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DUST MAZE

BACKGROUND
[0001]  Computing devices in computing environments, such as data centers,
may utilize optical connectivity components.  Airborne particulate, including
micrometer-scale dust particulate, may be present in computing environments.
Particulate may accumulate on optical connectivity components and affect optlical

power transmission through the optical connectivity componernts.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002]  Various examples will be described below with reference to the following

figures.

[0003] FIG. 1 depicts an example dust maze apparatus.
[0004] FiG. 2 depicts an example dust application system.
[0005] FiG. 3A depicts an example dust application system.

[0006]  FIG. 3B depicts ancther view of the example dust application system of
FiG. 3A

[0007] FIGS. 4A, 4B, and 4C depict an example adjustable diaphragm in

various states.
[0008] FIG. & depicts example vacuum adjusters.

[000S] FIG. © depicts another view of the example dust application system of
FIG. 3A.

[0010] FIG. 7 depicts another view of the example dust application system of
FiG. 3A

[0011]  FIG. 8 depicis a portion of an example dust application system.
[0012]  FIGS. 8A, 9B, 9C, and 9D depict various example airflow structurers.
(00131  FIGS. 10A, 10B, and 10C depict an example optical jumper carrier.

00141  FIG. 11 is a flow diagram depicting an example method for applying dust

particles to a device-under-test.
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[0015] FIG. 12 is a flow diagram depicting ancther example method for applying
dust particles to a device-under-test.

[0018]  FiG. 13 depicts an example optical jumper carrier cradle.

[0017]  FlG. 14 depicts an example optical jumper carrier cradie relative {o an
imager.

[0018]  Throughout the drawings, identical reference numbers may designate

sirmilar, but not necessarily identical, elements.

DevaieD DESCRIPTION
[0019] Computing devices may utilize optical connectivity components.  For
example, optical connectors may employ lens ferrules on optical blindmate
cormectors. In some cases, lens ferrules (also referred to as oplical ferrules) may
comprise an array of lenses, each lens being on the order of 200 microns in

diameter.

(00201 Airbormne particulate, including micrometer-scale dust particles, may be
present in computing environmerts such as data centers. Parliculate may
accumulate on optical conneclivity components and  affect optical power
transmission through the optical connectivity components. Accordingly, it may be
useful to perform a dust occlusion test by applying micrometer-scale dust particles
to oplical components in a controlled manner, measuring the degree of dust
occlusion of those optical components, and determining the effect of various

degrees of dust occlusion on optical power transmission or optical power loss.

[0021] Some dust chambers for applying dust particles to a device-under-test
are constructed as large boxes, often multiple feat in depth, width, and/or height,
and utilize fans to blow dust particles onto the device-under-test. However, for
small devices-under-test (e.g., a smali optical component, such as the lens ferrule
described above) and using such dust chambers, it may be difficult to control the
conditions of a dust occlusion test and to perform such a dust occlusion test with
repeatability. For example, micrometer-scale dust particles may fail {o be randomly
distributed in such a dust chamber, and thus the amount and pattern of dust
particles applied to a small optical component may be unpredictable and non-

uniform. Additionally, micrometer-scale dust particles, which may be pose health
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risks to human operators, may be difficult to clean and remove from such a dust
chamber. Large dust chambers also may be nonconducive {¢ automation of dust

test procedures.

[0022] Examples disclosed herein may relate to a dust maze apparatus.  In
some implementations, the dust maze apparaius may have configurable aspects,
such as a serpentine chamber, an airflow structurer, or turbulator plate(s). By
virtue of examples described herein, dust particies may be applied through a dust
maze apparatus to a device-under-test, and more particularly, to an optical ferrule,

in a repeatable and conirollable manner.

