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INTRODUCTION

Project FOTON  Fiber Optic Telemetry Operatione Network!
involvee the decide and development oi' a fiber optic communication
link between two unmanned deep diving submersible vehicles of the
Deep Submergence Lab  DSL! at Woods Hole Oceanographic Institution
in Woods Hole, Massachusetts. The link is to be used on the
ARGO/JASON system shown in Figure 1 which is designed for deep
ocean �0,000 ft.! surveying and scientific research.

Figure 1: The ARGO/JASON System

The ARGO is an unmanned, sledlike submersible employing
both acoustic and optical imaging systems as well as a storage
area for JASON, it's remotely operated vehicle  ROV!. JASON is a
small self-propelled vehicle designed to perform close-up
inspection, precision sampling, and manipulative work. It carries
two color video cameras and dual robot arms' Project FOTON's goal
is to develop a system capable of transmitting the two video
signals and the control data from JASON to ARGO.

The large amount of data associated with two video signals
dictates the need for an optical fiber to be used as the
transmission medium rather than the more conventional coaxial
cable. The optical fiber has the large bandwidth capabilities
necessary to transmit this amount of data over a significant
distance while the coaxial cable does not. The advantages of
using an optical fiber are discussed in more detail in a later
section of this report. The system requires that these two video
signals, each with a 4.2 MHz bandwidth, be transmitted
simultaneously with the control or telemetry information which has
a comparatively small bandwidth of a few kilohertz. This must be
done in a way such that the three signals don't interfere with
each other during transmission and can then be easily separated on
the recieving end. To accomplish this, two of the three signals
must be mixed up away from their baseband frequencies. There are
many ways of implementing this. The video signals could be mixed
up to frequencies such as 10 MHz and 25MHz while the telemetry is
kept in baseband as is shown in the frequency spectrum graph of
Figure 2a.



Figure 2a. '~ Input Signal Frequency Spectrum {Scheme 1!

A variation of this scheme is to mix both of the video signals up
to 15 MHz but have one in phase and one in quadrature  i.e. they
are 90 degrees out of phase with each other!, thus not interfering
with each other.

Figure Rb: Input Signal Frequency Spectrum {Scheme 2!

This second scheme, pictured in Figure 2b, uses a total of 20NHz
baseband bandwidth as compared to 30MHz for the first scheme. It
is important to note, however, that the design and implementation
of a mixing and filtering scheme for the three signals is not part
of project FOTON's responsibilities. FOTON has recommended the
latter of the two schemes mentioned and has designed a system with
enough bandwidth capability to implement it.

Aside from the bandwidth requirement, the communication link
has a few other specifications to meet. One specification
was to use ATILT's ODL 200 Lightwave Data Link, containing the
electrical-to-optical  E/0! and optical-to-electrical �/E!
converters, and these imposed several constraints of their own.
Thus the circuits we designed had to meet the input and output
specifications associated with the lightwave kit  refer to
Appendix A!. For example, the input to the E/0 converter had to
be a bilevel signal  varying between two specific voltage levels!
whose frequency is within the range 40MHz < f < 220MHz. Two
methods of converting the three input signals into a compatible
waveform were investigated. It was decided that models for each
method would be developed, the pros and cons of each examined, and
the better of the two would then be developed in the final design.



One method took a digital approach to the problem, The two
video signals should be digitized using A/D converters and then
time multiplexed together with the control data, which can
be retrieved in digital form from the CPU in the current JASON
system, into frames of information which would then be sent
serially over the fiber. Each frame would contain equal amounts
of video data bits and a much smaller amount of telemetry bits due
to the latter's much slower data rate. One problem we encountered
immediately with this scheme involves the regeneration of the
system clock at the reciever end which would be necessary to
reframe the data coming over the fiber and to recover i' A
satisfactory method for clock regeneration in the FOTON system
could not be found. In addition, the data rate for this digital
system was conservatively estimated at 240 Megabits/sec which
exceeds the ODI 200 lightwave kits maximum data rate capability
of 220 Megabits/sec.

The second method considered utilizes frequency modulation
 FM!. The composite input signal would be modulated into a
bilevel signal of constant amplitude and varying frequency and
could be manipulated so as to satisfy the requirements of the E/0
and 0/E converters. The modulated signal would then be
demodulated at the reciever using some sort of FM detector. The
major obstacle to this method was finding devices which could
generate and detect FM signals at high enough frequencies.

It was decided that for this project the FM method would have
a better chance of success. A more in depth discussion of FM
follows in the main report.



