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(57) ABSTRACT

A semiconductor chip includes a chip pad arranged at a
surface of the semiconductor chip. A dielectric layer is
arranged at the surface of the semiconductor chip. The
dielectric layer has an opening within which a contact
portion of the chip pad is exposed, the opening having at
least one straight side. The dielectric layer includes a solder
flux outgassing trench arranged separate from and in the
vicinity of the at least one straight side of the opening and
that extends laterally beyond sides of the opening adjoining
the straight side.
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Arranging a solder deposit including solder and solder flux between
a contact portion of the carrier and a contact portion of a chip pad
arranged at a surface of the semiconductor chip, wherein a
dielectric layer is arranged at the surface of the semiconductor
chip and has an opening within which the contact portion of the
chip pad is exposed, wherein the dielectric layer further comprises
a solder flux outgassing trench arranged separate from the

opening and intersecting with the solder deposit 51

|

Melting the solder deposit, thereby causing liquid solder to be
moved over the solder flux outgassing trench for extraction of the
flux gas

52

Fig. 9
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CHIP WITH CHIP PAD AND ASSOCIATED
SOLDER FLUX OUTGASSING TRENCH

TECHNICAL FIELD

[0001] This disclosure relates generally to the field of
semiconductor chips, and in particular to the technique of
soldering semiconductor chips to a carrier.

BACKGROUND

[0002] When soldering a semiconductor chip to a chip
carrier, undesired solder voids may be trapped in the solidi-
fied solder material between the chip pad and the carrier.
Such solder voids may evolve to substantial sizes and may
significantly decrease the quality and reliability of the solder
joint.

[0003] Vacuum soldering is a technique known to reduce
the amount or sizes of solder voids generated during sol-
dering. Vacuum soldering, however, is a costly approach and
is not always suited for integration in the manufacturing
process.

[0004] Hence, the generation of high quality solder joints
is an ongoing challenge for progressing to highly reliable
semiconductor devices.

SUMMARY

[0005] According to an aspect of the disclosure, a semi-
conductor chip includes a chip pad arranged at a surface of
the semiconductor chip. A dielectric layer is arranged at the
surface of the semiconductor chip. The dielectric layer has
an opening within which a contact portion of the chip pad is
exposed, the opening having at least one straight side. The
dielectric layer comprises a solder flux outgassing trench
arranged separate from and in the vicinity of the at least one
straight side of the opening and extends laterally beyond
sides of the opening adjoining the straight side.

[0006] According to another aspect of the disclosure, a
semiconductor device includes a chip carrier and a semi-
conductor chip according to the above description soldered
to the chip carrier.

[0007] According to another aspect of the disclosure, a
method of soldering a semiconductor chip to a chip carrier
includes arranging a solder deposit including solder and
solder flux between a contact portion of the carrier and a
contact portion of a chip pad arranged at a surface of the
semiconductor chip, wherein a dielectric layer is arranged at
the surface of the semiconductor chip and has an opening
within which the contact portion of the chip pad is exposed.
The dielectric layer further comprises a solder flux outgas-
sing trench arranged separate from the opening and inter-
secting with the solder deposit. The solder deposit is melted,
thereby causing liquid solder to be moved over the solder
flux outgassing trench for extraction of flux gas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The elements of the drawings are not necessarily to
scale relative to each other. Like reference numerals desig-
nate corresponding similar parts. The features of the various
illustrated embodiments can be combined unless they
exclude each other and/or can be selectively omitted if not
described to be necessarily required. Embodiments are
depicted in the drawings and are exemplarily detailed in the
description which follows.
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[0009] FIG. 1A is a schematic top view on an exemplary
semiconductor chip including a chip pad associated with a
solder flux outgassing trench.

[0010] FIG. 1B is a schematic cross-sectional view of the
semiconductor chip of FIG. 1A along line A-A'.

[0011] FIG. 2A is a schematic perspective view of an
exemplary semiconductor chip including a chip pad associ-
ated with a solder flux outgassing trench and a chip pad not
associated with a solder flux outgassing trench.

[0012] FIG. 2B is an enlarged view of a portion bordered
by dashed lines of FIG. 2A.

