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SEMCONDUCTOR PACKAGES AND 
METHODS OF PACKAGING 
SEMCONDUCTOR DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a divisional application of co-pending U.S. 
patent application Ser. No. 14/094,763 filed Dec. 2, 2013, 
which is a continuation-in-part application of U.S. patent 
application Ser. No. 13/802,769, now U.S. Pat. No. 9,087, 
777, filed on Mar. 14, 2013 entitled “Semiconductor Pack 
ages and Methods of Packaging Semiconductor Devices’, the 
disclosures of which are herein incorporated by reference in 
their entireties. 

BACKGROUND 

0002 Wafer level chip scale packages (WLCSP), thermal 
leadless array (TLA) packages and leadframe-based pack 
ages, such as high density leadframe array (HLA) packages, 
are popular packaging solutions for high I/O devices in the 
industry. However, existing WLCSP, TLA and leadframe 
based packages Suffer from several disadvantages. For 
example, the size of WLCSP is limited due to board level 
reliability, particularly for the larger size dies which face 
warpage issue. The die warpage weakens the connection 
structure between the bumps and printed circuit board (PCB) 
pads. Fine pitch bumping is also desired for these packages. 
However, current PCB module technology is not prepared to 
accommodate smaller pitch size. Therefore, the size of the die 
may not be reduced too much for warpage control. On the 
other hand, there is a need to increase the robustness of the 
TLA and HLA packages. 
0003. From the foregoing discussion, there is a desire to 
provide an improved package having higher I/O counts, fine 
pitch and flexible fan-out routings and with enhanced pack 
age level and PCB level reliability. It is desirable to provide 
simplified methods to produce a reliable package with better 
process-ability and which are able to bridge the conflict 
between the shrinking bump pitch and PCB large pitch issues. 
It is also desirable to have methods for forming semiconduc 
torpackages which are relatively low cost and which offer the 
flexibility for customization according to design require 
mentS. 

SUMMARY 

0004 Embodiments relate generally to semiconductor 
packages. In one embodiment, a method for forming a semi 
conductor package is presented. The method includes provid 
ing a package Substrate having first and second major Sur 
faces. The package Substrate includes at least one substrate 
layer having at least one cavity. Interconnect structure is 
formed. At least one conductive stud is formed within the 
cavity and a conductive trace and a connection pad are formed 
over the first major Surface of the package substrate and are 
coupled to top surface of the conductive stud. A package pad 
is formed and is directly coupled to the conductive stud. A die 
having conductive contacts on its first or second Surface is 
provided. The conductive contacts of the die are electrically 
coupled to the interconnect structure. A cap is formed over the 
package Substrate to encapsulate the die. 
0005. In another embodiment, a semiconductor package is 
disclosed. The semiconductor package includes a package 
Substrate having first and second major Surfaces. The package 
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Substrate includes at least one substrate layer having at least 
one cavity. The package includes interconnect structure. The 
interconnect structure includes at least one conductive stud 
disposed within the cavity, a conductive trace and a connec 
tion pad disposed over the first major Surface of the package 
Substrate and are coupled to top Surface of the conductive 
stud. The interconnect structure also includes a package pad 
which is directly coupled to the conductive stud. The package 
includes a die having conductive contacts on its first or second 
surface. The conductive contacts of the die are electrically 
coupled to the interconnect structure. A cap is disposed over 
the package substrate to encapsulate the die. 
0006. These embodiments, along with other advantages 
and features herein disclosed, will become apparent through 
reference to the following description and the accompanying 
drawings. Furthermore, it is to be understood that the features 
of the various embodiments described herein are not mutually 
exclusive and can exist in various combinations and permu 
tations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. Also, 
the drawings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. In the following description, various embodiments 
of the present invention are described with reference to the 
following drawings, in which: 
0008 FIGS. 1-5 show various embodiments of a semicon 
ductor package; 
0009 FIGS. 6-8 show various other embodiments of a 
semiconductor package; 
0010 FIGS. 9-11 show various other embodiments of a 
semiconductor package; 
0011 FIGS. 12a-12h show an embodiment of a method 
for forming a semiconductor package with FIG. 12c, shows 
cross-sectional view while FIG. 12c, shows top view of the 
substrate layer, and FIG. 12e shows cross-sectional view 
while FIG. 12e shows top view of the flip chip being 
mounted on the package substrate; 
0012 FIGS. 13a-13a, FIGS. 14a-141, FIGS. 15a-151, 
FIGS. 16a-16d and FIGS. 17a-17n show various other 
embodiments of a method for forming a semiconductor pack 
age; and 
(0013 FIG. 18 shows top view of a first surface of the 
package Substrate, illustrating an embodiment of an arrange 
ment of the conductive studs and traces. 

DESCRIPTION 

0014 Embodiments relate to semiconductor packages and 
methods for forming a semiconductor package. The packages 
are used to package one or more semiconductor dies or chips. 
For the case of more than one die, the dies may be arranged in 
a planar arrangement, vertical arrangement, or a combination 
thereof. The dies, for example, may include memory devices, 
logic devices such as mixed signal logic devices, communi 
cation devices, RF devices, optoelectronic devices, digital 
signal processors (DSPs), microcontrollers, system-on-chips 
(SOCs) as well as other types of devices or a combination 
thereof. Such packages may be incorporated into electronic 
products or equipment, Such as phones, computers as well as 
mobile and mobile Smart products. Incorporating the pack 
ages into other types of products may also be useful. 
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0015 FIG. 1 shows simplified cross-sectional view of an 
embodiment of a semiconductor package 100. The semicon 
ductor package, as shown in FIG. 1, includes a package Sub 
strate 102. The package substrate includes first and second 
major Surfaces. The first major Surface 102a, for example, 
may be referred to as the top surface and the second major 
surface 102b, for example, may be referred to as the bottom 
Surface. Other designations for the Surfaces may also be use 
ful. In one embodiment, the first major Surface of the package 
Substrate includes first and second regions. The first region 
105a, for example, is a die or chip region on which a die is 
mounted and the second region 105b, for example, is a non 
die region. In one embodiment, the non-die region Surrounds 
the die region. The die region, for example, may be disposed 
in a central portion of which the die is mounted and a non-die 
region which is outside of the die region. The die region, for 
example, may be concentrically disposed within the periph 
ery of the package substrate. Other configurations of die and 
non-die regions may also be useful. 
0016. The package substrate 102, for example, is a built 
up or integrated wiring Substrate. In one embodiment, the 
package Substrate includes a single layered Substrate. In 
another embodiment, the package substrate includes multi 
layered substrate. In one embodiment, the package substrate 
includes at least one substrate layer. Referring to FIG. 1, the 
package Substrate includes a Substrate layer 106. In one 
embodiment, the substrate layer includes a dielectric mate 
rial. The dielectric material, for example, may include photo 
imageable material, such as but not limited to solder mask, or 
insulating film, Such as but not limited to polyimide, epoxy 
mold compound or other inorganic material. The Substrate 
layer may be formed of other suitable types of substrate 
materials. The package Substrate, for example, may be suffi 
ciently thin or may include any Suitable thickness, depending 
on manufacturing capabilities. The Substrate layer includes 
first and second major surfaces 106a-106b, defining the first 
and second major surfaces 102a-102b of the package sub 
strate. The Substrate layer, in one embodiment, is a patterned 
or predefined substrate having a plurality of cavities 108 
accommodating portions of interconnect structures of the 
package Substrate, such as conductive Studs, as will be 
described later. 

0017. The package substrate 102 includes a plurality of 
interconnect structures. As described, part of the interconnect 
structures, such as conductive studs 172, are disposed within 
the cavities 108 of the substrate layer 106. The conductive 
studs, in one embodiment, include a single conductive mate 
rial. For example, the conductive studs may be formed of 
copper, aluminum, gold or an alloy thereof. Other Suitable 
types of conductive materials may also be useful. The con 
ductive studs, in another embodiment, may be formed of two 
or more conductive materials, forming a multi-layered Stack. 
The multi-layered Stack, for example, may include copper, 
nickel, gold, silver, alloys, or a combination thereof. Other 
suitable types of conductive materials may also be useful. The 
conductive studs may have various profiles depending on the 
shape of the cavities of the substrate layer. As shown in FIG. 
1, the conductive studs include straight profiles. It is under 
stood that the conductive studs may also include non-straight, 
tapered or other types of profiles. 
0.018. The conductive studs include first and second sur 
faces. The second surface 172b the conductive studs, in one 
embodiment, is Substantially coplanar with the second Sur 
face of the package substrate. As for the first surface 172a of 
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the conductive studs, it ma be substantially coplanar or non 
coplanar with the first surface of the package substrate. For 
example, the first surface of the conductive studs may be 
above or below the first surface of the package substrate. The 
width or diameter of the conductive studs, for example, is 
about 40 um. The conductive studs may include any Suitable 
dimension which is Smaller than a width of package pads as 
will be described later. 

0019. In one embodiment, conductive traces 130 and con 
nection pads 132 are disposed over the first surfaces of the 
package substrate and the conductive studs 102a and 172a. 
The conductive traces and connection pads are coupled to the 
first surface 172a of the conductive studs forming intercon 
nects of the package substrate. The conductive traces and 
connection pads, in one embodiment, are formed of the same 
conductive material as the conductive studs. Such as copper. 
In another embodiment, the conductive traces and connection 
pads may be formed of a different material than the conduc 
tive studs. Other suitable types of conductive material may 
also be useful. The portion of the conductive trace which is 
directly coupled to the top surface of the conductive stud, for 
example, includes Suitable dimension which is slightly larger 
than the diameter of the conductive stud. This prevents dis 
connection between the conductive trace and the conductive 
stud which may be caused by misalignment during process 
1ng 

0020. In one embodiment, package pads 138 having first 
and second Surfaces 138a–138b for accommodating package 
contacts 160, of which package contacts are attached thereto, 
are disposed over the second Surfaces of the package substrate 
and the conductive studs 102b and 172b. As shown in FIG. 1, 
the package pad 138, in one embodiment, is disposed over the 
second surface 102b and protruded outside of the package 
Substrate. The package pads are directly coupled to the sec 
ond surface of the conductive studs, forming part of the inter 
connect of the package Substrate. The package pad, in one 
embodiment, is formed of the same conductive material as the 
conductive Studs. Such as copper. In another embodiment, the 
package pads may be formed of a different material than the 
conductive studs. The package pad, for example, has a larger 
dimension relative to the conductive stud for alignment 
requirement. The conductive stud, for example, may be 
designed to be offset from the center of the package pad so as 
to allow more conductive traces to pass through the space 
between any of the two adjacent conductive studs. Other 
suitable types of conductive material and other suitable 
dimensions may also be used for the package pads. The pack 
age pads, for example, include straight or tapered profiles. 
The package pads may also include other Suitable shape pro 
files. 

