
A SELECTION GUIDE 
FOR FIBER OPTIC 
CONNECTORS By Ronald 

G. Ajemian 

Snapshot: Ajemian provides a step-by-step 
guide to the top 12 fiber connectors 
available commercially. 

As simple as it may seem, a fiber optic connector (FOC) is a device designed to con
nect, disconnect, and reconnect, frequently and easily, a fiber to a source, a detector, 
or another fiber. However, if a failure should occur with this simple device, the 
results could be catastrophic. 

Since the 1970s, there have been many improvements made in precision manufacturing 
of FOCs, which increased the performance as well as the reliability to mate two fibers 
together. Along with these improvements, the fiber optic engineer, designer, or technician 
must be able to select and interpret manufacturer's connector specification sheets. The goal 
of this article is to educate fiber optic engineers, designers, and technicians about FOC jar
gon, connector specification sheets, types. 

Important measurements of fiber optic connectors 
FOCs have two important optical measurements known as insertion loss and return loss 
(back reflection/reflectance). 

Insertion loss (attenuation) is the amount of optical (light) power, in decibels (dB), lost 
as a signal is sent through a mated connector. This loss is primarily a function of the physi
cal alignment of one fiber core to another and the quality of the finish at the fiber-fiber 
interface (Fig. 1). Losses may be intrinsic, attributable to defects in the fiber's dimensional 
or optical specifications (such as numerical aperture mismatch, eccentricity, ellipticity, pro
file mismatch, core/cladding mismatches), or extrinsic, attributable to the connector 
dimensions and tolerances (lateral displacement, end separation, angular misalignment, 
surface roughness). 

The insertion loss, IL., is given by 

where P0 is the initial optical power measured and P1 is the optical power measured after 
the connectors have been inserted. The insertion loss depends on the wavelength λ and the 
type of fiber used. Typical insertion losses range from 0.1 dB to 1 dB depending on connec
tor design/type, although most communication grade connectors routinely advise < 0.5 dB 
loss on singlemode fiber. 

Return loss (also called back reflection/reflection coefficient/reflectance) is a measure of 
the attenuation of optical power that is reflected by the fiber-to-fiber interface back to a light 
source. This is an important measure because, for instance, a reflection in singlemode fiber 
operations can diffuse back into the laser cavity degrading the laser's stability; or, in multi-
mode fiber operations, reflection causes extraneous signals, thus reducing performance. 
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The return loss, RL, is given by 

where Pi is the incident optical power and Pr the 
reflected optical power. Thus return loss is a measure of 
the attenuation of reflected optical power, rather than 
of power that is transmitted, absorbed, scattered, or 
radiated. However, fiber backscatter is included in the 
measurement and should be considered when the actu
al return loss is calculated. 

Note that PC (physical contact) FOCs have a better 
return loss (as well as insertion loss) than non-PC FOCs. 
PC FOCs minimize light reflection by using an end 
preparation technique where the ferrule endface and 
fiber must maintain a convex profile and direct contact 
with another fiber.1 Most FOC types are now available in 
a PC version. Typical return losses range from 30 to 40 
dB for PC FOCs and 40 to 50 dB for ultra PC FOCs. 

However, as bit rates increase, often so do the 
requirements of return loss. For high bit rate transmis
sions you may need at least 50 dB of return loss. 
Manufacturers now make the angled polished/physical 
contact (APC) FOC. This APC FOC uses a ferrule that 
combines an 8-10 degree angled geometric design with 
PC convex polishing at the endface. These APC FOCs 
are ideal for high bit rate (GHz) systems that have a 
return loss range from 50 to 70 dB and are not con
cerned with increases in insertion loss of 0.5 dB. APC 
FOCs have higher insertion loss and are often incom
patible among vendors. Note that return loss is a posi
tive number in dB, while the back reflection figure is a 
negative number in dB. Some manufacturers have 
made errors on their specification sheets regarding this. 
For example: 

Return loss 50 dB 
Back reflection -50 dB 

These two mean the same thing because when you use 
the word "loss" it means negative without showing the 
negative/minus sign before the dB unit. 

Fiber optic connector types 
There are far too many types of FOC designs to men
tion. Therefore, this article will limit its discussion to 
FOCs which use ferrules (sometimes referred to as 
butt type FOCs). 

