(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2023/183722 Al

28 September 2023 (28.09.2023) WIPO I PCT

(51) International Patent Classification: (74)
HOI1L 23/522 (2006.01) HO11L 23/532 (2006.01)

(21) International Application Number:
PCT/US2023/064058  (81)

(22) International Filing Date:
09 March 2023 (09.03.2023)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
17/705,041 25 March 2022 (25.03.2022) UsS

(71) Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morchouse
Drive, San Diego, California 92121-1714 (US).

84
(72) Inventors: LIU, Kai; 5775 Morehouse Drive, San Diego, ®4)

California 92121-1714 (US). LAN, Je-Hsiung; 5775 More-
house Drive, San Diego, California 92121-1714 (US).
KIM, Jonghae; 5775 Morehouse Drive, San Diego, Cali-
fornia 92121-1714 (US).

Agent: THAVONEKHAM, S. Sean; Loza & Loza, LLP,
305 North Second Avenue, #127, Upland, California 91786
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,

(54) Title: INTEGRATED DEVICE AND INTEGRATED PASSIVE DEVICE COMPRISING MAGNETIC MATERIAL

16:

3
'Y

PACKAGING
PORTION / 204 3

REDISTRIBUTION

PORTION
240
INTERCONNECTION 207
PORTION 226
/ 2
ACTIVE PORTION 201 210 LOGIC BLOCKS
AND/OR TRANSISTORS

203
PROFILE CROSS SECTIONAL VIEW
FiG. 2

w0 2023/183722 A1 |0 000 AP0 0

(57) Abstract: Anintegrated device that includes a die substrate comprising a plurality of transistors, an interconnection portion coupled
to the die substrate, and a packaging portion coupled to the interconnection portion. The interconnection portion includes at least one
die dielectric layer and a plurality of die interconnects coupled to the plurality of transistors. The packaging portion includes at least
one magnetic layer and a plurality of metallization interconnects coupled to the plurality of die interconnects.

[Continued on next page]



WO 2023/183722 A [N 00P 000000 O

LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2023/183722 PCT/US2023/064058

INTEGRATED DEVICE AND INTEGRATED PASSIVE DEVICE
COMPRISING MAGRNETIC MATERIAL

CROSS-BEFERERNCE TO RELATED APPLICATION
(0001} This application claims priotity to and the benefit of Non-Provisional
2022, the entire content of which is incorporated hercin by reference as if fully set forth

below in its entirety and for all applicable purposes.

Field
100602] Various featurcs relatc to packages, intcgrated devices andfor integrated

passive devices.

Background

100031 Packages can inchude a subsirate, an integrated device and integrated passive
device. The substratc may include a plurality of interconnects. The integrated device
and/or the integrated passive device may be coupled to interconnects of the substrate.

There is an ongoing need to provide smaller packages with improved performances.

SUMMARY

[0004] Various features relate to packages, integrated devices and/or integrated
passive devices.

[0005] One examople provides an integrated device that includes a die subsirate
comprising a plurality of transistors, an interconnection portion coupled to the die
substrate and a packaging portdon coupled to the interconnection portion. The
interconnection portion includes at least one die diclectric layer and a plurality of die
micrconnects coupled to the plurality of transistors. The packaging portion includes at
least one magnetic layver and a plurality of metallization interconvects coupled to the
plurality of die interconnects.

[3006] Another example provides a device that includes a die substrate, an
interconnection portion coupled 1o the die substrate, and a packaging portion coupled to
the intercopnection portion. The interconnection portion includes at least one die

dielectric layer and a plurality of die interconnects. The packaging portion includes at
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least one magnetic layer and a plurality of metallization interconnects coupled to the
plurality of die interconnects.

{0007} Another example provides a method that provides a die substrate. The method
forms an intcrconnection portion over the dic substrate, where forming the
micrconnection portion includes forming at least one dic diclectric laver and forming a
plurality of die interconnects. The method forms a packaging portion over the
interconnection portion, where forming the packaging portion includes forming a
plurality of metallization interconnects coupled to the plurality of die inicrconnects and

forming at least onc magnetic layer.

BRIEY DESCRIPTION OF THE BRAWINGS
[0008] Various features, nature and advantages may become apparent from the
detailed description sct forth below when taken in conjunction with the drawings in which
like reference characters identify corvespondingly throughout.
3009 FIG. 1 illustrates an cxemplary profile view of a package that includes a
substrate, an integrated device and an integrated passive device.
(0610 FIG. 2 ilustrates an exemplary profile view of an integrated device that
inchudes magnetic material.
{0611} FIG. 3 illustrates another exemplary profiie view of an integrated device that
mcludes magnetic material.
[0012] FIG. 4 illustrates an exemplary profile view of an integrated passive device
(IP1y) that includes magnetic material.
100131 FIG. 5 illustrates another exemplary profile view of an integrated passive
device (1PD) that includes magnetic material.
[00G14] FIG. 6 tllustrates an exemplary view of a device that inchudes an indoctor
located in magnetic material,
[0G15] FIG. 7 illustrates an exemplary graph of the quality factor of several
cxemplary inductors at various frequencies.
[0016] FIG § ilhustrates an exemplary graph of the indoctance of several exemplary
inductors at various frequencies.
106171 FIG. 9 illustrates an exemplary table that illustrates inductances and quality
factors of several exeraplary inductors.
[0018] FIGS. 10A-101 illustrate an exemplary sequence for fabricating an integrated

device that includes magnetic material.
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{0019 FIG. 11 illustrates an exeraplary flow diagrar of a method for fabricating an

integrated device that includes magnetic material.

6020 FIG. 12 illustrates another exemplary flow diagram of a method for fabricating
L o & ey

an integrated device that includes magnetic maicrial.

10621} FIG. 13 illusirates an exemplary flow disgrarn of a moethod for fabricating a

package that includes a substrate, an integrated device and an integrated passive device.

8022 FIG. 14 illustrates an exemplary flow diagram of method for fabricating a

5 R & &
package that includes a substrate, an infegrated device and an integrated passive device.
BGL3 FIG. 15 iHlustrates various electronic devices that may integrate a die, an
. &
clectronic circuit, an integrated device, an integrated passive device (JPD), a passive

component, a package, and/or a device package described herein.

DETAILED DESCRIPTION
[0024] In the following description, specific details are given to provide a thorough
understanding of the various aspects of the disclosure. However, it will be understood by
one of ordinary skill in the art that the aspects may be practiced without these specific
details. For example, civcuits may be shown in block diagrams in order to avoid obscuring
the aspects in unnecessary detail. In other instances, well-known circuits, structures and
techniques may not be shown in detail in order not to obscure the aspecis of the disclosure.
100G25] The present disclosure describes a package that includes a substrate and an
integrated device coupled to the substrate. The integrated device includes a die subsirate
comprising a plorality of transistors, an inferconnection portion coupled to the die
substrate and a packaging portion coupled to the intcrconunection portion. The
interconnection portion includes at least one die dielectric layer and a plurality of die
interconnects coupled to the plurality of transistors. The packaging portion includes at
least one magnetic layer and a plurality of metallizaon interconnects coupled o the
plurality of die interconnects. The packaging portion includes an inductor that is defined
by at least one metallization interconnect from the plurality of metallization interconnects.
The at least one magnetic layer includes an insulating layer, a dielectric layer and/or a
non-electrical conducting material. The at least one magnetic layer has a permeability
value {e.g., relative permeability value) that is greater than 1. The magnetic layer is
configured to help improve (e.g., increase) the quality factor () and/or the inductance of
the inductor in the packaging portion. As will be further deseribed below, by helping to

improve the quality factor and/or the inductance of the inductor, an inductor with a
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smaller form factor (¢.g., size) may be formed in the packaging while still having a quality

factor and/or an inductance that is equal or better than that of a larger induoctor.

Exemplary Integrated Device Comprising Magnetic Material

100G26] FIG. 1 illustrates a profile view of a package 100 that includes a substrate 102,
an integrated device 103 and an integrated passive device 105 (IPD). The package 1801
coupled to a board 106 through a plurality of solder interconnects 118, The board 106
includes at least one board dielectric laver 160 and a pluraiify of board interconnects 162,
The board 106 may include a printed cirenit board (PCB).

(06271 The substrate 102 inchides at least one dielectric layer 120 (e.g., substrate
dielectric layer), a plurality of interconnects 122 {(e.g., substrate interconnects), a solder
vesist fayer 140 and a solder resist layver 142, The integrated device 103 is coupled to the
substrate 102 through a plurality of solder interconnects 130. The integrated passive
device 103 is coupled to the substrate 102 through a plarality of solder interconnects 150
A substrate may bave a different number of metal layers. Different implementations may
use different substrates. The substrate may include an erbedded trace substrate (ETS).
The at least one dielectric layer 120 may include prepreg.

[0028] The package (e.g.. 100) may be implemented in a radio frequency (RF}
package. The RF package may be aradio frequency front end (RFFE) package. A package
{e.g.. 100} may be configured to provide Wireless Fidelity (WiFi) communication and/or
cellular communication {e.g., 2G, 3G, 4G, 5G). The package (e.g., 100 may be
configured to support Global System for Mobile (GSM) Communications, Universal
Muobile Telecommunications System {(UMTS), and/or Long-Term Evolution (LTE). The
package {c.g., 100) may be configured to transmit and receive signals having different
frequencies and/or comrnunication protocols.

{36291 As will be forther described below, the integrated device 103 and/or the
integrated passive device 105 may inclade at least one magnetic layer. The at least one
magnetic layer includes an insulating layer, a dielectric fayer and/or a non-electrical
conducting material {e.g., material that does not electrically conduct). The at least one
magnetic layer has a permeability value that iz greater than 1 {e.g., about 10 or greater,
range of 6-12). The magnetic layer may have different permeability values at different
frequencies. The permeability value of 2 magnetic material and/or a magnetic layer, as
described in the disclosure is a relative permeability value that is defined as a ratio of the

permeability of a material to the permeability of free space. Thus, the permeability values
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that are described for the magnetic materials and/or maguetic layers that are illustrated
and/or described in the disclosure may vepresent a relative permeability value that is
relative to a defined permeability valoe {e.g., reference permeability value) of free space.
In some implementations, free space may be defined to have a defined permeability value
of po = 4rx 1077 Him (Henry per meter). A material that has a relative permeability value
that is greater than 1 may be considered to be a magnetic material.

