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(54) Pre-soldered leadless package

(57) The invention relates to a method of manufac-
turing a semiconductor device (1), the method compris-
ing: i) providing a substrate carrier (25) comprising a sub-
strate layer (10) and a patterned conductive layer (20),
wherein the patterned conductive layer (20) defines con-
tact pads (22); ii) partially etching the substrate carrier
(25) using the patterned conductive layer (20) as a mask
defining contact regions (35) in the substrate layer (10);
iii) providing the semiconductor chip (100); iv) mounting
said semiconductor chip (100) with the adhesive layer
(105) on the patterned conductive layer (20) such that
the semiconductor chip covers at least one of the trench-
es (29) and part of the contact pads neighboring the re-
spective trench (29) are left uncovered for future wire

bonding; v) providing wire bonds (110) between respec-
tive terminals of the semiconductor chip (100) and re-
spective contact pads (22) of the substrate carrier (25);
vi) providing a molding compound (30) covering the sub-
strate carrier (25) and the semiconductor chip (100), and
vii) etching the backside (S2) of the substrate carrier (25)
to expose the molding compound (30) in the trenches
(29). The invention further relates to a semiconductor
device (1) manufactured with such method, and to a print-
ed-circuit board (200) comprising such semiconductor
device (1). The invention enables a reduced minimum
bondpad pitch. An embodiment of the invention has a
by-design-wettable terminal side at the perimeter of the
device. This latest mentioned feature enables automated
board inspection w.r.t. board mounting quality.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method of manufac-
turing a semiconductor device, and in particular to the
packing of such semiconductor device in the surface-
mount technology field. The invention further relates to
a semiconductor device manufactured with such method,
and to a printed-circuit board comprising such semicon-
ductor device.

BACKGROUND OF THE INVENTION

[0002] The International Technology Roadmap for
Semiconductors is a set of documents produced by a
group of semiconductor industry experts. These experts
are representative of the sponsoring organizations which
include the Semiconductor Industry Associations of the
US, Europe, Japan, Korea and Taiwan. The documents
represent best opinion on the directions of research into
the following areas of technology, including time-lines up
to about 15 years into the future: System Drivers/Design,
Test & Test Equipment, Front End Processes, Photoli-
thography, IC Interconnects, Factory Integration, Assem-
bly & Packaging, Environment, Safety & Health, Yield
Enhancement, Metrology, Modeling & Simulation,
Emerging Research Devices, and Emerging Research
Materials.
[0003] In order to keep pace with the ITRS roadmap a
strong focus on packaging is visible in the prior art, and
in particular in the surface-mount technology (SMT).
Within this field Quad Flat Packages (QFP) have been
very popular for a long time. A QFP is an integrated circuit
package with leads extending from each of the four sides.
It has been primarily used for surface mounting (SMD).
In the prior art versions have been reported in the range
from 32 to over 200 pins with a pitch ranging from 0.4 to
1.0 mm. Special cases include Low-profile (LQFP) and
Thin-QFP (TQFP). The QFP package type became com-
mon in Europe and US during the early nineties, but QFP
components have been used in Japanese consumer
electronics since the seventies, most often mixed with
hole-mounted, and sometimes socketed, components on
the same printed circuit board.
[0004] Quad-Flat-No-leads (QFN) or Microleadframe
(MLF) packages physically and electrically connect inte-
grated circuits to printed circuit boards. QFN is a surface-
mount technology, one of several package technologies
that connect ICs to the surfaces of PCBs without through-
holes. The QFN package is similar to the Quad Flat Pack-
age, but in QFN packages the terminals/leads are mainly
at the package bottom side and do not or only slightly
extend out from the package sides. This is a near chip
scale package (CSP) plastic encapsulated package
made with a planar copper lead frame substrate. Perim-
eter lands on the package bottom provide electrical con-
nections to the PCB. In most cases the package includes

an exposed thermal pad to improve heat transfer out of
the IC (into the PCB). Heat transfer can be further facil-
itated by metal vias in the thermal pad.
[0005] A lot of information on QFN can be found on
internet, such as on the following links:

http://www.hdsemitech.com/query/upload/
1116489164.pdt
http://www.freescale.com/files/analog/doc/app
note/AN1902.pdf
http://www.unisemgroup.com/pdf/articles/8 29 Low
Cost Multiple RowELP.pdf

[0006] A problem of the known packages in surface-
mount technology is that the bondpad pitch is still rela-
tively large, which does not comply with the ITRS road-
map for the future.

