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problems for future improvement
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Cleaning Methods and Contamination
Assessment for Optical Assembly

1 SCOPE 3 TERMS AND DEFINITIONS

The scope of this specification is to describe the methods Terms used in this standard are in accordance with IPC-T-
of inspecting and cleaning all optical interfaces so that their 50, IEC 60194, or IPC-0040. The following additional
interconnectivity does not result in loss of optical signal. It terms are also defined.

also describes methods of contamination prevention.

. , . Adaptor The metal or plastic body that mates two connec-
The target audience for this standard are Manufacturing .« f same or different types

Operators, Manufacturing Process Engineers, Quality Engi-

neers and Field System Installers. Alignment Sleeve A circular collar that is usually
mounted into a chassis connector intended to help align the

1.1 Intent The intent of this standard is not to state a . : . .
. . . . connecting fibers as they are plugged into the chassis to
specific all inclusive process or procedure for cleaning ) o
complete an optical circuit.

optical connectors but rather to show several processes
which are used in the industry and the advantages and dis-g; £0r Rate (BER) See Bit Error Ratio.

advantages for each process. It will also provide an evalu-

ation method for each process so that each reader may tesgit £rror Ratio (BER)  Used as the fundamental measure of
or qualify each process to find out which one works best the component’s performance, and is defined as the follow-
for their application. It is not the intent of this standard to ing:

advocate any specific products even though some product BER = E()

names may be referenced as a matter of usage in processes/ N(t)

rocedures/testing discussed in each section. _ . . . .
P g WhereBERIs the bit error ratioE (t) is the number of bits

1.2 Caution Reminders received in error over timg andN (t) is the total number

of bits transmitted in time.
1.2.1 Safety Cautions Operators shall ensure that there

is no active laser light source generating a light signal gjt grror Rate Tester (BERT)  Apparatus used to test for
through the fiber that is being cleaned or inspected. BgR.
Remember many laser signals are invisible to the human

eye. Cleaning Cassette Fabric

It should also be noted to never look into a ferrule end-face | 5 11;‘_ 1 T T
while the system’s laser is active. It is important to under- - "ﬁ I"_=. z s = a \_;.
stand the equipment’s operating procedures and warnings; 4 :‘:’ k. ' 3 *, N o

1.2.2 Electrostatic Discharge (ESD) Caution When 3'
working in an environment that couples optical fiber and _1 E

electronic components the operator must adhere to all ESD** \ : _
prevention rules. Woven Fabric Entangled Fabric

2 APPLICABLE DOCUMENTS Coaxial Illlumination ~ When an object is being viewéd

using light which strikes the surface along the line of sight.
This is usually accomplished with a beam splitter. This
type of lighting shows the differences in surface textures.

2.1 IPC-Association Connecting Electronics Industry
IPC-T-50 Terms and Definitions

IPC-0040 Optoelectronics Assembly and Packaging Tech- Colored Light  The hue of a given wavelength.

nolo
24 DUT Device Under Test.

2.2 |EC-International Electrotechnical Commission
Detection The ability of an optical system to detect an

EC-60194 Terms and Definitions object or defect of a particular size.

2.3 TIA-Telecommunications Industry Association . )
Eyepiece Lens The lens of a compound microscope that

TIA/EIA-604 (FOCIS) [13]. is nearest to the eye of the obsen)OCUMENtS

———BocmTenWHub
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Ferrule A ceramic cylinder with a precision hole in the Monochromatic Light  lllumination that provides the best
center for holding optical fiber. Common sizes are 2.5 mm image when selected with the sensitivity of the camera or
and 1.25 mm in diameter. Ferrules may also be rectangularsensitivity of the human eye taken into consideration. (The

for holding multiple fibers.

Field of View The dimension on the surface being viewed
that corresponds to the diagonal of the viewing area.

Focal Length The distance from the objective lens to the
object being observed.

Fourier Transform Infrared Spectroscopy (FTIR) An
experimental tool for identifying types of chemical bonds
in a molecule by producing an infrared absorption spec-
trum that is like a molecular “fingerprint.”

