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(57) Abstract: Examples of retention structures (242) are described herein. In some examples, an apparatus (240) includes a three-
dimensional (3D) printed substrate (232). In some examples, the apparatus includes a 3D printed contact (230) included in the 3D
printed substrate (232) to interface with an external circuit package (234). In some examples, the apparatus (240) includes a retention
structure (242) to hold the external circuit package (234) on a top side of the external circuit package.
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RETENTION STRUCTURES

BACKGROUND

[0001] Three-dimensional (3D) solid objects may be produced from a digital
model using additive manufacturing. Additive manufacturing may be used in
rapid prototyping, mold generation, mold master generation, and short-run
manufacturing. Additive manufacturing involves the application of successive
layers of build material. In some additive manufacturing techniques, the build
material may be cured or fused.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a diagram illustrating an exploded perspective view of an
example of an apparatus;

[0003] Figure 2 is a diagram illustrating an exploded perspective view of an
example of an apparatus;

[0004] Figure 3 is a diagram illustrating a bottom perspective view of an
example of the retention structure of Figure 2;

[0005] Figure 4 is a diagram illustrating a perspective view of an example of
an apparatus;

[0006] Figure 5 is a diagram illustrating a perspective view of an example of
a 3D printed substrate;

[0007] Figure 6 is a diagram illustrating a perspective view of an example of
the 3D printed substrate of Figure 5 with inserted pins;

[0008] Figure 7 is a diagram illustrating a top view and a side view of an
example of a 3D printed substrate;
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[0009] Figure 8 is a block diagram of an example of an electronic device that
may be used to design and/or manufacture a structure or structures described
herein;

[0010] Figure 9 is a block diagram illustrating an example of a computer-
readable medium for apparatus design;

[0011] Figure 10 is a flow diagram illustrating an example of a method for
automatically designing a structure or structures described herein;

[0012] Figure 11 is a flow diagram illustrating an example of a method for
designing a conformal structure(s); and

[0013] Figure 12 is a flow diagram illustrating an example of method for
manufacturing a structure(s) in accordance with some of the techniques

described herein.

DETAILED DESCRIPTION

[0014] It may be helpful for a 3D printed object (e.g., 3D printed electronics)
to interface with an electronic component (e.g., an integrated circuit (IC)
package). Some approaches to interface a 3D printed object with an electronic
component may utilize techniques (e.g., soldering) that may be unsuitable for
3D printed conductive surfaces due to using high temperatures that can
damage the 3D printed object. Moreover, some conductive surfaces (e.g.,
printed circuits with sintered silver nanoparticles) may have difficulty achieving
good surface conductivity without post-processing or accommodation in the
design and print process.

[0015] Some examples of the techniques described herein may utilize a
retention structure to interface with (e.g., interlock) an electronic component,
mechanically support the electronic component on a substrate (e.g., 3D printed
substrate), align a contact(s) of the electronic component onto the substrate,
and/or provide a contact structure to reduce contact resistance with the
electronic component and the substrate. Some examples of the techniques
described herein may allow for interfaces with enhanced reliability and/or may
provide enhanced assembly by aiding in alignment. Some examples of the
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techniques described herein may be utilized in integrating an electronic
component between nesting and/or interlocking designs. Some examples of the
techniques described herein may be utilized with 3D printing.

[0016] Some examples of 3D printing may selectively deposit an agent or
agents (e.g., droplets). An agent is a printable substance (e.g., fluid, solution,
liquid, particles, etc.). In some examples, agents may be deposited at a pixel
level to enable control over voxel-level energy deposition. For instance, thermal
energy may be projected over material in a build area, where a phase change
(for example, melting and solidification) in the material may occur depending on
the voxels where the agents are deposited. Examples of agents include fusing
agent and detailing agent. A fusing agent is an agent that causes material to
fuse (e.g., sinter, melt, etc.) when exposed to energy. A detailing agent is an
agent that reduces or prevents fusing.

[0017] Avoxelis a representation of a location in a 3D space. For example, a
voxel may represent a volume or component of a 3D space. For instance, a
voxel may represent a volume that is a subset of the 3D space. In some
examples, voxels may be arranged on a 3D grid. For instance, a voxel may be
rectangular or cubic in shape. Examples of a voxel size dimension may include
25.4 millimeters (mm)/150 = 170 microns for 150 dots per inch (DPI), 490
microns for 50 DPI, 2 mm, etc. A set of voxels may be utilized to represent a
build volume.

[0018] A build volume is a volume in which an object or objects may be
manufactured. A “build” may refer to an instance of 3D manufacturing. For
instance, a build may specify the location(s) of object(s) in the build volume. In
some examples, an “object” may refer to an area and/or volume in a build
indicated for forming an object.

[0019] Fusing agent and/or detailing agent may be used in 3D manufacturing
to provide selectivity to fuse objects and/or ensure accurate geometry. For
example, fusing agent may be used to absorb lamp energy, which may cause
material to fuse in locations where the fusing agent is applied. Detailing agent
may be used to modulate fusing by providing a cooling effect at the interface
between an object and material (e.g., powder). Detailing agent may be used for
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interior features (e.g., holes), corners, and/or thin boundaries. An amount or
amounts of agent (e.g., fusing agent and/or detailing agent) and/or a location or
locations of agent (e.g., fusing agent and/or detailing agent) may be determined
for manufacturing an object or objects. For instance, an agent map may be
determined. An agent map is data (e.g., an image) that indicates a location or
locations to apply agent. For instance, an agent map may be utilized to control
an agent applicator (e.g., nozzle(s), print head(s), etc.) to apply agent to
material for manufacturing. In some examples, an agent map may be a two-
dimensional (2D) array of values indicating a location or locations for placing
agent on a layer of material.

[0020] In some examples, a structure(s) described herein may be
manufactured by three-dimensional (3D) printing, another manufacturing
technique(s), or a combination thereof. For instance, some examples may be
manufactured with a plastic(s), polymer(s), semi-crystalline material(s), and/or
metal(s), etc. Some 3D printing techniques may be powder-based and driven by
powder fusion. Some examples of 3D printing that may be utilized to
manufacture some examples of the structures described herein may include
Fused Deposition Modeling (FDM), Multi-det Fusion (MJF), Selective Laser
Sintering (SLS), binder jet, Stereolithography (SLA), Selective Laser Melting
(SLM), Electron Beam Melting (EBM), Metal Jet Fusion, metal binding printing,
liquid resin-based printing, etc. For instance, a retention structure, a substrate,
and/or a part thereof may be manufactured with 3D printing.

