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ABSTRACT 
Fiber optics is a new, emerging technology which offers 

relief from many of the problems which limited past communications 
links. Its inherent noise immunity and high bandwidth open the · 
door for new designs with greater capabilities. Being a new tech
nology, certain problems can be encountered in specifying and 
installing a fiber optic link. This paper discusses a general 
fiber optic system with emphasis on the advantages and disadvantages. 
It is not intended to be technical in nature, but a .general dis
cussion. Finally, a general purpOse prototype Sandia communications 
link is presented. 
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I. Introduction 
Fiber optics is a new, emerging t~chnology .which offers a significant 

increase in link noise immunity and system bandwidth .. The silica fiber 
eliminates any electromagnetic interference and provides electrical 
isolation. The optical and electronic bandwidths are theoretically 
very wide; from DC into the gigahertz region. 

As with any practical link, there are problems and limitations. 
Some.of these problems are due to the fact that this is a new technology. 
One of the problems is due to non-standardization between cable and 
connectors from different manufacturers. Another potential problem is 
that fiber optic links have not been in field use long enough to deter
mine long term aging properties. 

In Section III, a fiber optic link is discussed in a qualitative 
way. The major types of components are presented, as well as the 
relative uses. A fair amount of space is devoted to the discussion of .fiber 

·cable.which is the heart of any fiber optic communication link. 
Maintaining a fiQer optic ljnk once it is installed is also touched 
upon. 

Section IV describes a prototype fiber optic communication link 
purchased by Sandia and some of the tests to which it will be su.bjected. 

The field of fiber optics is broad and does not lend itself to a 
5hort di5cussion. therefore, the intent of this paper is to cover the 
highlights and give the user a general understanding of the important 
mechanisms. . . 

TT Advantaaes and Disadvantages 
The relative advantages and disadvantages of a fiber optic communica

tion link, when compared with a hardwired link, are listed in Table 2.1. 
In a specific application, the.relative weights assigned to each category 
may change and some new on~s may be added, but in general these hold 
true. 

The fact that the transmission medium is glass (plastic), a non
conductor, accounts for the eliminatio~ of cross talk between cables, 
radto frequency (RF), and power line interference. In some applications, 
power or signal lines are included in the sam~ cable or trench. The 
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·Table 2.1 Fiber Optic Advantages & Disadvantages 

ADVANTAGES 
·1. Elimin~tion of Electromagnetic Interference (EMI) 

2; Electrical Is61ation and Ground Loop Avoidance 
3. Elimination of Electrical Spark Hazards (Explosive Environments) 
4. Lightning Protection 
5. High Data Rates 
6. Lower Error Rates (BER) 
7. Size and Weight 
8. More Data Security ("A-Not completely secure) 
9. Fewer Repeaters 

DISADVANTAGES 

· .. '.· 

l. No.Standardization 
Cable 
Connectors 

2. Durability - handling - ~nknown 

3. Cable Lifetime - unknown 
4. Terminations 

More difficult 
·Requires tra.ining for personnel 

5. Splicing 

More dit'fi cult 
6. Cost 
7. Installation 

May be more difficult 
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same non-conductive property accounts for the electrical isolation, 

elimination of spark hazards, and li~htning protection . 
. In certain applications, bandwidth~ over one gigahe~tz have been 

., · :· achieved. This is unrealistically high for most data communications 
·' requirements, but does give a figure of merit for the capabilities of the 

tech.no logy. Most communications links typically have bandwidths of 

· 200 to 400 mHz-km. 
Bit-Error-Rates (BER) for fiber optic links are typically 10-S or 

10-9 for standard components. This is due to the fact that the cable 
is not susceptible to outside noise sources. The limiting factors seem 
to be thermal and shot noise in the transmitter and receiver electronics.· 

Optic fibers for communication purposes typically range fr.om 125 µm 
to 300 µmin.diameter .. This enables cables to be constructed which 
are lightweight and small diameter. The actual size and weight will 
depend on the amount and type of fiber protection built into the cable. 

In general, a fiber optic cable is a more secure transmissio~ 
medium than regular wire or microwave link. However, one cannot call 
it a completely secure link. In theory, the fibers may be tapped by 
placing a sensitive photo-detector close to the bare fiber. 

