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APPARATUS, SYSTEM, AND METHOD FOR WIRELESS CONNECTION
IN INTEGRATED CIRCUIT PACKAGES

5 Field

Bmbodiments of the present invention relate to integrated circuit packaging,

and particularly to wiring connections in integrated circuit packages.

Background
Computers and electronic devices usually include an integrated circuit (IC)

10  package. The IC package may often have a die mounted on a base or support of the

IC package. The die may include a circuit for performing an electrical function.
Some IC packages have gold or copper wires coupled between the die and

the support to allow electrical signal to be transferred to and from the circuit in the
die.

15 In some cases, too many wires may cause undesirable signal interference,
raise wiring material cost, increase package size to protect the wires, increase the
chance of short circuit among the wires, and may complicate manufacturing

process.

20 Brief Description of Drawings

FIG. 1 through FIG. 3 show an apparatus having a die with a connecting
structure according to an embodiment of the invention.
FIG. 4 shows an apparatus having a die with a connecting structure

according another embodiment of the invention.

CONFIRMATION COPY
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FIG. 5 through FIG. 7 show an apparatus having a die stack with a
connecting structure according to an embodiment of the invention.

FIG. 8 through FIG. 14 show various processes of forming a connecting
structure according to an embodiment of the invention.

FIG. 15 is a flowchart showing a method according to an embodiment of the
invention.

FIG. 16 shows a system according to an embodiment of the invention.

Description of Embodiments
FIG. 1 through FIG. 3 show an apparétus 100 having a die 101 with a

connecting structure 110 according to an embodiment of the invention. FIG. 1
shows a cross section of apparatus 100 based on a cross section along section line 1-
1 of the top plan view of apparatus 100 shown in FIG. 2. FIG. 3 is a three-
dimensional view of a portion of apparatus 100 showing detail of a via and groove
combination. Die 101 of apparatus 100 in FIG. 1 and FIG. 2 may include a circuit
for performing a function of a semiconductor device such as a processor, a memory
device, a communication device, or some combination thereof. Apparatus 100 may
be a part of an IC package. In some embodiments, apparatus 100 may reside in a
system or in a device such a computer or a cellular phone. In FIG. 1, connecting
structure 110 enables transfer of signals to and from die 101.

For clarity, some features described herein (e.g., die 101 in FIG. 1) may be
depicted with solid lines instead of cross section line symbols (cross-hatch lines)
when the features are shown in a cross section view. Also for clarity, some features
described herein (e.g., die 101 in FIG. 2) may be depicted with solid line instead of
hidden line symbols (broken lines) when the features are shown in a plan view. In
FIG. 1, apparatus 100 includes an attachment 131, which attaches die 101 to a
support 120. Attachment 131 may include an adhesive material. Support 120 may
be a substrate of an IC package in which apparatus 100 may be located. As shown
in FIG. 1 through FIG. 3, connecting structure 110 includes a dielectric layer 199

covering at least a portion of die 101, a via 141, a via 148, a groove 147, and a

2
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connection 150 having a conductive segment 151, conductive segment 158, and a
conductive segment 157 bridging conductive segments 151 and 158.

FIG. 3 is a three-dimensional view of a portion 133 of apparatus 100
showing detail of a via and groove combination, which includes vias 141 and 148,
and groove 147, before connection 150 in FIG. 1 is formed. After connection 150 is
formed (FIG. 1), conductive material of connection 150 fills vias 141 and 148, and
groove 147. In some embodiments, conductive material of connection 150 includes
metal. Connection 150 couples a die bond pad 111 on a surface 104 of die 101 to
support bond pad 128 on a surface 124 of support 120 to allow electrical signal to
transfer between die bond pad 111 and support bond pad 128. Support bond pad
128 may couple to other components to allow transfer of signals between the circuit
in die 101 and the other components.

