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Specification

(Please do not change the format and order of this specification. Do not fill in the part marked with %)
% Application No.:
% Date of Filing: % IPC classification:

I. Title of Invention: (Chinese/English)

STACKED STRUCTURE OF A SPIRAL INDUCTOR

I1. Abstract of Chinese Language:

A spiral inductor, comprising a first metal layer, a second metal layer, a first set
of dielectric vias, and a second set of dielectric vias. The first metal layer comprises a
first, second and third segments, and the layout direction of the third segment is
different from the layout direction of the first and second segments. The second metal
layer comprises a fourth, fifth and sixth segments, and the sixth segment is connected
to the fifth segment and the layout direction of the sixth segment is different from the
layout direction of the fourth and fifth segments. The first set of dielectric vias connects
the first and fourth segments, and all three form a first shunt winding. The second set
of dielectric vias connects the second and fifth segments, and all three form a second

shunt winding. The third and sixth segments form a crossover area.

III.  Abstract of English language:

A stacked structure of a spiral inductor includes a first metal layer, a second metal
layer, a first set of via, and a second set of via. The first metal layer includes a first
segment, a second segment, and a third segment, wherein the layout direction of the
third segment is different from the layout direction of the first and second segments.
The second metal layer includes a fourth segment, a fifth segment, and a sixth segment

connected to the fifth segment, wherein the layout direction of the sixth segment is
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different from the layout direction of the fourth and fifth segments. The first set of via
connects the first and fourth segments, and they construct a first shunt winding. The
second set of via connects the second and fifth segments, and they construct a second

shunt winding. The third and sixth segments construct a crossover region.
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IV. Designated representative diagram:

(1) The designated representative diagram of this case is: Fig. (1).

(2) Brief description of the symbols of the components of this representative

diagram:

100. 200 Spiral inductor
MIll1~-~M16. M21-~M26 Metal layer

110. 210 First set of dielectric vias
120, 220 Second set of dielectric vias
S11~S16. S21~-S26 Segment

130. 230 First shunt winding

140, 240 Second shunt winding

150, 250 Crossover area

V. If there is a chemical formula in this case, please reveal the chemical formula

that best characterizes the invention.

None
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VI. Specification:

[Technical field of the invention]
The present invention relates to a stacked structure of spiral inductors, in particular
a stacked structure in which the metal layers in the crossover area are used as shunt

windings to improve the quality factor.

[Prior art]

With the development of IC manufacturing in the direction of system on a chip
(SoC), passive components such as integrated inductor or integrated transformer have
been widely integrated into high frequency integrated circuits. Since ICs are generally
manufactured with a silicon substrate, the substrate loss and metal loss of an integrated
inductor/integrated transformer will determine its quality factor, especially that the

metal loss is the main factor that directly affects the inductor characteristics.

Commonly used inductors comprise symmetric spiral inductors and asymmetric
spiral inductors. In most cases, the top layer (or top two layers) of metal is used as the
winding of the inductor, and the next layer of metal and dielectric via is used as the
crossover. The disadvantage of this type of inductor is that its parasitic resistance will
be limited by the single layer of metal, the conductivity of the crossover, the number
of dielectric vias, and the dielectric via resistance. To increase the quality factor of the
inductor, it is necessary to increase the wire width of the winding, but this will consume
more wafer area. Therefore, it has been proposed to use the structure of multi-layer
metal in parallel, so that the inductor can obtain lower series resistance than the
traditional single-layer inductor in the same area, in order to improve the quality factor,
as revealed in the previous case such as U.S. Patent No. 20080074229 and U.S. Patent

No. 6664882. However, in both single-layer and multi-layer metal structures, the
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crossover of the inductor uses a different metal layer than the inductor winding itself,

which does not optimize the quality factor of the inductor.

[Summary of the invention]
One of the objectives of the present invention is to provide a stacked structure of

a spiral inductor to solve the problems of the prior art.

The examples of the present invention discloses a stacked structure of a spiral
inductor comprising a first metal layer, a second metal layer, a first set of dielectric
vias, and a second set of dielectric vias. The first metal layer comprises a first segment,
a second segment, and a third segment, the third segment being connected to the first
segment, and the layout direction of the third segment being different from the layout
direction of the first segment and the layout direction of the second segment. The
second metal layer is laid out below the first metal layer and comprises a fourth
segment, a fifth segment, and a sixth segment, the sixth segment being connected to
the fifth segment, and the layout direction of the sixth segment being different from
the layout direction of the fourth segment and the layout direction of the fifth segment.
The first set of dielectric vias connects the first segment to the fourth segment. The
second set of dielectric vias connects the second segment to the fifth segment. Wherein,
the first segment, the fourth segment and the first set of dielectric vias form a first
shunt winding of the spiral inductor, the second segment, the fifth segment and the
second set of dielectric vias form a second shunt winding of the spiral inductor, and
the third segment and the sixth segment form a first crossover area. This spiral inductor

is a symmetric spiral inductor.

