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Description

Semiconductor package and method of assembling a semiconductor

package

The invention relates to semiconductor packages and methods of
the assembling a semiconductor package and, in particular, to
an encapsulated semiconductor package and to a method of as-

sembling an encapsulated semiconductor package.

It is known that encapsulated semiconductor packages which in-
clude a plastic encapsulation material as the package housing
are susceptible to cracking during solder reflow. This phe-
nomenon is commonly referred to as the “popcorn effect” and.

often results in the failure of the package.

This cracking is the result of the accumulation of moisture
within the semiconductor package which, as the package is
heated to a higher temperature during the solder reflow proc-
ess, vaporizes, causing a build up of vapour pressure within
the package resulting in cracking of the encapsulation mate-

rial.

The mismatch in the coefficients of thermal expansion between
dissimilar materials of the package, for example a metallic
leadframe and plastic encapsulation material, can also lead to
the formation of cracks, and even complete delamination, at
the interfaces between these materials. Moisture is able to
accumulate in these cracks and exacerbate the popcorn effect

during solder reflow.

CONFIRMATION COPY
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The problem of cracking is more severe for a so-called “green”
packages, which use non-leaded solder requiring a higher sol-
der reflow temperature of around 260°C, and for so-called “ro-
bust” packages which are required to withstand more extreme
operating conditions such as packages for automotive applica-

tions

This problem has been addressed, for example in WO 00/74131
Al, by providing an additional adhesion promotion coating on
the encapsulated elements of the semiconductor package. How-
ever, the improvements which are observed as a result of the
additional adhesion promotion coating are limited and further

improvements are desired.

It is an object of the invention to provide semiconductor
packages and methods for assembling a semiconductor packages
in which the adhesion between the embedded components and the
plastic package material is improved and in which cracking
during the solder reflow process is reduced. It is also de-
sired that these improvements are suitable for use in “green”

packages and “robust” packages.

It is a further object of the invention to provide methods for
assembling the packages which are simple and which can be eas-

ily integrated into the manufacturing process.

These objects is provided by the subject matter of the inde-
pendent claims. Further advantageous improvements are the sub-

ject matter of the dependent claims.

The invention provides a semiconductor package comprising a

semiconductor component. The semiconductor component comprises
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a circuit carrier, a semiconductor chip and a plurality of
electrical connections. The circuit carrier comprises a die
pad, a plurality of inner contact pads, a plurality of outer
contact areas and a rewiring structure which electrically con-
nects the plurality of inner contact pads and the plurality of
outer contact areas. The semiconductor chip comprises an ac-
tive surface with integrated circuit devices and a plurality
of chip bond pads disposed on the active surface and a passive
surface. The passive surface of the semiconductor chip is
mounted on the die pad of the circuilt carrier. The plurality
of electrical connections extends between, and electrically
connects, the plurality of chip bond pads with the plurality

of inner contact pads of the circuit carrier.

The semiconductor package further comprises an adhesion promo-
tion layer and plastic encapsulation material. The adhesion
promotion layer is disposed on at least areas of the semicon-
ductor component. The plastic encapsulation material encapsu-
lates at least the upper surface of the die pad, the semicon-
ductor chip, the plurality of electrical connections and the
plurality of the inner contact pads. Surface regions of the

semiconductor component are selectively activated.

The semiconductor package according to the invention comprises
a semiconductor component with surface regions which are se-
lectively activated. The semiconductor component also com-
prises surface regions which are not selectively activated.
The selectively activated regions are surrounded by regions
which are not selectively activated in an embodiment according
to the invention. In an embodiment, the activated surface re-
gions comprise an outer layer which has a different chemical

composition to the underlying material of the region.
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Defined regions which are to be activated are selected and the
semiconductor component subjected to an appropriate treatment
by which only the surface of the defined regions is activated.
Other surface regions of the semiconductor component, which
are not defined, are not activated. The selective activation
of surface regions of the semiconductor components, therefore,
differs from a cleaning process since a cleaning process af-

fects all free-lying surfaces.

The surface regions are selectively activated after the pas-
sive surface of the semiconductor chip has been mounted on the
die pad of the circuit carrier and after the pluraiity of
electrical connections have been formed which electrically:
connect the chip bond pads with the inner contact pads of the
circuit carrier. Therefore, the interfaces between the elec-
trical connections and the chip bond pads and between the
electrical connections and inner contact pads remain free form
the adhesion promotion layer. The interfaces do not provide
free surfaces of the semiconductor component and are, there-

fore, not selectively activated.

The semiconductor package according to the invention provides
an improved moisture resistance and reliability upon soldering
due to the provision of an adhesion promotion coating which
covers at least regions of the surfaces of the semiconductor
component. The adhesion promotion layer provides an improved
adhesion between the plastic encapsulation material which pro-
vides the package housing and the surfaces of the semiconduc-
tor component coated by the adhesion promotion layer. This
hinders the formation of cracks due to the mismatch in thermal

expansion coefficient of the materials of the semiconductor
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component and the plastic encapsulation material. Conse-
quently, the accumulation of moisture in voids provided by .
cracks is prevented which eliminates one of the faults thought
to result in the appearance of the popcorn effect during the
solder reflow process. This has the advantage that the package
is less likely to fail as a result of the solder reflow proc-
ess performed by the customer in order to mount the package on

a higher level substrate such as a printed circuit board.

The surface regions of the semiconductor component which are
selectively activated provide a surface on which the adhesion
promotion layer may be more reliably deposited than if :-these
regions were fo remain unactivated. Therefore, if the semicon-
ductor component comprises different materials, for example:.. .
different metals, which have a different affinity for the ma-
terial of the adhesion promotion layer, for example, different
wetting characteristics, the regions containing materials with
a poorer affinity for the adhesion promotion layer may be se-

lectively activated.

