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1.0 INTRODUCTIOXN

The objective of this contract was to design, assemble and evaluate

a field test compatible Yiber optic data link.

The Fiber Optic Codec Data Link (FOCOL) resulting trom the program is
optimized to DNA's needs In underground test (VGT) and high explosives (HE)
tests. No oone svstem can fill all needs, but this Pink was designed to handle
almost all HE test and much UCT test data and provide a substantial cost
saving even over other multiplexing svstems. [t is a continuous syvstem
and so is not limited by record time, memory size or critical timing.

Lo (D . ; . .
lts companding feature provides good resolution tor small signals
minimizing the need for two channels at different sensitivities, Addi-
tional options for digital recording, redundant recording or local stor-

age could be added in exchange tor higher per channel costs,

The program was divided into five main tasks. Thev are listed below

and are discussed in the main bodv of this report.,

. Svstem Definition.
[[. Svstem Specification.
It1. Hardward Evaluation.
IV, Prototvpe Link Assembly and Evaluation.

V. Fabrication of a Second Prototvpe Link.

ATl of these tasks were successfully completed by Effects Technology,
Incorporated (ET1). The FOCOL hardware was delivered April 1981 with
Serial No. 001 going to Bendix Field Engincering, Las Vegas and Serial

No. 002 going to the Air Foree Weapons Lab (NTED) Albuquerque, New Mexico.

(1)  The companding transfer function is approximately logarithmic
allowing greater resolution for small signals,




2.0 SYSTEM DEFINTTION

The purpose of this task was tirst to identify the reguirements
tor a tield compatible data link and then to rescarch and compare present
technolopgy in terms of these desived reguirements to generate a svstem

detinition.

2.1 SYSTEM REQUIREMENTS
The following is a list of the general svstem requirements for a
rield compatible link based on both the prior field test experience ofr

FTI personnel and discussions with Detfense Nuclear Agency (DNA) personnel,
NUMBER OF CHANNELS

The contrict Scope of Work Statement detines the svstem capability

to be targeted at about 100 channels.
SYSTEM BANDWIDTH

Based on results from past high explosive (HE) and underground
tests (UGT) (e.g. Diablo Hawl: and liser Bluff, both in 1978) the band-
width of the systen was chosen to be 20 kilohertz (ilz). Half of the
channels of one lIE test were below 6 L:Hz and 80 toe 90 percent () were
below 20 kHz. (1) In the other HE tests all data obtained were below
20 Lliz. (2) Bandwidth requirements for UGT vary from below 5 kHz to as
much as hundreds of megahertz (MHz); however, a substantial nunber of
neasurements require bandwvidths below 20 khH:.

ENVIRONMENTAL

In defining the environmental requirements for a data link, both
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the LE and UGT test envivonments were considered. These requirements
are generally intended only for the transmitter portion of the link

since the receiver can be placed in a more controlled environment,

TEMPERATURE

The HE environment is typically a desert arca and as such deter-
mines the temperature extremes that the Iink must withstand, The
temperatures typically vary from -20°F to about 120°F, depending on

the time of day and year.

HUMIDITY

While the HE environment determines the temperature requirement,
the UGT enviromment dictates the humidity requirements. This require-
ment is based on the fact that the humidity in the tunnel is usually

80 to 90%.

MOISTURE

This is not a problem in the UGT environment but can become a
problem in the HE environment due to occasional cloud bursts, It was
decided that instead of weather proofing the transmitter section of
the link, a cover would be required to house such instrumentation and

protect it from moisture,

VIBRATION

The HE environment determines vibration requirements since the
data link must be able to withstand the ground shock. This demands
that the design be ruggedized to prevent loosening of connectors,

components and circuit boards.
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UGT environment detines the envivronment., e transmitter,
in an alcove, must be able to survive | orad(si) of nu-
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. The cable interconnecting the trunsmitter and re-

o be able to withstand this dose of radiation as o portion
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INPUT VERSATILITY
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purpose ot the link is to transmit many channels= or data
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OUTPUT COMPATIB

frerent sensors require different signal conditioning

TLITY

The requirement for the output rormat of the data link was to

provide analog output for cach channel. This applics for hoth HE and

UGT test environments,
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In general, multiplexing of data saves money because the bandwidth
ot cables increases taster than their cost, The limit is determined by
the number of channels of data to be transmitted.  Examples of multi-
plexing many chamnels mav be tound in telephone applications. Multi-
plexing of from 20 to 92 channels, depending on bandwidth, onto one
cable was chosen as compatible with test needs and with CODEC (coder-
decoder) circuit and fiber optic capabilitices.

