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Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PTO/AIA/4
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Attorney Docket Number S09100US00.7

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
] CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Kazuyoshi Takano
Residence Information (Select One) (®) US Residency (O Non USResidency (O Active US Military Service
City Southborough State/Province MA Country of Residence i us

Mailing Address of Inventor:

Address 1 11 Fiddle Neck Lane
Address 2
City | Southborough | State/Province | MA
Postal Code 01772 Country i us
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jun Fu CHANG
Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | WORCESTER State/Province | MA | Country of Residence | | US

Mailing Address of Inventor:

Address 1 52 Upland Streeet

Address 2

City Worcester | State/Province | MA
Postal Code | 01607 | Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated

within this form by selecting the Add button.

Correspondence Information:
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PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

.. Attorney Docket Number S09100US00.7
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] AnAddressis being provided for the correspondence Information of this application.

Customer Number 152878
Email Address PATENTS@SENKO.COM | AddEmail | | RemoveEmail

Application Information:

Title of the Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Attorney Docket Number | 509100US00.7 Small Entity Status Claimed X

Application Type Provisional

Subject Matter Uhility

Total Number of Drawing Sheets (if any) 133 Suggested Figure for Publication (if any) 100

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e,, "Domestic Benefit/National Stage Information” and “Foreign Priority Informaticn”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
1
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[ ] RequestEarly Publication {Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35US5.C

[] 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
months after filing.

Representative Information:

Representative informatiocn should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not censtitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both secticns are completed the customer Number
will be used for the Representative Information during processing.

Please Select One: (¢ Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 000152878 11
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U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infermation unless it contains a valid OMB control number.

Attorney Docket Number S09100US00.7

Application Data Sheet37 CFR 1.76
Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Remove

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e}, 120, 121, 365(c), or 386(c) or indicate National
Stage entry from a PCT application. Providing benefit claim informaticn in the Application Data Sheet constitutes the specific
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form by
selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for pricrity as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible
for retrieval under the priority document exchange program {PDX) the information will be used by the Office to automatically attempt retrieval
pursuant to 37 CFR 1.55(i){1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign
application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority
application is filed, within the time period specified in 37 CFR 1.55{g){1}.

Application Number CountryI Filing Date (YYYY-MM-DD) Access Codel(if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the Add
button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications
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.. Attorney Docket Number S09100US00.7
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number S09100US00.7

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed {see paragraph A in
subsection 1 below) and the European Patent Office (EPO} access to any search results from the instant application {see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application.
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX)} - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned
hereby grants the USPTO authority to provide the European Patent Office {EPQO), the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of China (SIPO), the World
Intellectual Property Organization (WIPQ), and any other foreign intellectual property office participating with the USPTO in a
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1} the instant patent application-as-filed and its related bibliographic data, (2) any foreign
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 1A above.

u B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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.. Attorney Docket Number S09100US00.7
Application Data Sheet37 CFR 1.76

Application Number

Title of Invention MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have
an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the
name and address of the assighee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 {assignee,
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section.

() Assignee (O Legal Representative under 35 US.C. 117 (O JointInventor

Q Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name SENKO Advanced Compaonents, Inc.

Mailing Address Information For Applicant:

Address 1 450 Donald Lynch Blvd Unit D

Address 2

City Marlborough State/Province MA
CountryI us Postal Code 01752
Phone Number 9784937107 Fax Number 5
Email Address patents@senko.com

Additional Applicant Data may be generated within this form by selecting the Add button.
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Application Data Sheet37 CFR 1.76

Attorney Docket Number

509100U500.7

Application Number

Title of Invention

MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee infermation, is desired to be included on the patent application
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application

publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.

[]

Prefix

Given Name

Middle Name

Family Name

Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button.
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Application Data Sheet37 CFR 1.76

Attorney Docket Number

509100U500.7

Application Number

Title of Invention

MICROCONNECTOR WITH A MULTI-PURPOSE BOOT

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.qg.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature
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Abstract:

An optical connector holding two or more LC-type optical ferrules is
provided. The optical connector includes an outer body, an inner front body
accormmodating the two or more LC-type optical ferrules, ferrule springs for
urging the optical ferrules towards a mating connection, and a back body for
sppporting the ferrule springs. The outer body and the inner front body are
configured such that two optical connectors having four LC-type optical forrules
are accommodated in a small form-factor pluggable (SFP) transceiver footprint or
at Jeast two optical comnectors having eight LC-type optical ferrules are
accommodated in a quad small form-factor pluggable (QSFP) transceiver
footprint. A mating component (fransceiver or adapter) includes a connector hook
and a housing with an opening that accommodates the connector hook in a fexed

position as the optical connector makes connection with the mating component by

introducing the connector hook into an optical connector hook recess.
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Claims:

1. In an optical connector holding two or more LC-type optical ferrules
having an outer body, an inner front body accomumodating the two or more LC-
type optical ferrules, ferrule springs for urging the optical ferrules towards a
mating connection, and a back body for supporting the ferrule springs, the
mprovement comprising configoring the outer body and the inner front body
such that two optical connectors having four LC-type optical ferrules are

accommodated in a small form-factor pluggable (SFP) transceiver footprint.

2. Io an optical connector holding two or more LC-type optical ferrules
having an outer body, an inner front body accommodating the two or more LC-
type optical ferrules, ferrule springs for urging the optical ferrules towards a
mating comnection, and a back body for supporting the ferrule springs, the
improvement comprising configuring the outer body and the inner front body
such that at least two optical connectors having a total of eight LC-type optical
ferrules are accommodated in a quad small form-factor pluggable (QSFP)

franscetver footprint,

3. An optical connector for holding two or more LC-type optical
ferrules, comprising:

an outer housing having a longitudinal bore;

at least one inner front body recetved in the outer housing longitadinal
bore, the inner front body supporting two LC-type optical ferrules, the inner front
body comprising top and bottom portions with open sidewalls, the inner front
body further comprising a comnector hook recess configured to receive a
connector hook from a mating component;

ferrule springs for urging the optical ferroles towards a mating
connection; and

a back body for supporting the ferrule springs.
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4. The optical connector of claim 3, further comprising & flap in the
outer housing having a retainer on the inner side thereof for holding the front

body to the cuter housing.

3. The optical connector of claim 3 further comprising a wall in the front

body for separating the ferrule springs from each other,

6. The optical connector of claim 3 further comprising a push-pull tab
on the outer housing for inserting or removing the optical comnector from a

maling component.

7. The optical connector of claim & wherein the push-pull tab includes a

recess of a release hole for insertion of a finger or a release tool.

8. The optical comnector of clatm 3 wherein the inner front body

includes an alignment tab for aligning with a receiving recess on the back body.

9. A network system comprising:

an optical connector including a connector hook recess;

a mating component including a connector hook and a housing, the
housing including a connector hook opening that accommodates the connector
hook in a flexed position as the optical connector makes connection with the
mating component by infroducing the connector hook into the optical connector

hook recess.

10, The network system of claim 4 wherein the mating component is an

adapter.

F1, The network system of claim 4 wherein the mating component is a

transceiver.
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MICRO CONNECTOR WITHA
MULTLPURPOSE BOOT
Inventors: Kazuyoshi TAKANO and Fimmy Jun-Fu CHANG

{ross Reference to Related Apulications;
{1] NONE

Field of the Invention:

i3] The present disclosure relates generally to ultra-small form factor optical
connectors, texmed “micro optical connectors,” and related connections within adapters

and optical transceivers.

Backuround:
§3% The prevalence of the Intornet has led to unprecedented growth in

communication networks. Consumer demand for service and increased competition has
caused network providers to continucusly find ways to improve quality of service while
reducing cost.

{4} Certain solutions have included deployment of high-density interconnect
panels. High-density interconnect panels may be designed to consolidate the increasing
volume of interconnections necessary to support the fast-growing networks into a
compacted form factor, thereby increasing quality of service and decreasing costs such as
floor space and support overhead. However, room for improvement in the area of data
centers, specifically as it relates to fiber optic connects, still exists. For example,
manufacturers of connectors and adapiers are always looking to reduce the size of the
devices, while increasing ease of deployment, robusiness, and modifiability after
deployment. In particular, more optical connectors may need o be accommodated in the
same footprint previcusly used for a smaller number of connectors in order to provide
backward compatibility with existing data center equipment. For example, one current
footprint is known as the small form-factor pluggable transceiver footprint (SFP). This
footprint currently accommoedates two LC-type ferrule optical connections. However, it
may be desirable to accommodate four optical commections {two duplex connections of

transmit/receive} within the same footprint.  Another current footprint is the quad small
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form-factor pluggable (QSFP} tramsceiver footprint. This footprint currently
accommaodates four LC-type ferrule optical connections. However, it may be desirable {o
accommodate eight optical connections of LC-type ferrules (four duplex connections of
transmit/receive) within the same footprint,

is1 In communication networks, such as data centers and switching
networks, nomerous inferconnections between mating connectors may be compacted mto
high-density panels. Panel and connector producers may optimize for such high densities
by shrinking the connector size and/or the spacing betwesn adjacent connectors on the
panel. While both approaches may be effective to increase the panel connector density,
shrinking the connector size and/or spacing may also increase the support cost and
diminish the quality of service.

i8] In a high-density panel configuration, adjacent comnectors and cable
gssemblies may obstruct access to the individual release mechanisms. Such physical
obstructions may impede the ability of an operator to minimize the stresses applied to the
cables and the connectors. For example, these stresses may be applied when the user
reaches into a dense group of connectors and pushes aside surrounding optical fibers and
cormectors to access an individual connector release mechanism with his/her thumb and
forefinger. Overstressing the cables and connectors may produce latent defects,
compromise the integrity and/or reliability of the terminations, and potentially cause
serious disruptions to network performance.

{71 While an operator may attompt to use a tool, such as g screwdriver, to
reach into a dense group of connectors and activate a release mechanism, adjacent cables
and connectors may obstruct the operator’s line of sight, making it difficult to guide the
tool {0 the release mechanism without pushing aside the adjacent cables. Moreover, even
when the operator has a clear line of sight, guiding the tool to the release mechanism may
be 2 ime-consuming process. Thus, using a ool may not be effective at reducing support

time and increasing the guality of service.

