US 20120319295A1

(19) United States
(12) Patent Application Publication (10) Pub. No.: US 2012/0319295 A1
Chi et al.
(54)

(43) Pub. Date:

INTEGRATEDCIRCUITPACKAGING

SYSTEM WITH PADS AND METHOD OF
MANUFACTURE THEREOF

(76) Inventors:

HeeJo Chi, lchon-si (KR); NamJu

Cho, UiWang-si (KR); HanGil

Shin, Seongnam-si (KR)

(52)

Dec. 20, 2012

U.S.Cl. ............... .. 257/774;438/127;257/E21.502;

257/E23.174

(57)

ABSTRACT

A method of manufacture of an integrated circuit packaging
system includes: forming a circuit structure having a circuit
active side and a cavity from the circuit active side; mounting
an integrated circuit device in the cavity; forming a base
encapsulation, having a base ?rst side facing aWay from the
circuit active side, on the circuit active side, around the inte
grated circuit device, and in the cavity; forming a ?rst con
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and traversing from the circuit active side to the base ?rst side;
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forming a second conductive pin, having a second pin height
equivalent to the ?rst pin height, in the base encapsulation and
traversing from the integrated circuit device to the base ?rst

ductive pin, having a ?rst pin height, in the base encapsulation
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side; and removing a portion of the circuit structure to form a
circuit non-active side and expose the integrated circuit
device and a base second side.
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INTEGRATED CIRCUIT PACKAGING
SYSTEM WITH PADS AND METHOD OF
MANUFACTURE THEREOF
TECHNICAL FIELD

[0001] The present invention relates generally to an inte
grated circuit packaging system, and more particularly to an

integrated circuit packaging system With interconnects.
BACKGROUND ART

[0002]

Increased miniaturization of components, greater

packaging density of integrated circuits (“ICs”), higher per
formance, and loWer cost are ongoing goals of the computer
industry. Semiconductor package structures continue to
advance toWard miniaturization, to increase the density of the
components that are packaged therein While decreasing the
sizes of the products that are made using the semiconductor
package structures. This is in response to continually increas
ing demands on information and communication products for
ever-reduced sizes, thicknesses, and costs, along With ever

increasing performance.
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device, and in the cavity; forming a ?rst conductive pin,
having a ?rst pin height, in the base encapsulation and tra
versing from the circuit active side to the base ?rst side;
forming a second conductive pin, having a second pin height
equivalent to the ?rst pin height, in the base encapsulation and
traversing from the integrated circuit device to the base ?rst
side; and removing a portion of the circuit structure to form a
circuit non-active side and expose the integrated circuit
device and a base second side, the base second side opposite
the base ?rst side.
[0008] The present invention provides an integrated circuit
packaging system, including: a circuit structure having a
through hole, a circuit active side, and a circuit non-active
side With the through hole traversing from the circuit active
side to the circuit non-active side; an integrated circuit device
in the through hole; a base encapsulation, having a base ?rst
side facing aWay from the circuit active side and a base second
side opposite the base ?rst side, on the circuit active side,

around the integrated circuit device, and in the through hole;
a ?rst conductive pin, having a ?rst pin height, in the base
encapsulation and traversing from the circuit active side to the
base ?rst side; and a second conductive pin, having a second

[0003] These increasing requirements for miniaturization
are particularly noteworthy, for example, in portable infor

pin height equivalent to the ?rst pin height, in the base encap

mation and communication devices such as cellular phones,

the base ?rst side.
[0009] Certain embodiments of the invention have other

hands-free cellular phone headsets, personal data assistants
(“PDA’s”), camcorders, notebook computers, and so forth.
All of these devices continue to be made smaller and thinner

to improve their portability. Accordingly, large-scale IC
(“LSI”) packages that are incorporated into these devices are
required to be made smaller and thinner. The package con
?gurations that house and protect LSI require them to be

sulation and traversing from the integrated circuit device to
steps or elements in addition to or in place of tho se mentioned
above. The steps or elements Will become apparent to those
skilled in the art from a reading of the folloWing detailed

description When taken With reference to the accompanying

draWings.
BRIEF DESCRIPTION OF THE DRAWINGS

made smaller and thinner as Well.

[0004] Many conventional semiconductor (or “chip”)
packages are of the type Where a semiconductor die is molded
into a package With a resin, such as an epoxy molding com

pound. Numerous package approaches stack multiple inte
grated circuit dice or package in package (PIP) or a combi

nation. Other approaches include package level stacking or

package-on-package (POP). POP designs face reliability
challenges and higher cost.
[0005]

Thus, a need still remains for an integrated circuit

system improved yield, loW pro?le, and improved reliability.
In vieW of the ever-increasing commercial competitive pres
sures, along With groWing consumer expectations and the

diminishing opportunities for meaningful product differen
tiation in the marketplace, it is critical that ansWers be found

for these problems. Additionally, the need to reduce costs,
improve ef?ciencies and performance, and meet competitive
pressures adds an even greater urgency to the critical neces

sity for ?nding ansWers to these problems.
[0006] Solutions to these problems have been long sought
but prior developments have not taught or suggested any
solutions and, thus, solutions to these problems have long
eluded those skilled in the art.
DISCLOSURE OF THE INVENTION

[0007]

The present invention provides a method of manu

facture of an integrated circuit packaging system including:
forming a circuit structure having a circuit active side and a

cavity from the circuit active side; mounting an integrated
circuit device in the cavity; forming a base encapsulation,
having a base ?rst side facing aWay from the circuit active
side, on the circuit active side, around the integrated circuit

[0010] FIG. 1 is a top vieW of the integrated circuit pack
aging system in a ?rst embodiment of the present invention.
[0011] FIG. 2 is a cross-sectional vieW of the integrated
circuit packaging system along line 2-2 of FIG. 1.
[0012] FIG. 3 is a bottom vieW of the integrated circuit

packaging system.
[0013]

FIG. 4 is a cross-sectional vieW of an integrated

circuit packaging system as exempli?ed by the top vieW of
FIG. 1 along line 2-2 in a second embodiment of the present
invention.
[0014] FIG. 5 is a cross-sectional vieW of an integrated

circuit packaging system as exempli?ed by the top vieW of
FIG. 1 along line 2-2 in a third embodiment of the present
invention.
[0015] FIG. 6 is a cross-sectional vieW of the integrated

circuit packaging system as exempli?ed by the top vieW of
FIG. 1 along line 2-2 in a fourth embodiment of the present
invention.
[0016] FIG. 7 is a top vieW of an integrated circuit packag
ing system in a ?fth embodiment of the present invention.
[0017] FIG. 8 is a cross-sectional vieW of the integrated

circuit packaging system along line 8-8 of FIG. 7.
[0018]

FIG. 9 is a cross-sectional vieW of an integrated

circuit packaging system as exempli?ed by the top vieW along
line 8-8 of FIG. 7 in a sixth embodiment of the present
invention.
[0019] FIG. 10 is a top vieW of an integrated circuit pack
aging system in a seventh embodiment of the present inven
tion.
[0020] FIG. 11 is a cross-sectional vieW of the integrated

circuit packaging system along line 11-11 of FIG. 10.

US 2012/0319295 A1

[0021] FIG. 12 is a top vieW of an integrated circuit pack
aging system in an eighth embodiment of the present inven
tion.
[0022]

FIG. 13 is a cross-sectional vieW of the integrated
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surface of the integrated circuit active side, regardless of its
orientation. The term “vertical” refers to a direction perpen
dicular to the horizontal as just de?ned. Terms, such as

“above”, “beloW”, “bottom”, “top”, “side” (as in “sideWall”),

circuit packaging system along line 13-13 of FIG. 12.

“higher”, “loWer”, “upper”, “over”, and “under”, are de?ned

[0023]
[0024]

With respect to the horizontal plane, as shoWn in the ?gures.