One of the biggest disadvantages in specifying a fiber optic link 
is non-standardization between the various manufacturers on the outer 
diameter of the fibers. An EIA standard has been proposed, but as of 
this writing has not been adopted. Manufacturers seem to be leaning 
toward 50/125, 100/140,· and 200/240 micrometer core/cladding diameters. 

The problem of connector standardization is directly related to 
the problem of a standard fiber diameter. The alignment of the fibers 
at the connection mus.t be tightly controlled in order to prevent 
excessive coupling losses. With a wide variety of fiber diameters, it 
is difficult to produce a precise, inexpensive connector. 

Due to the recent emergence of the fiber opti~ technology, certain 
parameter~ of the fiber have tci be considered unknown. Two factors which 
fall into this category are cable lifetime and cable durability. How
ever, there are field installations which have been .in operaiion for better 
than two years with no problems. It prob~bly is best to _be conservative 
when specifying the parameters and when installing the cables. 

'' 
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Terminating and field splicing a.· fiber are ·more difficult than 

a similar procedure with wire. This is due to the small size of 
the fiber and the precise alignment which must be obtain~d. Connector 
kits and splicers are commercially available. Care must be exercised 
to maintain a clean environment, and patienc~ must be exercised when 
inserting and polishing the_ fiber. 

In general.- a fiber optic link will cost from two to three times 
as much as an equivalent wire link. Each specific application ~ust 
be.individually reviewed to determine if the advantages outweigh the 
disadvantages. 

III. General Fiber Optic Link Components 
A general fiber optic link block diagram is shown in Figure 3.1. 

A fibe~ optic link generally consists of four basic blocks: transmitter, 
receiver, cable, and interconnection methods. 

The light wav~1ength re9ion in which a ftber optic link operates is 
·a compromise between transmitter, receiver, and cable parameters. For
tunately, transmitters and receivers are capable of being manufactured 
to operate over a wide range of wavelengths.· This is especially true 
over the wavelengths from 650 to 900 nm. At these wavelengths, the 
characteristics of the cable predominate in selecting an operating region. 

Two operating regions are commonly used today in fiber optic links. 
The visible (650 nm) is commonly used for short (up to 100 meters) links, 
and often used with plastic, high-attenuation typ_e cable.· The reason this 
region is noL used for longer links is that the cable (glass o~ plastic) 
attenuation is too high (g~eater than 20 dB/km). 

Another operating region which is widely used for communication 
links is the 800 to-900 nm (near-IR) region. Lin~s bf this type are used 
for longer runs (l to 2 km) and medium to high-speed data rates. The 
characteristics o~ glass fibers provfde l~wer attenua~ion (5 dB/km) when 
operated in this region. Some plastic fibers do not work well at these 
wavelengths. 
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Development of t11e far infrared (IR) region (1050 to 1200 nm) is .,. 
very interesting because glass fiber data shows that attenuation could 
be.lowered to about l dB/km if a link was operated in this region. The 
problem is developing a receiver which is sensitive to this wavelength. 

Research is progressing in this area but no commercial links are presently 
available. This could lead to very long (20 km), economical communica- .. 
tion links without repeaters. 

The transmitter/receiver modules convert electrical signals into 
light signals or the reverse. The exact form of the electrical signal 
is a function of the module electronics. It is usually deSiQned for 
the application and is very flexible. Standard, off~the-shelf modules 
are available for a number of interface formats. . 

The component that converts·electrical signals into light signals 
may be one of two types. For low- or medium-speed data ·rates and 
medium-length (1 km) links, light emitting diodes are commonly used. 
For high data rates and/or long links, a solid-state laser is often 
required. A laser .is a coherent light source with a very narrow emission 
angle. The narrow emission angle allows more power to be coupled into 
the fiber and it will drive lon~er distances. The coherent light pro
duces fewer modes of propagation and· reduces dispersion in the fiber. 
This, in turn, allows a higher data ·rate on the link. The disadvantages 
of lasers are their higher cost, complexity, and shorter lifetimes. 

The receiv~r conve,rts a light signal into an electrical signal. 
It consists of a light transducer, conditioning electronics, and 
interface electronics. The light converter may be a photo-transistor, 
PIN diode, or avalanche photo-diode (APO). Photo-transistors are seldom 
used because diodes are cheaper and work just as well. The main 
differenc~ between a PIN diode and an avalanche (APO) diode is that 
gain can be achieved with the APO. Thus, an APO will be more sensitive 
to lower received power levels ctn~ is useful in long links. 