[0013] FIG. 3 is a cross-sectional topographic view of the
exemplary semiconductor chip of FIGS. 2A-2B along line
B-B' of FIG. 2B.

[0014] FIG. 4A is a partial cross-sectional view of the
exemplary semiconductor chip of FIG. 3 along line C-C'
showing a chip pad associated with a solder flux outgassing
trench.

[0015] FIG. 4B is a partial cross-sectional view of the
exemplary semiconductor chip of FIG. 3 along line D-D'
showing a chip pad which is not associated with a solder flux
outgassing trench.

[0016] FIG. 5 is a perspective view of an exemplary chip
carrier.
[0017] FIG. 6 is a perspective semi-transparent view illus-

trating exemplary solder deposits on a chip carrier and a
semiconductor chip having a chip pad associated with a
solder flux outgassing trench and a chip pad not associated
with a solder flux outgassing trench held in alignment over
the chip carrier.

[0018] FIG. 7 is a perspective view of the arrangement of
FIG. 6 at a stage where chip placement is finished and the
solder deposits are melted during reflow.

[0019] FIG. 8 is a perspective view of the arrangement of
FIG. 7 at a stage where soldering is finished and the solder
joints are completed.

[0020] FIG. 9 is a flowchart depicting stages of a method
of soldering a semiconductor chip to a chip carrier.

DETAILED DESCRIPTION

[0021] As used in this specification, the terms “electrically
connected” or “connected” or similar terms are not meant to
mean that the elements are directly contacted together;
intervening elements may be provided between the “elec-
trically connected” or “connected” elements, respectively.
However, in accordance with the disclosure, the above-
mentioned and similar terms may, optionally, also have the
specific meaning that the elements are directly contacted
together, i.e. that no intervening elements are provided
between the “electrically connected” or “connected” ele-
ments, respectively.

[0022] The words “over” or “beneath” with regard to a
part, element or material layer formed or located or disposed
or arranged or placed “over” or “beneath” a surface may be
used herein to mean that the part, element or material layer
be located (e.g. placed, formed, arranged, disposed, placed,
etc.) “directly on” or “directly under”, e.g. in direct contact
with, the implied surface. The word “over” or “beneath”
used with regard to a part, element or material layer formed
or located or disposed or arranged or placed “over” or
“beneath” a surface may, however, either be used herein to
mean that the part, element or material layer be located (e.g.
placed, formed, arranged, deposited, etc.) “indirectly on” or
“indirectly under” the implied surface, with one or more
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additional parts, elements or layers being arranged between
the implied surface and the part, element or material layer.

[0023] FIG. 1A illustrates a schematic top view of a
semiconductor chip 100 having a top surface 100A. FIG. 1B
illustrates a schematic cross-sectional view of the semicon-
ductor chip 100 along line A-A' in FIG. 1A.

[0024] A chip pad 120 is arranged at the top surface 110A
of the semiconductor chip 100. The chip pad 120 may be
made of metal or a metal alloy, e.g. copper or copper alloy.
A dielectric layer 110 is arranged at the surface 100A of the
semiconductor chip 100. The dielectric layer 110 may be an
electrically insulating polymer layer, e.g. a polyimide layer.
The dielectric layer 110 has an opening 112 within which a
contact portion 122 of the chip pad 120 is exposed. The
opening 112 has at least one straight side 112_1.

[0025] The dielectric layer 110 includes a solder flux
outgassing trench 118. The solder flux outgassing trench 118
is separate from and in the vicinity of the straight side 112_1
of'the opening 112 in the dielectric layer 110. The solder flux
outgassing trench 118 does not communicate with the open-
ing 112 in the dielectric layer 110. Further, the solder flux
outgassing trench 118 extends laterally (i.e. in the left-to-
right direction and in the right-to-left direction in FIG. 1A)
beyond sides 112_2, 112_3 of the opening 112 adjoining the
straight side 112_1. As a consequence, the solder flux
outgassing trench 118 is longer than the straight side 112_1
of the opening 112. A side of the opening 112 opposite the
straight side 112_1 is referred to by reference sign 112_4.

