
Corning® CPC® Protective Coating - 
An Overview

The ability of an optical fiber to perform in the field is determined in no small measure by the quality of the coating that 
covers it. This paper describes some of the key physical attributes that such a coating will require, as well as tests used to 
help quantify them. Also described are common fiber coating tests that are used to predict product field performance.

Geometry 
Optical fibers are typically produced with a polymeric coating in place to protect the glass surface. In current practice, a 
dual-layer coating system is used. The glass is coated with a primary (or inner primary) coating, which is usually a softer, 
rubbery material that cushions the glass from external mechanical loads. The primary coating is surrounded by a 
secondary (also referred to as outer primary) layer, which is a much stiffer material, meant to protect the fiber from 
abrasions and environmental exposure, as well as provide an acceptable surface for coloring. Both coatings are 
composed of complex mixtures of raw materials (monomers, oligomers, photoinitiators, additives). A typical cross 
section of an optical fiber is shown in Figure 1.

Corning’s CPC® coatings are dual layer, or composite protective coatings. The primary and secondary coatings are 
applied sequentially in a liquid form as the glass fiber is drawn, and are sequentially cured by exposure to ultraviolet 
light sources.

Functions
Optical waveguide coatings serve two main functions: to protect the light-carrying ability 
of the glass fiber and to preserve the strength of the glass fiber. The coating composite 
structure performs the first of these functions by shielding it from mechanical loading.  
These mechanical forces can cause small deformations in the glass fiber light pathway, 
which may lead to a loss of light. More specifically, these deformations of the optical path 
cause the various propagation modes of the light to couple, if the deformations change 
rapidly enough along the fiber axis. Coupling to the cladding modes causes power to be lost 
from the guided modes in the core. These losses are termed “microbending” because the 
deformations are typically very small (tenths of a millimeter or less).

Schematic of a dual layer coating design
Figure 1  
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Localized deformations responsible for microbending losses result from non-uniform externally applied forces, which could 
arise from irregularities of the cable or coating structure, winding the fiber on a spool under high tension or from thermally 
induced stresses. The latter deformations usually manifest themselves as an attenuation increase at lower temperature, 
and arise from the mismatch of the thermal expansion characteristics of the coating/glass composite. Microbending loss 
sensitivity can be minimized by both fiber and coating design. In the case of coatings, such factors as primary and secondary 
thickness and modulus, primary glass transition temperature, and overall coating concentricity play a fundamental role.

The second requirement of the coating composite is to preserve the strength of the glass fiber from either mechanical 
damage or stress corrosion (a phenomenon known to occur in glass). The reliability of optical fibers in factory or field 
environments depends upon the assurance that their strength is maintained over the entire length of the fiber. Although 
silica fibers have very high intrinsic strength, it is severely degraded by the presence of surface defects that act as stress 
concentrators.

Basic Characteristics
A variety of parameters are used to characterize the processing, performance and reliability of optical fiber coatings. The 
most significant include:

-  Modulus quantifies the resistance of the coating to mechanical deformation. The two major types of moduli are Young’s 
   modulus – the resistance to uniaxial tension (being stretched), and shear modulus – the resistance to simple shear 
   deformation (being twisted).
-  Elongation at break is a measure of how much strain can be withstood by the coating before breaking.
-  Tensile strength is a measure of stress when the sample breaks.
-  Glass transition temperature (Tg) is frequently defined as the temperature below which a coating is brittle and above 
   which it is flexible (although a more accurate definition is based on the fact that at glass transition temperature the 
   coefficient of thermal expansion, or CTE, changes sharply). CTE, therefore, is another important characteristic of optical 
   fiber coatings.
-  Water sensitivity is defined as the amount of water absorbed by the coating, as well as the amount of materials extracted 
   from the coating upon exposure.
-  Thermal Stability is defined as % weight loss and % change in tensile properties of the coating sample.
-  Other physical properties include viscosity, density, refractive index and surface tension.

The properties listed above are used to define the physical characteristics of a coating (be it either primary or secondary). 
As stated earlier, primary coatings are usually low modulus, rubbery materials that possess a low Tg (i.e. they are soft at low 
temperatures), have higher elongation prior to failure and require optical properties that help strip off stray modes from 
the glass optical fiber. The secondary coatings are generally quite stiff, high modulus materials. Since their job is to provide 
protection from mechanical abrasive forces, they are highly “cross-linked.” This simply means that the polymer chains are 
tied together into a very strong, tightly woven structure. A further result of this tight three-dimensional structure is that it 
also imparts a strong resistance to chemical penetration and degradation of the coating.