FTIR and SEM-EDX (Energy Dispersive X-ray Spectros-
copy) A method to do chemical analysis on contamination.

HcFc Hydrochlorofluorocarbon.
HFC Hydrofluorocarbon.
HFE Hydrofluoroether.

Hydrophobic A condition describing a material that does
not mix well with water.

Hygroscopic A condition describing a material that
readily absorbs and retains water.

llumination  The degree of light which is critical to the
proper operation of any inspection system. Illumination
should be optimized to provide contrast between the con-

tamination and the ferrule surface.
IPA Isopropyl Alcohol.

In-hand  The condition of a connector during an inspection

or cleaning operation. In-hand versus plugged into a chas-

sis or backplane.

Insertion Loss (dB) (IL)  The Insertion Loss in dB equal to:
10 Log (Pi/Pt) dB, where Incident power is Pi and Trans-
mitted power is Pt.

In-situ  The condition describing a connector attached or
an integral part of a chassis or backplane while inspecting
or cleaning

A (Lambda) The wavelength of light used to illuminate the
object being observed.

Magnification ~ The value that defines the ratio of the
image size viewed on a display with reference to the actual
object size.

Mode Field Diameter (MDF)  The diameter of the core field.
The mode field is considered the effective core of a fiber

human eye is most sensitive to green light.)

Multimode Fiber ~An optical fiber that has a core large
enough to propagate more than one mode of light. The
typical core diameters are 62.5 um and 50 um.

Numerical Aperture of the Objective Lens (NA) A value
given to a lens that indicates its ability to gather light and
resolve detail at a fixed object distance.

Numerical Aperture Rating (NAR) A value given to a lens
that indicates its ability to gather light. The larger the num-
ber is the better the resolution of the image.

Objective Lens  The lens of a compound microscope that
is nearest to the object being observed.

Oblique Illlumination A condition where the light illumi-
nating the object strikes the surface from an angle between
0° and 90° from the line of sight. This type of lighting is
used to show 3D surface features by highlighting surfaces
and utilizing shadows.

pit  An indentation in the optical connector end-face that
shows up as a black or white spot on an optical microscope
or a video display.

Resolution  An optical system’s ability to differentiate
like-size items as unique.

Resolving Power The smallest distance between two
objects that can be observed as separate entities. Resolving
powe R = 0.6IA/NA. The theoretical limit is approxi-
mately 1/4 micron for an optical system.

Return Loss (RL) The Return Loss in dB is equal to: 10
Log (Pi/Pr) dB, where Incident power is Pi and Reflected
power is Pr.

Single-Mode (SM) Fiber A small core optical fiber through
which only one mode will propagate. The typical diameter
is 8-9 um.

Termini The same as a ferrule but used in military connec-
tors. Common sizes are 1.6 mm and 2.0 mm in diameter.

White Light A mixture of many wavelengths that cause
chromatic dispersion. This results from the fact that differ-
ent wavelengths of light are refracted differently resulting
in different focal points for each color of light, thereby
blurring the image.

4 CLEANING SPECIFICATION

4.1 General Information This section details the cleanli-

although the real core is typically smaller. Typical mode ness requirements used by several companies in order to
field diameters for 8 um core diameter are 9.2 um at 1310 maintain consistent product quality from supplier to sup-

nm and 10.4 pm at 1550 nm. plier to manufacturer to field insta'ler. S
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the basic flow to any optical inspection. The basic process 4.1.2 Inspection Criteria Matrix Table 4-1 shows gen-

is to inspect / clean / inspect again. eral inspection requirements for non-angled single mode

. ceramic ferrule type connectors. The “zones” are used to

4.1.1 Cleaning Process Flow If the cleaning process : yp .
describe areas on the ferrule, and are further referenced in

identified in Figure 4-1 has been done without getting the . . . )
. describing specific non-removable objects as being accept-
connector end-face clean, a second attempt at cleaning

) able or unacceptable. An ideal “clean connector” will not
should be made. If a second attempt fails a stronger clean—have anv contamination on the core. cladding. or area of
ing method should be used or the condition should be y ' 9.