2.2.2 Digital

e

Analog to digital conversion betfore data transmission was selected
for several reasons. First, in me:t cases data are digitized eventually
so the decision was not to add digital conversion but to pertorm it at
an earlier time. Digital multiplexing avoids the initial expenses
and the time consuming calibrations and set up required by analog multi-
plexers. Another advantage is the relative immunity of digital signals

to noise and amplitude fluctuations during transmission,

2.2.3 Real Time Transmission

Real time data transmission was chosen for the tollowing reasons.
Recording svstem or link failures are not likely to occur at the in-
stant of the shot since thev dare not in the shock environment until
atter the data is transmitted. The alternative is local data storage
via memories. One disadvantage is that thev are subjected to high

schock levels which are difficult to dty run. Another disadvantage is

that for data of the bandwidths considered local memorv is not cost
effective. Thus, real time data transmission provides a continuous

transmission which is relatively "transparent'” to the user. 1t is

treated much as a conventional cable.




2,2,4 Fiber Optic Data Transmission

Based on the information presented in Appendix C, the reasons for

choosing fiber optics are the following:

1,) Cost Benefits

When compared with electrical cables (both RG 333 and TSP) the
total cost, including cable and installation, was less for fiber optics.
Table 1 in Appendix C compares fiber optics to electrical cables
without multiplexing. The result of comparing cables with the same
bandwidth capability is that fiber optics is a factor of four less
expensive than electrical cables., The primary reason for this is the

small size of fiber cable which leads to lower installation costs.

Table 2 in Appendix C compares fiber optics to electrical cables when !
multiplexing is included. In this case fiber optics is less expensive ;
than twisted shielded pair (TSP) by a factor of two to three. The cost :
benefit over other electrical cables (RG 333 and RG 213) is not as

great., However, it must be remembered that fiber optics is an ermerging

technology and costs are dropping rapidly for both cables and electrical

components. Conversely, coaxial cables are a mature technology and their

costs are continually increasing.

2.) Bandwidth

The bandwidth capability of fiber optic cables (400 MHz) is
much greater than the best of the electrical cables (100 MHz). This
becomes important when considering the transmission of 400 MHz data
which is obtained in EMP experiments. Bandwidth also becomes an im-

portant factor when considering the amount of data that can be multi-

plexed on one cable.

11




3.) Noise Immunity

One of the big advantages over electrical cables is noise im-
munity. Electrical noise pick up and ground problems are important
detrimental factors for electrical cables, However, through the use

of fiber optic cables these problems are eliminated.

12
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3.0 SYSTEM SPECIFICATION

;

E

E Based upon the svstem detfinition developed in Task [, a svsten

I. desivgn was produced. A decision was made in a meeting with Messrs,

} ' R.C. Webb (HQLODNA)Y and R, Bonn(FC,DNA) to basce the design of the digital
; : link on CODEC microcircuits., A black diagram of the basic svstem desipn

‘ . . e . - . . ..
( is shown in Figures 1 and 2. Figure | presents the transmitter and Vigure

2 the receiver. As Figure | shows, the analog input sipgnal s tirst sent

- TR T LT T TE-.

through an input protection circuit and then filtered betore being

.
b digitized by the CODEC mircocircuit. The input protection circuit
provides protection from electromagnetic noise sources such as EMP by
limiting the voltage of the input signal to a sarfe level Yor downstream
% ‘ circuitry, The low pass tfilter is essential for eliminating unwanted

high frequency (atiasing) signals. The bandwidth of cach channel ot
the svstem was chosen at a break point in cost versus bandwidth which

meets the requirements of most high explosive test data and much nuclear

! weapons effects test data.,
3
i
! The svstem uses CODEC (code-decoder) microcircuits which have

been developed for use in the telephone industrv. Thev are low in cost
and have been designed for ease in multiplexing. These devices are

analog to digital converters with a companding transfer function, whici
results in an over 12 bit resolution at small signals with an 8 bit worc.
The specitications tor the link are given in Table 1. The sampling rate
for one channel is 16 kHz and four channels can be switched together to
obtain two 32 kHz or one 64 kHz sampling rate channels.  The corresponding
bandwidths are 5 kHz to 20 kHz. A review of the data from a typical

