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ABSTRACT 

An ultra high speed data transmission system 
using optical fibers and gallium arsenide digital 
integrated circuits has been investigated. The sys
tem is designed to meet the increased data rate re
quirements of modern information processing systems 
as well as those of future imaging devices and high 
spatial resolution detectors. A description of the 
system which uses available components made for the 
transmission and reception of data at 780 Mbit/s 
rates is given. Methods for digitizing, multiplex
ing, demultiplexing, error checking, etc. are also 
described, and a discussion of the reliability of 
components is presented. 

INTRODUCTION 

The concept of guided lightwave communication 
along optical fibers has stimulated a major new tech
nology over the past two decades. This technology 
profoundly impacts telephone and instrumentation 
systems as well as computer interconnections and 
system architecture. Fiber optic links provide sev
eral major advantages over conventional electronic 
communication systems. These include immunity to 
electromagnetic interference, and low transmission 
losses for very high data rates. It also makes pos
sible thinner and lighter cables and has a strong 
potential for tens-of-kilometer-long repeater less 
link capabilities extending to the ~igahertz region. 

The emergence of optical communication using 
fibers was made possible by the parallel development 
of low loss fibers, heterojunction lasers, light
emitting diodes (which emit in spectral regions of 
low fiber loss), and sensitive photon detectors. The 
technology of optical fiber communication systems is 
advancing at a very rapid rate. As the short optical 
wavelength multimode fiber systems are being field
proven and used commercially, the technology is pro
gressing towards single-mode fiber systems in the 
long-wavelength region. For example, significant 
advances have been made in the fabrication of low
loss and low-dispersion optical fibers. 1 Losses of 
only 0.27 dB/km at 1.3 um have been achieved for sin
gle mode fibers with minimum dispersion wavelengths 
near 1.3 11m. Furthermore, the development of optical 
sources, and optical receivers,for long wavelength 
applications is also advancing rapidly. Several 
experimental transmission systems capable of opera
ting at a 4 Gbit/s rate over a distance of 103 km, 
and 2 Gbit/s over 170 km have been reported. 2- 3 

Although these impressive results were obtained 
under highly optimized experimental conditions they 
do give an indication of future capabilities. It 
should be pointed out that at the present time prac
tical high data rate optical transmission system are 
operating between 90 Mbit/s and 565 Mbit/s.~ 

In addition to the requirements placed on the 
optoelectronic components of these systems, con
siderable attention was paid to the associated logic 
circuit families with switching speeds in the micro-

wave region. Such capability is necessary for multi
plexing and demultiplexing functions. These functions 
have been implemented using both silicon and gallium 
arsenide (GaAs) technology.5,6 Devices based on 
GaAs technology have become available ~ecently for 
applications in practical systems with a data rate 
capability of 1.5 Gbit/s. 6 

Although the major thrust for development of high 
data rate fiber optic systems has been for long dis
tance communication links, the local data communi
cation needs have given a new impetus for the devel
opment of advanced system components. The recent 
systems for local communication, such as computer 
interconnections, rf distributions in phased array 
radars and instrumentation for basic and applied re
search, require a high data rate capability. Spe
cifically, instrumentation systems, using wide ampli
tude dynamic range and high spatial resolution charge
coupled device image sensors 7 together with image 
intensifiers,8 with frames rates of 500 frames/s or 
higher, require extraordinary high data rate transfer 
capab i 1 ity. 

Studies of existing fiber optics digital trans
mission system~ and future requirements for trans
mitting data from high spatial resolution charge 
coupled imaging devices (CCD) have indicated that 
there is a great need to develop a next generation of 
wide band systems. 