Brief Descrivtion of the Brawings:

{8} FIG. 1A is a perspective view of a prior art standard 6.25mm pitch LC

comnector SFP;
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{9 FIG. 1B is a perspective view of a prior art standard 6.25mm pitch LC
adapier;

{18} FIG. 1C 18 a top view of the prior art adapter of FIG. 1B;

{11} FIG, 1D is a front view of the prior art adapter of FIG. 1B, showing the
6.25mm piich;

12} FIG. 2A is a perspective view of a prior art LC duplex connector;

113} FIG. 2B is a perspective view of a prior art LC duplex connector with a
remote reloase pull tab;

{14} FIG. 2C is a top view of a prior art LT connector used in the
gmbodiments shown in FIGS. 24 and 28;

18] FIG. 2D is a side view of the prior art LC connector of FIG. 2C;

16} FIG. 3 s an exploded view of one embodiment of 2 U8 connector;

{17} FIG. 4 is a perspective view of one embodiment of a C8 connector;

{18} FIG. 48 is a perspective view of one embodiment of a CS connector with
the outer housing removed from the front body;

{191 FIG. 5 is a perspective view of one embodiment of a C8 connector;

{281 FIG. 5B i3 a perspective view of one embodiment of 2 C8 connector with
the outer housing removed from the front body;

2] FIG. 5C is a perspective view of one embodiment of a C8 connector with
a MPO ferrule assembly;

22} FIG. 3D is a perspective view of another embodiment of mudtiple C8
connectors ganged into a duplex outer housing;

23] FIG.SE is a perspective of FIG. 5D the boot and cabling ganged together;

{241 FIG. 6 is a perspective view of one ombodiment of a duplex CS
conmector;

{25} FIGS. 6B and 6C sare a side view and perspective view of another
embodiment of a2 C8 connector;

[26} FIG. 7 is a perspective view of avother embodiment of a duplex C8
CORNECtor;

27} FIG. 8 is a perspective view of one embodiment of a quad C8 connector;
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{28} FIG. 9 is another perspective view of one embodiment of a quad C8
connector;

28] FIG. 10 is a perspective view of another embodiment of a gquad C8
connector;

] FIG, 11 is a perspective view of multiple CS connectors inserted into an
adapter;

{31} FIG. 11B 1s a side view of a CS connector fully inserted into an adapter;

{33} FIG. 11C is a side view of a CS connector being removed from an
adapter;

33 FIG. 12 illustrates the interchangeable use of CS connector front bodies
with simplex, duplex and quad adapters;

{34] FIG. 13 further iliustrates the interchangeable use of C8 connector front
bodies with simplex and duplex adapters;

{35} FIGS. 14-C are illustrative examples of cable management using various
embodiments of C8 commectors;

136] FIG. 15-B are illusirative examples of cable management using multiple
fiber strands per jacket;

{37} FIG. 16 is an illustrative example of using a cable management system
using multiple fiber sirands per jacket.

38} FIG. 17 is another illustrative example of using a cable management
system using multiple fiber sirands per jacket.

1391 FIG. 18 is a perspective view of CS connectors in an adapter connector
te a transceiver housing according to an embodiment of a C8 connector and transceiver
system;

48] FIG. 19 is an exploded view of a fransceiver housing;

{41} FIG. 19B is an exploded view of an alternative embodiment of a C8

connector and fransceiver system;

[42] FIG. 20 is a cross-section view of another embodiment of a CS
connector partially inserted in an adapter housing;

{431 FIG. 21 is an exploded view of a micro optical connector according to an

embodiment,
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j44] FIG. 218 is a perspective view of the assembled micro optical connector
of FIG 21.

48] FIG. 22 is a front view of the micro optical connector of FIG. 21B
showing overall connector dimensions and ferrule pitch.

{46} FIG. 23 is a cross-sectional view of the micro optical connector of FIG,
218 laiched into the adapter of FIG. 24.

47 FIG. 238 is a cross-sectional view of the micro optical connectors of
FIG. 218 unlatched from the adapter of FIG. 24,

{48} FIG, 24 is an exploded view of an adapter for the micro optical
connectors of FIG. 218,

[49] FIG. 28 18 8 cross-sectional view of the adapter of FIG. 24, assembled.

150} FIG. 25B is g cross-sectional side view of the adapter housing of FIG.
24,

{51} FIG. 26 is a front view of the assembled adapter of FIG. 24,

{52} FIG. 27 i3 an isometlric view of the front body of the micro optical
connector of FIG. 21,

{531 FIG. 278 1s a right side view of the front body of FIG. 27,

{541 FIG. 28 18 an isometric view of the back body of the micro optical
connector of FIG. 21,

{85} FIG. 288 1s a side view of the back body of FIG. 28.

i36} FIG, 29 is an isometric view of the outer housing of the micro optical
conuector of FIG. 21,

571 FIG. 298 is a front view of the outer housing of FIG. 29.

{58} FIG, 29C 18 a cross-sectional view of the outer housing of FIG. 29
showing the top of an orientation protrusion.

159] FIG. 29D 18 an 1inner view of the outer housing of FIG. 29;

{60} FIG, 30 is a side view of an adapter hook of the adapter of FIG. 24

61} FIG. 31 is an isometric view of the adapter of FIG. 24 assembled with
the micro optical connectors of FIG. 21B.

{62} FIG. 32 is cross-sectional view of an adapter showing a latch gap.
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{63} FIG. 32B 13 a cross-sectional view of the micro optical connector of FIG,
218 latched (left) and unlatched (right) within the adapter of FIG. 24, assembled.

{64} FIG. 33 depicts the micro optical connector of FIG. 21B in a QSFP
footprint, depicting dimensions in millimeters.

{65] FIG. 338 depicts the micro optical connectors of FIG. 218 in an SFP
footprint, depicting dimensions in millimeters.

{66} FIG. 34-34C depicis adapter hooks interacting with the micro optical
connectors of FIG. 21B before (FIG. 34), during (FIG. 34B}, and after (FIG. 34C)
latching.

{67} FIG. 35-35C depicts the micro optical connector of FIG. 218 side flap
operation before (FIG. 35), during (FIG, 35B), and after (FIG. 35C) latching,

{68] FIG. 36 depicts plural miicro optical connectors in a transceiver.

{65] FIG. 368 1s a perspective view of a connector installed in a transceiver;

{781 FIG. 36C is a front view of the transceiver of FIG. 36;

{71} FIG. 37 1s an exploded view of a micro optical connector according to &
further embodiment.;

{73} FIG. 38 is an isometric view of a front body of the micro optical connector
of FYG. 37;

{731 FIG. 39 is an isometric view of a back body of the micro optical
connector of FIG, 37;

74} FIGS. 40, 40B, and 40C depict a technique for reversing polarity of the
optical connector of FIG, 37;

{75} FIG. 41 15 an exploded view of a micro optical connector according to a
further embodiment;

176} FIG. 42 1v an isometric view of the front body of the micro optical
connector of FIG. 41,

177 FIG. 42B 13 a side view of the front body of FIG. 42;

{781 FIG. 43 is an isometric view of the back body of the micro optical
connector of FIG. 41;

{79} FIGS. 44, 448, and 44C are isometric views of the outer housings that

may be used with any of the micro optical connectors of FIGS. 21, 37, and 41;
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[80] FIG. 45 is an exploded view of an adapler according to a further
embodiment;

{81} FIG. 46 is a cross-section of the adapter of FIG. 45, assembled;

83 Fia. 47 is an cxploded view of a connector according to another
embodiment;

{83} FIG. 48 is an isometric view of the back body and the back post of the
cormector of FIG. 47;

[84] FI{z, 49 is a cross-section of the back post of FIG. 47 gssembled with
optical fibers;

{851 FIG. 50 is a front view of the connector of FIG. 47;

86} FIG. 51 is an isometric view of the boot of the connector of FIG. 47;

1871 FIG. 52 1s a perspective view with a partial cutout illustrating the CS
connector of FIG. 52C fully inseried in the adapter of FIG. 528:

[R8} FIG. 32B 18 a perspective view with a iop portion removed illustrating
the intemal structure of an embodiment of an CS configured adapter;

{89} FIG., 52C 15 a side view of a S connector according to another
embodiment, the CS connector pull tab is partially liftling connector structure;

{98} FIG. 32D 15 g side view of the S comnector of FIG. 52C in iis original
position biased forward:

[91] FIG. 52E is a perspective view of an embodiment of the C8 connector
with its pull tab removed illustrating a change in polarity for the C8 connector;

93} FIG. 53 is another embodiment of a U8 micro connector having a duplex
dust cover attached at a proxima! end; |

93] FIG. 53B 1s 2 perspective view of the outer housing of FIG. 53;

984} FIG. 53C is a cross section side view of the micro connector of FIG. 53;

{95] FIG. 531 15 an end view of a plural of FIG. 53 micro connectors
ilustrating the offsct alignment tab between two or more micro connec

196} FIGS, 54-54D illustrate polarity changing according to an embodiment
of the present invention for a C8 connector of FIG, 53;

973 FIG. 55 illustrates the ombodiment of inserting a €S commector of FIG.

33 into an adapter of FIG. 57,
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{98} FIG. 56 is a perspective view of an embodiment of an adapter without 8
similar adapter alignment assernbly of FIG. 24;

[99] FIG. 537 is a perspective view of an embodiment of an adapter with a
similar adapter alignment assembly of FIG. 24 inserted therein;

(1067  FIG. 58 is a perspective view of an embodiment of an adapter of FIG. 57
with a CS connector of FIG. 83 inserted therein;

{181}  FIG. 59 13 a perspective view of an embodiment of an adapter of FIG, 57
with g four CS comnectors of FIG. 53 inseried thercin further illustrating a mating of C8
connector outer housing structure;

{162} FIGS. 60-60B is a top perspective view of FIG. 59 with a culout view
{FIG. 608} of mating of CS conthiector structore;

{1031  FIG. 61 is a perspective view of another embodiment of a front body;

{104} FIG. 62 18 a perspective view of another embodiment of an adapter
alignment assembly of FIG. 24;

[188]  FIG. 63 is a perspective view of another embodiment of a back body;

{106] FIG. 64 iz a perspective view of a critnp ring assembly according to an
embodiment of the present invention;

{1871 FIG. 648 is a perspective view of 3 boot according to an embodiment of
the present invention;

[188] FIG. 65 15 a perspective view of uni-dustcover according to an
embodiment of the present invention;

{1897 FIG. 65B is a perspective view of a duplex dust cover according to an
embodiment of the present tnvention;

{118] FIG. 66 1s a side of a micro connector disclosed herein inserted into an
adapter on the top, and a behind the wall (BTW) micro connector inserted into an adapter
gecording to the present invention;

[111]  FIG. 67 18 a first embodiment of the BTW micro connector prior 1o
insertion and partially inserted into an adapter according to the present invention;

{112} FIG. 68 is another embodiment of a BTW micro connector inserted into
an adapter, before insertion into the adapter, and with a ferrule assembly removed

comprising a ferrule flange, spring and ferrule;
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{113}  FIG. 69 is a perspective view of FIG. 68 looking into a plural of adapter
receptacles, a first receptacle having a ferrule assembly inserted therein, a second
receptacle having a BTW micro connector fully inserted therein, and a third veceptacle
just prior to insertion of 8 BTW micro connector according to the present invention;

[114] FIG. 70 is a top, rear view of FIG. 69, illustrating a pair of ferrule
assembly position vertical outside the BTW miero connector without 8 housing;

{118} FIG. 71 is a perspective view a second embodiment of a BTW micro
connector showing a plural of adapter receptacles with connectors inseried therein, and
the BTW micre connector prior to insertion info a receptacle according to the present
mvention;

[118] FIG. 72 is a perspective view of the first BTW micro connector showing
a plural of adapter receptacies with connectors inserted therein, and the BTW micro
connector prior to insertion into a receptacle according fo the present invention;

{117]  FIG. 73 18 a perspective view of the second BTW microe connector just
prior to inserfion inte an adapler receptacle, and BTW connectors inserted into the
adapter according to the present invention, and

{118} FIG. 74 is s perspective view of the first BTW micro connector inserted
into a plural of adapter receptacles according to the present invention.

[1I9]  FIG. 75A is a perspective view of a group of micro conneciors similar to
FIG. 538,

[128] FIG. 758 is a perspective view of FIG. 75A illustrating the configuration
of FIG. 608.

{121]  FIG. 76 is a perspective top view of a group of micro connectors with a
push/pull tab similar to the connector of FIG. 37,

{122]  FIG. 77 is a perspective view of a micro connector similar fo FIG. 37.

{123]  FIG. 78 s a perspective view of a group of micro connectors of FIG, 76
with a removal tool attachéd at a distal end of the connectors pull/push tab.