[006306] The at least one magnetc laver is configured to improve the inductance and/or
quality factor of an inductor that is located in and/or swrrounded by a magnetic layer. With
improved inductor performance, smaller and more compact inductors moay be formed in
the integrated device 103 and/or the integrated passive device 105.

{00631} FIG. 2 illustrates an exemplary profile cross sectional view of the integrated
device 103. The integrated device 103 may include a die (e.g., semiconductor die}. The
micgrated device 103 includes a dic substrate 200, a plurality of transistors 210, at [east
one oxide layer 220, at least one die dielectric layer 224, a plurality of die interconnects
221, a high K dielectric layer 222, a passivation layer 226, at lcast one magnetic layer
240, a plurality of metatlization interconnects 241, a passivation layer 250, a plurality of
pillar interconnects 251 and a plurality of solder interconnects 130.

[60632] The integrated device 103 may include an active portion 281, an
interconunection portion 202 and a packaging portion 284, The active portion 201 may
mclude a back end of ine (BEOL) portion. The interconnection portion 242 may be a dic
interconnection portion. The interconnection portion 202 may include a front end of line
(FEOL) portion. The packaging portion 204 may include a redistribution portion {e.g..
RDL portion). The interconnection portion 202 is coupled to the active portion 201, The
interconnection portion 202 is located over the active portion 201. The packaging portion
204 is coupled to the interconnection portion 202. The packaging portion 204 is located
over the interconnection portion 202. The interconnection portion 202 is located between
the active portion 201 and the packaging portion 204,

10633 The active portion 201 may inchude the die substrate 200, the plorality of
transistors 210 and/or the at least one oxide layer 220, The plurality of transistors 210
may be formed and/or focated tn and/or over the die substrate 200. The die substrate 200
may mclude silicon (513, The plurality of transistors 218 may form and/or define onc or
more fogical blocks. The at least one oxide layer 220 s located over the die substrate 200
and/or the plurality of transistors 210. The plurality of transistors 210 may be any type of

transistors (e.g., CMOS transistors, planar transistors, field effect transistors). The at least
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one oxide layer 220 may include sificon dioxide. A back end of line (BEOL) process may
be used to fabricate and/or form the plorality of transistors 210 and/or the at least one
oxide layer 220. The interconnection portion 202 is coupled to the die substrate 200, the
plurality of transistors 210 and/or the at least one oxide layer 220.

100634 The interconnection portion 202 may include the plurality of die interconnects
221, the at least one die dielectric layer 224, the high K dielectric layer 222 and/or the
passivation layer 226. The plurality of die interconnects 221 may include at least one die
interconnect 225, at least one die interconnect 227 and at least one die interconnect 229
(e.g., 229a, 229b). The plurality of die interconnects 221 may be coupled to the plurality
of transistors 2180, For exarople, the at least one die interconnect 225 may be coupled {e.g.,
directly or indivectly) to the plurality of transistors 210. The passivation layer 226 may be
Incated over the at {east one die dielectric layer 224 and/or the at least one dic interconnect
229 {e.g., 2294, 229b).

[0035] The interconnection portion 202 inclades a capacitor 203 that is defined by at
least a portion of the at least one die interconnect 223, the high K dielectric laver 222 and
at icast a portion of the at least one die interconnect 227, The capacitor 203 may be located
in the at least one die dielectric layer 224, The high K dielectric layver 222 is located
between the at least one die interconnect 225 and the at least one die interconnect 227.
The high K dielectric layer 222 may have a higher diclectric constant than the diclectric
constant of the at least one die diclectric layer 224,

[0036] The at least one die interconnect 225 may be located on a first metal layer
(M1} of the integrated device, the at least one die interconnect 227 may be located on a
second metal layer (M2) of the integrated device, and the at least one die interconnect 229
may be located on a third metal laver (M3) of the integrated device. It is noted that there
may be at least one via die interconnect between the fivst metal laver (M1) and the third
metal layer (M3). It is also noted that there may be at least one via die interconnect
between the second metal layer (M2) and the third metal layer {(M3). The via dic
micrconnect(s) hbetween the first metal layer (M1) and the third metal layer (M3}, and the
via die interconnect(s} between the second metal layer (M2) and the third metal layer
(M3), are considered part of the plurality of die interconnects 221.

100371 The packaging portion 204 includes the ploraliy of metalitzation
interconnects 241, the at least one magnetic tayer 240, the passivation layer 250 and/or
the plurality of pillar interconnects 251, A phurality of solder interconnects 130 may be

coupled to the plurality of pillar interconnects 251. The plurality of metallization
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interconnects 241 may include at keast one metallization interconnect 242, at least one
metallization interconnect 243, at least one metallization interconnect 244, at least one
metallization interconnect 2435, and/or at least one metallization interconnect 246. The at
least one metallization interconnect 243 may be located on a fourth metal layer (M4} of
the integrated device and the at least one metallization interconnect 245 may be located
on a fifth metal layer (M5) of the integrated device. The at least one metallization
interconnect 242 may include via metallization interconnect{s). The at least ong
setallization interconnect 244 may include via metallization interconnect(s). The at least
one metallization interconnect 246 may include via metallization interconnect{s). The
plurality of metallization interconnects 241 may include a plurality of redisiribution
interconnects {e.g., redistribution layer (RDL) interconnects). The passivation layer 250
may be formed and/or located over the at least one magnetic layer 240, The passivation
tayer 250 may include polyvimide (P1). The plurality of metallization interconnects 241 is
coupled to the plurality of die interconnects 221, For example, the at least one
wetallization interconnect 242 is coupled to the at least ong die interconnect 229, through
one of More openings in the passivation layer 226.
[0038] The packaging portion 204 inchides at least one inductor that is defined andfor
formed from at least one metallization interconnect from the plurality of metallization
interconnects 241, For example, the at least one inductor may be defined by the at least
one metallization interconnect 243 and/or the atf least one metaliization interconnect 245,
The indoctor andfor at least one metallization interconnect from the plurality of
metatlization interconnects 241 may be located in the at least one magnetic layer 240. The
combination of the capacitor 203 in the interconnection portion 202 and the inductor in
the packaging portion 204 may be used as a filter for one or more signals.
{0035 The at least one magnetic layer 240 includes the magnetic layer 240a, the
magnetic layer 240b, the magnetic laver 240c. The at least one magnetic layer 240
inclhudes an insulating laver, a dielectric layer, and/or a non-electrical conducting material.
The at least one magnetic layer 240 may be both a dielectric material and a magnetic
material. Thus, the at least one magnetic laver 240 may have both dielectric properties
and magnetic properties. The at least one magnetic layer 240 may inclode one or more
materials. The at least one magnetic layer 240 has a permeability value that is greater than
1 (e.g., about 10 or greater, range of 6-12). The maguetic layer may have different
permeability values at different frequencies. The permeability value of a magnetic

material and/or a magnetic layer, as described in the disclosure s a relative permeability
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value that is defined as a ratio of the permeahility of a material to the permeability of free
space. Thus, the permeability values that are described for the magnetic materials andfor
magnetic layers that are illustrated and/or described in the disclosure may represent a
relative permeability value that is relative to a defined permeability value (e.z., reference
permeability value} of free space. In some implementations, free space may be defined 1o
have a defined permeability vahie of yo = dax 107 H/m (Henry per meter). A material that
has a relative permeability value that is greater than | may be considered to be a magnetic
rwaterial. The at least one magnetic layer 240 includes a magnetic loss tangent value that
is in a range of about 0.01-0.04. The at ieast one magnetic layer 240 may include
Ajnomoto Magnetic Film (AMF). The at least one magnetic layer 240 surrounds {e.g.,
partially swrrovnds, completely surrounds) the inductor and/or the plurality of
metallization intercounects 241. For example, the at least one magnetic layer 240 includes
a maguctic material (e.g., has magnetic propertics) that (i) is touching the inductor and/or
the plurality of metallization interconnects 241 and (11} at least partially surrounds the
inductor {or part of the inducior) and/or the plurality of metallization interconnects 241
(or part of the plurality of metallization interconnects 241). The at least one magnetic
fayer 240 is configured to improve the indoctance and/or quality factor of an inductor that
is focated in and/or surrounded by the at least one magnetic layer 240, With improved
inductor performance, smatler and more compact inductors may be formed in the
mitcgrated device 103,
[0040] The magnetic layer 240a, the magnetic layer 240b, and the magnetic layer
240c may be considered as one magnetic layer or as separate magnetic layers. In some
implementations, there may be more or less than 3 maguoetic layers. In some
implementations, the magnetic layer 240a, the magnetic layer 240b, and the magnetic
fayer 240c may have the same properties (e.g., same permeability, same magnetic loss
tangent value). In some implementations, the magnetic layer 240a, the magnetic layer
240b, and/or the magnetic layer 240c may have the different properties (g.g., different
permeability, different magnetic loss tangent value). For examople, a first magnetic layer
may have a first permeability (e.g., first permeability valoe, first relative permeability
value) and a first magnetic loss tangent value, and a second magnetic layer may have a
second permeabhility {e.g., sccond permaecability value, second relative permeability value)
and a second magnetic loss tangent value. In some implementations, the magnetic layer
248a, the magnetic layer 240b, and/or the magnetic layver 240¢ may have similar and/or

the same values for certain propertics, and may have different values for other properties.
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A more detailed description of how the af least one magnetic layer 240 helps improve the
performance of an inductor is further described below in at least FIGS. 7-9.

