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Electronics Report

1.1

1.2.

1.3.

LC, Singlemode, One-Piece Housing, Fiber Optic Connector

INTRODUCTION
Purpose

Testing was performed on Tyco Electronics LC singlemode, one-piece housing, fiber optic connectors
and adapters to determine their conformance to the requirements of Section 3, General Requirements,
and Section 4, Connector Tests and Criteria, of Telcordia Technologies, GR-326-CORE, Issue 3,
September 1999.

Scope

This report covers the performance of LC singlemode, one-piece housing, fiber optic connectors
terminated to 1.6 mm simplex, matched-cladding, OFNR, singlemode cable. Cable assemblies were
manufactured by Tyco Electronics, Fiber Optics Business Unit. Product was tested to the General
Requirements and Connector Tests and Criteria of Telcordia Technologies GR-326-CORE, Issue 3,
September 1999. Product was tested at 1490 and 1625 nm wavelengths in addition to the 1310 and
1550 nm wavelengths required by Telcordia Technologies, GR-326-CORE, Issue 3. Testing was
performed by Intertek Testing Services (ITS) NA, Inc., 3933 US Route 11, Cortland, NY 13045. Testing
was performed from 12Dec05 through 08Jan07. The test file number for this testing is B066497-005.
This documentation is on file at and available from the Tyco Electronics Fiber Optics Business Unit.

Conclusion

Tyco Electronics LC singlemode, one-piece housing, fiber optic connectors and adapters conform to
Telcordia Technologies GR-326-CORE, Issue 3 Requirements and Objectives except as noted in the
attached Report #3081121 from ITS. Apex Offset measurements were reported to be non-conforming
on three of the samples measured for endface geometry at ITS after the samples were tested per the
qualification plan. Endface geometry measurements were taken at ITS prior to the qualification testing
and were passing for all samples. The samples were measured for end face geometry by Tyco
Electronics, Fiber Optics Business Unit Test Laboratory before and after qualification testing was
performed at ITS, and all Apex Offset measurements were determined to be conforming to the
requirements stated in GR-326-CORE, Issue 3. The test file number for this testing is B066497-005.
This documentation is on file at and available from the Tyco Electronics Fiber Optics Business Unit.
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This report is for the exclusive use of Intertek Client and is provided pursuant to the agreement between Intertek and its
Client. Intertek’s responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no
liability to any party, other than to the Client in accordance with the agreement, for any loss, expense or damage occasioned
by the use of this report. Only the Client is authorized to copy or distribute this report and then only in its entirety. Any use
of the Intertek name or one of its marks for sale or advertisement of the tested material, product or service must first be
approved in writing by Intertek. The observations and test results in this report by itself does not imply that the material,
product or service is or has ever been under an Intertek certification program.

e Intertek / ETL Semko TRy,
“ 3933 U.S. Route 11, Cortland, NY 13045
Telephone (607) 753-6711 Fax (607) 758-3648

http:\\www.etlsemko.com
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

CRITERIA CONFORMANCE SUMMARY"

Section . L Method of Conformance
GR-326-CORE Requirement and Objective Summai
(Para.) q ) Y [VTATI [T|[R | Comments
E|[N|(N|E|E
RIA[S|S|S
1|L|P|T|U
F|Y|E L
Y|Z|C T
E|T s?
3 General Requirements
31 Documentation
R3-1 Test Reports \
3.1 , . .
Test Reports issued under the terms of this document shall include
the following information:
1. The ordering information for the items being tested. This is to
include as appropriate: the part number and model number for
the adapter, connector plug, cable assembly, etc.
2. The specification for the media type.
3. The manufacturer and type of fiber being used.
4. The base materials being used in the connector plug and
adapter.
5. A list of the metallic materials which come into contact w
each other, used in the adapter and the plug.
6. The operating mstructxons mcluded with th :
7.
R3-2 Product Documentatlon N I
3.1) A complete set of documentation in as

CORE, Generic Requirements for.Supplie# Provided Documentation,

shall be available from the n‘i&myfa
provide all related information,
connector, alignment slegy

T upon request and shall
applicable to the particular
, ‘61 jumper assembly product, to

describe:

1. Use and applic

2. Cleaning pro

3. Bend radiu:limits at 1310 nm and 1550 nm

4. Operational lithits (temperature, humidity, etc.)

5. Testing operations

6. Materials used for ferrule, sleeve, plug body, housing, etc.

7" Trateability information for critical components obtained from

third party sources, e.g., ferrules and alignment elements

8 . Safety instructions
9. Auxiliary equipment required and usage
“10. Storage and transportation instructions

11. Packaging list of all items included in the shipping container.

The documentation may require preparation in accordance with
instructions from the individual customers.

!'Not part of GR-326-CORE.

2 Each criterion will be addressed with a compliant, noncompliant, not applicable, or evaluation not requested.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

Section GR-326-CORE Requirement and Objective Summa Method of Conformance
q ] ry
(Para.) VIA|I |T|R Comments
E|N|IN|E|E
R|A|S|S|S
I |L|P|T|U
F|Y|E L
Y|Z|C T
E|T s’
3.2 Packaging and Shipping
R3-3 Packaging RN
(3.2) The packaging shall be adequate to ensure that the product will not
: be damaged under normal handling , shipping, and storage. Jumper
cables shall be packaged individually.
33 Design Features
3.3.1 Materials
R3-4 Metallic elements shall be corrosion resistant. Dissimilar metals N Documentation
(3.3.0) sha}l not be used in contact With each_other unless they are suitably Review
finished to prevent electrolytic corrosion. 4
R3-5 The connector product shall not incorporate an index matching fluid | / N C
(3.3.1) or gel which is designed to prevent glass-to-air contact or glass-to-
" glass contact nor require application of such material use.
R3-6 Polymeric materials that are used shall not support fungus growth i \j E | Not Evaluated
(3.3.1) per ASTM-G21-70. A rating of 0 (zero) is required. N
. R
R3-7 Polymeric materials that are used shall have a rating of v | C | Documentation
as determined by Underwriters Laboratories (U Review
(3.0 an oxygen index of 28 percent or greater as determined by ASTM D-
2863-87.
R3-8 The media on which the connector plugs ur N N C | Documentation
criteria in either GR-409-CORE, Generic rements for Premises Review
G3.0) Fiber Optical Cable, or GR-20-CORE;’ Requirements for
Optical Fiber and Optical Fib
Cable media types shall be de
Type I Media: Remfo ed j
jumper Lordage
3.3.2 Cleanablhty
03-9 Thie connector structure should allow the area of the ferrule that N N C
(3.3.2) engages the alignment sleeve to be cleaned by means of the cleaning

‘procedures in Section 4.3.

® Type I media may include simplex, duplex, or quad cable products.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Section GR-326-CORE Requirement and Objective Method of Conformance
(Para.) Summary V [A|I |T|R
E |IN|IN|E|E
R |A|S|S|S
1 L{P|T|U Comments
F Y|E L
Y |(Z|C T
E|T s?
34 Intermateability o
CR3-10 The product (connectors, adapters) shall meet the requirements of NAIE! Dp%ﬁhehtanon
(3.4) the applicable FOCIS-n (ANSI/TIA/EIA-604-n), where “n” is a
. number designation assigned to a specific connector type. The
requirements should be met on both new product and after the @
completion of the Service Life Tests.
CR3-11 The ferrule extension distance and the spring loading force shall Not Evaluated
(3.4) meet the conditional limits specified by TIA/EIA FOCIS
’ documents.
CR3-12 The distance between the mechanical reference planes for the
34 connector adapters shall be with in the limits specified by the
: TIA/EIA FOCIS documents.
CR3-13 The force required to remove a gauge pin from the adapter sleeve * E | Not Evaluated
(3.4) shall meet the requirements specified in the TIA/EIA FOCIS | N
: documents. , R
CR3-14 The latch spacing for the connector adapters sleeve shall meet the v | N | Not Applicable
3.4) requirements specified in the TIA/EIA FOCIS docutfiesmsh A
CR3-15 The glass transition temperature of the latches in't v | N | Not Applicable
(3.4) adapters shall be > 100°C. A
34.1 Latching Intermateability Requir
Pull Type Connectors
C0O3-16 No more than 30% of the connector N | N | Not Applicable
(3.4.1) shall fail the latchability te ! A
3.5 Product Markmg and P kafmg
R3-17 all be marked to identify the N ] C
(3.5) the parts and a code that identifies
03-18 v v C
3.5)
CR3-19 N N N | Not Applicable
3.5 | A
3 5 1
The connector plug shall be keyed such that a particular angular N \/ C
orientation is required for insertion of the plug adapter.
The key orientation should be clearly visible either through the N \/ C

design of the connector plug and adapter or by means of marking
on the plug and adapter.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Section GR-326-CORE Requirement and Objective
(Para.) Summary )

Method of Conformance

- -

e ET

Comments

=T <
N> Z

3.6 Safety

R3-22 The instructions that describe the procedures for cleaning the
(3.6) adapters and plugs shall indicate the possible hazard due to the

presence of invisible (infrared) radiation when examining
connectors with the naked eye or using a microscope. The
instructions shall also contain ordering information for an IR
indicator card (Edmund Scientific Part #53-031 or equivalent) to
allow visualization of invisible light.

< -_AEenZ -

R3-23 The instructions that describe the procedures for cleaning the

(3.6) adapters and plugs shall contain the following information
regarding any materials that are used for cleaning that may be

considered hazardous to health or to the environment:

1.  Warning as to the toxicity hazard
2. Instructions for handling and use
3. Instructions for disposal.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Method of Conformance
VIAI|TL|T
. E|N |N|E
Section . o
GR-326-CORE Requirement and Objective Summary |R | A | S |8
(Para.) 1|L (P|T
F|Y |E
Y| Z |C
E |T
4.4 Statement of Criteria
44.1 Performance of New Product
New Product Maximum Loss Requirement
R4-2
4.4.1 All connections in the population shall meet the New Product Loss
(4.4.1) Requirement of 0.40 dB stated in Table 4-2 of GR-326-CORE.
New Product Maximum Loss Objective
04-3 C
4.4.1 All connections in the population should meet the New Product N,
(4.4.1) Loss Objective of 0.20 dB stated in Table 4-2 of GR-326-CORE
New Product Mean Loss Requirement
R4-4 4 v|c
4.4.1 The mean of the losses for the population of conpect ho 1§°8]
(4.4.1) the New Product Mean Loss Requirement of 0. 20
Table 4-2 of GR-326-CORE. i
New Product Mean Loss Objective
04-5 . v |C
4.4.1 The mean of the losses for the p@pulata cff connections should
“.4.1) meet the New Product Mean1.oss @bjecﬁve of 0.15 dB stated in
Table 4-2 of GR-326-CORE.
New Product Reflectance ¢Digital)
R4-6 | N C
4.4.1 All connections in t iti
(@.4.0) Reflectance Requirement.of -40 dB stated in Table 4-3 of GR-326-
CORE. )
New Product Refl
CR4-7 G J|c
4.4.1 Connec mendcd for use in AM-VSB (analog video) systems
A1) shall:mest the Conditional Requirement of -55 dB stated in Table 4-
3 of GR-326-CORE.
New Product Reflectance (Analog) .
CO4-8 ‘ v | N | Not Applicable
(4.4.1 | Connectors intended for use in AM-VSB (analog video) systems A
Sty ) should meet the Conditional Objective of -60 dB stated in Table 4-3
of GR-326-CORE.
4.4.2 Temperature, Humidity, Condensation Tests
44.2.1 Thermal Age Test
Thermal Age Test Requirements \/
R4-9 The product shall meet the loss and reflectance Requirements C
(4.4.2.1) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
T marked “During Test, Not Under Load”.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

Method of Conformance

V|IA |I |T|R
Section . Lo EIN NIEE
GR-326-CORE Requirement and Objective Summary | R | A S|8|8
(Para.) I/ L |P|T|U Comments
F|Y |E L
Y| Z |C T
E|T S
Thermal Age Test Objectives
324 )
04-10 v|c
4.42.1 The product should meet the loss and reflectance Objectives criteria
( 4.2.1) listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load”.
4.4.2.2 Thermal Cycle Test
R4-11 Thermal Cycle Test Requirements
4.42.2 The product shall meet the loss and reflectance Requirements
(4.4.2.2) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.
Thermal Cycle Test Objectives
04-12 v|cC
(4.422) The product shall meet the loss and reflectance Requiremen
s criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, i1
marked “During Test, Not Under Load”.
4.4.2.3 Humidity Aging Test
Humidity Aging Test Requirements \/
R4-13 The product shall meet the loss and reflectange Requirements C
4.42.3) criteria listed in Tables 4-2 and 4-3, of GR# CORE in the row
marked “During Test, Not Under Load’’
Humidity Aging Test Ob_]ectlveg
04-14 The product shall meet the lg; 58 ani% eﬁeétance Requirements v N4
4.4.2.3) criteria listed in Tables 4-2 anch} 3, 6EGR-326-CORE, in the row C
i marked “During Test, Not Undef" ;oad”
4.4.24 Humidity / Con n’~ tion Cycling Test
Humidity / Condgnsation Cycling Test Requirements J
R4-15 The product sh; e loss and reflectance Requirements C
4.4.2.4) criteria list %@bles 4-2 and 4-3, of GR-326-CORE, in the row
marked “Durifg Test, Not Under Load”.
Humidi ndensation Cycling Test Objectives
04-16 . e . VN
luot'shall meet the loss and reflectance Requirements 4
4.4.2.9) ialisted in Tables 4-2 and 4-3, of GR-326-CORE, in the row C
e arkeéd “During Test, Not Under Load”.
4.4.2.5 . | Pry-Out Step Jlc
Post-Condensation Thermal Cycle Test
- Post-Condensation Thermal Cycle Test Requirements N
R4-17 The product shall meet the loss and reflectance Requirements NS
(4.4.2.6) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row C

marked “During Test, Not Under Load”.

4 One connector assembly was noncompliant with the maximum reflectance objective at 1310 nm.
* One connector assembly was noncompliant with the maximum reflectance increase obiective at 1550 nm and 1625 nm.
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Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Criteria Conformance Summary (GR-326-CORE)

Method of Conformance

VIA|I |T|R
Section . o E/N NIEE
GR-326-CORE Requirement and Objective Summary R|A |S|S|S
(Para.) I1|L [P|T|U Comments
F|Y |E L ;
Y|(Z |C T
EIT S
Post-Condensation Thermal Cycle Test Objectives
04-18 ™ . VN
e product shall meet the loss and reflectance Requirements
(4.4.2.6) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row C
marked “During Test, Not Under Load”.
443 Mechanical Tests
4.4.3.1 Vibration Test
Vibration Test Requirements
R4-19

The product shall meet the loss and reflectance Requirements
4.43.1) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.

04-20 Vibration Test Objectives

- The product shall meet the loss and reflectance Requirements
(4.43.1) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in th
marked “During Test, Not Under Load”.

4.4.3.2 Flex Test

R4-21 Flex Test Requirements

B The product shall meet the loss and reflectatice Requirements
(4.43.2) criteria listed in Tables 4-2 and 4-3, of GR=326:CORE, in the row
marked “During Test, Not Under Load”, s _’5&

Flex Test Objectives
04-22 .
The product shall meet the loss and s
(4.4'3.2) criteria listed in Tables 4-2 andi4-3, f-GR-326-CORE, in the row C
marked “During Test, Not Under.oad”.

Flex Test Objective for Sinall Form Factor Connectors J

When applying a 0. ¥Tbf) load to Small Form Factor
Connectors, the grgductishall not become uncoupled under this load
»ss and reflectance Requirements criteria

and 4-3, of GR-326-CORE, in the row marked

C04-23
(4.43.2)

~zm

st Requirements \j

‘product shall meet the loss and reflectance Requirements

| critéria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.

Twist Test Objectives N

The product shall meet the loss and reflectance Requirements 8
(4.4'3.3) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row C
marked “During Test, Not Under Load”.

® One connector assembly was noncompliant with the maximum reflectance objective at 1310 nm wavelength. One connector assembly
was noncompliant with the maximum reflectance objective at 1310 nm, 1550 nm, and 1625 nm, and the maximum reflectance increase
objective at all wavelengths.

7 One connector assembly was noncompliant with the maximum reflectance objective at 1310 nm.

# Five connector assemblies were noncompliant with the maximum reflectance objective at 1310 nm. One connector assembly was
noncompliant with the maximum reflectance objective at 1310 nm and 1550 nm.
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Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Criteria Conformance Summary (GR-326-CORE)

Method of Conformance

V|A |I |T|R
. E|N |[N|E|E
Section . L
GR-326-CORE Requirement and Objective Summary | R A | S |8 1S
(Para.) I|/L |P|T|U Comments
F|Y |E L
Y|Z |C T
E |T S
4.4.34 Proof Test
Proof Test Requirements
R4-26
(4.4.3.4) The product shall meet the loss and reflectance Requirements
e criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.
Proof Test Objectives
04-27

4.43.4 The product shall meet the loss and reflectance Requirements
(44.3.4) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.

90° Side Pull Proof Test Objectives for Small Form Factor
Connectors

C04-28
(4.43.4)

The Small Form Factor Connectors shall not become uncouple
under this load and it should meet the loss and reflectancg ™
Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-
CORE, in the row marked “During Test, Not Under'Lo:
subjected to the higher loading level in Step ‘g’

4.4.3.5

R4-29
(4.4.3.5) The product shall not become uncouple Amdef this load and shall
e meet the loss and reflectance Rég t§ criteria listed in Tables
4-2 and 4-3, of GR-326-CORE, in ow marked “During Test,
Under Load”, when subjected fi of the loading levels at an angle
of 0° in Table 4-9 (GR-326°CORE), for Small Form Factor
Connectors in Table 4 -326-CORE). If the product fails to
do so, then the highest which was supported shall be reported.

Transmission w lied Load at 90° Requirements N

R4-30

(4.4.3.5) The produc ?sléalf t become uncoupled under this load and shall

meet theless and reflectance Requirements criteria listed in Tables
4-2 and 4-3, ‘0f GR-326-CORE, in the row marked “During Test,

i id”, when subjected to all of the loading levels at an angle
in Table 4-9 (GR-326-CORE) or for Small Form Factor
‘Conncectors in Table 4-10 (GR-326-CORE). If the product fails to
"] do’so, then the highest load which was supported shall be reported.
Transmission with Applied Load at 0° Objectives N

04-31 .
4.4 35) The product shall not become uncoupled under this load and should

M meet the loss and reflectance Objectives criteria listed in Tables 4-2
and 4-3, of GR-326-CORE, in the row marked “During Test, Under
Load”, when subjected to all of the loading levels at an angle of 0°
in Table 4-9 (GR-326-CORE) or for Small Form Factor Connectors
in Table 4-10 (GR-326-CORE). If the product fails to do so, then
the highest load which was supported shall be reported.

9 Six connector assemblies were noncompliant with the maximum reflectance objective at 1310 nm. Two connector assemblies were
noncompliant with the maximum reflectance objective at 1310 nm and 1550 nm.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Section
(Para.)

GR-326-CORE Requirement and Objective Summary

Method of Conformance

=
EN<E > Z >

I

_AaEN®2Z

T
E
S
T

Comments

04-32
(4.43.5)

Transmission with Applied Load at 90° Objectives

The product shall not become uncoupled under this load and should
meet the loss and reflectance Objectives criteria listed in Tables 4-2
and 4-3, of GR-326-CORE, in the row marked “During Test, Under
Load”, when subjected to all of the loading levels at an angle of 90°
in Table 4-9 (GR-326-CORE) or for Small Form Factor Connectors
in Table 4-10 (GR-326-CORE). If the product fails to do so, then
the highest load which was supported shall be reported.

R
E
S

U
L
T
S

C

C04-33
(4.43.5)

Transmission with Applied Load at 90° Objectives for Small Form
Factor Connectors

Small Form Factor Connectors shall not become uncoupled under
this load and should meet the loss and reflectance Requiremen
criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in fhée W
marked “During Test, Under Load”, when subjected to afi,éof
loading levels at an angle of 90° in Table 4-9 (GR-32 CORE) bt
the product fails to do so, then the highest load whi
supported shall be reported.

R4-34
(4.43.5)

| The supplier of a connector or jumper ass

Use in High Density Environments

bly product shall state

CR4-35
(4.435)

and‘reﬂectance Requirements cntena
£ GR- 326 CORE, in the row marked

supported shall'be reported.

CO4-36

@435 .7

-density” environments, then it should meet the loss and reflectance

Transmlsswn with Applied Load at 135° for Small Form Factor

If'the Small Form Factor Connector is intended for use in “high

Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-
CORE, in the row marked “During Test, Under Load”, when
subjected to all of the loading levels at an angle of 135° in Table 4-9
(GR-326-CORE). If the product fails to do so, then the highest load
which was supported shall be reported.
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Intertek
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Method of Conformance
V|A |I | T|RES
. E|N |[N|E|ULT
Section . Lo
GR-326-CORE Requirement and Objective Summary R|A |S|S8 S
(Para.) I1|L (P|T Comments
F|Y |E
Y|Z |C
E |T
4.4.3.6 Equilibrium Tensile Load NA ot
. | Applicable
4.4.3.7 Impact Test
Impact Test Requirements
R4-37
4.43.77 The product shall meet the loss and reflectance Requirements
(4.4.3.7) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “During Test, Not Under Load”.
Impact Test Objectives
04-38 v | NC™
4.43.7 The product shall meet the loss and reflectance Requirements
(4.4.3.7) criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the T
marked “During Test, Not Under Load”.
4.4.3.8 Durability
Remateability Requirement
R4-39 V| C
4.43.8) Of the entire body of measurements taken after either one-sided or
(443. two-sided cleaning (at insertion 25, 50... % shall meet the loss
and reflectance Requirements criteria list @lees 4-2 and 4-3,
of GR 326-CORE, in the row marked - Test, Not Under
Load.
Remateability with Cleanin; O’Dj&: v "
04-40 v |NC
4.43.8) Of the entire body of measurements taken after either one-sided or
(4.4.3. two-sided cleaning (at m&é’zrtl 25 50...), 95% shall meet the loss
and reflectance Objecwvésgnwrla listed in Tables 4-2 and 4-3, of
GR-326-CORE, in { He row ‘marked “During Test, Not Under Load.”
Remateability wﬂfﬁ ut Cléaning Objective
04-41 v|cC
(4.4.3.8) insertions’ .), 90% shall meet the loss and reflectance
Requirgment (not Objectives) listed in tables 4-2 and 4-3, of GR-
326-CORE; in the row marked “During Test, Not Under Load ”

10 Five connector assemblies were noncompliant with the maximum reflectance objective at 1310 nm. One connector assembly was

noncompliant with the maximum reflectance objective at 1310 nm, 1490 nm, and 1550 nm.

' Less than 95% of the samples met the maximum reflectance objective at 1310 and 1550 nm.
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Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Criteria Conformance Summary (GR-326-CORE)

Method of Conformance
V|A |1 |T]|RES
. E|N |N|E|ULT
Section . o
GR-326-CORE Requirement and Objective Summary | R|[A S |S|S
(Para.) 1L |(P|T Comments
F|Y |E %
Y|Z |C
E [T
Durability Requirement
R4-42
4.43.8 After having been subjected to the complete set of 200 insertions,
(4.4.3.8) the product shall meet the loss and reflectance Requirements criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load.” Up to two re-cleanings may be
performed for each connection.
Durability Objective
04-43
4.43.8 After having been subjected to the complete set of 200 insertions,
(4.4.3.8) the product shall meet the loss and reflectance Objectives criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load.” Up to two re-cleanings may be
performed for each connection.
Cleanability Objective
04-44 v | NCw
(4.43.8) The criterion is not met if connectors which are nonggnforming

12 O connector had noncompliant loss readings after 100 durability cycles, which was attributed to fiber breakage upon
Tyco/Electronics inspection. This sample was noncompliant with the maximum loss requirement, maximum loss increase requirement,
and the maximum reflectance increase requirement at all wavelengths. In addition, the entire sample population was noncompliant with
the mean loss requirement at all wavelengths

" The connector assembly that had high loss readings after 100 durability cycles was noncompliant with the maximum loss objective,
maximum loss increase objective, maximum reflectance objective, and the maximum reflectance increase objective at all wavelengths.
Seven connector assemblies were noncompliant with the maximum reflectance objective at 1310 nm. Two connector assemblies were
noncompliant with the maximum reflectance objective at 1310 nm and 1550 nm. In addition, the entire sample population was
noncompliant with the mean loss requirement at all wavelengths.

' The connector assembly that had high loss readings after 100 durability cycles was noncompliant with the maximum loss objective,
maximum loss increase objective, maximum reflectance objective, and the maximum reflectance increase objective at all wavelengths.
The remainder of the population was not subject to the one or two re-cleanings.
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Product: Single Mode LC Connector

Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Method of Conformance
V|A |1 |T|RES
. E|N |N|E|ULT
Section . o
GR-326-CORE Requirement and Objective Summary | R[A (8|S |8
(Para.) 1L (P|T Comments
F|Y |E
Y|Z |C
E |T
4.4.3.9 End of Test Criteria
Optical Requirements
R4-45 pres e
4.4.3.9) The product shall meet the loss and reflectance Requirements
s criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row
marked “End of Test.”
Optical Objectives
04-46
4.4.3.9 The product shall meet the loss and reflectance Objectives criteria
( s ) listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“End of Test.”
Ferrule Endface Geome:
R4-47 i v [ NCrs
4.43.9 The product shall meet the Feirule Endface Geometry Req
(4.4.3.9) criteria stated in Section 4.4.5.1 of GR-326-CORE.
Damage
R4-48 ¢ ) ‘ Vic
4.43.9) At the completion of the tests there shall be no d;ﬁﬁg at would
(4.4.3. impair the performance of either the connector plug or {he adapter,
as described in Section 4.2.3 of GR-326- C(fﬁ%g
4.4.4
4.4.4.1
R4-49 V| ENR II;‘I\c/)atlluated
(4.4.4.1 The product of Set “A” (Gr GpI). all meet the loss and reflectance
A44.1) Requ1rements criteria listed in Tables 4-2 and 4-3, of GR-326-
CORE, in the row m&ig;;ed uring Test, Not Under Load” during
the first measuremggt ('Before cleaning).
Dust Test Re x‘e!zfs Set “A” and “B” Not
R4-50 V| ENR Evaluated
4.4.4.1 The produgt beth Sets “A” and “B” (Groups II and IIT) should
(4.44. ) meet the 1o %and reflectance Requirements criteria listed in Tables
Qfandﬂ-&& of GR-326-CORE, in the row marked “During Test,
Not Under Load” after the last cleaning in Step “1”.