The examples of the present invention further discloses a stacked structure of a

spiral inductor comprising a first metal layer, a second metal layer, a first set of
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dielectric vias, and a second set of dielectric vias. The first metal layer comprises a
first segment, a second segment, and a third segment, the third segment being
connected to the first segment and the second segment and laid out between the first
segment and the second segment. The second metal layer comprises a fourth segment,
a fifth segment, and a sixth segment, with the sixth segment being laid out between the
fourth segment and the fifth segment. The first set of dielectric vias connects the first
segment to the fourth segment. The second set of dielectric vias connects the second
segment to the fifth segment. Wherein, the first segment and the fourth segment form
a first shunt winding of the spiral inductor, the second segment and the fifth segment
form a second shunt winding of the spiral inductor, and the third segment and the sixth

segment form a crossover area. This spiral inductor is an asymmetric spiral inductor.

[Embodiments]

In the following examples, at least three types of crossover structures for spiral
inductors with multi-layer stacked metal are proposed for symmetric spiral inductors
(refer to examples of Figs. 1 to 8) and asymmetric spiral inductors (refer to examples
of Figs. 9 to 14), and are mainly divided into L-shape crossover, interdigitated
crossover, and trench-shape crossover, which may optimize the quality factor of spiral
inductors with multi-layer stacked metal. Wherein, L-shape crossover, interdigitated
crossover and trench-shape crossover are defined by the present invention and are used
for the purpose of name differentiation only. In addition, the present invention

proposes a stacked guard ring to improve the noise blocking capability.
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Referring to Fig. 1, Fig. 1 (comprising Fig. 1A and Fig. 1B) is a schematic diagram
of an example of a stacked structure of a spiral inductor of the present invention.
Wherein, Fig. 1A shows the L-shaped crossover, while Fig. 1B shows the
interdigitated crossover. In this example, the L-shaped crossover shown in Fig. 1A and
the interdigitated crossover shown in Fig. 1B are applied to a symmetric spiral inductor.
As shown in Fig. 1A, the stacked structure of the spiral inductor 100 comprises six
metal layers M16 to M 11, a first set of dielectric vias 110, and a second set of dielectric
vias 120. Metal layers M16 to M14 comprise segments S11, S12, and S13, wherein
the segment S13 is connected to segment S11 and laid out between the segment S11
and the segment S12. The metal layers M13 to M 11 are laid out below the metal layers
M16 to M14, which comprise the segments S14, S15, and S16, wherein the segment
S16 1s connected to the segment S15 and laid out between the segment S14 and the
segment S15. The first set of dielectric vias 110 is connected to the segment S11 and
the segment S14, and the second set of dielectric vias 120 is connected to the segment
S12 and the segment S15. In this example, the segments S11 of the metal layers M16
to M 14, the segments S14 of the metal layers M13 to M11, and the first set of dielectric
vias 110 form a first parallel winding (shunt winding) 130 of a spiral inductor 100, and
the segments S12 of the metal layers M16 to M 14, the segments S15 of the metal layers
M13 to M11, and the second set of dielectric vias 120 form a second shunt winding
140 of the spiral inductor 100, and the segments S13 of the metal layer M16 to M14

and the segments S16 of the metal layer M13 to M11 form a crossover area 150.

As shown in Fig. 1B, the stacked structure of the spiral inductor 200 comprises

six metal layers M26 to M21, a first set of dielectric vias 210, and a second set of
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dielectric vias 220. The metal layers M26, M24, and M22 comprise segments S21, S22,
and S23, wherein the segment S23 is connected to the segment S21 and is laid out
between the segment S21 and the segment S22. The metal layers M25, M23, and M21
comprise segments S24, S25, and S26, wherein the segment S26 is connected to the
segment S25 and is laid out between the segment S24 and the segment S25. The first
set of dielectric vias 210 is connected to the segment S21 and the segment S24, while
the second set of dielectric vias 220 is connected to the segment S22 and the segment
S25. In this example, the segment S21 of the metal layers M26, M24, and M22, the
segment S24 of the metal layers M25, M23, and M21, and the first set of dielectric
vias 210 form a first parallel winding (shunt winding) 230, the segment S22 of the
metal layers M26, M24 and M22, the segment S25 of the metal layers M25, M23 and
M21 and the second set of dielectric vias 220 form a second shunt winding 240 of the
spiral inductor 200, and the segment S23 of the metal layers M26, M24, and M22 and
the segment S26 of the metal layers M25, M23, and M21 form a crossover area 250.

Please note that in the above examples, six metal layers are used as an example,
instead of a limitation of the present invention and the number of metal layers is not

limited.