[0026] The dielectric layer 110 may include other open-
ings such as, e.g., opening 114 which may expose other chip
pads (electrodes) of the semiconductor chip 110, e.g. chip
pad 130. In the schematic example of a semiconductor chip
100, the chip pad 130 may be a load electrode chip pad of
the semiconductor chip 100 and the chip pad 120 may be a
control electrode or sense electrode chip pad of the semi-
conductor chip 100. Further, by way of example, the semi-
conductor chip 100 may include a chip pad 140 arranged at
a bottom surface 100B of the semiconductor chip 100
opposite the top surface 100A.

[0027] The semiconductor chip 100 may be configured as
apower semiconductor chip. Power semiconductor chips are
suitable, in particular, for the switching high currents and/or
high voltages (e.g. more than 100 V or 500 V). The semi-
conductor chip 100 may be of different types, e.g. MOSFET
(Metal Oxide Semiconductor Field Effect Transistor), in
particular an SJ (super junction)-MOSFET, HEMT (High
Electron Mobility Transistor), JFET (Junction Gate Field
Effect Transistor), IGBT (Insulated Gate Bipolar Transistor),
or bipolar transistor.

[0028] The semiconductor chip 100 may have a vertical
structure, i.e. the electrical load current may flow in a
direction perpendicular to the top and bottom surfaces 100A,
100B of the semiconductor chip 120 from one (load) chip
pad 130, 140 to the other (load) chip pad 140, 130. By way
of example and without loss of generality, the (load) chip
pad 130 may be the source electrode (or emitter electrode in
case of an IGBT or a bipolar transistor) and the (load) chip
pad 140 may be the drain electrode (or collector electrode in
case of an IGBT or a bipolar transistor) of the semiconductor
chip 100. However, it is also possible that the semiconductor
chip 100 may have a horizontal structure, i.e. the electrical
load current may flow in a direction parallel to the top
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surface 100A. In this case, the load electrodes are typically
arranged only at the top surface 100A of the semiconductor
chip 100.

[0029] In both cases, the chip pad 120 which is associated
with the solder flux outgassing trench 118 may be the control
electrode (gate electrode or base electrode in case of a
bipolar transistor) or a sense electrode (e.g. source Kelvin
sense electrode) of the semiconductor chip 100.

[0030] FIGS. 2A, 2B and 3 illustrate the surface topogra-
phy of an exemplary semiconductor chip 200. The top
surface 100A of the semiconductor chip 200 comprises a
chip pad 120 designed in accordance with the description of
FIGS. 1A and 1B. Further, the top surface 100A of the
semiconductor chip 200 exposes, e.g., a chip pad 240 of
about the same dimensions than chip pad 120 and a larger
chip pad 130 which corresponds to chip pad 130 as
described above.

[0031] As mentioned above, the contact portion 122 of
chip pad 120 is exposed in the opening 112 of the dielectric
layer 110. Again, the opening 112 has at least one straight
side 112_1 and a section of the solder flux outgassing trench
118 is arranged separate from and in the vicinity of the
straight side 112_1 of the opening and extends laterally
beyond the sides 112_2, 112_3 of the opening 112 adjoining
the straight side 112_1. In the example shown in FIGS. 2A,
2B and 3, the straight side 112_1 is, e.g., the outward front
side of the opening 112, the sides 112_2, 112_3 are the
longitudinal sides of the opening 112 and side 112_4 oppo-
site the straight side 112_1 is an inward side of the opening
112.

[0032] In the example shown in FIGS. 2A, 2B and 3, the
solder flux outgassing trench 180 may surround (optionally
in a closed fashion) the opening 112 and may optionally
have a rectangular shape in top view. More specifically, if
the solder flux outgassing trench 118 is designed to surround
the opening 112 in the dielectric layer 110, the condition that
the solder flux outgassing trench 118 extends laterally
beyond sides of the opening 112 adjoining the associated
straight side is met for all sides 112_1, 112_2, 112_3, 112_4
of the opening 112. As shown, also the sides 112_2, 112_3
adjoining the straight side and the side 112_4 opposite the
straight side 112_1 can be straight.