[124] FIG. 78.1 is perspective top view of a group of micro conneciors similar
to FIG. 76 just prior {o the insertion of a removal tool shown fully inserted at FIG. 68.

{128} FIG. 79.2 is a pemspective view of a removal tool according an

embodiment of the present invention,
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[126] FIG. 793 is a perspective fop view of the removal tool of FIG. 79.2
inserted at a distal end of the group of micro connectors as shown in FIG. 78.1

{1377  FIG. 80 is a top perspective view of a group of micro connectors with an
alternative push/pull tab configured to accept a removal tool according to an embodiment
of the present invention.

1128}  FIG. 81 15 g cut away view of the removal tool of FIG. 78 and FIG. 79.2
inserted on a distal end of 2 push/pull tab of a micro connector.

{1181 FIG. 82 s a top perspective view of another embodiment of a removal
tool attached to a distal end of a push/pull tab of a group of micre connectors,

(136} FIG. 83 is 3 cut away view of the removal tool of FIG. 82 attached to a
distal end of a push/pull tab of a micro connector of the present invention.

{131]  FIG. 84 is a top perspective view of another embodiment of g removal
tool attached to a distal end of a push/pull tab of a group of micro connectors.

{132] FIG. 83A is a cut away view of the removal tool of FIG, 84, the removal
tool is in an unlocked position atiached o a distal end of a push/pull tab of a micro
connector of the present invention.

[133] FIG. 835B iz 2 cut away view of the removal tool of FIG. 84 in a locked
position attached to a distal end of a push/pull tab of a micro connector for removal
thereof according to the present invention.

{134] FIG. B85 is a top perspective view of another embodiment of 3 removal
tool attached to a distal end of a push/pull tab of a group of micro connectors,

[138] FIG. 87A is a oot away view of the removal tool prior to an unlocked
position to unlock a micre connector with the removal tool of FIG. 86

{136] FIG. 878 is a cut away view of the removal tool locking a micro
connector using the removal tool of FIG. §6.

(137} FIG. 88 s a perspective view of the removal tool of FIG. %6 with
removal tool release arms in an asymmetric layout,

{138] FIG. 894 is a perspective view of a plural of micro connectors without a
removal tool of FIG. §8C attached at a distal end of the conneciors,

{1381 FIG. B9B is a perspective view of the removal tool of FIG. 89C inserted

at a distal end of a group of micro connectors.
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1148]  FIG. 89C is a perspective view of another embodiment of a removal tool.

{141} FIG. 89D is g cross section of the removal tool inserted info recesses at a
distal end of the micro connectors.

{142] FIG. 90A 15 a perspective view of another embodiment of a8 removal tool.

{143}  FIG. 90B is a perspective view of the removal tool of FIG. 80A attached
to a distal end of a micro connecior.

{844} FIG. 90C is a perspective view of a group of micro connectors including
the removal tool of FIG, 904 attached as shown in FIG. 90B.

{145] FIG. 914 1s a perspective view of 3 micro conncetor with a push/pull
boot and rotatable boot for polarity changing.

[146] FIG. 91B is a perspective view of a multi-purpose boot with an
alignment and offsct key releasable attached.

{147}  FIG. 92A is a perspective view of an outer housing of the micro
connector of FIG. 91 showing how a mnlti-purpose boot assembly is inserted at a distal
end {arrow I} and secured to the outer housing.

[148] FIG. 92B is a perspective view of a multi-purpose boot assembly.

{149}  FIG. 83A is a perspective view of the micro connector of FIG. 91 with a
multi-purpose boot prior to rotating to change polarity of the connector in a fivst polarity
position,

{180} FIQG. 938 is a perspective view of the connector of FIG. 93A partially

2
.

rotated in the direction “R

[151] FIG. 93C is a perspective view of the connector of FIG. 93B further
rotated in direction “R”.

{132]  FIG, 93D 1¢ a perspective view of the connector of FIG, 93A in a second
polarity position.

[183] FIG. 94 15 side view of the connector of FIG. 91 with a cross section cut
“ARAT

{184] FIG. 84A is 8 view along cross section cut “A-A” of the connector of

FIG. 91 in a first polarity change position.

{183] FIG, 94A.1a is an end view of the boot assembly illustrating an opening

for fiber optic cabling,
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{186] FIG. 94A.1b is a perspective view of end of a back body, with fiber optic
cabling, configured fo accept FIG. 94A.1a boot opening,

{1871 FIG. 948 is perspective view along cross section “A~A” at a start of boot
rotation to change a micro connector from a first polarity to a second polarity,

[188] FIG. 84C.1 is perspective view along cross section “A~A” in furtherance
of boot rotation to change a micro connector from a first polarity to a second polarity.

{159 FIG, 9402 is s perspective view of micre connector FIG. 91 in
furtherance of boot rotation as shown in FIG. 94C.1.

{1601  FIG. 94D.1 is a perspective view along cross section “A-A” just prior to
completion o a second polarity of FIG, 91 micro connector.

{361}  FIG. 94D.2 is a perspective view of micro connector FIG. 91 in just prior
to completion to a second polarity of FIG. 81 micro connector.

{162] FIG. 94E is a perspective view along cross section “A-A” of micro
connector FIG. 91 in a second polarity position.

{163}  FIG. 95 i3 a perspective view of an alignment tab releasably attached fo a

multi-purpose boot of micro connector of FIG. 91,

[164] FIG. 96 is a perspective view of an alignment and offset iab releasably
attached fo a roulti-purpose boot of the micro connector of FIG. 81,

{165] FIG. 97 is a perspective view of a removal clip with an offset releasably
attached to a multi-purpose boot of micro connector of FIG. 91,

j166] FIG. 97.1 is perspsctive view of a clip of FIG. 97 attached {o a plural of
FIG, 91 multi-purpose boot of a micro connector of FIG. 91 secured to an adapter hook
assembly of FIG. 24,

{167} FIG. 98 18 a perspective view of a removal clip relcasably attached to a
mulii-purpose boot of micro connector of FIG. 91,

{168] FIG. 99 15 a perspective end view of a ploral of micro connector of FIG.
01 inserted into an adapter similar to FIG. 97.1 with a cross section “B-B”.

[169)  FIG. 100A 15 a perspective view along cross section “B-B” of a micro
connector of FIG. 91, latched into an adapter receptacle of similar to FIG. 24 with multi-

purpoese boot pushed in fully forward position.
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{178  FIG. 1008 s a perspective view along cross section “B-B” of a micro
conuector of FIG. 91 as multi-purpose boot (FIG. 92B) is partially pulled in direction
i

{171} FIG, 100C iz g perspective view along cross section “B-B” of a micro
connector of FIG. 91 as multi~purpose boot (FIG. 92B) is release from adapter hook but
still under influence of pulling force “P”.

1172 FIG. 101 is an exploded view of another embodiment of 2 micro
connector with a releasably attached clip defining a first and a second polarity.

{173]  FIG. 101 A s an assembly view of the micro connector of FIG. 101 ina
first polarity.

$174]  FIG. 101B is an assembled view of the micro connector of FIG. 101 in s
socond polartty.

{178  FIG. 1024 15 an assembled view of a plural of micro connectors with a
removal clip attached to multi-purpose boot and inserted into an adapter similar to FIG.
24,

{176] FIG. 102B is the perspeciive view of FIG 102A with the adapter
housing removed,

{1771 FI1G. 103A is a perspective view of a flexible cable with an alignment
and offset tab of FIG. 91 attached at a proximal end of a multi-purpose boot of FIG. 92B.

{178] FIG. 103B is a perspective view of a flexible cable in a flexed position
with an alignment and offset tab of FIG. 91 attached at a proximal end of a multi-purpose

boot of FIG. 92B.
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Detailed Deserintion:

{1801 This disclosure is not limited to the particular systems, devices and
methods described, as these may vary. The terminology used in the descoription is for the
purpose of describing the particular versions or embodiments only, and is not intended to
limit the scope.

{1811  As used in this document, the singular forms “a,” “an,” and “the” include
plural references unless the context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art. Nothing in this disclosure is to be construed
as an admission that the embodiments described in this disclosure are not entitled to
antedate such disclosure by virtue of prior jovention. As used in this document, the ferm
“comprising” means “including, but not limited t0.”

[182] The following terms shall have, for the purposes of this application, the
respective meanings set forth below.,

{1831 A connector, as used herein, refers fo a device and/or components
thereof that connects a first module or cable o a second module or cable. The connecior
may be configured for fiber optic transmission or elecirical signal transmission, The
connector may be any suitable type now known or later developed, such as, for example,
a ferrule connector {FC), a fiber distributed data interface (FDDI) connector, an LC
connector, a mechanical fransfer (M7} connector, a square connector (8C) connector, an
SC duplex connector, or a straight tip {(ST) connecior. The connector may generally be
defined by a connecior housing body. In some embodiments, the housing body may
incorporate any or all of the components described herein.

[184] A “fiber optic cable” or an “optical cable” refers to a cable containing
one or more optical fibers for conducting optical signals in beams of light. The optical
fibers can be constructed from any suitable transparent material, including glass,
fiberglass, and plastic. The cable can inchude a jacket or sheathing material surrounding
the optical fibers. In addition, the cable can be connected fo a connector on one end or on

both ends of the cable,
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[188] As discussed herein, current connectors may be improved by various
means, such as, for example, reducing the footprint, increasing the structural sivength,
engbling polarity changes, etc. Various cmbodimenis disclosed herein offer
improvements over the current state of the art, as will be further discussed below.

{1891  In some ombodiments, as shown in FIG. 3, 8 CS connector 300 may
comprise various components. Referring to FIG. 3, an illustrative embodiment of a €8
cormector 300 is shown in an exploded view to display detail. In some embodiments, and
as discussed further herein, a C8 connector 300 may have an outer housing 3081, a front
body 302, g latch 301.2 one or more ferrules 303, one or more ferrule flanges 304, one or
more springs 303, a back body 306, a back post 307, a crimp ring 308, and a boot 308. In
some embodiments, the back body 306 may comprise one or more protrusions 306.1
which may interlock with a window/cutowt 319 for backbody protrasion 306.1 in the
front body 302, This may allow for the back body 306 and the front body 302 o be
securely fastensd together around the ferrule(s) 303, ferrule flange(s) 304, and the
spring{s} 333,

{198] Referring now to FIG. 4, an embodiment is shown wherein the CS
connector 400 is assembled. In some embodiments, the assembled C8 connector may
have an outer housing 481, a front body 402, one or more ferrules 403, one or more
ferrule flanges (not shown}), one or more springs (not shown), a back body 406, a back
post (not shown), a crimp ring (not shown), a boot 409, and a push-pull tab 410

{1931 In some embodiments, the C8 connector may have one or more latching
mechanisms made up of a2 window 412 on the outer housing 401 near the push-pull tab
410 and a protrusion 413 on the front bedy. The latching mechanism made up of the
window 412 and protrusion 413 securely attaches the outer housing 401 to the front body
{niot shown}. In a further embodiment, the outer housing 401 may have a catch 401 2a to
receive a locking tab or latch 401.2 attached to the outer housing 401, The Iatch 401.2 of
the outer housing 401 is used to interlock with the pull tab 410 to release the C8
connector 400 from and o an adapter (not shown). As would be understood by one
skilled in the art, the push-pull tab 410 enables removal of the CS connector from the

adapter without requiring additional tools.
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{192]  As shown in FIG. 4B, in some embodiments, the latching mechanism of
the C8S connector 400 with the outer houging 401 may be made up of two main parts: a
window 412 and one or more protrusions 413. As illustrated in FIG. 4B, the outer
housing 401 can slide on to or be removed from the front body 402 by disengaging the
latching mechanisms formed by the protrusion 413 exiting through the window, whereby
it contacts a rear wall of the window (refer to FIG. 4 for an {llustrated example of the
outer housing being attached to the front body via the latching mechanism). In some
embodiments, the push-pull tab 410 may be pormanently attached to the outer housing
401, as shown.

