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(54) Three-dimension symmetrical vertical transformer

(57) First and second paths of the primary-coil of the
transformer are located at different sides of the symme-
try-line. First terminals of the first and second paths are
first and second ports of the primary-coil. Second termi-
nals of the first and second paths are connected to each
other. Two partial paths of the first path are connected
to each other by TSV. Two partial paths of the second
path are connected to each other by TSV. Third and

fourth paths of the secondary-coil of the transformer are
located on different sides of the symmetry-line. First ter-
minals of the third and fourth paths are first and second
ports of the secondary-coil. Second terminals of the third
and fourth paths are connected to each other. Two partial
paths of the third path are connected to each other by
TSV. Two partial paths of the fourth path are connected
to each other by TSV.
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Description

Technical Field

[0001] The disclosure relates to a transformer, and a
three-dimension symmetrical vertical transformer.

Background

[0002] In an integrated circuit (IC) manufacturing proc-
ess, various integrated passive devices (IPDs) are im-
plemented in a chip through a front end of line (FEOL).
Inductors and transformers are commonly used passive
devices in the chip, and are widely applied to various
radio frequency (RF) ICs, such as, a low noise amplifier
(LNA), a voltage-controlled oscillator (VCO), an injection-
locked frequency divider (ILFD), a power amplifier (PA),
etc. Although a number of external devices can be re-
duced by implementing the inductors and transformers
in the chip, the passive devices in the chip usually occupy
a large chip area, which increases cost of the FEOL.
[0003] Packaging technology has been developed
from thin small outline packaging (TSOP), chip scale
package (CSP), wafer level package (WLP), etc. to
stacked package on package (PoP). Design of a semi-
conductor circuit often encounters a bottleneck, for ex-
ample, an analog circuit and a digital circuit are not easy
to be integrated through a system on chip (SoC) process,
or even if the analog circuit and the digital circuit are
integrated to the SoC, problems of high cost and being
unable to achieve characteristic optimisation are encoun-
tered. System in package (SiP) can integrate different
devices through a packaging technique. However, when
packaging requirements become more complicated, the
SiP technique also has a design bottleneck related to
operation speed, power consumption, size, etc.
[0004] A three-dimension integrated circuit (3DIC)
technique can effectively increase product performance,
reduce power consumption, cost, volume and integrate
heterogeneous ICs. The 3DIC technique can be regard-
ed as another solution of the SoC and SiP techniques.
According to the 3DIC technique, chips with different
functional properties or even different substrates can be
respectively manufactured through most suitable manu-
facturing processes thereof, and then a through silicon
via (TSV) technique is used to implement 3D stacking
for integration. The 3DIC technique is not only capable
of reducing a length of a metal wire and reducing a wiring
resistance, but is also capable of reducing a chip area,
and has advantages of small volume, high integration,
high efficiency, low power consumption and low cost. Be-
fore the 3D stacking is performed, fabrication of circuit
or system of different chip layers is generally completed
through themost suitable FEOL (the IC manufacturing
process). After fabrication of the different chip layers is
completed, the different chip layers are stacked to each
other through TSV, bumps and re-distributed layer (RDL)
to implement a stacking step of a back end of line (BEOL)

(the packaging process). By implementing various IPDs
through the BEOL, not only is a BEOL area effectively
used, the IPDs originally implemented in the FEOL is
changed to be implemented in the BEOL. By implement-
ing the IPDs through the BEOL, the area of the expensive
FEOL is saved to achieve an effect of cost reduction.
[0005] Besides consideration of area, there is still a
technical issue related to noise.
[0006] In order reduce a common mode noise, a circuit
structure is generally designed to a differential type to
increase a differential gain and suppress a common
mode noise gain. In this way, the IPDs usually place em-
phasis on a symmetrical structure to cope with a demand
of the differential type. If a transformer adopts the differ-
ential type, the symmetrical structure thereof is further
emphasized, so as to achieve better differential operation
characteristics.

SUMMARY

[0007] The disclosure is directed to a transformer, by
which a three-dimension symmetrical vertical transform-
er is implemented. The transformer can be applied to a
signal vertical coupling transmission between different
chips. The aforementioned transformer can save chip
area.
[0008] An embodiment of the disclosure provides a
transformer including a primary coil and a secondary coil.
The primary coil includes a first electrical path and a sec-
ond electrical path respectively located at different sides
of a symmetry line on a projection plane of the transform-
er. First terminals of the first electrical path and the sec-
ond electrical path respectively serve as a first port and
a second port of the primary coil. A second terminal of
the first electrical path is connected to a second terminal
of the second electrical path at the symmetry line. The
first electrical path includes a first partial path disposed
on a first substrate and a second partial path disposed
on a second substrate. The first partial path and the sec-
ond partial path are connected to each other by at least
one through silicon via (TSV). The second electrical path
includes a third partial path disposed on the first substrate
and a fourth partial path disposed on the second sub-
strate. The third partial path and the fourth partial path
are connected to each other by at least one TSV. The
secondary coil includes a third electrical path and a fourth
electrical path respectively located at different sides of
the symmetry line on the projection plane. First terminals
of the third electrical path and the fourth electrical path
respectively serve as a first port and a second port of the
secondary coil. A second terminal of the third electrical
path is connected to a second terminal of the fourth elec-
trical path at the symmetry line. The third electrical path
includes a fifth partial path disposed on the first substrate
and a sixth partial path disposed on the second substrate.
The fifth partial path and the sixth partial path are con-
nected to each other by at least one TSV. The fourth
electrical path includes a seventh partial path disposed
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on the first substrate and an eighth partial path disposed
on the second substrate. The seventh partial path and
the eighth partial path are connected to each other by at
least one TSV.
[0009] According to the above descriptions, the TSV
vertical paths and planar paths of different substrates are
used to implement the symmetrical transformer (for ex-
ample, a three-dimension (3D) symmetrical vertical N:1
transformer or a 3D symmetrical 1:1 transformer). There-
fore, the aforementioned transformer can save chip area.
Moreover, the aforementioned transformer can be ap-
plied to vertical signal coupling transmission between dif-
ferent chips.
[0010] In order to make the aforementioned and other
features and advantages of the disclosure comprehen-
sible, several exemplary embodiments accompanied
with figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to
provide a further understanding of the disclosure, and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate embodiments of the dis-
closure and, together with the description, serve to ex-
plain the principles of the disclosure.

FIG. 1 is a circuit schematic diagram of a transformer
according to an embodiment of the disclosure.
FIG. 2 is a three-dimensional perspective view of a
layout structure of the transformer of FIG. 1 accord-
ing to an embodiment of the disclosure.
FIG. 3 is an assembling schematic diagram of the
layout structure of the transformer of FIG. 2 accord-
ing to an embodiment of the disclosure.
FIG. 4 is a schematic diagram of a vertical projection
of the layout structure of the transformer of FIG. 2
according to an embodiment of the disclosure.
FIG. 5 is an assembling schematic diagram of the
layout structure of the transformer of FIG. 1 accord-
ing to another embodiment of the disclosure.
FIG. 6 is a schematic diagram of a vertical projection
of the layout structure of the transformer of FIG. 5
according to an embodiment of the disclosure.
FIG. 7 is an assembling schematic diagram of the
layout structure of the transformer of FIG. 1 accord-
ing to still another embodiment of the disclosure.
FIG. 8 is a schematic diagram of a vertical projection
of the layout structure of the transformer of FIG. 7
according to an embodiment of the disclosure.
FIG. 9 is an assembling schematic diagram of the
layout structure of the transformer of FIG. 1 accord-
ing to yet another embodiment of the disclosure.
FIG. 10 is a schematic diagram of a vertical projec-
tion of the layout structure of the transformer of FIG.
9 according to an embodiment of the disclosure.

