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(54) INTERLOCKED CIRCUIT BOARD ELEMENTS AND ASSEMBLIES

(57) A circuit board assembly may include a first cir-
cuit board (111-1) including a first slot (S11). The circuit
board assembly may include a second circuit board
(711-1). The first circuit board (111-1) may be interlocked
with the second circuit board (711-1) via interlocking pro-
vided by the second circuit board (711-1) into the first
slot (S11).



EP 4 344 363 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] A printed circuit board (PCB) or printed wiring
board is a laminated structure of conductive layers sep-
arated by insulating layers. In general, PCBs have two
functions. The first is to secure electronic components at
designated locations on the outer layers of the PCB by
means of affixing such as soldering. The electronic circuit
instantiated by the populated circuit board is designed to
provide one or more specific functions. After fabrication,
the electronic circuit is powered to perform the desired
functions.
[0002] Typically, a printed circuit board is a planar de-
vice on which multiple components are interconnected
via traces to provide the functions as previously dis-
cussed. Such implementations of fabricating circuitry on
a planar circuit board assembly is dimensionally limited,
preventing high density implementation of circuitry.

BRIEF DESCRIPTION

[0003] Implementation of clean energy (or green tech-
nology) is very important to reduce our impact as humans
on the environment. In general, clean energy includes
any evolving methods and materials to reduce an overall
toxicity of energy consumption on the environment.
[0004] This disclosure includes the observation that
raw energy, such as received from green energy sources
or non-green energy sources, typically needs to be con-
verted into an appropriate form (such as desired AC volt-
age, DC voltage, etc.) before it can be used to power end
devices such as servers, computers, mobile communi-
cation devices, etc. Regardless of whether energy is re-
ceived from green energy sources or non-green energy
sources, it is desirable to make most efficient use of raw
energy provided by such systems to reduce our impact
on the environment. This disclosure contributes to reduc-
ing our carbon footprint (and green energy) via more ef-
ficient energy conversion and circuit implementations
supporting same.
[0005] As discussed herein, a fabricator produces one
or more assemblies to provide higher density circuitry
than provided by conventional instantiation of circuitry on
planar circuit boards.
[0006] More specifically, this disclosure includes an
apparatus, systems, methods, etc. The apparatus such
as a first assembly may include a first circuit board in-
cluding a first slot. The apparatus further includes a sec-
ond circuit board. The first circuit board is interlocked with
the second circuit board via interlocking provided by the
second circuit board into the first slot.
[0007] A first portion of the second circuit board may
reside within the first slot of the first circuit board.
[0008] The second circuit board may include a second
slot as well. In such an instance, the first circuit board
may be interlocked with the second circuit board via in-

terlocking provided by a combination of the first slot and
the second slot. Yet further, in order to provide interlock-
ing, a first portion of the first circuit board may reside
within the second slot of the second circuit board; a first
portion of the second circuit board may reside within the
first slot of the first circuit board.
[0009] The apparatus as discussed herein may further
include first circuitry and second circuitry. The first cir-
cuitry may be disposed on a surface of the first circuit
board; the second circuitry may be disposed on a surface
of the second circuit board.
[0010] The apparatus may further include a third circuit
board and a fourth circuit board. The first circuit board
may be in contact with and interlocked with the second
circuit board and the fourth circuit board but not the third
circuit board; the second circuit board may be in contact
with and interlocked with the first circuit board and the
third circuit board but not the first circuit board.
[0011] Still further, the apparatus may include an in-
ductor device. A combination of the first circuit board, the
second circuit board, the third circuit board, and the fourth
circuit board may enclose a volume in which the inductor
device resides. The combination of multiple interlocked
circuit boards may reside between a first circuit substrate
and a second circuit substrate. The inductor device may
be affixed to either or both of the first circuit board and
the second circuit board.
[0012] The assembly of multiple interlocked circuit
boards as previously discussed may reside between a
first host substrate and a second host substrate. A first
axial end of the inductor device may be coupled to the
first (host) circuit substrate and a second axial end of the
inductor device may be coupled to the second (host) cir-
cuit substrate. As previously discussed, the combination
of multiple interlocked circuit boards may reside between
a first circuit substrate and a second circuit substrate.
[0013] The apparatus as discussed herein may further
include a power converter circuit disposed on a first circuit
substrate. In such an instance, the interlocked first circuit
board and the second circuit board provide connectivity
between the power converter circuit and the second sub-
strate. The first circuit substrate may be disposed sub-
stantially parallel to the second circuit substrate. Both the
first circuit board and the second circuit board may be
disposed substantially orthogonal to the first circuit sub-
strate and the second circuit substrate.
[0014] Yet further, the apparatus may include an in-
ductor disposed between the power converter circuit and
the second substrate. The inductor is operative to convey
current from the power converter circuit to the load. The
first circuit board and/or the second circuit board may
provide a return current path from the load to a reference
potential associated with the power converter circuit. In
such an instance, the return current used by the load
returns through the one or more circuit boards.
[0015] The apparatus may include first capacitors dis-
posed on the first circuit board or the second circuit board.
The first capacitors store an input voltage. The apparatus
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may further include second capacitors disposed on the
first circuit board or the second circuit board. The second
capacitors store an output voltage. The power converter
can be configured to convert the input voltage into the
output voltage.
[0016] The first circuit board may be disposed non-par-
allel to the second circuit board; the first circuit board may
be interlocked with the second circuit board via physical
interlocking provided by a portion of the second circuit
board in the first slot.
[0017] The apparatus may further include: i) a first
edge contact element disposed on a first axial end (first
edge) of the first circuit board, and ii) a second edge
contact element disposed on a second axial end (second
edge) of the first circuit board. The first circuit board pro-
vides electrical connectivity between the first edge con-
tact element and the second edge contact element.
[0018] The first circuit board may include a first axial
end and a second axial end; the first slot may extend
through a less-than-all length of the first circuit board
starting from the first axial end of the first circuit board
towards the second axial end of the first circuit board.
[0019] This disclosure further includes: i) multiple slot-
ted primary circuit boards spaced apart from each other
and disposed substantially parallel to each other, and ii)
multiple slotted secondary circuit boards spaced apart
from each other and disposed substantially parallel to
each other. The first slots in the multiple slotted primary
circuit boards and second slots in the multiple slotted
secondary circuit boards may interlock the multiple slot-
ted primary circuit boards and the multiple slotted sec-
ondary circuit boards.
[0020] Each of the multiple slotted primary circuit
boards may include a respective first slot. Each of the
multiple slotted secondary circuit boards may include a
respective second slot. Portions of the multiple slotted
primary circuit boards may reside in the respective sec-
ond slots of the multiple slotted secondary circuit boards.
Portions of the multiple slotted secondary circuit boards
may reside in respective first slots of the multiple slotted
primary circuit boards.
[0021] The apparatus may further include multiple cav-
ities defined by surfaces of the multiple slotted primary
circuit boards and surfaces of the multiple slotted sec-
ondary circuit boards.
[0022] Yet further, the apparatus as discussed herein
may include: multiple primary circuit boards spaced apart
from each other and disposed substantially parallel to
each other; and multiple secondary circuit boards spaced
apart from each other and disposed substantially parallel
to each other. As previously discussed, and as further
discussed herein, the multiple spaced apart primary cir-
cuit boards may be interlocked with the spaced apart
secondary circuit boards to create cavities.
[0023] The apparatus may further include first elec-
tronic circuitry and second electronic circuitry. The cav-
ities may include a first cavity and a second cavity. The
first electronic circuitry may be disposed on a surface of