0021. In one embodiment, a die 110 is disposed over the 
package Substrate. The die can be a semiconductor die or 
chip. In one embodiment, the die includes a flip chip. The flip 
chip, as shown, is mounted on the die region of the package 
Substrate. The flip chip, for example, includes inactive and 
active surfaces 110a–110b. Die contacts 170 are disposed on 
the active surface 110b of the die. The die contacts 170, for 
example, include solder bumps. The die contacts may also 
include other suitable types of conductive material. The con 
nection pads 132, in one embodiment, are disposed in the die 
region of the package Substrate. The connection pads 132, as 
shown, are configured to match the pattern of the die contacts 
of the flip chip. The connection pads, for example, include 
any Suitable width or dimension, depending on the dimension 
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of the die contacts. The conductive traces and connection 
pads thus couple the die contacts of the flip chip to the con 
ductive studs and to the package pads of the package Sub 
strate. The conductive traces 130, connection pads 132, con 
ductive studs 172 and package pads 138 form interconnect 
structures of the package Substrate. An underfill (not shown), 
Such as an epoxy-based polymeric material, may be provided 
in the space between the die and package Substrate. Alterna 
tively, no underfill is provided between the die and package 
substrate. 
0022. In one embodiment, a cap 190 having first and sec 
ond surfaces 190a-190b is disposed on top of the package 
Substrate, encapsulating the flip chip. The cap serves to pro 
tect the flip chip from the environment. The cap, for example, 
is formed of an encapsulation material. The encapsulation 
material, for example, may include molding epoxy resin 
material. Other types of encapsulation materials may also be 
useful. 
0023. In one embodiment, the cap covers and surrounds 
the flip chip and the die contacts. The second surface of the 
cap 190b, in one embodiment, contacts the first surfaces of the 
package substrate and the conductive traces as shown in FIG. 
1. In another embodiment, the cap 190 surrounds the sides of 
the flip chip, leaving the inactive surface 110a of the flip chip 
exposed as shown in FIG. 2. As such, the first surface of the 
cap 190a, as shown in FIG. 2, is substantially coplanar with 
the inactive surface of the flip chip 110a. By providing a cap 
which does not cover the inactive surface of the die helps 
improves the heat dissipation from the die. External heat sink 
(not shown) may also be attached to the inactive surface of the 
die to further improve heat dissipation. 
0024 Package contacts 160 are disposed on the second 
surface 138b of the package pads disposed outside of the 
package substrate 102 as shown in FIGS. 1 and 2. The pack 
age contacts, for example, are spherical shaped structures a 
balls. Providing other types of package contacts, such as 
solder lands, may also be useful. The package contact is 
formed of a conductive material. The package contacts, for 
example, can be formed from solder. Various types of solder 
can be used to form the package contacts. For example, the 
solder can be a lead-based or not lead-based solder. Other 
types of conductive materials may also be used to form the 
package contacts. 
0025. The package contacts 160 provide external access to 
the die 110 via the package pads, conductive studs, conduc 
tive traces and die pads. The package may be electrically 
coupled to an external device (not shown). Such as a circuit 
board, by the package contacts. 
0026. As described in the embodiments of FIGS. 1-2, the 
package pads are directly coupled to the conductive studs. 
The width of the conductive studs, as described, is smaller 
than the width of the package pads and the arrangement of the 
conductive stud which, for example, may be offset from the 
center of the package pad provide allowance for more traces 
to pass through the space between any of the two adjacent 
conductive studs, leading to more flexible and efficient 
routability of traces as illustrated in FIG. 18. Moreover, elec 
trical resistance is lowered particularly where the intercon 
nect structure of the package Substrate, including the conduc 
tive traces, studs and package pads, is formed of a single low 
electrical resistance material. Such as copper. This further 
enhances the performance of the semiconductor packages. 
Furthermore, the package pads are disposed or protruded 
outside of the bottom surface of the package substrate. This 
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allows for stand-off type of package pads to beformed. Stand 
off type of package pads enables solder climb during reflow, 
resulting in strong connection structure between the package 
and the PCB. The slightstand-offalso creates a self-centering 
effect during reflow process, resulting in better board level 
reliability. 
0027 FIGS. 3-5 show cross-sectional views of other 
embodiments of the semiconductor package. The semicon 
ductor package, as shown in FIGS. 3, 4 and 5, are similar to 
that described in FIGS. 1 and 2. Similar elements may not be 
described or described in detail. Each of the semiconductor 
packages 300, 400 and 500 differs from the semiconductor 
packages 100 and 200 in one or more aspects. In the interest 
of brevity, the description of the semiconductor package 300, 
400 and 500 below primarily focuses on the difference(s) 
between each of the semiconductor packages 300, 400 and 
500 and semiconductor packages 100 and 200. 
(0028. Referring to FIG. 3, a protective layer 340 having 
first and second surfaces 340a-340b may optionally be dis 
posed over the substrate layer 106. As shown in FIG. 3, the 
protective layer 340 is disposed over and partially covers the 
first surface 106a of the substrate layer including a portion of 
the conductive traces 130. In one embodiment, the protective 
layer includes a dielectric material. In one embodiment, the 
protective layer may include the same material as the Sub 
strate layer. For example, the protective layer includes a 
photo-imageable material. Such as but not limited to Solder 
mask or polyimide. Alternatively, the protective layer may 
include different dielectric material than the substrate layer of 
the package substrate. The protective layer may include any 
other suitable dielectric material and suitable thickness 
dimensions. 

0029. The protective layer 340, in one embodiment, 
includes openings 343 which are disposed within the die 
region and define locations where die contacts 170 of the die 
110 are disposed therein. The openings 343, in one embodi 
ment, extend from the first surface 34.0a and expose at least 
portions of the connection pads 132. The dimension of the 
openings, for example, may be larger than the dimension of 
the die contacts 170 disposed therein. In one embodiment, the 
protective layer overlaps with the connection pads at the 
peripheral area so that the connection pads are partially 
exposed from the protective layer. In another embodiment, no 
overlapping exists between the protective layer and the con 
nection pads Such that the entire connection pads are exposed 
from the protective layer. 
0030. As shown in FIGS. 1-3, package pads 138 are dis 
posed or protruded outside of the second surface 102b of the 
package Substrate. Referring to FIG. 4, an insulating layer 
480 may optionally be disposed below the substrate layer 106 
of the package substrate 102. As shown in FIG. 4, the insu 
lating layer is disposed over the second surface 106b of the 
substrate layer 106. The insulating layer 480, in one embodi 
ment, is disposed in between the exposed and protruded pack 
age pads 138. The insulating layer, for example, isolates the 
package pads. The insulating layer, for example, includes a 
dielectric material. Such as but not limited to a mold com 
pound and polyimide. Other suitable types of dielectric mate 
rial which can function as a stress relief layer may also be 
used. The thickness of the insulating layer, in one embodi 
ment, may be substantially the same as the thickness of the 
package pads. The bottom surface 480b of the insulating layer 
may be substantially coplanar with the bottom surface 138b 
of the package pads. In another embodiment, the thickness of 
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the insulating layer may be thinner or thicker than the thick 
ness of the package pads. Thus, the insulating layer com 
pletely or partially covers the sides of the package pads. The 
insulating layer may include any suitable thickness dimen 
S1O.S. 

0031 FIG. 5 shows simplified cross-sectional view of a 
different embodiment of a semiconductor package 500 with a 
portion A' in greater detail. In one embodiment, the package 
substrate includes a substrate layer 506 having first and sec 
ond surfaces 506a-506b. As shown in FIG. 5, the package 
pads 538 include first and second major surfaces 538a–538b. 
The package pads, in one embodiment, include first and sec 
ond portions 538c-538d. The first portion 538c of the package 
pads, in one embodiment, is disposed within the Substrate 
layer 506. In one embodiment, the first portion 538c of the 
package pads is held together and Surrounded by lower por 
tion of the substrate layer 506. The second portion 538d of the 
package pads, in one embodiment, is disposed and protruded 
outside of the substrate layer 506. The second portion 538d of 
the package pads, as shown, extends beyond the second Sur 
face 102b of the package substrate. As shown in FIG. 5, the 
package pads 538 are partially engaged or held by portions of 
the substrate layer 506 and are partially protruded from the 
bottom or second major Surface of the package substrate. 
0032. The embodiments described with respect to FIGS. 
3-5 include some or all advantages as described with respect 
to FIGS. 1-2. As such, these advantages will not be described 
or described in detail. The package substrate as described in 
the embodiments of FIGS. 3-5 includes a protective layer 
over the package Substrate. The protective layer, as described, 
includes openings of which die contacts of the die are dis 
posed. As such, the protective layer may serve as a solderdam 
for the solder bumps, reducing uncontrolled flow of solder 
material during the reflow process which may lead to short 
ing. The insulating layer as described in the embodiment of 
FIG. 4, for example, can function as a stress relief layer that 
reduces the level of stress on the joint, Such as Solder joint, 
between the package pads and package contacts during reflow 
process or board level reliability test (TCoB). Thus, this leads 
to a more reliable package. Furthermore, the package pads as 
described in the embodiment of FIG. 5 are partially engaged 
or held by lower portions of the substrate layer of the package 
Substrate. As such, the package pads will not be detached 
easily. This allows for improved robustness and package reli 
ability. 
0033 FIGS. 6-8 show cross-sectional views of various 
embodiments of a semiconductor package. The semiconduc 
tor packages 600, 700 and 800, as shown in FIGS. 6-8, are 
similar to those described in FIGS. 1-5. Similar elements may 
not be described or described in detail. The semiconductor 
packages 600-800 differ from the semiconductor packages 
100-500 in one or more aspects. In the interest of brevity, the 
description of the semiconductor packages below primarily 
focuses on the difference(s) between the semiconductor 
packages 600-800 and semiconductor packages 100-500. 
0034. In one embodiment, the package substrate includes 
a multi-layered substrate as shown in FIG. 6. Referring to 
FIG. 6, the package Substrate, in one embodiment, includes a 
first substrate layer 616 having first and second surfaces 
616a-616b. The first substrate layer 616, in one embodiment, 
includes a first dielectric material. The first dielectric mate 
rial, for example, includes photo-imageable material, such as 
but not limited to solder mask, or insulating layer, Such as but 
not limited to polyimide, epoxy mold compound or inorganic 
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insulating material. The thickness of the first substrate layer 
616 defines the thickness of a part of the interconnect struc 
ture, such as package pads 638, which will be described later. 
The first substrate layer 616, in one embodiment, includes 
second type cavities 618, which define locations where pack 
age pads 638 are to be formed. The cavities 618, as shown in 
FIG. 6, extend from the first 616a to the second major surface 
616b of the first substrate layer. The dimension of the cavities, 
for example, defines the dimension of the package pads. The 
package pads may include any suitable dimensions. 
0035 Referring to FIG. 6, package pads 638 are disposed 
within the second type cavities 618 of the first substrate layer 
616. The package pads, for example, may include a single 
layered or a multi-layered Stack. In one embodiment, the 
package pads include first and second conductive layers 638 
and 638. Other number of conductive layers may also be 
useful. 

0036. In one embodiment, the first conductive layer 638 
includes a gold (Au)layer. Other suitable types of materials 
may also be employed as the first conductive layer, as long as 
it provides better adhesion to package contacts 160 to form a 
reliable joint, Such as solder joint. The second conductive 
layer 638 having first and second major surfaces 638-a- 
638bis disposed over the first major surface 638, a of the first 
conductive layer. The second conductive layer, in one 
embodiment, includes a material different than the first con 
ductive layer. In one embodiment, the second conductive 
layer includes a nickel layer. Other suitable types of materials 
may also be used as the second conductive layer, so long as it 
can prevent metal migration between the adjacent metal 
materials. Such as preventing migration between Au and Cu. 
The first and second conductive layers may include any Suit 
able thickness dimensions. 