DETAILED DESCRIPTION OF DISCLOSED EMBODI-
MENTS

[0012] A term "couple" used in the full text of the dis-
closure (including the claims) refers to any direct and
indirect connections. For example, if a first device is de-
scribed to be coupled to a second device, it is interpreted
as that the first device is directly coupled to the second
device, or the first device is indirectly coupled to the sec-
ond device through other devices or connection means.
Moreover, wherever possible, components/mem-
bers/steps using the same referential numbers in the
drawings and description refer to the same or like parts.
Components/members/steps using the same referential
numbers or using the same terms in different embodi-
ments may cross-refer related descriptions.
[0013] FIG. 1 is a circuit schematic diagram of a trans-
former 100 according to an embodiment of the disclo-
sure. The transformer 100 includes a primary coil 110
and a secondary coil 120. Based on transmission of an
induced magnetic field, the primary coil 110 and the sec-
ondary coil 120 can transit electric energy to each other.
For example, electric energy at a first port Port1 and a
second port Port2 of the primary coil 110 can be trans-
mitted to a first port port3 and a second port Port2 of the
secondary coil 120. By determining a ratio between a
winding turns of the primary coil 110 and a winding turns
of the secondary coil 120, a voltage ratio between the
primary coil 110 and the secondary coil 120 is set. In the
present disclosure, the primary coil can be a primary side
coil, and the secondary coil can be a secondary side coil.
Regarding various designs of the disclosure, one or a
plurality of coils all meet the spirit of the disclosure.
[0014] FIG. 2 is a three-dimensional perspective view
of a layout structure of the transformer 100 of FIG. 1
according to an embodiment of the disclosure. FIG. 3 is
an assembling schematic diagram of the layout structure
of the transformer 100 of FIG. 2 according to an embod-
iment of the disclosure. FIG. 4 is a schematic diagram of
a vertical projection of the layout structure of the trans-
former 100 of FIG. 2 according to an embodiment of the
disclosure. Referring to FIG. 2 to FIG. 4, the transformer
100 includes the primary coil 110 and the secondary coil
120. The primary coil 110 includes a first electrical path
210 and a second electrical path 220. The first electrical
path 210 and the second electrical path 220 are respec-
tively located at different sides of a symmetry line 250 on
a projection plane (shown in FIG. 4) of the transformer
100. A first terminal of the first electrical path 210 and a
first terminal of the second electrical path 220 respec-
tively serve as the first port Port1 and the second port
Port2 of the primary coil 110. A second terminal of the
first electrical path 210 is connected to a second terminal
of the second electrical path 220 at the symmetry line
250. The first electrical path 210 and the second electrical
path 220 are symmetric relative to the symmetry line 250,
as shown in FIG. 4.
[0015] The first electrical path 210 includes a first par-
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tial path 211 disposed on a first substrate 260 and a sec-
ond partial path 212 disposed on a second substrate 270.
The first partial path 211 and the second partial path 212
are connected to each other by at least one through sil-
icon via (TSV). The second electrical path 220 includes
a third partial path 221 disposed on the first substrate
260 and a fourth partial path 222 disposed on the second
substrate 270. The third partial path 221 and the fourth
partial path 222 are connected to each other by at least
one TSV.
[0016] The secondary coil 120 includes a third electri-
cal path 230 and a fourth electrical path 240. The third
electrical path 230 and the fourth electrical path 240 are
respectively located at different sides of the symmetry
line 250 on the projection plane (shown in FIG. 4). A first
terminal of the third electrical path 230 and a first terminal
of the fourth electrical path 240 respectively serve as a
first port Port3 and a second port Port4 of the secondary
coil 120. A second terminal of the third electrical path 230
is connected to a second terminal of the fourth electrical
path 240 at the symmetry line 250. The third electrical
path 230 and the fourth electrical path 240 are symmetric
relative to the symmetry line 250, as shown in FIG. 4.
[0017] The third electrical path 230 includes a fifth par-
tial path 231 disposed on the first substrate 260 and a
sixth partial path 232 disposed on the second substrate
270. The fifth partial path 231 and the sixth partial path
232 are connected to each other by at least one TSV.
The fourth electrical path 240 includes a seventh partial
path 241 disposed on the first substrate 260 and an eighth
partial path 242 disposed on the second substrate 270.
The seventh partial path 241 and the eighth partial path
242 are connected to each other by at least one TSV.
[0018] In the present embodiment, the layout structure
of the transformer 100 can be applied to any type of in-
tegrated circuit (IC) having TSVs. In some embodiment,
the layout structure of the transformer 100 can be applied
to chip stacking having two chip-layers (or more chip-
layers). For example (though the disclosure is not limited
thereto), the first substrate 260 and the second substrate
270 can be different chips in a three-dimensional (3D)
chip stacking structure. The first partial path 211, the third
partial path 221, the fifth partial path 231 and the seventh
partial path 241 can be allocated to a re-distributed layer
(RDL) on the first substrate 260 (an upper layer chip),
and the second partial path 212, the fourth partial path
222, the sixth partial path 232 and the eighth partial path
242 can be allocated to a RDL of the second substrate
270 (a lower layer chip).
[0019] In other embodiments, the layout structure of
the transformer 100 can be applied to a single layer chip.
For example (though the disclosure is not limited thereto),
the first substrate 260 and the second substrate 270 can
be different RDLs in a same chip. It is assumed that the
first substrate 260 and the second substrate 270 are re-
spectively a first RDL (for example, an upper RDL) and
a second RDL (for example, a lower RDL) in the same
chip. In this way, the first partial path 211, the third partial

