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(57) Abstract: A method for indicating a probing target for a fabricat-
ed electronic circuit including: generating an electronic, three-dimen-
sional model based on manufacturing layout information of a fabri-
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ing an identification of a desired network node of the fabricated cir-
cuit; and indicating a probing target, the probing target corresponding
to the desired network node of the fabricated circuit.
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INDICATING A PROBING TARGET FOR A FABRICATED ELECTRONIC CIRCUIT

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of provisional Application No. 63/050,053

filed July 9, 2020. That application is incorporated into the present disclosure by this reference.

TECHNICAL FIELD
[0002] The subject matter is related to a system and methods for indicating a probing

target for a fabricated electronic circuit.

BACKGROUND
[0003] The process of identifying a location to probe an electronic circuit to determine what
signals are on a particular portion of the circuit (i.e. a network node) is a multi-step process that
previously required (a) identifying the network node in the circuit schematic, (b) identifying, on
the printed circuit assembly layout, a portion of the network node that can be accessed with a
probing device, and (c) then probing the desired network node while the circuit is operating to
see if it matches expected operations. This process can be laborious and time consuming and

can result in probing the wrong portion of the circuit.

[0004] Configurations of the disclosed technology address shortcomings in the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a functional block diagram of an example configuration of components of a

system configured to indicate a probing target for a fabricated electronic circuit.
[0006] FIG. 2 illustrates an example of a fabricated circuit.

[0007] FIG. 3 is a functional block diagram showing an example arrangement of functional
components for aspects of a system configured to indicate a probing target for a fabricated

electronic circuit.



WO 2022/011191 PCT/US2021/040964

[0008] FIG. 4 illustrates a method for indicating a probing target for a fabricated electronic

circuit, according to an example configuration.

DETAILED DESCRIPTION
[0009] As described in this disclosure, aspects are directed to methods for indicating a
probing target for a fabricated electronic circuit. Hence, configurations of the disclosed
technology automate the process of locating the desired probing point for the fabricated circuit
and indicating a probing target or providing a mechanical position based on the geometry of
the circuit assembly and the manufacturing layout information used to create the assembly.
Configurations allow the user, or an automated process, to select a network node and provide a

guiding indicator for attaching a probe.

[0010] FIG. 1 is a functional block diagram of an example configuration of components of a
system 100 configured to indicate a probing target for a fabricated electronic circuit 201. FIG. 2
illustrates an example of a fabricated circuit 201. FIG. 3 is a functional block diagram showing
an example arrangement of functional components for aspects of a system configured to
indicate a probing target for a fabricated electronic circuit. FIG. 4 illustrates a method 400 for
indicating a probing target for a fabricated electronic circuit, according to an example

configuration.

[0011] With reference to FIGs. 1-4, and particular reference to FIG. 4A, at the process
labeled 401 an electronic, three-dimensional model representation of a fabricated circuit 201 is
generated from manufacturing layout information 302 for the fabricated circuit 201. The three-
dimensional model may be generated by a three-dimensional model generator 303. The
manufacturing layout information 302, which is sometimes known as layout fabrication
information, corresponds to a design schematic 301 for the fabricated circuit 201. In this
context, “corresponding to” means that, functionally, the manufacturing layout information
302 substantially matches the fabricated circuit 201. As used in this disclosure, “substantially

matches” means largely or essentially equivalent, without requiring perfect identicalness.

[0012] At the process labeled 402, a vision system 102 obtains visual environment

information (information about the visual environment) for the fabricated circuit 201. The
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vision system 102 may be, for example, part of an augmented reality system or a machine
vision system. In configurations, the visual environment information may include the locations

of one or more fiducial markers 202 for the fabricated circuit 201.

[0013] Using the visual environment information from the vision system 102, at the process
labeled 403 a scaler and mapper 305 may scale and orient the three-dimensional model of the
fabricated circuit 201. In configurations, scaling and orienting the three-dimensional model may
include using edge detecting methods and pattern matching techniques on the visual
environment information to identify edges of the fabricated circuit 201 and patterns in the
manufacturing layout information 302 (which is represented by the three-dimensional model)

that can be matched to patterns in the visual environment information.