0037 Referring to FIG. 6, in one embodiment, the second 
surface 638, b of the first conductive layer is substantially 
coplanar with the second surface 616b of the first substrate 
layer while the first surface 638a of the second conductive 
layer is substantially coplanar with the first surface 616a of 
the first substrate layer. Alternatively, the first surface of the 
second conductive layer, for example, may also be non-co 
planar with the first surface of the first substrate layer. As 
shown in FIG. 6, the sides of the package pads 638, for 
example, are completely covered or enclosed by the first 
substrate layer. 
0038. In one embodiment, a second substrate layer 106 is 
disposed over the first substrate layer 616 as shown in FIG. 6. 
In one embodiment, the second Substrate layer having first 
and second major surfaces 106a-106b is disposed over the 
first surface 616a of the first substrate layer 616. The first and 
second substrate layers 616 and 106, in one embodiment, 
form the package substrate 102. In one embodiment, the 
second substrate layer 106 includes a second dielectric mate 
rial. The second dielectric material, in one embodiment, 
includes the same material as the substrate layer 106 as 
described in FIGS. 1-5. Thus, the material and thickness of 
the second substrate layer 106 are the same as the substrate 
layer 106 as described in FIGS. 1-5. In one embodiment, the 
second substrate layer 106 as shown in FIG.6 may include the 
same material as the first substrate layer 616. For example, the 
first and second Substrate layers may include polyimide. In 
another embodiment, the second substrate layer includes dif 
ferent material than the first substrate layer. For example, the 
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second substrate layer is prepreg while the first substrate layer 
is solder mask. Other suitable types of materials may also be 
useful. 
0039. The thickness of the second substrate layer 106 may 
define the thickness of a part of the interconnect structure, 
such as conductive studs 172. In one embodiment, the second 
substrate layer 106 includes first type cavities 108 which 
define the locations where conductive studs of the package 
Substrate are to be disposed, the same as the Substrate layer 
described in FIGS. 1-5. Referring to FIG. 6, conductive studs 
172 are disposed in the first type cavities 108 while conduc 
tive traces 130 and connection pads 132 are disposed over the 
top surface of the second substrate layer 106 and coupled to 
the conductive Studs. The conductive studs, conductive traces 
and connection pads are the same as those described in FIGS. 
1-5. Therefore, these common features will not be described 
in detail. 
0040. As shown in FIG. 6, package contacts 160 are 
coupled to the exposed bottom Surfaces of the package pads 
638b. In one embodiment, the package contacts are disposed 
and coupled to the exposed surfaces of the first conductive 
layer 638 b of the package pads. 
0041 FIG. 7 shows cross-sectional view of another 
embodiment of a semiconductor package 700 with a portion 
B' in greater detail. The semiconductor package 700, as 
shown in FIG. 7, is similar to that described in FIG. 6. Similar 
elements may not be described or described in detail. In one 
embodiment, an insulating layer 780 is disposed over the 
second major surface 102b of the package substrate 102. For 
example, the insulating layer 780 is disposed over the second 
major surface 616b of the first substrate layer 616. In one 
embodiment, the insulating layer includes solder mask, mold 
compound or stress relief layer as described in FIG. 4. Other 
Suitable types of insulating material Suitable thickness dimen 
sion of the insulating layer may also be useful 
0042. In one embodiment, the insulating layer includes a 
plurality of third type cavities 718. The third type cavities, in 
one embodiment, extend from the first 780a to the second 
surface 780b of the insulating layer 780. The third type cavi 
ties, in one embodiment, are disposed over the package pads. 
In one embodiment, the width of the third type cavities 718 
may include any Suitable dimension which is Smaller than the 
width of the package pads, exposing portions of the bottom 
surface 638b of the package pads. 
0043 Referring to FIG. 7, package contacts 160 are 
coupled to the exposed portions of the package pads. For 
example, the package contacts are coupled to the exposed 
portions of the bottom surfaces 638, b of the first conductive 
layer 638 of the package pads. In one embodiment, top 
portions of the package contacts are also disposed within the 
third type cavities of the insulating layer. 
0044 FIG. 8 shows cross-sectional view of another 
embodiment of a semiconductor package 800 with a portion 
C" in greater detail. The semiconductor package, as shown in 
FIG. 8, is similar to that described in FIG. 6. Similar elements 
may not be described or described in detail. In one embodi 
ment, the package substrate 102 includes a first substrate 
layer 816. The thickness of the first substrate layer 816 of 
FIG. 8, for example, includes any suitable thickness dimen 
S1O. 

0045. The first substrate layer 816, as shown in FIG. 8, 
includes fourth type cavities or openings 818. The openings 
818, in one embodiment, include substantially the same width 
as the package pads 638. Package pads 638, in one embodi 
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ment, are disposed within the openings 818 of the first sub 
strate layer. The package pads, for example, may include the 
same material and thickness as that described in FIG. 6. 
Alternatively, the package pads as shown in FIG. 8 may 
include different thickness dimensions relative to the package 
pads shown in FIG. 6. In one embodiment, the second surface 
638b of the package pads is non-coplanar with the second 
surface 816b of the first substrate layer while the first surface 
638a of the package pads is substantially coplanar with the 
first surface 816a of the first substrate layer as shown in FIG. 
8. The second surface 638b of the package pads, in one 
embodiment, is disposed above the second surface 816b of 
the first Substrate layer of the package Substrate. For example, 
the second surface 638 b of the first conductive layer of the 
package pads is disposed above the second major Surface 
816b of the first substrate layer. A step is formed between the 
first Substrate layer and the package pads. The sides of the 
package pads, as shown, are completely Surrounded and 
engaged by the first substrate layer. The first substrate layer 
816, for example, partially overlaps the package pads. 
0046 Referring to FIG. 8, package contacts 160 are 
coupled to the exposed portions of the package pads. For 
example, the package contacts are coupled to the exposed 
bottom surfaces 638b of the first conductive layer 638 of the 
package pads. In one embodiment, top portions of the pack 
age contacts are also disposed within the openings 818 of the 
insulating layer. 
0047. The embodiments described with respect to FIGS. 
6-8 include some or all advantages as described with respect 
to FIGS. 1-5. As such, these advantages will not be described 
or described in detail. The package substrate as described in 
the embodiments of FIGS. 6-8 includes package pads having 
more than one conductive layer. Different combinations of 
conductive layers are possible for the package pads. The sides 
of the package pads, for example, are at least partially or 
completely covered by the first substrate layer as described in 
FIG. 6. The package pads thus are at least engaged or held by 
the first Substrate layer. Furthermore, the package pads as 
described in the embodiment of FIG. 7 are partially engaged 
or held by an insulating layer disposed below the first sub 
strate layer. The insulating layer includes openings which 
expose only portions of the bottom Surfaces of the package 
pads while the remaining portions of the bottom Surfaces of 
the package pads are covered by the insulating layer. Thus, the 
insulating layer prevents the package pads to be detached, 
which further improves the package reliability. Similarly, the 
first substrate layer as described in the embodiment of FIG. 8 
partially overlaps the package pads. This embodiment also 
avoids package pads to be detached. 
0048 FIGS. 9-11 show cross-sectional views of various 
embodiments of a semiconductor package. The semiconduc 
tor packages, as shown in FIGS. 9-11, are similar to those 
described in FIGS. 1-8. Similar elements may not be 
described or described in detail. The semiconductor packages 
900, 1000 and 1100 differ from the semiconductor packages 
100-800 in one or more aspects. In the interest of brevity, the 
description of the semiconductor packages below primarily 
focuses on the difference(s) between each of the semiconduc 
tor packages 900-1100 and semiconductor packages 100 
8OO. 

0049. The semiconductor packages, as shown in FIGS. 
1-8, include a flip chip 110. It is understood that modifications 
may be made to any of the semiconductor packages 100-800 
to provide non-flip chip type of semiconductor chip or die 
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over the package substrate. Referring to FIG.9, the semicon 
ductor package 900 may include a wire bonded die 910. The 
die, as shown in FIG. 9, includes first and second major 
surfaces 910a-910b. The first surface 910a, for example, is an 
active surface of the die and the second surface 910b is an 
inactive surface of the die. Other designations for the surfaces 
of the die may also be useful. The active surface, for example, 
includes openings (not shown) in a final passivation layer to 
expose conductive die pads/contacts (not shown). The Sur 
faces of the die pads, for example, are Substantially coplanar 
with the first major surface of the die. Providing surfaces of 
the conductive pads which are not coplanar with the first 
major surface of the die may also be useful. The die pads 
provide connections to the circuitry of the die. The die pads, 
for example, are formed of a conductive material. Such as 
copper, aluminum, gold, nickel or alloys thereof. Other types 
of conductive material may also be used for the die pads. The 
pattern of the die pads may be one or more rows disposed at 
the periphery of the active surface. Other pad patterns may 
also be useful. 

0050. The inactive surface of the die is mounted to the die 
region of the package substrate with the use of the adhesive 
layer 950. The adhesive layer, for example, may include an 
adhesive paste or die attach film, Such as tape. Other types of 
adhesive, Such as epoxy, may also be useful. In one embodi 
ment, a protective or an insulating layer 940 may optionally 
be disposed over the substrate layer 106. The optional insu 
lating layer 940 is used to electrically isolate the conductive 
traces and connection pads and provide mechanical protec 
tion for the traces. The optional insulating layer 940 includes 
openings 943 in the non-die region of the package Substrate. 
The openings, in one embodiment, at least partially expose 
the conductive traces 130 and connection pads 132 in the 
non-die region 105b of the package substrate. In one embodi 
ment, wire bonds 912 are provided to couple the die pads on 
the die to the connection pads 132 and conductive traces. In 
one embodiment, the wire bonds are coupled to the connec 
tion pads disposed in the non-die region near to the periphery 
of the package Substrate. The connection pads, for example, 
include any suitable dimension, depending on the dimension 
of a stitch bond of the wire bond. The wire bonds create 
electrical connection between the connection pads, the con 
ductive traces of the package Substrate and die pads on the die. 
0051. The embodiments, as described in FIGS. 1-9, show 
a semiconductor package having either a flip chip type of die 
or a wire bonded type of die. It is understood that any of the 
semiconductor packages as described in FIGS. 1-9 may be 
modified to include other suitable types of dies, such as TSV 
type of dies or microelectromechanical systems chips. Other 
suitable types of dies may also be useful. The semiconductor 
packages, as illustrated in FIGS. 1-9, include a single die. It is 
understood that the semiconductor package, may also include 
a die stack. The semiconductor package 1000, in one embodi 
ment, includes a die stack as shown in FIG. 10. The die stack 
includes X number of dies, where X is 22. In addition, it is 
understood that the dies of the die stack may be the same size 
or type. Providing a die stack having chips which are different 
types and/or sizes is also useful. 
0052 Referring to FIG. 10, the die stack includes a first 
type die 1010 and one or more second type of dies or devices 
1020. The first type die, in one embodiment, includes a plu 
rality of through siliconvias 1007 which extend from the first 
1010a to the second major surface 1010b of the first type die. 
The first type die, for example, is a TSV type of die. The TSV 
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type of die, in one embodiment, is a non-active type of die. In 
another embodiment, the TSV type of die may include active 
type of die. In one embodiment, the first type die includes a 
silicon die. The first type die may also include other suitable 
types of materials. The TSV type of die further includes top 
and bottom redistribution layers (not shown) and a plurality 
of die contacts 1070. The TSV die contacts, in one embodi 
ment, include spherical solder balls. Other suitable types of 
die contacts for the TSV die, such as but not limited to con 
ductive pillars, may also be useful. 
0053 As shown in FIG. 10, one or more second type of 
dies or devices 1020 may be vertically stacked over the first 
type die 1010. In one embodiment, two flip chips 1020 and 
1020 are stacked over the first type die. The flip chips 1020 
and 1020, for example, are the same type of flip chip 110 as 
that described in FIGS. 1-8. In another embodiment, there 
could be more than one type of devices being stacked over the 
first type die. Referring to FIG. 10, die contacts 170 of the two 
flip chips are coupled to connection pads (not shown) and to 
the top redistribution layers of the first type die. In the case 
where the first type die is a non-active type of die, the first type 
die serves as an interposer, providing electrical connection 
between the devices stacked thereon with the package sub 
strate below it. The die contacts 170 of the second type dies, 
for example, are electrically coupled to the connection pads 
disposed on top of the package substrate through the first type 
die. Other Suitable vertical stacking arrangements may also 
be useful. 