The selectively activated surface regions have an improved af-
finity for the material of the adhesion promotion layer. The
selectively activated surface regions are, therefore, covered
by, and are directly in contact with, the adhesion promotion
layer. The adhesion promotion layer can then be more reliably
deposited on to the selectively activated regions so that the
overall coverage of the adhesion promotion layer on the sur-
faces of the semiconductor component is improved. Therefore,
the reliability of the semiconductor package is improved as
poor or patchy coverage of the adhesion promotion layer is
avoided and, therefore, isolated crack formation in the un-

coated regions is prevented.
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The surfaces which have been previously found to be poorly
coated by the adhesion promotion layer can be provided with a
activation treatment which activates only these regiong, leav-
ing other regions of the semiconductor component, which were
previously found to be reliably coated by the adhesion promo-

tion layer, unaffected and unactivated.

The semiconductor component comprises inner portions and outer
portions. The inner portions are defined as those portions of
the semiconductor component which are positioned within the
package housing and are encapsulated by the plastic encapsula-
tion material and covered by the adhesion promotion‘layer.
Outer portions of the semiconductor component are defined. as.-
those portions of the semiconductor component which are posi-
tioned outside of the package housing and are not encapsulated

by the plastic encapsulation material.

In an embodiment of the invention, the surface regions of the
semiconductor component which are selectively activated are
located on the inner portion of the semiconductor component.
The inner portions of the semiconductor component also com-
prise regions which are unactivated. The selectively activated
surface regions may be isolated regions disposed on the inner
portion of the semiconductor component which are surrounded on

al sides by unactivated regions.

In an embodiment of the invention, the exposed surfaces of the
chip bond pads are selectively activated. In this context ex-
posed surfaces denote those surfaces of the chip bond pads

which are not occupied by the electrical connection disposed
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on the chip bond pad. Exposed does not necessarily mean that

these surfaces of the chip bond pads are uncovered.

The surface of the chip bond pads which is occupied by the
bond wire and which forms an interface with the electrical
connection remains unactivated as the activation of the ex-
posed surfaces of the chip bond pads is performed after the
electrical connections have been made between the chip bond

pads and the inner contact areas of the circuits carrier.

It has been found that the chip bonding pads exhibit poor or
no coverage by the adhesion promotion layer. Previous ap-
proaches to imﬁrove this problem have concentrated on treating
the chip bond pads during the wafer fabrication stage, com-
monly referred to in the art as Front End. However, these
methods have the disadvantage that analysis is difficult at
the wafer level and the quality of the pad activation or con-
ditioning only becomes apparent at a much later stage in the
manufacture of the package after the chip has been coated with
the adhesion promotion layer. Furthermore, some pad condition-
ing treatments have been found to contaminate gate areas of
the integrated circuit devices present in the active surface
of the semiconductor chip which has an unacceptable impact on

the electrical robustness of the devices.

The production of a semiconductor package including a semicon-
ductor chip is typically carried out in a different factory, .
commonly referred to as Back End, to that in which the semi-
conductor chip is manufactured. Therefore, if bond pad condi-
tioning or activation is carried out at the wafer level, re-
sults from the packaging factory have to be relayed to the wa-

fer manufacturer. Consequently, the optimization is time-
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consuming and improvements to the package may be delayed. The
invention enables the pad conditioning or activation to be
performed in the packaging factory at a stage just before the
adhesion promotion coating is applied. This enables a faster
optimization of the activation process as the results of the
adhesion promotion coating can be immediately used to optimize

the activation treatment.

The disadvantages of wafer-level conditioning are avoided by
activation of only the exposed surfaces of the chip bond pads
during the package assembly process. The package and methods
of the invention has the further advantage that the surfaces
of the chip bond pads are activated only in those reéions in
which bond pad activation is actually necessary since the re-
gion of the chip bond pad occupied by the electrical connec-
tion is not coated by the adhesion promotion layer. A wider
variety of activation processes are, therefore, in principle
possible including the provision of non-electrically conduc-
tive or poorly electrically conductive activated surface re-

gions.

The activated surface regions have an affinity for the mate-
rial of the adhesion promotion layer which is to be included
in the package and are suitable for the method by which the
adhesion promotion layer is deposited.,If electro-plating is
used to deposit the adhesion promotion layer, the activated

surfaces should be electrically conductive, for example.

In an embodiment, the chip bond pads comprise aluminium and
the exposed surfaces of the chip bond pads comprise hydroxyl-
enriched aluminium oxide. Hydroxy-enriched aluminium oxide is

formed by treating the semiconductor component with boiling
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water or steam. This process is typically carried out at ap-
proximately atmospheric pressure. The layer of aluminium ox-
ide, present on the surface of the chip bond pads, reacts with
the heated water or steam and forms a hydroxy-enriched alumin-
ium oxide. Hydroxy-enriched aluminium oxide has the advantage
that the chemical nature of the aluminium oxide changes and
the transformation of the mainly hydroxyl-free aluminium oxide
into a hydroxyl-enriched aluminium oxide results in the sur-
face of the chip bond pad having a lower electrical resis-
tance. Therefore, these exposed regions of the chip bond pads
which include a surface layer of hydroxy-enriched aluminium
oxide have a lower electrical resistance and, if the adhesion
promotion layer‘is deposited by an electric chemical plating
brocess, these regions can be more easily electroplated than-
untreated chip contact pads which comprise a outer surface

layer of aluminium oxide.