[0014] At the process labeled 404, the three-dimensional model may be overlaid with the
visual environment information to produce a correlated image, the correlated image being an
image that includes the three-dimensional model and the visual environment information.
Accordingly, the circuit nodes of the fabricated circuit 201 (which is represented by the three-
dimensional model) are correlated with the visual environment of the fabricated circuit 102
(represented by the visual environment information) to allow accurate specification of probing

points on the fabricated circuit 102.

[0015] At the process labeled 405, an identification of a desired network node 203 of the

fabricated circuit 201 is obtained.

[0016] At the process labeled 406, a probing target is indicated. The probing target
corresponds to the desired network node of the fabricated circuit. The probing target may be
generated by a probing target generator 306. As described below, the indication may be, as
examples, a visual indication to a human operator or an electronic indication to an augmented
reality functionality 105 or to an automated probing system 106. This indicating process 406
helps to ensure accurate probing of the circuit by clearly identifying the probing target to the

human operator or other electronic system.

[0017] In configurations, at the process labeled 407, a test-and-measurement instrument

103 may obtain a measured waveform from the desired network node 203 of the fabricated
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circuit 201. In configurations, the test-and-measurement instrument 103 may comprise an

oscilloscope.

[0018] With particular reference to FIG. 4B, in configurations, at the process labeled 420
(beginning with the sub-process labeled 421), a probe may be coupled between the desired
network node 203 of the fabricated circuit 201 and the test-and-measurement instrument 103.
At the sub-process labeled 422, a determination may be made as to whether electrical
connectivity exists between the desired network node 203 of the fabricated circuit 201 and the

test-and-measurement instrument 103.

[0019] With particular reference to FIG. 4C, in configurations, at the process labeled 440
(beginning with the sub-process labeled 441), indicating the probing target (at the process
labeled 406) includes visually displaying a probing target indicator in the correlated image. The
probing target indicator may be, for example, an arrow, a circle, an “X,” highlight, or other
visual indication of the probing target. The probing target indicator and the correlated image

may be displayed, for example, on a display device 104 such as a computer display.

[0020] As illustrated in FIG. 4C, the process labeled 440 may include, as a sub-process, the
process labeled 420, as discussed above. At the process labeled 442, the visual display of the
probing target indicator may be changed to indicate the connectivity status. In configurations,
changing the visual display of the probing target indicator to indicate the connectivity status
includes changing a color of the probing target indicator. For example, if (at the process labeled
422) it is determined that electrical connectivity exists between the desired network node 203
of the fabricated circuit 201 and the test-and-measurement instrument 103, then the color of
the probing target indicator (which is displayed on the correlated image) may change from red
to green. Other colors could also be used. In configurations, changing the visual display of the
probing target indicator to indicate the connectivity status includes changing a shape of the
probing target indicator. For example, if (at the process labeled 422) it is determined that
electrical connectivity exists between the desired network node 203 of the fabricated circuit
201 and the test-and-measurement instrument 103, then the shape of the probing target
indicator (which is displayed on the correlated image) may change from a minus sign (-) to a

plus sign (+). Other shapes could also be used.
4
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[0021] With particular reference to FIG. 4D, in configurations, at the process labeled 460
(beginning with the sub-process labeled 461), indicating the probing target (at the process
labeled 406) includes using augmented reality functionality 105 to virtually project a probing
target indicator onto the fabricated circuit at a location corresponding to the desired network
node 203 of the fabricated circuit 201. For example, three-dimensional mapping may be used
to project a virtual target in an augmented reality environment. Accordingly, the human
operator may visually observe (in the augmented reality environment) the probing target
indicator, which would appear to be on the desired network node 203 of the fabricated circuit

201.

[0022] As illustrated in FIG. 4D, the process labeled 460 may include, as a sub-process, the
process labeled 420, as discussed above. At the process labeled 462, the virtual projection of
the probing target indicator may be changed to indicate the connectivity status. In
configurations, changing the virtual projection of the probing target indicator to indicate the
connectivity status includes changing a color or a shape of the probing target indicator. Hence,
as noted above for other examples, the color of the probing target indicator may change from
red to green, or the shape of the probing target indicator may change from a minus sign to a
plus sign, if (at the process labeled 422) it is determined that electrical connectivity exists
between the desired network node 203 of the fabricated circuit 201 and the test-and-

measurement instrument 103. Other colors or shapes could also be used.

