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WAFER-LEVEL CHIP SCALE PACKAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/902,201 filed Nov. 9, 2013, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This disclosure generally relates to a wafer-level
chip scale package, and more particularly, to a wafer-level
chip scale package having uniform current distribution.
[0004] 2. Description of the Related Art

[0005] Current density is important to the design of electri-
cal and electronic systems. Circuit performance depends
strongly upon the designed current level, and the current
density then is determined by the dimensions of the conduct-
ing elements. For example, as integrated circuits are reduced
in size, despite the lower current demanded by smaller
devices, there is a trend toward higher current densities to
achieve higher device numbers in ever-smaller chip areas.
[0006] High current densities have undesirable conse-
quences. Most electrical conductors have a finite, positive
resistance, making them dissipate power in the form of heat.
The current density must be kept sufficiently low to prevent
the conductor from melting or burning up, the insulating
material failing, or the desired electrical properties changing.

BRIEF SUMMARY OF INVENTION

[0007] An aspect of the disclosure provides a wafer-level
chip scale package comprising the following elements. A
semiconductor chip comprises a transistor formed therein. A
first dielectric layer is disposed on the semiconductor chip. A
first redistribution trace is disposed on the first dielectric layer
and is electrically connected with a first electrode of the
transistor. A second dielectric layer is disposed on the first
redistribution trace. A first via is disposed in the second
dielectric layer and is coupled with the first redistribution
trace. A first pad is disposed on the second dielectric layer and
electrically connected with the first redistribution trace
through the first via, wherein the first redistribution trace has
a linear side and a curved side on opposite sides along its
longitudinal direction.

[0008] Another aspect of the disclosure provides a wafer-
level chip scale package comprising the following elements.
A semiconductor chip comprises a plurality of gallium nitride
power transistors formed therein, each of the gallium nitride
power transistors having a source electrode, a drain electrode,
and a gate electrode. A source interconnection is formed on an
outer surface of the semiconductor chip, and the source inter-
connection is electrically connected to the source electrodes
of'the gallium nitride power transistors. A drain interconnec-
tion is formed on the outer surface of the semiconductor chip,
and the second drain interconnection is electrically connected
to the drain electrodes of the gallium nitride power transis-
tors. A first dielectric layer is disposed on the outer surface of
the semiconductor chip and covers the source interconnection
and the drain interconnection. A first redistribution trace is
disposed on the first dielectric layer and is electrically con-
nected with the source interconnection. A second redistribu-
tion trace is disposed on the first dielectric layer and is elec-
trically connected with the drain interconnection, wherein the
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first redistribution trace has a beginning portion at the first via
and an end portion adjacent to the second via, and the second
redistribution trace has a beginning portion at the second via
and an end portion adjacent to the first via. The width W, of
the beginning portion of the first redistribution trace is differ-
ent from the width W, of the end portion of the first redistri-
bution trace.

[0009] Another aspect of the disclosure provides a wafer-
level chip scale package, comprising a chip comprising a
substrate and a GaN transistor disposed on the substrate. The
GaN transistor comprises a first electrode, a dielectric layer
disposed on the chip, and a redistribution trace disposed on
the first dielectric layer and electrically connected with the
first electrode, wherein the redistribution trace has a linear
side and a curved side on opposite sides along its longitudinal
direction.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The disclosure can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings.

[0011] FIG. 1 shows a plan view of a semiconductor chip
with source electrodes, drain electrodes and gate electrodes.
[0012] FIG. 2 shows a plan view of a semiconductor chip
with interconnection layers.

[0013] FIG. 3 shows a plan view of a wafer-level chip scale
package with interconnection layers.

[0014] FIG. 4A-FIG. 4D show the stages of method for
forming the wafer-level chip scale package along the cross
section A-A' of FIGS. 2 and 3.

[0015] FIG. 5A-FIG. 5D shows the stages of method for
forming the wafer-level chip scale package along the cross
section B-B' of FIGS. 2 and 3.