(1931  In a further embodiment, the front body 402 may be removed from the
outer housing 401, rotated 180° as indicated by arrow 420, and re-inserted into the outer
housing. This allows for a change in the polarity of the front body 402, as shown by the
arrow diagram in FIG. 4, and therefore the ferrules can switeh quickly and easily without
unnecessarily risking the delicate fiber cables and ferrules.

[184] Referring now o FIG. 5, an embodiment is shown wherein the C8
connector 500 is assembled. In some embodiments, the assembled €8 conpector may
have an outer housing 501, a front bady 302, one or more ferrules 503, one or more
ferrule flanges {not shown), one or more springs {(not shown), 8 back body 506, a back
post {not shown}, a crimp ring (not shown}, a boot 509, and & push-pull tab 510, A
window or cutout 512 captures a protrusion 513 on the front body 502 to lock the front
body within the outer housing 518, A pull tab 510 is integrated with the outer housing
501 that upon pulling away from the proxtmal end or the ferrule 503 end of the
connector, a recess 511 releases a latch or hook (not shown} on the adapier (not showry
to allow the user to remove the connector S60 from an adapter.

[198] Referring to FIG. 5B, and umlike FIG. 4B, the polanity change
mechanism is the removal of the front body 502 from within the outer housing 501 by
depressing the protrusion 513 through the window 512, and pulling on the pull tab 510 in
a distal or rearward direction. The front body is then rotated in the direction of the arrow
520 {or in the opposite direction of the arrow without departing from the scope of the
present invention}, and the front body is then reinserted into an opening at the distal end

of the outer housing until the protrusion 513 is scated within the window 512 thereby
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focking the front body 502 imto the owter housing 501 forming the CS connector with an
opposite polarity.

{196] The polarity of 2 connecior is the relative location of the Tx (frapsmit
signal fiber path) and the Rx {read signal 8ber path) when inserted into a fixed adapter.
The fiber optic pathways are formed within a ferrule 503, with one fiber per a ferrule.

[197] Referring FIG. 5C another embodiment of a €S comnnector 400 is
disclosed. The ferrule assembly or LC type assombly of FIG. 5 is replaced with a MPO
ferrule assembly 570 with four fiber optic pathway. The MPQ ferrule assembly can have
any number of fiber optic pathways contained therein without departing from the scope
of the present invention. Any one of the LC type ferrule assemblies of the disclosed €8
connectors including but not limited to FIGY. 3, 4 and 5 may be replaced with the MPO
fiber optic assembly 570 without depariing from the scope of the present invention.
Referring to FIGS. 5D and 5E, the connector assembly 540 has a dual boot 509 each with
a corresponding backbody 506 housing and the boot and backbody are ganged or
combined into one boot and cable (refer to FIG. 158} in FIG. SE {o reduce overall duplex
connector assembly width. The figure numbers in SD and 3E correspond o FIGS. 5 and
3B,

[198] In some embodiments, it may be beneficial to connect two or more CS
connectors together fo increase structural integrity, reduce the overall footprint, and cut
manufachuing costs. Accordingly, as shown in FIG. 6, 3 CS connector 600 may in some
embodiments, utilize an outer housing 601 that is capable of holding two front bodies
602, Various other embodiments are disclosed heretn, and it should be noted that the
embodiments disclosed herein are all non-limiting examples shown for explanatory
purposes only.

[199]  Accordingly, although the embodiment shown in FIG. 6 utilizes a duplex
puter housing 601, additional or alternative embodiments may exist with more capacity.
As shown in FIG. 6, in some embodiments, the outer housing 601 may aceept two front
bodies 602, each with two separate ferrules 603, As shown, the front body(s} 602 may
securely fasten to the outer housing 601 via the latching mechanism 612 and 613, In
additional embodiments, the push-pull tab 610 may be modified, as shown, such that a

single tab can be used to free the two or more €8 connectors from an adapter. The pull
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tab 610 further comprises a catch 601.2a that depresses latches 601.2, in the direction of
the arrow, when the pull tab is retracted distally or rearward. As illustrated in FIG. 6, the
uni-body push~pull tab 610 and the outer housing 601 may have two windows 612 with
which to receive multiple profrusions 613 of the front body(s) 602. As discussed herein
the recesses 611 of the outer housing 601 are used to secure the CS connectors to an
adapter (not shown}. In one or more further embodiments, the C8 connectors may have
individual back bodies 606 and boots 609 (ie., one back body/boot per front body) as
shown.

[280] Referring FIG, 6B is another embodiment of a €S comnector with a
different release mechanism. The pull tab 610 is integrated to the latch 601.2 that when
the tab 610 is pulled rearward, the latch 6012 is pulled downward releasing it from a
corresponding structure located within an adapter {not shown). The latch 601.2 is
attached to the latch 601.2,

{2011  Alternatively, in some embodiments, such as that shown in FIG. 7, the
CS comnector 700 may have a single boot 709 and a duplex (i.e., uni-body} back body
706 instead of individual back bodies {e.g., such as shown in FIG. 6). In some
emabodiments, the duplex back body 706 may have different dimensions than that of the
individual back bodies of FIG. 6, such as, for example, they may be longer o
accommodate the need for routing the fiber after #t exits the boot 709. As with other
embodiments discussed herein, the US connector shown in FIG. 7 may also include an
outer housing {e.g., duplex outer housing) 701, one or more ferrules 703, at least one
latching mechanism formed by the protrusion (not shown) exiting through one or more
windows 712, and a push-pull tab 710 engaging a plural of latches 701.2. The boot 709
is a single boot rather than a pair of boots as shown in FIG. 6, o reduce the overall width
of the C§ connector and to help reduce cabling entanglement.

202} As stated, it may be beneficial to connect two or more C8 connectors
together to increase structural integrity, veduce the overall footprint, and cut
manufacturing costs. Accordingly, similar to FIG. 6, FIG. § shows a CS comnector 800
that may, in some embodiments, utilize an outer housing 801 that is capable of holding

multiple (e.g., four) front bodies 802,
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[203]  As shown in FIG. §, some embodiments may have an outer housing 801
able to accept up to four front bodies 802, each with one or more ferrules 803, As shown,
gach front body 802 may sccurely fasten fo the outer housing 801 via the latching
mechanism 812 and 813, In additional embodiments, the push-pull tab 8§10 may be
modified such that a single tab can be used to free the up to four 8C connectors from an
adapter. As illusirated in FIG. 8, the push-pull tab 810 may depress a plural of four
latches 801.2, which as discussed herein are used to secure the connector to an adapter
(not shown). In one or more further embodiments, the SC connectors may have
individual back bodies 806 and boots 809 {i.e,, one back bedy/boot per front body} as
shown.

[204]  Similar to FIG. 8, FIG. 9 shows an embodiment where the outer housing
801 is able to accept up to four front bodies 802, each with one or more fermles 503, As
shown, sach front body 902 may securely fasten to the outer housing 901 via the latching
mechanism 912 and 913, In additional embodiments, the push-pull tab 910 may be
modified such that a single tab can be used to free the up to four 8 connectors from an
adapter. As illusirated in FIG. 9, the push-pull tab 810 may depress a plural of latches
901.2, which as discussed herein are used to secure the connector fo an adapter (not
shown). Unlike FIG. 8, an slternative embodiment, such as that shown in FIG. 9 maybe
utilize a single back body 906 and a single boot %09 for the C8S connector of FIG 8. In
one or more further embodiments, the CS connectors may have individual back bodies
906 and boots 909 {i.c, one back body/boot for all four front bodies) as shown, The
backbody 906 may be reduced as shown in FIG. 10 1006 comprising a single boot 1009
that consclidates 909 boots, as shown in FIG. 10,

[2065] Refemring now to FIG. 10, various embodiments, as discussed hersin,
may exist such as adapter 1006 which recetves a plural of connectors 300. The connector
boots 309 are ganged into a single boot 1009, The pull tab 1010 depresses a phural of
latches 1001.2 on connector 300 to release the connector 1000 from the adapter 1006, It
should be understood by one skilled in the art that various other embodiments may exist
that are not explicitly shown. For example, an adapter with the capacity for 5, 6, 7, 8, 9,

1{ or more commectors may be utilized for various embodiments disclosed herein.
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{308}  Alternatively, in some embodiments the CS connector may utilize one or
more duplex back bodies with a single boot, similar o that shown in FIG. 7. Thus, similar
to FIG. 7, ag embodiment way allow for a further reduced footprint, less cabling, and
casier maintenance of the C8 connector. Accordingly, one or more embodiments may
have an ouler housing that may accept up to four front bodies, each with one or more
ferrules. In some embodiments, each front body may securely fasten to the outer housing
via a laiching mechanism. In additional embodiments, the push-pull tab may he modified
such that a single tab can be used to free the up to four front bodies from an adapter. The
push-pull tab may inclode four openings with which to receive multiple locking tabs of
the outer housing. As discussed herein the locking tabs of the outer housing are used to
secure the CS connectors to an adapter (not shown).

207  In further embodiments, the €S connector may utilize a single uni-body
back body with a single boot (i.e, that shown in FIG. 9). Thus, an embodiment may
allow for a further reduced foot print, even less cabling, and easier maintenance of the C8
commector. Accordingly, one or more embodiments may have an outer housing that may
accept up fo four front bodies, each with one or more ferndes. Each front body may
securely fasten to the outer housing via the latching mechanism as discussed herein. In
additional embodiments, the push-pull tab may be modified such that a single tab can be
used to free up to fowr CS connectors from an adapter. The push-pull tab may include
four openings with which to receive multiple locking tabs of the outer housing. As
discussed herein the locking tabs of the outer housing are used to secure the SC
conmectors o an adapter,

[288] Referving to FIG. 11, a set of four C8 connectors 400 are inserted into an
adapter 1114, As discussed herein, and shown in FIG. 11B, an outer housing 1101 may
comprise one or more recesses 1111, As discussed and shown herein, the one or more
recesses may allow for an adaptor 1114 to securely conmect fo the comnector 300,
Accordingly, in some émbmiiments, the adapier 1114 may have an adapter hook 11135,
which is flexible and can secure the connector 300 into the adapter via latching onto the
wall of the recess 1111, as shown. This latching takes place when the outer housing 1101

is pushed forward into the adapter 1114, The sloped portions of the outer housing 1101
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allow the adapter book 11135 to slide up and over the font of the outer housing thereby
securing the connector 300 into the adapter.

2091  Additionally or alteranatively, in some embodiments, such as that shown
in FIG. 110, a connector 300 may be removed from an adapter 1114 by pulling the
connector away from the adapter as indicated by the directional arrow. In some
embodiments, the force may be applied by a user via the push-pull tab 1110, As shown in
FIG. 11, as the connector 300 is removed from the adapter 1114, the flexible adapter
hooks 1115 separate and slide up the slope of the end of the connector and allow for
removal of the connector from the adapter.