Please refer to Fig. 2, Fig. 3, and Fig. 4, wherein Fig. 2 is an upper view of an
example of a symmetric spiral inductor 300, Fig. 3 is a longitudinal section of the
symmetric spiral inductor 300 shown in Fig. 2 using the stacked structure of Fig. 1A,
and Fig. 4 is a longitudinal section of the symmetric spiral inductor 300 shown in Fig.
2 using the stacked structure of Fig. 1B. As shown in Fig. 2, the symmetric spiral
inductor 300 comprises a first shunt winding 330 and a second shunt winding 340, and
the area labeled Al in the figure represents the crossover area. Fig. 3 shows a

longitudinal section of the symmetric spiral inductor 300 along the dashed line of YY"
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in Fig. 2, which adopts a stacked structure of Fig. 1A. As shown in Fig. 3, the stacked
structure of the symmetric spiral inductor 300 comprises five metal layers M36 to M32,
a first set of dielectric vias 310, and a second set of dielectric vias 320. In this example,
the segment S31 of the metal layer M36, the segment S34 of the metal layers M35 to
M32, and the first set of dielectric vias 310 form a first shunt winding line 330 of the
spiral inductor 300, the segment S32 of the metal layer M36, the segment S35 of the
metal layers M35 to M32, and the second set of dielectric vias 320 form a second shunt
winding 340 of the spiral inductor 300, and the segment S33 of the metal layer M36
and the segment S36 of the metal layers M35 to M32 form a crossover area 350
(comprising a first part 350A and a second part 350B). As can be seen from Figs. 2
and 3, the layout direction of the segment S33 (forming the first part 350A of the
crossover area 350) is different from the layout direction of the segments S31 and S32,
and the layout direction of the segment S36 (forming the second part 350B of the
crossover area 350) is also different from the layout direction of the segments S34 and

S35.

In addition, the metal layer M36 also comprises a first guard ring segment S37,
which is arranged outside of the segment S31 and/or the segment S32; the metal layers
M35 to M32 also comprises a second guard ring segment S38, which is arranged
outside of the segment S34 and/or the segment S35; and the stacked structure also
comprises a third set of dielectric vias 360 connecting the first guard ring segment S37
and the second guard ring segment S38. The first guard ring segment S37, the second
guard ring segment S38, and the third set of dielectric vias 360 form a stacked guard

ring to improve the noise blocking capability.

Note that in this example, since the thickness of the metal layer M36 is greater
than the thickness of the metal layers M35 to M32, the first part 350A of the crossover
area 350 is realized by using a single layer of metal (i.e., the segment S33 of the metal
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layer M36), while the second part 350B of the crossover area 350 is realized by using
multiple layers of stacked metal (i.e., the segment S36 of the metal layers M35 to M32),
and the metal layers M35 to M32 are laid out below the metal layer M36 for symmetry

of inductor.

Fig. 4 shows a longitudinal section of the symmetric spiral inductor 300 along the
dashed line of YY" in Fig. 2, which adopts a stacked structure of Fig. 1B. As shown in
Fig. 4, the stacked structure of the symmetric spiral inductor 300 comprises six metal
layers M46 to M41, a first set of dielectric vias 410, and a second set of dielectric vias
420. In this example, the segment S41 of metal layers M46, M44, and M42, a segment
S44 of the metal layers M45, M43, and M41, and the first set of dielectric vias 410
form a first shunt winding 330 of the spiral inductor 300, and the segment S42 of the
metal layers M46, M44, and M42, the segment S45 of the metal layers M45, M43, and
M41, and the second set of dielectric vias 420 form a second shunt winding 340 of the
spiral inductor 300, and the segment S43 of the metal layers M46, M44, and M42 and
the segment S46 of the metal layers M45, M43, and M41 form a crossover are 450
(comprising the first part 450A and the second part 450B). As can be seen from Figs.
2 and 4, the layout direction of the segment S43 (which forms the first part 450A of
the spanning area 450) is different from the layout direction of the segments S41 and
S42, and the layout direction of the segment S46 (which forms the second part 450B
of the spanning area 450) is different from the layout direction of the segments S44

and S45.

In addition, the metal layers M46, M44, M42 also comprise a first guard ring
segment S47, located outside of the segment S41 and/or the segment S42; the metal
layers M45, M43, M41 also comprise a second guard ring segment S48, located
outside of the segment S44 and/or the segment S45; and the stacked structure also

comprises a third set of dielectric vias 460, connecting the first guard ring segment S47
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and the second guard ring segment S48. The first guard ring segment S47, the second
guard ring segment S48, and the third set of dielectric vias 460 form a stacked guard

ring to improve the noise blocking capability.