[0023] FiG. 1 depicts an example dust maze apparatus 100. FiG. 1 may be
deemed a plan view of a dust maze apparatus 100, The dust maze apparatus 100
includes a serpentine chamber 102 having a distal region 104, a proximate region
106, and an airflow path 108 within the serpentine chamber 102 with an airflow

direction 110 defined from the proximate region 106 {owards the distal region 104,

[0024] The dust maze apparatus 100 includes a vacuum adapter port 115 at the
distal region 104 {o couple a vacuum device (not shown) to the dust maze
apparatus 100. For example, the vacuum device may be any device that generates
suction, such as a centrifugal air pump. As used herein, a port may describe a
feature that includes a pass-through, a hole, or an optically transparent or
transiucent window or window pane. A port may be disposad in a structure, such

as a wall of the serpentine chamber 102.

[0025] The dust maze apparatus 100 includes a dust dispensing port 120 at the
proximate region 106 of the serpentine chamber 102. In operation, airflow path
108 may be enclosed within the serpentine chamber 102 and effectively sealed
from the environment oulside the serpentine chamber 102, except for two
openings: at the vacuum adapter port 115 (which may be coupled or sealed to the
vacuum device or a conduit thereof) and at the dust dispensing port 120. The
airflow path 108 may be to transport dust particies injected at the dust dispensing

port 120, from the dust dispensing port 120 to the vacuum adapter port 115,

[0026]  The dust maze apparatus 100 includes a device-under-test (DUT) port

130 disposed at the distal region 104 upsiream (i.e., in a direction opposite of the
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airflow direction 110, or in other words, towards the proximate region 106) of the
vacuum adapter port 115, The DUT port 130 may accept insertion of a DUT 132
inte the airflow path 108. The DUT 132 when inserted into the DUT port 130 may

have a test surface 134 exposed against the airflow direction 110.

[0027] The dust maze apparatus 100 includes an airflow structurer 140
disposed within the serpentine chamber 102 in the distal region 104 upstream from
the DUT port 130. The dust maze apparatus 100 also may include a turbulator
plate 150 disposed within the serpentine chamber 102 upstream from the airflow
structurer 140. in some implementations, the turbulator plate 150 may be among
a plurality of turbulator plates disposed within the serpentine chamber 102 to
perturb the airflow along the airflow path 108. The airflow structurer 140 may then
modify or structure the perturbed airflow for delivery {o the DUT 132, and more

particularly, to the test surface 134.

[0028] FIG. 2 depicts a dust application system 200 that may be useful for
applying dust particles {0 a device-under-test. The dust application system 200
employs a dust maze apparatus 201. The dust maze apparatus 201 may be
analogous in some respects to the dust maze apparatus 100, For example, the
dust maze apparatus 201 may include a serpentine chamber 202 having a distal
region 204, a proximate region 206, and an airflow path 208 within the serpentine
chamber 202 with an airflow direction 210 defined from the proximate region 206
towards the distal region 204. The dust maze apparatus 201 may aiso inciude a
DUT port in the distal region 204, and more particularly, the DUT port may be an
optical jumper port 230, In some implementations, the dust maze apparatus 100

may serve as or form part of the dust maze apparatus 201.

[0029]  The dust application system 200 alsc may include a vacuum device 260
{e.qg., a centrifugal air pump) to pull airflow through the dust maze apparatus 201,
from the proximate region 206 {o the distal region 204, that is, along the airflow
direction 210.

[0030]  The dust application system 200 also may include a dust dispenser 270
to inject dust particles 272 info the dust maze apparatus 201 at the proximate

region 206. For example, the dust dispenser 270 may be a solid aerosol generator.
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The dust particles 272 may be carried or fransported along the airflow direction
210 by airflow generated by the vacuum device 260. As but one example, the dust
particles 270 may be microscopic, and more particularly, may be approximately 20
microns or less in diameter. For example, the dust particles 270 may be silica-
based and may be compliant with the 15012103-1 specification and/or ASHRAE

specifications.

[0031]  In some implementations, the dust application system 200 alse may
include an optical jumper carrier 280 to carry an optical ferrule 290 through the
DUT port (optical jumper port 230} and to position an endface 292 of the optical
farrule 290 for exposure to the dust particles 272 (when carried by airflow). The
optical ferrule 290 may thus be deemed a DUT (e.g., 132) and the endface 292 of
the optical ferrule 290 may be deemed a test surface (e.g., 134). For example, the
optical ferrule may be on the order of single-digit millimeters thick and may include
an array of optical lenses or bare optical fibers (e.g., a 16x4 array), where the

lenses or fibers may be on the order of 200 microns in diameter.