a first primary circuit board in the first cavity. The second
electronic circuitry may be disposed on a surface of a
first secondary circuit board in the first cavity. The appa-
ratus may further include a first inductor and a second
inductor. The cavities may include a first cavity and a
second cavity or any number of cavities. The first inductor
may extend through the first cavity from a first circuit sub-
strate to a second circuit substrate; the second inductor
nay extend through the second cavity from the first circuit
substrate to the second circuit substrate.
[0024] Note that this disclosure includes useful tech-
niques. For example, in contrast to conventional tech-
niques, the novel circuit as discussed herein provides a
way to fabricate high density circuitry via uniquely inter-
locked circuit boards.
[0025] Note further that any of the resources as dis-
cussed herein can include one or more computerized
devices, apparatus, hardware, etc., execute and/or sup-
port any or all of the method operations disclosed herein.
In other words, one or more computerized devices or
processors can be programmed and/or configured to op-
erate as explained herein to carry out the different tech-
niques as described herein.
[0026] Other aspects of the present disclosure include
software programs and/or respective hardware to per-
form any of the operations summarized above and dis-
closed in detail below.
[0027] Additionally, note that although each of the dif-
ferent features, techniques, configurations, etc., herein
may be discussed in different places of this disclosure,
it is intended, where suitable, that each of the concepts
can optionally be executed independently of each other
or in combination with each other. Accordingly, the one
or more present inventions as described herein can be
embodied and viewed in many different ways.
[0028] Also, note that this preliminary discussion of
techniques herein (BRIEF DESCRIPTION) purposefully
does not specify every novel aspect of the present dis-
closure or claimed invention(s). Instead, this brief de-
scription only presents general aspects and correspond-
ing points of novelty over conventional techniques. For
additional details and/or possible perspectives (permu-
tations) of the invention(s), the reader is directed to the
Detailed Description section (which is a summary) and
corresponding figures of the present disclosure as further
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1 is an example illustrating fabrication and pop-
ulation of a circuit substrate to produce a circuit as-
sembly as discussed herein.
FIG. 2 is an example top view diagram illustrating
dicing (a.k.a., cutting, dividing, processing, etc.) of
the populated circuit substrate (or unpopulated cir-
cuit substrate) and creating slots to produce multiple
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sub-assemblies of interlocked circuit boards as dis-
cussed herein.
FIG. 3 is an example diagram illustrating a first as-
sembly including alignment of axial ends of first cir-
cuitry to edges of a respective host circuit board as
well as implementation of multiple slots to provide
interlocking as described herein.
FIGS. 4A and 4B are example diagrams illustrating
fabrication of the first assembly to include multiple
inductor devices affixed to a respective circuit sub-
strate as discussed herein.
FIG. 5 is an example side view diagram illustrating
a circuit assembly including a sequence of one or
more inductor devices as described herein.
FIG. 6 is an example top view diagram illustrating
fabrication of multiple subassemblies from a circuit
substrate populated with inductor devices as de-
scribed herein.
FIG. 7 is an example three-dimensional view dia-
gram illustrating alignment for subsequent interlock-
ing of multiple sub-assemblies as described herein.
FIG. 8 is an example three-dimensional view dia-
gram illustrating multiple interlocked sub-assem-
blies as described herein.
FIG. 9 is an example three-dimensional view dia-
gram illustrating multiple interlocked sub-assem-
blies as described herein.
FIG. 10 is an example three-dimensional view dia-
gram illustrating multiple interlocked sub-assem-
blies as described herein.
FIG. 11 is an example three-dimensional view dia-
gram illustrating population of a substrate with mul-
tiple interlocked assemblies as described herein.
FIG. 12 is an example diagram illustrating implemen-
tation of multiple interlocked subassemblies in a
power delivery system as described herein.
FIG. 13 is an example diagram illustrating connec-
tivity of circuit components in a power supply includ-
ing one or more inductor devices as discussed here-
in.
FIG. 14 is an example diagram illustrating computer
processor hardware (such as fabrication equipment)
and related software instructions that execute one
or more fabrication methods according to embodi-
ments herein.
FIG. 15 is an example diagram illustrating a fabrica-
tion method according to embodiments herein.

[0030] The foregoing and other objects, features, and
advantages of the disclosed matter herein will be appar-
ent from the following more particular description herein,
as illustrated in the accompanying drawings in which like
reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to
scale, with emphasis instead being placed upon illustrat-
ing the principles, concepts, aspects, techniques, etc.

DETAILED DESCRIPTION

[0031] As previously discussed, this disclosure is use-
ful over conventional techniques. For example, in con-
trast to conventional techniques, the novel assemblies
as discussed herein support fabrication of high density
circuits (such as power converter circuits).
[0032] Now, more specifically, FIG. 1 is an example
illustrating fabrication and population of a circuit sub-
strate to produce one or more circuit assemblies as dis-
cussed herein.
[0033] As shown in FIG. 1, fabricator 150 or other suit-
able entity fabricates the assembly 101 to include a circuit
substrate 111. Substrate 111 includes multiple connector
elements 113, circuitry 191 (circuitry 191-1, 191-2, etc.),
circuitry 195-1, 195-2, etc.
[0034] In this example, the circuit board 111 (such as
a printed circuit board) includes: i) a first sequence of
connector elements 113 (such as vias or the like provid-
ing contacts, pins, pads, etc.) disposed along axis C1, ii)
a second sequence of connector elements 113 disposed
along axis D1, iii) a third sequence of connector elements
113 disposed along axis E1, iv) a fourth sequence of
connector elements 113 disposed along axis F1, and so
on.
[0035] Circuit paths 193-1 (such as traces, electrically
conductive paths, metal layers, etc.) associated with (on
or in layers of) the circuit board 111 provide connectivity
of circuitry and nodes such as circuit 191-1, 192-1, 195-1,
195-2, etc., between sets of connector elements 113 or
between each other as needed.
[0036] The portion of circuit board 111 between pairs
of axes (such as axes pair C1/D1, axes pair E1/F1, and
so on) on the circuit board 111 can be populated with
any circuit elements (such as capacitors, resistors, etc.)
with any connectivity from one axis of connector ele-
ments to another in the pair. Alternatively, the portions
of the circuit board between axes pairs can be populated
after subdividing the portions.
[0037] For example, as shown, each of one or more
connector elements 113 along axis C1 can be connected
directly to one or more connector elements on axis D1
(such as a pass-through traces or path); each of one or
more connector elements 113 along axis E1 can be con-
nected directly to one or more connector element on axis
F1; and so on.
[0038] Additionally, one or more circuit paths on the
circuit board 111 provide connectivity between connector
elements 113 on axis C1 and nodes of circuitry such as
circuit 191-1, circuit 191-2, each of components 195-1,
195-2, etc. As further shown, one or more circuit paths
provide connectivity between connector elements 113
on axis D1 and circuitry such as circuit 191-1, circuit
191-2, each of components 193-1, etc. Components cir-
cuit board oriented in any suitable manner.
[0039] In general, the connector elements 113 (such
as vias or the like fabricated from electrically conductive
material such as metal, copper, tin, etc.) may be metallic
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lined holes, each connected to a same or different circuit
path of the circuit board 111. First connector elements
113 provide connectivity to convey electrical signals be-
tween the one or more different layers of the circuit board
111 and/or connectivity from one set of connector ele-
ments on a first axis such as axis C1 and second axis
such as axis D1. Second connector elements 113 provide
connectivity to convey electrical signals between the dif-
ferent one or more layers of the circuit board 111 and/or
connectivity from one set of connector elements on a first
axis such as axis E1 and second axis such as axis FIG.
1, and so on.
[0040] Note that the fabricator can be configured to
further processes the assembly 101 to produce multiple
sub-assemblies. For example, the fabricator 150 can be
configured to cut along each of the axes A1, B1, C1, D1,
E1, F1, etc., to produce the sub-assemblies in FIG. 2.
Note that the components, circuitry, etc., may be affixed
to the respective surface of circuit board 111 before or
after the circuit board is cut into sub-portions (i.e., smaller
circuit boards).
[0041] FIG. 2 is an example top view diagram illustrat-
ing results of dicing (a.k.a., cutting, dividing, etc.) a pop-
ulated circuit substrate (or unpopulated circuit substrate)
to produce multiple sub-assemblies and/or sub-compo-
nents as discussed herein.
[0042] As shown FIG. 2, the first assembly 211 may
include a first circuit board 111-1 (portion of original circuit
board 111). The first circuit board 111-1 includes first
connector elements 213 (half or a less-than-all portion
of connector elements 113 such as one or more connec-
tor elements 113 split from cutting or dividing circuit board
111 into circuit board 111-1) disposed on a first edge
211-1 of the first circuit board 111-1 and second connec-
tor elements 213 (one or more connector elements 113
split from cutting circuit board 111 into circuit board
111-1) disposed on a second edge 211-2 of the first circuit
board 111-1.
[0043] The first edge 211-1 (along axis C1) of assem-
bly 211 is disposed substantially opposite the second
edge 211-2 (along axis D1) on the first circuit board
111-1. The assembly 211 (such as apparatus) further
includes, on a back facing shown, circuitry (such as cir-
cuitry 191-1, circuitry 192-1, one or more components
193-1, etc.) affixed to a back surface of the first circuit
board 111-1 in a manner as previously discussed.
[0044] As further shown in FIG. 2, the second assem-
bly 212 may include a circuit board 111-2. The circuit
board 111-2 includes first connector elements 213 (one
or more connector elements 113 split from cutting or di-
viding circuit board 111 into circuit board 111-2) disposed
on a first edge 212-1 of the circuit board 111-2 and second
connector elements 213 (one or more connector ele-
ments 113 split from cutting circuit board 111 into circuit
board 111-2) disposed on a second edge 212-2 of the
circuit board 111-2. The edge 212-1 (along axis E1) of
assembly 212 is disposed substantially opposite the sec-
ond edge 212-2 (along axis F1) on the circuit board 111-2.

