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MULT-CHIP PACKAGE 

BACKGROUND OF THE INVENTION 

0001. This invention relates to a method for forming a 
multi-chip integrated circuit package. 
0002 Conventional multi-chip packages require a bulky 
Substrate to provide connections between the integrated cir 
cuits (ICs) of the package and also to provide the pins or 
solder elements that facilitate connection of the package to a 
printed circuit board (PCB). The substrate can also support 
any required passive components. The integrated circuits can 
be electrically connected to the Substrate and passive compo 
nents using wire bonding, flip chip attach, or solder mount 
techniques. Once the components of the package are in place 
and the electrical connections have been formed, the assem 
bly then requires overmolding with an insulating material in 
order to protect the ICs, passive components and the inter 
connects from damage. 
0003. Such multi-chip packages have two main problems. 
Firstly, the size of the package formed is generally large, and 
secondly, the use of component-level processing in the for 
mation of the package is generally expensive in terms of the 
manufacturing cost. 
0004 Several techniques have been proposed that allow 
the production of Smaller semiconductor packages, although 
many are not suitable for producing multi-chip packages with 
which the present invention is concerned. One method that 
allows the formation of compact semiconductor packages is 
the “flip chip” technique described in U.S. Pat. No. 6,287, 
893, which is used to form integrated circuit chips that have 
contact pads bearing solder bumps for attachment to a pat 
terned substrate. This is achieved through the use of a redis 
tribution layer that maps connections of the integrated circuit 
to an array of solder bump pads. Such “flip chips' are compact 
and can be encapsulated to form a semiconductor package 
using conventional packaging techniques. 
0005. Another method that allows the formation of com 
pact semiconductor packages is described in reissued U.S. 
Pat. RE38,961. The patent describes a method for forming 
contact bumps directly onto the integrated circuits of a semi 
conductor wafer, encapsulating the circuit-forming Surface of 
the wafer with a sealant by Screen printing and then mechani 
cally grinding away the Surface of the sealant until the upper 
ends of the bumps are exposed. The use of Screen printing 
allows equipment costs to be reduced as compared with pre 
vious methods described in the art that use a mould in order to 
form the sealant layer. 
0006. However, these patents do not provide methods for 
forming multi-chip packages and do not solve the problem of 
requiring a bulky Substrate for Supporting the multiple ICs. 
0007. There is therefore a need for inexpensive method for 
forming chip package that comprises multiple integrated cir 
cuits. 

SUMMARY OF THE INVENTION 

0008 According to a first aspect of the present invention 
there is provided a method for forming a stacked integrated 
circuit package comprising one or more primary dies Sup 
ported on a carrier die, the method comprising the steps of 
forming electrically conductive pillars at connection pads 
defined on an active face of a carrier wafer incorporating a 
plurality of carrier integrated circuits, the electrically conduc 
tive pillars being configured to provide electrical connections 
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to said carrier integrated circuits; attaching a plurality of 
primary dies to the active face of the carrier wafer, each 
primary die Supporting one or more electrically conductive 
pillars at connection pads defined on an active face of the 
primary die for providing electrical connections to a primary 
integrated circuit incorporated in the primary die; encapsu 
lating the active face of the carrier wafer and the primary dies 
attached thereto in an insulating material, the thickness of the 
insulating material being Sufficient to cover the electrically 
conductive pillars of the carrier wafer and the plurality of 
primary dies; producing a wafer package by removing a 
thickness of the insulating layer Sufficient to expose the elec 
trically conductive pillars; and singulating the carrier wafer 
So as to form a plurality of Stacked integrated circuit pack 
ages, each stacked integrated circuit package comprising at 
least one primary die Supported on a carrier die. 
0009 Suitably, the plurality of primary dies includes at 
least first and second primary dies, each die comprising a 
different integrated circuit, and the primary dies being 
arranged on the carrier wafer Such that each stacked inte 
grated circuit package comprises first and second primary 
dies. 
(0010 Preferably, the electrically conductive pillars 
formed on the active face of the carrier wafer are arranged 
about the periphery of each carrier die of the wafer so as to 
provide at each carrier die an area free of electrically conduc 
tive pillars at which the at least one primary die can be 
attached. 
0011 Preferably, the step of forming electrically conduc 
tive pillars comprises electroplating copper pillars onto the 
carrier wafer. 
0012 Preferably, the electrically conductive pillars Sup 
ported at the primary dies are formed during wafer level 
processing of the primary dies, prior to singulation of the 
primary dies. 
(0013 Preferably, the relative heights of the electrically 
conductive pillars of the carrier dies and primary dies are 
selected Such that, following the step of attaching the primary 
dies to the carrier wafer, the distal ends of the electrically 
conductive pillars of the carrier dies and of the primary dies 
are located at approximately the same perpendicular height 
above the carrier wafer. Preferably, prior to the step of remov 
ing a thickness of the insulating layer, the perpendicular 
height of the electrically conductive pillars of the carrier dies 
above the active surface of the carrier wafer is greater than the 
thickness of the at least one primary die plus the perpendicu 
lar height of the electrically conductive pillars of that primary 
die above the active surface of that primary die. 
0014 Preferably, the step of attaching a plurality of pri 
mary dies to the carrier wafer comprises one of bonding the 
primary dies to the active face of the carrier wafer by means 
of an adhesive die attach film; and applying an epoxy resin 
between the primary dies and the carrier wafer, and curing the 
resin so as to bond the primary dies to the carrier wafer. 
Preferably, the perpendicular height of the electrically con 
ductive pillars of the carrier dies above the active surface of 
the carrier wafer is greater than the thickness of the at least 
one primary die plus the perpendicular height of the electri 
cally conductive pillars of that primary die above the active 
surface of that primary die by approximately the thickness of 
the die attach film or epoxy resin by which the primary dies 
are attached to the carrier wafer. 
0015 The method could further comprise, prior to the 
encapsulating step, forming a plurality of bonded wire elec 
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trical connections between connections of the primary inte 
grated circuits incorporated in the plurality of primary dies 
and connections of the carrier integrated circuits incorporated 
in the carrier wafer. 
0016 Suitably, the connections of the primary and carrier 
integrated circuits are connection pads that do not support 
electrically conductive pillars. 
0017 Preferably, the height of the electrically conductive 
pillars on the primary dies is selected to be sufficiently large 
that the bonded wires are not exposed by the step of removing 
a thickness of the insulating layer. 
0018. The encapsulating step of the method could com 
prise one of compression moulding the active face of the 
carrier wafer and the primary dies attached thereto with an 
epoxy resin and curing the resin so as to form an insulating 
epoxy polymer, and covering the active face of the carrier 
wafer and the primary dies attached thereto with a polymer 
and curing the polymer so as to form a solid insulating poly 
C. 

