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SYNOPSIS
An eight channel fiber optic digital audio
link operating at a bit rate of 512KHz has been designed
and implemented 1in this project and also we have

developed a software for fiber optic link simulation.

The system uses LED(HFBR 1402) of 850nm wavelength
as the 1light source, and PIN diode(HFBR 2402) as the
detector. The voice signals are multiplexed wusing an
analog multiplexer and is fed to an A/D converter for
digitisation. The  output of the A/D converter is
manchester coded and this signal intensity modulates the
light source. the optical signal is sent through the
fiber and detected at the other end using the PIN diode.
It 1is then decoded, demodulated, demultiplexed and fed
to the loudspeaker for voice reproduction.

A software for fiber optic link simulation has also
been developed in this project. This software helps the
designer to select the LED, detector and to design the
system using them. The variables related to the fiber,
LED and detector are stored in an array. The software
does both power budget analysis and rise time budget
analysis. It outputs whether repeaters are required or
mnot and how many numbers are required. It also specifies

whether communication is possible in NRZ format or not.
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CHAPTER 1

INTRODUCTION

Many forms of communication Systems have appeared
over the vyears. The principal motivations were to
improve the transmission fidelity, to increase the data
rate and to increase the transmission distance. Data is
usually transferred over the communication channel by
superimposing the information signal on to a
sinusoidally varying electromagnetic wave which is known
as the carrier. At the destination the information is
removed from the carrier and then processed to get back
the original signal. Since the amount of information
that can be transmitted is directly related +to the
frequency range over which the carrier operates, the
need to go to the optical frequencies were imparative
as the frequencies were of the order of 5 x ig Hz. Thus
the information capacity of optical systems exceeded
the microwave systems by a factor of lOswhich has led to
the developement of economically feasible optical fiber.

Communication systems that can carry 1live telephone,

cable TV and other types of telecommunication traffic.

1.1 PRINCIPLE OF OPERATION OF FIBER OPTIC SYSTEMS

The key sections of a optical fiber transmission
link are a transmitter consisting of the light source
and its associated drive circuitry, a optical cable

containing several hair thin glass fibers and a receiver



consisting of a photodetector plus amplification and
signal restoring circuitry. (Fig.l.l) A light source
either LED or LASER diodes, which is dimensionally
compatible with the optical fiber is used to launch
optical power into the fiber. An optical source is a
square law device. i.e. a linear variation in drive
current results in a corresponding linear change in
optical power output.

At the receiver, the attenuated and distorted
modulated optical power emerging from the fiber end will
be detected by a Photodetector which can be PIN or APD
depending on the application. The principle figure of
merit for a receiver is the minimum optical power
necessary to maintain a given error probability for
digital systems or a specified S/N ratio for an analog
system. The optical signal thus received is converted to
its electrial form, the detector also being a square law
device.

1.2 BASICS OF OPTICS

The working of optical fibers depend on basic
principles of optics and the interaction of light with
matter. From physical stand point, light can be seen
either as electromagnetic waves or as photons,quanta of
electromagnetic eénergy. Both view points are valid, but
the most useful view point for optics often is to
consider light rays travelling in straight lines between

optical elements, which can reflect or refract them.



1.2.1 REFRACTIVE INDEX

The most important optical measurement for any
transparent material is its refractive index (n). The
refractive index is the ratio of the speed of light in
vaccum to the speed of light in the medium.

n=Cvac/Cmat

1.2.2 SNELL'S LAW

Although 1light rays travel in straight iines
through optical materials, something different happens
at the surface. Light is bent as it passes through a
surface where the refractive index changes. The amount
of bending depends on the refractive index of the two
media and the angle between them. This relation ship is
known as Snell's law.

ni Sin (8i) = nr Sin (8r)
where,

ni and nr are refractive indices of the
initial and the final medium into which 1light is
refracted and I and R are the angles of incidence and
refraction respectively. According to this law
refraction cannot take place when the angle of incidence
is too large i.e. if the angle of incidence exeeds a
critical value, called the critical angle , where
Sin r =1 (i.e r = 80 ). At this angle of incidence
light wundegoes total internai reflection. It is this
phenmenon that keeps light confined in optical fiber.
The critical angle decided by SNELL'S law is given as

critical angle = arc Sin(nr/ni).
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CHAPTER 2

ELEMENTS OF FIBER OPTICS

2.1 Introduction
The ensuring developement of fiber optical

transmission systems has resulted in the implementation
of a transmission link, which has inherent advantages
over the conventional electrical systems in the field of
telecommunications. An optic fiber transmission 1link
comprises the basic elements,

a) a transmitter

b) optical fiber

Cc) a receiver

2.2 Optical fiber

The optical fiber consists of a central dielectric
cylinder 'core' surrounded by another dielectric
cylinder called 'cladding’ (figure2.1). The refractive
index of the cladding is less than that of the core. so
the cladding keeps the 1light within the core the
cladding is surrounded by a jacket which protects the
fiber from moisture, abrasion and other external
contamination. The fiber can be made either of glass or

plastic.

2.2.1 Types of fibers

Variations in the material, composition of the core

give rise to the two commonly used fiber types. The

10



types and their characteristics are discussed below.

a) Multimode step index fiber
b) Monomode step index fiber

c) Multimode graded index fiber

a) Multimode step index fiber

This fiber has a larger core diameter. Here the
incident 1light takes several modes. This leads to
intermodal dispersion. The numerical aperture of
multimode fibers is larger than monomode fiber and hence
LED's can be used as light sources to couple light into

the fiber.

b) Monomode step index fiber

The refractive index of the core of the step index
fiber 1is uniform throughout and undergoes an abrupt
change or step at the cladding boundary. There is only a
single mode of propagation and the core diameter is
less. Hence it must be excited with laser diodes. It has

a wide band width , less dispersion and

-}gss i but

<
Vet ¢ I
the cost is high. */ \ v Cﬁa%

\\BRA“ )D/ /\
c) Multimode graded index fiber \\Ei:j,wﬁ/»?
dore -

In this fiber , the core refractive index is made
to vary as a function of the radial distance from the
center of the fiber. Here also there are many modes of
propogation, but all the rays reach the other end at the
same time. As the ray travels from the center of the

core to the sides , the refractive index decreases.
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As the refractive index decreases + the velocity of the
wave increases and so even though the light rays take
different paths , they reach the receiver at the same
time. This type of fiber has small dispersion , larger
band width and low loss.

The various types of fiber with their core and

cladding is illustrated in figure 2.2.

2.2.2 FIBER CHARACTERISTICS

Band width
Optical fibers have a higher band width , when
compared to conventional cables. The band width is
inversely proportional to the length of the fiber for
distances upto 1Km and is inversely proportional to the
square of the length for greater distances. A band width

upto 18GHz.Km is possible , but is limited by pulse

dispersion.

Bidirectionality
This is accomplished by transmitting two different
wavelengths simultaneously in opposite directions

through one fiber.

Transmission loss or fiber loss

The attenuation of a 1light signal as it

12



propagates along the fiber is useful in determining the
maximum transmission distance between repeaters and also
the type of transmitter and receiver used. The basic
attenuation occurs as absorption , scattering and
radiative losses of energy occurs in the fiber.

Absorption is caused by three different mechanisms

1. Absorption by atomic defects in the glass
composition.
2. Extrinsic absorption by impurity atoms in the glass

material of the fiber.
3. Intrinsic absorption by the basic constituent atoms
of the fiber material.

Scattering losses in the fibers arise from
microscopic variations in the material density from
compositional fluctuations and structure inhomogenities
or defects occuring during fiber manufacture.

Radiative losses occur whenever an optical fiber
undergoes a bend of finite radius of curvature. The
bends may be microscopic or macroscopic. The

attenuation specturm of a fiber is shown in figure 2.3.

Signal distortion
An optical signal may become distorted as it
travels along a fiber. This distortion is a consequence
of intermodal dispersion and intermodal delay effects.
Intermodal dispersion 1is pulse spreading that
occurs within a single mode. Pulse spreading is depicted

in figure 2.4 .

13



The two main causes of intermodal dispersion are
1. Material dispersion that arises from variation of
refractive index of the core material as a function of
wavelength.
2. Wavelength dispersion occurs because of variable
modal propagation constant.

Pulse spreading and intersymbol interference is
also due to intermodal delay which arises due to the
differences in group velocities of a signal mode at each
frequency. As a pulse spreads due to dispersion along
the fiber , these dispersive properties determine the
limit to the information capacity of an optical wave
guide , wusually specified by the bandwidth distance
product in MHz.Km . The dispersion spectrum of the fiber

is shown in figure 2.5 .

2.3 Choice of wavelength

For glass fibers , the small loss between 800 and
900 nm makes this region practial even for long distance
links. This region is called first transmission window.
In the range 1300 to 1600 nm , glass losses are lower.
This region is divided into two parts by the OH
absorption peak that occurs just below 1400 nm. In this
range we have the second transmission window around
1550 nm. The total chromatic dispersion Af a single

mode step index fiber is zero at 1300 nm and hence

14



useful for 1long distance transmission. The total

attenuation is around 0.4 - 0.5 db/Km at 1300 nm and it
is much lower at 0.16 db/Km at 1500 nm. Hence for long
distance transmission higher bandwidth fibers are used.

The plastic clad silica fibers generally have more
attenuation than glass fibers. Operation on these fibers
is possible in the infrared and in the visible spectrum
over moderate path lengths. Losses for all plastic fiber
are quite high. Only short +transmission paths are
possible with these fibers. The performance
characteristics of commercial fibers is shown in

table 2.1.

2.4 Optical sources

An optical source converts the input electrical
signal to changes in light if the drive current varies
accordingly. An optical source is square law device as a
linear change in drive current results in corresponding
linear change in the optical output bPower. The principal
light source used are heterojunction structure
semiconductor laser diodes and light emitting diodes.
2.4.1 Light emitting diodes

To be useful in fiber transmission application a
light emitting diode(LED) must have a high radiance
output , a fast emission response time and a high
quantum efficiency. To achieve this , the configuration

most widely used is a double-heterostructure device.

15



The two basic LED configurations are surface
emitters and edge emitters. Their structures are shown
in figure 2.6. In the surface emitter the plane of the
active 1light emitting region is oriented perpendicular
to the axis of the fiber. The edge emitter is source of
incoherent light and two guiding layers. This structure
forms a wave guide channel that directs the optional
radiation towards the fiber.

2.4.2 Laser diode

For optical fiber systems the laser sources used
exclusively are semiconductor laser diodes shown in
figure 2.7 . The output radiation is highly
monochromatic and the light beam is very directional.
The 1lasing action is a result of photon absorption ,
spontaneous emission and stimulated emission. For high
speed long distance communications , single mode lasers
are used whose spectral density of the optical emission
is very narrow. The basic limitation on the modulation
rate of laser diodes depends on the carrier and photon

lifetime parameters associated with the operation of

laser.
2.4.3 Comparison

The spatially directed coherent optical output
from a laser diode can be coupled into éither single
mode or multimode fibersiwhere as LED's afe used with

multimode fibers.

16



For bit rates less than 100-200 Mbits/sec LED's
are usually the best light source choice as it requires
less complex drive circuitry than laser. For bit rates
higher than 200 Mbits/sec laser diode is prefered, which
has response time less than 1 ns. They have optical
bandwidths of 2 nm or less and in general are capable of
coupling several milliwatts of power into small core.
the typical characteristics of diode light source is

shown in table 2.2 .

2.5 Optical detectors
At the receiver , the light energy is converted
into electrical energy which is then amplified and
processed to recover the original information. This is
done by 1light sensors 1like PIN photo diodes and
avalanche photo diodes (APD). The photo detector
converts the received optical power directly to
electrical current output and makes it suitable for
processing.
2.5.1 PIN photodiode
The most common semiconductor is the PIN photo
diode shown in figure 2.8. This operates under reverse
bias condition. When light energy falls on the surface
of the diode it penetrates the N layer and is absorbed
exponentially through the PN device. As the photons are
absorbed , electron-hole pairs are generated. Thus the

resulting current flow due to the recombination of

17



electrons and holes is known as photo current

The two 1important characteristics of the photo
diode are the gquantum efficiency and responsivity which
depend on the material band gap and operating
wavelength , the doping and the thickness of the P , I

and N region.

2.5.2 Avalanche photo diode

Avalanche photo diode multiply the primary photo
current internally due to impact ionisation which
results in increased photo sensitivity. It needs a high
reverse bias voltage. Electrons released by the photons
bombard the nearby atom to release more electrons. This
is known as avalanche mechanism. The reach through
construction is the commonly used structure and carrier
multiplication is achieved with very little
noise (fig 2.9).
2.5.3 Comparison

A PIN photo diode receiver is simpler , more
stable with changes in temperature and also it is 1less
expensive than an APD receiver. In addition , PIN photo
diode bias voltage are normally less than 50 volts ,
whereas those of APD are several hundred volts. If low
optical power levels are to be detected , then APD's
are used because of their higher sengitivity. The
typical characteristics of junction photo Aetectors is

shown in table 2.3 .
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CHAPTER 3

ADVANTAGES OF DIGITAL TRANSMISSION SYSTEMS

3.1 Introduction

In this chapter first we deal with the
advantages of digital voice transmission and then about
the advantages and drawbacks of digital communication
systems in general.

3.2 Advantages of Digital Transmission

In analog voice transmission, the effect of noise
and interference is most apparent during speech pauses
when the signal amplitude is nearely =zero. Even
relatively low noise levels can be quite annoying to a
listner during speech pauses. The same levels of noise
may be unnoticeable when Speech is present hence, it is
the absolute noise 1level of an idle channel that
determines the analog speech quality.

Digital Speech transmission overcomes many of the
problems faced in the analog systems. In a digital
system, speech and Speech pauses are encoded with data
pattern and transmitted at a constant poWer level.
Signal regeneration at regular interval bringing the
signal to the original level virtually eliminating all
noise due to the transmission medium. Thus, the idle
channel noise is determined by the encodingiprocess and

not by the transmission link in digital systems.
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The ability of digital +transmission to reject
crosstalk 1is superior +to that of an analog system.
First, 1low level crosstalks are eliminated because of
the constant amplitude signals. Second, high amplitude
crosstalks result in detection errors and such are
unintelligible. Intelligible crosstalks that occur in
analog systems are particularly undesirable since it
violates privacy.

Other advantages of digital transmission systems
include the ability to support non - voice services,
easy data encryption and performance monitoring. The
signal structure in a digital system is independent of
the nature of the traffic and therefore the quality of
the received signal can be accertained with our
knowledge of the traffic type.

Some advantages of digital communication systems
are given below.

l. Errors often can often corrected.

2. Signal manipulation (eg. encryption) is simple to
perform.

3. Greater dynamic range (difference between largest
and smallest value) is often possible

We may now expand these advantages. The major
advantage of digital communication lies in its error
correcting capability. This concept is critical. As

long as possible signal waveforms are not being
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transmitted, the receiver can often recognise when an
error has ben made. Sometimes this recognition is
enough, but often the error is also corrected
automatically at the receiver.