{0041} FIG. 3 illustrates another exemplary view of the integrated device 103, The
integrated device 103 of FIG. 3 is similar to the integrated device 103 of FIG. 2, and as
such, includes similar components as the integrated device 103 of FIG. 2. The integrated
device 103 of FIG. 3 does not include the passivation laver 250 over the magnetic layer
240c. Moreover, in FIG. 3, the integrated device 103 includes a thicker layer of the

wagnetic layer 24{c,

(00421 An integrated device {e.g., 103) may inclade a die {e.g., semiconductor bare
die). The integrated device may include a power management integrated circuit (PMIC).
The integrated device may include an application processor. The integrated device may
inchude a modem. The integraied device may include a radio frequency (RF) device, a
passive device, a filter, a capacitor, an inductor, an anicnna, a transmitter, a receiver, a
gallium arsenide (GaAs) based integrated device, a surface acoustic wave (SAW) filters,

1

a bulk acoustic wave (BAW) filter, a light emitting diode (LED) integrated device, a
silicon (St} based integrated device, a silicon carbide (SiC) based integrated device, a
memory, power management processor, and/or combinations thereof. An integrated
device {e.g., 103} may include at least one electronic circuit {e.g., first electronic circuit,
sccond electronic cireuit, cfc...). An integrated device may include transistors. An
micgrated device may be an example of an clectrical component and/or clectrical device.
In some implementations, an integrated device may include a chiplet. A chiplet may be
fabricated using a process that provides better yields compared to other processes that are
used to fabricate other types of integrated devices, which can lower the overall cost of
fabricating a chiplet. Different chiplets may have different sizes and/or shapes. Different
chiplets may be configured to provide different functions. Different chiplets may have
different interconnect densities {e.g.. interconnects with different width and/or spacing).
In some implementations, several chiplets may be used to perform the functionalities of
one o more chips (e.g., one more integrated devices). Using several chiplets that perform
several functions may reduce the overall cost of a package relative to using a single chip

to perform all of the functons of a package.

Exemplary Integrated Passive Device (IPD) Comprising Magnetic Material
[0043] FIG. 4 illustrates an exemplary profile cross sectional view of the integrated

passive device 105, The integrated passive device 105 may include a passive dic. The
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integrated passive device 103 includes the die substrate 200, the at least one oxide layer
220, the at least one die dielectric layer 224, the phirality of die nterconnects 221, the
high K dielectric layer 222, the passivation laver 226, the at least one magnetic layer 240,
the plurality of metallization interconnects 241, the passivation layer 258, the plurality of
piltar interconnects 251 and a plurality of solder interconnects 150.

[0044] The integrated passive device 105 may be sunilar to the integrated device 103,
and thus includes the same or similar components as the integrated device 103. However,
the infcgrated passive device 105 may be free of a plurality of transistors in the die
substrate 200. The integrated passive device 105 may not have any active devices in the
die substrate 200.

[0045] The integrated passive device 105 may inclode the interconnection portion
202 and the packaging portion 204. The interconncction portion 202 may be a die
mierconnection portion. The inferconnection portion 202 may include a front end of line
(FEOL) porton. The packaging portion 204 may include a redistribution portion {(e.g.,
RBL portion}. The interconnection portion 22 is coupled to the dic substrate 200 and/or
the at least one oxide layer 220. The interconnection portion 202 is located over the die
substrate 200 and/or the at least one oxide layer 220. The packaging portion 204 is
coupled to the interconnection portion 202, The packaging portion 204 is located over the
interconnection portion 202, The interconnection portion 202 is located between the die
substrate 200 and the packaging portion 204.

[0046] The interconnection portion 202 may include the plurality of die interconnects
221, the at least one die dielectric layer 224, the high K dielectric layer 222 and/or the
passivation layer 226. The plurality of die interconnects 221 may include at least one die
interconnect 225, at least one die interconnect 227 and at least one die interconnect 229
{e.g., 229a, 229b). The passivation layer 226 may be located over the at feast one die
dielectric layer 224 and/or the at least one die interconnect 229 (e.g., 22%a, 229b).

{0047 ] The interconngction portion 202 inchides a capacitor 203 that is defined by at
least a portion of the at least one dic interconnect 225, the high K dielectric layer 222 and
at feast a portion of the at least one die interconnect 227, The capacitor 203 may be located
in the at least one die diclectric layer 224, The high K dielectric layer 222 is located
hetween the at least one die interconnect 225 and the af least one die interconnect 227,
{00481 The at least one dic interconnect 225 may be located on 2 first metal layer
{M1} of the integrated passive device, the at least one die interconnect 227 may be located

on a second metal laver (M2) of the integrated passive device, and the at least one die
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it

interconnect 229 may be located on a thivd metal layer (M3} of the integrated passive
device. It is noted that there may be at least one via die interconnect between the first
metal layer (M1) and the third metal layer (M3). It is also noted that there may be at least
one via dic interconncct between the second metal layer (M2) and the third metal layer
{83}, The via die interconnect(s) between the first metal laver (M1) and the third metal
tayer (M3), and the via die interconnect(s) between the sccond metal layer (M2) and the
third metal layer (M3), are considered part of the plurality of die interconnects 221.
130491 The packaging portion 204 includes the plurality of metaliization
interconnects 241, the at least one magnetic ayer 240, the passivation layer 250 and/or
the plurality of pillar interconnects 251. A plurality of solder interconnects 130 may be
coupled to the plurality of pillar interconnects 251. The plurality of metallization
interconnects 241 may inciude at least one metallization interconnect 242, at least one
metallization interconnect 243, at least one metallization interconnect 244, at least one
metatlization interconnect 245, and/or at least one metallization interconnect 246. The at
least one metallization interconnect 243 may be located on a fourth metal layer (M4) of
the infegrated passive device and the at lcast one metallization interconnect 245 may be
located on a fifth metal layer (MS) of the integrated passive device. The at least one
metallization interconnect 242 may include via metallization interconnect{s}. The at least
one metallization interconnect 244 may include via metallization interconnect{s). The at
least one metallization interconnect 246 may include via metallization interconnect(s).
The plurality of metallization interconnects 241 may include a plurality of redistribution
interconnects (e.g.. redistribution layer (RDL) interconnects). The passivation layer 250
1ay be formed and/or located over the at least one magnetic layver 240. The passivation
layer 250 may include polyimide (P, The plurality of metaliization interconnects 241 is
coupled to the plurality of dic interconnects 221, For cxample, the at least one
metallization interconnect 242 is coupled to the at feast one die interconnect 229, through
one Or Mmore openings in the passivation layer 226.
100G5G] The packaging portion 204 includes at least one inductor that is defined and/or
formed from at least one metallization interconnect from the plurality of metaliization
interconnects 241, For example, the at least one inductor may be defined by the at least
one metallization interconnect 243 and/or the at least one metallization interconnect 245.
The corpbination of the capacitor 203 in the interconnection portion 202 and the inductor

int the packaging portion 204 may be used as a filter for one or more signals.
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{0051 The at least one magnetic layer 240 includes the magnetic layer 240a, the
magnetic layer 240b, the magsetic layer 240c. The at least one magnetic layer 240
includes an insulating layer, a dielectric layer and/or a non-electrical conducting material.
The at least one magnetic layer 240 has a permeability value {e.g., relative permeability
value) that is greater than 1 (e.g., about 10). The at least one magnetic layer 240 includes
a magnetic loss tangent vahie that is in a range of about 0.01-0.04. The at least one
magnetic layer 240 surrounds the inductor and/or the plurality of metallization
interconnects 241, The at lecast one magnetic layer 240 is configured to improve the
inductance and/or quality factor of an inductor that is located in and/or surrounded by the
at least one magnetic layer 244, Inductance is velated t0 magnetic energy {through a
magnetic field) stored by a conductor and/or an inductor. A conductor and/or an induactor
that is surrounded by a magnetic material (c.g., at least one magunetic layer 240) will have
more energy stored, and thus the conductor and/or the inductor will have higher
inductance. Moreover, the inductor’s quality factor (defined by magnetic energy divided
by lost encrgy) is increased, if the lost encrgy (related to loss-tangent) is not
proportionally increased at the same time. With toproved inductor performance, smaller
and more compact inductors may be formed in the integrated passive device 105, Thus,
if an application requires a inductor with a minmum inductance and/or minimum guoality
factor, a smaller form factor inductor can be provided that is swrrounded by the maguetic
layer, instead of providing a bigger form factor inductor without the magunetic layer.
[0052] In some Unplementations, the magnetic laver 240a, the magnetic layer 240b,
and the magnetic layer 240c¢ may have the same properties {e.g., same permeability, same
wagnetic loss tangent value). In some implementations, the magnetic layer 240a, the
magnetic layer 240b, and/or the magnetic laver 240¢ may have the different properties
{e.g., different permeability, different magnetic loss tangent value). For example, a first
magnetic layer may have a fiest permeability {e.g., {ivst permeability value, first relative
permeability value) and a first magnetic loss tangent value, and a second magnetic layer
may have a sccond permeability {e.g., second permeahility value, second relative
permeability value) and a second magnetic loss tangent value. In some implementations,
the magunetic layer 240a, the magnetic layer 240b, and/or the magnetic layer 24{c may
have similar and/or the same valucs for certain properties, and may have differcat valucs
for other properties.
[0053] FIG. 5 illustrates another exemplary view of the integrated passive device 105,

The integrated passive device 105 of FEG. 5 is similar to the integrated passive device 103



WO 2023/183722 PCT/US2023/064058

of FIG. 4, and as such, includes similar coraponents as the integrated passive device 105
of FiG. 4. The integrated passive device 105 of FIG. 5 does not include the passivation
layer 250 over the magnetic layer 240c. Moreover, in FIG. 5, the integrated passive device
105 ncludes a thicker layer of the magnetic layer 240c.

[6054] FIG. 6 illustrates a device 600 that includes an inductor 602 and at least one
magnetic layer 604. The device 600 may represent the integrated device 103 and/or the
integrated passive device 105, The inductor 602 may be formed in a packaging povtion of
the device 600. The inductor 602 may be formed and/or defined by at least one
metallization inierconnect in the packaging portion of the device 600. The inductor 602
may be surrounded by the at least one magnetic layer 604. The at least one magnetic layer
604 may be similar and/or the same as the at least one magnetic layer 2440, It is noted that
the device 600 may include more than one inductor. The inductors may have different
shapes, sizes, windings, confignrations and/or placements. The inductors may be located
on one or more metal lavers (e.g., metallization layers) of the device 600.