[0021] In some examples of 3D printing, a binding agent (e.g., adhesive)
may be printed onto material in a build volume to bind powder (e.g., particles)
and form a precursor object (e.g., “green part”). The precursor object may be
heated (in an oven or heating apparatus, for example) to sinter the precursor
object and form a solid part.

[0022] Throughout the drawings, similar reference numbers may designate
similar or identical elements. When an element is referred to without a reference
number, this may refer to the element generally, with and/or without limitation to
any particular drawing or figure. In some examples, the drawings are not to

scale and/or the size of some parts may be exaggerated to more clearly
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illustrate the example shown. Moreover, the drawings provide examples in
accordance with the description. However, the description is not limited to the
examples provided in the drawings.

[0023] Figure 1 is a diagram illustrating an exploded perspective view of an
example of an apparatus 120. The apparatus 120 is a device or a portion of a
device. For instance, the apparatus 120 may be a device that includes
electronic circuitry. The apparatus 120 may include a 3D printed substrate 112.
The 3D printed substrate 112 is a 3D printed object that includes a conductor(s)
(e.g., trace(s), wire(s), conductive line(s), connector(s), etc.). For instance, the
3D printed substrate 112 may be printed with a 3D printer. The 3D printed
substrate 112 may include a non-conductive portion(s) (e.g., a plastic body) and
a conductive portion(s) (e.g., metal channel(s), trace(s), route(s), etc.). In some
examples, the 3D printed substrate 112 may be rectangular, irregularly shaped,
curved, prismatic, polygonal, circular (e.g., tubular), or a combination thereof.
[0024] The apparatus 120 may include a 3D printed contact 110. The 3D
printed contact 110 is a conductor to interface with (e.g., touch, contact,
mechanically intersect with, join with, etc.) another conductor (e.g., circuitry,
circuit package, lead, pin, and/or coupler, etc.). For instance, the 3D printed
contact 110 may be formed from 3D printed metal particles (e.g., silver, gold,
copper, etc.). In some examples, a 3D printer may print a conductor(s) and/or
conductive region(s) (e.g., contact(s), trace(s), etc.). For instance, a 3D printer
may print a conductive agent that includes conductive particles (e.g., silver
nanoparticles). The conductive agent may be printed on build material (e.g.,
polymer). The conductive agent may be sintered (with the build material, for
instance) to form a conductor(s). In some examples, the conductive agent may
be printed in a region(s) indicated by a conductive agent map. In some
examples, the 3D printed contact 110 may protrude from the 3D printed
substrate 112. For instance, the 3D printed contact 110 may extend beyond a
surface of the 3D printed substrate 112. In some examples, the 3D printed
contact 110 may be disposed flush with the 3D printed substrate 112. For
instance, the 3D printed contact 110 may be disposed at a level with (e.g.,
approximately coplanar with) a surface of the 3D printed substrate 112. In some
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examples, the 3D printed contact 110 may be buried in the 3D printed substrate
112. For instance, the 3D printed contact 110 may disposed below a surface of
the 3D printed substrate 112. The 3D printed contact 110 may be connected to a
trace, route, wire, etc., in the 3D printed substrate 112. While one 3D printed
contact 110 is illustrated in Figure 1, one 3D printed contact or multiple 3D
printed contacts may be included in the 3D printed substrate 112 in some
examples.

[0025] In some examples, detailing agent may be applied to the 3D printed
contact 110 during printing. For instance, detailing agent may be applied to
material (e.g., powder) adjacent to (e.g., on) the 3D printed contact 110. The
detailing agent may reduce fusing of material (e.g., non-conductive material) on
the 3D printed contact 110, which may enhance surface conductivity of the 3D
printed contact 110. For instance, detailing agent may be applied to the 3D
printed contact 110 to produce and/or enhance surface electrical contactability
during printing.

[0026] The 3D printed contact 110 may be disposed to interface with an
external circuit package 114. A circuit package is a circuit component(s) (e.g.,
integrated circuit) included in packaging. For instance, a circuit package may
include circuitry encased in protective packaging (e.g., plastic, glass, and/or
ceramic, etc.). Examples of a circuit package may include a single in-line
package (SIP), dual in-line package (DIP), ceramic DIP (CDIP), molded DIP
(MDIP), plastic DIP (PDIP), glass-sealed ceramic DIP (CERDIP), quadruple in-
line package (QIP), quad flat package (QFP), small outline integrated circuit
(SOIC), dual-flat no-leads (DFN), small outline transistor (SOT23), etc. Some
examples of the techniques described herein may be utilized to reinforce the
connection of surface mount devices such as QFP, SOIC, DFN, SOT23, etc. In
some examples, a circuit package (e.g., external circuit package) may be a
connector interface and/or may include a connector interface. For instance, a
circuit package may be a Universal Serial Bus (USB) connector interface, an
Ethernet connector interface, High-Definition Multimedia Interface (HDMI)
connector interface, a Video Graphics Array (VGA) connector interface, a power

connector interface, etc.
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[0027] An external circuit package is a circuit package that is external to a
substrate to which the circuit package may be attached. For instance, the
external circuit package 114 is external to the 3D printed substrate 112. In some
examples, the external circuit package 114 may be manufactured separately
from the 3D printed substrate 112. For instance, the external circuit package 114
may be manufactured utilizing another technique (e.g., molding, etching,
lamination, electroplating, etc.) besides 3D printing. In some examples, the
external circuit package 114 may not be embedded in the 3D printed substrate
112. For instance, the package or packaging of the external circuit package 114
may not be disposed within a 3D printed object (e.g., may not be embedded in
printed layers of a 3D printed object). In some examples, the external circuit
package 114 may be attached to the 3D printed substrate 112 after 3D printing
of the 3D printed substrate 112 is complete. For instance, the external circuit
package 114 and the 3D printed substrate 112 may be assembled after 3D
printing of the 3D printed substrate 112 is complete and/or without further 3D
printing to assemble the external circuit package 114 and the 3D printed
substrate 112. In some examples, the external circuit package 114 may not be
buried (e.g., may not be completely buried) in 3D printed material. In some
examples, additional 3D printing may be performed after the external circuit
package 114 is assembled with the 3D printed substrate.

[0028] In some examples, the external circuit package 114 may include a
lead 116. Alead 116 is a conductor (e.g., pin, wire, ribbon, tooth, etc.) to connect
the external circuit package 114 to a contact. For instance, the lead 116 may be
disposed to contact the 3D printed contact 110. While one lead 116 is illustrated
in Figure 1, one lead or leads may be included in the external circuit package
114 in some examples.

