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SEMICONDUCTOR DEVICE AND METHOD OF FORMING THROUGH HOLE VIAS 

IN DIE EXTENSION REGION AROUND PERIPHERY OF DIE 

 

 

 

Field of the Invention 

 

[0001] The present invention relates in general to 

semiconductor devices and, more particularly, to a 

semiconductor device having through hole vias formed in a die 

extension region around a periphery of the die.  

 

Background of the Invention 

  

[0002] Semiconductor devices are found in many products in 

the fields of entertainment, communications, networks, 

computers, and household markets.  Semiconductor devices are 

also found in military, aviation, automotive, industrial 

controllers, and office equipment.  The semiconductor devices 

perform a variety of electrical functions necessary for each 

of these applications. 

[0003] The manufacture of semiconductor devices involves 

formation of a wafer having a plurality of die.  Each 

semiconductor die contains hundreds or thousands of 

transistors and other active and passive devices performing a 

variety of electrical functions.  For a given wafer, each die 

from the wafer typically performs the same electrical 

function.  Front-end manufacturing generally refers to  

[0004]  

[0005]  

[0006]  

[0007]  

SEMICONDUCTOR DEVICE AND METHOD OF FORMING THROUGH HOLE VIAS IN DIE EXTENSION
REGION AROUND PERIPHERY OF DIE Field of the Invention            The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor device having through hole
vias formed in a die extension region around a periphery of the die. Background of the Invention
Semiconductor devices are found in many products in the fields of entertainment, communications,
networks, computers, and household markets. Semiconductor devices are also found in military, aviation,
automotive, industrial controllers, and office equipment. The semiconductor devices perform a variety of
electrical functions necessary for each of these applications.            The manufacture of semiconductor
devices involves formation of a wafer having a plurality of die. Each semiconductor die contains hundreds
or thousands of transistors and other active and passive devices performing a variety of electrical
functions. For a given wafer, each die from the wafer typically performs the same electrical function.
Front-end manufacturing generally refers to  
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formation of the semiconductor devices on the wafer.  The 

finished wafer has an active side containing the transistors 

and other active and passive components.  Back-end 

manufacturing refers to cutting or singulating the finished 

wafer into the individual die and then packaging the die for 

structural support and environmental isolation. 

[0008] One goal of semiconductor manufacturing is to 

produce a package suitable for faster, reliable, smaller, and 

higher-density integrated circuits (IC) at lower cost.  Flip 

chip packages or wafer level packages (WLP) are ideally suited 

for ICs demanding high speed, high density, and greater pin 

count.  Flip chip style packaging involves mounting the active 

side of the die facedown toward a chip carrier substrate or 

printed circuit board (PCB).  The electrical and mechanical 

interconnect between the active devices on the die and 

conduction tracks on the carrier substrate is achieved through 

a solder bump structure comprising a large number of 

conductive solder bumps or balls.  The solder bumps are formed 

by a reflow process applied to solder material deposited on 

contact pads which are disposed on the semiconductor 

substrate.  The solder bumps are then soldered to the carrier 

substrate.  The flip chip semiconductor package provides a 

short electrical conduction path from the active devices on 

the die to the carrier substrate in order to reduce signal 

propagation, lower capacitance, and achieve overall better 

circuit performance. 

[0009] In many applications, it is desirable to vertically 

stack semiconductor die for greater device integration and 

minimize interconnect routing.  The electrical interconnection 

between stacked semiconductor die has been done with through 

hole vias which traverse from front side to the backside of 

the die.  The through hole vias are formed by drilling through 

the active area of the die or through saw streets on the wafer 

formation of the semiconductor devices on the wafer. The finished wafer has an active side containing the
transistors and other active and passive components. Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then packaging the die for structural support and
environmental isolation.             One goal of semiconductor manufacturing is to produce a package
suitable for faster, reliable, smaller, and higher-density integrated circuits (IC) at lower cost. Flip chip
packages or wafer level packages (WLP) are ideally suited for ICs demanding high speed, high density,
and greater pin count. Flip chip style packaging involves mounting the active side of the die facedown
toward a chip carrier substrate or printed circuit board (PCB). The electrical and mechanical interconnect
between the active devices on the die and conduction tracks on the carrier substrate is achieved through
a solder bump structure comprising a large number of conductive solder bumps or balls. The solder
bumps are formed by a reflow process applied to solder material deposited on contact pads which are
disposed on the semiconductor substrate. The solder bumps are then soldered to the carrier substrate.
The flip chip semiconductor package provides a short electrical conduction path from the active devices
on the die to the carrier substrate in order to reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.             In many applications, it is desirable to vertically stack
semiconductor die for greater device integration and minimize interconnect routing. The electrical
interconnection between stacked semiconductor die has been done with through hole vias which traverse
from front side to the backside of the die. The through hole vias are formed by drilling through the active
area of the die or through saw streets on the wafer  prior to any dicing operation. The process of drilling
through hole vias in the active area of the die or in saw streets on the wafer can cause damage to the
wafer and/or die.            A need exists to interconnect stacked semiconductor die without drilling through
hole vias in the active area of the die or in saw streets on the wafer. Summary of the Invention 
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prior to any dicing operation.  The process of drilling 

through hole vias in the active area of the die or in saw 

streets on the wafer can cause damage to the wafer and/or die. 

[0010] A need exists to interconnect stacked semiconductor 

die without drilling through hole vias in the active area of 

the die or in saw streets on the wafer.  

 

Summary of the Invention 

 

[0011] In one embodiment, the present invention is a 

semiconductor device comprising a semiconductor die and die 

extension region including a polymer material formed around a 

periphery of the semiconductor die.  A plurality of conductive 

vias is formed through the die extension region.  A first 

conductive layer is formed between contact pads over an active 

surface of the semiconductor die and the conductive vias.  A 

second conductive layer is formed over a back surface of the 

semiconductor die, opposite the active surface, electrically 

connected to the conductive vias.  A first interconnect 

structure is formed over the back surface of the semiconductor 

die electrically connected to the second conductive layer. 

[0012] In another embodiment, the present invention is a 

semiconductor device comprising a semiconductor die and die 

extension region including an insulating material formed 

around the semiconductor die.  A plurality of conductive vias 

is formed through the die extension region.  A first 

conductive layer is formed over an active surface of the 

semiconductor die electrically connected to the conductive 

vias.  A second conductive layer is formed over a back surface 

of the semiconductor die, opposite the active surface, 

electrically connected to the conductive vias. 

[0013] In another embodiment, the present invention is a 

semiconductor device comprising a semiconductor die and die 

In one embodiment, the present invention is a semiconductor device comprising a semiconductor die and
die extension region including a polymer material formed around a periphery of the semiconductor die. A
plurality of conductive vias is formed through the die extension region. A first conductive layer is formed
between contact pads over an active surface of the semiconductor die and the conductive vias. A second
conductive layer is formed over a back surface of the semiconductor die, opposite the active surface,
electrically connected to the conductive vias. A first interconnect structure is formed over the back surface
of the semiconductor die electrically connected to the second conductive layer.            In another
embodiment, the present invention is a semiconductor device comprising a semiconductor die and die
extension region including an insulating material formed around the semiconductor die. A plurality of
conductive vias is formed through the die extension region. A first conductive layer is formed over an
active surface of the semiconductor die electrically connected to the conductive vias. A second
conductive layer is formed over a back surface of the semiconductor die, opposite the active surface,
electrically connected to the conductive vias.            In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and die extension region including an insulating
material formed around the semiconductor die. A plurality of conductive vias is formed through the die
extension region. A first conductive layer is formed over an active surface of the semiconductor die
electrically connected to the conductive vias.             In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die with a die extension region including an insulating
material formed around the semiconductor die. A plurality of conductive vias is formed through the die
extension region. A first conductive layer is formed over an active surface of the semiconductor die
electrically connected to the conductive vias. Brief Description of the Drawings                FIG. 1 is a flip
chip semiconductor device with solder bumps providing electrical interconnect between an active area of
the die and a chip carrier substrate;                FIGs. 2a-2e illustrate a process of forming THVs in a die
extension region around a periphery of the die using a transfer molding compound; 
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extension region including an insulating material formed 

around the semiconductor die.  A plurality of conductive vias 

is formed through the die extension region.  A first 

conductive layer is formed over an active surface of the 

semiconductor die electrically connected to the conductive 

vias. 

[0014] In another embodiment, the present invention is a 

semiconductor device comprising a semiconductor die with a die 

extension region including an insulating material formed 

around the semiconductor die.  A plurality of conductive vias 

is formed through the die extension region.  A first 

conductive layer is formed over an active surface of the 

semiconductor die electrically connected to the conductive 

vias. 

