wo 2014/107322 A1 |[IN I A0F OO OO O 0O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/107322 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

10 July 2014 (10.07.2014) WIPOIPCT
International Patent Classification:
G02B 6/42 (2006.01)
International Application Number:
PCT/US2013/076515

International Filing Date:
19 December 2013 (19.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/734,128 4 January 2013 (04.01.2013) US

Applicant: CISCO TECHNOLOGY, INC. [US/US]; 170
West Tasman Drive, San Jose, CA 95134-1706 (US).

Inventors: PETERNEL, Joyce, J., M.; 17235 Rosemary
Circle, Morgan Hill, CA 95037 (US). JEON, Yong, M.;
755 Grizzly Peak Blvd., Berkeley, CA 94708 (US).

Agents: FLOAM, Andrew, D. et al,; Edell, Shapiro &
Finnan, LLC, 9801 Washingtonian Blvd, Suite 750, Gaith-
ersburg, MD 20878 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: ELECTROMAGNETIC ISOLATION BY MEANS OF ANNULAR-SHAPED HELICAL SPRING

FIG3

(57) Abstract: A device including a port barrel, a ball spring, a first enclosure part, and a mounting plate disposed adjacent to the
first enclosure part is disclosed. The mounting plate includes a mounting hole. The port barrel is arranged to extend through the
mounting hole, and the ball spring is arranged between an inner surface of the mounting hole and an exterior surtace of the port bar-

rel.



WO 2014/107322 PCT/US2013/076515

ELECTROMAGNETIC ISOLATION BY MEANS OF ANNULAR-SHAPED
HELICAL SPRING

TECHNICAL FIELD
[0001] The present disclosure relates to electromagnetic isolation of electronics from
electromagnetic signals.
BACKGROUND
[0002] Optical transceiver modules are used to send and receive signals across optical

networks. The modules need to be robust enough to handle large forces during their
assembly, as well as during their service lives. For example, the modules need to be able to
have optical cables inserted and removed throughout their service lives without seeing

degradation in signal quality.

[0003] Additionally, in order to provide adequate electromagnetic isolation (EMI) of the
electronics contained in the modules, and to prevent electrostatic discharge, sufficient
enclosure and grounding of the module components is necessary. As data rates of optical
networks increase, acceptable levels of EMI and electrostatic discharge (ESD) decrease,

requiring modules manufactured to increasingly tighter tolerances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates an example transceiver module providing electromagnetic
isolation.
[0005] FIG. 2 illustrates a mounting plate for mounting module port barrels while

providing electromagnetic isolation.

[0006] FIG. 3 is a cross-sectional view of a first example mounting plate with a ball spring

providing electromagnetic isolation.

[0007] FIG. 4 is a perspective view of a transceiver module providing electromagnetic

isolation of its electrical components.

[0008] FIG. 5 is a cross-sectional view of a second example mounting plate with a ball

spring providing electromagnetic isolation.
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[0009] FIG. 6 is cross-sectional view of a third example mounting plate with a ball spring

providing electromagnetic isolation.

[0010] FIG. 7 is a cross-sectional view of a fourth example mounting plate with a ball

spring providing electromagnetic isolation.

[0011] FIG. 8 is a flowchart illustrating an example process for assembling a transceiver
module.

[0012] FIGs. 9-18 illustrate a transceiver module assembly operation.

[0013] FIG. 19 is a flow chart illustrating an example method of providing

electromagnetic isolation.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0014] Overview

[0015] A device including a port barrel, a ball spring, a first enclosure part, and a
mounting plate disposed adjacent to the first enclosure part is disclosed. The mounting plate
includes a mounting hole. The port barrel is arranged to extend through the mounting hole,
and the ball spring is arranged between an inner surface of the mounting hole and an exterior

surface of the port barrel.

[0016] A method of assembling a module includes extending a port barrel through a
mounting hole of a mounting plate, wherein the mounting plate is disposed adjacent to a first
enclosure part. A ball spring is arranged between an inner surface of the mounting hole and
an exterior surface of the port barrel. A second enclosure part is placed in sealing contact
with the first enclosure part such that the port barrel is at least partially enclosed by the first

enclosure part and the second enclosure part.