Fig 3.1 Contrasts an analog communication
system to a digital system. Note that in the analog
system, amplifiers appear along the transmission path.
Each amplifier introduces gain, but it amplifies both
the signal and any additive noise that exists along the
transmission path. The lower part of Fig 3.1 shows
the digital communication system. Note that the
amplifiers of the analog system has been replaced by
regenerative repeaters. The repeaters not only perform
the function of amplification but also "clean up" the
signal. The input signal can take on only one of the
two possible values, zeros or ones. Then, the repeater
must only decide which of these two values is present in
any particular interval, then reproduce that exact
value for transmission over the next log of the channel.

The second advantage of digital communication
relates to the fact that we are dealing with numbers
rather than waveforms. These numbers can be manipulated
by microprocessors. Complex operations can be easily
performed in order to accomplish signal - processing
functions or security in transmission. Comparable
analog operations would require complex hardware.

The ﬁhird advantage rélates to dynamicgrange. This

can be illustrated with an example. Traditional analog
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phonograph disc recording suffers from limited dynamic
range. Very loud sounds require extreme variations in
the shape of the groove on a record, and it is

difficult for the needle to follow the variations.
Digital recording do not suffer from this problem, since
all amplitude values, whether very small or very large,

are transmitted using the same limited set of signals.

3.3 Disadvantages Of Digital Communication
All is not ideal. There are disadvantages
to digital communication when compared to analog
communication. They are,
1. It generally requires more bandwidth than analog.
2. Synchronisation is required.

Digital systems generally require more bandwidth

than as analog systems. For example a voice channel can
be transmitted wusing single - sideband AM with a
bandwidth of less than 5KHz. Transmitting the same

signal wusing digital techniques can require at 1least
four times this bandwidth.

An additional disadvantage is the need to provide
synchronization throughout the digital communication
system. It 1is important for the system to know when
each éymbol is starting and stopping, and to properly

associate each symbol with the correct transmission.
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CHAPTER 4

DESIGN ASPECTS OF DIGITAL AUDIO LINK

4.1 Introduction

The simplest transmission link is a point to point
link having a transmitter on one end and receiver on
the other. An optical fiber communication system is
similar in basic concept to any type of communication
system. A block schematic of a general communication
system and that of the optical fiber communication
system is given in Fig 4.1.

Here in this project we have developed an
Eight Channel Digital Audio Link wusing easily
available components. The audio link desigﬁed here is
highly different from the system presently used by
TELECOM. Economically our system is more preferable.
In TELECOM they are using digital multiplexing while
here we are using analog multiplexing. It gives the
same quality signal which a digitally multiplexed signal
provides. The main advantage is that here we have to
use only one A/D converter.

The block diagram of the eight channel fibre optic
digital audio 1link is shown in the figure.The output
from the microphone is bandlimited to 4KHz. Using a low
pass filter. The output of the filter are then given to

an analog multiplexer.
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The output of the analog multiplexer 1is then
digitized wusing an A/D converter. Parallel to serial
converter serialises the output of the A/D converter.
The serial output is then given to the line coder. The
coder data is fed to the LED driver.

The optical receiver at the end reconverts the
signal back to its electrical form. Manchester decoder
circuit extracts the clock from the data stream. The
data ouptput is then fed to the serial to parallel
converter. The parallel data output is given to the D/A
converter which gives the analog output of the
multiplexed audio which 1is given to the analog
demultiplexer. The output of the demultiplexer is
sharped out using a low pass filter and then fed to the
loudspeaker for voice reproduction.

In this chapter +the circuit details of the

transmitter and receiver are discussed in detail.

4.2 Transmitter Design

Fig 4.2 shows +the block schematic of the
transmitter of audio fiber optic communication system.

4.2.1. Microphone

Microphone 1is an electro acoustic transducer used
to convert acoustic energy into electrical energy. The
carbon microphone is widely used for telephone and radio
communication purposes. Tts high electricdl output, low

cost and durability are of greater significance than
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fidelity of response.
4.2 Filter

The human ear is capable of perceiving frequencies
in the range 16Hz to 20KHz which is the audio range.
Speech produces an narrow band of frequencies 100Hz to
10KHz in the audio range. If all the frequencies
present in speech waveform is transmitted, the received
speech 1is almost natural. However, the speech remains
intelligible even if some upper and lower frequencies of
the speech spectrum are rejected. A reduction in
bandwidth is desirable as it reduces the cost of the
communication systems. An acceptable level of
intelligibility of speech is obtained by transmitting
frequencies in the range of 300 - 3400Hz.

So here the signal from the microphone is band
limited to 4KHz using a butterworth low pass filter with
a cutoff frequency 4KHz. A second order butterworth
filter is preferred as it provides a slope of 40db per

decade. This signal is fed to the modulator for

further processing.
4.2.3. Analog Multiplexer
Use of analog multiplexer reduces the cost in
multichannel communication systems as we have +to use
only one digitizer. The IC chip used for this purpose
is MC 14051B which can be used both as a multiplexer and
demultiplexer. This device contains eight bidirectional

analog switches each with one side connected to
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independent input/output and the other side connected to
a common Input/Output. With the enable input low one of
the eight switches is selected by the address inputs to
the chip. Four bit binary counter chip 74LS163 is used
to provide the address inputs. The clock input to the
counter determines the sampling rate. The sampling is
done at a rate of 64KHz. This is derived from a 512KHz
clock by dividing it by using a counter.
4.2.4 Analog To Digital Converter(Digitizer)

ADC 0800 is used to digitize the audio signal.
It is an 8-bit monolithic A/D converter. It contains a
high input impedance comparator, 256 series resistors
and analog switches, control logic and output 1latches.
Conversion is performed using a successive
approximation technique where the unknown analog voltage
is compared to the resistor tie points wusing analog
switches. It can handle analog input voltages in the
range +5V or -5V.

Simply tying the EOC output to the start conversion
input will allow continuous conversions, but " an
oscillation on- this 1line will exist during the first
4 - clock periods after EOC goes high. Adding a D flip-
flop between EOC and start conversion will prevent the
oscillations and will allow a stop/continuous control
Via the clear input. The circuit details for the
continuous operation on a A/D converter is shown in the
figure. The input clock frequency to the A/D converter

is 64KHz.
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4.2.5 Parallel To Serial Converter

The 8-bit parallel output of the A/D converter has
be made serial for transmitting the coded data through
fiber. The IC chip used for parallel to serial
conversion 1is 74LS166 which is an 8-bit parallel 1locad
shift resister. Aall the inputs are buffered to lower
the drive requirements to one normalized load, and input
damping diodes minimizes switching transients to
sampling system design. The load mode is established by
the shift/load input. When high this input enables the
serial data input and couples the 8-flip flops for
serial shifting with each clock pulse. When 1low the
parallel data inputs are enabled and synchronous loading
occurs on the next clock pulse.
4.2.6 Line Coding

A recovery of a synchronous clock, synchronous both
in terms of phase and fregency, at the receiver is g
must for any synchronous digital 1link. A long string of
zeros and ones, in lack of transitions in data could
make the receiver clock lose synchronization., Line
coding introduces sufficient transitions in the data for
case of clock recovery. Also a certain pattern of data,

like long strings of zero's and one's, would result in a

strong dc component in the transmitted signal. Such a

dc component is often not desirable, line coding shifts

the spectrum and avoids the dc component.
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Here in this project, the simplest 1line coding
scheme 1s used namely manchester coding. Here each
zZeros is transmitted as a zero followed by a one and
each one is transmitted as a one followed by a zero as
shown in Fig 4.3. Thus a transmission is introduced
at the middle of each déta bit, which can be wused to
easily recover the clock at the receiver. This is
realized wusing a D flip - flop 7474 and an X-OR gate
7486.

4.3 Receiver Design

Fig 4.7 shows the block schematic and Fig 4.5
shows the detailed circuit diagram of the audio fiber
optic communication system.

4.3.1 Optical Receiver

The optical data through the fiber is coupled to
the optical receiver consisting of a photodiode. The
output of this optical receiver is then passed to the
manchester decoder circuitry.

The HFBR 2402 fiber optic receiver incorporate a
monolithic photo IC which contains a photodetector and a
dc amplifier. An open collector schottky transistor on
the 1IC provides compatibility with TTL and CMOS logic.
The maximum data rate it can handle is 5Mbits/sec with a
BER of lO—9 - The wavelength handled is 820nm.

4.3.2 Optical Transmitter

The HFBR 1402 fiber optic Eransmitter‘ contains a

820nm LED. The cathode lead and three anode leads of

the 1light emitting diode are available allowing the
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drive circuit configuration shown in fig 4.6

The source is capable of operating under a BW of
5Mbits/sec. The emitter drive current from the
transistor 2N2222 has to be 20mA minimum to drive the
LED. 2N2222 is a high speed switching transistor and
the drive circuitry has ben designed such that it
accepts an input that is TTL compatible.
4.3.3 Manchester Decoder

Manchester decoder is realised using a monostable
multivibrator, a £flip - flop and X-OR gates. The
chips used are 74221, 7474 and 7486. The clock is
recovered from the data by means of the monostable
multivibratbr. This recovered clock is wused as
receiver clock. The Q output of the 7474 is the
manchester decoded data which is fed to lthe

demultiplexer. Decoder circuitry is shown in fig 4.4.

4.3.4 Serial To Parallel Converter

The input to D/A should be in the parallel form.
The output of manchester decoder has to be made parallel
by wusing a serial to parallel converter. The IC used
for this is 74LS165.This has a serial load 8 bit shift
register. The output of serial to parallel converter is

applied to the D/A converter.
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4.3.5 Digital To Analog Converter

DAC 0800 is used to convert the digital signal to
analog. It is a monolithic 8-bit high speed current
output digital to analog converter featuring typical
settling times of 100ns. The noise immune inputs of the
DACO800 will accept TTL levels with the logic threshold
pin, VLC pinl is grounded. Power dissipation is only
33mW with +5V or -5V supplies and is independent of the
logic input states.
4.3.6 Analog Demultiplexer

MC 14051B is used as the analog demultiplexer. It
is an 8 channel analog multiplexer/demultiplexer with
three address inputs, an active low enable input, eight
independent inputs/outputs and a common input/output.
The address inputs are provided by a 4-bit binary
counter 74LS5163, is supplied with a clock which is
desired from the main clock recovered using manchester
decoder. The clock recovered using the manchester
decoder is divided by "8" and is provided as the input
clock to the counter.

4.3.7 Shaping Circuit
The shaping circuit used here is a low pass filter.

The filter is a second order low pass butterworth filter
using LM741. It has cutoff frequency of 4KHz. The
output of the D/A converter has lot of ripples in the
output. They have to be smoothened out to get the

original analog output. This is done by the low pass
butterworth filter.
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4.3.8 Loudspeaker

Loudspeaker is an electro acoustic transducer +that
converts electrical variations to sound variations. Tts

impedance is 8-ohms and it gives an output of 5 watts.

43



NOIYNIIcIg g

— - - — -

Wilglo 20:5_23228 83did  voIdo q Zumu_u

INI23Y WO T3

¥3INIDIY WO

39D 9395 WL

WELSKS NOWDINDUMG>  Tv8aNID v Lt By

YOS DI e

LIWSNYY)  vo1¥)531

PYos

NOLVINYOINT

44

NONVYNIISIA] se—— JOIVINIOWNI JIARIIY -

WNid3Ly

- NOBSTHSNYy

AOUNog

NOIVWIOINT |




Qv

Yadid

a3n

daLLINONVAL 30 INVYEDVYIA

M0y Gy

Q
(zuv z1g)
M207D
B
43dod 4 ¥AY¥IANDY
"IN FILEIHONVYI RUANELS
Ol
13TIVHEYY

"

Y

@ddT  t=—o
. p HILNNOD
lid ¢
_$ 2497 o
- 9447 |
ety
et — ﬁx Q dd7 e
3¥INNDD XDy _ V341 o
aly HOTYNY _
)
€ dd1  |l4—o
il
2441 e
L4471

<Z 40 U45 ~Z o T =W0



"Y3IAOINT Y ILSTHONVIA

v B

dlo
vivg d3doo s 201>
YBISTHINYLY -
, . vivd
43daoy
$BISTHINYIA i
o 0 ! T o 0 o 0 ©

<&

yING

© 6o T 7 T o 1 oo 1o

MO01D

¥1d
) 9

Y.¥).

(dJo ¥aAxadIrnkl)
V) <
44 ¢ dlh vava
¢
PPN -



W3A0Y3E MILSTHONVIN 4t D1t

2ON

||.r*h” W NTZ B DA A
)
l¢ .

jdory
|
J
>~ 0g9
7
<3t
gl
o0
A 122574,
viva m_Ju ¢ Y 9 984 +
Qa3aranay o } "Yivdg
— g Y s o \\: ' a300
. 22ISIHON
N ¢ Z L Vil d3A3103Y
xJUAu._I_I
)
e|o 4 ) A uuv,\
9“—“ | ‘ -
EZ N )




I

A¥U0D¥D IANA g NOWVYINTD WDOTD @«..m&

3d0g = 3d o
T

ONId WOY] _ \ M _

Z2TL NI
dlo Wa dlo W01

48

147 +0.ﬁ

(4244
49 4H

nZa

104 1BVIYVA Y ﬁ ‘ h\ _
Hhm
T

__]

< M|

ni.,% ve W
1

g+ |




AIN3D 3Y

1

Q@ 441 %

2 44 ™

9 4471 e

G 447 -

Vo347

I

¢ dd7 =

¢ 247

1 347

YNNG
iita
&

-

XNW3q

HOIYNY

oy ———

H3aang
Y
A
MO
100
¥3d0aq
LELRUATY
muk&mZAOv - EICEI WIS AN

NI

v/d IViYIS

40

WYYOY| (|

%207

Y3411dWY 344

L oy
¥012313q
d3414
M.,




(GRETER W

FIBER QPTIC LINK SIMULATION




CHAPTER 5

FIBER OPTIC LINK SIMULATION

5.1 Introduction

In this chapteer we discuss the details to develop
a software in order to simulate a filter optic 1link,
satisfying the speed, distance and bit error rate
requirements of the user. The design of an optical 1link
involves many interrelated variables among the fiber,
source and detector operating characteristics so that
the actual link design and analysis may require several
iterations before they are completed satisfactorily.
The key system requirements needed to simulate a 1link
are.

1. The bit error rate(BER).

2. The desired transmission distance.

3. The data rate or channel Bandwidth.

In order to satisfy the above mentioned
requirements we have a choice of step index or graded
index fibers, LED, Laser diode or single mode laser
diode as transmiters, PIN diode or avalanche photo diode

as detectors.
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5.2 Specifications and system considerations

In the 1link power budget, a decision on the
wavelength at which transmison should take place is
chosen, on basis of transmission distance. If the
distance over which the data is transmitted is less, then
the wavelength range 800-900nm can be used. But if the
distance is larger, we take advantage of lower
attenuation and dispersion occuring at wavelength around
1300nm.