0019. The step of removing a thickness of the insulating 
layer could comprise one or more of mechanical grinding, 
chemical polishing, plasma etching, and laserablating mate 
rial from the surface of the insulating layer. 
0020 Suitably, each carrier integrated circuit comprises a 
network of interconnects for conducting electrical signals 
between connections of the at least one primary integrated 
circuits, the network of interconnects optionally including 
one or more integrated passive devices. 
0021. The method could further comprise, Subsequent to 
the step of attaching a plurality of primary dies to the active 
face of the carrier wafer, attaching a secondary die to at least 
Some of the primary dies, each secondary die Supporting one 
or more electrically conductive pillars at connection pads 
defined on an active face of the secondary die for providing 
electrical connections to a secondary integrated circuit incor 
porated in the secondary die, wherein the secondary dies are 
arranged on the primary dies of the carrier wafer Such that 
each stacked integrated circuit package comprises at least one 
secondary die. Preferably, the electrically conductive pillars 
supported on the active face of the said at least some of the 
primary dies are arranged about the periphery of the primary 
die so as to provide an area free of electrically conductive 
pillars at which a secondary die can be attached, the second 
ary dies having a lesser planar area that the primary dies. 
0022. The method could further comprise: prior to the step 
of forming electrically conductive pillars on the carrier wafer, 
defining a microelectromechanical system on the active Sur 
face of each carrier die; and prior to the step of attaching the 
plurality of primary dies to the carrier wafer, defining a cavity 
in at least some of the primary dies; and performing the step 
of attaching the plurality of primary dies to the carrier wafer 
in respect of those primary dies having a cavity so defined by, 
under a vacuum or low pressure environment, sealing those 
primary dies over the said microelectromechanical systems 
defined on the active surface of the carrier wafer such that 
each microelectromechanical system is free to operate within 
the cavity defined in its respective primary die. 
0023 The method could further comprise: prior to the step 
of attaching the plurality of primary dies to the carrier wafer, 
defining a cavity in at least some of the primary dies and then 
defining a microelectromechanical system within the cavity 
so defined; and performing the step of attaching the plurality 
of primary dies to the carrier wafer in respect of those primary 
dies having a cavity and microelectromechanical system by, 
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under a vacuum or low pressure environment, sealing those 
primary dies to the active surface of the carrier wafer such that 
each microelectromechanical system is free to operate within 
the cavity defined in its respective primary die. Preferably, the 
step of sealing the primary dies having a defined cavity com 
prises bonding those primary dies to the carrier wafer by glass 
frit bonding or metal eutectic bonding. 
0024 Suitably, wherein each of the primary dies having a 
defined cavity incorporates a controller integrated circuit for 
the respective microelectromechanical system to be enclosed 
within that cavity. Preferably, the step of defining a cavity in 
the at least some of the primary dies is performed at the wafer 
level by one or more of wet etching, plasma etching, and laser 
ablation. Preferably, the step of defining a microelectrome 
chanical system is performed by one or more of physical 
deposition, chemical deposition, lithography, diamond pat 
terning, wet etching, and dry etching. 
0025. The method could further comprise, prior to the step 
of singulating the carrier wafer, processing the wafer package 
in accordance with one or more wafer level processing tech 
niques, including one or both of forming a redistribution 
layer so as to map said exposed electrically conductive pillars 
to a regular array of electrical contacts and/or form electrical 
connections between electrically conductive pillars of the 
carrier and primary dies; and forming under-bump metallisa 
tion so as to provide an array of electrically conductive 
mounting points Suitable for receiving solder balls. Suitably, 
Subsequent to singulation of the wafer package so as to form 
a plurality of Stacked integrated circuit packages, each 
stacked integrated circuit package is Suitable for flip chip 
connection into a circuit. 

0026. According to a second aspect of the present inven 
tion there is provided a stacked integrated circuit package 
comprising a primary die incorporating a primary integrated 
circuit bonded to the active surface of a carrier die incorpo 
rating a carrier integrated circuit, the active surface of the 
carrier die and the primary die bonded thereto being encap 
Sulated in a layer of insulating material, and each of the 
primary and carrier dies Supporting a plurality of electrically 
conductive pillars each extending through said layer of insu 
lating material from an electrical connection pad of the inte 
grated circuit of the respective die to a redistribution layer 
configured so as to electrically map a ball or land grid array to 
the electrically conductive pillars. 
0027 Suitably, the primary die includes one or more 
through-silicon-vias each arranged to provide an electrical 
connection between the integrated circuits of the primary and 
carrier dies. 

