 0) ~ • m. 0) • ft C: • * ® ti: iPJ ~ 7! ® Q 0) 7! ... ~ 0) ~ a}J ti 'm' • 9 G O 40 
[0047] 

c:. 0) m s 0) ~ lJf§ m ■ ic: :Jo l,,, -c it ... a * ® ic::: ti m s 0) ~ 1ii§ m a ic::: • Q , , 'Y 1:r - 1/ • ~ c: 1q1 

~7!d.5G0)7!, ffiSO)~J'.ii!iID ■ C1JWftc:iPJ80)~-~-9Qi:.C:~l!~GoM~ ... --1::£0) 
R d --1:: 0) ~ ffl ( =f-'Y 7° :cf--v l, V 9 1 0) - 1i 0) ■ • 7J' L * W ~ 0) Dr. ■ Jm 1 6 a i;:: • 11:: ~ ti -C 
t,' G #,i.. ) i;: a -::5 t," -C , ffi 7 0) ~ tii!i W ■ 0) W ft c: Im 8 ic::: ... ~ ~ W • c: /f 7 Y F 7° v - Y ( E 
■ Jm 1 4 a ) c: 0) • ~ ® iJ: t& m ClJ 1l3 ffl tt ~ r'ili lsb Q i:. c: iJ, 7! ~ G o 

[0048] 

iJ: :Jo ... ffi 7 , ffi 8 0) ~ ~ tii!i W ■ ti: • G ~ W #: ,~ 'Y ':r - 1/ 1 0 f , 1 0 g ( - 7 ... - 8 ) 
7! ti ... ffi 5 0) ~ tii!i W ■ tc: • G ~ W #: 1, 'Y ':r - 1/ 1 0 d ( - 5 ) Jc: i-t l., , =f-'Y 7° :cf--v l <: V 9 
l 0) t& m W fl~ i;: • G $ 51-C P 1 , C P 2 ~ mi ~ ~ x t.:: U ft ~ 1111 ic::: c: "? -C ~ fJJ:J L, t.:: 7J' , i:. ti 50 
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tt , ffi 4 0) • tmi ID :l& ic: ~ 0 ~ ~ f,f;: 1, 'Y 7T - ';.J 1 0 c ( B 4 ) 3Ua: ffi 6 0) • M!i ID :l& ,.: ~ 0 ~ 
~ #: 1, 'Y 7T - ';.J 1 0 e ( B 6 ) iL it l, --C ti Im ;f:.tHc: mi ~ ~ x. AJ ff!§ --r:' .5 0 C c: ta: ti ~ ~ lu -r:' .5 

[0049) 

* tc. , m 1 . m s 0) ~ ~ ln!i ID mnL ~ 0 * ~ #: , , ,y 7r - 1/ 1 o r . 1 o g c B 1 , B s ) 

ta: , + ,, 7' ::t- '17 , , v 9 1 0) m ~ ID mHL ~ 0 ~~ )! c P 1 . c P 2 w. n 0) $ )! ,L ":) t-'\ --r ,a: , ~ 

~ i!f ,.: ta: Jal w 0) l:: Jv r 7 'Y / ~ 'L ~ lJ • ~ 9 ,Q L. C: t:/• -r:' ~ Q O ~ '? L ' ~ • $ )! C p 1 ' 
C P 2 .I.;( :9'f.. OJ $ )t tc: "'.J v '\ --C ti i2 xii OJ tm pig ft OJ tc. lb ::f: OJ ~ SJ! /,r ~ pig l, , ~ B $ )t C P 1 , C 

p 2 0). ~ .::r. m ic: ":) "(.,'\ L 0) ;Jj.' .I.;( r' B 9 ~ B 1 2 7,r. lffl l, ~ tl· i; ~ a,l=j 9 ,Q 0 

[0050) 10 

cm10J••ID•~~0~B$)tcP10J•~.::r.w:B9&aB1o•m) 
)'c '9 ~ m OJ I ffl --r:' ta: ( B 9 ( a ) • lffl ) , ::3 7 ~ l& 1 1 J: tc 3/ 5 Y r 7' v - Y ( lfil a hi 

1 4 a ) i,r ID PX '9 0 o c OJ lfil a hi 1 4 a ta: , B ~ OJ f9tl --r:' ta: ::3 7 ~ l& 1 1 J: OJ ~ Im ,L ID PX ~ 
tt t v '\ 0 tl>, B 7 tc: ~ '9 ~ -5 tc: m ~ OJ 1, 9 - YID :JjUL ID nx ~ tt 0 o f91J x t:C ::3 7 ~ l& 1 1 
J: tc: ffl ( C u ) OJ M Jffi i,r ID nx L, , :-C OJ M Jffi i,r ti c: L, t "if 7 t- 5 7 .::;-4 7 ~ ,.: ~ lJ m ~ OJ 1, 

9-Y/,rIDnx'900 
[0051) 

~ OJ .::r. ffl --r:' ta: ( B 9 ( b ) • lffl ) , 1, 9 - Y ID PX ~ tt td!ic a hi 1 4 a J: ,.: hi FMHfH~ hi c: 
LtOJaEhi15al,i:-IDPX'90oOOx.~, x~::t-V ■E~~~~~P ■E~OJM-~ft■ 

ff~ l,r lfil a hi 1 4 a J: ic 7 ~ .::t-- t- l, , 1fl ffl ft & a 7' v 7.. m Jll! l,r Dm l, , ~ 13 ~L ::t- :i 7 m Jll! l,r 20 
til!iLtaH~hi 1 5 a i,rIDPX'900 

[0052) 

~ OJ .I. ffl --r:' ta: ( ~ 9 ( c ) • lffl ) , ■ ff~ hi 1 5 a OJ W lE OJ fft ® 0~ xii 9 0 + 'Y 7' :t- "'7 , , 

v 9 ti~ ~ ~ ~ n 0 $ )t tL it ,z '9 0 m ® ) ,.: , ,1.,, - 9 11□ .::r. tc ~ lJ , [!:!] $ C ::t- "'7 l::' .::;-4 ) R P 
ii' ID PX 9 0 o c:. OJ ,1.,, - 9 110 .::r. ,L f-\: x --r , "if Y r 7 5 7.. t- ~ x -, + Y 3/ ~ tc: ~ tJ [!:!J $ R P 1,r 

ID PX '9 0 ~ -5 ,.: L, t ti ~ t,'\ o 

[0053) 

~ OJ .I. ffl --r:' ta: ( ~ 9 ( d ) • lffl ) , ■ ff~ hi 1 5 a ~L ID nx ~ tt tc. [!:!] 1i~ ( ::t- "\7 l:: .::;-4 ) R P 
17'1 0) lfil • • 1 4 a J: ic: ' JJJ ~ jf, 1 0 0 µ m m • 0) M V 'I 7 'Y / :t- '17 l' V 9 1 ii' • ~ 9 ,Q O L. 

OJ ~ i:L m ~ 'tj!J 3 0 l,r lfil a hi 1 4 a lL ffi!i lJ 1't ~t tc. f~ , ::f: OJ m ~ 1ftl 3 0 OJ fft ii!Hc: ft tHt --C ~ 30 
B ::t- "\7 1, V 9 1 l,r ffi: I( 9 0 ~ '? ic: l, --C ti ~ It' l, , 3Ua: , m ~ 'trJ 3 0 ii' ~ B ::t- "\7 1, V ?l 1 ic 
ffi!i lJ 1't tt tc. ~ , ::f: OJ m ~ 'trJ 3 0 OJ ft v '\ tc. :t- "\7 1, V ?l 1 ii' lfil a hi 1 4 a J: tc m 11G 9 0 ~ '? tc: 
l, --C ti ~ v' o + 'Y 7' :t- "\7 1, V 9 1 OJ ~ ~ tL ■ l, --C ti , [!:!] $ R P 17'1 1: - 71 OJ 001 ( B ~ OJ WIJ --r:' 

~~001) OJ ■ M~fflM~~*~<~0~?~uI■~lb~tl0o*••ID■ --r:-~,~0010J ■ 
00 ta: 1 0 0 µ m ~ 2 0 0 µ m ffl M tL ~ lE ~ tt --C v' 0 o C 0) C: ~ , ti 001 0) ■ 00 ta: 5 0 µ m ~ 

1 0 0 µ m ffl Jj[ ic: ~ lE ~ tt --C v'\ 0 o 

[0054) 

~ OJ .I. ffl --r:' ta: ( ~ 9 ( e ) • lffl ) , ~ Im tc , fflOi M C u lb '? ~ tc: ~ tJ , f~ OJ .I. ffl --r:' fT ? 
•Mlb?~OJ ■ OJlb?~~-7..Jffic:~0V-rhi3Iii'IJJ~Iµmfi}j[~IDPX'900M• 

m lb'? ~ti:~ ;l L' A,, 'Y 9 1) ✓ 3/ ,.: ~ lJ V - r hi 3 1 7,r ID PX 9 ,Q ~ '? ti: l, L b ~ l,,'I O 40 
[0055) 

~ 0) .I. ffl 1: ti ( ~ 9 ( f ) • !ffl ) , V - r hi 3 1 ~L ~ '? --C ,m b tt tc. ffc a • 1 4 a , ffl ff~ 
hi 1 5 a & a T 'Y 7' * "\7 1, V ?l 1 0) ? ~ W lE 0) $ )! n' ff /:B '9 0 ~ ? tL ~ Im /,r ,m '? --C lb'? ~ 
v ';.J 7.. t- ( v ';.J 7.. t- hi 3 2 ) ii' ID PX 9 0 o C C --r:' v' '? I !M: lE OJ$ )t J ta:, + 'Y 7' :t- "\7 1, V 

1,t10J-1JOJ.M(B~OJOO--r:'~,~-OJ-M)&a1m~ ■ ~.50Ea■ 14aOJuI ■~ 

it /Z 9 0 ff~ )t c: , + 'Y 7' :t- "'7 1, V 9 1 OJ ft!! 11 OJ • M ( B ~ OJ ,WU --r:' ta: , ti ffltl OJ • M ) OJ {ft ul 
ic.: M JZ '9 0 $ )t ic: f§ ~ '9 0 o v ';.J 7.. t- hi 3 2 OJ ID PX ta: , WIJ x t;C ~ Im tc tlO'c 'f1: OJ r 5 ~ 7 

4~L. (IJJ~25µmfi}j[) ii'5~.::t--t-L, J:~OJ 1WlEOJ$)tJ OJID~~~-5~'5~ 
• 7't & am~ c r 5 ~ 7 4 ,1.,, L. OJ,, 9 - -=-:,,, tf) ii' fi l,,'\, :-c OJ w lE OJ$ )t OJ mi~ ,Lit ,z 9 
0 $ )t 0) P 7 ~ 7 4 Jv L. ii' Im tJ 9 0 a C tt iL ~ '? --C , J: i2 0) W lE 0) $ )t 7J' ff /:B l, tc. v ';.J 7.. 50 
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[0056] 
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::{,{ OJ I fi ~ tt ( ~ 1 0 ( a ) # filO , v :J A t- Hif 3 2 'h" G ft !±i L T v.,, G V - r Hif 3 1 J: 
~c., ~&V-r ■ ~f:€t ■ J\!Jl::LT ■ MCu"lib-:::>~~tfiliL, ffiHlJl!il 6 a~IDn\GTGo i:ti 
~L. J: -:::> T , r 'Y 7° ::f- -\' l '\ V 9 1 OJ jijj fflU OJ llUJi J: ~L. -=t-ti ~ ti Wt ■ Jl!i 1 6 a 'h"" ID d ~ ti , ;: OJ 
-~~' -nOJ ■ OJE■■ I6a~, V-rJ\!J31~*LT3/5Yr7°v-Y(ffi:! ■ Hifl 
4 a) ic.m~~titc.i:. c:ic.tJ:Go 
[0057] 

::{,{ OJ I fi ~ tt ( ~ 1 0 ( b ) # mt ) , r 5 ~ 7 .,r Jv .b. 3 2 ~ j[J Ill ~ * L , ~ G ~L. , D tB 
LT v" Q :g~ 9 0) V - r. 3 1 ( C u ) ~' 17 .I. 'Y t- .I. 'Y T ✓ tl ic. J: IJ ~ * T Q O 10 
[0058] 

::t,{OJ.Ifi~tt (~ 1 0 (c) #mt), ;flfEJ\!J 1 5 a, E■ Hif 1 4 a, 1 6 a, &rJ:f-,y 

7" ::f- -v l'\ V 9 1 J: ~c., ~ 9 ( b ) OJ I fi ~fr-:::> tdllHI l:: IAJ ~ ic. LT, Hif rdl ~ ~ ■ l:: L T OJ 
fflH~- 1 7 a ~IDdTGo 

[0059] 
::{,{ OJ I fi ~ ta: ( ~ 1 0 ( d ) # mt ) , ffif E ■ 1 7 a OJ ~ >E OJ m It ( =f- o/ 7" ::f- -\' , '\ V 9 1 

OJ ft!! n OJ ■ ffi J: OJ We ■ ■ 1 6 a 'h"" ID d ~ ti --c v, -Q $ 9 ic. Jt J,t T -Q m ~ ) ,c. , ~ & Wt ■ Jl!i 1 
6a~mT-QJ:5~e:Y*-~VHl~IDn\GT-QoMx~, ■ EHif17aOJttJ;tTG89 

~ C O 2 v - -If , U V - Y A G v - -If ~ ,c. J: I'.) ~ * T G ;: l:: ~ , e: 7 * - Jv V H 1 ~ ID 
dT Go 20 

[0060] 

iii 1i OJ I fi ~ ta: ( ~ 1 0 ( e ) # ffl ) ... e: 7 * - Jv V H 1 OJ P-1 $ ~ ~ "lib --C ■ E Hif 1 7 a 
J: ic. ... Wt ■ Hif 1 6 a ~ fi€t ~ ■ l:: L T ~ M C u "lib -:::> ~ ~ tfili L ... -l! ~ 7 T .,r T -< :1 ~ ic. J: l'.J ffl 
~ 0) l'\ 9 - ✓ w ~jOc. ~ ~ 7" V - ✓ (Wt •• 1 8 a ) ~ ID d T Q O L ti ,c. J: -:::, L ... =f- o/ 7° 4=­
-\' 1 '\ V 9 1 OJ ftf! n OJ ■ ffi 'h"" Wt ■■ 1 6 a ( V - r Hif ~ ~ tr ) ~ * L T 'C ~ 7° v - Y ( Wt ■ 
J\!J 1 8 a ) ic. m ~ ~ ti ... r 'Y 7° ::f- -\' 1 '\ V 9 1 OJ m ~ ID :filUC. • G $ 9 C P 1 iJq'J: ■ ~ ti tc. i:. 
l:: ic. tJ: Q 0 

[0061] 
(ffi80J~tfiliW ■ ~-G~&$9CP20J■S.Ifi:~1 l&rJ~12#ffl) 

;'i:; T iii W OJ I fi ~ ta: ( ~ 1 1 ( a ) # ffl ) ... ~ 9 ( a ) OJ I fi ~ fr -:::> tc. 911 ~ l:: IA] ~ ic. L 30 

T, ::z7~;f1j11J:ic.3/5Yr7°v-Y (E■■ l 4 a) ~IDdT-Qo 
[0062] 

::{,{ OJ I fi ~ ta: ( ~ 1 1 ( b ) # mt ) , ~ 9 ( b ) OJ I fi ~ fr -:::> tc: 911 ~ l:: IA] ~ ~c. L T ... , '\ 
9-YIDd~ti~E■J\!Jl4aJ:~ ■ OO~~-l::LTOJ;flfEMt5a~WdTGo 

[0063] 
::{,{ OJ I fi ~ ta: ( ~ 1 1 ( c ) # mt ) ... ■ E M 1 5 a OJ ~ >E OJ m It ( =f- 'Y 7° ::f- -\' l '\ V 9 1 

OJ-nOJ ■ ffiOJ·$~mltT-Q$9~ttJ;tTG1lllt) ~ ... E■Jl!i14a~mTGJ:5~e: 
7 * - Jv V H 2 ~ ID d T G o f§rJ x tf ... ;flt H~ M 1 5 a OJ tt J,t T G $ 9 ~ C O 2 v - -If ... U 
V - Y A G v - -If~ ic. J: I'.) ~ * T G ;: l:: ~ ... e: 7 * - ;i, V H 2 ft- W d T G o 
[ 0 0 6 4 ] 40 