 

Brief Description of the Drawings 

 

[0015] FIG. 1 is a flip chip semiconductor device with 

solder bumps providing electrical interconnect between an 

active area of the die and a chip carrier substrate;  

  FIGs. 2a-2e illustrate a process of forming THVs in 

a die extension region around a periphery of the die using a 

transfer molding compound; 

  FIGs. 3a-3f illustrate formation of THVs in a die 

extension region around a periphery of the die using a die 

sinking on epoxy adhesive sheet; 

  FIGs. 4a-4f illustrate formation of THVs in a die 

extension region around a periphery of the die using diced 

wafer expansion and lamination; 

  FIGs. 5a-5f illustrate formation of THVs in a die 

extension region around a periphery of the die using diced 

wafer expansion, kerf filling, and lamination; 

  FIGs. 6a-6c illustrate a semiconductor package with 

FIGs. 3a-3f illustrate formation of THVs in a die extension region around a periphery of the die using a die
sinking on epoxy adhesive sheet;                FIGs. 4a-4f illustrate formation of THVs in a die extension
region around a periphery of the die using diced wafer expansion and lamination;                FIGs. 5a-5f
illustrate formation of THVs in a die extension region around a periphery of the die using diced wafer
expansion, kerf filling, and lamination; FIGs. 6a-6c illustrate a semiconductor package with  through hole
half vias formed in a die extension region around a periphery of the die;             FIGs. 7a-7b illustrate a
semiconductor package with through hole half and full vias formed as offset rows in a die extension
region around a periphery of the die;             FIGs. 8a-8b illustrate a semiconductor package with through
hole full vias formed in a die extension region around a periphery of the die; 
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through hole half vias formed in a die extension region around 

a periphery of the die; 

  FIGs. 7a-7b illustrate a semiconductor package with 

through hole half and full vias formed as offset rows in a die 

extension region around a periphery of the die; 

  FIGs. 8a-8b illustrate a semiconductor package with 

through hole full vias formed in a die extension region around 

a periphery of the die; 

  FIGs. 9a-9b illustrate a semiconductor package with 

through hole full vias formed as offset rows in a die 

extension region around a periphery of the die; 

  FIG. 10 illustrates a semiconductor package with 

multiple semiconductor die having THVs formed in a die 

extension region around a periphery of the die; 

  FIG. 11 illustrates a semiconductor package with 

THVs formed in a die extension region around a periphery of 

the die and UBMs for solder bumps formed directly under THVs; 

and 

  FIG. 12 illustrates a semiconductor package with 

THVs formed in a die extension region around a periphery of 

the die and backside under bump metallization. 

 

Detailed Description of the Drawings 

 

[0016] The present invention is described in one or more 

embodiments in the following description with reference to the 

Figures, in which like numerals represent the same or similar 

elements.  While the invention is described in terms of the 

best mode for achieving the invention’s objectives, it will be 

appreciated by those skilled in the art that it is intended to 

cover alternatives, modifications, and equivalents as may be 

included within the spirit and scope of the invention as 

defined by the appended claims and their equivalents as 

FIGs. 9a-9b illustrate a semiconductor package with through hole full vias formed as offset rows in a die
extension region around a periphery of the die;             FIG. 10 illustrates a semiconductor package with
multiple semiconductor die having THVs formed in a die extension region around a periphery of the die;
FIG. 11 illustrates a semiconductor package with THVs formed in a die extension region around a
periphery of the die and UBMs for solder bumps formed directly under THVs; and             FIG. 12
illustrates a semiconductor package with THVs formed in a die extension region around a periphery of the
die and backside under bump metallization. Detailed Description of the Drawings             The present
invention is described in one or more embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar elements. While the invention is described
in terms of the best mode for achieving the invention's objectives, it will be appreciated by those skilled in
the art that it is intended to cover alternatives, modifications, and equivalents as may be included within
the spirit and scope of the invention as defined by the appended claims and their equivalents as
supported by the following disclosure and drawings. 
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supported by the following disclosure and drawings. 

[0017] The manufacture of semiconductor devices involves 

formation of a wafer having a plurality of die.  Each die 

contains hundreds or thousands of transistors and other active 

and passive devices performing one or more electrical 

functions.  For a given wafer, each die from the wafer 

typically performs the same electrical function.  Front-end 

manufacturing generally refers to formation of the 

semiconductor devices on the wafer.  The finished wafer has an 

active side containing the transistors and other active and 

passive components.  Back-end manufacturing refers to cutting 

or singulating the finished wafer into the individual die and 

then packaging the die for structural support and/or 

environmental isolation. 

[0018] A semiconductor wafer generally includes an active 

surface having semiconductor devices disposed thereon, and a 

backside surface formed with bulk semiconductor material, 

e.g., silicon.  The active side surface contains a plurality 

of semiconductor die.  The active surface is formed by a 

variety of semiconductor processes, including layering, 

patterning, doping, and heat treatment.  In the layering 

process, semiconductor materials are grown or deposited on the 

substrate by techniques involving thermal oxidation, 

nitridation, chemical vapor deposition, evaporation, and 

sputtering.  Photolithography involves the masking of areas of 

the surface and etching away undesired material to form 

specific structures.  The doping process injects 

concentrations of dopant material by thermal diffusion or ion 

implantation. 

[0019] Flip chip semiconductor packages and wafer level 

packages (WLP) are commonly used with integrated circuits 

(ICs) demanding high speed, high density, and greater pin 

count.  Flip chip style semiconductor device 10 involves 

The manufacture of semiconductor devices Involves formation of a wafer having a plurality of die. Each
die contains hundreds or thousands of transistors and other active and passive devices performing one or
more electrical functions. For a given wafer, each die from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to formation of the semiconductor devices on the
wafer. The finished wafer has an active side containing the transistors and other active and passive
components. Back-end manufacturing refers to cutting or singulating the finished wafer into the individual
die and then packaging the die for structural support and/or environmental isolation.            A
semiconductor wafer generally Includes an active surface having semiconductor devices disposed
thereon, and a backside surface formed with bulk semiconductor material, e.g., silicon. The active side
surface contains a plurality of semiconductor die. The active surface is formed by a variety of
semiconductor processes, including layering, patterning, doping, and heat treatment. In the layering
process, semiconductor materials are grown or deposited on the substrate by techniques involving
thermal oxidation, nitridation, chemical vapor deposition, evaporation, and sputtering. Photolithography
Involves the masking of areas of the surface and etching away undesired material to form specific
structures. The doping process injects concentrations of dopant material by thermal diffusion or ion
implantation.            Flip chip semiconductor packages and wafer level packages (WLP) are commonly
used with integrated circuits (ICs) demanding high speed, high density, and greater pin count. Flip chip
style semiconductor device 10 Involves  mounting an active area 12 of die 14 facedown toward a chip
carrier substrate or printed circuit board (PCB) 16, as shown in FIG. 1. Active area 12 contains active and
passive devices, conductive layers, and dielectric layers according to the electrical design of the die. The
electrical and mechanical Interconnect is achieved through a solder bump structure 20 comprising a large
number of individual conductive solder bumps or balls 22. The solder bumps are formed on bump pads or
Interconnect sites 24, which are disposed on active area 12. The bump pads 24 connect to the active
circuits by conduction tracks in active area 12. The solder bumps 22 are electrically and mechanically
connected to contact pads or Interconnect sites 26 on carrier substrate 16 by a solder reflow process. The
flip chip semiconductor device provides a short electrical conduction path from the active devices on die
14 to conduction tracks on carrier substrate 16 in order to reduce signal propagation, lower capacitance,
and achieve overall better circuit performance.            FIGs. 2a-2e Illustrate a process of forming through
hole vias (THVs) on a periphery of a semiconductor die in a wafer level chip scale package (WLCSP)
using a transfer molding compound. The THVs are formed through a nonconductive passivation or
polymer die extension region, as described hereinafter. 
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mounting an active area 12 of die 14 facedown toward a chip 

carrier substrate or printed circuit board (PCB) 16, as shown 

in FIG. 1.  Active area 12 contains active and passive 

devices, conductive layers, and dielectric layers according to 

the electrical design of the die.  The electrical and 

mechanical interconnect is achieved through a solder bump 

structure 20 comprising a large number of individual 

conductive solder bumps or balls 22.  The solder bumps are 

formed on bump pads or interconnect sites 24, which are 

disposed on active area 12.  The bump pads 24 connect to the 

active circuits by conduction tracks in active area 12.  The 

solder bumps 22 are electrically and mechanically connected to 

contact pads or interconnect sites 26 on carrier substrate 16 

by a solder reflow process.  The flip chip semiconductor 

device provides a short electrical conduction path from the 

active devices on die 14 to conduction tracks on carrier 

substrate 16 in order to reduce signal propagation, lower 

capacitance, and achieve overall better circuit performance.   

[0020] FIGs. 2a-2e illustrate a process of forming through 

hole vias (THVs) on a periphery of a semiconductor die in a 

wafer level chip scale package (WLCSP) using a transfer 

molding compound.  The THVs are formed through a non-

conductive passivation or polymer die extension region, as 

described hereinafter.  