. . . the ferrule around the cladding. Figure 4-2 shows an actual
referred to Engineering for evaluations. The use of tem- . . S
lates may help make these decisions display of a connector end face. The information in Table
P ' 4-1 is cross-referenced to Figure 4-2 in order to understand
It should be noted that both sides of the connection need tothe relationships between the zones in the matrix and the
be cleaned prior to mating. end face display.

Table 4-1 Acceptance Criteria for Nonangled PC Polish Connectors
(If Single Mode (SM Fiber) or Multi Mode (MM Fiber) cannot be determined use the SM Fiber criteria)

Allowable Defects and Scratches 23
Zone Description Diameter Defects (diameter) *° Scratches (width) ©
Critical Zone - -
N (SM Fibers Only) 0 to 25 um None visible None visible
Critical Zone® 5 <5 um 5 <3 um
(MM Fibers Only) 010 66 pm none >5 pm none >3 pm
. 7 any <2 ym
((S::\{/Jlldlgiltslegrszc())nn? ) 25 to 120 ym 5from 2 -5 pum none >3 um?
B Y none >5 pm’
. 7 any <2 ym
(ﬁﬁdgilggrszcgﬁ ) 66 to 120 um 8 from 2 - 5 um none >3 um*
y none >5 pm’
C Adhesive Zone 120 to 130 pm any any
D Contact Zone® 130 to 250 pm none >10 pm any

1) When inspecting after polishing or while performing quality assurance of a new connector, a limit of five fine scratches (<3 pm) may be set in Zone B in
order to establish that a reliable process is being used by the manufacturer.

2) Any contaminants that are removable must be cleaned from the end-face.

3) Any defects or scratches that extend across multiple zones are subject to the most stringent criteria.

4) The size of a defect is equal to the smallest circle that can completely encompass the defect.

5) Defects are defined as “permanent non-linear features.” This includes contamination, pits, etc.

6) Scratches are defined as “permanent linear features.”

7) MT ferrules (e.g., ribbon) have allowable edge chipping from 115 to 125 pm (see 4.1.3).

8) Zone D criteria does not apply to MT-ferrule or Metallic-ferrule connectors (see 4.1.3 and 4.1.4).

9) Acceptance criteria for MM fibers are based on preliminary data. Some users can also use Table 4-2 criterion in their application.

Area near the core, <25 um
Zone A

Cladding area, 25 pm to 120 pum
Zone B

Adhesive Zone, 120 pm to 130 pm
Zone C

Contact Diameter, 130 pum to 250 um
Zone D

IPC-8497-1-4-2

Documents

Figure 4-2 Zones typically used to describe an area of a single mode endface for the purposes of inspection
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Figure 4-3 shows illustrations of Pigtail and Patchcord
Connectors. They must meet the same criteria, and are
examples of connectors using the zones indicated in Table
4-1. The left is a LC-PC 1.25 mm ferrule; the right is a
SC-PC 2.5 mm ferrule. tion

™

Figure 4-3 Typical connectors using zones for inspection

4.1.3 Understanding MT-Ferrule Connectors The
unique construction of MT ferrules Shown in Figure 4-4
allows a major exception to the inspection criteria
described in Table 4-1. Criteria for Zones C and D can be
ignored after cleaning due to the appearance of the glass-
filled plastic ferrule. Also, because the core & cladding
slightly protrude from the plastic ferrule, a small amount of
edge-chipping is allowed. This accounts for any shadowing
along the cladding edge that can result on the image as
well.

Figure 4-5 Ideal SMF APC Composite Bi-Metallic-Ferruled
End Face (top). Typical Composite Bi-Metallic-Ferruled
Connectors: E2000 2.5 mm Ferrule (bottom-left) and
E2000 Bulkhead Adaptor (bottom-right)

4-1. Criteria for Zones C and D can be ignored for the fol-
lowing reasons:

Since metal is relatively soft compared to ceramic, small
scratches and pits may appear on the ferrule. The connec-
tor must be carefully cleaned and inspected to be certain
that loose debris is not mistaken for pits.