Note that in this example, since the thicknesses of the metal layers M46, M44,
and M42 are equal to the thicknesses of the metal layers M45, M43, and M41, the first
part 450A of the crossover area 450 is realized by using a multi-layer stacked metal
(i.e., the segment S43 of the metal layers M46, M44, and M42), the second part 450B
of the crossover area 450 is also realized by using a multi-layer stacked metal (i.e., the
segment S46 of the metal layers M45, M43, and M41), and the metal layers M46, M44,
and M42 and the metal layers M45, M43, and M41 are interlaced in order to achieve

symmetry of inductor.

From the illustrations in Fig. 3 and Fig. 4 above, it can be understood that the line
layout of the spiral inductor of the present invention can improve the symmetry of the
inductors according to the thickness of the metal layer. For example, when the
thickness of metal layers in an integrated circuit varies, an "L-shaped crossover
structure" (i.e., the crossover structure shown in Fig. 1A or Fig. 3) can be used for
circuit layout to achieve better symmetry of inductor. In addition, when the thickness
of each metal layer in an integrated circuit is the same, "interdigitated crossover
structure" (i.e., the crossover structure shown in Fig. 1B or Fig. 4) can be used for

circuit layout to obtain better symmetry of inductor.

From the above examples, it can be seen that the metal layer in the stacked
structure of the spiral inductor disclosed in the present invention is also used as the
winding of the inductor to optimize the quality factor of the inductor. In this way, the
parasitic resistance of the spiral inductor will no longer be limited by the conductivity

of the crossover, the number of diclectric vias, and the resistance of the dielectric vias.
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Referring to Fig. 5 to Fig. 6, Fig. 5 1s an upper view of an example of a symmetric
spiral inductor 500 combining series winding and shunt winding, and Fig. 6
(comprising Fig. 6A and Fig. 6B) is a schematic diagram of the first inductor 510 (Fig.
6A) and the second inductor 610 (Fig. 6B) of the symmetric spiral inductor 500 shown
in Fig. 5. The symmetric spiral inductor 500 is a multi-layer stacked spiral inductor
combining the first inductor 510 (i.e., series winding) and the second inductor 610 (i.e.,
shunt winding) to increase the series inductance for the same area, resulting in
increased wafer area utilization. As shown in Fig. 6A, the first inductor 510 is a
conventional single-layer symmetric spiral inductor with metal layer MT1 as the coil
winding and metal layer MT2 as the crossover area, wherein the connection points A
and B of the first series winding 520 and the second series winding 530 are the
centertap of the first inductor 510. If disconnected, the connections A and B may be
connected down to the centertap of the second inductor 610 (i.e., the connection points
A'and B' of the first shunt winding 620 and the second shunt winding 630). The second
inductor 610 of Fig. 6B can be realized by using the stacked structure of Fig. 1A (i.e.,
L-shaped crossover structure) or the stacked structure of Fig. 1B (i.e., interdigitated
crossover structure), wherein the metal layers MT3, MT4, MT5, and MT6 are used as
the coil winding and the crossover area, and the metal layers MT1, MT2, MT3, MT4,
MTS5, and MT6 are parallel to each other.

Please refer to Fig. 7, which shows the longitudinal section of the symmetric spiral
inductor 500 along the dotted line of KK' in Fig. 5, which adopts the stacked structure
of Fig. 1A. As shown in Fig. 7, the symmetric spiral inductor 500 comprises a first
inductor 510 and a second inductor 610. In this example, the first inductor 510 uses
the metal layer MT1 as the coil winding (comprising the first series winding 520 and
the second series winding 530) and the metal layer MT2 as the crossover area; while

the second inductor 610 uses the L-shaped crossover structure of Fig. 1A, wherein the
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metal layers MT3 and MT4 correspond to the metal layers M16 to M14 of Fig. 1A,
and the metal layers MT5 and MT6 correspond to the metal layers M13 to M11 of Fig.
1A.

Please refer to Fig. 8. The symmetric spiral inductor 500 in Fig. 8 follows the
longitudinal section of the dotted line of KK' in Fig. 5, which adopts the stacked
structure of Fig. 1B. As shown in Fig. 8, the symmetric spiral inductor 500 comprises
a first inductor 510 and a second inductor 610. In this example, the second inductor
610 adopts the interdigitated crossover structure of Fig. 1B, wherein the metal layers
MT3 and MTS5 correspond to the metal layers M26, M24, and M22 of Fig. 1B, and the
metal layers MT4 and MT6 correspond to the metal layers M25, M23, and M21 of Fig.
1B.