At present, data from CCD imaging arrays are 
transmitted over single fiber optic cables in serial 
fashion at 180 MHz rates. Such fiber optic cable 
system is capable of transmitting data at a rate of 
maximum 300 MH z9. There is also the requirement 
that these data be transmitted in the matter of a few 
milliseconds. 180 MHz data rates are adequate for 
the present imaging systems with CCD image sensors 
(up to 256 x 256 pixels) whose analog Signals are 
digitized to 8 bits. However, the next generation of 
imaging systems will have larger CCD image sensors 
(512 x 512 pixels) and the analog signals will be 
digitized with up to 12 bit resolution. This puts 
significantly greater demands on the bit rate capa
bility of the data transmission system. 

We have investigated the feasibility of designing 
and developing a high speed data transmission system 
to meet the demands of these higher da~a rates using 
presently available components and materials. Data 
from a CCD camera will be digitized and transmitted 
to receivers over a distance of several tens-of
kilometers. The data will then be error checked, 
processed and placed into memory storage. The data 
transmitting, receiving, demultiplexing, etc. will be 
done within a time frame of a few milliseconds. 

SYSTEM CONSIDERATIONS 

A number of semiconductor area imaging sensors 
that are available today offer high spatial reso
lution and large signal dynamic range suitable for 
this application. However, most of them are designed 
for standard 30 frames/second video rates while the 



required single frame readout time of a few milli
seconds would need a sensor driven at a few hundred 
frames/second. Each frame is composed of a mosaic of 
square picture elements (pixels), organized in rows 
and columns. In this case, the mosaic has 512 rows 
and 512 columns, i.e. the frame consists of 262,144 
pixels. 

Transfer of charge, generated by the individual 
pixels, is done by driving the device clocks in proper 
pulse sequences. One video line at a time is shifted 
by vertical clocks and then moved past a charge sensi
tive amplifier by horizontal clocks. The charge from 
each pixel, entering the amplifier, produces a propor
tional voltage signal at the amplifier output. Great 
charge transfer efficiency of such devices allows a 
signal to noise recovery ratio close to 10000: 1 under 
certain conditions. Unfortunately, most of these de
vices can not be clocked fast enough to allow a few 
milliseconds frame readout through a single charge 
sensing port. 

The problem can be solved by splitting the sensor 
area into smaller sections, each having an individual 
charge sensitive amplifier but sharing the same trans
fer clocks. For instance, a 512 x 512 pixel sensor 
can be divided first across the center in two equal 
sections and then each section again divided into six 
blocks of 86 x 256 pixels. Such division would allow 
placing the charge sensitive amplifier of each section 
close to the edge of the sensor, making easier the 
extraction of individual video signals, as shown in 
Fig. 1. 

Each block would now have only 22016 pixels, 
allowing a few milliseconds signal frame readout with 
clock rates not exceeding 15 MHz. The penalty paid 
is that the external circuits needed for the analog 
and digital image frame processing are also increased 
by a factor of 12. This is the same as having 12 
cameras operating at the same time instead of one. 

Processing of individual video signals should be 
carefully designed in order to preserve the inherently 
high signal to noise ratio. Each video line consists 
of 256 discrete pulses, having amplitudes proportional 
to the integrated illumination charge of the correspon 
ding pixel area (14 )Jm x 14 )Jm). Typical interfering 
artifacts are caused by the clock transient feed
through pulses superimposed upon the video signal. 
Also it is extremely important to minimize crosstalk 
interference between image sections which could cause 
double exposure effects on the image and reduce the 
image qual ity. 

In order to achieve the bit rates necessary to 
meet the time frame requirement, the data transmis
sion system would require fiber optics for data trans
mission and gallium arsenide (GaAs) devices (capable 
of Gbit/s speeds) for handling and processing data in 
critical high data ~ate areas. Standard bipolar sili
con technology can be used in places where speeds are 
non-critical. The data is to be stored in a memory 
with a battery backup system. The memory, in turn, 
will be accessible to a computer for analysis and to 
an image processor for immediate real-time display of 
the memory data. 