'S Two connector assemblies were noncompliant with the maximum reflectance objective at 1310 nm. Two connector assemblies were
noncompliant with the maximum reflectance objective at all wavelengths.
!¢ Three samples exceeded the Apex Offset requirement of 50um,
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Criteria Conformance Summary (GR-326-CORE)

Method of Conformance
V|IA I |T|RES
. E|(N [N|E|ULT
Section . N
GR-326-CORE Requirement and Objective Summary | R|A |S S |8
(Para.) I1|L {P|T Comments
F|Y |E
Y|Z | C
E | T
Dust Test Objectives
04-51 -
4.4.4.1 The product of both Sets “A” and “B” (Groups II and IIT) should
(4.44.1) meet the loss and reflectance Requirements (not Objectives) criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load” after the last cleaning in Step “i”.
Dust Test Cleanability Objective
04-52
L ) . ) Evaluated
4.4.4.1) The criterion is not met if connectors which are nonconforming to
(444 the loss and reflectance Requirements criteria listed in Tables 4-2
and 4-3, of GR-326-CORE, after the first cleaning in Step “G” or
Step “J” are brought back into conformance during the subsequent
two cleanings.
Dust Resistance Objective Not
04-53 V| ENR E\(/Jaluated
4.44.1 The criterion is not met if product which is conforming affer the,
(444.1) first cleaning becomes nonconforming after a subseggent cleaning.
4.4.4.2 Adhesive Test
Adhesive Test
R4-54 vic
4.4.4.2) After subjecting the specimens to loading w ceramic blank for 7
(444. days at 65°C with uncontrolled humidity, the.endface geometry
shall still be within the tolerances allowed by the Fiber Undercut
and Protrusion Requirement JSOT( ,4.5::0r Section 4.4.5.2).
4443
Not
- ENR
R4-55 v Evaluated
(4.44.3)
Not
ENR
v Evaluated
d ’, of GR-326-CORE, in the row marked “During Test, Not
. Under Load” after the last cleaning in Step “1”.
- Airborne Contaminants Objectives
) V| ENR I];I\(/);luated
The product of both Sets “A” and “B” (Groups 11 and IIT) should
meet the loss and reflectance Requirements (not Objectives) criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load” after the last cleaning in Step “i”.
Airborne Contaminants Corrosion Requirement Not
R4-58 V| ENR Evaluated
4.4.43 There shall be no visual evidence of the formation of corrosion
(4.4.4.3) under visual inspection.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

Method of Conformance

VA |[I|T|R
. E|N |[N|E|E
Section . o
GR-326-CORE Requirement and Objective Summary | R{ A |S | S |§
(Para.) I1|L |P|T|U Comments
F|Y |E L
Y| Z |C T
E | T S
4.4.4.4 Salt Spray
Salt Spray Requirements: Set “A” ;
R4-59 Y \] t‘Evaluated
4.4.4.4 The product of Set “A” (Group I) shall meet the loss and reflectance
(4.44.9) Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-
CORE, in the row marked “During Test, Not Under Load” during
the first measurement (before cleaning).
Salt Spray Requirements: Set “A” and “B”
R4-60 E | Not Evaluated
4.4.4.4 The product of both Sets “A” and “B” (Groups II and III) shall meet N
(4.4.4.9) the loss and reflectance Requirements criteria listed in tables 4-2 R
and 4-3, of GR-326-CORE, in the row marked “During Test, Not
Under Load” after the last cleaning in Step “1”.
Salt Spray Objectives
04-61 pray =M , . v | E | Not Evaluated
4.4.4.4) The product of both Sets “A” and “B” (Groups II and. 1 N
(4.4.4. meet the loss and reflectance Requirements (not Objectivies).criteria R
listed in Tables 4-2 and 4-3, of GR-326—CORE,%%§,&KW marked
“During Test, Not Under Load” after the last cleaning in*Step “i”.
Salt Spray Corrosion Requirement 5
R4-62 Py d V| E | Not Evaluated
There shall be no visual evidence of the, N
(4.4.4.9) under visual inspection. 8 R
4.4.45
R4-63 v | E | Not Evaluated
N
4.44.5) R
[ (Rfinal-Rinitial)/( Rinitial*Rfina), where
¢ the initial and final radii of curvature,
‘orrosion Objective for Fiber Disolution
04-64 ? v | E | Not Evaluated
4.4.45 ber core recess shall not increase by more than 10 nm with N
(4.4.4.5) respectto the cladding during the two week aging test. R
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

Method of Conformance

V|IA |I|T|R
. E|(N |{N|E|E
Section i o
GR-326-CORE Requirement and Objective Summary [ R|A [S|S S
(Para.) 1|L (P|T|U Comments
F|Y |E L b
Y|Z |C T
E [T S
4.4.4.6 Groundwater Immersion
Groundwater Immersion Test (Underground) IR W
CR4-65 ¢ fNotEvaluated
4.4.4.6 Product intended for deployment underground shall meet the loss
(4.4.4.6) and reflectance Requirements criteria listed in Tables 4-2 and 4-3,
of GR-326-CORE, in the row marked “During Test, Not Under
Load” after groundwater exposure.
Organism Exposure Test (Free-breathing)
CR4-66 Not Evaluated
(4.4.4.6) Product intended for deployment in free-breathing closures in the

above-ground or aerial plant shall meet the loss and reflectance
Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-

CORE, in the row marked “During Test, Not Under Load” after
Organism Exposure.
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Evaluation For: Tyco Electronics

Product: Single Mode LC Connector

Section

(Para.)

GR-326-CORE Requireméht and Objective Summary

Method of Conformance

<= <
HN<E P Z

- -

HNAaET®Z—
VMR E R

4.4.5

Geometry Requirements

4.4.5.1

Ferrule Endface Geometry for Non-Angled Physical
Contact Connectors

R4-67
(4.45.1)

Fiber Undercut and Protrusion

The Fiber Undercut (x) as shown in figure 4-6 (GR-326-CORE)
shall meet the requirements stated in IEC 60874-14-n, where “n” is
any of the applicable (single-mode, single fiber, physical contact)
released connector detailed specifications in the IEC 60874-14-n

series. In those detailed specifications, the radius of curvature of

0.02R3+1.3R2-31R+325, where R is the radius of cur,ya'
expressed in millimeters. When the radius of curv:
7 mm and 10 mm, the value of the fiber undercm%\al
than 125 nm. .
The Fiber Protrusion (y) as shown in figurg 4
shall be < 50 nm for all radii of curvature.

R4-68
(4.4.5.1)

Ferrule Endface Radius

The Radius of Curvature of the? rrulg shall be between 7 mm and

25 mm.

R4-69
(4.45.1)

Apex Offset

The Apex Offset of the, s% %}al endface to the axis of the ferrule

4.4.5.2

shall be less than 50%@;
e
Endface Geometry Requirements for Angled

Physical, ggn‘taet (APC) Connectors

R4-70
(4.45.2)

The eanm %metry parameters for angled physical contact
connegtors must meet the requirements of IEC 60874-14-6 for an
angle o%%for untuned connectors, IEC 60874/-14-7 for an angle of
timed connectors.

v | N | Not Applicable
A

4.4.5.3

Endface Geometry Measurement Areas

“|"Endface Geometry Measurement Areas

v|c

The endface geometry measurement areas shall meet the

requirements of IEC 61300-3-23 for measuring the radius of

curvature and fiber undercut/protrusion.
4.4.6 Connector Installation

Loss Increase Requirement
R4-72 N|C
( 4.4.6.1) The increase in loss, the difference between the loss in Steps 3 and

5, shall be <0.20 dB. No increase in loss is permitted for products
with right angle boots.
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Criteria Conformance Summary (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector

Method of Conformance

V|IA |1 |T|RES
. E|N |[N|E|ULT
Section ) o
GR-326-CORE Requirement and Objective Summary | R| A | S| S |S
(Para.) 1/L |[P|T
F|Y |E
Y|Z | C
E |T
Loss Increase Objective
04-73
(4.4.6.1) The increase in loss, the difference between the loss in Steps 3 and
s 5, shall be <0.10 dB.
Right Angle Boot Requirement
CR4-74 grane Not
4.46.1 No portion of a right angle boot shall come in contact with the Applicable
(4.4.6.1) panel parallel to the mounting surface.
Maximum Length Objective
04-75
4.46.1 The maximum length of the installed connector including the boot
(4.4.6.1) should not exceed 75 mm (2.95 in), dimension y as shown in fi

4-10 (GR-326-CORE). This objective does not apply to ri
boots.

' Two connector assemblies were noncompliant with the maximum loss increase objective at 1625 nm.
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Intertek Evaluation For: Tyco Electronics

ETL Semko Product: Single Mode LC Connector

Section 3, General Requirements (GR-326-CORE) Revision 5
INTRODUCTION

PROJECT OBJECTIVE

An analysis was performed to determine if the Single Mode LC Connector meets the requirements for
Section 3, General Requirements, of GR-326-CORE, Issue 3, September 1999. No testing was

performed during this analysis; compliance was determined by evaluating product drawings,
specifications and documentation only.

PRODUCT DESCRIPTION

The devices analyzed were Single Mode LC/PC Fiber Optic Connectors and Adaptersn
by Tyco Electronics. The LC/PC Fiber Optic Connectors and Adapters utilized 1.6 mm simplex
cordage that consisted of a riser-rated jacket and contained 900pm, matched clad; buffered fiber. The
manufacturer of this Type I cable was OFS (Manufacturer Product Code Me 001C-VRX). The
adapters were duplex, constructed of nickel-plated die cast zinc. Tyce:part numbers for the devices
analyzed were as follows:

Pigtail Samples: Part Number 1-1828883-5, Rev. 1; 15 meterjumniper; LC/ LC

Jumper Samples: Part Number 1828883-3, Rev. 1; : jﬁmper; LC/LC

Adapters: Part Number 1754683-1, Rev 2; Adapter, Duplex, Die-Cast

PRODUCT CONFIGURATION

& E . .
No configuration was necessary for'the Single Mode LC Cennector for the analysis to Section 3.

Product packaging and documentati h_,o‘tily were analyzed for this section.

REFERENCE TO EXHIB)

All references to Eth s pertain to corresponding charts, tables, and figures within this report, except
for references within the Criteria section. Each Criteria section contains a direct quotation from
GR-326-CORE; fore, all references to charts, tables, and figures pertain to GR-326-CORE.
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LIST OF EVALUATION EQUIPMENT

Note: No equipment was used. Compliance was determined by evaluating product drawings and
specifications only.
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FAILURE HISTORY SUMMARY

There were no failures during this evaluation.
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ETL Semko Product: Single Mode LC Connector
Section 3, General Requirements (GR-326-CORE) Revision 5

GENERAL REQUIREMENTS (GR-326, SECTION 3)

GENERAL INFORMATION

The following evaluation was performed by Ken Riedl at Intertek ETL SEMKO in Cortland, NY.

GENERAL REQUIREMENTS (3.)

DOCUMENTATION (3.1)

Criteria:

R3-1[1] Test Reports

Test Reports issued under the terms of this document shall include the following information:
1. The ordering information for the items being tested. This is to include as.appropriate: the part number and model
number for the adapter, connector plug, cable assembly, etc.

2. The specification for the media type.

3. The manufacturer and type of fiber being used.

4. The base materials being used in the connector plug and:adapter.

5. A list of the metallic materials which come into contaet with: eaé?i 'other, used in the adapter and the plug.

6.  The operating instructions included with the product, for example, the cleaning instructions.

7. A description of the training material the supplief 'commends for training operators in the use of the product.
R3-2 2] Product Documentation

Use and application
Cleaning procedures

1

2 "
3. Bend radius limits at 1370'nm and 1550 nm
4. Operational limits (temp
5
6
7

ture, humidity, etc.)

Testing operations',

le, sleeve, plug body, housing, etc.

Traceablhty;»!@f tmation for critical components obtained from third party sources, e.g., ferrules and alignment
@

“: The documentation may require preparation in accordance with instructions from the individual customers.
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Test Method:

All documentation, which includes catalogs, sales brochures, manuals, product data, and instruction
sheets will be reviewed for content. The documentation shall include all of the information as
described in Requirements R3-1 [1] and R3-2 [2]. This documentation will be provided by the
customer.

Configuration and Conditions:

Mode LC Connector.

Test Results:
The Single Mode LC Connector was compliant with Requirement R3-14] ’

Please refer to Tyco-provided packet for ordering information,

. Media type tested was Type 1.

3. The cable type was 1.6 mm, simplex cordage that consisted of'a rlser-rated jacket and

contained 900 um, matched clad, buffered fiber. The manufacturer of this Type I cable was

OFS (Manufacturer Product Code MC-001C-VRX -

4. Refer to Tyco prov1ded packet for materlals in the plug; the adapter is constructed of
nickel-plated die cast zinc.

5. No dissimilar metals come into contact w1t eact other

Cleaning instructions were provided vi: Tyco document 408-8675 Section 8.

7. Refer to the Tyco-provided packet foz o veration and product use documentation.

N -

o

The Single Mode LC Connector was compliant with Requirement R3-2 [2]. Tyco Electronics
provided documentation that met the requirements of R3-2.

Failure History: None
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PACKAGING AND SHIPPING (3.2)

Criteria:

R3-3[3] The packaging shall be adequate to ensure that the product will not be damaged under normal handling, shipping, and
storage. Jumper cables shall be packaged individually.

Test Method:

The Single Mode LC Connector and all shipping materials will be inspected for packagi
shipping as described in Requirement R3-3 [3].

Configuration and Conditions:

The Single Mode LC Connector and all shipping materials will be visuaft spected for packaging
and shipping. .
Test Results:

The Single Mode LC Connector was compliant with Requirement R3-3 [3]. Packaging was adequate.
All of the samples were packaged to prevent dama r nermal handling, shipping, and storage.

Failure History: None
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DESIGN FEATURES (3.3)

MATERIALS (3.3.1)

Criteria:

R3-4 [4] Metallic elements shall be corrosion resistant. Dissimilar metals shall not be used in contact with each other
are suitably finished to prevent electrolytic corrosion.

R3-5[5] The connector product shall not incorporate an index matching fluid or gel which is designed to prevegzt gl asssto air
contact or glass-to-glass contact nor require application of such material use.

by
R3-6 [6] Polymeric materials that are used shall not support fungus growth per ASTM-G21-70. A rgfi% 19,(zero) is required.

R3-7[7} Polymeric materials that are used shall have a rating of V-1 or better as determined Unw‘rwn s Laboratories (UL)
Standard 94, and an oxygen index of 28 percent or greater as determined by ASTM D-2 63-87.

R3-8[8] The media on which the connector plugs are mounted shall meet the criteria in either GR-409-CORE, Generic
Requirements for Premises Fiber Optical Cable, or GR-20-CORE, Generic Requirements for Optical Fiber and Optical
Fiber Cable.

Cable media types shall be defined as follows:
Type I Media: Reinforced jacketed cable of any diameter used as,

Type 1T Media: Cable with 900 pm buffer coating that may or may “tiot be reinforced.
Type 111 Media: Connectors mounted on fiber wﬂh a 2 im‘i:n;oatmg

Test Method:

The optical connectors/adapters and documeﬁ%aﬁdh will be examined for compliance with
Requirements R3-4 [4], R3-5 [5], R3-6 [6], R3-7 [7], and R3-8 [8].

1. Obtain a list of metallic elements,used and determine form the tables of electrochemical
potentials if these metals pro s
2. If the metals do not prom te
[4]
3.  Determine if the DU
applied. R3-5.
4. The fungus gr wih test per ASTM-G21-70 is to be tested in the Intertck Chemical Lab located

n Co]umbus OH. R3-6 [6] The sample requirement is 5 jumpers and 5 adaptors.

Corrosion note a compliance on the datasheet for Requirement R3-4

" incorporates or requires the use of index matching fluid or gel to be

! Type I media may include simplex, duplex, or quad cable products.
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5. The Polymeric materials used shall be tested to UL-94 following Intertek procedure ITL-COR-
OE-GPT-007 UL 94. R3-7 [7] The sample requirement is 20 specimens 125mm + 5mm long x
13.0 +£0.5mm wide and provided in the minimum and maximum thicknesses. The maximum
thickness is not to exceed 13mm. Specimens in intermediate thicknesses are also to be provided
and shall be tested if the results obtained on the minimum or maximum thicknesses indicate
inconsistent test results. Intermediate thicknesses are not to exceed increments of 3.2mm. The
edges are to be smooth and the radius on the corners are not to exceed 1.3mm. Material ranges
—if a material is to be considered in a range of colors, densities, melt flows or relnforcemem
specimens representing these ranges are also to be provided. The Cortland Retall/Home
Appliance/Electronics Test Lab performs this testing.

6.  Oxygen index shall be determined by ASTM D-2863-87 following the Intertek 1nd£x st
procedure CORE-OE-WAC-091. R3-7 [7] The Cortland Fire Lab performs

Configuration and Conditions:

The optical connectors/adapters will be visually inspected for comphance No conﬁguratlon will be
needed for the Single Mode LC Connector. All documentation will be reVIewed

Test Results:

The Single Mode LC Connector was compliant with Requlrement R3 4 [4]. Based on manufacturer’s
documentation, all metallic surfaces were corrosion, resmtant

The Single Mode LC Connector was compliant w1th“Requlrement R3-5 [5]. The connectors and
plugs did not incorporate index matching gel’:‘ff

The Single Mode LC Connector was not evaluated for compliance with Requirement R3-6 [6]. The
evaluation to determine compllance 16:ASTM-G21-70 was not requested by Tyco Electronics.

The Single Mode LC Connector w ompllant with Requirement R3-7 [7]. Documentation supplied
by Tyco Electronics was reviewed and the connectors were found to have a flame class of V-0 under
UL 9%4.

The Single Mode LC Connector was compliant with Requirement R3-8 [8]. Tyco Electronics
provided documentatlon detailing the requirements of this section.

Failure Hlstory None
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CLEANABILITY (3.3.2)

Criteria:

03-9 9] The connector structure should allow the area of the ferrule that engages the alignment sleeve to be cleaned by means of
the cleaning procedures in Section 4.3.

Test Method:

Compliance will be determined by examining the connector structure and the cleaning proceéul‘@s in
Section 4.3. The connectors will be examined with a Westover 400X Fiber Microscop
cleanliness after performing Cleaning Procedure A of Section 4.3.1 or Cleaning Procedure:B of
Section 4.3.2. Also, the cleanability will be evaluated throughout the evaluation:

4%

Configuration and Conditions:

The connector structure will be examined in order to determine compliance. ‘There will be no
configuration needed for the Single Mode L.C Connector.

Test Results:

The Single Mode L.C Connector was compliant with, Oﬁ\l')jec ve '03-9 [9]. The connectors tested were
type LC; cleanability was evaluated throughout the project and found to meet 03-9 [9].

Failure History: None
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INTERMATEABILITY (3.4)

CR3-10 [10] The product (connectors, adapters) shall meet the requirements of the applicable FOCIS-n (ANSI/TIA/EIA-604-n),
where “n” is a number designation assigned to a specific connector type. The requirements should be met on both new
product and after the completion of the Service Life Tests. %

CR3-11 [11] The ferrule extension distance and the spring loading force shall meet the conditional limits specified by TIA/EfA f’@,@ls
documents. N -

CR3-12 [212] The distance between the mechanical reference planes for the connector adapters shall be with in the %@Js‘%‘%ﬁed by
the TIA/EIA FOCIS documents.

CR3-13 [213] The force required to remove a gauge pin from the adapter sleeve shall meet the reqmrements@e
FOCIS documents.

documents.

CR3-15 [215] The glass transition temperature of the latched in the connector adapters s|

Test Method:

Test Procedure for FOCIS physical dimension
1. Obtain the FOCIS document for the type o éagnector under evaluation, e.g., SC-FOCIS 3.
2. Measure all physical dimensions usmg,the Intertek comparator and compare them to the
FOCIS document.
3. Record the results.

ion digital caliper. (Distance A in GR-326-CORE. See Exhibit 7 - 1.)

SC Connector

|<——iA

/ L
Exhibit 7-1
3. Attach the Intertek ferrule extension contact force adapter to the Instron. (TML # 2490)
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4.  Attach the 200 pound load cell to the Instron.

5. Power the Instron and allow 30 minutes for it to stabilize.

6.  Calibrate the Instron and load cell combination by pressing IEEE to turn off the red indicator
light then “cal button” and “enter”.

7.  Attach the connector into the fixture with the ferrule facing upward in the adapter. Do not over
tighten the grip screws.

8.  Position the magnetic anvil over the center of the connector.

9.  Reset the Gage Length by pressing the GL reset button. This should zero out the display.

10. Jog the Instron until it just touches the connector. (You can visually watch for physwal ntaet
between the ferrule and magnetic anvil while monitoring the load to determine when se@’ ct
occurs.) The anvil should be making contact with the ferrule but not showing anyf:a“pﬁ

11. Consult the FOCIS document to determine the ferrule end to mechanical refer%tf‘ee olane
distance under load. B;= 6.9, B, = 7.1 mm for SC connector and B; = 3. 6, "5%;.7 mm for FC
connector. L \ 4

12.  Subtract the lowest value of this range (By) from the dimension A de e@nn@d in step 2 above.

13.  Set up the Instron to stop on extension at (A - Bymm) (On the Instrof@@pntrol panel under
crosshead action press stop, under extension press max) Program he Instron “max” extension to
be (A - Bymm). e

14. Open the Instron Software. The pass words are Instron, In;ma “Press the Test Icon then enter a
file name. .

15. Choose test Method 13 “GR-326 Ferrule Extension ¢ ’Force and press OK. Then press
OK to Environmental Parameters. ‘

16. Enter in the Job #, Client Name, Sample D(;

17. Click on the Start Test at the top of the screen Xi‘fdé OK to specimen Informatlon which does not
apply.

18. Click on the OK button to “The Test wil 3

19. Record the peak load and convert the’¥ b 't Newtons.

20. Repeat steps 10 through 18 for ‘the %per range of the ferrule end to mechanical reference plane

distance under load. (B,)

Obtain the FOCIS document for the type of connector under evaluation, e.g., SC — FOCIS 3.
Select the connector guide pins for the connector under test (or have them fabricated).
Measure the distance between the center of the connector adapter and the end of the adapter
using a digital micrometer.

Insert the gauge pins into the adapter to a depth as determined by the distance measured in step
3.

Rev A

32 of 218



tl’t,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 3, General Requirements (GR-326-CORE) Revision 5

5. Install the 10 Ib load cell on the Instron.

6.  Clamp the polystyrene attachment line on the gauge pin to in the upper clamp on the Instron.

7.  Using the lower clamp on the Instron, clamp the connector into place so that it will remain
stationary during the test. '

8. Set the Instron so that the pull rate is 25 mm (1 in) per minute.

9.  Record the peak force required to remove the gauge pin from the adapter.

Test Procedure for Measuring the Adapter Mechanical Reference Plane Distance:
1. Consult the appropriate FOCIS document for the device under test and measure the dista
from the end of the ferrule to the mechanical reference plane of the adapter usin,
digital caliper. (Distance E in GR-326-CORE. See Exhibit 7 - 2.)

Example of an SC Connector Reference Plane

5

mechanical reference plan
3. Record the value and con
document.

Latch
spacin
Connector ™ P :
Housing \ | I
Exhibit 7 -3
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4. For those connectors that contain latches, measure the latch spacing using a digital
micrometer. See Exhibit 7 - 3.

5. Other mechanical dimensions that could impact the ability of the device under test to properly
latch or meet the requirements of GR-326-CORE are measured following the guidelines and
descriptions given in the appropriate FOCIS document.

6. Compare the results to the requirements of GR-326-CORE or the appropriate FOCIS
document.

Glass Transition Temperature:
Connectors constructed of materials with an inadequate glass transition temperature cofﬂg %ﬁ* rience
material deformations that produce intermateability issues after exposure to environtﬁ%%%g ‘aging.

1. The glass transition temperature shall be tested using a differential scani :
order to determine conformance to CR3-15. This test is performed at Intertek Lexington.

Configuration and Conditions:

The connectors and adapters will be in a non-operational stat:
There will be no configuration needed for the Single Mede
A,

Test Results: Al

The Single Mode LC Connector was compli"fl? with Conditional Requirement CR3-10 [10].

uated for compliance with Conditional Requirement
e¢ was not measured for the LC connector.

The Single Mode LC Connector was Dot
CR3-11 [11]. Ferrule extension conta

The Single Mode LL.C Connector wa; cbr"hpliant with Conditional Requirement CR3-12 [212]. The
distance between mechanical ;e?gggﬁce planes was determined to be within the limits of FOCIS 10
based on the documentatign 'S“Qgglied by Tyco Electronics.

The Single Mode LC € 3'Qn‘riector was not evaluated for compliance with Conditional Requirement

CR3-13 [213]. Theforcerequired to remove a gauge pin from the adapter sleeve was not measured.

ment CR3-14 [214] is not applicable to [.C connectors and adapters.

quirement CR3-15 [215] is not applicable to LC connectors and adapters.

&

Faﬂuxe History: None. Some parameters were not evaluated during this investigation.
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LATCHING INTERMATEABILITY REQUIREMENTS FOR PUSH-PULL TYPE
CONNECTORS (3.4.1)

Criteria:

C03-16 {216] No more than 30% of the connectors (a total of 43 connectors) shall fail the latchability test.

Test Method:
by
1. A sample set of 144 connectors shall be tested to determine the ability of the plug&go‘fwh
properly into the adapters. \Y
2. The connectors shall be mounted in a typical termination shelf configuratié
columns, with a vertical center spacing of approximately 12.7 mm (0.5 1n}%n@?g
center spacing of approximately 29.4 mm (1.156 in)). A '
3.  Insert the connectors into the back-side of the adapters initially.

ws and 12
‘horizontal

4.  Using only the boots, randomly insert the mating connector plugs usmg%an insertion force
between 2.2 kgf and 2.7 kgf (5 1bf to 6 1bf). e,

5. After the connectors have been properly inserted, they are teﬁ%ested by pulling them out of the
adapters using the j jumper behind the boot on the connect '!16 operator’s fingers are not to

6.
mandrel.
7.  Zero the Force Gauge. -
8.  Using the hook side of the Force Gaugwhook onto the loop that extends form the mandrel.
9.  Pull on the mandrel until the connector xineouples from the adapter.
10. Record the force that is measured ondzhé*zﬁﬂ?ce Gauge. Record all data on the datasheet
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Configuration and Conditions:

The connectors and adapters will be in a non-operational state during the course of this evaluation.
There will be no configuration needed for the Single Mode LC Connector.