[0017] Example Embodiments

[0018] Depicted in FIG. 1 is an input/output module, in this case a transceiver module
100. Module 100 is comprised of a first enclosure part 102, a second enclosure part 104, and
a mounting plate 106. The first enclosure part 102, the second enclosure part 104, and the
mounting plate 106 provide electromagnetic isolation (EMI) to printed circuit board 108,
transceiver optical sub-assembly (TOSA) 112 and receiver optical sub-assembly (ROSA)
110. Input/output interfaces, in this case optical port barrels 114 and 116, provide output for
TOSA 112, and input for ROSA 110, respectively. Port barrels 114 and 116 pass through

and are supported in port mounting holes (not shown) formed in mounting plate 106. Clips
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118 and 120 maintain correct positioning and provide support for port barrels 114 and 116.
Clip 120 also serves as a connector cage to allow external connections to the port barrels 114
and 116. For example, clip 120 may serve as a subscriber connector cage to allow optical

cables to connect to port barrels 114 and 116.

[0019] With reference now made to FIG. 2, illustrated therein is a front view of the
module 100 from which the second clip 120 has been removed to provide a view of mounting
plate 106. Mounting plate 106 provides a rigid structure in which port barrels 114 and 116
are supported. Accordingly, mounting plate 106 is integrally formed with first enclosure part
102. For example, mounting plate 106 may be die cast with first enclosure part 102 as a
single part. Similarly, mounting plate 106 may be integrally formed with second enclosure
part 104, or otherwise rigidly mounted to either first enclosure part 102 or second enclosure

part 104.

[0020] Formed in mounting plate 106 are mounting holes 222 and 224 through which
port barrels 114 and 116 extend, respectively. As depicted in FIG. 2, mounting holes 222 and
224 are formed in a single mounting plate 106. By using a single mounting plate 106, EMI
benefits may be achieved over other designs. For example, in a design in which multiple
mounting plates are used, the scams or spaces between the multiple plates need to be
accounted for when providing for EMI shielding. For example, in a “clam shell” design in
which half of each mounting hole is formed in a different plate, EMI shielding considerations
may include providing adequate shielding for the seams between the two plates, providing
adequate shielding at the transitions between the seams and the mounting hole portions of the
plate, and designing manufacturing and assembly processes which arrange the plates together
to adequate tolerances. When a single plate is used, many of these considerations may be

eliminated.

[0021] Supporting port barrels 114 and 116 in mounting holes 222 and 224 are ball
springs 226 and 228. A ball spring, such as ball springs 226 and 228, is an annular shaped
spring in which a piece of metal wire is bent into a circular helical shape. An example ball
spring 226 is more clearly show in FIG. 12. Accordingly, by supporting port barrels 114 and
116 in mounting holes 222 and 224 with ball springs 226 and 228, ball springs 226 and 228
prevent electromagnetic leakage that would otherwise be present due to gaps between the

port barrels 114 and 116 and mounting holes 222 and 224.
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[0022] Ball springs 226 and 228 may provide improved EMI shielding over other
methods, such as the use of shielding gaskets, metallic fabrics and meshes, silver epoxy
and/or other metal filled shielding materials. For example, when shielding gaskets and/or
metallic fabrics are used, stresses placed on module elements, such as port barrels, may be
transferred to the shielding material, thereby causing the gaskets or fabrics to deform. Due to
the ductile nature of gaskets and metallic fabrics, when the stresses are removed the shielding
material may not return to its original shape or position. Accordingly, the deformation of the
shielding material may open gaps in the spaces the gaskets and/or metallic fabrics were
attempting to fill. Additionally, gaskets and metal fabrics are easily improperly placed during
assembly, leading to apertures or gaps that may result in ESI or ESD failures. Furthermore,
silver epoxy cannot be designed and manufactured to specific sizes and tolerances, and
therefore using it as a shielding material requires great care and oversight during assembly of
modules. Silver epoxy is also expensive, requires the addition of curing processes to the
assembly process, and is simply messy and difficult to work with during assembly,

disassembly and repair of modules.