Once we have decided the wavelength, we
interrelate the performance of the receiver, transmitter
and the optical fiber. The procedure we follow is to
select the photo detector first . Then choose an optical
source and see how far the data can be transmitted over
a particular fiber before a repeater is needed in the
line to boost up the power level of the optical signal.
In choosing the photo detector, we mainly need to
determine the minimum optical power that must fall on
the photo detector to satisfy the BER requirment at the
specified data rate. The design cost and complexity
constraints can also be taken into consideration. The
PIN diode is more simple, stable with temperature
changes and 1less expensive. Also +the bias voltage
needed are less than 50V. But the increased sensitivity

of APD overrules all other disadvantages it has.
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The parameter involved in deciding between the use
of LED or laser diode are signal dispersion, data rate,
transmission distance and cost. The spectral width of
the laser output is much harrower than that of I1,ED.
This is important in the range 800-900nm, where spectral
width of an LED and the dispersion characteristics of
fibers limit the data rate - distance product to around
150(Mb/s) Km. For higher values up to 2500(Mb/s)Km the
laser is the only alternative at these wavelengths. At
1300nm wavelength signal dispersion is very low, and a
bitrate-distance product of atleast 1500(Mb/s)Km is
achievable with LED's.

Since laser diodes typically couple 10 to 15dbm
more optical power than an LED into a fiber, greater
repeaterless transmission distance is possible with a
laser. This advantage and the lower dispersion
capability of 1laser diodes may be offset by cost
constraints.

For optical fiber we have a choice between single
mode, multimode glass and Plastic fiber, either of which
has a step or graded index core. This choice depends
upon the type of light source used and on the amount of
dispersion than can be tolerated. For, multimode
fibers, LED sources are used. ,The optical power that
can be coupled into a fiber depends on the core
cladding index differencé, which in turn fs related to
the numerical aperture, of the fiber.
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The single mode or multimode fiber can be used with
a laser diode. A single mode fiber can provide the
alternate bit rate distance product (30Gb/s.Km) . But
their small core size makes fiber splicing more
difficult and critical than for multimode fibers with
50 micro meter core diameters.

For plastic fibers LED sources are used. But this
plastic fibers are not advisable for large distance
transmission because of high loss.

5.3 Detector Selection

There are two classes of detectors available to us.
They are PIN diode and avalanche photo diode(APD). The
characteristics associated with these components which
are to be taken into consideration when selecting them
are,

a. Responsivity.
b. Operating wavelength.
C. Speed.
d. Sensitivity.
5.4 Optical Source Selection

The different optical sources at our disposal are
single mode laser diode, light emitting diode(LED) and
laser diode. Their different characteristics to be
taken into account for a link design process are.

a. Emission wavelength.
b. Special line width.

c. Output power.
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d. Effective radiating area.
e. Emission pattern.
Fiber Selection
Based on the type of receiver and transmitter
selected earlier, step index fiber or graded index fiber
is selected to complete the link design process. The
factors to be considered for choosing a fiber are.
a. Core size.
b. Core refractive index profile.
c. Band width.
d. Attenuation.
e. Numerical aperture.
5.5 Link Power Budget
An optical power loss model for a point-to-point
link 1is shown in Fig 5.1. Theoptical power recieved at
the photo detector depends on the amount of light
coupled into fiber and the 1losses in the fiber,
connectors and splices. The link loss budget is derived
from the sequential loss contribution of each element in

the link. Each of these loss elements are expressed as.

Loss = 10 log (Pout/Pin) db
10
where,
Pout = Optical power output
Pin = Optical power input

A 1link margin of 6 to 8 db is generally used for

systems that are not expected to have future expansions.
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The link loss budget considers the total optical power
loss 'P', that is allowed betwen the light sources and
photo detector and allocates this 1loss to cable

attenuation, connector splice loss and system margin.

where,

P ~ Receiver sensitivity.

P - Power emerging from the fiber end attached

to light source.

P =2%1 + o *L + System margin
T c £

where,

1 -~ Connector loss.
c

& - Fiber attenuation (db/Km) .
£

L - Transmission distance.
The splice loss can be incorporated into the cable
loss for simplicity. The link power budget can be

graphically represented as shown in Fig 5.2

5.6 Rise Time Budget
A rise time budget analysis is a convenient method
for determining the dispersion limitation of an optical
fiber link. 1In these analysis,
2 2 2 2 1/2

t =(t. +t + t +t )
Sys  tx rx “mat
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where,

t - Transmitter rise time.

tx

t - Receiver rise time.

rx

t - Material dispersion time
mat

t - Modal dispersion time
mod

Generally the total transition time degradation
should not exceed 70% of a NRZ bit period or 35% of +the
bit period for Rz data, where one bit period is defined
as the reciprocal of the data rate.

The rise time of transmitter and receiver arde
generally known to the designer. The transmitter rise
time 1is attribuitable primarily to the light source and
its drive circuitry. The receiver rise time results from
the photodetector responce and the 3-db electric band
width of the receiver in MHz, then the receiver front

end rise time is,

t = 350/B .
rx rx

For multimode fibers the rise time depends on the
model and material dispersions. It's analysis is more
complicated since it is a function of the fiber length,
the type of optical source, used and the operating
wavelength. Material dispersion effects can be neglected
for laser sources at both short and long waéelengths and

for LED's at long wavelength's. In the wavelength range
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of 800 - 900 nm, material dispersion adds about 0.07
nm/Km to the rise time.

For long continuous fiber which has no joints, the
fiber band width decreases linearly with distance for
lengths less than model equilibrium length 'L'. For
lengths greater than 'L' a steady state equilibrium
condition has been established and the bandwidth
decreases as 'L' increases. Practically an optical
fiber 1link seldom consists of a continuous Jjointless
fiber. Several fibers are concatenated to form a long
link, which complicates the situation because modal
redistribution occurs at the fiber to fiber joints in
the cable.

This is a result of misaligned Jjoints, different
degrees of mode mixing in individual fibers and the most
important being the different core index profiles. The
core index profile influences the degree of modal
dispersion - induced pulse spreading in a fiber and
depending on the wavelength minimises the pulse
dispersion. The bandwidth B (L) in a link of length
'L' is, .

q
B (L) =B /L
M 0

where,

B - Bandwidth of a 1Km length of cable.
0

9 - A parameter ranging between 0.5 and 1.

" A reasonable estimate for q is 0.7
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3-db 3-db FWHM
where,
t - Full pulse width at its half minimum
FWHM value
1/2
t = 2%t =26(2*1n 2)
FWHM 1/2
Letting t to be the rise time resulting from
FWHM

model dispersion, then

q q
t =0.44/B =0.44%*71, / B =440*L /B ns.
mod M 0 0

All these finally gives a total system rise time of

2 2 2 2 q 2 2 1/2
t = [t +D *6  *L +(440*L /B ) +(350/B ) ]
sys tx mat lam 0 rx
where,

6 - is the spectral width of the optical source

lam
D - Material dispersion factor of the fiber
mat (given in ns/nm.Km)
And all times are given in nano seconds. In 800-

900nm region the value of D is about 0.07ns/nm.Km and is

negligible around 1300nm..1m 10
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CHAPTER 6

SOFTWARE DETAILS

This software allows the user to select the fiber,
transmitter and receiver at a particular wavelength.
The software outputs whether repeaters are required or
not and how many repeaters are needed. It also tells
whether transmission is possible in NRZ or RZ format.
Finally the programme outputs the general characterstics
of the systen. For which the analysis has been

performed.

ALGORITHM

First of all the user has to select thé fiber. He
has 8-Choises from which we can select any one. Next
the source is selected there we have two choises viz,
LED and LASER. The wavelength available are also
displayed alongwith the types of sources. Next the
detector is selected. Here we have six choices from

which the one required is selected.

Next the user has to input the following details:
1. System margin (db)
2. Data rate (M.Bits/sec)
3. Length of the link (Km)
4. Source coupling power (db)

5. Receiver sensitivity (db)

6. Connector loss (db)
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All the parameters related to the fiber, source and
detector are stored in any array. Now all the data
required for link power budget analysis and system rise

time budget analysis are available.

The link power budget analysis is performed first.
Here the maximum repeaterless transmission distance is
found using the formula

Ps - Pr - 2 * 1¢c - Sm

where,
Ps - Source coupling power (db)

Pr - Receiver sensitivity (db)

lc - Connector loss (db)
Sm - System margin (db)
f - Attenuation of the fibre {(db/Km)

From the value of “L' we can calculate the number

of repeater required and is displayed.

In system rise time budget analysis the total

system rise time is calculated using the formula

2 2 2 2 q 2 1/2
tsys = [ttx + D mat 6© L + (440 * 7T, /B) +(350/B) ]
lam 0 rx

Where,
ttx - transmission rise time (ns)

Dmat - material dispersion factor of the fiber
(ns/nm/km)
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6 - Spectral width of the optical source (nm)

lam

L - Length of the link (km)

q - Constant whose value is 0.7

B - Band width of a lkm length of the cable (MHZ)
0

Brx - 3db electric bandwidth of the receiver (1MHZ)

If the total transition time degradation of the
digital 1link exceeds 70% of an NRZ bit period (or) 35%
of a bit period for RZ data, then transmission is not
possible. After performing the system rise time budget

analysis the feasibility of transmission is displayed.
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iaind

nt eh,chi,wl,fdl,1i;

int ¢hZ2,ch3,chd,nr,c;

“*char Tib(41[407;%/

rhar, sc{20], fbr{403,dL[307;
“char soa{3]1[20],det[B8][307 %/
Tleat l,gm,tt,tr;

loat 1n,ps,pr,lec,s,f;

*loat lo,h,dm,bo,q;

‘loat tsye,t;

/% 1-- stitenuation;
wl-- wavelength;
tsys--| system rise time;
tt-- trnsmitter rise time;

c~- number of repeaters used;

lo-- length at which first repeater is placed;
dm-- material dispersion;

bo-- bland width for one Km. ;

g~-- a constant ;

tr-- riise time;
sp-- gpectral width;
le-- clonnector loss;

f-- dsta rate;
s+——- system margin;
pr-- veceiver sensitivity;
ps—-- slource margin;
In-- length of the link;
x/
char souflJ[281={"LED","Laser diode”,"SH Laser diode"};
char det{1{301={"Silicon PIN","Germanium PIN","In Ga As PIN","Silicon APD","Ge
anium APD","In Ga As APD"};
char fib[]J[40]={"Multimode glass step index”,"Multimode glass graded index","S
gle mode (glass","Plastic step index"};
clrscr(};
printf("\n\n\tSELECTION OF FIBER\n");
gotoxy(8,4};
for(i=0; i<20; i++)
printf("-");
printf(“yn\tl.ﬂultimode Glasshn");
printf("\n\t2.5ingle mode\n");
printf("\n\t3.Plastic\n"};
printf("\NnENTER THE FIBER : "};
scanf("%d"” ,&ch);
switch(ch)
{ ‘
case 1:
printf("\n\t1l.Step Index\n");
primtf("\t2.Graded Index\n");
printf("\nENTER THE CHOICE : "3;
scanf("%d",&chl);
switich(ehl)
r ! ‘
case 1: 65




e Step index ocperation*/
printf("\nSource is LIGHT EWMITTING DICDE ¢ LED Y
Wwl=350;
Strcpy(fbr,fib[@]);
1:5;fdl:SB;stropy(sc,Sou[G});
break;
case 2:
/¥ Graded index perationk/
printf (" S\n " tTwao LVYpPes are there\n"y;
printf{"1 Wave length 35017 )
crintf("2 Yave length 1330N\n" ),
printf("ENTER THE SELECTION . =y,
scanf("Rd", &ch2)y;
strcpy(fbr,fib{l]);

if{chZ==1)

{

wl:SSD;lZS'fd1:SOU;

b

if(ch2z==2y

T

w1:1300;1:1;fd1:1800;

3
printf("\n tTwo types of sources are possible\n")y;
printf("1.Laser diocde\n");
Erintf("2.Light emitting diode\n");
printf("ENTER THE SOURCE : »);
scanf("%d",&ch3y;
1f(ch3==1)
strcpy(sc,sou[l]);

if(chz==2)

strcpy(sc,sou[ﬂ]);

break;

3
break;
case 2:
printf("\n\tThree wavelengths zre available\n");
printf(" "\t \tl.Wave length : 850\n");
ptintf("\t\tE.Wave length : 1300\n"};
printf(“\t\tB.Wave length : 1530\n");
printf("\nENTER THE CHOICE : ")y;
secanf("%d",&chi);
sﬁrcpy(fbr,fib[Z]);
printf("Source is SINGLE MODE LASER DIODE .\n");
sﬁrcpy(sc,sou{Z});
switch(echl)
{

case 1:
w1:850;l:4;fd1:1000;
break;
case 2:
w&:1300;1:0.5;fd1=83000;
break;
case 3:
w1:1550;1:0.2;fd1:83000;
break;
}
break;
case 3:
printf("\n\tTwo wavelengths sre available\n");
Printf("\t\t1.Wave length : 850\n"}.; 66
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printf("NtNt2 . Wave length : 580\n");
printf("ENTER THE CHQICE : "3,
scanf("%d",&chl);

strepy(fbr, fib{33);

printf("Sonrce is LIGHT EMITTING DIODE .~

strepy(se,son{d1);
switeh{chl)

{

case 1:
wl=350;1=8;fd1=10;
brealk;

2 2
850;1=200;fd1=10;

ot

K
if({stremp(sc, "LED"))==0)
5

ngSO;tt:100;

gf((strcmp(sc,“Laser dicde” )y==0)
ém:Z;ttzl;

gf((strcmp(sc,”SM Laser diode” ))==0)
%m:O.Z;ttzo.Dl;

printf("\n\n\tSELECTION OF DETECTOR\n"

switch(wl)
p

L
case 580:
case 850:
printf("\n\t1.Silicon PIN\n");
printf("\t2.Germanium PIN\n");
printf("\t3.8ilicon APD\n");
printf("\nENTER THE CHOICE : ");
scanf("%d" ,&chd);
switch(chd)
{
case 1:
strepy(dt,det{0]);
tr=0.5;
break;
case 2:
strepy(dt,det[11);
tr=0.1;
break;
case 3:
strepy(dt,det[3]);
tr=0.5;
break;
}
break;
case 1300:
case 1550:
printf("\n\tl.In Ga As PIN\n");
printf("\t2.Germanium PIN\n");

printf("\t3.In Ga As APD\n"); 67
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printf("\td Germaninm APDNr " 3 ;
printf("\nENTER THE CHQICE . "y,
scanf (" Ad", &chd);
switch{chd)
{
cage 1:
strepy(dt,det[1]);
tr=0.1:
breslk;
case 2:
stropy(dt,det[2]);
tr:L,;;
bresk;
case 3
strepy(dt,det{47]y;
tr=1.0;
bresk;
case 4
strepy(dt,det{5]);
tr=0.25;
break;

et

bhreak;
}
printf("\n\n STRIKE any key to continue\n");
geteh( );
¢lrser();
printf("\t INPUTS i)
printf("\t Length of the link(in KMs): "y
scanf("%f",&1n);
printf(”"\t Scurce coupling power(in dbm) : "y
gecanf("%f",&ps);
printf("\t Reciever sensitivity(in dby: "3,
scanf("%f" ,&pr);
printf("\t System margindin db): “Y;
scanf("%f",&s);
printf ("Nt Datsa rate(in Mb): "),
abanf(“%f”,&f);
Printf("\t Connector loss(in db): ");
seanf("%f",&1c);
printf("\n Calculation starts now\n" ;
delay(1000);
l@:(ps—pr—Z*lc—s)/l;
neln/lo;
c+(int)n;
if{n>ec)
czet+l;
if(ec < 0 )