In a further embodiment of the invention, the exposed surfaces
of the chip .bond pads comprise essentially fully hydroxylated
aluminium oxide. The degree of the oxidation can be controlled
by increasing the time to which the chip bond pads are exposed
to steam or boiling water. By the creation of aluminium hy-
droxide bonds, the aluminium cation and partly loses its Lewis
acidic character. The aluminium hydroxide bonds allow proton
and charge transfer and increase the electrochemical reactiv-
ity. The adhesion promotion layer can, therefore, be more re-
liably deposited by electroplating on the activated exposed
areas of the chip contact pads than is observed for non-
activated exposed contact pads which include a native surface

layer of aluminium oxide.
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In a further embodiment, the exposed surfaces of the chip bond
pads consist essentially of Boehmite (A100H) or Gibbsite
(Al (OH) 5.

In an embodiment of the invention, the adhesion promotion
layer covers essentially the whole of the surfaces of the
semiconductor component which are encapsulated by the plastic
encapsulation material. The adhesion promotion layer covers,
therefore, essentially the whole of the surfaces of the inner
portion of the semiconductor component. The adhesion promotion
layer covers, therefore, the activated surfaces and unacti-

vated surfaces of the semiconductor component.

In an embodiment of the invention, the adhesion promotion.
layer comprises zirconium and chromium and may also comprise
zirconium oxide and chromium oxides. The adhesion promotion
layer may comprise a dendritic structure. A dendritic struc-
ture has the advantage that the surface area of the adhesion
promotion layer is increased and a mechanical anchoring be-
tween the adhesion promotion layer and the plastic encapsula-
tion material is provided. This further improves the adhesion
between the embedded semiconductor components and the plastic

encapsulation material.

In an embodiment of the invention, the circuit carrier com-

prises a leadframe strip. In this embodiment, the leadfingers
of the leadframe strip provide the rewiring structure of the
circuit carrier. The outer portion of each of the leadfingers

provides the outer contact area of the rewiring structure.

In an alternative embodiment, the circuit carrier comprises a

rewiring substrate. The rewiring substrate comprises a top
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surface on which the die pad and inner contact areas are lo-
cated. The lower surface of the rewiring substrate comprises
outer contact areas which are electrically connected by con-
ducting tracks and vias to the inner contact surfaces. The

conductor tracks and vias provide the rewiring structure of

the circuit carrier in this embodiment.

The plurality of electrical connections may be provided by a
plurality of bond wires. One or more bond wires may extend be-

tween each of the chip contact pads and an inner contact pad.

The invention also relates to methods of assembling a semicon-
ductor package. A method of assembling a semiconductor package
comprises providing a semiconductor component. The semiconduc-
tor component comprises a circuit carrier, at least one semi-
conductor chip and a plurality of electrical connections. The
circuit carrier comprises at least one device position. Each
device position comprises a die pad, a plurality of inner con-
tact pads, a plurality of outer contact areas and a rewiring
structure which electrically connects the plurality of inner
contact pads and the plurality of outer contact areas. The
semiconductor chip comprises an active surface with integrated
circuit devices and a plurality of chip bond pads and a pas-
sive surface. The passive surface of the semiconductor chip is
mounted on the die pad of at least one device position of the
circuit carrier. The plurality of electrical connections ex-
tends between and electrically connects the plurality of chip
bond pads with the plurality of inner contact pads of the cir-

cuit carrier.

Surface regions of the semiconductor component are selectively

activated and an adhesion promotion layer is deposited on at
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least areas of the semiconductor component. At least the upper
surface of the die pad, the semiconductor chip, the plurality
of electrical connections and the plurality of the inner con-

tact pads are encapsulated in plastic encapsulation material.

The method according to the invention has the advantage that
surface regions of the semiconductor component are selectively
activated after the semiconductor component has been assembled
and, in particular, after the passive surface of the semicon-
ductor chip has been mounted on the die pad of the circuit
carrier and after the electrical connections have been made
between the chip bond pads and the inner contact pads of the
circuit carrier. Therefore, the electrically conducti&e inter-
faces between the portions of the semiconductor component.
which are later encapsulated within the plastic encapsulation
material of the package housing are formed before the selec-
tive activation of defined surface regions. Therefore, the
contact resistance of the electrical connections and function-
ality of the package is not affected by the selective activa-

tion treatment.

As previously discussed, defined regions of the semiconductor
component are selectively activated forming activated surface
regions. Other regions of the semiconductor component remain
unactivated and are unaffected by the activation treatment.
The surface regions which are to be activated may be chosen on
the basis of previous knowledge which shows that these par-
ticular surface regions are poorly or insufficiently covered
by an adhesion promotion layer, for example. The selectively
activated surface regions have a greater affinity for the ad-
hesion promotion layer than these surface regions before the

activation process.
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In an embodiment of the invention, regions of the semiconduc-
tor component art selectively activated by chemical means. The
chemical means may be chosen so as to activate only those re-
gions which it is desired to activate. The chemical means may,
for example, form reaction products only with one material and
not with the other materials of the semiconductor component
under the conditions at which the activated treatment is per-
formed. In this embodiment, only those regions of the semicon-
ductor component comprising this material will be activated by

the chemical means.

Regions of the sémiconductor component may be selectively ac-
tivated by chemical reaction of at least the surfaces of the-
regions with the chemical means. At least the surfaces of the
regions may comprise an outer activated layer of a material
which is the reaction product of the material of the region

and the chemical means.