[0023] In contrast, ball springs 226 and 228 flex during the installation process, flex
when placed under stress, and will return to their original shape when the stresses are
removed due to the elastic nature of a ball spring. Additionally, ball springs may be
manufactured to precise tolerances. For example, ball springs 226 and 228 can be
manufactured to match or expand to the size of mounting holes 222 and 224. Accordingly,
during assembly when shiclding materials such as silver epoxy are difficult to control and
accurately place, ball springs 226 and 228 are easily and accurately placed, allowing for
simpler or automated assembly of modules. Ball springs 226 and 228 provide additional
benefits during the assembly process. For example, the forces used to insert ball springs 226
and 228 may provide a “wiping force” removing unwanted oxides from the port barrels 112
and 114. Furthermore, due to the metallic structure and circular shape of ball springs, ball
springs 226 and 228 can provide reliable ground contact all the way around optical port
barrels 114 and 116. In other words, unlike gaskets and metallic fabrics, ball springs 226 and
228 are held in a slightly compressed state allowing for metal to metal contact that will help

improve EMI containment and grounding of metallic port barrels 114 and 116, respectively.

[0024] In addition to the EMI benefits, optical performance benefits may also be
achieved through the use of ball springs 226 and 228. While in use, port barrels 114 and 116

may be acted on by an excessive force transverse to the optical axis from the fiber optical
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cable that can result in an offset of the optical axis relative to the optical axis of port barrels
114 and 116, and lead to degraded optical coupling performance. Specifically, in an optical
network implementation, optical fibers may be connected to ROSA/TOSA modules through
port barrels 116 and 114. Either intentionally or inadvertently, the optical fibers may place
forces or stresses on the port barrels, and in turn, on the ROSA/TOSA assemblies. For
example, if an optical fiber cable is placed in tension, and in a transverse direction to the
optical port axis, a transverse force may be transferred to the port barrel to which the optical
fiber is currently connected. Depending on how the port barrels are mounted, stresses placed
on the port barrels may result in deformations between the port barrels and the ROSA/TOSA
assemblies to which they are connected. As the port barrels and ROSA/TOSA assemblies are
built to extremely high optical tolerances, even small forces may cause alignment problems
which will manifest as data errors in the signals sent through the optical cables. Yet, due to
the elastic nature of ball springs 226 and 228, stresses placed on port barrels 114 and 116 may
be transferred to ball springs 226 and 228, flexing the ball springs 226 and 228 instead of
deforming the port barrels 114 and 116, the interfaces between the port barrels and the
ROSA/TOSA assemblies, or the ROSA/TOSA assemblies themselves, thereby reducing
angular axial offsets and data errors. Furthermore, ball springs 226 and 228, as a result of

their circular structure, provide 360 degrees of ground contact.

[0025] Also depicted in FIG. 2 is EMI shielding 230 which prevents E-M EMI leakage in

the space between the mounting plate 106 and the second enclosure part 104.

[0026] With reference now made to FIG. 3, depicted is a cross-sectional view of
mounting plate 106, mounting hole 222, ball spring 226, port barrel 114, first clip 118 and
second clip 120 which illustrates how the port barrel 114 may be supported in port mounting
hole 222 by ball spring 226. Specifically, ball spring 226 is located between an inner wall
332 of mounting hole 222 and an outer wall 334 of port barrel 114. As depicted in FIG. 3,
port barrel 114 is supported by ball spring 226 in mounting hole 222, and is not directly
supported by the walls of mounting hole 222. Accordingly, port barrel 114 is able to “float”
within mounting hole 222 depending on the amount of compression that ball spring 226
undergoes. Therefore, when forces are applied to port barrel 114, the forces may result in the
compression or deformation of ball spring 226, and not in deformation of port barrel 114 or

any electrical components connected to port barrel 114.

[0027] Port barrel 114 also includes double flange 336. Double flange 336 is integrally
formed with port barrel 114, and provides structure to keep ball spring 226 radially aligned
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with the direction that mounting plate 106 extends from the first enclosure part (not
depicted). In other words, the ball spring 226 is arranged such that a radius of the ball spring
is substantially parallel to the direction in which mounting plate 106 extends. Specifically,
ball spring 226 is seated within the interior 338 of double flange 336, thereby ensuring that
ball spring 226 remains situated between an interior wall 332 of mounting hole 222 and

exterior wall 334 of port barrel 114.