Test Results:

Conditional Objective CO3-16 [216] is not applicable to LC connectors.

Failure History: None
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PRODUCT MARKING AND PACKAGING (3.5)

Criteria:

R3-17 [12]  Connector plugs and adapters shall be marked to identify the supplier, the model or series of the parts, and a code that
identifies the vintage of the parts. Vintage markings shall allow for the identification by date of the adapters to within 6
months and the plugs to within 3 months. ;

03-18 [13]  Connector plugs, of non-angled polished connectors, should be color-coded on the basis of their typical maximy
reflectance when mated to themselves, using the color code indicated in Table 3-1 in GR-326.

The color code shall be applied to the connector boot.

CR3-19 [14] Angled polished connectors (APC) shall have green plug body or green boots.

Test Method:

within 3 months. The markings may be on the plugs, thﬂf; bc‘f‘@ of the cable. If on the cable, determine
if the markings are within 20 cm (8 inches) of the bo® ’1;he medium on wh1ch the markmgs are made
shall not be loose or dangling from the cable. The!
connector.

' Color Code per GR-326-CORE

Typical Maximum
Reflectance
<-30dB
<-40db

Dark-Blue <-55db
Green Angled (APC)

Exhibit 7 - 4
Angled p'qli'shed (APC) connectors will be inspected for a green plug body or green boots.
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Configuration and Conditions:

The connector assemblies will be in a non-operational state during the course of this evaluation.

Test Results:

The Single Mode LC Connector was compliant with Requirement R3-17 [12]. Samples were marked
as required by R3-17. f%

The Single Mode LC Connector was compllant with Objective 03-18 [13]. Connector plu y
molded in dark blue to show their typical maximum reflectance.

Conditional Requirement CR3-19[14] is not applicable to the LC connectors u;adeﬁ& %s they were
not APC connectors. '

Failure History: None
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KEYING (3.5.1)

Criteria:
03-20 [15]  The connector plug shall be keyed such that a particular angular orientation is required for insertion of the plug adapter.

03-21 [16] The key orientation should be clearly visible either through the design of the connector plug and adapter or by Hgans of
marking on the plug and adapter.

Test Method:

The connector will be inspected in order to determine compliance.

Configuration and Conditions:

Test Results:
fW’

?@3@20 [15]. The connector was keyed

The Single Mode LC Connector was compliant with Object

Failure History: None
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SPECIALTY FIBER (3.5.2)
Criteria:

There are no criteria for this section.
Test Method:

Not Applicable

Configuration and Conditions:
Not Applicable

Test Results:

There are no criteria for this section.
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SAFETY (3.6)

Criteria:

R3-22 [17]  The instructions that describe the procedures for cleaning the adapters and plugs shall indicate the possible hazard due to
the presence of invisible (infrared) radiation when examining connectors with the naked eye or using a microscope. The
instructions shall also contain ordering information for an IR indicator card (Edmund Scientific Part #53-031 o
equivalent) to allow visualization of invisible light.

R3-23 [18] - The instructions that describe the procedures for cleaning the adapters and plugs shall contain the followm i
regarding any materials that are used for cleaning that may be considered hazardous to health or to the

1. Warning as to the toxicity hazard

2. Instructions for handling and use
3. Instructions for disposal.

Test Method:

1. The sample and its documentation shall be inspected in order {6 determine compliance.

2. Determine if the documentation contains a warning about te possible hazards due to the
presence of invisible (infrared) radiation when ex "i‘itgn with the naked eye or using a
microscope. .7

3.  Determine if the instructions contain ordering:in rmatlon for an IR indicator card, (Edmund
Scientific, Part #53-031 or its equivalent, This card will allow the visualization of the invisible
light.

4. Determine if the instructions for
material used for cleaning that may. be hazardous, such as toxicity hazard warning, instructions
'oﬁs for disposal.

ey

e Class IA.- This is classification applies only to lasers that are "not intended for viewing," such

asa supermarket laser scanner. The upper power limit of Class I.A. laser is 4.0 mW.

— This classification is for a low-power visible laser that emits above Class I levels

ut at-a radiant power not above 1 mW.

C_lass IITA — This classification is for intermediate-power lasers (cw: 1-5 mW), which are

“Hhazardous only for intrabeam viewing. Most pen-like pointing lasers are in this class.

e Class IIIB - These are moderate-power lasers.

e Class IV - These are high-power lasers (cw: 500 mW, pulsed: 10 J/em? or the diffuse
reflection limit), which are hazardous to view under any condition (directly or diffusely
scattered), and are a potential fire hazard and a skin hazard. Significant controls are required of
Class IV laser facilities.
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Configuration and Conditions:
There will be no configuration needed for the Single Mode LC Connector.

Test Results:

The Single Mode LC Connector was compliant with Requirement R3-22 [17]. Tyco Electronics’
instruction sheet 408-8675, Rev D, 26 October 04, contained the appropriate safety 1nstmct1on§%gd
radiation warnings.

Warnlngs

Failure History: None
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INTRODUCTION

PROJECT OBJECTIVE

Testing will be performed to determine if the Single Mode LC Connector meet the requirements for
Section 4, Connector Tests and Criteria, of GR-326-CORE, Issue 3, September 1999.

PRODUCT DESCRIPTION

The device tested was a Single Mode LC Connector, manufactured by Tyco Electronics; *’F&g;yﬁirther
details, see the PRODUCT DESCRIPTION section in Part 2.

PRODUCT CONFIGURATION

The Single Mode LC Connector was configured and verified for functionality as’described in the

CONFIGURATION AND CONDITIONS section for each test on the pa@gs that follow.

REFERENCE TO EXHIBITS

All references to Exhibits pertain to corresponding charts;.tables;-arid figures within this report, except
for references within the Criteria section. Each Criteria séction contains a direct quotation from
GR-326-CORE; therefore, all references to charts, tables, nd**"ﬁgures pertain to GR-326-CORE.
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LIST OF EVALUATION EQUIPMENT FOR GR-326-CORE

TML
Serial . . No./ Rental (Y
Component Model Number Number Calibration Date Control or N)
No.
JDS RX3 Multichannel
Backreflection Meter RX3 KK00247 3/27/06 0111
JDS RX3 Multichannel
Backreflection Meter RX3 KK000304 3/27/06
JDS Fitel SC Se'riés Fiber EB036642 N/A N/A
Optic Switch
JDS Uniphase SC Series
Fiber Optic Switch D084006 N/A N/A g
JDS Fitel Optical Fiber Scheduled .
Switch (100 Ch Switch) | SAZ431A | CDIS83S9 Maintenance © | 222 N
JDS Fitel Optical Fiber Scheduled
Switch (100 Ch Switch) | SAZ41A | CDIS83S8 Maintenance 2224 N
JDS Uniphase Optical G
. b . SC2D10201+2 eduled
Fiber Sw1;(>:‘li OSC Series TXFO0OFP JE027551TP,: ? Maintenance 3070 N
. 88402-
Photon Kinetics OTDR 70/28201-10 3/11/05 0090 N
Laser Source 1625nm,
DFB 81663A 2/25/2005 0080 N
Laser Source 1490nm
DFB 81662A" 2/25/2005 0079 N
Laser Source, Dual, ;
1310/1550nm HP81554SM | 2949G01809 3/18/2005 0089 N
& kD 1513/00
Power Sensor __HP8I532 A 2948G00196 7/20/2005 97 N
Lightwave Measurement '
System ‘8164A DE40707053 2/25/2005 0078 N
Optical Head 800-
1650nm . HP81623B DE41100102 1/9/2006 0107 N
Optical Head Interface 81618A -—- 1/9/2006 0074 N
Agilent Lightwave
Management System 8163A DE38706843 1/9/2006 0074 N
Envirotronics 27 ft’ .
Enyironmental Chamber AirCraft 116 8/22/05 Note 2 Y
Largé Walk-In Chamber Bally - 10/11/05 3002 N
Norland Interferometer AC3000 14020 l\f“.hed“kd 3003 N
aimtenance
Vibration Table H560B.16 425 Scheduled 3016 -
Maintenance
Vibration Controller UDC - 9/16/05 V254 N

Rev A 47 of 218



tl[l.'.'ﬂ / Electronics

501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) ' Revision 5
TML
Serial . . No./ Rental (Y
Component Model Number Number Calibration Date Control or N)
No.
Signal Conditioner CVA-4 - 11/9/05 V272 N
Accelerometer 10B10T - 6/20/05 V253
Torque Wrench DM70NM - 8/19/05 N861
Arc Fusion Splicer FSM-20CSII 2054 Scheduled 1052
Maintenance
High Precision Fiber CT-04 14742 theduled
Cleaver Maintenance
Siecor Fusion Splicer M90 6759 Scheduled N
Siecor High Precision :
Fiber Cleaver FBC-003 8590 Maintenance™ 3008 N
Westov.er 400X Fiber FV-400 WS02-105C- - 2466 N
Microscope 3033
Westov.er 400X Fiber FV-400 WS00-105C- 3013 N
Microscope 2121
Mechanical Test Fixture - - 3009 N
Impact Test Fixture - - 2501 N
Durability Test Fixture - - 2515 N
JDS Fitel Mandrel BR 1503-FA - 3022 N
Ceramic Blank/Guide - Note 1 -
Sleeve
Bulk Head Adapter N/A N
Bare Fiber Adapter N/A 3040 N
Airborne Chamber NA Sc'heduled N
Maintenance
Salt Fog Chamber - - -
Dust Chamber - - 2506 -
Immersion Box . - - -
Kimwipes . - - Note 1 N
CLETOP - - - Note 1 N
2-Propanél 9334-03 - - Note 1 N
NO-NIKI{jber Optic B ) . Note 1 N
Stripper
Clauss Fiber Optic Stripper CFS-2 - - Note 1 N
Ripley C'o./Mllller Fiber FO103-85 ) ) Note 1 N
Optic Stripper
Clauss No-NIK FJS-2 - - Note 1 N
Ceramic Scissors CEMIC-124 - - Note 1 N
Test Jumper TBD TBD - - N
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Note 1: These evaluation components are expendable and replaceable items that do not have a predetermined useful lifespan and are
replaced as needed without negatively impacting evaluation results. Therefore, they are not tracked within the equipment database
using TML tracking numbers.

Note 2: Rental equipment and not tracked within the TML equipment database.

Calibration dates shown are the dates of Jatest calibration for the listed equipment at the start of this.
test program (December 2005). Equipment calibration is done on a yearly basis and it is understood
that most of the equipment on this list has gone through a yearly calibration cycle duringthe course of
this test program and thus calibration dates in effect at the time of this report release ds ﬂno; match
those in effect at the beginning of the test program. :
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FAILURE HISTORY SUMMARY

HUMIDITY AGING TEST (4.4.2.3)

Sample 16 (Tyco ID --01) was noncompliant with the maximum Reflectance Objective Criteria O4-
14 [31] at 1310nm.

HUMIDITY/CONDENSATION CYCLING TEST (4.4.2.4)

Sample 16 (Tyco Id —01) was noncompliant with maximum Reflectance Objective
1310nm. e

POST-CONDENSATION THERMAL CYCLING (4.4.2.6)

Sample 16 (Tyco Id —01) was noncompliant with maximum Reflectance Obﬁective 04-18 [35] at
1310nm. Sample 18 (Tyco Id -08) was noncompliant with maximtm Réflectance Increase
Requirement R4-17 [34] at 1550nm and 1625nm, maximum Ref ectance Objective 04-18 [35] at
1310nm, 1550nm, and 1625nm, and maximum reﬂectancemcr ‘bbjectwe 04-18 [35] at 1310nm,
1490nm, 1550nm, and 1625nm.

VIBRATION TEST (4.4.3.1)

Sample 1 (Tyco Id --10) was noncompliant witﬁmaximum Reflectance Objective 04-20 [37] at
1310nm.

FLEX TEST (4.4.3.2)

A pre-flex test measurement scan showed samples 9,11,14,15,18, and 20 (Tyco IDs -26, --05, --23, --
02, --08, and —03) had noncompliant IL readings. These samples were removed from the test
population before the. start of the flex test and were replaced with “hot spares” 27,29,31,33, 21,23; the
noncompliant samp]es’ were returned to Tyco Electronics for failure analysis. Samples

3,13,17,21,31 33 (Tyco IDs —01,--23,--04,--06,--18,--30) were noncompliant with maximum
Reflectance: ijectwe 04-22 [39] at 1310nm. Sample 21 (Tyco ID —06) was noncompliant with
maximum Reflectance Objective 04-22 [39] at 1550nm.

TWIST TEST (4.4.3.3)

Samples 3,13,17.21,31, and 33 (Tyco IDs —01,--33,--04,--06,--18, and --30) were noncompliant with
maximum Reflectance Objective 04-25 [41] at 1310nm. Sample 21 (Tyco ID —06) was noncompliant
with maximum Reflectance Objective O4-25 [41] at 1550nm.
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PROOF TEST (4.4.3.4)

Samples 1,3,7,13,17,21,31, and 33 (Tyco IDs -10,--01,--15,--33,--04,--06,--18 and —30) were
noncompliant with maximum Reflectance Objective O4-27 [43] at 1310nm. Samples 17 and 21
(Tyco IDs —04 and —06) were noncompliant with maximum Reflectance Objective 04-27 [43] at
1550nm. %

IMPACT TEST (4.4.3.7)

Samples 1,6,10,13,28, and 33 (Tyco IDs -10,--27,--28,--33,--16,--30) we
maximum Reflectance Objectlve 04-38 [51] at 1310nm. Sample 28 (Tyco ID —16) was
noncompliant with maximum Reflectance Objective 04-38 [51] at 1490nm;..Sample 28 (Tyco ID —
-16) was noncompliant with maximum Reflectance Objective O4- 3 51] at 1550nm. A pre-impact
measurement scan showed Sample 25 (Tyco ID —21) had noncon L. This sample was
removed from the test population before the start of the 1mpact es an replaced with “hot spare” 28
(Tyco ID - 16).

DURABILITY TEST (4.4.3.8)

Sample 3 (Tyco ID—01) showed noncompliant insertion loss readings at all wavelengths after 100
durability insertions. Hot spare 30 (Tyco ID 3) was brought in to replace sample 3; it was subjected
to 100 durability cycles and then the’ entlre sample population was subjected to the remainder of the
durability test.

Sample 3 (Tyco ID—01) was V.noncompllant with maximum Loss Requirement and maximum Loss
Increase requlrement R4-42 | S] at 1310, 1490, 1550, and 1625nm. Sample 3 was noncompliant
with maximum Reflect:

lncrease requirement R4-42 |55] at 1310, 1490, 1550 and 1625nm.

Sample 3 was noncm;) lant with maximum Loss Objective and maximum Loss Increase Objective
04-43 [56] at 1310, 1490 1550, and 1625nm.

The entire sami)ie population was noncompliant with mean Loss requirement R4-42 [55] at 1310,
1490,1550; and 1625nm. The entire sample population was noncompliant with mean Loss objective
04-43 [56] at 1310, 1490, 1550, and 1625nm.

Samples 1,3,5,6,8,10,13,17,31, and 33 (Tyco IDs —10,--01,--31,--27,--03,--28,--33,--04,--18, and ~30)
were noncompliant with maximum Reflectance Objective 04-43 [56] at 1310nm; sample 3 was
noncompliant with maximum Reflectance Increase Objective O4-43 [56] at 1310nm.

Rev A 51 of 218



tl’t,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Sample 3 was noncompliant with maximum Reflectance Objective 04-43 [56] and maximum
Reflectance Increase Objective 04-43 [56] at 1490nm.

Samples 3,8 and 33 (Tyco IDs —01,--03, and —30) were noncompliant with maximum Reflectance
Objective O4-43 [56] at 1550nm. Sample 3 was noncompliant with maximum Reflectance Increase
Objective 04-43 [56] at 1550nm.

Sample 3 was noncompliant with maximum Reflectance Objective 04-43 [56]and max1mum
Reflectance Increase objective 04-43 [56] at 1625nm. ;

The entire sample population was noncompliant with Remateability with Cleanmg objecﬂve 04 40
[53] for maximum reflectance at 1310nm and 1550nm. 2

Sample 3 was non-compliant with Cleanability Objective O4-44 [57]. =
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CONNECTOR INSTALLATION (4.4.6)

Samples 16 and 24 (Tyco IDs —01 and --25) were noncompliant with Loss Increase Objective 04-73
[83] at 1625nm.

END OF TEST CRITERIA (4.4.3.9)

Samples 1,8,10, and 23 (Tyco IDs —10,--03,--28 and —12) were noncompliant with Ina;mf I
Reflectance Objective O4-46 [59] at 1310nm. Samples 1 and 10 (Tyco IDs —10 and :
noncompliant with Maximum Reflectance Objective O4-46 [59] at 1490nm. Samples iand 10 (Tyco
IDs —10 and —28) were noncompliant with Maximum Reflectance Objective 04+ 4@}[559] at 1550nm.
Samples 1 and 10 (Tyco IDs —10 and -28) were noncompliant with Maxnnu n Reflectance Objective
04-46 [59] at 1625nm. %
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CONNECTOR TESTS AND CRITERIA (GR-326-CORE, SECTION 4)

GENERAL INFORMATION

The following evaluation was performed by Ken Riedl at Intertek ETL SEMKOQ’s Laboratories in
Cortland, NY.

TEST SAMPLES (4.1)

DEFINITIONS (4.1.1)

Pigtail Assembly Sample — consists of two connector plugs mated with an adapter unterminated

leads. Each of the unterminated leads should be 3 £ 0.5 meters (9.8 £ 1.6 ft) long o that the splices

may be located outside of the environmental test chamber.

Jumper Cable Assembly Sample — consists of a jumper cable terminated with-plugs on each end
connected with adapters to two additional connector plugs with untert nated leads on either end. The
jumper cable shall be 3 = 0.5 meters (9.8 = 1.6 ft). Each of the un 1n ed leads should also be 3 +
0.5 meters (9.8 % 1.6 ft) long so that the splices may be lo ide of the environmental test
chamber.

Jumper Assembly

Exhibit 8 - 2

POPULATION (4.1.2)

Fifteen pigtail assemblies and five jumper assemblies shall be tested sequentially to all the
environmental and mechanical tests described in Section 6.1, Service Life Tests.
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CRITERIA (4.2)

The generalized optical performance criteria is summarized in this section. The criteria for specific
tests are included with the respective tests.

OVERVIEW OF OPTICAL PERFORMANCE CRITERIA (4.2.1)

This section describes the optical performance criteria for loss and reflectance. The criteria-is
described in Exhibit 8 - 3 and Exhibit 8 - 4. Measurements shall be taken at 1310 nm, 1496.nn
nm and 1625 nm.

Summary of Optical Performance Criteria: Loss

Maximum Mean Loss
Loss (dB) (dB)
Test (R) O | ® | ©
New Product 0.40 0.20 0.20 | 015
During Test,
Not Under
Load 0.50 0.20
During Test,
Under Load 0.30

End of Test 0.50 0.20 — —

Exhibit 8 - 3

Summary of Optica rformance Criteria: Reflectance
. Increase in
Reflectance Reflectance
(R) (CR) | (CO) R) ()]
_40 55 ~60
. -40 -55 -60 5 2
X During Test,
7 7 Under Load -40 -55 -60 5 2
“zs#  End of Test -40 -55 -60 5 2

Exhibit 8 - 4
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MODIFICATIONS AND CONDITIONS (4.2.2)

MEASURMENT ERROR (4.2.2.1)

This section states that Telcordia will allow a measurement error of 2 dB for reflectance and 0.05 dB
for loss measurements. ;

JUMPER CABLE ASSEMBLY MEASUREMENTS (4.2.2.2)

This section describes how to measure jumper cable assemblies for the Service Life Tests, This
specification states the following:

e Loss, Loss Increase — Divide the measured values by 2 and apply the appr_

priate criteria from
Table 4-2. .

e Reflectance — Subtract 3.0 dB from each measurement and apply the révsii%*éctive criteria from
Table 4-3. :

These modifications do not apply during the mechanical testi "'r'si"ngle fiber optic connection at

the end of a jumper assembly.

REFLECTANCE INCREASE CRITERIA APPIfi@ABILiTY (4.2.2.3)

connections with reflectance(s) less than —64 dB due to measurement uncertamty at the low reflected
power levels involved.

REFLECTANCE CRITERIA APPLICABILITY (4.2.2.4

This section explains how the reflectarice criteria will be applied.

For example, connectors intended:for use in digital systems shall meet the Requirement criterion of
reflectance not exceedin; dB. Connectors intended for use in AM-VSB (analog video) systems
shall meet the Conditional Requirement criterion of reflectance not exceeding —55 dB. Connectors
intended for use in AM .VSB (analog video) systems should meet the Conditional Objective criterion
of reflectance not exceedmg —60 dB.
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HANDLING OF NONCONFORMANCE (4.2.2.5)

Criteria:

R4-1[217]  If a connector assembly becomes nonconforming in the course of a test then the criteria for that test are a priori not met.
However, rather than consider this specimen nonconforming for all subsequent tests (as was the case in Issue 1 of GR-
326-CORE), it is permissible to substitute for the failed product to replenish the test group with product from the same
production lot to its original size, with the condition that substitute product has also been subjected to the condit
the previous tests. It is therefore desirable to maintain a supply of unmonitored “hot spares” in the environmental
chamber. Any product substitutions shall be noted clearly within any report issued under this document. “Hot spam%”
do not need to be monitored until they are substituted for failed product. No more than ten (10) initia] sdmples may
be replaced by “hot spares”. This criteria does not apply to samples that are pre-screened to New Produict critefia, see
Section 4.4.1. ‘

-

Test Method:

This section states that if a connector assembly becomes nonconformingi n the course of a test, then
the criteria for that test are not met. GR-326-CORE, Issue 3, allows a failing.sample to be replaced
with a “hot spare” during the course of testing as long as the “hot spare”’ is from the same production
lot and has been subjected to the conditions of all previous tests. If'a,sample has to be replaced, it
shall be clearly noted so that it can be reported. ‘

Rev A 57 of 218



tl[l.'-'ﬂ / Electronics

501-652

Intertek
ETL Semko
Section 4, Connector Tests and Criteria (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector
Revision 5

Configuration and Conditions:

Not Applicable
Test Results:

Not Applicable
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DAMAGE CRITERIA (4.2.3)

This section describes different types of damage to look for when inspecting connectors at the
completion of various tests. The connectors shall be inspected for the following:

e Distortion of housing parts, as indicated by the difficulty in insertion, improper snap-fits, e{%}
Distortion of ferrules and sleeves, as indicated by change in mating force, changes in endfa%%

geometry, etc.

Cracks

Presence of debris, shavings, etc.
Corrosion or residue

Other potentially service-affecting damage )
Permanent Loss Increase of more than 0.5 dB from the New ProductdV

or scratches.
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CLEANING PROCEDURES (4.3)
CLEANING PROCEDURE A (4.3.1)

Criteria:

This section does not contain criteria.

Test Method:

1.

2.

3.

4.
plug. Do not wipe the ferrule or allow it to touch anything aftef
before the ferrule is inserted into the sleeve.

5. Insert the plug into the adapter.

6.  If both plugs have been removed, repeat Steps 2 thr

In order to view the connector’s endface for cleanlin
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Configuration and Conditions:

Not Applicable

Test Results:

Not Applicable
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CLEANING PROCEDURE B (4.3.2)
Criteria:

This section does not contain criteria.

Test Method:

—

Blow compressed air through adapter opening.

2. Inspect launch fiber endface prior to cleaning using the Westover 400x mlcrosc@pg ‘

3. Clean the outside surface of the ferrule with an alcohol-soaked Texwipe, regg )
Texwipe, blow compressed air over ferrule. B

4. Wipe endface with a dry Texwipe and inspect with the Westover mi % ‘

5. If further cleaning is needed use Cletop and reinspect. ’ .

6.  Install launch connector into adapter. )

7.  Repeat steps 2-6 for the receive cable assembly.

8.  Install receive assembly into adapter.

Procedure for using Cletop:

—

Cleaning Procedure B utilizes the Cletop.

2. Hold the Cletop firmly and open the protectr ver exposing the cleaning strip.

3. Place the endface of the plug on the top“i ht-hand side of the cleaning. The twist the connector
clockwise and pull down across the strip. 4.

4. Next, place the endface of the plug @nﬁtfi’e@top left-hand side of the cleaning. The twist the
connector counter-clockwise a%pﬁg down across the strip.

5. Verify the cleanliness of the connéetor by placing it Westover 400X Fiber Microscope.

Configuration and Conditioit

Not Applicable
Test Results:

Not Applicabl
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STATEMENT OF CRITERIA (4.4)
PERFORMANCE OF NEW PRODUCT (4.4.1)

Criteria;

R4-2 [19] All connections in the population shall meet the New Product Loss Requirement of 0.40 dB stated in Table 42

326-CORE.
e 3 Qo
04-3 [20] All connections in the population should meet the New Product Loss Objective of 0.20 dB stated in Tableéé of GR-
326-CORE. :

R4-4 [21] The mean of the losses for the population of connections shall meet the New Product MeangLossgeqﬁ‘iwment 0f 0.20 dB
stated in Table 4-2 of GR-326-CORE. r N
# "’@f
in Loss Objective of 0.15 dB
&

y -

04-5[22] The mean of the losses for the population of connections should meet the New Prodﬁ%t
stated in Table 4-2 of GR-326-CORE.

R4-6 [23] All connections in the population shall meet the New Product Reflectance Re uirement of 40 dB stated in Table 4-3 of
GR-326-CORE.

CR4-7 [24] Connectors intended for use in AM-VSB (analog video) systems shalLmeEt the" Condltlonal Requirement of -55 dB

CO4-8 [25] Connectors intended for use in AM-VSB (analog video) sy@tpms‘
in Table 4-3 of GR-326-CORE.

Test Conditions:

23 £2°C, ~50% RH
Sample Group: (15) 7 meter pigtail assembli

samples. (10) additional pigtail asae"’i%bgl ;
spares..