[0016] FIG. 6 shows a plan view of the wafer-level chip
scale package of an embodiment of the disclosure.

[0017] FIG. 7 shows a plan view of the wafer-level chip
scale package of another embodiment of the disclosure.

[0018] FIG. 8A shows a PCB of an embodiment of the
disclosure.

[0019] FIG. 8B shows a circuit diagram of FIG. 8A.
[0020] FIG. 9A shows the PCB of the conventional art.
[0021] FIG. 9B shows the circuit diagram of FIG. 9A.

DETAILED DESCRIPTION OF INVENTION

[0022] It should be understood that specific embodiments
are provided as examples to teach the broader inventive con-
cept, and one of ordinary skill in the art can easily apply the
teaching of the present disclosure to other methods or appa-
ratuses. The following discussion is only used to illustrate the
disclosure, not limit the disclosure.

[0023] The disclosure is directed a wafer-level chip scale
package having redistribution traces. The shape, position and
configuration of the redistribution traces are specifically
designed to improve current density of the semiconductor
device.

[0024] FIG. 1 shows a plan view of a semiconductor chip
100 on which transistors are formed. Referring to FIG. 1, a
semiconductor chip 100 comprises a plurality of transistors
198 formed on a substrate 102, and each of the transistors 198
has a source electrode 158, a drain electrode 162, and a gate
electrode 160. The transistors 198 may be formed on an active
layer (not shown) on the substrate 102. In some embodiments,
the substrate 102 and the active layer can be Si, SiC, Ge, SiGe,
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GaAs, InAs, InP or, GaN or AlGaN or other suitable material.
The active layer can be formed by liquid phase epitaxy (LPE),
vapor phase epitaxy (VPE), metal organic chemical vapor
deposition (MOCVD), molecular beam epitaxy (MBE), epi-
taxial lateral overgrowth (ELOG) or other suitable method. In
an embodiment of the disclosure, the transistors 198 are
nitride-based power transistors, and the active layer com-
prises a plurality of nitride-based semiconductive layer with a
two-dimensional electron gas (2DEG) channel therein and a
high electron mobility transistor (HEMT) is formed in and
above the active layer. In one embodiment, the active layer
comprises a GaN layer and a AlGaN layer disposed on the
GaN layer and has a 2DEG channel adjacent to the interface
between the GaN layer and the AlGaN layer. In an embodi-
ment of the disclosure, the semiconductor chip 100 is a power
semiconductor device and the transistors 198 are connected in
parallel.

[0025] FIG. 2 shows a plan view of a semiconductor chip
100 on which interconnection layers are formed. Referring to
FIG. 2, source, drain, gate interconnection layers 108, 106
and 110 are formed on the transistors, which electrically
connect the source electrodes 158, the drain electrodes 162,
and the gate electrodes 160 respectively. The source elec-
trodes 158, the drain electrodes 162, and the gate electrodes
160 of the plurality of transistors 198 are redistributed during
the chip manufacturing process to simplify the electric inter-
connection and improve the electrical performance. Inter-
metal dielectric layers (IMD), interlayer dielectric layers
(IDL) and vias may be formed on the transistors but are not
shown in the figures for simplicity.

[0026] FIG. 3 is a plan view of a wafer-level chip scale
package after trace layers and pads are formed. FIG. 4A-FIG.
4D show the stages of method for forming the wafer-level
chip scale package along the cross section A-A' of FIGS. 2
and 3. FIG. 5A-FIG. 5D shows the stages of method for
forming the wafer-level chip scale package along the cross
section B-B' of FIGS. 2 and 3.

[0027] Referring to FIG. 2, FIG. 4A and FIG. 5A, a semi-
conductor chip 100 with transistors formed on the substrate
102 is provided. As shown in FIG. 2, the source interconnec-
tions 108 and the drain interconnections 106 are alternately
arranged. The gate interconnections 110 are adjacent to one
end of one of the source interconnections 108 (or the drain
interconnections).