{2318}  Referring to FIG. 12 and FIG. 13 the interchangeable capability of the
CS connectors described herein helps reduce configuration time. Referring to FIG. 12, a
S connector 400 similar to FIG. 5, is reconfigured to have its front body inserted into a
duplex adapter 700 then reconfigured to be inserted into a guad adapter 900, Tuming to
FIG. 13, the front body 502 is romoved from its outer housing 501 and converted from
the duplex connector assembly 700 into two single connector assemblies 1100A. The
user may mix and match CS connector emnbodiments without departing from the scope of
the invention.

[211]  Various benefits and details have beon discussed hercin with regard to
the S connectors and their modular ability {e.g., to include multiple connectors into a
single unit). In addition to the reduced fooiprint, structural improvements, and cost
reduction, various embodiments herein may also be beneficial with regard to reducing the
burden of cabling in a data center envirorunent. lustrative embodiments shown in FIGS.
14 through 14C depict cable configurations that can be used to reduce the complexity of
optical cables in a compsct environmment. Note that any of the optical connectors
described in this disclosure may be used in these embodiments, including the micro
optical connectors of FIGS. 218, 37, and 41, {o be discussed in detail below. FIG. 14
shows two duplex cables similar to the cable shown in FIG. 6. In some embodiments, one
or more detachable clips 1401 may be attached to two or more zip cables to prevent the
zip cables from splitting, This allows for two or more cables to be bundled and reduce the
risk of entanglement with additional cables. FIG. 14B is an illustrative example of how

easily an embodiment can soparate into two individual C8 connectors by unbinding the
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cables and thus quickly and easily creating two independent fiber optic channels that can
move independently. FIG. 14C shows an embodiment in which a duplex €8 connector
like that of FIGS. 6 and 14 is connected {0 two separate individual C8 commeciors,

[233]  In addition to binding existing fiber cables, some embodiments herein
may utilize a new four fiber zip cable. Referring now to FIG. 15, a conventional zip cable
{i.e., one with a single fiber strand 1520 per jacket 1521} is shown in comparison with an
embodiment in which two fibers 1522 per jacket 1523 are utilized. It should be
understood that this 18 merely a non-limiting example. In some embodiments, multiple
fibers may be included per jacket, such as, for example, four fibers per jacket in order to
utilize the single boot 909 and uni-body rear body 906 of the C8 connector shown in FIG.
9.

{313] A specific example using multi-strand cables is shown in FIG. 16 for
illustrative purposes only. It should be understood that numercus alternatives and
modifications are possible, such as, for example, that shown in FIGS. 18188 and FIGS.
19-19D. As shown, a switch {e.g., 100G switch} 1630 is shown with g fransceiver {e.g.,
100G transceiver) 1631, The transceiver 1631 has an adapter to receive two mini €8
duplex connectors 1632, From each of the two duplex connectors 1632, g four fiber cable
1633 extends to connect to various other connectors and fransceivers. In some
embodiments, as discussed herein, a clip {e.g., detachable clip) 1640 may connect two or
more cables {o.g., 1633) to ensure the zip cables do not come apart, As shown, one four
fiber cable 1633 is split into two two-fiber cables 1634, which are then attached to &
single CS simplex connector 1635 and placed into a transceiver {e.g., 253G transceiver)
1636. As further shown, one of the four fiber cables 1637 is connected to a single mini
CS duplex connector 1638, which is then inserted info another transceiver {e.g., 500G
transceiver} 1639,

214}  An additional or allernative embodiment is shown in FIG. 17. As shown,
one or more switches {e.g., 400G switches} 1730 and 1732 are shown with a transceiver
{e.g., 400G transcetver) 1731 and 1733, The first transceiver 1731 has an adapter that is
receiving two mind C8 simplex (single) connectors 1734 and one mini C8 duplex {(dual}
connectors 1735, From each of the two siruplex connectors 1734, a two fiber cable 1736

extends to connect {¢ various other connectors and transceivers. Similar to FIGS. 14 and
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16, some embodiments may have a clip (e.g., detachable clip) 1740 that may connect two
or more cables {e.g.,, 1736, 1738, eic.} to ensure the zip cables do not come apart. From
the mini C8 duplex connector 1735 a four fiber cable 1737 is split info two two-fiber
cables 1738, which are then attached fo a single CS simplex connector each and placed
intfo a transeeiver {¢.g., 400G transceiver).

{2151  Refoming to FIG. I8, a transceiver containing a quad of C8 connectors
2100 is shown 1800 assembled. The transceiver uses the same adapier structure (FIG.
24} to secure a S connector therein. A transceiver converts the fiber optic signal to
electrical signal for use by a computer sysiem. An exemplary transceiver is shown in
FIG. 36C. Referring to FIG. 19, a lower housing 1915 of the transceiver 1900 accepts an
adapter alignment assembly 2446 and a fiber stub assembly 1967, where the stub
assembly is attachable fo the aligrnunent assembly 2446. This is inserted into grooves
located in the transceiver inner housing as shown. Referring to FIG. 19B, fiber optic
stubs 1964 that are electrically connected to the computer network as inserted into the
stub assembly 1967 via alignment sleeves 2448,

[216] Referring to FIG. 20, a cross section of a C8 connector herein is partially
mserted into the transceiver housing. The connector alignment key 2103 is partially
within the transceiver housing 1915 when the connector front body 502 begins o engage
connector hooks 2425 formed as part of the adapter alignment assembly 2446, This aids
the user in orientating the connectors into the fransceiver before latching begins,

1217}  Accordingly, embodiments described herein allow for improvements
over the current state of the art. By way of specific example, connectors generally have
three types of fixed cables. Moreover, some cables may be bifurcated. As such, the cable
cannot be split once installed and the polarity of the cables cannot be changed.
Alternatively, the embodiments discussed herein may allow a user to change from a four
way to a 2-Duplex, to a 4-simplex connector, eie. {e.g., FIGS. 12, 13). Moreover, as
discussed herein, the individual €8 connectors can be split into individual connectors
anytime, even afler deployment. Additionally, as discussed herein, the polarity can be
changed within the CS connectors easily in a manner that does not risk damage to the one
or more ferrules. It should also be noted, as discussed herein that C8 conneciors are used

heretn merely for stmplictty purposes, and that various other connectors may be used in
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any embodiment {e.g., an MT connecior, such as that shown in FIGS. 5C, and the micro
optical connectors of FIGS. 4, 5, 7, 21, 37, and 41}

{218} FIG. 21 depicts an embodiment of a micro optical connector 2100,
shown in exploded view while FIG. 218 depicts the micro optical connector 2100 in an
assembled view. Micro optical connector 2100 may include an outer housing 2101, a
tfront body 2102, one or more forrales 2103, one or more ferrule flanges 2124, one or
more springs 2133, a back body 2106, a back post 2107, a crimp ring 2108, and a boot
2109, The outer housing 2101 may include 2 longitudinal bore for accommodating the
front body 2102 and a ferrule 2103, springs 2133 and backbody 2106, a connector
alignment key 2105 used during interconnection, a connector flap 2101.1 and an options!
pull tab 2110 to facilitate removal of the connector 2100 when connected in a dense array
of optical connectors. Optionally, the ferrules may be LC-type ferrules having an outer
diameter of 1.25 mm.

[218] Refomring to FIG. 21B, the proximal end of comnector has a ramp 2150
that engages an adapter connector hook 2425 surface. A recess 2111 at the connector
proximal end accepts the hook 2425 to secure the €8 connector within the adapter 2400,
A connector flap 2101.1 is configured to lock the front hody 2102,

[220] In prior art optical connectors, an inner enclosed housing was used in
place of open front body 2102, Front body 2102 includes top and bottom portions but no
sidewalls, termed “open sidewalls™ in this embodiment. By using front body 2102, space
occupied by the prior art inner housing sidewalls becomes available to increase the
density of optical connectors within a given footprint, an advantage over prior art
connectors. It was determined by the present inventors that the outer housing 2101,
corabined with the front body 2102, provided sufficient mechanical strength and ferrule
protection, advantageously providing the space for additional optical conmectors,
Removal of sidewalls increases available space by 1-2 millimeters.

{221} Note that, in this embodiment, the outer housing is configured to hold
two optical ferrules 2103, Typically, two optical ferrules may be used in a “transmit” and
“receive” pairing of optical fibers, called a doplex comnector. However, the outer
housing may be configured to hold more or fewer optical ferrules including a single

optical forrule, multiples of single optical ferrules, or multiple pairs of optical ferrules,
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depending upon the application. Further, the front body 2102 may be removed from the
outer housing 2110 and the front body placed i a larger outer housing with other front
bodies to form a larger optical connector in a manner o be discussed in more detail
below. In particudar, two front bodies may be used with a four-ferrule outer housing or
four front bodies may be used with an eight-fernule outer housing.

1222} Refomring to FIG. 22, CS connector front body 2102 is shown secured
into the outer housing 2101, The outer dimensions of the assembled CS connector are
shown as height 2297, width 2298 and ferrule pitch 2296,

{2231 Referring to FIG. 23, a pair of CS connectors (300, 2100} as disclosed
herein are inserted on opposing sides into an adapter 2400. The connector hook 2425 is
captured inv a conmector recess 2311 {vefer o recess 511 at FIG. 5 or 2111 at FIG. 21}
FIG. 23 call outs are directed {o the front body 2102 and back body 2106 of the connector
2100, Reforring to FIG. 23B, the connectors 2100 are partially withdrawn where the
adapter assembly connector hook 2425 is out of the connector recess 2111,

{224}  FIG. 24 shows an embodiment of an adapter used to secure one or more
CS comnectors. Referring to FIG. 19, portions of the adapter structure disclosed herein
are used with a fransceiver 1900 to secure one or more of the connectors disclosed herein.
The adapter 2400 comprises an adapter alignment assembly 2446 that is inserted info an
adapter housing 2440 and secured therein by an adapter housing hook 2442 further
comprising an adapter housing hook face 2442b engaging with a corresponding adapter
surface 4520 within the adapter housing 2440. Prior to insertion of the adapter assembly
2446, an alignment sleeve 2448 with a cutout 2449 ig inserted into an alignment sleeve
opening 24452 of an alignment sleeve holder 2445, The alignment sleeve cutouts 2449
allow the alignment sleeve to be compressed upon press fitting the sleeve into the sleeve
holder for a secure fit. The adapter housing 2440 has a row of connector hook openings
2443 and connector alignment slots 2447, The openings 2443 allow the connector hook
2425 o be displaced through the openings 2443 upon insertion of a connector 2100 into
the adapter where the connector ramp 2150 engages and lifls up the connector hook 2425
through an opening 2443, and the hook 2425 then rests in a connector recess 2111 upon
full connector insertion. This operation secures 8 connector in the adapter and is shown

in FIG. 34, The alignment slot 2447 engages a corresponding connector alignment key
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wom when coupled with the removal of inner housing walls and walls separating adjacent
forrules. This advantage is best seen in FIG. 22 which depicts the front of connector
2100 showing overall connector dimensions and ferrule pitch. The connector size 4.2 X
8.96 x 30.85mm (excluding optional pull tab 2110 and connector alignment key 2108}
with a ferrule pitch of 2.6 mm.

[231]  As best seen in FIG, 21B, the ouwter housing 2101 and the front body
2102 together provide a connector ramp 2950 {on the outer housing) wsed to guide a
connector hook into a conuector hook recess 2111 {in the front body 2102), also shown in
FIGS. 27 and 278, The connector hook, to be discussed in more detail below, may be
from an adapter or a transceiver 1o secure the opiical connector 2100 herein.