SUMMARY OF THE INVENTION

[0007] It is a first object of the invention to provide a
method of manufacturing a semiconductor device,
wherein the minimum bondpad pitch is reduced. It is a
second object of the invention to provide a semiconductor
device manufactured in accordance with such method.
[0008] The invention is defined by the independent
claims. The dependent claims define advantageous em-
bodiments.
[0009] In a first aspect, in accordance with the first ob-
ject, the invention relates to a method as claimed in claim
1.
[0010] The effect of the features of the invention is as
follows. First of all, rather than placing the semiconductor
chip between the contact pads in this method the semi-
conductor chip is placed on the contacts pads. Second,
the method is a 1-ply process with only a non-critical etch
step for defining the contact pads/regions. Initially the
substrate layer may be thick in order to give mechanical
strength to the structure during the provision of the wire
bonds. Then the molding compound is provided which
gives the structure even more mechanical stability,
whereafter the structure is etched from the backside to
separate the contact regions. The latter process step is
selective and therefore not timing critical, i.e. the amount
of substrate layer material that is removed is not critical.
Because of this the contact structures (contact pads with
substrate layer) may be kept thinner and thus the pitch
between the contact regions may also be kept smaller.
Expressed differently, the trenches may be less deep
and therefore also less wide, i.e. a smaller bondpad pitch
can be obtained. 1-ply means that the substrate carrier
only comprises a substrate layer and a patterned con-
ductive layer on top and that the substrate layer is etched
back from a backside at a later stage. The patterned con-
ductive layer may comprise a stack of sublayers, such
as a stack comprising a nickel layer with a gold plating
(NiAu), or a stack of nickel, palladium, gold (NiPdAu).
What is important is that the conductive layer is suitable
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for locking to the molding compound and suitable for wire-
bonding.
[0011] An embodiment of the method in accordance
with the invention further comprises:

- providing solder material on each respective one of
the contact regions for being attached to receiving
contacts of a printed-circuit board. The provision of
a solder material on the packaged semiconductor
device in this stage is advantageous, because the
assembly/mounting of the component on a printed-
circuit board (PCB) has become easier. During such
assembly/mounting the PCB solder bumps melt to-
gether with the solder material of the semiconductor
device, which provides for a good electrical contact,
i.e. the reliability of the PCB is increased. A solder
material which is commonly used nowadays is tin
based (Sn). However the invention is not limited to
such solder material.

[0012] In an embodiment of the method in accordance
with the invention the providing of the solder material
comprises screen printing solder paste on the backside
of the substrate layer. The inventors discovered that the
screen printing technique may be conveniently applied
to the back-side of the semiconductor device for applying
the solder material. In a variant of this embodiment the
solder material is provided by solder ball placement.
[0013] An embodiment of the method in accordance
with the invention further comprises: heating the semi-
conductor device to a predefined temperature during a
predefined time period to obtain reflow of the solder ma-
terial for forming solder bumps on the backside of the
semiconductor device at locations of the contact regions.
In the previous embodiment the screen printing results
in a layer of solder material on the backside of the sem-
iconductor device. The additional step in this embodi-
ment ensures that solder bumps are formed, which is
more convenient when the semiconductor device is
mounted on a PCB.
[0014] An embodiment of the method in accordance
with the invention further comprises: cutting the semicon-
ductor device outside an area of the contact regions for
obtaining a packaged semiconductor chip. In this em-
bodiment the semiconductor device is separated. This
may be done using conventional sawing or cutting tech-
niques. Sometimes it is also being referred to as "dicing"
in the prior art. It must be noted that the method of the
invention is very suitable to manufacture many semicon-
ductor devices in parallel. In such embodiment the sub-
strate carrier is provided with many sets of contact pads,
each set being configured for receiving a semiconductor
chip or multiple chips (which may be the same size or
different sizes, and which may have the same bondpad
configuration or different bondpad configurations). Fur-
thermore, in the step of providing the semiconductor chip,
a plurality of semiconductor chips is provided, and in the
step of cutting, a plurality of separated semiconductor