A simplified diagram of the system is shown in 
Figure 2. After the image is temporarily stored in 
the CCD image sensor, the analog information in each 
image sensor block will be read out at a 15 MHz rate 
and digitized by flash analog to digital converters 
(ADC's) with 12-bit resolution. Pixels from all 
twelve blocks of the CCD image sensor will be read 
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out simultaneously and digitized by twelve ADC's 
after which a parity bit is added to form a 13 bit 
word. By time division multiplexing four blocks of 
the CCD image sensor onto a single fiber optic data 
transmission line, the multiplexed data of all twelve 
blocks can be transmitted on three fiber optic lines 
each at a data transmission rate of 780 Mbit/s 
(15 MHz x 13 bits x 4). 

For multiplexing the 12 blocks onto fiber optic 
cables, we had options of selecting 12 blocks onto 1 
fiber optic cable, 6 onto 2, 4 onto 3 or 3 blocks onto 
4. The 4 blocks onto 3 fiber optic cables option 
gives a more conservative 780 Mbit/s rate whereas the 
6 onto 2 option would have given a 1.17 Gbit/s rate 
which would push the limits of the present GaAs ae
vices and printed circuit board technology. While 
the 6 onto 2 multiplexing scheme would have been de
sirable from the standpoint of using less fiber optic 
cables and associated components, the more conserva
tive data rates of the chosen system should produce 
more overall reliability. Using these data transmis
sion rates and multiplexing all twelve blocks onto 
three fiber optic lines, all the data will be trans
mitted, received and processed within a few milli
seconds. 

A row sync word (RSW) and two Dummy Words com
prise the first four words to be transmitted at the 
beginning of each group of four rows from four blocks. 
The RSW is made of two redundant words to guard 
against accidental coincidence of two data words 
having identical bit patterns. As an added precau
tion the RSW and Dummy Words have even parity while 
the data words fran the CCD image sensors have odd 
parity. Two Dummy Words are added to RSW to make 
demultiplexing simpler by being compatible with the 4 
blocks-to-one fiber optic cable format, and in addi
tion they could be used for row identification. The 
multiplexed data will modulate transmitting laser 
diodes which will be coupled onto fiber optic cables. 

Transmission of data using non-return to zero 
(NRZ) digital coding format is proposed in order to 
maintain the best possible bit error rate (BER) 
because bandwidth requirements are effectively one
half that of a return to zero (RZ) pulse code format. 
Other pulse code formats such as bi-phase, amplitude 
modulation, frequency modulation and phase modulation 
have been rejected as being more complex or requiring 
more band\~ith than NRZ. At present, most performance 
characterizations for high speed optical communica
tion components and systems are normalized to NRZ 
code standards. Descriptions of transmission and 
reception of data will be made on the basis of NRZ 
techniques. 

The rece i ver signals are sent to a clock recovel'y 
and phase-locked loop system where the receiver clock 
is synchronized with the data received. Row sync 
word (RSW) detection circuits synchronize the incom
ing data with each group of 1024 words which corres
ponds to a group of four rows from the four multi
plexed blocks from the CCD image sensor. Demulti
plexing the incoming data is accomplished by a serial
to-parallel conversion of the serial bit stream. Once 
the data are stored in the parallel data register, 
parity checks are made on the incoming data. Error 
flags are raised if parity or row synchronization 
s h ou 1 d fa i 1. 

Data from the parallel data register are trans
ferred to memory in parallel fashion, but the row 
sync and dummy words are not put into memory. One 
possible alternative is to have the Dummy Words con-
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tain row count information for absolute row synchro
nization. 