{

printf(“\n\n\t\t SOURCE COUPLING POWER IS LESS.

printf("\n\t\t CHOOSE APPROPRIATE SOURCE. ");
printf("\n\n\t\t\t TRY AGAIN YHETINn\n");
getch();

exit(0);

3
if(w1==850)
dm=0.07;
else
dm=0;
bo=fdl/1n; 68
q=D.7;
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tzvszaartipo w\Lt}Ez*rungdm.Jz+runi;m,:,&yuwal L2
+pow((pow(ln,q %440,/ bo), 2 +powltr,2));

t:l/ 3

£=70%t/100;

if (tsys>t)

r

t

printf("\n\n\n Transmission is pessible in RZ fTormat. o’ o

3

else

i

(8

printf("\n\nTransmicion is possible in HRZ format.'n'
b

printf{"\nRepeaters may be required. n");
printf("\nNumber of repeaters required.-->%d\n",c):
printf("\nPRESS <ENTER> FOR SPECIFICATION\n“n");
while{getch{ ! =13);

if((stremp(sc, "LED")Yy==0)

{

clrscr();

printf(" SPECIFICATICNS OF LIGHT EMITTING DIOQDENn"3;
printf("\n3pectral width (in nm) :%f\n",sm);
printf("\nRise time(in ns):%f\n",tr);
printf("\nModulation bandwidth(in Mbits/Sec):300\n");
printf("\nCoupling efficiency:very low'\n");
printf({"\nFiber selected:%s\n",fbr);
printf("\nTemperature sensitivity:Low\n");
printf("\nCicuit compexity:8imple\n");
printf("\nLifetime(in hours):100000\n"):
printf("\nCosts:Low\n");

printf("\n\nAPPLICATIONS : MODERATE PATHS,MODERATE DATA RATES");
3

{

- clrser();

printf("\n SPECIFICATIONS OF LASER DIODE\R");
printf("\nSpectral width (in nm) :%f\n",sm);
printf("\nRise time(in ns):%f\n",tr);
printf("\nModulation bandwidth(in Mbits/Sec):2000\n"};
printf("\nCoupling efficiency:moderate\n");
printf("\nFiber selected:%s\n",fbr);
printf("\nTemperature sensitivity:High\n");
printf("\nCicuit compexity:Complex\n");
printf("\nLifetime(in hours):100000\n");
printf{"\nCosts:High\n");

printf ("\n\nAPPLICATIONS : LORG PATHS,HIGH DATA RATES");
3

{

clrsecr();

printf(" SPECIFICATIOHS OF SINGLE MODE LASER DIODE\nR");
printf("\nSpectral width (in nm) :%f\n",sm);
printf("\nRise time(in ns):%f\n",tr);
prlntf("\nﬂodulatlon bandw1dth(1n Mbits,/Sec):8000\n");
printf("\nCoupling efficiency:high\n");
printf("\nFiber selected:%s\n", fbr);
printf("\nTemperature sensitivity:High\n");
printf("\nCicuit compexity:Complex\n");
printf("\nLifetime(in hours):100000\n");
printf("\nCosts:Very high\n");

if{((strcmp(sc,"Laser diode" ))==0)

if{(stremp(sc,”SH Laser diode" ))==0)

printf("\n\nAPPLICATIONS : VERY LONG PATHS,VERY HIGH DATA RATES"
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Z2.S5ingle mode

.Plastic

()]

EHTER THE FIRER : 2
Three wavelengths are available
1.Wave length : 850
Z2.¥ave length : 1300
3.¥ave length : 18550

ENTER THE CHQICE : 3

Source is SINGLE MODE LASER DIQDE.

SELECTIONR OF DETECTOR

1.In Ga As PIN
2.Germaniam PIN
3.In Ga As APD
4 .Germanium APD

ENTER THE CHOICE : 4

STRIKE any key to continue

INPUTS
Length of the link{(in KMs): 1000
Source coupling power(in dbm) : 30

Reciever sensitivity(in db): 18
System margin(in db): 8

Data rate(in Mb): 4

Connector loss(in db): 1

. Calculation starts now

Transmission is possible in RZ format.
Repeaters may be required.

Number of repeaters required.-->34

PRESS <ENTER> FOR SPECIFICATION
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SPECIFICATIONS OF SINGLE MODE L

jasg
L]
b
e
e
Fed
.
=
I3

Spectral width (in mm) 0. 200000

Lo . . .-
- Rise time(in nsy:0.250000
|

Cicuit compexity:Complex
Lifetime(in hours):100000 :

Costs:Very high

APPLICATIONS : VERY LONG PATHS,VERY HIGH DATA RATES

END OF SOFTHWARE
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.Step Index
.Graded Index

CHCICE : 1

LIGHT EMITTING DIODE <( LED 3

SELECTION OF DETECTOR

1
p
3

.Silicon PIH
.Germanium PIN
.S1licon APD

ENTER THE CHOICE : 1

STRIKE any kev to continue

IRPUTS

Length of the link(in KMsYy: 1580
Source coupling power(in dbm) : 12
Reciever sensitivity(in db): 14
System margin(in db): 4

Data rate(in Mb): 2

Connector loss(in db): 1

Calculation starts now

SOURCE COUPLING POWER IS LESS.
CHOOSE APPROPRIATE SOURCE.

PE g

.....

TRY AGAIN
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CHAPTER 7

ADVANTAGES AND APPLICATIONS OF FIBER OPTICS

7.1 Advantages of optical fiber communication

Communication using an optical carrier wave guided
along a glass fiber has a number of extremely attractive
features. The advances in the technology to date have
surpassed even the most optimistic predictions creating
additional advantages. The main advantages of fiber
optic communications is given below.

a) Enormous bandwidth

The optical carrier frequency in the range 10l3 to
1016 Hz yields for a greater potential transmission
bandwidth than metallic cable systems or even millimeter
wave radio systems currently operating with modulation
bandwidths of 700MHz. At present the bandwidth available
to fiber systems is not fully utilized but modulation at
several GHz over a few KMs and hundreds of MHz over tens
of KMs without repeaters is possible. Therefore the
information carrying capacity of optical fiber systems
is already providing far superior to the best copper
cable systems. By comparison the losses in wideband
coaxial cable system restrict the transmission distance
to only a few KMs at bandwidths over 100 MHz.
b) Small size and weight

Optical fibers have very small diamet;r which are

often no greater than the diameter of a human hair.
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Hence, even when such fibers are covered with protective
coatings they are far smaller and much lighter than
corresponding copper cables. This a tremendous boon
towards the alleviation of congestion in cities, as well
as allowing for an expansion of signal transmission
within mobiles such as aircraft, satellites and even
ships.
c) Electrical isolation

Optical fibers which are fabricated from glass or
sometimes a plastic polymer are electrical insulators
and therefore, unlike their metallic counter parts they
do not exhabit earth loops and interface problems.
Further more this property makes cptical fiber
tranamission ideally seated for communication in
electrically hazardous environment as the fibers create
no arcing or spark hazard at abrasions or short circuits.
d) Immunity to interfence and crosstalk

Optical fibers form a dielectric waveguide and are

therefore free from electromagnetic interference,radio
frequency interference or switching transients giving
electromagnetic pulses. Hence the operation of an
optical fiber common system is unaffected by
transmission through an electrically noisy environment
and thus fiber cable requires no shielding from
electrically noisy environment. The fiber cable is also
not susceptable to lightning strokes if used overhead

rather than underground.Moreover it is fairly easy to
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ensure that there is no optical interference between
fibers and hence, wunlike common using electrical
conductors, crosstalks is negligible, even when many
fibers are cabled together.
e) Signal security

The 1light from optical fibers does not radiate
significantly and therefore they provide a high degree
of signal security. Unlike the situation with copper
cables, a transmitted optical signal cannot be obtained
from a fiber in a noninvasive manner. This feature is
obviously attractive for military, banking and general
data transmission.
f) Low transmission loss

The development of optical fibers over the last 15
yeérs has resulted in the pProduction of optical fiber
cables which exhibit very low attenuation or
transmission loss in comparision with the best copper
conductors.

It facilitates the implementation of communication
links . with extremely wide repeater spacing thﬁs

reducing cost and complexity.

7.2 APPLICATIONS AND FUTURE DEVELOPMENTS

7:2.1 INTRODUCTION
The Primary advantage obtained using Optical fibers

for Line Transmission were discussed in the previous

section. In this chapter we consider current and
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potential applications of optical fibre communication
Systems together with some likely future devolopments in
the general area of optical transmission and associated

components. The discussion is primarly centered around

application areas including the public
network,military,civil and consumer, industrial and
computer systems which are delt in coming

sections.However,this discussion is extended with a
brief review of integrated optical techniques and
devices.
7:2.2 PUBLIC NETWORK APPLICATIONS
The public telecommunications network provides a
variety of applications for optical fiber communication
systems . The current plans of the major PTT
administrations around the world feature the
installation of increasing numbers of optical fiber
links as an alternative to co axial and high frequency
pair cable systems. According to the place where networks
are used they are divided into
a@. Trunk Network
b. Junction Network
€. Local and Rural Network
d. Submerged Systems
a. TRUNK NETWORK .
The Trunk or Toll Network is wused for carring
telephone traffic between major conurbations. Hence

there is generally a requrment for +the use of
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transmission systems which has a high capacity. The
transmission distance for trunk system can vary
enormously from wunder 20 km to over 300 km, and
occasionally to as much as 1000 km. These systems
operate in the 0.85 to 0.90 mm wave length region using
injection laser sources via graded index fiber to
silicon avalanche photo diode detectors with repeated
spacings of between 8 and 10 km.
b.JUNCTION NETWORK
The Jjunction or inter office network wusually

consists of routs within nature conurbations over
distances of typically 5 to 20 km. The distribution of
distances between swithing centers (telephone exchanges)
or offices in the junction network of large urban areas
varies considerably for various countries. A number of
proprietary systems predominantly operating at 8 M
bits/s wusing both injection laser and LED sources via
multimode graded index fiber to Avalanche photo diode
detectors are in operation in the UK with repeater
spacing between 7.5 and 12 km.
C. LOCAL AND RURAL NETWORKS

The 1local and rural network or Subscriber loop
conects telephone subscribers to the local switching
center or office . Possible network configurations are
shown in fig.7.1 and include a ring, tree and star
topology from the local switching center. In a ring
network any informations fed into the énetwork by

subscriber passes through all the network nodes and
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hence a number of transmission channels must be provided
between all nodes . The tree network, which consists of
several branches |, must also provide a number of
transmission channels on its common links. In contrast
the star network pProvides a seperate link for every
subscriber to local switching center.
d. SUBMERGED SYSTEMS

Undersea cable systems are an integral part of the
international telecommunications network.They find
applications on shorter routes especially in Europe.On
longer routes +  Such as across the Atlantic , they
provide route diversity in conjunction with satellite
links . It is predicted that single mode optical fiber
systems operating at 1300 nm or 1550 nm will provide
repeater spacing of 25 to 5¢ km and eventually even
longer .
7:2.3 MILITARY APPLICATIONS

In these applications » although economics are
important ,there are usually other , possibly overriding
considerations such as size , weight ,deployability,
surviavibility (in both conventional and nuclear attack)
and security. The special attributes of optical fiber
communication system therefore often lend themselves +to
the following uses.
a. MOBILES

One of the most promising areas of military

applications for optical fiber communications is within
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military mobiles such as Aircrafts , Ships and Tanks.
The small size and weight of optical fibers provide an
attractive solution to space problems in these mobiles.
Further more , the immunity of optical transmission to
electromagnetic interference, lightning and
electromagnetic pulses (EMP) is a tremendous advantage.
The electrical isolation and therefore safety , aspect
of optical fiber communications also proves invaluable
in these applications allowing routing through both fuel
tanks and magazines.
b. COMMUNICATION LINKS

The other major area for the application of optical
fiber communications in the military sphere includes
both short and long distance communication links. Short
distance optical fiber systems may be utilized to
connect closely spaced items of electronic equipment in
such areas as operation rooms and computer installations.
There is also a requirment for long . distance
communication between military installations. Other
long distance applications include Torpedo and Missile
guidance , information links between military vessels
and maritime , towed sensor arrays. Optical fiber cables
has been installed and tested within the Ptarmigan

tactical communication systems devoloped for British

Army.
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7.2.4 CIVIL AND CONSUMER APPLICATIONS
a) CIVIL

The introduction of optical fiber communication
systems into the public network has stimulated
investigation and application of these transmission
techniques by public utility organizations. Optical
fibers are eminently suitable for video transmission.
Thus they can be used in commercial TV transmission. These
applications include short distance link between studio
and outside broadcast vans , links between studios and
broadcast or receiving arials and closed circuit TV (cc
TV) links for security and surveillance. In common with
the military applications , other potential civil  wuses

for optical fiber systems include short distance

communications within buildings and within mobiles such
as aircrafts and ships.
b) CONSUMER

A major consumer applications for optical fiber
systems ‘is within automotive electronics. Work is
progressing within the automobile industry towards this
end together with the use of microcomputers for engine
and transmission control as well as control of
convenience features such as power windows and controls.
Other consumer applications are likely to include home
applications where together with microprocessor

technology, optical fibers may be able to make an impact.
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7:2.5 INDUSTRIAL APPLICATIONS

Industrial wuses for optical fiber communications
cover a variety of generally on - premise applications
within a single operational site.These systems ofter
reliable telemetry and control communications for
industrial environments where EMI and EMP cause
problems for metallic cable links. Further more, optical
fiber systems provide a far safer solution than
conventional electrical monitoring in situations where
explosive gases are abundant(e.g. chemical processing
and petroleum refining plants)

SENSOR SYSTEMS

There is & requirement for the accurate
measurement of parameters such as liquid levels, flow
rate, position, temperature and pressure in these
environments which may be facilitated by optical fiber
systems. Electrooptical transducers together with
optical fiber telemetry systems offer significant
benefits over purely electrical Systems in terms of
immunity to EMI and EMP as well as intrinsic safety in
the transmission to ang from the transducer, Some of the

optic transducers are shown in fig.7.2.
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7:2.6 COMPUTER APPLICATIONS

Modern computer systems consist of a large number
of interconnection. This ranges from lengths of a few
micro meters to perhaps thousands of Km's for
terrestrial links in computer networks. The transmission
rates over these interconnections also cover a wide
range from about 100 bits/sec for some tele type
terminals to several hundred Mbits/sec for on-chip
connections. Optical fibers are starting to find
applications in this connection hierarchy where secure '
intérference free transmission is required.
LOCAL AREA NETWORKS

A LAN is generally defined as an interconnection
topology entirely confined within a geographical area of
a few square Km's. Such a network may support terminal
connected to a host computer, or provide communication
between multiple processors and terminals or work
stations. In the latter application the LAN may also
provide an interface to the 1local telecommunication
network.