As show in FIG. 2, die 101 includes a number of die bond pads 111 on
surface 104 and support 120 includes a number of support bond pads 128 on surface
124. The number and the arrangement of die bond pads 111 and support bond pads
128 in FIG. 2 are shown as an example. In some embodiments, the number and the
arrangement of die bond pads 111 and support bond pads 128 may be different from
those in FIG. 2. For example, die 101 and support 120 may have bond pads on only
two edges instead on all four edges as shown in FIG. 2.

FIG. 2 shows an example where the diameter of each of the die bond pads
111 and support bond pads 128 is greater than the diameter of each of the vias 141
and 148. In some embodiments, the diameter of each of the die bond pads 111 and
support bond pad 128 may be smaller than or equal the diameter of each of the vias
141 and 148.

FIG. 1 shows a surface 114 of dielectric layer 199 being at an angle relative
to surface 124 of support 120 such that groove 147 and conductive segments are
also at an angle relative to surface 124 of support 120. In some embodiments,
surface 114 of dielectric layer 199 may be substantially parallel to surface 124 of
support 120 such that groove 147 and conductive segments are also substantially
parallel to surface 124 of support 120.
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FIG. 4 shows an apparatus 400 with a connecting structure 410 according to
another embodiment of the invention. As shown in FIG. 4, connecting structure 410
includes a surface 414 substantially parallel to a surface 424 of support 420 such
that groove 447 and conductive segment 457 of connection 450 are substantially
parallel to surface 424 of support 420. |

FIG. 5 through FIG. 7 show an apparatus 500 having a die stack 570 and a
connecting structure 510 according to an embodiment of the invention. FIG. 5
shows a cross section of apparatus 500 based on a cross section along section line 5-
5 of the top plan view of apparatus 500 shown in FIG. 6. FIG. 7 is a three-
dimensional view of a portion of apparatus 500 showing detail of a via and groove
combination. Apparatus 500 may be a part of an IC package.

As shown in FIG. 5, die stack 570 includes dice 501, 502, and 503 arranged
in a stack on a support 520. Dice 501, 502, and 503 include corresponding die bond
pads 511, 512, and 513. Attachments 531, 532, and 533 attach die 501, 502, and
503 to each other and to support 520. Connecting structure 510 includes a dielectric
layer 599 covering at least a portion of dice 501, 502, and 503, a connection 550
including conductive segments 551, 552, 553, 557, and 558 coupled to die bond
pads 511, 512, and 513 and to a support bond pad 528 on a surface 524 of support
520. Conductive segments 551, 552, 553, 557, and 558 are formed in a via and
groove combination, which are shown in detail in FIG. 7. FIG. 7 shows a via and
groove combination, which includes vias 541, 542, 543, and 548, and groove 547
before connection 550 in FIG. 5 is formed. After connection 550 is formed (FIG. 5)
conductive material of connection 550 fills vias 541, 542, 543, and 548 to form
conductive segments 551, 552, 553, and 558. The conductive material of
connection 550 also fills groove 547 to form conductive segment 557, which
bridges conductive segments 551, 552, 553, and 558. FIG. 5 shows an example
where apparatus 500 includes three dice. In some embodiments, the number of dice
of apparatus 500 may vary. For example, the number of dice of apparatus 500 may

be two or more than three.

PCT/CN2006/001507
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FIG. 8 through FIG. 14 show various processes of forming a connecting
structure according to an embodiment of the invention.

FIG. 8 shows a die stack 870 having dice 801, 802, and 803 stacked on a
support 820. Dice 801, 802, and 803 include corresponding die bond pads 811, 812,
and 813. Support 820 includes support bond pad 828 on a support surface 824. Die
stack 870 may include attachments (e.g. adhesive) between the dice and between the
dice and support 820. The attachments are omitted from FIG. 8. In some
embodiments, one or more of the dice 801, 802, and 803 may have an individual die
thickness of less than 300 um (micrometer). In some embodiments, the relatively
small die thickness of dice 801, 802, and 803 may enhance the formation of the
connecting structure according the description described herein.