FIG. 14 is a cross-sectional vieW ofa Wafer.
FIG. 15 is a cross-sectional vieW of the structure of

FIG. 14 in forming cavities.
[0025]

FIG. 16 is a cross-sectional vieW of the structure of

FIG. 15 in forming ?lled channels.
[0026]

FIG. 17 is a cross-sectional vieW of the structure of

The term “on” means that there is direct contact betWeen
elements or components With no intervening material.
[0039] The term “processing” as used herein includes

deposition of material or photoresist, patterning, exposure,
development, etching, cleaning, and/or removal of the mate

FIG. 16 in mounting the integrated circuit device.

rial or photoresist as required in forming a described struc

[0027]

ture.

FIG. 18 is a cross-sectional vieW of the structure of

FIG. 17 in forming a Wafer encapsulation.
[0028]

FIG. 19 is a cross-sectional vieW of the structure of

FIG. 18 in forming encapsulation channels.
[0029]

FIG. 20 is a cross-sectional vieW of the structure of

[0040] Referring noW to FIG. 1, therein is shoWn a top vieW
of the integrated circuit packaging system 100 in a ?rst
embodiment of the present invention. The top vieW depicts a
base encapsulation 102. The base encapsulation 102 is

FIG. 19 in forming the ?rst conductive pins and the second

de?ned as a protective cover that has electric and environ

conductive pins.

mental insulating properties. As an example, the base encap
sulation 102 can be formed by molding an encapsulation

[0030]

FIG. 21 is a cross-sectional vieW of the structure of

FIG. 20 in a singulation tape mounting process.
[0031] FIG. 22 is a cross-sectional vieW of the structure of
FIG. 21 in a Wafer thinning process.
[0032] FIG. 23 is a cross-sectional vieW of the structure of

FIG. 22 in a package singulation process for forming the

integrated circuit packaging system of FIG. 1.
[0033]

FIG. 24 is a How chart of a method of manufacture of

the integrated circuit packaging system in a further embodi
ment of the present invention.
BEST MODE FOR CARRYING OUT THE
INVENTION

[0034]

The folloWing embodiments are described in su?i

cient detail to enable those skilled in the art to make and use
the invention. It is to be understood that other embodiments

Would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made Without
departing from the scope of the present invention.

[0035]

In the folloWing description, numerous speci?c

details are given to provide a thorough understanding of the
invention. HoWever, it Will be apparent that the invention may
be practiced Without these speci?c details. In order to avoid
obscuring the present invention, some Well-knoWn circuits,
system con?gurations, and process steps are not disclosed in
detail.

[0036]

The draWings shoWing embodiments of the system

material such as epoxy molding compound or ceramic mate
rial. As a further example, the base encapsulation 102 can

have characteristics of being formed by a ?lm assisted mold

ing or injection molding process.
[0041] Mount pads 104 can be on the base encapsulation
102. The mount pads 104 are de?ned as pads for providing
electrical interface and connection to components or devices
external to packaging system. As an example, the mount pads
104 can be made from a conductive material, such as copper,

a copper alloy, gold, a gold alloy, nickel, a nickel alloy, or
other alloys. In a further example, the mount pads 104 can be
made from at least one layer of a metallic material formed by
a plating process. More speci?cally, the mount pads 104 can
be made from a single metallic layer made from plating a

single material, multiple metallic layers made from plating a
single material, multiple metallic layers made from plating
different materials. The mount pads 104 can be at various
locations on the base encapsulation 102.
[0042] A conductive trace 106 can be on the base encapsu
lation 102. The conductive trace 106 is de?ned as a conduc
tive interconnect that is along a surface of a cover for provid

ing electrical connection betWeen pads. As an example, the
conductive trace 1 06 can be made from a conductive material,

such as copper, a copper alloy, gold, a gold alloy, nickel, a

nickel alloy, or other alloys.
[0043]

The conductive trace 106 can connect one or more

of the mount pads 104. For example, the conductive trace 106

are semi-diagrammatic and not to scale and, particularly,
some of the dimensions are for the clarity of presentation and
are shoWn exaggerated in the draWing FIGs. Similarly,
although the vieWs in the draWings for ease of description

mount pads 104. As a further example, the conductive trace

generally shoW similar orientations, this depiction in the
FIGs. is arbitrary for the most part. Generally, the invention

tions on the base encapsulation 102.
[0044] Referring noW to FIG. 2, therein is shoWn a cross

can be operated in any orientation.
[0037] Where multiple embodiments are disclosed and
described having some features in common, for clarity and

along line 2-2 of FIG. 1. The cross-sectional vieW depicts a

can connect one of the mount pads 104 With another one of the

106 can connect the mount pads 104 that are at various loca

sectional vieW of the integrated circuit packaging system 100
circuit structure 210. The circuit structure 210 is de?ned as a

have been numbered ?rst embodiment, second embodiment,

semiconductor device. As an example, the circuit structure
210 can be an integrated circuit die, a thin integrated circuit
die, or a silicon interposer. As a speci?c example, the circuit
structure 210 can be silicon interposer made from a silicon

etc. as a matter of descriptive convenience and are not

Wafer having through silicon vias (TSV).

intended to have any other signi?cance or provide limitations
for the present invention.
[0038] For expository purposes, the term “horizontal” as
used herein is de?ned as a plane parallel to the plane or

[0045] The circuit structure 210 can have a circuit active
side 212 and a circuit non-active side 214. The circuit active
side 212 is de?ned as the side of the circuit structure 210

ease of illustration, description, and comprehension thereof,
similar and like features one to another Will ordinarily be
described With similar reference numerals. The embodiments

having active circuitry (not shoWn) fabricated thereto. The

US 2012/0319295 A1
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circuit non-active side 214 is de?ned as the side of the circuit
structure 210 opposite the circuit active side 212.
[0046] The circuit structure 210 can include conductive

[0055] The integrated circuit device 226 can have a device
active side 228 and a device non-active side 230. The device
active side 228 is de?ned as the side of the integrated circuit

vias 216. The conductive vias 216 are de?ned as channels or
holes ?lled With conductive material that traverse from one
surface of a structure to an opposite surface of the structure.
The conductive vias 216 can be ?lled With a conductive

thereon. The device non-active side 230 is de?ned as the side

material. For example, the conductive vias can be ?lled With
conductive materials such as copper, a copper alloy, gold, a

gold alloy, nickel, a nickel alloy, or other alloys.
[0047] The conductive vias 216 can be in the circuit struc
ture 210. The conductive vias 216 can traverse through the
circuit structure 210 from the circuit active side 212 to the
circuit non-active side 214. The conductive vias 216 can be

exposed along the circuit active side 212 and the circuit non
active side 214.
[0048] Structure pads 218 can be along the circuit active
side 212. The structure pads 218 are de?ned as conductive

pads that provide electrical connectivity to an active surface
of a device. As an example, the structure pads 218 can be
made from a conductive material, such as copper, a copper