In common with local and rural networks LAN's may
be designed in three major configurations : the star |,
the ring and the bus.

Although the LAN configuration and protocols are

still 1largely under developement , optical fibers have

been successfully wutilised to provide such computer
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interconnection.

Perhaps the largest scale applications at pPresent
for optical fibre Systems within local area networks are
with regard to single channel and multiplexed star
networks. These network configurations tend to match to
communication system design of large main frames and
mini computers.

Recent installations of this type include ‘airport
data communication networks , traffic monitoring and
control schemes and company on site or local intersite
networks.

Further more |, improvements in optical fiber
connected technology and in the optical output power
provided by light sources may lead to the extensive use

of bus networks in the future.

7:2.7 INTEGRATED OPTICS

The multitude of potential application areas for
optical fiber communications coupled with the tremendous
advances in the field have over the last few yeafs
stimulated g resurgence of interest in the area of
integrated optics. The concept of integrated optics
involves the realisation of optical and electro-optical
elements which may be integrated in large numbers on to
a single substrate. Hence integrated optics seeks to
provide an alternative to the conversion of an optical
signal back into the electrical regime prlor to signal

processing by allowing such processing to be performed
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on the optical signal. The thin transparent dielectric
layers on planar substrates which act as possible wave
guides are used in integrated optics to produce
miniature optical components and circuits.

A major factor in the development of integrated
optics is that it is essentially based on single mode
optical wave guides and is therefore incompatible with
multimode fiber Systems. Hence integrated optics did
not make a significant contribution to first and second
generation optical fiber Systems. The development
however of third generation or single mode fiber systems

has been aided by integatred optical techniques.

7:2.8 INTEGRATED OPTICAL DEVICES

In this section some examples of various types of
integrated optical devices together with their salient
features are considered. Integrated optics provides
optical methods for multipexing , modulation and
routing. These various functions may be performed with a
combination of optical beam splitters , switcﬁes,
modulators , filters + Sources and detectors.

Beam splitters and switches

Beam splitters are basic element of many optical
fiber communication system often providing a Y~-junction
by which signals from Séperate sources can be combined
Oor the received power divided between two or more

channels.
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The passive junction beam splitter find
application where equal power division of the incident
béam is required.

Modulators

To extend the band width capability of single mode
fiber systems there is a requirement for high speed
modulation which can be provided by integrated optical
wave guide intensity modulators. Simple ON/OFF
modulators may be based on the techniques utilized for
the active beam splitters and switches. In addition a
large vareity of predominantly electro-optic modulators
exibit good chracteristics.

Periodic structure for filters and injection lasers

Periodic structures may be incorporated into
planar wave guides to form integrated optical filters
and resonators. Light is scattered in such a guide in a
similar manner to light scattered by a diffraction
grating. When light propagating in the guide impinges on
the corrugation some of the energy will be diffracted
out of the guide into either the core or the substrate.
The device , however acts as a one-dimensional Bragg
diffraction grating and light which satisfies the Bragg
condition , is reflected back along the guide at 180
to the original direction of propogation.

Integratéd optical tevhniques are used in the
fabrication of sources for optical fiber communication.
The source however which is directly compatible with the

planar wave guide structure is single mode injection
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laser.
Bistable optical devices

Bistable optical devices include optical logic and
memory elements , power limiters and pulse shapers ang
A/D converters. An optical device may be made bistable
when the optical transmission within it is nonlinear and

there is feedback of the optical output to control this

transmission.
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CHAPTER 8

CONCLUSION AND FURTHER DEVELOPMENTS

An 8-channel digital audio link of 512Kbits/sec
data rate and a software for fiber optic link simulation
has been developed. A/D converter can work with a clock
.of 800KHz. The link works appreciably for a length of
30m, using drive currect of 25mA. A further increase in
the trnsmission distance can be achieved by increasing
the drive current to a maximum of 60mA which is the
maximum current rating of‘the source used. Manchester
coder and decoder are working properly. The sound
reproduction at the receiver was very good. A Dback
ground hum was heared if synchronization was not
pPrecise. As the bandwidth of the designed audio link is
about 30Mbits/second, the system can be further

developed to multiplex many more channels.

The software for link simulation can be modified
incorporating colour commands to make +the output
attractive. The letter fonds can also be changed by
modifying the programme. This software can be modified
by including chractersitcs of fibers, sources &

detectors of all manufacturers. -
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Semiconductor

ADC0800 8-Bit A/D Converter

ieneral Description

The ADCO800 is an 8-bit monolithic A/D converter
sing P<channel lon-imptanted MOS technology. It
wntains @& high input impedance comparator, 256
wies resistors and analog switches, control logic and
wtput latches. Conversion is performed using a succes-
b spproximation technique whera the unknown

rlog voltage is compared to the rasistor.tie points i
sing .analog. switches. ‘'When the ‘appropriate .tie point °

Features

@ Low cost

= 15V, 10V-input ranges
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emplete' and the digital outputs contain an 8-bit com-
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nown,.The binary output is TRI-STATE® 1o permn
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e ADCOBOOPD Is specnfled over —55°C to +125° C )
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t j i L ’

Y

® ‘TRI.STATE outputs -
® Fast .,

7 ® Contains utput Istches "
® ‘TTL compatible = '~

® ‘Supply voltages
8 Resolution
& {inearity ;
® Conversion speed

.. ® Clock range

~“AtoD,Dto A
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8 bits

+1LSB

" 40 clock periods

50 to 800 kHz
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bsolute

oltage at Any input

| Storage Temperature

perating Temperature
! ADCO800PD
ADCO800PCD

Lead Tempdrature {Soldering, 10 saconds)

Electrical Characteristics

hase specifications apply for Vgs = 6.0 Vpc, VGG = —12.0 VDC, VDD 0 VDC:

Maximum Ratings’

. Sppply Voltage {VpD)
. Supply Voltags (VGG)

e FERNIPE

53—22Vp TR

Vgg—22V

Vss+03Vtoyss-—22V TR

150° c

. ~B5°C 10 +126°C

0°Cto+70°C., .. .

- 300°C

HECE SRR PR

a reference voltage of 10.000Vy

the on-chip| R-network (VR-NETWORK TOP = 5.000 Vpc and VR.NETWORK BOTTOM = —5.000 vpcl, snded
quency of 800 kHz. For all tests, a 47652 resistor is used from pin 5 to ground. Uniess otherwise noted, these specificiy

over an amhnent temperaturs range of -—55 C to +1 25° C for the ADCOBDOPD and 0° C to +70 C for the ADCOBOOPCU.

.

g B ‘~5’:‘;

|PARAMETER

oot CONDITIONS

MIN

“ Logical lnpdt Leakage

Non-Linearity

Diifferential Non-Linearity

Zpro Error o

2ero Error ‘ﬁemperature Coefficient
Fluli-Scale Efror )
Flull-Scate Efror Temperature Coeffncuent
lmput Leakape o -«.' L A-.‘

Liogical “1* linput Voltage ’

Logica! “0"1lnput Voltage

Liogical 1" /Output Voltage
Liogical ”0"}0utput VéItage
Disabled Output Leakage : 43

Clock Frquency

Clock Puise|Duty Cycle i
TRI-STATE Enable/Disable Time °

§tart Convefsion Pulse e S

Rower Supply Current

TA®= 25 C, (Note 1)
Over Temperature, (Note 1)

(N?}e 2)I :
w
(Note 2)
R
All.lnputs - ‘ b
All Inputs o -
TA = 25°C, All Inputs, VL=
Vss — 10V .ot
All Outputs, IoH = 100 [JA
All Outputs, foL™ 1 6 mA

TA = 25°C, All Outputs, v0L='
Vss @ 10V

°CLTALHIO°C = }>
~56°C < TA < +126°C

i

{Note 3) -

Ta=25°C ?j

TYP

oo

24 - o
¥ - 04

) I
50 T e
100 Dot e
a0 )
. .
1 : 317

2

Note 1: Non-linearity spec:hcanons ere basad on bett ltrmght line,

Note 2: Gudranteed by design ooly.” | |

Nots 3: Start conversion pulse duratlon graater !han 3 1/2 clock periods wnl cauu converslon :rron




g Diagram

y " —
" START
CONVERSION - . . .
Jw }

FTRIE o ) . : ‘
BV —, . . h
CLocK .
weur I I l ] | I l , E

b

. v o .
... EoC _\E ~ 40 X (1/6) /:‘ , ‘
Iy, o N . / .
z . .
+5V
ourpur i(m "\ 50%
CENABLE . . -/
_ v .
|
sV ; 0% . 30%
_— e e e — — — -
DATA o TYRISTATE) 10% : 0%
ENABLE DISABLE :
DELAY f"—‘ . DELAY T 7‘—

B R ' .
plication Hints
ERATION _

ik . .

t ADCO80O contains & network with 266-30002
Htors in series. Analog switch taps are made at the

tion of each resistor and at each end of the net-
% In operation, a reference (10.00V) is applied

wi this network of 256 resistors. An analog input

Wl _is“first compared to the center point of the
ir via the appropriate switch. [f VN is larger than
1£F/2, the internal logic changes the switch points
{now compares VIN and 3/4 VRgF. This process,
wn 8 successive approximation, continues until the
smatch of V) and VRER/N is made. N now defines
wific tap on the resistor network. When the conver-
818 complete, the logic loads a binary word corres-

jeiding to this tap into the output.latch and an end of
tﬁmion {EOC) logic level appears. The output latches ---

I this data valid untit a new conversion is completed
Mhew data is loaded into the latches. The data transfer
ﬁn in about 200 ns so that valid data is present
tally all the time. Conversién requires 40 clock
?pd:.‘ The device may be operated in the free run-
M mods by connecting the Start Conversion line to
§End of Conversion lige. However, to ensure start-up
ier all possible condi ons, an external Start Conver-
,ﬁ'pulsa is required during power up conditions.
EFERENCE

frn ] B e
 reference applied across the: 256 resistor network -
mines the analog, input range. VREF = 10.00V

the top of the R-network connected to 5V and the
om connected to —6V gives a 5V range. The

frence can be level shifted between Vss-and VGG. .

_ﬁlmr. the voltage, which is applied to the top of the’
!:iitwork {pin 15), must not exceed Vss to prevent
ard biasing the on-chip parasitic silicon diode
fich exists between the P-diffused resistors (pin 15) -
Sjﬂu N-type body (pin 10, Vss). Use of a standard
fpower supply for Vgg can cause problems, both
10 initial voltage tolerance and changes over tem-
ure. A solution Is to power the Vss line {16 mA
K drain) from the output of the op amp which Is
M 1o bias the top of the R-network {pin 15). The
bg input voltage and the voltage which is applied
the bottom of the R-network {pin 5) must be at*

Data is complementary binary {full scale is all “0's”* output).

»

least 7V above the —VbD supply voltage to insure
adequate voltage drive to the analog switches .

Other reference voltages may be used {such as 10.24V).
If @ 5V reference is used, the analog range will be 5V
and accuracy will be reduced by a factor of 2. Thus, for
maximum accuracy, it is desirable to operate with at
least 8 10V reference. For TTL logic levels, this requires
8V and —5V for the R-network. CMOS can operate at
the 10 Vpc Vgg fevel and a single 10 Vpg reference
can be used. All digital voltage levels for both inputs and
“outputs will be from ground to Vgg.

ANALOG INPUT AND SOURCE RESISTANCE CON-
SIDERATIONS

.

“"“ The lead to the analog input (pin 12) should be kept as
short as possible. Both noise and digital clock coupling
to this input can cause conversion errors. To minimize

o emme L

. erations should be noted:
~--For Rg <5k - ---» No analog Input bypass capacitor
. . required, although a 0.1 HF input
" . ~bypass capacitor will prevent pick-
) : “.up due to unavoidable series lead
. inductance.

For 5k <Rg <20k A 0.1 uf capacitor from the input
R “{pin 12} to ground should be used.

< For Rg > 20k " Input buffering is necessary,

3

If the overall converter system requires lowpass filtering
of the analog input signal, use a 20 kQ or less series
" resistor for 8 passive RC section or add an op amp RC
active lowpass filter (with its inherent low output
resistance) to insure accurate conversions, .

%" CLOCK COUPLING |

.- The clock lead should be kept away from the analog
input line to reduce coupling,

T " LOGIC INPUTS

The logical “1"" input voltage swing for the Clock, Start
-7 * Conversion and Output Enable should be (Vss — 1.0v).

-::_any Input errors, the following source resistance consig-

00800QY



*\pplication Hints {Continued).

MOS will|satisfy this requirement but a pull- up resistor
ould be used for TTL logic inputs i ; £ -
H

.

OTXE-START AND DATA VALID AFTER EOC

{‘The EOC line (pin 9) wiil be in the low state for a maxi-
mum of 4(
puise which occurs while thé A/D is BUSY will reset the

SAR and ktart a new conversion with the EQC signal
remaining |in the low state until the end of this new
conversion, When the conversion is complete, the EOC
line will go to the high voltage state. An additional 4

clock perigds must be allowed to elapse after EOC goes ™~

high, before a new conversion cycle is requested. Start
iConversion pulses which occur during this last 4 clock
iperiod interval may be ignored (see F/gures 1 and 2 for
ihigh speed operation), This is only a problem for high .
iconversior] rates and keeping the number of conver-
'sions per second less than {1/44) x fCLOCK automati-
ically guarantees proper operation. For example, for an
800 kHz|clock, 18,000 conversions per second are
‘allowed. The transfer of the new digital data to the
‘output is linitiated when EOC goes to the high voltage
‘state. . et e

POWER SUPPLlES

| Standard supphes are VSS = 5V, VGG —12V and
{VpD = OV. Device accuracy is dependent on stability
iof the rdference voltage and has slight sensitivity to
‘Vgs — VGG- VDD has no effect on accuracy. Noise
‘spikes on [the Vgg and VGG supplies can cause improper
" conversion; therefore, filtering each supply with a
4.7 uF tarptalum capacitor is recommended.

clock periods to indicate “busy’. ASTART '

'TROL; V';I

ces el
LN PR .