In an embodiment, essentially the whole of the surfaces of the
semiconductor component are exposed to the chemical means and
are in direct contact with the chemical means during the acti-
vation treatment. However, selected and defined regions of the
semiconductor component are selectively activated by appropri-
ate selection of the chemical means. Regions in which no acti-
vation of the surface is desired, fail to be activated and

fail to chemically react with the chemical means.

A selective activation of defined regions of the semiconductor
component may be simply achieved in the method according to
the invention without the use of masking steps. This greatly

simplifies the assembly process and has the additional advan-
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tage that very small regions may be selectively activated
without the need for finely structured mask. Additional proc-
essing steps are, therefore, avoided. The selective activation
of defined and desired regions occurs automatically by appro-

priate selection of the chemical means.

In one embodiment of the invention, regions of the semiconduc-
tor component are selectively activated by exposure to water
in the liguid state or by water in the gaseous state. The wa-
ter is preferably provided at a temperature in the range 60°C
to 100°C and may be conveniently provided by boiling water or
steam. Water has the advantage that complex handling condi-
tions are not required and that materials costs are vefy lLow.
In an embodiment, the semiconductor component is submerged 'in
boiling water so that all the surfaces of the semiconductor

component are in contact with the water for a certain time.

In an embodiment of the invention, exposed surfaces of the
chip bond pads but selectively activated. Exposed surfaces of
the chip bond pads are defined as those outer surfaces which

on occupied by an electrical connection.

In an embodiment of the invention, the chip bond pads comprise
aluminium and the activation process is carried out under con-
ditions so that the exposed surfaces of the chip bond pads
comprise hydroxy-enriched aluminium oxide. As previously dis-
cussed, the time to which the chip bond pads are exposed to
water effects the extent of the reaction. The reaction kinet-
ics also depend on the temperature of the water. Therefore,
the conditions are adjusted until the exposed surfaces of the

chip contacts comprise hydroxy-enriched aluminium oxide.
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In further embodiment, the activation process is carried out
under conditions so that the exposed surfaces of the chip bond
pads comprise essentially fully hydroxylated aluminium oxide.
Typically, the chip bond pads are exposed to water for a
longer time to achieve a fuller transformation of the alumin-
ium oxide into fully-hydroxylated aluminium oxide. The further
embodiment, the activation process is carried out under condi-
tions so that the exposed surfaces of the chip bond pads con-
sist essentially of Boehmite or Gibbsite. In this embodiment
of the invention, the chip bond pads comprise an outer layer
of Boehmite or Gibbsgite in the exposed areas. The region of
the chip bond pad which is occupied by the electrical connec-

tion does not comprise Boehmite or Gibbsite.

The adhesion promotion layer may cover essentially the whole
of the surfaces of the semiconductor domponent which are to be
encapsulated by the plastic encapsulation material. These sur-
faces are defined as the inner portion of the semiconductor
component. An essentially complete coverage of the surfaces
ensures the best possible adhesion between the plastic encap-

sulation material and the embedded components.

In an embodiment of the invention, the adhesion promotion
layer is deposited by an electrodeposition technique. This
technique is advantageous in that a coating or layer is easily
deposited on all surfaces of complex shapes. Since the semi-
conductor component is a three-dimensional object, electro-
deposition and galvanic techniques are particularly advanta-

geous.

In an embodiment of the invention, the adhesion promotion

layer comprises zirconium and chromium and may also comprise
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zirconium oxide and chromium oxides. The adhesion promotion
layer may be deposited by a process known as A2 plating using

a commercially available plating bath.

The adhesion promotion layer may be deposited under deposition
conditions so as to produce a layer with a dendritic struc-
ture. The structure of an electrodeposit varies depending on
the deposition conditions. Therefore, the conditions are cho-
sen so as to produce a dendritic structure with the desired

average thickness and surface roughness.

The encapsulation of at least the upper surface of the die
pad, the semiconductor chip, the plurality of electricai con-
nections and the plurality of inner contact pads may be per-
formed by the transfer moulding process. This process is com-
monly used in the fabrication of encapsulated semiconductor
packages and is, therefore, reliable and cost effectively used

in the method of assembly according to the invention.

In an embodiment, the circuit carrier is provided in the form
of the leadframe strip, each device position of the leadframe
strip providing a leadframe for a single semiconductor pack-
age. In an alternative embodiment, the circuit carrier is pro-
vided in the form of the rewiring substrate. The to a plural-
ity of electrical connections may be provided by producing a

plurality of wire bonds using a known wire-bonding technique.

Embodiments of the invention will now be explained with refer-

ence to the diagrams.

Figure 1 depicts the selective activation of the chip bond

pads of a semiconductor component,
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Figure 2 illustrates the semiconductor component after the

deposition of an adhesion promotion layer,

Figure 3 shows scanning electron micrographs comparing adhe-~
sion promotion layers deposited on non-activated and

activated surface regions,

Figure 4 illustrates the chemical reaction by which the chip

bond pads of Figure 1 are activated,

Figure 5 depicts an encapsulated semiconductor leadframe-
based package including activated chip bond pads and

an adhesion promotion layer, and

Figure 6 shows an encapsulated semiconductor package includ-
ing a rewiring substrate, activated chip bond pads,

an adhesion promotion layer.

Figure 1 illustrates a semiconductor component 1 which in-
cludes a leadframe 2, a semiconductor chip 3 and a plﬁrality
of bond wires 4. Figure 1 shows the cross-sectional view of a
single device position of a leadframe strip. The leadframe
strip comprises a plurality of device positions arranged in
rows and columns. Each device position provides a leadframe 2

for a single semiconductor package.