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.
The structure pads 218 can be co-planar With the circuit active
side 212. The structure pads 218 can provide electrical con
nectivity for the active circuitry on the circuit active side 212.
[0049] A component device 220 can be on the circuit active
side 212. The component device 220 is de?ned as an electrical
component. As an example, the component device 220 can be
a device that contains passive components, active compo
nents, or circuits formed from the combination thereof. The
component device 220 can be connected to the portion of the
conductive vias 216 that are exposed along the circuit active
side 212, the structure pads 218, or a combination thereof.
[0050] External interconnects 222 can be connected to the
circuit non-active side 214. The external interconnects 222
are de?ned as conductive connectors that provide connectiv

ity to other devices and components external to a packaging
system. As an example, the external interconnects 222 can be

device 226 having active circuitry (not shoWn) fabricated
of the integrated circuit device 226 opposite the device active
side 228.
[0056] The device active side 228 can be co-planar With the
circuit active side 212. The device non-active side 230 can be

co-planar With the circuit non-active side 214.
[0057] The integrated circuit device 226 can have device
pads 232 along the device active side 228. The device pads
232 are de?ned as conductive pads that provide electrical
connectivity to an active surface of a device. As an example,
the device pads 232 can be made from a conductive material,
such as copper, a copper alloy, gold, a gold alloy, nickel, a
nickel alloy, or other alloys. The device pads 232 can be

co-planar With the device active side 228. The device pads
232 can provide electrical connectivity for the active circuitry
on the device active side 228.
[0058] The base encapsulation 102 can be over the circuit

structure 210, around the integrated circuit device 226, and in
the through hole 224. The base encapsulation 102 can be on
the circuit active side 212 and the device active side 228. The
base encapsulation 102 can cover the component device 220.
[0059] The base encapsulation 102 can have a base ?rst side
234 and a base second side 236. The base encapsulation 102
can be in the through hole 224. The base encapsulation 102
can be in the space betWeen the circuit structure 210 and the
integrated circuit device 226. The circuit structure 210 and the
integrated circuit device 226 can be exposed from the base

encapsulation 102.
[0060] The circuit non-active side 214 and the device non
active side 230 can be co-planar With the base second side
236. The circuit non-active side 214, the device non-active
side 230, and the base second side 236 can have the charac
teristics of a surface that is formed as a uniform co-planar

solder balls, solder bumps, or conductive bumps.

surface. A surface formed as uniformly co-planar is de?ned as

[0051] The external interconnects 222 can be connected to
the portion of the conductive vias 216 that are exposed at the
circuit non-active side 214. The external interconnects 222
can connect the integrated circuit packaging system 100 to a

a surface that is formed during the same processing or manu

next system level doWn (not shoWn).
[0052] The circuit structure 210 can have a through hole
224. The through hole 224 is de?ned as an opening or hole

facturing step. For example, the circuit non-active side 214,
the device non-active side 230, and the base second side 236
can be formed during a single planariZation step, such as
grinding or polishing. As a further example, the characteris
tics of a surface that is formed as uniformly co-planar can

include continuous and uniform grinding or polishing marks,

that traverses betWeen one surface of a structure to an oppo

such as grooves or scratches, across the sides or surfaces of

site surface of the structure. The through hole 224 can traverse
betWeen the circuit active side 212 and the circuit non-active
side 214. The circuit structure 210 can be a single continuous
structure With the through hole 224 at an inner portion of the
circuit structure 210.
[0053] The conductive vias 216 can have a horizontal
dimension that is smaller than the horiZontal dimension of the
through hole 224. The through hole 224 can be siZed to ?t a
device, such as an integrated circuit die.
[0054] An integrated circuit device 226 can be in the

each component or device.
[0061] The base encapsulation can have a base lateral side
238. The base lateral side 238 is de?ned as the vertical side of

through hole 224. The integrated circuit device 226 is de?ned
as a semiconductor device. As an example, the integrated
circuit device 226 can be an integrated circuit die, a thin

the base encapsulation 102. A structure lateral side 240 of the
circuit structure 210 can be exposed coplanar With the base
lateral side 238. The structure lateral side 240 is de?ned as the

vertical side of the circuit structure 210 that is facing aWay
from the through hole 224.

[0062] The integrated circuit packaging system 100 can
include ?rst conductive pins 242 and second conductive pins
246. The ?rst conductive pins 242 and the second conductive
pins 246 are de?ned as conductive structures in a protective
cover that traverses betWeen a side of an active device and a

integrated circuit die, or an ultrathin integrated circuit die.

surface of the protective cover. As an example, the ?rst con

The through hole 224 can be a space betWeen the vertical side

ductive pins 242 and the second conductive pins 246 can be
made from conductive material, such as a copper alloy, gold,
a gold alloy, nickel, a nickel alloy, or other alloys. The ?rst

of the circuit structure 210 parallel With and facing the verti
cal side of the integrated circuit device 226.
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conductive pins 242 and the second conductive pins 246 can
be in and surrounded by the base encapsulation 102.
[0063] The ?rst conductive pins 242 can traverse betWeen
the circuit active side 212 and the base ?rst side 234. The ?rst
conductive pins 242 can be exposed from the base encapsu
lation 102 at the base ?rst side 234.
[0064] The ?rst conductive pins 242 can have a ?rst pin
height 244. The ?rst pin height 244 is de?ned as the measure

of length of the ?rst conductive pins 242 from the circuit
active side 212 to the base ?rst side 234.
[0065] The ?rst conductive pins 242 can be connected to

the circuit active side 212. For example, the ?rst conductive
pins 242 can be connected to the portion of the conductive
vias 216 that are exposed at the circuit active side 212. As a
further example, the ?rst conductive pins 242 can be con
nected to the structure pads 218.

[0066] The second conductive pins 246 can traverse
betWeen the device active side 228 and the base ?rst side 234.
The second conductive pins 246 can be exposed from the base
encapsulation 102 at the base ?rst side 234. The exposed

portion of the second conductive pins 246 can be co-planar
With the base ?rst side 234.
[0067] The second conductive pins 246 can have a second

pin height 248. The second pin height 248 is de?ned as the
measure of length of the second conductive pins 246 from the
device active side 228 to the base ?rst side 234. The second

pin height 248 can be equivalent to the ?rst pin height 244.
The second pin height 248 equivalent to the ?rst pin height
244 is de?ned as the distance betWeen the base ?rst side 234
to the circuit active side 212 for the ?rst pin height 244 is the
same as the distance betWeen the base ?rst side 234 and the

device active side 228 for the second pin height 248.
[0068] The second conductive pins 246 can be connected to
the device active side 228. For example, the second conduc
tive pins 246 can be connected to the device pads 232.
[0069] The ?rst conductive pins 242 and the second con
ductive pins 246 can have a tapered shape. A tapered shape is
de?ned as a shape having a gradually narroWing Width With
one end having a greater Width than an opposing end. For
example, the ?rst conductive pins 242 and the second con
ductive pins 246 can have a greater Width at the end adjacent
to the base ?rst side 234 and narroWer Width at the end

adjacent to the circuit active side 212 and the device active
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system 100 can be inverted and can have components or

devices mounted on the circuit non-active side 214, the device
non-active side 230, or a combination thereof. As a speci?c

example, the integrated circuit packaging system 100 can be
a Wafer level chip scale package, Which is de?ned as a pack

aging system including silicon devices, having circuitry fab
ricated thereon, fabricated at a Wafer level.

[0073]

It has been discovered that the present invention

provides the integrated circuit packaging system 100 With the
circuit structure 210, the integrated circuit device 226 and the

base encapsulation 102 having a loW vertical package pro?le.
The circuit non-active side 214, the device non-active side
230 and the base second side 236 having the characteristics of
a uniform co-planar surface enables uniform reduction in

package height for the circuit structure 210, the integrated
circuit device 226 and the base encapsulation 102, thus pro

viding the integrated circuit packaging system 100 having a
loW pro?le.
[0074]

It has also been discovered that the present invention

provides the integrated circuit packaging system 100 With the
?rst conductive pin 242 and the second conductive pin 246

having a loW vertical package pro?le. The second pin height
248 equivalent to the ?rst pin height 244 enables uniform
thickness of the portion of the base encapsulation 1 02 over the
circuit structure 210 and the integrated circuit device 226,

thus providing the integrated circuit packaging system 100
having a loW vertical package pro?le.
[0075]

It has further been discovered that the present inven

tion provides the integrated circuit packaging system 100 the
?rst conductive pin 242 and the second conductive pin 246
having reliable connectivity. The ?rst conductive pin 242 and
the second conductive pin 246 having the tapered shape hav
ing a narroW end that is smaller in Width than the structure

pads 218 and the device pads 232 enables precise connection
With the structure pads 218 and the device pads 232. The
precise connection of the ?rst conductive pin 242 and the
second conductive pin 246 With the structure pads 218 and the
device pads 232 reduces or eliminates the risk of shorting
betWeen the structure pads 218 With another of the structure
pads 218 or the device pads 232 With another of the device

pads 232, thus providing the integrated circuit packaging
system having reliable connectivity.

side 228, respectively.