[0028] First clip 118 and second clip 120 ensure that ball spring 226 remains within
mounting hole 222 and also maintain the axial position of the port barrel 114 relative to
mounting plate 106. In other words, clips 118 and 120 prevent port barrel 114 from moving
axially. As depicted in FIG. 3, a first portion 119a of first clip 118 is made flush with an
axially facing wall of mounting plate 106 while a second portion 119b is made flush with an
exterior axially facing wall of second flange 336. Accordingly, port barrel 114 is prevented
from moving axially in the direction of first clip 118. Similarly, a first portion 121a of
second clip 120 is made flush with an axially facing wall of mounting plate 106 while a
second portion 121b of second clip 120 is made flush with an exterior axially facing wall of
second flange 336, thereby preventing port barrel 114 from moving axially in the direction of
second clip 120. Furthermore, first clip 118 and second clip 120 enclose ball spring 226
between the inner surface of the port mounting hole 222, the interior of the double flange
336, the first clip 118 and the second clip 120, thereby ensuring that ball spring 226 remains
confined to port mounting hole 222.

[0029] Turning to FIG. 4, depicted therein is a cut-away, perspective view of a module
100 illustrating the ability of port barrel 114 to float within mounting hole 222. As can be
seen in FIG. 4, first clip 118 prevents port barrel 114 from moving axial, but does not prevent
vertical movement as it does not provide vertical support for port barrel 114. Instead, ball
spring 226 supports port barrel 114 in port mounting hole 222. Furthermore, second clip 120
also provides for movement of port barrel 114 in the vertical direction as indicated by the
space between the bottom of second clip 120 and first enclosure part 102. Accordingly, if
port barrel 114 is pulled in a vertical direction, the compression or deformation of ball spring

226 absorbs the force, and allows port barrel 114 to travel in the vertical direction.

[0030] Additionally, TOSA 112 is supported between first enclosure part 102 and second
enclosure part 104 through pliable supports 438a-d. Pliable supports 438a-b allow the TOSA
assembly to travel with port barrel 114, preventing tension and deformation where port barrel

114 meets TOSA 112. Analogous techniques may be used to allow a ROSA, such as ROSA
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110 of FIG. 1, to travel with a port barrel, such as port barrel 116 also of FIG. 1.
Furthermore, pliable supports 438a-c may be embodied in thermal pads, providing the
additional benefit of thermal transfer of excess heat from the ROSA/TOSA assemblies to the

enclosure parts.

[0031] With reference now made to FIG. 5, depicted therein is a cross-section view of an
additional example module 500 similar to module 100 of FIGs. 1-4. Accordingly, like
reference numerals have been used to describe like components and features. In module 500,
ball spring 226 remains located between an interior wall 332 of mounting hole 222 and the
interior of double flange 336 of port barrel 114. Though, in module 500, the portion of the
interior wall 332 against which ball spring 226 is located is within groove 540. The inclusion
of groove 540 provides additional axial support for ball spring 226. For example, not only
does double flange 336 prevent ball spring 226 from escaping mounting hole 222, but the
axially facing walls of groove 540 further prevent ball spring 226 from escaping mounting

hole 222.

[0032] Turning to FIG. 6, depicted therein is another example module 600 in which the
double flange of modules 100 and 500 has been replaced with a second groove 642.
Accordingly, ball spring 226 is arranged in an interior of first groove 540 and an interior of
second groove 642. While replacing the double flange of FIGs. 3-5 with second groove 642
may result in a more easily manufactured port barrel 114, the first clip 118 and second clip
120 of FIGs. 3 and 5 may need to be modified or replaced to prevent port barrel 114 from

moving in an axial direction.