High Explosive test, Misers Bluff, indicated that 5 kHz was adequate tor
most of the data and none, including air shock interaction data, was

observed which could not be accommodated bv the 20 Llz capability of

14
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trweapon etftects tests, mnost impulse and

o ' b ommedated by the 20 kHz o capability of this multi-

‘. o ow
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T T

ter stress and device diagnostic measurements.

link provides o switch selectable bandwidth.

and 20 kHe.  However, due to the maximum

o0 Es s tewer channels are available at higher

v b shows the serrespondence between bandwidth and

co- 0 Varieus coembinations of channels and bandwidths can
o, Vet

o e o total capability of transmitting 92 channels of 5

who e ity Those channels are divided into tour groups tor multi-
procdinc o onsenienoe, bach wroup has its own data bus onto which is multi-
plowed oL 03 vhannels ot that group. The data rate tor this bus is
b MEPs. dhis time division maltiplesing is accomplished by a synce

conterator which provides o

conversion initiation signal to each of the 23

COMCs ia o wreap. Purther multiplesing is achieved by the group multi-

pleser.  This sceotion receives the tour group data buses and multi-

pleses them onto one data bus by clocking the data at tour times the data
rate tor one group bus.  This 12,28 MBPS signal is then encoded into g
Manchester (Biphase=1) code which combines data and clock information. A

trame svie is added at this time for demultiplexing purposes.  The encoded

sicnal is delivered to the
emitting diode (LED) and a

required by the data link,

some laser diode.  The fiber optic cable encloses a 200 .m diameter graded
index fiber having much greater bandwidth capability than that required

by the 12.28 Mbs encoded data stream.  Optical power levels at the

receiver are sufficient to
avalanche photodiode. The

to an electrical one., The

taining proper timing.

tiber optic transmitter consisting of a light
driver. Due to the relativelv short distances

an LED can be used instead of the more trouble-

enable use of a PIN diode rather than an
optical receiver converts the optical signal back

frame svne code is detected and used for main-
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The recovered 12,28 MBPS data stream is then decoded to separate clock
and data.  The data stream is then demultiplexed into the four 3,07 MBPS
group data busces.  The group data buses are fed to the appropriate CODLC
microcircuits for digital to analog conversion, The syne aenerator
controls the timing for this operation and accomplishes the task of
demultiplexing the 23 channels in cach group., The resultant analog
signals arce then filtered before being made available for recording.

The link has an overall system gain of one and an analog signal range

of 3 volts.

16
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GENERAL

{ Number of Channels
Sampling Rate
b Tradeoff of Channels

i versus Sampling Rate

Bandwidth

Resolution

Data Transmission Rate

! Fiber Type

Electrical to Optical
: Transducer

Optical to Electrical
Transducer

Coding

S

ELECTRICAL

Power

Digital Levels
Connectors

Input Impedance, Analog
Input Impedance, Digital
Qutput Impedance, Analog

OQutput Impedance, Digital

Sampling Rate - fo

Table 1

SYSTEM SPECIFICATIONS

92 to 20
16 KHz to 64 KHz

4 channels at a time can be switched
together to give 2 channels at
32 KHz or 1 channel at 64 KHz

D.C. to 0.3 times the sampling rate
for 6 dB attenuation

8 bit companding analog to digital
(0.25% resolution near zero)

12.28 Mbps decodable to 4 each
3.07 HMbps

Graded index

Light emitting diode (LED)
PIN diode

Manchester (Biphase-L): 12.28 Mbps
NRZ-L: 3.07 Mbps

105 to 125 VAC, 60 Hz,
1.1 amp transmitter
1.0 amp receiver

TTL

BNC

10K ohms

50 ohms

300 ohms

50 ohms

16 KHz, 32 KHz or 64 Kliz
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ELECTRICAL (Continued

*Frvqucbcy Response
(D.C. to 0.3 fo)
(b.C. to 0.1 fo)
(M.C. to 0.03 fo)

Resolution
Small Signals
Large Signals

Signals from 1% of Full
Scale, to Full Scale

*Noise (D.C. to 0.3 f)
*Noise (D.C. to 1MHz)
Linearity

Zero Accuracy
Voltage Gain

Maximum Signal Voltage

Input Signal Limiter

*Pulse Response
Overload Recovery

*Antialiasing Filter

and/or output filters.