0054 The semiconductor package, as illustrated in FIG. 
10 above, includes one or more dies or devices being verti 
cally stacked to form a stacked package. It is understood that 
any of the semiconductor packages 100-900 may be modified 
Such that one or more dies or devices may not be stacked 
vertically. The semiconductor package 1100, in one embodi 
ment, includes one or more dies or devices being arranged in 
a planar arrangement as shown in FIG. 11. The semiconduc 
tor package includes y number of dies, where y is 22. In 
addition, it is understood that the dies or devices may be the 
same size or type. Providing dies or devices having different 
types and/or sizes is also useful. 
0055. In one embodiment, first and second types of 
devices are mounted over the top surface of the package 
substrate. The first type device 1110, in one embodiment, 
includes a flip chip 110 and the second type device 1120 
includes a surface mount device (SMD) or component. The 
flip chip, for example, is the same as that described in FIGS. 
1-8. The SMD, for example, includes resistors, capacitors and 
inductors. Other types of SMDs may also be useful. The first 
and second type devices may include other Suitable types of 
devices. The flip chip and the SMD, for example, are disposed 
adjacent to each other. As shown in FIG. 11, the die contacts 
170 of the flip chip are electrically coupled to the connection 
pads 132 of the package substrate 102 white the terminals 
1130 of the SMD are electrically coupled to the connection 
pads which are dimensioned according to the size of the SMD 
terminals through the use of for example, solder paste. 
0056. The embodiments described with respect to FIGS. 
9-11 include some or all advantages as described with respect 
to FIGS. 1-8. As such, these advantages will not be described 
or described in detail. In addition, the protective layer 340, as 
shown in FIG. 11, provides a plurality of openings for expos 
ing the connection pads and receiving the terminals of the 
SMD. As described, solder paste, for example, is applied 
within these openings and on the connection pads to join the 
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SMD terminals to the connection pads. Without the protective 
layer, the Solder paste may tend to flow towards adjacent 
connection pads and short with the solder paste. The protec 
tive layer therefore further functions as a dam to confine the 
flow of the Solder paste, minimizing solder bridging on 
SMDS. 

0057 FIGS. 12a-12h show an embodiment of a method 
for forming a semiconductor package 1200. Referring to FIG. 
12a, a base carrier 1238 is provided. The base carrier, in one 
embodiment, includes a conductive carrier having first and 
second major surfaces 1238a–1238b. The first major surface 
1238a, for example, may be referred to as the top surface and 
the second major surface 1238b, for example, may be referred 
to as the bottom surface. Other designations for the surfaces 
may also be useful. The first and second major surfaces, for 
example, include planar Surfaces. Providing any one of the 
major surfaces to be non-planar may also be useful. The 
conductive carrier, for example, includes Cuor Cu alloy. The 
conductive carrier, for example, includes suitable thickness 
dimensions and may serve as part of the interconnect struc 
tures, such as the package pads or conductive pads for accom 
modating a plurality of external package contacts, of a pack 
age substrate as will be described later. 
0058. The process continues to form a package substrate 
102 and interconnect structure of the package Substrate. 
Referring to FIG.12b, the process continues to form a built 
up or integrated wiring Substrate. In one embodiment, the 
package Substrate 102 includes a single layered Substrate. In 
another embodiment, the package substrate includes a multi 
layered substrate. In one embodiment, a substrate layer 106 
having first and second major surfaces 106a-106b is provided 
over the first surface 1238a of the base carrier. As shown, the 
second major surface 106b of the substrate layer contacts the 
first major surface 1238a of the base carrier. In one embodi 
ment, the substrate layer includes a dielectric material. The 
substrate layer 106, for example, includes photo-imageable 
material. Such as but not limited to solder mask, or insulating 
film, Such as but not limited to polyimide, epoxy mold com 
pound or other inorganic material. The Substrate layer, for 
example, is formed over the base carrier by spin coating, 
lamination, vacuum deposition, etc. Other Suitable types of 
dielectric material and techniques for forming the Substrate 
layer may also be useful. 
0059. The process continues to remove portions of the 
substrate layer. FIG. 12c, shows the cross-sectional view 
while FIG. 12c, shows the top view of the substrate layer. In 
one embodiment, the substrate layer is patterned to create first 
type cavities 108 which define the locations where conductive 
studs of the package Substrate are to be formed. As shown, the 
cavities 108 extend from the first 106a to the second major 
surface 106b of the substrate layer. The dimension of the 
cavities, for example, defines the dimension of the conductive 
studs to be formed later. The width of the cavities, for 
example, is Smaller than a width of package pads as will be 
described later. 
0060 Patterning of the substrate layer may be performed 
with the use of a patterned masked layer (not shown). Pat 
terning of the substrate layer can be achieved by any suitable 
mask and etch techniques. For example, a patterned etch 
mask (not shown). Such as photoresist, is provided over the 
Substrate layer. An etch may be performed using the etch 
mask to remove portions of the substrate layer unprotected by 
the etch mask, exposing portions of the top surface 1238a of 
the conductive carrier. The etch, for example, may be an 
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isotropic etch, Such as a wet etch. Ananisotropic etch, Such as 
reactive ion etch (RIE) may be used. Alternatively, if the 
Substrate layer includes a photo-imageable material, expo 
Sure with the assistance of mask and development by organic 
solvent can also be used to form the pattern in the substrate 
layer. Other techniques for forming the cavities, such as but 
not limited to laser drilling, may also be useful. 
0061 The process continues to form interconnect struc 
tures of the package substrate. Referring to FIG. 12d, the 
process continues to form conductive studs 172 in the open 
ings 108 and over the exposed portions of the top surface 
1238a of the base carrier. In one embodiment, the conductive 
studs 172 may beformed of a single conductive material. The 
conductive Studs, in one embodiment, include the same mate 
rial as the base carrier. In another embodiment, the conductive 
studs may be formed of two or more conductive materials, 
forming a multi-layered Stack. Other Suitable types of con 
ductive materials may also be useful. 
0062. In one embodiment, the conductive studs 172 are 
formed by plating. For example, electrochemical or electro 
less plating may be employed to form the conductive studs. 
Thus, one or more layer may be plated to form the conductive 
studs. The first surface 1238a of the base carrier thus also 
serves as a base or Substrate for the electroplating process. In 
one embodiment, the conductive studs 172 may be formed by 
electrochemical plating in which the base carrier serves as a 
plating current conducting path in the process. Other Suitable 
methods for forming the conductive Studs may also be used. 
The thickness of the conductive studs, for example, may be 
about the same as or lower than the thickness of the substrate 
layer. For example, the top surface 172a of the conductive 
studs may be substantially coplanar with the top surface 106a 
of the substrate layer. 
0063. The process continues to form conductive traces 130 
and connection pads 132 of the package Substrate as shown in 
FIG. 12d. In one embodiment, the conductive traces and 
connection pads are formed of the same material as the con 
ductive studs. Other types of conductive materials, such as 
different than the conductive studs, may also be useful. The 
conductive traces and connection pads, in one embodiment, 
are formed by plating. For example, electrochemical or elec 
troless plating may be employed to form the conductive traces 
and connection pads. The first surface 172a of the conductive 
studs thus also serves as a base or substrate for the electro 
plating process. Other Suitable methods for forming the con 
ductive traces and connection pads may also be used. For 
example, the conductive traces may also be formed by lami 
nation, vacuum deposition, etc., followed by an etching pro 
cess. The thickness of the conductive traces or connection 
pads, for example, may be as low as about 5 um. Other 
Suitable dimensions may also be useful. 
0064. The substrate layer 106 which serves as the package 
substrate includes a die region 105a defined on which a die 
110 is to be attached. In one embodiment, the connection pads 
132 are disposed within the die region. Providing connection 
pads on the periphery of the die region, Such as non-die 
regions may also be useful. Other configurations of the con 
nection pads may also be useful. As shown, the conductive 
traces and connection pads are formed over the Substrate layer 
and top Surface of the conductive studs in the die and non-die 
regions of the package Substrate and are electrically coupled 
to the conductive studs. 

0065. A flip chip 110 having die contacts 170 on an active 
surface 110b of the die is mounted onto the die region of the 
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package Substrate. FIG. 12e shows the cross sectional view 
while FIG. 12e shows the top view of the flip chip being 
mounted onto the package Substrate. The connection pads, in 
the case of a flip chip application, are disposed in the die 
region of the package Substrate. The connection pads, as 
shown, are configured to match the pattern of the die contacts 
of the flip chip. An underfill (not shown). Such as an epoxy 
based polymeric material, may be provided in the space 
between the flip chip and the package substrate. Alternatively, 
no underfill is provided between the flip chip and the package 
substrate. 

0066. A cap 190 is formed on the package substrate as 
shown in FIG. 12?. For example, an encapsulation material is 
dispensed to encapsulate the flip chip. For example, an encap 
sulation material is dispensed to fill the spaces between the 
die contacts and cover the inactive surface 110a of the flip 
chip. In one embodiment, the encapsulation is a mold com 
pound. Such as molding epoxy resin material. Providing other 
types of encapsulation materials may also be useful. 
0067. The cap, in one embodiment, is formed by transfer 
molding techniques. Encapsulation material. Such as a mold 
compound, is dispensed into the mold assembly, Surrounding 
the sides and covering the inactive surface of the flip chip to 
form the cap as shown in FIG. 12f. After molding, the molded 
die is separated from the mold. Other suitable types of tech 
niques for forming the cap may also be useful. For example, 
the cap may also be formed by printing or compression mold 
1ng. 