devices is obtained.
[0015] In an embodiment of the method in accordance
with the invention the patterned conductive layer is con-
figured for defining contact pads with a pitch smaller than
or equal to 400Pm, preferably smaller than 250Pm, and
even more preferably smaller than or equal to 150Pm.
The method of the invention advantageously features
smaller pitch sizes than the conventional methods, but it
is not restricted to small pad pitches only.
[0016] In an embodiment of the method in accordance
with the invention, during the etching of the backside of
the substrate carrier, the substrate layer is completely
removed such that the contact regions are located direct-
ly on a backside of the contact pads. Removing the sub-
strate layer completely has the advantage that deeper
cavities or trenches are formed on the backside of the
semiconductor device which may be conveniently filled
with solder material at a later stage. Deeper cavities filled
with solder material provide an additional stress relieve
by design between the rigid materials of the package and
the PCB. This is more commonly referred to as second
board reliability. Furthermore, the adhesion between sol-
der material and the contact region is better than between
solder material and many substrate layer materials, in
particular in case the substrate layer material oxidizes.
This embodiment is therefore extremely robust w.r.t. ter-
minal wettability.
[0017] In an embodiment of the method in accordance
with the invention, during the providing of the solder ma-
terial, the solder material is provided directly on the back-
side of the contact pads. This embodiment results in a
good adhesion of solder material to the contact pads.
[0018] In an embodiment of the method in accordance
with the invention, during the cutting of the semiconductor
device, the semiconductor device is cut just along an
outer envelope of the solder bumps such that the solder
bumps are exposed to an outer side of the semiconductor
device. This embodiment is very advantageous and
builds on the last-two mentioned embodiments. The
structure achieved with this embodiment has become
sidewettable, which means that the solder bumps may
be contacted from the bottom side as well as from the
side. The fact that the substrate layer (such as copper)
is completely removed and replaced with solder material
makes the structure even more reliable. Mounting such
structure on a PCB provides for a very good electrical
contact between the PCB and the semiconductor device
and in addition the sidewetting profile can be assured by
design and therefore specified in a specification. This
design feature makes it a very good device for automatic
PCB board inspection.
[0019] In a second aspect, in accordance with the sec-
ond object, the invention relates to a semiconductor de-
vice as claimed in claim 10. The advantage of the sem-
iconductor device, which results from the method is that
the minimum bondpad pitch is reduced with regards to
the semiconductor devices of the prior art.
[0020] In a third aspect the invention relates to a print-
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ed-circuit board comprising the semiconductor device in
accordance with the invention.
[0021] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In the drawings:

Fig. 1 shows a semiconductor device in accordance
with an embodiment of the invention;

Fig. 2 to Fig. 10 shows different stages of a method
of manufacturing the semiconductor device of Fig. 1
in accordance with another embodiment of the in-
vention;

Fig. 11 shows a variant of the semiconductor device
of Fig. 1 in accordance with yet another embodiment
of the invention;

Fig. 12 shows the semiconductor device of Fig. 1
when mounted on a PCB, and

Fig. 13 shows the semiconductor device of Fig. 11
when mounted on a PCB.

List of reference numerals:

[0023]

1 semiconductor device in accordance with first
embodiment

10 substrate layer (part of substrate carrier 25)

20 patterned conductive layer

21 openings in patterned conductive layer

22 bondpads

25 substrate carrier

S1 first surface

S2 second surface

29 trenches

100 semiconductor chip

105 adhesive layer on backside of semiconductor
chip 100

110 bondwires

30 molding compound

35 contact regions

40 paste-printed solder material

40’ solder bumps (after reflow step)

99 cut lines

1’ semiconductor device in accordance with second
embodiment

40" solder bumps of second embodiment (after reflow
step)

S3 side contact surface of solder bumps 40"