{30551 FIG. 7 tllustrates an exemplary graph 700 that shows the guality factor ({3) of
several inductors across an exeroplary frequency. The graph 700 includes a first plot line
710 for a {ivst inductor, a second plot line 720 for a second inductor, a third plot line 730
for a third inductor and a fourth plot line 740 for a fourth inductor.

[0056] FIG. 8 illustrates an exemplary graph 800 that shows the inductance of several
mductors across an exemplary frequency. The graph 800 includes a first plot line 816 for
the first inductor, a second plot line 820 for the second inductor, a third plot line 830 for
the third inductor and a fourth plot line 840 for the fourth inductor.

{0057] The first inductor, the second inductor, the third inductor and the fourth
inductor have the same design. However, cach of the first inductor, the second inductor,
the third inductor and the fourth inductor is surrounded by a different dielectric layer with
ditferent properties.

[00658] FIG. @ tllustrates an exemplary table 800 that shows the various inductances
and quality factors for the first inductor, the second inductor, the third inductor and the
fourth indoctor at a particular frequency.

{0597 The fiest inductor (which is associated with the first plot line 718 and the first
plot line 81{)) is not surrounded by a magnetic material and is instead surrounded by a
non-maguetic dielectric material that has a loss tangent (¢.g., electric toss tangent) of 0.01,
which results in an inductance of 1 nanchenry (n#) at 1.5 GHz, and a quality factor ()

of 20 at 1.5 GHz. The second inductor (which is associated with the second plot line 720
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and the second plot line 820} is surrotnded by a magnetic material having a permeability
of 10 and a loss tangent {(e.g., magnetic loss tangent) of .04, which resuits in an
inductance of 7 nH at 1.5 GHz, and a quabity factor () of 23 at 1.5 GHz. The third
inductor (which is assoctated with the third plot ling 730 and the third plot line 830) s
surrounded by a maguetic material having a permeability of 10 and a loss tangent {¢.g.,
magnetic loss tangent) of 0.02, which results in an inductance of 7 nH at 1.5 GHz, and a
guality factor () of 40 at 1.5 GHz. The fowth inductor {which is associated with the
fourth plot line 740 and the fourth plot line 840) is surrounded by a magnetic material
having a permoeability of 10 and a loss fangent (e.2., oagnetic foss tangent) of 0.01, which
results in an inductance of 7 nH at 1.5 GHz, and a guality factor ((Q) of 60 at 1.5 GHz.
{0068 Thus, the examples above demonstrate that the magnetic layer can improve
the inductance of an inductor by a factor of 7. One advantage of a more effective and/or
powerful inductor design is that smaller and more compact inductors may be provided in
an integrated device and/or an integrated passive device, while still meeting the design
and/or performance requirements of the integrated device and/or the integrated passive
device. This can help reduce the overalf size and/or form of the integrated device and/or
the integrated passive device.

{0061} it is noted that the graphs and values shown in FIGS. 7-9 are exemplary.
Different implementations may have the same, similar or different values across the same
or different frequencies. For example, the permeability value of the magnetic laver (e.g.,
magnetic dielectric layery of 10 is exemplary. Other magnetic layvers with other
permeability values (e.g., relative permeability values) of greater than 1 may be used {(e.g.,
1,6.5,7, 8 11). It is noted that a magnetic laver may have different permeability values
for different frequencies.

[0062] Having deseribed various integrated devices and/or integrated passive devices
with at Ieast one magnetic layer, a process for fabricating an integrated device with at

least one magnetic layer will be described below.

Exemplary Sequence for Fabricating an Infegrated Bevice Comprising Magnetic
Layer

{00631 FIGS. 10A-101 illustrate an exemplary sequence for providing or fabricating
an integrated device comprising at least one magnetic laver. In some implementations,
the sequence of FIGS. 10A-101 may be used to provide or fabricate the integrated device

103 described in the disclosure.
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[3064] it should be noted that the sequence of FIGS. 10A-10{ may combine one or
more stages in order to simplify and/or clarify the sequence for providing or fabricating
an integrated device. In some implementations, the order of the processes may be changed
or modified. In some tmplementations, one or more of processes may be replaced or
substituted without departing from the spirit of the disclosure. Different taplementations
may fabricate an integrated device differently. It is noted that the sequence of FIGS. 10A-
18 may be used to fabricate an integrated passive device (e.g., 105) comprising at least
one magnetic layver. The sequence showsn in FIGS. 10A-106 may be implemented on a
wafer {e.g., silicon wafer) and then singulated into several integrated devices. A simailar
approach may be implemented for integrated passive devices.

[0065] Stage 1, as shown in FIG. 18A, llusirates a state after a die substrate 200 i3
provided. The die substrate 200 may include silicon (5i). A plurality of transistors 210
may be formed in and/or over the dic substrate 200. A BEOGL process may be used to
fabricate the plorality of transistors 210. Providing the die substrate 200 may inclode
providing a wafer (e.g., silicon wafer).

3066 Stage 2 illustrates a state after at least one oxide layer 220 is formed over the
die substrate 200 and/or the plurality of transistors 210, The at least one oxide layer 220
may include silicon dioxide. A deposition and/or a lamination process may be used to
form the at least one oxide layer 220. The at least one oxide layer 220 may be formed
from plasma enhanced Tetracthyl orthosilicate (PE TEQS). In some implementations, the
at {east one oxide layer 220 may already be formed when the die substrate 200 15 provided
at stage 1.

{0067] Stage 3 dlustrates a state after the at least one die interconnect 223 is formed
over the at feast one oxide layer 220. The at least one die interconnect 225 may be formed
over the die substrate 200 and/or the plurality of wansistors 210, The at least one die
interconnect 225 may be coupled {e.g., divectly or indirectly) to the plurality of transistors
210 through one or more openings in the at ieast one oxide layer 22(. A plating process
and a patterning process may be used to form the at least one dic interconnect 225.
[0068] Stage 4 iHustrates a state after a high K dielectric layer 227 is formed over at
least a portion of the at least one die interconnect 225, The high K dielecuic layer 222
may include silicon nitride. A deposition, a lamination and/or a pattemning process may
be used to form the high K dielectric layer 222.

{30691 Stage 5 illustrates a state after the at least one die interconnect 227 s formed

over the at feast one high K dielectric layer 222, A plating process and a paticrning process
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may be used to form the at least one die interconnect 227, At least a portion of the at least
one die interconnect 225, the high K diclectric layer 222 and the at least one die
interconnect 227 may form and/or define a capacitor.
{66701 Stage 6, as shown in FIG. 108, illustrates a state after at least one die diclectric
layer 224 is formed and patterned. A deposition, a laraination, an exposure, a development
and/or an etching process may be used to form and pattern the at least one die dielectric
tayer 224, The at least one dig diclectric layer 224 may be formed over and around the at
least one die interconnect 225 and the at least one die interconnect 227, The at least one
die diclectric layer 224 may include a plurality of cavities 1024. The at least one die
dielectric fayer 224 may be formed such that the at least one die interconnect 225, the
high K dielectric layer 222 and the at least one die interconnect 227 are located in the at
least one dic dielectric layer 224.
{6071 Stage 7 illustrates a state after the at least one die mnterconnect 229 is formed
over the at least one die diclectric layer 224, A plating process and a patlerning process
1ay be used to form the at least one die interconnect 229, Forming the at lcast one dic
interconnect 229 may include forming via die interconnects in the at least one die
dielectric layer 224 (e.g., in the cavities 1024 of the at least one die dielectric fayer 224).
The via die interconnect{s} may be considered part of the at least one die interconnect
229. The at least one dig interconnect 229 may be coupled to the at least one die
mierconnect 225 and the at least one die interconnect 227,
[0072] Stage 8 illustrates a state after a passivation layer 226 is formed over the at
least one die interconnect 229 and/or the at least one die dielectric layer 224. The
passivation layer 226 may include silicon dioxide andfor silicon nitride. A deposition
andfor lamination process may be used to form the passivation layer 226.
{66731 Stage 9, as shown in FIG. 10C, ilhustrates a state after the at least one
metallization interconnect 242 1s formed through at least one opening in the passivation
layer 226. A plating process and a patterning process may be used to form the at least one
metatlization interconnect 242, The at least one metallization interconnect 242 may be
coupled to the at least one die interconnect 229,
[0074] Stage 10 illuspates a state after a magnetic laver 240a is formed over the
passivation layer 226 and the at least one metallization tnferconnect 242, A lamination
process may be used to forro the roagnetic layer 240a. A grinding process may be used to

remove portions of the magnetic layer 240a and expose the at least one metaliization
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interconnect 242, Portions of the at least one metallization mterconnect 242 may also be

grinded.
{36751 Stage 11 ilhustrates a state after the at least one metallization interconnect 243

is formed over the at least one metallization interconnect 242 and the magnetic layer 240a.
A plating process and a patterning process may be used to form the at least onc
metatiization interconnect 243, The at least one metallization interconnect 243 is couple
to the at least one metallization interconnect 242,

{04761 Stage 12, as shown in FHG. 10D, illustrates a state afier the at lcast one
metallization interconnect 244 is formed over the at least one metallization interconnect
243, A plating process and a patterning process may be used to form the at least one
metallization interconnect 245. The at least one metallization interconnect 244 is coupled
to the at least one metallization interconnect 243.

10477] Stage 13 llustrates a state after a maguetic layer 240b is formed over the at
least one oetallization mterconnect 243, the 4t {east one metallization interconnect 244
and the magnetic layer 240a. A lamination process may be used to form the magnetic
layer 240b. A grinding process may be used to remove portions of the maguetic layer
240b and expose the at least one metallization interconnect 244, Portions of the at least
one metallization interconnect 244 may also be grinded.

[0678] Stage 14, as shown in FIG. 10E, illustrates a state after the at lcast one
metatlization interconnect 2435 is formed over the at least one metallization interconnect
244 and the magnetic layer 240b. A plating process and a patterning process may be used
to form the at least one metallization interconnect 245. The at least one metallization
interconnect 2435 is formed over the at least one metallization interconnect 244.