The assembly 212 (such as apparatus) further includes,
on a first facing (such as back facing or surface), circuitry
(such as circuitry 191-2, circuitry 192-2, one or more com-
ponents 193-2, etc.) affixed to the circuit board 111-2 in
a manner as previously discussed.
[0045] Thus, the circuit board 111 circuit board may be
partitioned into multiple different circuit assemblies such
as assembly 211, the assembly 212, etc.
[0046] Each of the first connector elements 213 on the
first edge 211-1 of the first circuit board 111-1 may include
a respective cavity as shown; each of the second con-
nector elements 213 on the second edge of the circuit
board 111-1 may include a respective cavity. Additional-
ly, or alternatively, the connector elements 213 may be
flat along a respective edge, protrude from the edge, etc.
[0047] As further shown, the fabricator creates slots
S11, S12, etc., along a length of the edge of circuit board
111-1 as indicated by the axis C1. Each of the slots S11,
S12, etc., (voids in the respective circuit board from front
to back surfaces of same) is fabricated substantially or-
thogonal to the axis C1 and allows connectivity with an-
other circuit board.
[0048] The fabricator 150 creates slots S21, S22, etc.,
along a length of the edge of circuit board 112-1 as indi-
cated by the axis E1. Each of the slots S21, S22, etc.,
(voids in the respective circuit board) is fabricated sub-
stantially orthogonal to the axis E1 and allows connec-
tivity with another circuit board.
[0049] As further discussed herein, the fabricator 150
can be configured to affix additional circuitry on a second
facing (front surface/facing and/or rear surface/facing) of
each assembly as further discussed in FIG. 3. Thus, one
or both surfaces of the respective circuit board can be
populated with circuit components.
[0050] FIG. 3 is an example diagram illustrating a first
assembly including alignment of axial ends of circuitry to
edges of a respective host circuit board as described
herein.
[0051] As previously discussed, each of the circuit
board assemblies 211, 212, etc., can be fabricated to
include circuit components and one or both sides. In this
example, the circuit board assembly 211 includes first
circuitry (such as circuitry 311-1, 311-2, 311-3, etc.) dis-
posed on a first surface (such as front) of the first circuit
board 111-1. As previously discussed, second circuitry
(such as one or more of circuitry 191, 195, etc.) is dis-
posed on a second surface (such as back) of the circuit
board 111-1 of assembly 211.
[0052] In accordance with a further example, the fab-
ricator 150 affixes circuitry (such as one or more circuit
components 311-1, 311-2, 311-3, etc.) to the first surface
of each of the circuit boards 111-1, 112-1, etc.
[0053] More specifically, as shown in FIG. 3, the fab-
ricator 150 affixes each instance of the circuitry 311 to
the first (front) surface of the circuit board 111-1. In this
example, the first edge 211-1 of the first circuit board
111-1 is aligned with a first axial end 321-1 of the first
circuitry 311-1 and the second edge 211-2 of the first
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circuit board 111-1 aligns with a second axial end 321-2
of the first circuitry 311-1. As further discussed herein,
this facilitates connectivity of the assembly 212 to a re-
spective host circuit substrate. Alignment facilitates in-
terconnectivity of the assemblies to other circuit boards.
[0054] Similarly, the fabricator 150 affixes the circuitry
311-2 to the first surface of the circuit board 111-1. In this
example, the first edge 211-1 of the first circuit board
111-1 aligns with a first axial end 322-1 of the circuitry
311-2 and the second edge 211-2 of the circuit board
111-1 aligns with a second axial end 322-2 of the circuitry
311-2.
[0055] Yet further, the fabricator 150 affixes the circuit-
ry 311-3 to the second surface of the circuit board 111-1.
In this example, the first edge 211-1 of the first circuit
board 111-1 aligns with a first axial end 323-1 of the cir-
cuitry 311-3 and the second edge 211-2 of the circuit
board 111-1 aligns with a second axial end 323-2 of the
circuitry 311-3.
[0056] In this manner, the fabricator 150 can be con-
figured to affix and align any circuitry on the front or back
facing (surface) of the circuit board 111-1 with respective
edges.
[0057] Thus, each of the front and back surfaces as-
sociated with the circuit board 111-1 may be populated
with one or more circuit components. For example, first
circuitry (such as circuitry 311-1, circuitry 311-2, circuitry
311-3, etc.) may be affixed to a first surface of the first
circuit board 111-1; one or more supplemental circuit
components (such as circuitry 191-1, 191-2, 195-1,
195-2, etc.) may be coupled to a second surface of the
first circuit board 111-1. The second surface is disposed
substantially opposite the first surface.
[0058] As previously discussed, each of the assem-
blies 211, 212, etc., includes a sequence of slots 511,
S12, etc., disposed along the Y-axis orthogonal to the
edges 211-1, 211-2, etc. The slots supporting interlock-
ing of a respective circuit boards/assemblies.
[0059] FIG. 4A is an example 3-D diagram illustrating
fabrication of the first assembly to include multiple induc-
tor devices affixed to a respective circuit substrate as
discussed herein. FIG. 4B is an example side view dia-
gram illustrating fabrication of the first assembly to in-
clude multiple inductor devices affixed to a respective
circuit substrate as discussed herein.
[0060] In this example, the fabricator 150 affixes the
inductor device 311-1 (such as an instance of the circuitry
311-1 as previously discussed) to a front face (first sur-
face) of the circuit board 111-1 as shown. The inductor
device 311-1 includes an electrically conductive path
411-1 surrounded by magnetic permeable material 420.
[0061] More specifically, the first circuitry 311 affixed
to the first circuit board 111-1 may be implemented as
an inductor device 311-1. The inductor device 311-1 may
be fabricated to include an electrically conductive path
411-1 extending through a core of the magnetic perme-
able material 420. As shown in FIG. 4B, the electrically
conductive path 411-1 may be electrically conductive ma-