200 PCB

205 PCB carrier

210 contact pad of PCB

220 solder bump on PCB

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0024] In this description a method of manufacturing a
semiconductor device is described in which a semicon-
ductor chip is packaged. In the packaging process ter-
minals are manufactured for connecting the semiconduc-
tor chip to the outside world, such as a PCB. This inven-
tion focuses on surface mount technology, and in partic-
ular to improvements for QFN and QFP packages, which
are particularly used for IC’s with a low-pincount, i.e.
packages with typically between two and twelve bond-
pads. In order to keep pace with the ITRS roadmap also
the packaging requirements becomes more and more
stringent. Lateral dimensions of the package have to
shrink. One of such lateral dimensions is the bondpad
pitch. The invention provides for shrinking the minimum
bondpad pitch.
[0025] In order to facilitate the discussion of the de-
tailed embodiments a few expressions are defined here-
inafter.
[0026] In this description the "front-side" of a semicon-
ductor device is defined as the side of the semiconductor
device at which the molding compound is provided. The
"back-side" of the semiconductor device is defined as
the side opposite to the front-side, i.e. where the contact
regions are located.
[0027] Fig. 1 shows a semiconductor device in accord-
ance with an embodiment of the invention. The semicon-
ductor device 1 comprises an encapsulated semiconduc-
tor chip 100 and two contact terminals 40’ at one side of
the device, which are intended to be mounted on a PCB
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without the requirement of having holes in the PCB and
such a device is therefore a surface-mount device (SMD).
Furthermore, the contact terminals 40’ comprise solder
bumps in this example. As previously mentioned the pro-
vision of the solder bumps on the device itself is advan-
tageous in case the device is soldered to a PCB, in which
case a better electrical contact and an assure-mend of
terminal wettability is achieved.
[0028] Fig. 2 to Fig. 10 shows different stages of a
method of manufacturing the semiconductor device of
Fig. 1 in accordance with another embodiment of the in-
vention. In the stage of Fig. 2 a substrate layer 10 is
provided, which may be copper for example. Other suit-
able materials are aluminum, iron, steel, bronze, brass,
alloys and combinations thereof. The substrate layer may
be 75Pm in an example embodiment.
[0029] In the stage of Fig. 3 a patterned conductive
layer 20 is provided on the substrate layer 10. Such layer
may be provided using a plating technique for example,
such as electroless plating or electrolytic plating. The pat-
terned conductive layer 20 is provided on a front-side S1
of the semiconductor device 1, which is still an interme-
diate product at this stage. The back-side S2 is opposite
the front-side S1 and is the side on which the contact
terminals will be formed in a later stage. The patterned
conductive layer 20 comprises openings 21 which define
structures 22 in the conductive layer 20. The structures
22 form the contact pads for being connected to the sem-
iconductor chip 100, which is provided at a later stage.
In the example of Fig. 2 and Fig. 3 the patterned conduc-
tive layer 20 is provided on the substrate layer 10, i.e.
formed in a plurality of steps. However, such combination
of layers may also be bought from an external supplier
as such and is referred to as a substrate carrier 25 in this
description. The patterned conductive layer may com-
prise materials such as gold, platinum, palladium, nickel,
etc. The patterned conductive layer may comprise a
stack of sublayers, such as a stack comprising a nickel
layer with a gold plating (NiAu), or a stack of nickel, pal-
ladium, gold (NiPdAu). What is important is that the con-
ductive layer is suitable for locking to the molding com-
pound and suitable for wire-bonding.
[0030] In the stage of Fig. 4 trenches 29 are etched
using the patterned conductive layer 20 as a mask. The
etchant, which may be alkaline or acid etch is isotropic
such that the structures 22 are a bit under etched. This
is not essential to the invention, but merely a conse-
quence of the fact that the substrate layer 10 comprises
one material and of the wet etching technique that is
used.
[0031] In the stage of Fig. 5 so-called function plating
has been carried out, which comprises surface die bond-
ing and wire bonding. A semiconductor chip 100 (also
referred to as "die") comprising an adhesive layer 105
mounting the die on the contact pads as illustrated in the
figure. In this example, on a top-side of the semiconductor
chip 100 there are terminals (not shown) which are con-
nected with wire bonds 110 to the contact pads 22. The