::{,{ OJ .:r fi ~ ta: < ~ 1 1 c a ) •mt) ... r ,y 7" ::t- "" '" v 9 1 OJ - n OJ 1ui iJ~, ffl H~ ■ 1 5 
a ic. W d ~ ti tc. e: 7 * - Jv V H 2 OJ lffl P jj ~ft-$ 9 ~ ic. fl 5 J: 5 ic. LT~ & ::f--\' l'\ V 9 1 
~~~TGo i:OJij}-@;, m~~J3 ott- ■ H~M 1 5 a,c.Qli1JNtrtc:1i ... -=t-OJm~~13 OOJm 
If ic. -@; tHt T ~ & ::f- -\' l '\ V 9 1 ~ 1€f tlG T -Q J: 5 ic. L T 1b J: v" L , x ta: , m ~ tiU 3 0 ~ ~ & 
::f--\'l'\V9 1 ~C.JltilJN~:J-tc.1i ... -=t-OJm~~J3 OOJf-tv,tc:::f--\'l'\V9 1 ~fflHliM 1 5 aJ:~c. 
m @GT Q J: ? ~L. L L 1b J: v' O 

[0065] 
::{,{ OJ I fi ~ ta: ( ~ 1 1 ( e ) # mt ) ... ~ 9 ( e ) OJ I fi ~ fr -:::> tc: 911 ~ l:: IA] ~ ~c. L T ... ~ 

mHc. ... fflOIMC u"lib-:::,~~c.J:IJ, V-rM3 3~J!J~ 11,Lmfist~c.IDn\GTGo 
[ 0 0 6 6 ] 50 
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~ 0) I m --C tt ( ~ 1 1 ( f ) ~ mo , V - P Ni 3 3 f;:: J:: ? t fM b tt tr: 12 ~ Ni 1 4 a , ffit 
ff~ Ni 1 5 a & rJ 'r 'Y 7° .:'\=--v ,-.: V 5l 1 0) '? ~ ~ J'.E 0) $ 5t 1J' Ji tH T Q J:: '? f;:: 1ik 00 ~ fM? t rh? 
% v Y .'A r- ( v Y .'A r-Ni 3 4 ) ~ ID nlc; 9 Q o c. c. --C v' '? 1 ~ J'.E 0) $ 5t J kL "f- 'Y 7° .:'\=--v 1-<: 
V 5l 1 0) - n 0) tlU!i :IJ, t:: 7 * - ft,, V H 2 0) 00 □ iiJ{ ~ ~ $ 5t ~ f;:: fM ? t lt' Q {ft mHi: it J,t 9 .'.Q 
$ 5t .!:: , "f- 'Y 7° .:'\=--v 1-<: V 5l 1 0) {-!!! n 0) ffl ;f!1i 0) uL mi i;:: it lZ T G $ 5t i;:: ffl ~ T .'.Q o v 1/ .'A r-Ni 
3 4 0) ID m t;L ~ 9 ( f ) 0) I m --c 1T ? tdfl1 Jffl .!:: µ'ij ~ f;:: L, L 1T '? L. .!:: 1J' --c % Q 0 

[0067] 

~ 0) I m --C ti ( ~ 1 2 ( a ) ~ mo , ~ 1 0 ( a ) 0) I ffl --C fr ? k m Jffl .!:: fl:IT ~ i;:: L, t , 
v 1/ .'A r-Ni 3 4 :IJ' G II tH L t lt, .'.Q V - P Ni 3 3 J:: f;:: E • Ni 1 6 a ~ ID nlG '9 .'.Q o c. tt i;:: J:: ? 
t , "f- 'Y 7° .:'\=--v , -<: V 5l 1 0) filjj 001 0) ii ;f!1i J:: i;:: 12 • Ni 1 6 a 1J' ID nlG ~ tt , c. 0) IJij: ~ --C , - n 0) 10 
ffllJ 0) 12 • Ni 1 6 a ti , V - P Nii 3 3 ~ ft L, t -:I' 5 Y P 7° v - Y ( 12 ~ ~ 1 4 a ) i;:: m m ~ 
tttr: c. .!:: i;::tJ:.'.Qa 

[0068] 

~ 0) I m --C ia: ( ~ 1 2 ( b ) ~ 00 ) , r 5 --1' 7 ,,r Jv L. 3 4 ~ j[J ~ ~ ::J3; L, , ~ 6 ,;:: , Ii l:H 
Ltv'.'.Qg~5tO)V-P!i3 3 (Cu)~' ry:r.,y J,-:r.,y"f-:::,tij'f;::J::l'.)~::]3;9.'.Qa 
[0069] 

~ 0) I m --C ti ( ~ 1 2 ( c ) ~ 00 ) , ffij ~ J\i 1 5 a , E • ~ 1 6 a , & rJ 'r 'Y 7° .:'\=--v ,-.: 
V5l 1 J::i;::, ~ 1 1 (b) O).Iffi--Cfi?tr:mJm.!::fl:ufiJH;::L,t, !ilffl~~J\i.!:: l.,,tO)ffit~!i 
1 7 a ~IDn!G'9.'.Qo 
[ 0 0 7 0] 20 

~ 0) I m --C ti ( ~ 1 2 ( d ) ~ 00 ) , ~ 1 0 ( d ) 0) I ffl --C fr ? tr: m Jffl .!:: fl:IT ~ ~L L, t , 
ffit ff~ Ni 1 7 a 0) ~ JE 0) {ft mi ( 'r 'Y 7° .:'\=--v J-<: V 5l 1 0) ffl! n 0) ffl ;f!1i J:: 0) De • J\i 1 6 a iJ, ID nlG ~ 
tt t v' G g~ 5t f;:: j,f JZ 9 G {ft mi) ~;:: , ~ ~ 12 ~ Ni 1 6 a f;:: ~ 9 G J:: '? i;:: l:: 7 * - Jv V H 3 ~ 
IDn!G'9Go 

[0071] 

~ 1f 0) I m --C ti ( ~ 1 2 ( e ) ~ 00 ) , l:: 7 * - Jv V H 3 0) !jg $ ~ 13 rh t ffij ff~ ~ 1 7 a 
J::i;::, Dc~J\il 6 a~~ffl!i.!::L-tilm.curh?%~:ti'i!iL,, -1!~7-r',,r-r,,r:1#H;::J::l'.)pfi 
~ 0) ,-.: 5l - Y ID :JjO;:: ffl 7Jlt 7° v - Y ( 12 • Ni 1 8 a ) ~ ID nlG '9 G o c. tt i;:: J:: ? t , "f- 'Y 7° .:'\=-
-v 1-<: V 5l 1 0) ft!! n 0) ffl ;f!1i 1J' 12 • Ni 1 6 a ( V - P J\i ~ 13 ts ) ~ ft L t m 7Jlt :1' v - Y ( 12 ~ 
Ni 1 8 a ) 'L m m ~ tt , "f- 'Y :1' .:'\=--v ,-.: V 5l 1 0) m m ID ® f;:: ~ G ff~ 5t C P 2 ;1Jq'f: ~ ~ tt tr: c. 30 
.!:: i;:: 7J: Q 0 

[0072] 

~ 1 3 tt... -r ,y :1' .:t- -v ,-.: v 5l ~ a oo ~ ~ ctr:~ ft c t:i rh 16 h ~ ~ L- tr:~ ft 0) ~-'-< 0) ,-.: ,y 

'T - 1/ ffl ~ ~;:: -:J v' t M fiffi L, tr: .!:: % i;:: ~ G tt tr: T - 5l ( ~ ~ .:'\=--v 1-<: V 5l 0) E S L ) ~ it 1t ~ 
-li"" t ~ L, tr: <& 0) --C © G o ~ ~ 0) -WU --C ti , 2 ~ ~ 0) 'r 'Y :1' .:'\=--v 1-<: V 5l A , B ( A tt 3 -ffi'L B 
ta: 2 f!ffl ) ti: -:) t-, --r , m tG 9 Q ~ ~ -u: ~ -=r-.!:: 0) m m ~ ~ ,. L- tJ: v, --c , 1tt i;:: a oo ~ ~ c tr: & c: 
-5 iJ: G :IJ, , * tr: t:i rh 16 h ~ ~ L tr: G c: -5 iJ: G :IJ, ~ M fiffi L tr: .!:: % 0) T - 5l ~ ~ L t v' G o t:i 
rh 16 ;Jj. ~ ~ L, tr:~ ft f;:: -:J v' L ti, 'r 'Y :1' .:'\=--v 1-<: V 5l ~ ~, 5 Y r 5 --1' Y J:: i;:: {ft mi 9 G J:: '? i;:: 
~ ~ Ni * ti: t:i rh 16 h , ~ ~ .:t- "" ,-.: v 5l i.: m t1it ~ t1it c tr: .!:: % i.: :t- 0) m t1it 0) 1AJ % c -:I' 5 :::,; f' 5 
--1' Yi;:: ifrt tt G ffl ifit 0) IAJ % 1J' i2 n IAJ .!:: 7J: G J:: '? i.: L, t, M fiffi ~fr? t lt' .'.Q a "f- 'Y 7° .:'\=--v 1-<: V 40 

5l A , B ti 1Ui :IJ, ~ iJ: I? , :t- tt -t tt 1 0 n F , 5 n F --C © G a * tr: , -lj- --1' ;OJ: filjj :n .!:: <t , 
~ ( 1 . 0 m m) X ~ ( 0 . 5 m m) X r,e& ~ ( 0 . 1 m m) --C © .'.Q o 'r o/ :1' .:'\=--v ,-<: V 5l A 
~;: -:J v' t , a 00 ~ ~ L, tr: ~ ft 0) E S L ( p H ) ti , 112 ;l!:J ffi 1J' 2 0 9 . 0 , ~ * ffi .!:: 112 ;l!:J ffi 
0) ~ 1J' 3 9 . 0 , M 11', fiili .!:: 112 ;l!:J fiili 0) ~ 1J' 4 6 . 0 --C © I'.) , t:i rh 16 ;Jj. ~ ~ L, tr: ~ ft 0) E S L 

( p H ) ti , 3¥ ;1!:J ffi :IJ' 8 4 . o , M * ffi .!:: 112 ;1!:J ffi 0) ~ iJ' 1 2 . 3 , M ,J, ffi .!:: 112 ;1!:J ffi 0) ~ iJ' 
1 0 . 5 --C © ? tr: o 'r 'Y :1' .:'\=--\' 1-<: V 5l B i.: -:J lt' t ti , a 00 ~ ~ L, tr: ~ ft 0) E S L ( p H ) 
ti, 3¥ ;l!:J ffi :IJ, 1 8 9 . s , M * fiili .!:: 3¥ ;l!:J {iili 0) ~ :IJ, 1 8 . s , M ,J, {iili .!:: 112 ;l!:J fiili 0) ~ iJ, 1 8 . 
5 --C © I'.) , t:i rh 16 ;Jj. ~ ~ L, tr: ~ ft 0) E S L ( p H ) ii , 3¥ ;I!:] ffi 1J' 1 2 8 . 5 , M * ffi .!:: 3¥ 
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[0073] 
l:JZllLtc~-~MOf~~ (~ 1-~8) T-tL ■r$~c L--CO)-f-"/7°;t--vJ~V-91.f:'.~~J~ 

,yJr-1/~-00~&L~WftXU~~~JJ.~&L~Wfti.f:'.OO~c?--C~OOL~~, *ROO 
0) & ~ tP G 1b 00 G 7J' -JJ:. J: '? ~;: , ;t- -v J ~ V -9 ~;: ffi ~ 9 .g ;ffiJ ~ i.f:'. ~ ~ Ji 'Y 'T - 1/ 0) Pi $ ~ • 00 
ic::: f'F tJ ~ ti' J: '5 ic::: L --C 1b J: v' o -=f 0) W ft 0) ■ nit WIJ i.f:'. ~ 1 4 f;: ~To 
[0074] 
~ 1 4 ic::: ~ 9 #4 nit WIJ 7: t;t , ffi 6 0) ~ tim m rune:: ~ G ~ • «,: Ji 'Y 'T - 1/ 1 0 e ( ~ 6 ) tc::: ts 

v' --C , -f- 'Y / ;t- -V J ~ 1/ -9 1 0) ft P IJ ic::: , ;t- -V J ~ 1/ -9 ~;: ffi ~ 9 G ■ i1!i ( ;t- -V J ~ 1/ -9 $ 1i° ) i.f:'. 
~ ~ Ji 'Y 'T - 1/ 0) Pi $ ~;: f'F IJ ~ A, tt W ft ~ ~ L, --C v' .g o ~ ~ 0) ffl nit ~;: ts v' --C , ;t- -v Ji V ?l 10 

$1tU,-::ffO) ■ ffi(~■■ ffi) i.f:'.Mn\tT.g£ ■ -16ac,@1fO) ■ ffi(J: ■■ ffi) i.f:'. 
■dTGE■-16ac, J:~&-•M~M*n--cmn1t~n~•-«,:■ DFc~G•n1t~ 
n--ctslJ ... ~■■ ffiU ■■ 7"v-Y (E■-14a) ~--~n ... J: ■■ ffiU3/5YF7° 

v-Y (E■• 1 8 a) ~c:::MM~n--Cv'Go ;t-,vJiV?li.f:'.ffit ■~~ (Ji•:;'T-1/) P-Jic:::f'F 
tJ ~ ti' ::ff 7t f;: -::J V '\ L t;:t , 1/J: * J: IJ m G n L V '\ -Q & fl 0) 1f tt i.f:'. m V '\ -Q L_ C jJ'{ 7: ~ -Q O "t' 0) -

OOcL--CU, 00;t~~R•6-252528~~-~E-~n.gJ:?~, E■ •0)-$7: 

©G ■ ffil:~, AJ~'Y?l~Y3/~--~J:IJ?lY?l~~7~~=~b~O) ■ i.f:'.mdL, ~ 

V '\ 7: C: 0) • i.f:'. ~ • D ff:: L, L ' ;t- -v Ji 1/ ?l 0) •• «,: • C 9 Q J:f 7t jJ'{ m G n L t,' Q 0 

[0075] 
* tr:. , J: JZll L, tr:. 3 ~ 7Jf!i m ~ 7: tJ: , - -::J 0) Ji 'Y 'T - 1/ fC::: 1 -1lffl 0) ;t- -V Ji 1/ -9 i.f:'. • 00 ~ & L, tr:. 20 

• ft x t:t ~ ~ ~ JJ. ~ & L tr:. • ft 1.f:'. wine:: c ? --c ~ nJI L tr:. n'{ , ~ ~ Ji ,y 1r - 1/ ~c::: m t1G ~ n Q ~ 

•«,:•r~~•*~n,Q~~~~e--cMff2M~J:O);t--vJiV?li.f:'.•oo••xum~~JJ. 
~ • 9 Q J: '? ~;: L, L 'b J: t, '\ 0 © Q t,' ~;:t ' ~ • ~;: ~ e L ;t- -v Ji 1/ ?l 0) • 00 ~ • C m ~ ~ c7J. ~ 
& i.f:'. 1# m T Q J: -5 ic::: L --c -t J: v' o 

[0076] 

* tr:. , ~ 1 - ~ 3 ~c::: ~ L tr:. & ~ li1!i m ~ -c: i;:1: , ~ ~ Ji ,y 1r - 1/ 0) ~ • «,: • r ~ n'{ m t1G ~ n 
,Q ■ c Im e 00 X t;:t -=f 0) & :rt OOJ 0) 00 ic::: ;t- -v Ji V ?l i.f:'. • 00 ~ & L, tr:. • ft ~ -Wtl ic::: c ? --C ~ IIJI L, tr:. 
n'{ , ~ • ic::: ~ e --c ~ ~ Ji ,y 'T - 1/ 0) filu oo ic::: -=t n .:f' n • oo ~ & T ,Q J: -5 ~c::: L --c <t J: v-, o 

[0077] 
~ G ~c::: , 1: Jffi L tr:. & ~ li1!i m ~ -c: i;:1: , ~ ~ Ji ,y 1r - 1/ 1.f:'. -z -lf - ;f- - F ~ ic::: ~ • 9 Q tr:. ~ 0) 30 

1J. $ M M ~ r c L, --C t;t A, ti J, Y 7° 2 2 i.f:'. M ft L, tr:. W ft i.f:'. W!Hc: c ? --C ~ PJI L, tr:. -JJ{ ... 1J. $ M M 
~ T 0) m ~ t;t C: n tc: ~H fiE ~ n -JJ:. V' C: C i;:1: 'b ~ .'6 A, 7: © IJ ' WIJ ;t tf ' p G A ~ ic: ts V' --c ffl V '\ 

G n L v" Q J: '? -JJ:. e' y 0) m ~ C 9 Q L. C 'b PJ ~ 7: © ,Q 0 

[ f,J ~ 0) ~ IIJI ] 
[0078] 

1 ••• ;t- -v Ji 1/ ?l ( -f- 'Y 7° ;t- -v Ji 1/ ?l ) , 
2 ···~•«,:·r (-f- 'Y 7°) , 
1 0 , 1 0 a , 1 0 b , 1 0 c , 1 0 d , 1 0 e , 1 0 f , 1 0 g ••• ;t- -v J~ V ?l ~ & E ■ 
~ ~ ( ~. #: J~ 'Y 'T- 1/) ' 
1 1 • •• ~ ~ ·~ ~ ;M ( ::I 7 ~ ~) , 40 

14a, 14b, 16a, 16b, 18a, 18b, 20a, 20b···E■• .. 
1 5 a , 1 5 b , 1 7 a , 1 7 b , 1 9 a , 1 9 b •••• M ~ ~. ( ffif ff~.) , 

2 1 a , 2 1 b • • • ~ iii ■ ( 1/ Jv ~ v 1/ A }- • ) , 

2 2 ••• 1J. ff~ MM~ r OJ: A, tt J, Y 7°) , 
2 3 ••• ti A, tt, 
RP··· [!!]ff~ (;t- -v 1::: :;- ,,r) , 

V H 1 , V H 2 , V H 3 ••• 1::: 7 * - Jv o 
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CHIP PACKAGE 

[000l]This patent application is a continuation of application No. 17372459, filed July 11, 2021, 

now pending, which is a continuation of application No. 16752650, filed Jan. 26, 2020, now patent 

No. 11107768, which is a continuation of application No. 15261956, filed Sept. 11, 2016, now 

patent No. 10622310, which claims priority benefits from U.S. provisional patent application No. 

62/219249, filed Sept. 16, 2015. This patent application of application No. 15261956 is a 

continuation-in-part of application No. 14/036256, filed Sept. 25, 2013, now patent No. 9615453, 

which claims the benefit of priority from U.S. provisional patent application No. 61/705,649, filed 

Sept. 26, 2012, all of which is incorporated herein by reference in their entirety. 

BACKGROUND OF THE DISCLOSURE 

Field of the Disclosure 

[0002]The patent disclosure a method and structure to manufacture a glass substrate, 

and disclosed embodiments relate to one or more chip building a system on the glass 

substrate. 

Brief Description of the Related Art 

[0003] As is well known, microelectronic devices have a tendency to be minimized and thinned 

with its functional development and a semiconductor package mounted on a mother board is also 

I 
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following the tendency in order to realize a mounting of high integration. 

[0004] When the geometric dimensions of the Integrated Circuits are scaled down, the cost per 

die is decreased while some aspects of performance are improved. The metal connections which 

connect the Integrated Circuit to other circuit or system components become of relative more 

importance and have, with the further miniaturization of the IC, an increasingly negative impact on 

the circuit performance. The parasitic capacitance and resistance of the metal interconnections 

increase, which degrades the chip performance significantly. Of most concern in this respect is the 

voltage drop along the power and ground buses and the RC delay of the critical signal paths. 

Attempts to reduce the resistance by using wider metal lines result in higher capacitance of these 

wires. 

[0005] To solve this problem, the approach has been taken to develop low resistance metal 

(such as copper) for the wires while low dielectric materials are used in between signal lines. 

[0006] Increased Input-Output (IO) combined with increased demands for high performance, 

and then IC's has led to the development of flip-chip Packages. Flip-chip technology fabricates 

bumps (typically Pb/Sn solders) on Al pads of chip and interconnects the bumps directly to the 

package media, which are usually ceramic or plastic based. The flip-chip is bonded face down to the 

package medium through the shortest path. These technologies can be applied not only to single­

chip packaging, but also to higher or integrated levels of packaging in which the packages are larger 

and to more sophisticated substrates that accommodate several chips to form larger functional units. 

[0007] The flip-chip technique, using an area array, has the advantage of achieving the highest 

density of interconnection to the device and a very low inductance interconnection to the package. 

However, pre-testability, post-bonding visual inspection, and TCE (Temperature Coefficient of 

Expansion) matching to avoid solder bump fatigue are still challenges. 

2 
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[0008] Glass can be used as an interposer to bridge between one or more IC chips and a printed 

circuit board. In many respects, when used as an interposer / substrate and without the requirement 

for active devices, glass can be a good substitute for a silicon interposer. The advantages of glass in 

comparison to silicon as an interposer lie in its much lower material cost. Glass also has a CTE 

closely matched to silicon, so that reliability of interconnects, especially micro-bonds, can be 

expected to be quite good. Glass has some disadvantages in comparison to silicon - notably its 

lower thermal conductivity and the difficulty in forming Through Glass Vias (TGV's). Both of 

these topics are discussed elsewhere in this patent. 

SUMMARY OF THE DISCLOSURE 

[0009] Embodiments of the present disclosure provide A display device comprises a display 

panel substrate and a glass substrate over said display panel substrate, wherein said display panel 

substrate comprises multiple contact pads, a display area, a first boundary, a second boundary, a 

third boundary and a fourth boundary, wherein said display area comprises a first edge, a second 

edge, a third edge and a fourth edge, wherein said first boundary is parallel to said third boundary 

and said first and third edges, wherein said second boundary is parallel to said fourth boundary and 

said second and fourth edges, wherein a first least distance between said first boundary and said first 

edge, wherein a second least distance between said second boundary and said second edge, a third 

least distance between said third boundary and said third edge, a fourth distance between said fourth 

boundary and said fourth edge, and wherein said first, second, third and fourth least distances are 

smaller than I 00 micrometers, and wherein said glass substrate comprising multiple metal 

conductors through in said glass substrate and multiple metal bumps are between said glass substrate 

and said display panel substrate, wherein said one of said metal conductors is connected to one of 

said contact pads through one of said metal bumps. 
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[0010] These, as well as other components, steps, features, benefits, and advantages of the 

present disclosure, will now become clear from a review of the following detailed description of 

illustrative embodiments, the accompanying drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The drawings disclose illustrative embodiments. They do not set forth all embodiments. 

Other embodiments may be used in addition or instead. Details that may be apparent or unnecessary 

may be omitted to save space or for more effective illustration. Conversely, some embodiments may 

be practiced without all of the details that are disclosed. When the same numeral appears in different 

drawings, it refers to the same or like components or steps. 

[0012] Aspects of the disclosure may be more fully understood from the following description 

when read together with the accompanying drawings, which are to be regarded as illustrative in 

nature, and not as limiting. The drawings are not necessarily to scale, emphasis instead being placed 

on the principles of the disclosure. 

[0013] Figs. 1 illustrates a three-dimensional view of a X-axis nets and a Y-axis nets, m 

accordance with the present disclosure. 

[0014] Fig. 2 illustrates a cross-section view of the X-axis nets and the Y-axis nets, m 

accordance with the present disclosure. 

[0015] Fig. 3 illustrates a cross-section view of the Z-axis traces crossed to the X-axis nets and 

the Y-axis nets, in accordance with the present disclosure. 

[0016] Fig. 4 illustrates a three-dimensional view of the Z-axis traces, X-axis nets and the Y­

axis nets, in accordance with the present disclosure. 
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[0017] Figs. 5a-5i illustrate the shape and structure of the Z-axis traces, in accordance with the 

present disclosure. 

[0018] Figs. 6a-6j illustrate a 1st process of forming a glass substrate, in accordance with the 

present disclosure. 

[0019] Figs. 6k-6n illustrate a top views of the I st process of forming the glass substrate, m 

accordance with the present disclosure. 

[0020] Figs. 7a-7o illustrate a 2nd process of forming the glass substrate, in accordance with the 

present disclosure. 

[0021] Figs. 7p- 7r illustrate a top views of the 2nd process of forming the glass substrate, m 

accordance with the present disclosure. 

[0022] Figs. 8a-8d illustrate cross-section views of the glass substrate and the metal plug, m 

accordance with the present disclosure. 

[0023] Figs. 9a-9s illustrate a process to form multiple traces on a top surface and a bottom 

surface of the glass substrate, in accordance with the present disclosure. 

[0024] Figs. 9t-9u illustrate cross-section views of multiple chips formed on the glass substrate, 

in accordance with the present disclosure. 

[0025] Fig. 9v illustrates a cross-section view of the metal bump, in accordance with the present 

disclosure. 

[0026] Fig. 9w illustrates a cross-section view of multiple chips formed on a top surface and 

bottom surface of the glass substrate, in accordance with the present disclosure. 

5 
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[0027] Fig. 9x illustrates a cross-section view of multiple chips and a 3D-IC package formed on 

a top surface and bottom surface of the glass substrate, in accordance with the present disclosure. 

[0028] Fig. 9y illustrates a top views of the multiple chips on the glass substrate, in accordance 

with the present disclosure. 

[0029] Figs. l0a-l0j illustrate a damascene process to form the metal layer on the glass 

substrate, in accordance with the present disclosure. 

[0030] Figs. 11 a-11 i illustrate an embossing process to form the metal layer on the glass 

substrate, in accordance with the present disclosure. 

[0031] Fig. 12 illustrates a cross-section view of the glass substrate of the first application 

formed on an OLED display substrate, in accordance with the present disclosure. 

[0032] Fig. 13 illustrates a cross-section view of the glass substrate of the second application 

formed on a MEMs display substrate, in accordance with the present disclosure. 

[0033] Fig. 14 illustrates a cross-section view of the glass substrate of the third application 

formed on a LCD display substrate, in accordance with the present disclosure. 

[0034] Fig. 15 illustrates a cross-section view of the glass substrate of the fourth application 

formed on an another LCD display substrate, in accordance with the present disclosure. 

[0035] Fig. 16 illustrates a cross-section view of the glass substrate of the fifth application 

formed on an OLED display substrate, in accordance with the present disclosure. 

[0036] Fig. 17a illustrates a cross-section view of the glass substrate of the sixth application 

formed on an OLED display substrate, in accordance with the present disclosure. 
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[0037] Fig. 17b illustrates a cross-section view of the structure of the OLED display substrate, 

in accordance with the present disclosure. 

[0038] Fig. 18 illustrates a three-dimensional view of the display device, in accordance with the 

present disclosure. 

[0039] Fig. 19 illustrates a big display device combined from multiple display device, m 

accordance with the present disclosure. 

[0040] While certain embodiments are depicted in the drawings, one skilled in the art will 

appreciate that the embodiments depicted are illustrative and that variations of those shown, as well 

as other embodiments described herein, may be envisioned and practiced within the scope of the 

present disclosure. 

DETAILED DESCRIPTION OF THE DISCLOSURE 

[0041] Fig. I illustrates a three-dimensional view of a net 2, 4, wherein the net 4 is under the net 

2, wherein the net 2 comprises multiple Y-axis traces 2a and multiple X-axis traces 2b under the Y­

axis traces 2a, and wherein the net 4 comprises multiple Y-axis traces 4a and multiple X-axis traces 

4b under the Y-axis traces 4a. Multiple gaps 3and 5 are formed in the net 2 and 4. Each of the traces 

2a, 2b, 4a and 4b is easily moved to change the size of gaps 3 and gaps 5. The diameter (or width) of 

traces 2a, 2b, 4a and 4b are the same, such as between 10 and 30 micrometers, between 20 and 100 

micrometers, between 40 and 150 micrometers, between 50 and 200 micrometers, between 200 and 

1000 micrometers or between 500 and I 0000 micrometers. The traces 2a, 2b, 4a and 4b may be 

metal traces or polymer traces, such as copper traces, copper-gold alloy traces, copper-gold­

palladium alloy traces, copper-gold-silver alloy traces, copper-platinum alloy traces, copper-iron 

alloy traces, copper-nickel alloy traces, copper-tungsten traces, tungsten traces, brass wires, zinc 
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plated brass wires, stainless wues, nickel plated stainless wires, phosphor bronze wues, copper 

plated the aluminum wires, aluminum traces, phenolic resin traces, epoxy resin traces, melamine­

formaldehyde resin traces or polysiloxanes resin traces. The cross-section shape of traces 2a, 2b, 4a 

and 4b may be a circular shape, a Square shape, an oblong shape, a rectangle shape or a flat shape. 

[0042] Fig. 2 illustrates a cross-section view of the net 2 and the net 4. The gaps 3 and gaps 5 

are aligned with each other. 

[0043] Next, referring to Fig. 3, multiple metal traces 6 are crossed the net 2 and the net 4 

through the gaps 3 and gaps 5. The diameter ( or width) of metal traces 6 is between 10 and 30 

micrometers, between 20 and 100 micrometers, between 40 and 150 micrometers, between 50 and 

200 micrometers, between 200 and 1000 micrometers or between 500 and 10000 micrometers. The 

traces 6 may be metal traces, such as copper traces, copper-gold alloy traces, copper-gold-palladium 

alloy traces, copper-gold-silver alloy traces, copper-platinum alloy traces, copper-iron alloy traces, 

copper-nickel alloy traces, copper-tungsten traces, tungsten traces, brass wires, zinc plated brass 

wires, stainless wires, nickel plated stainless wires, phosphor bronze wires, copper plated the 

aluminum wires, aluminum traces, titanium-containing layer plated the copper wires, tantalum­

containing layer plated the copper wires. The cross-section shape of traces 6 may be a circular shape, 

a square shape, an oblong shape, a rectangle shape or a flat shape. The diameter ( or width) of traces 

6 may be the same with the traces 2a, 2b, 4a and 4b or different with the traces 2a, 2b, 4a and 4b. 

[0044] Furthermore, we proposed the material of the traces 6 is copper-tungsten alloy, wherein 

the copper in the copper-tungsten alloy is 50 percent and the tungsten in the copper-tungsten alloy is 

50 percent, the copper in the copper-tungsten alloy is 60 percent and the tungsten in the copper­

tungsten alloy is 40 percent, the copper in the copper-tungsten alloy is 70 percent and the tungsten in 

the copper-tungsten alloy is 30 percent, the copper in the copper-tungsten alloy is 80 percent and the 
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tungsten in the copper-tungsten alloy is 20 percent, the copper in the copper-tungsten alloy is 90 

percent and the tungsten in the copper-tungsten alloy is 10 percent, the copper in the copper­

tungsten alloy is 40 percent and the tungsten in the copper-tungsten alloy is 60 percent, the copper in 

the copper-tungsten alloy is 30 percent and the tungsten in the copper-tungsten alloy is 70 percent. 

[0045] Fig. 4 illustrates a three-dimensional view of a net 2, 4 and traces 6. 

[0046] Fig. 5a-5i illustrate the shape and structure of the traces 6. In Fig. 5a, the cross-section 

shape of traces 6 is a circular shape. In Fig. 5d, the cross-section shape of traces 6 is a square shape. 

In Fig. 5g, the cross-section shape of traces 6 is a rectangle shape. In Fig. 5b, the cross-section shape 

of traces 6 is a circular shape and a first covering layer 6a is cover on the traces 6, wherein the first 

covering layer 6a may be a metal layer, such as a nickel-containing layer, a zinc-containing layer, a 

titanium-containing layer, a tantalum-containing layer, a silver-containing layer, a chromium­

containing layer and wherein the first covering layer 6a may be an anti-oxidation layer, such as an 

oxide-containing layer. In Fig. 5e, the cross-section shape of traces 6 is a square shape and a first 

covering layer 6a is cover on the traces 6, wherein the first covering layer 6a may be a metal layer, 

such as a nickel-containing layer, a zinc-containing layer, a titanium-containing layer, a tantalum­

containing layer, a silver-containing layer, a chromium-containing layer and wherein the first 

covering layer 6a may be an anti-oxidation layer, such as an oxide-containing layer. In Fig. 5h, the 

cross-section shape of traces 6 is a rectangle shape and a first covering layer 6a is cover on the traces 

6, wherein the first covering layer 6a may be a metal layer, such as a nickel-containing layer, a zinc­

containing layer, a titanium-containing layer, a tantalum-containing layer, a silver-containing layer, 

a chromium-containing layer and wherein the first covering layer 6a may be an anti-oxidation layer, 

such as an oxide-containing layer. In Fig. 5c, the cross-section shape of traces 6 is a circular shape 

and a second covering layer 6b is cover on the first covering layer 6a, wherein the second covering 

layer 6b may be an adhesion layer, such as a nickel-containing layer, a zinc-containing layer, a 
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titanium-containing layer, a tantalum-containing layer, a silver-containing layer, a chromium-

containing layer and wherein the first covering layer 6a may be an anti-oxidation layer, such as an 

oxide-containing layer. In Fig. 5f, the cross-section shape of traces 6 is a square shape and a second 

covering layer 6b is cover on the first covering layer 6a, wherein the second covering layer 6b may 

be an adhesion layer, such as a nickel-containing layer, a zinc-containing layer, a titanium­

containing layer, a tantalum-containing layer, a silver-containing layer, a chromium-containing layer 

and wherein the first covering layer 6a may be an anti-oxidation layer, such as an oxide-containing 

layer. In Fig. 5i, the cross-section shape of traces 6 is an oblong shape and a second covering layer 

6b is cover on the first covering layer 6a, wherein the second covering layer 6b may be an adhesion 

layer, such as a nickel-containing layer, a zinc-containing layer, a titanium-containing layer, a 

tantalum-containing layer, a silver-containing layer, a chromium-containing layer and wherein the 

first covering layer 6a may be an anti-oxidation layer, such as an oxide-containing layer. 

[0047] Next, Figs. 6a-6j are illustrated a 1st process of forming a glass substrate of the invention. 

Please referring to Fig. 6a, the traces 6 are stretched to a suitable length LI, e.g., smaller than 5 

meters, such as between 0.5 and I meter, or between I and 3 meters. At the same time, the net 4 is 

moved down to a suitable location. The pitch tl between the traces 2a, 2b, 4a, 4b is greater than the 

diameter (or width) of traces 6. 

[0048] Next, referring to Fig. 6b, the traces 2a, 2b, 4a and 4b are moved to change the pitch tl to 

a pitch t2, then the traces 6 are closed up to a pitch t3. The pitch t3 substantially the same with the 

diameter ( or width) of the traces 2a, 2b, 4a and 4b, such as between 5 and 20 micrometers, between 

20 and 50 micrometers, between 30 and 80 micrometers, between 20 and I 00 micrometers, between 

40 and 150 micrometers, between 50 and 200 micrometers, between 200 and 1000 micrometers or 

between 500 and 10000 micrometers. At the same time, maybe applied a force to stretch the traces 6, 

2a, 2b, 4a and 4b and make the traces 6 keep strength and keep the pitch t3 fixed. 
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[0049] Next, referring to Fig. 6c, a thermal resistance layer 8 is formed on surfaces of the net 4. 

The thermal resistance layer 8 may be a polymer layer, such as a thermosetting resin, phenolic resin, 

epoxy resin, melamine-formaldehyde resin, polysiloxanes resin, plaster layer, wherein the thermal 

resistance layer 8 has a heat deflection temperature between 400 and 900 °C. When a liquid thermal 

resistance layer 8 formed on the net 4 and the thermal resistance layer 8 permeated the net 4 through 

the gaps 5, wherein the thermal resistance layer 8 covers the gaps 5 between traces 4a, traces 4b and 

traces 6, then curing the thermal resistance layer 8. The thermal resistance layer 8 has a thickness 

between 0.05 and 1 meter. 

[0050] Next, referring to Fig. 6d, a mold 10 is provided between the net 2 and the net 4, wherein 

the mold 10 surrounds the traces 6 and on the thermal resistance layer 8. The mold 10 is held up by 

a machine or a device. The mold 10 may be a metal mold, a ceramics mold or a polymer mold, 

which has a heat deflection temperature between 400 °C and 900 °C or between 800 °C and 1300 °C. 

[0051] Next, referring to Fig. 6e, a fixed layer 12 is formed on the thermal resistance layer 8, 

wherein the fixed layer 12 may be a glass layer or a polymer layer. When the material of the fixed 

layer 12 is glass, the fixed layer 12 is a high temperature liquid to form on the thermal resistance 

layer 8, and then the fixed layer 12 down to a suitable temperature becomes a solid state. The fixed 

layer 12 has a thickness between 0.01 and 1 meter. The bottom of traces 6 is fixed by the fixed layer 

12. 

[0052] Next, referring to Fig. 6f, the traces 6 under the net 4 are cut. A tank 14 carries the mold 

10, net 4 and the fixed layer 12. 

[0053] Next, referring to Fig. 6g, a glass layer (liquid form) 16 is formed on the fixed layer 12. 

The glass layer 16 is a high temperature liquid to form on the fixed layer 12 and fill in the mold 10, 

and then the glass layer 16 down to a suitable temperature becomes a solid state, wherein the glass 
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layer 16 has a glass transition temperature between 300°C and 900°C, between 500°C and 800°C, 

between 900°C and 1200°C or between 1000°C and 1800°C. The glass layer 16 is a low melting 

point glass material, wherein the glass layer 16 has a melting point between 300°C and 900°C, 

800°C and l 300°C, between 900°C and l 600°C, between 1000°C and l 850°C, or between 1000°C 

and 2000°C, wherein the melting point may smaller than l 500°C. The glass layer 16 has a thickness 

greater than 0.5 meters or greater than 0.1 meter. Furthermore, there is a few bubbles or no bubble in 

glass layer 16, for example, there is zero to 3 bubbles in one cubic meter of the glass layer 16, 1 to 

10 bubbles in one cubic meter of the glass layer 16, 5 to 30 bubbles in one cubic meter of the glass 

layer 16 or 20 to 60 bubbles in one cubic meter of the glass layer 16, wherein the bubble has a 

diameter between 0.0001 and 0.001 centimeters, between 0.001 and 0.05 centimeters, between 0.05 

and 0.1 centimeters or between 0. 05 and 0. 5 centimeters. The glass layer 16 may be removed 

bubbles through multiple processes of a laminating process, a squeezing process and a heating 

process. 

[0054] The glass layer 16 refers to an amorphous solid. The material of the glass layer 16 may 

be included soda-lime glass, born-silicate glass, alumo-silicate glass, fluoride glasses, phosphate 

glasses or chalcogen glasses. For example, the composition of the soda-lime glass comprises Si0 2 

(74%), Na20 (13%), CaO (10.5%), Ah03 (1.3%), K20 (0.3%), S03 (0.2%), MgO (0.2%), Fe203 

(0.04%), Ti02 (0.01 %), the composition of the born-silicate glass comprises Si0 2 (81 %), B 20 3 

(12%), Na 20 (4.5%), Ah0 3 (2.0%), the composition of the phosphate glasses compnses a 

percentage of the P20s material between 3% and 10% or between 5% and 20%. 

[0055] A glass, once formed into a solid body, is capable of being softened and perhaps remitted 

into a liquid form. The "glass transition temperature" of a glass material is a temperature below 

which the physical properties of the glass are similar to those of a solid and above which the glass 

material behaves like a liquid. 
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[0056] If a glass is sufficiently below the glass transition temperature, molecules of the glass 

may have little relative mobility. As a glass approaches the glass transition temperature, the glass 

may begin to soften and with increasing temperature, the glass will ultimately melt into the liquid 

state. Thus, a glass body may be softened to an extent sufficient to enable manipulation of the body's 

shape, allowing for the formation of holes or other features in the glass body. Once the desired form 

is obtained, glass is usually annealed for the removal of stresses. Surface treatments, coatings or 

lamination may follow to improve the chemical durability (glass container coatings, glass container 

internal treatment), strength (toughened glass, bulletproof glass, windshields), or optical properties 

(insulated glazing, anti-reflective coating). 

[0057] Furthermore, the glass layer 16 may be replaced by a polymer layer. When the polymer 

layer cured to a solid state, then the polymer layer has a coefficient of expansion between 3 and 10 

ppml°C. 

[0058] Next, referring to Fig. 6h, the mold 10 and the tank 14 are removed and cut the traces 6 

from net 2. 

[0059] Next, referring to Fig. 6i, the net 4 and the thermal resistance layer 8 are removed, and 

then a column 25 is produced. 

[0060] Next, referring to Fig. 6j, the traces 6 out of the column 25 are removed and cutting the 

column 25 to produce multiple first substrates 20, wherein the first substrate 20 has a thickness 

between 20 and 100 micrometers, between 50 and 150 micrometers, between 100 and 300 