[0032] in other implementations, the DUT port and aspects thereof {e.g., size,
shape, etc.} may be configured or designed to infroduce and position various DUTs
for exposure to dust particles 272 carried by airflow through the dust maze
apparatus 201. That is, the dust application system 200 is not limited {0 raceiving
the optical jumper carrier 280 and testing the optical ferrule 290. For example the
DUT port may include a plurality of optical jumper ports 230 for testing multiple
optical ferrules simultaneously. In another example, the BUT may be an optical
connector, and the dust application system 200 may be useful for testing the
efficacy of the optical connector (and/or a shutter or cover thereof) in protecting an
optical ferrule from dust particles 272. In some examples, the DUT may be at least
a portion of an optical backplane, and the DUT port may be large enough to

accommodate the portion of the optical backplane.

[0033] FIGS. 3A and 3B depict different viewing angles of a dust application
system 300, which may be an example implementation of the dust application
system 200. The dust application system 300 may share many similar features
with the dust application systemn 200, including & dust maze apparatus 201 that

includes a serpentine chamber 202 (having a distal region 204 and a proximate
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region 206). Additionally, as will be described below, the dust application system
300 also employs a vacuum device 260 and a dust dispenser 270 analogous to
those described above with respect to FIG. 2. The dust application system 300 is
Hlustrated as employing an optical jumper carrier 280, and similarly to dust
application system 200, the dust application system 300 is not limited to testing an
optical ferrule 290 carried by an optical jumper carrier 280, but may be configured
to test various DUTs. Al least some parts of the dust application system 300 may

be mounted to a platform 395,

[0034] The dust application system 300 also includes a vacuum adapter port
315 at the distal region 204, and more particularly, at an open end of the serpentine
chamber 202 at the distal region 204. The vacuum adapter port 315 provides an
opening of the serpentine chamber 202 to which the vacuum device 260 {(or a
conduit thereof) may be coupled, thus allowing the vacuum device 260 to pull air
from the serpenting chamber 202, In an implementation of the example dust
application system 300, the vacuum device 260 is coupled to a bifurcated yoke 321
that has a first inlet 322, and the first inlet 322 in turmn may be coupled or sealed to
the opening in the proximate region 204, namely the vacuum adapter port 315, In
this manner, the yoke 321 serves as part of an airflow conduit from the serpentine
chamber 202 to the vacuum device 260. The bifurcated yoke 321 also has a

second inlet 324, which will be described further below.

[0035]  An implementation of the dust application system 300 may also include
a dust dispensing port 320 at the proximate region 206, and more particularly, at
an open end of the serpentine chamber 202 at the proximate region 206. The dust
dispenser 270 may be positioned near to or within the dust dispensing port 320.
The dust dispenser 270 may inject dust particles 272 into the dust dispensing port
320, and the dust particles 272 may be carried through the dust maze apparatus
201 by airflow generated by the vacuum device 260, in an airflow direction from
the proximate region 206 towards the distal region 208, In some implementations,
the dust dispensing port 320 may remain at least partially open to the environment
outside the serpentine chamber 202, to act as an inlet from which the vacuum

device 260 draws air to produce airflow.
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[0036]  An implementation of the dust application system 300 may also include
a vacuum hood 302 adjacent to and/or at least partially surrounding the dust
dispenser 270. The vacuum hood 302 can be coupled to the second inlet 324 of
the bifurcated yoke 321, such that, when the vacuum device 260 is operated, air
flow may be drawn through the vacuum hood 302, Air flow through the vacuum
hood 302 may be useful for capluring excess dust particles 272 expelled by the
dust dispenser 270 and not injected into the dust maze apparatus 201 {(e.g., dust
particles 272 that either fail to enter or return out of the dust dispensing port 320),
without interfering with airflow drawn into the dust maze apparatus 201 at the dust