Many different classes and configurations of fiber optic cable are 
available on the market. Some are compatible with certain types of 
tra~smitters/receivers and not with others. The designer has a certain 
amount of flexibility when he configures his· link; but he must also 
watch his link parameters closely. 
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The fibers may be characterized .according to material, refractive 
index profile, attenuation; bandwidth, acceptance angle, and diameter. 

Figure 3.2 shows the different fiber parameters broken down by category . 
In actual practice, these parameters interrelate . 

. The index of refracti6n profile determines many of the general optical 
properties of a fiber. Figure 3.3 shows the general types of profiles 
used with optical fibers. The first is called step index because there 
is a distinct change between the index of"the core and the index of the 
cladding. The fiber works on the principle of total internal reflection. 
This is a refractive principle which says that li~ht incident at a chanQe 

in index of refraction will be completely reflected if the ~nale of · 
incidence is greater than some critical anqle. This boundary between chanqes . . 
of indices of refractiori occurs at the junction of the core and the cladding. 

Step index fiber is a multimode fiber because a large number of 
propagation modes may exist in the fiber;··. The exact number .of .modes . 
is related ~o the input acceptance angle, the fiber diameter, and the 
wavelength spread of light source. The net effect of multiple modes 
is to decrease the optical bandwidth of the fiber due to interference 
between the modes. This is called intermodal dispersion. Step index 
fibers are generally made of plastic or glass core with plastic cladding. 
However; they can also be glass on glass .. 

Graded index fibers do not have an abrupt change in.index of re
fraction. Instead, the .index of ~efraction is gradually changed from 
the center to the outside edge. The index profile is designed to re
duce the number of propagation modes in the fiber. However, several 
modes may still exist in the fibe~. The reduction in propagati~n modes 
.reduces the intermodal dispersion and increases the optical bandwidth. 

Graded index fibers may be plastic or glass. However, plastic graded 

index fiber is not corrunon because it generally has higher loss. 
Single mode fiber allows only one propagation mode to exist 

within the fiber. This virtually eliminates any intermodal dispersion 
within the cable and results in very high optical bandwidths. The 

·cable can be made with low attenuation and is ·a very high performance 
fiber. the problem with single mode 'fiber is· the extremely small 

core diameter. This poses proble~sof coupling. light into the fiber. 
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MATERIAL 
Plastic 
Plastic/Glass 
Glass/Glass 

INDEX PROFILE 
Step Index 
Graded Index 

Single Mode 

A.TTENUATION 
High (>20 dB/km) 
Standard (<10 dB/km) 
Premium (<5 dB/km) 

BANDW~DTH (Graded Index) 
Standard (200 mHz-km) 
Premium (400 mHz-km) 

NUMERICAL APERTURE (Graded Index) 
Range (.2 to .4) - G 

DIAMETER (Graded Index) 
Range (125 vm to ~40 vm) 

STRENGTH 
Fiber 
Cable 

Figure 3.2 Fiber .Types 
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. alignment problems in connectoring {splicing), and may not be as 
·durable. Single mode fiber is used in high performance links, with 
high bandwidth and long distance. Solid-state lasers are generally 
used with this fiber to increase coupling efficiency and input power. 

Another important fiber parameter is the loss or attenuation. 
This determines how long a link may be, with a given transmitter and 
receiver, without installing repeaters. The attenuation for any 
fiber is usually quoted by the manufacturer in decibels loss per 
kilometer (dB/km) at some wavelength. 

The attenuation of any fib~r is a function of material, quality 
control in manufacturing, and wavelength of light. This wavelength· 
dependence makes certain fibers incompatible with certain light sources. 
Some manufacturers provide a plot of attenuation versus wavelength 
for their fibers. 

The method of installation of a fiber optic cable can influence 
the cable'~ attenuation. The number of bends required in an instal
lation will change a cable's attenuation., This is because at every 
bend a small amount of light will have less than the critical angle 
for total internal reflection, and will escape. Another related loss 
has to do with temperature. The coefficients of expansion of glass 
and other materials in a cable ~ill differ. As the temperature 
changes, the materials contract (expand) at d~fferirig rates. This 
may cause micro:bending' in the fiber, which increases the. losses 
per kilometer. 

In general, fibers can be grouped into three. classes. The low 
performance, short distance fibers are plastic step index, with high 

. . 

attenuation (>20dB/km). They operate in the visible region (650 nm) 
and generally are less than 100 meters long. 