[0033] The chip pad 120 may, e.g., be a control electrode
chip pad and the chip pad 240 may, e.g., be a Kelvin sense
chip pad of the semiconductor chip 200. It is to be noted that
the chip pad 240 is shown not to be associated with a solder
flux outgassing trench 118 for the purpose of comparison.
However, in practice, both chip pads 120 and 240 may be
associated with a solder flux outgassing trench 118.

[0034] FIGS. 4A and 4B are cross-sectional views illus-
trating an example of how the surface topography of the
semiconductor chip 200 may be obtained. Referring to FIG.
4A illustrating a partial sectional view of the semiconductor
chip 200 at chip pad 120, the semiconductor chip 200
includes a semiconductor die 410. The semiconductor die
410 may implement an integrated circuit which includes,
e.g. a transistor. Further, the semiconductor die 410 may
include metal layers forming an integrated electrical inter-
connect between doped regions of the semiconductor die
and the chip pad 120. The doped regions and the metal layers
of the electrical interconnect of the semiconductor die 410
are not depicted in FIGS. 4A and 4B for ease of illustration.
[0035] Further, the semiconductor die 410 may be covered
by a hard passivation layer (not shown). The hard passiva-
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tion layer is opened beneath the chip pad 120 to allow the
chip pad 120 to make electrical contact with the internal
metal layers (not shown) of the semiconductor die 410.

[0036] The chip pad 120 may optionally comprise an edge
elevation 120_1 defining metal side walls of the chip pad
120. In other embodiments, the exposed surface of the chip
pad 120 may be planar. The dielectric layer 110 is disposed
above the semiconductor die 410. The opening 112 of the
dielectric layer 110 exposes a contact portion 122 of the chip
pad 120. In this example the contact portion 122 may be
formed by the exposed surface of the chip pad 120 which
may optionally include the side walls formed by the edge
elevation 120_1 of the chip pad 120. However, other con-
figurations (e.g. a planar exposed surface of the chip pad
120) are also possible for obtaining a contact portion 122 of
a chip pad 120.

[0037] The chip pad 120 may have a pad size along the
straight side 112_1 of| e.g., about 0.2 to 0.4 mm, e.g. 0.3
mm. In a direction perpendicular to the straight side 112_1,
i.e. in a direction parallel to the sides 112_2 and 112_3 of the
opening 112, the pad size PS may, e.g., be between 0.4 mm
and 0.6 mm, e.g. 0.5 mm.

[0038] The solder flux outgassing trench 118 may, e.g.,
have a trench width TW between 10 um and 20 um, e.g.
about 15 um. A trench depth TD of the solder flux outgassing
trench 118 may, e.g., be between 6 pm and 10 um, e.g. about
8 um. A distance X between the at least one straight side
112_1 of the opening 112 and the solder flux outgassing
trench 118 may, e.g., be between 25 pm to 70 um, more
specifically between 30 um to 50 um, or, e.g., about 40 um.

[0039] FIG. 4B illustrates a partial sectional view of the
chip pad 240 which is, in this example, not associated with
a solder flux outgassing trench 118 for purpose of compari-
son. However, such solder flux outgassing trench 118 could
also be implemented in the dielectric layer 110 of the chip
pad 240, and the same dimensional ranges as set out above
may then apply.

[0040] FIG. 5 illustrates an exemplary chip carrier 510.
The exemplary chip carrier 510 may, e.g., be a leadframe.
Other chip carriers such as metal bonded ceramic-based
carriers, e.g. a DCB (direct copper bond) carrier, a CPC
(copper plated ceramic) carrier, an AMB (active metal
brazing) carrier or a DAB (direct aluminum bond) carrier,
are also feasible. Further, in other examples, a PCB (printed
circuit board) may be used as a chip carrier.

[0041] The chip carrier 510 may include a carrier pad 520,
a carrier pad 530 and a carrier pad 540. The carrier pad 520
is configured to be bonded to the chip pad 120. The carrier
pad 530 is configured to be bonded to the chip pad 130.
Further, the carrier pad 540 is configured to be bonded to the
chip pad 240. In FIG. 5 a solder deposit 550 is placed on
each carrier pad 520, 540. FIG. 5 illustrates an example in
which the carrier pad 520 is electrically connected with a
control lead 521 of the chip carrier 510 and the carrier pad
540 is electrically connected with a Kelvin sense lead 541 of
the chip carrier 510.