0068. In another embodiment, the cap is formed by a film 
assisted transfer molding technique. For example, a film is 
placed against contours of a mold (not shown). In one 
embodiment, when the package substrate and the die are 
placed against the mold, the film contacts the inactive Surface 
of the flip chip. The cap surrounds the sides of the flip chip, 
leaving the inactive surface of the flip chip exposed to form a 
semiconductor package similar to that shown in FIG. 2. As 
such, the first surface of the cap 190a is substantially coplanar 
with the inactive surface 110a of the flip chip. By providing a 
cap which does not cover the inactive surface of the die helps 
improves the heat dissipation from the die. External heat sink 
may also be attached to the inactive surface of the die to 
further improve heat dissipation. 
0069. The process continues to form package pads 138 of 
the package substrate as shown in FIG. 12g. In one embodi 
ment, the package pads 138 of the package Substrate are 
formed by patterning the conductive carrier 1238. The encap 
Sulated structure thus provides mechanical Support during 
patterning of the conductive carrier. Patterning of the conduc 
tive carrier may be performed with the use of a patterned 
masked layer (not shown). Patterning of the conductive car 
rier can be achieved by any suitable etching techniques. For 
example, a patterned etch mask (not shown). Such as photo 
resist, is provided over the second surface of the conductive 
carrier. An etch may be performed using the etch mask to 
remove portions of the conductive carrier unprotected by the 
etch mask. The etch, for example, may be an isotropic etch, 
Such as a wet etch. Other techniques for patterning the con 
ductive carrier may also be useful. The thickness of the pack 
age pads 138 as formed, for example, is substantially the same 
as the thickness of the conductive carrier. The package pads, 
for example, may also include other Suitable thicknesses. The 
package pads 138 are coupled to the conductive traces 130 via 
the conductive studs 172 as shown in FIG. 12g. In one 
embodiment, the package pads as formed are disposed or 
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protruded outside of the substrate layer 106. As shown, the 
package pads as formed are disposed over the second Surface 
106b of the substrate layer. The package pads, as shown, 
protrude from the bottom or second Surface of the package 
substrate. 
0070. After patterning the conductive carrier, the mask is 
removed. The mask, for example, may be removed by ashing. 
Other techniques for removing the mask may also be useful. 
0071. The process continues by forming package contacts 
160 coupled to the package pads, as shown in FIG. 12h. For 
example, the package contacts are formed and coupled to the 
package pads. The package contacts, for example, may 
include spherical shaped structures or balls arranged in grid 
pattern to form a BGA type package. As such, a semiconduc 
tor package such as that shown in FIG. 1 is formed. The 
package contacts are formed of a conductive material. The 
package contacts, for example, can be formed from solder. 
Various types of solder can be used to form the package 
contacts. For example, the solder can be a lead-based or non 
lead-based solder. In some embodiments, other types of pack 
age contacts, such as but not limited to Solder lands, are 
coupled to the package pads. The package contacts may be 
formed of materials other than solder using other techniques. 
(0072 FIGS. 13a-13a show another embodiment of a pro 
cess for forming a semiconductor package 1300. The process 
includes similar process to that described in FIGS. 12a-12h. 
As such, common processes may not be described or 
described in detail. Referring to FIG. 12a, a partially pro 
cessed package substrate is provided. The partially processed 
package substrate is similar to that described in FIG.12d. The 
materials, thickness and process for forming the partially 
process package Substrate are the same as that described in 
FIG.12d. As such, common elements may not be described or 
described in detail. 
0073. In one embodiment, a protective layer 340 may 
optionally be provided over the package substrate 102. Refer 
ring to FIG. 13a, the protective layer is formed over and 
covers the first major surface 106a of the substrate 106 layer 
including the conductive traces 130. In one embodiment, the 
protective layer includes a dielectric material. The protective 
layer, for example, may include the same dielectric material 
as the substrate layer. For example, the protective layer 
includes a photo-imageable material. Such as but not limited 
to solder mask or polyimide. Alternatively, the protective 
layer may include different dielectric material than the sub 
strate layer of the package Substrate. The protective layer may 
include any Suitable thickness dimensions. The protective 
layer, for example, may be formed by spin coating technique. 
Other types of dielectric materials and deposition techniques 
may also be useful for forming the protective layer. 
0074 The process continues to remove portions of the 
protective layer as shown in FIG. 13b. In one embodiment, 
the protective layer is patterned to create openings 343 which 
define the locations where die contacts 170 of a die are to be 
disposed. As shown, the openings 343 extend from the first 
340a to the second major surface 340b of the protective layer. 
The dimension of the openings, for example, includes any 
Suitable dimension which may be larger than the dimension of 
the die contacts 170 to be disposed later. 
0075 Patterning of the protective layer may be performed 
with the use of a patterned masked layer (not shown). Pat 
terning of the protective layer can be achieved by any suitable 
etching techniques. For example, a patterned etch mask (not 
shown). Such as photoresist, is provided over the protective 



US 2016/0043041 A1 

layer. An etch may be performed using the etch mask to 
remove portions of the protective layer unprotected by the 
etch mask, exposing at least portions of the connection pads 
132 which will be coupled to the die contacts 170 later. The 
etch, for example, may be an isotropic etch, Such as a wet etch. 
An anisotropic etch, Such as reactive ion etch (RIE) may be 
used. Alternatively, if the protective layer includes a photo 
imageable material, exposure with the assistance of mask and 
development by organic solvent can also be employed to form 
the pattern in the protective layer. Other techniques for form 
ing the cavities in the protective layer, Such as but not limited 
to laser drilling, may also be useful. 
0076 Referring to FIG. 13c, a flip chip 110 having die 
contacts 170 on an active surface 110b of the die is mounted 
onto the die region of the package Substrate. In one embodi 
ment, the die contacts 170 are disposed within the openings 
343 of the protective layer and are coupled to the exposed 
connection pads. Thus, the protective layer having the open 
ings, for example, serves as a dam for accommodating the die 
contacts of the flip chip. 
0077. The process continues, as similarly described in 
FIG. 12fandonwards. As such, these process steps wilt not be 
described or described in detail. The process continues until a 
package similar to that shown in FIG. 3 is formed. 
0078 FIGS. 14a-14k show another embodiment of a pro 
cess for forming a semiconductor package 1400. The process 
includes similar process to that described in FIGS. 12a-12h. 
As such, common processes may not be described or 
described in detail. Referring to FIG. 14a, a base or conduc 
tive carrier 1438 is provided. The conductive carrier is the 
same to that described in FIG.12a. The materials and features 
of the conductive carrier are the same as that described in FIG. 
12a. As such, common elements may not be described or 
described in detail. 
0079 Referring to FIG. 14b, the first major surface 1438a 
of the conductive carrier, in one embodiment, is processed to 
create a topography which defines package pad regions as 
well as non-package pads regions. For example, package pad 
regions of the package Substrate, for example, may be 
referred to areas where package pads are formed white non 
package pad regions may be referred to areas where no pack 
age pads are formed. In one embodiment, the first major 
Surface 1438a is processed such that it includes a non-planar 
surface having protruded portions 1438c and a plurality of 
recesses 1440. The protruded portions define locations under 
which package pads are formed while the recesses define 
locations under which no package pads are to be formed. In 
one embodiment, the protruded portions 1438c define the first 
or top portions 538c of the package pads. The depth of the 
recesses, for example, defines the depth of the first portion of 
the package pad. 
0080 Patterning of the first major surface may beachieved 
using, for example, mask and etch techniques. The etch, for 
example, includes a wet etch. Other suitable techniques for 
patterning the first major Surface may also be useful. 
0081. The process continues to form a package substrate 
and interconnect structure of the package substrate. Referring 
to FIG. 14c., the process continues to form a built-up or 
integrated wiring Substrate. In one embodiment, the package 
Substrate includes a single layered Substrate. In another 
embodiment, the package Substrate includes a multi-layered 
substrate. In one embodiment, a substrate layer 506 is pro 
vided over the first surface 1438a of the conductive carrier. As 
shown, the substrate layer 506 covers the first major surface 
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of the conductive carrier, including the recesses 1440. The 
materials and process for forming the Substrate layer, for 
example, are the same as that described in FIG. 12b. Other 
suitable types of dielectric material and techniques for form 
ing the substrate layer may also be useful. The thickness of the 
substrate layer 506, for example, includes any suitable dimen 
S1O. 

I0082 Referring to FIG. 14d, the process continues to 
remove portions of the substrate layer 506. In one embodi 
ment, the substrate layer is patterned to create cavities 108 
which define the locations where conductive studs of the 
package Substrate are to be formed. In one embodiment, the 
cavities 108 are formed over the protruded portions 1438c. As 
shown, the cavities extend from the first surface 506a and 
expose portions of the top surface of the protruded portions. 
The dimension of the cavities, for example, defines the 
dimension of the conductive studs to be formed later. Features 
of the cavities and technique used for forming the cavities 
108, for example, are the same as that described in FIG. 12c. 
Other Suitable dimensions of the cavities and techniques may 
also be used to form the cavities. 

I0083. The process continues to form interconnect struc 
tures of the package substrate. Referring to FIG. 14e, the 
process continues to form conductive studs 172 in the open 
ings 108 and over the exposed protruded portions 1438c of 
the top surface of the base carrier. In one embodiment, the 
conductive studs are formed by plating. The exposed pro 
truded portions of the first surface of the base carrier thus also 
serve as a base or substrate for the plating process. Other 
Suitable methods for forming the conductive studs may also 
be used. 

I0084. The process continues to form conductive traces 130 
and connection pads 132 of the package Substrate as shown in 
FIG. 14e. The features of the conductive studs, conductive 
traces and connection pads and the forming techniques, for 
example, are similar to that described in FIG. 12d. As such, 
these features will not be described or described in detail. 
I0085. A protective layer 340 may optionally be provided 
over the package substrate 102 as shown in FIG. 14f. The 
protective layer, as shown, is formed over and covers the first 
major surface 506a of the substrate layer including the con 
ductive traces and connection pads. The process continues to 
remove portions of the protective layer 340 as shown in FIG. 
14g. In one embodiment, the protective layer is patterned to 
create openings 343 which define the locations where die 
contacts of a die are to be disposed. The materials, features 
and technique for forming the protective layer and its open 
ings, for example, are the same as that described in FIGS. 
13a-13b. As such, common elements may not be described. 
I0086) Referring to FIG. 14h, a flip chip 110 having die 
contacts 170 on an active surface 110b of the die is mounted 
onto the die region of the package substrate 102. The die 
contacts 170 are disposed within the openings 343 of the 
protective layer and are coupled to the exposed connection 
pads 132. Thus, the protective layer having the openings 343 
serves as a dam for accommodating the die contacts of the flip 
chip. Referring to FIG. 14i, the process continues to form a 
cap 190 to cover over the package substrate, the same as that 
described in FIG. 12f 
I0087. The process continues to form package pads of the 
package Substrate by removing portions of the conductive 
carrier. In one embodiment, the removal is achieved by pat 
terning the second surface 1438b of the conductive carrier as 
shown in FIG. 14i. The encapsulated structure thus provides 
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mechanical Support during patterning of the conductive car 
rier. Patterning of the conductive carrier may be performed 
with the use of a patterned masked layer (not shown). Pat 
terning of the conductive carrier can be achieved by any 
Suitable etching techniques. For example, a patterned etch 
mask (not shown). Such as photoresist, is provided over the 
second surface 1438b of the conductive carrier. The patterned 
etch mask (not shown), in one embodiment, includes open 
ings (not shown) which exposes portions of the conductive 
carrier below the recesses 1440. An etch may be performed 
using the etch mask to remove portions of the conductive 
carrier unprotected by the etch mask. The etch, for example, 
may be an isotropic etch, Such as a wet etch. Other techniques 
for patterning the conductive carrier may also be useful. The 
etch, for example, removes the exposed portions of the con 
ductive carrier and stops at portions of the Substrate layer in 
the recesses 1440. Thus, the substrate layer serves as an etch 
stop or barrier layer during the removal of the exposed por 
tions of the conductive carrier below the recesses. The 
remaining portions of the conductive carrier serve as the 
bottom portions 538d of the package pads. 
0088. The thickness of the package pads 538 as formed, 
for example, is Substantially the same as the thickness of the 
conductive carrier. The package pads, for example, may also 
include other suitable thicknesses. The package pads 538 are 
coupled to the conductive traces via the conductive studs 172 
as shown in FIG. 14i. In one embodiment, a first or top portion 
538c of the package pads is formed within the substrate layer 
506. In one embodiment, the first portion 538c of the package 
pads is held together and surrounded by lower portion of the 
substrate layer. The second or bottom portion 538d of the 
package pads, in one embodiment, is disposed or protruded 
outside of the Substrate layer. As shown, the package pads are 
partially engaged by portions of the Substrate layer and are 
partially protruded from the bottom or second surface 506b of 
the package substrate. 
0089. After patterning the conductive carrier, the mask is 
removed. The mask, for example, may be removed by ashing. 
Other techniques for removing the mask may also be useful. 
0090 The process continues by forming package contacts 
160 coupled to the partially protruded package pads 538, as 
shown in FIG. 14k. For example, the package contacts are 
formed and coupled to the package pads, the same as that 
described in FIG. 12h. 