[0029] The apparatus 120 may include a retention structure 122 to hold the
external circuit package 114 on a top side 124 of the external circuit package
114. A retention structure is a structure to retain assembly of an external circuit
package and a substrate. For instance, the retention structure 122 may retain
assembly of the external circuit package 114 and the 3D printed substrate 112.
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[0030] In some examples, the retention structure 122 may be 3D printed. For
example, the retention structure 122 may be 3D printed with the 3D printed
substrate 112 (e.g., printed in a same build and/or batch). In some examples,
the retention structure 122 may be manufactured separately from the 3D printed
substrate 112. For instance, the retention structure 122 may be 3D printed in a
separate build or batch. In some examples, the retention structure 122 may be
manufactured utilizing a different technique than 3D printing. For instance, the
retention structure 122 may be manufactured using molding (e.g., injection
molding), casting, machining, and/or stamping, etc. In some examples, the
retention structure 122 may be manufactured with a same material utilized to
manufacture the 3D printed substrate 112. In some examples, the retention
structure 122 may be manufactured with a material that is different from a
material utilized to manufacture the 3D printed substrate 112.

[0031] The retention structure 122 may hold the external circuit package 114
on a top side 124 of the external circuit package 114. As used herein, a “top
side” of an external circuit package may refer to a side and/or surface of an
external circuit package that is away from (e.g., opposite from) an interfacing
side of an external circuit package. An interfacing side may be a side disposed
towards a contact and/or substrate (e.g., towards the 3D printed substrate 112
and/or the 3D printed contact 110). For instance, the retention structure 122
may contact the top side 124 of the external circuit package 114 and/or may be
situated on or over the top side 124 of the external circuit package 114.

[0032] In some examples, the retention structure 122 is a cap to be disposed
on the top side 124 of the external circuit package 114. For instance, the
retention structure 122 may be disposed on the top side 124 of the external
circuit package 114 during assembly. In some examples, the retention structure
122 may include a depression (not shown in Figure 1) to house the top side 124
of the external circuit package 114. For instance, a bottom portion of the
retention structure 122 may include a depression or well, within which the
external circuit package 114 (e.g., top side 124) may be disposed during
assembly. An example of a cap retention structure with a depression is
described in relation to Figures 2-3.
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[0033] In some examples, the retention structure 122 includes a ridge (not
shown in Figure 1) to engage the top side of the lead 116 of the external circuit
package 114. For instance, the ridge may provide support to press the lead 116
onto the 3D printed contact 110.

[0034] In some examples, the retention structure 122 comprises a clip (not
shown in Figure 1) attached to the 3D printed substrate 112. For instance, the
clip may be an arm extending from the 3D printed substrate 112 with an edge
that may engage (e.g., mechanically interfere with) a portion of the top side 124.
An example of clips is described in relation to Figure 4.

[0035] In some examples, the 3D printed contact 110 may be buried in the
3D printed substrate 112. In some examples, the 3D printed substrate 112 may
include an insertion region (not shown in Figure 1). The insertion region may be
utilized to insert the lead 116 and/or a pin into contact with the 3D printed
contact 110. The insertion region may include a hole and/or unfused material
(e.g., powder) in the 3D printed substrate 112. For instance, the lead 116 may
be inserted into the insertion region into contact with the buried 3D printed
contact 110. In some examples, a pin may be inserted into the insertion region
into contact with the buried 3D printed contact 110. The lead 116 may be placed
into contact with the pin to interface with the buried 3D printed contact 110.
Examples of buried contacts and pins are given in relation to Figures 5-8.
[0036] Some examples of the techniques described herein may be utilized in
conjunction with a bonding technique(s). For instance, soldering, bonding
adhesive (e.g., conductive adhesive), low temperature solder paste (e.g., tin-
bismuth alloy to melt in a range of 150-175 degrees), and/or anisotropic
conductive film (ACF), etc., may be utilized to attach a lead(s) to a contact(s).
[0037] Figure 2 is a diagram illustrating an exploded perspective view of an
example of an apparatus 240. The apparatus 240 may be an example of the
apparatus 120 described in relation to Figure 1. The apparatus 240 may include
a 3D printed substrate 232, 3D printed contacts 230, and a retention structure
242. The 3D printed substrate 232, 3D printed contacts 230, and/or retention
structure 242 may be examples of corresponding elements described in relation
to Figure 1. Figure 3 is a diagram illustrating a bottom perspective view of an
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example of the retention structure 242 of Figure 2. Figure 2 and Figure 3 are
described together.

[0038] The 3D printed substrate 232 includes traces 226. For instance, the
traces 226 may be disposed within the 3D printed substrate 232. Each of the
traces may be respectively coupled to the 3D printed contacts 230. In the
example of Figure 2, the contacts 230 protrude from the 3D printed substrate
232. For instance, the 3D printed contacts 230 extend beyond the upper surface
of the 3D printed substrate 232. In the example of Figure 2, detailing agent 248
is applied to the 3D printed contacts 230 during printing.

[0039] The 3D printed contacts 230 are disposed to interface with an
external circuit package 234. In the example of Figure 2, the external circuit
package 234 includes two rows of leads 236. The leads 236 are disposed to
contact the 3D printed contacts 230. In the example of Figure 2, the 3D printed
substrate 232 includes protrusions 228 to isolate the leads 236 of the external
circuit package 234. For instance, some examples of a 3D printed substrate
may include a protrusion or protrusions. A protrusion may be a barrier, wall, etc.,
to be situated between 3D printed contacts and/or between leads of an external
circuit package. In the example of Figure 2, the protrusions 228 may be situated
between the 3D printed contacts 230. In the example of Figure 2, the
protrusions 228 extend above the 3D printed contacts 230, where the
protrusions 228 may serve to isolate the leads 236 of the external circuit
package 234 when the external circuit package 234 is assembled with the 3D
printed substrate 232. For instance, the protrusions 228 may be situated
between the leads 236 to electrically insulate the leads 236 and/or to help avoid
contact between the leads 236. In some examples, the protrusions 228 may
provide an alignment feature(s) with the external circuit package 234 and/or with
the retention structure 242.

[0040] The retention structure 242 may hold the external circuit package 234
on a top side of the external circuit package 234. For instance, the retention
structure 242 may retain the external circuit package 234 on the 3D printed
substrate 232. The retention structure 242 may also align the external circuit
package 234 with the 3D printed substrate 232. For instance, the retention
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structure 242 includes alignment features 252. The alignment features 252 may
interlock with the protrusions 228 of the 3D printed substrate 232.