High Data Rate Digitizer and Multiplexer 

A description of the operation of the time 
division multiplexing scheme shown in Fig. 3, 
follows.' By applying the ClK A signal at the 
appropriate time, the RSW and Dummy Words will be 
transmitted just prior to the transmission of real 
data and will become the first data words for a row. 
The 13 bit words formed by the 12 bit flash Abc and 
parity bit are the ~eal data which are temporarily 
stored in Buffer Registers I, II, III and IV (not 
shown). The clocks, ClK Band ClK C, serve to both 
parallel load real data into the shift registers 
(SIR's) and serially shift data out of the SIR's when 
appropriately timed with their respective 
parallellserial (PARISER) control signals. Control 
Gates I, II, III and IV are also applied in a timely 
manner to present the real data to the shift registers 
for parallel loading. At the right side of the dia
gram, all data signals are applied to the "0" input 
and the O-flip flop at some predetermined time via 
the signals A, B, C and 0 which control their respec
tive gates. The parallel-to-serial action provides 
the time division multiplexing function for the data. 

The Idle Data gated by the 0 control signal are 
composed of a series of one-zero-one-zero bits and 
are sent prior to the sending of any data to provide 
a pre-signal to the receiver. This signal allows the 
receiver clock recovery circuit and phase-locked loop 
an alternating bit pattern with sufficient transition 
states to readily synchronize the receiver clock to 
the incoming data. This ensures that when data of any 
consequence is sent, the receiver system is already 
synchronized for the data. The Idle Data are sent 
any time there is a known gap in the bit serial 
stream, such as'during horizontal or vertical blank
ing. In this manner, the receiver clock will always 
be correctly synchronized. 

The Reclock signal serves to transmit the data 
with a constant phase relationship with the highly 
stable transmitter clock for all data. Variations in 
transit times on the printed circuit board can easily 
cause phase shifts for the different data, which, if 
transmitted without reclocking, would be detrimental 
to the operation of the receiver clock synchroniza
tion. By reclocking the O-flip flop with the data as 
shown, the data are formatted in the NRZ data format 
code as they are sent to the laser diode for trans
mission over the fiber optic cables. Gallium arsenide 
(GaAs) devices are used throughout in Fig. 3. 

Optical Source for Wide Band Transmission System 

Semiconductor lasers are the most frequently 
employed as light sources in optical broadband 
systems because of their compactness and high level 
of efficiency in comparison to other sources. The 
semiconductor compounds, indium gallium arsenide 
phosphide InI-xGaxAsyPI_y has emission wave- . 
lengths between 0.92 and 1.62 ~m,depending on the com
position, making it particularly suitable for 1.3 ~m 
zero dispersion wav!length of an optical silica fiber. 

Various types of semiconductor lasers, their 
structure and characteristics as well as pertinent 
optical processes, such as absorption, spontaneous 
emission and stimulated emission are extensively 
treated in the literature. 10-11 For the wide band 
data transmission system of particular interest are 
laser structures that employ a variation in the real-
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ref~active i~dex along the junction plane to form an 
optical wave9uide. These index-guided injection 
InGaAsP .lasers·'are·free from the light output non
linearities because of excellent mode stability. The 
index-guided laser with a thermoelectric cooler, 
temperature sensor unit power monitor and associated 
circuitry are packaged in a single module. A block 
diagram of such a laser light source is shown in Fig. 
4. The integral thermoelectric cooler maintains the 
lase~ and power monitoring photodiode temperatures at 
250 C over an ambient temperature range of -400 C 
to + 650 C. Also, an internal InGaAsP PIN photo
diode, mounted directly behind the laser diode func
tions as a power detector. The photodiode monitors 
the emission from the rear facet of the laser and 
controls the optical power level sent into the fiber. 

·Based on the above given considerations and using 
available components the optical source for wide band 
transmission system should be an index-guided injec
tion InGaAsP laser with the following characteristics: 
emission wavelength = 1.3 um, maxim~n data rate 
capability = 1.7 Gbit/s, CW optical power = 2.5 mW 
(+4dBm), rise and fall time smaller than 100 ps, RMS 
spectral width smaller than 3 nm, laser threshold 
current = 20 mA, laser forward current for maximum 
optical output =40 mA, laser forward voltage at 
output power of 1 mW = 1.3 V, and life greater than 
105 hours. 