Test Method:

Insertion Loss meas
8-5b. Insertion los for, 1gta11 assemblies was the dlfference in power measured at PO and Pl
Insertion loss for J\fﬁ'lper assemblies was the sum of PO mmus P1 and P1 minus P2, with the sum

Configuration and Conditions:

The connector assemblics were in an operational state during the course of this evaluation. See
Exhibits 8-5a to 8-5¢ for details.
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New Product Test Configuration (Insertion Loss - Pigtail Assemblies)

Step™
-
Lavneh: Figead
Step 2.
Cmptical X
Bmuree -

Launch Pigtail ;

Exhibit 8-5a
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New Product Test Configuration (Insertion Loss - Jumper Assemblies)

StEp L BUT Launch
» Conector 1
optice Fusion Weld j
¥ u‘ Power
& / Moter
Eaunch PiglaR
N DUY Recave
DUT Receive Conrector 2
Connector 4
Step 2
Fosim e / /
optical usion Weld [l
Boures. [v2 oo
8 - Jumper
Launchi Pighat
DUT Receive DUT Receive
Connectar 1 Cannectsr 2

Step 3

= /
- % (1]
/ Jumper Assy.

aneh Pigeail

Receive Pigtall

Exhibit 8-5b
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New Product Test Configuration (Return Loss)

250 meser \ 250 meters )
‘Lauch Cable 'y / LaunchCable W,
Switch \}  Bwitch 2

- =
| STDR. //' 2 _,_. Sanple ; I - \

Sample 20

8 -
n t
45 Ex b ¥
fn’ ‘h

“Exhibit 8 — 5¢

Test Results:

The LC/PC Fiber Opti gn%ctors and Adapters were compliant with Requirements R4-2, R4-4,
R4-6, Conditional Requirement CR4-7, and Objective O4-3 and 04-5.

Adapters.

A

See Exhibit § - 6 (1310nm), Exhibit 8 - 7 (1490nm), Exhibit 8 - 8 (1550nm), Exhibit 8 - 9 (1625 nm)
for the maximum values measured during the evaluation.
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Maximum Value Measured from Sample Group at 1310 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values| Criteria Criteria
Category (dB) | (dB) |CriteriaMet?| (dB) Criteria Met? |
Max Loss (R4-2, 04-3) 0.18 | 040 |Yes(25Y,0N) 0.20 Yes(25Y, ON
Mean Loss (R4-4, O4-5) 0.05 0.20 Yes 0.15 Yes
Max Reflectance (R4-6, CR4-7) | -54 -40 |Yes (25Y, ON) -55 Yes(ZSX%N?%
Exhibit 8 - 6 Y f’@
Maximum Value Measured from Sample Group at 1490 § nm %@ b
Opb% egve/@ﬁndltlonal
Max Requirement ,ﬂ%g Reqmrement
Criteria Values| Criteria Cr{ftena
Category (dB) | (dB) | Criteria Met? (dﬁ) Criteria Met?
Max Loss (R4-2, 04-3) 0.18 040 |[Yes(25Y,0 -0.20 Yes (25Y, ON)
Mean Loss (R4-4, 04-5) 0.07 0.20 0.15 Yes

Max Reflectance (R4-6, CR4-7) | -56 | -40 55 Yes (25Y, ON)

Objective/Conditional

. Requirement Requirement
Criteria Criteria
Category Criteria Met? (dB) Criteria Met?

Max Loss (R4-2, 04-3)
Mean Loss (R4-4, 04-5) »
Max Reflectance (R4-6, CR4-

Yes (25Y, ON) 0.20 Yes (25Y, ON)
Yes 0.15 Yes
Yes (25Y, ON) -55 Yes (25Y, ON)

Exhibit 8 - 8
Value Measured from Sample Group at 1625 nm

Objective/Conditional
Max Requirement Requirement
Values| Criteria Criteria
iy, C (dB) | (dB) [ Criteria Met? (dB) Criteria Met?
Mﬂx Loss (R4-2, 04-3) 0.20 0.40 | Yes (25Y,0N) 0.20 Yes (25Y, ON)
Mean Loss (R4-4, 04-5) 0.08 0.20 Yes 0.15 Yes
Max Reflectance (R4-6, CR4-7) | -55 -40 | Yes (25Y, 0ON) -55 Yes (25Y, ON)

Exhibit8-9

The loss and reflectance measurements, for each sample, are reported in Appendix A.
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Failure History:

There were no failures during the course of this evaluation.
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TEMPERATURE, HUMIDITY, AND CONDENSATION TESTS (4.4.2)
THERMAL AGE TEST (4.4.2.1)

R4-9 [26] The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-GORE, in
the row marked “During Test, Not Under Load”.

04-10 [27]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-32 -
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: 85°C + 2°C for 168 hours
Humidity: Uncontrolled

Sample Group: Use samples from the New Product Test.
All optical measurements shall be performed at 1310 nm, 1490

P :
Sﬁ“ nm, and 1625 nm.

o

Test Method:

1.  After the New Product measurements have beeﬁ de take all of the connector assemblies and
route them in the environmental area. Pay cIﬁsa ttention to the fiber cables so that sharp bends
are not created leading to high loss mea@%rements. Once the connector assemblies have been
routed to the environmental area, place the;connector assemblies into the environmental
chamber. Pay close attention to the routing’ ‘of the fibers in the chamber; be sure that the fibers
are not under any stress whatso%g%/e A@ter the connector assemblies have been placed in the
chamber, place the hot spare%gltc?@éhe chamber.

2. Place a thin port plug on theﬁl;g&si’de of the fibers and a thin port plug on the front side of the
fibers on the exact locati ere the fibers will enter the chamber. By surrounding the fiber
with the port plug, thisAvill 4ct as a buffer so that the fibers are not pinched and bends are not
induced when being into the chamber. Place the port plug into the appropriate slot on
the chamber an the door. Be extremely careful not to pinch any of the fibers with the
door. 5

3.  Insertion Los

placed

d Reflectance measurements shall be made once the connectors have been

:environmental chamber.

e test is completed, verify the connectors, using excel to pull in the raw data from the

database, to ensure that the loss values have not changed due to moving the samples.

If some of the connectors have exceeded the loss requirements, verify the cleanliness and the

,able routing of the connector in question. Once this has been taken care of, take a new set of
loss measurements and verify once again. Repeat this process until all of the connectors are
within the requirements.

6.  Once all of the connectors have been verified and all are within the requirements, allow 2 hours
for the connectors to stabilize before starting the test.

7.  After the connectors have stabilized for 2 hours, take the initial measurements for the Thermal
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Age Test. The initial measurement for Thermal Age Test is taken at 23°C.

8.  Once the initial measurements have been made, program the environmental chamber to increase
in temperature to 85°C with uncontrolled humidity. Have the chamber hold at this temperature
for 168 hours (7 days). Refer to for the temperature profile in Exhibit 8 - 10.

9.  Verify that the actual environmental profile for the chamber is accurate and within tolerance on
a daily basis. “

10. Following the 168-hour at 85°C, decrease the chamber temperature to 23°C and allow th >
samples to stabilize for at least one hour.

11. After the samples have stabilized at room temperature, take the final insertion loss arﬁ
reflectance measurements for the Thermal Age Test. H %/ s

12. Verify the data by pulling it into excel from the ATOC database, to ensure that Cgonnectors
met the requirements for the Thermal Age Test. If some of the samples are%‘m;afhm the
requirements notify the customer. ﬁ@% W%

A e

Thermal Age Test Profile

100
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Temperature (C)

20 1

0 : T . . . . .
0 24 48 72 96 120 144 168 192

Time (hours)

Exhibit 8 - 10
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Configuration and Conditions:

The connector assemblies will be placed in an environmental chamber and remain operational during
the course of this evaluation. See Exhibit 8 - 11 for a diagram of the test setup.

Environmental Test Configuration

‘ 250 meter 250 meters
Launch Cahl:: " Launch Cable
‘Switeh 1 Switch2
1
OTDR. / : V\
fkrt : 2 . 2 s S
Part1 W;g ; 3 >
n; 1
1 oty
fi “f
o i

Exhibit 8 - 11

Test Results:

The LC/PC Fiber thgc Connectors and Adapters were compliant with Requirement R4-9 and
Objective 04+

12 through 8-15 for the maximum values measured during the evaluation.

Rev A 71 of 218



tl’[,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Maximum Value Measured from Sample Group at 1310 nm

Objective/Conditional

Max Requirement Requirement
Criteria Values| Criteria Criteria

Category (dB) | (dB) [ Criteria Met? (dB) Criteria Met?

Max Loss 0.19 0.50 |Yes(25Y,0N) 0.30 Yes (25 Y, O:N
Mean Loss 0.05 0.30 Yes 0.20
Loss Increase 0.19 0.30 {Yes(25Y,0N) 0.20
Max Reflectance -55 -40 |Yes(25Y,0N) -55

Reflectance Increase 0 5 Yes (25Y,0N) 2

Exhibit 8 - 12

Maximum Value Measured from Sample Group ags /

0 ,iectlve/Condltlonal

Max Requirement ‘Requirement
Criteria Values| Criteria ‘Criteria

Category (dB) | (dB) | Criteria Mét? |+ (dB) Criteria Met?
Max Loss 0.20 [ 0.50 ' 0.30 Yes (25Y, 0N)

Mean Loss 0.10 0.20 Yes
Loss Increase 0.20 0.20 Yes (25Y,0N)
Max Reflectance -56 -55 Yes (25Y,0N)
Reflectance Increase 2 2 Yes (25 Y, ON)

Objective/Conditional

Requirement Requirement
Criteria alues| Criteria Criteria
Category (dB) | (dB) | Criteria Met? (dB) Criteria Met?

0.16 | 050 [Yes(25Y,0N)] 030 [Yes(25Y,0N)

0.05 0.30 Yes 0.20 Yes
Loss ln" ase 0.04 030 |Yes(25Y,0N) 0.20 Yes (25Y, 0N)
Max Reﬂectance -55 -40 [Yes (25Y,0N) -55 Yes (25Y,0N)
cctanc 2 5 |Yes(25Y,0N) 2 Yes (25 Y, 0N)

Exhibit 8 - 14
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Maximum Value Measured from Sample Group at 1625 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values| Criteria Criteria

Category (dB) [ (dB) | Criteria Met? (dB) Criteria Met?
Max Loss 0.16 0.50 |Yes (25 Y,0N) 0.30
Mean Loss 0.06 0.30 Yes 0.20
Loss Increase 0.16 0.30 [Yes(25Y,0N) 0.20
Max Reflectance -57 -40 |Yes (25Y,0N) -55

Reflectance Increase 2 5 Yes (25Y,0N) 2
Exhibit 8 - 15

£ T
LA b
The loss and reflectance measurements, for each sample, are reported 1n/%g;§end1x A.
LWy
%

Failure History:

There were no failures during the course of this evaluation.
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THERMAL CYCLE TEST (4.4.2.2)

Criteria:

R4-11 [28]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “During Test, Not Under Load”.

04-12 [29]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-326- CO
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: -40°C £ 2°C to 75°C £ 2°C
Humidity: Uncontrolled

Sample Group: Use the same sample group from the Thermal Age Test:

Test Method:

1. After finishing the Thermal Age Test, the Thermal Cy, {[eTest shall be conducted on the same
set of connectors and in the same env1ronment%; chamber.

2. Verify the data taken from the previous test_ sin xcel to pull the data in from ATOC database.
If the connectors are within the requirements ceed with Step 3. If the connectors are not
within the requirements, hold off on testing until the customer has been notified and a resolution
has been reached. If some of the samplés are not within the requirements, it may be necessary to
clean the connectors, check the ﬁber«cabi@for bends, or even splice in hot spares, these
alternatives should only be don&sat the discretion of the customer.

3. The measurements need to be'set ﬁp,,by using ATOC Software. The measurement sequence is
set up so that the measurement vill be made approximately 30 minutes after the start of each
temperature plateau at 2 hour intervals. Verify that the measurements are being made at the
correct times on a daily-basis.

4.  Once the initial m Vfﬁr ments have been made, program the environmental chamber in
accordance with the temperature profile as shown in Exhibit 8 - 16. The temperature extremes

( ‘The chamber shall be programmed so that the temperature profile in will

be performed:for21 cycles, lasting 168 hours.

at the actual environmental profile for the chamber is accurate and within tolerance on

6. Once the env1ronmenta1 run has finished a, verify the data using excel to pull in the data form
<« the ATOC database, to ensure that the connectors met the requirements for the Thermal Cycle
" Test. If the connectors met the requirements, proceed to the next test. If some of the connectors
failed to meet the requirements, notify the customer. Once a resolution has been reached,
proceed with testing.

Rev A 74 of 218



tl’t,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Thermal Cycle Profile
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Exhibit 8 - 16

Configuration and Conditions:

Envu‘onmelﬁal Test Conﬁguratlon

”@m

2350 metet 250 meters
Launch Cablz T ITNOR IO ST " Launch Cable
: ] Envitonmental 1
N Chamber L .
Switeh 1 ! R { Switch 2
RS :
i 1
8 e i@,
. ; 4 = [ v\
OTDR / 2 !E _l Semple \_; . N
i P! ’
Port1 sz 3 1@ Sete | @,
| o

B BB B
B BB B

Exhibit 8 - 17
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Test Results:
The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirements R4-11 [28]. ‘

The LC/PC Fiber Optic Connectors and Adapters were compliant with Objective 04-12 [29].

See Exhibit 8 - 18 (1310 nm), Exhibit 8 - 19 (1490nm), Exhibit 8 - 20 (1550nm), and Exhibit &,
(1625nm) for maximum values measured during this evaluation.

At the request of Tyco Electronics “hot spare” jumper sample 16 was substituted for j ju n
19; sample 19 was compliant and was retained as a “hot spare.”

10 nin

Maximum Value Measured from Sample Group

=i —
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria B
Category (dB) (dB) Criteria M 2 riteria (dB) | Criteria Met?
Max Loss 0.29 0.50 0.30 Yes (25Y,0N)
Mean Loss 0.09 0.30 0.20 Yes
Loss Increase 0.02 0.30 0.20 Yes (25Y,0N)
Max Reflectance N =Y (25Y,0N) -55 Yes (25Y,0N)
Reflectance Increase XYes(25Y,0N) 2 Yes (25Y,0N)

Maximum Val asured from Sample Group at 1490 nm

Objective/Conditional
Requirement Requirement
Criteria Criteria

Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
0.27 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)

0.14 0.30 Yes 0.20 Yes
Loss Increase 0.04 0.30 Yes (25 Y,0N) 0.20 Yes (25Y,0N)
Max Réeflectance -55 -40 Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance Increase 2 5 Yes (25 Y, 0 N) 2 Yes (25Y,0N)

Exhibit 8 - 19
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Maximum Value Measured from Sample Group at 1550 nm
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.19 0.50 Yes (25 Y,0N) 0.30 Yes (25Y, 0N5
Mean Loss 0.08 0.30 Yes 0.20 Yes
Loss Increase 0.02 030 | Yes(25Y,0N) 0.20 Yes (25 X0
Max Reflectance 54 -40 Yes (25 Y, 0N) -55 Y
Reflectance Increase 2 5 Yes (25Y,0N)
Exhibit 8 - 20
)
Maximum Value Measured from Sample Group.at 1625 nm
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria (dB) | Criteria Met?
Max Loss 0.23 0.50 0.30 Yes (25Y,0N)
Mean Loss 0.12 0 0.20 Yes
Loss Increase 0.03 Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance -56 Yes (25 Y,0N) -55 Yes (25Y,0N)
Reflectance Increase 2 Yes (25Y,0N) 2 Yes (25Y,0N)

_Exhibit 8 - 21

The loss and reflectance measurements, for each sample, are reported in Appendix A.

Failure History:

There were no failuresiduring the course of this evaluation.
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HUMIDITY AGING TEST (4.4.2.3)

Criteria:

R4-13 [30]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “During Test, Not Under Load”.

04-14 [31]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-326-C
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: 75°C £ 2°C for 168 hours
Humidity: 95%

Sample Group: The same sample group from the Thermal Cycle Test s
All optical measurements shall be performed at 1310 nm, 1490 nm, 1550

Test Method:

1. After finishing the Thermal Cycle Test, the Humidity gﬁ ing Test shall be conducted on the
same set of connectors and in the same environmental cﬁamber

2. Verify the data taken from the previous test us {éggel to pull in the data from the ATOC
database. If the connectors are within the req rements, proceed with Step 3. If the connectors

are not within the requirements, hold off.on testing until the customer has been notified and a

resolution has been reached. If some of'the.samples are not within the requirements, it may be

necessary to clean the connectors check:the ﬁber cable for bends, or even splice in hot spares,

3. The measurements need to be i by using the ATOC software. The measurement sequence
is set up so that the measurements will be made at the beginning of the test, every six hours
during the test, and at the end of the test. Verify that the measurements are being made at the
correct times on a dg}ly%a 1S.

4. Once the initial meaﬁ%ggments have been made, program the environmental chamber in
accordance w1thzj;fle‘°ﬁemperature profile as shown in Exhibit 8 - 22.

5. The chamber&%ﬁal%e programmed so that it will hold a temperature of 75°C and a humidity of
95% for 168 @urs

at the actual environmental profile for the chamber is accurate and within tolerance on

Once the environmental run has finished, verify the data by using excel to pull in the data from
. the ATOC database to ensure that the connectors met the requirements for the Thermal Cycle
"“Test. If the connectors met the requirements, proceed to the next test. If some of the connectors
failed to meet the requirements, notify the customer. Once a resolution has been reached,
proceed with testing.

Rev A 78 of 218



tl[l.'.'ﬂ / Electronics

501-652
Intertek Evaluation For: Tyco Electronics
ETL Semko - Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Humidity Aging Profile
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Exhibit 8 - 22

requirements in the same plot.
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Configuration and Conditions:

The connector assemblies will remain in an environmental chamber and will be operational during the
course of this evaluation. See Exhibit 8 - 23 for a diagram of the test setup.

Environmental Test Configuration

;25Q:_m’éter 250 meters
Launch Cahbls i e e et Launch Cable
R Envitonmental !
o : Chamber ! s
Switch 1. : : i i I Switch 2
= -
1 [ Sample '
X S <
OTDR, / ; | __| Sample: I_; ® :
; Pont 2] .: ' i ] R
: i |
d e e J
n 11
f1 n
f1 n
f n

Exhibit 8 - 23
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Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-13[30]. The
connector assemblies met the criteria.

The LC/PC Fiber Optic Connectors and Adapters were noncompliant with Objective 04-14 [3 at
1310nm.

See Exhibit 8 - 24 (1310nm), Exhibit 8 - 25 (1490nm), Exhibit 8 - 26 (1550nm), and E)%l
(1625nm) for the maximum values measured during this evaluation.

L Objective/Conditional
Max Requirement 4 Requirement

Criteria Values | Criteria |

Category (dB) (dB) “[eCriteria (dB) | Criteria Met?

Max Loss 0.23 0.50 0.30 Yes (25Y,0N)

Mean Loss 0.06 0.30 . 0.20 Yes

Loss Increase 0.04 030 | 0.20 Yes (25 Y, 0N)
Max Reflectance B -55 Yes(23Y,2N)
Reflectance Increase 2 Yes (25Y,0N)

Objective/Conditional
Requirement Requirement
Criteria Criteria
Category & (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss ! 0.23 0.50 Yes (25Y, ON) 0.30 Yes (25Y,0N)
0.11 0.30 Yes 0.20 Yes
0.02 0.30 Yes (25Y, 0 N) 0.20 Yes (25Y,0N)
-54 -40 Yes (25Y, 0 N) -55 Yes 25Y,0N)
4 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 25
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Maximum Value Measured from Sample Group at 1550 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria ]
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Mef?;
Max Loss 0.17 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0 g)
Mean Loss 0.04 0.30 Yes 0.20 Yes=p “dw
Loss Increase 0.03 0.30 Yes (25Y, 0N) 0.20 Y, 0N
Max Reflectance -53 -40 Yes (25Y,0N)
Reflectance Increase 4 5 Yes (25Y,0N)

Exhibit 8 - 26

Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria (dB) | Criteria Met?
Max Loss 0.15 0.50 0.30 Yes (25Y,0N)
Mean Loss 0.20 Yes

Loss Increase 0.20 Yes (25Y,0N)
Max Reflectance Yes (25Y,0N) -55 Yes 25Y,0N)
Reflectance Increase Yes (25Y,0N) 2 Yes (25Y,0N)

The loss and reflectance mea s, for each sample, are reported in Appendix A.

Failure History:
Sample 16 (Tyco ID %was noncompliant with the maximum Reflectance Objective Criteria O4-

ﬁw&}@ {
14 [31] at 1310n .
Bl n%%w;
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HUMIDITY/CONDENSATION CYCLING TEST (4.4.2.4)

Criteria:

R4-15 [32]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “During Test, Not Under Load”.

04-16 [33]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-326-C E “«m
the row marked “During Test, Not Under Load”.

Test Conditions:
Temperature: -10°C £ 2°Cto 65°C £ 2°C
Humidity: 90% to 100 % at points shown in Exhibit § - 28.

Sample Group: The same sample group from the Humidity Age Test will beaused.
All optical measurements shall be performed at 1310 nm, 1490 nm, 1550 nm, and 1625 nm.

Test Method:

1. After finishing the Humidity Aging Test, the Humli ‘Condensation Cycling Test shall be
conducted on the same set of connectors and it the.same environmental chamber.

2. Verify the data taken from the previous test usamgv xcel to pull in the data from the ATOC
database. If the connectors are within the requirements, proceed with Step 3. If the connectors
are not within the requirements, hold o festing until the customer has been notified and a
resolution has been reached. If some.ofithe samples are not within the requirements, it may be
necessary to clean the connectoi ¢ the fiber cable for bends, or even splice in hot spares,
these alternatives should onlybe dene at the discretion of the customer.

3. The measurements need to be setup by using the ATOC software. The measurement sequence
is set up so that the measurements will be made at the beginning of the test, every hour during
the test, and at the end o est. Verify that the measurements are being made at the correct
times on a daily ba '

4.  Taking measurements every hour throughout the duration of this test will yield more data than
necessary. Byusing excel pull in the data form the ATOC database. The data that needs to be
used is only the
plateau. :

5. Oncesthe initial measurements have been made, program the environmental chamber in
accordance with the temperature profile as shown in Exhibit 8 - 28. Pay close attention to the

ramp step from -10°C to 65°C, this should be completed in no more than 20 minutes so that the
~* maximum amount of condensation is created. The chamber shall be programmed so that the
temperature profile will be performed for 14 cycles, lasting 168 hours.

6.  Verify that the actual environmental profile for the chamber is accurate and within tolerance on
a daily basis.
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7. Once the environmental run has finished and the software on the computer shows that the test is
complete, verify the data using ATOC software to ensure that the connectors met the
requirements for the Thermal Cycle Test. Compare the data taken in this test to the initial
measurement made at the beginning of the Thermal Cycle Test. If the connectors met the
requirements, proceed to the next test. If some of the connectors failed to meet the
requirements, notify the customer. Once a resolution has been reached, proceed with testLﬁ

Humidity/Condensation Cycling Test Profile

8

8

¥ & B &
/I

Temperature (C) Humidity (%@
A

8

Exhibit 8 - 28

The environmental plot sho Exhibit 8 - 28 depicts both the temperature and humidity

requirements in the same
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Configuration and Conditions:

The connector assemblies will remain in an environmental chamber and will be operational during the
course of this evaluation. See Exhibit 8 - 29 for a diagram of the test setup.

Environmental Test Configuration

250 meter 250 meters
‘Launch Cabls IR R R e ety e . Launch Cable
E I Envirofunents :
! Chamber " ,
Switehl N\ ) T Switch 2
BN
B
1 (@ T Sample 1
OTDR /,f 2 @ T Seple 2 T

——

Pott 1 l?‘? 3 !{— Sempls
, 4
I

5 8o s
Bepop

Exhibit 8 - 29

Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-15[32].

The LC/PCFiber bptic Connectors and Adapters were noncompliant with Maximum Reflectance
Objective Q4-16 [33] at 1310nm.

Séé’E;ghibit 8 - 30 (1310nm), Exhibit 8 - 31 (1490nm), Exhibit 8 - 32 (1550nm), and Exhibit 8 - 33
(1625nm) for the maximum values measured during this evaluation.

Rev A 85 of 218



tl’[,'a / Electronics 501-652

Evaluation For: Tyco Electronics

Intertek
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5
Maximum Value Measured from Sample Group at 1310 nm
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.25 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss 0.07 0.30 Yes ) 0.20 Yes /%
Loss Increase 0.03 0.30 Yes 25 Y, 0N) 0.20 Yes (25Y,0N) |
Max Reflectance -52 -40 Yes (25Y,0N) -55 No (23 Y’iﬁ;l\?)—_ !
Reflectance Increase 3 5 Yes (25Y,0N) 2 Yes;&%i%_&gﬁ)
&

Exhibit 8 - 30

bjective/Conditional
Max Requirement "~ Requirement
Criteria Values | Criteria .
Category (dB) (dB) Criteria Met? J«Criteria (dB) | Criteria Met?
Max Loss 0.24 0.50 Yes (25Y, 0N) 0.30 Yes (25Y,0N)
Mean Loss 0.12 0.30 ' 0.20 Yes

Loss Increase 0.03 0.30 0.20 Yes 25Y,0N)
Max Reflectance -55 -55 Yes(25Y,0N)
Reflectance Increase 3 2 Yes (25Y,0N)

Objective/Conditional
Requirement Requirement
Criteria
Category Criteria Met? Criteria (dB) Criteria Met?
Max Loss Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss Yes 0.20 Yes

Loss Increase Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reﬂecgg;géc Yes (25Y,0N) -55 Yes (25Y,0N)
ReflectanceThcreas 3 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 32
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Maximum Value Measured from Sample Group at 1625 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.16 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0
Mean Loss 0.07 0.30 Yes 0.20
Loss Increase 0.04 0.30 Yes (25Y,0N) 0.20
Max Reflectance -55 -40 Yes (25Y,0N)
Reflectance Increase 3 5 Yes (25Y,0N)

Exhibit 8 - 33

The loss and reflectance measurements, for each sample, are reported in

Failure History:

Sample 16 (Tyco Id -01) was noncompliant with maximum Reﬂg{éta(gcebbjective 04-16 [33] at
1310nm. '

Rev A 87 of 218



tl[l.'.'ﬂ / Electronics

501-652

Intertek
ETL Semko
Section 4, Connector Tests and Criteria (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector
Revision 5

DRY-OUT STEP (4.4.2.5)

Criteria: There are no criteria for this step.
Test Conditions:

Temperature: 75°C £ 2°C
Humidity: Uncontrolled

Sample Group: The same samples from the Humidity/Condensation Cycling Test wglﬁ
optical measurements shall be performed at 1310 nm, 1490 nm, 1550 nm, and 1625%m.