FIG. 9 shows a dielectric layer 899 formed on dice 801, 802, and 803 and on
a surface portion 821 of support 820. As shown in FIG. 9, dielectric material 899
covers dice 801, 802, and 803, and support portion 821. Dielectric layer 899 may
be formed by depositing a dielectric material on dice 801, 802, and 803 and on a
support portion 821 of support 820. In some embodiments, depositing the dielectric
material to form dielectric layer 899 may include coating dice 801, 802, and 803,
and support portion 821 with the dielectric material. In other embodiments,
depositing the dielectric material to form dielectric layer 899 may include molding
dice 801, 802, and 803, and support portion 821 with the dielectric material. Other
techniques may be used to form dielectric layer 899.

FIG. 10 shows a number of vias 841, 842, 843, and 848 formed in dielectric
layer 899. Vias 841, 842, 843, and 848 are substantially perpendicular to substrate
surface 824. As shown in FIG. 10, vias 841, 842, 843, and 848 are formed over die
bond pads 811, 812, and 813, and support bond pad 828 to provide an access to each
of the die bond pads 811, 812, and 813, and support bond pad 828. The access
allows connection to die bond pads 811, 812, 813, and support bond pad 828 in a
subsequent process. In some embodiments, vias 841, 842, 843, and 848 may be
formed by applying a laser to dielectric layer 899. In other embodiments, vias 841,
842, 843, and 848 may be formed by mechanically drilling dielectric layer 899. For
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example, drill bits may be used to drill dielectric layer 899 to form vias 841, 842,
843, and 848. In some other embodiments, lithography techniques may be used to
remove (e.g., by etching) portions of dielectric layer 899 to form vias 841, 842, 843,
and 848. Other techniques may be used to form vias 841, 842, 843, and 848.

FIG. 11 is a three-dimensional view of a portion of dielectric layer 899 after
vias 841, 842, 843, and 848 are formed.

FIG. 12 shows groove 847 formed in dielectric layer 899 and over vias 841,
842, 843, and 848. Vias 841, 842, 843, and 848 and groove 847 form a via and
groove combination. In some embodiments, groove 847 may be formed by
applying a laser to dielectric layer 899. In other embodiments, groove 847 may be
formed by mechanically drilling dielectric layer 899. For example, drill bits may be
used to drill dielectric layer 899 to form groove 847. In some other embodiments,
lithography techniques may be used to remove portions of dielectric layer 899 to
form groove 847. Other techniques may be used to form groove 847.

FIG. 12 also shows an example where solder balls 1266 are introduced such
that solder balls 1266 may be placed in groove 847, or in vias 841, 842, 843, and
848, or both in groove 847 and in vias 841, 842, 843, and 848. A subsequent
process may melt solder balls 1266 so that solder balls 1266 may fill vias 841, 842,
843, and 848 and groove 847 to from a conductive connection. In some
embodiments, instead of solder balls 1266, solder material with shape other than
ball shape may be placed in groove 847. A subsequent process may melt the solder
material so that the solder material may fill vias 841, 842, 843, and 848 and groove
847 to form a conductive connection.

In the processes described in FIG. 11 and FIG. 12, one or more of the
following techniques may be used to form vias 841, 842, 843, and 848 and groove
847: laser, mechanical drilling, and lithography.

FIG. 13 shows dielectric layer 899 after the formation of vias 841, 842, 843,
and 848 and groove 847.

FIG. 14 shows an apparatus 1400 having a connecting structure 1410.