dispensing port 320,

[0037] In some implementations, a vacuum adjusier may be provided at the
vacuum adapter port 315 and/or the first inlet 322 to adjust airflow generated by
the vacuum device 260 and drawn through the dust maze apparatus 201 (in an
airflow direction 210 as described above). In some implementations, a vacuum
adjuster may be provided at the second inlet 324 to control airflow drawn through
the vacuum hood 302 by the vacuum device 260. For example, as illustrated in
FiG. 3B, airflow through the first inlet 322 (and eventually through the dust
dispensing port 320} and the second inlet 324 (and thus the vacuum hood 302),
when the vacuum device 280 is aclive, may be independently varied by respective
adjustable diaphragms 326, 328 integrated in the first inlet 322 and the second
inlet 324,

[0038] For example, FIG. 4A illustrates the adjustable digphragm 326 or 328 in
a fully opened state, FIG. 4B illustrates the adjustable diaphragm 3268 or 328 in a
partially opened state, and FIG. 4C illustrates the adjustable diaphragm 326 or 328
in a fully closed state. Additionally or alternatively, other example vacuum
adjusters may be employed, as shown in FIG. 5, including an interchangeable
restrictor plate 502 (selected from restricior plates of different opening sizes) or an
adjustable peripherally-vented grille regulator 504, For example, the regulator 504
may be cviindrical (although other conduit shapes may be employed) and may
have cioseable vents ailong its circumference, where opening the vents to draw air

through the vents may decrease the airflow through the dust maze apparatus 201,
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[0039] Referring again to FIG. 3, in some implementations of dust application
system 300, the dust maze apparatus 201 may include a viewing region 310. The
viewing region 310 may be within the distal region 204 of the serpentine chamber
202, and more particularly, upstream from the optical jumper port 230. The viewing
region 310 includes an dlumination port 312 1o receive light 314 {e.g., generated
by light source 316) into the serpentine chamber 202 across the airflow path {e.g.,
208}, and a view port 318 for observation of dust particles 272 transported along
the airflow path 208 and iluminated by light 314 received through the illumination
port 312, In some implementations, the light source 316 may be a laser and the

light 314 may be a fanned laser beam.

[0040] FIG. 6 depicts another view of the dust application system 300. In some
implementations, the dust application system 300 may be modular. For example,
the serpentine chamber 202 may be configured from modular segmenis, such as
a “U’-shaped segment 806 and a straight segment 604 (or other shapes, such as
a “J’-shaped segment), joined end-to-end (e.9., joint 808). Although the dust maze
apparatus 201 is depicted in the Figures in an "M -shaped configuration, different
layouts are also possible. Each of the modular segments may include a chamber
well portion 802 and a chamber cover (removed in FIG. & to show interior of dust
maze apparatus 201) to removably seal an open region of the chamber well portion
602,

{00411  In some implementations, at least some of the modular segments may
include turbulator plate receptacles in the chamber well portion 602 or the chamber
cover. For example, the turbulator plate receptacies may be slots within which
turbulator plates 650 may be installed. In this manner, a plurality of configurable
turbulator plates 650 may be arranged within the serpentine chamber 202 to
perturb airflow in the airflow path 208 and {o trap large dust particles. For example,
as described above, dust particles 272 of 20 micron diameter may be selected for
use with a dust application system (300) to test an optical ferrule 290 having lenses
or fibers each 200 microns in diameter. Occasionally, such dust particles 272 may
clump together to form large clusters, approximately 100 to 200 microns in
diameter, which would interfere with a dust occlusion test. Thus, the turbulator

plates 650 may be useful for causing precipitation of such clusters, and particularly,
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to simulate precipitation of large dust particles that may occcur in & non-test field
environment. Additionally, the turbulator plates 650 may be useful for perturbing
airflow and mixing dust particles 272 into a random distribution.  Various
configurations of turbulator plates {(e.g., in terms of shape, size, guantity,
arrangement, etc.} may be employed, daepending on the characteristics of the dust

particles 272 (e.q., size) and airflow.