Fiber microbending due to mechanical testing
Figure 2  



These coating properties are closely correlated with properties of the optical fiber itself, such as microbending, pullout force, 
strength and fatigue, strippability, surface friction and color. An understanding of the coating characteristics is important in 
fully understanding the performance of the fiber in actual field applications.

Industry Trends
As fiber cable has been increasingly deployed, more demands have been placed on the coatings used. Some notable
trends are:

•   Improved microbend resistance
•   Improved low temperature performance
•   Improved ribbon strippability
•   Improved environmental stability: solvent resistance, thermal stability, yellowing, water sensitivity
•   Extension of technology to cable materials (UV curable inks and ribbon matrices)

As may be imagined, juggling such a large number of requirements proves challenging, and accounts for much of the effort 
that is required to develop and prove that a coating system is fit for use. As stated above, the trends above must be 
correlated to the physical characteristics of a coating pair, in order to meet the increasingly demanding requirements. 

Since the introduction of the first commercially viable optical fiber, Corning has worked to continually improve the 
performance of its CPC coatings.

Fiber Coating Tests
All fiber coating tests are designed to characterize coating performance under the extreme conditions that a fiber may 
encounter in the field. Sometimes, extensive aging conditions under extreme environments are applied to ensure fiber 
performance for a 20-year service life or longer. The following section is a brief description of the more common tests to 
which a coated fiber is subjected:

Strip force test – The purpose of a strip force test is to characterize the force required to mechanically remove a fiber 
coating and the ensuing cleanliness of the fiber. Two internationally standardized tests procedures are most often used: 
IEC 60793-1-32, “Measurement methods and test procedures - Coating strippability,” and TIA/EIA 455-178A, “Measurements 
of Strip Force for Mechanically Removing Coatings from Optical Fibers.” The latter test procedure is commonly referred to as 
Fiber Optic Test Procedure (FOTP) 178. Application requirements are listed in the IEC 60793-2 series and TIA/EIA 492 series 
standards, and typically call for mean-peak strip force to be between 1.0 and 8.9 Newtons under a variety of environmental 
conditions. In actual use, however, when the mean-peak strip force reaches more than 4.5 Newtons, a craftsman will feel 
that the coating is hard to strip, thus setting a practical limit that is embedded within the specification. In addition, IEC 
requires the average strip force to be between 1.0 and 5.0 Newtons.

The ability to strip the coating is one of the most important properties, since it is the first step in preparing a fiber for 
connection, either by mechanical means or by fusion splicing. High strip forces can also potentially result in damage to the 
fiber. Since common specifications include both fiber with larger coating diameters (400 to 600 microns) and buffered fiber 
(900 microns in diameter), it is important to have a lower strip force to have a user-friendly fiber. The strip force of natural 
fiber is largely a product of the toughness of the secondary (or outer primary) coating, since the mechanism involves the 
coating buckling and breaking during stripping. It is impor-tant to note that the strip force test is not intended to measure 
the coating adhesion to glass – despite the fact that it is sometimes incorrectly used for this purpose. In order to correctly 
measure the adhesion of the coating to glass, the pullout test should be employed (see below).

Pullout test – This test is intended to characterize the coating adhesion between the inner primary coating and the glass 
fiber by pulling the glass fiber out of the coating. This test is designated as TIA/EIA PN-2746 (note that it does not carry 
an FOTP number), and is widely used by fiber manufacturers. The test result is recognized to include many non-adhesion 
components, such as coating friction and the shear strength of inner primary coating. The true coating adhesion to glass is 
complex and hard to measure. Acknowledging the complexity of the test results, Corning uses the pullout test as an 
indicator, rather than a true measurement, of coating adhesion.
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Water soak test - This test is intended to characterize (but not measure the force of) the coating adhesion between the inner 
primary coating and the glass fiber under wet conditions. The fiber is soaked in water at various temperatures for periods of 
time up to 60 days, and inspected for micro-delaminations under a microscope at several time intervals. Typically micro-
delaminations do not cause significant optical losses, nor does a total delamination of the coating from the glass, because in 
both cases only negligible amounts of point deformations are transmitted to the glass fiber, in turn only creating negligible 
sources of microbending. However, if enough micro- delaminations of an intermediate size occur when a fiber is soaked in 
water, significant optical losses may occur.