[0042] FIGS. 6 to 8 illustrate exemplary stages of solder-
ing a semiconductor chip as described herein (e.g. semicon-
ductor chip 200 or semiconductor chip 100) to a chip carrier
such as, e.g., chip carrier 510. The semiconductor chip 200
is displayed transparently so that the bottom surface 100B of
the semiconductor chip 200, the solder deposits 550 and the
chip carrier 510 are visible.
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[0043] Referring to FIG. 6, a solder deposit 550 is
arranged on the (control) carrier pad 520 and a solder deposit
550 is arranged on the (sense) carrier pad 540. The carrier
pads 520, 540 define contact portions of the chip carrier 510.
[0044] Inone example one solder deposit 550 may include
at least two separate solder bumps 550_1 and 550_2. The
solder bumps 550_1, 550_2 may be separated from each
other in the longitudinal direction (Z-direction in FIG. 2B)
and/or in the X-direction (not shown). In one example, four
solder bumps may be used for a solder deposit 550, with two
of them spaced apart in the Z-direction and two of them
spaced apart in the X-direction.

[0045] In one example a cross plating pattern 610 struc-
tured in a metal layer of, e.g., Ag may be used as a base layer
on which the solder deposit 550 or, in this example, the two
solder bumps 550_1, 550_2 are placed. The cross plating
pattern 610 may have been formed on the carrier pads 520,
540 prior to the placement of the solder deposits 550.
[0046] The solder deposits 550 include a solder material
and a solder flux material. A percentage in volume of the
solder flux material may be equal to or greater than 25 vol
% or 40 vol % or 45 vol % of the volume of the solder
deposit. In some cases, the volume of the solder flux material
may even be greater than the volume of the solder material
in the solder deposit 550. By way of example, the solder
deposit 550 may include or be of a solder paste which
includes between 45 to 55 vol %, in particular 48 to 52 vol
% flux material, the rest solder material.

[0047] InFIG. 6, the semiconductor chip 200 is displayed
transparently for the sake of explanation. At the stage shown
in FIG. 6, the semiconductor chip 200 is aligned with but
still spaced apart from the solder deposits 550.

[0048] As apparent from FIG. 6, the solder deposit 550 (in
this example the solder bump 550_1) may intersect in a
vertical projection (Y-direction) with at least a part of the
solder flux outgassing trench 118. That is, referring to FIG.
1A, the solder deposit 550 would be at a position to intersect
both with the straight side 112_1 of the opening 112 and with
the associated solder flux outgassing trench 118. At the
opposite side 112_4 of the opening 112, the same positional
relationship between the associated part of the solder flux
outgassing trench 118 and the solder deposit (e.g. solder
bump 550_2) may be in place.

[0049] The semiconductor chip 200 is then lowered onto
the solder deposits 550. Semiconductor chip placement may
optionally be carried out by the application of a relatively
small pressure so that the solder deposits 550 may be
squeezed and may laterally expand. At least after this
expansion, both the straight side 112_1 of the opening 112
and an associated part of the solder flux outgassing trench
118 are covered by the solder deposit 550.

[0050] FIG. 7 illustrates the soldering process during
reflow, i.e. when the solder deposits 550 become melted. At
that stage solder flux gas is generated in the solder. The
solder flux gas may form voids in the liquid solder. The
voids travel upwards due to buoyancy. As shown at chip pad
240, flux gas solder voids 710 may then be trapped within
the solder.

[0051] Further, the volume of the solder deposit 550 is
reduced by the evaporation of some flux material. This and
other processes cause a movement of the solder towards the
chip pad center into the central direction.

[0052] Stated differently, evaporation of flux leads to a
volume reduction. Thereby, the solder may shrink by around
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50% in volume. Capillary forces lead to solder attaching to
the exposed chip pads 120, 240.