The leadframe 2 includes a die pad 5 and a plurality of lead-
fingers 6. The die pad 5 is disposed in approximately the lat-
eral centre of the leadframe 2 and is laterally surrounded by
the plurality of leadfingers 6 which, in this embodiment of

the invention, lie in essentially the same plane as the die
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pad 5. Each leadfinger 6 comprises an inner portion 7, which
will be encapsulated by the plastic encapsulation material of
the package, and an outer portion 8 which extends outside of
the plastic encapsulation material and provides the outer con-
tact areas of the package. The inner portion 7 and outer por-
tion 8 of the leadfingers 6 are illustrated with respect to
the plastic encapsulation material in Figure 5 which depicts

the assembled semiconductor package.

An inner contact pad 9 is positioned on the upper surface of
each leadfinger 6 towards the innermost end of the inner por-
tion 7. The plurality of inner contact pads 9 comprise a mate-
rial which is suitable for wirebonding and, in this emboaiment

of the invention, comprise Ni/NiP.

The leadframe 2 provides the circuilt carrier of the semicon-
ductor package. The leadfingers 6 provide the rewiring struc-
ture between the inner pads 9 and outer regions 8 of the plu-
rality of leadfingers 6 which provide the outer contact re-

gions of the semiconductor package.

The semiconductor chip 2 has an active surface 10 which com-
prises integrated circuit devices (which are not illustrated
in the figures) and a plurality of chip contact pads 11. The
chip contact pads 11 comprise aluminium. The semiconductor
chip 3 also comprises a passive rear surface 12. The passive
surface 12 of the semiconductor chip 3 is mounted on the upper

surface of the die pad 5 by a layer of adhesive 13.

A plurality of bond wires 4 are provided which comprise gold.
A bond wire 4 extends between each chip contact pad 11 and an

inner contact pad 9 disposed on the inner portion 7 of each of
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the leadfingers 6. Typically, a chip bond pad 11 ig electri-
cally connected by a bond wire 4 to a leadfinger 6 which is
laterally positioned adjacent the chip bond pad 11. The semi-
conductor component 1 consists of the leadframe 2, semiconduc-

tor chip 3 and the plurality of bond wires 4.

Each chip bond pad 11 comprises two types of region. A first
region 14 is occupied by the interface formed between the end
15 of the bond wire 4 and the upper surface 16 of each bond
pad 11. The first region 14 is, therefore, covered and unex-
posed. The second region 17 of each chip bond pad 11 is unoc-
cupied by the end 15 of the bond wire 4. The upper surface 16
of each chip bond péd 11 is, therefore, in the second region
17 exposed. The plurality of chip bond pads 11 comprise alu-
minium which includes a native aluminium oxide layer 18 at the

upper surface 16 in at least the exposed regions 17.

In the next stage of the method, the semiconductor component 1
is placed into boiling water for a certain time. During this
stage, the exposed regioms 17 of the chip bond pads 11 are se-
lectively activated. This is indicated in Figure 1 by the ar-
rows 19. According to the invention, at least the upper sur-
face 16 the second exposed region 17 of each bond pad 11 is
activated so as to provide an improved adhesion between the
plurality of chip bond pads 11 and an adhesion promotion layer
which is to be deposited on the exposed regions 17 of the plu-
rality of bond pads 11.

Figure 2 illustrates the next stage in the method to assemble
a semiconductor package. An adhesion promotion layer 21 is de-
posited on all of the free surfaces 22 or the semiconductor

component 1 which are to be encapsulated by the plastic encap-
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sulation material of the semiconductor package. The adhesion
promotion layer 22 comprises zirconium and chromium and is de-
posited on the free surfaces 22 of the semiconductor component
one by electroplating. This process is commonly referred to as
an A2z plating process. A2 is the commercial name of the elec-
troplating bath. The adhesion promotion laver 22 is deposited
using electroplating conditions such that the layer 22 grows
with a dendritic structure 23. The dendritic structure 23 pro-
vides a roughened surface, increasing the surface area of the
layer 22, and providing an additional mechanical anchoring
mechanism between the adhesion promotion layer 22 and the

plastic encapsulation material of the package.

The adhesion promotion layer 22 is deposited on the semicon- -
ductor component 1 after the semiconductor chip 3 is mounted
on the die pad 5 and after the bond wires 4 are formed between
the chip contact pads 11 and inner contact pads 9 of the lead-
frame 2. This ensures that all of the surfaces 21 which are to
be encapsulated within the plastic encapsulation material are
coated with the adhesion promotion layer. This improves the
adhesion between the plastic encapsulation material and the
semiconductor component 1 and improves the reliability of the

package.

The adhesion promotion layer 22 is typically deposited on a
leadframe strip which comprises a plurality of device posi-
tions, each device position including a semiconductor compo-

nent 1.

As can be seen in Figure 2, the adhesion promotion layer 22 is
deposited on the inner portions 7 of the leadfingers 6, the

die pad 5, the surfaces of the semiconductor chip 3 and the
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bond wires 4. The exposed regions 17 of the chip bond pads 11
are also coated by the adhesion promotion layer 22. This is in
contrast to semiconductor components which have not undergone
the water treatment according to the invention. The exposed
regions 17 have been activated by the water treatment and at
leas the surfaces of the exposed regions 17 have an improved

affinity for the adhesion promotion layer 22.

The improvement in the deposition of the adhesion promotion
layer 22 on the activated surfaces 20 in the exposed regions
17 of the aluminium chip bond pads 11 is illustrated by the

comparison examples shown in Figure 3.

Figure 3 shows SEM micrographs of adhesion promotion layers 22
comprising zirconium and chromium, which were deposited using
an A2 plating bath on the aluminium bond pads of power MOSFET

devices.