CONTINUOUS CONVERSIONS AND LOG|C‘V

SJmply tying the EOC output to the Start Conv
input will allow continuous conversions, but anoﬁ
tion on this line will exist during the first 4 clockporﬂ
after EOC goes high. Adding a D flip-flop betwaenﬁﬂ
{D input) to Start Conversion {Q output) will m
the oscillation and will al|ow a stop/contmuous conﬂ
~"via the "‘clear” input.

Kz

To prevent missing a start pulse which may occurq

" EOC goes high and prior to the required 4 g
- period time interval, the circuit of Figure T can bw‘
" The RS latch can be set at any time and the 44;
shift register delays the application of the stanﬂ
to the A/D by 4 clock periods. The RS tlatch isal
-1 clock period after the A/D EOC signal goes to ﬂu§
voltage state. This circuit also provides a Starl(‘al
sion pulse to the A/D which is 1 clock penodli

A second control logic application circuit is sho'ugz
Figure 2. This allows an asynchronous start puln

- arbitrary length less than TC, continuously conversh
a fixed high level and provides a single clock pn
start pulse to the A/D. The binary counter is loaded#
a count of 11 wheh the start pulse to the A/D ap
Counting is inhibited until the EQC signal from the§
goes high. A carry pulse is then generated 4 &
periods after EOC goes high and is used ‘to restt
input RS latch. This carry puise can be used toinds
‘that the conversion is complete, the data has transin
to the output buffers and the system is ready fom
conversion cycle.

"

. r sourn oL
. £0C o n a START CONVERSION
traom a0 > . ¢ o L ¥ vo ami
i p=sC —{ G — ] )
CLEAR CLEAR CLEAR CLEAR
n ADCOR00 N
cLock 7
STARY
CONVERSION
v .

MMI4CO2

- FIGURE 1. Delaying an Asynchronous Start Pulse

_.rL_ A '

START
CONVERSION

v’...

—-‘ |‘_I
o a START C
> qowni

CLEAR

CARRY

ENASLET
Gho__ A8

(114
(FROM A/D)

Vee ENADLE P Qg

MMICIEY
.

INPUTS
(3 o

ADCDIR

x}
eLoc T10{x

}———a

IS

4
READY FOR
+ NEXT CONVERSION

GND  vee wpp MO
LR A |

Vfc . A ‘ A

" FIGURE 2. A/D Contral Logic



fcation Hints {Continued)
{AND FULL-SCALE ADJUSTMENT

Miustment: This is the offset voltage required at

pom of the R-network. (pin §) 1o make the . -

HI1 to 11111110 transition when the input
pis 1/2 LSB (20 mV for a 10.24V scale}, In most
this can be accomplished by having a 1 k$2 poton ..
«Aresistor of 4752 can be used as a non-adjustable
woroximation from pin B to ground. '

. 3

kélApplications. | | i

General Connection

w12y CLock

" LU LU O 1 et

. l‘—olﬂ"lﬂ ENASLE
ADCtses pro—e$t

p—tnc

Hi-Voitage CMOS Oumut‘Levels v ‘~_
" .
VYT g
" ] ) 172

ADCESON .

Level Shifted Input Signal Range

PERCENT OF Vpgy W)

3T WORD * AeS e
v L o
e 3 3 [
X N 81T wOR0
: ~- " -

mer Y

Full-Scale Adjustment: Thisis the offset voltage required

.. 8t the top of, the R-network (pin 15) to make the

100000001 to {00000000 transition when the input

L.voltage is 1 1/2 LSB from full-scale {60 mV less than

full-scale for a 10.24V scale). This voltage is guaranteed

" to be within 2 LSB for the ‘ADCO800. in most cases,

- this can be accomplished by having a 1 k£2 pot on pin
15,

— Ra‘tit;r-rxetriculnput Signal with Tracking Reference

+5V

+ADCO30a

~12¢

0V to 10V V) range : . L
OV to 10V output levels o
:; . Level Shifted Zero and Fu

Il-Scale for:Transduearsb -
w

I

Rl
>
S 1w

A AAA
g

:{Ull SCALE
15 10

’k' 10.00v ’
VRer ADCO200

IR AN

\:-‘

N - R1 and R2 changs the allicﬂvo'lnpul range
-y by 1V/10 k2 . .

00800QY



ADC0800

Typical Applications (continued)

VREF = 10 Vpc With TTL Logic’!..fy' :

ANALDG
INPUT
R S I - -
" . 4
—AN : .
[T .—1—* . *
[P
f ' B Ve
1" 0= 1=
[}
L ——O t0C:
ADCUE0
A AFERETECEIEN RPN ) A
CONVERSION ENABLE
“n D
% 4
am "
"w
. ¢ [RRE ar A arur
~SVge - <
= -12vge "~
v oc

VREF = 10 Vpe With 10V CMOS Logic Levels . S

e esvgeT

uv Lo
.
N anaton
- 1wvge WPy .
12 LM38 »
AN . .
-~ = T T
15 0w= 1wz
’ L Goeno—" Lo
' "~ ,n:;:: AuCosO
1 stant, ¥ 1A ENARLE
- convernon® | ' ouTPuT
s |8 )
-y
. ] woRo
! R i = =
> 47oF
" Tt Iy
. = *Sep application hints
~1vpe
) .
' Input Level Shifting : 7 :
- . -
v 70 18V
ANALOG INPUT

ADJUST FOR SV .
QUT WITH BV INPUT i

MICROPROCESSOR INTERFACE ‘

< P . Lt - .
Figure 3 and the following sample program are included
10 illustrate both hardware and software requirements to
allow output data from the ADCO0800 to be loaded into
the memory of a microprocessor system. For this exam-
pte, National’s INSB06O, SC/MP !, microprocessor has

been used. R

__’—NWWIIII.IT :
T0 ADCOS00 T

.

Permits TTL compatible outputs with
OV to 10V input range (OV to —10V
input range achieved by reversing
polarity of zener diodes and returning
the 6.8k resistor to V™).

The sample program, as shown, will start the
load the converter's output data into the
keep track of the number of data bytes entern
plement the data and store this data into
memory locations. After 256 bytes have been
* the control jumps to the user’s program whent



e

e

f];p!cal Applicatlons {Continued)

,rqof the data entered will be impilemented. A more
=mu:al program whereby each data byte entered will
‘kprocessed before another entry is made can easily be
‘b by jumping back to the user’s program at the end
-t interrupt routine (where the data is loaded into.
#wcumulator and stored in memory), The end of
‘#user's program should provide:a jump back to me

Pointer 2 —

Pointer 3 —

i Wtk -

ENTERED DATA (ADDR's: 0200+ 02FF)
Data is stored in 2's complement binary
form, ie, 01111111 - +full-scale and
10000000 - — full-scale.

LOAD DATA SUBROUTINE ({starts at
ADDR:0300}

. S SN P S aem R

WTALIZE statement to start a new conversion and:*

Féate a new data entry.

Nfonowing arbitrarily chosen addresses and pomter

wments are used in this example:
: \ :

‘:mr1~ WORD COUNT (ADDR:0100)

15 ¢ to be entered

Also used to point to the A/D converter at
address 0500 for xhlg example when data is

. _'1 T . interrupt request via sense A after an 1EN

AR (interrupt enable) instruction.

“ The address for the converter {0500) is unique for this
"particular sample program but may not be in a user’s
system so a different converter address must be used.
Note that in Figure-3 ADX and ADY for the address

. decode circuitry would be address bits ADB10 and
ADBS8 (pins 35 and 33 on the SC/MP Il package) for

, converter address 0500,

o . SAMPLE PROGRAM TQO LOAD DATA INTO MEMORY WITH SC/MP 1. L

Pt 0001 08 START: NOP . .

. ‘0002 C40Y . : LDIX'01 . . ;

M. '.'“4.;' o .0004“‘35 ot ...- _:' [N . XPAH 1 -~ .. . . .H“ L e e s N
0006 Ca 00 g LOIX'00
‘0007 ‘31 - ' XPAL1 ~  ;P1=0100
0008 C4 02 LDIX'02 ° : B
000A 36 XPAH 2 ' ; - .
000B C4 00 _ LDIX'00 T
000D C900 STi{PY) ; Zero word count {P1)
000F 32 : XPAL 2 ;P2 = 0200
0010 C403 - LOIX'03 Tl e
0012 37 ! _XPAH3 ’ ST
" 0013° 08 INITIALIZE: T:NOP," "~ =3 7% o Ut
0014 C400 - ' ,LDIX'00 =
0018 33 5 &' XPALZ'r ;P3=0300
0017 ca01 C LDIX'01 T R,
0019 07 CAS . v ~:'Starts converter via flag0 ¢
001A €100 i LD (P1} . e T
001C F4 FF , XRIX'FF
CO01E 9805 JZDTAIN ; Test to see if word count is FF,

. it s0, jump to DTA IN

0020 05 . 1EN -+~ ;Enabtes INTERRUPT
0021 08 LOOP: NOP -
0022 90 FE : JMP LOOP  *; Loop until EOC
0024 08 DTA IN:

.NOP . .

; User program to process data

DATAENTRY SUBROUTINE .. . . . . . .

0300 08 DATAINSR: NOP R ,

0301 A900 1LD (PY) ; Increment word count

0303 C405 ‘LDIX'05 :

0305 36 XPAH 1 * ; Pt will point to converter

10308 €100 " LD (P1) = ;Converter data loaded into

accumulator

0308 F47F XRIXTF ; Put data in 2's complement form

030A CEO1 .. ST@1P2) ,;Storedata . . -,

030C c400 LOIX'00

030E 07 CAS ; Resets flag O

030F C401 LOIX'01 '

0311 35 XPAH 1 ; Resets P1 o point at word count

0312 C413 LDIX"13

0314 33 " XPAL3 : .

0316 3F XPPC 3 + Return to INITIALIZE to start a

new conversion

o e

Executed when an EOC signal generates an




ADCGE00

Typucal Apphcatlons {Continued) . it ine

QIR PRSI

IR RS XV

V. e
" ' - ts W ?
- , 18] ) §
@ B N N S NITI LI 19 45] Voo CLR RIC 3
Ay s s FLAGDO——{B K
’ t U 172 MM74C221
GND
'L
T

— "0
cL , o apcosso” fonp
R S 2-5p=01

VAA/ . R-NETWORK WK
1k ZERO - ]
ADJS . ANALOG 15 L -(?.
INPUTO={ vy . 1aik:
{-BVTO+5V) _ =01

T
ADX* Vec CLR PRST
' * [ I [}
ADY . .
/' 1/2 MM74C74

" (9) ;
NADSO—qDO— cLK - .

GN .... '-.
. Mm4c00 - _l_ . ",'[D i b—

‘e Setting flag 0 (FLGO = 1) with software, starts conversion (FLGO must be cleared before another conversion can be Inlnated)
io With interrupt enabled an EOC will force an interrupt. interrupt subroutine should Ioad convsner data Imo the accumulator.
|®  Qutput dats is in complementsry offset binaty form

i® Numbers in parentheses denote pin numbers of SCIMP chip

1/2 MM74C74

o

S'ADX and ADY can be eny of the addrais lnes but they must be high onfy .at the time the converter output data is to be puton mm
. {Le., the converter must have its own unique address) , ’ Y
D R SV - . A

FIGURE 3. Interfacing to the SC/MP i Microprocessor ™ '




ial Applications (continued)

WG THE A/D CONVERTER . ~

AU L e e e ..
m'many. degrees of complexity associated with-
11 A/D converter. One of .the simplest tests is to
12 known. analog input voltage to the converter
® LED's to display. the resulting digital output
iwshown. in.Figura 4. Note that the LED drivers
iﬂ\or_digital output of the A/D converter to provide
wy display. A lab DVM can ba used if a precision
¥iource is not available. After adjusting the zero
lseale, any number of points can be checked,

w2 of testing, a 10.24 Vpg reference is recom. -
#dfor the A/D converter. This provides an LSB of
#1{10.240/256). To.adjust the zero of the A/D, an
& input voitage of 1/2 LSB or 20 mV should be . ¢

o,

e

" DCAMALOG . A
ot voLTAGE O™~ unperTesT
e 2 )

I

PRI RS (SR T

o T e

. applied and the zero- adjust potentiometer should be set

to provide a flicker on the LSB LED readout with all the
other display LEDs OFF. - .

To' ad;dsi 'tﬁé ;‘ull-ééél'e deuét potehtioheter, ;n banalog
input which is 1 1/2 LSB less than the reference {10.240—
0.060 or 10.180 Vpc) should be applied to the analog

input and the full-scale adjusted for a flicker on the LS8
LED, but this time with all the other LEDs ON.

A complete circuit for a simple A/D tester is shown in
Figure 5. Note that the clock input voltage swing and

‘i the digital output voltage swings are from OV to 10.24V,
. The MM74C901 provides a voltage translation to 5V

operation and also the logic inversion so the readout
LEDs are in binary.

LED

!

i ouTPUT '
p! ENABLE i 4
| BINARY DISPLAY :
Eon v Yo ; i »
) ; i !
! oo ; vy VIR :
t - - " - . . - I
ROSTESRNE BENCF S IGURE 4. Basic A/D Tester - B
. ; i o '
.
.
10240 Vg =
owER suppLy) O
1*
FULLSCALE
ADJUST
15 7
1024y — al - OUT EX
o—cix Lo
te 800 iz I A '
R S ADCO800
: UNDER TEST
1f 7 :
--I“-'"" . Voo - -Vog

: lu 1- N =
Lo .. QEAMMMCIN | -

emostTo Ty ¢

06800Qv
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' iTypicah Applications (Continued)‘ 4 : e

‘The digital output LED display can- be decoded by -

‘dividing' the 8 bits into .the 4 most significant bits.and
|4 least significant bits. Tabfe | shows the. fractional
binary equivalent of these two 8-bit groups. By adding

‘the decoded voltages which are obtained from the col-

7.280 Vpe. These voltage values represint |

values of a perfect A/D converter. The input yolt ]

to change. by £1/2: LSB (20 mV);-theiquy
uncertainty” of an A/D, to obtain an output digh

umn: “ing

ut Voltage Value with a 10.240 VREE" of

change. The effects of this quantization errorhn:i

both the
display can be determined. For example, for an output
JLED display of “1011 0110” or
voltage values from the table are '7.04 + 0,24 or

'

S O 2 TP

“

- TABLE 1. DECODING THE DIGITAL OUTPUT LEDs ™ =i

MS and LS groups, the value of the digiial'

“B6" {in hex) the

accounted- for in the interpretation of»‘thafft'u'fﬁ
A plot of this natural error source-is shown‘ilt'fﬁi

where, for clarity, both the analo,
normalized to L.

error voltage are

A

L

LY M ner )

g input vblt_nw; g

- TR P

]

‘ N - | INPUT VOLTAGE;
Hex | BiNARY FRACTIONAL BINARY VALUE FOR o* - \;:l;:iwmg
: 3 MS GROUP LS GROUP MS GROUP
F it o1 1 g 15/16 . 15/256 | - 9.600 -
E 1t 1 1 0 "8 e <7128 8.960
D (1 v 0 v Bag | 0 VTV g3 8.320
C[t v 0 o w3 o il yes T 7.680
B (1 0 1 1 ’ mns | ; 11/256 7.040
Afto 1 o 8 | 5/128 6400
9 11 0 0 1 fri 8/16 : - 9286 | 5760
8 |1 0 0 o012 C 1132 : ; 5.120
7 61t 1 1 me | 7/256 4480 ||
6 [0 1 1.0 <IN R 3128, 38d0 |-
5 o 1 o0 1 5/16 5/256 3.200 °
4 0 1 0.0 a0 164 = 2,560
3-Jo o 1 1 3716 E 3/256 - | 1.920
2 6o 1 o 1/8 1/128 1.280
1 Joio o0 1 1718 i 1/256 0.640
0 {00 0 o 0
f

L
R

PR L

A/D ERROR VOLTAGE (IN L58)
a

i1
LA
3

FIGURE 8. Error Piot

'~ ARALDG INPUT VOLTAGE (IN LSBs):

of ‘8 Parfact A/D Showing Effects.of Quantization Error




bplcal Applications (continued)

fbw speed ramp generator can also be used to sweep
inalog input voltage and the LED outputs will
r.ﬂde a binary counting sequence from zero to full-

btec;m‘iques descrnbed so far are sultable for an
lﬁmnng evaluation or a quick check on performance.
&l higher speed test system, or to obtain plotted
b. 3 digital-to-analog converter is needed for the
W atup. An accurate 10-bit DAC can serve as the
nision voltage source for the A/D. Errors of the A/D
Mt test can be provided as either analog voltages or -
ﬁmnges in two digital words.