adhesive layer 105 may comprise of a pre-applied adhe-
sive on wafer level prior to die dicing. The semiconductor
chip 100 may comprises circuitry for performing circuit
functions in a system (not shown).
[0032] It must be noted at this stage that the method
as illustrated in Figs. 2 to 10 is very suitable for manu-
facturing a plurality of semiconductor devices 1 in paral-
lel. The substrate carrier 25 may be designed for mount-
ing many semiconductor chips 100 in this stage of the
method. Nevertheless, for the sake of simplicity in this
description reference is made to the singular form of
"semiconductor device". Also, reference is made to this
term whereas in most cases an intermediate stage of this
semiconductor device is meant.
[0033] In the stage of Fig. 6 a molding compound 30
is deposited which covers the semiconductor chip 100,
the bond wires 110, the contact pads 22, and which fills
the trenches 29. Such molding compound may be a ther-
moplastic or a thermosetting plastic. The technique for
providing a molding compound, as such, is considered
to be well-known to the person skilled in the art.
[0034] In the stage of Fig. 7 the backside S2 of the
substrate carrier 25 is etched for which the same etchant
may be used as in Fig. 4, for example. During this etching
step contact regions 35, which were defined earlier in the
process during the etching of the trenches 29, are sep-
arated from each other. The etching is preferably done
selective to the substrate layer material 10, but this is not
essential. If it is done selective then the substrate layer
10 may be etched a little bit further than the molding com-
pound such that small recesses are visible on the back-
side S2 of the semiconductor device 1.
[0035] In the stage of Fig. 8 solder material 40 is screen
printed on the back-side of the semiconductor device 1.
Screen-printing is a very suitable technique in case the
recesses have been formed as discussed with reference
to Fig. 7. While doing so a thin layer of solder material is
provided in the recesses as illustrated in Fig. 8. The sol-
der material 40 used in the stage of Fig. 8 is preferably
leadless tin. Finally, it must be noted that the invention
is not limited to screen printing in this stage of the method.
[0036] In the stage of Fig. 9 a so-called reflow-step is
carried out. The semiconductor device 1 is heated to a
temperature in the range between 215°C and 260°C dur-
ing a time period of 5s to 60s. In this heating step the
solder material will reflow to form solder bumps 40’ on
the backside S2 of the semiconductor device 1. The ad-
vantage of using screen-printing and reflow as illustrated
in Fig. 8 and Fig. 9 is that a relatively expensive finishing
technology is rendered superfluous. Expensive finishing
is NiPdAu or NiAu. Having such plating at the terminal
side implies that the plating step needs to be performed
after the etching step of the substrate layer or that the
plating was done prior to receiving the carrier as a step
before making the patterned conductive layer. It is known
that the finishing done in such a way will result in a ma-
terial diffusion of the substrate layer into the finishing
stack which has a negative effect on the wettability of the
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terminal which is eventually offered to the end customer.
[0037] In the stage of Fig. 10 the semiconductor device
1 is cut. Cut lines 99 have been illustrated in the drawing.
They are located outside an area of the contact regions
35. The semiconductor device 1 is now a packaged sem-
iconductor chip 100 and ready for being (surface)-mount-
ed on a PCB, which is discussed with reference to Figs.
12 and 13.
[0038] Fig. 11 shows a variant of the semiconductor
device of Fig. 1 in accordance with yet another embodi-
ment of the invention. This embodiment and its method
of manufacturing will be discussed in as far as it differs
from the embodiment of Fig. 1 to 10. A first main differ-
ence in the method resides in the stage of Fig. 7. In order
to obtain the embodiment of Fig. 11 the complete sub-
strate layer 10 of the substrate carrier 25 is removed in
this stage. The contact regions 35 are thereby defined
on a backside of the contact pads 22. Furthermore, deep
recesses are formed on the backside S2 of the semicon-
ductor device 1. A second main difference in the method
resides in the stage of Fig. 8. In this stage the deep re-
cesses are filled with solder material 40, which implies
that more solder material 40 is applied in this stage. A
third main difference in the method resides in the stage
of Fig. 9. In this stage larger solder bumps 40" are formed
during reflow. A fourth main difference in the method re-
sides in the stage of Fig. 10. In this stage the cut lines
99’ are chosen such that the semiconductor device 1 is
cut just along the solder bumps 40". A consequence of
these modifications is that the resulting modified semi-
conductor device 1’ has solder bumps (contact terminals)
40" with a side contact surface S3, i.e. the semiconductor
device 1’ is sidewettable with a strongly improved elec-
trical contact. This is illustrated at discussed with refer-
ence to Fig. 13.
[0039] Fig. 12 shows the semiconductor device of Fig.
1 when mounted on a PCB. The PCB 200 may comprise
many electrical components, mechanical components
and connections between them. Furthermore, it may
comprise sockets for receiving packaged semiconductor
devices of a different kind. All such components and parts
have been left out for facilitating understanding of the
invention. Fig. 12 shows a PCB carrier 205 having contact
pads 210 onto which further solder bumps 220 have been
provided. The semiconductor device 1 has been soldered
with its solder bumps 40’ to the further solder bumps 220
of the PCB. In this soldering process both bumps melt
together which provides for a very good electrical contact
with a low contact resistance.
[0040] Fig. 13 shows the semiconductor device of Fig.
11 when mounted on a PCB. This figure is described in
as far as it differs from Fig. 12. The modified semicon-
ductor device 1’ is sidewettable and therefore the further
solder bumps 220 of the PCB have melted together with
the larger (and sidewettable) solder bumps 40" of the
semiconductor device 1’, wherein the contact area be-
tween those solder bumps 40", 220 has been significantly
increased, i.e. the contact resistance has been signifi-