0091. As described in FIG. 14b earlier, in one embodi 
ment, the first major surface 1438a is processed such that it 
includes a non-planar Surface having protruded portions 
1438c which define locations under which package pads are 
formed and a plurality of recesses 1440 which define loca 
tions under which no package pads are to be formed. In 
another embodiment, FIG. 14b may be modified such that 
package pads may be formed under both the protruded por 
tions 1438c and the recesses 1440 as shown in FIG. 14.l. 
Referring to FIG. 141, the package includes two types of 
package pads. The package as shown in FIG. 14l may be 
formed by similar process steps as described in FIGS. 14a 
14k above. As such, only modifications to Some of the steps 
will be described below. 

0092. In this alternate embodiment, modifications may be 
made to the substrate layer as shown in FIG. 14d. For 
example, cavities 108 are formed over both the protruded 
portions and the recesses using techniques as described ear 
lier. The process then continues from FIG. 14e to FIG. 14i as 
described above. For example, the process continues to form 
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conductive studs in the cavities 108 which are formed over the 
protruded portions and recesses, conductive traces, connec 
tion pads, optional protective layer, die attachment and encap 
Sulation. In this alternate embodiment, the process step as 
described with respect to FIG. 14i may be modified such that 
the second surface 1438b of the conductive carrier is pat 
terned to form bottom portions 538d of the package pads 
below the protruded portions as well as package pads 138 
below the recesses. The process continues to couple package 
contacts to the package pads as described in FIG. 14k until a 
package shown in FIG. 141 is formed. 
(0093. The processes, as described with respect to FIGS. 
12a-12h, FIGS. 13a-13c and FIGS. 14a-14l, result in advan 
tages. For example, the processes as described enable pack 
age pads to be formed and coupled directly to the conductive 
studs. No via contacts which are present in conventional 
package Substrate are formed in these processes, simplifying 
the manufacturing process. The conductive studs, in one 
embodiment, are be formed by plating. The use of plating 
technique provides flexibility in terms of controlling the 
height of the conductive studs with respect to the surface of 
the package substrate. Moreover, the width of the conductive 
studs, as described, is smaller relative to the width of the 
package pads and the arrangement of the conductive stud, for 
example, which may be offset from the center of the package 
pad provide allowance for more traces to pass through the 
space between any of the two adjacent conductive studs, 
leading to more flexible and efficient routability of traces, as 
illustrated in FIG. 18. Additionally, electrical resistance is 
lowered particularly where the interconnect structure of the 
package Substrate, including the conductive traces, studs and 
package pads, is formed of a single low electrical resistance 
material. Such as copper. This further enhances the perfor 
mance of the semiconductor packages. 
0094 Furthermore, the processes enable package pads to 
be formed or protruded outside of the bottom surface of the 
package Substrate. This allows for stand-off type of package 
pads to be formed. Stand-off type of package pads enable 
solder climb during reflow, resulting in strong connection 
structure between the package and the PCB. The slight stand 
off also creates a self-centering effect during reflow process. 
0.095 The optional protective layer over the package sub 
strate includes openings of which die contacts of the die are 
disposed. As such, the protective layer may serve as a solder 
dam for the solder bumps, reducing uncontrolled flow of, for 
example, Solder material during the reflow process which 
may lead to shorting. Furthermore, the process steps as 
described in the embodiment of FIGS. 14a-141 allow portions 
of the package pads to be partially engaged or held by lower 
portions of the Substrate layer of the package Substrate. As 
Such, the package pads will not be detached easily. This 
allows for improved robustness and package reliability. 
(0096 FIGS. 15a-151 show another embodiment of a pro 
cess for forming a semiconductor package 1500. The process 
includes similar process to that described in FIGS. 12a-12h. 
As such, common processes may not be described or 
described in detail. Referring to FIG. 15a, a first substrate 
layer 616 is provided over the base or conductive carrier 1538 
having first and second surfaces 1538a-1538b, similar to that 
described in FIG. 12b. The conductive carrier 1538, for 
example, includes Cu, Cu alloy, stainless steel, silicon, etc. In 
one embodiment, the first substrate layer 616 includes a first 
dielectric material. The first dielectric material, for example, 
includes photo-imageable material. Such as but not limited to 
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solder mask, or insulating layer, Such as but not limited to 
polyimide, epoxy mold compound or inorganic insulating 
material. The thickness of the first substrate layer 616 defines 
the thickness of a part of the interconnect structure. Such as 
package pads 638, which will be described later. The first 
substrate layer 616, for example, may be formed by spin 
coating, lamination, vacuum deposition, etc. Other Suitable 
types of dielectric materials and deposition techniques may 
also be useful for forming the first substrate layer. 
0097. Referring to FIG. 15b, the process continues to 
remove portions of the first substrate layer 616. In one 
embodiment, the first substrate layer is patterned to create 
second type cavities 618 which define the locations where 
package pads of the package substrate are to be formed. As 
shown, the cavities 618 extend from the first 616a to the 
second major surface 616b of the first substrate layer. The 
dimension of the cavities, for example, defines the dimension 
of the package pads to be formed later. The width of the 
cavities, for example, may include any Suitable dimensions, 
depending on the type and dimension of the package contact 
which will be coupled to the package pads. 
0098 Patterning of the first substrate layer 616 may be 
performed with the use of a patterned masked layer (not 
shown). Patterning of the first substrate layer can be achieved 
by any suitable mask and etch techniques. For example, a 
patterned etch mask (not shown). Such as photoresist, is pro 
vided over the first substrate layer. An etch may be performed 
using the etch mask to remove portions of the first Substrate 
layer unprotected by the etch mask, exposing portions of the 
top surface 1538a of the conductive carrier. The etch, for 
example, may be an isotropic etch, such as a wet etch. An 
anisotropic etch, such as reactive ion etch (RIE) may be used. 
Alternatively, if the first substrate layer includes a photo 
imageable material, exposure with the assistance of mask and 
development by organic solvent can also form the pattern in 
the first substrate layer. Other techniques for patterning the 
first substrate layer may also be useful. 
0099. The process continues to form package pads 638 of 
the package Substrate 102. The package pads, for example, 
may be a single layered or a multi-layered Stack. Referring to 
FIG. 15c, the package pads, in one embodiment, include a 
multi-layered stack. In one embodiment, the package pads 
include first and second conductive layers 638 and 638. 
Providing other number of conductive layers to form the 
multi-layered Stack may also be useful. 
0100. In one embodiment, the first conductive layer 638 
includes a gold (Au)layer. Other suitable types of materials 
may also be employed as the first conductive layer, as long as 
it provides better adhesion to package contacts to form a 
reliable joint, such as solder joint. The first conductive layer 
638, includes first and second major surfaces 638, a and 
638 b. The second major surface 638 b of the first conductive 
layer, as shown, is formed over the exposed portions of the top 
surface 1538a of the conductive carrier. The second conduc 
tive layer 638 having first and second major surfaces 638 a 
and 638 b is formed over the first major surface 638a of the 
first conductive layer. The second conductive layer 638, in 
one embodiment, includes a material different than the first 
conductive layer 638. In one embodiment, the second con 
ductive layer includes a nickel layer. Other suitable types of 
materials may also be used as the second conductive layer, so 
long as it can prevent metal migration between the adjacent 
metal materials, such as preventing migration between Au 
and Cu. 
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0101. In one embodiment, the first and second conductive 
layers are formed by plating. For example, electrochemical or 
electroless plating may be employed to form the first and 
second conductive layers. The exposed portions of the top 
surface 1538a of the conductive carrier thus serve as a base or 
substrate for the electroplating process for forming the first 
conductive layer 638 while the top surface of the first con 
ductive layer 638 a serves as a base or substrate for the 
electroplating process for forming the second conductive 
layer 638. The conductive carrier, in one embodiment, serves 
as a Support carrier for forming the package pads. Other 
Suitable types of techniques may also be employed for form 
ing the first and second conductive layers. The first and sec 
ond conductive layers may include any suitable thickness 
dimensions. Referring to FIG. 15c, the first surface 638a of 
the second conductive layer is about coplanar with a first 
major surface 616a of the first substrate layer. It is understood 
that the first surface of the second conductive layer may be 
protruded or recessed below with reference to the first major 
surface of the first substrate layer. 
0102 The process continues to form a second substrate 
layer 106 over the first substrate layer 616. In one embodi 
ment, the second substrate layer having first and second major 
surfaces 106a-106b is formed over the first surface 616a of 
the first substrate layer and covers the package pads 638 as 
shown in FIG. 15d. In one embodiment, the second substrate 
layer 106 as shown in FIG. 15d is the same as the substrate 
layer 106 as described in FIG.12b. Thus, the materials, thick 
ness and process for forming the second substrate layer are 
the same as the substrate layer as that described in FIG.12b. 
For example, the first and second Substrate layers may include 
polyimide. As such, common elements may not be described 
or described in detail. In another embodiment, the second 
substrate layer 106 includes different material than the first 
substrate layer 616. For example, the second substrate layer 
includes prepreg while the first substrate layer is a solder 
mask. Other suitable types of materials may also be useful. 
The thickness of the second substrate layer may define the 
thickness of a part of the interconnect structure. Such as 
conductive studs, which are to be formed later. 
0103) The process continues to remove portions of the 
second subs rate layer 106 as shown in FIG. 15e. In one 
embodiment, the second Substrate layer is patterned to create 
first type cavities 108 which define the locations where con 
ductive studs of the package substrate are to be formed. The 
dimension of the cavities 108 and techniques for forming the 
first type cavities, for example, are the same as the dimension 
of the cavities 108 as that described in FIG. 12c. Referring to 
FIG. 15e, the etch may be performed using the etch mask to 
remove portions of the second substrate layer 106 unpro 
tected by the etch mask (not shown), exposing portions of the 
top surface 638a of the second conductive layer. The cavities 
108, for example, may be formed at any location within the 
package pads. 
0104. The process continues to form interconnect struc 
tures of the package substrate. Referring to FIG. 15f the 
process continues to form conductive studs 172 in the first 
type cavities 108 and over the exposed portions of the top 
surface 638a of the second conductive layer. In one embodi 
ment, the conductive studs are formed by plating. The 
exposed portions of the top surface of the second conductive 
layer thus also serve as a base or substrate for the electroplat 
ing process. Other Suitable methods for forming the conduc 
tive studs may also be used. 
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0105. The process continues to form conductive traces 130 
and connection pads 132 of the package Substrate as shown in 
FIG. 15f. The features of the conductive studs, conductive 
traces and connection pads and the forming techniques, for 
example, are the same as that described in FIG. 12d. 
0106 A protective layer 340 may optionally be provided 
over the package substrate 102 as shown in FIG. 15g. As 
show, the protective layer is formed over and covers the first 
major surface 106a of the second substrate layer 106 includ 
ing the conductive traces and connection pads. The process 
continues to remove portions of the protective layer as shown 
in FIG. 15h. In one embodiment, the protective layer is pat 
terned to create openings 343 which define the locations 
where die contacts of a die are to be disposed. The features 
and technique for forming the protective layer 340 and the 
openings 343, for example, are the same as the optional 
protective layer as that described in FIGS. 13a-13b. 
0107 Referring to FIG. 15i, a flip chip 110 having die 
contacts 170 on an active surface 110b of the die is mounted 
onto the die region of the package Substrate. As shown, the die 
contacts are disposed within the openings 343 of the optional 
protective layer and are coupled to the exposed connection 
pads. Referring to FIG. 15i, the process continues to form a 
cap 190 to cover over the package substrate, the same as that 
described in FIG. 12?. 
0108. The process continues to remove the conductive 
carrier 1538, as shown in FIG. 15k. In one embodiment, the 
conductive carrier 1538 is completely removed from the 
package Substrate. As such, the conductive carrier, in one 
embodiment, does not form part of the interconnect structure, 
Such as part of the package pad, of the package substrate. In 
one embodiment, the conductive carrier is removed by an etch 
process. The etch process, for example, removes the base 
carrier, exposing the second Surfaces of the first Substrate 
layer and the first conductive layer of the package pads 616b 
and 638 b. Since the first substrate layer as well as the first 
conductive layer 638 include different material than that of 
the base carrier, the first substrate layer and the first conduc 
tive layer serve as an etch stop or barrier layer during the 
removal of the conductive carrier. The etch process, such as 
chemistry and other parameters, may be tailored to selec 
tively remove the desired material with respect to the other 
material. Other Suitable types oftechniques, such as grinding 
or peel off technique, may also be employed to remove the 
conductive carrier. In one embodiment, the encapsulated 
structure serves to provide mechanical Support during 
removal of the conductive carrier. 