0028 Suitably, the face of the primary die that is bonded to 
the carrier die includes a cavity enclosing a microelectrome 
chanical system. Suitably, the microelectromechanical sys 
tem is defined in the active surface of the carrier die or in the 
cavity of the primary die. Suitably, the primary integrated 
circuit incorporated in the primary die is a controller for the 
said microelectromechanical system. 
0029. The stacked integrated circuit package could be a 
multi-axis accelerometer or gyroscope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The present invention will now be described by way 
of example with reference to the accompanying drawings, in 
which: 
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0031 FIG. 1 is a schematic drawing of first and second 
integrated circuits following the formation of electrically 
conductive pillars; 
0032 FIG. 2 is a schematic drawing of primary dies in a 
stacked configuration (a) and a side-by-side configuration 
(b): 
0033 FIG. 3 is a schematic drawing of a multi-chip inte 
grated circuit package in accordance with the present inven 
tion; 
0034 FIG. 4 is a schematic drawing of a multi-chip inte 
grated circuit package in accordance with the present inven 
tion following the formation of a redistribution layer, under 
bump metallisation and the application of solder balls; and 
0035 FIG. 5 is a schematic drawing of a microelectrome 
chanical system package in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0036. The following description is presented to enable any 
person skilled in the art to make and use the invention, and is 
provided in the context of a particular application. Various 
modifications to the disclosed embodiments will be readily 
apparent to those skilled in the art. 
0037. The general principles defined herein may be 
applied to other embodiments and applications without 
departing from the spirit and scope of the present invention. 
Thus, the present invention is not intended to be limited to the 
embodiments shown, but is to be accorded the widest scope 
consistent with the principles and features disclosed herein. 
0038. The present invention relates to a method for form 
ing a stacked semiconductor package comprising a plurality 
of integrated circuits—the term "stacked’ referring to the fact 
that the dies of the package are stacked one on top of another 
(at least the carrier die and one primary die). An integrated 
circuit is incorporated within a semiconductor die (and there 
may be more than one IC per die), a die being a planar element 
of a semiconductor wafer. It can be convenient to refer to the 
active face of a die, the active face being the planar Surface of 
a die Supporting the electrical contacts of the integrated cir 
cuit and at which the integrated circuit of the die is defined. 
The opposing planar Surface of a die can therefore be termed 
its non-active face, which may undergo backgrinding and is 
typically the face by which a die is attached to a substrate. The 
present invention is not limited to any particular semiconduc 
tor material and may be used with, for example, silicon, 
germanium, and gallium arsenide. 
0039. In particular, the invention relates to a method for 
forming a semiconductor package by means of a wafer level 
process (i.e. a process that is performed on a semiconductor 
wafer comprising a plurality of dies prior to singulation of the 
dies). By extension of the term to a package comprising 
multiple chips, a semiconductor package formed in accor 
dance with the methods described herein can be said to be a 
chip Scale package (CSP). A chip Scale package is normally 
defined as a package having an area no more than 1.2 times 
the area of the die contained therein—thus in the present 
context, a multi-chip CSP is no more than 1.2 times the area 
of the largest die contained therein: the carrier die. 
0040. The method of the present invention combines a 
carrier IC in wafer form with one or more integrated circuit 
dies and therefore represents a wafer level process. The car 
rier IC is the largest IC to be included in the package since it 
Supports the other ICs of the package. 
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0041. A carrier die 101 and a primary die 103 are shown in 
FIG. 1. Carrier die 101 is part of a larger wafer, which for 
clarity is not shown in the figure. There will be more than one 
primary die if the end package is to comprise three or more 
dies in total. Each of the primary dies 103 is processed in 
wafer form according to the following steps prior to being 
combined with the carrier die: 

0.042 1) Electrically conducting pillars 105 of the 
desired height (e.g. 10 microns) are formed at the con 
tact pads of each primary die of the wafer on the active 
surface of the wafer. 

0043. 2) The wafer is background (i.e. the surface of the 
wafer opposed to the active Surface is ground away) by 
mechanically grinding, chemically polishing, plasma 
etching or laserablation to the desired thickness (e.g. 50 
microns). This is performed so as to minimise the thick 
ness of the primary die. 

0044 3) An adhesive die attach film (DAF) is affixed to 
the background face of the wafer. 