Test Method:

1. After finishing the Humidity/Condensation Cycling Test, the Dry-
on the same set of connectors and in the same environmental/‘chamber.
2. Verify the data taken from the previous test using excel to
database. If the connectors are not within the require

utStep shall be conducted

in the data from the ATOC

Jhold off on testing until the

customer has been notified and a resolution has bée; ré‘%aﬁed. If some of the samples are not

within the requirements, it may be necessary to clea

bends, or even splice in hot spares, these
the customer.

the connectors, check the fiber cable for
rnatives should only be done at the discretion of

3. Once the data from the previous test hias been verified, program the environmental chamber in

accordance with the temperature profife

wn in Exhibit 8 - 34. The chamber shall be

programmed so that the temperature-ptofile will be performed for 24 hours.
4. Once the 24-hour dry-out egcp””le ' is:complete, proceed with the Post-Condensation Thermal

Cycle Test.

Temperature (C)
8

Temperature

0 6 12 18

Time (hours)

24

Exhibit 8 - 34
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Configuration and Conditions:

The connector assemblies will remain in an environmental chamber and will be operational during the
course of this evaluation. See Exhibit 8 - 35 for a diagram of the test setup.

Environmental Test Configuration

250 meter 250 meters
Lamch Cﬁbli' ST ST O T EITY A Lau.nchCable
A Enviranmental 1 A
_ L Chamber 1 4 v
Swriteh 1 4 e } Switch 2
! ,
B !
‘ 1 r!:}_,—[ “Sample —E—Q— L
. Rl o Lo 1" ’ Y\
OTDR. / g | Sample __:.g. 2 \\
2 | - — : s,
Pott 1 Pott2 3 @[ Sample l__,g . .
\ 0 ;
e
0. n
b2 28 1
- o
1] i

Exhibit 8 - 35

Test Results:

There are no-eriteria for this section.
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POST-CONDENSATION THERMAL CYCLING (4.4.2.6)

Criteria:

R4-17 [34]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “During Test, Not Under Load”.

04-18 [35]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-326-CO’1§E, in
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: -40°C £ 2°C to 75°C £ 2°C
Humidity: Uncontrolled

-

my-and 1625 nm.

Test Method:

1. After completing the Dry-Out Step, the Post-CQp(f" ns ion Thermal Cycle Test shall be
conducted on the same set of connectors and in t same) environmental chamber.

2. Verify the data taken from the previous test usiig:excel to pull in the data from the ATOC
database. If the connectors are within the reﬁm;:cments proceed with Step 3. If the
connectors are not within the requirements, hold off on testing until the customer has been
notified and a resolution has been reaghed.. If some of the samples are not within the
requirements, it may be necessary c‘»l»aan the connectors, check the fiber cable for bends, or
even splice in hot spares, the alte”;natrves should only be done at the discretion of the
customer.

3. The measurements need to-be Set up by using the ATOC software. The measurement
sequence is set up so t}laé eﬁmeasurements will be made approximately 30 minutes after the
start of each temperat ‘“,_e pﬁeau Verify that the measurements are being made at the correct
times on a daily

4,
accordance Wﬁh fhe temperature profile. The temperature extremes are -40°C and 75°C. The
| be programmed so that the temperature profile will be performed for 21 cycles,
8:hours. See Exhibit 8 - 36 for the environmental profile.
5. the actual environmental profile for the chamber is accurate and within tolerance

ily basis.

“6. Once the environmental run has finished, verify the data using excel to pull in the data form
~.the ATOC database to ensure that the connectors met the requirements for the Thermal Cycle

Test. If the connectors met the requirements, proceed to the next test. If some of the

connectors failed to meet the requirements, notify the customer. Once a resolution has been

reached, proceed with testing.
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Post-Condensation Thermal Cycling Profile

100
80
60 -
40 1

20

20 -
-40 1

-60 : . . : e

0 1 2 3 4 N 6 7 8

Temperature (C)

Time (hours)

Exhibit 8 - 36
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Configuration and Conditions:

The connector assemblies will remain in an environmental chamber and will be operational during the
course of this evaluation. See Exhibit 8 - 37 for a diagram of the test setup.

250 meter ;. 250 meters
Launch Cablz A T T TTNT Y * Launch Cable
o Environmerital 1
. : Chatiber !
Switeh 1 A ! Switeh 2
A
i B T i
1 !.}_| Sartiple _E L I
, . N
. . — I '
OTDR /’ 2 (@ [ suge | 1@, o
Pont1 l;tz (@ s | 1@
| {
]
n n
11 g 4
n n
1 n

Exhibit 8 - 37

Test Results:

The LC/PC Fiber ; ptic Connectors and Adapters were noncompliant with Requirement R4-17[34].

The LC/P ber Optlc Connectors and Adapters were noncompliant with Objective 04-18 [35].

See Exhlblt 8 38 (1310 nm) Exhibit 8 - 39 (1490 nm) Exhibit 8 - 40 (1550 nm) Exhibit 8 - 41 (1625
nm) for‘the maximum values measured during the course of this evaluation.
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Section 4, Connector Tests and Criteria (GR-326-CORE)

Maximum Value Measured from Sample Group at 1310 nm

Objective/Conditional

Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.25 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss 0.08 0.30 Yes 0.20 Yes oy
Loss Increase 0.06 0.30 Yes (25Y, 0N) 0.20 Yes (25Y,0 Fﬁ)
Max Reflectance -52 -40 Yes (25Y,0N) -55
Reflectance Increase 6 5 Yes (25Y,0N) 2

Exhibit 8 - 38

jective/Conditional
Max Requirement Requirement
Criteria Values | Criteria ’

Category (dB) (dB) Criteria Met? riteria (dB) | Criteria Met?
Max Loss 0.26 0.50 Yes (25Y,0 Yes (25Y,0N)

Mean Loss 0.15 0.30 ' Yes
Loss Increase 0.10 Yes (25Y,0N)
Max Reflectance -53 Yes (25Y,0N)
Reflectance Increase 7 Yes (23Y,2N)

Objective/Conditional
Requirement Requirement
Criteria Ues'| Criteria

Category 4l (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)

Mean Loss 0.30 Yes 0.20 Yes
Loss Increase:., 0.30 Yes 25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance . -51 -40 Yes (25Y,0N) -55 "Yes (23Y,2N)
Reflectance lncrease 8 5 Yes (23Y,2N) 2 Yes (22Y,3N)

Exhibit 8 — 40
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Maximum Value Measured from Sample Group at 1625 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Me&_
Max Loss 0.23 0.50 Yes (25Y,0N) 0.30 Yes(25Y,0N
Mean Loss 0.11 0.30 Yes 0.20
Loss Increase 0.24 0.30 Yes (25Y,0N) 0.20
Max Reflectance -52 -40 Yes (25Y,0N)
Reflectance Increase 8 5 Yes (23Y,2N)

Exhibit § - 41

The loss and reflectance measurements, for each sample, are reported i

Failure History:

Sample 16 (Tyco Id —01) was noncompliant with maximum Ref rice Objective O4-18 [35] at
1310nm. Sample 18 (Tyco Id —08) was noncompliant wi ximum Reflectance Increase
Requirement R4-17 [34] at 1550nm and 1625nm, maxir B ectance Objective O4-18 [35] at
1310nm, 1550nm, and 1625nm, and maximum reflectance increase objective 04-18 [35] at 1310nm,
1490nm, 1550nm, and 1625nm. '
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MECHANICAL TESTS (4.4.3)

Note: Mechanical tests were performed on pigtail assemblies and jumper assemblies.

VIBRATION TEST (4.4.3.1)

Criteria:

R4-19 [36]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-32
the row marked “During Test, Not Under Load”.

04-20 [37]  The product should meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR 26- CORE in
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: Room Ambient (~23°C)
Humidity: Room Ambient (~50%)
Duration of Test: 2 hours

Amplitude (peak to peak): 1.5 mm

Frequency: 10to 55 Hz

Frequency Sweep Rate: 45 Hz per minute

vﬁ'@nmental testing shall be used.
nim, 1490 nm, 1550 nm, and 1625 nm.

Sample Group: The same sample group from the ¢
All optical measurements shall be performed at 13

Test Method:

1. The Vibration Test is to be perform d-on the same set of connector assemblies that went through
the Temperature, Humidity, and Condensation Tests.

2. After completing the Post-Condensation Thermal Cycle Test, take loss measurements on the
connectors. Verify thesesmeasurements. If all of the measurements meet the requirements,
proceed to Step 3. Ifsome of the connectors do not meet the requirements, try cleaning the
connectors and ada; ters or straightening out the fiber cables. If this does not bring the
connector assemblies’back into conformance, notify the customer and determine the corrective
course of action: Once all of the connectors are within the requirements, proceed to Step 3.

3. Carefully remové the samples from the environmental chamber. If the connectors are not
currently nounted in the Vibration Bulk Head Adapter, place them in the bulk head adapter at
this time: §1ng the customer provided mounting hardware. Be careful not to bind any of the
fibers:

4. Once the connectors have been placed into the bulk head adapter, mount the bulk head adapter
on to the Vibration Mounting Plate. Be careful not to bind any of the fibers.

5. Once the connector assemblies are secured in the bulk head adapter and the bulk head adapter is
secured to the mounting plate, route the connectors behind the environmental chambers and
place them on the vibration table. Be very careful with the fibers, place them neatly into the
routing trays that are attached to the wall. Make sure that none of the fibers are bent or pinched
as this would create excess loss.
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6. Mount the mounting plate to the vibration table with the table rotated so that the vertical axis
will be the axis of vibration.

7. Once the mounting plate has been mounted to the vibration table, check the fibers to ensure that
they are not in a bind of any type.

8.  Take loss and reflectance measurements on the connectors by selecting on the option button that
is beside Standard Operation. Verify these measurements are the same as the ones taken g;&itially
while the connector assemblies were in the environmental chamber. If some of the conneﬁ%%)
do not meet the requirement criteria, check the fibers to ensure that they are straight and w%g* ot

on the switch software. Once the measurements are complete, proceed with
10. Load the software for the vibration table. Select the “GR-326” option in tﬁ@ { application
toruna

vibration with the following parameters:

Duration of Test — 2 hours

Amplitude (peak to peak) — 1.5 mm

Frequency — 10 to 55 Hz

Frequency Sweep Rate — 45 Hz per minute "
A :

11. Verify that the parameters on the program match those above. If the parameters are correct,
proceed. If the parameters are incorrect, maki niecessary changes and save the file.

12. Once the program has been verified, turn on the Vibration table power amplifier and the charge
amplifier. Be sure that the charge amplifier is connected to the accelerometer, which is bolted to
the vibration table. :

13.  Once both of the amplifiers have be¢
software. By,

14. Once the first axis is comple the vibration table has stopped, take another set of loss and
reflectance measurements. ~Verify that the connectors meet the requirements. If the connectors
do not meet the requirements, notify the customer and discontinue testing until a resolution has
been reached. After;the issue has been resolved, proceed to the next step.

15. Remove the vibration mounting plate, with the connectors still attached, from the vibration
table. Remove the accelerometer from the vibration head expander and remove the vibration
head expandgf from the vibration table. Rotate the vibration table 90° so that it will be lined up
with the slip table that is located directly in front of the vibration table. Using the adapter, bolt
the sl;’,ﬁgitéblgi‘to the vibration table. Use a feeler gage to determine of the edges of the slip table.
Have an‘adequate amount space in order to allow the slip table to move freely, if there is not
enough-space, adjust accordingly.

16.: Once the slip table is bolted in place, mount the vibration mounting plate (with the connectors

“still attached) to the slip table so that the axis of vibration will be along one of the horizontal
axes.

17. Once the vibration plate has been secured, verify that the fibers have been properly routed and
are not under any stress.

18. Take loss measurements to ensure that the connectors are still the same as the last set of data that
was taken. If the measurements are the same, proceed with the Vibration Test. If the connector

d on, select the “Start” button on the vibration
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19.

20.

21.

22.

23.

24.

25.

26.

measurements are different, verify that the fibers are not under stress and retake the loss
measurements. Once the measurements are the same, proceed with the Vibration Test.

At this point, bolt the accelerometer to the vibration table so that it will be moving in the same
direction as the exciter.

The power amplifier and the charge amplifier should still be on at this point. Select the “Start”
button on the vibration software to start the vibration.

Once the first horizontal axis is complete and the vibration table has stopped, take another
loss measurements. Verify that the connectors meet the requirements. If the connectors do n
meet the requirements, notify the customer and discontinue testing until a resolution jas been
reached. After the issue has been resolved, proceed to the next step.
Unbolt the vibration mounting plate and mount the vibration mounting plate Q
connectors still attached) to the slip table so that the axis of vibration will b ]
the horizontal axes.

Once the vibration plate has been secured, verify that the fibers have
are not under any stress.

If the connector measurements are different, verify that the i ers are not under stress and retake
the loss measurements. Once the measurements are the.same; proceed with the Vibration Test.
The power amplifier and the charge amplifier should e on at this point. Select the “Start”
button on the vibration software to start the vibration.
Once the second horizontal axis is complete wibration table has stopped, take another set
of loss and reflectance measurements. Verify that the connectors meet the requirements. If the
connectors do not meet the requiremenf%‘ tify the customer and discontinue testing until a
resolution has been reached. After the issué-has been resolved, proceed to the next test.

Diagram’of Vibration Fixture

Connector
Under Test

Vertical Axis

Slip table used for two
horizontal axes.

Axis of t
Vibration

Axis of
Vibration

«—>

[ =

#| The expander head is removed Arial view of slip
from the vibration exciter and X table and vibration
the vibration exciter is rotated Axis of ——CD:'_ exciter.

90 deg and attached to the slip Vibration
table for the two horizontal
axes

Exhibit 8 - 42
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Configuration and Conditions:

The connector assemblies will be placed on the vibration table and will be operational during the
course of this evaluation. See Exhibit 8 - 43 for a diagram of the test setup.

Vibration Test Configuration

250 meter 250 meter
Launch Cable % -rvmm——mmmmme e — = Launch Cable
Mounted to :
Swritch 1 Vibration Table ! Switch 2
1

___r Sample l__E!_ 1
__r Sample ' ® V\

L]
OTDR / , @
L

FPort1 Ww 3 _.r Sample l_: o .
i
__________________ d
n n
n n
n n
n n

Exhibit 8 - 43
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Test Results:
The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-19[36].

The LC/PC Fiber Optic Connectors and Adapters were noncompliant with Objective 04-20 [37].

See Exhibit 8 - 44 (1310 nm), Exhibit 8 - 45 (1490 nm), Exhibit 8 - 46 (1550 nm), Exhibit 8 - 4
(1625 nm) for the maximum values measured during the course of this evaluation.

Maximum Value Measured from Sample Group at 1310 nm

Objective/Conditional

Max Requirement Requirement
Criteria Values | Criteria W

Category (dB) (dB) Criteria Met? | CriteFia (dB) | ~ Criteria Met?
Max Loss 0.20 0.50 Yes (25Y,0N) TH030 Y] Yes(25Y,0N)

Mean Loss 0.04 0:30 o Yes
Loss Increase 0.01 0.30 Yes (25Y,0N)
Max Reflectance -52 -40 Yes (24Y,1N)
Reflectance Increase 1 5 Yes (25Y,0N)

Exhibit 8 -«

Maximum Value Measured from:Sample Group at 1490 nm
Objective/Conditional
Requirement®
Criteria

Category Criteria Met? Criteria (dB) Criteria Met?
Max Loss Yes (25Y,0N) 0.30 Yes (25Y,0N)

Mean Loss Yes 0.20 Yes
Loss Increase Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance Increase 0 5 Yes (25Y,0N) 2 Yes (25Y,0N)

B

Exhibit 8 - 45
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Maximum Value Measured from Sample Group at 1550 nm
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.15 0.50 Yes (25 Y, 0N) 0.30 Yes (25Y,0N)
Mean Loss 0.03 0.30 Yes 0.20 Yes %,
Loss Increase 0.03 0.30 Yes (25Y,0N) 0.20 Yes (25Y,0 @)%
Max Reflectance -54 -40 Yes (25 Y, 0N) -55 Yes (25 Y; 0Ny
Reflectance Increase 0 5 Yes (25Y,0N) 2 Yes|(25 ?@&N)

Exhibit 8 - 46

Maximum Value Measured from Sample Group at 1625
AL of jective/Conditional

Max Requirement Requirement*
Criteria Values | Criteria ;/
Category (dB) (dB) Criteria Met? iteria (dB) | Criteria Met?
Max Loss 0.14 0.50 Yes (25Y,0 0.30 Yes (25Y,0N)

0.20 Yes

Mean Loss 0.05 0.30
Loss Increase 0.04 0.30 0.20 Yes (25Y,0N)
Max Reflectance -56 -40 -55 Yes (25Y,0N)
Reflectance Increase 1 5 2 Yes (25Y,0N)

1310nm.
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FLEX TEST (4.4.3.2)

Criteria;

R4-21 [38]  The product shall not become uncoupled under this load and shall meet the loss and reflectance Requirements criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load”.

04-22 [39]

this load and should meet the loss and reflectance Requirements criteria hsted in Tables 4-2 and 4-3, ¢
in the row marked “During Test, Not Under Load.”

Test Conditions:

Temperature: Room Ambient (~23°C)

Humidity: Room Ambient (~50%)

Duration of Test: 100 Flexes

Load: 2 pounds (0.9 kgf) for regular connector§/1.3:pounds (0.6 kgf) for small

form factor connectors

Sample Group: The same set of connectors that were used 1 th *Vibration Test will be used for this
test. 4

All optical measurements shall be performed at 13 490 nm, 1550 nm, and 1625 nm.

Test Method:

1. Once the Vibration Test is cqni% ete;the Flex Test shall be conducted on the same set of
connectors that were subjectedito the Vibration Test. The Flex Test only applies to Type I
Media only. Refer to Section for a description of Type I Media.

2. Route the connector assemblies into the fiber lab very carefully, be sure not to create any bends

in the fiber while moying.the samples. Coil the excess fiber up on the bench located in the fiber

3. nectors, measure the loss of the connectors. Verify the data. If the
thin the requirements, cleaning the connectors and/or straightening the
4. the connector assemblies are within the requirements, disconnect the first connector

and place.it in the Mechanical Test Fixture. The bracket in which the adapter is mounted has the

. prowsmn for mounting the adapter in angular increments of 45° from 0°- 315°. Start out at 0°
" for the first connector and increment 45° for each connector afterwards. Secure the connector
“with the hardware that was provided by the customer.!

! For adapters that have provisions for mounting different ways (springs or screws), half of the connectors shall be tested using only
springs and the half of the connectors shall be tested using screws.
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Diagram of the Mechanical Test Fixture

To
Measurement
System

Front view
of capstan.

Fiber is wrapped
around capstan
3 full turns.

Secure
Fiber to

capstan with
tape

To Measurement
System

Weight includes
capstan, connecting
rod, and hardware

Exhibit 8 - 48
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Diagram of the Mechanical Fixture’s Rotation Plate

Exhibit 8 - 49

Isometric Drawing of the Mechanic: ixture’s Rotating Arm

Exhibit 8 - S0
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Starting at approximately 8 inches behind the boot of the connector, wrap the fiber at least three
times around the capstan (3 inches in diameter) and secure with duct tape. Using the wire that is
attached to the mechanical test fixture, take it through the capstan and hook it on the bolt on top
of the fixture on the opposing side or use the “L” shaped rod attached to the table. This will
relieve the stress that is imposed by the weight of the capstan and the rod that is connected to it.
Make an adjustment to the Mechanical Fixture’s Rotating Arm, (Exhibit 8 - 50) and (Exh1
54), each time a different weight mass is applied so that the cable bend is exactly in the i
alignment with the capstan when bent at a 90° angle.

Measure the loss on the connector that is in the mechanical fixture to ensure that tl % o
within the requirements. If the connector is not within the requirements, cleam
and/or straighten the fibers if necessary. If the connector is within the requirements, proceed
with the next step. 4
Once a connector is placed into the mechanical fixture, it will remain 1n thexfixture and continue
to the next mechanical test until the Transmission with Applied Lo ;est is completed. It is
done this way in order to conserve as much time as possible and to helﬁ with the flow of testing.

..Qc cGfinector is

s

Loads Needed for Tensile T{gajgsj

Shaft,
g::h‘i‘r Mass Total (Ibs)
(kg) :,
0.248 798 | 14.9870
0.248 4538 | 10.0004
0.248 3.308 74912
2.268 5.0000
1.998 4.4048
1.498 33025
1358 2.9938
0.908 2.0017
0.748 1.6490
0.698 1.5388
0.588 12963
0.498 1.0979
0.453 0.9986
0.248 0.5467
017 | 017 03747

Exhibit 8 - 51

Akﬁ"’:Baséd on the chart in Exhibit 8 - 51, mount the appropriate load at the base of the capstan bolt.

Use a load of 0.9 kgf (2.0 Ibf) when testing regular style connectors and a load of 0.6 kgf (1.3
Ibs) when testing small form factor connectors. Keep in mind, the Flex Test does not apply to
Type II Media.
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10. Load the ATOC Software (shortcut is located on the desktop). Select the Job Id and the Test Id
(GR326Flex). The first form in the program will appear and will allow you to select options.
Pay close attention to the tests, loads, and angles that are selected since these are the labels that
will identify the test data with the test that is being performed.

11.  After the laser stabilizes, the software will show you the insertion loss measurements in real
time mode. Select the “Initial” button. Be sure not to disturb the connector under test. Th@loss
and reflectance measurements will be performed at this time.

12.  Once the measurements have been performed, the program will automatically return {
form that was originally displayed. If the readings are not with in the requlrementfyq Would
like to see reclean and visually check the fiber for tight bends. Select the “Ca%égé %%b%tton and
select “Initial” again. )

13. At this point, remove the wire or the “L” shaped rod that is relieving the l6ad from the connector
and gradually apply the load to the connector under test. :

14. Once the load has been applied, using the mechanical fixture, flex t 82 mple with the load
applied from 0° to +90° back to 0° and then to -90° and back to 2 . Petform a total of 100
cycles. |

15.

16.
requirements, notify the customer and detefmine the appropriate course of action. Once a
resolution has been agreed upon, p 'Wwith testing.

17. Be sure to verify the real time d*%a the tests are being done so that any problems can be
caught and can be discussed with the customer.

18.

Refer to Exhibit 8 - 52 for diagram of Tension Test Fixture.
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Tension Test Fixture

-135°

Test Arm [
Connector

Capstan

7.5 cm dia. > Guides

«~—Weights
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Definitions:

Type I Media: Reinforced jacketed cable of any diameter used as jumper cordage. Type I Media
may include simplex, duplex, or quad cable products.

Type Il Media: Cable with 900 um buffer coating that may or may not be reinforced.

Type III Media: Connectors mounted on fiber with a 250 pm coating.

Configuration and Conditions:

The connector assemblies will be placed in the mechanical test fixture and will
the course of this evaluation. See Exhibit 8 - 53 for a diagram of the test sety

ee Exhibit 8-54 for
a mechanical diagram of the Flex Test. &

Mechanical Test Setup

250 meters 250 meters
Launch Cable frrT T o m o mmm e = Launch Cable
0 Mounted ini the 1
_ | the Mechanical | _

Switch 1 ! Test Fixture i Switch 2
- ! i
1 | i
1

_ Sample o,
i — v

OTDR / ------------------ ! \

Port1 I?t 2 |® Sample I——.
3 | @ Sample }_—_. 3
n n
n n
n n
n n

Exhibit 8 - 53
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Diagram of Flex Test
O [} 0 o

Exhibit 8 - 54
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Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-21[38].

The LC/PC Fiber Optic Connectors and Adapters were noncompliant with Objective 04-22 [39].

See Exhibit 8 - 55 (1310 nm), Exhibit 8 - 56 (1490 nm), Exhibit 8 - 57 (1550 nm), and EXhlb 8/'\%&,8
(1625) for the maximum values measured during the course of this evaluation. e

501-652

Maximum Value Measured from Sample Group at 1310 nm

Requirement
Criteria Criteria
Category (dB) Criteria Met? Criteria Met?
Max Loss 0.50 Yes (25Y,0N) Yes (25Y,0N)
Mean Loss 0.30 Yes 2 Yes
Loss Increase 0.30 Yes (25Y, 0 Ny 0.20 Yes (25Y,0N)
Max Reflectance -40 Yes (25 Y,{;ﬁﬁ‘i’) -55 No(17Y,8N)
Reflectance Increase 5 5 2 Yes (25Y,0N)
Exhibit 8 - 55
Maximum Value Measured ft ample Group at 1490 nm
Objective/Conditional
Requirement Requirement
Criteria
Category Criteria Met? Criteria (dB) Criteria Met?
Max Loss Yes (25Y, ON) 0.30 Yes (25Y,0N)
Mean Loss Yes 0.20 Yes
Loss Increase Yes(25Y, ON) 0.20 Yes 25Y,0N)
Max Reflectance Yes (25Y,0N) =55 Yes (25Y, 0N)
Reflectance Inc 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 56
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Maximum Value Measured from Sample Group at 1550 nm
Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria

Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?

Max Loss 0.15 0.50 Yes (25Y,0N) 0.30 Yes 25Y,0N)

Mean Loss 0.05 0.30 Yes 0.20 Yes ‘o

Loss Increase 0.00 0.30 Yes (25Y,0N) 0.20 Yes (25Y,01
Max Reflectance -51 -40 Yes (25Y,0N) -55
Reflectance Increase 1 5 Yes 25Y,0N) 2

Exhibit 8 - 57

Maximum Value Measured from Sample Group at 1625 n

:

ective/Conditional
Max Requirement Requirement
Criteria Values | Criteria -
Category (dB) (dB) Criteria Met? J}«Criteria (dB) Criteria Met?
Max Loss 0.14 0.50 Yes(25Y,0N #0.30 Yes (25Y,0N)

Mean Loss 0.05 0.30 0.20 Yes
Loss Increase 0.02 0.30 0.20 Yes (25Y,0N)
Max Reflectance -55 Yes 25Y,0N)
Reflectance Increase 2 Yes (25Y,0N)

Failure History:

Samples 3,13,17,21,31,33 (Tyeo
maximum Reflectance Objec § ve 04-22 [39] at 1310nm. Sample 21 (Tyco ID —06) was

noncompliant with maximum Reflectance Objective 04-22 [39] at 1550nm.
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TWIST TEST (4.4.3.3)
Criteria:

R4-24 [40]  The product shall not become uncoupled under this load and shall meet the loss and reflectance Requirements criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load”.