[0021] To start the process, the semiconductor die are 

formed on a semiconductor wafer using conventional integrated 

circuit processes, as described above.  The semiconductor 

wafer is diced to separate the semiconductor die into 

individual units.  The semiconductor die are then transferred 

onto a temporary chip carrier.  In one embodiment, FIG. 2a 

shows coverlay tape 30 disposed between ends of chip carrier 

32.  Semiconductor die 36 is transferred and affixed to 

coverlay tape 30 with its active surface and contact pads 38 

To start the process, the semiconductor die are formed on a semiconductor wafer using conventional
Integrated circuit processes, as described above. The semiconductor wafer is diced to separate the
semiconductor die into individual units. The semiconductor die are then transferred onto a temporary chip
carrier. In one embodiment, FIG. 2a shows coverlay tape 30 disposed between ends of chip carrier 32.
Semiconductor die 36 is transferred and affixed to coverlay tape 30 with its active surface and contact
pads 38  oriented face down onto the tape. Likewise, semiconductor die 42 is transferred and affixed to
coverlay tape 30 with its active surface and contact pads 44 oriented face down onto the tape, and
semiconductor die 46 is transferred and affixed to coverlay tape 30 using die attach material with its
active surface and contact pads 48 oriented face down on the tape. Semiconductor die 36, 42, and 46
can also be mounted to coverlay tape 30 using post wafer saw tape transfer.             In FIG. 2b, a transfer
polymer molding compound 50 is deposited around a periphery of semiconductor die 36, 42, and 46 down
to coverlay tape 30. The polymer molding compound 50 forms a non-conductive die extension region
around a periphery of semiconductor die 36, 42, and 46. The coverlay tape is then peeled away to expose
the contact pads and active front side of semiconductor die 36, 42, and 46.             In FIG. 2c, the
semiconductor die are inverted such that the contact pads and active front side of semiconductor die 36,
42, and 46 face upward. THVs 52 are formed in the die extension region between semiconductor die 36,
42, and 46 by etching, laser drilling or by any known conventional methods. An electrically conductive
material is deposited in THVs 52 using an evaporation, electrolytic plating, electroless plating, or screen
printing process. The conductive material can be aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold
(Au), or silver (Ag). A redistribution layer (RDL) 54 is formed between THVs 52 and the respective contact
pads 38, 44, and 48 of semiconductor die 36, 42, and 46. RDLs 54 can be made with Al, aluminum
copper alloy (AlCu), Cu, or Cu alloy. RDLs 54 operate as an intermediate conduction layer to route
electrical signals between THVs 52 and contact pads 38, 44, and 48. A passivation layer 56 is formed
over RDLs 54, contact pads 38, 44, and 48, and semiconductor die 36, 42, and 46 for structural support
and electrical isolation.  Passivation layer 56 can be made with silicon dioxide (S102), silicon oxynitride
(SION), silicon nitride (SixNy), polyimide (PI), benzocyclobutene (BCE), polybenzoxazole (P30), or other
insulating material.             In FIG. 2d, RDLs 58 are formed on a backside of the semiconductor die,
opposite the active front side of the die, and electrically contact the backside of THVs 52. RDLs 54 can be
made with Al, AlCu, Cu, or Cu alloy. An under bump metallization (UBM) 60 is deposited and patterned to
electrically contact RDLs 58. In one embodiment, UBMs 60 may include a wetting layer, barrier layer, and
adhesive layer. RDLs 58 operate as an intermediate conduction layer to route electrical signals between
THVs 52 and UBMs 60. A passivation layer 62 is formed over RDLs 58 and transfer molding compound
50 for structural support and electrical isolation. 
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oriented face down onto the tape.  Likewise, semiconductor die 

42 is transferred and affixed to coverlay tape 30 with its 

active surface and contact pads 44 oriented face down onto the 

tape, and semiconductor die 46 is transferred and affixed to 

coverlay tape 30 using die attach material with its active 

surface and contact pads 48 oriented face down on the tape.  

Semiconductor die 36, 42, and 46 can also be mounted to 

coverlay tape 30 using post wafer saw tape transfer. 

[0022] In FIG. 2b, a transfer polymer molding compound 50 

is deposited around a periphery of semiconductor die 36, 42, 

and 46 down to coverlay tape 30.  The polymer molding compound 

50 forms a non-conductive die extension region around a 

periphery of semiconductor die 36, 42, and 46.  The coverlay 

tape is then peeled away to expose the contact pads and active 

front side of semiconductor die 36, 42, and 46.   

[0023] In FIG. 2c, the semiconductor die are inverted such 

that the contact pads and active front side of semiconductor 

die 36, 42, and 46 face upward.  THVs 52 are formed in the die 

extension region between semiconductor die 36, 42, and 46 by 

etching, laser drilling or by any known conventional methods.  

An electrically conductive material is deposited in THVs 52 

using an evaporation, electrolytic plating, electroless 

plating, or screen printing process.  The conductive material 

can be aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold 

(Au), or silver (Ag).  A redistribution layer (RDL) 54 is 

formed between THVs 52 and the respective contact pads 38, 44, 

and 48 of semiconductor die 36, 42, and 46.  RDLs 54 can be 

made with Al, aluminum copper alloy (AlCu), Cu, or Cu alloy.  

RDLs 54 operate as an intermediate conduction layer to route 

electrical signals between THVs 52 and contact pads 38, 44, 

and 48.  A passivation layer 56 is formed over RDLs 54, 

contact pads 38, 44, and 48, and semiconductor die 36, 42, and 

46 for structural support and electrical isolation.  

Passivation layer 62 can be made with S102, SION, SixNy, PI, BCE, PBO, or other insulating material.
An electrically conductive solder material is deposited over UBMs 60 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite (BI) and alloys thereof. In
one embodiment, the solder material is 63 percent weight of Sn and 37 percent weight of Pb. The solder
material is reflowed by heating the conductive material above its melting point to form spherical balls or
bumps 66. In some applications, solder bumps 66 are reflowed a second time to improve electrical
contact to UBMs 60. UBMs 60 and solder bumps 66 represent one type of interconnect structure.
Semiconductor die 36, 42, and 46 are singulated along the die extension region. The die extension region
is cut by a cutting tool such as a saw or laser. The cutting  tool completely severs the die extension region
to separate the die.               FIG. 2e illustrates semiconductor die 36 following singulation of the die
extension region through a center area of THVs 52. Each semiconductor die has a similar final
configuration. Contact pads 38 electrically connect through RDLs 54, THVs 52, RDLs 58, and UBMs 60 to
solder bumps 66, as shown in FIG. 2e.               FIGs. 3a-3f illustrate an alternate embodiment of forming
THVs on a periphery of a semiconductor die in a WLCSP, in this case using a die sinking on an epoxy
adhesive sheet. In FIG. 3a, the wafer is diced and semiconductor die 72, 76, and 80 are transferred to
carrier tape 70 with contact pads 74, 78, and 82 facing down toward the carrier tape.            In FIG. 3b, a
lamination or encapsulation molding compound 84 is deposited around a periphery of semiconductor die
72, 76, and 80 and cured. The molding compound 84 forms a die extension region around the periphery
of semiconductor die 72, 76, and 80. The encapsulation molding compound 84 can be made with epoxy
acrylate or other polymer material. The carrier tape 70 is removed. 
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Passivation layer 56 can be made with silicon dioxide (SiO2), 

silicon oxynitride (SiON), silicon nitride (SixNy), polyimide 

(PI), benzocyclobutene (BCB), polybenzoxazole (PBO), or other 

insulating material.   

[0024] In FIG. 2d, RDLs 58 are formed on a backside of the 

semiconductor die, opposite the active front side of the die, 

and electrically contact the backside of THVs 52.  RDLs 54 can 

be made with Al, AlCu, Cu, or Cu alloy.  An under bump 

metallization (UBM) 60 is deposited and patterned to 

electrically contact RDLs 58.  In one embodiment, UBMs 60 may 

include a wetting layer, barrier layer, and adhesive layer.  

RDLs 58 operate as an intermediate conduction layer to route 

electrical signals between THVs 52 and UBMs 60.  A passivation 

layer 62 is formed over RDLs 58 and transfer molding compound 

50 for structural support and electrical isolation.  

Passivation layer 62 can be made with SiO2, SiON, SixNy, PI, 

BCB, PBO, or other insulating material. 

[0025] An electrically conductive solder material is 

deposited over UBMs 60 through an evaporation, electrolytic 

plating, electroless plating, ball drop, or screen printing 

process.  The solder material can be any metal or electrically 

conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, 

bismuthinite (Bi) and alloys thereof.  In one embodiment, the 

solder material is 63 percent weight of Sn and 37 percent 

weight of Pb.  The solder material is reflowed by heating the 

conductive material above its melting point to form spherical 

balls or bumps 66.  In some applications, solder bumps 66 are 

reflowed a second time to improve electrical contact to UBMs 

60.  UBMs 60 and solder bumps 66 represent one type of 

interconnect structure.   