[0076]

[0070] The mount pads 104 can be on the base ?rst side 234
of the base encapsulation 102. The mount pads 104 can be

invention provides the integrated circuit packaging system

connected to the portion of the ?rst conductive pins 242 and
the second conductive pins 246 at the base ?rst side 234.

mance and integration. The circuit structure 210 having the
active circuitry along the circuit active side 212 eliminates the
need for additional circuit components and connections

[0071]

The conductive trace 106 can be on the base ?rst

side 234 of the base encapsulation 102. The conductive trace
106 can connect one or more of the mount pads 104. The

conductive trace 106 can connect the ?rst conductive pins 242

It has yet further been discovered that the present

100 With the circuit structure 210 having, improved perfor

betWeen circuit components, thus providing the integrated
circuit packaging system 100 With improved performance
and integration.

With the second conductive pins 246. For example, the con

[0077]

ductive trace 106 can connect betWeen one of the mount pads

invention provides the integrated circuit packaging system

104 connected to one of the ?rst conductive pins 242 and
another one of the mount pads 104 connected to one of the

100 With the circuit structure 210 having a loW vertical pack
age pro?le. The circuit structure 210 having the active cir
cuitry along the circuit active side 212 eliminates the need for
additional circuit components or integrated circuits, thus pro
viding the integrated circuit packaging system 100 With a loW

second conductive pins 246.
[0072] The integrated circuit packaging system 100 can
provide an active substrate. The active substrate is de?ned as
a structure, having embedded active devices, that can function

It has yet further been discovered that the present

vertical package pro?le.

as a base for mounting other devices or components. As an

[0078]

example, the integrated circuit packaging system 100 can
support components or devices mounted over the base ?rst

vieW of the integrated circuit packaging system 100. The
bottom vieW depicts the circuit structure 210 having the

Referring noW to FIG. 3, therein is shoWn a bottom

side. As another example, the integrated circuit packaging

through hole 224. The circuit structure 210 can be a single
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continuous structure With the through hole 224 at an inner

portion of the circuit structure 210.
[0079] The integrated circuit device 226 can be in the
through hole 224. The base encapsulation 102 can be in the
through hole 224. The base encapsulation 102 can be in the
space betWeen the circuit structure 210 and the integrated
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[0087] The external interconnects 422 can be connected to
the portion of the conductive vias 416 that are exposed at the
circuit non-active side 414. The external interconnects 422
can connect the integrated circuit packaging system 400 to a

next system level doWn (not shoWn).

circuit device 226. The external interconnects 222 can be

[0088] The circuit structure 410 can have a through hole
424. The through hole 424 is de?ned as an opening or hole

along the circuit non-active side 214.

that traverses betWeen one surface of a structure to an oppo

[0080]

site surface of the structure. The through hole 424 can traverse
betWeen the circuit active side 412 and the circuit non-active

Referring noW to FIG. 4, therein is shoWn a cross

sectional vieW of an integrated circuit packaging system 400
as exempli?ed by the top vieW of FIG. 1 along line 2-2 in a
second embodiment of the present invention. The cross-sec
tional vieW depicts a circuit structure 410. The circuit struc
ture 410 is de?ned as a semiconductor device. As an example,
the circuit structure 410 can be an integrated circuit die, a thin

integrated circuit die, or a silicon interposer. As a speci?c
example, the circuit structure 410 can be silicon interposer
made from a silicon Wafer having through silicon vias (TSV).
[0081] The circuit structure 410 can have a circuit active
side 412 and a circuit non-active side 414. The circuit active
side 412 is de?ned as the side of the circuit structure 410

side 414. The circuit structure 410 can be a single continuous

structure With the through hole 424 at an inner portion of the
circuit structure 410.
[0089] The conductive vias 416 can have a horiZontal

dimension that is smaller than the horiZontal dimension of the
through hole 424. The through hole 424 can be siZed to ?t a
device, such as an integrated circuit die.
[0090] An integrated circuit device 426 can be in the

through hole 424. The integrated circuit device 426 is de?ned
as a semiconductor device. As an example, the integrated
circuit device 426 can be an integrated circuit die, a thin

having active circuitry (not shoWn) fabricated thereto. The

integrated circuit die, or an ultrathin integrated circuit die.

circuit non-active side 414 is de?ned as the side of the circuit
structure 410 opposite the circuit active side 412.
[0082] The circuit structure 410 can include conductive

The through hole 424 can be a space betWeen the vertical side

vias 416. The conductive vias 416 are de?ned as channels or

holes ?lled With conductive material that traverse from
betWeen one surface of a structure to an opposite surface of
the structure. The conductive vias 416 can be ?lled With a
conductive material. For example, the conductive vias can be
?lled With conductive materials such as copper, a copper

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.
[0083] The conductive vias 416 can be in the circuit struc
ture 410. The conductive vias 416 can traverse through the
circuit structure 410 betWeen the circuit active side 412 to the
circuit non-active side 414. The conductive vias 416 can be

exposed along the circuit active side 412 and the circuit non
active side 414.
[0084] Structure pads 418 can be along the circuit active
side 412. The structure pads 418 are de?ned as conductive

pads that provide electrical connectivity to an active surface
of a device. As an example, the structure pads 418 can be
made from a conductive material, such as copper, a copper

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.
The structure pads 418 can be co-planar With the circuit active
side 412. The structure pads 418 can provide electrical con
nectivity for the active circuitry on the circuit active side 412.
[0085] A component device 420 can be on the circuit active
side 412 of the circuit structure 410. The component device
420 is de?ned as an electrical component. As an example, the
component device 420 can be a device that contains passive
components, active components, or circuits formed thereof.
The component device 420 can be connected to the portion of

of the circuit structure 410 parallel With and facing the verti
cal side of the integrated circuit device 426.
[0091] The integrated circuit device 426 can have a device
active side 428 and a device non-active side 430. The device
active side 428 is de?ned as the side of the integrated circuit

device 426 having active circuitry (not shown) fabricated
thereto. The device non-active side 430 is de?ned as the side

of the integrated circuit device 426 opposite the device active
side 428.
[0092] The device active side 428 can be co-planar With the
circuit active side 412. The device non-active side 430 can be

co-planar With the circuit non-active side 414.
[0093] The integrated circuit device 426 can have device
pads 432 along the device active side 428. The device pads
432 are de?ned as conductive pads that provide electrical
connectivity to an active surface of a device. As an example,
the device pads 432 can be made from a conductive material,
such as copper, a copper alloy, gold, a gold alloy, nickel, a
nickel alloy, or other alloys. The device pads 432 can be

co-planar With the device active side 428. The device pads
432 can provide electrical connectivity for the active circuitry
on the device active side 428.

[0094]

The integrated circuit packaging system 400 can

include a base encapsulation 402. The base encapsulation 402
is de?ned as a cover a protective cover that has electric and

environmental insulating properties. As an example, the base
encapsulation 402 can be formed by molding an encapsula
tion material such as epoxy molding compound or ceramic
material. As an example, the base encapsulation 402 can have
characteristics of being formed by a ?lm assisted molding or

the conductive vias 416 that are exposed along the circuit
active side 412, the structure pads 418, or a combination
thereof.

injection molding process.

[0086] External interconnects 422 can be connected to the
circuit non-active side 414 of the circuit structure 410. The

the through hole 424. The base encapsulation 402 can be on
the circuit active side 412 and the device active side 428. The
base encapsulation 402 can cover the component device 420.
[0096] The base encapsulation 402 can have a base ?rst side
434 and a base second side 436. The base encapsulation 402
can be in the through hole 424. The base encapsulation 402
can be in the space betWeen the circuit structure 410 and the

external interconnects 422 are de?ned as conductive connec

tors that provide connectivity to other devices and compo
nents that can be external to a packaging system. As an

example, the external interconnects 422 can be solder balls,
solder bumps, or conductive bumps.