[0023] With particular reference to FIG. 4E, in configurations, at the process labeled 480
(beginning with the sub-process labeled 481), indicating the probing target (at the process
labeled 406) includes providing positioning information to an automated probing system 106.
The positioning information corresponds to a location of the desired network node 203 of the
fabricated circuit 201. The automated probing system 106 may be part of the test-and-
measurement instrument 103 and may include, for example, a robotic arm, a three-axis
positioning device, or another mechanical positioning device configured to position the probe
coupled to the test-and-measurement instrument 103 with respect to the fabricated circuit
201. The positioning information may include, for example, three-dimensional mapping to
provide a mechanical location for the mechanical positioning device.

5
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[0024] As illustrated in FIG. 4E, the process labeled 480 may include, as a sub-process, the
process labeled 420, as discussed above. At the process labeled 482, the connectivity status
may be provided to the automated probing system 106. The connectivity status may be
provided, for example, as feedback to confirm that the mechanical positioning device has
correctly positioned the probe of the test-and-measurement instrument 103 with respect to

the desired network node 203 of the fabricated circuit 201.

[0025] In configurations, a processor, such as the processor 101 depicted in FIG. 1, may be
configured to interact with the vision system 102 and the test-and-measurement instrument
103. In configurations, the processor 101 may be configured to perform one or more of the

processes illustrated in FIGs. 4A to 4D.

[0026] Furthermore, aspects may operate on a particularly created hardware, on firmware,
digital signal processors, or on a specially programmed general-purpose computer including a
processor operating according to programmed instructions. The terms “controller” or
“processor” as used herein are intended to include microprocessors, microcomputers, ASICs,
and dedicated hardware controllers. One or more aspects may be embodied in computer-
usable data and computer-executable instructions, such as in one or more program modules,
executed by one or more computers (including monitoring modules), or other devices.
Generally, program modules include routines, programs, objects, components, data structures,
etc. that perform particular tasks or implement particular abstract data types when executed by
a processor in a computer or other device. The computer executable instructions may be stored
on a non-transitory computer readable medium such as a hard disk, optical disk, removable
storage media, solid state memory, RAM, etc. As will be appreciated by one of skill in the art,
the functionality of the program modules may be combined or distributed as desired in various
configurations. In addition, the functionality may be embodied in whole or in part in firmware
or hardware equivalents such as integrated circuits, field programmable gate arrays (FPGA), and
the like. Particular data structures may be used to more effectively implement one or more
aspects of the disclosed systems and methods, and such data structures are contemplated
within the scope of computer executable instructions and computer-usable data described

herein.
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EXAMPLES
[0027] [llustrative examples of the disclosed technologies are provided below. A particular
configuration of the technologies may include one or more, and any combination of, the

examples described below.

[0028] Example 1 includes a method for indicating a probing target for a fabricated
electronic circuit, the method comprising: generating an electronic, three-dimensional model
based on manufacturing layout information of a fabricated circuit; obtaining, with a vision
system, visual environment information for the fabricated circuit; scaling and orienting the
three-dimensional model by a scaler and mapper based on the visual environment information;
overlaying the three-dimensional model with the visual environment information to produce a
correlated image; obtaining an identification of a desired network node of the fabricated
circuit; and indicating a probing target, the probing target corresponding to the desired

network node of the fabricated circuit.

[0029] Example 2 includes the method of Example 1, in which obtaining visual environment
information for the fabricated circuit includes obtaining locations of one or more fiducial

markers for the fabricated circuit.

[0030] Example 3 includes the method of any of Examples 1-2, in which scaling and

orienting the three-dimensional model includes edge detecting and pattern matching.

[0031] Example 4 includes the method of any of Examples 1-3, further comprising: coupling
a probe between the desired network node of the fabricated circuit and a test-and-
measurement instrument; and determining whether electrical connectivity exists between the

desired network node of the fabricated circuit and the test-and-measurement instrument.