terial (such as metal) extending between the first axial
end 411-1A of the inductor device 311-1 and the second
axial end 411-1B of the inductor device 311-1. As shown
in both FIGS. 4A and 4B, the electrically conductive path
411-1 of the inductor device 311-1 may be enveloped by
the magnetic permeable material 420 between the first
axial end 411-1A and the second axial end 411-1B.
[0062] Note that the electrically conductive path 411-1
may be implemented as a cylindrical body (or other suit-
able shape) of material fabricated from the electrically
conductive material such as metal.
[0063] The circuitry 311-2 affixed to the first circuit
board 111-1 via fabricator 150 may be implemented as
an inductor device (311-2). The inductor device (311-2)
may be fabricated to include an electrically conductive
path 411-2 and magnetic permeable material 420. The
electrically conductive path 411-2 may be electrically
conductive material (such as metal) extending between
the first axial end 411-2A of the inductor device 311-2
and the second axial end 411-2B of the inductor device
311-2; the electrically conductive path 411-2 of the in-
ductor device 311-2 may be enveloped by the magnetic
permeable material 420 between the first axial end
411-2A and the second axial end 411-2B.
[0064] Note that the electrically conductive path 411-1
may be implemented as a cylindrical body of material or
other suitable shape fabricated from the electrically con-
ductive material such as metal.
[0065] The circuitry 311-3 affixed to the first circuit
board 111-1 may be implemented as an inductor device
(311-3). The inductor device may be fabricated to include
an electrically conductive path 411-3 and magnetic per-
meable material 420. The electrically conductive path
411-3 may be electrically conductive material (such as
metal) extending between the first axial end 411-3A of
the inductor device 311-3 and the second axial end
411-3B of the inductor device 311-3; the electrically con-
ductive path 411-3 of the inductor device 311-3 may be
enveloped by the magnetic permeable material 420 be-
tween the first axial end 411-3A and the second axial end
411-3B.
[0066] Note that the electrically conductive path 411-3
may be implemented as a cylindrical body (or other suit-
able shape) of material fabricated from the electrically
conductive material such as metal.
[0067] In a similar manner, the fabricator 150 can be
configured to affix any number of the inductor devices to
a respective circuit board to produce a sub-assembly
211.
[0068] Other sub-assemblies such as assembly 212,
assembly 213, assembly 214, etc., are fabricated in a
similar manner as assembly 211 and may include iden-
tical features as assembly 211. Such assemblies are the
building blocks of other assemblies as discussed herein.
[0069] As previously discussed, the respective assem-
bly 211 and corresponding circuit board 111-1 include
slots S11, S12, S13, etc., to provide connectivity with
other circuit boards.
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[0070] FIG. 5 is an example side view diagram illus-
trating a circuit assembly and alignment as described
herein. Note that the view of assembly in FIG. 5 is cross-
section view A is from a perspective shown in FIG. 4B
along a length of the circuit board 111-1.
[0071] As shown in FIG. 5, the assembly 211 may in-
clude one or more circuits 510 such as subcircuits (such
as semiconductor chips, discrete components, etc.) em-
bedded in the circuit board 111-1. Additionally, or alter-
natively, the one or more semiconductor chips, discrete
components, etc., are affixed to a surface of the circuit
board 111-1.
[0072] As further shown, the center of the electrically
conductive path 411-1 through inductor device (such as
circuitry 311-1) is disposed along axis 566. The axis 556
may be disposed along a length at center of the body
411-1 (such as cylindrical) between the first axial end
411-1A and the second axial end 411-1B. The axis 556
may be substantially parallel to a plane 589 in which the
circuit board 111-1 resides.
[0073] The circuitry 311-1 such as an inductor device
may be affixed to the circuit board 111-1 in any suitable
manner. For example, the apparatus (one or more as-
semblies) as discussed herein may further include a layer
of material such as adhesive 511 disposed between the
magnetic permeable material 420 or surface of the cir-
cuitry 311-1 (such as inductor device) and a surface of
the circuit board 111-1. The layer of material (adhesive
511) affixes the inductor device 311-1 to the circuit board
111-1. Any components are affixed to a front or back
surface of the circuit board 111-1 as previously dis-
cussed.
[0074] FIG. 6 is an example top view diagram illustrat-
ing fabrication of multiple subassemblies from a circuit
substrate populated with inductor devices as described
herein.
[0075] The inductor devices as described herein can
be affixed to a respective surfaces of the circuit boards
in any suitable time. In certain instances, the fabricator
150 produces the circuit boards without any inductor de-
vice or other components affixed to it.
[0076] In this example, the inductor devices are affixed
to a respective surface of the circuit board 111 prior to
the fabricator 150 making planar cuts along plane Z1,
plane Z2, plane Z3, plane Z4, plane Z5, plane Z6, etc.
Implementation of the planar cuts may ensure the align-
ment of the edges of the circuit boards with the corre-
sponding circuitry affixed to the circuit board in a manner
as discussed herein. This facilitates connectivity of the
circuitry with respect to one or more substrates to which
the circuitry such as inductor devices may be attached.
[0077] For example, via the cuts, first axial ends of cir-
cuitry 311-1, 311-2, 311-3, etc., may align along edge of
circuit board 111-1 along axis Z1; second axial ends of
circuitry 311-1, 311-2, 311-3, etc., align along edge of
circuit board 111-1 along axis Z2.
[0078] Via cuts, first axial ends of circuitry 312-1,
312-2, 312-3, etc., align along edge of circuit board 111-2