04-25 [41]  The product should not become uncoupled under this load and should meet the loss and reflectance Objectivesé
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: Room Ambient (~23°C)
Humidity: Room Ambient (~50%)
Duration of Test: 10 Cycles

Load: 3 pounds (1.35 kgt) for Media Type I; 1. 65 pe;

1.

measurements
2. Remove the load that was usedff'

'reversmg the direction of the rotation and rotating the capstan five full turns in the opp051te
dircction and stop. Continue the cycle of rotating the capstan five turns and reversmg the
“directions and rotating five full turns an additional eight times, for a total of nine times. After
stopping on the tenth cycle of five full turns, reverse direction and rotate the capstan two and a
half turns back to where it originally started.
7.  If the connector under test has Type II or III Media fiber, begin the rotation about the axis of the
fiber by rotating the capstan one and a half turns and stop. Proceed by reversing the direction of
the rotation and rotating the capstan three full turns in the opposite direction and stop. Proceed
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by reversing the direction of the rotation and rotating the capstan three full turns in the opposite
direction and stop. Continue the cycle of rotating the capstan three turns and reversing
directions an additional eight times for a total of nine times. After stopping on the tenth cycle of
five full turns, reverse direction and rotate the capstan two and a half turns back to where it
originally started.

8.  Using the wire or the “L” shaped rod, relieve the connector of the load. Allow the conneg;tor to
stabilize for approximately twenty seconds and select “Final”. Be sure not to disturb the
connector under test, the loss measurements will be performed at this time. ,

9. Be sure to verify the real time data, or view the table by selection of the “Data” butto%fags;
tests are being done so that any problems can be caught and can be discussed wi

10. Refer to Exhibit 8 - 59 for diagram of Tension Test Fixture.

Tension Test Fixture

+135° 1357

Jumper Cable

Test Arm /
Connector

Capstan
7.5 cm dia.

Exhibit 8 - 59
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Configuration and Conditions:

The connector assemblies will be placed in the mechanical test fixture and will be operational during
the course of this evaluation. See Exhibit 8 - 60 for a diagram of the Mechanical Test setup. See
Exhibit 8 - 61 for a mechanical diagram of the Twist Test.

Mechanical Test Setup
250 meters 250 meters
Launch Cable T T R e e — Launch Cable
1 Mounted in the 1
) } the Mechanical i )
Switch 1 : Test Fixture h Switch 2
Y | X
| |@ i

Ll Sample ®
L i v

OTDR /1' —— __________ — \

Port 1 WT . . Sample I———.
3 _.___. | Sample }——. 3
n n
n n
n n
n n

Exhibit 8 - 60
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Diagram of Twist Test

Exhibit 8 - 61
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Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-24[40]. The
connector assemblies met the requirement criteria.

The LC/PC Fiber Optic Connectors and Adapters were noncompliant with Objective 04-25 [41]

Failures occurred for maximum reflectance at 1310nm and 1550nm.

See Exhibit 8 - 62 (1310 nm), Exhibit 8 - 63 (1490 nm), Exhibit 8 - 64 (1550 nm), Exhibit 8%
(1625 nm) for the maximum values measured during the course of this evaluation. '

Maximum Value Measured from Sample Group at 1310 aim’

Max Requirement
Criteria Values | Criteria
Category (dB) (dB) Criteria Met? Criteria Met?
Max Loss 0.20 0.50 Yes (25Y,0N) . Yes 25Y,0N)
Mean Loss 0.07 0.30 Yes
Loss Increase 0.06 0.30 Yes (25Y,0N)
Max Reflectance =51 -40 No(17Y,8N)
Reflectance Increase 2 5 2 Yes (25 Y,0N)
Objective/Conditional
Requirement Requirement
Criteria " Criteria
Category (dB) Criteria Met? Criteria (dB) Criteria Met?
Max Loss 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss 0.30 Yes 0.20 Yes
Loss Increas 0.30 Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance % -40 Yes (25 Y,0N) -55 Yes 25Y,0N)
Reflectanc '{I;pré%"&e’ 2 5 Yes 25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 63
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Maximum Value Measured from Sample Group at 1550 nm

Objective/Conditional
Max Requir t Requirement
Criteria Values | Criteria

Category (dB) (dB) Criteria Met? | Criteria (dB)
Max Loss 0.15 0.50 Yes 25 Y,0N) 0.30
Mean Loss 0.05 0.30 Yes 0.20
Loss Increase 0.00 0.30 Yes (25Y,0N) 0.20
Max Reflectance -51 -40 Yes 25Y,0N)
Reflectance Increase 2 5 Yes (25Y,0N)

Exhibit 8 - 64

Objective/Conditional

Max Requirement Requirement
Criteria Values | Criteria F
Category (dB) (dB) Criteria Mét? | Criteria (dB) | Criteria Met?
Max Loss 0.13 0.50 Y’TZ?E’?, 0ON) 0.30 Yes 25Y,0N)
Mean Loss 0.20 Yes

Loss Increase XHes(25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance Yes 25Y,0N) -55 Yes (25Y,0N)
Reflectance Increase Yes (25Y,0N) 2 Yes (25Y,0N)

The loss and reflectance measurements, for each sample, are reported in Appendix A.

Failure History:

Samples 3,13,17,2}; and 33 (Tyco IDs —01,--33,--04,--06,--18, and --30) were noncompliant with
maximum Reflectance Objective 04-25 [41] at 1310nm. Sample 21 (Tyco ID ~06) was noncompliant
with maximum Reflectance Objective 04-25 [41] at 1550nm.
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PROQOF TEST (4.4.3.4)

Criteria:

R4-26 [42]  The product shall not become uncoupled under this load and shall meet the loss and reflectance Requirements criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load” when subjected to the
lower loading level in Steps ‘¢’ and ‘g’

04-27 {43]  The product should not become uncoupled under this load and should meet the loss and reflectance Objectives gnte‘*ﬁw
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load” when sybis  the
higher loading level in Steps ‘e’ and “i’.

Under Load” when subjected to the higher loading level in Stcp ‘ g’

Test Conditions:

Temperature: Room Ambient (~23°C)
Humidity: Room Ambient (~50%)
Load: See Flowchart

Sample Group: The same set of connectors that werg used in the Twist Test will be used for this test.
All optical measurements shall be performed at 13; 490 nm, 1550 nm, and 1625 nm.

Test Method:

1. After completing the measuremgntgffor;the Twist Test, perform the Proof Test on the same exact
connector that is already in the mechanical test fixture. By leaving the same connector in the
fixture, it enables the use of the!Twist Test final measurements to be used as the Proof Test
initial measurements. The/Pr mf est only applies to samples of Media Type L.

2. Remove the load that was ed during the Twist Test and place the appropriate load for the
Proof Test on the mechanical fixture. Place the appropriate loads on the bolt that is attached to
the capstan. ,

3. Make sure that the.mechanical test fixture is at 0° so that the axis of the fiber perpendicular to
the floor. After placing the 10 1bf load on the fixture, select the Test Id “GR326Proof”, No
Load, 10,0'1b,'and 0 deg option buttons.

4. Select the “Initial” button. You may view the readings in the table view.

5. Gra(’iual y apply the load to the connector under test. Once the load is applied, wait at least five

o seconds before removing the load. Allow the connector to stabilize for at least 10 seconds and
* select the “Multi” button. Be sure not to disturb the connector under test, the loss and reflectance
measurements will be performed at this time.

6. Once the measurements are finished, place the appropriate weights on the bolt attached to the
capstan so that the load is 15 1bf.

7. Make sure that the mechanical test fixture is at 0° so that the axis of the fiber is perpendicular to
the floor. After placing the 15-1bf load on the fixture, select the “Multi” button, No Load, 15.0
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10.

11.

12.

13.

14.

15.

16.

17

18.

1b, and 0-deg option buttons. Select the “Multi” button.

Gradually apply the load to the connector under test. Once the load is applied, wait at least five
seconds before removing the load. Allow the connector to stabilize for at least 10 seconds and
select “Multi” button. Be sure not to disturb the connector under test, the loss measurements will
be performed at this time. Again, be sure not to disturb the connector under test while the loss
and reflectance measurements are performed.

Once the measurements are finished, place the appropriate weights on the bolt attached t¢ ) the
capstan so that the load is 5 1bf (the load may be reduced to 3.3 1bf for small form factor <
connectors).
Make sure that the mechanical test fixture is at 90° so that the axis of the fiber is pa: Iel to the
floor. Placing the 5 Ibf (or 3.3 1bf for small form factor) load on the fixture. M ’
adjustment to the Mechanical Fixture’s Rotating Arm, (Exhibit 8§ - 50), and (
each time a different weight mass is applied so that the cable bend is
alignment with the capstan when bent at a 90° angle.
Select the “Multi” button, No Load, 5.0 1b (or 3.3 Ibf for small form actor) and 90-deg option
buttons. You may view the results in the table view.
Gradually apply the load to the connector under test. Once th d-is applied, wait at least five
seconds before removing the load. Allow the connector to‘Stabilize for at least 20 seconds and
select the “Multi” button. Be sure not to disturb the conn ct@r ‘under test, the loss and reflectance
measurements will be performed at this time.
Once the measurements are finished, place th
capstan so that the load is 7.5 Ibf (the load may b
connectors).
Make sure that the mechanical test fixture.is at 90° so that the axis of the fiber is parallel to the
floor. After placing the 7.5 Ibf (or 5.0 1bf for small form factor) load on the fixture, select the
Proof Test, No Load, 7.5 1b (or,5.0 I small form factor), and 90-deg option buttons. Select
Begin Reading.
Once the laser has stabilized a
proceed with the Proof Test.
Gradually apply the loadto:the connector under test. Once the load is applied, wait at least five
seconds before remqgﬁﬁ the load. Allow the connector to stabilize for at least 20 seconds and
select Take Readin 'sure not to disturb the connector under test, the loss and reflectance
measurement * performed at this time. Once the 1310 nm measurements have been
made, the “Tak Readlng” button will appear again to allow you to take measurements at the
next wavelength which is 1490 nm. Select “Take Reading”. Again, be sure not to disturb the
connector-ynder test while the loss and reflectance measurements are performed. Repeat this

1ibit 8 - 54),
the vertical

riate welghts on the bolt attached to the
uced to 5.0 1bf for small form factor

real time measurements are being displayed on the screen,

,process for wavelengths of 1550 nm and 1625 nm. Be sure that the loss measurements are made

a both wavelengths.

+ Be sure to verify the real time data as the tests are being done so that any problems can be
‘caught and can be discussed with the customer.

Refer to Exhibit 8 - 66 for diagram of Tension Test Fixture.
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Tension Test Fixture

+135° L -138°

Jumper Cable

(i
Test Arm /
Connector

Capstan

7.5 cm dia. > Guides

«— Weights

y

.xhibit 8 - 66

Rev A

119 of 218



tl’t,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Configuration and Conditions:

The connector assemblies will be placed in the mechanical test fixture and will be operational during
the course of this evaluation. See Exhibit 8 - 67 for a diagram of the Mechanical Test setup.

Mechanical Test Setup .
250 meters 250 meters
Launch Cable [T mmmmm s - Launch Cable
i Mounted in the I
, ! the Mechanicel b o
Switch 1 | Test Fixtute ! Switch 2

- | ‘

| 1
®: , i
1 | = :__._[ Sample |,__: |

OTDR e m e ! V\
Port 1 Wz / ® e ™

B BB B
=2 = R = =

Exhibit 8 - 67

Test Results:

The LC/PC Fiber Op Connectors and Adapters were compliant with Requirement R4-26[42]. The

connector assemblies met the requirement criteria.

The LC/Pé’F(i‘bér Optic Connectors and Adapters were noncompliant with Objective 04-27 [43].
Failures occurred for maximum reflectance at 1310nm, and 1550nm.

See Exhibit 8 - 68 (1310 nm), Exhibit 8 - 69 (1490 nm), Exhibit 8 - 70 (1550 nm), Exhibit 8 - 71
(1625nm) for the maximum values measured during the course of this evaluation.
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Maximum Value Measured from Sample Group at 1310 nm

Objective/Conditional
Max Values Requirement Requirement
Criteria Category (dB) Criteria (dB) Criteria Met? | Criteria (dB) Criteria Met?
Max Loss 0.20 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N).
Mean Loss 0.07 0.30 Yes 0.20 E

Loss Increase 0.01 0.30 Yes (25Y,0N) 0.20
Max Reflectance -51 -40 Yes (25 Y, 0N) -55
Reflectance 2 5 Yes (25 Y, 0N) 2
Increase

Exhibit 8 - 68

tive/Conditional
Max Values Requirement Requirement

Criteria Category (dB) Criteria (dB) Criteria Met? Criteria (dB) | Criteria Met?
Max Loss 0.23 0.50 ] 0.30 Yes (25Y,0N)

Mean Loss 0.10 0.30 0.20 Yes
Loss Increase 0.01 0.30 0.20 Yes (25Y,0N)
Max Reflectance -53 -40 { -55 Yes (25Y,0N)
Reflectance 2 5 o5 (25 Y, 0N) 2 Yes (25 Y, 0N)

Increase e

Exhibit 8 - 69

Maximum Valu : Measured from Sample Group at 1550 nm

Objective/Conditional
Requirement Requirement

Criteria Category Criteria (dB) | Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)

Mean Loss 0.30 Yes 0.20 Yes
Loss Increase 0.30 Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectante -40 Yes (25Y,0N) -55 No (21Y,4N)
Rfﬂ“‘.m 2 5 Yes (25Y, 0N) 2 Yes (25 Y, 0N)

ncrease

Exhibit 8 - 70
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Maximum Value Measured from Sample Group at 1625 nm

Objective/Conditional

Max Values Requirement Requirement
Criteria Category (dB) Criteria (dB) | Criteria Met? Criteria (dB) | Criteria Met?
Max Loss 0.13 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss 0.05 0.30 Yes 0.20 .

Loss Increase 0.01 0.30 Yes 25Y,0N) 0.20
Max Reflectance -53 -40 Yes 25Y,0N) -55
Reflectance 3 5 Yes (25 Y, 0N) 2
Increase

Exhibit 8 - 71

Failure History:

Samples 1,3,7,13,17,21,31, and 33 (Tyco IDs —10,--01,%15,--33,--04,--06,--18 and —30) were
noncompliant with maximum Reflectance Objective.04-27 [43] at 1310nm. Samples 17 and 21
(Tyco IDs —04 and —06) were noncompliant with-maximum Reflectance Objective 04-27 [43] at

1550nm.

332
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TRANSMISSION WITH APPLIED LOAD (4.4.3.5)

Criteria:

R4-29 [44]  The product shall not become uncoupled under this load and shall meet the loss and reflectance Requirements criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Under Load”, when subjected to all of
the loading levels at an angle of 0° in Table 4-9 (GR-326-CORE), for Small Form Factor Connectors in Table 4m10 (GR-
326-CORE). If the product fails to do so, then the highest which was supported shall be reported.

R4-30 [45]  The product shall not become uncoupled under this load and shall meet the loss and reflectance Requlremem&;cm;gm
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Under Load”, when subjgeted
the loading levels at an angle of 90° in Table 4-9 (GR-326-CORE) or for Small Form Factor Connect%m%}’%ﬁle 4-10
(GR-326-CORE). If the product fails to do so, then the highest load which was supported shall beg&%

& - . 4

04-31 [46]  The product shall not become uncoupied under this load and should meet the loss and reflect: jectives criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Under Loa a:?gé’i?}aen subjected to all of
the loading levels at an angle of 0° in Table 4-9 (GR-326-CORE) or for Small Fom@%tot’@onnectors in Table 4-10
(GR-326-CORE). If the product fails to do so, then the highest load which was ted shall be reported.

04-32 [47] The product shall not become uncoupled under this load and should meet the loss and ectance Objectives criteria
listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During&fgﬁi:% Inder Load”, when subjected to all of

Requirements criteria listed in Tables 4-2 and 4-3, of GR- 32’6 Cé)RE, in the row marked “During Test, Under Load”,
when subjected to all of the loading levels at an angle@f ° in Table 4-9 (GR-326-CORE). If the product fails to do 50,

R4-34 [48]

hdlen, ty’” environments, then it should meet the loss and reflectance

nd 4-3, of GR-326-CORE, in the row marked “During Test, Under Load”,

'y an angle of 135° in Table 4-9 (GR-326-CORE) or for Small Form Factor
-CORE). If the product fails to do so, then the highest load which was supported shall

CR4-35 [49] If the product is intended for use in “hi
Requirements criteria listed in Tables 4

Connectors in Table 4-10 (GR-3
be reported.

C04-36 [221] If the Small Form Factm‘ ‘Confiéctor is intended for use in “high density” environments, then it should meet the loss and
reflectance Requirernents criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Under
Load”, when subjectedio all of the loading levels at an angle of 135° in Table 4-9 (GR-326-CORE). If the product fails
to do so, then the hlg}:}est load which was supported shall be reported.

Test Conditons

Tempe(aﬁngf” Room Ambient (~23°C)
Humidity: Room Ambient (~50%)

Load: See Exhibit 8 - 72 and Exhibit 8 - 73.

Sample Group: The same set of connectors that were used in the Proof Test will be used for this test.
All optical measurements shall be performed at 1310 nm, 1490 nm, 1550 nm, and 1625 nm.
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Test Method:

1.  With sample spliced (or coupled) to the OTDR system, mount sample into mechanical test
fixture — mount sample with receive side positioned for exposure.

2. Record manually the averaged OTDR performance IL/RL (free run).
3. Without disturbing fixtured sample, cut sample out of OTDR system
Note: Maintain 4 meter pigtails on both receive and launch side.

4. Splice sample onto benchtop system.
5. With sample spliced to benchtop system, record initial optical performance as 1nd;cat%d in the
following steps:

- Transmission for 1310/ 1550

- Transmission for 1490 / 1625 =
Channel 2.

- Reflectance for 1310/ 1550
0.

- Reflectance for 1490/ 1625 =

Channel 0.

Note: Manipulation of Wavelength souree,i

6.

operator
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Tensile Loads Vs. Applied Angle for Each Media Type

Media Type I
Load 0° 90°
.0.25 kgf (0.55 1bf) X X
0.7 kgf (1.54 1bf) X X
1.5 kgf (3.3 Ibf) X X
2.0 kgf (4.4 1bf) X X
Media Type I1
Load 0°
0.25 kgf (0.55 1bf) X
0.7 kgf (1.54 1bf)

Load

135°

0.25 kgf (0.55 Ibf)

0.5 kgf (1.1 Ibf)

Refer to Exhibit 8 - 72 for the loads and angles at which they are to be applied at for each media
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Tensile Loads Vs. Applied Angle for Each Media Type
for Small Form Factor Connectors

Media Type I
Load 0° 90° 135°
0.25 kgf (0.55 1bf) R 0]
0.17 kgf (0.37 1bf) R
0.7 kgf (1.54 1bf) R o)
0.47 kgf (1.00 1bf) R
1.5 kgf (3.3 Ibf) R o)
1.0 kgf (2.2 Ibf) R
2.0 kgf (4.4 1bf) R 0]
1.3 kgf (2.9 Ibf) R

Media Type
Load 0°
0.25 kgf (0.55 1bf) R
0.17 kgf (0.37 Ibf)
0.7 kgf (1.54 1bf)
0.47 kgf (1.00 Ibf) |

135°

Exhibit 8 - 73

. Refer to the data:sheets for order of tests.

10.  Place the appropriate load for the Transmission with Applied Load Test on the mechanical

fixture, Place the appropriate loads on the bolt that is attached to the capstan.

Make ati; djustment to the Mechanical Fixture’s Rotating Arm, (Exhibit 8 - 50), and (Exhibit 8 -
54), cach time a different weight mass is applied so that the cable bend is exactly in the vertical

*._ alignment with the capstan when bent at any angle.

12. 'Be sure that the appropriate load is selected, angle, test, project number, and channel number are
selected on the form.

13. Gradually apply the load to the connector under test. Allow at least 20 seconds for the
measurements to stabilize before making measurements. Be sure not to disturb the connector
under test.

14. Following the procedures given in Step (5), measure and record the IL and RL readings for the
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load and angle under test.

15. Repeat steps 10-14 for all required loads and angles.

16.  Once all of the applicable loads have been tested at all applicable angles for the first connector,
perform one last measurement that will serve as a final measurement for the TWAL test.
Remove the connector assembly from the setup, increment the fixture 45° and start over again
with a new sample.

17.  Refer to Exhibit 8 - 74 for diagram of Tension Test Fixture.

Tension Test Fixture

-135°

Test Arm [
Connector

Exhibit 8 - 74
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Configuration and Conditions:

The connector assemblies will be placed in the mechanical test fixture and will be operational during
the course of this evaluation. See Exhibit 8 - 75 for a diagram of the Mechanical Test setup.

Mechanical Test Setup
RE 31310, 1550)
R 31490, 1625)
|:: Switch 1
— @ »—
— 7
Mechanical Test Fixture
Switch 2
] -—
—
Power Meter
‘hibit 8 - 75
Test Results:
The Single Mode LC Connec s compliant with Requirements R4-29 [44] and R4-30 [45]. The

connector assemblies met the req rement criteria.

The Single Mode LC Connector was compliant with Objectives O4-31 [46] and O4-32 [47]. The
connector assemblies:met-the objective criteria.

The Single Mode LC Connector was compliant with Conditional Objectives CO4-33 [220] and CO4-
36 [22,.;1]',»Th connector assemblies met the objective criteria.
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Maximum Values Measured For Requirement R4-29 and Objective 04

The Single Mode LC Connector were compliant with Conditional Requirement CR4-35 [49]. The
connector assemblies met the requirement criteria. See Exhibit 8-76 through Exhibit 8-87 for the
maximum values measured during the course of this evaluation.

Objective/Conditional

Criteria Category Max Requirement (R4-29) Requirement (04-31)
Measurement Load Angle Criteria ia
Type (kg.) (Degree) | Values (dB) (dB) Criteria Met?
Loss Increase 0.25 0 0.0 0.5 0.3 Yes (25Y,0N)
Loss Increase 0.7 0 0.1 0.3 Yes (25Y,0N)
Loss Increase 1.5 0 0.2 0.3 Yes (25Y,0N)
Loss Increase 2 0 0.1 03 Yes (25Y,0N)
Loss Increase | No Load 0 0.3 Yes (25Y,0N) 0.2 Yes(25Y,0N)
Reflectance 0.25 -40 Yes (25 Y,0N) -55 Yes (25Y,0N)
Reflectance -40 Yes(25Y,0N) -55 Yes (25Y,0N)
Reflectance -40 Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance -40 Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance -40 Yes (25Y,0N) -55 Yes (25Y,0N)
]z‘g::f:n‘c“e y 0 0.1 5 Yes(25Y,0N)| 2 Yes (25 Y,0N)
&%’:_:;'de 0.7 0 02 5 Yes25Y,0N) | 2 Yes (25 Y,0N)
:é;rzsf:s; 15 0 0.1 5 Yes (25 Y,0N) 2 Yes (25Y,0N)
‘ }2%”:2‘5:“‘; 2 0 0.0 5 | Yes@sy,ony| 2 Yes (25Y,0N)
]f’e%r::f:nz NoLoad | 0 0.4 5 Jyesesvony| 2 Yes (25 Y, 0N)

Exhibit 8 - 76

The Single Mode L.C Connector was compliant with Requirement R4-34 [48]. The Single Mode LC
Connector can be used in a high-density environment.