[0032] Example 5 includes the method of any of Examples 1-4, in which indicating the

probing target comprises visually displaying a probing target indicator in the correlated image.

[0033] Example 6 includes the method of Example 5, further comprising: coupling a probe
of a test-and-measurement instrument to the desired network node of the fabricated circuit;
determining a connectivity status, the connectivity status being whether electrical connectivity

exists between the desired network node of the fabricated circuit and the test-and-
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measurement instrument; and changing the visual display of the probing target indicator to

indicate the connectivity status.

[0034] Example 7 includes the method of Example 6, in which changing the visual display of
the probing target indicator to indicate the connectivity status comprises changing at least one

of a color of the probing target indicator and a shape of the probing target indicator.

[0035] Example 8 includes the method of any of Examples 1-7, in which indicating the
probing target comprises using augmented reality to virtually project a probing target indicator
onto the fabricated circuit at a location corresponding to the desired network node of the

fabricated circuit.

[0036] Example 9 includes the method of Example 8, further comprising: coupling a probe
between the desired network node of the fabricated circuit and a test-and-measurement
instrument; determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and the test-
and-measurement instrument; and changing the virtual projection of the probing target

indicator to indicate the connectivity status.

[0037] Example 10 includes the method of Example 9, in which changing the virtual
projection of the probing target indicator to indicate the connectivity status comprises changing
at least one of a color of the probing target indicator and a shape of the probing target

indicator.

[0038] Example 11 includes the method of any of Examples 1-10, in which indicating the
probing target comprises providing positioning information to an automated probing system,
the positioning information corresponding to a location of the desired network node of the

fabricated circuit.

[0039] Example 12 includes the method of Example 11, further comprising: coupling a
probe between the desired network node of the fabricated circuit and a test-and-measurement
instrument; determining a connectivity status, the connectivity status being whether electrical

connectivity exists between the desired network node of the fabricated circuit and the test-
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and-measurement instrument; and providing the connectivity status to the automated probing

system.

[0040] Example 13 includes the method of any of Examples 1-12, further comprising
obtaining, with the test-and-measurement instrument, a measured waveform from the desired

network node of the fabricated circuit.

[0041] Example 14 includes a non-transitory computer-readable medium having computer-
executable instructions stored thereon that, in response to execution by a computing device,
cause the computing device to perform operations, the operations comprising: generating an
electronic, three-dimensional model based on manufacturing layout information of a fabricated
circuit; obtaining, from a vision system, visual environment information for the fabricated
circuit; scaling and orienting the three-dimensional model based on the visual environment
information; overlaying the three-dimensional model with the visual environment information
to produce a correlated image; obtaining an identification of a desired network node of the
fabricated circuit; and indicating a probing target, the probing target corresponding to the

desired network node of the fabricated circuit.

[0042] Example 15 includes the non-transitory computer-readable medium of Example 14,
in which obtaining visual environment information for the fabricated circuit includes obtaining

locations of one or more fiducial markers for the fabricated circuit.

[0043] Example 16 includes the non-transitory computer-readable medium of any of
Examples 14-15, in which scaling and orienting the manufacturing layout information includes

performing an edge detection function and a pattern matching function.

[0044] Example 17 includes the non-transitory computer-readable medium of Example 14,
in which indicating the probing target comprises causing a computer display to visually display a

probing target indicator in the correlated image.

[0045] Example 18 includes the non-transitory computer-readable medium of Example 17,
further comprising: determining a connectivity status, the connectivity status being whether

electrical connectivity exists between the desired network node of the fabricated circuit and a
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test-and-measurement instrument; and changing the visual display of the probing target

indicator to indicate the connectivity status.

[0046] Example 19 includes the non-transitory computer-readable medium of Example 18,
in which changing the visual display of the probing target indicator to indicate the connectivity
status comprises changing at least one of a color of the probing target indicator and a shape of
the probing target indicator. Example 20 includes the non-transitory computer-readable
medium of any of Examples 14-19, in which indicating the probing target comprises causing an
augmented reality device to virtually project a probing target indicator onto the fabricated

circuit at a location corresponding to the desired network node of the fabricated circuit.