along axis Z3; second axial ends of circuitry 312-1, 312-2,
312-3, etc., align along edge of circuit board 111-2 along
axis Z4.
[0079] Via cuts, first axial ends of circuitry 313-1,
313-2, 313-3, etc., align along edge of circuit board 111-3
along axis Z5; second axial ends of circuitry 313-1, 313-2,
313-3, etc., align along edge of circuit board 111-3 along
axis Z6.
[0080] Thus, respective assemblies 211, 212, 213,
etc., can be fabricated in any suitable manner.
[0081] As previously discussed, the fabricator 150 can
be configured to produce slots along a length of the dif-
ferent assemblies/circuit boards as shown.
[0082] FIG. 7 is an example three-dimensional view
diagram illustrating alignment for subsequent interlock-
ing of multiple sub-assemblies as described herein.
[0083] As previously discussed, each of the respective
circuit boards 111-1 (a.k.a., assembly 211), 112-1 (a.k.a.,
assembly 212), etc., may be populated with respective
components on one or both sides prior to connectivity as
shown in FIG. 7 and subsequent drawings. This example
illustrates connectivity of the circuit boards with respect
to each other along the axis 701.
[0084] For example, to provide interlocking of the cir-
cuit board 111-1 to the circuit board 711-1, the fabricator
150 aligns the slot S11 (e.g., opening, void, etc.) on the
circuit board 111-1 to the slot S73 disposed on the circuit
board 111-1. The first slot S11 extends through a less-
than-all length of the circuit board 111-1 starting from the
first axial end AE11 of the first circuit board 111-1 towards
the second axial end AE12 of the first circuit board 111-1.
There is no slot in the portion P11 of the circuit board
111-1.
[0085] The slot S73 (e.g., opening, void, etc.) extends
through a less-than-all length of the second circuit board
711-1 starting from the first axial end AE21 of the circuit
board 711-1 towards the second axial end AE22 of the
circuit board 711-1. There is no slot in the portion P71 of
the circuit board 711-1.
[0086] Eventually, the fabricator 150 moves the circuit
board 111-1 (down) and/or circuit board 711-1 (up) along
the axis 701 to provide interconnectivity of the two circuit
boards such that: i) a portion P71 of the circuit board
711-1 resides within the slot S11 of the circuit board
111-1, and ii) a portion P11 of the circuit board 111-1
resides within the slot S73 of the circuit board 711-1.
[0087] As further shown in FIG. 8, subsequent to inter-
locking as discussed in FIG. 7, the circuit board 111-1 is
interlocked with the circuit board 711-1 via interlocking
provided by a combination of the slot S11 and the slot
S71.
[0088] FIG. 8 is an example three-dimensional view
diagram illustrating multiple interlocked sub-assemblies
as described herein.
[0089] In this example, as previously discussed, sub-
sequent to interlocking, a first portion P11 of the first cir-
cuit board 111-1 resides within the slot S73 of the circuit
board 711-1. A first portion P71 of the circuit board 711-1
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resides within the slot S11 of the circuit board 111-1.
[0090] Thus, techniques herein may include interlock-
ing of circuit boards provided by a combination of the slot
S11 and the slot S73. As further shown, note that the
circuit board 111-1 is disposed non-parallel to the circuit
board 711-1.
[0091] FIG. 9 is an example three-dimensional view
diagram illustrating multiple interlocked sub-assemblies
as described herein.
[0092] In this example, the fabricator 150 interlocks the
circuit board 111-2 with circuit board 711-1 in a similar
manner as previously discussed. Circuit board 111-2 is
disposed in parallel with circuit board 111-1. Each of the
circuit boards 111-1 and 111-2 is disposed orthogonal to
board 711-1.
[0093] FIG. 10 is an example three-dimensional view
diagram illustrating multiple interlocked sub-assemblies
as described herein.
[0094] In this example, the fabricator 150 interlocks the
circuit board 711-2 with other circuit boards as shown in
FIG. 10.
[0095] Circuit boards 111-0, 111-1, 111-2 are disposed
in parallel with each other. Circuit boards 711-0, 711-1,
711-2 are disposed in parallel with each other. The circuit
board 111-1 is in contact with and interlocked with the
circuit board 711-1 and the circuit board 711-2 but not
the circuit board 111-2. The circuit board 711-2 is in con-
tact with and interlocked with the circuit 111-1 board and
the circuit board 111-2 but not the circuit board 711-1.
[0096] Circuit boards 111-0 and 711-0 provide outer
surfs of the assembly in FIG. 10. If desired, the circuit
board 111-0 can be interlocked with circuit boards 711-1,
711-2, ..., as discussed herein. The circuit board 711-0
can be interlocked with circuit boards 111-1, 111-2, ...,
as discussed herein.
[0097] The interlocking of circuit boards produces cav-
ities C11, C12, ..., C21, C22, ... , in which to house one
or more circuit components such as including an inductor
device. For example, a combination of the circuit board
111-1, the circuit board 711-1, the circuit board 111-2,
and the circuit board 711-2, encloses a volume (cavity
C22) in which a respective inductor device resides.
[0098] FIG. 11 is an example three-dimensional view
diagram illustrating population of interlocked assemblies
on one or more substrate as described herein.
[0099] In this example, the assemblies 211, 212, 213,
and 214 are disposed in parallel and are coupled to the
substrate 710 (such as a planar substrate). As previously
discussed, each of the circuit boards 111-1, 111-2, 111-3,
111-4, etc., is interlocked with each of the circuit boards
711-1, 711-2, 711-2, etc. The fabricator 150 can be con-
figured to produce the assembly 725 to include a second
substrate (such as a planar substrate 810 in other draw-
ings) on a top surface of the assembly 725. See further
figures showing a side view of multiple assemblies (211,
212, etc.) sandwiched between the substrate 710 and
substrate 810.
[0100] As previously discussed, and as shown in FIG.

11, the assembly 725 includes: i) multiple slotted primary
circuit boards (assemblies 211, 212, 213, and 214 such
as circuit boards 111-1, 111-2, 111-3, 111-4) spaced
apart from each other and disposed substantially parallel
to each other; ii) multiple slotted secondary circuit boards
(such as circuit boards 711-1, 711-2, 711-3, 711-4)
spaced apart from each other and disposed substantially
parallel to each other; and iii) a combination of the slots
of the multiple slotted primary circuit boards (associated
with each of the circuit board 111-1, 111-2, 111-3, and
111-4) and slots in the multiple slotted secondary circuit
boards (associated with each of the circuit board 711-1,
711-2, 711-3, and 711-4) interlock the multiple slotted
primary circuit boards and the multiple slotted secondary
circuit boards.
[0101] More specifically, each of the multiple slotted
primary circuit boards (111-1, 111-2, 111-3, 111-4) in-
cludes a respective first slot; each of the multiple slotted
secondary circuit boards (711-1, 711-2, 711-3, and
711-4) includes a respective second slot; portions of the
multiple slotted primary circuit boards reside in the re-
spective second slots of the multiple slotted secondary
circuit boards; and portions of the multiple slotted sec-
ondary circuit boards reside in respective first slots of the
multiple slotted primary circuit boards.
[0102] As further shown, the interlocking of respective
circuit boards (assemblies) results in creation of cavities
in which the inductor devices reside. For example, as
shown, respective surfaces of circuit board 111-1, circuit
board 711-0, circuit board 111-0, and circuit board 711-1
produce the cavity C11 (such as volume, space, etc.) in
which the inductor device 311-1 resides; respective sur-
faces of circuit board 111-1, circuit board 711-1, circuit
board 111-0, and circuit board 711-2 produce the cavity
C12 (such as volume, space, etc.) in which the inductor
device 311-2 resides; respective surfaces of circuit board
111-1, circuit board 711-2, circuit board 111-0, and circuit
board 711-3 produce the cavity C13 (such as volume,
space, etc.) in which the inductor device 311-3
resides; ...; respective surfaces of circuit board 111-2,
circuit board 711-0, circuit board 111-1, and circuit board
711-1 produce the cavity C21 (such as volume, space,
etc.) in which the inductor device 312-1 resides; respec-
tive surfaces of circuit board 111-2, circuit board 711-1,
circuit board 111-1, and circuit board 711-2 produce the
cavity C22 (such as volume, space, etc.) in which the
inductor device 312-2 resides; respective surfaces of cir-
cuit board 111-2, circuit board 711-2, circuit board 111-2,
and circuit board 711-3 produce the cavity C23 (such as
volume, space, etc.) in which the inductor device 312-3
resides; and so on.
[0103] Accordingly, the assembly 725 includes multi-
ple cavities defined by respective surfaces of the multiple
interlocked slotted primary circuit boards (111-1, 111-2,
111-3, 111-4) and surfaces of the multiple slotted sec-
ondary circuit boards (711-1, 711-2, 711-3, 711-4).
[0104] As further shown in FIG. 12, note that the as-
sembly 725 can include the multiple primary circuit
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boards (111-0, 111-1, 111-2, etc.) interlocked with sec-
ondary circuit boards (711-0, 711-1, 711-2, etc.) and dis-
posed between substrate 710 and a top substrate 810.
The assembly or combination of interlocked circuit
boards resides between a first circuit substrate 710 and
a second circuit substrate 810. As further shown, a first
axial end of each inductor is coupled to the first circuit
substrate 710 and a second axial end of each inductor
is coupled to the second circuit substrate 810.
[0105] FIG. 12 is an example diagram illustrating im-
plementation of multiple subassemblies in a power de-
livery system as described herein.
[0106] In general, the assembly 725 (interlocked circuit
boards) in FIG. 11 resides between substrate 710 and
substrate 810 as shown in FIG. 12. The system 1100
includes multiple power converter phases, portions of
which are disposed between substrate 710 and substrate
810 to provide power to a load 118. For example, circuitry
1201 (such as a first power converter phase) resides in
one or more locations such as embedded in the substrate
710, disposed on one or more surfaces of the substrate
710, etc. The circuit 1201 can be configured to include
power converter circuitry (1121) such as one or more of
controller, drivers, switches, etc.
[0107] Circuitry 1202 (such as circuitry associated with
a second power converter phase) resides in one or more
locations such as embedded in the substrate 710, dis-
posed on one or more surfaces of the substrate 710, etc.
The circuit 1202 can be configured to include power con-
verter circuitry (1122) such as one or more of controller,
drivers, switches, etc. See an example in FIG. 13.
[0108] Referring again to FIG. 12, thus, each cavity
and corresponding power converter phase circuitry on
the substrate 710 or circuit boards of assembly 725 can
be configured to provide power to receive power from
the power supply 1299 through heat sink 822. Each pow-
er converter phase and corresponding cavity of circuitry
provides one phase of power. More specifically, power
converter phase (1201) and inductor device 311-1 in cav-
ity C11 provides respective current and an output voltage
123 to power the load 118; power converter phase (1202)
and inductor device 312-1 in cavity C21 provides respec-
tive current and an output voltage 123 to power the load
118; and so on. Each of the power converters may be
disposed in parallel to produce the output voltage 123.
[0109] Referring again to FIG. 12, in this example, the
assembly 1200 includes the first assemblies (211, 212,
etc.) as previously discussed as well as a first substrate
710 and a second substrate 810. Each of the assemblies
is fabricated in a similar manner.
[0110] The first connector elements 213 on the first
edge 211-1 of the first assembly 211 may be connected
to nodes of the substrate 810; the first axial end of the
electrically conductive path 411-1 associated with the
first circuitry 311-1 such as first inductor device may be
connected to a node of the substrate 810 via electrically
conductive path 831-11 (such as solder or other suitable
material); the second connector elements 213 on the sec-