[0041] In the example of Figure 2, the retention structure 242 is a cap to be
disposed on the top side of the external circuit package 234. For instance, the
retention structure 242 may be disposed on the top side 124 of the external
circuit package 234 during assembly. In the example of Figure 2, the retention
structure 242 includes a depression 246 to house the top side of the external
circuit package 234. For instance, the bottom portion of the retention structure
242 includes a depression 246 (e.g., well), within which the external circuit
package 234 may be disposed during assembly. In some examples, the
depression 246 may be shaped relative to the top side of the external circuit
package 234. For instance, the depression 246 may be shaped relative to an
upper portion (e.g., top, upper side(s), and/or other features) of the external
circuit package 234 to allow the upper portion of the external circuit package
234 to fit in the depression 246. In some examples, the depression 246 may be
determined as a geometric subtraction (with or without a margin) between a
model for the retention structure 242 and the upper portion of a model of the
external circuit package 234.

[0042] In the example of Figure 2, the retention structure 242 includes ridges
250 to engage the top sides of the leads 236 of the external circuit package
234. For instance, the ridges 250 provide support to press the leads 236 onto
the 3D printed contacts 230.

[0043] Figure 4 is a diagram illustrating a perspective view of an example of
an apparatus 454. The apparatus 454 may be an example of the apparatus 120
described in relation to Figure 1. The apparatus 454 may include a 3D printed
substrate 456, 3D printed contacts 458 (e.g., buried contacts), and retention
structures 460, 462. The 3D printed substrate 456, 3D printed contacts 458,
and/or retention structures 460, 462 may be examples of corresponding
elements described in relation to Figure 1.

[0044] In the example of Figure 4, the retention structures 460, 462 are clips
attached to the 3D printed substrate 456. For instance, the clips are arms
extending from the 3D printed substrate 456 with edges 464, 466 to engage
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(e.g., mechanically interfere with) portions of the top side of an external circuit
package. In some examples, the retention structures 460, 462 may be 3D
printed (with the 3D printed substrate 456 or separate from the 3D printed
substrate 456). In some examples, the retentions structures 460, 462 may be
manufactured using a manufacturing technique other than 3D printing (e.g.,
injection molding, machining, etc.). In some examples, the retention structures
460, 462 may be manufactured separately from the 3D printed substrate 456
and assembled (e.g., attached) to the 3D printed substrate 456 after printing. In
some examples, a 3D printed substrate may include a slot(s) to attach a
retention structure(s) (e.g., clip(s)). For instance, the 3D printed substrate 456
includes slots with snap fittings to attach the clips and/or an adhesive and/or
fastener(s) may be utilized to attach the clips to the 3D printed substrate 456.
[0045] Figure 5 is a diagram illustrating a perspective view of an example of
a 3D printed substrate 570. The 3D printed substrate 570 may be an example of
the 3D printed substrate 112 described in relation to Figure 1. The 3D printed
substrate 570 may include 3D printed contacts 572 (e.g., buried contacts). The
3D printed contacts 572 may be examples of the 3D printed contact 110
described in relation to Figure 1. Figure 6 is a diagram illustrating a perspective
view of an example of the 3D printed substrate 570 of Figure 5 with inserted
pins 676. Figure 5 and Figure 6 are described together.

[0046] In the example of Figure 5, the 3D printed contacts 572 are buried in
the 3D printed substrate 570. In the example of Figure 5, the 3D printed
substrate 570 includes insertion regions 574. The insertion regions 574 may be
utilized to insert the pins 676 (and/or leads) into contact with the 3D printed
contacts 572. The insertion regions 574 may be holes and/or unfused material
(e.g., powder) in the 3D printed substrate 570. For instance, the pins 676 are
inserted through the insertion regions 574 into contact with the buried 3D
printed contacts 572. In some examples, leads of an external circuit package
may be placed into contact with the pins 676 to interface with the buried 3D
printed contacts 572.

[0047] Some examples of the techniques described herein may be utilized
without adhesive or soldering to create a joint. Some examples of the
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techniques described herein may create a mechanically stronger joint(s). Some
examples of the techniques described herein may utilize a contact(s) that can
be printed below a surface, which may reduce conductor spreading, enhance
fusion of composite contacts, and/or may provide enhanced electrical isolation.
Some examples of the techniques described herein may reduce assembly
complexity and/or may enhance contact with another contact type(s). Some
examples of the techniques described herein may utilize friction (e.g., friction
between a 3D printed substrate and a lead(s) and/or pin(s), etc.) to create a
joint(s).

[0048] Figure 7 is a diagram illustrating a top view and a side view of an
example of a 3D printed substrate 778. The 3D printed substrate 778 may be an
example of the 3D printed substrate 112 described in relation to Figure 1. The
3D printed substrate 778 may include a 3D printed contact 780 (e.g., buried
contact). The 3D printed contact 780 be an example of the 3D printed contact
110 described in relation to Figure 1.

[0049] In the example of Figure 7, the 3D printed contact 780 is disposed
below the surface of (e.g., buried in) the 3D printed substrate 778. In the
example of Figure 7, a pin 782 is inserted into contact with the 3D printed
contact 780. For instance, the pin 782 may be inserted via an insertion region of
the 3D printed substrate 778 into contact with the 3D printed contact 780. In the
example of Figure 7, the pin 782 includes an anchor feature 786 (e.g., barbs) to
interface with the 3D printed contact 780. For instance, the anchor feature 786
may anchor the pin 782 in the 3D printed contact 780. In some examples,
another anchor feature(s) 787 (e.g., barbs) may be situated on the shaft of the
pin 782. For instance, the other anchor feature(s) 787 may anchor the shaft of
the pin 782 in the 3D printed substrate 778. In some examples, the pin 782 may
not include an anchor feature 786 and/or other anchor feature(s) 787.

[0050] In the example of Figure 7, a head 784 of the pin 782 is exposed. In
some examples, a lead of an external circuit package may be attached (e.g.,
soldered) to the head 784. In the example of Figure 7, the head 784 is
rectangularly shaped. In some examples, a head of a pin may have another
shape (e.g., elliptical shape, circular shape, irregular shape, etc.). In the
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example of Figure 7, the head 784 has a width dimension of 1 millimeter (mm),
and the pin 782 has a depth dimension of 4 mm. Other sizes may be utilized in
some examples.