[0033] With reference now made to FIG. 7, depicted therein is yet another example
module 700. The ball spring 226 of module 700 is arranged within the interior of double
flange 336 of port barrel 114 and the interior of groove 540. A first axially facing wall 541a
of groove 540 is integrally formed with mounting plate 106 while a second axially facing
wall 541b is formed by third clip 541b. Accordingly, during assembly, the ball spring may
be arranged within the interior of double flange 336 and the interior of groove 540 prior to
the placement of third clip 744, casing the assembly process. Once ball spring 226 is
arranged correctly, third clip 744 is added, ensuring that ball spring 226 remains within the
interior of groove 540. According to other examples, the second axially facing wall 541b of
groove 540 may be provided by clips similar to first clip 118 and second clip 120 of FIGs. 3
and 4.
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[0034] Turning now to FIG. 8, depicted therein is a flow chart 800 illustrating a method
for assembling a module, such as module 100 of FIG. 1. The process begins in step 810
where a port barrel is extended through a mounting hole of a mounting plate. The mounting
plate is disposed adjacent to a first enclosure part. For example, the mounting plate may
extend in a direction normal to an inside surface of the first enclosure part, such as mounting

plate 106 and first enclosure part 102 of FIG. 1.

[0035] In step 820 a ball spring is arranged between an inner surface of the mounting
hole and an exterior surface of the port barrel. Furthermore, according to additional
examples, the exterior surface of the port barrel may be a portion of the port barrel that is in

the interior of the mounting hole or a double flange, such as double flange 336 of FIG. 3.

[0036] Finally, in step 830, a second enclosure part is placed in sealing contact with the
first enclosure part such that the port barrel is at least partially enclosed by the first enclosure
part and the second enclosure part. According to specific examples, the portion of a port
barrel connected to a ROSA or TOSA assembly may be enclosed by the first enclosure part,
the second enclosure part, and the mounting plate, while a portion of the port barrel
configured to connect to an optical fiber can be accessed through an opening in the first and

second enclosure parts.

[0037] Referring now to FIGs. 9-18, depicted therein is a specific example of a process
used to assemble a module such as module 100 of FIG. 1. The process begins in FIG. 9,
where printed circuit board 108 is arranged on first enclosure part 102, and port barrel 114 of
the TOSA assembly 112 is extended through port mounting hole 222 of mounting plate 106.
The printed circuit board 108 may be arranged on thermal pads which have been previously

arranged on first enclosure part 102.

[0038] As depicted in FIG. 10, TOSA assembly 112 is electrically connected to printed
circuit board 108 through radio frequency (RF) flex 1050.

[0039] In FIG. 11, a first assembly tool 1155 is arranged on the TOSA assembly side of
mounting plate 106, and extends port barrel 114 through mounting hole 222 of mounting
plate 106 far enough that double flange 336 extends past the opposite outer axially facing
wall of mounting plate 106. According to other examples, port barrel 114 need only be
extended far enough for ball spring 226 to be placed within the interior of double flange 336.

For example, port barrel 114 need only be extended far enough that the interior of double
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flange 336 extends past the opposite outer axially facing wall of mounting plate 106, with a

portion of double flange 336 remaining in mounting hole 222.

[0040] In FIG. 12, ball spring 226 is loaded into second assembly tool 1260. Ball spring
226 is loaded into one of holes 1262a-b which will be used to seat the ball spring 226 in the
double flange 336 of port barrel 114. For a module which includes both ROSA and TOSA
assemblies, two holes 1262a and 1262b may be present in second assembly tool 1260 in order

to mount ball springs over the port barrel for each sub-assembly.

[0041] As illustrated in FIG. 13, hole 1262a is aligned with port barrel 114 to prepare to
mount ball spring 226 over double flange 336. While in FIG. 14, ball spring 226 is seated in
double flange 336. Second assembly tool 1260 may include parts which expand ball spring
226 so that it fits easily over double flange 336. According to other examples, second
assembly tool 1260 simply pushes ball spring 226 over double flange 336 to seat the ball
spring 226 in the interior of double flange 336. In other examples, a combination of
expanding ball spring 226 and pressing ball spring 226 are used to seat ball spring 226 in the
interior of double flange 336.