path 221, the fifth partial path 231 and the seventh partial
path 241 can be allocated to the first RDL in the same
chip, and the second partial path 212, the fourth partial
path 222, the sixth partial path 232 and the eighth partial
path 242 can be allocated to the second RDL in the same
chip.
[0020] When a current direction of the first partial path
211 is a first direction along the symmetry line 250, a
current direction of the second partial path 212 is a sec-
ond direction along the symmetry line 250, a current di-
rection of the third partial path 221 is the second direction,
and a current direction of the fourth partial path 222 is
the first direction. The first direction is different to the
second direction, for example, the first direction is in-
versed to the second direction. Moreover, when a current
direction of the fifth partial path 231 is the first direction,
a current direction of the sixth partial path 232 is the sec-
ond direction, a current direction of the seventh partial
path 241 is the second direction, and a current direction
of the eighth partial path 242 is the first direction.
[0021] In the embodiment of FIG. 2 to FIG. 4, the first
partial path 211 of the primary coil 110 includes a first
wire segment 211_1 and a second wire segment 211_2,
and the second partial path 212 of the primary coil 110
includes a third wire segment 212_1. A first terminal of
the first wire segment 211_1 serves as the first port Port1
of the primary coil 110. A second terminal of the first wire
segment 211_1 is connected to a first terminal of the third
wire segment 212_1 through a first TSV 301. A second
terminal of the third wire segment 212_1 is connected to
a first terminal of the second wire segment 211_2 through
a second TSV 302. In an embodiment, the first wire seg-
ment 211_1 is a bendable line segment, the second wire
segment 211_2 is a half of a U-shape line segment pre-
senting a shape of "L", and the third wire segment 212_1
is a straight line segment.
[0022] The third partial path 221 of the primary coil 110
includes a fourth wire segment 221_1 and a fifth wire
segment 221_2, and the fourth partial path 222 of the
primary coil 110 includes a sixth wire segment 222_1. A
first terminal of the fourth wire segment 221_1 serves as
the second port Port2 of the primary coil 110. A second
terminal of the fourth wire segment 221_1 is connected
to a first terminal of the sixth wire segment 222_1 through
a third TSV 303. A second terminal of the sixth wire seg-
ment 222_1 is connected to a first terminal of the fifth
wire segment 221_2 through a fourth TSV 304. A second
terminal of the fifth wire segment 221_2 is connected to
a second terminal of the second wire segment 211_2 at
the symmetry line 250. In an embodiment, the fourth wire
segment 221_1 is a bendable line segment, the fifth wire
segment 221_2 is a half of the U-shape line segment
presenting a shape of "L" and is connected to the second
wire segment 211_2 to present the U-shape line seg-
ment, and the sixth wire segment 222_1 is a straight line
segment. The fifth wire segment 221_2 can be connected
to the second wire segment 211_2 to present the U-
shape line segment.
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[0023] The fifth partial path 231 of the secondary coil
120 includes a first wire segment 231_1, and the sixth
partial path 232 includes a second wire segment 232_1.
A first terminal of the first wire segment 231_1 serves as
the first port Port3 of the secondary coil 120. A second
terminal of the first wire segment 231_1 is connected to
a first terminal of the second wire segment 232_1 through
a first TSV 305. The seventh partial path 241 of the sec-
ondary coil 120 includes a third wire segment 241_1, and
the eighth partial path 242 includes a fourth wire segment
242_1. A first terminal of the third wire segment 241_1
serves as the second port Port4 of the secondary coil
120. A second terminal of the third wire segment 241_1
is connected to a first terminal of the fourth wire segment
242_1 through a first TSV 306. A second terminal of the
fourth wire segment 242_1 is connected to a second ter-
minal of the second wire segment 232_1. In an embod-
iment, the first wire segment 231_1 is a bendable line
segment, and the second wire segment 232_1 is a half
of a U-shape line segment presenting a shape of "L". The
third wire segment 241_1 is a bendable line segment,
and the fourth wire segment 242_1 is a half of the U-
shape line segment presenting a shape of "L" and is con-
nected to the second wire segment 232_1 to present the
U-shape line segment. In an embodiment, the first wire
segment 231_1 is configured between the first wire seg-
ment 211_1 and the second wire segment 211_2, and
the third wire segment 241_1 is configured between the
fourth wire segment 221_1 and the fifth wire segment
221_2. In an embodiment, the second wire segment
232_1 is connected to the fourth wire segment 242_1 to
form the U-shape line segment, and the U-shape line
segment formed by connecting the second wire segment
232_1 and the fourth wire segment 242_1 is configured
between the third wire segment 212_1 and the sixth wire
segment 222_1.
[0024] In order to decrease a common mode noise, a
system circuit is generally designed into a differential type
to increase a differential gain and suppress a common
mode noise gain thereof. In this way, integrated passive
devices (IPDs) usually place emphasis on a symmetrical
structure to cope with the differential signal. If the sym-
metry line 250 is taken as a center line of the transformer,
regions to the left and right of the symmetry line 250 have
a mirror symmetric layout, so that the 3D symmetrical
vertical transformer 100 of a 3DIC of the present embod-
iment has good structural symmetry. Therefore, the
transformer 100 is adapted to a circuit design of a differ-
ential structure. According to the embodiment of FIG. 2
to FIG. 4, a turns ratio between the primary coil 110 and
the secondary coil 120 is 2:1, so that the transformer 100
shown in FIG. 2 to FIG. 4 is a transformer with the turns
ratio of 2:1. In the present embodiment, the TSV vertical
paths and planar paths of different substrates (chips) in
the 3DIC manufacturing process are used to implement
the symmetrical transformer 100. Therefore, the trans-
former 100 can save chip area. Moreover, the transform-
er 100 can be applied to vertical signal coupling trans-

mission between different chips.
[0025] However, implementation of the transformer
100 of FIG. 1 is not limited to the embodiment shown in
FIG. 2 to FIG. 4. For example, FIG. 5 is an assembling
schematic diagram of the layout structure of the trans-
former 100 of FIG. 1 according to another embodiment
of the disclosure. FIG. 6 is a schematic diagram of a
vertical projection of the layout structure of the transform-
er 100 of FIG. 5 according to an embodiment of the dis-
closure. Referring to FIG. 5 and FIG. 6, the transformer
100 includes the primary coil 110 and the secondary coil
120. The primary coil 110 includes a first electrical path
510 and a second electrical path 520. The first electrical
path 510 and the second electrical path 520 are respec-
tively located at different sides of a symmetry line 550 on
a projection plane (shown in FIG. 6) of the transformer
100. A first terminal of the first electrical path 510 and a
first terminal of the second electrical path 520 respec-
tively serve as the first port Port1 and the second port
Port2 of the primary coil 110. A second terminal of the
first electrical path 510 is connected to a second terminal
of the second electrical path 520 at the symmetry line
550. The first electrical path 510 and the second electrical
path 520 are symmetric relative to the symmetry line 550,
as shown in FIG. 6. The secondary coil 120 includes a
third electrical path 530 and a fourth electrical path 540.
The third electrical path 530 and the fourth electrical path
540 are respectively located at different sides of the sym-
metry line 550 on the projection plane (shown in FIG. 6).
A first terminal of the third electrical path 530 and a first
terminal of the fourth electrical path 540 respectively
serve as the first port Port3 and the second port Port4 of
the secondary coil 120. A second terminal of the third
electrical path 530 is connected to a second terminal of
the fourth electrical path 540 at the symmetry line 550.
The third electrical path 530 and the fourth electrical path
540 are symmetric relative to the symmetry line 550, as
shown in FIG. 6. The transformer 100, the first electrical
path 510, the second electrical path 520, the third elec-
trical path 530 and the fourth electrical path 540 shown
in FIG. 5 and FIG. 6 can be deduced according to related
description of the transformer 100, the first electrical path
210, the second electrical path 220, the third electrical
path 230 and the fourth electrical path 240 shown in FIG.
2 to FIG. 4, and details thereof are not repeated.
[0026] The first electrical path 510 includes a first par-
tial path 511 disposed on the first substrate 260 and a
second partial path 512 disposed on the second sub-
strate 270. The second electrical path 520 includes a
third partial path 521 disposed on the first substrate 260
and a fourth partial path 522 disposed on the second
substrate 270. The third electrical path 530 includes a
fifth partial path 531 disposed on the first substrate 260
and a sixth partial path 532 disposed on the second sub-
strate 270. The fourth electrical path 540 includes a sev-
enth partial path 541 disposed on the first substrate 260
and an eighth partial path 542 disposed on the second
substrate 270. In the present embodiment (though the
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disclosure is not limited thereto), the first partial path 511,
the third partial path 521, the fifth partial path 531 and
the seventh partial path 541 are allocated to a RDL on
the first substrate 260 (the upper layer chip), and the
second partial path 512, the fourth partial path 522, the
sixth partial path 532 and the eighth partial path 542 are
allocated to a RDL of the second substrate 270 (the lower
layer chip).
[0027] In the embodiment of FIG. 5 to FIG. 6, the first
partial path 511 of the primary coil 110 includes a first
wire segment 511_1, a second wire segment 511_2 and
a third wire segment 511_3, and the second partial path
512 of the primary coil 110 includes a fourth wire segment
512_1 and a fifth wire segment 512_2. A first terminal of
the first wire segment 511_1 serves as the first port Port1
of the primary coil 110. A second terminal of the first wire
segment 511_1 is connected to a first terminal of the
fourth wire segment 512_1 through a first TSV 581. A
second terminal of the fourth wire segment 512_1 is con-
nected to a first terminal of the second wire segment
511_2 through a second TSV 582. A second terminal of
the second wire segment 511_2 is connected to a first
terminal of the fifth wire segment 512_2 through a third
TSV 583. A second terminal of the fifth wire segment
512_2 is connected to a first terminal of the third wire
segment 511_3 through a fourth TSV 584. In an embod-
iment, the first wire segment 511_1 is a bendable line
segment, the second wire segment 511_2 is a U-shape
line segment, the third wire segment 511_3 is a half of a
U-shape line segment presenting a shape of "L", and the
fourth wire segment 512_1 and the fifth wire segment
512_2 are straight line segments.
[0028] The third partial path 521 of the primary coil 110
includes a sixth wire segment 521_1, a seventh wire seg-
ment 521_2 and an eighth wire segment 521_3, and the
fourth partial path 522 of the primary coil 110 includes a
ninth wire segment 522_1 and a tenth wire segment
522_2. A first terminal of the sixth wire segment 521_1
serves as the second port Port2 of the primary coil 110.
A second terminal of the sixth wire segment 521_1 is
connected to a first terminal of the ninth wire segment
522_1 through a fifth TSV 585. A second terminal of the
ninth wire segment 522_1 is connected to a first terminal
of the seventh wire segment 521_2 through a sixth TSV
586. A second terminal of the seventh wire segment
521_2 is connected to a first terminal of the tenth wire
segment 522_2 through a seventh TSV 587. A second
terminal of the tenth wire segment 522_2 is connected
to a first terminal of the eighth wire segment 521_3
through an eighth TSV 588. A second terminal of the
eighth wire segment 521_3 is connected to the second
terminal of the third wire segment 511_3 at the symmetry
line 550. In an embodiment, the sixth wire segment 521_1
is a bendable line segment, the seventh wire segment
521_2 is a U-shape line segment, the eighth wire seg-
ment 521_3 is a half of the U-shape line segment pre-
senting a shape of "L", and the ninth wire segment 522_1
and the tenth wire segment 522_2 are straight line seg-