These connectors typically involve the use of a crimp ring
(~ 400 pm diameter on a 2.5 mm ferrule). It forms a con-
centric circle around the cladding on flat-polish styles and
a half-moon shape on angled-polish styles.

4.1.5 Inspection Criteria for Receptacles (with Internal
Fiber Stubs) The General Information in Table 4-2 shows
the inspection criteria for internal fiber stubs.

4.1.6 lllustrations of Receptacle Devices (with Internal
Fiber Stubs) Figures 4-6 through Figure 4-8 illustrate
common receptacle devices.

Figure 4-4 Multimode MT-Ferrule End-Face (top). Typical 4.1.7 Inspection Criteria for Receptacles (with

MT-Ferruled Connector: 12-Fiber MPO/MTP Connector Lenses) Many Manufacturers in the optical industry and
(bottom) their component vendors are currently working with IEC
Note: Only two of the end-faces are showing; the rest are off the screen and TIA to develop inspection criteria for receptacle

devices that use internal lenses. Criteria will be developed

4.1.4 Understanding Composite Bi-Metallic-Ferruled . R .
9 P with the goal to prevent mating into unsuitable receptacles.

Connectors The unique construction of composite
bi-metallic-ferruled connectors shown in Figure 4-5 allows (This section will be updated when that research has been
a major exception to the inspection criteria defined in Table completed and documented.) Documents
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Table 4-2 Acceptance Criteria for Receptacles

Allowable Defects and Scratches 23
Zone Description Diameter Defects (diameter) *° Scratches (width) ©
Critical Zone
A (SM Fibers Only) 0 to 25 pm none none
Critical Zone® 0 t0 66 um 5 <5 um 5 <3 pum
(MM Fibers Only) H none >5 pum none >3 um
. 7 any <5 pum
(g:\?d;gglgrsz%nﬁ ) 25 to0 120 ym 3 from 5 -10 pm none >3 um*
B y none >10 pm’
. 7 any <5 um
(hcﬂﬁdgilggrszgﬁ ) 66 to 120 pm 3 from 5-10 pm none >3 um?
y none >10 ym 7
C Adhesive Zone 120 to 130 pm any any
any pm
D Contact Zone® 130 to 250 pum 3 from 20-50 pm any
none >50 pym’
Table Notes:

1) When inspecting after polishing or while performing quality assurance of a new connector, a limit of five fine scratches (<3 um) may be set in Zone B in

order to establish that a reliable process is being used by the manufacturer.

2) Any contaminants that are removable must be cleaned from the end-face.
3) Any defects or scratches that extend across multiple zones are subject to the most stringent criteria.
4) The size of a defect is equal to the smallest circle that can completely encompass the defect.
5) Defects are defined as “permanent nonlinear features.” This includes contamination, pits, etc.

6) Scratches are defined as “permanent linear features.”

7) MT ferrules (e.g., ribbon) have allowable edge chipping from 115 to 125 um (see 4.1.3).
8) Zone D criteria does not apply to MT-ferrule or Metallic-ferrule connectors (see 4.1.3 and 4.1.4).
9) Acceptance criteria for MM fibers are based on preliminary data. Some users can also use Table 4-1 criterion in their application.

o

Ideal SMF Receptacle Device with Internal

Figure 4-6

fiber stub measured with a probe at 200X setting. (Note
that the core is not illuminated. Therefore it cannot be
determined if it is SMF or MMF.)

Figure 4-7 Receptacle Devices (from Left to Right): 1.)
GBIC which use SC ports; 2.) SFP which use LC ports;
and 3.) XFP which use LC ports. (Note that it cannot
be determined if these devices use fiber stubs or lenses
until the ports are inspected with a fiberscope.)