ARGO JASON PRESENT SYSTEM

Descri tion of ration

Currently, ARGO/JASON utilizes a telemetry I/O system
designed by Colmek Systems Engineering which is shown in Figure 3,
This system utilizes Frequency Shift Key'ing  FSK! to modulate the
telemetry information for transmission over the highly attenuative
coaxial cable. FSK is a way of changing the 9600 baud digital

j.nformation from the surface and subsurface CPU's to analog
signals whereby each distinct digital state  "1" or "0'! generates
a discrete transmit frequency'. These frequencies are received at
the other end of the link and decoded back to discrete information
states which are then processed by the CPU. This system utilizes
two FSK channels, a downlink at 1.52 MHz for vehicle control, and
an uplink at 1.29 MHz for vehicle information. The single video
channel in this system is frequency modulated using a voltage
controlled oscillator  VCO! with a carrier frequency of 32MHz and
is demodulated using a quadrature detector.

The proposed FOTON system would utilize the FSK and simply
add the two video signals in above it. The mixing scheme
suggested in the last section and shown in Figure 2b could be
implemented with a system like that sho~n in Figures 4 k 5. The
summing op-amp in the transmitter circuit must have unity gain
over the entire baseband bandwidth, and filtering must, be done at
the reciever end to separate the signals.

Present S stem Limitations and FOTON'S Im rovements

The limitations of the present sy' stem lay mostLy in the use
of a coaxial cable as a transmission medium. The metal conductors
in the cable have maximum data rate capability which the system is
near approaching. Therefore, imposing additional information to
this system requires a redesigning of the cable to accommodate the
higher data rates. Also, the use of this type of cable is very
restrictive to the tether management system which controls the
reeling in and out of the cable as JASON swims around. The
twisting and tensile forces caused by the weight and size of a
coaxial cable make the tether extremely difficult to manage as
its length increases.

Project FOTON utilizes an optical fiber for data transmission
which is capable of carrying substantially higher data rates with
less loss than a coaxial or twisted-pair type cable. Figure 6
sho~s the attenuation vs. frequency for three types of
transmission lines.
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Figure 4 � Possible JASON transmitter block diagram.



Figure 5 � Possible ARGO receiver block diagram.
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Figure 6: Attenuation vs. Frequency for 3 Types of
Transmission Lines.

awhile attenuation increases dramatically at higher data rates
for metallic transmission lines, the optical waveguides loss
remains fairly constant. This high bandwidth capability is

DSL's lans to add an additional color video camera
on JASON for stereo viewing which wasn't previously possi e
a coaxial transmission line.

Because it is nonconductive, nonrad ative and noninducti ve
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fiber to the system is the potential for futur gure rowth. Not only
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In FM, the instantaneous frequency F t! varies above and
below the carrier frequency Fc by an amount +F<X t! . Where Fg is
known as the frequency deviation and X t! is the instantaneous
value of the modulating  input! signal. If Am is the maximum
amplitude of the modulating signal, then the furthest F t! can
deviate from Fc is

+F<X t!max = +F>Am = +4F eqn 1

In general, the larger F is compared to the frequency one is
trying to modulate  Fm!, the better the SNR. This ratio is known
as the FM modulation index P.

P = F~Am = 4F
Tm Fm

eqn 2

The transmission bandwidth  BW! of the modulated signal being
transmitted over the fiber can be estimated using Carson's Rule to
be:

BW = 2 AF + Fm! eqn 3

This estimate includes approximately 90%, of the transmitted power
spectrum. It can be shown that the SNR for an FM system is:

SNR~ = 1.5 B eqn 4

where = SNR max for baseband, single sideband , and double
sideband systems. FM, therefore, has an inherent improvement jn
SNR over these other types of modulation by a factor of 1.5B
known as the FM improvement factor.

1 - Carlson, A. Bruce, 1975: "Communication S stems", second
ed. McGraw-Hill, New York, NY.

Project FOTON selected frequency modulation  FM! as a means
to transmit information over the optical fibers "In contrast to
linear modulation  such as amplitude modulation!, FM is a type of
exponential modulation which is a non-linear process; therefore
the modulated spectrum is not related to the message spectrum in a
simple fashion. Moreover, it turns out that the transmission
bandwidth is usually much greater than twice the message
bandwidth. Compensating for this bandwidth liablility is the fact
that FM can provide increased, signal-to-noise ratios  SNR's!
without increased transmitted power. FM thus allows one to trade
bandwidth for power in the design of a communication system.~
Utilization of an optical fiber provides the necessary bandwidtK
to use FM and. benefit from improved, SNR'st