[0053] At chip pad 120 the liquid solder moves over the
solder flux outgassing trench 118. Due to the surface tension
of the liquid solder material, the solder flux outgassing
trench 118 is not filled with solder material during this
process. On the other hand, the surface tension of the liquid
solder decreases in the contact region with the solder flux
outgassing trench 118, thereby enabling the solder flux gas
to leave the liquid solder and to escape into the solder flux
outgassing trench 118.

[0054] Since the solder flux outgassing trench 118 is
configured to extend beyond the outline of the liquid solder
(which may, in the lateral direction, be defined by the lateral
sides 112_2,112_3 of the opening 112) and to communicates
with outside during solder movement, the flux gas is effec-
tively extracted from the liquid solder. It is apparent from
FIG. 7 that during reflow a straight trench portion of the flux
outgassing trench 118 always communicates with outside
during solder movement. This straight trench portion is
oriented substantially perpendicular to the direction of sol-
der movement during reflow.

[0055] FIG. 7 illustrates by arrows a void of flux gas
which currently escapes through the solder flux outgassing
trench 118 formed in the dielectric layer 110.

[0056] It is to be noted that the movement of the liquid
solder during reflow is affected by various factors. First,
there is a contraction of the solder deposit 550 from the
reduction in volume caused by solder flux evaporation
and/or outgassing. The reduction in volume and the surface
tension cause the solder to move in a central direction.
Further, the dielectric layer 110 has a very low wettability
for liquid solder causing the liquid solder to retract from
regions where it would otherwise be in contact with the
dielectric layer 110.

[0057] Further, as illustrated by way of example in FIGS.
6 to 8, if the solder deposit 550 is partitioned in a plurality
of solder bumps 550_1, 550_2 which are spaced apart from
each other by a certain gap, the coalescence of these solder
bumps 550_1, 550_2 reduces the extension of the solder
deposit 550 along an imaginary connection line between the
solder bumps 550_1, 550_2. This imaginary connection line
may be oriented substantially in the direction (here, e.g., the
Z-direction) of the desired solder movement over the portion
of the solder flux outgassing trench 118 which communi-
cates with outside (i.e. in this example the portion of the
solder flux outgassing trench 118 which is spaced apart from
the straight side 112_1 of the opening 112 by the distance X).
[0058] Stated differently, the separation of the solder
deposit 550 in two or more solder bumps 550_1, 550_2 can
be used to increase the solder movement in a preferred
direction, thereby increasing the efficiency of flux gas
extraction.

[0059] The distance X between the solder flux outgassing
trench 118 and the opening 112 may be equal at all sides
112_1, 112_2, 112_3, 112_4 of the opening 112. It is also
possible that the distance X may be equal at sides 112_1 and
112_4 oriented perpendicular to the main direction of solder
movement during reflow, while the distance X may be larger
at the sides 112_2 and/or 112_3 oriented parallel to the main
direction of solder movement during reflow.

[0060] In another example, there is no main direction of
solder movement during reflow, i.e. the contraction of the
solder deposit during reflow may be equal at all sides 112_1,
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112_2, 112_3, 112_4 of the opening. This may, e.g., be the
case when the chip pad and/or the opening 112 in the
dielectric layer 110 are square-shaped.

[0061] Briefly put, the movement of the solder during
reflow as well as the flux gas extraction capacity of the
solder flux outgassing trench 118 (when it is in contact with
the liquid solder) are exploited to remove flux gas from the
liquid solder. As a result, void trapping during reflow and
void generation in the solder joint can be significantly
reduced or impeded.

[0062] FIG. 8 illustrates the solder joint after reflow. At
chip pad 120 (e.g. gate pad) the solder joint is free of voids.
In contrast thereto, a large void 710 remains inside the solder
joint at chip pad 240. As apparent from FIG. 8, the solder
flux outgassing trench 118 may remain entirely uncovered
by solidified solder. The contact between the solder joint and
the contact portion 122 of the chip pad 120 may be confined
within the opening 112 of the dielectric layer 110 (see FIG.
2B).