ments. The eighth wire segment 521_3 can be connected
to the third wire segment 511_3 to present the U-shape
line segment.
[0029] The fifth partial path 531 of the secondary coil
120 includes a first wire segment 531_1, and the sixth
partial path 532 includes a second wire segment 532_1.
A first terminal of the first wire segment 531_1 serves as
the first port Port3 of the secondary coil 120. A second
terminal of the first wire segment 531_1 is connected to
a first terminal of the second wire segment 532_1 through
a first TSV 589. The seventh partial path 541 of the sec-
ondary coil 120 includes a third wire segment 541_1, and
the eighth partial path 542 includes a fourth wire segment
542_1. A first terminal of the third wire segment 541_1
serves as the second port Port4 of the secondary coil
120. A second terminal of the third wire segment 541_1
is connected to a first terminal of the fourth wire segment
542_1 through a second TSV 590. A second terminal of
the fourth wire segment 542_1 is connected to a second
terminal of the second wire segment 532_1. In an em-
bodiment, the first wire segment 531_1 is a bendable line
segment, and the second wire segment 532_1 is a half
of a U-shape line segment presenting a shape of "L". The
third wire segment 541_1 is a bendable line segment,
and the fourth wire segment 542_1 is a half of the U-
shape line segment presenting a shape of "L" and is con-
nected to the second wire segment 532_1 to present the
U-shape line segment. In an embodiment, the first wire
segment 531_1 is configured between the second wire
segment 511_2 and the third wire segment 511_3, and
the third wire segment 541_1 is configured between the
seventh wire segment 521_2 and the eighth wire seg-
ment 521_3. In an embodiment, the second wire segment
532_1 is connected to the fourth wire segment 542_1 to
form the U-shape line segment, and the U-shape line
segment formed by connecting the second wire segment
532_1 and the fourth wire segment 542_1 is configured
between the fifth wire segment 512_2 and the tenth wire
segment 522_2.
[0030] If the symmetry line 550 is taken as a center
line of the transformer, regions to the left and right of the
symmetry line 550 have a mirror symmetric layout, so
that the 3D symmetrical vertical transformer 100 of the
3DIC shown in FIG. 5 to FIG. 6 has good structural sym-
metry. Therefore, the transformer 100 of FIG. 5 to FIG.
6 is adapted to a circuit design of a differential structure.
According to the embodiment of FIG. 5 to FIG. 6, a turns
ratio between the primary coil 110 and the secondary coil
120 is 3:1, so that the transformer 100 shown in FIG. 5
to FIG. 6 is a transformer with the turns ratio of 3:1. In
the present embodiment, the TSV vertical paths and pla-
nar paths of different substrates (chips) in the 3DIC man-
ufacturing process are used to implement the symmetri-
cal transformer 100. Therefore, the transformer 100 can
save chip area. Moreover, the transformer 100 can be
applied to vertical signal coupling transmission between
different chips.
[0031] FIG. 7 is an assembling schematic diagram of