{60791 Stage 15 ilhustrates a state after the at least one metallization interconnect 246
is formed over the at least one metallization interconnect 245. A plating process and a
patterning process may be used to form the at least one metallization interconnect 246.
The at feast one metallization interconnect 246 is coupled to the at least one metaliization
miercounect 245.

[0080] Stage 16, as shown in FIG. 10F, illustrates a state after the magnetic layer 240¢
1s formed over the at least one metallization interconnect 245, the at least one
metallization interconnect 246 and the magnetic layer 240b. A lamination process may
be used to form the magnetic layer 240c. A grinding process may be used to remove
portions of the magnetic layer 240c¢ and expose the at least one metallization interconnect

246. Portions of the at least one metallization infcrconnect 246 may also be grinded. The
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magnetic layer 240a, the magnetic layer 240b and/or the magnetic fayer 240c may be the
sarpe magnetic layer {e.g., inclade the same magnetic moaterial) or may be magnetic layers
with different propertics {e.g., different permeability values).

{00681} Stage 17 iliustrates a state after a passivation layer 250 is formed over the at
least one metaliization interconnect 246 andfor the magnetic layer 240c¢. The passivation
tayer 250 may inchude polyimide (P1). A deposition and/or lamination process may be
used to form the passivation layer 250.

130821 Stage 18, as shown in FIG. 106, tlustrates a state after openings 1050 in the
passivation layer 250 are formed. An exposure, a development and/or an etching process
may be used to form the openings 1050.

[0083] Stage 19, as shown in FIG. 10H illustrates a state after the plurality of pillar
interconnects 251 are formed over the at least one metaliization interconnect 246 through
the openings 1050 of the passivation layer 250. A plating process and a patierning process
may be used to form the plurality of pillar interconnects 251, Some part of the phurality
of pillar interconnects 251 may be considered part of the at least one metallization
interconsect,

[0084] Stage 20, as shown in FIG. 10f, illustrates a state after a plurality of solder
interconnects 134 are formed over the plurality of pillar interconnects 251, A solder
reflow process may be used to form the plurality of solder interconnects 130.

[00R5] As mentioned above, the above sequence may be fabricated on wafer {¢.g.,
silicon wafer) such that several integrated devices are formed at the same time, and the
wafer is then singulated to form individual integrated devices comprising a magnetic
layer. The above sequence may be fabricated in one facility or at several facilities. For
exarople, a wafer that includes the active portion 201 and the inferconnection portion 202
may be provided, and a packaging portion 204 may be fabricated over the interconnection
portion 202. The water comprising the active portion 201, the interconnection portion 202

and the packaging portion 204 may be singulated to form several integrated devices.

Exemplary ¥Flow DBiagram of a Method for Fabricating an Integrated Device
Comprising Magnetic Layer

{3086} In sorae implementations, fabricating an integrated device includes several
processes. FIG. 11 illustrates an exemplary flow diagram of a method 1100 for providing
or fabyicating an integrated device that includes at least one magnetic layer. In some

implementations, the method 1100 of FIG. 11 may be used to provide or fabricate the
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integrated device 103. The method 1100 may be implernented on a wafer (e.g., silicon
wafer) and then singulated into several integrated devices.

{0871 it should be noted that the method 1100 of FIG. 11 may combine one or more
processes in order to simplify and/or clarify the method for providing or fabricating an
miegrated device. In some voplementations, the order of the processes may be changed
or modified. Moreover, the method 1100 of FIG. 11 may be implernented to provide or
fabricate an integrated passive device (e.g., 105) with at least one magnetic layer.

{00881 The method provides (at 1105} a die substrate {c.g., 200). The die substraic
200 may inchude silicon (8i). The die substrate 200 may mclude a wafer (e.g., silicon
wafer). A plurality of wansistors 210 may be formed in and/or over the die substrate 200.
A plurality of logic blocks may be formed and/or defined by the plurality of transistors
210. A BEQOL process may be used to fabricate the plurality of transistors 210, When
fabricating an infegrated passive device, the die substrate 200 may be free of the plurality
of transistors {e.g., free of active devices). Stage 1 of FIG. 104, illustrates and describes
an example of providing a dic substratc.

{0083 The method forms (at 1110) at least one oxide layer {(e.g., 220) over the die
substrate 200 and/or the plurality of transistors 210. The at least one oxide layer 220 may
include silicon dioxide. A deposition and/or a lamination process may be used to form the
at fcast one oxide layer 220. The at lcast one oxide layer 220 may be formead from plasma
enhanced Tetracthyl orthositicate (FE TEOS). In some implermentations, the af least one
oxide tayer 220 may already be formed when the die substrate 200 is provided (at 1103).
Stage 2 of FIG. 10A, illustrates and describe an example of at least one oxide layer formed
over a die substrate 200 and/or a plurality of transistors,

{00901 The method forms and patierns {at 1115} at least one die interconnect {e.g.,
225y over an oxide layer. The at least one dic interconnect 225 may be formed over the
die substrate 200 and/or the plurality of transistors 210, The at least one die interconnect
225 may be coupled to the plurality of transistors 210 through one or more openings in
the at least one oxide layer 220. A plating process and patterning process may be used to
form the at least one die interconnect 225. Stage 3 of FIG. 104, illustrates and describes
an example of at least one die interconnect formed over an oxide layer.

o091 The method forms and patterns (at 1120} at least one high K dielectric layer
over a portion of the at least one die interconnect 225, The high K dielectric layer 222
may include silicon nitride. A deposition. a lamination and/or a patterning process may

be used to form the high K dielectric layer 222, Stage 4 of FIG. 10A, illustrates and
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describes an exarple of a high K diclectric fayer formed over at least a portion of a die
interconyect.

[6092] The method forms and patterns (at 1123) at least one die interconnect {e.g.,
227y over a high K dicleciric layer. A plating process and a patterning process may be
used to forra the at least one die interconnect 227, At least a portion of the at [east one die
interconnect 225, the high K dielectric layer 222 and the at least one die interconnect 227
may form and/or define a capacitor. Stage 5 of FIG. 10A, illustrates and describes an
cxample of a die interconnect formed over a high K dielectric layer.

(00931 The moethod forms and patterns (at 1130} at least one die dielectric layer {e.g.,
2243, The at least one die dielectric layer 224 may be formed over and arcund the at least
one die interconnect 225 and the at least one die interconnect 227. The at least one die
dielectric layer 224 may include a plurality of cavities 1024. A deposition, a lamination,
an cxposure, a developrent and/or an eiching process raay be used to form and pattern
the at least one die dielectric layer 224. Stage 6 of FIG. 10B, illustrates and describes an
cxample of forming and patterning a dic dielectric layer.

TEEEY The method also forms and patterns (at 1130) at least onc die interconnect
{e.g., 229} over at least one die dielectric tayer 224. A plating process and a patterning
process may be used to form the at least one die interconnect 229. The at least one die
interconunect 229 may be coupled fo other die interconnects. Stage 7 of FiG. 10B
tHustrates and describes an example of a dic interconnect formed over a die diclectric
tayer.

10095] The method forms (at 1135) a passivation layer {e.g., 226) over at least one
die interconnect 229 and at least one die dielectric layer 224, The passivation layer 226
may inchude silicon dioxide and/or silicon nitride. A deposition and/or lamination process
may be used to form the passivation layer 226. Stage 8 of FIG. 10B, illustrates and
describes an example of a passivation layer formed over a die interconnect and a die
dielectric layer.

{0096] The method forras and patterns (at 1340} at least onc metallization
interconnect {e.g., 2423, A plating process and a patterning process may be used to form
the at least one metallization interconnect 242. Stage 9 of FIG. 10C, ilustrates and
describes an example of a metallization interconnect formed through at least one opening
in the passivation layer. The method also forms (at 1140} a maguetic layer (e.g., 240a)
over the passivation layer 226 and the at least one metallization interconnect 242. A

lamination process may be used to form the maguetic layer 240a. A grinding process may
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he used fo remove portions of the maguetic layer 240a and expose the at least one
metallization interconnect 242, Portions of the at least one metallization interconnect 242
may also be grinded. Stage 10 of FIG. 10, illustrates and describes an example of a
magnetic layer formed over a passivation layer and a metallization inicrconnect. The
method may Ucratively repeat {(at 1140) the process of (1) forming and patterning
metaliization interconnects and (i) forming and grinding a magnetic layer, for as many
layers are reguired. Stages 11 through 16 of FIGS. 10C-10F illustrate and describe
cxamples of iteratively forming metallization interconnects and magnetic fayers.

{00971 The method forms (at 1145} a passivation layer {e.g., 250} over the af least
one metallization interconnect {e.g., 246) and/or the magnetic layer {e.g., 240¢). The
passivation laver 250 may inciude polyimide (PI). A deposition and/or lamination process
may be used to form the passivation layer 250. Stage 17 of FIG. 10F, illustrates and
describes a passivation laver formed over a metallization interconnect and a maguetic
tayer. The method also forms (at 1145) openings (e.g., 1050) in the passivation layer (e.g.,
250). An cxposure, a development and/or an etching process may be used for form the
openings 1050, Stage 18 of FIG. 106, ilustrates and describes an example of openings
in a passivation layer.

[0098] The method forms (at 11583} a plurality of pillar interconnects {(g.g.. 251) over
metaliization interconnect(s). A plating process and a patterning process may be used to
form the plurality of pillar intercounects 251. Some part of the plurality of pillar
interconnects 2531 may be considered part of the at least one metallization interconnect.
Stage 19 of FIG. 10H. illustrates and describes an example of a plurality of pillar
interconnect formed over a metallization interconnect through an opening of a passivation
fayer.

{66991 The method also forms (at 1150} a plurality of solder interconnects {e.g., 130).
The plurality of solder interconnects 130 may be coupled to the phurality of pillar
interconnects 251, A solder reflow process may bie used to form the plurality of solder
miercounects 130. Stage 20 of Fi5. 10, dlustrates and describes a plurality of sokder
interconnects formed over a plurality of pillar interconnects.