00421 To illustrate the foregoing, FIG. 7 depicts a side view of the dust
application system 300 with a cutaway of the serpentine chamber 202, revealing
top turbulator plates 650A instalied in the chamber cover and botiom turbulator
plates 650B installed in the chamber well portion. By virtue of the turbulator plates
650A and 6508, airflow through the serpentine chamber 202 may be turbulent
airflow 700.

[0043] Referring again to FiG. 6, the dust maze apparatus 201 may include an
airflow structurer 640 disposed within the serpentine chamber 202 in the distal
region 204 upstream from the DUT port (e.g., optical jumper port 230). The airflow
structurer 640 may modify or structure the perturbed airflow for delivery to the DUT.
For example, FiG. 8 depicts a cutaway of the serpentine chamber 202 in the
proximate region 204, revealing a concenirator-type airflow structurer 640 that
condenses the airflow-carried dust particles 272 to the optical ferrule endface 282
of an optical ferrule held by the optical jumper carrier 280, which has been

introduced into and rests on the optical jumper port 230.

(00441  FIGS. SA, 898, 9C, 9D depict non-limiting examples of airflow structurer
840, and the arrow in each figure illustrates an airflow direction. The design,
configuration, and selection of airflow structurer 640 may be a function of the dust
occlusion test performed using the dust application system 300 and/or the
characteristics of the DUT(s) tested by the dust application system 300. FIG. 8A
Hiustrates a short airflow concentrator, and FIG. 9B illustrates a long airflow
concentrator. For example, the length of the airflow concentrator may be selected
for targeted delivery of dust particles 272 to the test surface of the DUT (e.g., optical
ferrule endface 292). FIG. 9C illustrates a laminar airflow diffuser, which may be
useful for restoring turbulent air, as perturbed by the turbulator plates, to laminar

airflow and for delivering dust particles 272 to a large DUT or a pluraiity of DUTs
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{e.g., a plurality of optical ferrules 290 and respective endfaces 292). FiG. 8D
Hlustrates a laminar airflow diffuser that is longer than the laminar airflow diffuser
Hlustrated in FIG. 9C. The diffuser of FIG. 8D may be useful for providing direct or
targeted application of dust particles 272 in laminar airflow. In some

implementations, multiple airflow structurers 640 may be employed.

[0045]  FIG. 10A illustrates the optical jumper carrier 280, FIGS. 10B and 10C
Hlustrate additional details of the oplical jumper camer 280, according o an
implementation. As shown in FIG. 10B, the optical jumper carrier 280 includes a
first half 1010 and a second half 1020. The first half 1010 and the second half
1020 may mate (e.q., mechanically, magnetically, by adhesive, etc.) and may hold
the optical ferrule 290 within a clamp head of the optical jumper carrier 280,
Additionally, the first half 1010 of the oplical jumper carnier 280 have include a track
1012 for affixing or holding an optical fiber body 1002, which is attached to and
terminated by the optical ferrule 280, In some implementations, a clip 1030 may
be assembled to the optical jumper carrier 280, and may be useful for aligning
and/or securing the optical jumper carrier 280 to the oplical jumper port 230, as
Hiustrated in FIG. 8.

[0046]  FlG. 10C llustraies a magnified view of the encircled portion of FIG. 10A
FiG. 10C shows that, when the first half 1010 of the optical jumper carrier 280 is
mated to the second half 1020 of the optical jumper carrier 280, the optical ferrule
290 is clamped between a clamp head portion 1014 of the first half 1010 and a
clamp head portion 1024 of the second half 1020, VWhen the optical ferrule 290 is
clamped as shown, the oplical ferrule endface 292 may be exposed, o airflow-

carried dust particles 272 for example.