Referring to Fig. 9, Fig. 9 (comprising Fig. 9A, Fig. 9B, Fig. 9C, and Fig. 9D) is
a schematic diagram of another example of the stacked structure of a spiral inductor of
the present invention. Among them, Figs. 9A and 9B show the trench-shape crossover
structure, while Figs. 9C and 9D show the interdigitated crossover structure. In this
example, the spiral structure shown in Fig. 9A, Fig. 9B, Fig. 9C, and Fig. 9D is applied
to an asymmetric spiral inductor. As shown in Fig. 9A, the stacked structure of the
spiral inductor 900A comprises six metal layers M96A to M91A, a first set of dielectric
vias 910A, and a second set of dielectric vias 920A. The metal layers M96A to M94A
comprise segments S91A, S92A, and S93A, wherein the segment S93A is connected
to the segment S91A and the segment S92A and is laid out between the segment S91A
and the segment S92A. The metal layers M93A to M91A comprise segments S94A,
S95A, and S96A, wherein the segment S96A is laid out between the segment S94A
and the segment S95A. The first set of dielectric vias 910A is connected to the segment
S91A and the segment S94A, and the second set of dielectric vias 920A is connected
to the segment S92A and the segment S95A. Among them, the segment S91A of the
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metal layers M96A to M94A and the segment S94A of the metal layers M93A to
MO1A form a first shunt winding of spiral inductor 900A, the segment S92A of the
metal layers M96A to M94A and the segment S95A of the metal layers M93A to
MO1A form a second shunt winding of the spiral inductor 900A, and the segment S93A
and the segment S96A form a crossover area 950A. The stacked structure of the spiral
inductor 900B in Fig. 9B is similar to the stacked structure of the spiral inductor 900A
in Fig. 9A, with the difference that the stacked structure of the spiral inductor 900B is
an inversion of the stacked structure of the spiral inductor 900A. In other words, in Fig.
9A, the metal layers M96A to M94A are arranged above the metal layers M93A to
MO1A, while in Fig. 9B, the metal layers M93B to M91B are arranged below the metal
layers M96B to M94B.

As shown in Figure 9C, the stacked structure of the spiral inductor 900C
comprises six metal layers M96 to M91C, a first set of dielectric vias 910C, and a
second set of dielectric vias 920C. The metal layers M96C, M94C, M92C comprise
segments S91C, S92C, and S93C, wherein the segment S93C is connected to the
segment S91C and the segment S92C and is laid out between the segment S91C and
the segment S92C. The metal layers M95C, M93C, and M91C comprise the segments
S94C, S95C, and S96C, wherein the segment S96C is laid out between the segment
S94C and the segment S95C. The first set of dielectric vias 910C is connected to the
segment S91C and the segment S94C, and the second set of dielectric vias 920C is
connected to the segment S92C and the segment S95C. In particular, the segments
S91C of the metal layers M96C, M94C, and M92C and the segments S94C of the metal
layers M95C, M93C, and M91C form a first shunt winding of the spiral inductor 900C,
the segments S92C of the metal layer and the segments S95C of the metal layers M95C,
M93C, and M91C form a second shunt winding of the spiral inductor 900C, and the
segments S93C of the metal layers M96C, M94C, and M92C and the segments S96C
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of the metal layers M95C, M93C, and M91C form a crossover area 950C. The stacked
structure of the spiral inductor 900D in Fig. 9D is similar to the stacked structure of
the spiral inductor 900C in Fig. 9C, with the difference that the stacked structure of

the spiral inductor 900D is an inversion of the stacked structure of the spiral inductor

900C.

Fig. 10 shows an upper view of an example of an asymmetric spiral inductor 1000,
while Fig. 11 (comprising Figs. 11A and 11B) shows a first shunt winding 1100 (Fig.
11A) and a second shunt winding 1200 (Fig. 11B) of the asymmetric spiral inductor
1000 shown in Fig. 10.

Please refer to Fig. 12, which shows the cross section of the asymmetric spiral
inductor 1000 along the dotted line of CC' in Fig. 10, which adopts the stacked
structure of Fig. 9A. As shown in Fig. 12, the stacked structure of the asymmetric spiral
inductor 1000 comprises five metal layers M126 to M122, a first set of dielectric vias
1210, and a second set of dielectric vias 1220. In this example, the segment S121 of
the metal layer M 126, the segments S124 of the metal layers M125 to M122, and the
first set of dielectric vias 1210 form the first shunt winding 1100 of the spiral inductor
1000, the segment S122 of the metal layer M 126, the segments S125 of the metal layers
M125 to M122, and the second set of dielectric vias 1220 form the second shunt
winding 1200 of the spiral inductor 1000, and the segment S123 of the metal layer
M126 and the segments S126 of the metal layers M 125 to M 122 form a crossover area
1250 (comprising the first part 1250A and the second part 1250B).