[0100] As mentioned above, the method 1100 may be fabricated on wafer {(e.g..
silicon wafer) such that several integrated devices are formed at the same time, and the
wafer is then singulated to form individual mtegrated devices comprising a roagnetic

layer.
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Fxemplary Flow Diagram of a Method for Fabricaling an Integrated Device
Comprising Magnetic Layer

{0101} In some implementations, fabricating an integrated device includes several
processes. FIG, 12 dlustrates an exemplary flow diagram of a method 1206 for providing
or fabricating an integrated device that inchudes at least one magnetic layer. In some
implementations, the metbod 1200 of FIG. 12 may be used to provide or fabricate the
integrated device 103. The method 1280 may be implemented on a wafer (e.g., silicon
wafer) and then singulated into several integrated devices.

{61921 it should be noted that the method 1200 of FIG. 12 may combine one or more
processes in order o simplify and/or clarify the method for providing or fabricating an
integrated device. For example, one or more of the processes of the method 1200 may
inchude one or more of the processes of the method 1100, In some traplementations, the
order of the processes may be changed or modified. Morcover, the method 1200 of FIG.
12 may be implemented to provide or fabricate an integrated passive device (e.g., 105
with at least one magnetic iayer.

EEEEIRY The method provides (at 1205} a dic substrate {c.g., 200). The dic substrate
200 may include silicon (81). The die substrate 200 may include a wafer (e.g., silicon
wafer), A plurality of wansistors 210 may be formed in and/or over the die substrate 200
A plurality of logic blocks may be formed and/or defined by the plurality of transistors
210. A BEOL process may be used to fabricate the plurality of wansistors 210. The dic
substrate 200 roay be part of and/or define an active portion {e.g., 201) of an integrated
device. When fabricating an integrated passive device, the die substrate 200 may be free
of the plurality of ransistors (e.g., free of active devices). Stage 1 of FIG. 104, illustrates
and describes an example of providing a die substrate.

{01041 The method forms (at 1210) an interconnection portion {e.g., 202} over the die
substrate (g.g., 200)., where forming the interconnection portion 202 includes forming at
least one die diclectric layer and forming a plurality of die isterconnecis. The
miercounection portion 202 may be coupled to the die substrate 200,

[0105] Forming the interconnection portion 202 may inclode forming at least one
oxide layer {e.g., 220} over the die substrate 200 and/or the plarality of wransistors 210,
forming and patterning at least one dic interconnect {(e.g., 225) over an oxide layer,
forming and patierning at least one high K dielectric layer over a portion of the at least
one die interconnect 225, forming and patterning at least one die interconnect {e.g., 227}

over a high K diclectric tayer, forming and patterning at least one die dielectric layer (c.g.,
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224y, forming and patterning at least one die interconnect {e.g., 229} over at least one die
dielectric fayer 224 and/or forming a passivation layer {e.g.. 226) over at least one die
interconnect 229 and at least one die dielectric layer 224.

[0106] The interconnection portion 202 may include a capacitor that is defined by at
lcast some die interconnects from the plurality of dic mtcrconnects. Forming the
interconnection portion 202 may include the processes 1110 through 1135 of the method
1100 of FIG. 11. Stage 2 through 8 of FIGS. 10A-108, illustrate an example of forming
afl interconnection portion.

101071 The method forms (at 1215} a packaging portion (e.g., 204) over the
interconnection porton {e.g., 202), where forming the packaging portion 204 includes
forming a plurality of metallization interconnecis coupled to the phlurality of die
interconnects, and forming at fecast one magnetic layer. The packaging portion 204 may
be coupled to the interconnection portion 2072,

[0108] Forming the packaging portion may include forming and patterning at least
one metallization interconnect (¢.g., 242), forming a magnetic layer (e.g., 248Ga) over the
passivation layer 226 and the at least one metallization interconncct 242, grinding
portions of the magnetic layer 240a and exposing the at least one metallization
interconnect 242 {portions of the at least one metallization interconnect 242 may also be
grinded), forming a passivation layer {e.g., 250} over the at least one metallization
mierconnect {e.g., 246) and/or the magnetic layer, forming a plurality of pillar
interconnects (e.g., 251) over metallization interconnect(s) and/or forming a plurality of
solder interconnects. It is noted that the plurality of solder interconnects may or may not
be cousidered part of the packaging portion of an integrated device and/or and integrated
passive device,

[0109] The packaging portion 204 may include an inductor that is defined by at least
one metallization interconnect from the phurality of metallization interconnects. The at
least one magnetic layer includes an insuvlating layer, a diclectric layer, and/or a non-
clectrical conducting material. The at least one magnetic layer has a permeability value
{e.g., relative permeability value) that is greater than 1.

{0116 The method may tteratively repeat the process of (i) forming and patterning
metallization inferconnects and (i forming and grinding a magnetic layer, for as many
layers are required. Forming the packaging portion 204 may include the processes 1140
through 1150 of the method 1100 of FIG. 11, Stage 9 through 20 of FIGS. 10C-101,

iHustrate an exaraple of forming a packaging portion.
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{61111 As mentioned above, the method 1200 may be fabricated on wafer {c.g.,
silicon wafer) such that several integrated devices are formed at the same tiroe, and the
wafer is then singulated to form individual integrated devices comprising a magnetic

layer.

Exemplary Sequence for Fabricating a Package That Includes an Integrated Device
ardd an fnlegrated Passive Device

13112} FIG. 13 iHustrates an exemplary sequence for providing or fabricating a
package that includes an integrated device comprising a magnetic layer and/or an
integrated passive device comprising a magnetic layer. {n some implementations, the
sequence of FIG. 13 may be used to provide or fabricate the package 100 that inchides an
integrated device and/or the integrated passive device.

10113 It should be noted that the sequence of FIG. 13 may combine one or more
stages in order to simplify and/or clarify the sequence for providing or fabricating the
package. In some implementations, the order of the processes may be changed or
modified. In some iaplementations, one or more of processes may be replaced or
substituted without departing from the scope of the disclosure. The sequence of FIG. 13
may be vsed to fabricate one package or several packages at a time {as part of a wafer).
[0114] Stage 1, as shown in FIG, 13, illustrates a state after the substrate 102 is
provided. The substrate 102 may be provided by a supplicr or fabricated. The substrate
102 includes at least one dielectric layer 120 and a plurality of interconnects 122, a solder
vesiat laver 140 and a solder resist layer 142. The substrate 102 may include an embedded
trace substrate (ETS). In some implementiations, the at least onc dielectric layer 120 may
inchude prepreg layer(s).

[0115] Stage 2 illustrates a state after the integrated device 103 is coupled to a first
surface (g.g.. top surface) of the substrate 102, The integrated device 103 may be coupled
to the substrate 102 through a plurality of solder interconnects 130. The plurality of solder
micrconnects 130 are coupled to the plurality of interconnects 122, A solder reflow
process may be used to couple the integrated device 103 to the plorality of interconmects
122 through the plurality of solder interconnects 130,

0116} Stage 2 also ithustrates a state after the integrated passive device 105 is coupled
to the first surface {c.g., top surface) of the substrate 102. The integrated passive device
105 may be coupled to the substrate 102 through a plurality of solder interconnects 150.

The plurality of solder interconnects 150 are coupled to the plurality of interconnects 122.
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A solder reflow process may be used to couple the integrated passive device 105 to the
plurality of interconnects 122 through the plorality of solder interconnects 150.

{0117} Stage 3 illustrates a state after a plurality of solder interconnects 110 are
couped to the substrate 102, The phurality of solder interconnects 110 may be couple to
micrconnects that are located over a sccond surface of the at least one diclectric layer 120.
A solder reflow process may be used to couple the plorality of solder nterconnects 110
to the substrate 102. Stage 3 may illustrate the package 100. The packages {e.g., 100}
described in the disclosure may be fabricated one at a time or may be fabricated together

as part of one or more wafers and then singulated into individual packages.

Exemplary Flow Biagram of a Method for Fabricating a Package That Includes an
Integrated Device and an Indegrated Passive Device
10118] In somc implementations, fabricating a package that includes an integrated
device comprising a maguoetic layer and/or an integrated passive device comprising a
ragnetic layer, includes several processes. FIG. 14 illustrates an exemplary flow diagram
of a method 1400 for providing or fabricating package that includes an integrated device
comprising a magnetic layer andfor an integrated passive device comprising a magnetic
layer. In some umplementations, the method 1400 of FIG. 14 may be used o provide or
fabricate the package 100 of FiG. | described in the disclosure. However, the method
1400 may be used to provide or fabricate any of the packages described in the disclosure.
[6119] it should be noted that the method of FIG. 14 may combine one or more
processes in order to simplify and/or clarify the method for providing or fabricating a
package that includes an integrated device comprising a magnetic layer and/or an
integrated passive device comprising a magnetic layer. {n some implementations, the
order of the processes may be changed or modified.
10128 The method provides {at 1405} a substrate {c.g., 102}. The substrate 102 may
be provided by a supplier or fabricated. The substrate 102 includes at least one dielectric
layer 120, and a plurality of interconnects 122, The substrate 102 may include an
embedded trace substrate (ET5). In some implementations, the at least one dielectric layer
120 may include prepreg layers. Stage | of FIG. 13 illustrates and describes an example
of providing a substrate with escape interconnects.
o121y The method couples {at 1410) at least one integrated device {e.g., 103) to the
first surface of the substrate {e.g., 102). For example, the integrated device 103 may be

coupled to the substrate 102 through the plurality of solder interconnects 130. The
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plurality of solder interconnects 130 are coupled to the plurality of interconnects 122, A
solder reflow process may be used to couple the integrated device 103 to the plurality of
interconnects through the plurality of solder intevconnects 130,

[0122] The method also couples (at 1410} at least one integrated passive device {e.g.,
105} to the furst surface of the subsirate (e.g., 102}, For example, the integrated passive
device 105 may be coupled to the substrate 102 through the plorality of solder
interconnects 150, The plurality of solder interconnects 150 are coupled to the plurality
of interconnects 122, A solder reflow process may be used to couple the integrated passive
device 103 to the plurality of interconnects through the plurality of solder interconnects
150, Stage 2 of FIG. 13 illustrates and describes an example of an integrated device and
an inlegrated passive device coupled 10 a substrate.