[0026] Semiconductor die 36, 42, and 46 are singulated 

along the die extension region.  The die extension region is 

cut by a cutting tool such as a saw or laser.  The cutting 

In FIG. 3c, THVs 86 are formed in the die extension region around a periphery of semiconductor die 72,
76, and 80. An electrically conductive material is deposited in THVs 86 using an evaporation, electrolytic
plating, electroless plating, or screen printing process. The conductive material can be Al, Cu, Sn, Ni, Au,
or Ag.            In FIG. 3d, the semiconductor die are inverted such that the contact pads and active front
side of semiconductor die 72, 76, and 80 face upward. RDLs 88 are formed between THVs 86 and the
respective contact pads 74, 78, and 82 of semiconductor die 72, 76, and 80. RDLs 88 can be made with
Al, AlCu, Cu, or Cu alloy. RDLs 88 operate as an intermediate  conduction layer to route electrical signals
between THVs 86 and contact pads 74, 78, and 82. A passivation layer 90 is formed over RDLs 88,
contact pads 74, 78, and 82, and semiconductor die 72, 76, and 80 for structural support and electrical
isolation. Passivation layer 90 can be made with Si02, SiON, SixNy, PI, BCE, PBO, or other insulating
material.             In FIG. 3e, RDLs 92 are formed on a backside of the semiconductor die, opposite the
active front side, and electrically contact the backside of THVs 86. RDLs 92 can be made with Al, AlCu,
Cu, or Cu alloy. A UBM 94 is deposited and patterned to electrically contact RDLs 92. In one
embodiment, UBMs 94 may include a wetting layer, barrier layer, and adhesive layer. RDLs 92 operate as
an intermediate conduction layer to route electrical signals between THVs 86 and UBMs 94. A passivation
layer 98 is formed over RDLs 92 and encapsulation molding compound 84 for structural support and
electrical isolation. Passivation layer 98 can be made with Si02, SiON, SixNy, PI, BCE, PBO, or other
insulating material.             An electrically conductive solder material is deposited over UBMs 94 through
an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The solder
material can be any metal or electrically conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and alloys
thereof. The solder material is reflowed by heating the conductive material above its melting point to form
spherical balls or bumps 100. In some applications, solder bumps 100 are reflowed a second time to
improve electrical contact to UBMs 94.             Semiconductor die 72, 76, and 80 are singulated along the
die extension region. The die extension region is cut by a cutting tool such as a saw or laser. The cutting
tool completely severs the die extension region to separate  
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tool completely severs the die extension region to separate 

the die. 

[0027] FIG. 2e illustrates semiconductor die 36 following 

singulation of the die extension region through a center area 

of THVs 52.  Each semiconductor die has a similar final 

configuration.  Contact pads 38 electrically connect through 

RDLs 54, THVs 52, RDLs 58, and UBMs 60 to solder bumps 66, as 

shown in FIG. 2e. 

[0028] FIGs. 3a-3f illustrate an alternate embodiment of 

forming THVs on a periphery of a semiconductor die in a WLCSP, 

in this case using a die sinking on an epoxy adhesive sheet.  

In FIG. 3a, the wafer is diced and semiconductor die 72, 76, 

and 80 are transferred to carrier tape 70 with contact pads 

74, 78, and 82 facing down toward the carrier tape. 

[0029] In FIG. 3b, a lamination or encapsulation molding 

compound 84 is deposited around a periphery of semiconductor 

die 72, 76, and 80 and cured.  The molding compound 84 forms a 

die extension region around the periphery of semiconductor die 

72, 76, and 80.  The encapsulation molding compound 84 can be 

made with epoxy acrylate or other polymer material.  The 

carrier tape 70 is removed. 

[0030] In FIG. 3c, THVs 86 are formed in the die extension 

region around a periphery of semiconductor die 72, 76, and 80.  

An electrically conductive material is deposited in THVs 86 

using an evaporation, electrolytic plating, electroless 

plating, or screen printing process.  The conductive material 

can be Al, Cu, Sn, Ni, Au, or Ag.   

[0031] In FIG. 3d, the semiconductor die are inverted such 

that the contact pads and active front side of semiconductor 

die 72, 76, and 80 face upward.  RDLs 88 are formed between 

THVs 86 and the respective contact pads 74, 78, and 82 of 

semiconductor die 72, 76, and 80.  RDLs 88 can be made with 

Al, AlCu, Cu, or Cu alloy.  RDLs 88 operate as an intermediate 

the die.                FIG. 3f Illustrates semiconductor die 72 following singulation of the die extension region
through a center area of THVs 86. Each semiconductor die has a similar final configuration. Contact pads
74 electrically connect through RDLs 88, THVs 86, RDLs 92, and UBMs 94 to solder bumps 100, as
shown in FIG. 3f. In another embodiment, UBMs 94 is formed directly under THVs 86, which eliminates
RDLs 92.                FIGs. 4a-4f Illustrate an alternate embodiment of forming THVs on a periphery of a
semiconductor die in a WLCSP, in this case using diced wafer expansion and lamination. In FIG. 4a, the
wafer is diced and semiconductor die 112, 116, and 120 are transferred to carrier tape 110 with contact
pads 114, 118, and 122 facing down toward the carrier tape.             In FIG. 4b, the carrier tape 110 is
expanded by a force applied to the longitudinal axis of the tape to create a greater physical separation
between the die. A lamination or encapsulation molding compound 124 is deposited around a periphery of
semiconductor die 112, 116, and 120 and cured. The encapsulation molding compound 124 forms a die
extension region around a periphery of semiconductor die 112, 116, and 120. The encapsulation molding
compound 124 can be made with epoxy or other polymer material. The carrier tape 110 is removed.
In FIG. 4c, THVs 126 are formed in the die extension region around a periphery of semiconductor die
112, 116, and 120. An electrically conductive material is deposited in THVs 126 using an evaporation,
electrolytic plating, electroless plating, or screen printing process. The conductive material can be Al, Cu,
Sn, Ni, Au, or Ag.             In FIG. 4d, the semiconductor die are inverted such that the contact pads and
active front side of semiconductor die 112, 116, and 120 face upward. RDLs 128 are formed  between
THVs 126 and the respective contact pads 114, 118, and 122 of semiconductor die 112, 116, and 120.
RDLs 128 can be made with Al, AlCu, Cu, or Cu alloy. RDLs 128 operate as an intermediate conduction
layer to route electrical signals between THVs 126 and contact pads 114, 118, and 122. A passivation
layer 130 is formed over RDLs 128, contact pads 114, 118, and 122, and semiconductor die 112, 116,
and 120 for structural support and electrical isolation. Passivation layer 130 can be made with S102,
SION, SixNy, PI, BCE, PBO, or other insulating material. 
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conduction layer to route electrical signals between THVs 86 

and contact pads 74, 78, and 82.  A passivation layer 90 is 

formed over RDLs 88, contact pads 74, 78, and 82, and 

semiconductor die 72, 76, and 80 for structural support and 

electrical isolation.  Passivation layer 90 can be made with 

SiO2, SiON, SixNy, PI, BCB, PBO, or other insulating material.   

[0032] In FIG. 3e, RDLs 92 are formed on a backside of the 

semiconductor die, opposite the active front side, and 

electrically contact the backside of THVs 86.  RDLs 92 can be 

made with Al, AlCu, Cu, or Cu alloy.  A UBM 94 is deposited 

and patterned to electrically contact RDLs 92.  In one 

embodiment, UBMs 94 may include a wetting layer, barrier 

layer, and adhesive layer.  RDLs 92 operate as an intermediate 

conduction layer to route electrical signals between THVs 86 

and UBMs 94.  A passivation layer 98 is formed over RDLs 92 

and encapsulation molding compound 84 for structural support 

and electrical isolation.  Passivation layer 98 can be made 

with SiO2, SiON, SixNy, PI, BCB, PBO, or other insulating 

material. 

[0033] An electrically conductive solder material is 

deposited over UBMs 94 through an evaporation, electrolytic 

plating, electroless plating, ball drop, or screen printing 

process.  The solder material can be any metal or electrically 

conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and 

alloys thereof.  The solder material is reflowed by heating 

the conductive material above its melting point to form 

spherical balls or bumps 100.  In some applications, solder 

bumps 100 are reflowed a second time to improve electrical 

contact to UBMs 94. 