[0051] Some examples of the techniques described herein may utilize a pin
(e.g., pin 782) inserted into the 3D printed contact 780 in the 3D printed
substrate 778. The pin 782 may be utilized as an anchor point for an electrical
joint. In some examples, the 3D printed contact 780 may have a relatively soft
composition compared to the surrounding fused material (e.g., polymer) and can
be punctured using the pin 782 (e.g., a sharp metallic pin). As described herein,
a conductor (e.g., lead, wire, etc.) may be soldered to the head 784 of the pin
782, which may result in a robust joint to deliver stable electrical contact with
good mechanical anchoring to the 3D printed substrate 778.

[0052] In some examples, performance may be enhanced with a buried 3D
printed contact 780. For instance, a buried 3D printed contact 780 may exhibit
enhanced fusion properties and more uniform conductivity due to a more
controlled thermal environment in the fused object.

[0053] In some examples, the pin 782 may puncture the 3D printed substrate
778 to reach the buried 3D printed contact 780. The 3D printed substrate 778
may include an insertion region (e.g., un-fused channel, partially fused channel,
etc.) that is printed using detailing agent. The insertion region may act as a
guiding path or pilot hole to guide the pin 782 to puncture the buried 3D printed
contact 780. An insertion region may act as a surface fiducial to indicate pin
placement and/or driving.

[0054] In some examples, an insertion region (e.g., detailing agent channel)
may be printed in a way that does not produce a clear hole, but that allows for
the powder to fuse partially to generate a channel that can be penetrated to
guide a pin, but not allow for an exposed conductor to be damaged before
assembly. In some examples, insertion regions may aid in the alignment of pins
to keep the pins aligned (e.g., parallel) to aid in further assembly or connection
to connectors.

[0055] In some examples of the techniques described herein, a 3D printed
contact may be located on (and/or may be accessible from) a top, side(s),
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and/or bottom of a 3D printed substrate. For instance, a pin may be installed on
a top, side, or bottom surface of a 3D printed substrate.

[0056] In some examples, the pin 782 may have varying designs that could
be utilized to enhance mechanical and/or electrical joint capabilities of the
inserted pin 782. For instance, head 784 shape, pin diameter, and/or anchor
feature(s) may be modified to enhance the capabilities of the connection. For
instance, the shape of the head 784 may be modified to allow for enhanced
interfacing a corresponding component or lead. The diameter of the pin 782
may be modified to change current carrying capability and/or mechanical
strength, etc. The anchor feature(s) may be modified to help the pin 782 seat
into the 3D printed substrate 778. For instance, different designs may be utilized
if the pin 782 is to be installed into a thin 3D printed substrate with less fused
polymer to friction fit.

[0057] Figure 8 is a block diagram of an example of an electronic device 802
that may be used to design and/or manufacture a structure or structures
described herein. The electronic device 802 may be a computing device, such
as a personal computer, a server computer, a printer, a 3D printer, a
smartphone, a tablet computer, etc. The electronic device 802 may include
(and/or may be coupled to) a processor 804 and/or to a memory 806. The
processor 804 may be in electronic communication with memory 806. In some
examples, the electronic device 802 may be in communication with (e.g.,
coupled to, have a communication link with) a manufacturing device (e.g., a 3D
printing device). In some examples, the electronic device 802 may be an
example of a 3D printing device. In some examples, the electronic device 802
may include additional components (not shown) and/or some of the components
described herein may be removed and/or modified without departing from the
scope of this disclosure.

[0058] The processor 804 may be any of a central processing unit (CPU), a
semiconductor-based microprocessor, graphics processing unit (GPU), field-
programmable gate array (FPGA), an application-specific integrated circuit
(ASIC), and/or other hardware device suitable for retrieval and execution of
instructions stored in the memory 806. The processor 804 may fetch, decode,
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and/or execute instructions (e.g., design instructions 818) stored in the memory
806. In some examples, the processor 804 may include an electronic circuit or
circuits that include electronic components for performing a functionality or
functionalities of the instructions (e.g., design instructions 818). In some
examples, the processor 804 may be utilized to design and/or manufacture one,
some, or all of the structures described in relation to one, some, or all of Figures
1-11.

[0059] The memory 806 may be any electronic, magnetic, optical, or other
physical storage device that contains or stores electronic information (e.g.,
instructions and/or data). The memory 806 may be, for example, Random
Access Memory (RAM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), a storage device, an optical disc, and/or the like. In some
implementations, the memory 806 may be a non-transitory tangible machine-
readable storage medium, where the term “non-transitory” does not encompass
transitory propagating signals.

[0060] In some examples, the electronic device 802 may also include a data
store (not shown) on which the processor 804 may store information. The data
store may be volatile and/or non-volatile memory, such as Dynamic Random-
Access Memory (DRAM), EEPROM, magnetoresistive random-access memory
(MRAM), phase change RAM (PCRAM), memristor, flash memory, and the like.
In some examples, the memory 806 may be included in the data store. In some
examples, the memory 806 may be separate from the data store. In some
approaches, the data store may store similar instructions and/or data as that
stored by the memory 806. For example, the data store may be non-volatile
memory and the memory 806 may be volatile memory.

[0061] In some examples, the electronic device 802 may include a
communication interface (not shown) through which the processor 804 may
communicate with an external device or devices (not shown), for instance, to
receive and/or store information pertaining to an object or objects (e.g.,
geometry(ies), substrate(s), retention structure(s), external circuit package(s),
etc.) to be utilized in design and/or manufacturing. The communication interface

may include hardware and/or machine-readable instructions to enable the



WO 2024/072385 PCT/US2022/045058

17

processor 804 to communicate with the external device or devices. The
communication interface may enable a wired and/or wireless connection to the
external device or devices. In some examples, the communication interface may
further include a network interface card and/or may also include hardware
and/or machine-readable instructions to enable the processor 804 to
communicate with various input and/or output devices. Examples of input
devices may include a keyboard, a mouse, a display, another electronic device,
computing device, etc., through which a user may input instructions into the
electronic device 802. In some examples, the electronic device 802 may receive
3D model data 808 from an external device or devices (e.g., 3D scanner,
removable storage, network device, etc.).

[0062] In some examples, the memory 806 may store 3D model data 808.
The 3D model data 808 may be generated by the electronic device 802 and/or
received from another device. Some examples of 3D model data 808 include a
CAD file(s), a 3D manufacturing format (3MF) file(s), object shape data, mesh
data, geometry data, etc. The 3D model data 808 may indicate the shape of an
object or objects. For instance, the 3D model data 808 may indicate the shape
of a geometry or geometries (e.g., regular and/or irregular geometries), external
circuit package model(s), external circuit package dimensions, substrate
model(s), and/or retention structure model(s), etc. In some examples, the 3D
model data 808 may indicate a shape of one, some, or all of the geometries
described herein.