Medium performance, medium length communication links ~enerally 
use glass graded inoex fiber with attenuations of 10 dB per kilometer or 
less. Step index fiber may also be used if the data rate is not high, 
but the cost differential between glass s~ep index and glass graded 
index fiber i~ ~ot significant. Most.designers would select graded 
index in this case. 
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Both the low and medium performance links could use LED trans
. mitters and PIN or APO receivers . 

High performance, long length communication links would require 
laser transmitters and low attenuation fiber. The fiber would 
probably be glass graded index or single mode fiber~ The attenuation 
would be less than 5 dB/km. An APO receiver would increase the 
receiver sensitivity for lower received power levels .. 

These three classes are not meant to be hard groupings, but are 
int~nded to show the relative performance levels of the components. There 
are many applications_ which use one feature or another. 

For fibers to be useful in the field, they should be integrated 
into a protective cable. Standard, commercial cables are available 

with 1, 2~ 4, 6, 8, or 10 fibers .. They come with a variety of 
outer coverings, strength members, moisture protection, rodent-proofing, 
and fire-retarding ·features. Figure 3.4 lists some of the 
important cable parameters a designer may wish to consider. The 
cable can be purchased with a variety of options for different types 
of installations. 

The simplest cable type is for duct or cable tray installation. 
It has a minimal amount of fiber protection and may have a st~ength 
member. P~otection for this fiber must be provided by the installation 
and it should be a dry, non-freezing environment. Cable of this type is 

used mainly within buildings. 
Cable which is pulled through conduit requires a strength member. 

Also, the conduit must be free of sharp edges and sharp turns. The 
_cable specifications usually contain a minimum bend radius and a 
maximum installation force. These should be scruti~ized very closely. 
For example, some ·manufacturers will give a maximum installation cable 
loading under whir:h t.he cable will not break. However, they will 
also give a much lower maximum installation load at wh~ch the cable 

and fiber will. not ch.ange properties. They will quote still 
another figure for long-term ·loading after installation. The minimum 
bend radius may be quoted at some loading force or unloaded. 



" .. .. 

l. NUMBER OF FIBERS 
2. STRENGTH MEMBER 

A. Steel .or Copper 
B. Kevlar 
C. Fiberglass 

· 3. FIBER (MECHANICAL) PROTECTION 
A. Tough Outer Cover 
B. Buffering 

(.l) Loose 
(2) Bound 

C. Rodent~Proof Outer Tape 
D. Water Protection 

(1) Non-Wicking 
(2) Gel-Filled 

E. Crush Resistance 
4. FIRE RETARDING 
5. INSTALLATION 

A. Duct or Conduit 
B. Aerial 
C. Direct Burial 
D. Loading During Installation 
E. Cable Depth (direct bur.ial) 

6. ENVIRONMENT 
A. Temperature 
B. Humidity 
C. Earth Movement (direct burial) 
D. Wind & Ice Loading (aerial) 
E. Normal Loading 

7.· ADDITIONAL WIRES 
A. . Power 

B~ Signal 
B: RADIATION ENVIRONMENT 

Figure 3.4 Cable Considerations 
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Other cables have been designed·.for special purpose installations. 
Some of these are aerial (on pol~s), direct burial, and marine instal
lations. The cost of the cable and its options, in most cases, is 
equal t6 or more than the optical fibers it prote~ts. Therefore, care 
should be exercised when specifying these parameters. 

A factor often overlooked in any corrununication link is the 
connectors. Cqnnectors play an important role in any fiber optic 
system. They represent a significant light loss factor and should 
be kept to a minimum.number. The connectors must accurately align two 
fibers and provide a good mechanical connection to each fiber. Two 
types of mechanical connections are generally used, epoxy and crimp 
types. The connectors .should be field installable and changeable. 
A lot of effort has been spent in designing connectors to maintain the 

. ·very tight tolerance·s required and still make .them easy to install; This 
is an ongoing process, but several commercial and MIL Spec~ Versions 
are available. The AMP, ITT, and Amphenol SMA are probably the most 
widely known. They are fairly expensive. $50 per connection is not 
uncommon~ Another problem with connectors is that connectors made by one 
manufacturer ~till not mate with those from another manufacturer. Stand
arization is still a big problem. 