ond edge 211-2 may be connected to respective nodes
of the substrate 710; the second axial end of the first
circuitry such as inductor device 311-1 may be connected
to a respective node of the substrate 710 via electrically
conductive path 831-12 (such as solder or other suitable
material). As previously discussed, circuit paths 193-1,
etc., provide connectivity between nodes of the substrate
710 and nodes of the substrate 810 such that circuitry
on substrate 710 is able to transmit or receive signals
from the circuitry or other components associated with
substrate 810.
[0111] Note further that the circuit board 710 may re-
side in a first plane; the circuit board 810 may reside in
a second plane. Yet further, note that the substrate 710
may be disposed substantially parallel to the substrate
810; the circuit board 111-0, circuit board 111-1, circuit
board 111-2, etc., may be disposed substantially in par-
allel with each other; and planar surfaces of the circuit
board 110-0, circuit board 111-1 the circuit board 111-2,
etc., may be disposed substantially orthogonal to the sub-
strate 810 and/or the substrate 710.
[0112] The inductor device 311-1 optionally includes
electrically conductive path 831-11 (such as extra metal
material) disposed at axial end 321-1 and electrically con-
ductive path 831-12 (such as extra metal material) dis-
posed at axial end 321-2. Thus, the cross sectional are-
as/regions of the electrically conductive path (combina-
tion of electrically conductive path 411-1, electrically con-
ductive path 831-11, and electrically conductive path
831-12) may be enlarged at the first axial end 321-1 and
the second axial end 321-2 with respect to a cross sec-
tional area of the electrically conductive path 411-1 at a
location between the first axial end and the second axial
end of the inductor device. In other words, in the side
view shown, the electrically conductive path 831-11 and
electrically conductive path 831-12 is wider than the elec-
trically conductive path 411-1.
[0113] Each of the electrically conductive paths 411-1,
411-2, 411-3, ..., 412-1, 412-2, 412-3, ..., can be config-
ured to supply respective current and a corresponding
output voltage 123 to the load 118 and/or motherboard
721.
[0114] Components 195-1, 195-2, etc., such as capac-
itors can be configured to store the output voltage and/or
input voltage associated with respective power converter
circuitry.
[0115] A combination of the first edge 211-1 of the cir-
cuit board 111-1, the first axial end 321-1 of the inductor
device (circuitry 311-1), the first edge 212-1 of the circuit
board 111-2, first axial end of the inductor device (circuitry
312-1) may reside in a first plane and coupled to planar
surface of the circuit board 810; a combination of the
second edge 211-2 of the circuit board 111-1, the second
axial end 321-2 of the inductor device (circuitry 311-1),
the second edge 212-2 of the circuit board 111-2, second
axial end of the inductor device (circuitry 312-1) may re-
side in a second plane and coupled to planar surface of
the circuit board 710.
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[0116] The first plane may be disposed substantially
parallel to the second plane. For example, the bottom
surface of the substrate 810 resides in the first plane and
is in contact with the assemblies 211, 212, etc., and cor-
responding components. The top surface of the substrate
710 resides in the second plane and is in contact with
the assemblies 211, 212, etc., and corresponding com-
ponents.
[0117] The circuit substrate 701 may be substantially
parallel (such as within several degrees) to the circuit
substrate 801; and the primary circuit boards (111-1,
111-2, 111 3, 111-4) and the secondary circuit boards
(711-1, 711-2, 711-3, 711-4) in assembly 725 are dis-
posed substantially orthogonal to the circuit substrate
710 and the circuit substrate 810.
[0118] A respective inductor device disposed between
respective power converter circuit (such as circuit 1201,
1202, etc.) and the circuit board substrate 810 is opera-
tive to convey current from the power converter circuit to
the load 118. Via traces 193-1 or the like, one or more
of the respective circuit boards (111-1, 111-2, 111-3,
111-4, ..., 711-1, 711-2, 711-3, 711-4) provides a return
current path from the load 118 to a reference potential
associated with the power converter circuit.
[0119] The power 1266-1, 1266-2, etc., from power
supply 1299 may include an input voltage V1 from a
source 120-1. The one or more components 195-1 dis-
posed on the circuit board 111-1 may be first capacitors
on the circuit board 111-1 that store the input voltage V1;
the one or more components 195-2 may be second ca-
pacitors disposed on the circuit board 111-1 or circuit
board 711-1, which provide storage of the output voltage
123 generated by a respective power converter phase.
As previously discussed, the power converter phase
1201 and inductor device 311-1 convert the input voltage
V1 into the output voltage 123. See also FIG. 13.
[0120] Referring again to FIG. 12, yet further, the edge
contact (such as edge 211-1) of connector elements 213
disposed on a first axial end 321-1 of the circuit board
111-1 connects the circuit board 111-1 to the substrate
810; edge contact (such as edge 211-2) of connector
elements 213 disposed on a second axial end 321-2 of
the circuit board 111-1 connects the circuit board 111-1
to the substrate 710; as previously discussed, the circuit
board 111-1 provides electrical connectivity between the
first edge contact (211-1) and the second edge contact
(211-2).
[0121] In a similar manner, the edge contact (such as
edge 212-2) of connector elements 213 disposed on a
first axial end of the circuit board 111-2 connect the circuit
board 111-2 to the substrate 810; edge contact (such as
edge 212-2) of connector elements 213 disposed on a
second axial end of the circuit board 111-2 connect the
circuit board 111-2 to the substrate 710; as previously
discussed, the circuit board 111-2 provides electrical
connectivity between the first edge contact (212-1) and
the second edge contact (212-2).
[0122] FIG. 13 is an example diagram illustrating con-