0.045 4) The dies of the wafer are singulated. 
0046. The processed primary die is shown in FIG. 1, bear 
ing the electrically conductive pillars 105 and the die attach 
film 107. The die attach film is an adhesive layer, such as 
Hitachi FH900 film. Using a die attach film has the advantage 
that the film is relatively thin (typically around 20 microns) in 
comparison to other methods of bonding the carrier and pri 
mary dies together, Such as gluing the dies together using an 
epoxy polymer. A DAF also has no epoxy bleed or co-planar 
ity issues that may causes problems with subsequent process 
steps. A DAF also allows the dies to be rapidly bonded to one 
another merely by applying pressure between the one or more 
primary dies and the carrier die. The present invention is not 
limited by the method selected to attach the dies together— 
the attachment could be by, for example, mechanical means, 
a liquid adhesive or a solid adhesive layer. The adhesive layer 
could be conductive or non-conductive. 
0047. The carrier dies are processed in wafer form. Thus, 
electrically conductive pillars 109 are formed on a carrier 
wafer for all the integrated circuits defined in the wafer. A 
passivation layer 111 is preferably deposited over the active 
surface of the carrier wafer. The passivation layer could be 
formed by, for example, depositing an insulating oxide on the 
carrier wafer. Optionally, a trench may be cut around the 
carrier dies (typically around 20-50 microns in depth) by a 
laser or mechanical saw. This can allow edge passivation and 
improve sealing of the active/metal/dielectric layers (as 
appropriate) of the carrier IC by the insulating layer that is 
Subsequently applied to encapsulate the active Surface of the 
carrier wafer. 
0048. Importantly, the electrically conductive pillars 109 
are formed Such that their height is approximately equal to the 
total thickness of primary die 103, electrically conductive 
pillars 105, die attach film 107 (or whichever adhesive layer is 
being used). This is with the aim of ensuring that, when the 
dies are in situ in the package, the distal ends of the electri 
cally conductive pillars all extend to approximately the same 
perpendicular height above the surface of the carrier die. If 
multiple primary dies are to make up the package in a side 
by-side configuration then the thickness of the thickest die 
should be used for calculating the required height of electri 
cally conductive pillars 109. For example, if the thickness of 
the primary die is 50 microns afterbackgrinding, the height of 
the electrically conductive pillars on the primary die is 10 
microns and the thickness of the die attach film is 20 microns, 
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then the height of the electrically conductive pillars of the 
carrier wafer would be approximately 80 microns. 
0049. Once the carrier wafer and primary dies have been 
prepared, the primary dies are attached to the carrier wafer. In 
the preferred embodiment, the attachment of each primary die 
to the carrier wafer is by means of a die attach film 107. As 
shown in FIG. 2, if there are multiple primary dies 103 per 
carrier die 101 the primary dies may be arranged in a stacked 
configuration (a) or a side-by-side configuration (b), or a 
combination of the two configurations. In a stacked configu 
ration, primary dies 103 are stacked on top of one another in 
size order, with the largest die being the carrier die (lowest) 
and the smallest die being the uppermost die. This allows the 
electrically conductive pillars 105, 109 of each die to be 
exposed. In a side-by-side configuration, primary dies 103 are 
arranged side-by-side on the surface of carrier die 101 as 
shown in the figure. A discrepancy in the thicknesses of the 
primary dies 103 can be corrected for by appropriate selection 
of the heights of the electrically conductive pillars formed on 
each die. In a stacked configuration, it can be preferable to 
deposita passivation layer on the active Surface of the primary 
dies that Support one or more Smaller primary dies so as to 
ensure good electrical isolation of the integrated circuits in 
the package. 
0050. In a stacked configuration, the number of primary 
dies is generally limited by the maximum achievable height 
of the electrically conductive pillars 109 of the carrier wafer 
and the minimum thickness of the primary dies. Preferably 
the pillars 105,109 are electroplated copper formed on the 
contact pads of the integrated circuits of the carrier and pri 
mary dies so as to provide electrical connections to those 
integrated circuits. Typically the contact pads will be alu 
minium. It is difficult to electroplate copperpillars of a height 
greater than 150 microns (although 200-250 microns can be 
achieved) and the minimum thickness to which a silicon die 
can be ground is around 50 microns. This limits the number of 
primary dies that can be stacked typically to around 2-3. 
0051. It is advantageous if, for the carrier die and any 
primary die Supporting a smaller primary die, the electrically 
conductive pillars are arranged around the periphery of the 
dies so as to provide an area at which primary dies can be 
attached. This can be achieved through appropriate design of 
the integrated circuits of the dies so as to position the contact 
pads of the integrated circuits about their periphery. If this is 
not possible for a given die then a redistribution layer may be 
applied to the subject die prior to attachment of the one or 
more Subsequent dies so as to relocate the position of the 
conductive pillars to provide an area free of contacts at which 
the Subsequent dies can be attached. For example, a redistri 
bution layer could be applied to the carrier die so as to relocate 
the position of the conductive pillars of the carrier die and 
provide an area free of contacts at which the one or more 
primary dies can be attached. 
0052 A multi-chip package formed in accordance with 
the present invention is shown in FIG. 3. Following attach 
ment of primary dies 103 to carrier wafer 101, any necessary 
electrical connections between the integrated circuits of the 
carrier and primary dies are made. Such connections may be 
formed by wire-bonding 301 between contact pads 303 of the 
ICs that do not support electrically conductive pillars, as 
shown in the figure. If wire bond connections are to be made 
between particular contact pads of the ICs of the package then 
electrically conductive pillars are not formed at those contact 
pads. The electrically conductive pillars should be greater in 
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height above the carrier wafer than the height of any wirebond 
loops so as to ensure that the loops are not exposed when the 
electrically conductive pillars are exposed. 
0053 Alternatively (and optionally), any other suitable 
method may be used to form connections between ICs of the 
package. Such as use of a redistribution layer, flip-chip or 
solder mount techniques. Note that if flip-chip techniques are 
used to directly connect the active Surfaces of a carrier and 
primary die then the primary die may not itself Support any 
electrically conductive pillars and all connections to the IC of 
the primary die could be provided through the IC of the carrier 
die. 
0054 By providing connections between the ICs of the 
package, a multi-chip semiconductor package can be formed 
in which the ICs can operate together. This allows the func 
tionality of a complete chipset to be provided in a single 
integrated circuit package. For example, a multi-chip package 
could include a Bluetooth controller IC, an IEEE 802.11 
controller IC and a combined radio transceiver IC shared 
between the Bluetooth and IEEE 802.11 controller ICs. Con 
nections between each controller IC and the radio transceiver 
IC would allow both ICs to use the same circuitry for radio 
frequency signal generation and reception, with a connection 
between the controller ICs allowing the controllers to nego 
tiate for control of the transceiver circuitry. 
0055. Once any required electrical connections between 
ICs have been made, the active surface of the carrier wafer 
(i.e. the Surface bearing the electrically conductive pillars and 
to which the primary dies are attached) and the primary dies 
are encapsulated in an insulating material 305 So as to protect 
the ICs and any interconnects. The insulating material covers 
the electrically conductive pillars 105,109. Suitable materials 
include epoxy polymers, epoxy mould compounds, photo 
definable polymers, heat-cured polymers and glasses, and 
may be applied by any suitable method, such as screen print 
ing, transfer or compression moulding. It is preferable to use 
an epoxy polymer applied by compression moulding since 
this technique exhibits good coverage of uneven Surfaces and 
forms a homogeneous protective layer that bonds well around 
the primary dies and electrically conductive pillars Supported 
on the carrier wafer. 