(1siliconix Telecommunication Data Book, November 1979.

+0, -6db
+0, =107
+0, -2%

8 bit digital, 1255 law vumpanding(l)
+ 0.0257 of full scale or + 0.74 mVolt
1.67 of full scale or + 47 mVolt

|+

“+ 57 of signal

(Quantizing Noise) + (<0.5 mV RMS)
(Quantizing Noise) + (-5 mV RMS)
Less than + quantizing step size
0+ 5mV

1 + 1% plus quantizing noise

-3.0

+ 6 volts

volts

Ringing <+10% at 0,3 f
Damping time constant <100 ,sec

To 17 of full scale within 10 usec
after a 100 volt, 10 t.scc overload

>18 db attenuation at f0/2

These specifications can be improved or modified with different input

20
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OPTICAL
Connectors Amphenol 906
i Fiber Type Recommended Siecor 122

63 um core diameter
0.21 numerical aperture
6 db/km attenuation
Gain Margin; Typical
(Depends on the 15 db (compared to a 10m link)
transmitter and receiver
installed and on other
factors)
PHYSICAL DIMENSIONS
19 inch rack width
12.5 inch height
22 inch depth overall, Transmitter
18,5 inch depth overall, Receiver
| 21.5 inch depth behind rack mount, Transmitter
E [ 17 inch depth behind rack mount, Receiver
| 60 pounds weight, Transmitter

55 pounds weight, Receiver

ENVIROMNMENTAL

Transmitter, 0 to 55°C

Receiver, 15 to 30°C




Table II

BANDWIDTH/CHANNEL TRADEOFF

Bandwidth Channels
5 KHz 92
10 KHz 44

20 KHz 20




400 HARDWARE EVALUATION.

During the design stages of the data link several hardware components
woere evaluated,  Evaluation of these components took the form of both com=
parison of specification literature and, when possible, actual laboratory
testing,  The types of components that were evaluated fell into five cate-=

L gorics:

I1.) CODEC microcircuits

.
N

Filters

(Vo]
.
-

Fiber optic transmitters

&
.
~

Fiber optic receivers

3.) Fiber optic connectors

The results of the evaluations are presented in following scetions,

4.1 CODEC MICROCTIRCUITS

Since one of the major design goals was to minimize costs, CONEC

microcircuits were investigated., CODYC Is an acronvm for coder=decoder

and these circuits were developed for use in the communications industry,
Their advantages in addition to low cost include companding A/D (analog
to digital) and D/A (digital to analog) converters plus on=chip multi-
plexing circuitry., These devices are made by scveral manufacturers and
all were available at the time of the investigation, After carcful
comparison, the CODEC circuits were made by Siloconix for the tollowing

redsons,

1.)  The encoding and decoding sections of the circuitry were placed
on separate ciipse This best fits the needs of the data link
since oniy encoding is performed at the transmitter and only
decoding is performed at the receiver, This leads to lower
chip costs since the circuits containing both the encoding and
decoding sections are more oexpensive,  Since fower total cir-

cuits are involved power requirements are also somewhat lower,

23
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2.) The Siliconix circuits can be operated at a 3 Mpbs clock
rate instead of the nominal 1.5% Mbps used by all the
others, This results in a 16 hKz sampling rate per channel

and thus provides a higher bandwidth capability,

3.) The docoder can decode up to four encoded channels,  This
means that a 65 kHz sampling rate can be accommodated with
a single decoder. This leads to a signal bandwidth capabil-

ity of 20 kHz,

4.) The circuitry is CMOS which means low power dissipation.