[0063] In some examples, the 3D model data 808 may include a library of
external circuit package models. For instance, the 3D model data 808 may
indicate dimensions (e.g., package size, lead spacing, lead height, lead width,
number of leads, etc.) of multiple external circuit packages. The library of
external circuit package models may be utilized to automatically design a 3D
printed substrate and/or retention structure to interface with and/or
accommodate a selected external circuit package.

[0064] In some examples, the processor 804 may execute the design
instructions 818 to determine a contact location in a substrate of a 3D print
model to interface with an external circuit package. For instance, the 3D model
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data 808 may include a model of a substrate. The processor 804 may determine
a contact location(s) corresponding to a lead(s) of an external circuit package.
For example, the processor 804 may locate a contact to interface with a lead
(e.g., center a contact in the substrate relative to the lead location). In some
examples, the processor 804 may modify a size and/or shape of the contact to
conform to a lead size and/or shape. For instance, the processor 804 may
generate a contact model to fit under (all or a portion of) a lead.

[0065] In some examples, the processor 804 may execute the design
instructions 818 to determine a retention structure (e.g., cap and/or clip(s)) to
hold the external circuit package on a top side of the external circuit package.
For instance, the retention structure may be utilized to retain the external circuit
package on the substrate. In some examples, the 3D model data 808 may
include a model of a retention structure. The processor 804 may modify the
model of the retention structure to accommodate the external circuit package.
For instance, the processor 804 may determine a depression in the retention
structure to fit (e.g., conform to) an upper portion (e.g., top side) of the external
circuit package. In some examples, the depression may be determined utilizing
a geometric subtraction (e.g., voxel difference with or without a margin) between
a model of a retention structure and the upper portion (e.g., top side) of a model
of the external circuit package. In some examples, the depression may be
determined by merging an upper surface (e.g., upper mesh surface) of a model
of the external circuit package and a model of a retention structure (with or
without a margin). In some examples, the processor 804 may determine a
dimension(s) and/or placement(s) of a clip(s) to hold the external circuit package
on the substrate. For instance, clip placements may be expanded or contracted
to accommodate the dimensions of the external circuit package. Clip height may
be determined such that an interfering feature or edge would hold the external
clip package on the substrate.

[0066] In some examples, the processor 804 may execute the design
instructions 818 to determine a trace routing in a substrate of a 3D print model
based on the external circuit package. For instance, the 3D model data 808 may

include a model of a substrate. The processor 804 may determine a trace
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routing to connect with the contact location(s) corresponding to a lead(s) of an
external circuit package. For example, the processor 804 may locate trace
routings to connect to the contacts and to provide a spacing between the trace
routings.

[0067] In some examples, the processor 804 may execute the design
instructions 818 to instruct a 3D printer to print the 3D print model. For instance,
the processor 804 may control a print mechanism (e.g., printhead, laser, nozzle,
etc.) to print a substrate based on the model of the substrate. In some
examples, the processor 804 may control a print mechanism (e.g., printhead,
laser, nozzle, etc.) to print a retention structure based on the model of the
retention structure. For instance, the processor 804 (e.g., microprocessor) may
control printing of the model in accordance with a 3D printing technique or
techniques (e.g., SLM, EBM, FDM, and/or binder jet, etc.).

[0068] In some examples, the processor 804 may design a socket for a
substrate (e.g., 3D printed electronics) using the design instructions 818 and/or
the 3D model data 808 that may include a library of socket designs for various
electronic components or groups of components (e.g., external circuit
package(s)). The processor 804 may utilize a 3D design including the structural
and trace routing information and a circuit schematic. The 3D design may
indicate target locations where the components in the circuit schematic would
be located. The processor 804 may modify the routed trace and the 3D structure
to implement the various design elements for the socket. Once these design
modifications have been made, the 3D design may be printed, and a resulting
apparatus may be assembled.

[0069] Figure 9 is a block diagram illustrating an example of a computer-
readable medium 988 for apparatus design. The computer-readable medium
988 is a non-transitory, tangible computer-readable medium. The computer-
readable medium 988 may be, for example, RAM, EEPROM, a storage device,
an optical disc, and the like. In some examples, the computer-readable medium
988 may be volatile and/or non-volatile memory, such as DRAM, EEPROM,
MRAM, PCRAM, memristor, flash memory, and the like. In some examples, the

memory 806 described in relation to Figure 8 may be an example of the
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computer-readable medium 988 described in relation to Figure 9. In some
examples, the computer-readable medium 988 may include data (e.g.,
information and/or instructions) to cause a processor to perform one, some, or
all of the operations, aspects, elements, etc., described in relation to one, some,
or all of Figures 1-11.

[0070] The computer-readable medium 988 may include data (e.g.,
information and/or instructions). For example, the computer-readable medium
988 may include 3D model data 990 and/or design instructions 992. The 3D
model data 990 may include a model(s) of an external circuit package(s),
substrate(s), and/or retention structure(s).

[0071] The design instructions 992 may include instructions, when executed,
cause a processor of an electronic device to determine a contact location in a
substrate of a 3D print model to interface with an external circuit package. In
some examples, determining the contact location may be performed as
described in relation to Figure 8, Figure 10, and/or Figure 11.

[0072] In some examples, the design instructions 992 may include
instructions, when executed, cause a processor of an electronic device to
determine a retention structure to hold the external circuit package on a top side
of the external circuit package, where the retention structure is to retain the
external circuit package on the substrate. In some examples, determining the
retention structure may be performed as described in relation to Figure 8, Figure
10, and/or Figure 11.

[0073] In some examples, the design instructions 992 may include
instructions, when executed, cause a processor of an electronic device to
determine a trace routing in the substrate of the 3D print model based on the
external circuit package. In some examples, determining the trace routing may
be performed as described in relation to Figure 8, Figure 10, and/or Figure 11.
[0074] In some examples, the design instructions 992 may include
instructions, when executed, cause a processor of an electronic device to
instruct a manufacturing device to place a conductive structure on the contact
location to interface with the external circuit package. For instance, the

processor may control a manufacturing device (e.g., robotic arm, soldering
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machine, welding machine, etc.) to place a conductive structure (e.g., plate, pin,
wire, etc.) in contact with the contact location. In some examples, the processor
may instruct and/or control a manufacturing device to automatically place (e.g.,
insert, punch, etc.) a pin on the contact location (e.g., in contact with the contact
location). The pin may be utilized to interface with the external circuit package.
In some examples, controlling a manufacturing device may include sending
instructions to the manufacturing device and/or a manufacturing device
controller to place a conductive structure on the contact location.