Rev A

129 of 218



tl[l.'.'ﬂ / Electronics

501-652

Intertek
ETL Semko
Section 4, Connector Tests and Criteria (GR-326-CORE)

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector
Revision 5

Maximum Values Measured For Requirement R4-29 and Objective 04-31 at 1490 nm

Objective/Conditional
Criteria Categor Max Requirement (R4-29) Requirement (04-31)
Measurement | Load Angle Criteria Criteria 8
Type (kg.) (Degree) | Values (dB) (dB) Criteria Met? (dB) Criteria Met? ;'
Loss Increase | 0.25 0 0.0 05 |ves@sy,ony| 03 Yes (25 Y, o)
Loss Increase 0.7 0 0.1 0.5 Yes (25Y,0N) 0.3
Loss Increase 1.5 0 0.1 0.5 Yes 25Y,0N) 03
Loss Increase 2 0 0.1 0.5 Yes (25Y,0N) Yes (25 Y, ON)
Loss Increase | No Load 0 0.0 0.3 Yes (25Y,0N) Yes(25Y,0N)
Reflectance 0.25 0 -63 -40 Yes 25 Y,0N)
Reflectance 0.7 0 -62 -40 Yes (25Y,0N)
Reflectance 1.5 0 -63 -40° Yes(25Y,0N)
Reflectance 2 0 :Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance No Load 0 Yes 25Y,0N) -55 Yes (25Y,0N)
ler;{::f:nl; 0.25 0 Yes25Y,0N) | 2 Yes (25 Y,0N)
}i’;:]’::f:n'c'; 0.7 0. Yes25Y, 0Ny | 2 Yes (25 Y, O N)
]iz;’::f:ni 15 5 Yes25Y,0N) | 2 Yes (25Y,0N)
1111;:::15:111; 2 0.0 5 Yes25Y,0N)y | 2 Yes (25 Y, 0 N)
ﬁiﬁ:ffni 0.3 5 Yes25Y,0N) | 2 Yes (25 Y, 0N)

Exhibit 8 - 77
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Maximum Values Measured For Requirement R4-29 and Objective 04-31 at 1550 nm

Objective/Conditional

Criteria Category Max Requirement (R4-29) Requirement (04-31)

Measurement Load Angle Criteria Criteria

Type (kg.) (Degree) | Values (dB) (dB) Criteria Met? (dB) Criteria Met? i

Loss Increase 0.25 0 0.0 0.5 Yes (25Y,0N) 0.3 Yes (25Y,0N) é )

Loss Increase 0.7 0 0.1 0.5 Yes (25Y,0N) 0.3 0 |

Loss Increase 1.5 0 0.1 0.5 Yes(25Y,0N) 0.3

Loss Increase 2 0 0.1 0.5 Yes (25Y,0N)

Loss Increase ] No Load 0 0.0 0.3 Yes (25Y,0N) “Yes (25Y,0N)
Reflectance 0.25 0 -61 40 Yes (25Y, Og‘é)( 55 ’ Yes (25Y,0N)
Reflectance 0.7 0 -62 -40 Yes (25Y,0N)
Reflectance 1.5 0 -62 -40 Yes (25Y,0N)
Reflectance 2 0 -62 Y:teév{QS Y,0N) -55 Yes(25Y,0N)
Reflectance No Load 0 -62 “Yes (25Y,0N) -55 Yes (25Y,0N)
}i‘;;r::f:nt‘e 025 0 5 Yes(25Y,0N)| 2 Yes (25Y,0N)
}1123::::112 0.7 5 Yes(25Y,0N)| 2 Yes (25Y,0N)
]I{;i]r::f:n‘c‘; 5 Yes@5Y,0N)| 2 Yes (25 Y, 0N)
;2::2:;‘0‘; 5 | Yesesy,on| 2 Yes (25 Y, 0N)
11{1:;;:::::1:: 5 Yes25Y,0N) | 2 Yes (25 Y, 0N)

Exhibit 8 - 78
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Maximum Values Measured For Requirement R4-29 and Objective 04-31 at 1625 nm

Objective/Conditional
Criteria Categor, Max Requirement (R4-29) Requirement (04-31)
Measurement Load Angle Criteria Criteria
Type (kg.) (Degree) | Values (dB) (dB) Criteria Met? (dB) Criteria Met?
Loss Increase 0.25 0 0.0 0.5 Yes (25Y,0N) 0.3 )
Loss Increase 0.7 0 0.0 0.5 Yes (25Y,0N) 0.3
Loss Increase 1.5 0 0.1 0.5 Yes(25Y,0N) 0.3
Loss Increase 2 0 0.1 0.5 Yes (25Y,0N) «%g,Y es (25Y,0N)
Loss Increase | No Load 0 0.0 0.3 Yes (25Y,0N) Yes (25Y,0N)
Reflectance 0.25 0 -63 -40 Yes (25Y, N e 255 Yes (25Y,0N)
Reflectance 0.7 0 -63 -55 Yes (25Y,0N)
Reflectance 1.5 0 -63 Yesf(ﬁ Y,0N) -55 Yes(25Y,0N)
Reflectance 2 0 -63 )¢ ‘:'%Yes 25Y,0N) -55 Yes (25Y,0N)
Reflectance No Load 0 Yes (25Y,0N) -55 Yes (25 Y,0N)
]I{':;]r::f:n‘c'; 0.25 0 Yes25Y,0N) | 2 Yes (25 Y,0N)
;’;‘;{:f:ni 0.7 Yes25Y,0N)| 2 Yes (25Y,0N)
é’;‘g::f:nic‘; 5 Yes(25Y,0N)| 2 Yes (25Y,0N)
]I{';;r:f:n‘c"e 5 Yes(25Y,0N)| 2 Yes (25 Y, 0 N)
li‘;g::f:n‘:e 5 Yes(25Y,0N)| 2 Yes (25 Y,0N)

Exhibit 8 - 79
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Maximum Values Measured For Requirement R4-30 and Objective O4-32 at 1310 nm

Objective/Conditional Requiremen
Criteria Category Max Requirement (R4-30) (04-32)
Measurement Load Angle Values | Criteria
Type (kg.) | (Degree) (dB) (dB) Criteria Met? Criteria (dB) Criteria Met?
Loss Increase 0.25 90 0.0 0.5 Yes (25 Y,0N) 0.3 0%
Loss Increase 0.7 90 0.0 0.5 Yes (25Y,0N) 0.3 %Y 0N)
Loss Increase 1.5 90 0.0 0.5 Yes (25Y,0N) "Yes‘(25 Y,0N)
Loss Increase 2 90 0.1 0.5 Yes (25Y,0N) | . Yes (25Y,0N)
Reflectance 0.25 90 -53 -40 Yes (25Y,0N) | Yes (25 Y,0N)
Reflectance 0.7 90 -53 -40 Yes (25 Y, 0:N) -55 Yes (25Y,0N)
Reflectance 1.5 90 -53 -55 Yes 25Y,0N)
Reflectance 2 90 -53 -55 Yes (25Y,0N)
}I{I:::Z:ts:nlcne 0.25 90 2 Yes (25, 0 N)
}i‘;;r::f:n‘c"e 0.7 90 Yes (25 Y, ON) 2 Yes (25Y, ON)
é‘;;f:ts:n‘c“e 1.5 90 Yes (25 Y, ON) 2 Yes (25 Y, ON)
étg::f:nz 2 90 Yes (25 Y, O N) 2 Yes (25Y,0N)

Exhibit 8 - 80
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Maximum Values Measured For Requirement R4-30 and Objective O4-32 at 1490 nm

Objective/Conditional Requirement]

Criteria Category Max Requirement (R4-30) (04-32)
Measurement Load Angle | Values | Criteria
Type (kg.) | (Degree) (dB) (dB) Criteria Met? Criteria (dB)

Loss Increase 0.25 90 0.1 05 Yes (25Y,0N) 0.3

Loss Increase 0.7 90 0.0 0.5 Yes (25Y,0N)

Loss Increase 1.5 90 0.0 0.5 Yes (25Y,0N) Yes (25Y,0N)

Loss Increase 2 90 0.1 0.5 Yes (25Y,0N) Yes (25Y,0N)
Reflectance 0.25 90 -55 -40 Yes (25Y,0 4‘ -55 Yes (25Y,0N)
Reflectance 0.7 90 -56 -40 -55 Yes (25Y,0N)
Reflectance 1.5 90 -56 -40 -55 Yes (25Y,0N)
Reflectance 2 90 -56 es (25Y,0N) -55 Yes (25Y,0N)
]I{;%r::f:n‘:e 025 ) 02 Yes (25 Y, 0N) 2 Yes (25Y,0N)
]I{I;%r::f:n‘c‘; 0.7 90 0 Yes (25Y, 0N) 2 Yes (25 Y, 0N)
]I{’;r:f:n‘c’; 1.5 90 5 Yes (25Y, 0N) 2 Yes (25 Y,0N)
Increase in 5 Yes (25 Y, 0N) 2 Yes (25 Y, 0N)

Reflectance

Exhibit 8 - 81
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Maximum Values Measured For Requirement R4-30 and Objective O4-32 at 1550 nm

Objective/Conditional Requiremen

Criteria Catggory Max Requirement (R4-30) (04-32)
Measurement Load Angle Values | Criteria
Type (kg.) | (Degree)| (dB) (dB) Criteria Met? Criteria (dB)

Loss Increase 0.25 90 0.1 0.5 Yes 25Y,0N) 0.3

Loss Increase 0.7 90 0.0 0.5 Yes 25Y,0N) 0.3

Loss Increase 1.5 90 0.1 0.5 Yes (25Y,0N) Yes (25Y,0N)
Loss Increase 2 90 0.2 0.5 Yes(25Y,0N) | . Yes (25Y,0N)
Reflectance 0.25 90 -54 -40 Yes (25Y,0N) Yes(25Y,0N)
Reflectance 0.7 90 -54 40 Yes (25 Y, O.N L' - 55 Yes (25 Y, 0N)
Reflectance 1.5 90 -55 -40 -55 Yes (25Y,0N)
Reflectance 2 90 -54 -40 _Y‘e}; (25""N’Y,k 0N) -55 Yes (25 Y, 0 N)
linezzsf:nz 0.25 90 02 5 e;(zs Y,0N) 2 Yes (25Y, ON)
;‘;;r::f:n‘c“e 0.7 9 Yes (25 Y, 0N) 2 Yes (25 Y, 0N)
]i‘:ﬂ’::f:n‘c“e 1.5 90 Yes (25 Y,0N) 2 Yes (25 Y, 0N)
;’;g::f:n‘c’; 2 90 Yes (25 Y, 0N) 2 Yes (25 Y, 0 N)

Exhibit 8 - 82
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Maximum Values Measured For Requirement R4-30 and Objective O4-32 at 1625 nm

Objective/Conditional Requiremen

Criteria Category Max Requirement (R4-30) (04-32)
Measurement Load Angle Values | Criteria
Type (kg.) (Degree) (dB) (dB) Criteria Met? Criteria (dB) Criteria Met? ,
Loss Increase 0.25 90 0.3 0.5 Yes (25Y, ON) 0.3 Yes (25750.N)

Loss Increase 0.7 90 0.0 0.5 Yes (25Y, 0N) 0.3

Loss Increase 1.5 90 0.1 0.5 Yes (25Y,0N) 0.3

Loss Increase 2 920 0.3 0.5 Yes (25Y,0N) Yes (25Y, 0N)

Reflectance 0.25 90 -56 -40 Yes (25Y, 0N) Yes (25Y,0N)

Reflectance 0.7 90 -56 -40 Yes (25Y,0N)
Reflectance 1.5 90 -56 Yes (25Y,0N)
Reflectance 2 90 -56 Yes (25Y,0N)
Retcemmee | 0% 20 02 Yes (25 Y,0N)
}i‘;‘i{Zf;‘f:nf; 0.7 20 Yes (25 %, 0N) 2 Yes (25Y,0N)
gz::::nz 15 90 Yes (25 Y, 0N) 2 Yes (25 Y,0N)
llztilr::::n?e 2 Yes (25Y,0N) 2 Yes (25 Y, 0N)

Exhibit 8 — 83

Maximum Va4 ue ‘Measured For Conditional Requirement CR4-35 at 1310 nm

. ) Objective/Conditional
Criteria’ Category Requirement (CR4-35) Requirement
R Load Angle | Max Values | Criteria Criteria
‘Measurement Type| (kg.) | (Degree) (dB) (dB) Criteria Met? (dB) Criteria Met?
ﬂ_ Loss Increase 0.25 135 0.04 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Reflectance 0.25 135 -53 -40 Yes -55 Yes
Increase in
Reflectance 0.25 135 0.20 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 84
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Maximum Values Measured for Conditional Requirement CR4-35 at 1490 nm

Objective/Co
Criteria Category Requirement (CR4-35)
Load Angle | Max Values | Criteria Criteriii | - b
Measurement Type| (kg.) (Degree) (dB) (dB) Criteria Met? (dB) , _Criteria Met?
Loss Increase 0.25 135 0.07 0.50 Yes (25 Y,0N) ). o) Yes (25Y,0N)
Reflectance 0.25 135 -56 -40 Yes =55 Yes
Increase in
Reflectance 0.25 135 2 Yes (25Y,0N)

. &

| for Conditional Requirement CR4-35 at 1550 nm

Objective/Conditional
Requirement (CR4-35) Requirement
Angle | Max Values | Criteria Criteria
(Degree) (dB) (dB) Criteria Met? (dB) Criteria Met?
135 0.20 0.50 Yes (25Y,0N) 0.30 Yes (25 Y, 0N)
135 -55 -40 Yes -55 Yes
. Incredse in
Reflectance 0.25 135 0.10 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 86
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Maximum Values Measured for Conditional Requirement CR4-35 at 1625 nm

Objective/Conditional

Criteria Category Requirement (CR4-35) Requirement

Load Angle | Max Values | Criteria

Criteria
Measurement Type| (kg.) (Degree) (dB) (dB) Criteria Met? (dB) Criteria Me
Loss Increase 0.25 135 0.32 0.50 Yes (25 Y,0N) 0.30
Reflectance 0.25 135 -57 -40 Yes
Increase in
Reflectance 0.25 135 0.10 5 Yes(25Y,0N)

Exhibit 8 - 87

Failure History: None

Sample 25 (Tyco ID -21) showed very high IL after ]
with this connector assembly. Results for samp
objectives of Section 4.4.3.5, but sample 25
TWAL. ”

AL testing, indicating a performance issue
25 were compliant for the requirements and
€placed with hot spare 28 for tests following
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EQUILIBRIUM TENSILE LOADING (4.4.3.6)

This section was removed from Issue 2 because of overlap with Section 4.4.3.5. The section was left
as a place holder so that the numbering scheme will remain consistent between the issues.
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IMPACT TEST (4.4.3.7)

Criteria:

R4-37 [50]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “During Test, Not Under Load”. ¢

04-38 [51]
the row marked “During Test, Not Under Load”.

Test Conditions:

Temperature: Room Ambient (~23°C)
Humidity: Room Ambient (~50%)
Impacts: 8 impacts

Sample Group: The same set of connectors that were used in the Transmission With Applied Load
will be used for this test.
All optical measurements shall be performed at 1310 nm, 1490 ym 550 nm, and 1625 nm.

Test Method:

1. After completing the Transmission with App’*hed,;r oad Test on the last connector assembly, the
Impact Test shall be conducted on the same set of connectors.

2. Take the loss and reflectance measurements using the ATOC switch software.

3. Once the measurement has finished fy.that the connector meets the requirements before
starting the test.

4.  Place a concrete block adjacé- ¢ base of either a seven- or eight-foot equipment rack.
Attach an extension (a plec' t metal ¥ in. x 1 in. x 6 in. is sufficient) to the rack at a height
of 1.5 meters above the cent of the concrete block (Refer to Exhibit 8 - 88).

5. Disconnect the receives ) u, from the assembly and place a dust cap over the end of the ferrule
so that only the ferrul protected by the dust cap. The dust cap is used to prevent the endface

rom being scratched.
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Impact Test Setup

11.

12.

13.
14.

15.

L/C‘m

Exhibit 8 - 88

Secure the fiber patchcord to the extension arm using duct tape. Be sure that the connector is
hanging such that the connector is lined up withthe center of the concrete block.

Hold the connector; raise it to a horizontal posi n so that the fiber cable is parallel to the floor
and in line with the concrete block. &

Release the connector so that it will strlke' e center of the concrete block.

Perform the procedure in Steps 7 and.8 ‘an.additional 7 times for a total of 8 impacts.

Clean the connector as outlinediin S ‘10n 4.3.1, Cleaning Procedure A, or as outlined in Section
4.3.2, Cleaning Procedure Bj at the.customer’s option.

Once the connector has been.cleaned, plug the connector back into the adapter from which it
was unplugged and take a final cading.

Perform the procedure linéd in Steps 5 through 11 until all of the connectors have been tested
and cleaned. (one pl 1g on each pigtail assembly-receive side, and one plug on the source side of

sub‘practed from the initial insertion loss measurements yielding the change in loss.

If all the connector assemblies meet the requirements, proceed to the next test. If some of the

.. connector assemblies are not within the requirements, notify the customer. Once a resolution
" has been reached, proceed with testing.

Rev A

141 of 218



tl’t,'ﬂ / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) Revision 5

Configuration and Conditions:

The connector assemblies will be placed in the impact test fixture and will remain operational during
the course of this evaluation. See Exhibit 8 - 89 for a diagram of the functional configuration.

Impact Test Setup (Functional Configuration)

250 meters 250 metets
LaunchCable &,  j-r———————==—-=——= 7 Launch Cable
Mounted in the
Switch 2

1
I
i
Switch 1 !
|
1
i
!

LDTDR .J || T S o,
Port 1 'Ponzb/v _I ____________ .I._._ V\

]
1
Impact Test Fixture i
|
|
1
I
1

BB BB
B BB B

Exhibit 8 - 89
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Section 4, Connector Tests and Criteria (GR-326-CORE)

Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirement R4-37[50].

The LC/PC Fiber Optic Connectors and Adapters were noncompliant with Objective 04-38 [51]
Failures occurred for Maximum Reflection at 1310 nm, 1490 nm, and 1550 nm.

i veK%,ondltlonal

Max Requirement B uirement
Criteria Values | Criteria ;
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.18 0.50 Yes (25Y, ON) 0.30 Yes (25Y,0N)
Mean Loss 0.30 Yes
Loss Increase Yes (25Y,0N)
No(19Y,6N)

Max Reflectance

Reflectance Increase

Yes (25Y,0N)

om Sample Group at 1490 nm

Objective/Conditional
Requirement Requirement
Criteria Criteria
Category (dB) (dB) Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.22 0.50 Yes 25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss# 0.10 0.30 Yes 0.20 Yes

re 0.01 0.3 Yes (25Y,0N) 0.20 Yes (25Y,0N)

-52 -40 Yes (25Y,0N) -55 No(24Y,1N)
3 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 — 91
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Maximum Value Measured from Sample Group at 1550 nm

Objective/Conditional
Max Requirement Requirement
Criteria Values | Criteria

Category (dB) (dB) Criteria Met? | Criteria (dB)
Max Loss 0.16 0.50 Yes (25Y,0N) 0.30
Mean Loss 0.05 0.30 Yes 0.20
Loss Increase 0.04 0.30 Yes (25Y,0N) 0.20
Max Reflectance -51 -40 Yes(25Y,0N) -55
Reflectance Increase 3 5 Yes(25Y,0N) 2

Exhibit 8 - 92

Objective/Conditional
Max Requirement
Criteria Values

Category (dB) Criteria (dB) | Criteria Met?
Max Loss 0.15 0.30 Yes (25Y,0N)

Mean Loss 0.04  |& 0.20 Yes
Loss Increase 0.02 |» Yes (25Y,0N) 0.20 Yes (25Y,0N)
Max Reflectance Yes (25Y,0N) -55 Yes (25Y,0N)
Reflectance Increase Yes (25Y,0N) 2 Yes (25Y,0N)

~ Exhibit 8 - 93

The loss and reflectanee measurements, for each sample, are reported in Appendix A.

Failure History:

Samples L6, :10,13,28, and 33 (Tyco IDs —10,--27,--28,--33,--16,--30) were noncompliant with
maximum ,eﬂectance Objective O4-38 [51] at 1310nm. Sample 28 (Tyco ID —16) was
noncompllant with maximum Reflectance Objective O4-38 [51] at 1490nm. Sample 28 (Tyco ID —
-16) was-‘noncompliant with maximum Reflectance Objective 04-38 [51] at 1550nm.
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DURABILITY TEST (4.4.3.8)

Criteria:

R4-39 [52]  Of the entire body of measurements taken after either one-sided or two-sided cleaning (at insertion 25, 50...), 90% shall
meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked
“During Test, Not Under Load.”

04-40 [53]  Of the entire body of measurements taken after either one-sided or two-sided cleaning (at insertion 25, 50...), 95 o “éhall
meet the loss and reflectance Objectives criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row,
“During Test, Not Under Load.”

d

Tass and

04-41 [54]  Of the entire body of measurements taken without cleaning (at insertions 24, 49...), 90% shall megf
yw marked “During

reflectance Requirements (not Objectives) listed in tables 4-2 and 4-3, of GR-326-CORE, in the #
Test, Not Under Load.”

R4-42 [S5]  After having been subjected to the complete set of 200 insertions, the product shall mggt | ss ‘and reflectance
Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row: “During Test, Not Under Load.”
Up to two re-cleanings may be performed for each connection.

04-43 [56]  After having been subjected to the complete set of 200 insertions, the produet Shall meet the loss and reflectance
Objectives criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in the row marked “During Test, Not Under Load.”
Up to two re-cleanings may be performed for each connection. d

; st
04-44 [57]  The criterion is not met if connectors which are nonconformi 200 insertions and the subsequent two-sided

cleaning are brought back into conformance by one or two’

Test Conditions:

Temperature: Room Ambient (~523%5@)
Humidity: Room Ambient(~50%)
Insertions: 200 :

Sample Group: The same set of connectors that were used in the Impact Test will be used for this test.
All optical measurements shall be performed at 1310 nm, 1490 nm, 1550 nm, and 1625 nm.

Test Method:

1.  After comple he Impact Test, the Durability Test shall be conducted on the same set of

y thessame rack that was used in the Impact Test setup, mount boards (preferably 2 x 27)
on the equipment rack at heights of 0.9 meters (3 ft.), 1.4 meters (4.5 ft), and 1.8 meters (6 ft.)
above the floor.

3.7 Mount the connectors, in the bulk head adapters, with an equal amount of connectors at each of

‘the height in Step 2. Mount the connector adapters in the face plate so as to maximize the
distance from the end of the connector to the enclosure front panel (testing performed in sec.
4.4.6 Connector Installation).

4.  Be sure that none of the connectors or adapters are under any stress due to the hanging fibers. If
necessary, relieve the stress of the fibers by securing them to the rack next to their associated
connector assemblies.
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5. Take the loss and reflectance measurements using the switch software. Use the Standard option
button to name the test something else. Open Excel and verify the data. If all of the connectors
meet the requirements, proceed. If some of the connectors are not within the requirements,
clean the connectors or adapter and straighten the fibers if necessary. Take another set of
measurements to ensure that all of the connector assemblies are within the requlrements
all of the connector assemblies are within the requirements, proceed to the next step.
6. Take the loss measurements again.
7.  Once the measurements are finished, you may proceed with the test.
8. The connector assemblies must be disconnected and reconnected as follows:
9.  Disconnect and reconnect a sample at the 6-ft height.
10. Disconnect and reconnect a sample at the 4.5-ft height.
11. Disconnect and reconnect a sample at the 3-ft height.
12. Disconnect and reconnect a sample at the 3-ft height.
13. Disconnect and reconnect a sample at the 4.5-ft height.
14. Disconnect and reconnect a sample at the 6-ft height.
15. Repeat Steps 9 through 13 until all of the connector assemblies
reconnected.
16. This sequence counts as a single insertion.
17. When testing jumper assemblies, disconnect and ré
Loss measurements are made on the assembly afte
18. Measurements and cleanings shall be made &
19. After insertions 24, 49, 74, 99, 124, 149, 174 ,
connectors on this cycle but before cleat g them
20. During insertions 25, 75, 125, and 175,:a 0
have gone through a one-side
21. During insertions 50, 100, ¥50; anid 200, a two-sided cleamng needs to be performed (per
Cleaning Procedure A, Sectmn 4.3.1 of Cleaning Procedure B, Section 4.3.2) before
reconnecting the corpn ct . Take loss and reﬂectance ‘measurements after all of the connectors
22.
200™ insertion then up to two re-cleanings may be performed.
23. After completmn of the Durability Test, open Excel and verify that all of the connectors met the

requlrement criteria. If all of the connectors met the requirements, proceed to the next test. If
some. of'the connectors failed to meet the requirements, notify the customer. Once a resolution
has been reached, proceed with testing.
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Configuration and Conditions:
The connector assemblies will be placed in the durability test fixture and will be operational during

the course of this evaluation. See Exhibit 8 - 94 for a diagram of the functional configuration. Sce
Exhibit 8 - 95 for a diagram of the Durability setup.

Test Setup for the Durability Test (Functional Configuration)

250 meters
Launch Cable e sz;?l;eée:zle
Mounted in Bulk !
Head Adapter and !
Switch1 Mounted on7-foot | Switch 2
Frame T
Sample - i P 1
OTDR / 2 Sample |1 @,
Port1 t}t | Smple. |1 @
i
________________ -
n n
n n
n n
fi n

Exhibit 8 - 94
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Setup Diagram for the Durability Test

W] | Y Oooooooooo

opbpoooooooao

Oooooooo0oOoo

Exhibit 8 - 95
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Test Results:

The Single Mode LC Connectors were noncompliant with Objective 04-40 [53]. Failures occurred
for Maximum Reflectance at 1310 nm and 1550 nm.

The Single Mode LC Connectors were noncompliant with Requirement R4-42 [55]. Failures™:,
occurred for Maximum Loss, Loss Increase and Reflectance Change at 1310 nm, 1490 nm, 1550 nm,
and 1625 nm. i S

The Single Mode LC Connectors were noncompliant with Objective 04-43 [56]. Failures.occurred
for Maximum Loss, Mean Loss, Loss Increase, Maximum Reflectance, and Reflec hange at
1310 nm, 1490 nm, 1550 nm, and 1625 nm.