{basic A/D tester which uses a8 DAC and provides the
¥ 25 8n analog output voltage Is shown in Figure 7.
M op amps can be eliminated if a lab DVM .with a
umncal -subtraction feature is. available to directly
!dout the difference voltage, “A—C*. The analog

v
AD
UNDER TEST

1MX ANALDS
ERAOA YOLTAGE

input voltags can be supplied by a low frequency ramp
generator and an-X.Y -plotter can be used to provide
analog error (Y axis) versus analog input (X axis). The
construction details of a tester of this type are provided
in: the: NSC application .note AN-179, “’Analog-to-
" Digital Conver‘ter Testmg"
P 2 : ) L .

For operatxon with ‘a mxcroprocessor or a computer-
based test system, it is more convenient to present the
errors digitally. This can be done with the circuit of
Figure 8 where the output code transitions can be
detected as the 10-bit DAC is Incremented. This provides
1/4 158 steps for the B-bit A/D under test. !f the results
of this test are automatically plotted with the analog
input on the X axis and the error {in LSB's) as the Y
axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary
and the testing speed can be increased by establishing
internal limits on the allowed error for each code.
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General Despnptnon SRS Ty S
The DACOS00 sefies are monolithic 8blt hlgh-speed The DACOBOO DA00802 DACOBOOC DACOBOIC and
current-output digital-to-analog converters {DAC) featur- DAC0802C are a direct replacement for the DAC-OB
ing typical settling times of 100 ns. When used as a mul- DAC-08A, DAC-08C, ' DAC-08E and DAC-OSH,[
tiplying DAC, monotonic performance over ad40 to 1 respectively, o ) )
reference current range is possible. The DACO0800 series ’ o :
also features high icompliance complementary current _! :

outputs to allow diffferential output voltages of 20 Vp-p Features

with simple resistar loads as shown in Figure 1. The = Fast settling output current . 100 ms:
reference-to- full-scaﬁe current matching of better than ® Full scale error Y LSB
31 LSB| eliminates the need for full-scale trims in = Nonlinearity over tem " 0, 1“
most applications while the nonlinearities of better onlinearity ove e. perature
than 0/1% over temperature minimizes system error B Full scale current drift R - 10 ppm/ C
accumulations, ® _High output compliance =10V to +18V}
o . & Complementary current outputs :
The noife immune inputs of the DACOB0O series will ® Interface directly with TTL, CMOs, PMOS and
accept TTL levels with the logic threshold pin, V| ¢, pin 1 others
grounded. Simple pdjustments of the Vic potential .2 drant wid (tiolyi b’lit e
allow direct interfage to all logic families. The perform- Quadrant wide range multiplying capa Wity :
ance and| characteristics of the device are essentially un- W Wide power ‘UDPW range - 14.5V to 218V
changed |over the full £ 4.5V to $18V power supply ® Low power consumption 33 mW at 15V
range; pgwer dissipation is only 33 mW with £ 5V sup- m {ow cost
plies and |is independent of the logic input states. '
Typical Applications P . Connection Diagram .
10v . ) . Dual-In-Line Package
ITAL TS ' S
THRESHOLD 1 U [T
CONTADL, v c ™ @ '
1% ? -
- oUT ==
Bk - . . 3
Tov T 810 Nz —0 ) -3 )
4 ' - B
DAC0800 Vour 1020 Vpp - lour— N
A » S8 81— ) 12 55 15
1 2 —0 s 1" e
D.1uF l }J H“I Tour 8= "
H 7 ke :
. 83—l B8 L
PPl a5
= v am uf .
FIGURE 1. +20 Vp-p Output Digital-to-Ansiog Converter ) N ]
Ordering Information
.
y TEMPERATURE ORDER NUMBERS*
ON LINEARITY ! )
E R’.‘ | RANGE D PACKAGE (D16C) J PACKAGE {J16A) N PACKAGE (N16A}
10.1% FS ~55°C < TA<+125°C | DACOBO2LD | DAC.08AQ :
£0.1% FS o°cg‘ A<+70°C P ' DACOB02LC) | DAC-0BHQ | DACOB02LCN | DAC-OsHP
£0.19% FS ~55°CK Ta<+125°C DACO0B0OLD | DAC-08Q : ' ' -
+0.19% F$ 0°C< T <+70°C - o ) ) DACO800LCJ | DAC-OBEQ | DACOSOOLCN DAC-08EP
+0.39% £§ 0°C < T <+70°C ' M ) DACOBOTLC | DAC-08CQ | DACOSOILCN | DAC-08CH °

Note. Devices may be oridered by using either order number,




.

;oalute Maximum Ratings

Operating Conditions

hvungo £18V or 36V MIN MAX UNITS
# bmpetion (Note 1) 500 mvy Temperature (T 4)
mlnput Differential Voltage (V14 to V15) VTtV DACO802L -55 -125 o0
I ispt Common-Mode Range (V13, V15) V™ 1o v* DACO8COL -85 -125 o
Jeainput Current . 5ma DACO800LC 0 70 °c
[ 0] V7 to V™ plus 36V 5 °
¢ 3 DACOBO1ILC o +70 Cc
Jglumnt Outputs Figure 24 DACOBO2LC 0 +70 o
n‘tmpmture —65°C to +150°C
ﬂmﬂule (Soldermg, 10 seconds) 300°C
'
:,jv .
HﬂCal Characterlstlcs (Vs = +15V, IREF = 2 mA, TMIN < Ta < TMAX unless otherwise specified.
aadnractensucs refer to both 1gyT and loyT.}
N DACoO802L/ DAC0800L/
. PARAMETER CONDITIONS DACO0802LC DACO80OLE DAcoBOILC UNITS
MIN | TYP | MAX | MIN| TYP | MAX | MIN | TYP | MAX
. fAsolution . 8 8 8 8 8 8 8 8 8 Bits
s Monotonicity i 8 8 8 8 |8 8 8 |8 8 Bits
Nonlinearity 201 =019 :0.39 %FS
Sattling Time To £1/2 LSB, Al Bits Switched 100 135 100 150 ns
“ON" or “OFF", Tp = 25°C
DACOBOGL . 100 135 ns
b DACO800LC 100 150 as
‘W'L Propagation Detay Ta=25C
P Each Bit 3 . 60 35 &0 3s 60 ns
All Bits Switched 35 60 35 60 35 60 ns
Full Scaie Tempeo 110 250 210 *50 £10 280 |ppm/°C
Output Voltage Compliance | Full Scale Current Change -10 18 ~10 18 =10 18 \
< 1/2 LS8, RQuT > 20 M2 Typ
Full Scate Current VREF = 10.000V, R14 = 5000 k2 1.984] 1992 2000{ 194 199 2.04 1944 1.99 204 mA
R15 = 5000 k2, Ta = 25°C
Full Scale Symmetry IFs4 ~ tES2 *05 |40 1 *80 2 =16 uA
Zero Scale Current o1 1.0 0.2 20 0.2 4.0 HA
Output Current Range VT = _5v 0 2.0 2.1 [+] 2.0 21 [+] 2.0 21 mA
" V™ = -8V to ~18V o 20 42 o 2.0 42 0 20 4.2 mA
- Logic Input Levels
7. Logic "0" - vic-ov 08 08 08 v
==« Logie 1" 20 20 20 \'
Logle Input Current Ve~ ov ’
Logic “0” =10V < VN < +0.8V -2.0 -10 =20 -10 -20 -10 HA
Loglc “r v <Vin < +18vV 0002 | 10 0.002 10 0.002 10 uA
‘ ¢ Logsc Input Swmg V=15V =10 18 -10 18 =10 18 v
X,
l'I--'Loqlc Threshotd Range Vge= 1BV -10 135 [-10' 135 | -10 135 v
W;--Rmmsn Blas Current -1.0 -3.0 -1.0 -30 -1.0 -3.0 uA
ot .
t ”‘"‘Rmmme Input Slew Rate (Figure 24) 4.0 8.0 40 8.0 4.0 8.0 mA/us
.‘s’., Power Sunpiv Sensitivity | 4.5V< VT <18V ’ 0.0001] 0.01 0.0001| 0.01 0.0001{ %o 01 %%
[ Bl —-45v<VT<I8Y - 0.0001| 0.01 0.0001] 0O 0.0001| 0.01 %/%
¥ IREF = 1 mA
" Powst Supply Current Vg =5V IREF * t mA i
; 23 38 23 38 2.3 38 mA
43 [|-58 -4.3 -5.8 -4.3 58 mA
V=&V, —15V, IREF = 2mA -
24 38 24 38 24 a8 mA
-64 |-78 -6.4 ~7.8 -6.4 -7.8 mA
Vg 15V, IREF =~ 2mA
25 38 25 38 2.5 38 mA
i -65 ~-78 .5 -78 ~6.5 -78 mA
§77° . Power Dissipation 5V, Ipgf = 1 mA 33 | a8 33 a8 33 48 mw
’* 8V, ~15 1agf = 2mA 108 136 108 136 108 136 mw
f‘*" £15V, IREF = 27WA 135 174 135 174 135 174 mW
®1: The maximum junction temperature of the DAC0O800, DAC0801 and DACOS802 is 125°C. For operating at elevated temperatures, devices

M dusl-in-line J or D packags must be derated based on a thermal resistance of 100°C/W,
N package.

junction to ambient, 175° C/W for the molded dual-

¢0800Va ‘10800VA ‘00803Va
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geal Performance Characteristics

Full Scale Current
. v Reference Current
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Referance Amp
Common-Mode Rangs

Ta = Tiin 70 Taax
ALL BITS “ON"

“Ye_I5V “Ve_5V V=15V
IREF =2 mA

11
IREF = 1 mA +—
T

T 1
Ings = 0.2 mA —
1 ] 1 i
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Kote, Positive common-mode range is
sways (V4) — 1.6V,
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P — PROPAGATION DELAY (rg)
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LSB Propagation Deiay vs lpg
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vs Tamperature
0
18 N N
" SNANN
SHADED AREA INDICATES
N PERMISSIBLE OUTPUT
VOLTAGE RANGE FOR
4 o -vesviges <2mAl
o |~ FOROTHER -V ORfRgg.
SEEFIGURES
-4
N N
- \\ X N
-12

~§0 [} 50 100 158
Ta ~ TEMPERATURE °C)

FIGURE 10

Vi =Vie V)

Reference input
Frequaency Responsa

12 —r T
10 FRIS=RI =1k i
I L !
T 6 LALLBITSON" :
= 4 Vet : i
= : T |
..2. -2 NN |
g -4
Z -8
g -3
-1
-12
-14
o1 02 85 1 2 5 10

FREQUENCY {MH1)

Curve 11 Co=16pF, VN =2Vpp
centered at tV.

Curve 2: Cg = 15pF, Vin = 50 mVpp
centered at 200 mV.

Curve 3: Cc =0pF, VN =100 mVpp
at OV and applied through 50 §2 con-
nected to pin 14. 2V applied 1o R14.

FIGURE S

V¥H — Vi vs Temperature
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FIGURE 8

Bit Transfer Characteristics

"
T

12 FIREF=2mA

81

08 B2

U
83
B4

i
T

g ~ OUYPUT CURRENT {mA)

I 8BS 1
/

s

i
L

~12~10-8-8-4-20 24 6 8 1012141612
VL - LOGICINPUT VOLTAGE (V)

Note. B1-88 have identical transfer
characteristics. Bits are fully switched
with less thon 1/2 LSB error, at less than
1100 mV from actual throshold. These
switching points are guaranteed to lie
between 0.8 and 2V over the operating
temperature range (Vi ¢ = 0V).