[0047] Example 21 includes the non-transitory computer-readable medium of Example 20,
further comprising: determining a connectivity status, the connectivity status being whether
electrical connectivity exists between the desired network node of the fabricated circuit and a
test-and-measurement instrument; and causing the augmented reality device to change the

virtual projection of the probing target indicator to indicate the connectivity status.

[0048] Example 22 includes the non-transitory computer-readable medium of Example 21,
in which causing the augmented reality device to change the virtual projection of the probing
target indicator to indicate the connectivity status comprises causing the augmented reality
device to change at least one of a color of the probing target indicator and a shape of the

probing target indicator.

[0049] Example 23 includes the non-transitory computer-readable medium of any of
Examples 14-22, in which indicating the probing target comprises providing positioning
information to an automated probing system, the positioning information corresponding to a

location of the desired network node of the fabricated circuit.

[0050] Example 24 includes the non-transitory computer-readable medium of Example 23,
further comprising: determining a connectivity status, the connectivity status being whether
electrical connectivity exists between the desired network node of the fabricated circuit and a
test-and-measurement instrument; and providing the connectivity status to the automated

probing system.

10
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[0052] The previously described versions of the disclosed subject matter have many
advantages that were either described or would be apparent to a person of ordinary skill. Even
so, all of these advantages or features are not required in all versions of the disclosed

apparatus, systems, or methods.

[0053] Additionally, this written description makes reference to particular features. It is to
be understood that the disclosure in this specification includes all possible combinations of

those particular features. For example, where a particular feature is disclosed in the context of
a particular example configuration, that feature can also be used, to the extent possible, in the

context of other example configurations.

[0054] Also, when reference is made in this application to a method having two or more
defined steps, processes, or operations, the defined steps, processes, or operations can be

carried out in any order or simultaneously, unless the context excludes those possibilities.

[0055] Furthermore, the term “comprises” and its grammatical equivalents are used in this
application to mean that other components, features, steps, processes, operations, etc. are
optionally present. For example, an article “comprising” or “which comprises” components A,
B, and C can contain only components A, B, and C, or it can contain components A, B, and C

along with one or more other components.

[0056] Although specific example configurations have been described for purposes of
illustration, it will be understood that various modifications may be made without departing

from the spirit and scope of the disclosure.
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CLAIMS:

| (or we) claim:

1. A method for indicating a probing target for a fabricated electronic circuit, the method
comprising:

generating an electronic, three-dimensional model based on manufacturing layout
information of a fabricated circuit;

obtaining, with a vision system, visual environment information for the fabricated
circuit;

scaling and orienting the three-dimensional model by a scaler and mapper based on the
visual environment information;

overlaying the three-dimensional model with the visual environment information to
produce a correlated image;

obtaining an identification of a desired network node of the fabricated circuit; and

indicating a probing target, the probing target corresponding to the desired network

node of the fabricated circuit.

2. The method of claim 1, in which obtaining visual environment information for the fabricated

circuit includes obtaining locations of one or more fiducial markers for the fabricated circuit.

3. The method of claim 1, in which scaling and orienting the three-dimensional model includes

edge detecting and pattern matching.

4. The method of claim 1, further comprising:

coupling a probe between the desired network node of the fabricated circuit and a test-
and-measurement instrument; and

determining whether electrical connectivity exists between the desired network node of

the fabricated circuit and the test-and-measurement instrument.

5. The method of claim 1, in which indicating the probing target comprises visually displaying a

probing target indicator in the correlated image.

12
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6. The method of claim 5, further comprising:

coupling a probe between the desired network node of the fabricated circuit and a test-
and-measurement instrument;

determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and the test-
and-measurement instrument; and

changing the visual display of the probing target indicator to indicate the connectivity

status.

7. The method of claim 6, in which changing the visual display of the probing target indicator to
indicate the connectivity status comprises changing at least one of a color of the probing target

indicator and a shape of the probing target indicator.

8. The method of claim 1, in which indicating the probing target comprises using augmented
reality to virtually project a probing target indicator onto the fabricated circuit at a location

corresponding to the desired network node of the fabricated circuit.