nectivity of circuit components in a power supply includ-
ing one or more assemblies and corresponding inductor
devices as discussed herein.
[0123] In this non-limiting example, the power supply
1100 includes controller 1140 and multiple phases 1121
and 1122 that collectively generate a respective output
voltage 123 (and/or output current) to power load 118
based on current through one or more inductive paths
1131, 132, etc., such as inductor devices 311-1 (a.k.a.,
1131), 311-2 (a.k.a., 1132), etc. The load 118 can be any
suitable circuit such as CPUs (Central Processing Units),
GPUs and ASICs (such those including one or more Ar-
tificial Intelligence Accelerators), etc., which can be lo-
cated on standalone circuit board.
[0124] Note that power supply 1100 can include any
number of phases. If desired, the phases can be split
such that the first phase 1121 powers a first load inde-
pendent of the second phase 1122 powering a second
load. Alternatively, the combination of phase 1121 and
phase 1122 drive the same load 118 as shown in FIG. 13.
[0125] As further shown in FIG. 13, a combination of
the phase 1121 and phase 1122 (and any of multiple
additional power converter phases in the assembly 725,
circuit 1100, etc.) power the same load 118. Phase 1121
includes series connection of switch QA1, switch QB1,
and inductive path 1131 such as circuitry 311-1 (such as
one or more inductor devices). Phase 1122 includes se-
ries connection of switch QA2, switch QB2, and inductive
path 1132 such as circuitry 311-2 (such as one or more
inductor devices).
[0126] Further in this example, the voltage source
120-1 supplies voltage V1 (such as 6 VDC or any suitable
voltage) to the series combination of switch QA1 (such
as a high-side switch) and switch QB1 (such as a low-
side switch).
[0127] The combination of switches QA1 and QB1 as
well as inductive path 1131 may operate in accordance
with a buck converter topology to produce the output volt-
age 123.
[0128] Further in this example, note that the drain node
(D) of switch QA1 is connected to receive voltage V1
provided by voltage source 120-1. The source node (S)
of switch QA1 is coupled to the drain node (D) of switch
QB1 as well as the input node of inductive path 1131
(inductor device 311-1). The source node of switch QB1
is coupled to ground. The output node of the inductive
path 1131 is coupled to the load 118.
[0129] The combination of switches QA2 and QB2 as
well as inductive path 1132 may operate in accordance
with a buck converter topology to produce the output volt-
age 123.
[0130] Yet further in this example, the drain node of
switch QA2 of phase 1122 is connected to receive voltage
V1 provided by voltage source 120-1. The source node
(S) of switch QA2 is coupled to the drain node (D) of
switch QB2 as well as the input node of inductive path
1132. The source node of switch QB2 is coupled to
ground. The output node of the inductive path 1132 (in-

17 18 



EP 4 344 363 A1

11

5

10

15

20

25

30

35

40

45

50

55

ductor device 311-2) is coupled to the load 118.
[0131] As previously discussed, the combination of the
phases 221 and 222 produces the output voltage 123
that powers load 118. That is, the inductive path 1131
produces output voltage 123; inductive path 1132 pro-
duces output voltage 123.
[0132] During operation, as shown, controller 1140
produces control signals 105 (such as control signal A1
and control signal B1) to control states of respective
switches QA1 and QB1. For example, the control signal
A1 produced by the controller 1140 drives and controls
the gate node of switch QA1; the control signal B1 pro-
duced by the controller 1140 drives and controls the gate
node of switch QB1.
[0133] Additionally, controller 1140 produces control
signals A2 and B2 to control states of switches QA2 and
QB2. For example, the control signal A2 produced by the
controller 1140 drives and controls the gate node of
switch QA2; the control signal B2 produced by the con-
troller 1140 drives and controls the gate node of switch
QB2.
[0134] The controller 1140 may control the phases
1121 and 1122 to be 180 degrees or other suitable value
out of phase with respect to each other. The shifting may
change based on the number of phases.
[0135] As is known with buck converters, in phase
1121, activation of the high-side switch QA1 to an ON
state while switch QB1 is deactivated (OFF) couples the
input voltage V1 to the input of the inductive path 1131,
causing an increase (such as ramped) in amount of cur-
rent provided by the inductive path 1131 to the load 118.
Conversely, activation of the low-side switch QB1 to an
ON state while switch QA1 is deactivated (OFF) couples
the ground reference voltage to the input of the inductive
path 1131, causing a decrease (such as ramped) in
amount of current provided by the inductive path 1131
to the load 118. The controller 1140 monitors a magnitude
of the output voltage 123 and controls switches QA1 and
QB1 such that the output voltage 123 stays within a de-
sired voltage range.
[0136] Via phase 222, in a similar manner, activation
of the high-side switch QA2 to an ON state while switch
QB2 is deactivated (OFF) couples the input voltage V1
to the input of the inductive path 1132 causing an in-
crease in amount of current provided by the inductive
path 1132 to the load 118. Conversely, activation of the
low-side switch QB2 to an ON state while switch QA2 is
deactivated (OFF) couples the ground reference voltage
to the input of the inductive path 1132, causing a de-
crease in amount of current provided by the inductive
path 1132 to the load 118. The controller 1140 monitors
a magnitude of the output voltage 123 and controls
switches QA2 and QB2 such that the output voltage 123
stays within a desired voltage range.
[0137] Referring again to FIG. 12, note that the circuit
1201 includes one or more of controller 1140, with driv-
ers, switches QA1, QB1, etc. Circuit 1202 includes one
or more of controller 1140, switch drivers, switches QA2,

QB2, etc.
[0138] FIG. 14 is an example diagram illustrating com-
puter processor hardware (such as fabrication equip-
ment) and related software instructions that execute one
or more fabrication methods as discussed herein.
[0139] As shown, computer system 1400 (such as im-
plemented by any of one or more resources such as a
fabricator) of the present example includes an intercon-
nect 1411 that couples computer readable storage media
1412 such as a non-transitory type of media (or hardware
storage media) in which digital information can be stored
and retrieved, a processor 1413 (e.g., computer proces-
sor hardware such as one or more processor devices),
I/O interface 1414 (e.g., to output control signals to the
power converter phases, monitor current, etc.), and a
communications interface 1417.
[0140] I/O interface 1414 provides connectivity to any
suitable circuitry such as power supply 100 and corre-
sponding power converter phases 111, 112, etc.
[0141] Computer readable storage medium 1412 can
be any hardware storage resource or device such as
memory, optical storage, hard drive, floppy disk, etc. The
computer readable storage medium 1412 stores instruc-
tions and/or data used by the fabricator application 150-1
to perform any of the operations as described herein.
[0142] Further in this example, communications inter-
face 1417 enables the computer system 1400 and proc-
essor 1413 to communicate over a resource such as net-
work 190 to retrieve information from remote sources and
communicate with other computers.
[0143] As shown, computer readable storage media
1412 (such as computer-readable storage hardware) is
encoded with fabricator application 150-1 (e.g., software,
firmware, etc.) executed by processor 1413. Fabricator
application 150-1 can be configured to include instruc-
tions to implement any of the operations as discussed
herein.
[0144] During operation, processor 1413 may access
computer readable storage media 1412 via the use of
interconnect 1411 in order to launch, run, execute, inter-
pret or otherwise perform the instructions in fabricator
application 150-1 stored on computer readable storage
medium 1412.
[0145] Execution of the fabricator application 150-1
produces processing functionality such as fabricator
process 150-2 in processor 1413. In other words, the
fabricator process 150-2 associated with processor 1413
represents one or more aspects of executing fabricator
application 150-1 within or upon the processor 1413 in
the computer system 1400.
[0146] In accordance with different examples, note that
computer system 1400 can be a microcontroller device,
logic, hardware processor, hybrid analog/digital circuitry,
etc., configured to control a power supply and perform
any of the operations as described herein.
[0147] Functionality supported by the different re-
sources will now be discussed via flowchart in FIG. 15.
Note that the steps in the flowcharts below can be exe-
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cuted in any suitable order.
[0148] FIG. 15 is a flowchart 1500 illustrating an ex-
ample method as discussed herein. Note that there will
be some overlap with respect to concepts as discussed
above.
[0149] In processing operation 1510, the fabricator 150
receives a first circuit board including a first slot.
[0150] In processing operation 1520, the fabricator re-
ceives a second circuit board.
[0151] In processing operation, the fabricator 150 cou-
ples the first circuit board with the second circuit board
via interlocking provided by the first slot.
[0152] Note again that techniques herein are well suit-
ed for use in circuit assembly applications such as those
providing power delivery to one or more loads. However,
it should be noted that the disclosure of matter herein is
not limited to use in such applications and that the tech-
niques discussed herein are well suited for other appli-
cations as well.
[0153] While this invention has been particularly
shown and described with references to preferred as-
pects thereof, it will be understood by those skilled in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present application as defined by the appended claims.
Such variations are intended to be covered by the scope
of this present application. As such, the foregoing de-
scription in the present disclosure is not intended to be
limiting. Rather, any limitations to the invention are pre-
sented in the following claims.