Connecting structure 1410 includes dielectric layer 899, and a connection 1450
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coupling die bond pads 811, 812, 813 to support bond pad 828. In some
embodiments, connectio‘n 1450 may be formed by placing solder balls, such as
solder balls 1266 (FIG. 12), in groove 847 and vias 841, 842, 843, and 848, then
melting solder balls 1266 so that solder balls 1266 may fill vias 841, 842, 843, and
848 and groove 847 to form connection 1450. In embodiments where solder balls
are used to form connection 1450, flux may be used to treat groove 847 and vias
841, 842, 843, and 848 to improve solder wetting. In other embodiments, a
conductive paste may be placed, printed, or pressed onto groove 847 and vias 841,
842, 843, and 848 to form connection 1450. A curing or baking of the conductive
paste may be performed. The conductive paste may be a single material or a
combination of two or more materials. For example, the conductive paste may be
copper paste, a combination of tin and silver paste, solder paste, or other conductive
paste materials. Other techniques may be used to fill groove 847 and vias 841, 842,
843, and 848 with a conductive material to form connection 1450. As shown in
FIG. 14, connection 1450 includes conductive segments 1451, 1452, 1453, and 1458
formed inside vias 841, 842, 843, and 848 and coupled to die bond pads 811, 812,
and 813, and support bond pad 828, and a conductive segment 1457 formed in
groove 847, bridging conductive segments 1451, 1452, 1453, and 1458. Conductive
segments 1451, 1452, 1453, and 1458 may be substantially perpendicular to support
surface 824. Apparatus 1400 of FIG. 14 may be a part of an IC package.

As described in FIG. 8 through FIG. 14, since groove 847 and vias 841, 842,
843, and 848 are already formed (FIG. 13) before connection 1450 (FIG. 14) is
formed, conductive segments 1451, 1452, 1453, 1458, and 1457 of connection 1450
may be formed in one process step (step from FIG. 13 to FIG. 14) by, for example,
filling groove 847 and vias 841, 842, 843, and 848 with a conductive material at the
same time. Forming conductive segments 1451, 1452, 1453, 1458, and 1457 in one
process step or at the same time also means that connections between support bond
pad 828 and each of the die bond pads 811, 812, and 813 are not formed in separate
process steps. Therefore, manufacturing processes for connection between support
820 and dice 801, 802, and 803 may be simplified, or faster, or both, which may
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reduce processing cost. Further, as described and shown in FIG. 1 though FIG. 14,
connections 150, 450, 550, and 1450 contain no wires (wireless) such as
conventional wires connecting between a bond pad of a die and a support or
substrate. Thus, material cost may also be reduced because the material (e.g., gold)
of the wires in wired connections may be relatively higher than the material of the
wireless connections such as connections 150, 450, 550, and 1450.

As described in FIG. 1 through FIG. 14 in apparatus 100, 400, 500, and
1400, since no wires are used for connections 150, 450, 550, and 1450, parasitic
inductance, resistance, or, capacitance, or a combination of thereof, associated with
wires, may be reduced. Thus, electrical performance of apparatus 100, 400, 500,
or1400 may be improved. Further, a connection such as connection 150, 450, 550,
or 1450, as described in FIG. 1 through FIG. 14, may be relatively shorter than a
connection with wires. Hence, in comparison with a wired connection, electrical
signal delay in connection 150, 450, 550, or 1450 may be smaller, thereby signal
speed in an IC package with apparatus 100, 400, 500, or 1400 may be relatively
higher than in an IC package with wired connection. Moreover, since connections
150, 450, 550, or 1450, as described in FIG. 1 through FIG. 14, includes no wires,
short circuit due to wires may be reduced. Therefore, in apparatus 100, 400, 500,
or1400, the yield, the quality, the reliability, or a combination thereof, may increase.

The processes described in FIG. 8 through FIG. 14 form a connecting
structure (e.g., connecting structure 510 or 1410 of FIG. 5 or FIG. 14) between a
stack of multiple dice and a support. In some embodiments, the processes described
in FIG. 8 through FIG. 14 may be used to form a connecting structure between a
single die and a support such as connecting structure 110 of FIG. 1 or connecting
structure 410 of FIG. 4.