cantly reduced and where terminal side-wettability is as-
sured by design which makes it suitable for automated
board inspection tools.
[0041] The invention thus provides a method of man-
ufacturing a semiconductor device 1, the method com-
prising: i) providing a substrate carrier 25 comprising a
substrate layer 10 and a patterned conductive layer 20,
wherein the patterned conductive layer 20 defines con-
tact pads 22; ii) partially etching the substrate carrier 25
using the patterned conductive layer 20 as a mask de-
fining contact regions 35 in the substrate layer 10; iii)
providing the semiconductor chip 100; iv) mounting said
semiconductor chip 100 with the adhesive layer 105 on
the patterned conductive layer 20 such that the semicon-
ductor chip covers at least one of the trenches 29 and
part of the contact pads neighboring the respective trench
29 are left uncovered for future wire bonding; v) providing
wire bonds 110 between respective terminals of the sem-
iconductor chip 100 and respective contact pads 22 of
the substrate carrier 25; vi) providing a molding com-
pound 30 covering the substrate carrier 25 and the sem-
iconductor chip 100, and vii) etching the backside S2 of
the substrate carrier 25 to expose the molding compound
30 in the trenches 29. The invention further provides a
semiconductor device 1 manufactured with such method,
and a printed-circuit board 200 comprising such semi-
conductor device 1. The invention enables a reduced
minimum bondpad pitch. An embodiment of the invention
has a by-design-wettable terminal side at the perimeter
of the device. This latest mentioned feature enables au-
tomated board inspection wrt board mounting quality.
[0042] The invention may be applied in various appli-
cation areas. For example, the invention may be applied
in semiconductor device manufacturing, and in particular
in the packaging of surface-mountable semiconductor
devices with a low pincount.
[0043] Various variations of the invention are possible
and do not depart from the scope of the invention as
claimed.
[0044] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. Use of the verb "comprise"
and its conjugations does not exclude the presence of
elements or steps other than those stated in a claim. The
article "a" or "an" preceding an element does not exclude
the presence of a plurality of such elements. The inven-
tion may be implemented by means of hardware com-
prising several distinct elements, and by means of a suit-
ably programmed computer. In the device claim enumer-
ating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a com-
bination of these measures cannot be used to advantage.
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Throughout the Figures, similar or corresponding fea-
tures are indicated by same reference numerals or labels.