0109 The process continues by forming package contacts 
160 coupled to the exposed bottom surfaces 638b of the 
package pads, as shown in FIG.15l. For example, the package 
contacts are formed and coupled to the exposed surfaces 
638 b of the first conductive layer. The material and tech 
nique for forming the package contacts are similar to that 
described in FIG. 12h. 

0110 FIGS. 16a-16d show another embodiment of a pro 
cess for forming a semiconductor package 1600. The process 
includes similar process to that described in FIGS. 15a-151. 
As such, common processes may not be described or 
described in detail. Referring to FIG. 16a, a partially pro 
cessed package Substrate is provided. The partially processed 
package substrate is the same as that described in FIG. 15k. 
For example, the conductive carrier 1538 is removed, expos 
ing the bottom surfaces of the first substrate layer and the 
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package pads 616b and 638 b. As such, common elements 
may not be described or described in detail. 
0111. In one embodiment, an insulating layer 780 may 
optionally be formed over the exposed bottom major surface 
of the package substrate 102b. Referring to FIG. 16b, the 
optional insulating layer is formed over and covers the bottom 
major surfaces of the first substrate layer and the exposed 
bottom Surfaces of the package pads, Such as the bottom 
surfaces 638 b of the first conductive layer. In one embodi 
ment, the insulating layer 780 includes solder mask, mold 
compound or stress relief layer as described in FIG. 4. Other 
suitable types of dielectric material and suitable thickness 
dimension may be used for the insulating layer 780. The 
insulating layer, for example, may be formed by molding or 
lamination technique. Other types of dielectric materials and 
deposition techniques may also be useful for forming the 
insulating layer. 
0112 The process continues to remove portions of the 
insulating layer 780 as shown in FIG. 16c. In one embodi 
ment, the insulating layer is patterned to create third type 
cavities or openings 718 which expose portions of the bottom 
Surfaces 638b of the package pads. As shown, the openings 
718 extend from the first 780a to the second major surface 
780b of the insulating layer. The dimension of the openings 
718, for example, includes any suitable dimension and may 
be smaller than the width of the package pads 638. Other 
Suitable width dimensions may also be useful, depending on 
the type and dimension of the package contacts formed later. 
0113 Patterning of the insulating layer may be performed 
with the use of a patterned masked layer (not shown). Pat 
terning of the insulating layer can be achieved by any Suitable 
mask and etch techniques. For example, a patterned etch 
mask (not shown). Such as photoresist, is provided over the 
insulating layer. An etch may be performed using the etch 
mask to remove portions of the insulating layer unprotected 
by the etch mask, exposing at least portions of the bottom 
surfaces 638 b of the first conductive layer of the package 
pads. The etch, for example, may be an isotropic etch, Such as 
a wet etch. Ananisotropic etch, Such as reactive ion etch (RIE) 
may be used. Other techniques for patterning the insulating 
layer may also be useful. 
0114. After patterning the insulating layer, the process 
continues by forming package contacts 160 coupled to the 
exposed bottom Surfaces 638b of the package pads, Such as 
the exposed Surfaces of the first conductive layer, as shown in 
FIG.16d. In one embodiment, the portions of the top portion 
of the package contacts are formed within the openings 718 
and are coupled to the package pads. Features and techniques 
for forming the package contacts are similar to that described 
in FIG. 15I. 

0115 FIGS. 17a-17n show another embodiment of a pro 
cess for forming a semiconductor package 1700. The process 
includes similar process to that described in FIGS. 12a-12h 
and FIGS. 15a-151. As such, common processes may not be 
described or described in detail. Referring to FIG. 17a, a base 
or conductive carrier 1738 having first and second surfaces 
1738a–1738b is provided. The conductive carrier 1738 is the 
same as the conductive carrier as that described in FIG. 15a. 
The materials and features of the conductive carrier are the 
same as that described in FIG. 15a. As such, common ele 
ments may not be described or described in detail. 
0116 Referring to FIG. 17b, the first major surface 1738a 
of the conductive carrier, in one embodiment, is processed to 
create a topography which defines package pad regions as 
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well as non-package pads regions. For example, package pad 
regions of the package Substrate, for example, may be 
referred to areas where package pads are formed while non 
package pad regions may be referred to areas where no pack 
age pads are formed. In one embodiment, the first major 
surface 1738a is processed such that it includes a non-planar 
surface having protruded portions 1738c and a plurality of 
recesses 1740. The protruded portions 1738c define locations 
over which package pads are formed while the recesses define 
locations over which no package pads are to be formed. 
0117 Patterning of the first major surface 1738a may be 
achieved using, for example, mask and etch techniques. The 
etch, for example, includes a wet etch. Other suitable tech 
niques for patterning the first major Surface may also be 
useful. 
0118. The process continues to form a package substrate 
and interconnect structure of the package Substrate. Refining 
to FIG. 17c, the process continues to form a built-up or 
integrated wiring Substrate. In one embodiment, the package 
substrate includes a multi-layered substrate. In one embodi 
ment, a first substrate layer 816 is provided over the first 
surface 1738a of the conductive carrier. As shown, the first 
substrate layer 816 covers the first major surface 1738a of the 
conductive carrier, including the recesses 1740. The materials 
and process for forming the first substrate layer 816, for 
example, are the same as the first substrate layer 616 as that 
described in FIG. 15b. The thickness of the first substrate 
layer 816, for example, includes any suitable thickness 
dimensions. Other suitable types of dielectric material and 
techniques for forming the first substrate layer 816 may also 
be useful. 
0119 Referring to FIG. 17d, the process continues to 
remove portions of the first substrate layer 816. In one 
embodiment, the first substrate layer 816 is patterned to create 
second type cavities 818 which define locations where pack 
age pads of the package Substrate are to be formed. In one 
embodiment, the cavities 818 are formed over the protruded 
portions of the first major surface of the conductive carrier 
under which package pads are to be formed. As shown, the 
cavities extend partially from the first towards the second 
major surface of the first substrate layer 816. The width of the 
cavities 818, for example, is the same as the width of the 
protruded portions 1738c of the conductive carrier. The 
dimension of the cavities, for example, may be the same as the 
cavities 618 as described in FIG. 15b. The technique used for 
forming the cavities, for example, is similar to that described 
in FIG. 15b. Other suitable dimensions of the cavities and 
techniques may also be used to form the cavities 818. In one 
embodiment, the etch stops on the top Surface of the pro 
truded portions of the conductive carrier. As shown, the top 
surface of the protruded portions of the conductive carrier is 
exposed. 
0120. The process continues to form package pads 638 of 
the package Substrate. The package pads, for example, may 
include a single layered or a multi-layered Stack. Referring to 
FIG. 17e, the package pads, in one embodiment, include a 
multi-layered stack. In one embodiment, the package pads 
include first and second conductive layers 638 and 638. 
Providing other number of layers to form the multi-layered 
stack may also be useful. 
0121. In one embodiment, the first and second conductive 
layers 638 and 638 include the same materials and are 
formed by the same technique as that described in FIG. 15c. 
In one embodiment, the second major surface of the first 
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conductive layer 638 b, as shown, is disposed over the 
exposed protruded portions of the conductive carrier and the 
second conductive layer 638 having first and second major 
surfaces 638a and 638 b is provided over the first major 
surface 638a of the first conductive layer. 
0.122. In one embodiment, the first and second conductive 
layers are formed by plating. In one embodiment, the exposed 
protruded portions of the top surface of the conductive carrier 
thus serve as a base or Substrate for the electroplating process 
for forming the first conductive layer while the top surface of 
the first conductive layer serves as a base or substrate for the 
electroplating process for forming the second conductive 
layer. The patterned conductive carrier, in one embodiment, 
also serves as a Support carrier for forming the package pads. 
Other suitable types of techniques may also be employed for 
forming the first and second conductive layers. Referring to 
FIG. 17e, the first surface 638a of the second conductive 
layer is about coplanar with a first major surface 816a of the 
first substrate layer. It is understood that the first surface of the 
second conductive layer may be protruded or recessed below 
with reference to the first major surface of the first substrate 
layer. 
I0123 Referring to FIG. 17f the process continues to form 
a second substrate layer 106 over the first substrate layer 816. 
In one embodiment, the second Substrate layer having first 
and second major surfaces 106a-106b is provided over the 
first surface 816a of the first substrate layer and covers the 
package pads 638 as shown in FIG. 17f. In one embodiment, 
the second substrate layer 106 is formed by the same tech 
nique and includes the same dielectric material and thickness 
of the second substrate layer as that described in FIG. 15d. In 
one embodiment, the thickness of the second substrate layer 
may define the thickness of a part of the interconnect struc 
ture, such as conductive studs, which are to be formed later. 
0.124. As shown in FIG. 17g, the process continues to 
remove portions of the second substrate layer 106. In one 
embodiment, the second substrate layer 106 is patterned to 
create first type cavities 108 which define the locations where 
conductive studs 172 of the package substrate are to be 
formed. The dimension of the cavities and techniques for 
forming the first type cavities, for example, are the same as the 
dimension of the cavities as that described in FIG. 12c and 
FIG. 15e. The process continues to form interconnect struc 
tures of the package substrate. Referring to FIG. 17h, the 
process continues to form conductive studs 172 in the first 
type cavities 108 and over the exposed portions of the top 
surface 638a of the second conductive layer by a plating 
process. As shown in FIG. 17h, conductive traces 130 and 
connection pads 132 of the package substrate are formed. The 
features and techniques for forming the conductive studs, 
conductive traces and connection pads, for example, are the 
same as that described in FIG.12d. 
0.125. A protective layer 340 may optionally be formed 
over the package substrate 102 as shown in FIG. 17i. As 
shown, the protective layer is formed over and covers the first 
major surface 106a of the second substrate layer including the 
conductive traces and connection pads. The process contin 
ues to remove portions of the protective layer as shown in 
FIG. 17i, forming openings 343 which define the locations 
where die contacts of a die are to be disposed, the same as that 
described in FIG. 13b and FIG. 15h. As such, common ele 
ments may not be described. 
(0.126 Referring to FIG. 17k, a flip chip 110 having die 
contacts 170 on an active surface 110b of the die is mounted 
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onto the die region of the package substrate, the same as that 
described with respect to FIG. 15i. As shown in FIG. 171, the 
process continues to form a cap 190 to cover over the package 
substrate, similar to that described in FIG. 12f and FIG. 15i. 
0127. The process continues to remove the patterned con 
ductive carrier, as shown in FIG.17m. In one embodiment, the 
patterned conductive carrier is completely removed from the 
package Substrate. As such, the conductive carrier, in one 
embodiment does not form part of the interconnect structure, 
Such as part of the package pad, of the package substrate. In 
one embodiment, the conductive carrier is removed by an etch 
process. The etch process, for example, removes the base 
carrier, exposing the bottom Surfaces of the first Substrate 
layer and the first conductive layer of the package pads 816b 
and 638 b. Since the first conductive layer 638 and the first 
substrate layer 816 include different materials than the base 
carrier 1738, the first conductive layer and the first substrate 
layer serve as an etch stop or barrier layer during the removal 
of the conductive carrier. The etch process. Such as chemistry 
and other parameters, may be tailored to selectively remove 
the desired material with respect to the other material. Other 
Suitable types oftechniques may also be employed to remove 
the conductive carrier. As shown in FIG. 17m, the bottom 
surfaces of the first conductive and substrate layers 638 band 
816b are non-coplanar with each other. In one embodiment, 
the bottom surface 816b of the first substrate layer is lower 
than the bottom surface 638b of package pad. As such, the 
removal of the conductive carrier forms cavities 1718 having 
the same width as the package pads within the first substrate 
layer 816 which extend from the second major surface 816b 
of the first substrate layer. As shown, a step is formed between 
the first substrate layer 816 and the package pads 638. The 
sides of the package pads, as shown, are completely Sur 
rounded and engaged by the first Substrate layer. In one 
embodiment, the encapsulated structure serves to provide 
mechanical Support during removal of the conductive carrier. 
0128. The process continues by forming package contacts 
160 on the exposed bottom surfaces 638b of the package pads, 
as shown in FIG. 17n. In one embodiment, the package con 
tacts are formed and coupled to the exposed bottom Surfaces 
638, b of the first conductive layer. The material and tech 
nique for forming the package pads are similar to that 
described in FIG. 12h. In one embodiment, the package con 
tacts 160 are partially disposed within the cavities 1718 of the 
first substrate layer. For example, the top portions of the 
package pads are disposed in the cavities. 
0129. The embodiments described with respect to FIGS. 
15a-151, FIGS. 16a-16d and FIGS. 17a-17n include some or 
all advantages as described with respect to FIGS. 12a-12h 
and FIGS. 13a-13c and FIGS. 14a-14l. As such, these advan 
tages will not be described or described in detail. The embodi 
ments, as described with respect to FIGS. 15a-151, FIGS. 
16a-16d and FIGS. 17a-17n result in additional advantages. 
The package pads, as described are formed from using plating 
techniques and allows for forming package pads with mul 
tiple conductive layers. Thus, this provides flexibility for 
designers to choose different combination of conductive 
materials to form the package pad with desired properties. 
Furthermore, these processes also enable sides of the package 
pads, for example, to be at least partially or completely cov 
ered by the first Substrate layer. The package pads thus are at 
least partially or completely engaged or held by the first 
Substrate layer. Furthermore, the formation of an insulating 
layer disposed below the first substrate layer which includes 
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openings which expose only portions of the bottom Surfaces 
of the package pads while the remaining portions of the 
bottom Surfaces of the package pads are covered by the insu 
lating layer as described in FIGS. 16a-16d provides superior 
locking mechanism for the package pads. Thus, the insulating 
layer prevents the package pads to be detached, which further 
improves the package reliability. Similarly, the process as 
described in the embodiment of FIGS. 17a-17n allows the 
first Substrate layer to partially overlap the package pads. This 
embodiment also avoids packages pads to be detached. 
0.130. The processes as described with respect to FIGS. 
12a-12h, FIGS. 13a-13c, FIGS. 14a-141, FIGS. 15a-151, 
FIGS. 16a-16d and FIGS. 17a-17n are suitable for flip chip 
type of die or chip packages. It is understood that these 
processes may also be useful or modified for other types of 
dies, including wire-bonded chip, TSV chip or stacked or 
planar chip arrangements to form semiconductor packages 
900-1100 as described in FIGS. 9-11. 
I0131 The invention may be embodied in other specific 
forms without departing from the spirit or essential charac 
teristics thereof. The foregoing embodiments, therefore, are 
to be considered in all respects illustrative rather than limiting 
the invention described herein. 