FIG. 15 is a flowchart showing a method 1500 according to an embodiment
of the invéntion. Method 1500 forms a connecting structure between at least one
die and a support attached to the die. Activity 1510 of method 1500 forms a
dielectric layer on the die and the support. Activity 1520 forms via and groove

combinations in the dielectric layer. Activity 1530 forms connections in the via and
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groove combinations. The connections couple die bond pads on the die with
support bond pads on the support. The connecting structure formed by method 1500
may include the embodiments of connecting structures 110, 410, 510, and 1410 of
FIG. 1 through FIG. 14. The activities of method 1500 may include the activities or
processes described in FIG. 1 through FIG. 14. The individual activities of method
1500 do not have to be performed in the order shown or in any particular order.
Some activities may be repeated, and others may occur only once. Various
embodiments of the invention may have more or fewer activities than those shown
in FIG. 15.

FIG. 16 shows a system according an embodiment of the invention. System
1600 includes a processor 1610, a memory device 1620, a memory controller 1630,
a graphics controller 1640, an input and output (I/O) controller 1650, a display
1652, a keyboard 1654, a pointing device 1656, a peripheral device 1658, and a bus
1660.

Processor 1610 may be a general-purpose processor or an application
specific integrated circuit (ASIC). Memory device 1620 may be a dynamic random
access memory (DRAM) device, a static random access memory (SRAM) device, a
flash memory device, or a combination of these memory devices. 1/O controller
1650 may include a communication module for wired or wireless communication.
One or more or the components shown in system 1600 may include an apparatus
such as apparatus 100, 400, 500, or 1400 of FIG. 1 through FIG. 14, One or more or
the components shown in system 1600 may be included in one or more IC packages.
For example, processor 1610, or memory device 1620, or at least a portion of I/O
controller 1650, or a combination of these components may be included in an IC
package in which the IC package may include an apparatus such as apparatus 100,
400, 500, or 1400 of FIG. 1 through FIG. 14. Thus, one or more of the components
shown in system 1600 may include a connecting structure such as connecting
structure 110, 410, 510, or 1410 of FIG. 1 through FIG. 14.

System 1600 may include computers (e.g., desktops, laptops, hand-helds,

servers, Web appliances, routers, etc.), wireless communication devices (e.g.,
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cellular phones, cordless phones, pagers, personal digital assistants, etc.), computer-
related peripherals (e.g., printers, scanners, monitors, etc.), entertainment devices
(e.g., televisions, radios, stereos, tape and compact disc players, video cassette
recorders, camcorders, digital cameras, MP3 (Motion Picture Experts Group, Audio
Layer 3) players, video games, watches, etc.), and the like.

The above description and the drawings illustrate some specific
embodiments of the invention sufficiently to enable those skilled in the art to
practice the embodiments of the invention. Other embodiments may incorporate
structural, logical, electrical, process, and other changes. In the drawings, like
features or like numerals describe substantially similar features throughout the
several views. Examples merely typify possible variations. Portions and features of
some embodiments may be included in, or substituted for, those of others. Many
other embodiments will be apparent to those of skill in the art upon reading and
understanding the above description. Therefore, the scope of various embodiments
is determined by the appended claims, along with the full range of equivalents to

which such claims are entitled.

10
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What is claimed is:

1. An apparatus comprising;

PCT/CN2006/001507

a support including a support surface and a support bond pad on the support

surface;

a first die including a die surface and a die bond pad on the die surface;

a dielectric layer located outside the die, the dielectric layer including a via

and groove combination coupled to the die bond pad and the support bond pad; and

a connection coupled to the die bond pad and the support bond pad, wherein

the connection includes at least one conductive segment inside the via and groove

combination.

2. The apparatus of claim 1, wherein the dielectric layer covers at least a

portion of the die surface and at least a portion of the support surface.

3. The apparatus of claim 1, wherein the via and groove combination includes:

a first via in the dielectric layer and over the die bond pad,;

a second via in the dielectric layer and over the support bond pad; and

a groove in the dielectric layer and bridging the first via and the second via.

4, The apparatus of claim 3, wherein the first via and the second via are located

between the groove and the support surface.