0056 Finally, a sufficient thickness of the surface of insu 
lating material 305 is removed so as to expose the electrically 
conductive pillars. The insulating material may be removed 
by, for example, mechanical grinding, plasma etching or laser 
ablation. The height of the electrically conductive pillars of 
the carrier wafer and the primary dies are selected such that 
when the dies are attached to the wafer the pillars extend to 
approximately the same height above the carrier wafer, and 
furthermore, that the pillars extend to a height that above that 
of any other features of the dies. This ensures that when the 
insulating material is removed, all of the pillars can be 
exposed without exposing any other electrically active fea 
tures of the package. FIG.3 shows a semiconductor package 
following exposure of the electrically conductive pillars. 
0057. It is not generally necessary to measure the heights 
of the pillars or the thickness of the dies or package during 
manufacture. The rate of formation of the pillars and the rate 
of removal of material during backgrinding of the primary 
dies can be determined by experimentation and hence the 
target height of the pillars formed on the dies and the target 
thickness of the primary dies can be achieved through careful 
control of the conditions during manufacture. Similarly, it 
may not be necessary to repeatedly check whether the elec 
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trically conductive pillars of the packages have been exposed 
during removal of the top layer of insulating material 305. A 
predetermined thickness of insulating material can be applied 
to the wafer and Subsequently a predetermined thickness of 
the insulating material can be removed through careful con 
trol of the conditions during manufacture so as to reliably 
expose the pillars of each semiconductor package. Alterna 
tively, the thickness of the package can be monitored during 
removal of the insulating material, with removal of material 
ceasing when a predetermined thickness (at which the pillars 
are expected to be exposed) is reached. 
0058. It is advantageous if during the removal of insulat 
ing material 305, some of the upperportions of the conductive 
pillars are also removed and planarised, thus correcting any 
non-co-planarity of the distal ends of the conductive pillars 
and ensuring they are exposed for all Subsequent process 
steps. 
0059. The basic unit of a multi-chip package formed in 
accordance with the method of the present invention is shown 
in FIG. 3. Once this stage has been reached and the electri 
cally conductive pillars have been exposed, it is generally 
necessary to form electrical contacts for the pillars that form 
an array of regular and uniform pitch. Such electrical contacts 
can be formed in accordance with conventional wafer level 
processing techniques. For example, FIG. 4 shows a multi 
chip package that has been processed to include a redistribu 
tion layer (RDL) 401, an under-bump metallisation (UBM) 
layer 403 and solder balls 405. The redistribution layer maps 
the connections provided by the electrically conductive pil 
lars onto a regular array of Solder balls (a ball grid array) 
suitable for connection into a chip socket or for reflow attach 
ment to an appropriately designed printed circuit board 
(PCB). Alternatively the process could be terminated at an 
earlier stage to form a land grid array (LGA). This could be 
after the RDL step or after the UBM step, depending on the 
requirements of the final package. In some cases it may be 
possible to arrange for the electrically conductive pillars of 
the dies to form a regular array, avoiding the need for a 
redistribution layer. 
0060. The semiconductor package shown in FIG. 4 can be 
formed from the basic package shown in FIG.3 by perform 
ing the following steps: 

0061 1. Sputter depositing a TiCu seed layer. 
0062 2. Applying, patterning and curing a photo resist 
layer to provide redistribution layer (RDL) routing from 
the exposed pillars to other pillars or to solder ball posi 
tions. 

0063. 3. Electroplating the patterned surface with cop 
per to form the RDL tracks 401. 

0064. 4. Stripping the photoresist mask and etch seed 
layer to leave the RDL tracks 401. 

0065 5. Applying, patterning and curing a polymer film 
407 to provide vias down to the RDL. 

0.066 6. Sputter depositing a TiCu seed layer. 
0067 7. Applying, patterning and curing a photo resist 
layer to define under-bump metallisation (UBM) 403. 

0068 8. Electroplating the patterned surface with cop 
per to form the UBM features 403. 

0069. 9. Stripping the photoresist mask and etch seed 
layer to leave the UBM features 403. 

0070 10. Print flux and attach solder balls 405 to the 
UBM features. 