[232] The micro optical connectors 2100 may be used in g variety of
connection environments. In some applications, the optical connectors 2100 will mate
with other optical connectors. Typically this mating will occur within an adapter such as
the adapter 2400 depicted in FIG. 24 in an exploded view and depicted in FIG. 31 baving
four mating pairs of optical connectors 2100 latched therein. In other applications, as
when an optical signal is to be converted to an clectrical signal, the micro optical
connectors 2100 will mate with an optical receptacle in a transceiver assembly 1800 as
further shown in FIG. 36, Typically, transceiver 1900 may be found in a data center,
switching center, or any other location where optical signals are to be converted to
electrical signals. Transceivers are offen a part of another electrical device such as a
switch or a server, as is known in the art. Although much of the connection operation of
this embodiment will be described with respect to an adapter, 2400, it is understood that
substantially similar mechanical retention mechanisms are positioned within transceiver
1900 so that any description of connector refention in adapter 2400 applies in a
substantially similar way fo retention within transceiver 1900. An example of a
transceiver front end is depicted in FIG. 36B; as seen in FIG. 36B, the connection
environment is substantially similar to one-half of an adapter 2400, Referring to FIG.
36B, the reduced sized connectors, as described herein, are shown with improved non-
limiting and approximate dimensions with an adapier or transeeiver housing,

{233}  Tuming again to FIG. 24, further size reductions in the overall optical

assembly of connectors plus adapter or connectors plus transceiver may be obtained
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through various connection mechanisms to be described with respect to the adapter 2400
but alse apply to optical connection features within the front end of transceiver 3600,
The adapter 2400 includes an adapter housing 2440 having an adapter alignment
assemibly 2446 positioned therein. The adapter alignment assembly 2446 includes
aligrnent sleeves 2448 positioned within alignment sleeve oponings 24435a of alignment
sleeve holders 2445, The adapter alignment assembly further includes connector hooks
2425 that will grip optical connectors 2100 through front body connector hook recess
2111 of FIG. 21B. As seen in FIG. 30, comnector hooks 2425 include an inner surface
3010, The mmer surface engages with the connector ramop area 2150 lifting the connector
hooks 2425 as discussed herein. The adapter alignment assembly 2446 further includes
connector alignment slots 24453 that mate with the ferrule 2103 of FIG. 21, The
connectors 2100 are received through an opening of the adapter housing 2440

{234]  Another tmprovement in adapter size is obtained by remeving prior art
adapter walls between adjacent connectors. This is best seen in the front view of an
assembled adapter shown in FIG. 26, As scen, pairs of ferrole alignment sleeves are
separated only by connector gap 2610 with a 4.35 mm pitch between adjacent connectors.
The adapter size 18 19.0 x 10.71 x 32.5mum (excluding the adapter flange). The reduced
pitch is accomplished by removing side walls as shown in FIG.1 between the recepiacies
102, 108,

{2381 FIG. 31 depicts the adapter 2400 with four pairs of mating connectors
2100 laiched therein. Note that in the latched configoration FIG. 34, connector hooks
2425 do not extend through the adapter housing opening 2443 when the connector 2100
is latched in the adapter housing, This is further visible in the cross-sectional view of an
assembled adapter 2400 of FIG. 25. Connector alignment keys 2103 are positioned
within connector alignment slots 2447, As seen in the cross-sectional view of FIG. 23,
the push-pull tab 2010 may extend beyond the connector boot 2109 providing clearance
to easily grip the tab and remove a connector. The flap 2401.3 secures the adapter
housing into a rack or panel,

{236] To further reduce the size of optical connectors and associated mating
components, the adapter housing 2440 includes conmector hook openings 2443,

Connector hook openings 2443 accommodate the clearance required by connector hooks
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2425 when they flex wpwards prior to latching with connectors 2100, The interaction of
the connector hook 24285, having an inclined inmer surface 3010, with the connector hook
opening 2443 is best seen in FIGK, 32B and 34-C. Prdor to latching (FIG. 34}, the
connector hook 2425 is in an unflexed condition within the adapter or transceiver. As the
connector 2100 is inserted into the adapter housing 2440 or the transceiver 1900, the
connector ramp 2450 pushes against the connector hook inner surface 3010, flexing
comnector hook 2425 into the connector hook opening 2443. Without providing the
opening, additional clearance would need to be provided to accommodate the flexing of
the connector hook 2423 as depicted in the prior art connector/adapter of FIG. 32. As
seen in FIG. 32, a connector latch gap 3210 must be provided in the prior art t©
accommodate the prior art connector hooks, increasing the overall footprint of the prior
art connector. By providing connector hook openings 2443, approximately 2.25mm of
valuable foolprint real estate is obtained which may be used to increase commector
density. Referring to FIG. 32, the reduction in the connector latch gap 3210 is shown
with the use of the connector hook openings 2443 in the call oul rectangle.

{237}  Referring to FIGS. 34, 34B and 34C, the position of the connector hook
2425 is illustrated before, during and after laiching as a connector disclosed herein is
pushed into an adapter receptacle. As the front surface 301 is lifted by the connector
ramp 2450 (FIG. 34B), the full insertion of the connecior herein results in the conmector
hook 2425 engaging the connector recess 2711

{238] Through the various features described above, the density of optical
connectors 2100 that may be provided in the standard transceiver footprint connector
spaces may be doubled. For example, in 2 small form factor pluggable (SFP) footprint of
14 x 12.25 mum, two connectors 2100 having fowr LC-type ferruldes 2103 of 1.25 mm
outer diameter may be accommodated as seen in FIG. 338, Similarly, in 2 quad small
form factor pluggable {QSFP) footprint of 13.5 x 19mm, four connectors 2100 having a
total of eight LC-type ferrules 2103 may be accommodated as seen in FIG. 33. Further,
by providing the connectors in transmit and receive pairs, greater flexibility in optical
routing is obtained, as demonstrated by previous FIGS. 16 and 17,

238]  Tuming to FIG. 37, another embodiment of a micro optical connector is

depicted. In this embodiment, the last two digits of each element correspond to the
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sumilar elements in the micro optical connector of FIG. 21 et seq. In FIG. 37, connector
3700 may include an outer housing 3701, a front body 3702, a connector ramp 3750, one
or more ferrules, one or more fervule flanges, one or more springs, a back body 3706, a
back bédy protrusion 3706.1, a back post, a crimp ring (depicted with an optional heat
shrink tube extending therefrom), and a boot. The outer housing 3710 may include a
longitudinal bore at the distal end for accommodating the front body 3702 and a ferrule
assembly, a connector alignment key 3705 used during interconnection, a connector flap
3701.1 and an optional pull tab to facilitaie removal of the connector 3700 when
connected in a depse array of optical connectors. Optionally, the ferrules may be LC-
type ferrules having an outer diameter of 1.25 mm.

248} In FIG. 38 an isometric view of the front body 3802 is depicted. In this
embodiment, the back body hook cutout 3819 has been moved forward, advantageously
strengthening the assembled connector in side load environments. An aligoment tab
3820 is provided for mating with a receiving recess 3980 on the back body. The
commector hook recess 3811 operates in a substantially stmilar manner to the recess of
FIG. 21, described above. A ferrule flange alignment slot 3810 is also provided.

241} In FIG. 39, the back body 3906 is depicted, showing alignment tab
recess 3980 for recetving alignment tab 3820, The back body hook 3906.1 is configured
to engage and be seated into a hook recess 3819 at the back side of a front body 3802 on
of the back body through extended hook arm 3998, Through the extended hook arm
3996 and the alignment tab 3820, breakage during side loads is reduced as the load is
redistributed mors evenly across the entire connector, reducing stress on the back post. A
chamfer 3924 is added to reduce stress on the front body cutout 3810, as the chamfer
engages the undesside of the alignment tab 3820 and lifts i until the hook 3906.1 is
seated in the cutout 3819,

{242} As seen in FIGS. 40-40C, the assembled front body 3702 wmay be
removed from the outer housing 3701, rotated 180° as indicated by the arrow (FIG. 40B),
and re-inserted into the outer housing (FIG. 40C). This allows for a change in the polarity
of the connector by removing and rotating the front body 3702, and therefore the ferrules
cant be switched quickly and casily without unnecessarily risking the delicate fiber cables

and ferrules. Referring to FIG. 40, the micre connector 3700 is fully assembled. To
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remove a front body 3702 to change connector polarity, as shown in FIG. 40B, one or
more flex tab 3703 are lifted owtward to release the front body 372 for removal in
rearward in the direction of the arrow “R”. Referring to FIG. 40C, to complete the
polarity change, after rotating the front body 3702 by 180 degrees as shown in FIG. 408,
the front body 3702 is inserted into the outer housing in the direction of arrow “F”. As
described previously with respect to FIGS. 35-35C, connector flap 3701.1 is flexed
outward to release the front body from the outer housing,

{2431 Tuming to FIG. 41, another embodiment of & micro optical connector is
depicted. In this embodiment, the last two digits of each element correspond to the
similar elements in the micro optical connectors of FIG. 21 and FIG. 37. In FIG. 41,
connector 4100 may include an outer housing 4101, a front body 4102 one or more
ferrules 4103, one or more springs 4133, a back body 4106, 8 back post (not shown in
FIG. 41} a camp ring 4108, and & boot 4109, The outer housing 4101 may include a
connector flap 4101.1 and an optional pull tab 4110 1o facilitate removal of the connector
4100 when connected in a dense array of optical connectors. Optionally, the ferrules may
be LC-type forrnies having an outer diameter of 1.25 mm.

[244]  As seen in FIG, 42, the font body 4101 in this embodiment includes a
middie wall 4260 interposed between the ferrules and springs when the font body is
assembled. This middle wall reduces the possibility of the springs becoming entangled
with each other, binding the connector and breaking the optical fibers. The front body
4101 also tneludes an alignment cut out guide 4628, seen in the side view of FIG. 42B.
The alignment cut cut guides the back body 4106 into the front body 4101 during
assembly of the connecter, and also further reduces the side load that leads to connector
breakage or disconnection of the front body and the back body 4106.

[245]  Back body 4106, depicted in FIG. 43, includes an alignment guide 4377
that fits into the alignment cut out guide 4625 of FIG., 428. The wall structure 4378 act
as a stop with the front body {o prevent over-compressing of the springs, and provides
strength under a side load.

{2461  Various modifications to the outer housing, depicted in FIGS. 44-44C,
may be used with any of the micro optical connectors depicted in FIGS. 21, 37, and 41 or

earlier embodiments. In FIQ. 44, the push-pull tab 3810 may include a release recess
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4473. Release recess 4473 permits insertion of a tool or fingemail fo remove the
connector from an adapter or iransceiver, without disturbing adjacent connectors.
Similarly, FIG 448 depicts a release hole 4499 in push-pull tab 3710 to permit insertion
of an extraction tool to remove the connector from an adapter or transceiver, FIG. 44C
shows a modified connector flap 3756 with an increased cutout size of 1 mm to make it
gasier to insert a tool or a finger to flex the flap 3701.1 and remove the front body
assembly when making a polarity change or aggregating the front body with other front
bodies in a larger outer housing.