Figure 4-8 More Receptacle Devices: 1.) Middle - Xenpak which use SC ports; 2.) Left - SFF which can use a variety of

optical ports (LC shown); and 3.) Right - POD which can use a variety of optical ports (MTP shown). (Note that it c
determined if these devices use fiber stubs or lenses until the ports are inspected with a fiberscope.)
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5 CONTAMINATION cess was not strictly enforced during the time that these

Contamination is the most common cause for degradationcables were in use.

in the performance of optical connectors. The core diam-

eter of a single-mode fiber is typically 8to 9 uymand 50 or |

62.5 um for multimode fiber. The cladding diameter is 125 ™"

um. Light travels through the core, and the cladding area =

helps to bounce the light back to the core. So, a couple

microns of contaminant can easily reduce the core opening

and prevent light transmission particularly in the case of

single mode fiber. EH g =
momree

Scratches, particularly when located in the mode field =i
diameter, also have an impact on optical signal perfor- ===

. . . |
mance. Like contamination, scratches can change the way e
a fiber connection functions and have a negative impact on
performance.
Contamination on the connector end-face can be detectecgmms i Sowre  h
- Doy Rl Do [imastetr e =

using an optical microscope at 200X and/or 400X magnifi-
cation and its content can be identified using element
analysis instruments, like the Energy Dispersive X-ray Figure 5-2 Contaminated and Damaged Connector

(EDX). In Figure 5-1 shows the presence of Cl, Na, K, and E"d-Face [1]

Ca in some contaminants. They are generally found in Some critical processes of cable manufacturing, pig tail
human oils, dirt, lotions, etc. To prevent this kind of con- termination, module assemblies (transmitter, receiver,
tamination, it is recommended that assembly and test of thetransceiver)' and board and System level assemblies that
connectors be carried out in a clean, controlled environ- gre affected by contamination of fiber optic connectors
ment. The detection of Ni, Cr, Al, and Fe, etc suggests that have been identified [2,3]. For example, polishing of con-
these particles can come from the connector’s adapter ornector end-faces is one of the critical processes for clean-
other analytical equipment. In addition, cellulose, silicone |iness of fiber optic connectors. Improper control of the
and mold release agents can also be other sources of conpolishing process results in contamination of the connector
tamination. end-face with silicon dioxide (non-removable contamina-
tion) and metallic particles (stainless steel) trapped in the
epoxy ring. Insufficient cleaning performed between the
two stages of the polishing process resulted in a pitted

B Fowt | B Zorwl | B e Encee P |

Contaminants

2000
appearance.
1750 Lo . o
Particulate contamination is significant for receptacle-type
1500 — SC-duplex connectors used for transceivers. Contamination
« arises from ferrule abrasion of the soft plastic housing and
1250 the foam packing used to transport the optical ports. Other

Mc?re_ | contaminants, such as silicone mold release agent, stainless
ateria

1000 7 steel particles and cellulose fiber might be found on laser

750 - diode stubs. These can be introduced by fabrication opera-
tions, such as the sleeve welding process and application of
500 - cl K ca the PVC dust cap, and from operator clothing.
Ca,
250 Contaminated fiber optic connectors affect system optical

1.0 2.0 3.0 4.0 i i ) .
performance by causing an increase in BER (Bit Error

Energy (keV) - Ratio) and could even cause catastrophic failures [4]. Con-
tamination increases the Insertion Loss (IL) of the connec-
tor especially if the contamination is located in the core

and cladding areas [5]. Return loss (a change of 12-14 dB)
Figure 5-2 shows a severely damaged and contaminatedn connectors can degrade, due to frequent of reconnection
connector end-face. The connector had undergone approxiin a manufacturing environment [1]. The problem becomes
mately 1200 mating and de-mating operations during the more severe for high power applications. Contamination of
eighteen months of operation in a standard manufacturingSC/PC connectors with carbon black-doped acrylate par-
environment (ISO Class 8 environment). The cleaning pro- ticles showed failures at 50-mw Documentss).
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Figure 5-1 EDX Spectrum of a Contaminated Connector
Showing “Human” Contamination
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