{0123] The method couples {at 1415) a plurality of solder interconnects (e.g., 118} to
the second surface of the subsivate (e.g., 102). A solder reflow process may be used to
couple the plurality of solder interconmnects 110 to the substrate. Stage 3 of FIG. 13

iHustrates and describes an exaraple of coupling solder interconnects o the substrate.

Exemplary Elecironic Devices

[0124] FIG. 15 illustrates various electronic devices that may be integrated with any
of the aforementioned device, integrated device, integrated cucuit (IC) package,
micgrated circuit (I device, semiconductor device, integrated circuit, die, interposer,
package, package-on-package (PoP), System in Package (SiP), or System on Chip (SoC).
For example, a mobile phone device 1502, a laptop computer device 1504, a fixed
location terminal device 1500, a wearable device 1508, or automotive vehicle 1510 may
inchude a device 1500 as described herein. The device 1500 may be, for example, any of
the devices and/or integrated circuit (1C) packages described herein. The devices 1502,
1504, 1506 and 1508 and the vehicle 1510 illustrated in FIG. 15 are merely exemplary.
Other electronic devices may also feature the device 1500 including, but not limited to, a
group of devices {c.g., electronic devices) that includes mobile devices, hand-held
personal communication systems (PCS) units, portable data units such as personal digital
assistants, global positioning system {GP3) enabled devices, navigation devices, set top
hoxes, music players, video players, entertainment vnils, fixed location data units such as
meter reading equipment, coromwnications devices, smartphones, tablet computers,
computers, wearable devices {e.g., watches, glasses), Internet of things {IoT) devices,

scrvers, routers, clectronic devices implemented in avtomotive vehicles {¢.g., autonomous
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vehicles), or any other device that stores ov retrieves data or coraputer instructions, or any
combination thereof.

[0125] One or more of the components, processgs, features, and/or functions
tHustrated in FIGS. 1-9, 10A-10] and/or 11-15 may be rearranged and/or combined into
a single component, process, feature or function or embodicd in several components,
processes, or functions. Additional elements, components, processes, and/or functions
may also be added without deparang from the disclosure. It should also be noted FIGS.
1-9, 10A-10} and/or 1115 and its corresponding description in the present disciosure is
not Hmited to dies and/or s, In some implementations, FIGS. 1-9, 10A-101 andfor 11—
15 and its corresponding description may be used to manufacture, create, provide, andfor
produce devices and/or integrated devices. In some implementations, a device may
inchude a die, an integrated device, an integrated passive device (JPD), a dic package, an
mitegrated circuit (IC) device, a device package, an integrated circut (IC) package, a
walfer, 4 semiconductor device, a package-on-package (PoP) device, a heat dissipating
device and/or an interposer.

3126} it is noted that the figures in the disclosure may represent actual
representations and/or conceptual representations of varicus parts, cormponents, objects,
devices, packages, integrated devices, integrated circuits, and/or transistors. In some
instances, the figures may not be to scale. In some instances, for purpose of clarity, not
all components and/or parts may be shown. In some instances, the position, the location,
the sizes, and/or the shapes of various parts and/or components in the figures may be
exemplary. In some tmplementations, various components and/or parts in the figures may
be optional.

101271 The word “exemplary” i8 used herein to mean “serving as an cxample,
instance, or illustration.” Any iroplementation or aspect described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other aspects of the
disclosure. Likewise, the term “aspects” does not require that all aspects of the disclosure
mchude the discussed feature, advantage or mode of operation. The ferm “coupled” is used
herein to refer to the direct or indivect coupling {e.g., mechanical coupling) between two
objects. For example, if object A physically touches object B, and object B touches object
C, then objects A and C may still be considered coupled to one another—cven if they do
not divectly physically touch each other. The term “electrically coupled” may mean that
two objects are directly or indirectly coupled together such that an electrical current {e.g.,

signal, power, ground) may travel between the two objects. Two objects that are
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clectrically coupled may or may not have an electrical current traveling between the two
objects. The use of the terms “frst”, “second”, “third” and “fourth” (and/or anything
above fourth) is arbitrary. Any of the components described may be the first component,
the second component, the third component or the fourth component. For exaraple, a
coraponent that is referred to a second coraponent, may be the first component, the second
coraponent, the third component or the fourth component. The term “encapsulating”
means that the object may partially encapsulate or completely encapsulate another object.
The terms “top” and “bottom™ are arbifrary. A component that is located on top may be
located over a cornponent that is located on a bottom. A top component may be considered
a bottom component, and vice versa. As described in the disclosure, a first component
that is located “over” a second component may mean that the first component is located
above or below the second component, depending on how a bottom or top is arbitracily
defined. in another examople, a first coroponent may be located over (e.g., above) a first
surface of the second component, and a third component may be located over {e.g., below)
a second surface of the second component, where the second surface is opposite to the
first surface. It is further noted that the term “over” as used in the present application in
the context of one component located over another component, may be used to mean a
component that is on another component and/or in another component {e.g., on a surface
of a component or embedded in a component). Thus, for example, a first component that
is over the second component ay mean that (1) the first component is over the second
corgponent, but not directly touching the second component, (2} the first component is on
{e.g.. on a surface of} the second component, and/or 3) the first component is 1 {e.g.,
cmbedded in} the sccond component. A first component that is focated “in” a second
component may be partially focated in the second component or completely located inthe
second coroponent. The term “about “valoe X7, or “approximately value X7, as used in
the disclosure means within 10 percent of the ‘value X’. For example, a value of about 1
or approximately 1, would mean a value in arange of 0.9-1.1.

10128] In some implementations, an interconnect s an element or corponent of a
device or package that allows or facilitates an electrical connection hetween two points,
elements and/or components. In some implementations, an interconnect may inchide a
trace, a via, a pad, a pillar, a metallization layer, a redistribution layer, and/or an under
burap metallization (UBM) layer / interconnect. In some implementations, an
interconnect may include an electrically conductive material that may be configured to

provide an electrical path for a signal (e.g., a data signal), ground and/or power. An
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interconnect may inchide more than one clement or component. An interconnect may be
defined by one or more interconnects. An interconnect may inchide one or more metal
fayers. An interconnect may be part of a circnit. Different implementations may use
different processes and/or sequences for forming the intercomnects. In some
unplementations, a chemical vapor deposition (CVD) process, a physical vapor
deposition (PVD) process, a sputiering process, 4 spray coating, and/or a plating process
may be used to form the interconnects.

{01297 Also, it is noted that various disclosures contained hercin may be described as
a process that is depicted as a flowchart, a flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as a seguential process, many
of the operations can be performed in parallel or concurrently. In addition, the order of
the operations may be re-arvanged. A process is ferminated when its operations are
compieted.

[01306] In the following, further examples are deseribed to facilitate the understanding
of the disclosure.

0131 Aspect 1. An integrated device comprising a die substrate comprising a
plurality of transistors; an interconnection portion coupled to the die substrate; and a
packaging portion coupled to the interconnection portion. The interconnection portion
corprises at least one die dielectric layer; and a plurality of die interconnects coupled to
the plurality of transistors. The packaging portion comprises at least one magnetic laver;
and 4 plurality of metallization interconnects coupled to the plarality of dic interconnects.
[0132] Aspect 2: The integrated device of aspect 1, wherein the at least one magnetic
layer includes an insulating layer and/or a diclectvic layer.

101331 Aspect 3: The integrated device of aspects 1 through 2, wherein the at least
one magnetic layer includes a non-clectrical conducting material.

[0134] Aspect 4: The integrated device of aspects 1 through 3, wherein the at least
one magnetic layer has a relative permeability value that is greater than 1.

10135] Aspect 5: The integrated device of aspects 1 through 4, wherein the at least
one magnetic layer bas a magnetic loss tangent value that is in a range of 0.01-0.04.
[0136] Aspect 6: The integrated device of aspects 1 through 5, wherein the at least
one maguetic layer comprises a first magnetic fayer that mcludes a first permeability
value; and a second magnetic layer that includes a second permeability value. The first
permeability vahie may be a first velative permeability value. The second permeability

value may be a second relative permeability value.
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101371 Aspect 70 The infegrated device of aspects 1 through 6, whercin the
interconuect portion includes a capacitor that is defined by at least some dic interconnects
from the plurality of die interconnects.
[0138] Aspect 8: The integrated device of aspect 7, wherein the packaging portion
mcludes an inductor that is defined by at {east one metallization interconnect from the
plurality of metatlization interconnects.
[0139] Aspect 9: The integrated device of aspects | through 8, wherein the packaging
portion is a redistribution portion, and whercin the plurality of metallization interconnects
inchude a plurality of redistribution interconnects.
[0140] Aspect 10: The integrated device of aspects 1 through 9, wherein the
integrated device s a die configured to operate as a power management infegrated circuit
{PMIC).
10141} Aspect 11 A device comprising a dic substrate; an interconnection portion
coupled to the die substrate; a packaging portion coupled to the interconnection portion.
The interconnection portion corprises at least one die diclectric layer; and a plurality of
die interconnects. The packaging portion comyprises at least one magnetic fayer; and a
plurality of metallization interconnects coupled to the plurality of die interconnects.
[0142] Aspect 12: The device of aspect 11, wherein the at least one magnetic layer
includes an insulating layer, a dielectric layer, and/or a non-clectrical conducting material,
and wherein the at least one magnetic layer has a relative permeability value that is greater
than 1.
[0143] Aspect 13: The device of aspects 11 through 12, wherein the at least one
wagnetic layer comprises a first magnetic layer that includes a first permeability value;
and a second magnetic layer that inchides a sccond permeability value. The first
permeability vabie may be a first relative permeability vahie. The second permeability
value may be a second relative permeability valoe.
{0144} Aspect 14: The device of aspects 11 through 13, wherein the interconnect
portion includes a capacitor that is defined by at least some die interconnects from the
plurality of die interconnects.
[0145] Aspect 15: The device of aspect 14, wherein the packaging portion includes
an inductor that (s defined by at least one metallization interconnect from the plurality of

metallization interconnects.
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{146} Aspect 16: The device of aspects 11 through 15, wherein the dic substrate, the
interconnection portion and the packaging portion are part of an integrated passive device
{IPD).