[0034] Semiconductor die 72, 76, and 80 are singulated 

along the die extension region.  The die extension region is 

cut by a cutting tool such as a saw or laser.  The cutting 

tool completely severs the die extension region to separate 

In FIG. 4e, RDLs 132 are formed on a backside of the semiconductor die, opposite the active front side,
and electrically contact the backside of THVs 126. RDLs 132 can be made with Al, AlCu, Cu, or Cu alloy.
A UBM 134 is deposited and patterned to electrically contact RDLs 132. In one embodiment, UBMs 134
may include a wetting layer, barrier layer, and adhesive layer. RDLs 132 operate as an intermediate
conduction layer to route electrical signals between THVs 126 and UBMs 134. A passivation layer 136 is
formed over RDLs 132 and encapsulation molding compound 124 for structural support and electrical
isolation. Passivation layer 136 can be made with S102, SION, SixNy, PI, BCE, PBO, or other insulating
material.             An electrically conductive solder material is deposited over UBMs 134 through an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The solder
material can be any metal or electrically conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Si and alloys
thereof. The solder material is reflowed by heating the conductive material above its melting point to form
spherical balls or bumps 138. In some applications, solder bumps 138 are reflowed a second time to
improve electrical contact to UBMs 134.               Semiconductor die 112, 116, and 120 are singulated
along the die extension region. The die extension region is cut by a cutting tool such as a saw or laser.
The cutting tool completely severs the die extension region to separate the die.             FIG. 4f illustrates
semiconductor die 112 following singulation of the die extension region. The expansion of the die
extension region provides greater area to form multiple offset rows of full vias and singulate through a
portion of the die extension region away from the THVs. Each semiconductor die has a similar final
configuration. Contact pads 114 electrically connect through RDLs 128, THVs 126, RDLs 132, and UBMs
134 to solder bumps 138, as shown in FIG. 4f. In another embodiment, UBMs 134 is formed directly
under THVs 126, which eliminates RDLs 132.             FIGs. 5a-5g illustrate an alternate embodiment of
forming THVs on a periphery of a semiconductor die in a WLCSP, in this case using diced wafer
expansion, kerf filing, and lamination. In FIG. 5a, the wafer is diced and semiconductor die 142, 146, and
150 are transferred to carrier tape 140 with contact pads 144, 148, and 152 facing down toward the
carrier tape. 
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the die. 

[0035] FIG. 3f illustrates semiconductor die 72 following 

singulation of the die extension region through a center area 

of THVs 86.  Each semiconductor die has a similar final 

configuration.  Contact pads 74 electrically connect through 

RDLs 88, THVs 86, RDLs 92, and UBMs 94 to solder bumps 100, as 

shown in FIG. 3f.  In another embodiment, UBMs 94 is formed 

directly under THVs 86, which eliminates RDLs 92. 

[0036] FIGs. 4a-4f illustrate an alternate embodiment of 

forming THVs on a periphery of a semiconductor die in a WLCSP, 

in this case using diced wafer expansion and lamination.  In 

FIG. 4a, the wafer is diced and semiconductor die 112, 116, 

and 120 are transferred to carrier tape 110 with contact pads 

114, 118, and 122 facing down toward the carrier tape.   

[0037] In FIG. 4b, the carrier tape 110 is expanded by a 

force applied to the longitudinal axis of the tape to create a 

greater physical separation between the die.  A lamination or 

encapsulation molding compound 124 is deposited around a 

periphery of semiconductor die 112, 116, and 120 and cured.  

The encapsulation molding compound 124 forms a die extension 

region around a periphery of semiconductor die 112, 116, and 

120.  The encapsulation molding compound 124 can be made with 

epoxy or other polymer material.  The carrier tape 110 is 

removed. 

[0038] In FIG. 4c, THVs 126 are formed in the die extension 

region around a periphery of semiconductor die 112, 116, and 

120.  An electrically conductive material is deposited in THVs 

126 using an evaporation, electrolytic plating, electroless 

plating, or screen printing process.  The conductive material 

can be Al, Cu, Sn, Ni, Au, or Ag.   

[0039] In FIG. 4d, the semiconductor die are inverted such 

that the contact pads and active front side of semiconductor 

die 112, 116, and 120 face upward.  RDLs 128 are formed 

In FIG. 5b, the carrier tape 140 is expanded by a force applied to the longitudinal axis of the tape to
create a greater physical separation between the die. A kerf filing process is used to form a die extension
region 154 by depositing epoxy resin, passivation, stencil printed paste, or other polymer material in the
area around a periphery of semiconductor die 142, 146, and 150. The backside of the die is laminated
with an epoxy adhesive sheet coating 156. The carrier tape 140 is removed.             In FIG. Sc, THVs 158
are formed in die extension region 154 around a periphery of semiconductor die 142, 146,  and 150. An
electrically conductive material is deposited in THVs 158 using an evaporation, electrolytic plating,
electroless plating, or screen printing process. The conductive material can be Al, Cu, Sn, Ni, Au, or Ag.
In FIG. 5d, the semiconductor die are inverted such that the contact pads and active side of
semiconductor die 142, 146, and 150 face upward. RDLs 160 are formed between THVs 158 and the
respective contact pads 144, 148, and 152 of semiconductor die 142, 146, and 150. RDLs 160 can be
made with Al, AlCu, Cu, or Cu alloy. RDLs 160 operate as an intermediate conduction layer to route
electrical signals between THVs 158 and contact pads 144, 148, and 152. A passivation layer 162 is
formed over RDLs 160, contact pads 144, 148, and 152, and semiconductor die 142, 146, and 150 for
structural support and electrical isolation. Passivation layer 162 can be made with 5102, SION, SixNy, PI,
BCE, PBO, or other insulating material.             In FIG. 5e, RDLs 164 are formed on the backside of the
semiconductor die, opposite the active front side, and electrically contact the backside of THVs 158.
RDLs 164 can be made with Al, AlCu, Cu, or Cu alloy. A UBM 166 is deposited and patterned to
electrically contact RDLs 164. In one embodiment, UBMs 166 may include a wetting layer, barrier layer,
and adhesive layer. RDLs 164 operate as an intermediate conduction layer to route electrical signals
between THVs 158 and UBMs 166. A passivation layer 168 is formed over RDLs 164 and epoxy adhesive
sheet coating 156 for structural support and electrical isolation. Passivation layer 168 can be made with
5102, SION, SixNy, PI, BCE, PBO, or other insulating material.             An electrically conductive solder
material is deposited over UBMs 166 through an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing 
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between THVs 126 and the respective contact pads 114, 118, and 

122 of semiconductor die 112, 116, and 120.  RDLs 128 can be 

made with Al, AlCu, Cu, or Cu alloy.  RDLs 128 operate as an 

intermediate conduction layer to route electrical signals 

between THVs 126 and contact pads 114, 118, and 122.  A 

passivation layer 130 is formed over RDLs 128, contact pads 

114, 118, and 122, and semiconductor die 112, 116, and 120 for 

structural support and electrical isolation.  Passivation 

layer 130 can be made with SiO2, SiON, SixNy, PI, BCB, PBO, or 

other insulating material.   

[0040] In FIG. 4e, RDLs 132 are formed on a backside of the 

semiconductor die, opposite the active front side, and 

electrically contact the backside of THVs 126.  RDLs 132 can 

be made with Al, AlCu, Cu, or Cu alloy.  A UBM 134 is 

deposited and patterned to electrically contact RDLs 132.  In 

one embodiment, UBMs 134 may include a wetting layer, barrier 

layer, and adhesive layer.  RDLs 132 operate as an 

intermediate conduction layer to route electrical signals 

between THVs 126 and UBMs 134.  A passivation layer 136 is 

formed over RDLs 132 and encapsulation molding compound 124 

for structural support and electrical isolation.  Passivation 

layer 136 can be made with SiO2, SiON, SixNy, PI, BCB, PBO, or 

other insulating material. 

[0041] An electrically conductive solder material is 

deposited over UBMs 134 through an evaporation, electrolytic 

plating, electroless plating, ball drop, or screen printing 

process.  The solder material can be any metal or electrically 

conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and 

alloys thereof.  The solder material is reflowed by heating 

the conductive material above its melting point to form 

spherical balls or bumps 138.  In some applications, solder 

bumps 138 are reflowed a second time to improve electrical 

contact to UBMs 134. 

process. The solder material can be any metal or electrically conductive material, e.g., Sn, Pb, Ni, Au, Ag,
Cu, Si and alloys thereof. The solder material is reflowed by heating the conductive material above its
melting point to form spherical balls or bumps 170. In some applications, solder bumps 170 are reflowed
a second time to improve electrical contact to UBMs 166.             Semiconductor die 142, 146, and 150
are singulated along the die extension region. The die extension region is cut by a cutting tool such as a
saw or laser. The cutting tool completely severs the die extension region to separate the die.             FIG.
5f illustrates semiconductor die 142 following singulation of the die extension region. The expansion of the
die extension region provides greater area to form multiple offset rows of full vias and singulate through a
portion of the die extension region away from the THVs. Each semiconductor die has a similar final
configuration. Contact pads 144 electrically connect through RDLs 160, THVs 158, RDLs 164, and UBMs
166 to solder bumps 170, as shown in FIG. 5f. In another embodiment, UBMs 166 is formed directly
under THVs 158, which eliminates RDLs 164.             In each embodiment of FIGs. 2-5, the top and
bottom of the WLCSP are interconnected by THVs and RDLs so that device integration can occur by
stacking the semiconductor die. The THVs are formed without drilling holes in the active area of the die or
in saw streets of the wafer. Rather, the THVs are created by forming a non-conductive die extension
region, e.g., molding compound or epoxy resin 50, 84, 124, or 154, around the periphery of the die. The
THVs are drilled through the die extension region and filled with conductive material to interconnect the
top and bottom RDLs and other conductive layers of the semiconductor die.               Further detail of the
die interconnect through the THVs is shown in FIGs. 6-12. In FIGs. 6a-6b, semiconductor die 180 has
contact pads 182 formed on its active surface 192. RDLs 184 electrically connect contact pads 182 to
THVs 186. Depending on the electrical Interconnect of the active circuits, some of the contact pads 182
are electrically isolated from adjacent THVs 186, i.e., no connecting RDL is formed. A passivation layer
188 is formed over semiconductor die 180, RDLs 184, and contact pads 182. THVs 186 are formed in
molding compound 190 which operates as the die extension region as described in FIGs. 2-5. The portion
of molding compound 190 on the backside of semiconductor die 180 can be removed, i.e., the backside
of the die can be exposed. A plurality of semiconductor die can be stacked and interconnected through
THVs 186, as shown in FIG. 6c. 
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[0042] Semiconductor die 112, 116, and 120 are singulated 

along the die extension region.  The die extension region is 

cut by a cutting tool such as a saw or laser.  The cutting 

tool completely severs the die extension region to separate 

the die. 