Claims

1. An apparatus comprising:

a first circuit board (111-1) including a first slot
(S11);
a second circuit board (711-1); and
the first circuit board (111-1) interlocked with the
second circuit board (711-1) via interlocking pro-
vided by the first slot (S11).

2. The apparatus as in claim 1, wherein

a first portion (P71) of the second circuit board
(711-1) resides within the first slot (S11) of the
first circuit board (111-1), or
wherein the first circuit board (111-1) is disposed
non-parallel to the second circuit board (711-1),
and the first circuit board (111-1) is interlocked
with the second circuit board (711-1) via physical
interlocking provided by a portion (P71) of the
second circuit board (711-1) in the first slot
(S11).

3. The apparatus as in claim 1 or 2, wherein the second
circuit board (711-1) includes a second slot (S73);

and

wherein the first circuit board (111-1) is inter-
locked with the second circuit board (711-1) via
interlocking provided by a combination of the
first slot (S11) and the second slot (S73),
wherein, optionally, a first portion (P11) of the
first circuit board (111-1) resides within the sec-
ond slot (S21) of the second circuit board
(112-1), and a first portion (P71) of the second
circuit board (112-1) resides within the first slot
(S11) of the first circuit board (111-1).

4. The apparatus as in one of claims 1 to 3, further
comprising:

first circuitry (311-1. 311-2, 311-3), the first cir-
cuitry (311-1. 311-2, 311-3) disposed on a sur-
face of the first circuit board (111-1); and
second circuitry, the second circuitry disposed
on a surface of the second circuit board (711-1).

5. The apparatus as in one of claims 1 to 4, further
comprising:

a third circuit board (111-2);
a fourth circuit board (711-0);
wherein the first circuit board (111-1) is in con-
tact with and interlocked with the second circuit
board (711-1) and the fourth circuit board
(711-0) but not the third circuit board (111-2);
and
wherein the second circuit board (711-1) is in
contact with and interlocked with the first circuit
board (111-1) and the third circuit board (111-2)
but not the fourth circuit board (711-0).

6. The apparatus as in claim 5 further comprising:

an inductor device (312-1), the inductor device
(312-1) including an electrically conductive path
(412-1) enveloped by magnetic permeable ma-
terial (420); and
wherein a combination of the first circuit board
(111-1), the second circuit board (711-1), the
third circuit board (111-2), and the fourth circuit
board (711-0) encloses a volume (C21) in which
the inductor device (312-1) resides,
wherein, optionally, the combination resides be-
tween a first circuit substrate (710) and a second
circuit substrate (810).

7. The apparatus as in claim 6, wherein a first axial end
of the inductor device (312-1) is coupled to the first
circuit substrate (710) and a second axial end of the
inductor device (312-1) is coupled to the second cir-
cuit substrate (810); and
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wherein the inductor device (312-1) is operative
to provide a flow of current from the first circuit
substrate (111-1) through the electrically con-
ductive path (412-1) to the second circuit sub-
strate (711-1),
wherein, optionally, the first circuit board
(111-1), the second circuit board (711-1), the
third circuit board (111-2), and the fourth circuit
board (711-0) are disposed orthogonal to the
first circuit substrate (710) and the second circuit
substrate (810).

8. The apparatus as in one of claims 1 to 5, further
comprising:

a power converter circuit (1202) disposed on a
first circuit substrate (710); and
wherein the interlocked first circuit board (111-1)
and the second circuit board (711-1) provide
connectivity between the power converter circuit
(1202) and a second substrate (810),
wherein, optionally, the first circuit substrate
(710) is substantially parallel to the second cir-
cuit substrate (810) and both the first circuit
board (111-1) and the second circuit board
(711-1) are disposed substantially orthogonal to
the first circuit substrate (710) and the second
circuit substrate (810).

9. The apparatus as in claim 8 further comprising:

an inductor (312-1) disposed between the power
converter circuit (1202) and the second circuit
substrate (810), the inductor (312-1) operative
to convey current from the power converter cir-
cuit (1202) to a load (118); and
wherein the first circuit board (111-1) provides
a return current path from the load (118) to a
reference potential associated with the power
converter circuit (1202).

10. The apparatus as in claim 8 or 9, further comprising:

first capacitors (195-1) disposed on the first cir-
cuit board (111-1), the first capacitors (195-1)
storing an input voltage;
second capacitors disposed on the second cir-
cuit board (711-1), the second capacitors storing
an output voltage; and
wherein the power converter (1202) is operative
to convert the input voltage into the output volt-
age.

11. The apparatus as in one of claims 1 to 10, further
comprising:

a first edge contact (211-1) disposed on a first
axial end (321-1) of the first circuit board (111-1);

a second edge contact (211-2) disposed on a
second axial end (321-2) of the first circuit board
(111-1); and
wherein the first circuit board (111-1) provides
electrical connectivity between the first edge
contact (211-1) and the second edge contact
(211-2).

12. The apparatus as in one of claims 1 to 11, wherein
the first circuit board (111-1) includes a first axial end
(321-1) and a second axial end (321-2); and
wherein the first slot (S11) extends through a less-
than-all length of the first circuit board (111-1) start-
ing from the first axial end (321-1) of the first circuit
board (111-1) towards the second axial end (321-2)
of the first circuit board (111-1).

13. An apparatus as in claim 1, comprising:

multiple slotted primary circuit boards (111-0 to
111-4) spaced apart from each other and dis-
posed substantially parallel to each other, the
multiple slotted primary circuit boards (111-0 to
111-4) including the first circuit board (111-1);
multiple slotted secondary circuit boards (711-0
to 711-4) spaced apart from each other and dis-
posed substantially parallel to each other, the
multiple slotted secondary circuit boards (711-0
to 711-4) including the second circuit board
(711-1); and
wherein first slots (S11 to S13) in the multiple
slotted primary circuit boards (111-0 to 111-4)
and second slots (S71 to S73) in the multiple
slotted secondary circuit boards (711-0 to
711-4) interlock the multiple slotted primary cir-
cuit boards (111-0 to 111-4) and the multiple
slotted secondary circuit boards (711-0 to
711-4).

14. The apparatus as in claim 13, wherein each of the
multiple slotted primary circuit boards (111-0 to
111-4) includes a respective first slot (S11);

wherein each of the multiple slotted secondary
circuit boards (711-0 to 711-4) includes a re-
spective second slot (S73);
wherein portions (P11) of the multiple slotted pri-
mary circuit boards (111-0 to 111-4) reside in
the respective second slots (S73) of the multiple
slotted secondary circuit boards (711-0 to
711-4); and
wherein portions (P71) of the multiple slotted
secondary circuit boards (711-0 to 711-4) reside
in respective first slots (S11) of the multiple slot-
ted primary circuit boards (111-0 to 111-4).

15. The apparatus as in claim 13 or 14 further compris-
ing:
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multiple cavities (C11 to C43) defined by surfaces
of the multiple slotted primary circuit boards (111-0
to 111-4) and surfaces of the multiple slotted sec-
ondary circuit boards (711-0 to 711-4).
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