[0147] Aspect 17: The device of aspects 11 through 16, wherein the device is selected
from a group consisting of a music player, a video player, an entertainment unit, a
navigation device, a comynunications device, a mobile device, a mohile phone, a
smartphone, a personal digital assistant, a fixed location terminal, a tablet computer, a
computer, a wearable device, a laptop computer, a server, an internet of things (Jo'T)
device, and a device in an automotive vehicle.

[0148] Aspect 18 A method provides a die suhstrate. The method forms an
interconnection portion over the die substrate, where forming the interconnection portion
comprises forming at Icast one die diclectric layer and forming a plurality of die
mierconnects. The roethod forms a packaging portion over the interconnection portion,
where forming the packaging portion comprises forming a plurality of metallization
interconnects coupled to the plurality of die interconnects and forming at least one
magnetic layer.

[0149] Aspect 190 The method of aspect 18, wherein the die substrate comprises a
plurality of wansistors, and whergin the plorality of die interconnects s formed such that
the plurality of die intercounnects arc coupled to the plurality of transistors.

10156G] Aspect 200 The method of aspects 18 through 19, wherein the at least one
magnetic layer inclodes an insolating layer, a diclectric layer, and/or a non-electrical
conducting material, and wherein the at least one magnetic layer has a relative
permeability value that is greater than 1.

0151 Aspect 21 The method of aspects 18 through 20, wherein the interconnect
portion includes a capacitor that is defined by at least some die interconnects from the
plurality of die interconnects, and wherein the packaging portion includes an inductor that
is defined by at lecast one metallization interconnect from the plurality of metallization
mierconnects.

[0152] The various features of the disclosure described herein can be implemented in
different systems without departing from the disclosure. It should be poted that the
foregoing aspects of the disclosure are merely examples and are not to be construcd as
limiting the disclosure. The description of the aspects of the present disclosure is intended

w0 be ilhustrative, and not to hmit the scope of the claims. As such, the present teachings
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can be readily applied to other types of apparatuses and many aliernatives, odifications,

and variations will be appavent to those skifled in the art.
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CLAIMS

1. Anntegrated device comprising:
a di¢ substrate comprising a plurality of transistors;
an interconnection portion coupled to the die substrate, the interconnection portion
comprising:
at least one die dielectric layer; and
a plurality of die interconnects coupled o the plurality of transistors; and
a packaging portion coupled to the interconnection portion, the packaging portion
comprising:
at east one magnetic layer; and
a plurality of metallization interconnects coupled to the plurality of die

interconnects.

2. The integrated device of claim 1, wherein the at least one magnetic layer includes

an insulating layer and/or a diclectric layer.

3. The integrated device of claim 1, wherein the atf least one magnetic layer includes
a non-clectrical conduciing material.
4. The integrated device of claim 1, wherein the at least one magnetic layver has a

relative permeability value that is greater than 1.

5. The integrated device of claim 1, wherein the at Icast one magnetic layer has a

magnetic loss tangent value that 1s in a range of 0.01-0.04.

6. The integrated device of claim 1, wherein the at least one magnetic layer
COTPriscs:

a first magnetic layer that includes a first permeability valoe; and

a second magnetic layer that inchudes a second permeability value.
7. The integrated device of claim 1, wherein the inferconuect portion includes a
capacitor that is defined by at least some die interconnects from the plurality of die

interconnects.
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8. The ntegrated device of claimn 7, wherein the packaging portion includes an
inductor that 1s defined by at least one metallization interconnect from the plurality of

metallization interconnects.

G, The integrated device of claim 1,
wherein the packaging portion is a redistribution portion, and
wherein the plurality of metallization imterconnects include a plurality of

redistribution interconnects.

10. The integrated device of claim 1, wherein the integrated device is a die configured

to operafc as a powcer management integrated circuit (PMIC),

11. A device comprising:
a die subsirate;
an interconnection portion coupled to the dic substrate, the interconnection portion
comprising:
at least one die dielectric layer; and
a plurality of dic interconnects; and
a packaging portion coupled to the interconnection portion, the packaging portion
comprising:
at least one magnetic layer; and
a plurality of metallization interconnects coupled to the plurality of dic

inferconnects.,

i2. The device of claim 11,

wherein the at least one magnetic layer includes an insulating layer, a dielectric
layer and/or a non-clectrical conducting material, and

wherein the at least one magnetic layer has a relative permeability value that is

greater than 1.

13. The device of claim 11, wherein the at least one magnetic layer comprises:
a first magunetic layer that inchudes a first permeability value; and

a second magnetic layer that includes a second permeability value.
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14. The device of claim 11, wherein the interconnect portion includes a capacitor that

is defined by at least some die interconnects from the plurality of die interconnects.

15, The device of claim 14, whercin the packaging portion includes an inductor that
is defined by at least one metallization interconnect from the plurality of metaliization

nterconnects,

6. The device of claim 11, wherein the dic substrate, the interconnection portion and

the packaging portion are part of an integrated passive device (IPD).

17. The device of claim 11, wherein the device is selected from a group consisting of
a music player, a video player, 2n enterfaioment unif, a wvavigation device, a
coropuications device, a mobile device, a mobile phone, a smartphone, a personal digital
assistant, a fixed location terminal, a tablet computer, a computer, a wearable device, a
laptop coroputer, a server, an internet of things (IoT) device, and a device in an automotive

vehicle.

18. A method comprising:
providing a dic substrate;
forming an interconnection portion over the die sabstrate, wherein forming the
interconnection portion comprises:
forming at least one die diclectric layer; and
forming a plurality of die interconnects; and
forming a packaging portion over the interconnection portion, wherein forming
the packaging portion comprises:
forming a plurality of metallization interconnecis coupled o the plurality of
die interconnects; and

forming at least one magnetic fayer.

19, The method of claim 18§,
wherein the die substrate comprises a plurality of transistors, and
wherein the plurality of die interconnects is formed such that the plarality of die

interconnects are coupled to the plurality of transistors.
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20. The method of claim 18§,

wherein the at least ope magnetic layer includes an insolating layer, a dielectric
layer, and/or a non-electrical conducting material, and

wherein the at least one magnetic laver has a relative permeability value that is

greater than 1.

21. The method of claim 18,

wherein the inferconnect portion inchides a capacitor that is defined by at least
some die interconnects from the plarality of die interconnects, and

wherein the packaging portion inclades an indactor that is defined by at least one

metaliization interconnect from the plurality of metallization interconnects.
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110 PROVIDE A DIE SUBSTRATE = 1105
{MAY INCLUDE TRANSISTORS AND/OR LOGIC BLOCKS)

T

FORM AN OXIDE LAYER OVER A SURFACE OF 1110
THE DIE SUBSTRATE

v

FORM AND PATTERN AT LEAST ONE DIE INTERCONNECT L= 1115
OVER THE OXIDE LAYER

¥

FORM AND PATTERN A HIGH K DIELECTRIC LAYER OVER L1120
THE AT LEAST ONE DIE INTERCONNECT

¥

FORM AND PATTERN ANCTHER AT LEAST ONE DIE = 1125
INTERCONNECT OVER THE HIGH K DIELECTRIC LAYER

¥

FORM AND PATTERN A DIELECTRIC LAYER OVER THE AT
LEAST ONE DIE INTERCONNECT AND FORM AND
PATTERN ANOTHER AT LEAST ONE DIE INTERCONNECT

¥

FORM A PASSIVATION LAYER OVER THE DIELECTRIC L1135
LAYER AND DIE INTERCONNECT(S)

v

FORM ONE OR MORE METALLIZATION INTERCONNECTS L 1140
AND MAGNETIC LAYERS

¥

FORM PASSIVATION LAYER OVER METALLIZATION [ 1145
INTERCONNECT{5} AND MAGNETIC LAYER(S)

v

FORM PILLAR INTERCONNECTS AND SOLDER = 1150
INTERCONNECTS

= 1130
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1200

PROVIDE A DIE SUBSTRATE
{MAY INCLUDE TRANSISTORS AND/OR LOGIC BLOCKS)

:

FORM AN INTERCONNECTION PORTION OVER THE DIE
SUBSTRATE, WHERE FORMING THE INTERCONNECTION
PORTION COMPRISES {1} FORMING AT LEAST ONE DIE
DIELECTRIC LAYER, AND {11} FORMING A PLURALITY OF »=1210
DIE INTERCONNECTS, WHERE THE INTERCONNECTION
PORTION MAY INCLUDE AT LEAST ONE CAPACITOR

|

FORM A PACKAGING PORTION OVER THE
INTERCONNECTION PORTION, WHERE FORMING THE
PACKAGING PORTION COMPRISES (I} FORMING A
PLURALITY OF METALLIZATION INTERCONNECTS
COUPLED TO THE PLURALITY OF DIE INTERCONNECTS,
AND (H) FORMING AT LEAST ONE MAGNETIC LAYER,
WHERE THE PACKAGING PORTION INCLUDES AT LEAST
ONE INDUCTOR

e 12005

L1215
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1400

PROVIDE SUBSTRATE COMPRISING AT LEAST ONE
DIELECTRIC LAYER AND A PLURALITY OF = 1405
INTERCONNECTS

:

COUPLE INTEGRATED DEVICE{S} AND/OR INTEGRATED
PASSIVE DEVICE({S} TO A FIRST SURFACE OF
THE SUBSTRATE, WHERE AN INTEGRATED DEVICE AND/W 1410
OR AN INTEGRATED PASSIVE DEVICE INCLUDES A
MAGNETIC LAYER

|

COUPLE SOLDER INTERCONNECTS TO THE SUBSTRATE

- 1415

FIG. 14
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