[0043] FIG. 4f illustrates semiconductor die 112 following 

singulation of the die extension region.  The expansion of the 

die extension region provides greater area to form multiple 

offset rows of full vias and singulate through a portion of 

the die extension region away from the THVs.  Each 

semiconductor die has a similar final configuration.  Contact 

pads 114 electrically connect through RDLs 128, THVs 126, RDLs 

132, and UBMs 134 to solder bumps 138, as shown in FIG. 4f.  

In another embodiment, UBMs 134 is formed directly under THVs 

126, which eliminates RDLs 132. 

[0044] FIGs. 5a-5g illustrate an alternate embodiment of 

forming THVs on a periphery of a semiconductor die in a WLCSP, 

in this case using diced wafer expansion, kerf filing, and 

lamination.  In FIG. 5a, the wafer is diced and semiconductor 

die 142, 146, and 150 are transferred to carrier tape 140 with 

contact pads 144, 148, and 152 facing down toward the carrier 

tape.   

[0045] In FIG. 5b, the carrier tape 140 is expanded by a 

force applied to the longitudinal axis of the tape to create a 

greater physical separation between the die.  A kerf filing 

process is used to form a die extension region 154 by 

depositing epoxy resin, passivation, stencil printed paste, or 

other polymer material in the area around a periphery of 

semiconductor die 142, 146, and 150.  The backside of the die 

is laminated with an epoxy adhesive sheet coating 156.  The 

carrier tape 140 is removed. 

[0046] In FIG. 5c, THVs 158 are formed in die extension 

region 154 around a periphery of semiconductor die 142, 146, 

In FIGs. 7a-7b, semiconductor die 180 is shown with THVs (half vias) 186 and THVs (full vias) 194
formed in offset rows. RDLs 184 electrically connect contact pads 182 to THVs 186. RDLs 198 electrically
connect contact pads 196 to THVs 194. Depending on the electrical Interconnect of the active circuits,
some of the contact pads 182 and 196 are electrically isolated from adjacent THVs 186 and 194, i.e., no
connecting RDL is formed. A passivation layer 188 is formed over semiconductor die 180, RDLs 184 and
198, and contact pads 182 and 196. THVs 186 and 194 are formed in molding compound 190 which
operates as the die extension region as described in FIGs. 2-5. The portion of molding compound 190 on
the backside of semiconductor die 180 can be removed, i.e., the backside of the die can be exposed. A
plurality of semiconductor die can be stacked and interconnected through THVs 186 and 194.             In
FIGs. 8a-8b, semiconductor die 200 has contact pads 202 formed on its active surface 218. RDLs 204
electrically connect contact pads 202 to THVs (full vias) 206. Depending on the electrical interconnect of
the active circuits, some of the contact pads 202 are electrically isolated from adjacent THVs 206, i.e., no
connecting RDL is formed. A passivation layer 208 is formed over semiconductor die 200, RDLs 204, and
contact pads 202. THVs 206 are formed in molding compound 210 which operates as the die extension
region as described in FIGs. 2-5. THVs 206 electrically connect to RDLs 212, which in turn electrically
connect through UBMs 214 to solder bumps 216. A passivation layer 220 is formed on the backside of
semiconductor die 200.            In FIGs. 9a-9b, semiconductor die 200 has contact pads 202 formed on its
active surface 218. Semiconductor die 200 is shown with THVs (full vias) 206 and 222 formed in offset
rows. RDLs 204 electrically connect contact pads 202 to THVs 206 and 222. Depending on the electrical
interconnect of the active circuits, some of the contact pads 202 are electrically isolated from adjacent
THVs 206 and 222, i.e., no connecting RDL is formed. A passivation layer 225 is formed over
semiconductor die 200, RDLs 204, and contact pads 202. THVs 206 and 222 are formed in molding
compound 223 which operates as the die extension region as described in FIGs. 2- 5. THVs 206 and 222
electrically connect to RDLs 224, which in turn electrically connect through UBMs 226 to solder bumps
228. A passivation layer 229 is formed on the backside of semiconductor die 200.            FIG. 10
illustrates a multi-die configuration of the WLCSP. Semiconductor die 230 has contact pads 232 formed
on its active surface. Likewise, semiconductor die 234 has contact pads 236 formed on its active surface.
RDLs 238 electrically connect contact pads 232 and 236 to THVs (full vias) 240 and 242. RDLs 238 also
electrically connect contact pads 232 to contact pads 236. Depending on the electrical  Interconnect of
the active circuits, some of the contact pads 232 and 236 are electrically Isolated from adjacent THVs 240
and 242, i.e., no connecting RDL is formed. A passivation layer 248 is formed over semiconductor die 230
and 234, RDLs 238, and contact pads 232 and 236. THVs 240 and 242 are formed in molding compound
250 which operates as the die extension region as described in FIGs. 2-5. THVs 240 and 242 electrically
connect to RDLs 252, which in turn electrically connect through UBMs 254 to solder bumps 256. A
passivation layer 258 is formed on the backside of semiconductor die 230 and 234 and RDLs 252. 
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and 150.  An electrically conductive material is deposited in 

THVs 158 using an evaporation, electrolytic plating, 

electroless plating, or screen printing process.  The 

conductive material can be Al, Cu, Sn, Ni, Au, or Ag.   

[0047] In FIG. 5d, the semiconductor die are inverted such 

that the contact pads and active side of semiconductor die 

142, 146, and 150 face upward.  RDLs 160 are formed between 

THVs 158 and the respective contact pads 144, 148, and 152 of 

semiconductor die 142, 146, and 150.  RDLs 160 can be made 

with Al, AlCu, Cu, or Cu alloy.  RDLs 160 operate as an 

intermediate conduction layer to route electrical signals 

between THVs 158 and contact pads 144, 148, and 152.  A 

passivation layer 162 is formed over RDLs 160, contact pads 

144, 148, and 152, and semiconductor die 142, 146, and 150 for 

structural support and electrical isolation.  Passivation 

layer 162 can be made with SiO2, SiON, SixNy, PI, BCB, PBO, or 

other insulating material.   

[0048] In FIG. 5e, RDLs 164 are formed on the backside of 

the semiconductor die, opposite the active front side, and 

electrically contact the backside of THVs 158.  RDLs 164 can 

be made with Al, AlCu, Cu, or Cu alloy.  A UBM 166 is 

deposited and patterned to electrically contact RDLs 164.  In 

one embodiment, UBMs 166 may include a wetting layer, barrier 

layer, and adhesive layer.  RDLs 164 operate as an 

intermediate conduction layer to route electrical signals 

between THVs 158 and UBMs 166.  A passivation layer 168 is 

formed over RDLs 164 and epoxy adhesive sheet coating 156 for 

structural support and electrical isolation.  Passivation 

layer 168 can be made with SiO2, SiON, SixNy, PI, BCB, PBO, or 

other insulating material. 

[0049] An electrically conductive solder material is 

deposited over UBMs 166 through an evaporation, electrolytic 

plating, electroless plating, ball drop, or screen printing 

In FIG. 11, semiconductor die 270 has contact pads 272 formed on its active surface. RDLs 274
electrically connect contact pads 272 to THVs (half vias) 276. Depending on the electrical interconnect of
the active circuits, some of the contact pads 272 are electrically Isolated from adjacent THVs 276, i.e., no
connecting RDL is formed. A passivation layer 278 is formed over semiconductor die 270, RDLs 274, and
contact pads 272. THVs 276 are formed in molding compound 280 which operates as the die extension
region as described in FIGs. 2-5. THVs 276 electrically connect to UBMs 282, which in turn electrically
connect to solder bumps 284. UBMs 282 and solder bumps 284 are formed directly under THVs 276.
In FIG. 12, semiconductor die 290 has contact pads 292 formed on its active surface. RDLs 294
electrically connect contact pads 292 to THVs (half vias) 300. Depending on the electrical interconnect of
the active circuits, some of the contact pads 292 are electrically Isolated from adjacent THVs 300, i.e., no
connecting RDL is formed. UBMs 296 are formed on RDLs 294 for additional stacking. A passivation
layer 298 is formed over semiconductor die 290, RDLs 294, and contact pads 292. THVs 300 are formed
in molding compound 302 which operates as the die extension region as described in  FIGs. 2-5. THVs
300 electrically connect to RDLs 304, which in turn electrically connect through UBMs 306 to solder
bumps 308. A passivation layer 310 is formed on the backside of semiconductor die 290.             While
one or more embodiments of the present invention have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those embodiments may be made without departing from
the scope of the present invention as set forth in the following claims.  Claims What is claimed: 
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process.  The solder material can be any metal or electrically 

conductive material, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi and 

alloys thereof.  The solder material is reflowed by heating 

the conductive material above its melting point to form 

spherical balls or bumps 170.  In some applications, solder 

bumps 170 are reflowed a second time to improve electrical 

contact to UBMs 166. 