[0042] As illustrated in FIG. 15 first assembly tool 1155 is removed allowing port barrel
114 to move back through mounting plate 106 so that ball spring 226 is arranged between an
interior wall of mounting hole 222 and exterior wall of port barrel 114 while remaining
seated in the interior of double flange 336. First clip 118 is then arranged to prevent port
barrel 114 from moving in an axial direction opposite the second assembly tool 1260, as
illustrated in FIG. 16. Next, as illustrated in FIG. 17, second assembly tool 1260 is removed,
and second clip 120 is arranged on the side opposite first clip 118 to prevent port barrel 114
from moving in the axial direction opposite the first clip 118. Finally, as illustrated in FIG.
18, second enclosure part 104 is placed in sealing contact with first enclosure part 102 and
mounting plate 106. Placing second enclosure part 104 in sealing contact with first enclosure
part may include placing additional E-M shielding 230 between the top of mounting plate 106

and the inside surface of second enclosure part 104.

[0043] With reference now made to FIG. 19, depicted therein is a flowchart 1900 of a
process of providing EMI shielding for a module such as module 100 of FIG. 1. Specifically,
the process provides eclectromagnetic isolation for an electro-optical sub-assembly and a
printed circuit board. The electro-optical sub-assembly may be a ROSA or a TOSA, such as
ROSA 110 and TOSA 112 of FIG. 1. The process begins in step 1910 where an electro-
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optical sub-assembly is combined with an optical port barrel. The optical port barrel will
include a double flange, for example, double flange 336 of FIG. 3. In step 1920, a printed
circuit board is electrically connected to the electro-optical sub-assembly. In step 1930 the
electro-optical sub-assembly and the printed circuit board are arranged within a first

enclosure part.

[0044] In step 1940 the port barrel is extended through a mounting hole of a mounting
plate, where the mounting plate is disposed adjacent to the first enclosure part. For example,
the mounting plate may extend in a direction normal to an inside surface of the first enclosure

part, such as mounting plate 106 and first enclosure part 102 of FIG. 1.

[0045] In step 1950, a ball spring is arranged between an inner surface of the mounting
hole and an interior of the double flange. Finally, in step 1960, a second enclosure part is
placed in sealing contact with the first enclosure part such that the printed circuit board and
the electro-optical sub-assembly are enclosed by the first enclosure part, the second enclosure

part, the mounting plate, the ball spring and the port barrel.

[0046] The above description is intended by way of example only.

10
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What 1s claimed is:

1. An apparatus comprising:

a port barrel

a ball spring;

a first enclosure part; and

a mounting plate disposed adjacent to the first enclosure part and comprising a
mounting hole,

wherein:

the port barrel is arranged extending through the mounting hole, and

the ball spring is arranged between an inner surface of the mounting hole and

an exterior surface of the port barrel.

2. The apparatus of claim 1, wherein;
the port barrel comprises a double flange, and

the ball spring is arranged in an interior of the double flange.

3. The apparatus of claim 1, wherein the mounting plate extends from the first
enclosure in a direction normal to a surface of the first enclosure, and the ball spring is
arranged such that a radius of the ball spring is substantially parallel to the direction in which

the mounting plate extends.

4. The apparatus of claim 1, wherein the port barrel comprises an optical port for at

least one of a receiver optical sub-assembly or a transmitter optical sub-assembly.

5. The apparatus of claim 4, further comprising:

a second enclosure part; and

a printed circuit board electrically connected to at least one of the receiver optical sub-
assembly or the transmitter optical sub-assembly,

wherein the first enclosure part and the second enclosure part enclose at least a
portion of the printed circuit board, the port barrel, and at least one of the receiver optical

sub-assembly or the transmitter optical sub-assembly.

11
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6. The apparatus of claim 1, wherein the ball spring supports the port barrel in the

mounting hole.

7. The apparatus of claim 1 further comprising:

a first clip contacting the mounting plate on a first side of the mounting plate; and

a second clip contacting the mounting plate on a second side of the mounting plate,
wherein the first clip and the second clip maintain the axial position of the port barrel

relative to the mounting plate.

8. The apparatus of claim 7 wherein the second clip comprises a connector cage.

9. The apparatus of claim 1, further comprising:
a second port barrel; and
a second ball spring,
wherein:
the mounting plate comprises a second mounting hole;
the second port barrel is arranged extending through the second mounting
hole; and
the second ball spring is arranged between an inner surface of the second

mounting hole and an exterior surface of the second port barrel.