[0028] A first dielectric layer 112 is formed on the substrate
102 and is filled into the space between the source intercon-
nections 108 and the gate interconnections 110. In some
embodiments, the first dielectric layer 112 may include sili-
con oxide, silicon nitride or silicon oxynitride. Alternatively,
the first dielectric layer 112 may include polyimide, spin-on-
glass (SOG), fluoride-doped silicate glass (FSG) or amor-
phous fluorinated carbon. In an example, the first dielectric
layer 112 is polymide having a thickness ranging from about
0.1 pm to 10 pm.

[0029] The first dielectric layer 112 can be formed by
chemical vapor deposition (CVD), plasma enhanced chemi-
cal vapor deposition (PECVD), atomic layer deposition
(ALD), physical vapor deposition (PVD), spin-on coating
and/or other processes. As shown in FIG. 5A, the first dielec-
tric layer 112 is then patterned to form an opening 103 for
forming conductive vias in subsequent steps. The portions of
the first dielectric layer 112 over the gate interconnection 110
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are also removed as shown in FIG. 4A. In some embodiments,
the first dielectric layer 112 can be patterned by lithography
and etching.

[0030] Referring to FIG. 4B, FIG. 5B and FIG. 3, a first
trace layer 114 is formed on the first dielectric layer 112. The
first trace layer 114 is filled into the opening 103 of the first
dielectric layer 112 to form a first conductive plug 107. In
some embodiments, the first trace layer 114 may include Ni,
Au, Sn, Pb, Cu, Al, Ag, Cr, W, or alloy thereof. The first trace
layer 114 rearranges the layout of the interconnection of the
semiconductor chip. Therefore, the first trace layer 114 can
also be referred to a redistribution layer in some embodi-
ments. The first trace layer 114 can be formed by physical
vapor deposition (PVD) or evaporation and patterned using
lithography and etch process. The configuration of the first
trace layer 114 will be described in detail with reference to
FIG. 6.

[0031] Referring to FIG. 4C and FIG. 5C, a second dielec-
tric layer 116 is formed on the first trace layer 114. In some
embodiments, the second dielectric layer 116 may include
silicon oxide, silicon nitride or silicon oxynitride. Alterna-
tively, the second dielectric layer 116 can comprise polyim-
ide, spin-on-glass (SOG), fluoride-doped silicate glass (FSG)
or amorphous fluorinated carbon. In an example, the second
dielectric layer 116 is polymide having a thickness ranging
from about 0.1 um to 10 pm.

[0032] The second dielectric layer 116 can be formed by
CVD, PECVD, ALD, PVD, spin-on coating and/or other
suitable deposition processes. Referring to FIG. 5C, the sec-
ond dielectric layer 116 is then patterned to form an opening
117 as shown in FIG. 4C and an opening 105 as shown in FIG.
5C for forming electrical connection to the first trace layer
114 in subsequent steps. In the embodiment, the opening 105
can be aligned to the opening 103 as shown in FIG. 5C. In
some embodiments, the second dielectric layer 116 can be
patterned by lithography and etching.

[0033] Referring to FIG. 4D and FIG. 5D and FIG. 3, a
second trace layer 124 is formed on the second dielectric layer
116. The second trace layer 124 is filled into the opening 105
of'the second dielectric layer 116 to form a second conductive
plug 109 for electrically connecting the first trace layer 114.
In some embodiments, the second trace layer 124 can com-
prise Ni, Au, Sn, Pb, Cu, Al, Ag, Cr, W, or alloy thereof.
[0034] The second trace layer 124 is patterned by lithogra-
phy to form a source pad 122, a drain pad 120 and a gate pad
118. As shown in FIG. 3, the first trace layer 114 rearranges
the layout of the electrical connection of the wafer-level ship
scale package 123. The source interconnection 108, the drain
interconnection 106 and the gate interconnection 110 can be
electrically connected to outer circuits through the source pad
122, the drain pad 120 and the gate pad 118.