micrometers or between 150 and 2000 micrometers or greater than 1000 micrometers. The first 

substrates 20 may be made a planarization process using a suitable process, such as a chemical 

mechanical polishing (CMP) procedure, mechanical grinding, or laser drilling 
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[0061] Next, referring to Fig. 6k, the first substrate 20 comprises multiple second substrates 22. 

The second substrates 22 are well-regulated an array in the first substrate 20. Each of the second 

substrates22 has multiple metal plugs 21, wherein the metal plug 21 is formed from metal traces 6. 

The metal plug 21 has the same material and structure with metal trace 6. 

[0062] Next, referring to Figs. 6l-6n, the metal plugs 21 may be arranged in different types, such 

as Fig. 61, the metal plugs 21 are arranged on the side portions of the second substrate 22, or such as 

Fig. 6m, the metal plugs 21 are arranged on the side portions and center portion of the second 

substrate 22, or such as Fig. 6n, some portions of the second substrate 22 are not arranged the metal 

plugs 21. 

[0063] Figs. 7a- 7m are illustrated a 2nd process of forming a glass substrate of the invention. 

Please referring to Fig. 7a- 7b, there is illustrated a first metal plate 7 in Fig. 7a, illustrated a three­

dimensional view of the first metal plate 7 in Fig. 7b. The first metal plate 7 has a thickness between 

25 micrometers and 1000 micrometers, between 20 micrometers and 500 micrometers, between 30 

micrometers and 400 micrometers or between 20 micrometers and 250 micrometers. The first metal 

plate 7 comprising a first portion 71, a second portion 73 and a third portion 75 between the first 

portion 71 and second portion 73, wherein the third portion 75 comprises multiple non-circular 

metal traces 752 are connected to the first portion 71 and the second portion 73, wherein a cross­

section view of the non-circular trace 752 comprising a square shape or a rectangle shape. One of 

the non-circular traces 752 has a width greater than the thickness of one of the non-circular traces 

752, such as between 150 micrometers and 3000 micrometers, between 300 micrometers and 1500 

micrometers, between 200 micrometers and 800 micrometers or between 100 micrometers and 500 

micrometers. Multiple gaps 754 are between each two neighboring non-circular traces 752, wherein 

the gap 754 is between 50 micrometers and 3000 micrometers, between 300 micrometers and 1500 

micrometers, between 200 micrometers and 800 micrometers or between 150 micrometers and 500 
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micrometers. The first metal plate 7 comprises a copper metal layer, copper-gold alloy metal layer, 

copper-gold-palladium alloy metal layer, copper-gold-silver alloy metal layer, copper-platinum alloy 

metal layer, copper-iron alloy metal layer, copper-nickel alloy metal layer, copper-tungsten metal 

layer, tungsten metal layer, brass metal layer, zinc plated brass metal layer, stainless metal layer, 

nickel plated stainless metal layer, phosphor bronze metal layer, copper plated the aluminum metal 

layer or aluminum metal layer. There are two holes 71a in the first portion 71, wherein the hole 71a 

has a diameter between 600 micrometers and 2000 micrometers, between 1000 micrometers and 

3000 micrometers or between 2000 micrometers and 5000 micrometers. There are two holes 73a 

corresponding to the hole 71a in the first portion 71, wherein the hole 73a has a diameter between 

600 micrometers and 2000 micrometers, between 1000 micrometers and 3000 micrometers or 

between 2000 micrometers and 5000 micrometers, wherein a first least distance between the two 

holes 71a is substantially the same to a second least distance between the two holes 73a. 

[0064] Next, referring to Figs. 7c-7d, there is illustrated a second metal plate 9 in Fig. 7c, 

illustrated a three-dimensional view of the second metal plate 9 in Fig. 7d. The second metal plate 9 

has a thickness between 25 micrometers and 600 micrometers, between 20 micrometers and 300 

micrometers, between 30 micrometers and 250 micrometers or between 25 micrometers and 180 

micrometers. There are two holes 90a in the second metal plate 9, wherein the hole 90a has a 

diameter between 600 micrometers and 2000 micrometers, between 1000 micrometers and 3000 

micrometers or between 2000 micrometers and 5000 micrometers, wherein a third least distance 

between the two holes 90a is substantially the same to a second least distance between the two holes 

73a and substantially the same to the first least distance between the two holes 71a. The second 

metal plate 9 comprises a copper metal layer, copper-gold alloy metal layer, copper-gold-palladium 

alloy metal layer, copper-gold-silver alloy metal layer, copper-platinum alloy metal layer, copper­

iron alloy metal layer, copper-nickel alloy metal layer, copper-tungsten metal layer, tungsten metal 
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layer, brass metal layer, zinc plated brass metal layer, stainless metal layer, nickel plated stainless 

metal layer, phosphor bronze metal layer, copper plated the aluminum metal layer or aluminum 

metal layer. 

[0065] Next, referring to Fig. 7e, there is illustrated a three-dimensional view of a third metal 

plate 11 in Fig. 7e. The third metal plate 11 has a thickness between 25 micrometers and 600 

micrometers, between 20 micrometers and 300 micrometers, between 30 micrometers and 250 

micrometers or between 25 micrometers and 180 micrometers. There are four holes 11 Oa, 112a, 

114a, 116a in the third metal plate 11, wherein the hole 110a, 112a, 114a, 116a have a diameter 

between 600 micrometers and 2000 micrometers, between 1000 micrometers and 3000 micrometers 

or between 2000 micrometers and 5000 micrometers, wherein a fourth least distance between the 

hole 110a and hole 112a and a fifth least distance between the hole 114a and hole 116a are 

substantially the same to a second least distance between the two holes 73a and substantially the 

same to the first least distance between the two holes 71a. The third metal plate 11 comprises a 

copper metal layer, copper-gold alloy metal layer, copper-gold-palladium alloy metal layer, copper­

gold-silver alloy metal layer, copper-platinum alloy metal layer, copper-iron alloy metal layer, 

copper-nickel alloy metal layer, copper-tungsten metal layer, tungsten metal layer, brass metal layer, 

zinc plated brass metal layer, stainless metal layer, nickel plated stainless metal layer, phosphor 

bronze metal layer, copper plated the aluminum metal layer or aluminum metal layer. 

[0066] Next, referring to Fig. 7f-Fig.7i, providing two bolts 130, 132 pass through two holes 

150a of a fixing metal plate 150 and providing two bolts 134, 136 pass through two holes 152a of a 

fixing metal plate 152 respectively. Next, the bolts 130, 132, 134, 136 are passing through the holes 

11 Oa, 112a, 114a, 116a of the third metal plate 11 respectively and the third metal plate 11 is formed 

on the fixing metal plate 150 and the fixing metal plate 152. Next, the bolts 130, 132 are passing 

through the hole 90a of the second metal plate 9 and the bolts 134, 136 are passing through the hole 
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90a of another the second metal plate 9, then the second metal plates 9 are formed on the third metal 

plate 11. Next, the bolts 130, 132, 134, 136 are passing through the holes 71a, 73a of the first metal 

plate 7 respectively and the first metal plate 7 is formed on the second metal plates 9. Next, 

repeating to site another the second metal plates 9 on another the first metal plate 7 sequentially until 

to expose a top of the bolts 130, 132, 134, 136. Next, the top of the bolts 130, 132, 134, 136 are 

passing through the holes 11 Oa, 112a, 114a and 116a of another the third metal plate 11 respectively 

and the third metal plate 11 is formed on the second metal plates 9. Next, the top of the bolts 130, 

132 are passing through two holes 150a of another the fixing metal plate 150 and the top of the bolts 

134, 136 are passing through two holes 152a of another the fixing metal plate 152 respectively, then 

the fixing metal plates 150, 152 are formed on the third metal plate 11. Finally, providing four 

sleeve nuts 17 lock on the top of the bolts 130, 132, 134, 136. Then, multiple the first metal plates 7, 

multiple the second metal plates 9, two the third metal plates 11, two fixing metal plates 150 and 

two fixing metal plates 152 forming a metal trace block 19. 

[0067] Next, referring to Fig. 7j the metal trace block 19 is put in a mold 23. The mold 23 may 

be a metal mold, a ceramics mold or a polymer mold, which has a heat deflection temperature 

between 400 °C and 900 °C or between 800 °C and 1300 °C. The mold 23 comprises a gas inlet 23a 

and a liquid input 23b, wherein the gas inlet 23a is used to input N2 gas and the liquid input 23b is 

used to input the liquid form glass layer. 

[0068] Next, referring to Fig. 7k, the glass layer (liquid form) 16 fill in the mold 23. The glass 

layer 16 is a high temperature liquid and fill in the mold 23, and then the glass layer 16 down to a 

suitable temperature becomes a solid state, wherein the glass layer 16 has a glass transition 

temperature between 300°C and 900°C, between 500°C and 800°C, between 900°C and 1200°C or 

between 1000°C and l 800°C. The glass layer 16 is a low melting point glass material, wherein the 

glass layer 16 has a melting point between 300°C and 900°C, 800°C and l 300°C, between 900°C 
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and l 600°C, between 1000°C and l 850°C, or between 1000°C and 2000°C, wherein the melting 

point may smaller than 1500°C. Furthermore, there is a few bubbles or no bubble in glass layer 16, 

for example, there is zero to 3 bubbles in one cubic meter of the glass layer 16, 1 to 10 bubbles in 

one cubic meter of the glass layer 16, 5 to 30 bubbles in one cubic meter of the glass layer 16 or 20 

to 60 bubbles in one cubic meter of the glass layer 16, wherein the bubble has a diameter between 

0.0001 and 0.001 centimeters, between 0.001 and 0.05 centimeters, between 0.05 and 0.1 

centimeters or between 0.05 and 0.5 centimeters. The glass layer 16 may be removed bubbles 

through multiple processes of a laminating process, a squeezing process and a heating process. 

[0069] Next, referring to Fig. 71, the mold 23is removed and cut the glass layer 16 along a 

cutting line 16a to remove the fixing metal plate 150, the fixing metal plate 152, the first portion 71 

of the first metal plate 7, the second portion 73 of the first metal plate 7 and two the third metal 

plates 11, and then the column 25 is produced, showed in the Fig. 7m. 

[0070] Next, referring to Fig. 7n, cutting the column 25 to produce multiple first substrates 20, 

wherein the first substrate 20 has a thickness between 20 and 100 micrometers, between 50 and 150 

micrometers, between 100 and 300 micrometers or between 150 and 2000 micrometers or greater 

than 1000 micrometers. The first substrates 20 may be made a planarization process using a suitable 

process, such as a chemical mechanical polishing (CMP) procedure, mechanical grinding, or laser 

drilling. 

[0071] Next, referring to Fig. 7o, the first substrate 20 comprises multiple second substrates 22. 

The second substrates 22 are well-regulated an array in the first substrate 20. Each of the second 

substrates has multiple metal plugs 21, wherein the metal plug 21 is formed from the non-circular 

metal traces 752. The metal plug 21 has the same material, structure and shape with the non-circular 

metal traces 752. A first pitch 21a and a second pitch 21b are between the metal plugs 21, wherein 
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the first pitch 21a is controlled or the same-2 by a distance of the gap 754 and wherein the second 

pitch 21 bis controlled by a distance of adjacent the non-circular traces 752. 

[0072] Next, referring to Figs. 7p- 7r, the metal plugs 21 may be arranged in different types, such 

as Fig. 7p, the metal plugs 21 are arranged on the side portions of the second substrate 22, or such as 

Fig. 7q, the metal plugs 21 are arranged on the side portions and center portion of the second 

substrate 22, or such as Fig. 7r, some portions of the second substrate 22 are not arranged the metal 

plugs 21. 

[0073] Fig. 8a illustrates a cross-section view of the second substrate 22 illustrates a cross­

section view of the metal plug 21. The second substrate 22 comprises an amorphous solid glass 

layer/body 16 and multiple metal plugs 21, wherein the amorphous solid glass layer/body 16 having 

a top surface and an opposing bottom surface and the metal plugs 21 extending through the 

amorphous solid glass layer/body 16 beginning at the top surface and ending at the bottom surface. 

The top surface of the metal plugs 21 are the same area as the bottom surface of the metal plugs 21. 

[0074] Please referring Fig. 8b, the top surface of the metal plugs 21 and the top surface of the 

amorphous solid glass layer/body 16 are substantially coplanar. The bottom surface of the metal 

plugs 21 and the bottom surface of the amorphous solid glass layer/body 16 are substantially 

coplanar. 

[0075] Please referring Fig. 8c, the top surface of the metal plugs 21 comprises a top surface of 

the metal traces 6/ metal traces 752 and a top surface of the first covering layer 6a are substantially 

coplanar with the top surface of the amorphous solid glass layer/body 16. The bottom surface of the 

metal plugs 21 comprises a bottom surface of the metal traces 6/ metal traces 752 and a bottom 

surface of the first covering layer 6a are substantially coplanar with the bottom surface of the 

amorphous solid glass layer/body 16. 
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[0076] Please referring Fig. 8d, the top surface of the metal plugs 21 comprises a top surface of 

the metal traces 6/ metal traces 752, a top surface of the first covering layer 6a and a top surface of 

the second covering layer 6b are substantially coplanar with the top surface of the amorphous solid 

glass layer/body 16. The bottom surface of the metal plugs 21 comprises a bottom surface of the 

metal traces 6/ metal traces 752, a bottom surface of the first covering layer 6a and a bottom surface 

of the second covering layer 6b are substantially coplanar with the bottom surface of the amorphous 

solid glass layer/body 16. 

[0077] Fig. 9a-Fig. 9t illustrate a process to form multiple traces on a top surface and a bottom 

surface of the first substrate 20. 

[0078] Next, referring to Fig. 9a, a first dielectric layer 24 is formed on the top surface of the 

first substrate 20, wherein the first dielectric layer 24 may include or maybe a layer of silicon oxide 

(such as SiO
2

), silicon nitride (such as Si
3

N
4

), silicon oxynitride (such as SiON), silicon oxycarbide 

(such as SiOC), phosphosilicate glass (PSG), silicon carbon nitride (such as SiCN), low k dielectric 

layer (K between 0.5 and 3), or polymer (such as polyimide, benzocyclobutene (BCB), 

polybenzoxazole (PBO), poly-phenylene oxide (PPO), epoxy, or silosane). The first dielectric layer 

24 may be formed or deposited using a suitable process. The first dielectric layer 24 has a thickness 

between 0.3 and 5 micrometers, between 2 and 10 micrometers, between 1 and 30 micrometers or 

greater than 30 micrometers. 

[0079] Next, referring to Fig. 9b, multiple openings 24a are formed in the first dielectric layer 

24 to expose the metal plugs 21. The openings 24a may be formed in the first dielectric layer 24 by a 

suitable process, such as etching. The opening 24a has a width between 0.3 and 3 micrometers, 

between 0. 5 and 8 micrometers, between 2 and 20 micrometers or between 2 and 50 micrometers. 
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[0080] Next, referring to Fig. 9c, a first metal layer 26 is formed on the first dielectric layer 24, 

on the metal plugs 21 and in the openings 24a. The first metal layer 26 may include an 

adhesion/barrier layer, such as a layer of titanium, a titanium-tungsten alloy, titanium nitride, 

chromium, tantalum, tantalum nitride, nickel or nickel vanadium formed using a suitable process, 

such as a vacuum deposition, a Physical Vapor Deposition (PVD), a Plasma Enhanced Chemical 

Vapor Deposition (PECVD), a sputtering process or an electroplating process, with a thickness, e.g., 

between 1 nanometer and 2 micrometers, between 0.3 and 3 micrometers or between 0.5 and 10 

micrometers. 

[0081] Next, referring to Fig. 9d, a second metal layer 28 is formed on the first metal layer 26. 

The second metal layer 28 maybe comprises copper, nickel, gold or aluminum formed using a 

suitable process, such as a vacuum deposition, a Physical Vapor Deposition (PVD), a Plasma 

Enhanced Chemical Vapor Deposition (PECVD), a sputtering process or an electroplating process, 

with a thickness, e.g., between 1 nanometer and 5 micrometers, between 1 and 5 micrometers or 

between 5 and 30 micrometers. 

[0082] Next, referring to Fig. 9e, a photoresist layer 30 is formed on the second metal layer 28 

by using a suitable process, such as a spin coating process or a lamination process. Next, a photo 

exposure process using a IX stepper and a development process using a chemical solution can be 

employed to form multiple openings 30a, exposing the second metal layer 28, in the photoresist 

layer. The photoresist layer 30 may have a thickness, e.g., between 3 and 50 micrometers, wherein 

the photoresist layer 30 may be a positive-type photo-sensitive resist layer or negative-type photo­

sensitive resist layer. 

[0083] Next, referring to Fig. 9f, remove the first metal layer 26 and the second metal layer 28 

are under the openings 30a by using a suitable process, such as an etching process. 
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[0084] Next, referring to Fig. 9g, remove the photoresist layer 30 by using a clean process. 

[0085] Next, referring to Fig. 9h, a second dielectric layer 32 is formed on the first dielectric 

layer 24 and on the second metal layer 28, wherein the second dielectric layer 32 may include or 

may be a layer of silicon oxide (such as SiO
2

), silicon nitride (such as Si
3

N
4

), silicon oxynitride 

(such as SiON), silicon oxycarbide (such as SiOC), phosphosilicate glass (PSG), silicon carbon 

nitride (such as SiCN), low k dielectric layer (K between 0.5 and 3), or polymer (such as polyimide, 

benzocyclobutene (BCB), polybenzoxazole (PBO), poly-phenylene oxide (PPO), epoxy, or silosane). 

The second dielectric layer 32 may be formed or deposited using a suitable process. The second 

dielectric layer 32 has a thickness between 0.3 and 5 micrometers, between 2 and 10 micrometers, 

between 1 and 30 micrometers or greater than 30 micrometers. 

[0086] Next, referring to Fig. 9i, multiple openings 32a are formed in the second dielectric layer 

32 to expose the second metal layer 28. The openings 32a may be formed in the second dielectric 

layer 32 by a suitable process, such as etching. The opening 32a has a width between 0.3 and 3 

micrometers, between 0. 5 and 8 micrometers, between 2 and 20 micrometers or between 2 and 50 

micrometers. 

[0087] Next, referring to Fig. 9j, a third metal layer 34 is formed on the second dielectric layer 

32, on the second metal layer 28 and in the openings 32a. The third metal layer 34 may include an 

adhesion/barrier layer, such as a layer of titanium, a titanium-tungsten alloy, titanium nitride, 

chromium, tantalum, tantalum nitride, nickel or nickel vanadium formed using a suitable process, 

such as a vacuum deposition, a Physical Vapor Deposition (PVD), a Plasma Enhanced Chemical 

Vapor Deposition (PECVD), a sputtering process or an electroplating process, with a thickness, e.g., 

between 1 nanometer and 2 micrometers, between 0.3 and 3 micrometers or between 0.5 and 10 

micrometers. 
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[0088] Next, referring to Fig. 9k, a fourth metal layer 36 is formed on the third metal layer 34. 

The fourth metal layer 36 maybe comprises copper, nickel, gold or aluminum formed using a 

suitable process, such as a vacuum deposition, a Physical Vapor Deposition (PVD), a Plasma 

Enhanced Chemical Vapor Deposition (PECVD), a sputtering process or an electroplating process, 

with a thickness, e.g., between 1 nanometer and 5 micrometers, between 1 and 5 micrometers or 

between 5 and 30 micrometers. 

[0089] Next, referring to Fig. 91, a photoresist layer 38 is formed on the fourth metal layer 36 by 

using a suitable process, such as a spin coating process or a lamination process. Next, a photo 

exposure process using a IX stepper and a development process using a chemical solution can be 

employed to form multiple openings 38a, exposing the fourth metal layer 36, in the photoresist layer. 

The photoresist layer 38 may have a thickness, e.g., between 3 and 50 micrometers, wherein the 

photoresist layer 38 may be a positive-type photo-sensitive resist layer or negative-type photo­

sensitive resist layer. 

[0090] Next, referring to Fig. 9m, remove the third metal layer 34 and the fourth metal layer 36 

are under the openings 3 8a by using a suitable process, such as an etching process. 

[0091] Next, referring to Fig. 9n, remove the photoresist layer 38 by using a clean process. 

[0092] Next, referring to Fig. 9o, a third dielectric layer 40 is formed on the second dielectric 

layer 32 and on the fourth metal layer 36, wherein the third dielectric layer 40 may include or maybe 

a layer of silicon oxide (such as SiO
2

), silicon nitride (such as Si
3

N
4

), silicon oxynitride (such as 

SiON), silicon oxycarbide (such as SiOC), phosphosilicate glass (PSG), silicon carbon nitride (such 

as SiCN), low k dielectric layer (K between 0.5 and 3), or polymer (such as polyimide, 

benzocyclobutene (BCB), polybenzoxazole (PBO), poly-phenylene oxide (PPO), epoxy, or silosane). 

The third dielectric layer 40 may be formed or deposited using a suitable process. The third 
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dielectric layer 40 has a thickness between 0.3 and 5 micrometers, between 2 and 10 micrometers, 

between 1 and 30 micrometers or greater than 30 micrometers. 

[0093] Next, referring to Fig. 9p, multiple openings 40a are formed in the third dielectric layer 

40 to expose the fourth metal layer 36. The openings 40a may be formed in the third dielectric layer 

40 by a suitable process, such as etching. The opening 40a has a width between 0.3 and 3 

micrometers, between 0. 5 and 8 micrometers, between 2 and 20 micrometers or between 2 and 50 

micrometers. 

[0094] Next, referring to Fig. 9q, a protecting layer 42 is formed in the openings 40a, on the 

third dielectric layer 40 and on the fourth metal layer 36, which can protect the third dielectric layer 

40 not to be damaged and the fourth metal layer 36 not be damaged and oxidized. 

[0095] Next, referring to Fig. 9r, repeat the processes of Fig.9a-Fig.9p to form the first dielectric 

layer 24, the first metal layer 26, the second metal layer 28, the second dielectric layer 32, the third 

metal layer 34, the fourth metal layer 36 and the third dielectric layer 40 on the bottom surface of 

the first substrate 20. 

[0096] Furthermore, referring to Fig. 9s, a passive device 44 may be formed in the first metal 

layer 28 and the second metal layer 36, such as an inductor, a capacitor or a resistor. 

[0097] Next, referring to Fig. 9t, multiple chips 46 and chips 56 set up over the third dielectric 

layer 40 through a flip-chip package process or a wire-bonding package process, wherein the chip 

46 or 56 comprises may be a memory chip, such as NAND-Flash memory chip, Flash memory chip, 

DRAM chip, SRAM chip or SDRAM chip, a central-processing-unit (CPU) chip, a graphics­

processing-unit (GPU) chip, a digital-signal-processing (DSP) chip, a baseband chip, a wireless 

local area network (WLAN) chip, a logic chip, an analog chip, a global-positioning-system (GPS) 
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chip, a "Bluetooth" chip, or a chip including one or more of a CPU circuit block, a GPU circuit 

block, a DSP circuit block, a memory circuit block (such as DRAM circuit block, SRAM circuit 

block, SDRAM circuit block, Flash memory circuit block, or NAND-Flash memory circuit block), a 

baseband circuit block, a Bluetooth circuit block, a GPS circuit block, a MEMS chip, a COMS 

image sensor device, a WLAN circuit block, and a modem circuit block, from the semiconductor 

wafer. 

[0098] The chips 46 are set up on the third dielectric layer 40 through a flip-chip package 

process, wherein the chip 46 comprises multiple metal pads 48 and multiple metal bumps 50 formed 

on the metal pads 48. The metal pad 48 may be an electroplated copper pad, a damascene copper 

pad or an aluminum pad. The metal bump 50 comprises an adhesion/barrier metal layer formed on 

the metal pad 48, an electroplated metal layer or an electro-less metal layer formed on the 

adhesion/barrier metal layer, wherein the adhesion/barrier metal layer comprises a titanium­

containing layer, a chromium-containing layer, a tantalum-containing layer or a nickel layer, and the 

electroplated metal layer comprises a copper layer, a gold layer, a nickel layer, a tin-containing layer, 

a solder layer, a solder layer over a nickel layer and a copper layer, and the electro-less layer 

comprises a copper layer, a gold layer or a nickel layer. The electroplated metal layer has a thickness 

between 2 and 5 micrometers, between 5 and 30 micrometers or between 10 and 50 micrometers. 

The metal bumps 50 are connected to the fourth metal layer 36 exposed by the openings 40a through 

a solder layer 54, wherein the solder layer 54 is formed on the fourth metal layer 36 exposed by the 

openings 40a or is a portion of the metal bump 

[0099] 50. An underfill layer 52 is formed between the chips 46 and the third dielectric layer 40. 

[00100] The chips 56 are set up over the third dielectric layer 40 through a polymer adhesion 

layer 60, wherein the chip 56 comprises multiple metal pads 58. The metal pad 58 may be an 
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electroplated copper pad, a damascene copper pad or an aluminum pad. Multiple metal wires 62 are 

connected to the metal pads 58 and the fourth metal layer 36 exposed by the openings 40a, wherein 

the metal wires 62 comprises a gold wire, a copper wire, a metal alloy wire, a silver-containing wire, 

an aluminum-containing wire or gold-copper alloy wire. An underfill layer 64 is covered the chip56, 

the metal wires 62 and the metal pads 58. 

[00101] Multiple discrete passive components 66 set up on the third dielectric layer 40, such 

as a discrete inductor, a discrete capacitor or a discrete resistor, wherein the discrete passive 

component 66 comprises a multiple metal pad 68. The discrete passive components 66 mounted on 

the third dielectric layer 40 through a solder layer 70. 

[00102] Next, referring to Fig. 9u, multiple metal bumps 72 are formed on the bottom surface 

of the substrate 20. 

[00103] Fig. 9v is disclosed some structures of metal bump 72. 

• Lift side: 1st type of structures of metal bump 72 comprises an adhesion/barrier metal layer 

61 formed on the metal pad 48, a metal seed layer 63 formed on the adhesion/barrier metal 

layer 61, an electroplated metal layer 65 formed on the metal seed layer 63 and a solder 

layer 67 formed on the electroplated metal layer 65, wherein the adhesion/barrier metal 

layer 61 comprises a titanium-containing layer, a chromium-containing layer, a tantalum­

containing layer or a nickel layer, wherein the first electroplated metal layer 65 comprises a 

copper layer, a gold layer, a nickel layer, wherein the solder layer 67 can be formed by 

screen plating, ball mounting, or an electroplating process, such as gold-tin alloy, tin-silver 

alloy, tin-silver-copper alloy, indium, tin-bismuth alloy, or other lead-free alloy. Lead alloy 

solders can also be used but may be less desirable in some embodiments due to toxicity 

considerations. The adhesion/barrier metal layer 61 has a thickness between 0.05 and 2 
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micrometers. The metal seed layer 63 has a thickness between 0.05 and 2 micrometers. The 

first electroplated metal layer 65 has a thickness between 1 and 5 micrometers, between 2 

and 8 micrometers or between 5 and 20 micrometers. The solder layer 67 has a thickness 

between 30 and 80 micrometers, between 50 and I 00 micrometers, between 80 and 150 

micrometers or between 120 and 350 micrometers. 

• Right side: 2nd type of structure of metal bump 72 comprises an adhesion/barrier metal 

layer 61 formed on the metal pad 48, a metal seed layer 63 formed on the adhesion/barrier 

metal layer 61, a first electroplated metal layer 65 formed on the metal seed layer 63 and a 

second electroplated metal layer 69 formed on the first electroplated metal layer 65, 

wherein the adhesion/barrier metal layer 61 comprises a titanium-containing layer, a 

chromium-containing layer, a tantalum-containing layer or a nickel layer, wherein the first 

electroplated metal layer 65 comprises a copper layer, a gold layer, a nickel layer, wherein 

the second electroplated metal layer 69 comprises a copper layer, a gold layer, a nickel 

layer. The adhesion/barrier metal layer 61 has a thickness between 0. 05 and 2 micrometers. 

The metal seed layer 63 has a thickness between 0.05 and 2 micrometers. The first 

electroplated metal layer 65 has a thickness between 1 and 5 micrometers, between 2 and 4 

micrometers, between 5 and 15 micrometers or between 10 and 25 micrometers. The 

second electroplated metal layer 69 has a thickness between 1 and 5 micrometers, between 

2 and 4 micrometers, between 10 and 30 micrometers or between 20 and 60 micrometers. 

[00104] Furthermore, referring to Fig. 9w, the chips 46 may be set up on the bottom surface 

of the first substrate 20. 

[00105] Furthermore, referring to Fig. 9x, the chip 46 may be replaced a 3D IC chip package, 

wherein the chip 46 comprises a multiple metal pad 48 formed on the top and bottom surface. The 
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metal pads 48 of the top surface of the chip 46 are connected to the metal pads 48 of the bottom 

surface of the chip 46 through multiple through-silicon-via metal layers. A chip 47 is connected to 

the 3D IC chip 46 through the flip-chip package process, wherein the chip 47 comprises multiple 

metal pads 49, wherein the metal pad 49 may be an electroplated copper pad, a damascene copper 

pad or an aluminum pad. The metal pads 49 are connected to the metal pads 48 through a solder 

layer 51. 

[00106] Fig. 9y, illustrates a top view of the first substrate 20. Fig. 9u-Fig. 9w illustrate a 

cross-section view of Line L-L' in Fig. 9y. Multiple the chips 46, the chips 56 and the passive 

components 66 may also be provided in or on the first substrate 20. 

[00107] Next, cutting the first substrate 20 to produce multiple second substrates 22. 

[00108] Fig. lOa-Fig. lOj illustrate a damascene process to form the first metal layer 26, the 

second metal layer 28, the third metal layer 34 and the fourth metal layer 36 on a top surface and a 

bottom surface of the first substrate 20. 

[00109] Referring to Fig. 1 Oa, the dielectric layers 24 in Fig. 9a include two dielectric layers 

80 and 82. The dielectric layer 80 is formed on the dielectric layer 82 by a chemical vapor 

deposition (CVD) process or a spin-on coating process, wherein each of the dielectric layers 80 and 

82 may be composed of a low-K oxide layer with a thickness of between 0.3 and 5µm, and 

preferably of between 0.5 and 3µm, and an oxynitride layer on the low-K oxide layer, of a low-K 

polymer layer with a thickness of between 0.3 and 5µm, and preferably of between 0.5 and 3µm, and 

an oxynitride layer on the low-K polymer layer, of a low-K oxide layer with a thickness of between 

0.3 and 5µm, and preferably of between 0.5 and 3µm, and a nitride layer on the low-K oxide layer, 

of a low-K polymer layer with a thickness of between 0.3 and 5µm, and preferably of between 0.5 

and 3µm, and a nitride layer on the low-K polymer layer, or of a low-K dielectric layer with a 
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thickness of between 0.3 and 5µm, and preferably of between 0.5 and 3µm, and a nitride-containing 

layer on the low-K dielectric layer. Next, referring to Fig. 10b, a photoresist layer 84 is formed on 

the dielectric layer 82, an opening 84a in the photoresist layer 84 exposing the dielectric layer 82. 

Next, referring to Fig. 1 Oc, the dielectric layer 82 under the opening 84a is removed by a dry etching 

method to form a trench in the dielectric layer 82 exposing the dielectric layer 80. Next, referring to 

Fig. 1 Od, after forming the trench in the dielectric layer 82, the photoresist layer 84 is removed. Next, 

referring to Fig. 1 Oe, a photoresist layer 86 is formed on the dielectric layer 82 and on the dielectric 

layer 80 exposed by the trench, an opening 86a in the photoresist layer 86 exposing the dielectric 

layer 80 exposed by the trench. Next, referring to Fig. l 9f, the dielectric layer 80 under the opening 

86a is removed by a dry etching method to form a via 80a in the dielectric layer 80 exposing the 

metal plugs 21 in the substrate 20. Next, referring to Fig. 1 Og, after forming the via 80a in the 

dielectric layer 80, the photoresist layer 86 is removed. Thereby, an opening 88 including the trench 

and the via 80a is formed in the dielectric layers 82 and 80. Next, referring to Fig. 10h, an 

adhesion/barrier layer 90 having a thickness of between 0.1 and 3 micrometers is formed on the 