What is claimed is: 
1. A method for forming a semiconductor package com 

prising: 
providing a conductive carrier having first and second 

major planar Surfaces: 
providing a package Substrate having first and second 

major Surfaces, wherein the package Substrate com 
prises at least one Substrate layer having at least one 
cavity provide over the conductive carrier; 

forming interconnect structure, whereinforming the inter 
connect structure comprises 
forming at least one conductive stud within the at least 

one cavity, 
forming a conductive trace and a connection pad over the 

package Substrate and coupled to top Surface of the 
conductive stud, and 

forming a package pad, wherein the package pad is 
directly coupled to the conductive stud: 

providing a die having conductive contacts on its first or 
second Surface, wherein the conductive contacts of the 
die are electrically coupled to the interconnect structure: 
and 

forming a cap over the package substrate to encapsulate the 
die. 

2. The method of claim 1 wherein the conductive stud, 
conductive trace and connection pad are formed by a plating 
process. 

3. The method of claim 1 comprising forming a protective 
layer over the first major Surface of the package Substrate, 
wherein the protective layer comprises a plurality of openings 
which define locations where the conductive contacts of the 
die are disposed. 

4. The method of claim 1 wherein: 

the substrate layer is a first substrate layer which is in direct 
contact with the first major planar Surface of the conduc 
tive carrier, and 

wherein the at least one cavity of the first substrate layer is 
a first type cavity which defines location where the con 
ductive stud is to be formed. 
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5. The method of claim 4 wherein the package pad is 
formed by: 

providing a mask having at least one opening over the 
second major planar Surface of the conductive carrier; 
and 

removingaportion of the conductive carrier exposed by the 
opening of the mask, wherein the remaining portion of 
the conductive carrier which is directly below the con 
ductive stud defines the package pad, and at least a 
portion of the package pad is protruded outside of the 
second major Surface of the package substrate defined 
by bottom surface of the first substrate layer. 

6. The method of claim 5 comprising forming at least one 
package contact, wherein the package contact is coupled to 
the protruded portion of the package pad. 

7. The method of claim 1 wherein: 
the Substrate layer is a second Substrate layer and the at 

least one cavity of the second substrate layer is a first 
type cavity which defines a location where the conduc 
tive stud is to be formed; and wherein providing the 
package Substrate further comprises 

forming a first Substrate layer having first and second Sur 
faces in between the second substrate layer and the con 
ductive carrier, wherein the first substrate layer com 
prises at least one second type cavity which defines 
location where the package pad is to be formed. 

8. The method of claim 7 wherein: 
the package pad comprises at least first and second con 

ductive layers; and 
the first and second conductive layers are formed in the 

second type cavity by a plating process. 
9. The method of claim 8 wherein the first type cavity is 

disposed over and anywhere within the package pad. 
10. The method of claim 8 comprising removing the con 

ductive carrier after forming the cap, wherein bottom surface 
of the package pad is Substantially coplanar with the second 
surface of the first substrate layer. 

11. The method of claim 10 comprising forming at least 
one package contact, wherein the package contact is coupled 
to a bottom surface of the first conductive layer of the package 
pad. 

12. The method of claim 10 comprising forming an insu 
lating layer over the second surface of the first substrate layer, 
wherein the insulating layer comprises at least one third type 
cavity having a width smaller thana width of the package pad, 
the third type cavity exposes a portion of the bottom surface 
of the package pad. 

13. The method of claim 12 comprising forming at least 
one package contact, wherein a portion of top portion of the 
package contact is formed within the third type cavity and is 
coupled to the package pad. 

14. The method of claim 7 comprising: 
processing the first major planar Surface of the conductive 

carrier to form a topography having at least one pro 
truded portion and at least one recess, the protruded 
portion defines location over which the package pad is 
formed and the recess defines location over which no 
package pad is firmed; and wherein 

the first substrate layer is formed over the first major sur 
face of the processed conductive carrier and fills the 
recess and the first substrate layer is processed to form 
the at least one second type cavity and the second type 
cavity is disposed over the protruded portion of the con 
ductive carrier. 
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15. The method of claim 14 wherein: 
the package pad comprises at least first and second con 

ductive layers; and 
the first and second conductive layers are formed in the at 

least one second type cavity by a plating process. 
16. The method of claim 14 comprising removing the pro 

cessed conductive carrier after forming the cap, wherein bot 
tom surface of the package pad is above the second surface of 
the first Substrate layer and sides of the package pad are 
completely surrounded by the first substrate layer. 

17. A semiconductor package comprising: 
a package Substrate having first and second major Surfaces, 

wherein the package Substrate comprises at least one 
Substrate layer having at least one cavity which defines 
location where a conductive stud is disposed; 

interconnect structure, wherein the interconnect structure 
comprises 
at least one conductive stud disposed within the at least 

one cavity, 
a conductive trace and a connection pad disposed over 

the first major Surface of the package Substrate and 
coupled to top Surface of the conductive stud, and 

a package pad, wherein the package pad is directly 
coupled to the conductive stud and at least a portion of 
the package pad is protruded outside of the second 
major Surface of the package Substrate defined by a 
bottom surface of the substrate layer; 

at least one package contact, wherein the package contact 
is coupled to the protruded portion of the package pad; 

a die having conductive contacts on its first or second 
surface, wherein the conductive contacts of the die are 
electrically coupled to the interconnect structure; and 

a cap over the package Substrate to encapsulate the die. 
18. A semiconductor package comprising: 
a package Substrate having first and second major Surfaces, 

wherein the package Substrate comprises 
a first Substrate layer having first and second Surfaces, 

wherein the first substrate layer comprises at least one 
first type cavity which defines location where a pack 
age pad is disposed, and 

a second Substrate layer having first and second Surfaces, 
wherein the second Substrate layer comprises at least 
one second type cavity which defines location where 
a conductive stud is disposed, and 

interconnect structure, wherein the interconnect structure 
comprises 
at least one conductive stud disposed within the at least 

one second type cavity, 
a conductive trace and a connection pad disposed over 

the first major Surface of the package Substrate and 
coupled to top Surface of the conductive stud, and 

at least one package pad disposed within the at least one 
first type cavity and is directly coupled to the conduc 
tive stud; 

a die having conductive contacts on its first or second 
surface, wherein the conductive contacts of the die are 
electrically coupled to the interconnect structure; and 

a cap over the package Substrate to encapsulate the die. 
19. The semiconductor package of claim 18 wherein: 
the package pad comprises at least first and second con 

ductive layers; and 
the second type cavity is disposed over and anywhere 

within the package pad. 
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20. The semiconductor package of claim 19 comprising an 
insulating layer disposed over the second Surface of the first 
Substrate layer, wherein the insulating layer comprises at least 
one third type cavity having a width smaller than a width of 
the package pad, the third type cavity exposes a portion of a 
bottom surface of the package pad. 

k k k k k 
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