{2471  Another embodiment of an adapter/transceiver front end is depicted in
FIG. 45, Unlabeled elements are substantially similar to elements depicted in FIG, 24
In this FIG., adapter housing hooks 4542 can be seen along with connector hooks 4528,
Turning to the cross-sectional view of the assembled adapter in FIG. 46, the engagement
of these elements may be seen. The adapter housing hook 4542 engages and locks
behind protrusion 4520 on the inside wall of the adapter housing 4540

{248]  Another embodiment of an optical connector 4700 is depicted in FIG.
47. Here, many of the elements are substantially similar to earlier embodiments with the
emphasis being on the back body, 4706, A more detailed view of the back body 4706 is
presented in FIG. 48, In this embodiment, the back post 4808 flange has a rectangular
shape in order to narrow the overall connector profile by approximately .5 mm. Back
post overmelding 4859 accommodates the back post flange 4857 and reduces the
potential for back post breakage. The back wall 4853 is extended in length to 3 mm from
1.5 mm to improve the side load sirength of the overall connector. The crimp ring
positioning 4855 is inverse from ecarlier embodiments to fmprove holding of aramid fiber
from an optical fiber cable, improving cable retention of the back post.

{2491 Many advantages are achieved by the backpost of FIG. 48, In addition
to increased connector strength, 8 longer fiber path 4928 is provided as shown in FIG. 49,
This longer fiber path, approximately 1.5 mm longer than in previeus embodiments,
allows for a gentler curve as the fibers are split from the fiber optic cable, improving
inserfion and refurn loss of the fibers. In FIG, 49, the back wall 4853 can be seen as a

portion of the back body 4706.
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12358}  In view of the varicus modifications of this embodiment, FIG. 50 depicts
a comnector 4700 front view showing overall reduced connector width of 3.85 mm. Such
a size reduction permits 4 optical connectors {a total of 8 ferrules) to be accommeodated in
a fransceiver or commector footprint of 16mm (Including tolerances). Thus the connectors
of the present invention may be used to comnect § LC-ferrule-housed fibers it a QSFP
footprint.

1351]  To further decrease the space required by the optical connectors, a side
thickness reduction is carried out on the boot of comnector 4700,  Side thickness
reduction 5135 narrows the thickness of the boot on either side, reducing the space
required by the boot to the 3.85 mm profile of connector 4700, Thus four connectors will
fit in the fixed QSFP transceiver footprint. This footprint is shown in the adapter front
view of FIG, 52 as noted above, the front view of an adapter and that of a transceiver are
substantially similar from the optical perspective. In this FIG. 52, the adapter inner wall
18 reduced from 174 mm to 16 mm. All of the modifications set forth in the FIG. 47
seq. embodiment make it possible for a plural of connectors to fit in the profile of FIG.
52.

[252] Reforring to FIG. 52, a perspective view of another adapter/connector
system is disclosed. The adapter housing 5244 has a3 cutout opening as shown that gives
a user access to Lift lateh 3212 to release conmector hook 5225 and allow a user to
withdraw the connector 3200 using pull tab 5210 from the adapter housing 5244. The
adapter housing 5240, FIG. 528, does not have a connector hook 2425 required, as the
fatch 5212 engages the backside of a connector hook face 3287 to secure the connector in
the adapter, as shown in FIG. 52, the underside latch 3212a engages the hook surface
5225, Tuming fo FIG. 52C, the hook surfaces 5225 of the pull tab are lifting the latch
5212 that relsases the comnector from the adapter. FIG 52D illustrates the pull tab
inserted in the adapter housing with the latch 5213 locking down the tab 5225 by the
elastic force of the pull tab in the direction of the arrow. FIG. 52E shows polarity change
where the pull tab 5210 has been removed from the front body 5202 flipped and just prior
to insertion onto the latch as shown in the direction of the arrows.

{253] Referring to FIG. 53 another cmbodiment of C8 écnnectar 5300 is

disclosed. In thiz smbodiment, the last two digits of each element correspond to the
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similar elements in the micro optical connector of FIG. 21 et seq. The pull tab 5310 is
removable by inserting & too! into an access slot 5329 and lifting the pull tab 5310 off the
outer housing 5301, and exposing the front body 5302, The operation of the polarity
change mechanism is shown in FIG. 54. The wing 5327 (bottom wing not shown) aid in
the removed of the outer housing 3301, In FIG. 53, an offset alignment tab 5305 is move
toward the distal end of the pull tab 5310, this allowed the adapter alignment slot 5705 to
be reduced in size increasing adapier housing sirength. A chamfer was added to the
connector ramp 3710, {o remove tightness on the C8 connector 2100 upon insertion. As
discussed herein, the adapter walls where reduced providing a gap 2610 that allows more
connectors fo fit within the standardized adapter opening. The connector recess 5311 was
increased to remove the side cutouts 4301.1 for example further reducing overall
connector width when the opposing structure on the front body 5302 neared the outer
housing wall was removed. The removed material was added {o the middle wall o
increase strongth o hold forrule springs in place. The side bar 5323 provides an adjacent
connector support and aids in removing and releasing the connecior when the side bar is
chamfered. The opposing side comprises an aligrument cutout 3324 which is shown in
FIG. 59. Turning to FIGS. 5338 and 63, the back post 6330 top surface 6379 engages
with corresponding outer housing cutout 5379 and bottom surface 6379 engages with
corresponding outer housing culout 3378b. This secures the back post and front body
5302 within the outer housing 5301, The back post front body hook 6324 top surface (as
shown) is configured to mate with outer housing 5301 fop surface 5379 for aligning the
hackpost 6330 within the outer housing,

{254} Referring to FIG. 53C, a cross section side view of the micro connector
or FIG. 53 further comprises an outer housing latch 53012 located on one or both sides of
the housing 5301 fo secure the outer housing 5301 to a front body 5302 via g
corresponding front body cutout 5302a. Comparing to FIG. 40 to FIG. 40C, a flex tab
3703 was lifter ontward to remove a front body 3702 from an outer housing 3701 o
change connector polarity. Referring to FIG. 53C, a latch 5301a replaces the flex tabs on
the outer housing 5301, Lifting the latch 5301a omt of cutout 53024, and pulling rearward
the outer housing 5301, then the front body 3302 can be rotated 180 degrees as shown in
F1G. 40B to change polarity upon reinserting the front body 5302 back into the outer
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housing S301 similar shown in FIG, 40C. Moving the outer housing release to the top of
the conmector provides for easier access to change connector polarity.

{288} Tumung to FIG, 54, the operation of the polarity change mechanism
using the outer housing 5301, where the pull tab 5310 is integrated with the outer
housing. In FIG. 54, the C8 connector 53 is fully assembled. The user inserts a tool in
access slot 5329 and lifts off the outer housing 5301, The front body 5302 is removed
with the boot and cable attached as shown, Turning to FIG. 54C, the outer housings
rotated 180 degrees, as shown by the arrow, and placed back over the front body 5302 in
the direction of the second arrow as shown. The reversed polarity C8 connector 5300 is
shown fully assembled in FIG. 54D.

{256] Referring to FIG. 55, the connector 53300 is shown just prior to insertion
into the adapter at the top view. The connector is partially inserted in the center view,
were an connector hook {or adapter hook} 55235 has not vet been seated in the connector
recess 3511, and the bottom view shows the hook 5252 seated in the recess 5511, This
operation is similar fo the operation shown in FIG. 34,

{2571 Referring to FIG. 56, the adapter 5600 is shown without the adapter
aligrment assembly inserted thercin. The connector hook openings 2443 where changed
over to a rectangular shape 53643 for case of machining and acoess to the connector hook
in case of a connector getting stuck. The opening 5644 accepts the adapter hook 5442 to
secure the adapier alignment assembly 5746 in the adapter housing. Raised grooves 5631
where added align the comnectors and to provide some support as separating walls of the
prior art adapter are removed, as discussed herein increasing the overall available space
for multiple C8 connectors with an adapter housing,

{258] Refeming to FIG. 3§, the adapier 3700 is shown with a CS connector
5300 fully inserted therein. The raised grooves 5831 engage the outer housing 5302 and
help reduce the connector from jumping into the next adapter port upon insertion. The
distance between the ratsed grooves corresponds to the width of the outer housing. The
raised grooves eliminated the inner walls of the adapter that created adapter ports or
receptacles.

{2591  Referring to FIG. 39, is a close view of two connectors with the side bar

5325 of the first connector overlapping with the side bar 5325 of the second connector, as

Docket No. S09100US00.7(P1 170US00) 57 37



ot
24}

P

et

ot
wonst

g

sopees;
]

b 1,
e

75

Py

ey
Fe)
W\\M\.
]

Pl




(4]

10

is

30

hook 6742 may be integrated into the connector, as shown in BTW micro connectors
{6700, 6800), or the adapter hook is integrated inio an adapter housing. In all BTW
embodiments, & protrusion (6713, 7113) is located on one or both sides of the BTW
housing. The protrusion latches inio a corresponding adapter opening (6743, 6843a), as
further described herein.  The adapter housing 6740 llustrates a plural of spring push
holders inserted into therein,

263] Referring to FIG. 68, a second embodiment of an adapter hook assembly
6846b is ilustrated with the hook assembly integrated as part of the spring push holder or
houstng 6801, The assembly further comprises a recess 6811a that receives a sleeve
holder 68435, In all BTW embodiments, the spring push holder will go directly over an
adapter sleeve holder 6845. The assembly further comprises & protrusion 6913, The
protrusion 6913 latches into a corresponding adapter housing opening 6843a.  As the
spring push 6800 is pushed into an adapter recepiacle an adapier hook 6825 passes
beyond the adapter opening 6843a and comes to a stop as seen through adapter opening
6843. The inclined surface 6826 of hook 6825 lifis adapter housing tab 6843b, and the
face 6842 further lifls the tab 6843b until the protrusion 6913 locks in opening 6843a. A
priotrusion face 6842b locks in place within opening 6843a.

[264] Referring to FIG. 69, a forrule flange 6904 is shown fully inserted into a
sleeve holder 6945. A spring 6733 is over the flange 6904 and up against a flange collar
6804a. Referring to FIG. 70, as a spring push holder 6800 is inserted into an adapter
receptacle, the protrusion 6813 latches into the adapter housing opening 6843a. This
compresses the springs 6833, which in turn lock the ferrule flanges in position. A fully
inserted push spring holder 7000b is ready for use with a corresponding ferrule or
fransceiver inferface on an opposite side of the adapter housing 6840,

[265] Referring to FIGS, 71 and 72, an adapter housing (7140, 7240) further
comprises an adapter laich area 7120 integrated info the housing. Turning FIG. 71, a first
embodiment of a spring push holder comprises a protrusion 7113 with a face 7142b that
latches info adapter latch area 7120,  Turning to FIG. 72, a second embodiment of a
spring push comprises a latch 7201.2. The push spring holder is inserted into an adapter
receptacle when the spring push is moved in the direction of a first arrow 72002 fo a

second arrow 7200b into an adapter receptacle. The spring and ferrule flange assembly
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individual lock, depress the release arm 8373 in the direction of the arrow “I¥”, which
results in the locking protrusion 8375¢ moving out of recess 83704, and the removal tool
8370 is pulled rearward. When release arm is depressed the corresponding micro
connector 15 retained in an adapter {not shown), while the remaining corresponding micro
connectors, of the plural of micro connectors 8200, are removed from an adapter {not
shown).

i2731  Referring to FIG. 84, g third embodiment of a removal tool 8470
comprises a plural release arms 8475 corresponding to the number of micre connectors
3700, I is understood the plural of micro conneciors can be a micro connector 2100 or
5300 with departing from the scope of the invention. Referring to FIGS. 85A to 85C, the
operation of the tool 8470 is disclosed. In FIG. 854, a release arm 8375 is in an
unlocked position with ifs corresponding release arm locking protrusion 8575¢ disengage
from a corresponding recess 8570¢ located in the tool 8370, Referring o FIG. 83R, the
release arm 8575 (in a locked position) is moved to a proximal end or in the direction of
arrow “A” (rvefer to FIG. 85A), and the release arm locking protrusion 8575¢ engages a
flexible latch 8570b integrated with a housing of the removal tool 8570, and moves into a
recess 8573 located at a distal end of a pull/push tab release 8510 atitached to micro
conmector 3300 or 3700, In a locked position, upon removing the tool 8570 or pulling it
rearward one or more micro connectors are removed or unlaiched from an adapter {not
shown}., If the release arm is in an vnlocked position, upon removing the tool 8570 the
ong Or more micro conneclors are not removed or remain latched in an adapter (not
shown). Without departing from the scope of the invention, one or more micro
connectors of a plural of micro connectors, with any of the removal tools, the release arm
may be positioned in an unlocked or locked configuration, and upon pulling the removal
tool rearward, the corresponding micro connector that corresponds fo a release arm is not
removed or removed from an adapter.