[0095]

The base encapsulation 402 can be over the circuit

structure 410, around the integrated circuit device 426, and in
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integrated circuit device 426. The circuit structure 410 and the
integrated circuit device 426 can be exposed from the base

encapsulation 402.
[0097] The circuit non-active side 414 and the device non
active side 430 can be co-planar With the base second side
436. The circuit non-active side 414, the device non-active
side 430, and the base second side 436 can have the charac
teristics of a surface that is formed as a uniform co-planar

surface. A surface formed as uniformly co-planar is de?ned as
a surface that is formed during the same processing or manu

facturing step. For example, the circuit non-active side 414,
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same as the distance betWeen the base ?rst side 434 and the

device active side 428 for the second pin height 448.
[0105] The second conductive pins 446 can be connected to
the device active side 428. For example, the second conduc
tive pins 446 can be connected to the device pads 432.
[0106] The ?rst conductive pins 442 and the second con
ductive pins 446 can have a tapered shape. A tapered shape is
de?ned as a shape having a gradually narroWing Width With
one end having a greater Width than an opposing end. For
example, the ?rst conductive pins 442 and the second con
ductive pins 446 can have a greater Width at the end adjacent

the device non-active side 430, and the base second side 436
can be formed during a single planariZation step, such as
grinding or polishing. As a further example, the characteris

to the base ?rst side 434 and narroWer Width at the end

tics of a surface that is formed as uniformly co-planar can

[0107] Mount pads 404 can be on the base encapsulation
402. The mount pads 404 are de?ned as pads for providing
electrical interface and connection to components or devices
external to a packaging system. As an example, the mount
pads 404 can be made from a conductive material, such as
copper, a copper alloy, gold, a gold alloy, nickel, a nickel
alloy, or other alloys. In a further example, the mount pads

include continuous and uniform grinding or polishing marks,
such as grooves or scratches, across the sides or surfaces of

each component or device.
[0098] The base encapsulation can have a base lateral side
438. The base lateral side 438 is de?ned as the vertical side of

the base encapsulation 402. A structure lateral side 440 of the
circuit structure 410 canbe covered by the base encapsulation
402. The structure lateral side 440 is de?ned as the vertical

side of the circuit structure 410 that is facing aWay from the

through hole 424.
[0099] The integrated circuit packaging system 400 can
include ?rst conductive pins 442 and second conductive pins
446. The ?rst conductive pins 442 and the second conductive
pins 446 are de?ned as conductive structures in a protective
cover that traverses betWeen a side of an active device and a

surface of the protective cover. As an example, the ?rst con

ductive pins 442 and the second conductive pins 446 can be
made from conductive material, such as a copper alloy, gold,
a gold alloy, nickel, a nickel alloy, or other alloys. The ?rst
conductive pins 442 and the second conductive pins 446 can
be in and surrounded by the base encapsulation 402.
[0100] The ?rst conductive pins 442 can traverse betWeen
the circuit active side 412 and the base ?rst side 434. The ?rst
conductive pins 442 can be exposed from the base encapsu
lation 402 at the base ?rst side 434.
[0101] The ?rst conductive pins 442 can have a ?rst pin
height 444. The ?rst pin height 444 is de?ned as the measure
of length of the ?rst conductive pins 442 from the circuit
active side 412 to the base ?rst side 434.
[0102] The ?rst conductive pins 442 can be connected to
the circuit active side 412. For example, the ?rst conductive
pins 442 can be connected to the portion of the conductive
vias 416 that are exposed at the circuit active side 412. As a
further example, the ?rst conductive pins 442 can be con
nected to the structure pads 418.

[0103] The second conductive pins 446 can traverse
betWeen the device active side 428 and the base ?rst side 434.
The second conductive pins 446 can be exposed from the base
encapsulation 402 at the base ?rst side 434. The exposed

adjacent to the circuit active side 412 and the device active

side 428, respectively.

404 can be made from at least one layer of a metallic material

formed by a plating process. More speci?cally, the mount
pads 404 can be made from a single metallic layer made from

plating a single material, multiple metallic layers made from
plating a single material, multiple metallic layers made from
plating different materials. The mount pads 404 can be at
various locations on the base encapsulation 402.
[0108] The mount pads 404 can be on the base ?rst side 434
of the base encapsulation 402. The mount pads 404 can be

connected to the portion of the ?rst conductive pins 442 and
the second conductive pins 446 at the base ?rst side 434.
[0109] A conductive trace 406 can be on the base encapsu
lation 402. The conductive trace 406 is de?ned as a conduc

tive interconnect that is along a surface of a cover for provid

ing electrical connection betWeen pads. As an example, the
conductive trace 406 can be made from a conductive material,

such as copper, a copper alloy, gold, a gold alloy, nickel, a

nickel alloy, or other alloys.
[0110]

The conductive trace 406 can be on the base ?rst

side 434 of the base encapsulation 402. The conductive trace
406 can connect one or more of the mount pads 404. The

conductive trace 406 can connect the ?rst conductive pins 442

With the second conductive pins 446. For example, the con
ductive trace 406 can connect betWeen one of the mount pads

404 connected to one of the ?rst conductive pins 442 and
another one of the mount pads 404 connected to one of the

second conductive pins 446.
[0111] The integrated circuit packaging system 400 can be
an active substrate. The active substrate is de?ned as a struc

ture, having embedded active devices, that can function as a
base for mounting other devices or components. As an

example, the integrated circuit packaging system 400 can
components or devices mounted over the base ?rst side. As

portion of the second conductive pins 446 can be co-planar

another example, the integrated circuit packaging system 400

With the base ?rst side 434.
[0104] The second conductive pins 446 can have a second

can be inverted and can have components or devices mounted

pin height 448. The second pin height 448 is de?ned as the
measure of length of the second conductive pins 446 from the

on the circuit non-active side 414, the device non-active side
430, or a combination thereof. As a speci?c example, the
integrated circuit packaging system 400 can be a Wafer level

device active side 428 to the base ?rst side 434. The second

chip scale package, Which is de?ned as a packaging system

pin height 448 can be equivalent to the ?rst pin height 444.
The second pin height 448 equivalent to the ?rst pin height

including silicon devices, having circuitry fabricated thereon,
fabricated at a Wafer level.

444 is de?ned as the distance betWeen the base ?rst side 434

[0112]

to the circuit active side 412 for the ?rst pin height 444 is the

provides the integrated circuit packaging system 400 With the

It has been discovered that the present invention
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circuit structure 410, the integrated circuit device 426 and the

base encapsulation 402 having a loW package pro?le. The
circuit non-active side 414, the device non-active side 430 and
the base second side 436 having the characteristics of a uni

form co-planar surface enables uniform reduction in package
height for the circuit structure 410, the integrated circuit
device 426 and the base encapsulation 402, thus providing
integrated circuit packaging system 400 having a loW pro?le.
[0113] It has also been discovered that the present invention
provides the integrated circuit packaging system 400 With the
?rst conductive pin 442 and the second conductive pin 446
having a loW package pro?le. The second pin height 448
equivalent to the ?rst pin height 444 enables uniform thick
ness of the portion of the base encapsulation 402 over the
circuit structure 410 and the integrated circuit device 426,

thus providing the integrated circuit packaging system 400
having a loW package pro?le.
[01 14]

It has further been discovered that the present inven
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ture 510 is de?ned as a semiconductor device. As an example,
the circuit structure 510 can be an integrated circuit die, a thin

integrated circuit die, or a silicon interposer. As a speci?c
example, the circuit structure 510 can be silicon interposer
made from a silicon Wafer having through silicon vias (TSV).
[0119] The circuit structure 510 can have a circuit active
side 512 and a circuit non-active side 514. The circuit active
side 512 is de?ned as the side of the circuit structure 510

having active circuitry (not shoWn) fabricated thereto. The
circuit non-active side 514 is de?ned as the side of the circuit
structure 510 opposite the circuit active side 512.
[0120] The circuit structure 510 can include conductive
vias 516. The conductive vias 516 are de?ned as channels or

holes ?lled With conductive material that traverse from
betWeen one surface of a structure to an opposite surface of
the structure. The conductive vias 516 can be ?lled With a

conductive material. For example, the conductive vias can be
?lled With conductive materials such as copper, a copper

tion provides the integrated circuit packaging system 400 the

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.