metal plugs 21 exposed by the opening 88, on the sidewalls of the opening 88 and on the top surface 

of the dielectric layer 82. The adhesion/barrier layer 90 can be formed by a sputtering process or a 

chemical vapor deposition (CVD) process. The material of the adhesion/barrier layer 90 may 

include titanium, titanium nitride, a titanium-tungsten alloy, tantalum, tantalum nitride, or a 

composite of the abovementioned materials. For example, the adhesion/barrier layer 90 may be 

formed by sputtering a tantalum layer on the metallization structure exposed by the opening 88, on 

the sidewalls of the opening 88 and on the top surface of the dielectric layer 82. Alternatively, the 

adhesion/barrier layer 90 may be formed by sputtering a tantalum-nitride layer on the metallization 

structure exposed by the opening 88, on the sidewalls of the opening 88 and on the top surface of the 

dielectric layer 82. Alternatively, the adhesion/barrier layer 90 may be formed by forming a 

tantalum-nitride layer on the metallization structure exposed by the opening 88, on the sidewalls of 
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the opening 88 and on the top surface of the dielectric layer 82 by a chemical vapor deposition 

(CVD) process. Next, referring to Fig. 1 Oi, a seed layer 92, made of copper, having a thickness of 

between 0.1 and 3 micrometers is formed on the adhesion/barrier layer 90 using a sputtering process 

or a chemical vapor deposition (CVD) process, and then a copper layer 94 having a thickness of 

between 0.5 and 5µm, and preferably of between 1 and 2µm, is electroplated on the seed layer 92. 

Next, referring to Fig. 1 Oj, the copper layer 94, the seed layer 92 and the adhesion/barrier layer 90 

outside the opening 88 in the dielectric layers 82 and 80 are removed using a chemical mechanical 

polishing (CMP) process until the top surface of the dielectric layer 82 is exposed to an ambient. 

[00110] Fig. I la-Fig. I Ii illustrate an embossing process to form the first metal layer 26, the 

second metal layer 28, the third metal layer 34 and the fourth metal layer 36 on a top surface and a 

bottom surface of the first substrate 20. 

[00111] Referring to Fig. I la, the metal plugs 21 are in the glass layer 16 of the first substrate 

20, and the opening 96a in the dielectric layer 96 exposes the metal plugs 21. 

[00112] Referring to Fig. 11 a, a polymer layer 98 can be formed on the dielectric layer 96, 

and at least one opening 98a is formed in the polymer layer 98 by patterning the polymer layer 98 to 

expose at least one metal trace 6, as shown in Fig. 11 band Fig. I le. The metal plugs 21 may include 

a center portion exposed by an opening 98a and a peripheral portion covered with the polymer layer 

98, as shown in Fig. 11 b. Alternatively, the opening 98a may expose the entire upper surface of the 

metal plugs 21 exposed by the opening 96a in the dielectric layer 96 and further may expose the 

upper surface of the dielectric layer 96 near the metal trace 6, as shown in Fig. I le. 

[00113] The material of the polymer layer 98 may include benzocyclobutane (BCB), 

polyimide (PI), polyurethane, epoxy resin, a parylene-based polymer, a solder-mask material, an 
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elastomer, or a porous dielectric material. The polymer layer 98 has a thickness of between 3 and 

25µm or between 5 and 50 micrometers. 

[00114] The polymer layer 98 can be formed by a spm-on coating process, a lamination 

process or a screen-printing process. Below, the process of forming a patterned polymer layer 98 is 

exemplified with the case of spin-on coating a polyimide layer on the dielectric layer 96 and then 

patterning the polyimide layer. 

[00115] Referring to Fig. I Id, an adhesion/barrier layer 100 having a thickness of between 

0.1 and 3 micrometers, and preferably between 0.5 and 2 micrometers, is formed on the polymer 

layer 98 and on the metal plugs 21. The adhesion/barrier layer 100 may be a titanium-tungsten-alloy 

layer, tantalum-containing layer, a chromium-containing layer or a titanium-nitride layer. The 

adhesion/barrier layer I 00 may be formed by a sputtering method, an evaporation method, or a 

chemical vapor deposition (CVD) method. 

[00116] Referring to Fig. I le, a photoresist layer I 02 can be formed on the adhesion/barrier 

layer I 00 by a spin coating process or a lamination process. Referring to Fig. 11 f, the photoresist 

layer 102 is patterned with the processes of exposure, development, etc., to form a photoresist 

opening 102a on the above-mentioned adhesion/barrier layer I 00 over the metal plugs 21 exposed 

by the opening 98a. 

[00117] Referring to Fig. I lg, an electroplated metal layer 104 is formed on the 

adhesion/barrier layer 100 in the opening I 02a, wherein the electroplated metal layer I 04 comprises 

a copper layer, gold layer, a nickel layer, has a thickness between 2 and IO micrometers, between 5 

and 20 micrometers or between 5 and 35 micrometers. 

[00118] Referring to Fig. l lh, removing the photoresist layer I 02. 
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[00119] Referring to Fig. l li, the above-mentioned adhesion/barrier layer 100 not under the 

electroplated metal layer 104 is removed with a dry etching method or a wet etching method. For 

example, the adhesion/barrier layer 100 made of titanium, titanium-tungsten alloy, titanium nitride, 

tantalum or tantalum nitride, not under the electroplated metal layer 104 is removed with a reactive 

ion etching (RIE) process. 

[00120] First Application: Please referring to Fig. 12, the second substrates 22 is connected to 

a OLED display substrate through COG bonding process, wherein the OLED display substrate 

comprises a first glass substrate 106, a second glass substrate 108, an organic light-emitting diodes 

layer 110 (or a polymer light-emitting diodes layer, PLED layer) between the first glass substrate 

106 and the second glass substrate 108 and multiple transparent electrodes 114. The metal bumps 72 

are connected to the transparent electrodes 114 through an anisotropic conductive film (ACF) layer 

116, wherein the ACF layer 116 comprises multiple conductive particles 11 7, such as nickel (Ni) 

particles, gold (Au) particles, nickel-gold alloy particles, silver-tin alloy particles, silver particles, 

gold plated particles, silver plated particles or nickel plated particles. The OLED display substrate 

comprises multiple OLED display panels. The OLED display substrate may comprise a touch screen 

function. A least distance 106a between a centerline of the metal bump 72 and a boundary of the 

glass substrate 106 is between 3 micrometers and 10 micrometers, 5 micrometers and 15 

micrometers, 10 micrometers and 25 micrometers or 20 micrometers and 40 micrometers. 

[00121] Next, cutting the second substrates 22 and the OLED display substrate to produce 

multiple package units. 

[00122] Second Application: Furthermore, the OLED display substrate can be replaced with a 

Micro Electro Mechanical Systems (MEMS) display substrate. Please referring to Fig. 13, the 

second substrates 22 is connected to a MEMS display substrate through COG bonding process, 
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wherein the MEMS display substrate comprises a first glass substrate 106, a MEMS layer 109 and 

multiple transparent electrodes 114 formed on the first glass substrate 106. The metal bumps 72 are 

connected to the transparent electrodes 114 through an anisotropic conductive film (ACF) layer 116, 

wherein the ACF layer 116 comprises multiple conductive particles 117, such as nickel (Ni) 

particles, gold (Au) particles, nickel-gold alloy particles, silver-tin alloy particles, silver particles, 

gold plated particles, silver plated particles or nickel plated particles. The MEMS display substrate 

comprises multiple MEMS display panels. The MEMS display substrate may comprise touch screen 

function. A least distance 106a between a centerline of the metal bump 72 and a boundary of the 

glass substrate 106 is between 3 micrometers and 10 micrometers, 5 micrometers and 15 

micrometers, 10 micrometers and 25 micrometers or 20 micrometers and 40 micrometers. 

[00123] Next, cutting the second substrates 22 and the MEMS display substrate to produce 

multiple package units. 

[00124] Third application: Please refer to Fig. 14, multiple LED devices 122 are packaged on 

the bottom surface of the second substrates 22. The second substrates 22 is connected to a LCD 

display substrate through COG bonding process, wherein the LCD display substrate comprises a 

first glass substrate 106, a second glass substrate 108, and a transistor liquid crystal display layer 

111 between the first glass substrate 106 and the second glass substrate 108 and multiple transparent 

electrodes 114. The metal bumps 72 are connected to the electrodes 114 through an anisotropic 

conductive film (ACF) layer 116, wherein the ACF layer 116 comprises multiple conductive 

particles 117, such as nickel (Ni) particles, gold (Au) particles, nickel-gold alloy particles, silver-tin 

alloy particles, silver particles, gold plated particles, silver plated particles or nickel plated particles. 

The LCD display substrate comprises multiple LCD display panels. The LCD display substrate may 

comprises a touch screen function, wherein the LCD display substrate comprises an in-cell TFT 

LCD substrate. There are multiple optical layers 128 between the second substrates 22 and LCD 
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display substrate, such as a diffuser sheet layer, a prism sheet layer, a diffuser layer ( or diffuser plate) 

and a reflector layer. A least distance 106a between a centerline of the metal bump 72 and a 

boundary of the glass substrate 106 is between 3 micrometers and 10 micrometers, 5 micrometers 

and 15 micrometers, 10 micrometers and 25 micrometers or 20 micrometers and 40 micrometers. 

[00125] Next, cutting the second substrates 22 and the LCD display substrate to produce 

multiple package units. 

[00126] Fourth application: Referring to Fig. 15, this structure of the fourth application is 

similar to the structure of the third application in Fig. 14. The second substrates 22 is connected to a 

LCD display substrate through flip-chip bonding process, wherein the LCD display substrate 

comprises a first glass substrate 106 and a second glass substrate 108, and a transistor liquid crystal 

display layer 111 and thin film transistor circuit layers (not shown) between the first glass substrate 

106 and the second glass substrate 108, wherein multiple transparent electrodes 114 on the bottom 

surface of the first glass substrate 106 and multiple metal plugs 113 in the first glass substrate 106, 

wherein the multiple metal plugs 113 are connected to the transparent electrodes 114 respectively. 

The structure of the first glass substrate 106 can refer to the second substrates 22 in the invention. 

The metal bumps 72 are connected to the transparent electrodes 114 through a solder layer 107, 

wherein the solder layer 107 comprises gold-tin alloy, tin-silver alloy, tin-silver-copper alloy, 

indium, tin-bismuth alloy, or other lead-free alloy. The LCD display substrate comprises multiple 

LCD display panels. The LCD display substrate may comprise touch screen function, wherein the 

LCD display substrate comprising an in-cell TFT LCD substrate. There are multiple optical layers 

128 between the second substrates 22 and LCD display substrate, such as a diffuser sheet layer, a 

prism sheet layer, a diffuser layer ( or diffuser plate) and a reflector layer. A least distance 106a 

between a centerline of the metal bump 72 and a boundary of the glass substrate 106 is between 30 
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micrometers and 100 micrometers, 50 micrometers and 150 micrometers, 100 micrometers and 250 

micrometers or 50 micrometers and 300 micrometers. 

[00127] Fifth application: Referring to Fig. 16, this structure of the fifth application is similar 

to the structure of the fourth application in Fig. 14. The organic light-emitting diodes layer 110 ( or a 

polymer light-emitting diodes layer, PLED layer) is replaced with the liquid crystal display layer 

111. The second substrates 22 is connected to a OLED display substrate through flip-chip bonding 

process, wherein the OLED display substrate comprises a first glass substrate 106 and a second 

glass substrate 108, and an organic light-emitting diodes layer 110 ( or a polymer light-emitting 

diodes layer, PLED layer) and thin film transistor circuit layers (not shown) between the first glass 

substrate 106 and the second glass substrate 108, wherein multiple transparent electrodes 114 on the 

bottom surface of the first glass substrate 106 and multiple metal plugs 113 in the first glass 

substrate 106, wherein the multiple metal plugs 113 are connected to the transparent electrodes 114 

respectively. The structure of the first glass substrate 106 can refer to the second substrates 22 in the 

invention. The metal bumps 72 are connected to the transparent electrodes 114 through a solder 

layer 107, wherein the solder layer 107 comprises gold-tin alloy, tin-silver alloy, tin-silver-copper 

alloy, indium, tin-bismuth alloy, or other lead-free alloy. The OLED display substrate comprises 

multiple OLED display panels. The OLED display substrate may comprise touch screen function, 

wherein the OLED display substrate comprising an in-cell TFT OLED substrate. A least distance 

106a between a centerline of the metal bump 72 and a boundary of the glass substrate 106 is 

between 30 micrometers and 100 micrometers, 50 micrometers and 150 micrometers, 100 

micrometers and 250 micrometers or 50 micrometers and 300 micrometers. 

[00128] Sixth application: Referring to Fig. 17a, the second substrates 22 can be a port of an 

OLED display substrate. The OLED display substrate comprises the second substrates 22 and the 

second glass substrate 108, and an organic light-emitting diodes layer 110 ( or a polymer light-
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emitting diodes layer, PLED layer), thin film transistor circuit layers (not shown) and transparent 

electrodes 114 between the second substrates 22 and the second glass substrate 108, wherein the 

metal plugs 21 connected to transparent electrodes 114 through the first metal layer 26. The OLED 

display substrate comprises multiple OLED display panels. The OLED display substrate may 

comprise touch screen function, wherein the OLED display substrate comprising an in-cell TFT 

OLED substrate. 

[00129] Referring to Fig. 17b, the structure of the OLED display substrate comprises multiple 

thin film transistors circuits 700 and multiple organic light-emitting components 800 between the 

second substrates 22 and the second glass substrate 108, wherein the thin film transistors circuit 700 

comprises a buffer layer 702, a first gate electrode 704a and a first source electrode 704b formed on 

the buffer layer 702, a first insulating layer 706 formed on the first gate electrode 704a, the first 

source electrode 704b and the buffer layer 702. An oxide semiconductor layer 710 is formed on the 

first insulating layer 706 over the first gate electrode 704a and the first source electrode 704b, 

wherein the oxide semiconductor layer 710 is connected to the first source electrode 704b through 

the opening in the first insulating layer 706. A second insulating layer 712 is formed on the oxide 

semiconductor layer 710. A second gate electrode 714a and a second source electrode 714b formed 

on the second insulating layer 712, wherein the second source electrode 714b connected to the oxide 

semiconductor layer 710 through an opening in the second insulating layer 712. A protection layer 

716 is formed on the second gate electrode 714a, the second source electrode 714b and the second 

insulating layer 712. The organic light-emitting component 800 formed on the protection layer 716 

and connected to the second source electrode 714b through an opening in the protection layer 716. 

[00130] The oxide semiconductor layer 710 comprises a ZnO containing layer, wherein the 

ZnO containing layer can be doped with a group selected from the group constituted of at least one 

ionic: Gallium (Ga), indium (In), tin (Sn), zirconium (Zr), hafnium (Hf), cadmium (Cd), magnesium 
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(Mg), vanadium (V). The first gate electrode 704a, the first source electrode 704b, the second gate 

electrode 714a and the second source electrode 714b are formed of a metal selected from the 

following groups: tungsten (W), titanium (Ti), molybdenum (Mo), silver (Ag), tantalum (Ta), 

aluminum (Al), copper (Cu), gold (Au), chromium (Cr) or niobium (Nb). 

[00131] The organic light-emitting component 800 comprises an anode layer 802, a cathode 

layer 804 and an organic light-emitting layer 806 between the anode layer 802 and the cathode layer 

804, wherein the anode layer 802 formed on the protection layer 716 and connected to the second 

source electrode 714b. A third insulating layer 808 formed on the protection layer 716 and the anode 

layer 802, then formed a hole/opening in the third insulating layer 808 and on the anode layer 802. 

Forming the organic light-emitting layer 806 in the opening and on the third insulating layer 808, 

then formed the cathode layer 804 on the third insulating layer 808 and on the organic light-emitting 

layer 806. The anode layer 802 is connected to the metal plugs 21 via a conductive layer formed on 

the opening through the buffer layer 702, a first insulating layer 706 and second insulating layer 712. 

The cathode layer 804 is connected to the metal plugs 21 via a conductive layer formed on the 

opening through the buffer layer 702, the first insulating layer 706, the second insulating layer 712 

and the third insulating layer 808. The buffer layer 702 ~ the first insulating layer 706, the second 

insulating layer 712 and the third insulating layer 808 comprise a polyimide, polyamide, acryl resin, 

benzocyclobutene, phenol resin, oxide layer (buffer layer 702), nitride layer (buffer layer 702). 

[00132] The anode layer 802 may contain one or more transparent materials such as indium 

tin oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO), indium gallium oxide (IGO), aluminum 

zinc oxide (AZO) and In203, or non-transparent materials such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, 

Ir, Cr, Li, Ca, Mo, Ti, W, MoW, and Al/Cu. The cathode layer 804 may contain one or more 

transparent materials such as indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO), 

indium gallium oxide (IGO), aluminum zinc oxide (AZO) and In 20 3 . 
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[00133] The organic light-emitting layer 806 may include a hole transport layer (HTL) and a 

hole injection layer (HIL) stacked toward the pixel electrode (anode layer 802 or cathode layer 804), 

and an electron transport layer (ETL) and an electron injection layer (EIL) stacked toward the pixel 

electrode (anode layer 802 or cathode layer 804). Furthermore, various other layers may be stacked 

if required. Further, the light-emitting layer 806 comprises a carbazole biphenyl(CBP), (III)(bis(l-

pheny lisoquinoline )( acetylacetonate )iridium, PIQir( acac) ),(III)(bis(l-

phenylquinoline)(acetylacetonate)iridium, PQir(acac)), (III)(tris(l-phenylquinoline)iridium (PQir), 

octaethylporphyrin platinum,PtOEP (III))( tris( dibenzoylmethane )( o-

phenanthroline)europium(III),PED : Eu(DBM)3(Phen)),perylene, N,N'-Di(naphthalene-1-yl)-N,N'­

diphenyl-benzidine, tris-8-hydroxyquinoline aluminum (PEDOT), copper phthalocyanine,CuPc, 

4,4',4" -tris(N-(3-methylphenyl)-N-phenylamino )triphenylamine (MTDATA). 

[00134] Referring to Fig. 18 and Fig. 19, an outward of display substrate produced from 

above first application to sixth application is an unframed display 119, wherein the unframed display 

119 comprises a display area 119a has four edges 119b, wherein a gap between each edge 119b and 

one of four boundaries of the unframed display 119 has a least distance smaller than 15 micrometers, 

20 micrometers, 30 micrometers, 50 micrometers, 100 micrometers, 150 micrometers or 200 

micrometers. The unframed display 119 is installed in a shell 123 of a display device 125. Some 

components (not showed in drawings) can install in the display device 125 (or installed on the 

second substrates 22), for example, a speaker component, a battery component, a microphone 

component, a signal receiver component, a wireless signal receiver component, a wireless signal 

transmitter module. 

[00135] Referring to Fig. 19, the display device 125 comprises multiple connecting ports 127 

on the shell 123, wherein the connecting ports 127 comprise a signal connecting port, a power 
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connecting port, and/or a ground connecting port. The display device 125 can connect to another one 

display device 125b to become a bigger display device 129, wherein the connecting ports 127 of the 

display device 125 are connected to the connecting ports 127 of the display device 125b. Multiple 

display devices 125 can be combined with a big display device, an advertising billboard. The display 

devices 125 can be used as a tile on the wall of the building. The display devices 125 can be a 

display unit on a surface of a magic cube. 

[00136] The structure of the OLED display substrate disclosed in Fig. 12 and Fig. 16 can be 

referred to related specifications as above. 

[00137] Those described above are the embodiments to exemplify the present disclosure to 

enable the person skilled in the art to understand, make and use embodiments of the present 

disclosure. This description, however, is not intended to limit the scope of the present disclosure. 

Any equivalent modification and variation according to the spirit of the present disclosure is to be 

also included within the scope of the claims stated below. 

[00138] The components, steps, features, benefits and advantages that have been discussed 

are merely illustrative. None of them, nor the discussions relating to them, are intended to limit the 

scope of protection in any way. Numerous other embodiments are also contemplated. These include 

embodiments that have fewer, additional, and/or different components, steps, features, benefits and 

advantages. These also include embodiments in which the components and/or steps are arranged 

and/or ordered differently. 

[00139] In reading the present disclosure, one skilled in the art will appreciate that 

embodiments of the present disclosure can be implemented in hardware, software, firmware, or any 

combinations of such, and over one or more networks. Suitable software can include computer­

readable or machine-readable instructions for performing methods and techniques (and portions 
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thereof) of designing and/or controlling the fabrication and design of integrated circuit chips 

according to the present disclosure. Any suitable software language (machine-dependent or 

machine-independent) may be utilized. Moreover, embodiments of the present disclosure can be 

included in or carried by various signals, e.g., as transmitted over a wireless radio frequency (RF) or 

infrared (IR) communications link or downloaded from the Internet. 

[00140] Unless otherwise stated, all measurements, values, ratings, positions, magnitudes, 

sizes, and other specifications that are set forth in this specification, including in the claims that 

follow, are approximate, not exact. They are intended to have a reasonable range that is consistent 

with the functions to which they relate and with what is customary in the art to which they pertain. 

The scope of protection is limited solely by the claims. That scope is intended and should be 

interpreted to be as broad as is consistent with the ordinary meaning of the language that is used in 

the claims when interpreted in light of this specification and the prosecution history that follows and 

to encompass all structural and functional equivalents. 
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CLAIMS 

What is claimed is: 

1. A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, wherein 

said solid layer comprises a compound of silicon and oxygen, wherein said solid layer has a 

thickness between 50 and 150 micrometers, wherein said solid layer comprises a first region and a 

second region between said first region and a first edge of said solid layer; 

a plurality of metal posts in a plurality of through holes in said second region respectively, 

wherein one of said plurality of metal posts comprises a first copper layer contacting a sidewall of 

one of said plurality of through holes, wherein said first region has a width in a direction greater 

than a shortest distance between said sidewall of one of said plurality of through holes and said first 

edge in said direction and greater than a pitch between two neighboring metal posts of said plurality 

of metal posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said second surface and a first polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to a first metal post 

of said plurality of metal posts, wherein said first metal interconnect comprises a first metal layer 

and a second copper layer over said first metal layer; 

a first metal bump over said first interconnection scheme, wherein said first metal bump 

comprises a second metal layer and a tin-containing layer over said second metal layer; and 

a first semiconductor chip under said second surface, wherein said first interconnection scheme 

comprise a second metal interconnect across over a sidewall of the first semiconductor chip, wherein 

said first semiconductor chip comprises a third metal interconnect on a first metal pad of said first 

semiconductor chip, wherein said third metal interconnect comprises a third metal layer on said first 
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metal pad and a third copper layer over said third metal layer, wherein said third copper layer has a 

thickness between 5 and 30 micrometers, wherein said first semiconductor chip is connected to a 

second metal post of said plurality of metal posts through said third metal interconnect. 

2. The chip package of claim 1, wherein said first semiconductor chip comprises a central­

processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) circuit block 

3. The chip package of claim 1, wherein said first interconnection scheme further comprises a fourth 

metal interconnect over said first metal interconnect and said first polymer layer, wherein said first 

polymer is between said first and fourth metal interconnects, wherein said fourth metal interconnect 

comprises a fourth metal layer and a fourth copper layer over said fourth metal layer. 

4. The chip package of claim 1, wherein said first metal pad is an aluminum pad. 

5. The chip package of claim 1, wherein said first metal pad is a copper pad. 

6. The chip package of claim 1, wherein no any metal post in said first region. 

7. The chip package of claim 1, wherein said compound comprises a SiO2 compound. 

8. The chip package of claim 1, further comprising a second semiconductor chip over said first 

semiconductor chip, wherein said second semiconductor chip comprises a second metal bump on a 

second metal pad of said second semiconductor chip, wherein said second metal bump comprises a 

tin-containing layer. 
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9. The chip package of claim 1, wherein said solid layer further comprises a third region opposite to 

said second region, wherein said third region is between said first region and a second edge of said 

solid layer, wherein said plurality of metal posts in said plurality of through holes in said third 

region respectively. 

10. The chip package of claim 1, wherein said second region is a rectangle region and surrounding 

said first region. 

11. A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, wherein 

said solid layer comprises a compound of silicon and oxygen, wherein said solid layer has a 

thickness between 100 and 300 micrometers, wherein said solid layer comprises a first region and a 

second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region respectively, wherein 

said first region has a width in a direction greater than a shortest distance between said sidewall of 

one of said plurality of through holes and said first edge in said direction and greater than a pitch 

between two neighboring copper posts of said plurality of copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said first surface, and a first polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to a first copper post 

of said plurality of copper posts, wherein said first metal interconnect comprises a first metal layer 

and a first copper layer over said first metal layer; 

a first metal bumps over said first interconnection scheme, wherein first metal bumps 

comprises a tin-containing layer; 

a second metal bumps over said first interconnection scheme; 
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a first semiconductor chip over said first interconnection scheme and between said first and 

second metal bumps, wherein said first semiconductor chip has a height between a backside surface 

of said first semiconductor chip and a top surface of said first polymer layer is smaller than a 

thickness of said first metal bump, wherein said first semiconductor chip comprises a third metal 

bump on a first metal pad of said first semiconductor chip, wherein said third metal bump comprises 

a tin-containing layer; and 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a fourth metal bump on a second metal pad of said second 

semiconductor chip, wherein said fourth metal bump comprises a tin-containing layer. 

12. The chip package of claim 11, wherein said compound comprises a SiO2 compound. 

13. The chip package of claim 11, wherein said first metal pad is an aluminum pad. 

14. The chip package of claim 11, wherein no any metal post in said first region. 

15. The chip package of claim 11, further comprising a third semiconductor chip under said first 

interconnection scheme, wherein said third semiconductor chip comprises a second metal 

interconnect on a third metal pad of said third semiconductor chip, wherein said second metal 

interconnect comprises a second metal layer on said third metal pad and a second copper layer over 

said second metal layer, wherein said second copper layer has a thickness between 5 and 30 

micrometers. 

16. The chip package of claim 11, further comprising a third semiconductor chip under said first 

interconnection scheme, wherein said third semiconductor chip comprises a second metal 
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interconnect on a third metal pad of said third semiconductor chip, wherein said second metal 

interconnect comprises a second metal layer on said third metal pad and a second copper layer over 

said second metal layer, wherein said third semiconductor chip comprises a central-processing-unit 

(CPU) circuit block and a graphics-processing-unit (GPU) circuit block 

17. The chip package of claim 11, further comprising an electrical device under said second surface, 

wherein said electrical device comprises a third semiconductor chip and a metal wire connected to a 

third metal pad of said third semiconductor chip, wherein said third semiconductor chip is a memory 

chip. 

18. The chip package of claim 11, wherein said solid layer further comprises a third region opposite 

to said second region, wherein said third region is between said first region and a second edge of 

said solid layer, wherein said plurality of copper posts in said plurality of through holes in said third 

region respectively. 

19. The chip package of claim 11, wherein said second region is a rectangle region and surrounding 

said first region. 

20. The chip package of claim 11, further comprising an electrical device under said second surface, 

wherein said electrical device comprise a third semiconductor chip and a metal wire connected to a 

third metal pad of said third semiconductor chip, wherein said third semiconductor chip is a DRAM 

chip. 
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ABSTRACT 

A display device comprises a display panel substrate and a glass substrate over said display 

panel substrate, wherein said display panel substrate comprises multiple contact pads, a display area, 

a first boundary, a second boundary, a third boundary and a fourth boundary, wherein said display 

area comprises a first edge, a second edge, a third edge and a fourth edge, wherein said first 

boundary is parallel to said third boundary and said first and third edges, wherein said second 

boundary is parallel to said fourth boundary and said second and fourth edges, wherein a first least 

distance between said first boundary and said first edge, wherein a second least distance between 

said second boundary and said second edge, a third least distance between said third boundary and 

said third edge, a fourth distance between said fourth boundary and said fourth edge, and wherein 

said first, second, third and fourth least distances are smaller than I 00 micrometers, and wherein 

said glass substrate comprising multiple metal conductors through in said glass substrate and 

multiple metal bumps are between said glass substrate and said display panel substrate, wherein said 

one of said metal conductors is connected to one of said contact pads through one of said metal 

bumps. 
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City Esinchu City l1country of Residence i I~ I 

Mailing Address of Inventor: 