9 10 



EP 2 966 661 A2

7

5

10

15

20

25

30

35

40

45

50

55

the layout structure of the transformer 100 of FIG. 1 ac-
cording to still another embodiment of the disclosure.
FIG. 8 is a schematic diagram of a vertical projection of
the layout structure of the transformer 100 of FIG. 7 ac-
cording to an embodiment of the disclosure. Referring to
FIG. 7 and FIG. 8, the transformer 100 includes the pri-
mary coil 110 and the secondary coil 120. The primary
coil 110 includes a first electrical path 710 and a second
electrical path 720. The first electrical path 710 and the
second electrical path 720 are respectively located at
different sides of a symmetry line 750 on a projection
plane (shown in FIG. 8) of the transformer 100. A first
terminal of the first electrical path 710 and a first terminal
of the second electrical path 720 respectively serve as
the first port Port1 and the second port Port2 of the pri-
mary coil 110. A second terminal of the first electrical
path 710 is connected to a second terminal of the second
electrical path 720 at the symmetry line 750. The first
electrical path 710 and the second electrical path 720
are symmetric relative to the symmetry line 750, as
shown in FIG. 8. The secondary coil 120 includes a third
electrical path 730 and a fourth electrical path 740. The
third electrical path 730 and the fourth electrical path 740
are respectively located at different sides of the symmetry
line 750 on the projection plane (shown in FIG. 8). A first
terminal of the third electrical path 730 and a first terminal
of the fourth electrical path 740 respectively serve as the
first port Port3 and the second port Port4 of the secondary
coil 120. A second terminal of the third electrical path 730
is connected to a second terminal of the fourth electrical
path 740 at the symmetry line 750. The third electrical
path 730 and the fourth electrical path 740 are symmetric
relative to the symmetry line 750, as shown in FIG. 8.
The transformer 100, the first electrical path 710, the sec-
ond electrical path 720, the third electrical path 730 and
the fourth electrical path 740 shown in FIG. 7 and FIG.
8 can be deduced according to related description of the
transformer 100, the first electrical path 210, the second
electrical path 220, the third electrical path 230 and the
fourth electrical path 240 shown in FIG. 2 to FIG. 4, and
details thereof are not repeated.
[0032] The first electrical path 710 includes a first par-
tial path 711 disposed on the first substrate 260 and a
second partial path 712 disposed on the second sub-
strate 270. The second electrical path 720 includes a
third partial path 721 disposed on the first substrate 260
and a fourth partial path 722 disposed on the second
substrate 270. The third electrical path 730 includes a
fifth partial path 731 disposed on the first substrate 260
and a sixth partial path 732 disposed on the second sub-
strate 270. The fourth electrical path 740 includes a sev-
enth partial path 741 disposed on the first substrate 260
and an eighth partial path 742 disposed on the second
substrate 270. In the present embodiment (though the
disclosure is not limited thereto), the first partial path 711,
the third partial path 721, the fifth partial path 731 and
the seventh partial path 741 are allocated to a RDL on
the first substrate 260 (the upper layer chip), and the

second partial path 712, the fourth partial path 722, the
sixth partial path 732 and the eighth partial path 742 are
allocated to a RDL of the second substrate 270 (the lower
layer chip).
[0033] In the embodiment of FIG. 7 to FIG. 8, the first
partial path 711 of the primary coil 110 includes a first
wire segment 711_1, a second wire segment 711_2, a
third wire segment 711_3 and a fourth wire segment
711_4, and the second partial path 712 of the primary
coil 110 includes a fifth wire segment 712_1, a sixth wire
segment 712_2 and a seventh wire segment 712_3. A
first terminal of the first wire segment 711_1 serves as
the first port Port1 of the primary coil 110. A second ter-
minal of the first wire segment 711_1 is connected to a
first terminal of the fifth wire segment 712_1 through a
first TSV 781. A second terminal of the fifth wire segment
712_1 is connected to a first terminal of the second wire
segment 711_2 through a second TSV 782. A second
terminal of the second wire segment 711_2 is connected
to a first terminal of the sixth wire segment 712_2 through
a third TSV 783. A second terminal of the sixth wire seg-
ment 712_2 is connected to a first terminal of the third
wire segment 711_3 through a fourth TSV 784. A second
terminal of the third wire segment 711_3 is connected to
a first terminal of the seventh wire segment 712_3
through a fifth TSV 785. A second terminal of the seventh
wire segment 712_3 is connected to a first terminal of
the fourth wire segment 711_4 through a sixth TSV 786.
In an embodiment, the first wire segment 711_1 is a bend-
able line segment, the second wire segment 711_2 and
the third wire segment 711_3 are U-shape line segments,
the fourth wire segment 711_4 is a half of a U-shape line
segment presenting a shape of "L", and the fifth wire seg-
ment 712_1, the sixth wire segment 712_2 and the sev-
enth wire segment 712_3 are straight line segments.
[0034] The third partial path 721 of the primary coil 110
includes an eighth wire segment 721_1, a ninth wire seg-
ment 721_2, a tenth wire segment 721_3 and an eleventh
wire segment 721_6, and the fourth partial path 722 of
the primary coil 110 includes a twelfth wire segment
722_1, a thirteenth wire segment 722_2 and a fourteenth
wire segment 722_3. A first terminal of the eighth wire
segment 721_1 serves as the second port Port2 of the
primary coil 110. A second terminal of the eighth wire
segment 721_1 is connected to a first terminal of the
twelfth wire segment 722_1 through a seventh TSV 787.
A second terminal of the twelfth wire segment 722_1 is
connected to a first terminal of the ninth wire segment
721_2 through an eighth TSV 788. A second terminal of
the ninth wire segment 721_2 is connected to a first ter-
minal of the thirteenth wire segment 722_2 through a
ninth TSV 789. A second terminal of the thirteenth wire
segment 722_2 is connected to a first terminal of the
tenth wire segment 721_3 through a tenth TSV 790. A
second terminal of the tenth wire segment 721_3 is con-
nected to a first terminal of the fourteenth wire segment
722_3 through an eleventh TSV 791. A second terminal
of the fourteenth wire segment 722_3 is connected to a
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first terminal of the eleventh wire segment 721_4 through
a twelfth TSV 792. A second terminal of the eleventh wire
segment 721_4 is connected to the second terminal of
the fourth wire segment 711_4 at the symmetry line 750.
In an embodiment, the eighth wire segment 721_1 is a
bendable line segment, the ninth wire segment 721_2
and the tenth wire segment 721_3 are U-shape line seg-
ments, the eleventh wire segment 721_4 is a half of the
U-shape line segment presenting a shape of "L", and the
twelfth wire segment 722_1, the thirteenth wire segment
722_2 and the fourteenth wire segment 722_3 are
straight line segments. The eleventh wire segment 721_4
can be connected to the fourth wire segment 711_4 to
present the U-shape line segment.
[0035] The fifth partial path 731 of the secondary coil
120 includes a first wire segment 731_1, and the sixth
partial path 732 includes a second wire segment 732_1.
A first terminal of the first wire segment 731_1 serves as
the first port Port3 of the secondary coil 120. A second
terminal of the first wire segment 731_1 is connected to
a first terminal of the second wire segment 732_1 through
a first TSV 793. The seventh partial path 741 of the sec-
ondary coil 120 includes a third wire segment 741_1, and
the eighth partial path 742 of the secondary coil 120 in-
cludes a fourth wire segment 742_1. A first terminal of
the third wire segment 741_1 serves as the second port
Port4 of the secondary coil 120. A second terminal of the
third wire segment 741_1 is connected to a first terminal
of the fourth wire segment 742_1 through a second TSV
794. A second terminal of the fourth wire segment 742_1
is connected to a second terminal of the second wire
segment 732_1. In an embodiment, the first wire segment
731_1 is a bendable line segment, and the second wire
segment 732_1 is a half of a U-shape line segment pre-
senting a shape of "L". The third wire segment 741_1 is
a bendable line segment, and the fourth wire segment
742_1 is a half of the U-shape line segment presenting
a shape of "L" and is connected to the second wire seg-
ment 732_1 to present the U-shape line segment. In an
embodiment, the first wire segment 731_1 is configured
between the third wire segment 711_3 and the fourth
wire segment 711_4, and the third wire segment 741_1
is configured between the tenth wire segment 721_3 and
the eleventh wire segment 721_4. In an embodiment, the
second wire segment 732_1 is connected to the fourth
wire segment 742_1 to form the U-shape line segment,
and the U-shape line segment formed by connecting the
second wire segment 732_1 and the fourth wire segment
742_1 is configured between the seventh wire segment
712_3 and the fourteenth wire segment 722_3.
[0036] If the symmetry line 750 is taken as a center
line of the transformer, regions to the left and right of the
symmetry line 750 have a mirror symmetric layout, so
that the 3D symmetrical vertical transformer 100 of the
3DIC shown in FIG. 7 to FIG. 8 has good structural sym-
metry. Therefore, the transformer 100 of FIG. 7 to FIG.
8 is adapted to a circuit design of a differential structure.
According to the embodiment of FIG. 7 to FIG. 8, a turns