Transmission Characteristics of Optical Fibers 

The basic transmission mechanisms of the various 
·types of o~tical fiber waveguide have been discussed 
elsewhere I2- 14 . Basically, the most important 
transmission of optical fiber characteristics are 
attenuation and bandwidth. 

The attenuation or transmission loss, of optical 
fibers is influenced by the material composition, the 
fiber preparation technique and the waveguide struc
ture. In particular, the attenuation is determined 
by material optical absorption, material scattering, 
macrobending and microbending losses, mode coupling 
radiation losses and losses due to leaky modes. 
Furthermore, there are also losses at the input and 
output connectors. In Fi~s. 5 and 6 the typical 
attenuation spectrum is shown for some state-of-the
art multimode and single-mode optical fibers. I2- 14 
The attenuation characteristics are shown for three 
major fiber preparation processes: (a) inside vapor 
deposition, (b) vapor-phase axial deposition and (c) 
outside vapor deposition. 

In practical optical fibers prepared by above 
mentioned processes a major cause of Signal atten
uation below a wavelength of about 1.5 ~m is Rayleigh 
scattering. 

Rayleigh scattering results from excitation of 
small irregularities on the order of AIIO in the 
medium by the propagating electromagnetic wave. It 
is strongly wavelength dependent. The attenuation 
coefficient per unit length Ls can be expressed as 
Ls = A/A 4, where A is a constant which depends on 
the refractive index of the medium, the average photo
elastic coefficient, the isothermal compressibility 
and the temperature at which the glass can reach a 
state of thermal equilibrium and is closely related 
to the annealing temperature. This A-4 dependence 
results in considerable attenuation at shorter 
wavelengths. 

In addition to the Rayleigh scattering, atten
uation in optical fiber can be caused by Mie scat-



tering from large defects and by Brillouin scattering 
from the thermally driven density fluctuations that 
are present in fibers at room temperature. Further
more at high power levels, nonlinear loss mechanism 
such' as stimulated Raman and Brillouin scattering can 
further increase the attenuation and limit the dynamic 
range of the fiber. Another major extri~sic los~ 
mechanism in fibers is caused by absorpt1on of llght 
in negative hydroxyl ions (OH) trapped during fiber 
processing. This produces sharp absorption peaks at 
1.25 and 1.39 ~m and smaller peaks at 0.75 and 
0.97 ~m. Since these peaks are present to some 
degrees in even the highest quality fib~r, transmi~
sion at these wavelength is usually avo1ded. In F1g. 
6 the ultraviolet absorption loss is also shown. 
This loss is due to the stimulation of electron 
transition within the silica glass by higher energy 
excitations. Its value was estimated by extrapo
lating the data from Ge02-doped silica glass. 
Furthermore, in Fig. 6 the infrared absorption loss 
is shown. This loss was obtained by extrapolation 
from the loss characteristics of Ge02-doped silica
core fiber and optical data for pure glass at long 
wavelengths where strong absorption bands are caused 
from the interaction of photons with molecular 
vibrations within the glass. 

It appears from Figs. 5 and 6 that three major 
manufacturing processes are giving approximately the 
same attenuation level for both multimode and single
mode fibers. The single-mode attenuation level is 
intrinsically slightly lower than m.ultimode one 
because of lower core dopant concentrations. In both 
figures the typical attenuation highest level is also 
shown indicating tolerances of the fiber manufactur
ing process. 

The information carrying capacity or bandwidth of 
a fiber is inversely related to its total dispersion. 
The total dispersion consists of mode, material and 
waveguide dispersions. Mode dispe~sion is depen~ent 
only on the fiber, while the mater1al and wavegu1de 
dispersions depend on the width of the wavelength 
spectrum from the light source. 

Mode dispersion occurs in multimode fibers because 
different modes travel different effective distances 
through the fiber. This causes light pul~e to spread 
out temporarily as it travels along the f1ber. For 
multimode step-index fiber this effect seriously 
limits the band-width to approximately 20 MHz per 
kilometer of length, or 20 MHz x km. For multimode 
graded-index fibers the bandwidth is increased to 
approximately 1 GHz x km. 