A ferrule (front body/tip) is a component of a FOC 
that holds a fiber in place and aids in its alignment, 
usually cylindrical in shape with a precision hole 
through the center. Generally all FOCs are plugs 
(male) and are mated to precision couplings or sleeves 
(female). Even though the mechanical design of each 
specific connector type varies from manufacturer to 
manufacturer, the basic concept is to provide very pre
cise alignment of the optical fiber cores through preci
sion ferrules in sleeves (couplings) (see Fig. 2, p. 34). 

There are about 10 popular FOC types in the field 
of telecommunications/video/datacomm (see Fig. 3, 
p. 34). 

Glossary 
Active device receptacle: Enables a fiber op t ic c o n n e c t o r p l u g to be c o n n e c t e d 

to an active device such as a LED, laser d i o d e , PIN diode/APD, etc. (See adapter.) 

Adapter (receptacle): Coupling m e c h a n i s m between two connec tors (plugs) o r 

coupling source (led/laser d i o d e ) o r detector ( p i n p h o t o d i o d e , etc.) to a c o n n e c 

tor. A l s o referred to as a barre l . (See c o n n e c t o r c o u p l i n g / c o u p l e r . ) 

Angular misalignment loss: O p t i c a l power loss caused by angular d isp lacement 

o f two inter fac ing fiber axes. Any angular m i s a l i g n m e n t wi l l cause add i t iona l c o n 

n e c t o r losses. This m a y occur i f c o n n e c t o r s are no t seated properly in the i r 

adapter. 

Axial (lateral) misalignment loss: O p t i c a l power loss caused by two f iber axes 

that are paral lel but not o n the s a m e centra l axis. 

Endface roughness: The fiber/endface must be s m o o t h a n d free o f defects such 

as hackles, b u r r s , a n d fractures. Irregularit ies from a r o u g h endface surface d i s 

rupt the geometr ica l patterns of l ight rays a n d deflect t h e m so they wi l l no t enter 

the s e c o n d fiber. 

Ferrule (front body/tip): C o m p o n e n t of a f iber op t ic c o n n e c t o r that h o l d s a 

fiber in place a n d aids in its a l i g n m e n t , usual ly cy l indr ica l in shape w i th a ho le 

th rough the center. 

Figure 1. Fiber optic connector l o s s chart . 
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The following is a list of these types, followed by a 
brief description. It is important to note that none of 
these types mate with any other, however, there are 
hybrid couplings 
that some vendors 
offer that permit 
mating one con
nector type to 
another. 

SMA 

The SMA (model 
905/906) was de
veloped by Am
phenol Corp. in 
the late 1970s, and 
is one of the oldest 
types of FOCs. It is 
an outgrowth of 
the SMA (Sub-
Miniature type A) 
electrical connec
tor for microwave 
applications. The 
SMA uses a ceramic ferrule and requires preparation of 
the fiber end for mounting. Model 905 consists of a fer
rule with a 3.2 mm diameter. Model 906 has a smaller 
diameter (3.0 mm) for a more precise alignment of a 
plastic sleeve that thus 
improves performance. 
Model 905 doesn't include 
the plastic alignment 
sleeve, but relies on a rigid 
bored hole in a threaded 
metal coupler to align the 
ferrules. Other companies 
that manufacture the 
SMA may use a different 
name like FSMA (Fiber 
Sub-Miniature type A). 

BICONIC 

The Biconic connector was 
invented by Bell Laborator
ies around 1976. However, 
it didn't gain popularity 
until late 1979. The name 
biconic is derived from its 
conical shaped ferrule 
(truncated cone), which 
mates to a free floating 
alignment sleeve that has 
two corresponding preci
sion tapers within the cou
pling adaptor. A spring 
between the plug's thread
ed screw cap and ferrule 
ensures that a controlled 
longitudinal force seats the 
ferrule in the sleeve inde

pendent of the degree of tightening. Most biconic con
nectors are made of precision molded glass filled plastic 
and yield less than 1 dB insertion loss. 

ST 

The ST™ connec
tor was introduced 
in early 1985 by 
AT&T Bell Labor
atories. The ST 
connector design 
uses a spring load
ed twist and lock 
bayonet coupling, 
similar to BNC 
connectors used 
with coax cables. 
This feature in
hibits the fiber/ 
ferrule from rotat
ing during multi
ple connections 
thereby ensuring a 
more consistent 

insertion loss. It is a physical contact design and is easily 
field terminated/installed. 