2741 Referring to FIGS, 86, 87A-878, a fourth embodiment of a removal ool
to remove one or more micro connectors from an adapter (not shown) is fully assembled
8600 in FIG. 86, Still referring to FIG, 86, the plural of micro connectors 3700 or micro
connectors 5300 withowt departing from the scope of the invention, have attached at the

distal end of a pull/push tab 8610 a removal tool 8670, The removal tool further
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to the boot 9100.1 via boot hook 9108.5 (FIG. 91B) that engages a second slot 9201.4 in
a front body 9201, Referring to FIG. 918, the multi-purpose boot 9109.1 comprises a
releasably attached alignment and offset tab 9105.1. The tab 9105.1 has 3 protrusion
8105.2 at a proximal end that engages a first slot 9201.3 in the front body 9201 to further
secure the multi-purpose boot 9109.1 o the front body 9101,

[281] Refaring to FIG. 924, a front body 9210 is shown in a second polarity
orientation “B” comprising a first slot 9201.3 and a second slot 9201.4. The multi-
purpose boot assembly 9209.1 (FIG. 92B) is inserted at a distal end of the fromt body
9201 shown in the direction of arrow “I”. Referring to FIG. 928, a multi-purpose boot
assembly 9209.1 comprises an alignment and offset tab 9205.1, as described herein, a
boot hook 9209.5, a side bar 9024 that is configured (as described herein) to engage a
back body 9206, a front body 9201 and a plural of ferrules 9202, The proximal end of
the assembly 9209.1 is inserted into a distal end of the outer housing 9210 (FIG. 92A) in
the divection of atrow “I”. Upon insertion, the outer housing 9201 engages with multi-
purpose boot 9209.1 as shown by the dotted lines between a first slot 9201.3 and a second
slot 9201.4, engaging protrusion (not shown} on alignment key 9205.1 and boot wing
92095 respectively.

1282] Referring to FIG. 93A, the front body 9201 and assembly 9209.1 are
assembled. Referring to FIG. 938, the multi-purpose boot assembly 9209.1 is rotated in
the direction “R” to convert from a first polarity (FIG. 93A) to a second polarity (FIG.
83D). The boot hook 9208.5 further comprises a chamfer 9308.2. The chamfer engages
a wall 9301.5 and 1ifis the hook 9209.5 out of the distal end of front body 9301, and the
profrusion $1035.2 lifts out of the second slot 9201.4 thereby allowing the boot assembly
to rotate as shown in the direction “R”, FIG, 93B. Referring to FIG. 94C, further rotation
of boot assembly 9309.1 results in a change o a second polarity shown in FIG. 930
FIG. 93D, the side bar 9324 {as well as alignment key 93051} are in a “2% Polarity”
position, and when the micro connector is inserted into an adapter (not shown), the micro
connector is oriented with the key 2308.1 “up” so as not to get block by corresponding
adapler strocture (refer to FIG. 24). The ferrules are reversed the top ferrule is now the

bottom ferrule, and this results in a second polarity configuration. The second polarity
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being different from the first polarity, that is, Rx receive signal is now Tx transmit signal
path and vice versa.

{283} FIG. 94 1s the micro connector 9100 with a cross section along “A-A”
line as further shown in FIGS. 94A through 94F further {llusirating polarity change using
the multi-purpose boot 8209.1. Referring to FIG. 94A, a front view of the cross-section
cut “A~A” of the micro connector of FIG. 94 (FIG. 91) further comprises an opening
through which fiber cabling (not shown) travels, and a orimp ring surface 9407.1 that is
further surrounded by an Inner round 9409.4. Referring to FIG. 94A.1a, the inner round
8409.4 engages a back post surface 9406.7, FIG. 94A.1h, as the assembly 9209.1 is
rotated.  Referring back to FIG. 94A, the boot hook 9100.5 further comprises a first
chamter 9409.2a and a first stopping wall 9409.33, and a second chamfer 940926 and a
second stopping wall 9409 33, in a first polarity position.

[284] Referring to FIG. 94B, rotating of the boot assembly is started and
chamfer 9409.2a engages wall 9301.5 and begins to lift tab 9405.1 oul of the second slot
9201.4. Referring to FIG. 94C.1 upon further rotation in direction “R”, the tab 8401.5 is
Lift out of slot 9201.4 at a top and bottom surface of the outer housing 9401, Referring to
FIG. 94C.2, the rotation of the boot assembly 9409.1 is shown as it exits the ouler
bousing of connector 9100, The chamfer 9409.2b exits first from this view. The tab
94035.1 is moving around the outer housing body is a clockwise direction, in this view,

{288] Referring to FIG. 94D.1, the tab 9405.1 is almost in a second polarity
position as shown, with the chamfer 9409.2b in an opposite orientation to itself in FIG.
94A. Referring to FIG. 94D.2, the connector 8100 shows the chamfer 9409.2b in the
opposite position to that of FIG. 94C.2, indicating the connector is close to its second
polarity configuration.  The tab 9405.1 is at botiom surface of outer housing 94061, FIG.
94E shows the connector 9100 along cross section “A~-A” in its second polarity position,
with chamfer $409.2b in the second slot 9401.4 at the top surface of outer housing 9401,
The polarity tab 9403.1 is at the bottom swrface of the outer housing 8401 indicating the
connector 18 in a second polarity configuration.

[286] Referring to FIG. 95, a second embodiment of the polarity changer
comprises an alignment and offvet tab 9540 that further comprises a clip 9580 that
releasably attaches to the boot assembly 9209.1 at clipping surface 9957, FIG. 101, Clip

Bocket No. S08100US00.7(P1170UISG0) 66 46
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the connector recess 9211 (and described in FIGS. 34-34C).  The distance “d” occurs
because the boot wing 9208.5 engages the outer housing face 9301.43, and pulls the outer
housing 9201 rearward. As the outer housing 9201 is pulled rearward the connector is
released from the adapter receptacle. The interface 9100.8 distance “d” or the amount of
separation between the distal of the back body and proximal end of the boot assembly
0209.1 will continue to increase to a8 maximum distance “dmax”, FIG. 100,

{291} Referring to FIG. 100C, once the boot assembly 9209.1 is pull “P”, the
connector 9100 is released from within the adapter. The adapter hook 2425 is completely
out of the connector recess 9211, and “dmax” is oblained at the interface 9100.8. The
connector release 18 also shown at FIGS. 37-37C.  Once the pull force, “P”, s release
from boot 9209.1, the interface 9100.8 returns to that of FIG. 100A,

i292] Referring to FIG. 101, another embodiment of a polarity change is
disclosed using the clip/tab 9600 of FIG, 96. The aligranent/offset clip 9600 is attached
to boot clip surface 9973 as shown by the dotted line. Attaching the clip 9600 to a first
side of the boot 9209.1 is in first polarity configuration, and attaching clip $600 is 2
second side is in a second polarity configuration. Referring to FIG. 1014, a first polarity
configuration is assembled with clip 9600 attached to boot 8209.1 of connector 8100,
Referring to FIG. 101B, a second polarity configuration is assembled with clip 9600
attached to the opposite side of boot $209.1.

12931 Referring to FIG. 102A, a plural of connectors 9100 is inserted into an
adapter {similar to FIG. 24}, with a removal clip 8975 attached {o a distal end of the boot
assembly 9209.1. Unlike shown n FIG. 89, the gang clip is attached to the boot. The
clip 89752 may be attached at an opposite side and indicate the opposing polarity. As
described herein, the gang clip will remove the plural of connectors from the housing
together as a single unit. Referring to FIG. 1028, the adapter housing 2440 is removed
showing the adapter hook system (FIG. 62) that secures the phural of counectors 810¢
into the adapter.

{294] Referring to FIG. 1034, a flexible cable is attached at the distal end of
the boot assembly 9209.1. FIG 1038 shows the cable flexed.

1293}  In the above detailed description, reference is made to the accompanying

drawings, which form a part hereof. In the drawings, similar symbols typically identify
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terms of “comprising” various components or steps (interpreted as meaning “including,
but not Himited to”), the compositions, methods, and devices can also “consist essentially
of” or “consist of” the various components and steps, and such terminology should be
interpreted as defining essentially closed-member groups. It will be further understood by
those within the art that if a specific ouraber of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the absence of such recitation
no such intent is present. For example, as an aid to understanding, the following
appended clatms may contain usage of the introductory phrases "at least one” and "one or
more” to infroduce claim recitations. However, the use of such phrases should not be
construed to imply that the infroduction of a claim recitation by the indefinite articles "a"
or "an" hmits any particular claim containing such introduced claim recitation fo
embodiments containing only one such recitation, even when the same claim includes the
mtroductory phrases "one or more™ or "at least one" and indefinite articles such as "a® or
“an" {for example, “a” and/or “an” should be interpreted to mean “at least ong™ or “one or
more”); the same bolds true for the use of definite articles used to infroduce claim
recitations. In addition, even if a specific number of an iniroduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (for example, the bare recitation of "two
recitations,” without other modifiers, means at least two recitations, or two or more
recitations}, Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, et ceters” is used, in general such a construction iz intended in the
sense one having skill in the art would understand the convention (for example, © a
system having at least one of A, B, and C” would include but not be limiled to systems
that have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, et cetera). In those instances where 8 convention
analogous to “at least one of A, B, or C, et cetera” is used, in general such & construction
is intended in the sense one having skill in the art would understand the convention (for
example, “ a system having at least one of A, B, or C” would inchide but not be limited to
systems that have A alone, B alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, et cetera). It will be further understood by those

within the art that virtually any disjunctive word and/or phrase presenting two or more
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alternative terms, whether in the description, claims, or drawings, should be understood
to contemplate the possibilities of including one of the terms, either of the terms, or hoth
terms. For example, the phrase “A or B” will be understood to include the possibilities of
“Aor“Bor“Aand B

2891  In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[308]  As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing & written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same
range being broken down into at least egual halves, thirds, guarters, fifths, tenths, et
cetera As a non-limiting example, each range discussed herein can be readily broken
down inte z lower third, middle third and upper third, et cetera As will also be
understood by one skilled in the art all language such as “up t0,” “at least,” and the lke
include the number recited and refer to ranges which can be subsequently broken down
into subranges as discussed above. Finally, as will be understood by one skilled in the art,
& range includes each individual member. Thus, for example, a group having 1-3 cells
refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to
groups having 1, 2, 3, 4, or 5 cells, and so forth.

{381}  Varions of the above-disclosed and other features and functions, or
alternatives thereof, may be combined into many other different systems or applications.
Various presently unforeseen or unanticipated alternatives, modifications, variations or
mmprovements therein may be subsequently made by those skilled in the arl, each of

which is also intended to be encompassed by the disclosed embodiments.
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