The rms pulse broading due to the modal 
dispersion for a graded index fiber is given 
by 12-14: 

t = m 20 (3c) 1/2 
(1 ) 

Where L is the length of the fiber, n1 is the 
refractive index of the fiber core, 6 is the relative 
refractive index difference defined for 6«1 as 6 = 
(n1-n2)/nf,.n2 is the.refractive ~ndex of. the . 
fiber cladd1ng and c 1S the veloc1ty of llght 1n the 
vacuum. Typically, for L = 103 m, n1 = 1.5, 6 = 
0.01 and c = 2.998 X 108, the rms pulse broadening 
is 14.4 ps/km for ideal fibers. 

Material dispersion is caused by the variation in 
refractive index of glass with wavelength. This 
leads to the light pulse spreading even when dif
ferent wavelengths follow the same path, because the 
speed of light in the fiber equals the speed of light 
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in a vacuum scaled by the index of refraction at a 
given wavelength. The rms pulse broadening due to 
the material dispersion is given by: 

Where th is the spectral width of the light 
source, L is the fiber length, c is the velocity of 
light in vacuum, A is the wavelength, and n1 is the 
refractive index of the fiber core. 

Also the pulse broadening can be expressed in 
terms of material dispersion parameter 

M A 

C 
[ps/km x nmJ 

Typically, for multimode graded index fiber having 

(2) 

(3) 

(4) 

m z 100 ps/km x nm and a light emitting diode used as 
a light source with an rms spectral width of 20 nm at 
wavelength of 1.3 ~m, the rms pulse broadening is 
2 ns/km. However, if an injection laser is used as a 
light source with an rms spectral width of 1 nm at 
the same wavelength, the the theoretical rms pulse 
broadening is approximately 100 ps/km for the optimum 
value of the core refractive index profile. Because 
of variations of the refractive index profile with 
optical wavelength and over the lengths of the fiber, 
the practical pulse broadening values lie in the range 
200-500 ps/km. 

Waveguide dispersion, which is also wavelength 
dependent, is significantly smaller than the material 
dispersion in multimode fibers because light is 
almost completely confined to the core. 

Multimode dispersion in a data transmission 
system can be completely avoided using a single-mode 
fiber which carries light only in a single-wavelength 
mode. In such a fiber no dispersion between modes 
can exist and very large bandwidths are possible. 
However, material and waveguide dispersions limit the 
bandwidth of single-mode fiber. Waveguide dispersion 
occurs because light in single-mode fiber is not 
confined completely to the core. About 20% of the 
light travels in the cladding adjacent to a step
index core. The refractive index of the cladding is 
lower than that of core and so the light travels 
somewhat faster than in core. The wavelength dis
persion is wavelength-dependent, although the change 
in wavelength dispersion with wavelength is smaller 
than that of material dispersion. Furthermore, the 
material and waveguide dispersion can have different 
signs and thus completely cancel each other out. In 
conventional germanium-doped silica fibers this 
"zero-dispersion" wavelength is near 1.3 ~m. 

In Fig. 7 the material dispersion of silica, 
curve (a), and the waveguide dispersion of step-index 
fibers having core diameters d of 3.5 and 11 ~m are 
presented as a function of the wavelength, curve (b) 
and (c). The combined effect of material and wave
guide dispersion is also shown, curves (d) and (e). 
Reducing the core diameter has two effects. The zero 
dispersion point is shifted to longer wavelengths and 
the gradient of the dispersion in the vicinity of 
zero gradient point is reduced. 

I 
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The zero dispersion point can be also shifted 
over a range of wavelengths by controlling Ge-doping 
density. 