IV. Prototype Fiber Optic Communication Link 
Sandia has on order a general purpose fiber optic ·communications 

link, with delivery expec~ed in August 1980. The.general configuration for 

this system is shown in 1Figure 4.1. The 1 ink is· sold by Canoga Data 
Systems and costs $22,122 with one kilometer·of 10-fiber cable. The system 

specifications are summarized in Tables 4~1 A & B. 
This link is intended for corrununication between HP minicomputer 

systems. However, extra plug-in transmitter/receiver slots and extra 
fibers are included .for future expansion and other uses. 

This prototype link was ~elected by competitive bid among five 
companies who responded to our request for quote. It will be further 
evaiuated, once delivered, according to the· general guid~lines in 
Table 4.2 A & B. 
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SYSTEM 
1. 

Table 4.lA Specifications 

Data Rate - DC to 20 Mbps 
2. Distance - Up to l km 
3. · Full duplex operation 
4. Asynchronous 
5. Bit Error Rate (BER) - l0-9 

6. Link margin - 14.8 dB 
7 .. Life - l 0 years (minimum) 
8. Mean-Time-Between-Failures (MTBF) - 33,800 hours 

9. Operating wavelength ~ 820 ~ 15 nm 
10. Number of plug-in slrits - 16 

ELECTRICAL INTERFACE 
1. TTL 
2. 

CABLE 
1. 

2. 

3. 

4. 

5. 
6. 

Bit Serial 

Number of fibers - 10 
Graded index fiber 
Glass fiber 
Direct burial cable 
Rodent-proofing 
Fiber diameter - 63/125 µm 

7. Fiber attenuation - less than 10 dB/km 
8. ~iber bandwidth - 200 mHz - km 

· · 9. Fiber numeri ca 1 aperture - . 21 
10. Strength member 

11. Closed buffer 
12. Non-wicking 
13. Buried below frost line 
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Table 4.lB SpecJfications 

TRANSMITTER/RECEIVE~ 

1. LED light source 
2. Operating temperature - 0 to 49oc 
3 .. PIN diode receiver 

CONNECTORS 
1 . Amphenol SMA #9.05 or #906 
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I. 

Table 4.2A Link Evaluation 

Prototype 

FIBEROPTIC LINK EVALUATION 

Component .Checkout and Tests 

A. Transmit/Receive Modules (TTL, DC-1 Mb/s, NRZ) 

1. Electrical Interface 

a. TTL 
b. Voltage levels 
c. Current requirements· 
d. Bandwidth 
e. Cabling & Connectors 

2. Optical Requ{rements 

a. 
b. 
c. 

d. 

Output Power (dBm) 
Required Receiver Power .(dBm for 10-9 BER) 
Connectors 
(1) Alignment 
(2) Durability 
Operating Wa~elength 

3. Te~perature Effects· 

. 4. Rise Time parameters 

B. Fiberoptic Cable 

1. Attenuation (dB/km over full 1 km· length) 

a. On Reel (Worst Case) with bending 
b. Plat-off Reel 

2. Cable Mechanical (Separate 10-m~ter sections) 

a. 
b. 

c. 
d. 

Plot 
.Plot 
( 1) 
( 2) 
Plot 
Plot 

attenuation vs bend radius 
attenuation vs 
Crush loading 
Longitudinal Tensil~ loading 
attenuation vs Tem?erature · 
attenuation vs Humidity 

3. Connection Techniques 

a. l\1 ignmen t 
b. Durability 
c. Mechanical 
d. Ec:i.se 
e. ·Environment Effects 
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Table 4.2B Link Evaluation· 

4. Splicing - field 
1•'· 

II. System Checkout 

A. Calculate 

1. Link Rise Time Budget 

2. Link Loss Budget· 

B. Measure 

1. Link Rise Time 

2. Electronic Bandwidth (NRZ) 

3. Link Loss (dBm) 

4. Bit-Error Rate (BER) 

·c. ·Simulate Cable Aging (2 !i1onths) 

1. Temperature Cycling 

2. Physical Stress 

3. Humidity 

4. Recheck previous parameters. 

LII. DS/1000 Network 

A. Connect to lab'.cornputer and checkout link 

B. Run benchmark programs 

Program-to-program transrnissio~ times 

IV. Other Interface 

A. RS-232C (MIL-STD-183). 

B. TTL ~ 20 Mbps 

V. Direct Bury (or trench if necessary) 

A. Evaluate·pcrforrnance in computer· to computer DS/1000 link. 

B. Evaluate aging effects in use. 