[0035] As shown in FIG. 4D, FIG. 5D and FIG. 3, a wafer-
level chip scale package 123 comprising the following ele-
ments is thus formed. A semiconductor chip comprises a
source interconnection 108, a gate interconnection 110 and a
drain interconnection 106 formed on the outer surface of the
semiconductor chip. A first dielectric layer 112 is on the
semiconductor chip. A first trace layer 114, or called as a
redistribution layer, is on the first dielectric layer 112. The
first trace layer 114 is electrically connected to the semicon-
ductor chip through a first conductive plug 107. A second
dielectric layer 116 is on the first trace layer 114. A second
trace layer 124 comprising a source pad 122, a drain pad 120
and a third pad 118 is on the second dielectric layer 116. The
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second trace layer 124 is electrically connected to the first
trace layer 114 through a second conductive plug 109. Com-
bination of the first conductive plug 107 and the second
conductive plug 109 can be referred as a via 111. However,
the invention is not limited thereto. In another embodiment,
the plugs 107 and 108 might be arranged in different locations
without overlapping.

[0036] Referring to FIG. 6, which shows a plan view of the
wafer-level chip scale package 123 of some embodiments of
the disclosure, the contour of the first trace layer and the
position of the vias are specifically designed to achieve uni-
form current distribution.

[0037] InFIG. 6, the first trace layer 114 comprises a plu-
rality of first redistribution traces 125a and second redistri-
bution traces 125b. Two of the first redistribution traces 1254
are connected to the first pad 122, and two of the second
redistribution traces 1255 are connected to the drain pad 120.
The first redistribution trace 125qa electrically connects the
source interconnection 108 through a first via 111a. The
second redistribution trace 1255 electrically connects the
drain interconnection 106 through a second via 1115.

[0038] The first redistribution trace 1254 has a beginning
portion 510a at the first via 111a and an end portion 5105
adjacent to the second via 1115. The semiconductor chip 123
has a chip width W_,,,,. The first via 111a and second via 1115
are spaced apart by a longitudinal distance L, along the lon-
gitudinal direction of the first redistribution trace 1254. In
some embodiments, the distance L., between the first via 111a
and the second via 1115 is greater than half of width W ,,,, of
the chip (Condition 1, L >Y2 W ). This critical range is set
in order to optimize length of the traces 115.

[0039] In FIG. 6, the first redistribution trace 125a has a
beginning portion 510q at the first via 1114 and an end portion
5105 adjacent to the second via 1115. The second redistribu-
tion trace 1255 has a beginning portion 512a at the second via
1115 and an end portion 5125 adjacent to (or corresponding to
the position of) the first via 111a. The distance D, between the
beginning portion 510a of the first redistribution trace 125a
and the end portion 5124 of the second redistribution trace
1254 divided by the distance D, between the end portion 5105
of'the first redistribution trace 1254 and the beginning portion
512a of the second redistribution trace 1256 is equal or
greater than 0.5, and equal or less than 1.5 (Condition 2,
0.5=D,/D,<1.5). This critical range is set in order to keep
current from directly flowing from one trace 125a to neigh-
boring another trace 1255. For example, if D,/D, is less than
0.5, current should directly flow from the first redistribution
trace 1254 to the second redistribution trace 1255 without
passing the center region of the first redistribution trace 125a
between the first pad 122 and the second pad 120, and the
active layer thereunder. It is noted that the design of the trace
115 wafer-level chip scale package 123 can meet either one of
Condition 1 and Condition 2 or both of Condition 1 and
Condition 2.