The material and waveguide rms pulse broadening 
for a fiber of length L is given by the following 
equation 14 : 

(5) 

Where th is the light source rms spectral line
width centered at a wavelength A, c is the velocity 
of light in vacuum, p is the propagation constant for 
the mode in a vacuum, and S is the propagation cons
tant for a mode within the fiber core of refractive 
index n1. The constant S varies nonlinearly with 
the wavelength and it can be expressed in terms of 
the relative refractive index difference 6 and the 
normalized propagation constant bas: 

(6) 

When equations (5) and (6) are combined the depen
dence of the pulse broadening on the fiber material's 
properties and normalized propagation constant b can 
be obtained. These calculations give rise to three 
interrelated effect~ which involve cross-product 
terms. The final dispersion can be separated in three 
composite dispersion components in such a way that 

one of the effects dominate each term. These domi
nating effects are: 1) the material dispersion para
meter defined by A/C d2n/dA2 , where n = n1 or 
n2 for the core and cladding, respectively; 2) the 
wave-guide dispersion parameter defined as 
Vd 2(bV)/dV2, where V is the normalized frequency 
of the fiber defined by V = 211 n1 (26)1/2d/A' (d 
is the fiber core radius); 3) a profile dispersion 
parameter which is proportional to d6/dA. 

In addition to the dispersion components con
sidered above for a single-mode fiber, there are 
other higher order effects which impose limitation on 
the maximum bandwidth. These together with secondary 
effects, such as birefringence which arises from 
ellipticity or mechanical stress in the fiber core, 
give a fundamental lower limit to pulse spreading 
between 3.5 and 5 ps/km x nm. The maximum theoreti
cal bit rate for optical channel can be estimated 
from the expression BT (max) = 0.2/ts (bit/s). 
In this case the maximum bit rate is between 40 and 
57 Gbit/s if an injection laser with rms spectral 
linewidth of th = 1 nm is used as a pulsed light 
source and there is a small amount of intersymbol 
interference in the channel. Consequently, the max
imum theoretical bandwidth length product, B x L, is 
between 40 GHz x km and 57 GHz x km. 

Based on the above and available components the 
data transmission link will have the following speci
fications: transmission wavelength = 1.3 ~m, trans
mission data rate = 780 Mbit/s, single mode optical 
fiber core diameter = 8.3 ~m, fiber outside diameter 
= 125 ~m, optical fiber attenuation 0.4 dB/km, 
maximum dispersion of optical fiber = 3.2 ps/km, and 
strength = 50 kpsi. 

The Optical Receiver 

Optical receiver designs for fiber transmission 
have been addressed in various papers. Most of these 
papers have dealt with receivers for telecommunication 
applications. In this section results of the analysis 
from Ref. 14-15 will be presented for digital systems, 
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emphasizing the trade-offs between conflicting recei
ver design requirements for operation at bit rates 
above 700 Mbit/s. 

As a receiver bandwidth is increased to accom
modate higher transmission bit rates its sensitivity 
decreases. The receiver sensitivity is defined as 
the minimum optical power level required at the 
receiver input which allows it to operate reliably 
with a bit error rate less than a desired value. In 
this case it is given as the average optical power P 
required for a bit error rate, (BER), of 10-9• 

Bit error rate is defined by the ratio of bits 
incorrectly identified to the total number of bits 
transmitted. The receiver sensitivity is also often 
specified in terms of the average optical power nP 
which is detected by the photodetector, where n is 
the quantum efficiency of the photodetector. Until 
recently, PIN photodiodes fabricated from InGaAsP 
alloys grown epitaxially on high quality InP sub
strates were regarded, as most suitable for use in 
the low-noise optical receivers of long wavelength 
communication systems. However, recently, to in
crease sensitivity at high bit rates, extensive 
research has been done on detectors with internal 
gain. Of these devices reverse biased, avalanche 
photodiodes (APDs), exhibit high-speed response in 
the absence of large dark currents. 