10. The apparatus of claim 9, wherein the port barrel comprises an optical port of a
receiver optical sub-assembly and the second port barrel comprises an optical port of a

transmitter optical sub-assembly.

11. A method comprising:

extending a port barrel through a mounting hole of a mounting plate, wherein the
mounting plate is disposed adjacent to a first enclosure part;

arranging a ball spring between an inner surface of the mounting hole and an exterior
surface of the port barrel; and

placing a second enclosure part in sealing contact with the first enclosure part such
that the port barrel is at least partially enclosed by the first enclosure part and the second

enclosure part.

12
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12. The method of claim 11, wherein arranging the ball spring comprises arranging

the ball spring in an interior of a double flange of the port barrel.

13. The method of claim 12, further comprising:

arranging a first clip on a first side of the mounting hole and arranging a second clip
on a second side of the mounting hole such that the ball spring is enclosed between the inner
surface of the port mounting hole, the interior of the double flange, the first clip and the

second clip.

14. The method of claim 12, wherein arranging the ball spring between the inner
surface of the mounting hole and an interior of the double flange comprises arranging the ball

spring such that the port barrel is supported in the mounting hole by the ball spring.

15. The method of claim 12, wherein arranging the ball spring between the inner
surface of the mounting hole and the interior of the double flange comprises:

placing a first tool on a first side of the mounting plate to extend the port barrel
through the mounting hole so that the double flange extends past the mounting plate on a
second side opposite the first side;

expanding and arranging the ball spring in the interior of the double flange with a
second tool;

removing the first tool so that the port barrel travels in the direction of the first side to
arrange the ball spring between the inner surface of the mounting hole and the interior of the
double flange;

inserting a first clip on the first side of the mounting plate; and

inserting a second clip on the second side of the mounting plate to enclose the ball
spring within the first clip, the second clip, the inner surface of the mounting hole, and the

interior of the double flange.
16. The method of claim 11, wherein extending the port barrel comprises arranging at

least one of a receiver optical sub-assembly or a transmitter optical sub-assembly integrally

formed with the port barrel on the first enclosure part.

13
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17. The method of claim 16, further comprising arranging a printed circuit board on
the first side of the mounting plate; and
electrically connecting the printed circuit board to the at least one of the receiver

optical sub-assembly or the transmitter optical sub-assembly.

18. The method claim 11, wherein inserting the second clip comprises inserting a

second clip comprising a connector cage.

19. The method of claim 18, wherein placing the second enclosure part in sealing
contact with the first enclosure part comprises placing the second enclosure part such that the
port barrel is partially enclosed by the first and second enclosure parts, and the connector

cage provides access to the port barrel.

20. The method of claim 11,

extending a second port barrel through a second mounting hole in the mounting plate;
and

arranging a second ball spring between an inner surface of the second mounting hole

and an exterior surface of the port barrel.

21. The method of claim 20, wherein:

extending a port barrel comprises arranging a port of a receiver optical sub-assembly
integrally formed with the port barrel on the first enclosure part; and

extending the second port barrel comprises arranging a transmitter optical sub-

assembly integrally formed with the second port barrel on the first enclosure part.

22. A method comprising;:
combining an electro-optical sub-assembly with an optical port barrel comprising a
double flange;
electrically connecting a printed circuit board to the electro-optical sub assembly;
electromagnetically isolating a printed circuit board, wherein electromagnetically
isolating the printed circuit board comprises:
arranging the printed circuit board and the electro-optical sub-assembly within

a first enclosure part;

14
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extending the port barrel through a mounting hole of a mounting plate,
wherein the mounting plate is disposed adjacent to the first enclosure part;

arranging a ball spring between an inner surface of the mounting hole and an
interior of the double flange; and

placing a second enclosure part in sealing contact with the first enclosure part
such that the printed circuit board and the electro-optical sub-assembly are enclosed
by the first enclosure part, the second enclosure part, the mounting plate, the ball

spring and the port barrel.
23. The method of claim 22, wherein arranging the ball spring between the inner

surface of the mounting hole and the interior of the double flange comprises supporting the

port barrel in the mounting hole with the ball spring.
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