Of these reasons, numbers two and three were the deciding factor
since none of the other chips allowed that mode of operation.  Although
a large fraction of the data require less than a few kilohertz response,
it was felt important to offer increased bandwidth capability for these
circumstances where it is necessary,

/,

4,2 FILTERS

For any sampled system, anti-aliasing filters are required, 1In
the present system, where three bandwidth ranges are provided, a large
number of filters are required, More specifically, seven filters were
required on each coder circuit board in the transmitter. This means
that the filters must be physically small in order to fit on the circuit
boards. There were two choices of four pole filters available in a small
sizc. The preferred filter type is a lincar phase filter which has the
advantage of allowing little time delay distortion, Their disadvantage
is that they have a very slow roll off with increasing frequency,  Untor-
tunately, good phase response and high roll off rate are conflicting
requirements. In order to have the required rejection at the sampling

frequeney, the 3 db bandwidth would have to be about 1/6 of the sample

rate or less instead of 1/3.




In addition, the possibility of using switched capacitor transversal
filters was investigated. These devices are new and of fer both very good
phase response and fast roll offt,  They are oeffectively 65 pole filters
whose cutoff frequency is set by an external clock, They can be switched
to a different cutoff frequency by changing the 1requencey of the external
clock., This means that only one filter per channel would be required in-

stead of seven, At the time that the lionk design was finalized these de-

vices were not available in production quantities and thus not considered.

i Instead of the above type filters, a filter made by K, R, Electronics
was chosen, The characteristics of this filter are that it has a non-
lincar phase response and a small (V107 overshoot), The roll off char-

acteristic is 39 db per octave which allows more bandwidth to be used.
4.3 FIBER OPTIC TRANSMITTER

' The fiberoptic transmitter consists of an LED and a driving circuit,

At the time that the design was finalized there were no acceptable trans-

: mitter units available which included both the driver and the LED. The
driver for the LED is basically a transistor with a current limiting re-
sistor. A unit made by Fibercom was chosen because of its TTL compatibie

input,

Three types of LED's were tested in the laboratory, a pigtailed
type, and lensed type and one other type, The Laser Diode Labs type
IRE 160 FB had a fiber optic "pigtail" bonded to the package to couple
out more light, The Spectronics SPX 3188-004 contained a tens bonded
to the LED chip for the same purpose. The Meret MDL 4777 SKPL trans-

mitter LED wos bare but contained an integral driver circuit,

During testing it was determined that the maximum current for the
Lascer Diode LED, consistant with long LED life, was 50 mA average (100 mA peak).
The optical power oupled into a fiber was 100 oW but onlv 5-8 W was
coupled to a 62 pm fiber core. The lensed Spectronics LED coupled 15 pw

' and the Meret only 1,5 pW into the same fiber core,

The Tensed Spectronics LED was selected for use in the tink,
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3 4.4 FIBER OPTIC RECEIVER

The fiber optic receiver consists of a PIN photodiode, an amplifier,
and a4 current to voltage converter, The receiver requirements for the data

‘ link are:

a) Sensitivity S5 W
b) Bandwidth < 15Mbps RZ, 30 Mbps NRZ

¢) Digital output, TTL compatible

i‘ Throe units were evaluated, one made by Maxlight (Model 6000), one
by Meret (MDL 4777SKPL) and one by Spectronics (SPX-4141-503). The Max
E light receiver sensitivity was 0.5 jWe The Meret receiver sensitivity

was 1.5 .W and the Spectronics was 0.25 W,

’ While the Maxlight receiver has been used in the first prototype,

it can no longer be purchased. The receiver made by Spectronics is a

"

more recent design and has not been fully tested at this time but it is

being considered for the second prototype,
4.5 FIBER OPTIC CONNECTORS

At evaluation time there were two choices of connectors for small

(62 ;1) fibers, one made by Amphenol and one by Deutsch.  The latter were
more expensive at the time and required a liquid lens. Although the
Deutsch connector has not been fully evaluated, use of the liquid was
felt to be a disadvantage in a field test environment particularly for

‘ HE tests in desert areas where dust is a problem. The Amphenol connec-
tors are modified SMA connectors and are somewhat more difficult te
install since they require polishing for good light transmission. One
advantage is their use on a large number of commercial LED's and photo-

detectors, The Amphenol 906 connector was selected,
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Progress is being made on making fiber optic connectors casicer to
install and less expensive. Deutsch has come out with a better connee-
tor which can be installed with a hand tool. These and others should

F be evaluated in the future,
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5.0 PROTOTYPE LINK ASSEMBLY AND LVALUATION