[0047] FIG. 11 is a flowchart of an example method 1100 for applying dust
particles to a device-under-test. In some implementations, method 1100 may be
performed in an automated manner, by robotics for example. In some
implementations of the present disclosure, one or more blocks of method 1100
may be executed substantially concurrently or in a different order than shown in
FiG. 11. Some of the blocks of method 1100 may, at times, be ongoing and/or
may repeaat. In some implementations of the present disclosure, method 1100 may

include more or fewer biocks than are shown in FIG. 11,
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[0048] Method 1100 begins at block 1102 and continues to block 1104, where
a dust maze is provided. In some implementations, the dust maze provided may
be the dust maze apparatus 100, 200, or 300 described above. For example, the
dust maze provided at block 1104 may inciude a serpentine chamber having a
distal region, a proximate region, and an airflow path within the serpentine chamber
with an airflow direction defined from the proximate region towards the distal
region; a DUT port such as an optical jumper port disposed at the distal region; an
airflow structurer within the serpentine chamber upstream of the DUT port; and a

turbulator plate within the serpentine chamber upstream of the airflow structurer.

[0049] At block 1106, a DUT, such as an optical jumper carrier carrying an
optical ferrule, is inserted through the DUT port {e.q., optical jumper port). The
DUT is positioned within the DUT port to expose a test surface (e.g., an endface
of an optical ferrule) to injected dust pariicles carried by the airflow, as will be

described below.

[0050] At block 1108, vacuum is provided at the distal region to generate airflow
within the dust maze in the airflow direction. For example, a vacuum device may

be coupled to the distal region to provide vacuum.

(00511 At block 1110, dust particles are injected at the proximate region, the
injected dust particles to be carried by the airflow along the airflow direction. Some
of the dust particles may impinge and land on the test surface of the DUT. After
block 1110, method 1100 may end.

[0052] FIG. 12 is & flowchart of an example method 1200 for applying dust
particles to a device-under-test. In some implementations, method 1200 may be
performed in an automated manner, by robotics for example. In some
implementations of the present disclosure, ong or more blocks of method 1200
may be executed substantially concurrently or in a different order than shown in
FIG. 12. Some of the blocks of method 1200 may, at times, be ongoing and/or
may repeat. In some implementations of the present disclosure, method 1200 may
include more or fewer blocks than are shown in FIG. 12, In soma examples,
method 1200 may employ a dust application system, such as dust application

system 200 or 300, that includes a dust maze (e.g., dust maze apparatus 201).
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[0053] Method 1200 begins at block 1202 and continues to block 1204, where
an optical ferrule is set in an optical jumper carrier. More particularly, block 1204
may inciude blocks 1206, 1208, 1210, At block 1208, an optical fiber body which
the optical ferrule terminates is removably affixed o a track in a first half of the
optical jumper carrier. At block 1208, the optical ferrule is aligned {o a clamp head
portion of the first half. At block 1210, a second half of the optical jumper carrier is
mated to the first half to clamp the optical ferrule between the clamp head portion

of the first half and a clamp head portion of the second half.

[0054] At block 1212, the optical jumper carrier assembled in block 1204 is
inserted through an optical jumper port of a dust maze {0 expose an endface of the
optical ferrule to injected dust particles carried by airflow through the dust maze.
At block 1214, vacuum is provided at a distal region of the dust maze to generate
airflow within the dust maze. Al block 1216, dust particles are injected at a
proximate region of the dust maze, the injected dust particles to be carried towards
the optical jumper carrier by the airflow generated at block 1214, In some
implementations, dust particles may be injected at block 1216 for a predetermined
amount of time according, for example, to a test protocol. Blocks 1212, 1214, and
1216 may be analogous in many respects to blocks 1106, 1108, 1110 described

above, respectively.

[0055] At block 1218, the optical jumper carrier carrying the optical ferrule is
transferred from the optical jumper port (thus removing it from the dust maze) to
an optical jumper carrier cradle having a complementary shape to the optical
jumper carrier. At biock 1220, the optical jumper carrier cradle is positioned {0
locate the optical ferrule within a field of view of a microscopic imager. At block
1222, the method 1200 may end.