9. The method of claim 8, further comprising:

coupling a probe between the desired network node of the fabricated circuit and a test-
and-measurement instrument;

determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and the test-
and-measurement instrument; and

changing the virtual projection of the probing target indicator to indicate the

connectivity status.

10. The method of claim 9, in which changing the virtual projection of the probing target
indicator to indicate the connectivity status comprises changing at least one of a color of the

probing target indicator and a shape of the probing target indicator.

13
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11. The method of claim 1, in which indicating the probing target comprises providing
positioning information to an automated probing system, the positioning information

corresponding to a location of the desired network node of the fabricated circuit.

12. The method of claim 11, further comprising:

coupling a probe between the desired network node of the fabricated circuit and a test-
and-measurement instrument;

determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and the test-
and-measurement instrument; and

providing the connectivity status to the automated probing system.

13. The method of claim 1, further comprising obtaining, with the test-and-measurement

instrument, a measured waveform from the desired network node of the fabricated circuit.

14. A non-transitory computer-readable medium having computer-executable instructions
stored thereon that, in response to execution by a computing device, cause the computing
device to perform operations, the operations comprising:

generating an electronic, three-dimensional model based on manufacturing layout
information of a fabricated circuit;

obtaining, from a vision system, visual environment information for the fabricated
circuit;

scaling and orienting the three-dimensional model based on the visual environment
information;

overlaying the three-dimensional model with the visual environment information to
produce a correlated image;

obtaining an identification of a desired network node of the fabricated circuit; and

indicating a probing target, the probing target corresponding to the desired network

node of the fabricated circuit.
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15. The non-transitory computer-readable medium of claim 14, in which obtaining visual
environment information for the fabricated circuit includes obtaining locations of one or more

fiducial markers for the fabricated circuit.

16. The non-transitory computer-readable medium of claim 14, in which scaling and orienting
the manufacturing layout information includes performing an edge detection function and a

pattern matching function.

17. The non-transitory computer-readable medium of claim 14, in which indicating the probing
target comprises causing a computer display to visually display a probing target indicator in the

correlated image.

18. The non-transitory computer-readable medium of claim 17, further comprising:
determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and a test-and-
measurement instrument; and
changing the visual display of the probing target indicator to indicate the connectivity

status.

19. The non-transitory computer-readable medium of claim 18, in which changing the visual
display of the probing target indicator to indicate the connectivity status comprises changing at

least one of a color of the probing target indicator and a shape of the probing target indicator.

20. The non-transitory computer-readable medium of claim 14, in which indicating the probing
target comprises causing an augmented reality device to virtually project a probing target
indicator onto the fabricated circuit at a location corresponding to the desired network node of

the fabricated circuit.

21. The non-transitory computer-readable medium of claim 20, further comprising:
determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and a test-and-

measurement instrument; and
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causing the augmented reality device to change the virtual projection of the probing

target indicator to indicate the connectivity status.

22. The non-transitory computer-readable medium of claim 21, in which causing the
augmented reality device to change the virtual projection of the probing target indicator to
indicate the connectivity status comprises causing the augmented reality device to change at

least one of a color of the probing target indicator and a shape of the probing target indicator.

23. The non-transitory computer-readable medium of claim 14, in which indicating the probing
target comprises providing positioning information to an automated probing system, the
positioning information corresponding to a location of the desired network node of the

fabricated circuit.

24. The non-transitory computer-readable medium of claim 23, further comprising:

determining a connectivity status, the connectivity status being whether electrical
connectivity exists between the desired network node of the fabricated circuit and a test-and-
measurement instrument; and

providing the connectivity status to the automated probing system.