Address 1 No. 52, Ln. 97, Shengjun Rd., North Dist. 

Address 2 

City I ~sinchu city I State/Province 
11 

Postal Code I ~oo I Countryi I~ 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 

I Add I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 02851 

Email Address semars3898@gmail.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention :;HIP PACKAGE 

Attorney Docket Number Mars 16-001-US-C03 I Small Entity Status Claimed ~ 
Application Type Non provisional . 
Subject Matter Utility . 
Total Number of Drawing Sheets (if any) 

11 
I Suggested Figure for Publication (if any) 11 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number Mars 16-001-US-C03 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention CHIP PACKAGE 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 

,-

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number ~02851 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 11 g(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the application number blank. 

Prior Application Status tending T I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

I Continuation of T 17372459 ~021-07-11 

Prior Application Status Patented T I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

117372459 pontinuation of El 116752650 ~020-01-26 111107768 ~021-08-31 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number Mars 16-001-US-C03 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention CHIP PACKAGE 

Prior Application Status I !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116752650 ponlinuation of I· 115261956 ~016-09-11 110622310 ~020-04-14 

Prior Application Status t=xpired . I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

~5261956 Claims benefit of provisional . 62/219249 ~015-09-16 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115261956 ponlinuation in part of I· 114/036256 ~013-09-25 p615453 ~017-04-04 

Prior Application Status t=xpired . I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

~4/036256 J:laims benefit of provisional . 61705649 ~012-09-26 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDXii the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number Mars 16-001-US-C03 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention CHIP PACKAGE 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

Authorization to Permit Access: 

D Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the dale of filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number Mars 16-001-US-C03 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention CHIP PACKAGE 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
Assignee I Legal Representative under 35 U.S.C. 117 I· Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

ITI 
Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I IT ting-Jung I Ji'ang I 
Mailing Address Information For Applicant: 

Address 1 No. 52, Ln. 97, Shengjun Rd., North Dist. 

Address 2 

City Hsin-Chu City State/Province 

Country I lrw Postal Code 

Phone Number '386-913635863 Fax Number 

Email Address ~emars3898@gmail.com 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Tille 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 

B 

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I 
Remove 

I 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number Mars 16-001-US-C03 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention CHIP PACKAGE 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
I Add I selecting the Add button. 

Signature: Remove 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature Ping-Jung Yang/ Date (YYYY-MM-DD) ~022-11-12 

First Name IPing-Jung I Last Name I ~ang Registration Number 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) 
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an 
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of 
the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in 
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, 
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security 
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records 
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan 
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to public inspections or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

CHIP PACKAGE 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or 

United States application or PCT international application number _________ _ 

filed on ______________ _ 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14 ). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Ping-Jung Yang Date (Optional) : 2022-11-12 

Signature: __ _,,fi_J!:_/h\ • .:.>.:.-iJ..-.,,-l'-ll, • ..,"'"--"l-a~-ll""""~~~------------------------------
1 I ~ A" 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have 
been previously filed. Use an additional PTO/AIN01 form for each additional inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant ( i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17985827 Document Date: 1111212022 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

NUMBER 
FILING or 

371(c)DATE 
GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

17/985,827 11/12/2022 830 Marsl6-001-US-C03 20 2 

102851 
CONFIRMATION NO. 1762 

FILING RECEIPT 
PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 

I lllll llllllll llll llll llllll~~~~~~~[~[l~ljl~~l!~~~lll lllll 111111111111111111 

TAIWAN 

Date Mailed: 11/29/2022 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s} 
Ping-Jung Yang, Hsinchu City, TAIWAN; 

Applicant( s} 
Ping-Jung Yang, Hsin-Chu City, TAIWAN; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 17/372,459 07/11/2021 

which is a CON of 16/752,650 01/26/2020 PAT 11,107,768 
which is a CON of 15/261,956 09/11/2016 PAT 10,622,310 
which claims benefit of 62/219,249 09/16/2015 

and is a CIP of 14/036,256 09/25/2013 PAT 9,615,453 
which claims benefit of 61 /705,649 09/26/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/28/2022 
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Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Customer Number: 102851 

Confirmation Number: 1762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

Preliminary Amendment 

PATENT 

Please amend the above-identified application and consider the remarks as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 10 of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

Listing of Claims: 

What is claimed is: 

1. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

has a thickness between 50 and 150 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of metal posts in a plurality of through holes in said second region respectively, 

wherein one of said plurality of metal posts comprises a first copper layer contacting a sidewall 

of one of said plurality of through holes, wherein said first region has a width in a direction 

greater than a shortest distance between said sidewall of one of said plurality of through holes 

and said first edge in said direction and greater than a pitch between two neighboring metal posts 

of said plurality of metal posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said second surface and a first polymer layer 

over said first metal interconnect, wherein said first metal interconnect is connected to a first 

metal post of said plurality of metal posts, wherein said first metal interconnect comprises a first 

metal layer and a second copper layer over said first metal layer; 
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a first metal bump over said first interconnection scheme, wherein said first metal bump 

comprises a second metal layer and a tin-containing layer over said second metal layer; and 

a first semiconductor chip under said second surface, wherein said first interconnection 

scheme comprise a second metal interconnect across over a sidewall of the first semiconductor 

chip, wherein said first semiconductor chip comprises a third metal interconnect on a first metal 

pad of said first semiconductor chip, wherein said third metal interconnect comprises a third 

metal layer on said first metal pad and a third copper layer over said third metal layer, wherein 

said third copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is connected to a second metal post of said plurality of metal posts through 

said third metal interconnect. 

2. (Previously presented) The chip package of claim 1, wherein said first semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 

3. (Previously presented) The chip package of claim 1, wherein said first interconnection scheme 

further comprises a fourth metal interconnect over said first metal interconnect and said first 

polymer layer, wherein said first polymer is between said first and fourth metal interconnects, 

wherein said fourth metal interconnect comprises a fourth metal layer and a fourth copper layer 

over said fourth metal layer. 

4. (Previously presented) The chip package of claim 1, wherein said first metal pad is an 

aluminum pad. 
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Claims 5-6 are cancelled 

7. (Previously presented) The chip package of claim 1, wherein said compound comprises a Si0 2 

compound. 

8. (Previously presented) The chip package of claim 1, further comprising a second 

semiconductor chip over said first semiconductor chip, wherein said second semiconductor chip 

comprises a second metal bump on a second metal pad of said second semiconductor chip, 

wherein said second metal bump comprises a tin-containing layer. 

9. (Previously presented) The chip package of claim 1, wherein said solid layer further comprises 

a third region opposite to said second region, wherein said third region is between said first 

region and a second edge of said solid layer, wherein said plurality of metal posts in said 

plurality of through holes in said third region respectively. 

10. (Previously presented) The chip package of claim 1, wherein said second region is a 

rectangle region and surrounding said first region. 

11. (Currently amended) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 
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has a thickness between 100 and 300 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively, wherein said first region has a width in a direction greater than a shortest distance 

between sai-4-~sidewall of one of said plurality of through holes and said first edge in said 

direction and greater than a pitch between two neighboring copper posts of said plurality of 

copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said first surface, and a first polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to a first ee1919er 

~ne of said plurality of copper posts, wherein said first metal interconnect comprises a first 

metal layer and a first copper layer over said first metal layer; 

a first metal bumps over said first interconnection scheme, wherein first metal bumps 

comprises a tin-containing layer; 

a second metal bumps over said first interconnection scheme; 

a first semiconductor chip over said first interconnection scheme and between said first 

and second metal bumps, wherein said first semiconductor chip has a height between a backside 

surface of said first semiconductor chip and a top surface of said first polymer layer is smaller 

than a thickness of said first metal bump, wherein said first semiconductor chip comprises a third 

metal bump on a first metal pad of said first semiconductor chip, wherein said third metal bump 

comprises a tin-containing layer; and 
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a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a fourth metal bump on a second metal pad of said second 

semiconductor chip, wherein said fourth metal bump comprises a tin-containing layer. 

12. (Previously presented) The chip package of claim 11, wherein said compound comprises a 

SiO2 compound. 

Claim 13 is cancelled 

14. (Currently amended) The chip package of claim 11, wherein no any ffleffil--copper post in said 

first region. 

15. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 

and a second copper layer over said second metal layer, wherein said second copper layer has a 

thickness between 5 and 30 micrometers. 

16. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 
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and a second copper layer over said second metal layer, wherein said third semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 

Claim 1 7 is cancelled 

18. (Previously presented) The chip package of claim 11, wherein said solid layer further 

comprises a third region opposite to said second region, wherein said third region is between said 

first region and a second edge of said solid layer, wherein said plurality of copper posts in said 

plurality of through holes in said third region respectively. 

19. (Previously presented) The chip package of claim 11, wherein said second region is a 

rectangle region and surrounding said first region. 

20. (Previously presented) The chip package of claim 11, further comprising an electrical device 

under said second surface, wherein said electrical device comprise a third semiconductor chip 

and a metal wire connected to a third metal pad of said third semiconductor chip, wherein said 

third semiconductor chip is a DRAM chip. 

21. (Newly added)A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 
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has a thickness between 50and 150 micrometers, wherein said solid layer comprises a first region 

and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively, wherein said first region has a width in a direction greater than a shortest distance 

between a sidewall of one of said plurality of through holes and said first edge in said direction 

and greater than a pitch between two neighboring copper posts of said plurality of copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises first and second metal interconnects over said first surface, and a first polymer 

layer over said first and second metal interconnects, wherein said first metal interconnect is 

connected to a first copper post of said plurality of copper posts, wherein said first metal 

interconnect comprises a first metal layer and a first copper layer over said first metal layer; 

a first semiconductor chip over said first interconnection scheme, wherein said first 

semiconductor chip comprises a third metal interconnect under a first metal pad of said first 

semiconductor chip, wherein said third metal interconnect comprises a second metal layer under 

said first metal pad and a second copper layer under said second metal layer, wherein said 

second copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is connected to a second copper post of said plurality of copper posts 

through said third metal interconnect; 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a second metal pad coupled to said second metal interconnect; 

a third semiconductor chip under said first interconnection scheme; and 

a plurality of metal bumps under said second surface, wherein one of said plurality of 

metal bumps comprises a tin-containing layer. 
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22. (Newly added) The chip package of claim 21, wherein said compound comprises a Si0 2 

compound. 

23. (Newly added) The chip package of claim 21, wherein said solid layer further comprises a 

third region opposite to said second region, wherein said third region is between said first region 

and a second edge of said solid layer, wherein said plurality of copper posts in said plurality of 

through holes in said third region respectively. 

24. (Newly added) The chip package of claim 21, wherein said second region is a rectangle 

region and surrounding said first region. 

25. (Newly added) The chip package of claim 21, wherein said first semiconductor chip is a 

graphics-processing-unit (GPU) chip. 

26. (Newly added) The chip package of claim 21, wherein said second semiconductor chip is a 

memory chip. 

Page 9 of 10 

IPR2026-00067 
TSMC EX1002 Page 257



REMARKS/ARGUMENTS 

Claims 1-25 are pending in the application, of which claims 1, 11 and 21 are the pending 

independent claims. Claims 5-6, 13 and 17 are cancelled. Claims 21-26 are newly added. Claims 

11 and 14 are currently amended herein. No new matter is believed to be added into the 

application by this paper. 

Accordingly, no new matter is believed to be added into the application by this paper. 

In view of the Amendments, Applicants submit that the claims are in condition for 

allowance and respectfully request a notice to this effect. 

Respectfully submitted, 

Date: 2023-05-17 ---- Ping-Jung Yang 
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Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 

For: CHIPPACKAGE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Customer Number: 102851 

Confirmation Number: 1762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

Preliminary Amendment 

PATENT 

Please amend the above-identified application and consider the remarks as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 10 of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

Listing of Claims: 

What is claimed is: 

1. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

has a thickness between 50 and 150 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of metal posts in a plurality of through holes in said second region respectively, 

wherein one of said plurality of metal posts comprises a first copper layer contacting a sidewall 

of one of said plurality of through holes, wherein said first region has a width in a direction 

greater than a shortest distance between said sidewall of one of said plurality of through holes 

and said first edge in said direction and greater than a pitch between two neighboring metal posts 

of said plurality of metal posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said second surface and a first polymer layer 

over said first metal interconnect, wherein said first metal interconnect is connected to a first 

metal post of said plurality of metal posts, wherein said first metal interconnect comprises a first 

metal layer and a second copper layer over said first metal layer; 
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a first metal bump over said first interconnection scheme, wherein said first metal bump 

comprises a second metal layer and a tin-containing layer over said second metal layer; and 

a first semiconductor chip under said second surface, wherein said first interconnection 

scheme comprise a second metal interconnect across over a sidewall of the first semiconductor 

chip, wherein said first semiconductor chip comprises a third metal interconnect on a first metal 

pad of said first semiconductor chip, wherein said third metal interconnect comprises a third 

metal layer on said first metal pad and a third copper layer over said third metal layer, wherein 

said third copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is connected to a second metal post of said plurality of metal posts through 

said third metal interconnect. 

2. (Previously presented) The chip package of claim 1, wherein said first semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 

3. (Previously presented) The chip package of claim 1, wherein said first interconnection scheme 

further comprises a fourth metal interconnect over said first metal interconnect and said first 

polymer layer, wherein said first polymer is between said first and fourth metal interconnects, 

wherein said fourth metal interconnect comprises a fourth metal layer and a fourth copper layer 

over said fourth metal layer. 

4. (Previously presented) The chip package of claim 1, wherein said first metal pad is an 

aluminum pad. 
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Claims 5-6 are cancelled 

7. (Previously presented) The chip package of claim 1, wherein said compound comprises a Si0 2 

compound. 

8. (Previously presented) The chip package of claim 1, further comprising a second 

semiconductor chip over said first semiconductor chip, wherein said second semiconductor chip 

comprises a second metal bump on a second metal pad of said second semiconductor chip, 

wherein said second metal bump comprises a tin-containing layer. 

9. (Previously presented) The chip package of claim 1, wherein said solid layer further comprises 

a third region opposite to said second region, wherein said third region is between said first 

region and a second edge of said solid layer, wherein said plurality of metal posts in said 

plurality of through holes in said third region respectively. 

10. (Previously presented) The chip package of claim 1, wherein said second region is a 

rectangle region and surrounding said first region. 

11. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

Page 4 of 10 

IPR2026-00067 
TSMC EX1002 Page 268



has a thickness between 100 and 300 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively, wherein said first region has a width in a direction greater than a shortest distance 

between a sidewall of one of said plurality of through holes and said first edge in said direction 

and greater than a pitch between two neighboring copper posts of said plurality of copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said first surface, and a first polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to one of said 

plurality of copper posts, wherein said first metal interconnect comprises a first metal layer and a 

first copper layer over said first metal layer; 

a first metal bumps over said first interconnection scheme, wherein first metal bumps 

comprises a tin-containing layer; 

a second metal bumps over said first interconnection scheme; 

a first semiconductor chip over said first interconnection scheme and between said first 

and second metal bumps, wherein said first semiconductor chip has a height between a backside 

surface of said first semiconductor chip and a top surface of said first polymer layer is smaller 

than a thickness of said first metal bump, wherein said first semiconductor chip comprises a third 

metal bump on a first metal pad of said first semiconductor chip, wherein said third metal bump 

comprises a tin-containing layer; and 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a fourth metal bump on a second metal pad of said second 

semiconductor chip, wherein said fourth metal bump comprises a tin-containing layer. 

Page 5 of 10 

IPR2026-00067 
TSMC EX1002 Page 269



12. (Previously presented) The chip package of claim 11, wherein said compound comprises a 

SiO2 compound. 

Claim 13 is cancelled 

14. (Previously presented) The chip package of claim 11, wherein no any copper post in said first 

region. 

15. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 

and a second copper layer over said second metal layer, wherein said second copper layer has a 

thickness between 5 and 30 micrometers. 

16. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 

and a second copper layer over said second metal layer, wherein said third semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 
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Claim 1 7 is cancelled 

18. (Previously presented) The chip package of claim 11, wherein said solid layer further 

comprises a third region opposite to said second region, wherein said third region is between said 

first region and a second edge of said solid layer, wherein said plurality of copper posts in said 

plurality of through holes in said third region respectively. 

19. (Previously presented) The chip package of claim 11, wherein said second region is a 

rectangle region and surrounding said first region. 

20. (Previously presented) The chip package of claim 11, further comprising an electrical device 

under said second surface, wherein said electrical device comprise a third semiconductor chip 

and a metal wire connected to a third metal pad of said third semiconductor chip, wherein said 

third semiconductor chip is a DRAM chip. 

21. (Currently amended) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

has a thickness between 50and 150 micrometers, wherein said solid layer comprises a first region 

and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively, whereifl said first regiefl has a width ifl a direetiofl greater than a shortest distaRee 
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Between a sidevmll ef ene ef said phwality ef thre1:1gh heles and said first edge in said direetien 

and greater than a piteh between t>.ve neigheering eepper pests ef said pl1:1rality ef eepper pests; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises first and second metal interconnects over said first surface, and a first polymer 

layer over said first and second metal interconnects, wherein said first metal interconnect is 

connected to a first copper post of said plurality of copper posts, wherein said first metal 

interconnect comprises a first metal layer and a first copper layer over said first metal layer; 

a first semiconductor chip over said first interconnection scheme, wherein said first 

semiconductor chip comprises a third metal interconnect under a first metal pad of said first 

semiconductor chip, wherein said third metal interconnect comprises a second metal layer under 

said first metal pad and a second copper layer under said second metal layer, wherein said 

second copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is eenneeteEl coupled to a second copper post of said plurality of copper 

posts through said third metal interconnect; 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a second metal pad coupled to said second metal interconnect; 

a third semiconductor chip under said first interconnection scheme; and 

a plurality of metal bumps under said second surface, wherein one of said plurality of 

metal bumps comprises a tin-containing layer. 

22. (Previously presented) The chip package of claim 21, wherein said compound comprises a 

SiO2 compound. 
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23. (Previously presented) The chip package of claim 21, wherein said solid layer further 

comprises a third region opposite to said second region, wherein said third region is between said 

first region and a second edge of said solid layer, wherein said plurality of copper posts in said 

plurality of through holes in said third region respectively. 

24. (Currently amended) The chip package of claim 21, further comprising a fourth 

semiconductor chip over said first semiconductor chip, wherein said fourth semiconductor chip 

comprises a third metal pad at a bottom surface of said fourth semiconductor chip, wherein said 

first semiconductor chip further comprising a plurality of through-silicon-via metal layers and a 

fourth metal pad at a top surface of said first semiconductor chip wherein said first metal pad is 

at a bottom surface of said first semiconductor chip, wherein said first metal pad is coupled to 

said fourth metal pad through one of said plurality of through-silicon-via metal layers, wherein 

said third metal pad is coupled to said fourth metal pad through a solder layer. seeoBa regioB is a 

reetasgle regioB aBa surrouBaiBg saia first regioB. 

25. (Previously presented) The chip package of claim 21, wherein said first semiconductor chip 

is a graphics-processing-unit (GPU) chip. 

26. (Previously presented) The chip package of claim 21, wherein said second semiconductor 

chip is a memory chip. 
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REMARKS/ARGUMENTS 

Claims 1-26 are pending in the application, of which claims 1, 11 and 21 are the pending 

independent claims. Claims 5-6, 13 and 17 are cancelled. Claims 21 and 24_are currently 

amended herein. No new matter is believed to be added into the application by this paper. 

Accordingly, no new matter is believed to be added into the application by this paper. 

In view of the Amendments, Applicants submit that the claims are in condition for 

allowance and respectfully request a notice to this effect. 

Respectfully submitted, 

Date: 2023-07-29 ---- Ping-Jung Yang 
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20150221614-$ or US-
20130200531-$ or US-
20130062761-$ or US-
20120028411-$ or US-
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L4 121 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

20130295725-$ or US-
20060194370-$ or US-
20080212288-$).did. or 
(US-7589405-$ or US-
8906794-$ or US-
6614122-$ or US-
8558399-$ or US-
8432022-$ or US-
8228682-$ or US-
8982577-$ or US-
4706167-$ or US-
5531020-$ or US-
8252615-$ or US-
6331451-$ or US-
8946886-$ or US-
8415785-$ or US-
5804881-$ or US-
9786623-$ or US-
9040352-$ or US-
7855391-$ or US-
8507927-$ or US-
7619901-$ or US-
9768038-$ or US-
9627261-$ or US-
5250843-$ or US-
9735113-$ or US-
9431316-$ or US-
8617935-$ or US-
8518749-$).did. or (US-
8482134-$ or US-
8258012-$ or US-
8105872-$ or US-
7955942-$ or US-
7846777-$ or US-
7727806-$).did. 

("10192796"1"86484 70"1 
"8846454"1"8980691 ''1''8 
987918"1"9048211 "1"94 
31331 "1"9704780"1"983 
7303"1"10043768"1"87 4 
2579"1"8786060"1"8796 
137"1"8883561 "1"88954 
40"1"8916421 "1"895248 
9"1"8952521 "1"8993377" 
1 "9082806" 1"9224647" I" 
9281292" I "93246 72" 1"9 
331060"1"9343442"1"93 
62187"1"9385006"1"938 
5009"1"9397050"1"9406 
619"1"9406658"1"95086 
26 "I "9524 955 II I "959300 
9"1"9679863"1"9704843" 
1"9735113"1"200200387 
25"1"20020145197"1"20 
020159243"1"20050012 
217"1"20060006539"1"2 
0060020371 "1"2007004 
5841 "I"20070268581 "I" 

(US-PGPUB; USPAT) OR OFF OFF 2020/09/10 
01 :40 PM 
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LS 19 

L6 3569 

L7 2 

L8 799 

L9 2 

L10 5 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

2008005445 7" I "200800 
80111 "1"20080113505"1 
"20080129439"1"20080 
149384"1"20080150623 
II I "20080283277" I "2008 
0284014"1"2008031836 
1"1"20090109655"1"200 
9017 4065"1"200902730 
73"1"20100164030"1"20 
100200898"1"20100246 
152"1"20100290191 "1"2 
0110026232"1"2011006 
5250"1"20110089574"1" 
2011014 7055"1"201102 
42050"1"20130292846"1 
"20130307140"1"20140 
103488"1"20140210101 
"1"20140252646"1"2014 
0264839"1"2014036716 
0"1"20150166329"1"201 
70345761 "1"201703457 
64"1"20170373004"1"42 
21047"1"4639543"1"497 
5103"1"5294238"1"5705 
855"1"6156413"1"61777 
07"1"6194 762"1"626577 
1 "1"6309901 "1"6339197" 
1"6434016"1"6539750"1" 
6673698"1"6691409"1"6 
772514"1"6799438"1"68 
39946"1"6894358"1"698 
9604"1"7038309"1"7071 
521 "1"7072018"1"70915 
89"1"7151009"1"725908 
0"1"7279771 "1"7285834" 
I "733 7 540" I "7362403" I" 
7 4 76623"1"7557 440"1"7 
7 49900"1"7808799"1"79 
93510"1"8207 453"1"833 
8238"1"8354297"1"8822 
281 "1"8878360"1"90482 
33"1"914 7638"1"938510 
5"I"9627365").PN. 

((("YANG") near3 
("Ping-Jung"))).INV. 

(H01 L2224/45147).CPC 

("20200161245").PN. 

L6 and polymer and 
chip 

("2009/0315171 ").URP 
N. 

("20080277783" I 
"20090315171" I 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PG PUB) OR 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB) OR 

(USPAT) OR 

(US-PG PUB; USPAT; OR 
USOCR) 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

2020/09/10 
01 :40 PM 

2020/09/10 
01 :42 PM 

2020/09/10 
01 :42 PM 

2020/09/10 
01 :43 PM 

2020/09/10 
01 :48 PM 

2020/09/10 
01 :49 PM 
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L11 9 

L12 1645 

L13 28 

L14 18 

L15 4 

L16 20179 

L17 6787 

L18 2733 

L19 970 

L20 82 

L21 121 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

"20110110061" I 
"8318537" I 
"9064757").PN. OR 
("9437534").URPN. 

("2011/0110061 ").URP 
N. 

((("YUAN") near3 
("Zhongfa")) OR (("LIU") 
near3 ("Yong")) OR 
(("LIU") near3 
("Yumin")) OR (("QIAN") 
near3 ("Qiuxiao"))).INV. 

L 12 and copper and 
polymer 

("2009/0184403").URP 
N. 

("20090184403").PN. 
OR ("8614120").URPN. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

L 16 and copper and 
polymer 

L 16 and copper same 
polymer 

L 16 and cpu same gpu 

L 16 and cpu same gpu 
same passive 

("10192796"1"86484 70"1 
"8846454"1"8980691 ''1''8 
987918"1"9048211 "1"94 
31331 "1"9704780"1"983 
7303"1"10043768"1"87 4 
2579"1"8786060"1"8796 
137"1"8883561 "1"88954 
40"1"8916421 "1"895248 
9"1"8952521 "1"8993377" 
1 "9082806" 1"9224647" I" 
9281292" I "93246 72" 1"9 
331060"1"9343442"1"93 
62187"1"9385006"1"938 
5009"1"9397050"1"9406 
619"1"9406658"1"95086 
26 "I "9524 955 II I "959300 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; EPO; JPO; 
DERWENT) 

(USPAT) OR 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT) OR 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

2020/09/10 
01 :50 PM 

2020/09/10 
01 :54 PM 

2020/09/10 
01 :55 PM 

2020/09/10 
01 :58 PM 

2020/09/10 
01 :58 PM 

2020/09/10 
02:05 PM 

2020/09/10 
02:05 PM 

2020/09/10 
02:05 PM 

2020/09/10 
02:11 PM 

2020/09/10 
02:15 PM 

2020/09/10 
06:30 PM 
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L24 2 

L25 32 

L27 21 

L28 1788 
11/04/202310:01:16 PM 
VVorkspace: 17985827 

911
l
11967986311

l
11970484311 

1
11973511311

1
11200200387 

2511
1
1120020145197 11

1
1120 

020159243 11
1
1120050012 

21711
1
1120060006539 11

1
112 

0060020371 11
1
112007004 

584111
1
1120070268581 11

1
11 

2008005445 711 I 11200800 
8011111

1
1120080113505 11

1 
1120080129439 11

1
1120080 

14938411
1
1120080150623 

II I 112008028327711 I 112008 
028401411

1
112008031836 

111
1
1120090109655 11

1
11200 

9017 406511
1
11200902730 

7311
1
1120100164030 11

1
1120 

10020089811
1
1120100246 

15211
1
1120100290191 11

1
112 

0110026232 11
1
112011006 

525011
1
1120110089574 11

1
11 

2011014 705511
1
11201102 

4205011
1
1120130292846 11

1 
1120130307140 11

1
1120140 

10348811
1
1120140210101 

11
1
1120140252646 11

1
112014 

026483911
1
112014036716 

011
1
1120150166329 11

1
11201 

70345761 11
1
11201703457 

6411
1
1120170373004 11

1
1142 