FIGURE 11

20800Va ‘10800Va ‘00800VA




DACO0800, DALUBV1, BALUOUL

Typical Applications (Continued)

BIGITAL INPUTS +VREF 255 .

i =
F$“Hmer * 256

Mms3 LS8
Y B2 83 B4 BS 3 A7 88

VRep = 10.000V

010 : RpeF = 6.000k o .
. R15 ~ RREF : 3 H
Cc =001 uF i
= Vig =0V (Ground)  .f

FIGURE 16. Basic Positive Reference Operation

RRek

DACOR0D -

“IREF S ImA
et

~VREF 256 Note. RRer sets IFg: R15is
g™ ——— % 255 for bias eurrent cancellation

HIGURE 16. Recommended Full Scale Adjustment Cireuit . FIGURE 17. Basic Negative Referance Operation
DIGITAL INPUTS

[
A} K2 B3 8¢ ES A5 BT BS g

. 1pgs * 2 A Omeeed

—_—

81 B2 B3 B4 B5 B B7 BB| lpmA TamA Eo ?6
Full Scale 1 1 1 1 1 1.1 1 1.992 0.000 |—-9.960 0.000
Full Scale—. S8 1 1 1 1 1 1 1 o} 1.984 0.008 } —9.920 | —0.040
Hatf Scale+L.SB 1 o 0o o O 0 O 1 1.008 0984 | -5.040 | —4.920
Half Scate 1 o o o o O O © 1.000 0.992 | -5.000 | 4.980
Haif Scale—-158 0 1 1 1 1 1 1 1 0.892 1.000 | ~4.960 | -5.000
Zero Scalet+LSB o 0 o O O O O 1 0.008 1.984 | —0.040 | -8.920
! Zero Scale o 0 0 0 0 0 0 O 0.000 1.982 0.000 | —9.960

FIGURE 18. Basic Unipolar Negstive Operation

. : . as Lo
J(yplcal Performance Characteristics; (continued) S ris
! Power Supply Curuqt'
| Power Supply Currant vs *v Power Supply Current vs —V vs Temperature B ' .
s . 10
‘ = ¥ TALLBITS HIGH m? LOW ALL msulAv .“ HIGH onlmv'll i ALL BITS HIGH DR LOW
3 é 7 i 2 ? - WiTH Iggg=2mA | Z Y [trern1ma T
I £ 1= 4
w s =t - s St ryTirri ;e g ! |
= ] s 7 VetV
g ¢ -t g Y - WiH g = tmA 1T S L
ot el % T T 1 ol
g ¢ b LI P
> & 1- WITH lgep = 0.2 mA 2
a £ 3 = e .
£ = E 3 !
E 2 i (13 \il 1 o |0-_- E 1 — Y.,sv yk
v | 2 | v
Lo l . S :
= e ¢ = !
02 &4 6 8 1012 38 15 18 20 0 -2 4 -6 -8 ~10-12-18-16-18 20 -50 [T |
Vg - POSITIVE POWER SUPPLY (V) V - NEGATIVE POWER SUPPLY (V) T ~ TEMPERATURE (S
FIGURE 12 FIGURE 13 FIGURE |4

IREF .
——"VRer 10 + 1o = Ifg forall
*VRER MY, logic states Ve
RE .
(R - -
ns TV R
ot For fixed reference, TTL operation,
typical values are:



gieal Applications (continuea)

"lngE = 1A Ot

| | —_
I : o
B1 B2 B3 B4 B5 86 B7 B8| Ep . -E—o
R T Pos. Full Scale 1 1 1 1 1 Tt t |-9.920 +10.000
Pos. Full Scale—L S8 1 1 1 1 1 1 1 0 [-9.840 +9.920
Zero Scale+LSB 1 o 0 0 0 0 o 1 1-0.080 +0.160
N . Zero Scale 1 o 0 0 o6 0 O 0 0000 +0.080
oens Zero Scale~L S8 o t 1 1 1 1 1 .1/[+0080 0.000
. Neg. Full Scale+LSB o 0 0 O 0 0 0 1]+9820 -9.840
: Neg. Full Scale g 0 O O 0 0 0 0}+10.000} -9820
? ’ FIGURE 19. Basic Bipolar Qutput Operation
) s
R
s
VREF * 10V OmmAA A

DACONOO

It R = R within £0.05%, output is symmetricai sbout ground

BT B2 B3 84 B5 B6 B? B8 Eo

Pos. Full Scale 1 1 1 1 1 1 1 1 {+9.920
Pos. Full Scale—~LSB 1 1 1 1 1 1 1 0 {+9.840

.| . {+) Zero Scale 1 ¢ 0 0 0O O O 0]+0.040
(~} Zero Scate . ¢ 1 t 1 1 1 1 1}-0040

Neg. Full Scale+LSB o 0 0 0 0 0 0 1[|-9.840
Neg. Full Scale 6 6 0 ¢ 0 0 0o 0/}-992

CEE - FIGURE 20. §ymmatriul Offsst Binary Operation - -

i
L

255
les = — IREF

o = = 256
i For 1 tary Bumu( { ion as negative logic DAC), con-
nect inverting input of op amp to Ig {pin 2}, connect i (pin 4)

to ground. .

FIGURE 21. Positive Low Impsdance Output Operati
! e n 255
Fs ¥ o= IREF

AL )

O 0T0 - Igg- Ay

o = =

X
For compiementary output {operation as a)\__é_gatlve logic DAC) con-
nect non-inverting input of op amp to Ig (pin 2); connect Ig
{pin 4} to ground.

FIGURE 22. Negative Low Impodinca Qutput Operation

20800vda ‘10800VQ ‘00800VdA
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Typical Applications (Continued)
: n‘v'l':n'n:\:;x. ::n . mos
i Vin TV
| i .

T, om 12v 10 19V
Vo 14y |

: l INaten U
B o i ;
v ' B
DACSE00 || e "’§!F .
vie " . 1--J..-- L
s2v (33 . i
e l TENER . Apgs S| DPTIONAL RESITTOR
l ~§V 70 -10V FOR OFFSET INPUTS
-— :

NG CAP

L Typicai values: Ry = Bk, +V N = 10V

NG

= | - o vie .

Note. Do not exceed negative logic input range of DAC.

FIGURE 23. Interfacing with Various Logic Families FIGURE 24. Pulsed Raference Operation K

“Veee ) R e E
REF .

Ragk |5
“Vaer " 5

DACOIOC

-

Vin—Fhor—

B "
DACSH R1%

(OPTIONAL)

Vin— o O AAA— :
[ o » LI
16K INPUT - o
IMPEDANCE B

|“—]

i (n) 1REF 2 peak negative swing of N (b} +VREF must be above pesk positive swing of Viy

FIGURE 26, Accommodating Bipolar Refarences

(X
FOR TURR "DN", V| =2V
FOR TURN “DFF~. VL =0V % 0—1
s0uF = v
< =
[T S
? CAPACITANCE \1’ o1 uf
HP5CH2 2800 =
SCHOTTKY DIODES — o
N Vour o :
ofy 1% rrose o ‘
— ~BAY

. Arer | T 8 0NN
; Vaer O—=AAA— 14 '
DACOROD H
T
18 [ XA 8] %
1

0.1 uf

FIGURE 26. Settling Time Measurement
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lypical Applications (Continued)

bV STOP
l RSION
o CONVERSIO:

cuock FAEE
RUN
] 10 L
1" €K g O
v DT vee ld
R om2s%2 ?
LY s o
: LE Y
9 01 02 03 64 05 a5 a7
- = e s fe aTepiTi
[17 Y S——
15V
v
0BT DIGITAL ANALGG
woRD weuy
- ,
R4 A,
i 1am 5
12fnfrels {s {7 Is {s
- L3827 6 95 84 83 g2 MSE \
va* ig
DACOIN
VR~ o/t
V' vT come Vi
- Iu ] 1§ Iv
llsv ‘

L.,

§

-5y

Note. For 1 us conversion time with 8-bit resolution and 7-bit
accuracy, an LM361 comparator replaces the LM319 ang the
reference current is doubled by reducing R1, R2 and R3 10
2.5 k2 and R4 to 2 M2,

FIGURE 27. A Complete 2 us Conversion Time, 8-8it A/D Converter
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HEF4051B

MSI

-
8-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER @&

- The HEF40518 is an 8-channel analogue multiplexer/demultiplexer with three address inputs (Ag to
A9),an active LOW enable input (E), eight independent inputs/outputs (Yg to Y7) and a common
. put/output (Z).
The device contains eight bidirectional analogue switches, each with one side connected to an indepen-
_ gant input/output (Y to Y7) and the other side connected to a common input/output (Z).
With £ LOW, one of the eight switches is selected {low impedance ON-state} by Ag to Ag. With E
HIGH, all switches are in the high impedance OF F-state, independent of Ag to Ag.
"'Vpp and Vg are the supply voltage connections for the digital control inputs {Ag to Ay, and E).
The Vpp to Vgg range is 3 to 15 V. The analogue inputs/outputs {Yq to Y7, and Z) can swing between
“¥pp as a positive limit and Vg as a negative limit. Vpp—Vgg may not exceed 15 V.

For operation as a digital multiplexer/demuitiplexer, Vg is connected to Vgg (typically ground).

16
Voo

—1 YE

0

Yil4

Y2{15

il

=
»
<
I}

LOGIC
. LEVEL 1-ot-8
Fg. 1 Functional diagram. CONVERSION DECODER:

<

<
N

<
3

gk

HMILY DATA .

Vss VEE

op LIMITS category MSI
éi_lhmily Specifications

RIRIREL



HEF4051B
mst

16 15 13 12 1Al 10 9

Voo Y2 Vi Yo Y3 Ag Ay A,

HEF40518
- Yo Yo Z Y7 Yo E Vge Vo
1 2 3 [N 5 6 7 8

170950

Fig. 2 Pinning diagram.

PINNING
Ypto Yy  independent inputs/outpus
Apto Ay address inputs

HEF4051BP : 16-lead DIL ; plastic {SOT-382).
HEF40518D: 16-lead DIL; ceramic {cerdip) {SOT-74).
HEF405187T : 16-lead mini-pack; plastic {SO-16; SOT-109A).

Fig. 3 Schematic diagram
{one switch).

FUNCTION TABLE

E enable input (active LOW)
4 common input/output
Yn

o Yoo
j'_l_[iDFL el

ngJ‘E}I

\
EE Z,

inputs channel
ON
E |Ay | A ] Ag
L L L L Yo—~Z
L L L H Y1-2
L L | H L Yo-2
L L H H Y3-Z
L H L L Yg-2Z
L H L H Y5-2
L H H L Ye—2
L H H H Y7-2Z
H X X X none

RATINGS

NOTE

72823741

H = HIGH state {the more positive voltage)
L = LOW state (the less positive voltage)
X = state is immaterial

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (with reference to Vpp!

VEE -18t0+05V

To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltag
drop across the switch, but the voltages at Y and Z may not exceed Vpp or Vgg.
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HEF4051B
ms!

SRS A

D.C. CHARACTERISTICS

Tamb =25°C
VDD\;VEE symbol typ. X, conditions I
5 350 2500 %2
s =010 Vpp-V
ON resistance 10 RON 80 245 Q | Ze'eSFio é’ DD~ VEE
15 60 175 @ J &
5 5340 9 | g
ON resistance 10 Ron 50 160 Q seo Fi 6
15 s 15 o | | e=Fi
5 120 365 Q | ., _y
ON resistance 10 Ron 65 200 Q ! VISFiV%D VEE NE
15 50 185 o | | sefio ]
"A’ ON resistance 5 25 - e
between any two 10 ARQN 10 - 0 l ;21: Fio tg VpD-VEE . |4
channels 15 5 - ] 9-
OFF-state leakage 5 - —~  nA ‘
current, all 10 lozz - - nA ¢ Eatvpp
channels OF F 15 - 1000 oA | ) vgs=Vee
OFF-state leakage 5 ) - —  nA l
current, any 10 lozy - - nA E at vgg
channel 15 - 200 nA J Vgs = VEg
15 7284306
Vop—Vss
(V)
10 operating area
5
[¢]
0 5 10 15
Vop-Veg (V)

Fig. 5 Operating area as a function of the supply voltages.
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HEF4051B

MSI

A.C. CHARACTERISTICS
VeE = Vgg = 0 V; Tymp = 25 OC; input transition times < 20 ns

. where
V[\)/D typical formula for P (uW} f; = input freg. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 f; + £(foC) x Vpp? | Cy = load capacitance (pF}
dissipation per 10 5500 f; + £(foCL} x Vpp? Z{foCL) = sum of outputs
package (P) 15 15000 f; + Z{i,Cyq ) x Vpp~ Vpp = supply voltage {V)

A.C. CHARACTERISTICS
VEE = Vss =0 V; Tamp = 26 OC; input transition times < 20 ns

VE)/D symbol | typ. max. -
Propagation delays
Vis =™ Vg5 5 15 30 ns .
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns
5 15 30 ns l
LOW to HIGH 10 tpLH 5 10 ns note 1
15 5 10 ns J
Ap —= Vs 5 150 300 ns l
HIGH to LOW 10 tPHL 60 120 ns note 2
15 5 90 ns | J :
5 150 300 ns l 2
LOW to HIGH 10 tpLH 65 130 ns note 2
15 45 90 ns J
Output disable times B
E — Vg 5 1200 240 ns
HIGH 10 tpHZ 90 180 ns note 3 i
15 85 170 ns ."
5 145 290 ns ]
LOW 10 tpLz 120 240 ns note 3
15 115 230 ns J
Qutput enable times
E — Vs 5 140 280 s l
HIGH 10 tpzH 55 110 ns note 3
15 40 80 ns ] .
5 140 280 ns l
Low 10 tpzL 56 110 ns note 3
15 a0 8 s | |




behannel analogue multiplexer/demultiplexer

HEF4051B
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"AC.CHARACTERISTICS

¥eE=V5s5 = 0 V; Tamp = 25 OC; input transition times < 20 ns
~ — e
VBD symbol{ typ. max.

Distortion, sine-wave 5 0,25 % l
response 10 0,04 % note 4

15 0,04 % l

Crosstalk between 5 — MH2z ‘
any two channels 10 1 MHz note 5

15 - MHz J

Crosstalk; enable 5 - mvV l
or address input 10 50 myVv note 6

. to output 15 - mV ‘

OFF-state 5 - MHz l
feed-through 10 1 MHz note 7

15 - MHz ]

ON-state frequency 5 13 MH2z l
response 10 40 MHz note 8

15 70 MHz J

MOTES

Viisthe input voltage at a Y or 2 terminal, whichever is assigned as input.
¥og is the output voltage ata Y or Z terminal, whichever is assigned as output.

MR =10k to Vgg; C| =50 pF to Vgg; E = Vgg; V
IR =10kR; Cy =50 pF to VEg: E =Vggi A,

fortPLH,’ Vis=Vgg and R
18 = 10kQ; C| = 50 pF ¢

Vis=Vpp and R_to VEE for tpyz and tpyyy;
" Vig=Veg and Ry to Vpp for tp| 7 and tpz| ; see Fig. 8.
(RL= 10k$2; C = 15 pF; channel ON; Vis. =% VDD(p-p) {sine-wave, symmetrical about % Vpp):

fis= 1 kHz; see Fig. 9.

ERL=1kQ; Vig=% VDD(p-p) {sine-wave, symmetrical about % Vpp);
20 log V_os = —~50 dB; see Fig. 10.
is —
LR =10k to VEE; CL=15pF to Vgg; E or Aq

- value); see Fig. 8.

is = VpD (square-wave); see Fig. 8.

= Vpp (square-wave); Vis = Vpp and R|_ to VEE
L to Vpp for tpy ; see Fig. B.
o Vgg; E = Vpp (square-wave);

= Vpp (square-wave); crosstalk is | Vos I {peak

LR = 1kQ; C|_ =5 pF; channel OFF: Vis =% VDp(p-p) (sine-wave, symmetrical about % Vpp)

- Vos .
20 log v = —50 dB; see Fig. 9.

is
LR =1kQ; Cp =5 pF; channel ON; V

Vv
: ZOIOQVCE =-3dB; see Fig. 9.

1$

.'?Q‘:'t.’ o '1‘:

is = %2 VpD(p-p) (sine-wave, symmetrical about % Vop):

run
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APPLICATION INFORMATION

Some examples of applications for the HEF40518 are:

e Analogue multiplexing and demuitipiexing.

e Digital multiplexing and demuitiplexing.

e Signal gating.

NOTE
If break before make is needed, then it is necessary to use the enable input.