Claims

1. A method of manufacturing a semiconductor device
(1), the method comprising:

- providing a substrate carrier (25) having a front
side (S1) and a backside (S2) opposite to the
front side (S1), the substrate carrier (25) com-
prising a substrate layer (10) and a patterned
conductive layer (20) at the front side (S1) of the
substrate carrier (25), wherein the patterned
conductive layer (20) defines contact pads (22)
to be formed for being connected to terminals
of a semiconductor chip (100);
- partially etching the substrate carrier (25) using
the patterned conductive layer (20) as a mask
to obtain trenches (29) in the substrate carrier
(25) and defining contact regions (35) in the sub-
strate layer (10);
- providing the semiconductor chip (100) com-
prising the terminals at a first side (S1) and an
adhesive layer (105) at a second side opposite
to the first side (S1);
- mounting said semiconductor chip (100) with
the adhesive layer (105) on the patterned con-
ductive layer (20) such that the semiconductor
chip covers at least one of the trenches (29) and
part of the contact pads neighboring the respec-
tive trench (29) are left uncovered for future wire
bonding;
- providing wire bonds (110) between respective
terminals of the semiconductor chip (100) and
respective contact pads (22) of the substrate
carrier (25);
- providing a molding compound (30) covering
the substrate carrier (25) and the semiconductor
chip (100), and
- etching the backside (S2) of the substrate car-
rier (25), preferably selective to the substrate
layer (10), to expose the molding compound (30)
in the trenches (29) for separating the contact
regions (35) at the backside (S2) of the substrate
layer (10) that are in electrical contact with the
respective contact pads (22).

2. The method as claimed in claim 1, further compris-
ing:

- providing solder material (40) on each respec-
tive one of the contact regions (35) for being
attached to receiving contacts (210, 220) of a
printed-circuit board (200).

3. The method as claimed in claim 2, wherein the pro-

viding of the solder material (40) comprises screen
printing solder paste or solder ball placement on the
backside (S2) of the substrate layer (10).

4. The method as claimed in claim 3, further compris-
ing:

- heating the semiconductor device (1) to a pre-
defined temperature during a predefined time
period to obtain reflow of the solder material (40)
for forming solder bumps (40’) on the backside
of the semiconductor device (1) at locations of
the contact regions (35).

5. The method as claimed in any one of the preceding
claims, further comprising:

- cutting the semiconductor device (1) outside
an area of the contact regions (35) for obtaining
a packaged semiconductor chip (100).

6. The method as claimed in any one of the preceding
claims, wherein the patterned conductive layer (20)
is configured for defining contact pads with a pitch
smaller than or equal to 400Pm, preferably smaller
than 250Pm, and even more preferably smaller than
or equal to 150Pm.

7. The method as claimed in any one of the preceding
claims, wherein, during the etching of the backside
of the substrate carrier (25), the substrate layer (10)
is completely removed such that the contact regions
(35) are located directly on a backside (S2) of the
contact pads (22).

8. The method as claimed in claim 7 in as far as directly
or indirectly dependent on claim 2, wherein, during
the providing of the solder material (40), the solder
material is provided directly on the backside (S2) of
the contact pads (22).

9. The method as claimed in claim 8 in as far as directly
or indirectly dependent on claim 5, wherein, during
the cutting of the semiconductor device (1), the sem-
iconductor device (1) is cut just along an outer en-
velope of the solder bumps (40’) such that the solder
bumps are exposed to an outer side of the semicon-
ductor device (1).

10. A semiconductor device (1) manufactured with the
method in accordance with any one of the preceding
claims.

11. A printed-circuit board (200) comprising the semi-
conductor device (1) as claimed in claim 10 and ter-
minals (210, 220) for receiving said semiconductor
device (1).
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Amended claims in accordance with Rule 137(2)
EPC.