[hw:] S
15

ADVANCED MICRO DEVICES, INC. IPR2023-00789 Ex. 1023, p. 17 of 69



Note that in this example, since the thickness of metal layer M 126 is greater than
the thickness of the metal layers M 125 to M 122, the first part 1250A of the crossover
area 1250 is realized by using a single layer of metal (i.e., the segment S123 of the
metal layer M126), while the second part 1250B of the crossover area 1250 is realized
by using multiple layers of stacked metal (i.e., the segments S126 of the metal layers
M125 to M122), and the metal layers M 125 to M 122 are laid out below the metal layer
M36 for symmetry of inductor.

Please refer to Fig. 13, which shows the cross-section of the asymmetric spiral
inductor 1000 along the dashed line of CC' in Fig. 10, which adopts the stacked
structure in Fig. 9B. The stacked structure in Fig. 13 is similar to the stacked structure
in Fig. 12, with the difference being that the stacked structure in Fig. 13 is an inversion

of the stacked structure in Fig. 12.

Please refer to Fig. 14, which shows the cross section of the asymmetric spiral
inductor 1000 along the dotted line of CC' in Fig. 10, which adopts the stacked
structure in Fig. 9C. As shown in Fig. 14, the stacked structure of the asymmetric spiral
inductor 1000 comprises six metal layers M146 to M141, a first set of dielectric vias
1410, and a second set of dielectric vias 1420. In this example, the segments S141 of
the metal layers M146, M 144, and M 142, the segments S144 of the metal layers M 145,
M143, and M141, and the first set of dielectric vias 1410 form the first shunt winding
1100 of the asymmetric spiral inductor 1000, the segments S142 of the metal layers
M146, M144, and M142, the segments S145 of the metal layers M145, M143, and
M141, and the second set of dielectric vias 1420 form the second shunt winding 1200
of the spiral inductor 1000, and the segments S143 of the metal layers M 146, M 144,
and M 142 and the segment S146 of the metal layers M145, M143 and M141 form a
crossover area 1450 (comprising the first part 1450A and the second part 1450B).

[hw:] S
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Note that in this example, since the thicknesses of the metal layers M 146, M 144,
and M 142 are equal to the thicknesses of the metal layers M 145, M 143, and M 141, the
first part 1450A of the crossover area 1450 is realized by using a multi-layer stacked
metal (i.e., the segment S143 of the metal layers M146, M 144, and M142), the second
part 1450B of the crossover area 1450 is also realized by using a multi-layer stacked
metal (i.e., the segment S146 of the metal layers M145, M143, and M141), and the
metal layers M146, M144, and M142 and the metal layers M145, M143, and M141
are interlaced in order to achieve symmetry of inductor. Of course, the stacked
structure of Fig. 9D also may be used to achieve this. Since the stacked structure
thereof is only the inversion of Fig. 14, for the sake of simplicity, we will not repeat it

here.

Of course, the aforementioned stacked protection rings also may be used to
improve the noise blocking capacity. Furthermore, in the above examples, the shapes
of the first shunt winding and the second shunt winding are rectangular and octagonal,

but this is not a limitation of the present invention.

The above described examples are intended to illustrate the technical features of
the present invention only and are not intended to limit the scope of the present
invention. As can be seen from the above, the present invention provides a stacked
structure of spiral inductor, wherein the metal layers in the crossover area are used as
shunt windings to optimize the quality factor of the spiral inductor with multiple layers
of metal stacking. Furthermore, the stacked structure of the spiral inductor disclosed
herein has a wide range of applications and can be applied to symmetric spiral
inductors as well as asymmetric spiral inductors. For different thicknesses of metal

layers, different crossover structures are proposed to achieve symmetry of inductor. In

[hw:] S
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addition, the present invention proposes a stacked guard ring to improve the noise

blocking capability.

The above is only a preferred set of examples of the present invention, and all
variations and modifications made in accordance with the claims shall fall within the

scope of the present invention.

[Brief description of drawings]

Fig. 1 (comprising Fig. 1A and Fig. 1B) is a schematic diagram of an example of the
stacked structure of a spiral inductor of the present invention.

Fig. 2 shows an upper view of an example of a symmetric spiral inductor.

Fig. 3 shows the longitudinal section of the symmetric spiral inductor shown in Fig. 2
using the stacked structure in Fig. 1A.

Fig. 4 shows a longitudinal section of the symmetric spiral inductor shown in Fig. 2
using the stacked structure in Fig. 1B.

Fig. 5 shows an upper view of an example of a symmetric spiral inductor combining a
series winding and a shunt winding.

Fig. 6 (comprising Fig. 6A and Fig. 6B) shows a schematic diagram of the series
winding and the shunt winding of the symmetric spiral inductor shown in
Fig. 5.

Fig. 7 shows the cross section of the symmetric spiral inductor shown in Fig. 5 using
the stacked structure of Fig. 1A.

Fig. 8 shows the cross section of the symmetric spiral inductor shown in Fig. 5 using

the stacked structure of Fig. 1B.