The Single Mode LC Connectors were noncompliant with Objective O4=44 [57]: Failures occurred
for Maximum Loss, Mean Loss, Loss Increase, Maximum Reflectance, and‘Reflectance Change at
1310 nm, 1490 nm, 1550 nm, and 1625 nm. '

See Exhibits 8 - 96 through Exhibit 8 - 103 for the maximum va
Note that the two automatic cleanings and the two optional clea
the 200™ cycle. ‘

es measured during this evaluation.
¢s were not completed following

Maximum Values Measured from Sample Group at 1310 nm During Test

501-652

Objective/Conditional
Requirement, 90% Of _“Requirement, 95% Of Objective, 90% Of
Measurements After Cleanin Measurements After Cleaning | Measurements Before Cleaning
(R4-39) (04-40) (04-41)
Criteria Criteria Criteria Criteria
Category (dB) | (dB) Criteria Met? (dB) Criteria Met?
Max Loss 0.5 s, 97% 03 Yes, 97% 0.5 Yes, 98%
Mean Loss 0.3 +* No 0.2 No 0.3 No
Loss Increase 0. - Yes, 97% 0.2 Yes, 97% 0.3 Yes, 98%
Max Reflectance Yes, 99% -55 No, 49% -40 Yes, 98%
Reflectance Change Yes, 96% 2 Yes, 96% 5 Yes, 95%

Exhibit 8 - 96

Rev A

149 of 218



tl’[,'a / Electronics 501-652

Evaluation For: Tyco Electronics
Product: Single Mode LC Connector
Revision 5

Intertek
ETL Semko
Section 4, Connector Tests and Criteria (GR-326-CORE)

Maximum Values Measured from Sample Group at 1490 nm During Test

Requirement, 90% Of
Measurements After Cleaning

Objective/Conditional
Requirement, 95% Of
Measurements After Cleaning

Objective, 90% Of
Measurements Before Cleaning

(R4-39) (04-40) (04-41)
Criteria Criteria Criteria Criteria
Category (dB) Criteria Met? (dB) Criteria Met? (dB)

Max Loss 0.5 Yes, 97% 0.3 Yes, 97% 0.5

Mean Loss 0.3 No 0.2 No 0.3

Loss Increase 0.3 Yes, 97% 0.2 Yes, 97% 0.3
Max Reflectance -40 Yes, 99% -55 Yes, 95%
Reflectance Change 5 Yes, 95% 2 Yes, 95%

Exhibit 8 - 97

Objective/Condition:
Requirement, 90% Of Requirement, 95%°0 Objective, 90% Of
Measurements After Cleaning Measurements After; ing | Measurements Before Cleaning
(R4-39) (O4-41 (04-41)
Criteria Criteria Criteria : Criteria
Category (dB) Criteria Met? Criteria Met? (dB) Criteria Met?
Max Loss 0.5 Yes, 97% Yes, 97% 0.5 Yes, 98%
Mean Loss 0.3 No No 0.3 No
Loss Increase 0.3 Yes, 97% Yes, 97% 0.3 Yes, 98%
Max Reflectance -40 Yes, 98% No, 87% -40 Yes, 96%
Reflectance Change 5 Yes, 96%:#: Yes, 96% 5 Yes, 94%

Objective/Conditional

Requirement, 90% Of Requirement, 95% Of Objective, 90% Of
Me ents After Cleaning Measurements After Cleaning | Measurements Before Cleaning
’ (R4-39) (04-40) (04-41)
Criteria Criteria Criteria
Category Criteria Met? (dB) Criteria Met? (dB) Criteria Met?
Max Loss : 0.5 Yes, 97% 0.3 Yes, 97% 0.5 Yes, 98%
Moan Eofs | 03 No 0.2 No 0.3 No
Loss Increasc 0.3 Yes, 97% 0.2 Yes, 97% 03 Yes, 98%
. Max Reflectance -40 Yes, 98% -55 Yes, 95% -40 Yes, 97%
Reflectance Change 5 Yes, 95% 2 Yes, 95% 5 Yes, 95%

Exhibit 8 - 99
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Maximum Values Measured from Sample Group at 1310 nm

Criteria Max Requirement Objective /Conditional Requirement
Category Values (dB) | Criteria (dB) |  Criteria Met? | Criteria (dB) Criteria Met?
Max Loss 0.21 0.50 No(24Y,1N) 0.30 No(24Y,1N)
Mean Loss 0.07> 0.3 No 0.20 No

Loss Increase 0.09° 0.30 No(24Y,1N) 0.20 No(24Y,1N)
Max Reflectance -50.00° -40 Yes (25 Y,0N) -55 No(14Y, 11 N

Reflectance Change 4? 5 No(24Y,1N) 2 No (24 Y1
B i

Maximum Values Measured from Sample Group at

Exhibit 8 - 100

Criteria Max Requirement Objective /Conditional Requirement
Category Values (dB) | Criteria (dB) | Criteria Met? | Criteria (dB){  Criteria Met?
Max Loss 0.212 0.50 No(24Y,1N) No(24Y,1N)
Mean Loss 0.112 0.3 No No
Loss Increase 0.072 0.30 No (24 Yzl Ny: . No(24Y,1N)
Max Reflectance -53.00° -40 Yes (257, -55 No (24Y, 1N)
Reflectance Change 32 ' 2 No (24Y, 1 N)

Maximum Value:

stired from Sample Group at 1550 nm

Criteria . Requirement Objective /Conditional Requirement
Category Criteria (dB) Criteria Met? Criteria (dB) Criteria Met?
Max Loss 0.50 No(24Y,1N) 0.30 No(24Y,1N)
Mean Loss 0.3 No 0.20 No

Loss Increase 0.30 No(24Y,1N) 0.20 No (24 Y,1 N)
-40 Yes (25Y,0N) -55 No(22Y,3N)
5 No(24Y,1N) 2 No(24Y,1N)

Exhibit 8 - 102

2 Sample 3, which had excessive loss after 100 durability insertions, has been excluded from the maximum value statistics. For further
information on this sample refer to Appendix A.
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Maximum Values Measured from Sample Group at 1625 nm

Criteria Max Requirement Objective /Conditional Requirement
Category Values (dB)  Criteria (dB) |  Criteria Met? | Criteria (dB) Criteria Met?
Max Loss 0.20° 0.50 No(24Y,1N) 0.30 No(24Y,1N)
Mean Loss 0.04° 0.3 No 0.20 No
Loss Increase 0.05° 0.30 No(24Y,1N) 0.20 No(24Y,1N)
Max Reflectance -54° -40 Yes (25Y,0N) -55 No (24 Y 1 I

Reflectance Change 3 5 No (24Y,1N) 2 No (24 Y

Exhibit 8 - 103

The loss and reflectance measurements, for each sample, are reported in Apj vendix A.

Failure History:

Sample 3 (Tyco ID—01) showed noncompliant insertion loss ngs at all wavelengths after 100
durability insertions. Hot spare 30 (Tyco ID—13) was brought'in to replace sample 3; it was subjected
to 100 durability cycles and then the entire sample po; ulat1onvwas subjected to the remainder of the

durability test.

Sample 3 (Tyco ID—01) was was noncompliant with maximum Loss Requirement and maximum
Loss Increase requirement R4-39 [52] at 1310, 1490, 1550, and 1625nm.

Sample 3 (Tyco ID—01) was noncompliim with maximum Loss Requirement and maximum Loss
Increase requlrement R4-42 [55] at:13 0, 1550, and 1625nm. Sample 3 was noncompliant
with maximum Reflectance Increase r uirement R4-42 [55] at 1310, 1490, 1550 and 1625nm.

maximum Loss Objective and maximum Loss Increase Objective
“and 1625nm.

Sample 3 was noncompliant;
04-43 [56] at 1310, 1490

The entire sample po ""151;5'[1'%6‘11 was noncompliant with mean Loss requirement R4-42 [55] at 1310,
1490, 1550, and 1625nm. The entire sample population was noncompliant with mean Loss objective
04-43 [56] at 1310,°1490, 1550, and 1625nm.

Samples I ‘ ,5:6,8,10,13,17,31, and 33 (Tyco IDs —10,--01,--31,--27,--03,--28,--33,--04,--18, and —30)
were noncompliant with maximum Reflectance Objective O4-43 [56] at 1310nm; sample 3 was
noncompliant with maximum Reflectance Increase Objective 04-43 [56] at 1310nm.

Sample 3 was noncompliant with maximum Reflectance Objective 04-43 [56] and maximum
Reflectance Increase Objective 04-43 [56] at 1490nm.

3 Sample 3, which had excessive loss after 100 durability insertions, has been excluded from the maximum value statistics. For further
information on this sample refer to Appendix A.
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Samples 3,8 and 33 (Tyco IDs —01,--03, and —30) were noncompliant with maximum Reflectance
Objective 04-43 [56] at 1550nm. Sample 3 was noncompliant with maximum Reflectance Increase
Objective 04-43 [56] at 1550nm.

Sample 3 was noncompliant with maximum Reflectance Objective 04-43 [S6]and maximum
Reflectance Increase objective 04-43 [56] at 1625nm.

The entire sample population was noncompliant with Remateability with Cleaning objective @4-40
[53] for maximum reflectance at 1310nm and 1550nm. e

Sample 3 was non-compliant with Cleanability Objective O4-44 [57].
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END OF TEST CRITERIA (4.4.3.9)

Criteria:

R4-45[58]  The product shall meet the loss and reflectance Requirements criteria listed in Tables 4-2 and 4-3, of GR-326-CORE, in
the row marked “End of Test.”

04-46 [59]

R4-47 [60]

R4-48 [61]

Test Conditions:

Temperature: Room Ambient (~23°C)
Humidity: Room Ambient (~50%)

Sample Group: The same set of connectors that were used in hé Aurabilty Test will be used for this
test. i

All optical measurements shall be performed at 1310:nmj 1490 nm, 1550 nm, and 1625 nm.

Test Method:

1. After completing the Connector Installati
the same set of connectors.
2. Verify the data taken in the p

i

necessary ang 1§ another set of measurements. If some of the connectors are still not within
the requigreinéﬁ’es", notify the customer to determine the proper course of action.
7. Cutback measurements will be performed on the jumper assemblies at the End of Criteria Test.
_The Ferrule Endface Geometry will now be taken on the connectors.

0
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Configuration and Conditions:

The connector assemblies will be visually inspected. The endface geometry measurements will be
performed, and optical measurements will be taken. See Exhibit 8 - 104 for a diagram of the setup for

the End of Test Criteria.
Test Setup for the End of Test Criteria
250 meters
LaunchCable Y _._____ I  Dometers
Mounted in Bulk
Head Adapter and
Switch 2

1
i
A
Switch 1 { Mounted on 7-foot
1 Frame
1

1

4 @]
| P = BETRR
g

I
1
f
e [ s @ e |-
3 ‘

3
__________________ d
1 n
n n
n n
a £

Exhibit 8 - 104

Test Results:

The Single Mode € Connector was compliant with Requirement R4-45 [58].

ode LC Connector was noncompliant with Requirement 04-46 [59]. Failures occurred
fqr;«Mayiimu‘in Reflectance at 1310, 1490, 1550 and 1625nm and for Reflectance Increase at 1625nm.

The é”ihgle Mode LC Connector was noncompliant with Requirement R4-47 [60]. Failures occurred
for Apex Offset.

The Single Mode LC Connector was compliant with Requirement R4-48 [61].

See Exhibit 8 — 105 through Exhibit 8 - 109 for the maximum values measured during this evaluation.
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Maximum Values Measured from Sample Group at 1310 nm

Objective /Conditional
Criteria Max Requirement Requirement
Category Values (dB) | Criteria (dB) |  Criteria Met? | Criteria (dB) Criteria Met?
Max Loss 0.23 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)
Mean Loss 0.06 0.3 Yes 0.20 Yes

Loss Increase 0.08 NA NA NA NA
Max Reflectance -49 -40 Yes 25Y,0N) -55 No (20
Reflectance Change 2 5 Yes (25Y,0N) 2

Exhibit 8 - 105

Criteria Max Requirement __Requirement
Category Values (dB) | Criteria (dB) Criteria Met?
Max Loss 0.23 0.50 Yes (25Y,0N)
Mean Loss 0.07 0.30 Yes
Loss Increase 0.08 NA
Max Reflectance -50 No(23Y,2N)
Reflectance Increase 4 2 Yes(25Y,0N)

Objective/Conditional
Criteria Requirement Requirement

Category Criteria (dB) | Criteria Met? | Criteria (dB) Criteria Met?
Max Loss 0.50 Yes (25Y,0N) 0.30 Yes (25Y,0N)

Mean Loss 0.30 Yes 0.20 Yes

Loss Incre; NA NA NA NA
Max Reflectance -40 Yes (25Y,0N) -55 No(23Y,2N)
Reﬂccfﬁﬁcé?i‘ﬁ‘é‘r/ease 3 5 Yes (25Y,0N) 2 Yes (25Y,0N)

Exhibit 8 - 107
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Maximum Value Measured from Sample Group at 1625 nm

Objective/Conditional
Criteria Max Requirement Requirement
Category Values (dB) | Criteria (dB) | Criteria Met? | Criteria (dB) | Criteria Met?
Max Loss 0.20 0.50 Yes 25Y,0N) 0.30 Yes 25Y,0N) L
Mean Loss 0.05 0.30 Yes 0.20 r

Loss Increase 0.18 NA NA
Max Reflectance -50 -40 Yes (25Y,0N)
Reflectance Increase 5 5 Yes (25Y,0N)

Exhibit 8 - 108

Criteria Max/Min
Category Values Criteria _ 7 [« Crlterla Met?
Fiber Extension (R4-67) 86nm/-48nm -125 to 5(} ! Yes
Ferrule Endface Radius (R4-68) | 17.2mm/7.3mm : Yes
Apex Offset (R4-69) 61 No

*(+) indicates undercut
*(-) indicates protrusion

Failure History:

Samples 1,8,1Q nd 23 (Tyco IDs —10,--03,--28 and —12) were noncompliant with maximum
Reflectance Objective 04-46 [59] at 1310nm. Samples 1 and 10 (Tyco IDs —10 and —28) were
noncompll nt with Maximum Reflectance Objective O4-46 [59] at 1490nm. Samples 1 and 10 (Tyco
IDs—10 and —28) were noncompliant with Maximum Reflectance Objective 04-46 [59] at 1550nm.
Sampies 1 and 10 (Tyco IDs —~10 and —28) were noncompliant with Maximum Reflectance Objective
04-46 [59] at 1625nm. Sample 10 (Tyco ID —28) was noncompliant with maximum Reflectance
Increase Objective 04-46 [59] at 1625nm.

Samples 28R, 33L and 16L (Tyco IDs —16R, --30L, and —01L) were noncompliant with Apex Offset
requirement R4-47 [60].
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GEOMETRY REQUIREMENTS (4.4.5)

FERRULE ENDFACE GEOMETRY FOR NON-ANGLED PHYSICAL CONTACT
CONNECTORS (4.4.5.1)

Criteria:

48
R4-67 [80]  The Fiber Undercut (x) as shown in figure 4-6 (GR-326-CORE) shall meet the requirements stated 1nJEOﬁ
where “n” is any of the applicable (single-mode, single fiber, physical contact) released connector detail tled specifications
in the IEC 60874-14-n series. In those detailed specifications, the radius of curvature of the ferrul@%;bef%een 1 mm and
25 mm. That is, the value of the fiber undercut (m umts of nanometers) shall be no larger than - 2R 11.3R%-31R+325,
617 mm and 10 mm,

R4-68 [81]

R4-69 [82]

Test Conditions:

Radius of Curvature: een 7 mm and 25 mm
Dome Offset: less than 50 um

Maximum Fiber Undercut (x) or Protrusion ( Between -125 nm and 50 nm

Test Method:

I\fon-Angled Physical Contact Connectors is to be performed
efore splicing the samples to the switch, and at the end of the
Criteria tests.

1.  The Ferrule Endface Geom
at the beginning of the tes
testing, dunng the Endé@g'

2.  To start using the inter ferometer, the instrument must be set up as follows:

3. Wipe all oils/dire/d f the surface of the tilt stage with alcohol.

4. he mount with alcohol.

5. Verify that the lock collar is in the unlocked position by turning the lock collar counter
clockwise.

6. meter to 0.0. The micrometer should always be turned in a clockwise direction.

Turn the lock collar clockwise to lock into position.

7.4 Clean the 25mm ROC with the connector cleaner.

8. " Make sure the mount is in the unlocked position with the lever to the left. Insert the 25mm ROC
side of the calibration standard into the mount. Push the connector all the way down into the
mount. Lock the connector into place.

. Change to Red Light mode if not already in it.

10. Go into the Set-Up screen by pressing the “F2 Setup” button on the Tool bar, click “Default”

and change Scan Type to Calibration. Click “OK” to save the parameters and exit the set up
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screen.

11.  Go into the Configuration — Option screen and click on the General Tab. Enter the Group Name
and select any of the configuration options desired. Click “OK” to exit the screen and return to
the program.

12.  Adjust the focus knob to bring the frlnge pattern into focus. Center the high point of the polish
near the center of the scan. (Exhibit 8 - 110)

13. Beginning the measurement process. Click on F4 to take a measurement and be able to cha&a e
the connector ID during the measurement process or Click on F12 for a Quick Scan. Th '
interferometer will automatically scan the connector as is in the live image screen, | 4

14.  Upon the completion of the scan, the results will appear on the screen. The Radius: i
measurement should be between 24.9mm and 25.1mm. The Fiber Height gho%@%@ <0.005um.
If the measurements are with in spec, the Magnification Calibration is fine. 4 %/

15.  If the measurement is off after the above attempts have been made. Go 1;;?0 ﬁ“ﬁpﬂon—
Magnification Calibration and click on “Auto” in the calibration d;a:lo o%:to start the auto-
calibration. The system will proceed through a series of scans until aicalibration factor is
obtained. A message will appear indicating when the auto-calib at10n is done. Click “OK” to
exit.

16. Making a measurement. Select the Set-UP Parameters fo
mount being used.

17.  Select Configuration Settings and click on Conﬁgzzlra
Name data is to be stored under. Select Auto Expot
and/or Auto Print if desired. Click “OK” when

18. If measuring PC Connectors, verify that the lockeollar is in the unlocked position by turning the
lock collar counterclockwise. Set the migrometer to 0.0 then lock the micrometer position by
turning the lock collar clockwise.

19. If measuring APC connector’, verify
the lock collar in a counter cloc
the polish indicated by the m:
turning the lock collar clockw:

20. Clean the connector/bar

21. Make sure the levera
Lock the connect i)

22. Center the fiber 6ver the crosshairs on the live image using the X and Y knobs.

23.  Adjust the focuskmnob to bring the fringe pattern into focus Exhibit 8 - 110

24.  Click on F4 to:take a measurement or F12 for a Quick Scan.

25. Upon compglﬁtlon of the scan, the results will appear on the screen. Remove the connector from
the m unt-and insert the next connector to be tested.

gg‘)mector being measured and the

ption-General Tab. Enter the Group
Atito Increment, Auto Save in Database

“the lock collar is in the unlocked position by turning
v irection. Turn the micrometer clockwise to the degree of
ngle in the Set-UP menu. Lock the micrometer position by
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Diagram of High Contrast Fringes
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Configuration and Conditions:

The connectors will be individually mounted on the interferometer for these measurements.
Test Results:

The Single Mode LC Connector was compliant with Requirement R4-67 [80].

The Single Mode LC Connector was compliant with Requirement R4-68 [81].

The Single Mode LC Connector was compliant with Requirement R4-69 [82].

&

a7

Criteria * Requirement
Category _ Criteria Met?
Fiber Extension (R4-67) <125 to 50 nm Yes
Ferrule Endface Radius (R4-68) "] 71025 mm Yes
Apex Offset (R4-69) <50 um Yes

*(+) indicates undercut
*(-) indicates protrusion

* Exhibit 8 - 111

The endface geometry measurem enff‘s, for each sample, are reported in Appendix A.

Failure History:

None.
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ENDFACE GEOMETRY REQUIREMENTS FOR ANGLED PHYSICAL CONTACT (APC)
CONNECTORS (4.4.5.2)

Criteria:

R4-70 [222] The endface geometry parameters for angled physical contact connectors must meet the requirements of IEC 60874-14-6
for an angle of 9° for untuned connectors, IEC 60874/-14-7 for an angle of 9° for tuned connectors.

Test Conditions:

Radius of Curvature: Between 5 mm and 12 mm_
Dome Offset: less than 50 pm
Maximum Fiber Undercut (x) or Protrusion (y): <100 nm

Test Method:

‘@onnectors is to be performed
ch, and at the end of the

26. The Ferrule Endface Geometry for Non-Angled Physical C
at the begmnmg of the test, before spllcmg the samples tothe s

27.
28.
29.
30.

s

Set the mlcrometer to 0.0. The micromet Qﬁhould always be turned in a clockwise direction.

3L
Tumn the lock collar clockw1se to logk/ mto‘posmon

32.

33.

34. :

35. Jp screen by pressing the “F2 Setup” button on the Tool bar, click “Default”
and change S¢ to Calibration. Click “OK” to save the parameters and exit the set up
screen. {

36. Go into the Corfiguration — Option screen and click on the General Tab. Enter the Group Name
and seleétxany of the configuration options desired. Click “OK” to exit the screen and return to
the program.

7. Adjust'the focus knob to bring the fringe pattern into focus. Center the high point of the polish
“znear the center of the scan. (Exhibit 8 - 110)

Beginning the measurement process. Click on F4 to take a measurement and be able to change

the connector ID during the measurement process or Click on F12 for a Quick Scan. The

interferometer will automatically scan the connector as is in the live image screen.

39. Upon the completion of the scan, the results will appear on the screen. The Radius of Curvature

measurement should be between 24.9mm and 25.1mm. The Fiber Height should be < 0.005um.
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If the measurements are with in spec, the Magnification Calibration is fine.

40. If the measurement is off after the above attempts have been made. Go into Action-
Magnification Calibration and click on “Auto” in the calibration dialog box to start the auto-
calibration. The system will proceed through a series of scans until a calibration factor is
obtained. A message will appear indicating when the auto-calibration is done. Click “OK” to
exit.

41. Making a measurement. Select the Set-UP Parameters for the connector being measured afig
mount being used.

42. Select Configuration Settings and click on Configuration-Option-General Tab. Enter; th
Name data that it is to be stored under. Select Auto Export, Auto Increment, Aut )
Database and/or Auto Print if desired. Click “OK” when done.

43. If measuring PC Connectors, verify that the lock collar is in the unlocked p p 1
lock collar counterclockwise. Set the micrometer to 0.0 then lock the migfomete
turning the lock collar clockwise.

44, If measuring APC connector’, verify that the lock collar is in the un %écked posmon by turning

the 1ock collar in a counter clockw1se d1rect10n Turn the mic eter clockw1se to the degree of

turning the lock collar clockwise.

45. Clean the connector/bar ferrule with the connector i

46. Make sure the lever arm is in the unlocked position and insert the connector into the mount.
Lock the connector into place. v

47. Center the fiber over the crosshairs on the liy

48. Adjust the focus knob to bring the fringe patterninto focus Exhibit 8 - 110

49. Click on F4 to take a measurement or F’f?g for a Quick Scan.

50. Upon completlon of the scan, the result§ wi il appear on the screen. Remove the connector from

Configuration and Conditions

The connectors will be individually'mounted on the interferometer for these measurements.

Test Results:

The section is not applicable as the connectors under test do not have an angled physical contact

(APC) endface polish:
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ENDFACE GEOMETRY MEASUREMENT AREAS (4.4.5.3)

Criteria:

R4-71 [223] The endface geometry measurement areas shall meet the requirements of IEC 61300-3-23 for measuring the radius of
curvature and fiber undercut/protrusion.

Test Conditions:

Organization “D” Fitting Region “E” Extracting Region “F” Avera; an Region
IEC (PC & APC) 250 microns 140 microns 50 microns

These measurements verified on 12/13/06 and again on 8/7/06.

The annular region bounded by “D” and “E” is the fitting region on the ¢onnector ferrule over which
the radius of curvature is measured. The annular region bounded by “E” and.“F” is the extraction
region, at the interface between the fiber and the ferrule, which is exc¢luded from any measurement.
Finally, the “F” averaging region is over the center of the fiber, and'used‘to estimate the fiber position.

Test Method:

1.  Before making any of the geometrical measurémients, be sure that the fitting regions being used
are correct.

2. Go to www.Dorc.com (Direct Optical Research home page) and look up Standards Watch.
They will have the latest measurement values (Fitting Region D, E, and F) in compliance
with TEC 61300-3-23.

3.  Once these values have been found; int them out. Double check that the correct Fitting
Regions are being used by selectin; “Setup” icon.

4.  The Fitting Regions will appearon the far right. Verify that they are correct. If they are not,
change accordingly and select *Apply.” Then, select “OK.”

5.  Refer to Exhibit 8 - ra'diagram of the fitting regions.
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Fitting Regions

Ev ;'"

Exhibit 8 - 112
Configuration and Conditions:
Not Applicable
Test Results:

The LC/PC Fiber Optic Connectors and Adapters were compliant with Requirements R4-71. The
endface geometry areas were verified via the Internet and found to be D=250pm, E=140 um, and

F=50 pm.

Failure History:

There were no failures duringthe.course of this evaluation.

Rev A 165 of 218



tl’t,'a / Electronics 501-652

Intertek Evaluation For: Tyco Electronics
ETL Semko Product: Single Mode LC Connector
Section 4, Connector Tests and Criteria (GR-326-CORE) ' Revision 5

CONNECTOR INSTALLATION (4.4.6)

Criteria:

R4-72 [224] The increase in loss, the difference between the loss in Steps 3 and 5, shall be <0.20 dB. No increase in loss is permitted
for products with right angle boots.

04-73 [83]  The increase in loss, the difference between the loss in Steps 3 and 5, shall be <0.10 dB.
CR4-74 [225] No portion of a right angle boot shall come in contact with the panel parallel to the mounting surface.

04-75 [226] The maximum length of the installed connector including the boot should not exceed 57 mm (2.25 in),
shown in figure 4-10 (GR-326-CORE). This objective does not apply to right angle boots.

Test Conditions:
Temperature: 23 +2°C

Humidity: 50% RH )
All optical measurements shall be performed at 1310 nm, 1490 nm, 550 nm, and 1625 nm.

Test Method:

g
a
g
5
7]

the Durability Test and the Impact Test sho > USE
2. If there is more than one way to mount the adapter, it should be mounted so as to maximize the
distance from the end of the connector fo,the movable panel.
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Diagram of Connector Installation Test

>

3. At this point, the connector assemblies § Cm,ld still be coupled together. Be sure that the plug is
dressed so that approximately one metet of cable is supported by the end of the connector boot.

4.  Using the ATOC switch software, s¢lect the proper Job Number and the Test ID
(GR326ConnlInstal) and také the It ,Ilal measurements.

5. After the measurements have:been made, mount a panel at a distance of x = 70 mm (2.75 in).

6.  Make sure that the panelis xact distance from each of the connectors.

7

8

Once again, using the switch software, select Final option button.

s, ave finished, open the EvalShell located in the FiberLab Reports folder

; eva]uate the data and then save the data in the job folder under wire&cable.

9.  Ifthe loss increase exceeds the requirement, notify the customer. Once a resolution has been
resolved, p.roaeed with testing.

10. If the connectors under test are right angle connectors, while the panel is mounted, verify that

the connector boots are touching the panel.

Whe calculating the loss increase in Step 9 for right angle boots, keep in mind that

. Requirement R4-72 states that no increase in loss is permitted for products with right angle

boots.

12.  Measure the length of the installed connector in order to determine compliance with Objective
04-75.

13. Notify the customer immediately if some of the connectors fail to meet the requirements.

Once the measurem
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Configuration and Conditions:

The connector assemblies will be placed in the connector installation test fixture and will remain
operational during the course of this evaluation.

Test Results:

The Single Mode LC Connector was compliant with Requirement R4-72 [224]

failed the Loss Increase Objective at 1625nm.

Conditional Requirement CR4-74 [225] was neot applicable to the Single Mo
Single Mode LC Connector did not have right angle boots.

length was 52.0 mm.

See Exhibit 8 - 114 for the maximum values measured during th ,»&

L Max Requirem”éf
Criteria Values

Category (dB) Criteria (dﬂ% Criteria Met? Criteria (dB) Criteria Met?
Loss Increase 1310 nm 0.05 020 4l Yes(25Y,0N) 0.10 Yes 25Y,0N)
Loss Increase 1490 nm 0.08 Yes (25Y,0N) 0.10 Yes 25Y,0N)
Loss Increase 1550 nm 0.14 Yes (25Y,0N) 0.10 Yes (25Y,0N)
Loss Increase 1625 nm 0.19 Yes (25Y,0N) 0.10 No(22Y,3N)

Exhibit 8 - 114

Objective 04-73

The loss and reflectancé measurements, for each sample, are reported in Appendix A.

Failure Hlstog

Samples 16, and 24 (Tyco IDs —01 and --25) were noncompliant with Loss Increase Objective 04-73
[83] at16 Snm
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