[0040] In addition, at least one of the conductive trace 115
is not rectangular shaped. In some embodiments, the first
redistribution trace 1254 has a beginning portion 510a and an
end portion 5105, and width W, of the beginning portion 510a
is different from the width W, of the end portion 5106 (Con-
dition 3).

[0041] More specifically, each of the first redistribution
trace 125a and the second redistribution trace 1256 has a
linear side 191 and a curved side 193 on opposite sides along
its longitudinal direction. Moreover, the curved sides 193 of
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the first redistribution trace 125q and the second redistribu-
tion trace 1255 toward each other.

[0042] The first redistribution trace 125a may also have a
first neck portion 514a and a second neck portion 5145. Width
of the first redistribution trace 1254 is gradually increased
from the beginning portion 510a to the first neck portion
514a, is gradually reduced from the first neck portion 514a to
the second neck portion 5144 and is gradually increased from
the second neck portion 5145 to the end portion 5105. That is,
the first redistribution trace 125a has the greatest width at the
first neck portion 514a, and the smallest width at the second
neck portion 5144.

[0043] Although the Condition 3 is applied to the first redis-
tribution trace 125q in the paragraph above, the invention is
not limited thereto. The Condition 3 can also be applied to the
second redistribution trace 1255.

[0044] Insomeembodiments, the neck portion 514 is about
% the length of the trace from the beginning portion 510a for,
and is about ¥ the length of the trace from the end portion
5105. In some embodiments, the neck portion 514 is ¥4 the
length of the trace from the beginning portion 5104, and is %4
the length of the trace from the end portion 5105. In some
embodiments, the neck portion 514 is about 45 the length of
the trace from the beginning portion 5104, and is about Y5 the
length of the trace from the end portion 5105.

[0045] The position of the neck portion 514 is not limited.
Position of the neck portion 514 can be changed according to
product specification. The traces 125 are designed to have a
specific shape of condition 3 in order to recollect current at the
end portion of the trace to the vias.

[0046] The design of the trace 115 of the wafer-level chip
scale package 123 can meet only one of Condition 1, Condi-
tion 2 or Condition 3 in some embodiments. In alternative
embodiments, the design of the trace 115 of the wafer-level
chip scale package 123 can meet Condition 1 and Condition
3. In alternative embodiments, the design of the trace 115 of
the wafer-level chip scale package 123 can meet Condition 2
and Condition 3. In alternative embodiments, the design of
the trace 115 can meet Condition 1, Condition 2 and Condi-
tion 3.

[0047] InFIG. 6,the first via 111a and end portion 5105 are
spaced apart by a distance L, the first redistribution trace
125ahasacurvaturelength L, from the first via111a to the
end portion 5105, and the curvature length L is greater
than the distance L, (Condition 4, L, >L ).

[0048] The design of the trace 115 of the wafer-level chip
scale package 123 can meet Condition 1 and Condition 4 in
some embodiment. In alternative embodiments, the design of
the traces 115 can meet Condition 2 and Condition 4. In
alternative embodiments, the design of the trace 115 can meet
Condition 3 and Condition 4. In alternative embodiments, the
trace 115 can meet Conditions 2, 3 and 4. In alternative
embodiments, the trace 115 can meet Conditions 1,2 and 4. In
alternative embodiments, the trace 115 can meet Condition 1,
3 and 4. In alternative embodiments, the trace 115 can meet
Conditions 1, 2,3 and 4.

[0049] FIG. 7 shows a plan view of the wafer-level chip
scale package 123 of another embodiment of the disclosure.
This embodiment is similar to the embodiment of the FIG. 6
except that the first and second via are replaced by a via array.
[0050] Referring to FIG. 7, the wafer-level chip scale pack-
age 123 has a chip width W, ,. The first redistribution trace
125a comprises a plurality of first vias 111a to form a first via
array 127, the second redistribution trace 1256 comprises a

trace
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plurality of second vias 1115 to form a second via array 129,
the first via array 127 and second via array 129 are spaced
apart by a closest longitudinal distance D, ., along the
longitudinal direction of the first redistribution trace, and
D.,o-array<¥2W s, (condition 5). This critical range is to
make current to be more uniform on the traces. The number of
the vias of the via array is not specifically limited and can be
more or less than that shown in FIG. 7.