The ST has a cylindrical ferrule 2.5 mm in diameter, 
which may be made of ceramic, stainless steel, glass, or, 

plastic. The ST is one of the 
most popular FOC current
ly because of performance 
and compatibility between 
different manufacturers. 

FC/PC 

The FC was developed by 
Nippon Telegraph and 
Telephone Corp. (NTT). It 
has a flat endface on the 
ferrule that provides "face 
contact" between joining 
connectors. A modified 
version of the FC called 
FC/PC was the first to use 
physical contact between 
fiber ends to reduce inser
tion loss and to increase 
return loss by minimizing 
reflections at the interfaces 
of the joining fibers. 

D4 

The D4 connector was 
designed by NEC Nippon 
Electric Corp. The D4, 
which has a 2.0 mm fer
rule, is keyed, spring 
loaded, and uses a floating 
sleeve in its coupler. It is 
used predominantly on 

Figure 2. A generic fiber optic connector. 

Figure 3. Popular fiber optic connectors. 
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NEC equipment for both single- and multimode oper
ations. 

SC 
A newly introduced connector, type SC (square/sub
scriber connector) developed by NTT around 1986, 
employs a rectangular cross section of molded plastic. It 
has a push to insert and pull to remove locking mecha
nism which prevents rotational misalignment. An audible 
click lets you know that the connector is fully engaged. 

The SC achieves a very low insertion loss, high 
return loss, and has good packing density (smaller 
panel space), which is useful in multicable installations. 
A pull-proof feature is also employed that maintains 
optical contact when the cable is pulled outward or 
sideways. This ensures negligible power loss fluctua
tions if the cable is disturbed. The SC was adopted by 
the new ANSI/TIA/EIA-568 Standard for Commercial 
Building Wiring. 

EC/RACE 
The EC (European Communities) FOC was developed 
by Radiall S.A., based in Rosny-Sous-Bois, France. 
Radiall used the EC within Project R1089 LOOP (Low-
cost Optimized Optical Passive Components) of the 
European Community's "Research and Development in 
Advanced Communications Technologies in Europe 
'91" (RACE) program. 

The EC incorporates a rectangular polarized push-
pull latching system that makes it virtually impossible to 
disconnect by pulling on the cable. It is a low cost, mod
ular high density connector, which is easy to install, 
offers a low mean insertion loss, and yields a return loss 
of better than 60 dB. The high return loss is achieved 
with a unique solution involving a silicone based index 
matching membrane, thus avoiding physical contact of 
the fibers. The EC is suitable for use with DFB laser 
sources, and fiber links that require very high bit rates. 

The EC is being used predominantly in Europe for 
CATV, ISDN, and other similar applications. 

FDDI 
The Fiber Distributed Data Interface (FDDI) has been in 
use since 1984. It is also referred to as either the Media 
Interface Connector (MIC) or the Fixed Shroud Duplex 
(FSD). The FDDI connector is used for duplex (separate 
transmit and receive) fiber operations and is therefore in 
a different category from the above. This connector is 
described and endorsed by the FDDI standard. The IEEE 
802.8 committee now recommends the connector for all 
networks involving duplex fiber operation. 

Recently IBM developed the Enterprise Systems 
Connection architecture (ESCON) for high-speed data 
communications between storage devices, control unit 
interfaces, cluster controllers and other networks such 
as FDDI, Ethernet, and Token Ring. 

The ESCON FOC is also another version of the 
FDDI FOC, but its improved design incorporates a 
spring-loaded retractable shroud to protect its ferrules 
from damage when not mated. However, the SC is now 

also under consideration because it too comes in a 
duplex version. 

DF 
The DF series of FOCs by Radiall Inc. has a return loss 
of better than 55 dB. The VFO-DF connector is based 
on their OPTABALL design: a connecting system with a 
sphere and cone, which makes a dynamic coupling 
along the fiber axis, thus guaranteeing excellent perfor
mance and repeatability. This design minimizes prob
lems associated with fiber tolerances. 

Inside a stainless-steel ferrule, the fiber is specially 
tooled and polished at a specific angle to minimize 
reflection back into the fiber. Change in reflected power 
after 500 matings is only 0.15 dB. Typical insertion loss 
is better than 0.7 dB. 

The DF also is available with straight polishing as 
well as slant. Used on OTDRs and is standard on the 
Schlumberger Singlemode series. 