ratio between the primary coil 110 and the secondary coil
120 is 4:1, so that the transformer 100 shown in FIG. 7
to FIG. 8 is a transformer with the turns ratio of 4:1. In
the present embodiment, the TSV vertical paths and pla-
nar paths of different substrates (chips) in the 3DIC man-
ufacturing process are used to implement the symmetri-
cal transformer 100. Therefore, the transformer 100 can
save chip area. Moreover, the transformer 100 can be
applied to vertical signal coupling transmission between
different chips.
[0037] FIG. 9 is an assembling schematic diagram of
the layout structure of the transformer 100 of FIG. 1 ac-
cording to yet another embodiment of the disclosure. FIG.
10 is a schematic diagram of a vertical projection of the
layout structure of the transformer 100 of FIG. 9 accord-
ing to an embodiment of the disclosure. Referring to FIG.
9 and FIG. 10, the transformer 100 includes the primary
coil 110 and the secondary coil 120. The primary coil 110
includes a first electrical path 910 and a second electrical
path 920. The first electrical path 910 and the second
electrical path 920 are respectively located at different
sides of a symmetry line 950 on a projection plane (shown
in FIG. 10) of the transformer 100. A first terminal of the
first electrical path 910 and a first terminal of the second
electrical path 920 respectively serve as the first port
Port1 and the second port Port2 of the primary coil 110.
A second terminal of the first electrical path 910 is con-
nected to a second terminal of the second electrical path
920 at the symmetry line 950. The first electrical path 910
and the second electrical path 920 are symmetric relative
to the symmetry line 950, as shown in FIG. 10. The sec-
ondary coil 120 includes a third electrical path 930 and
a fourth electrical path 940. The third electrical path 930
and the fourth electrical path 940 are respectively located
at different sides of the symmetry line 950 on the projec-
tion plane (shown in FIG. 10). A first terminal of the third
electrical path 930 and a first terminal of the fourth elec-
trical path 940 respectively serve as the first port Port3
and the second port Port4 of the secondary coil 120. A
second terminal of the third electrical path 930 is con-
nected to a second terminal of the fourth electrical path
940 at the symmetry line 950. The third electrical path
930 and the fourth electrical path 940 are symmetric rel-
ative to the symmetry line 950, as shown in FIG. 10. The
transformer 100, the first electrical path 910, the second
electrical path 920, the third electrical path 930 and the
fourth electrical path 940 shown in FIG. 9 and FIG. 10
can be deduced according to related description of the
transformer 100, the first electrical path 210, the second
electrical path 220, the third electrical path 230 and the
fourth electrical path 240 shown in FIG. 2 to FIG. 4, and
details thereof are not repeated.
[0038] The first electrical path 910 includes a first par-
tial path 911 disposed on the first substrate 260 and a
second partial path 912 disposed on the second sub-
strate 270. The second electrical path 920 includes a
third partial path 921 disposed on the first substrate 260
and a fourth partial path 922 disposed on the second
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substrate 270. The third electrical path 930 includes a
fifth partial path 931 disposed on the first substrate 260
and a sixth partial path 932 disposed on the second sub-
strate 270. The fourth electrical path 940 includes a sev-
enth partial path 941 disposed on the first substrate 260
and an eighth partial path 942 disposed on the second
substrate 270. In the present embodiment (though the
disclosure is not limited thereto), the first partial path 911,
the third partial path 921, the fifth partial path 931 and
the seventh partial path 941 are allocated to a RDL on
the first substrate 260 (the upper layer chip), and the
second partial path 912, the fourth partial path 922, the
sixth partial path 932 and the eighth partial path 942 are
allocated to a RDL of the second substrate 270 (the lower
layer chip).
[0039] In the embodiment of FIG. 9 to FIG. 10, the sec-
ond partial path 912 of the primary coil 110 includes a
first wire segment 912_1, and the first partial path 911 of
the primary coil 110 includes a second wire segment
911_1. A first terminal of the first wire segment 912_1
serves as the first port Port1 of the primary coil 110. A
second terminal of the first wire segment 912_1 is con-
nected to a first terminal of the second wire segment
911_1 through a first TSV 901. The fourth partial path
922 of the primary coil 110 includes a third wire segment
922_1, and the third partial path 921 of the primary coil
110 includes a fourth wire segment 921_1. A first terminal
of the third wire segment 922_1 serves as the second
port Port2 of the primary coil 110. A second terminal of
the third wire segment 922_1 is connected to a first ter-
minal of the fourth wire segment 921_1 through a second
TSV 902. A second terminal of the fourth wire segment
921_1 is connected to a second terminal of the second
wire segment 911_1. In an embodiment, the first wire
segment 912_1 and the third wire segment 922_1 are
bendable line segments, and the second wire segment
911_1 and the fourth wire segment 921_1 are a half of
an O-shape line segment presenting a shape of "U". The
second wire segment 911_1 can be connected to the
fourth wire segment 921_1 to present the O-shape line
segment.
[0040] The fifth partial path 931 of the secondary coil
120 includes a first wire segment 931_1, and the sixth
partial path 932 of the secondary coil 120 includes a sec-
ond wire segment 932_1. A first terminal of the first wire
segment 931_1 serves as the first port Port3 of the sec-
ondary coil 120. A second terminal of the first wire seg-
ment 931_1 is connected to a first terminal of the second
wire segment 932_1 through a first TSV 903. The seventh
partial path 941 of the secondary coil 120 includes a third
wire segment 941_1, and the eighth partial path 942 of
the secondary coil 120 includes a fourth wire segment
942_1. A first terminal of the third wire segment 941_1
serves as the second port Port4 of the secondary coil
120. A second terminal of the third wire segment 941_1
is connected to a first terminal of the fourth wire segment
942_1 through a second TSV 904. A second terminal of
the fourth wire segment 942_1 is connected to a second

terminal of the second wire segment 932_1. In an em-
bodiment, the first wire segment 931_1 and the third wire
segment 941_1 can be bendable line segments, and the
second wire segment 932_1 and the fourth wire segment
942_1 are a half of an O-shape line segment presenting
a shape of "U". In an embodiment, the second wire seg-
ment 932_1 and the fourth wire segment 942_1 are con-
nected to form an O-shape line segment, and the O-
shape line segment is disposed between the first wire
segment 912_1 and the third wire segment 922_1. In an
embodiment, the O-shape line segment formed by the
second wire segment 911_1 and the fourth wire segment
921_1 is disposed between the first wire segment 931_1
and the third wire segment 941_1.
[0041] In an embodiment, the electrical paths of the
primary coil 110 and the secondary coil 120 can be re-
spectively located at different projection positions.
[0042] In summary, if the symmetry line 950 is taken
as a center line of the transformer, regions to the left and
right of the symmetry line 950 have a mirror symmetric
layout, so that the 3D symmetrical vertical transformer
100 of the 3DIC shown in FIG. 9 to FIG. 10 has good
structural symmetry. Therefore, the transformer 100 of
FIG. 9 to FIG. 10 is adapted to a circuit design of a dif-
ferential structure. According to the embodiment of FIG.
9 to FIG. 10, a turns ratio between the primary coil 110
and the secondary coil 120 is 1:1, so that the transformer
100 shown in FIG. 9 to FIG. 10 is a transformer with the
turns ratio of 1:1. In the present embodiment, the TSV
vertical paths and planar paths of different substrates
(chips) in the 3DIC manufacturing process are used to
implement the symmetrical transformer 100. Therefore,
the transformer 100 can save chip area. Moreover, the
transformer 100 can be applied to vertical signal coupling
transmission between different chips.