2104711
l
114639543 11

l
11497 

510311
1
11529423811

1
115705 

85511
l
116156413 11

l
1161777 

0711
1
116194 76211

l
11626577 

111
1
116309901 11

1
116339197 11 

l
116434016 11

l
116539750 11

l
11 

6673698 11
l
116691409 11

l
116 

77251411
l
116799438 11

l
1168 

3994611
l
116894358 11

l
11698 

960411
1
11703830911

1
117071 

52111
1
11707201811

1
1170915 

8911
l
11715100911

1
11725908 

011
l
11727977111

l
11728583411 

I 11733 7 54011I11736240311
1
11 

7 4 7662311
l
117557 44011

1
117 

7 4990011
1
11780879911

1
1179 

9351011
1
118207 45311

l
11833 

823811
l
11835429711

l
118822 

28111
1
11887836011

1
1190482 

3311
l
11914 763811

l
11938510 

511
1
11962736511).PN. 

1120130242493 11 

(112013/0242493 11).URP 
N. 
11ppm/.degree.C 11 

polymer same 

(US-PGPUB; USPAT; OR OFF 
USOCR; DERWENT) 

(USPAT) OR OFF 

(USPAT) OR OFF 

(USPAT) OR OFF 

OFF 

OFF 

OFF 

OFF 

2020/09/10 
06:34 PM 

2020/09/10 
06:36 PM 

2020/09/10 
06:42 PM 

2020/09/10 
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L29 446 

L34 3 

L35 46 

L37 30 
11/04/202310:01:16 PM 
VVorkspace: 17985827 

expansion adj 
coefficient 

polymer near1 0 
expansion adj 
coefficient 

"20110257716" 

(US-20110304008-$ or 
US-20120313207-$ or 
US-20120241938-$ or 
US-20120193785-$ or 
US-20120052631-$ or 
US-20110297434-$ or 
US-20110026232-$ or 
US-20100290191-$ or 
US-20100207154-$ or 
US-20100200898-$ or 
US-20100102457-$ or 
US-20100044850-$ or 
US-20090315171-$ or 
US-20110110061-$ or 
US-20100123257-$ or 
US-20100052119-$ or 
US-20090184403-$ or 
US-20120326170-$ or 
US-20130050228-$ or 
US-20130049217-$ or 
US-20120313209-$ or 
US-20120306096-$ or 
US-201202287 49-$ or 
US-20140124777-$ or 
US-20140042637-$ or 
US-20130328211-
$).did. or (US-
20130292844-$ or US-
20130119562-$ or US-
20100258944-$ or US-
20100258946-$ or US-
20100252937-$ or US-
20080149384-$ or US-
20130277855-$ or US-
20170373004-$ or US-
20170345761-$ or US-
20130242493-$).did. or 
(US-9437534-$ or US-
824 7269-$ or US-
8614120-$ or US-
7968978-$ or US-
9627365-$ or US-
9817312-$ or US-
9615453-$ or US-
9363890-$ or US-
9161443-$ or US-
9030751-$).did. 

L35 and polyimide 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) OR 

(US-PGPUB; USPAT) OR 

OFF OFF 

OFF OFF 

OFF OFF 

ON ON 

06:45 PM 

2020/09/10 
06:45 PM 

2020/09/10 
06:55 PM 

2020/09/10 
06:58 PM 

2020/09/10 
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L38 65 

L39 1659 

L40 3 

L41 3 

L42 3 

L44 3 

L45 2 

L46 3 

L47 20179 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

(US-20160181184-$ or 
US-20170062361-$ or 
US-20160163666-$ or 
US-20150206934-$ or 
US-20140021618-$ or 
US-20120208129-$ or 
US-20180062386-$ or 
US-20160173039-$ or 
US-20160087588-$ or 
US-20110241793-$ or 
US-201100577 42-$ or 
US-20100032818-$ or 
US-20100001363-$ or 
US-2013014 7540-$ or 
US-20190259758-$ or 
US-20190252306-$ or 
US-20150179591-$ or 
US-20140346663-$ or 
US-20140312362-$ or 
US-20140077362-$ or 
US-20130200528-$ or 
US-20130026658-$ or 
US-20100165585-$ or 
US-20160071820-
$).did. or (US-6659663-
$ or US-10153553-$ or 
US-6829152-$ or US-
10580726-$ or US-
10090266-$ or US-
9972555-$ or US-
81684 70-$ or US-
9954028-$ or US-
10177115-$).did. 

((("STATS") near3 
("CHIPPAC") near3 
("L TD"))).AS,AANM. 

"20090230517" 

"20090155959" 

"20130049217" 

"20090155959" 

"20090155959" and 
passive 

"20090230517" 

(H01 L23/49827 I 
H01 L23/5384 I 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

07:00 PM 

2020/09/10 
10:50 PM 

2020/09/10 
10:51 PM 

2020/09/10 
10:57 PM 

2020/09/10 
11 :20 PM 

2020/09/11 
10:28 AM 

2020/09/11 
10:34 AM 

2020/09/11 
10:35 AM 

2020/09/11 
10:57 AM 

2020/09/11 
11 :06 AM 
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L48 537 

L49 127 

LSD 20179 

L51 146 

L52 6 

L53 71 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

L4 7 and cpu same gpu 
same DRAM 

L4 7 and cpu same gpu 
same DRAM and 
integration 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

LSD and tsv same 
layout 

"20130049217" 
"20090155959" 
"20090230517" 
"20130277801" 
"20110257716" 
"20100252934" 

(US-20110304008-$ or 
US-20120313207-$ or 
US-20120241938-$ or 
US-20120193785-$ or 
US-20120052631-$ or 
US-20110297434-$ or 
US-20110026232-$ or 
US-20100290191-$ or 
US-20100207154-$ or 
US-20100200898-$ or 
US-20100102457-$ or 
US-20100044850-$ or 
US-20090315171-$ or 
US-20110110061-$ or 
US-20100123257-$ or 
US-20100052119-$ or 
US-20090184403-$ or 
US-20120326170-$ or 
US-20130050228-$ or 
US-20130049217-$ or 
US-20120313209-$ or 
US-20120306096-$ or 
US-201202287 49-$ or 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PGPUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB) OR OFF 

(US-PGPUB; USPAT) OR ON 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

2020/09/11 
11 :06 AM 

2020/09/11 
11 :06 AM 

2020/09/11 
01 :47 PM 

2020/09/11 
01 :47 PM 

2020/09/17 
04:44 PM 

2021/04/22 
11 :47 AM 
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L54 21477 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

US-20140124777-$ or 
US-20140042637-$ or 
US-20130328211-
$).did. or (US-
20130292844-$ or US-
20130119562-$ or US-
20100258944-$ or US-
20100258946-$ or US-
20100252937-$ or US-
20080149384-$ or US-
20130277855-$ or US-
20170373004-$ or US-
20170345761-$ or US-
20130242493-$ or US-
20100252934-$).did. or 
(US-9437534-$ or US-
824 7269-$ or US-
8614120-$ or US-
7968978-$ or US-
9627365-$ or US-
9817312-$ or US-
9615453-$ or US-
9363890-$ or US-
9161443-$ or US-
9030751-$ or US-
8354304-$ or US-
8273602-$ or US-
8270176-$ or US-
8263434-$ or US-
8217514-$ or US-
8193036-$ or US-
8133762-$ or US-
8110440-$ or US-
8110908-$ or US-
8105915-$ or US-
8080445-$ or US-
8067308-$ or US-
8067828-$ or US-
8067275-$ or US-
80634 77-$ or US-
8034661-$).did. or (US-
8008121-$ or US-
7977802-$ or US-
7935570-$ or US-
7880293-$ or US-
7858441-$ or US-
7842542-$ or US-
7838337-$ or US-
7790503-$).did. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

OFF 2021/04/22 
11 :47 AM 
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L55 166 

L56 2 

L57 2 

L58 3 

L63 31 

L64 2 

L67 7 

L68 10 

L69 3 

L70 13 

L71 130 

L73 3 

L75 3 

L76 33 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

H01 L2224/48165 I 
H01 L2224/48235).CPC. 

L54 and tsv same 
layout 

("20200161245").PN. 

("20140085842").PN. 

"2011014 7055" 

(US-20040238945-$ I 
US-20050098891-$ I 
US-20060292851-$ I 
US-20110278736-$ I 
US-20110285005-$ I 
US-20120193785-$ I 
US-10490521-$I US-
6002592-$ I US-
6423570-$ I US-
7019406-$ I US-
7569422-$ I US-
8193555-$ I US-
8431977-$1 US-
8445323-$ I US-
8456856-$ I US-
8837872-$).DID. 

("20200161245").PN. 

L63 and cpu same gpu 

("20060193691" I 
"20090014826" I 
"20090042338" I 
"20090057868" I 
"6777767" I "7582556" I 
"8193555").PN. OR 
("8431977").URPN. 

"20110304008" 

("2011 /0304008").URP 
N. 

("2012/0193785").URP 
N. 

"20120170887" 

"20110304008" 

("20040238941" I 
"20040262735" I 
"20050130368" I 
"20070096292" I 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(USPAT) OR 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

OFF OFF 

ON ON 

ON ON 

ON ON 

OFF OFF 

ON ON 

OFF OFF 

ON ON 

ON ON 

ON ON 

ON ON 

OFF OFF 

OFF OFF 

ON ON 

2021/04/22 
11 :47 AM 

2021/04/22 
11 :48 AM 

2021/04/22 
12:22 PM 

2021/04/22 
12:24 PM 

2021/06/03 
01 :46 AM 

2021/06/03 
01 :52 AM 

2021/06/03 
02:18 AM 

2021/06/03 
02:48 AM 

2021/06/04 
02:18 PM 

2021/06/04 
02:21 PM 

2021/06/04 
05:27 PM 

2021/06/05 
05:28 PM 

2021/06/05 
05:58 PM 

2021/06/05 
07:41 PM 
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L77 5 

L78 3 

L79 1 

L80 2 

L81 2 

L82 22 

L83 31 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

"20080001285" I 
"20080099911" I 
"20080136004" I 
"20090170242" I 
"20090294899" I 
"20090302435" I 
"20100006994" I 
"20100059876" I 
"5250843" I "5353498" I 
"5841193" I "6495912" I 
"6828670" I "6905912" I 
"7214565" I "7619901" I 
"7772081" I "7790503" I 
"7858441" I 
"8193604").PN. OR 
("8445323").URPN. 

"20100140779" 

"20110304008" 
"20100140779" 
"20120170887" 

"1062231 0".pn. 

("2013/0328211 ").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

"20210335714" 

((("YANG") near3 
("Ping-Jung"))).INV. 

(Artificial Intelligence) 
More like doc: 
US-20210335714-A1 
Text: 
(US-11107768-B2 OR 
US-20200161245-A 1 
OR US-1062231 0-B2 
OR US-20170047313-
A 1 OR US-9615453-B2 
OR US-20170207188-
A1 OR US-
20190027 459-A 1 OR 
US-10096565-B2 OR 
US-10453819-B2 OR 
US-20140085842-A 1 
OR CN-107046018-B 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PG PUB) 

(US-PGPUB; USPAT) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR OFF OFF 

OR OFF OFF 

OR ON ON 

OR ON ON 

OR OFF OFF 

OR ON ON 

2021/06/05 
07:45 PM 

2021/06/05 
11 :31 PM 

2021/06/05 
11 :41 PM 

2021/11/02 
03:42 PM 

2022/09/15 
02:02 PM 

2022/09/15 
02:03 PM 

2022/09/15 
02:34 PM 
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L84 34 

L85 71 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

OR TW-201712812-A 
OR TW-I675440-B OR 
CN-107046018-A OR 
CN-111968959-A OR 
US-20140117534-A1 
OR CN-1 09411482-A 
OR US-20190057938-
A1 OR US-9673125-B2 
OR US-10692815-
B2).did. 

(Artificial Intelligence) 
More like doc: 
US-20140085842-A 1 
Text: 
(US-20170207188-A 1 
OR US-10453819-B2 
OR US-9615453-B2 OR 
US-20190027459-A1 
OR US-10096565-B2 
OR US-1062231 0-B2 
OR US-20170047313-
A1 OR US-
20200161245-A 1 OR 
US-20210335714-A1 
OR US-11107768-B2 
OR US-20160284637-
A 1 OR US-8207 453-B2 
OR DE-112010004890-
B4 OR US-
20120192413-A1 OR 
TW-201714500-A OR 
US-10070524-B2 OR 
US-20140085846-A 1 
OR CN-107926110-B 
OR WO-2017034958-
A 1 OR EP-3338520-
A1).did. 

((US-20100102457-A1 
OR US-20120241938-
A1 OR US-
20120193785-A1 OR 
US-20120052631-A1 
OR US-20110297434-
A1 OR US-
20110026232-A1 OR 
US-20100290191-A 1 
OR US-20100207154-
A1 OR US-
20090184403-A 1 OR 
US-20120313207-A1 
OR US-20100044850-
A1 OR US-
20090315171-A1 OR 
US-20110110061-A 1 
OR US-20100123257-
A1 OR US-
20100052119-A 1 OR 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR OFF OFF 

2022/09/15 
02:36 PM 

2022/09/15 
02:45 PM 
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11/04/202310:01:16 PM 
VVorkspace: 17985827 

US-20100200898-A1 
OR US-20140124777-
A1 OR US-
20120326170-A 1 OR 
US-20130050228-A1 
OR US-20130049217-
A1 OR US-
20120313209-A 1 OR 
US-20120306096-A 1 
OR US-20110304008-
A1 OR US-
20140042637-A1 OR 
US-20130328211-A1 
OR US-20130292844-
A1 OR US-
20130119562-A1 OR 
US-20100258944-A1 
OR US-20100258946-
A1 OR US-
20100252937-A1 OR 
US-201202287 49-A 1 
OR US-20130277855-
A1 OR US-
20170373004-A1 OR 
US-20170345761-A 1 
OR US-20130242493-
A1 OR US-
20080149384-A 1 OR 
US-20100252934-
A1).did. AND 
PGPB.dbnm.) OR ((US-
9437534-B2 OR US-
8247269-B1 OR US-
8614120-B2 OR US-
7968978-B2 OR US-
8110908-B2 OR US-
8110440-B2 OR US-
9627365-B1 OR US-
9817312-B2 OR US-
9615453-B2 OR US-
9363890-B2 OR US-
8008121-B2 OR US-
9030751-B2 OR US-
8354304-B2 OR US-
8273602-B2 OR US-
8270176-B2 OR US-
8263434-B2 OR US-
8217514-B2 OR US-
8193036-B2 OR US-
8133762-B2 OR US-
7977802-B2 OR US-
8105915-B2 OR US-
8080445-B1 OR US-
8067308-B2 OR US-
8067828-B2 OR US-
8067275-B2 OR US-
80634 77-B2 OR US-
8034661-B2 OR US-
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L86 2 

L87 33 

L88 34 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

9161443-B2 OR US-
7935570-B2 OR US-
7880293-B2 OR US-
7858441-B2 OR US-
7842542-B2 OR US-
7838337-B2 OR US-
7790503-B2).did. AND 
USPT.dbnm.) 

("2013/0328211 ").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-201202287 49-A 1 
Text: 
(US-8268677-B1 OR 
US-9685403-B2 OR 
US-20140319661-A1 
OR US-20120299165-
A1 OR US-8810011-B2 
OR US-9391046-B2 OR 
US-10643952-B2 OR 
US-201202927 45-A 1 
OR US-20100276792-
A1 OR US-
20110298101-A1 OR 
US-9484279-B2 OR 
US-20170018507-A 1 
OR US-20140291820-
A1 OR US-9437482-B2 
OR US-8791015-B2 OR 
US-20120273926-A 1 
OR US-20110298109-
A1 OR US-
20120112327-A1 OR 
US-20130001762-A 1 
OR US-8581370-
B2).did. 

(Artificial Intelligence) 
More like doc: 
US-20120193785-A 1 
Text: 
(WO-2012106183-A 1 
OR US-8503186-B2 OR 
US-8804360-B2 OR 
US-20130292849-A1 
OR TW-I416693-B OR 
US-9099540-B2 OR 
US-8487444-B2 OR 
US-20100225002-A1 
OR TW-201034157-A 
OR JP-2010219526-A 
OR US-20110248396-
A1 OR US-
20130230985-A 1 OR 
CN-101840912-B OR 
CN-101840912-A OR 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF OFF 

OR OFF OFF 

OR OFF OFF 

2022/09/15 
02:53 PM 

2022/09/15 
02:53 PM 

2022/09/15 
02:54 PM 
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L89 30 

L90 56 

L91 34 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

KR-20170018813-A OR 
KR-20100100629-A OR 
JP-2017518634-A OR 
CN-109801897-B OR 
CN-106463467-A OR 
TW-202002188-A).did. 

("2008/0149384").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4221047" "4639543" 
"4975103" "5294238" 
"5705855" "6156413" 
"6177707" "6194762" 
"6309901" "6339197" 
"6539750" "6673698" 
"6691409" "6772514" 
"6799438" "6839946" 
"6894358" "6989604" 
"7038309" "7071521" 
"7072018" "7091589" 
"7259080" "7279771" 
"7285834" "7337540" 
"7362403" "7476623" 
"7749900" I "7993510" 
"20020038725" I 
20020145197" I 

"20020159243" I 
"2oosoo12217" I 
"20080149384" I 
"20080283277" I 
"20090174065" I 
"20090273073" I 
"20100164030").pn. OR 
("8207453").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-8207 453-B2 
Text: 
(KR-20140041933-A 
OR WO-2011084235-
A2 OR TW-I467716-B 
OR US-20120192413-
A 1 OR TW-201138032-
A OR US-10070524-B2 
OR US-20110147055-
A1 OR KR-101389626-
B1 OR US-
20160284637-A1 OR 
US-9686861-B2 OR 
KR-101531482-B1 OR 
KR-20120095426-A OR 
DE-112010004890-B4 
OR DE-112010004890-
TS OR CN-102668068-
A OR CN-102668068-B 

(US-PG PUB; USPAT; 
USOCR) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF OFF 

OR OFF OFF 

OR OFF OFF 

2022/09/15 
02:55 PM 

2022/09/15 
02:55 PM 

2022/09/15 
02:56 PM 
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L92 32 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

OR US-20110147059-
A1 OR KR-101466582-
B1 OR WO-
2011084216-A2 OR 
US-20160322290-
A1).did. 

(Artificial Intelligence) 
Similar to: 
17 /372,459 with O CPC 
Selections and O Text 
Selections 
Text: 
(SE-8202170-L OR ES-
8304363-A 1 OR ES-
8503920-A 1 OR IE-
853216-L OR JP-
S61168940-A OR JP-
S568855-A OR IE-
57063-B1 OR JP-
S60244053-A OR EP-
0380914-B1 OR JP-
S56120147-A OR US-
4871583-A OR JP-
S61287131-A OR JP-
S5979594-A OR JP-
S6292353-A OR CA-
1189196-A OR WO-
9917361-A3 OR US-
6054652-A OR JP-
S62222661-A OR JP-
S62242346-A OR JP-
S62195162-A OR JP-
S6035543-A OR JP-
S59182548-A OR JP-
S62173742-A OR EP-
0004556-A 1 OR EP-
0188838-B1 OR US-
4161817-A OR JP-
S60165746-A OR JP-
H0247892-A OR JP-
H0466105-B2 OR GB-
2324415-A OR JP-
S60241238-A OR US-
11164818-B2 OR CN-
2652088-Y OR US-
4882657-A OR TW-
I765532-B OR JP-
S62123743-A OR JP-
S59117142-A OR CN-
1496212-A OR CN-
100352319-C OR JP-
S61242047-A OR JP-
S59103360-A OR JP-
S59188949-A OR JP-
2505739-B2 OR EP-
0004556-B1 OR DE-
19747609-A1 OR DE-

(US-PGPUB; USPAT; OR 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO)) 

ON ON 2022/10/21 
08:02 PM 
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L93 1 

L94 143 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

19747609-B4 OR JP-
S62242348-A OR CA-
2147396-A1 OR JP-
S57201054-A OR JP-
S59161843-A).did. 

("20230073104").pn. 

(US-20020038725-$ I 
US-20020145197-$ 
US-20020159243-$ 
US-20040238945-$ 
US-20040251045-$ 
US-20050012217-$ 
US-20050098891-$ 
US-20060006539-$ 
US-20060020371-$ 
US-20060292851-$ 
US-20070045841-$ 
US-20070263364-$ 
US-20070268581-$ 
US-20080054457-$ 
US-20080080111-$ 
US-20080113505-$ 
US-20080129439-$ 
US-20080149384-$ 
US-20080150623-$ 
US-20080283277-$ 
US-20080284014-$ 
US-20080318361-$ 
US-20090109655-$ 
US-2009017 4065-$ 
US-20090273073-$ 
US-20100164030-$ 
US-20100200898-$ 
US-20100246152-$ 
US-20100290191-$ 
US-20110026232-$ 
US-20110065250-$ 
US-20110089574-$ 
US-20110147055-$ 
US-20110242050-$ 
US-20110278736-$ 
US-20110285005-$ 
US-20120068271-$ 
US-20120193785-$ 
US-20130292846-$ 
US-20130303777-$ 
US-20130307140-$ 
US-20140103488-$ 
US-20140210101-$ 
US-20140252646-$ 
US-20140264839-$ 
US-20140367160-$ 
US-20150166329-$ 
US-20170345761-$ 
US-20170345764-$ 
US-20170373004-$ 

(US-PGPUB; USPAT) OR ON ON 

(US-PGPUB; USPAT) OR ON ON 

2023/11/01 
08:08 PM 

2023/11/04 
09:46 PM 
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11/04/202310:01:16 PM 
VVorkspace: 17985827 

US-0068271-$ I US-
10043768-$ I US-
10192796-$ I US-
10267 44-$ I US-
10490521-$ I US-
4221047-$ US-
4639543-$ US-
4975103-$ US-
5294238-$ US-
5705855-$ US-
6002592-$ US-
6156413-$ US-
6177707-$ US-
6194762-$ US-
6265771-$ US-
6309901-$ US-
6339197-$ US-
6423570-$ US-
6434016-$ US-
6539750-$ US-
6673698-$ US-
6691409-$ US-
6772514-$ US-
6799438-$ US-
6839946-$ US-
6894358-$ US-
6989604-$ US-
7019406-$ US-
7038309-$ US-
7071521-$ US-
7072018-$ US-
7091589-$ US-
7151009-$ US-
7259080-$ US-
7279771-$ US-
7285834-$ US-
7337540-$ US-
7362403-$ US-
7 4 76623-$ US-
7557440-$ US-
7569422-$ US-
77 49900-$ US-
7808799-$ US-
7993510-$ US-
8193555-$ US-
8207 453-$ US-
8338238-$ US-
8354297-$ US-
8431977-$ US-
8445323-$ US-
8456856-$ US-
86484 70-$ US-
87 42579-$ US-
8786060-$ US-
8796137-$ US-
8822281-$ US-
8837872-$ US-
8846454-$ US-

Page 19 of 21 
XL 

IPR2026-00067 
TSMC EX1002 Page 300



8878360-$ US-
8883561-$ US-
8895440-$ US-
8916421-$ US-
8952489-$ US-
8952521-$ US-
8980691-$ US-
8987918-$ US-
8993377-$ US-
9048211-$ US-
9048233-$ US-
9082806-$ US-
9147638-$ US-
9224647-$ US-
9281292-$ US-
9324672-$ US-
9331060-$ US-
9343442-$ US-
9362187-$ US-
9385006-$ US-
9385009-$ US-
9385105-$ US-
9397050-$ US-
9406619-$ US-
9406658-$ US-
9431331-$ US-
9508626-$ US-
9524955-$ US-
9593009-$ US-
9627365-$ US-
9679863-$ US-
9704780-$ US-
9704843-$ US-
9735113-$ US-
9837303-$).DID. 

L95 1 "11538763".pn. (US-PGPUB; USPAT) 

PE2E SEARCH - Search History (Interference) 

Ref# Hits 

N59 10057 

N60 8 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

~earch Query DBs 

(H01 L23/49827 I (USPAT) 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

N59 and (copper and (USPAT) 
pitch and (coeffcient or 
expansion) and 
thickness).clm. 

OR ON 

Default Plurals 
Poerator 
OR OFF 

OR OFF 

ON 2023/11/04 
09:49 PM 

British rnmeStamp 
EQuivalents 
OFF 

OFF 

2021/04/22 
11 :37 AM 

2021/04/22 
11 :44 AM 
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N61 22 

N62 242 

N80 244 

N81 10183 

N82 22 

N83 10204 

N84 22 

N85 244 

N86 11 

N87 85 

N88 85 

11/04/202310:01:16 PM 
VVorkspace: 17985827 

N59 and (pitch and 
(coeffcient or 
expansion) and 
thickness).clm. 

(pitch and (coeffcient or 
expansion) and 
thickness).clm. 

(pitch and (coeffcient or 
expansion) and 
thickness).clm. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

N81 and (pitch and 
(coeffcient or 
expansion) and 
thickness).clm. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

N83 and (pitch and 
(coeffcient or 
expansion) and 
thickness).clm. 

(pitch and (coeffcient or 
expansion) and 
thickness).clm. 

N59 AND (copper AND 
pitch AND polymer AND 
thickness).clm. 

(copper AND pitch AND 
polymer AND 
thickness).clm. 

(copper AND pitch AND 
polymer AND 
thickness).clm. 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 

(USPAT) OR OFF OFF 
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9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application/Control Number: 17 /985,827 
Art Unit: 2812 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Information Disclosure Statement 

The information disclosure statement (IDS) submitted on 11/12/2022. The submission is in 

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is 

being considered by the examiner. 

Claim Objections 

Claim 21 objected to because of the following informalities: the claim appears to have a 

typographical error "SOand 150 micrometers". For the purpose of examination, the examiner will 

interpret the above limitation as "SO and 150 micrometers". Appropriate correction is required. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded 

in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise 

extension of the "right to exclude" granted by a patent and to prevent possible harassment by multiple 

assignees. A nonstatutory double patenting rejection is appropriate where the claims at issue are not 

identical, but at least one examined application claim is not patentably distinct from the reference 

claim(s) because the examined application claim is either anticipated by, or would have been obvious 

over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. 

Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 

USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 
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A timely filed terminal disclaimer in compliance with 37 CFR l.321(c) or l.321(d) may be used to 

overcome an actual or provisional rejection based on a nonstatutory double patenting ground provided 

the reference application or patent either is shown to be commonly owned with this application, or 

claims an invention made as a result of activities undertaken within the scope of a joint research 

agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for 

applications not subject to examination under the first inventor to file provisions of the AIA. A terminal 

disclaimer must be signed in compliance with 37 CFR l.321(b). 

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit 

www.uspto.gov/forms/. The filing date of the application in which the form is filed determines what 

form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal 

Disclaimer may be filled out completely online using web-screens. An eTerminal Disclaimer that meets 

all requirements is auto-processed and approved immediately upon submission. For more information 

about eTerminal Disclaimers, refer to http://www.uspto.gov/patents/process/file/efs/guidance/eTD-

info-1.jsp. 

Claims 1-4, 7-12, 14-16, and 18-26 rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-23 of U.S. Patent No. 11538763. Although the claims at issue are not 

identical, they are not patentably distinct from each other because the subject matter claimed in the 

instant application is fully disclosed in the patent and is covered by the patent since the patent and the 

application are claiming common subject matter. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to XIAOMING LIU whose telephone number is (571)270-0384. The examiner can 

normally be reached Monday-Friday, 9am-8pm, EST. 
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Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Charles Garber can be reached on (571)272-2194. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be obtained from 

Patent Center. Unpublished application information in Patent Center is available to registered users. To 

file and manage patent submissions in Patent Center, visit: https:/ /patentcenter.uspto.gov. Visit 

https:/ /www.uspto.gov/patents/apply/patent-center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional 

questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 

assistance from a US PTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 

571-272-1000. 

/XIAOMING LIU/ 
Examiner, Art Unit 2812 
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Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 

For: CHIPPACKAGE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Customer Number: 102851 

Confirmation Number: 1762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

Preliminary Amendment 

PATENT 

Please amend the above-identified application and consider the remarks as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 11 of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

Listing of Claims: 

What is claimed is: 

1. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

has a thickness between 50 and 150 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of metal posts in a plurality of through holes in said second region respectively, 

wherein one of said plurality of metal posts comprises a first copper layer contacting a sidewall 

of one of said plurality of through holes, wherein said first region has a width in a direction 

greater than a shortest distance between said sidewall of one of said plurality of through holes 

and said first edge in said direction and greater than a pitch between two neighboring metal posts 

of said plurality of metal posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said second surface and a first polymer layer 

over said first metal interconnect, wherein said first metal interconnect is connected to a first 

metal post of said plurality of metal posts, wherein said first metal interconnect comprises a first 

metal layer and a second copper layer over said first metal layer; 
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a first metal bump over said first interconnection scheme, wherein said first metal bump 

comprises a second metal layer and a tin-containing layer over said second metal layer; and 

a first semiconductor chip under said second surface, wherein said first interconnection 

scheme comprise a second metal interconnect across over a sidewall of the first semiconductor 

chip, wherein said first semiconductor chip comprises a third metal interconnect on a first metal 

pad of said first semiconductor chip, wherein said third metal interconnect comprises a third 

metal layer on said first metal pad and a third copper layer over said third metal layer, wherein 

said third copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is connected to a second metal post of said plurality of metal posts through 

said third metal interconnect. 

2. (Previously presented) The chip package of claim 1, wherein said first semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 

3. (Previously presented) The chip package of claim 1, wherein said first interconnection scheme 

further comprises a fourth metal interconnect over said first metal interconnect and said first 

polymer layer, wherein said first polymer is between said first and fourth metal interconnects, 

wherein said fourth metal interconnect comprises a fourth metal layer and a fourth copper layer 

over said fourth metal layer. 

4. (Previously presented) The chip package of claim 1, wherein said first metal pad is an 

aluminum pad. 
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Claims 5-6 are cancelled 

7. (Previously presented) The chip package of claim 1, wherein said compound comprises a Si0 2 

compound. 

8. (Previously presented) The chip package of claim 1, further comprising a second 

semiconductor chip over said first semiconductor chip, wherein said second semiconductor chip 

comprises a second metal bump on a second metal pad of said second semiconductor chip, 

wherein said second metal bump comprises a tin-containing layer. 

9. (Previously presented) The chip package of claim 1, wherein said solid layer further comprises 

a third region opposite to said second region, wherein said third region is between said first 

region and a second edge of said solid layer, wherein said plurality of metal posts in said 

plurality of through holes in said third region respectively. 

10. (Previously presented) The chip package of claim 1, wherein said second region is a 

rectangle region and surrounding said first region. 

11. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 
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has a thickness between 100 and 300 micrometers, wherein said solid layer comprises a first 

region and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively, wherein said first region has a width in a direction greater than a shortest distance 

between a sidewall of one of said plurality of through holes and said first edge in said direction 

and greater than a pitch between two neighboring copper posts of said plurality of copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said first surface, and a first polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to one of said 

plurality of copper posts, wherein said first metal interconnect comprises a first metal layer and a 

first copper layer over said first metal layer; 

a first metal bumps over said first interconnection scheme, wherein first metal bumps 

comprises a tin-containing layer; 

a second metal bumps over said first interconnection scheme; 

a first semiconductor chip over said first interconnection scheme and between said first 

and second metal bumps, wherein said first semiconductor chip has a height between a backside 

surface of said first semiconductor chip and a top surface of said first polymer layer is smaller 

than a thickness of said first metal bump, wherein said first semiconductor chip comprises a third 

metal bump on a first metal pad of said first semiconductor chip, wherein said third metal bump 

comprises a tin-containing layer; and 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a fourth metal bump on a second metal pad of said second 

semiconductor chip, wherein said fourth metal bump comprises a tin-containing layer. 
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12. (Previously presented) The chip package of claim 11, wherein said compound comprises a 

SiO2 compound. 

Claim 13 is cancelled 

14. (Previously presented) The chip package of claim 11, wherein no any copper post in said first 

region. 

15. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 

and a second copper layer over said second metal layer, wherein said second copper layer has a 

thickness between 5 and 30 micrometers. 

16. (Previously presented) The chip package of claim 11, further comprising a third 

semiconductor chip under said first interconnection scheme, wherein said third semiconductor 

chip comprises a second metal interconnect on a third metal pad of said third semiconductor chip, 

wherein said second metal interconnect comprises a second metal layer on said third metal pad 

and a second copper layer over said second metal layer, wherein said third semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) 

circuit block. 
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Claim 1 7 is cancelled 

18. (Previously presented) The chip package of claim 11, wherein said solid layer further 

comprises a third region opposite to said second region, wherein said third region is between said 

first region and a second edge of said solid layer, wherein said plurality of copper posts in said 

plurality of through holes in said third region respectively. 

19. (Previously presented) The chip package of claim 11, wherein said second region is a 

rectangle region and surrounding said first region. 

20. (Previously presented) The chip package of claim 11, further comprising an electrical device 

under said second surface, wherein said electrical device comprise a third semiconductor chip 

and a metal wire connected to a third metal pad of said third semiconductor chip, wherein said 

third semiconductor chip is a DRAM chip. 

21. (Currently amended) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, 

wherein said solid layer comprises a compound of silicon and oxygen, wherein said solid layer 

has a thickness between 50ancl 50 and 150 micrometers, wherein said solid layer comprises a 

first region and a second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region 

respectively; 
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a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises first and second metal interconnects over said first surface, and a first polymer 

layer over said first and second metal interconnects, wherein said first metal interconnect is 

connected to a first copper post of said plurality of copper posts, wherein said first metal 

interconnect comprises a first metal layer and a first copper layer over said first metal layer; 

a first semiconductor chip over said first interconnection scheme, wherein said first 

semiconductor chip comprises a third metal interconnect under a first metal pad of said first 

semiconductor chip, wherein said third metal interconnect comprises a second metal layer under 

said first metal pad and a second copper layer under said second metal layer, wherein said 

second copper layer has a thickness between 5 and 30 micrometers, wherein said first 

semiconductor chip is coupled to a second copper post of said plurality of copper posts through 

said third metal interconnect; 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a second metal pad coupled to said second metal interconnect; 

a third semiconductor chip under said first interconnection scheme; and 

a plurality of metal bumps under said second surface, wherein one of said plurality of 

metal bumps comprises a tin-containing layer. 

22. (Previously presented) The chip package of claim 21, wherein said compound comprises a 

SiO2 compound. 

23. (Previously presented) The chip package of claim 21, wherein said solid layer further 

comprises a third region opposite to said second region, wherein said third region is between said 
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first region and a second edge of said solid layer, wherein said plurality of copper posts in said 

plurality of through holes in said third region respectively. 

24. (Previously presented) The chip package of claim 21, further comprising a fourth 

semiconductor chip over said first semiconductor chip, wherein said fourth semiconductor chip 

comprises a third metal pad at a bottom surface of said fourth semiconductor chip, wherein said 

first semiconductor chip further comprising a plurality of through-silicon-via metal layers and a 

fourth metal pad at a top surface of said first semiconductor chip, wherein said first metal pad is 

at a bottom surface of said first semiconductor chip, wherein said first metal pad is coupled to 

said fourth metal pad through one of said plurality of through-silicon-via metal layers, wherein 