[hw:] S
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Fig. 9 (comprising Fig. 9A, Fig. 9B, Fig. 9C and Fig. 9D) shows a schematic diagram

of another example of the stacked structure of a spiral inductor of the present

invention.

Fig. 10 shows an upper view of an example of an asymmetric spiral inductor.

Fig. 11 (comprising Fig. 11A and Fig. 11B) shows the first shunt winding and the

second shunt winding of the

asymmetric spiral inductor shown in Fig. 10.

Fig. 12 shows the cross section of the asymmetric spiral inductor shown in Fig. 10

using the stacked structure of Fig. 9A.

Fig. 13 shows the cross section of the asymmetric spiral inductor shown in Fig. 10

using the stacked structure of Fig. 9B.

Fig. 14 shows the cross section of the asymmetric spiral inductor shown in Fig. 10

using the stacked structure of Fig. 9C.

[Description of the symbols for the main components]

100, 200, 900A. 900B. 900C. 900D

M16—-Ml11. M26-M21. M36-M32. M46—-M41.

MTIl-~MT6. M96A—-MIIA. M96B—-MI1B.
M96C~-~MI1C. M96D~-~MI1D. M126-M122.
M136-M132. M146—-~M141

110, 210, 310. 410. 910A. 910B.
910C. 910D. 1210. 1410

120, 220, 320. 420. 920A. 920B.
920C. 920D. 1220. 1420

360. 460

19
ADVANCED MICRO DEVICES, INC. IPR2023-00789

Spiral inductor

Metal layer

First set of dielectric vias

Second set of dielectric vias

Third set of dielectric vias
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S11+-S16. S21~-~S26. S31~S36. S41+S546.

S9TA~S96A. S9IB~S96B. S91C~S96C.

S91D~S96D. S121-S126. S141~-S146

S37. S47
S38. S48
130, 230, 330. 620. 930A.

930B. 930C. 930D. 1100

140, 240. 340. 630. 940A.
940B. 940C. 940D. 1200

150. 250, 350. 450. 950A. 950B.
950C. 950D. 1250. 1350. 1450
Al

350A. 450A. 1250A. 1450A
350B. 450B. 1250B. 1450B

300, 500

YY’. KK’. CC’

510

610

A. B. A’. B’

520
530
1000
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Segment

First guard ring segment

Second guard ring segment

First shunt winding

Second shunt winding

Crossover area

Area

First part

Second part

Symmetric spiral inductor
Dotted line

First inductor

Second inductor
Connection point

First series winding
Second series winding

Asymmetric spiral inductor
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VII. Claims:

1. A stacked structure of a spiral inductor, comprising:
a first metal layer, comprising:
a first segment;
a second segment; and
a third segment, connected to the first segment, a layout direction of the third
segment being different from a layout direction of the second segment;
a second metal layer, laid out below the first metal layer, comprising:
a fourth segment;
a fifth segment; and
a sixth segment, connected to the fifth segment, a layout direction of the sixth
segment being different from a layout direction of the fourth segment;
a first set of dielectric vias, connecting the first segment to the fourth segment; and
a second set of dielectric vias, connecting the second segment to the fifth segment;
wherein, the first segment, the fourth segment and the first set of dielectric vias
form a first parallel winding (shunt winding); the second segment, the fifth
segment and the second set of dielectric vias form a second shunt winding;

and the third segment and the sixth segment form a crossover area.

2. The stacked structure of a spiral inductor according to Claim 1, wherein the third
segment is laid out between the first segment and the second segment, and the sixth

segment is laid out between the fourth segment and the fifth segment.

[hw:] S
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3. The stacked structure of a spiral inductor according to Claim 1, wherein the
thickness of the first metal layer is greater than the thickness of the second metal

layer.

4. The stacked structure of a spiral inductor according to Claim 3, wherein the spiral
inductor further comprises a third metal layer laid out below the second metal layer,
with the structure of the third metal layer being the same as the structure of the
second metal layer, and the thickness of the first metal layer being greater than the

thickness of the third metal layer.

5. The stacked structure of a spiral inductor according to Claim 1, wherein the

thickness of the first metal layer is equal to the thickness of the second metal layer.

6. The stacked structure of a spiral inductor according to Claim 1, wherein the spiral
inductor further comprises:
a third metal layer laid out below the second metal layer, with the structure of the
third metal layer being the same as the structure of the first metal layer; and
a fourth metal layer laid out below the third metal layer, with the structure of the
fourth metal layer being the same as the structure of the second metal layer;
wherein, a seventh segment of the third metal layer, an eighth segment of the fourth
segment, the third segment and the sixth segment form the crossover area, and
the third segment, the sixth segment, the seventh segment and the eighth

segment form an interdigitated crossover structure.
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7. The stacked structure of a spiral inductor according to Claim 1, wherein:

the first metal layer further comprises a first guard ring segment, arranged outside
of the first segment or the second segment;

the second metal layer further comprises a second guard ring segment, arranged
outside of the fourth segment or the fifth segment; and

the stacked structure further comprises a third set of dielectric vias, connecting the
first guard ring segment and the second guard ring segment, and the first guard
ring segment, the second guard ring segment and the third set of dielectric vias

form a stacked guard ring.