Claims

1. A transformer (100), comprising:

a primary coil (110), comprising a first electrical
path (210, 510, 710, 910) and a second electrical
path (220, 520, 720, 920) respectively located
at different sides of a symmetry line (250, 550,
750, 950) on a projection plane of the transform-
er (100), wherein a first terminal of the first elec-
trical path (210, 510, 710, 910) and a first termi-
nal of the second electrical path (220, 520, 720,
920) respectively serve as a first port (Port1) and
a second port (Port2) of the primary coil (110),
a second terminal of the first electrical path (210,
510, 710, 910) is connected to a second terminal
of the second electrical path (220, 520, 720, 920)
at the symmetry line (250, 550, 750, 950), the
first electrical path (210, 510, 710, 910) compris-
es a first partial path (211, 511, 711,911) dis-
posed on a first substrate (260) and a second
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partial path (212, 512, 712, 912) disposed on a
second substrate (270), the first partial path
(211, 511, 711, 911) and the second partial path
(212, 512, 712, 912) are connected to each other
by at least one through silicon via, the second
electrical path (220, 520, 720, 920) comprises
a third partial path (221, 521, 721, 921) disposed
on the first substrate (260) and a fourth partial
path (222, 522, 722, 922) disposed on the sec-
ond substrate (270), and the third partial path
(221, 521, 721, 921) and the fourth partial path
(222, 522, 722, 922) are connected to each other
by at least one through silicon via; and
a secondary coil (120), comprising a third elec-
trical path (230, 530, 730, 930) and a fourth elec-
trical path (240, 540, 740, 940) respectively lo-
cated at different sides of the symmetry line
(250, 550, 750, 950) on the projection plane,
wherein a first terminal of the third electrical path
(230, 530, 730, 930) and a first terminal of the
fourth electrical path (240, 540, 740, 940) re-
spectively serve as a first port (Port3) and a sec-
ond port (Port4) of the secondary coil (120), a
second terminal of the third electrical path (230,
530, 730, 930) is connected to a second terminal
of the fourth electrical path (240, 540, 740, 940)
at the symmetry line (250, 550, 750, 950), the
third electrical path (230, 530, 730, 930) com-
prises a fifth partial path (231, 531, 731, 931)
disposed on the first substrate (260) and a sixth
partial path (232, 532, 732, 932) disposed on
the second substrate (270), the fifth partial path
(231, 531, 731, 931) and the sixth partial path
(232, 532, 732, 932) are connected to each other
by at least one through silicon via, the fourth
electrical path (240, 540, 740, 940) comprises
a seventh partial path (241, 541, 741, 941) dis-
posed on the first substrate (260) and an eighth
partial path (242, 542, 742, 942) disposed on
the second substrate (270), and the seventh par-
tial path (241, 541, 741, 941) and the eighth par-
tial path (242, 542, 742, 942) are connected to
each other by at least one through silicon via.

2. The transformer (100) as claimed in claim 1, wherein
the first substrate (260) and the second substrate
(270) are respectively different chips in a three-di-
mension chip stacking.

3. The transformer (100) as claimed in claim 2, wherein
the first partial path (211, 511, 711, 911), the third
partial path (221, 521, 721, 921), the fifth partial path
(231, 531, 731, 931) and the seventh partial path
(241, 541, 741, 941) are allocated to a re-distributed
layer on the first substrate (260), and the second
partial path (212, 512, 712, 912), the fourth partial
path (222, 522, 722, 922), the sixth partial path (232,
532, 732, 932) and the eighth partial path (242, 542,

742, 942) are allocated to a re-distributed layer of
the second substrate (270).

4. The transformer (100) as claimed in claim 1, wherein
the first substrate (260) and the second substrate
(270) are respectively different re-distributed layers
in a same chip.

5. The transformer (100) as claimed in claim 4, wherein
the first substrate (260) and the second substrate
(270) are respectively a first re-distributed layer and
a second re-distributed layer in the same chip, the
first partial path (211, 511, 711, 911), the third partial
path (221, 521, 721, 921), the fifth partial path (231,
531, 731, 931) and the seventh partial path (241,
541, 741, 941) are allocated to the first re-distributed
layer, and the second partial path (212, 512, 712,
912), the fourth partial path (222, 522, 722, 922), the
sixth partial path (232, 532, 732, 932) and the eighth
partial path (242, 542, 742, 942) are allocated to the
second re-distributed layer.

6. The transformer (100) as claimed in claim 1, wherein
the first electrical path (210, 510, 710, 910) and the
second electrical path (220, 520, 720, 920) are sym-
metric relative to the symmetry line (250, 550, 750,
950), and the third electrical path (230, 530, 730,
930) and the fourth electrical path (240, 540, 740,
940) are symmetric relative to the symmetry line
(250, 550, 750, 950).

7. The transformer (100) as claimed in claim 1, wherein
when a current direction of the first partial path (211,
511, 711, 911) is a first direction along the symmetry
line (250, 550, 750, 950), a current direction of the
second partial path (212, 512, 712, 912) is a second
direction along the symmetry line (250, 550, 750,
950), a current direction of the third partial path (221,
521, 721, 921) is the second direction, and a current
direction of the fourth partial path (222, 522, 722,
922) is the first direction; and
wherein when a current direction of the fifth partial
path (231, 531, 731, 931) is the first direction, a cur-
rent direction of the sixth partial path (232, 532, 732,
932) is the second direction, a current direction of
the seventh partial path (241, 541, 741, 941) is the
second direction, and a current direction of the eighth
partial path (242, 542, 742, 942) is the first direction.

8. The transformer (100) as claimed in claim 1, wherein
the fifth partial path (231, 531, 731, 931) comprises
a first wire segment (231_1, 531_1, 731_1, 931_1),
the sixth partial path (232, 532, 732, 932) comprises
a second wire segment (232_1, 532_1, 732_1,
932_1), a first terminal of the first wire segment
(231_1, 531_1, 731_1, 931_1) serves as the first port
(Port3) of the secondary coil (120), and a second
terminal of the first wire segment (231_1, 531_1,
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731_1, 931_1) is connected to a first terminal of the
second wire segment (232_1, 532_1, 732_1, 932_1)
through a first through silicon via (305, 589, 793,
903); and
wherein the seventh partial path (241, 541, 741, 941)
comprises a third wire segment (241_1, 541_1,
741_1, 941_1), the eighth partial path (242, 542, 742,
942) comprises a fourth wire segment (242_1,
542_1, 742_1, 942_1), a first terminal of the third
wire segment (241_1, 541_1, 741_1, 941_1) serves
as the second port (Port4) of the secondary coil
(120), a second terminal of the third wire segment
(241_1, 541_1, 741_1, 941_1) is connected to a first
terminal of the fourth wire segment (242_1, 542_1,
742_1, 942_1) through a second through silicon via
(306, 590, 794, 904), and a second terminal of the
fourth wire segment (242_1, 542_1, 742_1, 942_1)
is connected to a second terminal of the second wire
segment (232_1, 532_1, 732_1, 932_1).