0071. As set out in the above steps, a redistribution layer 
can be used to form connections between the pillars of the 
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dies of the multi-chip package. In fact, the use of an RDL to 
provide IC interconnections is generally preferred over wire 
bonding because it is a true wafer-level process, results in a 
thinner structure and reduces the assembly cost. Often a mix 
of wire bonding and an RDL layer to provide IC interconnec 
tions is most appropriate. 
0072 A chip package formed in accordance with the 
present invention can be provided in a flip chip configuration. 
For example, a chip package that includes a UBM layer 
defining an array of electrical connections Suitable for receiv 
ing solder bumps can be flipped Subsequent to singulation and 
connected onto a Substrate by means of solder bumps attached 
at the array of electrical connections defined by the UBM. The 
flip chip substrate could be a ceramic or laminate substrate or 
a silicon interposer or wafer. An RDL may or may not be 
required, depending on the arrangement of the electrically 
conductive pillars of the dies of the package. 
0073. It is particularly advantageous if the carrier die has a 
relatively high thermal conductivity in comparison to an 
equivalent undoped silicon die. This can be achieved through 
appropriate doping, or the inclusion of materials of high 
thermal conductivity, Such as metallic (e.g. copper) through 
silicon-vias (TSVs). A high thermal conductivity allows the 
carrier die to more effectively spread and dissipate heat from 
the ICs of the chip package. 
0074. It can be seen in FIG. 4 that the package in this 
example comprises two primary ICs 409 and 411, as well as 
a passive component 413 (such as a resistor or a capacitor). 
The passive component could be connected to the primary 
ICs and/or the carrier IC by means of wire bonding or by 
means of an RDL (in the figure the passive component uses a 
pair of electrically conductive pillars to connect to the RDL). 
0075 Large scale passive components such as 413 could 
alternatively be defined in the carrier IC. In some embodi 
ments of the present invention, the carrier IC may not include 
any active components but may define a network of intercon 
nects and optionally integrated passive components for one or 
more primary ICs. Similarly, a primary IC may not include 
any active components but may define a network of intercon 
nects and optionally integrated passive components for one or 
more secondary ICs supported thereon. The carrier IC could 
provide a network of integrated passive devices (IPDs) using 
conventional thin film process techniques. The carrier IC may 
provide means for the removal of heat, for example through 
the use of materials having a low thermal resistance to spread 
or dissipate the heat generated by the primary or secondary 
ICS. 
0076 Aprimary die can include one or more electrically 
conductive through-silicon-vias (TSVs) in order to provide 
connections through the primary die to the carrier wafer at 
which it is Supported and/or top and bottom electrical con 
nectivity for the IC of the primary die. In particular, a TSV can 
be useful to provide electrical connections between a primary 
IC and its carrier IC without the need for wirebonding or an 
RDL. ATSV could be arranged to terminate in an electrically 
conductive pillar of the primary die So as to provide top 
electrical connectivity to the TSV. The use of metallic TSVs 
to provide electrical connections through the primary dies can 
also increase the thermal conductivity of the primary dies, 
improving the dissipation of heat from the ICs of the package. 
TSVs could be analogously used in secondary dies. 
0077 Once all wafer level processing has been completed, 
the carrier wafer which now incorporates all of the multi 
chip packages—is optionally background to the required 
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thickness (by mechanical grinding, chemical polishing, 
plasma etching or laser ablation) and singulated so as to 
produce the ultimate multi-chip semiconductor packages 
comprising multiple integrated circuits. 
0078. In a particularly advantageous embodiment of the 
present invention that is shown in FIG.5, the carrier die or one 
or more of the primary dies includes a microelectromechani 
cal system (MEMS). In this embodiment, a primary die has a 
cavity etched into it, preferably into its non-active face (i.e. 
the face that does not include any contact pads and which is 
attached to the carrier wafer). Thus, either before or after 
forming the electrically conductive pillars on the primary die, 
the die has a cavity defined by wet etching, plasma etching or 
laser ablation. This cavity provides a space in which one or 
more MEMS can operate. 
0079 A MEMS 501 can be defined in the primary die in 
the cavity so created and/or a MEMS can be defined on the 
carrier die (as shown in FIG. 5) at a point that will be enclosed 
within the cavity of the primary die when that die is attached 
to the carrier wafer. The MEMS could be defined by, for 
example, physical or chemical deposition, lithography, and 
wet or dry etching. On bonding together the primary and 
carrier dies according to the steps of the invention a cavity 503 
is formed. In this embodiment, glass frit bonding or metal 
eutectic bonding (indicated by sealant 505 in the figure) is 
preferably used to attach primary die 103 to carrier die 101 
under a vacuum. These bonding techniques make a good seal 
between the dies and ensure that the cavity is maintained at a 
low pressure suitable for operation of the MEMS but other 
attachment techniques are possible. Once the dies are bonded 
together, the steps of the invention can proceed as described 
above, with the encapsulation of the active surface of the 
carrier wafer in an insulating material and Subsequent wafer 
level processing. 
0080. The method according to the present invention is 
particularly suitable for the formation of accelerometer 
MEMS in which primary die 103 incorporates an integrated 
circuit controller for a MEMS 501 defined in the active Sur 
face of carrier die 101, the primary die defining a cavity 503 
in which the MEMS operates. 
0081. The applicant hereby discloses in isolation each 
individual feature described herein and any combination of 
two or more such features, to the extent that such features or 
combinations are capable of being carried out based on the 
present specification as a whole in the light of the common 
general knowledge of a person skilled in the art, irrespective 
of whether such features or combinations of features solve 
any problems disclosed herein, and without limitation to the 
Scope of the claims. The applicant indicates that aspects of the 
present invention may consist of any such individual feature 
or combination of features. In view of the foregoing descrip 
tion it will be evident to a person skilled in the art that various 
modifications may be made within the scope of the invention. 