Depending on their configuration, preamplifiers 
for optical receiver are classified into two types: 
high impedance and trans impedance designs, Fig. 8. 
The high impedance preamplifiers offer the lowest 
noise level and hence the highest detection sensi
tivity. However, the frequency response is limited 
by the RC time constant at the input making necessary 
an equalizer following the preamplifier to extend the 
receiver bandwidth. Furthermore, this design has 
limited dynamic range due to the high-input load 
resistance. The trans impedance amplifiers have a 
large dynamic range and bandwidth due to their nega
tive feedback. However, because of the thermal noise 
of the feedback resistor the preamplifier noise level 
is higher and sensitivity is lower than that of a 
high-impedance design. 

Based on the above analysis and availability of 
the components the optical receiver design for the 
wide band transmission system will have the following 
characteristics: planar InGaAs PIN photodetector 
having responsivity of 0.65 A/W at wavelength = 1.30 
~m, maximum data rate capability = 1.7 Gbit/s, 
transimpedance GaAs preamplifier sensitivity 
(at 1.7 Gbit/s (NRZ) and BER = 10-9) = -21 dBm, 
preamplifier sensitivity at 880 Mbit/s = -27 dBm, 
maximum optical input power (NRZ) for BER = 10-9 
and 1.7 Gbit/s = -7 dBm, transimpedance = 0.95 k~, 
high-frequency cutoff at -3 dB from midband = 1.1 
GHz, and lifetime larger than 108 hours. 

Data Processing and Storage 

Figure 9 is a simplified diagram showing the 
clock recovery, demultiplexing, error checking and 
processing of data for memory. The receiver signals 
are sent to a clock recovery and phase-locked loop 
system where the receiver clock is synchronized with 
the data received. The row sync word (RSW) detection 
circuits synchronize the incoming data with each 
group of 1024 words which corresponds to a group of 
four rows from four multiplexed blocks from the CCD 
image sensor. Demultiplexing the incoming data is 
accomplished by a serial-to-parallel conversion of 



the serial bit stream by taking the data from the 
Shift Register and temporarily storing it in the 
Parallel Data Register. Once the data are stored in 
the Parallel Data Register, parity checks are made on 
the incoming data. Row synchronization error detect 
circuits look for row sync errors and error flags are 
raised if parity or row synchronization should fail. 

By handling the incoming data in groups of rows 
from each of the four blocks, by serial to parallel 
demultiplexing, the demands on memory speed will be 
reduced fron 780 MHz to 15 MHz. This is a data rate 
easily met by memory chips using complementary metal 
oxide semiconductor (CMOS) technology. cr~os memory 
devices require very little power in the standby con
dition which is a desirable characteristic for backup 
battery operation. 

Data from the image sensor are transferred to mem
ory in parallel fashion, but the row sync 'and dummy 
words are ignored and not put into memory. The mem
ory storage system can be made in a straight-forward 
way using memory mapping techniques to reconstruct the 
image for visual di~play. For critical viewing,data 
will be processed by a computer. 

CONCLUSIONS 

Using available digital IC's, electro-optical and 
opto-electrical transducers and fiber optic cable, 
the design and implementation of an optical wide band 
data transmission system for 780 Mbit/s can be 
accomplished. The transmission and reception of data 
over single mode fiber optic cables at 1300 nm 
wavelength will be realized with very low bit error 
rates (BER) of 10-9. 

The reliability of GaAs components is very high 
for thermal, radiation, leakage and electromigration 
effects. System reliability is determined by the use 
of error checking schemes such as parity and row syn
chronization checks. Good thermal management tech
niques and layout with constant impedance lines and 
low differential delay will ensure excellent high 
speed operation with reliability. 
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Figure 5. Attenuation as a function transmission 
wavelength for multimode optical fiber 
qrowth processes: (a) inside vapor 
deposition, (b) vapor-phase axial 
deposition, and (c) outside vapor 
deposition. 
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Figure 6. Attenuation as a function of transmission 
wavelength for single-mode optical fibers. 
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Figure 9. Diagram showing synchronization, 
demultipiexing, error checking and data 
preparation for memory. 
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