9. The transformer (100) as claimed in claim 1, wherein
the first partial path (211) comprises a first wire seg-
ment (211_1) and a second wire segment (211_2),
the second partial path (212) comprises a third wire
segment (212_1), a first terminal of the first wire seg-
ment (211_1) serves as the first port (Port1) of the
primary coil (110), a second terminal of the first wire
segment (211_1) is connected to a first terminal of
the third wire segment (212_1) through a first through
silicon via (301), and a second terminal of the third
wire segment (212_1) is connected to a first terminal
of the second wire segment (211_2) through a sec-
ond through silicon via (302); and
wherein the third partial path (221) comprises a
fourth wire segment (221_1) and a fifth wire segment
(221_2), the fourth partial path (222) comprises a
sixth wire segment (222_1), a first terminal of the
fourth wire segment (221_1) serves as the second
port (Port2) of the primary coil (110), a second ter-
minal of the fourth wire segment (221_1) is connect-
ed to a first terminal of the sixth wire segment (222_1)
through a third through silicon via (303), a second
terminal of the sixth wire segment (222_1) is con-
nected to a first terminal of the fifth wire segment
(221_2) through a fourth through silicon via (304),
and a second terminal of the fifth wire segment
(221_2) is connected to a second terminal of the sec-
ond wire segment (211_2) at the symmetry line
(250).

10. The transformer (100) as claimed in claim 1, wherein
the first partial path (511) comprises a first wire seg-
ment (511_1), a second wire segment (511_2) and
a third wire segment (511_3), the second partial path
(512) comprises a fourth wire segment (512_1) and
a fifth wire segment (512_2), a first terminal of the
first wire segment (511_1) serves as the first port
(Port1) of the primary coil (110), a second terminal

of the first wire segment (511_1) is connected to a
first terminal of the fourth wire segment (512_1)
through a first through silicon via (581), a second
terminal of the fourth wire segment (512_1) is con-
nected to a first terminal of the second wire segment
(511_2) through a second through silicon via (582),
a second terminal of the second wire segment
(511_2) is connected to a first terminal of the fifth
wire segment (512_2) through a third through silicon
via (583), and a second terminal of the fifth wire seg-
ment (512_2) is connected to a first terminal of the
third wire segment (511_3) through a fourth through
silicon via (584); and
wherein the third partial path (521) comprises a sixth
wire segment (521_1), a seventh wire segment
(521_2) and an eighth wire segment (521_3), the
fourth partial path (522) comprises a ninth wire seg-
ment (522_1) and a tenth wire segment (522_2), a
first terminal of the sixth wire segment (521_1)
serves as the second port (Port2) of the primary coil
(110), a second terminal of the sixth wire segment
(521_1) is connected to a first terminal of the ninth
wire segment (522_1) through a fifth through silicon
via (585), a second terminal of the ninth wire segment
(522_1) is connected to a first terminal of the seventh
wire segment (521_2) through a sixth through silicon
via (586), a second terminal of the seventh wire seg-
ment (521_2) is connected to a first terminal of the
tenth wire segment (522_2) through a seventh
through silicon via (587), a second terminal of the
tenth wire segment (522_2) is connected to a first
terminal of the eighth wire segment (521_3) through
an eighth through silicon via (588), and a second
terminal of the eight wire segment is connected to a
second terminal of the third wire segment (511_3)
at the symmetry line (550).

11. The transformer (100) as claimed in claim 1, wherein
the first partial path (711) comprises a first wire seg-
ment (711_1), a second wire segment (711_2), a
third wire segment (711_3) and a fourth wire seg-
ment (711_4), the second partial path (712) compris-
es a fifth wire segment (712_1), a sixth wire segment
(712_2) and a seventh wire segment (712_3), a first
terminal of the first wire segment (711_1) serves as
the first port (Port1) of the primary coil (110), a sec-
ond terminal of the first wire segment (711_1) is con-
nected to a first terminal of the fifth wire segment
(712_1) through a first through silicon via (781), a
second terminal of the fifth wire segment (712_1) is
connected to a first terminal of the second wire seg-
ment (711_2) through a second through silicon via
(782), a second terminal of the second wire segment
(711_2) is connected to a first terminal of the sixth
wire segment (712_2) through a third through silicon
via (783), a second terminal of the sixth wire segment
(712_2) is connected to a first terminal of the third
wire segment (711_3) through a fourth through sili-
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con via (784), a second terminal of the third wire
segment (711_3) is connected to a first terminal of
the seventh wire segment (712_3) through a fifth
through silicon via (785), and a second terminal of
the seventh wire segment (712_3) is connected to a
first terminal of the fourth wire segment (711_4)
through a sixth through silicon via (786); and
wherein the third partial path (721) comprises an
eighth wire segment (721_1), a ninth wire segment
(721_2), a tenth wire segment (721_3) and an elev-
enth wire segment (721_4), the fourth partial path
(722) comprises a twelfth wire segment (722_1), a
thirteenth wire segment (722_2) and a fourteenth
wire segment (722_3), a first terminal of the eighth
wire segment (721_1) serves as the second port
(Port2) of the primary coil (110), a second terminal
of the eighth wire segment (721_1) is connected to
a first terminal of the twelfth wire segment (722_1)
through a seventh through silicon via (787), a second
terminal of the twelfth wire segment (722_1) is con-
nected to a first terminal of the ninth wire segment
(721_2) through an eighth through silicon via (788),
a second terminal of the ninth wire segment (721_2)
is connected to a first terminal of the thirteenth wire
segment (722_2) through a ninth through silicon via
(789), a second terminal of the thirteenth wire seg-
ment (722_2) is connected to a first terminal of the
tenth wire segment (721_3) through a tenth through
silicon via (790), a second terminal of the tenth wire
segment (721_3) is connected to a first terminal of
the fourteenth wire segment (722_3) through an
eleventh through silicon via (791), a second terminal
of the fourteenth wire segment (722_3) is connected
to a first terminal of the eleventh wire segment
(721_4) through a twelfth through silicon via (792),
and a second terminal of the eleventh wire segment
(721_4) is connected to a second terminal of the
fourth wire segment (711_4) at the symmetry line
(750).

12. The transformer (100) as claimed in claim 1, wherein
the second partial path (912) comprises a first wire
segment (912_1), the first partial path (911) compris-
es a second wire segment (911_1), a first terminal
of the first wire segment (912_1) serves as the first
port (Port1) of the primary coil (110), and a second
terminal of the first wire segment (912_1) is connect-
ed to a first terminal of the second wire segment
(911_1) through a first through silicon via (901); and
where the fourth partial path (922) comprises a third
wire segment (922_1), the third partial path (921)
comprises a fourth wire segment (921_1), a first ter-
minal of the third wire segment (922_1) serves as
the second port (Port2) of the primary coil (110), a
second terminal of the third wire segment (922_1) is
connected to a first terminal of the fourth wire seg-
ment (921_1) through a second through silicon via
(902), and a second terminal of the fourth wire seg-

ment (921_1) is connected to a second terminal of
the second wire segment (911_1).
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