A prototype fiber optic data link was assembled and evaluated at
ETI. A manual was written to describe the link as well as provide

operating information. A copyv of the manual including a full set of

—

circuit schematics is provided in this section, A number of tests

were conducted to deteruine additional information on the operational
characteristics of the data link, These tests included electrical,
optical and environmental measurements.  The ¢lectrical measurements

] included frequency response, noise, linearity, zero accuracy, systen

gain, pulse response, overload recovery and attenuation characteristics

of the input filter, The optical power gain margin was measured to deter—
mine the operating range of the fiber optic receiver., Several environ-
mental tests were made including low level]l vibration and operating tem-
perature range. The results of all these evaluation tests are listed

. in the system specification section of the manual,
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COST COMPARISON

FIBER OPTICS VS, ELECTRICAL CABLES IN UGT

The purpose of this appendix is to demonstrate the cost savings
when using fiber optic cables in place of electrical cables in nuclear
underground tests (UGT).  The analvsis is based on current proven
technologv.  The result is a greater advantage than existed only a

vear ago and is due to price reductions and improved components.

A number of costs contribute to the total for a data transmission
svstem., These are cable, cable installation, cable termination, optical
transmitter and receivers, and multiplexers. All costs shown in this

appendix and throughout this document are 19.80 doilars.
Cable

Table | shows the comparison of three tvpes of electrical cable

and two fiber optic cables. The first electrical cable is 7/8 inch
2.2 ¢m) diameter "foam flex" coaxial calbe RG 333, which is the high-
est bandwidth cable (100 MHz) in general use in UGT. RG 213 is a lower

bandwidth coaxial cable of about 1 cm diameter. Twisted shielded pair

(TSP) is a balanced line with a 50 kHz bandwidth which is the lowest
bandwidth signal line in general use and is about 0.5 cm in diameter.

A TSP cable with 20 signal lines is used.

The Fiber Optic cable selected is the Siecor tvpe 021 cable con-
taining 10 fibers or lines. It is 0.8 c¢m in diameter and is armored
for handling protection. Fach fiber has less than & db/km attenuation
and a 400 MHz bandwidth tor a ! km length. Several other fiber optic
tables have similar characteristics. A lower bandwidth fiber optic
table is also considered. A bandwidth of only 100 MHz is considered
for direct comparison with RG 333 and to minimize the cost of the

optical transmitter and receiver., Each line actually has a bandwidth
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of 200 MHz, The two fiber optic cables are the same size. Costs

of the cables are given in line 3 of Table 1.

Cable Installation

In Table 1, the "quantity of lines for cqual installation cost"

" from the

is the quantity which can be installed in one "down hole
mesa to the tunnel. A cost of $700,000 is used for the total DNA

cost to install these cables from the mesa to the experimenters' alcove.
This cost is based on information obtained from Mr. R. Shirkey, the DNA
Chief of Engineering, FCTC, Field Command Test Construction at the
Nevada Test Site., This cost is equal to the cost of a new cable piant
installed for the EMP pipe on Diablo Hawk, The cost is a little low
since only labor is included and not miscellaneous materials. In
addition, this analysis assumes 100 RG 333 cables or their equivalent
where in the Diablo Hawk EMP group only 66 cables were installed, some
being smaller than RG 333. Higher costs, however, would only further

favor fiber optic cables.

Cable Termination

The next cost in the table is for terminating the cables. NTS
estimates are that about 6 ends of RG 333 can have connectors attached
by an electrician in a day and that a day of labor is about $300 in-
cluding overhead. Since the cable is installed in three sections, 6
ends must have connectors attached so $300 per cable is estimated.
Fiber optics are small but when stripped to the bare fiber are fragile
so the same cost as RG 333 is used. $500 for connectors is added for
a total of $800 for fiber optic termination. The cost for electrical

cable termination is included in line 7.
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Optical Transmitters and Recelivers

In the case of the fiber optic links, electrical to optical
transmitters and optical to electrical receivers must be included,
$2,500 is a reasonable estimate per line for the 400 MHz link., For
the 100 MHz link much simpler components and circuits result in a

$500 cost.