[0056]  FIG. 13 illustrates an optical jumper carrier cradle 1302 to receive the
optical jumper carrier 280. When the optical jumper carrier 280 is inserted into the
optical jumper carrier cradle 1302, the optical ferrule endface 292 is exposed for
exarmination. FIG. 14 illustrates the optical jumper carrier 280 inserted in the
optical jumper carrier cradie 1302, and the cradle 1302 can be moved to locate the

exposed optical ferrule endface 282 within a field of view of an imager 1402.
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[00571  In view of the foregoing description, it can be appreciated that the dust
maze apparatus and the dust application system provide a conirollable and
repeatable way to apply micrometer-scale dust particles t0 a device-under-test,
such as an optical ferrule. For example, modularity of the serpentine chamber,
variable vacuum adjusters, various example airflow structurers, and configurable
turbulator plates provide a number of variables o adjust how dust particles are
delivered and applied {o the DUT. Additionally, airflow through the dust maze
apparatus may follow a horizontal snaking through the serpentine chamber and a
vertical snaking around the turbulator plates, which may randomize the distribution
of dust particles and provide a uniform application of dust particles o the DUT.
Owing at least in part to the serpentine chamber, the dust application system also

may be more compact and easier to clean than a dust chamber.

[0058] Moreover, by virtue of the vacuum hood adjacent to the dust dispenser,
release of dust particles into the surrounding environment may be minimized, thus
reducing dust-related health risk to human operators and being sufficiently clean
for use in proximity to dust-sensitive equipment, such as an imaging system or
microscope. Furthermore, because the dust application system may be used in
proximity to an imaging system, a robotic test system may be readily employed {o
pick and place a DUT into the dust application system, apply dust particles o the
DUT using the dust application system, remove the DUT from the dust application
system, move the DUT to the imaging system, and perform image caplure of the
test surface of the DUT.

[0059]  Additionally, utilizing the optical jumper carrier and oplical jumper carrier
cradle to handle an optical ferrule may provide robust transport between the dust
application system and an imaging system, without disturbing dust particles that
have been deposited on o the optlical ferrule endface. Accordingly, a cumulative
dust occlusion test (with incremental increases in occlusion) may be performed on
the same optical ferrule by, for example, applying dust particles for a
predetermined time, moving the optical ferrule {o the imaging system via the cradle,

imaging the optical ferrule endface, and repeating the process.

(00601  Inthe foregoing description, numerous details are set forth to provide an

understanding of the subject matter disclosed herein. However, implemeniation
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may be practiced without some or all of these details. Gther implementations may
include modifications and variations from the details discussed above. it is

intended that the following claims cover such modifications and variations.
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What is claimed:

1. A dust maze apparatus comprising:

a serpentine chamber having a distal region, a proximate region, and an
airflow path within the serpentine chamber with an airflow direction defined from
the proximaite region towards the distal region;

a vacuum adapter port at the distal region to couple {0 a vacuum davice;

a dust dispensing port at the proximate region;

a device-under-test (BUT) port disposed at the distal region upstream of the
vacuum adapter port, the DUT port {o accept insertion of a BUT into the airflow
path, the DUT when inserted into the DUT port having a test surface exposed
against the airflow direction;

an airflow structurer disposed within the serpentine chamber in the distal
region upstream from the DUT port; and

a turbulator plate disposed within the serpentine chamber upsiream from

the airflow structurer.

2. The dust maze apparatus of claim 1, wherein the BUT is an optical ferrule
inserted into the DUT port by an optical jumper carrier, and the test surface includes

an endface of the optical ferrule.

3. The dust maze apparatus of claim 1, further comprising a vacuum adjuster
at the vacuum adapter port to adjust airflow generated by the vacuum device, the
vacuum adjuster including an interchangeable resirictor plate, an adjustable

diaphragm, or an adjustable peripherally-vented grille regulator.

4. The dust maze apparatus of claim 1, wherein the airflow path is to transport
dust particles injected at the dust dispensing port to the vacuum adapter port, and

the turbulator plate is among a plurality of configurable turbulator plates
arranged within the serpentine chamber to perturb air flow in the airflow path and

to trap large dust particles.
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5. The dust maze apparatus of claim 1, further comprising a viewing region
upstream from the DUT port, wherein
the viewing region includes:
an illumination port to receive light info the serpentine chamber
across the airflow path, and
a view port for observation of dust particles iransported along the

airflow path and lluminated by light received through the illumination port.