5. The apparatus of claim 3, wherein the connection includes:

a first conductive segment inside the first via and coupled to the die bond

pad;

a second conductive segment inside the second via and coupled to the

support bond pad; and

a third conductive segment in the groove and coupled to the first and second

conductive segments.

11



10

15

20

25

WO 2008/014633 PCT/CN2006/001507

6. The apparatus of claim 5, wherein the first and second conductive segments

are substantially perpendicular to the support surface.

7. The apparatus of claim 6, wherein the connection includes metal.

8. The apparatus of claim 1 further comprising:

a second die arranged in a stack with the first die, the second die including a
die surface and a second die bond pad on the die surface;

wherein the via and groove combination further includes a third via over the
second die bond pad; and

wherein the connection further includes fourth conductive segment inside
the third via and coupled to the second die bond and to the third conductive segment

in the groove.

9. The apparatus of claim 8, wherein the dielectric layer covers at least a

portion of the die surface of the second die.

10.  The apparatus of claim 8 further comprising:

a third die arranged in a stack with the first and second dice, the third die
including a die surface and a third die bond pad on the die surface;

wherein the via and groove combination further include a fourth via over the
third die bond pad; and

wherein the connection further includes fifth conductive segment inside the
fourth via and coupled to the third die bond and to the third conductive segment in
the groove.

12
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11. A system comprising:
an integrated circuit package including:

a support including a support surface and a support bond pad on the
support surface;

a first die including a die surface and a die bond pad on the die surface;

a dielectric layer located outside the die, the die electric layer including a
via and groove combination coupled to the die bond pad and the support bond pad;
and

a connection coupled to the die bond pad and the support bond pad,
wherein connection includes at least one conductive segment inside the via and
groove combination; and

a dynamic random access memory device coupled to the support bond pad.

12.  The system of claim 11 further comprising:
a second die arranged in a stack with the first die, the second die including a

die surface and a second die bond pad on the die surface and coupled to the support

bond pad.

13.  The system of claim 11, wherein the via and groove combination includes:
a first via in the dielectric layer and over the die bond pad of the first die;
a second via in the dielectric layer and over the second die bond pad,;
a third via in the dielectric layer and over the support bond pad; and

a groove in the dielectric layer and bridging the first, second, and third vias.

14.  The system of claim 13, wherein the connection includes:

a first conductive segment inside the first via and coupled to the bond pad of
the first die;

a second conductive segment inside the second via and coupled to the

second die bond pad,

13
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a third conductive segment inside the third via and coupled to the support
bond pad; and
a fourth conductive segment in the groove and coupled to the first, second,

and third conductive segments.

15. A method comprising:

forming a dielectric layer over at least one die and over a portion of a
support attached to the die;

forming plurality of via and groove combinations in the dielectric layer,
wherein each of the via and groove combinations provides an access to a plurality of
die bond pads on the die and an access to a plurality of support bond pads on the
support; and

forming a plurality of connections in the via and groove combinations,
wherein each of the connections is coupled to one of die bond pads and one of the

support bond pads.

16.  The method of claim 15, wherein the connections are formed in one process

step.

17. The method of claim 15, wherein forming the via and groove combinations
includes:

forming a first via in the dielectric layer to provide an access to a first die
bond pad of the a plurality of die bond pads;

forming a second via in the dielectric layer to provide an access to a first
support bond pad of the a plurality of support bond pads; and

forming a groove in the dielectric layer to bridge the first via and the second

via.

18.  The method of claim 17, wherein forming the connections includes:

filling the first and second vias and the groove with a conductive material.

14
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19.  The method of claim 17, wherein forming the connections includes:
placing a conductive material in the groove; and
performing at least one of melting the conductive material, curing the

conductive material, and baking the conductive material.

20.  The method of claim 19, wherein the conductive material includes one of a

solder ball and a conductive paste.

21.  The method of claim 20, wherein the conductive paste includes one of

10 copper paste, a combination of tin and silver paste, and solder paste.

15
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