Figure 3a shows an SEM Micrograph for an adhesion promotion
layer 22 deposited on an aluminium bond pad 11 of a non-robust
power MOSFET devices. The exposed regions of the aluminium
bond pad 11 were activated using a water-based activation
treatment according to the invention. The chip bond pad 11 was
not subjected to any other pad activation treatment. As can be
seen in Figure 3a, the adhesion promotion layer 22 was suc-

cessfully deposited on the water activated chip bond pad 11.

Figure 3b shows an SEM Micrograph for a robust power MOSFET
device in which the aluminium chip bond pads 11 were previ-
ously given an insufficient conventional pad activation treat-
ment. Figure 3b shows that an adhesion promotion layer 22 was

not deposited on the chip bond pad 11 and illustrates the
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problem of the poor deposition of the adhesion promotion layer

on conventional chip bond pads.

Figure 3¢ shows SEM Micrograph for a robust power MOSFET de-
vice in which the aluminium chip bond pads 11 were previously
given an insufficient conventional pad activation treatment as
in the device of Figure 3b. The chip bond pads 11 of the de-
vice of Figure 3¢ were then subjected to a water-based activa-
tion treatment according to the invention. As can be seen in
Figure 3¢, the adhesion promotion layer 22 was successfully
deposited on the activated chip bond pad in contrast to the

non-activated chip contact pad shown in Figure 3b.

The exposed regions 17 of the chip bond pads 11, according to
an embodiment of the invention, are selectively activated by
exposing all of the free surfaces of the semiconductor compo-
nent 1 to boiling water for a given time. It is thought that
the aluminium oxide layer 18 present at the surface 16 of the
exposed regions 17 of the aluminium chip bond pads 11 reacts
with the hot water forming hydroxy-enriched aluminium oxide at
the outermost surface 16. The other free surfaces of the gsemi-
conductor component 1 which are also in contact with the hot
water remain unaffected as no chemical reaction takes place.
The reaction between the hot water and the aluminium oxide
layer 18 in the exposed regions 17 of the chip bond pads 11 is

illustrated in Figure 1 by the arrows 19.

The chemical reaction which is believed to take place is il-
lustrated in Figure 4.The semiconductor component 1 is held in
contact with the hot water until the aluminium oxide layer 18
has been transformed by chemical reaction into a fully hy-

droxylated aluminium oxide having a Gibbsite structure.
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The use of the water-based procedure according to the inven-
tion alters the chemical nature of the aluminium oxide layer
18 present at the upper surface 16 of the chip bond pads 11.
The fabricated aluminium chip bond pads 11 consist essentially
of hydroxy-free aluminium oxide which, upon exposure to boil-
ing water, is transformed into a hydroxy-enriched aluminium
oxide AlOOH (Boehmite) and AlO(OH); (Gibbsite) which have a
lower electrical resistance than aluminium oxide. Therefore,
the activated surface areas 20 can be more easily plated by
the adhesion promotion layer. The exposed regions 17 compris-
ing the hydroxylated aluminium oxide are, therefore, acti-

vated.

Figure 4 shows, schematically, the increasing hjdroxylation of
the aluminium oxide layer 18. The aluminium oxide bonds are
broken, the aluminium cation partly loses its Lewis acidic
character and Al-OH bonds are created. These allow proton and,
therefore, charge transfer throughout the aluminium-oxo-
hydroxide layer. Consequently, the electrochemical reactivity
of the upper surface 16 of the bond pads 11 in the exposed re-
gions 17 increases and an activated upper surface 20 is formed
in the exposed regions 17 of the chip bond pads 11. The ex-
posed region 17 of the chip bond pads 11 comprise an outer
layer of hydroxyl-enriched aluminium oxide which is disposed

on the bulk aluminum of which provides the chip bond pad 11.

Figure 5 illustrates the semiconductor component 1 including
the activated chip bond pads 20 and adhesion promotion layer
22, as shown in figure 3, after a mold transfer process to

produce the semiconductor package 24. The surfaces 21 of the

semiconductor component 1 which are located within the semi-
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conductor package 24 are coated by the adhesion promotion
layer 22 with a dendritic structure 23. The activated surface
regions 20 of the chip bond pads 11 are coated with adhesion
promotion layer 22. The plastic encapsulation material 25
which forms the semiconductor package 24 is, therefore, in

contact with the adhesion promotion layer 22.

The adhesion promotion layer 22 along with its dendritic
structure 23 improves the adhesion between the surfaces 21 or
the semiconductor component 1 which are located within the
package 24 and the plastic encapsulation material 25. This im-
proved adhesion hinders the formation of cracks between the
semiconductor component 1 and the plastic encapsulation mafe—
rial 25 and, consequently, hinders the accumulation of mois-
ture at the interfaces which, during a later solder reflow
process, vaporises, causing cracks in the package 24 and the

phenomenon known as the popcorn effect.

Figure 6 illustrates an encapsulated semiconductor package 26
according to a second embodiment of the invention. The semi-
conductor package 26 comprises a circuilt carrier, semiconduc-

tor chip and a plurality of bond wires 4.