[0050] Semiconductor die 142, 146, and 150 are singulated 

along the die extension region.  The die extension region is 

cut by a cutting tool such as a saw or laser.  The cutting 

tool completely severs the die extension region to separate 

the die. 

[0051] FIG. 5f illustrates semiconductor die 142 following 

singulation of the die extension region.  The expansion of the 

die extension region provides greater area to form multiple 

offset rows of full vias and singulate through a portion of 

the die extension region away from the THVs.  Each 

semiconductor die has a similar final configuration.  Contact 

pads 144 electrically connect through RDLs 160, THVs 158, RDLs 

164, and UBMs 166 to solder bumps 170, as shown in FIG. 5f.  

In another embodiment, UBMs 166 is formed directly under THVs 

158, which eliminates RDLs 164. 

[0052] In each embodiment of FIGs. 2-5, the top and bottom 

of the WLCSP are interconnected by THVs and RDLs so that 

device integration can occur by stacking the semiconductor 

die.  The THVs are formed without drilling holes in the active 

area of the die or in saw streets of the wafer.  Rather, the 

THVs are created by forming a non-conductive die extension 

region, e.g., molding compound or epoxy resin 50, 84, 124, or 

154, around the periphery of the die.  The THVs are drilled 

through the die extension region and filled with conductive 

material to interconnect the top and bottom RDLs and other 

conductive layers of the semiconductor die. 

1. A semiconductor device, comprising: a semiconductor die;       a die extension region including a
polymer material formed around a periphery of the semiconductor die;       a plurality of conductive vias
formed through the die extension region;       a first conductive layer formed between contact pads over
an active surface of the semiconductor die and the conductive vias;       a second conductive layer formed
over a back surface of the semiconductor die, opposite the active surface, electrically connected to the
conductive vias; and       a first interconnect structure formed over the back surface of the semiconductor
die electrically connected to the second conductive layer.  2. The semiconductor device of claim 1,
wherein the polymer material includes a molding compound or epoxy. 
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[0053] Further detail of the die interconnect through the 

THVs is shown in FIGs. 6-12.  In FIGs. 6a-6b, semiconductor 

die 180 has contact pads 182 formed on its active surface 192.  

RDLs 184 electrically connect contact pads 182 to THVs 186.  

Depending on the electrical interconnect of the active 

circuits, some of the contact pads 182 are electrically 

isolated from adjacent THVs 186, i.e., no connecting RDL is 

formed.  A passivation layer 188 is formed over semiconductor 

die 180, RDLs 184, and contact pads 182.  THVs 186 are formed 

in molding compound 190 which operates as the die extension 

region as described in FIGs. 2-5.  The portion of molding 

compound 190 on the backside of semiconductor die 180 can be 

removed, i.e., the backside of the die can be exposed.  A 

plurality of semiconductor die can be stacked and 

interconnected through THVs 186, as shown in FIG. 6c.   

[0054] In FIGs. 7a-7b, semiconductor die 180 is shown with 

THVs (half vias) 186 and THVs (full vias) 194 formed in offset 

rows.  RDLs 184 electrically connect contact pads 182 to THVs 

186.  RDLs 198 electrically connect contact pads 196 to THVs 

194.  Depending on the electrical interconnect of the active 

circuits, some of the contact pads 182 and 196 are 

electrically isolated from adjacent THVs 186 and 194, i.e., no 

connecting RDL is formed.  A passivation layer 188 is formed 

over semiconductor die 180, RDLs 184 and 198, and contact pads 

182 and 196.  THVs 186 and 194 are formed in molding compound 

190 which operates as the die extension region as described in 

FIGs. 2-5.  The portion of molding compound 190 on the 

backside of semiconductor die 180 can be removed, i.e., the 

backside of the die can be exposed.  A plurality of 

semiconductor die can be stacked and interconnected through 

THVs 186 and 194.   

[0055] In FIGs. 8a-8b, semiconductor die 200 has contact 

pads 202 formed on its active surface 218.  RDLs 204 

3. The semiconductor device of claim 1, further including a second interconnect structure formed over the
active surface of the semiconductor die electrically connected to the first conductive layer.  4. The
semiconductor device of claim 3, wherein the second interconnect structure includes:       an insulating
layer formed over the first conductive layer; and         an under bump metallization (UBM) formed over the
first conductive layer.  5. The semiconductor device of claim 1, wherein the first interconnect structure
includes:       an insulating layer formed over the second conductive layer;       an under bump
metallization (UBM) formed over the second conductive layer; and 
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electrically connect contact pads 202 to THVs (full vias) 206.  

Depending on the electrical interconnect of the active 

circuits, some of the contact pads 202 are electrically 

isolated from adjacent THVs 206, i.e., no connecting RDL is 

formed.  A passivation layer 208 is formed over semiconductor 

die 200, RDLs 204, and contact pads 202.  THVs 206 are formed 

in molding compound 210 which operates as the die extension 

region as described in FIGs. 2-5.  THVs 206 electrically 

connect to RDLs 212, which in turn electrically connect 

through UBMs 214 to solder bumps 216.  A passivation layer 220 

is formed on the backside of semiconductor die 200. 

[0056] In FIGs. 9a-9b, semiconductor die 200 has contact 

pads 202 formed on its active surface 218.  Semiconductor die 

200 is shown with THVs (full vias) 206 and 222 formed in 

offset rows.  RDLs 204 electrically connect contact pads 202 

to THVs 206 and 222.  Depending on the electrical interconnect 

of the active circuits, some of the contact pads 202 are 

electrically isolated from adjacent THVs 206 and 222, i.e., no 

connecting RDL is formed.  A passivation layer 225 is formed 

over semiconductor die 200, RDLs 204, and contact pads 202.  

THVs 206 and 222 are formed in molding compound 223 which 

operates as the die extension region as described in FIGs. 2-

5.  THVs 206 and 222 electrically connect to RDLs 224, which 

in turn electrically connect through UBMs 226 to solder bumps 

228.  A passivation layer 229 is formed on the backside of 

semiconductor die 200.   

[0057] FIG. 10 illustrates a multi-die configuration of the 

WLCSP.  Semiconductor die 230 has contact pads 232 formed on 

its active surface.  Likewise, semiconductor die 234 has 

contact pads 236 formed on its active surface.  RDLs 238 

electrically connect contact pads 232 and 236 to THVs (full 

vias) 240 and 242.  RDLs 238 also electrically connect contact 

pads 232 to contact pads 236.  Depending on the electrical 

a bump formed over the UBM.  6. The semiconductor device of claim 1, further including first and second
offset rows of conductive vias formed in the die extension region.  7. A semiconductor device, comprising:
a semiconductor die;       a die extension region including an insulating material formed around the
semiconductor die;       a plurality of conductive vias formed through the die extension region;       a first
conductive layer formed over an active surface of the semiconductor die electrically connected to the
conductive vias; and       a second conductive layer formed over a back surface of the semiconductor die,
opposite the active surface, electrically connected to the conductive vias. 
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interconnect of the active circuits, some of the contact pads 

232 and 236 are electrically isolated from adjacent THVs 240 

and 242, i.e., no connecting RDL is formed.  A passivation 

layer 248 is formed over semiconductor die 230 and 234, RDLs 

238, and contact pads 232 and 236.  THVs 240 and 242 are 

formed in molding compound 250 which operates as the die 

extension region as described in FIGs. 2-5.  THVs 240 and 242 

electrically connect to RDLs 252, which in turn electrically 

connect through UBMs 254 to solder bumps 256.  A passivation 

layer 258 is formed on the backside of semiconductor die 230 

and 234 and RDLs 252. 

[0058] In FIG. 11, semiconductor die 270 has contact pads 

272 formed on its active surface.  RDLs 274 electrically 

connect contact pads 272 to THVs (half vias) 276.  Depending 

on the electrical interconnect of the active circuits, some of 

the contact pads 272 are electrically isolated from adjacent 

THVs 276, i.e., no connecting RDL is formed.  A passivation 

layer 278 is formed over semiconductor die 270, RDLs 274, and 

contact pads 272.  THVs 276 are formed in molding compound 280 

which operates as the die extension region as described in 

FIGs. 2-5.  THVs 276 electrically connect to UBMs 282, which 

in turn electrically connect to solder bumps 284.  UBMs 282 

and solder bumps 284 are formed directly under THVs 276. 