1. A method for forming a stacked integrated circuit pack 
age comprising one or more primary dies Supported on a 
carrier die, the method comprising the steps of 

forming electrically conductive pillars at connection pads 
defined on an active face of a carrier wafer incorporating 
a plurality of carrier integrated circuits, the electrically 
conductive pillars being configured to provide electrical 
connections to said carrier integrated circuits; 

attaching a plurality of primary dies to the active face of the 
carrier wafer, each primary die Supporting one or more 
electrically conductive pillars at connection pads 
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defined on an active face of the primary die for providing 
electrical connections to a primary integrated circuit 
incorporated in the primary die; 

encapsulating the active face of the carrier wafer and the 
primary dies attached thereto in an insulating material, 
the thickness of the insulating material being Sufficient 
to cover the electrically conductive pillars of the carrier 
wafer and the plurality of primary dies; 

producing a wafer package by removing a thickness of the 
insulating layer Sufficient to expose the electrically con 
ductive pillars; and 

singulating the carrier wafer so as to form a plurality of 
stacked integrated circuit packages, each stacked inte 
grated circuit package comprising at least one primary 
die Supported on a carrier die. 

2. A method as claimed in claim 1, wherein the plurality of 
primary dies includes at least first and second primary dies, 
each die comprising a different integrated circuit, and the 
primary dies being arranged on the carrier wafer Such that 
each stacked integrated circuit package comprises first and 
second primary dies. 

3. A method as claimed in claim 1, wherein the electrically 
conductive pillars formed on the active face of the carrier 
wafer are arranged about the periphery of each carrier die of 
the wafer so as to provide at each carrier die an area free of 
electrically conductive pillars at which the at least one pri 
mary die can be attached. 

4. A method as claimed in claim 1, wherein the step of 
forming electrically conductive pillars comprises electroplat 
ing copper pillars onto the carrier wafer. 

5. A method as claimed in claim 1, wherein the electrically 
conductive pillars Supported at the primary dies are formed 
during wafer level processing of the primary dies, prior to 
singulation of the primary dies. 

6. A method as claimed in claim 1, wherein the relative 
heights of the electrically conductive pillars of the carrier dies 
and primary dies are selected Such that, following the step of 
attaching the primary dies to the carrier wafer, the distal ends 
of the electrically conductive pillars of the carrier dies and of 
the primary dies are located at approximately the same per 
pendicular height above the carrier wafer. 

7. A method as claimed in claim 1, wherein, prior to the step 
of removing a thickness of the insulating layer, the perpen 
dicular height of the electrically conductive pillars of the 
carrier dies above the active surface of the carrier wafer is 
greater than the thickness of the at least one primary die plus 
the perpendicular height of the electrically conductive pillars 
of that primary die above the active surface of that primary 
die. 

8. A method as claimed in claim 1, wherein the step of 
attaching a plurality of primary dies to the carrier wafer 
comprises one of 

bonding the primary dies to the active face of the carrier 
wafer by means of an adhesive die attach film; and 

applying an epoxy resin between the primary dies and the 
carrier wafer, and curing the resin So as to bond the 
primary dies to the carrier wafer. 

9. A method as claimed in claim 7, wherein the step of 
attaching a plurality of primary dies to the carrier wafer 
comprises one of 

bonding the primary dies to the active face of the carrier 
wafer by means of an adhesive die attach film; and 
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applying an epoxy resin between the primary dies and the 
carrier wafer, and curing the resin so as to bond the 
primary dies to the carrier wafer; 

wherein the perpendicular height of the electrically con 
ductive pillars of the carrier dies above the active surface 
of the carrier wafer is greater than the thickness of the at 
least one primary die plus the perpendicular height of the 
electrically conductive pillars of that primary die above 
the active surface of that primary die by approximately 
the thickness of the die attach film or epoxy resin by 
which the primary dies are attached to the carrier wafer. 

10. A method as claimed in claim 1, further comprising, 
prior to the encapsulating step, forming a plurality of bonded 
wire electrical connections between connections of the pri 
mary integrated circuits incorporated in the plurality of pri 
mary dies and connections of the carrier integrated circuits 
incorporated in the carrier wafer. 

11. A method as claimed in claim 10, wherein the connec 
tions of the primary and carrier integrated circuits are con 
nection pads that do not support electrically conductive pil 
lars. 

12. A method as claimed in claim 10, wherein the height of 
the electrically conductive pillars on the primary dies is 
selected to be sufficiently large that the bonded wires are not 
exposed by the step of removing a thickness of the insulating 
layer. 

13. A method as claimed in claim 1, wherein the encapsu 
lating step comprises one of: 

compression moulding the active face of the carrier wafer 
and the primary dies attached thereto with an epoxy 
resin and curing the resin so as to form an insulating 
epoxy polymer; and 

covering the active face of the carrier wafer and the primary 
dies attached thereto with a polymer and curing the 
polymer so as to form a solid insulating polymer. 

14. A method as claimed in claim 1, wherein the step of 
removing a thickness of the insulating layer comprises one or 
more of mechanical grinding, chemical polishing, plasma 
etching, and laser ablating material from the surface of the 
insulating layer. 