In the second embodiment, the circuit carrier comprises a re-
wiring substrate 27. The rewiring substrate 27 has an upper
surface 28 which includes a die pad 5 located in approximately
the lateral centre which is surrounded by a plurality of inner
contact pads 9. The lower surface of the rewiring substrate 27
comprises a plurality of outer contact areas 28 which are
electrically connected to the inner contact areas 9 positioned
on the upper surface 28 of the rewiring substrate 27 by con-

ductor tracks 29 and vias 30.
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The semiconductor package 26 was assembled by providing the
rewiring substrate and mounting the passive surface 12 of the
semiconductor chip 3 to the die pad 5. A plurality of bond
wires 14 were then produced, each extending between a chip
contact or bond pad 11 and an inner contact pad 9 to provide a
semiconductor component 1. The chip bond pads 11 comprise alu-

minium.

The semiconductor component 1 was then subjected to boiling
water which produced a selective activation of the exposed re-
gions 17 of the chip contact pads 11 as described in conjunc-
tion with Figures 1 té 5. Therefore, the semiconductor package
26 also includes a chip contact pads 11 in which the exposed
regions 17 of the chip contact pads in 11 which are not occu-
pied by the ends 15 of the bond wires 4 comprise at least par-
tially hydroxylated aluminium oxide. The exposed regions 17
comprise an outer layer 20 which is disposed on aluminium
which comprises the chip bond pad 11 and which was formed as a
result of the water-based activation treatment previously de-
scribed. The activated layer 20 bresent in the exposed regions
17 of the chip bond pads 11 comprises hydroxy-enriched alumin-

ium oxide.

The upper surface of the rewiring substrate 27, semiconductor
chip 3, bond wires 4 and exposed regions 17 of the chip con-
tact pads 11 were then coated by A2 electroplating with the
adhesion promotion layer 22. A transfer moulding process was
then carried out to embed the surfaces coated by the adhesion
promotion layer 22 in epoxy resin 25 to provide the semicon-

ductor package 26.



WO 2007/129132 PCT/IB2006/001218

26
Reference numbers
1 semiconductor component 26 second semiconductor pack-
2 leadframe age
3 semiconductor chip 27 rewiring substrate
4 bond wire 28 upper surface of rewiring
5 die pad substrate
6 leadfinger 29 outer contact area
7 inner portion 30 conductor track
8 outer portion 31 via
9 inner contact pad
10 active surface

11 chip contact pad

12 passive surface

13 adhesive

14 unexposed region

15 end of bond wire.

16 upper surface of chip bond
pad

17 exposed regions of chip
bond pad

18 aluminium oxide layer

19 activation

20 activated surface

21 free surface

22 adhesion promotion layer
23 dendritic structure

24 gemiconductor package

25 plastic encapsulation mate-

rial
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Patent claims

1. Method of assembling a semiconductor package (24; 26),

comprising:

- providing a semiconductor component (1) comprising:

a circuit carrier (2; 27), the circuit carrier (2;
27) comprising at least one device position, each
device position comprising a die pad (5), a plural-
ity of inner contact pads (9), a plurality of outer
contact areas (8, 29)and a rewiring structure elec-
trically connecting the plurality of inner contact
pads (9) and the plurality of outer contact areas
(8; 29);

at least one semiconductor chip (3) comprising an
active surface (10) with integrated circuit devices
and a plurality of chip bond pads (11) and a passive
surface (12), the passive surface (12) of the semi-
conductor chip (3) being mounted on the die pad (5)
of at least one device position of the circuit car-
rier (2; 27); and

a plurality of electrical connections (4), the plu-
rality of electrical connections (4) extending be-
tween and electrically connecting the plurality of
chip bond pads (11) with the plurality of inner con-

tact pads (9) of the circuit carrier (2; 27);

- selectively activating surface regions (17) of the

semiconductor component (1);

~ depositing an adhesion promotion layer (22) on at

least areas of the semiconductor component (1), and

- encapsulating at least the upper surface of the die pad

(5), the semiconductor chip (3), the plurality of elec-

trical connections (4) and the plurality of the inner
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contact pads (9) in plastic encapsulation material

(25) .

Method of assembling a semiconductor package (24; 26) ac-
cording to claim 1

characterised in that

regions (17) of the semiconductor component (1) are selec-

tively activated by chemical means.

Method of assembling a semiconductor package (24; 26) ac-
cording to claim 2

characterised in that

regions (17) of the semiconductor component (1) are seleé—
tively activated by chemical reaction of at least surfaces

of the regions (17) with the chemical means.

Method of assembling a semiconductor package (24; 26) ac-
cording to claim 2 or claim 3
essentially the whole of the surfaces (21) of the semicon-

ductor component (1) are exposed to the chemical means.

Method of assembling a semiconductor package -(24; 26) ac-
cording to one of claims 2 to 4

characterised in that

regions (17) of the semiconductor component (1) are selec-

tively activated by exposure to boiling water or steam.

Method of assembling a semiconductor package (24; 26) ac-
cording to one of the preceding claims

characterised in that

exposed surfaces (17) of the chip bond pads (l1l) are se-

lectively activated.
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Method of assembling a semiconductor package (24; 26) ac-
cording to claim 6

characterised in that

the chip bond pads (11) comprise aluminium and the activa-
tion process is carried out so that the exposed surfaces
(17) of the chip bond pads (11l) comprise hydroxy-enriched

aluminium oxide.

Method of assembling a semiconductor package (24; 26) ac-
cording to claim 7

characterised in that

the activation proceés is carried out so that the exposed
surfaces (17) of the chip bond pads (11) comprise essen-

tially fully hydroxylated-aluminium oxide.

Method of assembling a semiconductor package (24; 26) ac-
cording to claim 8

characterised in that )

the activation process is carried out so that the exposed
surfaces (17) of the chip bond pads (11) consist essen-

tially of Boehmite or Gibbsite.