[0063] FIG. 9 illustrates stages of a method of soldering a
semiconductor chip to a carrier. At S1 a solder deposit is
arranged between a contact portion of the carrier and a
contact portion of the chip pad arranged at a surface of the
semiconductor chip. The solder deposit includes solder and
solder flux. As mentioned previously, a dielectric layer is
arranged over the surface of the semiconductor chip and has
an opening within which the contact portion of the chip pad
is exposed. The dielectric layer further comprises a solder
flux outgassing trench arranged separate from the opening
and intersecting with the solder deposit.

[0064] At S2 the solder deposit is melted, thereby causing
liquid solder to be moved over the solder flux outgassing
trench for extraction of flux gas.

[0065] The following examples pertain to further aspects
of the disclosure:

[0066] Example 1 is a semiconductor chip including a chip
pad arranged at a surface of the semiconductor chip; a
dielectric layer arranged at the surface of the semiconductor
chip, the dielectric layer having an opening within which a
contact portion of the chip pad is exposed, the opening
having at least one straight side; and wherein the dielectric
layer comprises a solder flux outgassing trench arranged
separate from and in the vicinity of the at least one straight
side of the opening and extending laterally beyond sides of
the opening adjoining the straight side.

[0067] In Example 2, the subject matter of Example 1 can
optionally include wherein the solder flux outgassing trench
comprises a straight trench portion that runs parallel to the
straight side of the opening.

[0068] In Example 3, the subject matter of Example 1 or
2 can optionally include wherein the solder flux outgassing
trench has a rectangular shape.

[0069] In Example 4, the subject matter of any preceding
Example can optionally include wherein the solder flux
outgassing trench surrounds the opening.

[0070] In Example 5, the subject matter of any preceding
Example can optionally include wherein the straight side of
the opening has a length equal to or smaller than the length
of the sides of the opening adjoining the straight side.

[0071] In Example 6, the subject matter of any preceding
Example can optionally include wherein the solder flux
outgassing trench has a width between 10 and 20 pm.
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[0072] In Example 7, the subject matter of any preceding
Example can optionally include wherein the solder flux
outgassing trench has a depth between 6 and 10 pm.
[0073] In Example 8, the subject matter of any preceding
Example can optionally include wherein the contact portion
of'the chip pad has a pad size equal to or greater than 0.2 mm
or 0.3 mm along the straight side and/or equal to or greater
than 0.4 mm or 0.5 mm along the sides adjoining the straight
side.

[0074] In Example 9, the subject matter of any preceding
Example can optionally include wherein the semiconductor
chip is a power transistor and the chip pad is a gate pad
and/or a sense pad of the power transistor.

[0075] Example 10 is a semiconductor device including a
chip carrier; and a semiconductor chip according to any one
of the preceding Examples soldered to the chip carrier.
[0076] In Example 11, the subject matter of Example 10
can optionally include wherein the chip carrier is a lead-
frame or a ceramic-based carrier.

[0077] Example 12 is a method of soldering a semicon-
ductor chip to a chip carrier, the method comprising arrang-
ing a solder deposit including solder and solder flux between
a contact portion of the carrier and a contact portion of a chip
pad arranged at a surface of the semiconductor chip, wherein
a dielectric layer is arranged over the surface of the semi-
conductor chip and has an opening within which the contact
portion of the chip pad is exposed, wherein the dielectric
layer further comprises a solder flux outgassing trench
arranged separate from the opening and intersecting with the
solder deposit; and melting the solder deposit, thereby
causing liquid solder to be moved over the solder flux
outgassing trench for extraction of flux gas.

[0078] In Example 13, the subject matter of Example 12
can optionally include solidifying the solder of the solder
deposit, wherein the solder flux outgassing trench remains
entirely uncovered by solidified solder.

[0079] InExample 14, the subject matter of Example 12 or
13 can optionally include wherein a percentage in volume of
the solder flux is equal to or greater than 25% or 40% or 45%
of the volume of the solder deposit.