[0051] The design of the trace 115 can meet Condition 1
and Condition 5 in some embodiments. In alternative
embodiments, the design of the trace 115 can meet Condition
2 and Condition 5. In alternative embodiments, the design of
the trace 115 can meet Condition 3 and Condition 5. In
alternative embodiments, the design of the trace 115 can meet
Condition 4 and Condition 5. In alternative embodiments, the
design of the trace 115 can meet Conditions 1, 2 and 5. In
alternative embodiments, the design of the trace 115 can meet
Conditions 1,3 and 5. In alternative embodiments, the design
of the trace 115 can meet Conditions 1, 4 and 5. In alternative
embodiments, the design of the trace 115 can meet Condi-
tions 2, 3 and 5. In alternative embodiments, the design of the
trace 115 can meet Conditions 2, 4 and 5. In alternative
embodiments, the design of the trace 115 can meet Condi-
tions 3, 4 and 5.

[0052] In alternative embodiments, the design of the trace
115 can have Conditions 2, 3, 4 and 5. In alternative embodi-
ments, the design of the trace 115 can have conditions 1, 2, 3,
4 and 5. In alternative embodiments, the design of the trace
115 can have conditions 1, 3, 4 and 5. In alternative embodi-
ments, the design of the trace 115 can have conditions 1, 2, 4
and 5. In alternative embodiments, the design of the trace 115
can have conditions 1, 2, 3 and 5.

[0053] The shape, position and specification of the redistri-
bution traces are specifically designed to have uniform cur-
rent density. Therefore, issues due to non-uniform current
density of the semiconductor devices of some embodiments
of the disclosure can be reduced.

[0054] The disclosure is not limited to the wafer-level chip
scale package 123 described above. In some embodiments,
the disclosure can also comprise a printed circuit board (PCB)
having a wafer-level chip scale package described above.
[0055] Referring to FIG. 8A, the PCB of some embodi-
ments of the disclosure uses the wafer-level chip scale pack-
ages 602, 604 having the first and second redistribution traces
as described in FIG. 6 and FIG. 7. The wafer-level chip scale
packages 602, 604 are bonded to the PCB substrate 600
through pads 606. The wafer-level chip scale packages 602,
604 can be the wafer-level chip scale package shown in FIG.
6 and FIG. 7 to electrically connect the electrodes to the pads
through the first and second redistribution traces. Parasitic
inductance within the wafer-level chip scale packages 602,
604 can be neglected. Only the parasitic inductance 1.2
between wafer-level chip scale packages 602, 604 is consid-
erable, as shown in FI1G. 8B.

[0056] Onthecontrary, referring to FIG. 9A, a conventional
PCB using bonding wires 702 to electrically connect pads
706 and semiconductor devices 704, 708 is shown. All of the
parasitic inductances [L1' and L.3' between the first and second
semiconductor devices 704, 708 and the pads 706 cannot be
neglected. As shown in FIG. 9B, the PCB including the first
semiconductor device 704 and the second semiconductor
device 708 has the parasitic inductance L 1' between the first
semiconductor device 708 and the pad 706, the parasitic
inductance [.3' between the second semiconductor device 708
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and the pad 706, and the parasitic inductance L.2' between the
first and second semiconductor devices 704, 708.

[0057] The PCB in accordance with the disclosure as
shown in FIG. 8A has less overall parasitic inductance than
the conventional art shown in FIG. 9A.