Corning also uses high temperature water soak conditions as an accelerated aging test in order to investigate the chemical 
adhesion between the coating and glass. The chemical adhesion between coating and glass includes the covalent bonding 
from the adhesion promoter in the coating and inter-molecular bonding from hydrogen bonds and van der Waals forces. 
Under severe conditions, the chemical adhesion can be weakened through an insertion of water molecules into the inter-
molecular bonding, as well as the possible hydrolysis of the covalent bonds.

Solvent resistance – Two of the most important solvents an optical fiber may encounter in field are water and 
hydrocarbon-based fill compounds. As discussed above, if water transmits through a cable structure and into a fiber 
coating, the potential formation of micro-delaminations could deleteriously affect the fiber attenuation. Similar issues can 
arise from non-aqueous sources, such as cable fill compound. For example, in a loose tube cable design, a fill compound 
surrounds a fiber during its entire lifetime. Petroleum products, such as gasoline leaking from underground tanks, also pose 
a threat to fiber coating. The fill compound potentially can swell a coating and cause it to fall apart.  

Water and hydrocarbons are located at the two extreme ends (hydrophobic and hydrophilic) of the spectrum of solubility 
parameters. The solubility parameter is an index used to determine the solvent compatibility with a polymeric material. 
If a coating behaves in a more hydrophobic manner, a fiber will perform very well under flood conditions, but potentially 
very poorly in hydrocarbon-based fill compounds. Most fiber coatings are formulated to be somewhere between the two 
extremes in order to have a good resistance to both types of solvents. The tests used to determine the water resistance are 
discussed in the previous section. The fill compound resistance is characterized by soaking a fiber in mineral oil – a generic, 
aggressive substitute for proprietary fill compounds – and monitoring the attenuation and dimensional changes of the fiber 
coating under accelerated conditions. Other solvent resistance tests used to measure the effects of short-term exposure to a 
variety of solvents are common in industry specifications.

Summary
This paper is only a brief overview of the complex science behind developing, testing and deploying high-quality composite 
protective coatings for optical fiber. Corning has been a leader in optical fiber for over 30 years, and has continually refined 
coating formulations to improve the performance and reliability of CPC coatings, while adapting to the unique and 
ever-changing requirements of the optical communications industry. Corning recognizes that choosing the right fiber for 
network applications is important, and selecting Corning fiber for installations not only ensures the highest quality glass, 
but also the industry’s highest quality coating: Corning CPC coating.

4



5

Corning Incorporated
www.corning.com/opticalfiber

One Riverfront Plaza
Corning, NY 14831
U.S.A.

Phone: 800-525-2524 (U.S. and Canada)
607-786-8125 (International)

Fax: 800-539-3632 (U.S. and Canada)
607-786-8344 (International)

Email: cofic@corning.com

Europe

Phone: 00 800 6620 6621 (U.K., Ireland, Italy, France, 
Germany, The Netherlands, Spain and Sweden)

+1 607 786 8125 (All other countries)

Fax: +1 607 786 8344

Asia Pacific

Australia
Phone: 1-800-148-690
Fax: 1-800-148-568

Indonesia
Phone: 001-803-015-721-1261
Fax: 001-803-015-721-1262

Malaysia
Phone: 1-800-80-3156
Fax: 1-800-80-3155

Philippines
Phone: 1-800-1-116-0338
Fax: 1-800-1-116-0339

Singapore
Phone: 800-1300-955
Fax: 800-1300-956

Thailand
Phone: 001-800-1-3-721-1263
Fax: 001-800-1-3-721-1264

Latin America
 

Brazil
Phone: 000817-762-4732
Fax: 000817-762-4996

Mexico
Phone: 001-800-235-1719
Fax: 001-800-339-1472

Venezuela
Phone: 800-1-4418
Fax: 800-1-4419

Greater China

Beijing
Phone: (86) 10-6505-5066
Fax: (86) 10-6505-5077

Hong Kong
Phone: (852) 2807-2723
Fax: (852) 2807-2152

Shanghai
Phone: (86) 21-3222-4668
Fax: (86) 21-6288-1575

Taiwan
Phone: (886) 2-2716-0338
Fax: (886) 2-2716-0339

E-mail: GCCofic@corning.com

CPC is a registered trademark of Corning Incorporated, Corning, N.Y.

©2010, Corning Incorporated
WP3703

Issued: July 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