6. The dust maze apparatus of claim 1, whearein the airflow structurer is an

airflow concenirator or a laminar airflow diffuser.

7. The dust maze apparatus of claim 1, wherein the serpenting chamber is
configured from modular segments joined end-{o-end,
each of the modular segments include a chamber well portion and a
chamber cover to removably seal an open region of the chamber well portion, and
at least some of the modular segments include turbulator plate receplacles

in the chamber well portion or the chamber cover.

8. A method comprising:
providing a dust maze that includes:

a serpertine chamber having a distal region, a proximate region, and
an airflow path within the serpentine chamber with an airflow direction defined from
the proximate region towards the distal region,

an optical jumper port disposed at the distal region,

an airflow structurer within the serpentine chamber upstream of the
optical jumper carrier, and

a turbulator plate within the serpentine chamber upstream of the
airflow structurer;

providing vacuum at the distal region {0 generate airflow within the dust
maze in the airflow direction;
injecting dust particles at the proximate region, the injected dust particles to

be carried by the airflow along the airflow direction; and
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inserting an optical jumper carrier carrying an optical ferrule through the
optical jumper port {0 expose an endface of the optical ferrule 1o injected dust

particles carried by the airflow.

9. The method of claim 8, further comprising setting the optical ferrule in the
optical jumper carrier by:

removably affixing an optical fiber body, which the optical ferrule terminates,
to a track in a first half of the optical jumper carrier,

aligning the optical ferrule to a clamp head portion of the first half, and

mating a second half of the optical jumper carrier to the first half to clamp
the optical ferruie between the clamp head portion of the first half and a clamp head

portion of the second half.

10, The method of claim 8, further comprising:

after injecting dust particles for a predetermined amount of time, transferring
the optical jumper carrier carrying the optical ferrule from the optical jumper portto
an optical jumper carrier cradle having a complementary shape to the optical
jumper carrier; and

positioning the optical jumper carrier cradle to locate the optical ferrule

within a field of view of a microscopic imager.

1. Adust application system comprising:
a dust maze apparatus that includes:

a serpentine chamber having a distal region, a proximate region, and
an airflow path within the serpentine chamber with an airflow direction defined from
the proximate region towards the distal region, and

an optical jumper port disposed at the distal region;

a vacuum device to pull airflow through the dust maze apparatus, from the
proximate region o the distal region;

a dust dispenser to inject dust particles into the dust maze apparatus at the
proximate region, the dust particles o be carried by the airflow along the aiflow

direction; and
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an optical jumper carrier to carry an optical ferrule through the optical jumper
port and {o position an endface of the oplical ferrule for exposure {0 the dust

particles.

12, The dust application system of claim 11, wherein the dust maze apparatus
includes:

an airflow structurer disposed within the serpentine chamber in the distal
region upstream from the optical jumper port, wherein the airflow structurer is an
airflow concentrator or a laminar airflow diffuser, and

a turbulator plate disposed within the serpentine chamber upstream from

the airflow structurer.

13.  The dust application system of claim 11, wherein the optical jumper carrier
includes a first half and a second half, the first half and the second half to mate
magnetically and to hold the optical ferrule within a clamp head of the optical

jumper carrier.

14.  The dust application system of claim 11, wherein the dust maze apparatus
includes a viewing region upstream from the optical jumper port, the viewing region
including:

an illumination port to receive light info the serpentineg chamber
across the airflow path, and

a view port for observation of dust particles transported along the

airflow path and illuminated by light received through the ilumination port.

15, The dust application system of claim 11, wherein the vacuum device is
coupled to a bifurcated yoke having a first inlet and a second inlet,

the first iniet being sealed to an opening at the proximate region,

the second inlet being coupled to a vacuum hood adjacent (o the dust

dispenser to capiure excess dust not injected into the dust maze apparatus, and
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airflow through the first inlet and the second inlet, when the vacuum device
is active, are independently varied by respective adjustable diaphragms integrated

in the first inlet and the second inlet.
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