8. The stacked structure of a spiral inductor according to Claim 1, wherein the spiral

inductor 1s a symmetric spiral inductor.

9. The stacked structure of a spiral inductor according to Claim 1, wherein the first
shunt winding and the second shunt winding are substantially in the shape of a

rectangle, an octagon or a circle.

10. A stacked structure of a spiral inductor, comprising:

a first metal layer, comprising:
a first segment;
a second segment; and
a third segment, connected to the first segment and the second segment and

laid out between the first segment and the second segment;

a second metal layer, comprising:
a fourth segment;
a fifth segment; and

a sixth segment, laid out between the fourth segment and the fifth segment;

[hw:] S
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a first set of dielectric vias, connecting the first segment to the fourth segment; and
a second set of dielectric vias, connecting the second segment to the fifth segment;
wherein, the first segment and the fourth segment form a first shunt winding, the
second segment and the fifth segment form a second shunt winding of the
spiral inductor, and the third segment and the sixth segment form a crossover

arca.

11. The stacked structure of a spiral inductor according to Claim 10, wherein the

second metal layer is laid out above the first metal layer.

12. The stacked structure of a spiral inductor according to Claim 10, wherein the first

metal layer is laid out above the second metal layer.

13. The stacked structure of a spiral inductor according to Claim 10, wherein the
thickness of the first metal layer is greater than the thickness of the second metal

layer.

14. The stacked structure of a spiral inductor according to Claim 13, wherein the spiral
inductor further comprises a third metal layer, with the structure of the third metal
layer being the same as the structure of the second metal layer, the third metal layer
and the second metal layer being laid out above or below the first metal layer, and
the thickness of the first metal layer being greater than the thickness of the third

metal layer.
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15. The stacked structure of a spiral inductor according to Claim 10, wherein the

thickness of the first metal layer is equal to the thickness of the second metal layer.

16. The stacked structure of a spiral inductor according to Claim 10, wherein the

spiral inductor further comprises:

a third metal layer, with the structure of the third metal layer being the same as the
structure of the first metal layer; and

a fourth metal layer, with the structure of the fourth metal layer being the same as
the structure of the second metal layer;

wherein, a seventh segment of the third metal layer, an eighth segment of the fourth
segment, the third segment and the sixth segment form the crossover area, and
the third segment, the sixth segment, the seventh segment and the eighth

segment form an interdigitated crossover structure.

17. The stacked structure of a spiral inductor according to Claim 16, wherein the
second metal layer is laid out below the first metal layer, the third metal layer is
laid below the second metal layer, and the fourth metal layer is laid out below the

third metal layer.

18. The stacked structure of a spiral inductor according to Claim 16, wherein the first
metal layer is laid out below the second metal layer, the fourth metal layer is laid
below the first metal layer, and the third metal layer is laid out below the fourth

metal layer.

[hw:] S
25

ADVANCED MICRO DEVICES, INC. IPR2023-00789 Ex. 1023, p. 27 of 69



19. The stacked structure of a spiral inductor according to Claim 10, wherein:

the first metal layer further comprises a first guard ring segment, arranged outside
of the first segment or the second segment;

the second metal layer further comprises a second guard ring segment, arranged
outside of the fourth segment or the fifth segment; and

the stacked structure further comprises a third set of dielectric vias, connecting the
first guard ring segment and the second guard ring segment, and the first guard
ring segment, the second guard ring segment and the third set of dielectric vias

form a stacked guard ring.

20. The stacked structure of a spiral inductor according to Claim 10, wherein the

spiral inductor is an asymmetric spiral inductor.

21. The stacked structure of a spiral inductor according to Claim 10, wherein the first
shunt winding and the second shunt winding are in the shape of a rectangle, an

octagon or a circle.

VIII. Drawings:

[hw:] S
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A stacked structure of a spiral inductor includes a first metal layer, a
second metal layer, a first set of via, and a second set of via. The first
metal layer includes a first segment, a second segment, and a third
segment, wherein the layout direction of the third segment is different

from the layout direction of the first and second segments. The second
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metal layer includes a fourth segment, a fifth segment, and a sixth
g segment connected to the fifth segment, wherein the layout direction of
* the sixth segment is different from the layout direction of the fourth and
fifth segments. The first set of via connects the first and fourth segments,
and they construct a first shunt winding. The second set of via connects
the second and fifth segments, and they construct a second shunt -

winding. The third and sixth segments construct a crossover region.
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