said third metal pad is coupled to said fourth metal pad through a solder layer. 

25. (Previously presented) The chip package of claim 21, wherein said first semiconductor chip 

is a graphics-processing-unit (GPU) chip. 

26. (Currently amended) The chip package of claim 21, wherein said second semiconductor chip 

is a logic memory chip. 

27. (Newly added) The chip package of claim 21, wherein said first semiconductor chip is a logic 

chip. 

28. (Newly added) The chip package of claim 21, wherein said third semiconductor chip has a 

thickness between a backside surface of said third semiconductor chip and a top surface of said 

third semiconductor chip is smaller than a thickness of one of said plurality of metal bumps. 
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29. (Newly added) The chip package of claim 21, further compnsmg another said first 

semiconductor chip over said first interconnection scheme. 

30. (Newly added) The chip package of claim 21, further comprising a fourth semiconductor 

chip under said first interconnection scheme, wherein said fourth semiconductor chip has a 

thickness between a backside surface of said fourth semiconductor chip and a top surface of said 

fourth semiconductor chip is smaller than a thickness of one of said plurality of metal bumps .. 

31. (Newly added) The chip package of claim 1, further compnsmg another said first 

semiconductor chip under said second surface. 
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REMARKS/ARGUMENTS 

Claims 1-31 are pending in the application, of which claims 1, 11 and 21 are the pending 

independent claims. Claims 5-6, 13 and 17 are cancelled. Claims 21 and 26_are currently 

amended herein. Claims 27-31 are newly added. No new matter is believed to be added into the 

application by this paper. 

Newly added claims and Claim Amendments 

For claims 26 and 27 the subject matter that "semiconductor chip 1s a logic chip" 1s 

disclosed and supported in Fig. 9x and paragraph [0097] of the specification, as below: 

[0097] .... wherein the chip 46 or 56 comprises ..... a graphics-processing-unit (GPU) 

chip, a digital-signal-processing (DSP) chip, a baseband chip, a wireless local area network 

(WLAN) chip, a logic chip 

For claims 28 and 30 the subject matter that "third semiconductor chip has a thickness 

between a backside surface of said third semiconductor chip and a top surface of said third 

semiconductor chip is smaller than a thickness of one of said plurality of metal bumps" 1s 

disclosed and supported in Fig. 9x of the specification, as below: 

Fig, 9:x The thickness of the metal bump 72 is noticeably 
greater than that of the semiconductor chips 46. 
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For claims 29 and 31 the subject matter that "further compnsmg another said first 

semiconductor chip over said first interconnection scheme" and "further comprising another said 

first semiconductor chip under said second surface" are disclosed and supported in Figs. 9x and 

9y and paragraph [0106] of the specification, as below: 

[00106] Fig. 9y, illustrates a top view of the first substrate 20. Fig. 9u-Fig. 9w illustrate a 

cross-section view of Line L-L' in Fig. 9y. Multiple the chips 46, the chips 56 and the passive 

components 66 may also be provided in or on the first substrate 20. 

Accordingly, no new matter is believed to be added into the application by this paper. 

In view of the Amendments, Applicants submit that the claims are in condition for 

allowance and respectfully request a notice to this effect. 

Respectfully submitted, 

Date: 2023-11-09 ---- Ping-Jung Yang 
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Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 

For: CHIPPACKAGE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Customer Number: 102851 

Confirmation Number: 1762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

Preliminary Amendment 

PATENT 

Please amend the above-identified application and consider the remarks as follows: 

Remarks/Arguments begin on page 2 of this paper. 
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REMARKS/ARGUMENTS 

Claims 1-31 are pending in the application, of which claims 1, 11 and 21 are the pending 

independent claims. Claims 5-6, 13 and 17 are cancelled. No new matter is believed to be added 

into the application by this paper. 

Double Patenting 

Claims 1-4, 7-12, 14-16 andl8-26 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 1-4, 7-12, 14-16 andl8-26 of U.S. Pat. No. 

11538763. 

The rejection to the double patenting is believed to be moot as a terminal disclaimer for 

U.S. Pat. No. 11538763 is submitted herein. 

Accordingly, no new matter is believed to be added into the application by this paper. 

In view of the Amendments, Applicants submit that the claims are in condition for 

allowance and respectfully request a notice to this effect. 

Respectfully submitted, 

Date: 2023-11-09 ---- Ping-Jung Yang 
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1120060006539 11

1
112 

0060020371 11
1
112007004 

584111
1
1120070268581 11

1
11 

2008005445 711 I 11200800 
8011111

1
1120080113505 11

1 
1120080129439 11

1
1120080 

14938411
1
1120080150623 

II I 112008028327711 I 112008 
028401411

1
112008031836 

111
1
1120090109655 11

1
11200 

9017 406511
1
11200902730 

7311
1
1120100164030 11

1
1120 

10020089811
1
1120100246 

15211
1
1120100290191 11

1
112 

0110026232 11
1
112011006 

525011
1
1120110089574 11

1
11 

2011014 705511
1
11201102 

4205011
1
1120130292846 11

1 
1120130307140 11

1
1120140 

10348811
1
1120140210101 

11
1
1120140252646 11

1
112014 

026483911
1
112014036716 

011
1
1120150166329 11

1
11201 

70345761 11
1
11201703457 

6411
1
1120170373004 11

1
1142 

2104711
l
114639543 11

l
11497 

510311
1
11529423811

1
115705 

85511
l
116156413 11

l
1161777 

0711
1
116194 76211

l
11626577 

111
1
116309901 11

1
116339197 11 

l
116434016 11

l
116539750 11

l
11 

6673698 11
l
116691409 11

l
116 

77251411
l
116799438 11

l
1168 

3994611
l
116894358 11

l
11698 

960411
1
11703830911

1
117071 

52111
1
11707201811

1
1170915 

8911
l
11715100911

1
11725908 

011
l
11727977111

l
11728583411 

I 11733 7 54011I11736240311
1
11 

7 4 7662311
l
117557 44011

1
117 

7 4990011
1
11780879911

1
1179 

9351011
1
118207 45311

l
11833 

823811
l
11835429711

l
118822 

28111
1
11887836011

1
1190482 

3311
l
11914 763811

l
11938510 

511
1
11962736511).PN. 

1120130242493 11 

(112013/0242493 11).URP 
N. 
11ppm/.degree.C 11 

polymer same 

(US-PGPUB; USPAT; OR OFF 
USOCR; DERWENT) 

(USPAT) OR OFF 

(USPAT) OR OFF 

(USPAT) OR OFF 

OFF 

OFF 

OFF 

OFF 

2020/09/10 
06:34 PM 

2020/09/10 
06:36 PM 

2020/09/10 
06:42 PM 

2020/09/10 
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L29 446 

L34 3 

L35 46 

L37 30 
11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

expansion adj 
coefficient 

polymer near1 0 
expansion adj 
coefficient 

"20110257716" 

(US-20110304008-$ or 
US-20120313207-$ or 
US-20120241938-$ or 
US-20120193785-$ or 
US-20120052631-$ or 
US-20110297434-$ or 
US-20110026232-$ or 
US-20100290191-$ or 
US-20100207154-$ or 
US-20100200898-$ or 
US-20100102457-$ or 
US-20100044850-$ or 
US-20090315171-$ or 
US-20110110061-$ or 
US-20100123257-$ or 
US-20100052119-$ or 
US-20090184403-$ or 
US-20120326170-$ or 
US-20130050228-$ or 
US-20130049217-$ or 
US-20120313209-$ or 
US-20120306096-$ or 
US-201202287 49-$ or 
US-20140124777-$ or 
US-20140042637-$ or 
US-20130328211-
$).did. or (US-
20130292844-$ or US-
20130119562-$ or US-
20100258944-$ or US-
20100258946-$ or US-
20100252937-$ or US-
20080149384-$ or US-
20130277855-$ or US-
20170373004-$ or US-
20170345761-$ or US-
20130242493-$).did. or 
(US-9437534-$ or US-
824 7269-$ or US-
8614120-$ or US-
7968978-$ or US-
9627365-$ or US-
9817312-$ or US-
9615453-$ or US-
9363890-$ or US-
9161443-$ or US-
9030751-$).did. 

L35 and polyimide 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) OR 

(US-PGPUB; USPAT) OR 

OFF OFF 

OFF OFF 

OFF OFF 

ON ON 

06:45 PM 

2020/09/10 
06:45 PM 

2020/09/10 
06:55 PM 

2020/09/10 
06:58 PM 

2020/09/10 
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L38 65 

L39 1659 

L40 3 

L41 3 

L42 3 

L44 3 

L45 2 

L46 3 

L47 20179 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

(US-20160181184-$ or 
US-20170062361-$ or 
US-20160163666-$ or 
US-20150206934-$ or 
US-20140021618-$ or 
US-20120208129-$ or 
US-20180062386-$ or 
US-20160173039-$ or 
US-20160087588-$ or 
US-20110241793-$ or 
US-201100577 42-$ or 
US-20100032818-$ or 
US-20100001363-$ or 
US-2013014 7540-$ or 
US-20190259758-$ or 
US-20190252306-$ or 
US-20150179591-$ or 
US-20140346663-$ or 
US-20140312362-$ or 
US-20140077362-$ or 
US-20130200528-$ or 
US-20130026658-$ or 
US-20100165585-$ or 
US-20160071820-
$).did. or (US-6659663-
$ or US-10153553-$ or 
US-6829152-$ or US-
10580726-$ or US-
10090266-$ or US-
9972555-$ or US-
81684 70-$ or US-
9954028-$ or US-
10177115-$).did. 

((("STATS") near3 
("CHIPPAC") near3 
("L TD"))).AS,AANM. 

"20090230517" 

"20090155959" 

"20130049217" 

"20090155959" 

"20090155959" and 
passive 

"20090230517" 

(H01 L23/49827 I 
H01 L23/5384 I 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

07:00 PM 

2020/09/10 
10:50 PM 

2020/09/10 
10:51 PM 

2020/09/10 
10:57 PM 

2020/09/10 
11 :20 PM 

2020/09/11 
10:28 AM 

2020/09/11 
10:34 AM 

2020/09/11 
10:35 AM 

2020/09/11 
10:57 AM 

2020/09/11 
11 :06 AM 
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L48 537 

L49 127 

LSD 20179 

L51 146 

L52 6 

L53 71 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

L4 7 and cpu same gpu 
same DRAM 

L4 7 and cpu same gpu 
same DRAM and 
integration 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

LSD and tsv same 
layout 

"20130049217" 
"20090155959" 
"20090230517" 
"20130277801" 
"20110257716" 
"20100252934" 

(US-20110304008-$ or 
US-20120313207-$ or 
US-20120241938-$ or 
US-20120193785-$ or 
US-20120052631-$ or 
US-20110297434-$ or 
US-20110026232-$ or 
US-20100290191-$ or 
US-20100207154-$ or 
US-20100200898-$ or 
US-20100102457-$ or 
US-20100044850-$ or 
US-20090315171-$ or 
US-20110110061-$ or 
US-20100123257-$ or 
US-20100052119-$ or 
US-20090184403-$ or 
US-20120326170-$ or 
US-20130050228-$ or 
US-20130049217-$ or 
US-20120313209-$ or 
US-20120306096-$ or 
US-201202287 49-$ or 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

(US-PGPUB; USPAT; OR OFF 
USOCR) 

(US-PG PUB) OR OFF 

(US-PGPUB; USPAT) OR ON 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

2020/09/11 
11 :06 AM 

2020/09/11 
11 :06 AM 

2020/09/11 
01 :47 PM 

2020/09/11 
01 :47 PM 

2020/09/17 
04:44 PM 

2021/04/22 
11 :47 AM 
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L54 21477 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

US-20140124777-$ or 
US-20140042637-$ or 
US-20130328211-
$).did. or (US-
20130292844-$ or US-
20130119562-$ or US-
20100258944-$ or US-
20100258946-$ or US-
20100252937-$ or US-
20080149384-$ or US-
20130277855-$ or US-
20170373004-$ or US-
20170345761-$ or US-
20130242493-$ or US-
20100252934-$).did. or 
(US-9437534-$ or US-
824 7269-$ or US-
8614120-$ or US-
7968978-$ or US-
9627365-$ or US-
9817312-$ or US-
9615453-$ or US-
9363890-$ or US-
9161443-$ or US-
9030751-$ or US-
8354304-$ or US-
8273602-$ or US-
8270176-$ or US-
8263434-$ or US-
8217514-$ or US-
8193036-$ or US-
8133762-$ or US-
8110440-$ or US-
8110908-$ or US-
8105915-$ or US-
8080445-$ or US-
8067308-$ or US-
8067828-$ or US-
8067275-$ or US-
80634 77-$ or US-
8034661-$).did. or (US-
8008121-$ or US-
7977802-$ or US-
7935570-$ or US-
7880293-$ or US-
7858441-$ or US-
7842542-$ or US-
7838337-$ or US-
7790503-$).did. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 

(US-PG PUB; USPAT; OR OFF 
USOCR) 

OFF 2021/04/22 
11 :47 AM 
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L55 166 

L56 2 

L57 2 

L58 3 

L63 31 

L64 2 

L67 7 

L68 10 

L69 3 

L70 13 

L71 130 

L73 3 

L75 3 

L76 33 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

H01 L2224/48165 I 
H01 L2224/48235).CPC. 

L54 and tsv same 
layout 

("20200161245").PN. 

("20140085842").PN. 

"2011014 7055" 

(US-20040238945-$ I 
US-20050098891-$ I 
US-20060292851-$ I 
US-20110278736-$ I 
US-20110285005-$ I 
US-20120193785-$ I 
US-10490521-$I US-
6002592-$ I US-
6423570-$ I US-
7019406-$ I US-
7569422-$ I US-
8193555-$ I US-
8431977-$1 US-
8445323-$ I US-
8456856-$ I US-
8837872-$).DID. 

("20200161245").PN. 

L63 and cpu same gpu 

("20060193691" I 
"20090014826" I 
"20090042338" I 
"20090057868" I 
"6777767" I "7582556" I 
"8193555").PN. OR 
("8431977").URPN. 

"20110304008" 

("2011 /0304008").URP 
N. 

("2012/0193785").URP 
N. 

"20120170887" 

"20110304008" 

("20040238941" I 
"20040262735" I 
"20050130368" I 
"20070096292" I 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(USPAT) OR 

(USPAT) OR 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PGPUB; USPAT; OR 
USOCR; DERWENT) 

(US-PG PUB; USPAT; OR 
USOCR) 

OFF OFF 

ON ON 

ON ON 

ON ON 

OFF OFF 

ON ON 

OFF OFF 

ON ON 

ON ON 

ON ON 

ON ON 

OFF OFF 

OFF OFF 

ON ON 

2021/04/22 
11 :47 AM 

2021/04/22 
11 :48 AM 

2021/04/22 
12:22 PM 

2021/04/22 
12:24 PM 

2021/06/03 
01 :46 AM 

2021/06/03 
01 :52 AM 

2021/06/03 
02:18 AM 

2021/06/03 
02:48 AM 

2021/06/04 
02:18 PM 

2021/06/04 
02:21 PM 

2021/06/04 
05:27 PM 

2021/06/05 
05:28 PM 

2021/06/05 
05:58 PM 

2021/06/05 
07:41 PM 
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L77 5 

L78 3 

L79 1 

L80 2 

L81 2 

L82 22 

L83 31 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

"20080001285" I 
"20080099911" I 
"20080136004" I 
"20090170242" I 
"20090294899" I 
"20090302435" I 
"20100006994" I 
"20100059876" I 
"5250843" I "5353498" I 
"5841193" I "6495912" I 
"6828670" I "6905912" I 
"7214565" I "7619901" I 
"7772081" I "7790503" I 
"7858441" I 
"8193604").PN. OR 
("8445323").URPN. 

"20100140779" 

"20110304008" 
"20100140779" 
"20120170887" 

"1062231 0".pn. 

("2013/0328211 ").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

"20210335714" 

((("YANG") near3 
("Ping-Jung"))).INV. 

(Artificial Intelligence) 
More like doc: 
US-20210335714-A1 
Text: 
(US-11107768-B2 OR 
US-20200161245-A 1 
OR US-1062231 0-B2 
OR US-20170047313-
A 1 OR US-9615453-B2 
OR US-20170207188-
A1 OR US-
20190027 459-A 1 OR 
US-10096565-B2 OR 
US-10453819-B2 OR 
US-20140085842-A 1 
OR CN-107046018-B 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PG PUB) 

(US-PGPUB; USPAT) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR OFF OFF 

OR OFF OFF 

OR ON ON 

OR ON ON 

OR OFF OFF 

OR ON ON 

2021/06/05 
07:45 PM 

2021/06/05 
11 :31 PM 

2021/06/05 
11 :41 PM 

2021/11/02 
03:42 PM 

2022/09/15 
02:02 PM 

2022/09/15 
02:03 PM 

2022/09/15 
02:34 PM 
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L84 34 

L85 71 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

OR TW-201712812-A 
OR TW-I675440-B OR 
CN-107046018-A OR 
CN-111968959-A OR 
US-20140117534-A1 
OR CN-1 09411482-A 
OR US-20190057938-
A1 OR US-9673125-B2 
OR US-10692815-
B2).did. 

(Artificial Intelligence) 
More like doc: 
US-20140085842-A 1 
Text: 
(US-20170207188-A 1 
OR US-10453819-B2 
OR US-9615453-B2 OR 
US-20190027459-A1 
OR US-10096565-B2 
OR US-1062231 0-B2 
OR US-20170047313-
A1 OR US-
20200161245-A 1 OR 
US-20210335714-A1 
OR US-11107768-B2 
OR US-20160284637-
A 1 OR US-8207 453-B2 
OR DE-112010004890-
B4 OR US-
20120192413-A1 OR 
TW-201714500-A OR 
US-10070524-B2 OR 
US-20140085846-A 1 
OR CN-107926110-B 
OR WO-2017034958-
A 1 OR EP-3338520-
A1).did. 

((US-20100102457-A1 
OR US-20120241938-
A1 OR US-
20120193785-A1 OR 
US-20120052631-A1 
OR US-20110297434-
A1 OR US-
20110026232-A1 OR 
US-20100290191-A 1 
OR US-20100207154-
A1 OR US-
20090184403-A 1 OR 
US-20120313207-A1 
OR US-20100044850-
A1 OR US-
20090315171-A1 OR 
US-20110110061-A 1 
OR US-20100123257-
A1 OR US-
20100052119-A 1 OR 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR OFF OFF 

2022/09/15 
02:36 PM 

2022/09/15 
02:45 PM 
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11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

US-20100200898-A1 
OR US-20140124777-
A1 OR US-
20120326170-A 1 OR 
US-20130050228-A1 
OR US-20130049217-
A1 OR US-
20120313209-A 1 OR 
US-20120306096-A 1 
OR US-20110304008-
A1 OR US-
20140042637-A1 OR 
US-20130328211-A1 
OR US-20130292844-
A1 OR US-
20130119562-A1 OR 
US-20100258944-A1 
OR US-20100258946-
A1 OR US-
20100252937-A1 OR 
US-201202287 49-A 1 
OR US-20130277855-
A1 OR US-
20170373004-A1 OR 
US-20170345761-A 1 
OR US-20130242493-
A1 OR US-
20080149384-A 1 OR 
US-20100252934-
A1).did. AND 
PGPB.dbnm.) OR ((US-
9437534-B2 OR US-
8247269-B1 OR US-
8614120-B2 OR US-
7968978-B2 OR US-
8110908-B2 OR US-
8110440-B2 OR US-
9627365-B1 OR US-
9817312-B2 OR US-
9615453-B2 OR US-
9363890-B2 OR US-
8008121-B2 OR US-
9030751-B2 OR US-
8354304-B2 OR US-
8273602-B2 OR US-
8270176-B2 OR US-
8263434-B2 OR US-
8217514-B2 OR US-
8193036-B2 OR US-
8133762-B2 OR US-
7977802-B2 OR US-
8105915-B2 OR US-
8080445-B1 OR US-
8067308-B2 OR US-
8067828-B2 OR US-
8067275-B2 OR US-
80634 77-B2 OR US-
8034661-B2 OR US-
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L86 2 

L87 33 

L88 34 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

9161443-B2 OR US-
7935570-B2 OR US-
7880293-B2 OR US-
7858441-B2 OR US-
7842542-B2 OR US-
7838337-B2 OR US-
7790503-B2).did. AND 
USPT.dbnm.) 

("2013/0328211 ").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-201202287 49-A 1 
Text: 
(US-8268677-B1 OR 
US-9685403-B2 OR 
US-20140319661-A1 
OR US-20120299165-
A1 OR US-8810011-B2 
OR US-9391046-B2 OR 
US-10643952-B2 OR 
US-201202927 45-A 1 
OR US-20100276792-
A1 OR US-
20110298101-A1 OR 
US-9484279-B2 OR 
US-20170018507-A 1 
OR US-20140291820-
A1 OR US-9437482-B2 
OR US-8791015-B2 OR 
US-20120273926-A 1 
OR US-20110298109-
A1 OR US-
20120112327-A1 OR 
US-20130001762-A 1 
OR US-8581370-
B2).did. 

(Artificial Intelligence) 
More like doc: 
US-20120193785-A 1 
Text: 
(WO-2012106183-A 1 
OR US-8503186-B2 OR 
US-8804360-B2 OR 
US-20130292849-A1 
OR TW-I416693-B OR 
US-9099540-B2 OR 
US-8487444-B2 OR 
US-20100225002-A1 
OR TW-201034157-A 
OR JP-2010219526-A 
OR US-20110248396-
A1 OR US-
20130230985-A 1 OR 
CN-101840912-B OR 
CN-101840912-A OR 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF OFF 

OR OFF OFF 

OR OFF OFF 

2022/09/15 
02:53 PM 

2022/09/15 
02:53 PM 

2022/09/15 
02:54 PM 
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L89 30 

L90 56 

L91 34 

11/17/2023 06:31 :51 PM 
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KR-20170018813-A OR 
KR-20100100629-A OR 
JP-2017518634-A OR 
CN-109801897-B OR 
CN-106463467-A OR 
TW-202002188-A).did. 

("2008/0149384").urpn. 
AND(PGPBIUSPTI 
USOC).dbnm. 

("4221047" "4639543" 
"4975103" "5294238" 
"5705855" "6156413" 
"6177707" "6194762" 
"6309901" "6339197" 
"6539750" "6673698" 
"6691409" "6772514" 
"6799438" "6839946" 
"6894358" "6989604" 
"7038309" "7071521" 
"7072018" "7091589" 
"7259080" "7279771" 
"7285834" "7337540" 
"7362403" "7476623" 
"7749900" I "7993510" 
"20020038725" I 
20020145197" I 

"20020159243" I 
"2oosoo12217" I 
"20080149384" I 
"20080283277" I 
"20090174065" I 
"20090273073" I 
"20100164030").pn. OR 
("8207453").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

(Artificial Intelligence) 
More like doc: 
US-8207 453-B2 
Text: 
(KR-20140041933-A 
OR WO-2011084235-
A2 OR TW-I467716-B 
OR US-20120192413-
A 1 OR TW-201138032-
A OR US-10070524-B2 
OR US-20110147055-
A1 OR KR-101389626-
B1 OR US-
20160284637-A1 OR 
US-9686861-B2 OR 
KR-101531482-B1 OR 
KR-20120095426-A OR 
DE-112010004890-B4 
OR DE-112010004890-
TS OR CN-102668068-
A OR CN-102668068-B 

(US-PG PUB; USPAT; 
USOCR) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF OFF 

OR OFF OFF 

OR OFF OFF 

2022/09/15 
02:55 PM 

2022/09/15 
02:55 PM 

2022/09/15 
02:56 PM 
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OR US-20110147059-
A1 OR KR-101466582-
B1 OR WO-
2011084216-A2 OR 
US-20160322290-
A1).did. 

(Artificial Intelligence) 
Similar to: 
17 /372,459 with O CPC 
Selections and O Text 
Selections 
Text: 
(SE-8202170-L OR ES-
8304363-A 1 OR ES-
8503920-A 1 OR IE-
853216-L OR JP-
S61168940-A OR JP-
S568855-A OR IE-
57063-B1 OR JP-
S60244053-A OR EP-
0380914-B1 OR JP-
S56120147-A OR US-
4871583-A OR JP-
S61287131-A OR JP-
S5979594-A OR JP-
S6292353-A OR CA-
1189196-A OR WO-
9917361-A3 OR US-
6054652-A OR JP-
S62222661-A OR JP-
S62242346-A OR JP-
S62195162-A OR JP-
S6035543-A OR JP-
S59182548-A OR JP-
S62173742-A OR EP-
0004556-A 1 OR EP-
0188838-B1 OR US-
4161817-A OR JP-
S60165746-A OR JP-
H0247892-A OR JP-
H0466105-B2 OR GB-
2324415-A OR JP-
S60241238-A OR US-
11164818-B2 OR CN-
2652088-Y OR US-
4882657-A OR TW-
I765532-B OR JP-
S62123743-A OR JP-
S59117142-A OR CN-
1496212-A OR CN-
100352319-C OR JP-
S61242047-A OR JP-
S59103360-A OR JP-
S59188949-A OR JP-
2505739-B2 OR EP-
0004556-B1 OR DE-
19747609-A1 OR DE-

(US-PGPUB; USPAT; OR 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO)) 

ON ON 2022/10/21 
08:02 PM 
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L93 1 

L94 143 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

19747609-B4 OR JP-
S62242348-A OR CA-
2147396-A1 OR JP-
S57201054-A OR JP-
S59161843-A).did. 

("20230073104").pn. 

(US-20020038725-$ I 
US-20020145197-$ 
US-20020159243-$ 
US-20040238945-$ 
US-20040251045-$ 
US-20050012217-$ 
US-20050098891-$ 
US-20060006539-$ 
US-20060020371-$ 
US-20060292851-$ 
US-20070045841-$ 
US-20070263364-$ 
US-20070268581-$ 
US-20080054457-$ 
US-20080080111-$ 
US-20080113505-$ 
US-20080129439-$ 
US-20080149384-$ 
US-20080150623-$ 
US-20080283277-$ 
US-20080284014-$ 
US-20080318361-$ 
US-20090109655-$ 
US-2009017 4065-$ 
US-20090273073-$ 
US-20100164030-$ 
US-20100200898-$ 
US-20100246152-$ 
US-20100290191-$ 
US-20110026232-$ 
US-20110065250-$ 
US-20110089574-$ 
US-20110147055-$ 
US-20110242050-$ 
US-20110278736-$ 
US-20110285005-$ 
US-20120068271-$ 
US-20120193785-$ 
US-20130292846-$ 
US-20130303777-$ 
US-20130307140-$ 
US-20140103488-$ 
US-20140210101-$ 
US-20140252646-$ 
US-20140264839-$ 
US-20140367160-$ 
US-20150166329-$ 
US-20170345761-$ 
US-20170345764-$ 
US-20170373004-$ 

(US-PGPUB; USPAT) OR ON ON 

(US-PGPUB; USPAT) OR ON ON 

2023/11/01 
08:08 PM 

2023/11/04 
09:46 PM 
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US-0068271-$ I US-
10043768-$ I US-
10192796-$ I US-
10267 44-$ I US-
10490521-$ I US-
4221047-$ US-
4639543-$ US-
4975103-$ US-
5294238-$ US-
5705855-$ US-
6002592-$ US-
6156413-$ US-
6177707-$ US-
6194762-$ US-
6265771-$ US-
6309901-$ US-
6339197-$ US-
6423570-$ US-
6434016-$ US-
6539750-$ US-
6673698-$ US-
6691409-$ US-
6772514-$ US-
6799438-$ US-
6839946-$ US-
6894358-$ US-
6989604-$ US-
7019406-$ US-
7038309-$ US-
7071521-$ US-
7072018-$ US-
7091589-$ US-
7151009-$ US-
7259080-$ US-
7279771-$ US-
7285834-$ US-
7337540-$ US-
7362403-$ US-
7 4 76623-$ US-
7557440-$ US-
7569422-$ US-
77 49900-$ US-
7808799-$ US-
7993510-$ US-
8193555-$ US-
8207 453-$ US-
8338238-$ US-
8354297-$ US-
8431977-$ US-
8445323-$ US-
8456856-$ US-
86484 70-$ US-
87 42579-$ US-
8786060-$ US-
8796137-$ US-
8822281-$ US-
8837872-$ US-
8846454-$ US-
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8878360-$ US-
8883561-$ US-
8895440-$ US-
8916421-$ US-
8952489-$ US-
8952521-$ US-
8980691-$ US-
8987918-$ US-
8993377-$ US-
9048211-$ US-
9048233-$ US-
9082806-$ US-
9147638-$ US-
9224647-$ US-
9281292-$ US-
9324672-$ US-
9331060-$ US-
9343442-$ US-
9362187-$ US-
9385006-$ US-
9385009-$ US-
9385105-$ US-
9397050-$ US-
9406619-$ US-
9406658-$ US-
9431331-$ US-
9508626-$ US-
9524955-$ US-
9593009-$ US-
9627365-$ US-
9679863-$ US-
9704780-$ US-
9704843-$ US-
9735113-$ US-
9837303-$).DID. 

L95 1 "11538763".pn. (US-PGPUB; USPAT) 

PE2E SEARCH - Search History (Interference) 

Ref# Hits 

N83 10204 

N84 22 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

~earch Query DBs 

(H01 L23/49827 I (USPAT) 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

N83 and (pitch and (USPAT) 
(coeffcient or 
expansion) and 
thickness).clm. 

OR ON 

Default Plurals 
Poerator 
OR OFF 

OR OFF 

ON 2023/11/04 
09:49 PM 

British rnmeStamp 
EQuivalents 
OFF 

OFF 

2021/07/02 
04:25 PM 

2021/07/02 
04:25 PM 
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N85 244 

N86 11 

N87 85 

N88 85 

N89 12408 

N91 2 

11/17/2023 06:31 :51 PM 
VVorkspace: 17985827 

(pitch and (coeffcient or 
expansion) and 
thickness).clm. 

N59 AND (copper AND 
pitch AND polymer AND 
thickness).clm. 

(copper AND pitch AND 
polymer AND 
thickness).clm. 

(copper AND pitch AND 
polymer AND 
thickness).clm. 

(H01 L23/49827 I 
H01 L23/5384 I 
H01 L2224/08165 I 
H01 L2224/16165 I 
HO 1 L2224/16235 I 
H01 L2224/32165 I 
H01 L2224/32235 I 
H01 L2224/40165 I 
H01 L2224/40235 I 
H01 L2224/48165 I 
H01 L2224/48235).CPC. 

N89 AND (thickness 
AND silicon AND 
oxygen AND copper 
AND pitch ).elm. 

(USPAT) OR OFF 

(USPAT) OR OFF 

(USPAT) OR OFF 

(USPAT) OR OFF 

(USPAT) OR OFF 

(US-PGPUB; USPAT) OR ON 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

2021/07/02 
04:25 PM 

2022/09/15 
02:42 PM 

2022/09/15 
02:42 PM 

2022/10/21 
08:03 PM 

2023/11/17 
06:17 PM 

2023/11/17 
06:23 PM 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

102851 7590 11/24/2023 

PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 
TAIWAN 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

17/985,827 11/12/2022 Ping-Jung Yang 

TITLE OF INVENTION: CHIP PACKAGE 

EXAMINER 

LIU, XIAOMING 

ART UNIT 

2812 

DATEMAILED: 11/24/2023 

PAPER NUMBER 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Marsl6-001-US-C03 1762 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional SMALL $480 $0.00 $0.00 $480 02/26/2024 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 
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TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
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For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of 
undiscounted fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part Bis filed, a request to reapply a previously paid issue fee must be 
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system. 

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. 
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new 
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue 
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 
Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

102851 7590 11/24/2023 Certificate of Mailing or Transmission 
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NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 

I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the 
USPTO via the USPTO patent electronic filing system or by facsimile to (571) 
273-2885, on the date below. 

TAIWAN 

APPLICATION NO. FILING DATE 

17/985,827 11/12/2022 

TITLE OF INVENTION: CHIP PACKAGE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $480 

EXAMINER ART UNIT 

LIU, XIAOMING 2812 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 
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AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Ping-Jung Yang Marsl6-001-US-C03 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-091000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$480 

(Typed or printed name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

1762 

DATE DUE 

02/26/2024 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: DissueFee □Publication Fee (if required) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via the USPTO patent electronic filing system 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (11/23) Approved for use through 03/31/2026 
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

17/985,827 11/12/2022 

102851 7590 11/24/2023 

PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 
TAIWAN 

Ping-Jung Yang 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Marsl6-001-US-C03 1762 

EXAMINER 

LIU, XIAOMING 

ART UNIT 

2812 

DATEMAILED: 11/24/2023 

PAPER NUMBER 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 
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Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
17/985,827 
Examiner 
XIAOMING LIU 

Applicant(s) 
Yang, Ping-Jung 
Art Unit I AIA (FITF) Status 
2812 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 11/8/2023. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are See Continuation Sheet. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/XIAOMING LIU/ 
Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

7. D Other 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20231117 
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Continuation of 3. The allowed claim(s) is/are: 1-4,7-12,14-16 and 18-31 
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Application/Control Number: 17 /985,827 
Art Unit: 2812 

DETAILED ACTION 

Page 2 

The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Terminal Disclaimer 

The terminal disclaimer filed on 11/8/2023 disclaiming the terminal portion of any patent 

granted on this application which would extend beyond the expiration date of U.S. Patent No.11538763 

has been reviewed and is accepted. The terminal disclaimer has been recorded. As result, a double 

patenting rejection (non-statutory obvious type double patenting) may be obviated and will not be 

further detailed below. 

Allowable Subject Matter 

Claims 1-4,7-12,14-16 and 18-31 are allowed. 

The following is an examiner's statement of reasons for allowance: currently independent claims 

1, 11 and 21 are allowable because the closest prior art does not appear to disclose, alone or in 

combination, the limitations of material and structure of the chip package in combination with the 

other required elements of claim 1, 11 or 21. 

Specifically, the limitations are material to the inventive concept of the application in hand to 

forming a polymer interconnect with sufficient coefficient of expansion to enable holes and other 

features formed inside with improved chemical durability, strength and optical properties. 

Dependent claims 2-4, 7-10, 12, 14-16, 18-20 and 22-31 are respectively dependent on currently 

amended allowable independent claims 1 or 21. Therefore, claims 2-4, 7-10, 12, 14-16, 18-20 and 22-31 

incorporate the allowable limitations of claims 1, 11 or 21. Consequently, claims 2-4, 7-10, 12, 14-16, 18-

20 and 22-31 are allowable. 
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Application/Control Number: 17 /985,827 
Art Unit: 2812 

Page 3 

Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to XIAOMING LIU whose telephone number is (571)270-0384. The examiner can 

normally be reached Monday-Friday, 9am-8pm, EST. 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Charles Garber can be reached on (571)272-2194. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be obtained from 

Patent Center. Unpublished application information in Patent Center is available to registered users. To 

file and manage patent submissions in Patent Center, visit: https:/ /patentcenter.uspto.gov. Visit 

https:/ /www.uspto.gov/patents/apply/patent-center for more information about Patent Center and 

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional 

questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 

assistance from a US PTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 

571-272-1000. 

/XIAOMING LIU/ 
Examiner, Art Unit 2812 
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Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 

For: CHIPPACKAGE 

Customer Number: 102851 

Confirmation Number: 1 762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

AMENDMENT AFTER ALLOWANCE UNDER 37 CFR §1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

PATENT 

Pursuant to amendments after allowance under 3 7 CFR § 1. 312, Applicants hereby 

respectfully submit this paper and request to amend claim 1 of the above-identified application in the 

manner presented hereafter. The amendments embody merely the correction of formal matters in the 

claims without changing the scopes thereof. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of 

this paper. 

Remarks/Arguments are beginning on page 11 of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

Listing of Claims: 

What is claimed is: 

1. (Currently amended) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, wherein 

said solid layer comprises a compound of silicon and oxygen, wherein said solid layer has a 

thickness between 50 and 150 micrometers, wherein said solid layer comprises a first region and a 

second region between said first region and a first edge of said solid layer; 

a plurality of metal posts in a plurality of through holes in said second region respectively, 

wherein one of said plurality of metal posts comprises a first copper layer contacting a sidewall of 

one of said plurality of through holes, wherein said first region has a width in a direction greater than 

a shortest distance between said sidewall of one of said plurality of through holes and said first edge 

in said direction and greater than a pitch between two neighboring metal posts of said plurality of 

metal posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said second surface and a fust-polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to a first metal post of 

said plurality of metal posts, wherein said first metal interconnect comprises a first metal layer and a 

second copper layer over said first metal layer; 
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a first metal bump over said first interconnection scheme, wherein said first metal bump 

comprises a second metal layer and a first tin-containing layer over said second metal layer; and 

a first semiconductor chip under said second surface, wherein said first interconnection 

scheme comprise a second metal interconnect across over a sidewall of the first semiconductor chip, 