1. A method of manufacturing a semiconductor de-
vice (1), the method comprising:

- providing a substrate carrier (25) having a front
side (S1) and a backside (S2) opposite to the
front side (S1), the substrate carrier (25) com-
prising a substrate layer (10) and a patterned
conductive layer (20) at the front side (S1) of the
substrate carrier (25), wherein the patterned
conductive layer (20) defines contact pads (22)
to be formed for being connected to terminals
of a semiconductor chip (100);
- partially etching the substrate carrier (25) using
the patterned conductive layer (20) as a mask
to obtain trenches (29) in the substrate carrier
(25) and defining contact regions (35) in the sub-
strate layer (10);
- providing the semiconductor chip (100) com-
prising the terminals at a first side (S1) and an
adhesive layer (105) at a second side opposite
to the first side (S1 );
- mounting said semiconductor chip (100) with
the adhesive layer (105) on the patterned con-
ductive layer (20) such that the semiconductor
chip covers at least one of the trenches (29) and
part of the contact pads neighboring the respec-
tive trench (29) are left uncovered for future wire
bonding;
- providing wire bonds (110) between respective
terminals of the semiconductor chip (100) and
respective contact pads (22) of the substrate
carrier (25);
- providing a molding compound (30) covering
the substrate carrier (25) and the semiconductor
chip (100) and filling the trenches (29), and
- etching the backside (S2) of the substrate car-
rier (25), preferably selective to the substrate
layer (10), to expose the molding compound (30)
in the trenches (29) for separating the contact
regions (35) at the backside (S2) of the substrate
layer (10) that are in electrical contact with the
respective contact pads (22), wherein, during
the etching of the backside (S2) of the substrate
carrier (25), the substrate layer (10) is complete-
ly removed such that the contact regions (35)
are located directly on a backside (S2) of the
contact pads (22).

2. The method as claimed in claim 1, further com-
prising:

- providing solder material (40) on each respec-
tive one of the contact regions (35) for being
attached to receiving contacts (210, 220) of a
printed-circuit board (200).

3. The method as claimed in claim 2, wherein the
providing of the solder material (40) comprises
screen printing solder paste or solder ball placement
on the backside (S2) of the substrate layer (10).

4. The method as claimed in claim 3, further com-
prising:

- heating the semiconductor device (1) to a pre-
defined temperature during a predefined time
period to obtain reflow of the solder material (40)
for forming solder bumps (40’) on the backside
of the semiconductor device (1) at locations of
the contact regions (35).

5. The method as claimed in any one of the preceding
claims, further comprising:

- cutting the semiconductor device (1) outside
an area of the contact regions (35) for obtaining
a packaged semiconductor chip (100).

6. The method as claimed in any one of the preceding
claims, wherein the patterned conductive layer (20)
is configured for defining contact pads with a pitch
smaller than or equal to 400Pm, preferably smaller
than 250Pm, and even more preferably smaller than
or equal to 150Pm.

7. The method as claimed in claim 6 in as far as
directly or indirectly dependent on claim 2, wherein,
during the providing of the solder material (40), the
solder material is provided directly on the backside
(S2) of the contact pads (22).

8. The method as claimed in claim 7 in as far as
directly or indirectly dependent on claim 5, wherein,
during the cutting of the semiconductor device (1),
the semiconductor device (1) is cut just along an out-
er envelope of the solder bumps (40’) such that the
solder bumps are exposed to an outer side of the
semiconductor device (1).

9. A semiconductor device (1) manufactured with the
method in accordance with any one of the preceding
claims.

10. A semiconductor device (1) comprising:

- a patterned conductive layer (20) defining con-
tact pads (22) for being connected to terminals
of a semiconductor chip (100);
- the semiconductor chip (100) comprising the
terminals at a first side (S1) and an adhesive
layer (105) at a second side opposite to the first
side (S1), wherein the semiconductor chip (100)
is mounted with an adhesive layer (105) on the
patterned conductive layer (20) such that the
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semiconductor chip part of each respective con-
tact pad leaving part thereof uncovered by the
chip for wire bonding;
- wire bonds (110) connecting respective termi-
nals of the semiconductor chip (100) and re-
spective contact pads (22) at the first side (S1)
thereof;
- a molding compound (30) covering the semi-
conductor chip (100), the wire bonds (110) and
the contact pads (22), wherein the molding com-
pound is also located on the second side (S1)
of the semiconductor device, separating the
contact regions (35) that are located directly on
a backside (S2) of the contact pads (22).

11. The semiconductor device (1) as claimed in claim
10, further comprising solder bumps (40") that are
provided directly on the backside (S2) of the contact
pads (22), and wherein the semiconductor device
(1) is configured such that the solder bumps (40")
have a side contact surface (S3).

12. A printed-circuit board (200) comprising the sem-
iconductor device (1) as claimed in claim 9, 10, or
11 and terminals (210, 220) for receiving said sem-
iconductor device (1).
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