15. A method as claimed in claim 1, wherein each carrier 
integrated circuit comprises a network of interconnects for 
conducting electrical signals between connections of the at 
least one primary integrated circuits, the network of intercon 
nects optionally including one or more integrated passive 
devices. 

16. A method as claimed in claim 1, further comprising, 
Subsequent to the step of attaching a plurality of primary dies 
to the active face of the carrier wafer, attaching a secondary 
die to at least some of the primary dies, each secondary die 
Supporting one or more electrically conductive pillars at con 
nection pads defined on an active face of the secondary die for 
providing electrical connections to a secondary integrated 
circuit incorporated in the secondary die, wherein the second 
ary dies are arranged on the primary dies of the carrier wafer 
Such that each stacked integrated circuit package comprises at 
least one secondary die. 

17. A method as claimed in claim 16, wherein the electri 
cally conductive pillars supported on the active face of the 
said at least some of the primary dies are arranged about the 
periphery of the primary die so as to provide an area free of 
electrically conductive pillars at which a secondary die can be 
attached, the secondary dies having a lesser planar area that 
the primary dies. 
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18. A method as claimed in claim 1, further comprising: 
prior to the step of forming electrically conductive pillars 

on the carrier wafer, defining a microelectromechanical 
System on the active surface of each carrier die; and 

prior to the step of attaching the plurality of primary dies to 
the carrier wafer, defining a cavity in at least some of the 
primary dies; and 

performing the step of attaching the plurality of primary 
dies to the carrier wafer in respect of those primary dies 
having a cavity so defined by, under a vacuum or low 
pressure environment, sealing those primary dies over 
the said microelectromechanical systems defined on the 
active surface of the carrier wafer such that each micro 
electromechanical system is free to operate within the 
cavity defined in its respective primary die. 

19. A method as claimed in claim 1, further comprising: 
prior to the step of attaching the plurality of primary dies to 

the carrier wafer, defining a cavity in at least some of the 
primary dies and then defining a microelectromechani 
cal system within the cavity so defined; and 

performing the step of attaching the plurality of primary 
dies to the carrier wafer in respect of those primary dies 
having a cavity and microelectromechanical system by, 
under a vacuum or low pressure environment, sealing 
those primary dies to the active surface of the carrier 
wafer such that each microelectromechanical system is 
free to operate within the cavity defined in its respective 
primary die. 

20. A method as claimed in claim 18, wherein the step of 
sealing the primary dies having a defined cavity comprises 
bonding those primary dies to the carrier wafer by glass frit 
bonding or metal eutectic bonding. 

21. A method as claimed in claim 18, wherein each of the 
primary dies having a defined cavity incorporates a controller 
integrated circuit for the respective microelectromechanical 
system to be enclosed within that cavity. 

22. A method as claimed in claim 18, wherein the step of 
defining a cavity in the at least some of the primary dies is 
performed at the wafer level by one or more of wet etching, 
plasma etching, and laser ablation. 

23. A method as claimed in claim 18, wherein the step of 
defining a microelectromechanical system is performed by 
one or more of physical deposition, chemical deposition, 
lithography, diamond patterning, wet etching, and dry etch 
1ng. 

24. A method as claimed in claim 1, further comprising, 
prior to the step of singulating the carrier wafer, processing 
the wafer package in accordance with one or more wafer level 
processing techniques, including one or both of: 

forming a redistribution layer so as to map said exposed 
electrically conductive pillars to a regular array of elec 
trical contacts and/or form electrical connections 
between electrically conductive pillars of the carrier and 
primary dies; and 

forming under-bump metallisation so as to provide an array 
of electrically conductive mounting points suitable for 
receiving solder balls. 

25. A method as claimed in claim 24, wherein, subsequent 
to singulation of the wafer package so as to form a plurality of 
Stacked integrated circuit packages, each stacked integrated 
circuit package is suitable for flip chip connection into a 
circuit. 

26. A stacked integrated circuit package comprising a pri 
mary die incorporating a primary integrated circuit bonded to 
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the active surface of a carrier die incorporating a carrier 
integrated circuit, the active surface of the carrier die and the 
primary die bonded thereto being encapsulated in a layer of 
insulating material, and each of the primary and carrier dies 
Supporting a plurality of electrically conductive pillars each 
extending through said layer of insulating material from an 
electrical connection pad of the integrated circuit of the 
respective die to a redistribution layer configured so as to 
electrically map a ball or land grid array to the electrically 
conductive pillars. 

27. A stacked integrated circuit package as claimed in 
claim 26, wherein the primary die includes one or more 
through-silicon-vias each arranged to provide an electrical 
connection between the integrated circuits of the primary and 
carrier dies. 
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28. A stacked integrated circuit package as claimed in 
claim 26, wherein the face of the primary die that is bonded to 
the carrier die includes a cavity enclosing a microelectrome 
chanical system. 

29. A stacked integrated circuit package as claimed in 
claim 28, wherein the microelectromechanical system is 
defined in the active surface of the carrier die or in the cavity 
of the primary die. 

30. A stacked integrated circuit package as claimed in 
claim 28, wherein the primary integrated circuit incorporated 
in the primary die is a controller for the said microelectrome 
chanical system. 

31. A stacked integrated circuit package as claimed in 
claim 28, wherein the stacked integrated circuit package is a 
multi-axis accelerometer or gyroscope. 

c c c c c 
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