HMS-10 
The HMS-10 series by Diamond Inc. (Switzerland) 
have been manufactured for high performance light
wave test instruments. All of Hewlett-Packard lightwave 
test instruments are standardized on this FOC. Because 
of its precision construction and fiber alignment, 
resulting in low insertion loss, good return loss, and 
excellent repeatability, they are more expensive then the 
major FOC types. The HMS-10 only comes completely 
assembled/terminated to any fiber specification. 

Selection of fiber optic connectors 
When selecting FOCs, one should look for these desir
able properties: 

Minimum insertion loss (0.5 dB or less for commu
nication/CATV systems) 

Loss characteristics should be consistent and show 
little change over many connect/disconnect cycles 
(repeatability: 0.2 dB or less change for 500 to 1000 
reconnections) 
Return loss should be high (40 dB or better for laser 
sources especially/50 dB or better for gigabit sys
tems) 
Easy installation without expensive tools and special 
training 
Reliability of connection (robustness) 
Compatibility with FOCs of the same type 
High tensile strength 
Stable thermal characteristics 
Inexpensive 

It is important to recognize that the loss of an FOC is 
the loss of a mated connector pair. This indicates the 
loss in going from one fiber (or other device) to the 
other. The loss of a single connector (not mated) is 
meaningless since the optical signal doesn't go any
where.2 

Manufacturer's specifications should provide the 
precise mechanical dimensions of the ferrule (hole 
diameter, tolerances etc.) since insertion loss of all 
FOCs is dependent on a precision fit. 
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What to look for on FOC specification sheets 
When looking at FOC manufacturers speci
fication sheets, you should familiarize your
self with the data found in Figure 4. 

Remember all data depend on the type 
of fiber and wavelength used for the tests. 
This should be stated somewhere on the 
specification sheet. Sometimes the test pro
cedure or standard used may also be given.3 

Test procedure standards for ciber optic 
connectors 
Two popular standards that are often 
referred to by FOC manufacturers are: 
1) Bellcore (Bell Communications Re

search) Technical Reference TR-NWT-
000326 Issue 3, titled "Generic Require
ments for Optical Fiber Connectors and 
Connectorized Jumper Cables". 

2) Japanese Industrial Standard JIS C 5970 
1987, titled FO 1 Type Connectors for 
Optical Fiber Cords. This standard is 
translated into English. 

The following table is a list of related EIA 
standards. These standards are also designat
ed by FOTP (Fiber Optic Test Procedure and the num
ber). 

Test Description Standard No. FOTP 

Cable flex EIA-455-1A 1 
Impact EIA-455-2B 2 
Temperature cycling EIA-455-3A 3 
Temperature life EIA-455-4A 4 
Humidity EIA-455-5 5 
Cable retention EIA-455-6B 6 
Vibration EIA-455-11A 11 
Inspection EIA-455-13 13 
Optical transmittance EIA-455-20 20 
Mating durability EIA-455-21A 21 
Dust test EIA-455-35A 35 
Cable twist EIA-455-36A 36 
Temperature shock EIA-455-71 71 
Return loss EIA-455-107 107 
Insertion loss EIA-455-171 171 

Fiber otitic connector advancements 
Some manufacturers of field installable FOCs are now 
using non-adhesive/crimp type ferrules to keep the 
fiber attached to the connector. This procedure is less 
expensive and quicker to assemble than other methods, 
but the disadvantages may outweigh the benefits. 
Recent research indicates that adhesive-less FOCs are 
more likely to display fiber withdrawal (pistoning) 
caused by exposure to high temperature. Withdrawal of 
the fiber occurs due to the thermal expansion coeffi
cient of the ferrule material, which may be 10 times 
greater than that of the fiber's thermal expansion coeffi
cient. An adhesive bond is, therefore, needed to keep 
the fiber from withdrawing inside the ferrule due to 
temperature changes (temperature cycling). 

Figure 4. FOC specifications. 

A well-matched, two-part, heat-cure epoxy is the 
best adhesive for bonding the fiber inside the ferrule, 
thus virtually eliminating any withdrawal or creeping of 
the fiber in the ferrule. However, some vendors offer 
quick-cure adhesives that approach the performance of 
good epoxy, but are almost as quick as adhesive-less. 
Also, another advantage of using any adhesive is that it 
helps seal and protect the fiber from additional stresses 
from the outside.4 

When selecting a non-adhesive/crimp type FOC, 
make sure the manufacturer can provide you with the 
necessary data (temperature cycling, tensile strength, 
etc.) on the items mentioned above for reliability. 
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