?rst conductive pin 442 and the second conductive pin 446
having reliable connectivity. The ?rst conductive pin 442 and
the second conductive pin 446 having the tapered shape hav

[0121] The conductive vias 516 can be in the circuit struc
ture 510. The conductive vias 516 can traverse through the
circuit structure 510 from the circuit active side 512 to the
circuit non-active side 514. The conductive vias 516 can be

ing a narroW end that is smaller in Width than the structure

pads 418 and the device pads 432 enables precise connection
With the structure pads 418 and the device pads 432. The
precise connection of the ?rst conductive pin 442 and the
second conductive pin 446 With the structure pads 418 and the

exposed along the circuit active side 512 and the circuit non
active side 514.

device pads 432 reduces or eliminates the risk of shorting
betWeen the structure pads 418 With another of the structure
pads 418 or the device pads 432 With another of the device

pads that provide electrical connectivity to an active surface

pads 432, thus providing the integrated circuit packaging
system having reliable connectivity.
[0115]

It has yet further been discovered that the present

invention provides the integrated circuit packaging system
400 With the circuit structure 410 having, improved perfor
mance and integration. The circuit structure 410 having the
active circuitry along the circuit active side 412 eliminates the
need for additional circuit components and connections

betWeen circuit components, thus providing the integrated
circuit packaging system 400 With improved performance
and integration.
[0116]

It has yet further been discovered that the present

[0122]

Structure pads 518 can be along the circuit active

side 512. The structure pads 518 are de?ned as conductive

of a device. As an example, the structure pads 518 can be
made from a conductive material, such as copper, a copper

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.
The structure pads 518 can be co-planar With the circuit active
side 512. The structure pads 518 can provide electrical con
nectivity for the active circuitry on the circuit active side 512.
[0123] A component device 520 can be on the circuit active
side 512 of the circuit structure 510. The component device
520 is de?ned as an electrical component. As an example, the
component device 520 can be a device that contains passive
components, active components, or circuits formed from the
combination thereof. The component device 520 can be con
nected to the portion of the conductive vias 516 that are

exposed along the circuit active side 512, the structure pads

invention provides the integrated circuit packaging system

518, or a combination thereof.

400 With the circuit structure 410 having a loW vertical pack
age pro?le. The circuit structure 410 having the active cir
cuitry along the circuit active side 412 eliminates the need for
additional circuit components or integrated circuits, thus pro

[0124] External interconnects 522 can be connected to the
circuit non-active side 514. The external interconnects 522
are de?ned as conductive connectors that provide connectiv

viding the integrated circuit packaging system 400 With a loW

ity to other devices and components external to a packaging
system. As an example, the external interconnects 522 can be

vertical package pro?le.

solder balls, solder bumps, or conductive bumps.

[0117]

[0125] The external interconnects 522 can be connected to
the portion of the conductive vias 516 that are exposed at the
circuit non-active side 514. The external interconnects 522
can connect the integrated circuit packaging system 500 to a

It has yet further been discovered that the present

invention provides the integrated circuit packaging system
400 With the structure lateral side 440 covered by the base

encapsulation 402 having improved structural integrity. The
base encapsulation 402 covering the structure lateral side 440
of the circuit structure 410 increases the bonding and contact
surface area betWeen the circuit structure 410 and the base

next system level doWn (not shoWn).
[0126] The circuit structure 510 can have a through hole
524. The through hole 524 is de?ned as an opening or hole

encapsulation 402, reducing the risk of delamination and thus
improving the structural integrity of the integrated circuit
packaging system 400.

site surface of the structure. The through hole 524 can traverse
betWeen the circuit active side 512 and the circuit non-active

[0118]

side 514. The circuit structure 510 can be a single continuous

Referring noW to FIG. 5, therein is shoWn a cross

sectional vieW of an integrated circuit packaging system 500
as exempli?ed by the top vieW of FIG. 1 along line 2-2 in a
third embodiment of the present invention. The cross-sec
tional vieW depicts a circuit structure 510. The circuit struc

that traverses betWeen one surface of a structure to an oppo

structure With the through hole 524 at an inner portion of the
circuit structure 510.
[0127] The conductive vias 516 can have a horiZontal

dimension that is smaller than the horiZontal dimension of the
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through hole 524. The through hole 524 can be sized to ?t a
device, such as an integrated circuit die.
[0128] An integrated circuit device 526 can be in the

through hole 524. The integrated circuit device 526 is de?ned
as a semiconductor device. As an example, the integrated
circuit device 526 can be an integrated circuit die, a thin
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include continuous and uniform grinding or polishing marks,
such as grooves or scratches, across the sides or surfaces of

each component or device.
[0136] The base encapsulation can have a base lateral side
538. The base lateral side 538 is de?ned as the vertical side of

integrated circuit die, or an ultrathin integrated circuit die.

the base encapsulation 502. A structure lateral side 540 of the
circuit structure 510 can be covered by the base encapsulation

The through hole 524 can be a space betWeen the vertical side

502. The structure lateral side 540 is de?ned as the vertical

of the circuit structure 510 parallel With and facing the verti
cal side of the integrated circuit device 526.
[0129] The integrated circuit device 526 can have a device
active side 528 and a device non-active side 530. The device
active side 528 is de?ned as the side of the integrated circuit

side of the circuit structure 510 that is facing aWay from the

through hole 524.
[0137] The integrated circuit packaging system 500 can
include ?rst conductive pins 542 and second conductive pins
546. The ?rst conductive pins 542 and the second conductive

device 526 having active circuitry (not shoWn) fabricated

pins 546 are de?ned as conductive structures in a protective

thereon. The device non-active side 530 is de?ned as the side

cover that traverses betWeen a side of an active device and a

of the integrated circuit device 526 opposite the device active

surface of the protective cover. As an example, the ?rst con

side 528.
[0130] The device active side 528 can be co-planar With the
circuit active side 512. The device non-active side 530 can be

ductive pins 542 and the second conductive pins 546 can be
made from conductive material, such as a copper alloy, gold,
a gold alloy, nickel, a nickel alloy, or other alloys. The ?rst
conductive pins 542 and the second conductive pins 546 can
be in and surrounded by the base encapsulation 502.
[0138] The ?rst conductive pins 542 can traverse betWeen
the circuit active side 512 and the base ?rst side 534. The ?rst
conductive pins 542 can be exposed from the base encapsu
lation 502 at the base ?rst side 534.
[0139] The ?rst conductive pins 542 can have a ?rst pin
height 544. The ?rst pin height 544 is de?ned as the measure
of length of the ?rst conductive pins 542 from the circuit
active side 512 to the base ?rst side 534.
[0140] The ?rst conductive pins 542 can be connected to
the circuit active side 512. For example, the ?rst conductive
pins 542 can be connected to the portion of the conductive

co-planar With the circuit non-active side 514.
[0131] The integrated circuit device 526 can have device
pads 532 along the device active side 528. The device pads
532 are de?ned as conductive pads that provide electrical
connectivity to an active surface of a device. As an example,
the device pads 532 can be made from a conductive material,
such as copper, a copper alloy, gold, a gold alloy, nickel, a
nickel alloy, or other alloys. The device pads 532 can be

co-planar With the device active side 528. The device pads
532 can provide electrical connectivity for the active circuitry
on the device active side 528.