wherein said first semiconductor chip comprises a third metal interconnect on a first metal pad of 

said first semiconductor chip, wherein said third metal interconnect comprises a third metal layer on 

said first metal pad and a third copper layer over said third metal layer, wherein said third copper 

layer has a thickness between 5 and 30 micrometers, wherein said first semiconductor chip is 

connected to a second metal post of said plurality of metal posts through said third metal 

interconnect. 

2. (Previously presented) The chip package of claim 1, wherein said first semiconductor chip 

comprises a central-processing-unit (CPU) circuit block and a graphics-processing-unit (GPU) circuit 

block 

3. (Currently amended) The chip package of claim 1, wherein said first interconnection scheme 

further comprises a fourth metal interconnect over said first metal interconnect and said fust--polymer 

layer, wherein said fust--polymer layer is between said first and fourth metal interconnects, wherein 

said fourth metal interconnect comprises a fourth metal layer and a fourth copper layer over said 

fourth metal layer. 

4. (Previously presented) The chip package of claim 1, wherein said first metal pad is an aluminum 

pad. 
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Claims 5-6 are cancelled 

7. (Previously presented) The chip package of claim 1, wherein said compound comprises a Si0 2 

compound. 

8. (Currently amended) The chip package of claim 1, further comprising a second semiconductor 

chip over said first semiconductor chip, wherein said second semiconductor chip comprises a second 

metal bump on a second metal pad of said second semiconductor chip, wherein said second metal 

bump comprises a second tin-containing layer. 

9. (Previously presented) The chip package of claim 1, wherein said solid layer further comprises a 

third region opposite to said second region, wherein said third region is between said first region and 

a second edge of said solid layer, wherein said plurality of metal posts in said plurality of through 

holes in said third region respectively. 

10. (Previously presented) The chip package of claim 1, wherein said second region is a rectangle 

region and surrounding said first region. 

11. (Currently amended) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, wherein 

said solid layer comprises a compound of silicon and oxygen, wherein said solid layer has a 

thickness between 100 and 300 micrometers, wherein said solid layer comprises a first region and a 

second region between said first region and a first edge of said solid layer; 
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a plurality of copper posts in a plurality of through holes in said second region respectively, 

wherein said first region has a width in a direction greater than a shortest distance between a sidewall 

of one of said plurality of through holes and said first edge in said direction and greater than a pitch 

between two neighboring copper posts of said plurality of copper posts; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises a first metal interconnect over said first surface, and a fust.-polymer layer over 

said first metal interconnect, wherein said first metal interconnect is connected to one of said 

plurality of copper posts, wherein said first metal interconnect comprises a first metal layer and a 

first copper layer over said first metal layer; 

a first metal bumps bump over said first interconnection scheme, wherein said first metal 

bumps bump comprises a first tin-containing layer; 

a second metal bumps bump over said first interconnection scheme; 

a first semiconductor chip over said first interconnection scheme and between said first and 

second metal bumps, wherein said first semiconductor chip has a height between a backside surface 

of said first semiconductor chip and a top surface of said fust.-polymer layer is smaller than a 

thickness of said first metal bump, wherein said first semiconductor chip comprises a third metal 

bump on a first metal pad of said first semiconductor chip, wherein said third metal bump comprises 

a second tin-containing layer; and 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a fourth metal bump on a second metal pad of said second 

semiconductor chip, wherein said fourth metal bump comprises a third tin-containing layer. 

12. (Previously presented) The chip package of claim 11, wherein said compound comprises a SiO 2 

compound. 

Page 5 of 14 

IPR2026-00067 
TSMC EX1002 Page 396



Claim 13 is cancelled 

14. (Previously presented) The chip package of claim 11, wherein no any copper post in said first 

region. 

15. (Previously presented) The chip package of claim 11, further comprising a third semiconductor 

chip under said first interconnection scheme, wherein said third semiconductor chip comprises a 

second metal interconnect on a third metal pad of said third semiconductor chip, wherein said second 

metal interconnect comprises a second metal layer on said third metal pad and a second copper layer 

over said second metal layer, wherein said second copper layer has a thickness between 5 and 30 

micrometers. 

16. (Previously presented) The chip package of claim 11, further comprising a third semiconductor 

chip under said first interconnection scheme, wherein said third semiconductor chip comprises a 

second metal interconnect on a third metal pad of said third semiconductor chip, wherein said second 

metal interconnect comprises a second metal layer on said third metal pad and a second copper layer 

over said second metal layer, wherein said third semiconductor chip comprises a central-processing­

unit (CPU) circuit block and a graphics-processing-unit (GPU) circuit block 

Claim 1 7 is cancelled 

18. (Previously presented) The chip package of claim 11, wherein said solid layer further comprises 

a third region opposite to said second region, wherein said third region is between said first region 
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and a second edge of said solid layer, wherein said plurality of copper posts in said plurality of 

through holes in said third region respectively. 

19. (Previously presented) The chip package of claim 11, wherein said second region is a rectangle 

region and surrounding said first region. 

20. (Previously presented) The chip package of claim 11, further comprising an electrical device 

under said second surface, wherein said electrical device comprise a third semiconductor chip and a 

metal wire connected to a third metal pad of said third semiconductor chip, wherein said third 

semiconductor chip is a DRAM chip. 

21. (Previously presented) A chip package comprising: 

a solid layer having a first surface and a second surface opposite to said first surface, wherein 

said solid layer comprises a compound of silicon and oxygen, wherein said solid layer has a 

thickness between 50 and 150 micrometers, wherein said solid layer comprises a first region and a 

second region between said first region and a first edge of said solid layer; 

a plurality of copper posts in a plurality of through holes in said second region respectively; 

a first interconnection scheme over said first surface, wherein said first interconnection 

scheme comprises first and second metal interconnects over said first surface, and a fii:st-polymer 

layer over said first and second metal interconnects, wherein said first metal interconnect is 

connected to a first copper post of said plurality of copper posts, wherein said first metal interconnect 

comprises a first metal layer and a first copper layer over said first metal layer; 

a first semiconductor chip over said first interconnection scheme, wherein said first 

semiconductor chip comprises a third metal interconnect under a first metal pad of said first 

Page 7 of 14 

IPR2026-00067 
TSMC EX1002 Page 398



semiconductor chip, wherein said third metal interconnect comprises a second metal layer under said 

first metal pad and a second copper layer under said second metal layer, wherein said second copper 

layer has a thickness between 5 and 30 micrometers, wherein said first semiconductor chip is 

coupled to a second copper post of said plurality of copper posts through said third metal 

interconnect; 

a second semiconductor chip over said first interconnection scheme, wherein said second 

semiconductor chip comprises a second metal pad coupled to said second metal interconnect; 

a third semiconductor chip under said first interconnection scheme; and 

a plurality of metal bumps under said second surface, wherein one of said plurality of metal 

bumps comprises a tin-containing layer. 

22. (Previously presented) The chip package of claim 21, wherein said compound comprises a Si0 2 

compound. 

23. (Previously presented) The chip package of claim 21, wherein said solid layer further comprises 

a third region opposite to said second region, wherein said third region is between said first region 

and a second edge of said solid layer, wherein said plurality of copper posts in said plurality of 

through holes in said third region respectively. 

24. (Previously presented) The chip package of claim 21, further comprising a fourth semiconductor 

chip over said first semiconductor chip, wherein said fourth semiconductor chip comprises a third 

metal pad at a bottom surface of said fourth semiconductor chip, wherein said first semiconductor 

chip further comprising a plurality of through-silicon-via metal layers and a fourth metal pad at a top 

surface of said first semiconductor chip, wherein said first metal pad is at a bottom surface of said 
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first semiconductor chip, wherein said first metal pad is coupled to said fourth metal pad through one 

of said plurality of through-silicon-via metal layers, wherein said third metal pad is coupled to said 

fourth metal pad through a solder layer. 

25. (Previously presented) The chip package of claim 21, wherein said first semiconductor chip is a 

graphics-processing-unit (GPU) chip. 

26. (Currently amended) The chip package of claim 21, wherein said second semiconductor chip is a 

logic chip. 

27. (Previously presented) The chip package of claim 21, wherein said first semiconductor chip is a 

logic chip. 

28. (Previously presented) The chip package of claim 21, wherein said third semiconductor chip has 

a thickness between a backside surface of said third semiconductor chip and a top surface of said 

third semiconductor chip is smaller than a thickness of one of said plurality of metal bumps. 

29. (Previously presented) The chip package of claim 21, further compnsmg another said first 

semiconductor chip over said first interconnection scheme. 

30. (Previously presented) The chip package of claim 21, further comprising a fourth semiconductor 

chip under said first interconnection scheme, wherein said fourth semiconductor chip has a thickness 

between a backside surface of said fourth semiconductor chip and a top surface of said fourth 

semiconductor chip is smaller than a thickness of one of said plurality of metal bumps .. 
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31. (Previously presented) The chip package of claim 1, further compnsmg another said first 

semiconductor chip under said second surface. 
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REMARKS 

The Examiner is thanked for the thorough examination of the present application and Notice 

of Allowance issued on Nov. 24, 2023. Upon entry of this amendment, Claims 1-31 are pending in 

the application, of which claims 1, 11 and 21 are the pending independent claims. Claims 5-6, 13 and 

17 are cancelled. Claims 1, 3, 8, 11 and 21 have been amended under 37 CFR §1.312, complying 

with the provisions of 3 7 CFR § 1.121, embodying merely the correction of formal matters in the 

claims without changing the scope thereof. Claims 1-4, 7-12, 14-16, 18-31 are now allowed in the 

present application. Applicants respectfully request entrance of the amendments under 37 CFR § 

1. 312 for at least the following reasons. No new matter has been introduced into the disclosure by 

the amendments. 

Amendments to the Claims 

In this paper, Claims 1, 3, 8, 11 and 21 have been amended to correct informalities and for 

disclosure consistency, complying with the provisions of 37 CFR § l.12l(e), to correct inaccuracies 

of description and definition, and to secure substantial correspondence between the claims, the 

remainder of the specification, and the drawings. 

In claims 1, 3 and 21, "a first polymer layer" was corrected and replaced with "a polymer 

layer "A) The amendment is needed to correct informalities in grammar. As the amendment corrects 

informalities, B) the amended claims require no additional search or examination and C) the 

amendment does not change the patentability of claim 11. D) The amendment was not presented 

earlier as it was only found following review after receiving the Notice of Allowance. 
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In claim 3, "a first polymer is between" was corrected and replaced with "a polymer layer is 

between "A) The amendment is needed to correct informalities in grammar. As the amendment 

corrects informalities, B) the amended claims require no additional search or examination and C) the 

amendment does not change the patentability of claim 11. D) The amendment was not presented 

earlier as it was only found following review after receiving the Notice of Allowance. 

In claims 1 and 8, added the words "first" and "second" to "tin-containing layer" A) The 

amendment is needed to correct informalities in grammar. As the amendment corrects informalities, 

B) the amended claims require no additional search or examination and C) the amendment does not 

change the patentability of claim 8. D) The amendment was not presented earlier as it was only 

found following review after receiving the Notice of Allowance. 

In claim 11, "a first polymer layer" was corrected and replaced with "a polymer layer", "a 

first metal bumps" was corrected and replaced with "a first metal bump", "a second metal bumps" 

was corrected and replaced with "a second metal bump" and added the words "first", "second" and 

"third" to "tin-containing layer". A) The amendments are needed to correct informalities in grammar. 

As the amendment corrects informalities, B) the amended claims require no additional search or 

examination and C) the amendment does not change the patentability of claim 11. D) The 

amendment was not presented earlier as it was only found following review after receiving the 

Notice of Allowance. 

In light of the above, Applicants respectfully request entrance of the amendments under 3 7 

CFR §1.312 to Claims 1, 3, 8, 11 and 21. 

In this paper, Claims 1, 3, 8, 11 and 21 are amended to correct informalities and for 

disclosure consistency, complying with the provisions of 37 CFR § 1.121( e), to correct inaccuracies 
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of description and definition, and to secure substantial correspondence between the claims, the 

remainder of the specification, and the drawings. 

Thus, upon entry of these amendments, no claim has been canceled, no new claim has been 

added, and Claims 1, 3, 8, 11 and 21 have been amended under 37 CFR §1.312, complying with the 

provisions of 3 7 CFR § 1.121, embodying merely the correction of formal matters in the claims 

without changing the scope thereof. 

With respect to the claim amendments, Applicants would like to note that they have not 

dedicated to the public or abandoned any unclaimed subject matter and have not acquiesced to any 

rejections or objections by the Patent office. Applicants also expressly reserve the right to pursue 

prosecution on any presently excluded subject matter in one or more future continuation and/or 

divisional application(s). 

Internet Communications 

Pursuant to MPEP 502. 03: "Recognizing that Internet communications are not secure, I 

hereby authorize the USPTO to communicate with me concerning any subject matter of this 

application by electronic mail. I understand that a copy of these communications will be made of 

record in the application file." 

CONCLUSION 

In view of the amendments herein, Applicants submit that the claims remain in condition for 

allowance and respectfully request amendment of the application in the manner identified above. 

Should there be any outstanding matters that need to be resolved in the present application, 

the Examiner is respectfully requested to contact the undersigned by phone (886-913-635-863) or 

email (semars3898@gmail.com). 
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Respectfully submitted, 

Date: 2023-11-26 ---- Ping-Jung Yang 
Email: semars3898@gmail.com 
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PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-091000 
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D did not identify the information being changed in accordance with 37 CFR 1.76(c)(2); 

D was not properly signed in accordance with 37 CFR 1.76(e) (or 37 CFR 1.33(b) for applications filed prior to 

September 16, 2012). 

/XIAOMING LIU/ 
Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 08-21) Response to Rule 312 Communication Part of Paper No. 20231217 
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OK TO ENTER: /X.L/ 

Docket No.: Mars-16-001-US-C03 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Ping-Jung Yang 

Application No.: 17985827 

Filed: Nov. 12, 2022 

For: CHIPPACKAGE 

Customer Number: 102851 

Confirmation Number: 1762 

Group Art Unit: 2812 

Examiner: XIAOMING LIU 

AMENDMENT AFTER ALLOWANCE UNDER 37 CFR §1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

PATENT 

Pursuant to amendments after allowance under 3 7 CFR § 1. 312, Applicants hereby 

respectfully submit this paper and request to amend claim 1 of the above-identified application in the 

manner presented hereafter. The amendments embody merely the correction of formal matters in the 

claims without changing the scopes thereof. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of 

this paper. 

Remarks/Arguments are beginning on page 11 of this paper. 

Page 1 of 14 
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Receipt date: 11/12/2022 17/985,827 - GAU: 2812 

Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Ping-Jung Yang 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number Mars 16-001-US-C03 

42 9147638 t2015-09-29 iu; Yueli et al. 

43 9385105 t2016-07-05 Meyer; Thorsten et al. 

44 9627365 t2017-04-18 Yu; Chen-Hua et al. 

0:;,/2012 

C ;~ied 
8338238 -- Hajime TOKUNAGA , Atsugi et al. 

tiange(s) a 
LIL- L-..__, 

to documen 

.H/ 
12 l/6/2027 46 9362187 t2016-06-07 8ssimitz; Peter 

47 9593009 t2017-03-14 ~uergut; Edward et al. 

48 9704843 t2017-07-11 Kilger; Thomas et al. 

49 ~0043768 t2018-08-07 Meyer; Thorsten et al. 

50 8952489 t2015-02-10 t:lian; Klaus et al. 

51 8952521 t2015-02-10 il\/ojnowski; Maciej et al. 

52 9331060 t2016-05-03 8tremba; Ralf et al. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.L/ 
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Receipt date: 11/12/2022 17/985,827 - GAU: 2812 

Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Ping-Jung Yang 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number Mars 16-001-US-C03 

47 20120193785 t2012-08-02 Mou-Shiung Lin et al. 

48 20070263364 t2010-10-05 Tadahiko Kawabe et al. 

49 20130303777 t2013-11-14 Ken Okamoto et al. 

50 20120068271 t2012-12-25 Hajime Tokunaga 

51 20110242050 t2011-10-06 San-ho BYUN et al. 

52 20070045841 t2007-03-01 Non ChoHo Kang 

12/2004 

C r,ange(s) a 
53 

pplied 
20040251045 ~986 82-22 8hin-Long Wu et al. 

to rlnri lmP.n 

.lf-f.5)1-l wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

12 V6/202) FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
T5 

Initial* No Number3 Code2i Code4 Date Passages or Relevant 
Document 

Figures Appear 

1 eo 12,0068211 NO 2012-03-22 
Semiconductor Energy 
,_aboratory Co., Ltd_ 

2 ~009170941 JP 2009-07-30 rr oshio Gomyo 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.L/ 
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Receipt date: 11/12/2022 

( 

t 

/ 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

25 20070045841 

:hange(s) applied 

o docume 11:£,6 20110065250 

F.H/ 
2/6/202 ~ 

27 20130292846 

28 20130307140 

29 20140103488 

30 20140210101 

31 20140252646 

32 20140264839 

33 20140367160 

34 20150166329 

35 20170345761 

EFSWeb 2.1.17 

17/985,827 - GAU: 2812 

Application Number 

Filing Date 

First Named Inventor I Ping-Jung Yang 

Art Unit 

Examiner Name I 
Attorney Docket Number Mars 16-001-US-C03 

t2007-03-01 8ho; Won Gu ; et al. 

t2011-03-17 
Semiconductor EnPrnv 1 :, ~-

•-- Tokunaga 

t2013-11-07 Lee; Seok-hyun et al. 

t2013-11-21 HUANG; Hui-Min et al. 

t2014-04-17 8hen; Hsu-Hsien et al. 

t2014-07-31 in; Jing-Cheng et al. 

t2014-09-11 Hung; Jui-Pin et al. 

t2014-09-18 Tsai; Po-Hao et al. 

t2014-12-18 Yu; Chen-Hua et al. 

t2015-06-18 8HENG; Chun-wen et al. 

t2017-11-30 Yu; Chen-Hua et al. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.L/ 
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Receipt date: 11/12/2022 17/985,827 - GAU: 2812 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Ping-Jung Yang 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number Mars 16-001-US-C03 

86 p002592 n999-12-14 Nakamura, et al. 

87 8431977 t2013-04-30 Yang 

88 8193555 t2012-06-05 in, et al. 

89 ~0490521 t2019-11-26 Hu, et al. 

90 8445323 t2013-03-21 in, et al. 

06/2013 

C 
91 8456856 ....... ..,. -- A in et al. 

tiange(s) a pplied 
-

to ,..l-- ~=n 

.H/ 
12 l/6/2027 92 8837872 t2014-09-16 Yang et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20020038725 t2002-04-04 Suzuki et al. 

2 20020145197 t2002-10-10 8hta et al. 

EFSWeb 2.1.17 
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Receipt date: 11/12/2022 17/985,827 - GAU: 2812 

Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Ping-Jung Yang 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number Mars 16-001-US-C03 

31 8207453 t2012-06-26 Ma; Qing et al. 

C hange(s) llpplied 10/2010 

D documer t32 V808799 --- A - Tadahiko Kawabe ~-- ,~ 

/ D.H/ 

~/ b/ LUL) 

33 6265771 R001-07-24 ~ erence; Thomas G. et al. 

34 6434016 t2002-08-13 Z:eng; Ming et al. 

35 V151009 t2006-12-19 Kim; Soon-Bum et al. 

36 V557440 R009-07-07 Yamamoto; Hiroshi et al. 

37 8354297 R013-01-15 Dagaila; Reza A. et al. 

38 8822281 t2014-09-02 Dagaila; Reza A. et al. 

39 8878360 t2014-11-04 Meyer; Thorsten et al. 

40 8987918 R015-03-24 Razdan; Sandeep et al. 

41 9048233 R015-06-02 I/Vu; Wei-Cheng et al. 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE PATENT NO. 

17/985,827 02/06/2024 11894306 

102851 7590 01/17/2024 

PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 
TAIWAN 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

Mars 16-00 l-US-C03 

CONFIRMATION NO. 

1762 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. The patent will issue electronically. The 
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed 
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in 
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent, 
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197. 

The USPTO is implementing electronic patent issuance with a transition period, during which period the 
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of 
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the 
USPTO's Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center 
may be reached at (800)972-6382. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Center (https:// 
patentcenter.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at ( 571 )-272-7702. Questions relating to issue and publication fee payments should 
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE), 
Stakeholder Support Division (SSD) at (571)-272-4200. 

IR103 (Rev. 10/09) 
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INVENTOR(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional inventors): 

Ping-Jung Yang, Hsinchu City, TAIWAN; 

APPLICANT( s) (Please see PA TENT CENTER site https://patentcenter.uspto.gov for additional applicants): 

Ping-Jung Yang, Hsin-Chu City, TAIWAN 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

17/985,827 11/12/2022 Ping-Jung Yang 

102851 7590 02/07/2024 

PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 
TAIWAN 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

Marsl6-001-US-C03 

CONFIRMATION NO. 

1762 

EXAMINER 

LIU, XIAOMING 

ART UNIT PAPER NUMBER 

2812 

MAIL DATE DELIVERY MODE 

02/07/2024 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

17/985,827 06-Feb-2024 

PING-JUNG YANG 
NO 2, NIOUPU SOUTH RD., SIANGSHAN DISTRICT 
HSINCHU CITY, 30091 
TAIWAN 

EGRANT NOTIFICATION 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

PATENT NO. 

11894306 

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https:// 
patentcenter.uspto.gov 

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit 
https://www.uspto.gov/electronicgrants 

page 1 of 1 
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508940057 12/27/2024 

PATENT ASSIGNMENT COVER SHEET 

Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: NEW ASSIGNMENT 

NATURE OF CONVEYANCE: ASSIGNMENT 

SEQUENCE: 1 

CONVEYING PARTY DATA 

Name 

Mr. Ping-Jung Yang 

RECEIVING PARTY DATA 

Company Name: MYW SEMITECH, LLC 

Street Address: 8 The Green, #21147 

City: Dover 

State/Country: DELAWARE 

Postal Code: 19901 

PROPERTY NUMBERS Total: 12 

Property Type Number 

Application Number: 61705649 

Application Number: 62219249 

Application Number: 14036256 

Application Number: 15261956 

Application Number: 15476999 

Application Number: 16139040 

Application Number: 16752650 

Application Number: 17372459 

Application Number: 17985827 

Application Number: 18524118 

Application Number: 18778983 

Application Number: 19001689 

CORRESPONDENCE DATA 

Fax Number: 

Assignment ID: PATl718284 

Execution Date 

12/26/2024 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 0913635863 
Email: semars3898@gmail.com 

Correspondent Name: Mr. Ping-Jung Yang 
Address Line 1: No.52, Ln. 97, Shengjun Rd. 
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Address Line 4: Hsinchu City, TAIWAN 300 

ATTORNEY DOCKET NUMBER: Mars Patents assignment 

NAME OF SUBMITTER: Ping-Jung Yang 

SIGNATURE: Ping-Jung Yang 

DATE SIGNED: 12/27/2024 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 4 
source=Assignment-MYW SEMITECH LLC-signed-12262024#page1 .tiff 

source=Assignment-MYW SEMITECH LLC-signed-12262024#page2.tiff 
source=Assignment-MYW SEMITECH LLC-signed-12262024#page3.tiff 

source=Assignment-MYW SEMITECH LLC-signed-12262024#page4.tiff 
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ASSIGNMENT OF PATENT RIGHTS 

For good and valuable consideration, the receipt of which is hereby acknowledged, 
PING-JUNG YANG, a citizen of Taiwan, residing in No. 52, Ln. 97, Shengjun Rd., North 
Dist., Hsinchu City, Taiwan ("Assignor"), does hereby assign, transfer, and convey unto 
MYW SEMITECH, LLC., a Delaware corporation with an address at 8 The Green, #21147, 
Dover, DE 19901 USA ("Assignee"), or its designees all right, title, and interest that exist 
today and may exist in the future in and to all of the following (collectively, the "Patent 
Rigltts"): 

(a) the provisional patent applications, patent applications and patents listed in the 
table below (the "Patents"); 

(b) all patents and patent applications (i) to which any of the Patents directly or 
indirectly claims priority, (ii) for which any of the Patents directly or indirectly forms a basis 
for priority, and/or (iii) that were co-owned applications that directly or indirectly incorporate 
by reference the Patents; 

( c) all reissues, reexaminations, extensions, continuations, continuations in part, 
continuing prosecution applications, requests for continuing examinations, divisions, 
registrations of any item in any of the foregoing categories (a) and (b ); 

( d) all foreign patents, patent applications, and counterparts relating to any item in 
any of the foregoing categories (a) through (c), including, without limitation, certificates of 
invention, utility models, industrial design protection, design patent protection, and other 
governmental grants or issuances; 

( e) all items in any of the foregoing in categories (b) through ( d), whether or not 
expressly listed as Patents below and whether or not claims in any of the foregoing have been 
rejected, withdrawn, cancelled, or the like; 

(f) all inventions, invention disclosures, and discoveries described in any item in 
any of the foregoing categories (a) through (e) that (i) are included in any claim in the Patents 
and/or any item in the foregoing categories (b) through ( e ), (ii) are subject matter capable of 
being reduced to a patent claim in a reissue or reexamination proceedings brought on any of 
the Patents and/or any item in the foregoing categories (b) through (e), and/or (iii) could have 
been included as a claim in any of the Patents and/or any item in the foregoing categories (b) 
through (e); 

(g) all rights to apply in any or all countries of the world for patents, certificates of 
invention, utility models, industrial design protections, design patent protections, or other 
governmental grants or issuances of any type related to any item in any of the foregoing 
categories (a) through (f), including, without limitation, under the Paris Convention for the 

IPR2026-00067 
TSMC EX1002 Page 430



Protection of Industrial Property, the International Patent Cooperation Treaty, or any other 
convention, treaty, agreement, or understanding; 

(h) all causes of action (whether known or unknown or whether currently pending, 
filed, or otherwise) and other enforcement rights under, or on account of, any of the Patents 
and/or any item in any of the foregoing categories (b) through (g), including, without limitation, 
all causes of action and other enforcement rights for 

(i) damages, 
(ii) injunctive relief, and 
(iii) any other remedies of any kind 

for past, current, and future infringement; and 

(i) all rights to collect royalties and other payments under or on account of any of 
the Patents and/or any item in any of the foregoing categories (b) through (h). 

No. Anni. No. Filin2: Date No. Anni. No. Filin2: Date 

1 61/705649 09-26-2012 7 16/752650 01-26-2020 

2 62/219249 09-16-2015 8 17/372459 07-11-2021 

3 14/036256 09-25-2013 9 17/985827 11-12-2022 

4 15/261956 09-11-2016 10 18/524118 11-30-2023 

5 15/476999 04-01-2017 11 18/778983 07-21-2024 

6 16/139040 09-23-2018 12 19/001689 12-26-2024 

Assignor represents, warrants and covenants that: 

(1) Assignor has the full power and authority, and has obtained all third party 
consents, approvals and/or other authorizations required to enter into this Agreement and to 
carry out its obligations hereunder, including the assignment of the Patent Rights to Assignee; 
and 

(2) Assignor owns, and by this document assigns to Assignee, all right, title, and 
interest to the Patent Rights, including, without limitation, all right, title, and interest to sue for 
infringement of the Patent Rights. Assignor has obtained and properly recorded previously 
executed assignments for the Patent Rights as necessary to fully perfect its rights and title 
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therein in accordance with governing law and regulations in each respective jurisdiction. The 
Patent Rights are free and clear of all liens, claims, mortgages, security interests or other 
encumbrances, and restrictions. There are no actions, suits, investigations, claims or 
proceedings threatened, pending or in progress relating in any way to the Patent Rights. There 
are no existing contracts, agreements, options, commitments, proposals, bids, offers, or rights 
with, to, or in any person to acquire any of the Patent Rights. 

Assignor hereby authorizes the respective patent office or governmental agency in each 
jurisdiction to issue any and all patents, certificates of invention, utility models or other 
governmental grants or issuances that may be granted upon any of the Patent Rights in the 
name of Assignee, as the assignee to the entire interest therein. 

Assignor will do all things necessary, proper, or advisable, including without limitation, 
the execution, acknowledgment, and recordation of specific assignments, oaths, declarations, 
and other documents on a country-by-country basis, to assist Assignee in obtaining, perfecting, 
sustaining, and/or enforcing the Patent Rights. Such assistance will include providing, and 
obtaining from the respective inventors, prompt production of pertinent facts and documents, 
giving of testimony, execution of petitions, oaths, powers of attorney, specifications, 
declarations or other papers, and other assistance reasonably necessary for filing patent 
applications, complying with any duty of disclosure, and conducting prosecution, 
reexamination, reissue, interference or other priority proceedings, opposition proceedings, 
cancellation proceedings, public use proceedings, infringement or other court actions and the 
like with respect to the Patent Rights. 

The terms and conditions of this Assignment of Patent Rights will inure to the benefit 
of Assignee, its successors, assigns, and other legal representatives and will be binding upon 
Assignor, its successors, assigns, and other legal representatives. 

[REMAINDER OF THIS PAGE INTENTIONALLY LEFT BLANK] 

IPR2026-00067 
TSMC EX1002 Page 432



IN WITNESS WHEREOF this Assignment of Patent Rights is executed at 
____________ on _____________ _ 

ASSIGNOR 

By: f ;;.,f}i,.'J ~ Dec. 26. 2024 

Name: PING-JUNG YANG 

Title: Inventor 
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