[0075] In some examples, the design instructions 992 may include
instructions, when executed, cause a processor of an electronic device to
instruct a 3D printer to print the 3D print model. In some examples, instructing
the 3D printer may be performed as described in relation to Figure 8 and/or
Figure 10.

[0076] Figure 10 is a flow diagram illustrating an example of a method 1000
for automatically designing a structure or structures described herein. The
method 1000 and/or an element or elements of the method 1000 may be
performed by an electronic device. For example, the method 1000 may be
performed by the electronic device 802 described in relation to Figure 8.

[0077] The electronic device may obtain 1002 an external circuit package
model. For instance, the electronic device may receive an external circuit
package model (e.g., 3D mesh model, voxel model, etc.) from another device
and/or may read an external package model from a storage device. The
external circuit package model may indicate a 3D model of an external circuit
package selected to interface with a 3D printed substrate and/or to be retained
by a retention structure.

[0078] The electronic device may perform 1004 a spread transform based on
the external circuit package model. In some examples, the spread transform
may adjust (e.g., spread and/or contract) a 3D model (e.g., model of a 3D
printed substrate) in accordance with external circuit package model
dimensions. For instance, traces may be spread and/or contracted in a
dimension(s) (e.g., two dimensions, x-y dimensions) to accommodate the
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external circuit package model (e.g., to move a contact location(s) to a
position(s) to interface with the lead(s) of the external circuit package model).
[0079] The electronic device may determine 1006 a plane trace routing. For
example, the electronic device may calculate a trace routing in a plane (e.g., two
dimensions, x-y dimensions) of the 3D model. The trace routing determination
may utilize a procedure to design a trace route(s) between a contact location(s)
and a target endpoint(s).

[0080] The electronic device may determine 1008 a block trace routing. For
example, the electronic device may calculate a trace routing in a region (e.g.,
3D region) of the 3D model. The block trace routing determination may allow
traces to be routed in three dimensions (e.g., x-y-z dimensions). In some
examples, determining 1006 the plane trace routing and/or determining 1008
the block trace routing may include determining a routing within a constrained
region (e.g., area and/or volume).

[0081] The electronic device may determine 1010 a surface feature. For
instance, the electronic device may determine, for the 3D model, a contact type,
size, geometry, etc., may determine a guide feature(s) (e.g., holes, unfused
powder, etc.), may determine a test point(s), etc.

[0082] The electronic device may determine 1012 a conformal structure(s). A
conformal structure is a structure to conform to the external circuit package
model. For instance, the electronic device may determine an isolation
structure(s), guiding structure(s), detailing agent placement, and/or retention
structure(s).

[0083] The electronic device may perform 1014 a print transform. A print
transform may be a transform to account for a printing effect(s). For instance,
performing 1014 the print transform may include making an adjustment(s) (e.g.,
dilation, scaling, etc.) to compensate for global object distortion (e.g., distortion
caused by melting effects), object shrinkage, slump, etc.

[0084] The electronic device may determine 1016 a region(s). For instance,
the electronic device may determine a conductive region and a non-conductive

region. In some examples, the electronic device may set voxels in a non-
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conductive (e.g., polymer) region of a 3D model to a first value and may set
voxels in a conductive region of the 3D model to a second value, etc.

[0085] The electronic device may determine 1018 a print map(s). For
instance, the electronic device may determine slices (e.g., two-dimensional
cross sections) of the 3D model. In some examples, the electronic device may
determine an agent map(s). For instance, the electronic device may determine a
fusing agent map that indicates a region(s) to apply fusing agent, a detailing
agent map that indicates a region(s) to apply detailing agent, and/or another
map(s) (e.g., a conductive material map that indicates a region(s) to deposit a
conductive material(s)).

[0086] The electronic device may provide 1020 the print map(s). For
instance, the electronic device may send the print map(s) to a 3D printer for
printing. In some examples, the electronic device may be a 3D printer and may
execute the print map(s) to print the 3D model.

[0087] In some examples, the method 1000 may be performed to design
and/or manufacture a component(s) of the structure(s) described in relation to
one, some, or all of Figures 1-7 (e.g., apparatus 120, apparatus 240, apparatus
454, 3D printed substrate 570, 3D printed substrate 778, and/or a component(s)
thereof). In some examples, an element(s) of the method 1000 may be omitted,
combined, and/or subdivided.

[0088] Figure 11 is a flow diagram illustrating an example of a method 1100
for designing a conformal structure(s) (e.g., 3D printed substrate and/or
retention structure(s)). The method 1100 and/or an element or elements of the
method 1100 may be performed by an electronic device. For example, the
method 1100 may be performed by the electronic device 802 described in
relation to Figure 8. In some examples, the method 1100 may be performed as
an element(s) of the method 1000 described in relation to Figure 10.

[0089] The electronic device may determine 1102 a contact structure(s). For
instance, the electronic device may determine a contract structure(s) in a 3D
model that conforms to a contact(s) indicated by an external circuit package
model. In some examples, the contact structure(s) may be determined (e.g.,
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shaped, sized, etc.) to fit on an underside of a lead(s) of the external circuit
package model.

[0090] The electronic device may determine 1104 a guiding structure. For
instance, the electronic device may determine 1104 an alignment feature(s) in
the 3D model (e.g., substrate) to guide assembly of the external circuit package
model. In some examples, determining 1104 a guiding structure may include
determining an isolation feature(s). For instance, the guiding structure may be
an isolation feature(s) to isolate contact structures and/or external circuit
package leads. In some examples, the electronic device may determine a size
and/or shape of a guiding structure based on a distance(s) between contact
structures and/or leads of an external circuit package model.

[0091] The electronic device may determine 1106 detailing agent placement.
For instance, the electronic device may be a region (e.g., margin) of detailing
agent placement on the contact structure(s) of the 3D model (e.g., substrate). In
some examples, the detailing agent placement may conform to a top surface of
the contact structure(s) in shape with a distance (e.g., 1 mm, 2 mm, etc.) above
the top surface.

[0092] The electronic device may determine 1108 a retention structure. For
instance, the electronic device may determine a size and/or shape of a cap
and/or clip(s) (e.g., pressure clip(s)). For instance, the electronic device may
determine a cap that conforms to a top side of the external circuit package
model and/or that includes a feature(s) to interface with the guiding structure(s)
(e.g., alignment feature(s)) of the 3D model (e.g., substrate).