[0132]

The integrated circuit packaging system 500 can

include a base encapsulation 502. The base encapsulation 502
is de?ned as a cover a protective cover that has electric and

environmental insulating properties. As an example, the base
encapsulation 502 can be formed by molding an encapsula
tion material such as epoxy molding compound or ceramic
material. As an example, the base encapsulation 502 can have
characteristics of being formed by a ?lm assisted molding or

vias 516 that are exposed at the circuit active side 512. As a
further example, the ?rst conductive pins 542 can be con
nected to the structure pads 518.

injection molding process.

[0141] The second conductive pins 546 can traverse
betWeen the device active side 528 and the base ?rst side 534.
The second conductive pins 546 can be exposed from the base
encapsulation 502 at the base ?rst side 534. The exposed

[0133]

The base encapsulation 502 can be over the circuit

portion of the second conductive pins 546 can be co-planar

structure 510, around the integrated circuit device 526, and in

With the base ?rst side 534.
[0142] The second conductive pins 546 can have a second

the through hole 524. The base encapsulation 502 can be on
the circuit active side 512 and the device active side 528. The
base encapsulation 502 can cover the component device 520.
[0134] The base encapsulation 502 can have a base ?rst side
534 and a base second side 536. The base encapsulation 502
can be in the through hole 524. The base encapsulation 502
can be in the space betWeen the circuit structure 510 and the
integrated circuit device 526. The circuit structure 510 and the
integrated circuit device 526 can be exposed from the base

pin height 548. The second pin height 548 is de?ned as the
measure of length of the second conductive pins 546 from the
device active side 528 to the base ?rst side 534. The second

pin height 548 can be equivalent to the ?rst pin height 544.
The second pin height 548 equivalent to the ?rst pin height
544 is de?ned as the distance betWeen the base ?rst side 534

to the circuit active side 512 for the ?rst pin height 544 is the
same as the distance betWeen the base ?rst side 534 and the

encapsulation 502.

device active side 528 for the second pin height 548.

[0135] The circuit non-active side 514 and the device non
active side 530 can be co-planar With the base second side
536. The circuit non-active side 514, the device non-active
side 530, and the base second side 536 can have the charac

[0143] The second conductive pins 546 can be connected to
the device active side 528. For example, the second conduc
tive pins 546 can be connected to the device pads 532.
[0144] The ?rst conductive pins 542 and the second con
ductive pins 546 can have a tapered shape. A tapered shape is
de?ned as a shape having a gradually narroWing Width With
one end having a greater Width than an opposing end. For
example, the ?rst conductive pins 542 and the second con
ductive pins 546 can have a greater Width at the end adjacent

teristics of a surface that is formed as a uniform co-planar

surface. A surface formed as uniformly co-planar is de?ned as
a surface that is formed during the same processing or manu

facturing step. For example, the circuit non-active side 514,
the device non-active side 530, and the base second side 536
can be formed during a single planariZation step, such as
grinding or polishing. As a further example, the characteris
tics of a surface that is formed as uniformly co-planar can

to the base ?rst side 534 and narroWer Width at the end

adjacent to the circuit active side 512 and the device active

side 528, respectively.
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[0145] Mount pads 504 can be on the base encapsulation
502. The mount pads 504 are de?ned as pads for providing
electrical interface and connection to components or devices
external to a packaging system. As an example, the mount
pads 504 can be made from a conductive material, such as
copper, a copper alloy, gold, a gold alloy, nickel, a nickel
alloy, or other alloys. In a further example, the mount pads

Dec. 20, 2012

system 500 can be inverted and can have components or

devices mounted on the circuit non-active side 514, the device
non-active side 530, or a combination thereof. As a speci?c

example, the integrated circuit packaging system 500 can be
a Wafer level chip scale package, Which is de?ned as a pack

aging system including silicon devices, having circuitry fab
ricated thereon, fabricated at a Wafer level.

504 can be made from at least one layer of a metallic material

[0154]

formed by a plating process. More speci?cally, the mount
pads 504 can be made from a single metallic layer made from

provides the integrated circuit packaging system 500 With the

plating a single material, multiple metallic layers made from
plating a single material, multiple metallic layers made from

base encapsulation 502 having a loW package pro?le. The

plating different materials. The mount pads 504 can be at
various locations on the base encapsulation 502.
[0146] The mount pads 504 can be on the base ?rst side 534
of the base encapsulation 502. The mount pads 504 can be
connected to the portion of the ?rst conductive pins 542 and
the second conductive pins 546 at the base ?rst side 534.
[0147] A conductive trace 506 can be on the base encapsu
lation 502. The conductive trace 506 is de?ned as a conduc

tive interconnect that is along a surface of a cover for provid

ing electrical connection betWeen pads. As an example, the
conductive trace 506 can be made from a conductive material,

such as copper, a copper alloy, gold, a gold alloy, nickel, a

nickel alloy, or other alloys.
[0148]

The conductive trace 506 can be on the base ?rst

It has been discovered that the present invention

circuit structure 510, the integrated circuit device 526 and the
circuit non-active side 514, the device non-active side 530 and
the base second side 536 having the characteristics of a uni

form co-planar surface enables uniform reduction in package
height for the circuit structure 510, the integrated circuit
device 526 and the base encapsulation 502, thus providing an
integrated circuit packaging system 500 having a loW pro?le.
[0155] It has also been discovered that the present invention
provides the integrated circuit packaging system 500 With the
?rst conductive pin 542 and the second conductive pin 546
having a loW package pro?le. The second pin height 548
equivalent to the ?rst pin height 544 enables uniform thick
ness of the portion of the base encapsulation 502 over the
circuit structure 510 and the integrated circuit device 526,

thus providing the integrated circuit packaging system 500
having a loW package pro?le.

side 534 of the base encapsulation 502. The conductive trace

[0156]

506 can connect one or more of the mount pads 504. The

tion provides the integrated circuit packaging system 500 the
?rst conductive pin 542 and the second conductive pin 546
having reliable connectivity. The ?rst conductive pin 542 and
the second conductive pin 546 having the tapered shape hav

conductive trace 506 can connect the ?rst conductive pins 542

With the second conductive pins 546. For example, the con
ductive trace 506 can connect betWeen one of the mount pads

504 connected to one of the ?rst conductive pins 542 and
another one of the mount pads 504 connected to one of the

second conductive pins 546.
[0149] Through pins 560 can be in the base encapsulation
502. The through pins 560 are de?ned as conductive struc
tures that provide direct electrical connectivity betWeen one
side of a packaging system to an opposing side of the pack
aging system. As an example, the through pins 560 can be
made from conductive material, such as a copper alloy, gold,
a gold alloy, nickel, a nickel alloy, or other alloys.

[0150] The through pins 560 can be in and surrounded by
the base encapsulation 502. The through pins 560 can traverse
betWeen the base second side 536 and the base ?rst side 534.
The through pins 560 can be exposed from the base encapsu
lation 502 at the base second side 536 and the base ?rst side

534. The portion of the through pins 560 exposed at the base
second side 536 can be co-planar With the base second side
536. The mount pads 504 can be connected to the end of the

through pins 560 at the base ?rst side 534.
[0151] The through pins 560 can be adjacent to the circuit
structure 510. The through pins 560 can be adjacent to the
structure lateral side 540.

[0152]

The through pins 560 can have the tapered shape.