[0058] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. It is intended to cover various modifications
and similar arrangements (as would be apparent to those
skilled in the art). Therefore, the scope of the appended claims
should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A wafer-level chip scale package, comprising:

a semiconductor chip comprising a transistor formed
therein;

a first dielectric layer disposed on the semiconductor chip;

a first redistribution trace disposed on the first dielectric
layer and electrically connected with a first electrode of
the transistor;

a second dielectric layer disposed on the first redistribution
trace;

a first via disposed in the second dielectric layer and
coupled with the first redistribution trace; and

a first pad disposed on the second dielectric layer and
electrically connected with the first redistribution trace
through the first via;

wherein the first redistribution trace has a linear side and a
curved side on opposite sides along its longitudinal
direction.

2. The wafer-level chip scale package as claimed in claim

1, further comprising:

a second redistribution trace disposed on the first dielectric
layer and electrically connected with a second electrode
of the transistor;

a second via disposed in the second dielectric layer and
coupled with the second redistribution trace; and

a second pad disposed on the second dielectric layer and
electrically connected with the second redistribution
trace through the second via;

wherein the second redistribution trace has a linear side and
a curved side on opposite sides along its longitudinal
direction.

3. The wafer-level chip scale package as claimed in claim

2, wherein the curved sides of the first redistribution trace and
second redistribution traces toward each other.
4. The wafer-level chip scale package as claimed in claim
2, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second
via, the second redistribution trace has a beginning portion at
the second via and an end portion adjacent to the first via, a
distance D, between the beginning portion of the first redis-
tribution trace and the end portion of the second redistribution
trace divided by a distance D, between the end portion of the
first redistribution trace and the beginning portion of the
second redistribution trace is equal or greater than 0.5, and
equal or less than 1.5.

5. The wafer-level chip scale package as claimed in claim
4, wherein the beginning portion and the end portion of the
first redistribution trace have different widths.

6. The wafer-level chip scale package as claimed in claim

2, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second



US 2015/0129892 Al

via, the first via and the end portion are spaced apart by a
distance L, the first redistribution trace has a curvature
length L. from the first via to the end portion, and the
curvature length L, . is greater than the distance L,

7. The wafer-level chip scale package as claimed in claim
2, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second
via, the semiconductor chip has a chip width W, , and the
first via and second via are spaced apart by a longitudinal
distance L, along the longitudinal direction of the first redis-
tribution trace, wherein L, > W, .

8. The wafer-level chip scale package as claimed in claim
1, wherein the semiconductor chip has a chip width W ,,,,,, the
first redistribution trace comprises a plurality of the first vias
to form a first via array, the second redistribution trace com-
prises a plurality of the second vias to form a second via array,
the first and second via arrays are spaced apart by a closest
longitudinal distance D, , ,,,,,, along the longitudinal direc-
tion of the first redistribution trace, wherein D
array<1/2Wchl-p.

9. The wafer-level chip scale package as claimed in claim
1, wherein the semiconductor chip comprises an active layer
and the transistor is formed in or on the active layer, and
wherein the active layer comprises Si, SiC, Ge, SiGe, GaAs,
InAs, InP, GaN or AlGaN.

10. A printed circuit board, comprising:

a printed circuit board substrate; and

the wafer-level chip scale package as claimed in claim 1,

bonded to the printed circuit board substrate through a
pad.

11. The printed circuit board as claimed in claim 10,
wherein the first redistribution trace has a beginning portion
at the first via and an end portion adjacent to the second via,
the second redistribution trace has a beginning portion at the
second via and an end portion adjacent to the first via, a
distance D, between the beginning portion of the first redis-
tribution trace and the end portion of the second redistribution
trace divided by a distance D, between the end portion of the
first redistribution trace and the beginning portion of the
second redistribution trace is equal or greater than 0.5, and
equal or less than 1.5.

12. The printed circuit board as claimed in claim 11,
wherein the width W, of the beginning portion of the first
redistribution trace is different from the width W, of the end
portion of the first redistribution trace.