Toral Cost

The total cost per line in the table is the sum of the costs for
the above components, In order to compare costs on an equal basis,
the cost for a 400 MHz data rate is tabulated for cach cable type,
The cost is also tabulated for a 20 kHz data rate. These rates cor-

respond to one fast fiber optic and one TSP line, respectively,

For high frequency, non-multiplexed data, the conclusion in
line 12 is that fast fiber optic links are 7 times less expensive
than RG 333, the nearest electrical competitor. The primarv reasons
are the fiber optic large bandwidth and small size (low installation

cost).

Multiplexing

Lines of different bandwidths were compared by using groups of
cables with equal total bandwidth., While this comparison is generally
valid, it must be qualified for special cases. Obtaining fast data
with many slow cables is not practical, 400 MHz data (as obtained
in EMP experiments) cannot be sent on coaxial cables but can on fiber

optics, If fiber optics are unavailable, cxpensive down hole recording

of these data is necessary. Slow data can, however, be sent on fast

Tines efficiently using multiplexing, This favors fast lines.,
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It is difficult to convert data above 10 MHz from analog to digital
form and multiplexing data of this bandwidth requires extra design
effort, so making usce of the 400 MHz bandwidth of the fiber optic link
for slow data will require some added costs. These disadvantages may
compensate to some degree for the advantages of fast links stated in

the preceding paragraph,

To avoid these uncertainties the following comparison is made.
The slow fiber optic link has the same bandwidth so is directly
comparable to the electrical RG 333 and shows a factor of 4 lower

cost which is independent of multiplexing.

Table 2 shows the cffects of adding multiplexer costs. All costs
are per 50 kHz data channel. The cost on line 3 for the first level
of multiplexing dominates the analysis. This is because of individual
filters and other components required for each channel. Costs for
higher lecvels of multiplexing are spread over numerous channels and
so become less significant. Costs for cables are also small compared
to first level multiplexing costs, however cost advantages are shown
for high bandwidths and fiber optics up to the narrow band fiber optic

link.

A factor of 2 to 3 cost advantage is shown in Table 2, line 6
for multiplexing fast cables rather than use of TSP cable. An ad-
ditional disadvantage of TSP is its low noise rejection propertices

for which it is difficult to assign a cost,

OTHER CONSIDERATIONS

In all the cost Tigures, it should be remembered that fiber
optics is an emerging technology and prices are dropping rapidly

for both cables and clectrical components., For instance the price

of optical fibers has dropped by a factor of ‘wo in the last year,
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Coaxial cables, on the other hand, are a mature technology and their

costs are continually increasing.

The issue of local digital storage of data has been avoided
to save cable costs, This is because this technology applies to
cither clectrical or optical lines and can reducce, but not celiminate,
the cost of either. The risks of lost digital memories due to alcove
collapse or other reasons are always present underground, so trans-

mission of data before this can occur is advisable.

Another often quoted advaniage should be repeated at this tine.
Electrical noise pick up and ground problems in the cable arce clim-
inated using fiber optics. An effort is being made by DNA to arrive
at a comprehensive grounding and shielding plan which would be simp-

lified by extensive use of fiber optic links.

While the effects of radiation on fibers are not fully understood,
the radiation levels are insignificant (< 1 rad) in the alcoves and

other areas proposed for these links.

Other work is needed in the area of fiber termination. At
present, this requires additional personnel training, but ecquipment and

rocedures are improving.
p 3

An important point is the successful field demonstrations of
fiber optic links in UGT by LASL and others. Both 500 MHz fast links
for reaction history monitoring, and slow 4 MHz links have been fielded
successfully, and as a result of these tests the J8 group at LASL in-
tends to transition to all data transmission using fiber optics. This,
and routine use by telephone companies and others, indicates that it

is not a matter of deciding if fiber optics is ready but rather, de-

ciding how DNA can best make the transition,

48




SUMMARY

When considered on a cost per unit bandwidth basis, higher

J: | bandwidth and fiber optic cables have a distinet advantage. The great-—
i ; I est advantage is for multiplexed low frequency data on fiber optice
( cables which is why the FODL (fiber optic data tink) was built for this
3 area. Most of the advantage is retained when using multiplexing and
1 vlectrical cables, while a smaller but real advantage results from 5
s .
. using fiber optics on non-multiplexed high frequency data. 5
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APPENDIX D 1

' COMPARISON OF COMPONENTS AND TRANSMISSION METHODS
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