[0059] In FIG. 12, semiconductor die 290 has contact pads 

292 formed on its active surface.  RDLs 294 electrically 

connect contact pads 292 to THVs (half vias) 300.  Depending 

on the electrical interconnect of the active circuits, some of 

the contact pads 292 are electrically isolated from adjacent 

THVs 300, i.e., no connecting RDL is formed.  UBMs 296 are 

formed on RDLs 294 for additional stacking.  A passivation 

layer 298 is formed over semiconductor die 290, RDLs 294, and 

contact pads 292.  THVs 300 are formed in molding compound 302 

which operates as the die extension region as described in 

8. The semiconductor device of claim 7, further including an interconnect structure formed over the back
surface of the semiconductor die electrically connected to the second conductive layer.   9. The
semiconductor device of claim 8, wherein the interconnect structure includes:       an insulating layer
formed over the second conductive layer;       an under bump metallization (UBM) formed over the second
conductive layer; and a bump formed over the UBM.  10. The semiconductor device of claim 7, further
including an interconnect structure formed over the active surface of the semiconductor die electrically
connected to the first conductive layer.  11. The semiconductor device of claim 10, wherein the
interconnect structure includes: 



 

 

-20- 

FIGs. 2-5.  THVs 300 electrically connect to RDLs 304, which 

in turn electrically connect through UBMs 306 to solder bumps 

308.  A passivation layer 310 is formed on the backside of 

semiconductor die 290. 

[0060] While one or more embodiments of the present 

invention have been illustrated in detail, the skilled artisan 

will appreciate that modifications and adaptations to those 

embodiments may be made without departing from the scope of 

the present invention as set forth in the following claims. 

 

an insulating layer formed over the first conductive layer; and       an under bump metallization (UBM)
formed over the first conductive layer.  12. The semiconductor device of claim 7, wherein the insulating
material includes a polymer, molding compound, or epoxy.  13. The semiconductor device of claim 7,
further including a plurality of stacked semiconductor devices electrically connected through the
conductive vias.  14. A semiconductor device, comprising: a semiconductor die;       a die extension
region including an insulating material formed around the semiconductor die;  
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Claims 

 

What is claimed: 

 

1. A semiconductor device, comprising: 

 a semiconductor die; 

 a die extension region including a polymer material 

formed around a periphery of the semiconductor die; 

 a plurality of conductive vias formed through the die 

extension region;  

 a first conductive layer formed between contact pads over 

an active surface of the semiconductor die and the conductive 

vias; 

 a second conductive layer formed over a back surface of 

the semiconductor die, opposite the active surface, 

electrically connected to the conductive vias; and 

 a first interconnect structure formed over the back 

surface of the semiconductor die electrically connected to the 

second conductive layer. 

 

2. The semiconductor device of claim 1, wherein the polymer 

material includes a molding compound or epoxy. 

 

3. The semiconductor device of claim 1, further including a 

second interconnect structure formed over the active surface 

of the semiconductor die electrically connected to the first 

conductive layer. 

 

4. The semiconductor device of claim 3, wherein the second 

interconnect structure includes: 

 an insulating layer formed over the first conductive 

layer; and 

a plurality of conductive vias formed through the die extension region; and       a first conductive layer
formed over an active surface of the semiconductor die electrically connected to the conductive vias.  15.
The semiconductor device of claim 14, further including a second conductive layer formed over a back
surface of the semiconductor die, opposite the active surface, electrically connected to the conductive
vias.  16. The semiconductor device of claim 15, further including an interconnect structure formed over
the back surface of the semiconductor die electrically connected to the second conductive layer.  17. The
semiconductor device of claim 14, further including an interconnect structure formed over the active
surface of the semiconductor die electrically connected to the first conductive layer.  18. The
semiconductor device of claim 14, wherein the insulating material includes a polymer, molding compound,
or epoxy.  19. The semiconductor device of claim 14, further including a plurality of stacked
semiconductor devices electrically connected through the conductive vias.  20. The semiconductor device
of claim 14, further including first and second offset rows of conductive vias formed in the die extension
region. 



 

 

-22- 

 an under bump metallization (UBM) formed over the first 

conductive layer. 

 

5. The semiconductor device of claim 1, wherein the first 

interconnect structure includes: 

 an insulating layer formed over the second conductive 

layer;  

 an under bump metallization (UBM) formed over the second 

conductive layer; and 

 a bump formed over the UBM. 

 

6. The semiconductor device of claim 1, further including 

first and second offset rows of conductive vias formed in the 

die extension region. 

 

7. A semiconductor device, comprising: 

 a semiconductor die; 

 a die extension region including an insulating material 

formed around the semiconductor die; 

 a plurality of conductive vias formed through the die 

extension region;  

 a first conductive layer formed over an active surface of 

the semiconductor die electrically connected to the conductive 

vias; and 

 a second conductive layer formed over a back surface of 

the semiconductor die, opposite the active surface, 

electrically connected to the conductive vias. 

 

8. The semiconductor device of claim 7, further including an 

interconnect structure formed over the back surface of the 

semiconductor die electrically connected to the second 

conductive layer. 

 

21. A semiconductor device, comprising:       a semiconductor die with a die extension region including an
insulating material formed around the semiconductor die;       a plurality of conductive vias formed through
the die extension region; and       a first conductive layer formed over an active surface of the
semiconductor die electrically connected to the conductive vias.  22. The semiconductor device of claim
21, further including a second conductive layer formed over a back surface of the semiconductor die,
opposite the active surface, electrically connected to the conductive vias.  23. The semiconductor device
of claim 22, further including an interconnect structure formed over the back surface of the semiconductor
die electrically connected to the second conductive layer.  24. The semiconductor device of claim 21,
further including an interconnect structure formed over the active surface of the semiconductor die
electrically connected to the first conductive layer. 
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9. The semiconductor device of claim 8, wherein the 

interconnect structure includes: 

 an insulating layer formed over the second conductive 

layer;  

 an under bump metallization (UBM) formed over the second 

conductive layer; and 

 a bump formed over the UBM. 

 

10. The semiconductor device of claim 7, further including an 

interconnect structure formed over the active surface of the 

semiconductor die electrically connected to the first 

conductive layer. 

 

11. The semiconductor device of claim 10, wherein the 

interconnect structure includes: 

 an insulating layer formed over the first conductive 

layer; and 

 an under bump metallization (UBM) formed over the first 

conductive layer. 

 

12. The semiconductor device of claim 7, wherein the 

insulating material includes a polymer, molding compound, or 

epoxy. 

 

13. The semiconductor device of claim 7, further including a 

plurality of stacked semiconductor devices electrically 

connected through the conductive vias. 

 

14. A semiconductor device, comprising: 

 a semiconductor die; 

 a die extension region including an insulating material 

formed around the semiconductor die; 

25. The semiconductor device of claim 21, wherein the insulating material includes a polymer, molding
compound, or epoxy. 
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 a plurality of conductive vias formed through the die 

extension region; and 

 a first conductive layer formed over an active surface of 

the semiconductor die electrically connected to the conductive 

vias. 

 

15. The semiconductor device of claim 14, further including a 

second conductive layer formed over a back surface of the 

semiconductor die, opposite the active surface, electrically 

connected to the conductive vias. 

 

16. The semiconductor device of claim 15, further including 

an interconnect structure formed over the back surface of the 

semiconductor die electrically connected to the second 

conductive layer. 

 

17. The semiconductor device of claim 14, further including 

an interconnect structure formed over the active surface of 

the semiconductor die electrically connected to the first 

conductive layer. 

 

18. The semiconductor device of claim 14, wherein the 

insulating material includes a polymer, molding compound, or 

epoxy. 

 

19. The semiconductor device of claim 14, further including a 

plurality of stacked semiconductor devices electrically 

connected through the conductive vias. 

 

20. The semiconductor device of claim 14, further including 

first and second offset rows of conductive vias formed in the 

die extension region. 
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21. A semiconductor device, comprising: 

 a semiconductor die with a die extension region including 

an insulating material formed around the semiconductor die; 

 a plurality of conductive vias formed through the die 

extension region; and 

 a first conductive layer formed over an active surface of 

the semiconductor die electrically connected to the conductive 

vias. 

 

22. The semiconductor device of claim 21, further including a 

second conductive layer formed over a back surface of the 

semiconductor die, opposite the active surface, electrically 

connected to the conductive vias. 

 

23. The semiconductor device of claim 22, further including 

an interconnect structure formed over the back surface of the 

semiconductor die electrically connected to the second 

conductive layer. 

 

24. The semiconductor device of claim 21, further including 

an interconnect structure formed over the active surface of 

the semiconductor die electrically connected to the first 

conductive layer. 

 

25. The semiconductor device of claim 21, wherein the 

insulating material includes a polymer, molding compound, or 

epoxy. 

 

  

 