13. The printed circuit board as claimed in claim 10,
wherein the first redistribution trace has a beginning portion
at the first via and an end portion adjacent to the second via,
the first via and the end portion are spaced apart by a distance
L, the first redistribution trace has a curvature length L, .
from the first via to the end portion, and the curvature length
L,, .. 1s greater than the distance L.

14. The printed circuit board as claimed in claim 10,
wherein the first redistribution trace has a beginning portion
at the first via and an end portion adjacent to the second via,
the semiconductor chip has a chip width W_,,,, and the first
via and second via are spaced apart by a longitudinal distance
L, along the longitudinal direction of the first redistribution
trace, wherein L,>12 W, .

15. The printed circuit board as claimed in claim 10,
wherein the semiconductor chip has a chip width W, ,, the
first redistribution trace comprises a plurality of first vias to
form a first via array, the second redistribution trace com-
prises a plurality of second vias to form a second via array, the
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first and second via arrays are spaced apart by a closest
longitudinal distance D, , ,,,, along the longitudinal direc-
tion of the first redistribution trace, wherein D
array<1/2Wchl-p.

16. A wafer-level chip scale package, comprising:

a semiconductor chip comprising:

a plurality of gallium nitride power transistors formed
therein, each of the gallium nitride power transistors
having a source electrode, a drain electrode, and a gate
electrode;

a source interconnection formed on an outer surface of
the semiconductor chip, the source interconnection
being electrically connected to the source electrodes
of the gallium nitride power transistors; and

a drain interconnection formed on the outer surface of
the semiconductor chip, the second drain intercon-
nection being electrically connected to the drain elec-
trodes of the gallium nitride power transistors;

a first dielectric layer disposed on the outer surface of the
semiconductor chip and covering the source intercon-
nection and the drain interconnection;

a first redistribution trace disposed on the first dielectric
layer and electrically connected with the source inter-
connection; and

a second redistribution trace disposed on the first dielectric
layer and electrically connected with the drain intercon-
nection;

wherein the width W, of a beginning portion of the first
redistribution trace is different from the width W, of an
end portion of the first redistribution trace.

17. The wafer-level chip scale package as claimed in claim
16, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second
via, the second redistribution trace has a beginning portion at
the second via and an end portion adjacent to the first via, a
distance D, between the beginning portion of the first redis-
tribution trace and the end portion of the second redistribution
trace divided by a distance D, between the end portion of the
first redistribution trace and the beginning portion of the
second redistribution trace is equal or greater than 0.5, and
equal or less than 1.5.

18. The wafer-level chip scale package as claimed in claim
16, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second
via, the first via and end portion are spaced apart by a distance
L, the first redistribution trace has a curvature length L,
from the first via to the end portion, and the curvature length
L, ... 1s greater than the distance L.

19. The wafer-level chip scale package as claimed in claim
16, wherein the first redistribution trace has a beginning por-
tion at the first via and an end portion adjacent to the second
via, the semiconductor device has a chip width W, ., and the
first via and second via are spaced apart by a longitudinal
distance L, along the longitudinal direction of the first redis-
tribution trace, wherein L,>12 W, .

20. The wafer-level chip scale package as claimed in claim
16, wherein the semiconductor device has a chip width W .,
the first redistribution trace comprises a plurality of the first
vias to form a first via array, the second redistribution trace
comprises a plurality of the second vias to form a second via
array, the first and second via arrays are spaced apart by a
closest longitudinal distance D, ,,,, along the longitudinal
direction of the first redistribution trace, wherein D,,,
array>1/2W

via-
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21. A wafer-level chip scale package, comprising:

a chip comprising a substrate and a nitride-based transistor
disposed on the substrate, the nitride-based transistor
comprising a first electrode;

a dielectric layer disposed on the chip; and

a redistribution trace disposed on the first dielectric layer
and electrically connected with the first electrode;

wherein the redistribution trace has a linear side and a
curved side on opposite sides along its longitudinal
direction.
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