[0080] In Example 15, the subject matter of one of the
Examples 12 to 14 can optionally include wherein the solder
flux outgassing trench comprises a straight trench portion
which is oriented substantially perpendicular to the direction
of solder movement during melting the solder deposit.
[0081] In Example 16, the subject matter of Example 15
can optionally include wherein the straight trench portion
always communicates with outside during solder movement.
[0082] InExample 17, the subject matter of Example 15 or
16 can optionally include wherein the opening in the dielec-
tric layer has at least one straight side and the straight trench
portion runs parallel to the straight side of the opening.
[0083] In Example 18, the subject matter of one of
Examples 12 to 17 can optionally include wherein the solder
deposit includes at least two separate solder bumps, wherein
an imaginary connecting line between the solder bumps is
oriented substantially in the direction of solder movement
during melting the solder deposit.

[0084] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those
of ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described without departing
from the scope of the present invention. This application is
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intended to cover any adaptations or variations of the
specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and
the equivalents thereof.

What is claimed is:

1. A semiconductor chip, comprising:

a chip pad arranged at a surface of the semiconductor

chip; and
a dielectric layer arranged at the surface of the semicon-
ductor chip, the dielectric layer having an opening
within which a contact portion of the chip pad is
exposed, the opening having at least one straight side,

wherein the dielectric layer comprises a solder flux out-
gassing trench arranged separate from and in the vicin-
ity of the at least one straight side of the opening and
extending laterally beyond sides of the opening adjoin-
ing the straight side.

2. The semiconductor chip of claim 1, wherein the solder
flux outgassing trench comprises a straight trench portion
that runs parallel to the straight side of the opening.

3. The semiconductor chip of claim 1, wherein the solder
flux outgassing trench has a rectangular shape.

4. The semiconductor chip of claim 1, wherein the solder
flux outgassing trench surrounds the opening.

5. The semiconductor chip of claim 1, wherein the straight
side of the opening has a length equal to or smaller than a
length of the sides of the opening adjoining the straight side.

6. The semiconductor chip of claim 1, wherein the solder
flux outgassing trench has a width between 10 and 20 pm.

7. The semiconductor chip of claim 1, wherein the solder
flux outgassing trench has a depth between 6 and 10 pum.

8. The semiconductor chip of claim 1, wherein the contact
portion of the chip pad has a pad size equal to or greater than
0.2 mm or 0.3 mm along the straight side and/or equal to or
greater than 0.4 mm or 0.5 mm along the sides adjoining the
straight side.

9. The semiconductor chip of claim 1, wherein the semi-
conductor chip is a power transistor and the chip pad is a
gate pad and/or a sense pad of the power transistor.

10. A semiconductor device, comprising:

a chip carrier; and

the semiconductor chip of claim 1 soldered to the chip

carrier.

11. The semiconductor device of claim 10, wherein the
chip carrier is a leadframe or a ceramic-based carrier.

12. A method of soldering a semiconductor chip to a chip
carrier, the method comprising:

arranging a solder deposit including solder and solder flux

between a contact portion of the carrier and a contact
portion of a chip pad arranged at a surface of the
semiconductor chip, wherein a dielectric layer is
arranged at the surface of the semiconductor chip and
has an opening within which the contact portion of the
chip pad is exposed, wherein the dielectric layer further
comprises a solder flux outgassing trench arranged
separate from the opening and intersecting with the
solder deposit; and

melting the solder deposit which causes liquid solder to be

moved over the solder flux outgassing trench for
extraction of flux gas.

13. The method of claim 12, further comprising:

solidifying the solder of the solder deposit, wherein the

solder flux outgassing trench remains entirely uncov-
ered by solidified solder.
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14. The method of claim 12, wherein a percentage in
volume of the solder flux is equal to or greater than 25% or
40% or 45% of the volume of the solder deposit.

15. The method of claim 12, wherein the solder flux
outgassing trench comprises a straight trench portion which
is oriented substantially perpendicular to a direction of
solder movement during melting the solder deposit.

16. The method of claim 15, wherein the straight trench
portion always communicates with outside during the solder
movement.

17. The method of claim 15, wherein the opening in the
dielectric layer has at least one straight side and the straight
trench portion runs parallel to the straight side of the
opening.

18. The method of claim 12, wherein the solder deposit
includes at least two separate solder bumps, and wherein an
imaginary connecting line between the solder bumps is
oriented substantially in the direction of solder movement
during melting the solder deposit.

#* #* #* #* #*
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