.Method of assembling a semiconductor package (24; 26) ac-

cording to one of the preceding claims

characterised in that

the adhesion promotion layer (22) covers essentially the
whole of the surfaces (21) of the semiconductor component

(1) which are to be encapsulated by the plastic encapsula-

tion material.
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Method of assembling a semiconductor package (24;'26) ac-
cording to one of the preceding claims

characterised in that

the adhesion promotion layer (229 is deposited by an elec-

tro-deposition technique.

.Method of assembling a semiconductor package (24; 26) ac-

cording to one of the preceding claims
characterised in that

the adhesion promotion layer (22) comprises Zr and Cr.

.Method of assembling a semiconductor package (24; 26) ac-

cording to one of the preceding claims
characterised in that
the adhesion promotion layer (22) is deposited under depo-

sition conditions so as to produce a dendritic structure
(23).

Method of assembling a semiconductor package (24; 26) ac-
cording to one of the preceding claims

characterised in that

the encapsulation of at least the upper surface of the die
pad (5), the semiconductor chip (3), the plurality of
electrical connections (4) and the plurality of the inner
contact pads (9) is performed by a transfer molding proc-

ess.

Method of assembling a semiconductor package (24; 26) ac-
cording to one of the preceding claims

characterised in that

the circuit carrier (2) is provided in the form of a lead-

frame strip.
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16.Method of assembling a semiconductor package (24; 26) ac-
cording to one of claimg 1 to 15
characterised in that
the circuit carrier (27) is provided in the form of a re-

wiring substrate.

17 .Method of assembling a semiconductor package (24; 26) ac-
cording to one of the preceding claims
characterised in that
the plurality of electrical connections (4) are provided

by a plurality of wire bonds.

18 .Method of assembling a semiconductor package (24; 26) ac-
cording to one of the preceding claims further comprising:
- providing a circuit carrier (2; 27), the circuit car-

rier (2; 27) comprising at least one device position,

each device position comprising a die pad (5), a plu-
rality of inner contact pads (9), a plurality of outer
contact areas (8; 29) and a rewiring structure electri-
cally connecting the plurality of inner contact pads
(9) and the plurality of outer contact areas (8; 29);

-~ providing a semiconductor chip (3) comprising an active
surface (10) with integrated circuit devices and a plu-
rality of chip bond pads (11) and a passive surface
(12),

~ attaching the passive surface (12) of the semiconductor
chip (3) to the die pad (5) of at least one device po-
sition of the circuit carrier (2; 27); and

-~ producing a plurality of electrical connections (4),

the plurality of electrical connections (4) extending

between and electrically connecting the plurality of
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chip bond pads (11) with the plurality of inner contact

pads (9) of the circuit carrier (2; 27).

19. Semiconductor package (24; 26) comprising:
a semiconductor component comprising:

- a circuit carrier (2; 27) comprising a die pad (5),
a plurality of inner contact pads (9), a plurality
of outer contact areas (8; 29) and a rewiring struc-
ture electrically comnecting the plurality of inner
contact pads (9) and the plurality of outer contact
areas (8; 29);

- a semiconductor chip (3) comprising an active sur-
face (10) with integrated circuit devices and a plu;
rality of chip bond pads (11) and a passive surface
(12), wherein the passive surface (12) of the semi-
conductor chip (3) is mounted on the die pad (b5) of
the circult carrier (2; 27); and

- a plurality of electrical connections (4), the plu-
rality of electrical connections (4) extending be-
tween and electrically connecting the plurality of
chip bond pads (11) with the plurality of inner con-
tact pads (9) of the circulit carrier (2; 27);

- an adhesion promotion layer (22) disposed on at least
areas of the semiconductor component (1); and

- plastic encapsulation material (25) encapsulating at
least the upper surface of the die pad (5), the semi-
conductor chip (3), the plurality of electrical connec-
tions (4) and the plurality of the inner contact pads

(9),

wherein surface regions (17) of the semiconductor compo-

nent (1) are selectively activated.
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Semiconductor package (24; 26) according to claim 19
characterized in that
exposed surfaces (17) of the chip bond pads (11) are se-

lectively activated.

Semiconductor package (24; 26) according to claim 19 or
claim 20

characterized in that

the chip bond pads (11) comprise aluminium and the exposed
surfaces (17) of the chip bond pads comprise hydroxy-

enriched aluminium oxide (20).

. Semiconductor package (24; 26) according to claim 21

characterized in that
the exposed surfaces (17) of the chip bond pads (11l) com-

prise essentially fully hydroxylated-aluminium oxide (20).

Semiconductor package (24; 26) according to claim 22
characterized in that
the exposed surfaces (17) of the chip bond pads (11) con-

sist essentially of Boehmite or Gibbsite.

Semiconductor package (24; 26) according to one of claims
19 to 23

characterized in that

the adhesion promotion layer (22) covers essentially the
whole of the surfaces (21) of the semiconductor component
(1) which are encapsulated by the plastic encapsulation

material (25).

Semiconductor package (24; 26) according to one of claims

19 to 24
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characterized in that

the adhesion promotion layer (22) comprises Zr and Cr.

Semiconductor package (24; 26) according to one of claims
19 to 25

characterized in that

the adhesion promotion layer (22) comprises a dendritic

structure (23).

Semiconductor package (24; 26) according to one of claims
19 to 26
characterized in that

the circuit carrier (2) comprises a leadframe strip.

Semiconductor package (24; 26) according to one of claims
19 to 26
characterized in that

the circult carrier (27) comprises a rewiring substrate.

Semiconductor package (24; 26) according to one of claims
19 to 28

characterized in that

the plurality of electrical connections (4) are provided

by a plurality of wire bonds (4).
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