[0093] In some examples, the method 1100 may be performed to design
and/or manufacture a component(s) of the structure(s) described in relation to
one, some, or all of Figures 1-7 (e.g., apparatus 120, apparatus 240, apparatus
454, 3D printed substrate 570, 3D printed substrate 778, and/or a component(s)
thereof). In some examples, an element(s) of the method 1100 may be omitted,
combined, and/or subdivided.

[0094] Figure 12 is a flow diagram illustrating an example of method 1200 for
manufacturing a structure(s) in accordance with some of the techniques

described herein. The method 1200 and/or an element or elements of the
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method 1200 may be performed by an electronic device. For example, the
method 1200 may be performed by the electronic device 802 described in
relation to Figure 8. For instance, the electronic device 802 may be a 3D printer
and/or may control a 3D printer to print a substrate (e.g., apparatus 120,
apparatus 240, apparatus 454, 3D printed substrate 570, 3D printed substrate
778, and/or an element(s) thereof, etc.). In some examples, the method 1200
may include one, some, or all of the operations of the method 1000 described in
relation to Figure 10. In some examples, an aspect(s) and/or operation(s)
described in relation to the method 1200 may be omitted or combined.

[0095] The electronic device may control 1202 a 3D printer to print a
substrate including a contact to interface with an external circuit package. For
instance, the electronic device may send instructions (e.g., agent map(s),
slice(s), etc.) to a 3D printer to control the printer to print the substrate and/or a
3D printer may execute instructions (e.g., command a printhead(s)) to print the
substrate. For instance, the 3D printer may print fusing agent in a region(s) of
build material to print the 3D substrate. The region(s) for fusing agent may be
indicated by a fusing agent map. In some examples, the 3D printer may print
conductive agent (e.g., agent with conductive particles, silver nanoparticles,
etc.) in a region(s) of build material to print a contact(s) and/or trace(s), etc. For
instance, the conductive agent may be printed in a region(s) indicated by a
conductive agent map.

[0096] The electronic device may control 1204 a 3D printer to print detailing
agent on the contact. For instance, the electronic device may send instructions
(e.g., agent map(s), slice(s), etc.) to a 3D printer to control the printer to print the
detailing agent. For instance, the 3D printer may print detailing agent in a
region(s) (e.g., layer(s)) on the contact(s). The region(s) for detailing agent may
be indicated by a detailing agent map.

[0097] In some examples, the method 1200 may include controlling a 3D
printer to print a structure(s) (e.g., substrate(s), retention structure(s), contact(s),
trace(s), protrusion(s), ridge(s), alignment feature(s), cap(s), clip(s), guide(s),
insertion region(s), etc.) described in relation to one, some, or all of Figures 1—
11. For instance, the substrate may be printed to include a protrusion to isolate
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a lead of the external circuit package (e.g., isolate leads of the external circuit
package from each other). In some examples, the method 1200 may include
controlling the 3D printer to print a retention structure to hold the external circuit
package on a top side of the external circuit package. In some examples,
printing the retention structure may include printing a cap with a depression that
is dimensioned based on a top side (e.g., a model of the top side) of the
external circuit package.

[0098] Some examples of the techniques described herein may provide
enhanced interfaces for 3D printed substrates. For instance, some examples of
the techniques may provide robust interfaces and/or modular designs. Some
examples of the techniques described herein may aid in achieving enhanced
conductivity using bonding adhesive. Some examples of the techniques
described herein may provide increased contact surface area. Some examples
of the techniques described herein may provide self-aligning designs. Some
examples of the techniques described herein may provide enhanced contact
and/or lead isolation.

[0099] As used herein, the term “and/or” may mean an item or items. For
example, the phrase “A, B, and/or C” may mean any of: A (without B and C), B
(without A and C), C (without A and B), A and B (but not C), B and C (but not A),
A and C (but not B), or all of A, B, and C.

[0100] While various examples of systems and methods are described
herein, the systems and methods are not limited to the examples. Variations of
the examples described herein may be implemented within the scope of the
disclosure. For example, operations, functions, aspects, or elements of the

examples described herein may be omitted or combined.
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CLAIMS

1. An apparatus, comprising:
a three-dimensional (3D) printed substrate;
a 3D printed contact included in the 3D printed substrate to interface with
an external circuit package; and
a retention structure to hold the external circuit package on a top side of
the external circuit package.

2. The apparatus of claim 1, wherein detailing agent is applied to the 3D

printed contact to produce surface electrical contactability during printing.

3. The apparatus of claim 1, wherein the 3D printed substrate comprises a
protrusion to isolate leads of the external circuit package.

4. The apparatus of claim 1, wherein the retention structure is a cap to be

disposed on the top side of the external circuit package.

5. The apparatus of claim 1, wherein the retention structure comprises a
depression to house the top side of the external circuit package.

6. The apparatus of claim 1, wherein the retention structure comprises a

ridge to engage a top side of a lead of the external circuit package.

7. The apparatus of claim 1, wherein the retention structure comprises a clip
attached to the 3D printed substrate.

8. The apparatus of claim 1, wherein the 3D printed contact protrudes from

the 3D printed substrate.

9. The apparatus of claim 1, wherein the retention structure is manufactured
separately from the 3D printed substrate.
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10. A method, comprising:
controlling a 3D printer to print a substrate including a contact to interface
with an external circuit package, wherein the substrate comprises
a protrusion to isolate a lead of the external circuit package; and

controlling the 3D printer to print detailing agent on the contact.

11.  The method of claim 10, further comprising controlling the 3D printer to
print a retention structure to hold the external circuit package on a top side of

the external circuit package.

12.  The method of claim 11, wherein printing the retention structure
comprises printing a cap with a depression that is dimensioned based on the

top side of the external circuit package.

13. A non-transitory tangible computer-readable medium comprising
instructions when executed cause a processor of an electronic device to:
determine a contact location in a substrate of a three-dimensional (3D)
print model to interface with an external circuit package; and
determine a retention structure to hold the external circuit package on a
top side of the external circuit package, wherein the retention
structure is to retain the external circuit package on the substrate.

14.  The non-transitory tangible computer-readable medium of claim 13,
wherein the instructions when executed cause the processor to instruct a
manufacturing device to place a conductive structure on the contact location to

interface with the external circuit package.

15.  The non-transitory tangible computer-readable medium of claim 14,
wherein the instructions when executed cause the processor to instruct the
manufacturing device to place a pin on the contact location to interface with the

external circuit package.
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