16



WO 2022/011191 PCT/US2021/040964

113

100

\ 102 104
) S

Vision System | | Display Device

1(8)5 I I 1(3)6
Augmented Reality PrOCESSOr  bac—me Automated
Functionality Probing System

101 ~/ i

Test-and-Measurement

103~ Instrument I )

FIG. 1

Design Schematic

02—~ 4
Manufacturing

Layout Information

03— 4
Three-dimensional

Model Generator

02—~ 4
Vision System

05—~ 4
Scaler and Mapper

06— 4
Probing Target

Generator

FIG. 3




WO 2022/011191 PCT/US2021/040964

2/3

400
N 401

Generating an electronic, three-dimensional model based
on manufacturing layout information of a fabricated circuit

I ~—402
Obtaining visual environment

information for the fabricated circuit

I 403
Scaling and orienting the three-dimensional model

based on the visual environment information

I 404
Overlaying the three-dimensional model

with the visual environment information
I —~—405

Obtaining an identification of a desired
network node of the fabricated circuit

I 406
Indicating a probing target
Kt T B W 4
. | RefertoFIG.4B{ | ! RefertoFIG.4C |
460~ S A ST R B e
| Referto FIG. 4D | | § || Referto FIG. 4E |
N S R I , .
5 Obtaining a measured waveform from the L 107
. desired network node of the fabricated circuit 1"

FIG. 4A
20—

Coupling a test-and-measurement instrument to
the desired network node of the fabricated circuit

I 422
Determining whether electrical connectivity exists

FIG. 4B

~—421




WO 2022/011191 PCT/US2021/040964

3/3
440
N 441
Visually displaying a probing target
indicator in the correlated image
I 420
Refer to FIG. 4B
v [~ 442
Changing the visual display of the probing target
indicator to indicate the connectivity status

FIG. 4C
80—

Using augmented reality to virtually project a
probing target indicator onto the fabricated circuit

~ 461

I 420
Refer to FIG. 4B
I 462

Changing the virtual projection of the probing
target indicator to indicate the connectivity status

FIG. 4D

480
N

~—481
Providing positioning information to
an automated probing system
I 420
Refer to FIG. 4B

i 462

Providing the connectivity status

to the automated probing system

FIG. 4E



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2021/040964

A. CLASSIFICATION OF SUBJECT MATTER
HO5K 3/00(2006.01)i; GO6F 30/36(2020.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO5K 3/00(2006.01); GO1R 1/067(2006.01); GOIR 1/073(2006.01); GO1R 31/02(2006.01); GO1R 31/28(2006.01);
GOG6F 17/50(2006.01); HO1L 21/82(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: three-dimensional model, probing target, visual environment information, network
node, indication

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2020-0064372 Al (POSIT SYSTEMS LTD.) 27 February 2020 (2020-02-27)
Y See paragraphs [0029]-[0080], claims 1, 23 and figures 1A-9. 1-24

US 2015-0007121 Al (SYNOPSYS, INC.) 01 January 2015 (2015-01-01)
Y See claim 35 and figure 1. 1-24

US 2001-0005815 Al (LOUIS B. ROSENBERG et al.) 28 June 2001 (2001-06-28)
A See paragraphs [0015]-[0057] and figures 1-3. 1-24

JP 11-345883 A (NEC CORP.) 14 December 1999 (1999-12-14)
A See paragraphs [0011]-[0021] and figures 1-2. 1-24

JP 08-262114 A (HIOKI EE CORP.) 11 October 1996 (1996-10-11)
A See paragraphs [0015]-[0038] and figures 1-8. 1-24

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: «1> later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“p” document cited by the applicant in the international application «X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means «&” document member of the same patent family
«p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
28 October 2021 29 October 2021
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon PARK, Hye Lyun
35208, Republic of Korea
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2021/040964
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2020-0064372 Al 27 February 2020 CN 110446932 A 12 November 2019
EP 3586151 Al 01 January 2020
WO 2018-154586 Al 30 August 2018
us 2015-0007121 A1l 01 January 2015 ™ 201512873 A 01 April 2015
™ 1627546 B 21 June 2018
us 2016-0019331 Al 21 January 2016
us 9147027 B2 29 September 2015
us 9471745 B2 18 October 2016
us 2001-0005815 Al 28 June 2001 AU 2000-12089 Al 01 May 2000
us 6195618 Bl 27 February 2001
us 6408253 B2 18 June 2002
WO 00-22374 Al 20 April 2000
JP 11-345883 A 14 December 1999 JP 3148180 B2 19 March 2001
JP 08-262114 A 11 October 1996 JP 3509040 B2 22 March 2004

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