It has further been discovered that the present inven

ing a narroW end that is smaller in Width than the structure

pads 518 and the device pads 532 enables precise connection
With the structure pads 518 and the device pads 532. The
precise connection of the ?rst conductive pin 542 and the
second conductive pin 546 With the structure pads 518 and the
device pads 532 reduces or eliminates the risk of shorting
betWeen the structure pads 518 With another of the structure
pads 518 or the device pads 532 With another of the device

pads 532, thus providing the integrated circuit packaging
system having reliable connectivity.
[0157]

It has yet further been discovered that the present

invention provides the integrated circuit packaging system
500 With the circuit structure 510 having, improved perfor
mance and integration. The circuit structure 510 having the
active circuitry along the circuit active side 512 eliminates the
need for additional circuit components and connections

betWeen circuit components, thus providing the integrated
circuit packaging system 500 With improved performance
and integration.
[0158]

It has yet further been discovered that the present

invention provides the integrated circuit packaging system
500 With the circuit structure 510 having a loW vertical pack
age pro?le. The circuit structure 510 having the active cir
cuitry along the circuit active side 512 eliminates the need for
additional circuit components or integrated circuits, thus pro

For example, the through pins 560 can have a greater Width at
the end adjacent to the base ?rst side 534 and narroWer Width
at the end exposed at the base second side 536.

viding the integrated circuit packaging system 500 With a loW

[0153]

vertical package pro?le.

The integrated circuit packaging system 500 can

[0159]

It has yet further been discovered that the present

provide an active substrate. The active substrate is de?ned as
a structure, having embedded active devices, that can function

invention provides the integrated circuit packaging system

as a base for mounting other devices or components. As an

500 With the structure lateral side 540 covered by the base

example, the integrated circuit packaging system 500 can

encapsulation 502 having improved structural integrity. The

support components or devices mounted over the base ?rst

base encapsulation 502 covering the structure lateral side 540
of the circuit structure 510 increases the bonding and contact

side. As another example, the integrated circuit packaging
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surface area between the circuit structure 510 and the base

system. As an example, the external interconnects 622 can be

encapsulation 502, reducing the risk of delamination and thus
improving the structural integrity of the integrated circuit
packaging system 500.
[0160] It has yet further been discovered that the present

solder balls, solder bumps, or conductive bumps.

invention provides the integrated circuit packaging system

[0168] The external interconnects 622 can be connected to
the portion of the conductive vias 616 that are exposed at the
circuit non-active side 614. The external interconnects 622
can connect the integrated circuit packaging system 600 to a

500 With the through pins 560 having increased through con

next system level doWn (not shoWn).

nectivity. The through pins 560 provide additional direct

[0169] The circuit structure 610 can have a through hole
624. The through hole 624 is de?ned as an opening or hole

through connections betWeen system levels above and beloW

the integrated circuit packaging system 500, thus increasing
connectivity of the integrated circuit packaging system 500.
[0161]

Referring noW to FIG. 6, therein is shoWn a cross

sectional vieW of the integrated circuit packaging system 600
as exempli?ed by the top vieW of FIG. 1 along line 2-2 in a
fourth embodiment of the present invention. The cross-sec
tional vieW depicts a circuit structure 610. The circuit struc
ture 610 is de?ned as a semiconductor device. As an example,
the circuit structure 610 can be an integrated circuit die, a thin

integrated circuit die, or a silicon interposer. As a speci?c
example, the circuit structure 610 can be silicon interposer
made from a silicon Wafer having through silicon vias (TSV).
[0162] The circuit structure 610 can have a circuit active
side 612 and a circuit non-active side 614. The circuit active
side 612 is de?ned as the side of the circuit structure 610

having active circuitry (not shoWn) fabricated thereto. The
circuit non-active side 614 is de?ned as the side of the circuit
structure 610 opposite the circuit active side 612.
[0163] The circuit structure 610 can include conductive
vias 616. The conductive vias 616 are de?ned as channels or
holes ?lled With conductive material that traverse from one
surface of a structure to an opposite surface of the structure.
The conductive vias 616 can be ?lled With a conductive
material. For example, the conductive vias can be ?lled With
conductive materials such as copper, a copper alloy, gold, a

gold alloy, nickel, a nickel alloy, or other alloys.
[0164] The conductive vias 616 can be in the circuit struc
ture 610. The conductive vias 616 can traverse through the
circuit structure 610 from the circuit active side 612 to the
circuit non-active side 614. The conductive vias 616 can be

exposed along the circuit active side 612 and the circuit non
active side 614.
[0165] Structure pads 618 can be along the circuit active
side 612. The structure pads 618 are de?ned as conductive

pads that provide electrical connectivity to an active surface
of a device. As an example, the structure pads 618 can be
made from a conductive material, such as copper, a copper

alloy, gold, a gold alloy, nickel, a nickel alloy, or other alloys.
The structure pads 618 can be co-planar With the circuit active
side 612. The structure pads 618 can provide electrical con
nectivity for the active circuitry on the circuit active side 612.
[0166] A component device 620 can be on the circuit active
side 612. The component device 620 is de?ned as semicon
ductor component. As an example, the component device 620
can be a device that contains passive components, active
components, or circuits formed from the combination
thereof. The component device 620 can be connected to the
portion of the conductive vias 616 that are exposed along the
circuit active side 612, the structure pads 618, or a combina
tion thereof.
[0167] External interconnects 622 can be connected to the
circuit non-active side 614. The external interconnects 622

that traverses betWeen one surface of a structure to an oppo

site surface of the structure. The through hole 624 can traverse
betWeen the circuit active side 612 and the circuit non-active
side 614. The circuit structure 610 can be a single continuous

structure With the through hole 624 at an inner portion of the
circuit structure 610.
[0170] The conductive vias 616 can have a horizontal

dimension that is smaller than the horiZontal dimension of the
through hole 624. The through hole 624 can be siZed to ?t a
device, such as an integrated circuit die.
[0171] An integrated circuit device 626 can be in the

through hole 624. The integrated circuit device 626 is de?ned
as a semiconductor device. As an example, the integrated
circuit device 626 can be an integrated circuit die, a thin

integrated circuit die, or an ultrathin integrated circuit die.
The through hole 624 can be a space betWeen the vertical side

of the circuit structure 610 parallel With and facing the verti
cal side of the integrated circuit device 626.
[0172] The integrated circuit device 626 can have a device
active side 628 and a device non-active side 630. The device
active side 628 is de?ned as the side of the integrated circuit

device 626 having active circuitry (not shoWn) fabricated
thereon. The device non-active side 630 is de?ned as the side

of the integrated circuit device 626 opposite the device active
side 628.
[0173] The device active side 628 can be co-planar With the
circuit active side 612. The device non-active side 630 can be

co-planar With the circuit non-active side 614.
[0174] The integrated circuit device 626 can have device
pads 632 along the device active side 628. The device pads
632 are de?ned as conductive pads that provide electrical
connectivity to an active surface of a device. As an example,
the device pads 632 can be made from a conductive material,
such as copper, a copper alloy, gold, a gold alloy, nickel, a
nickel alloy, or other alloys. The device pads 632 can be

co-planar With the device active side 628. The device pads
632 can provide electrical connectivity for the active circuitry
on the device active side 628.

[0175] An internal integrated circuit 670 can be mounted
over the device active side 628. The internal integrated circuit
670 is de?ned as a semiconductor device. As an example, the

internal integrated circuit 670 can be an integrated circuit die,
a thin integrated circuit die, or an ultrathin integrated circuit
die.
[0176] The internal integrated circuit 670 can have an inter
nal ?rst side 672 and an internal second side 674. The internal
?rst side 672 is de?ned as the side of the internal integrated
circuit 670 facing aWay from the integrated circuit device
626. The internal ?rst side 672 can have active circuitry (not
shoWn) fabricated thereto. The internal second side 674 is
de?ned as the side of the internal integrated circuit 670 facing
the integrated circuit device 626.

[0177]

The integrated circuit packaging system 600 can

are de?ned as conductive connectors that provide connectiv

include a base encapsulation 602. The base encapsulation 602

ity to other devices and components external to a packaging

is de?ned as a cover a protective cover that has electric and