GRNRRATXON AND DRTRCTION OF FN SIGNALS

FN Generation. The Volta e Cont plied Oscillator

Direct generation of FN requires a device whose oscillation
frequency has a linear dependence on its applied voltage.
Project FOTON uses a voltage controlled oscillator  VCO! for this
purpose. Available commercially, VCO's will deviate by an amount
+ F above and below a center frequency', Fc, which the user
specifies with various biasing components. The amount the VCO
deviates about Fc depends on the gain or frequency deviation F of
the oscillator and the amplitude of the input, Am {Refer to eqn
1!. It is important to note that the relationship between input
voltage and output frequency must be linear over the entire range
of F and this puts a limit on how large F can be for a given
center frequency Fc. This maximum value of F is usually expressed
as a percentage of Fc and ranges from 10-20K depending on the
model and make of the VCR

In order to achieve high SNR, a high P and therefore a high
F are required for a given Fm  refer to eqns 2 thru 4!. This in
turn means Fc must be increased since W is limited to a certain
percentage of Fc which leads to the general conclusion that the
faster you run the VCO, the better the SNR. Of course the
tradeoff associated with FN still exists here. As the speed of
the VCO is increased to improve the SNR, more bandwith is required
to handle the modulated signal.

FM Detection: The Phase Locked Loo

One way to detect FN signals is by using a Phase Locked Loop
 PL !. The PLL is a feedback sy' stem composed of a phase
comparator, a low pass filter, an error amplifier in the forward
signal path and a VCO  described above! in the feedback path. A
block diagram of a basic PLL system is shown in Figure 7, The
basic operation of a PLL can be described as follows:

With no input voltage applied to the circuit the VCO operates
at its center or free-running frequency Fc. The phase comparator
compares the phase and frequency of the input with the VCO output
and generates an error signal Ve which is proportional to the
difference between the two. This error signal is then filtered
and amplified and then applied to the control terminal of the VCO,
The nature of the negative feedback loop is to drive the error
signal to zero and thus force the VCO to oscillate at the same
frequency as the input to the loop. When this happens the loop is
said to be "in lock" and the voltage holding the VCO in lock with
the input to the loop appears at the output of the loop. Thus the
PLL exactly' reverses the function of a VCO alone and achieves
demodulation of the FM signal.

Once the loop is in lock, the self-correcting nature of the
system allows it to track changes in the input frequency' over
fairly wide ranges and. remain in lock, The range of input
frequencies over which the PLL can mantain lock is known as the
"Lock Range", and the range of frequencies over which the PLL can
acquire lock is known as the "Capture Range". The capture range
is always smaller than the lock range and both are centered about
Fc.

-10-
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LOW FRE UENCY MODEL

The model consisted of a VCO connected by a coaxial cable to
a PLL as is shown in the block diagram of Figure 8. Due to their
availability, two EXAR XR-215 monolithic PLL chips  see Appendix B
for specifications! were used in implementation of the modulator
and demodulator circuits. Examination of the pinout diagram for
the XR-215  Figure 9! indicates that the VCO in the feedback path
of the loop is easily' accessible.

Figure 9: XR-215 Pinout Diagram

By forcing
control pins
FM and thus
free-running

the modulating  input! waveform onto the
of the VCO  pins 11 and 12! the output of the VCO is
we can implement the modulator of Figure 10. The
frequency of the VCO can be approximated as

Fc = 0.0002 1 + 600
Co Rx

where Co = 160 pF and Rx "- 750 Ohms were chosen as biasing values
so as to modulate the signal at a center frequency Fc = 1MHz. The
demodulator circuit  Figure 11! was required to run at the same
frequency and therefore the same values for Co and Rx were used.

The design was wire-wrapped and tested by applying sine waves
and audio signals to the input. It was determined that the system
could successfully modulate and demodulate a signal with a maximum
bandwidth of approximately 100KHz, nowhere near enough for video
transmission but enough to handle audio. As expected the
knowledge and experienced gained by developing the low frequency
model proved invaluable when it came to testing and debugging the
high frequency system.

� 12-

Zt was decided by the FOTON team that a low frequency model
of the proposed system should be designed, built, and tested.
This gave the team members valuable experience in dealing with the
problems which arose when using VCO's and PLL's, and also proved
the validity of the theory upon which the system design was based,
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THE FOTON SYSTEM

THE TRANSMITTER

The NE-568 as an FM Generator

Xn order to transmit the composite input signal containing
the telemetry information as well as the two video signals as they
appear in the frequency spectrum layout of Figure 2b, a baseband
bandwidth of at least 20 MHz is required. Taking into
consideration the tradeoffs discussed in the "FM Theory" section
of this report, it was decided to run the VCO at Fc = 125 MHz with
a 20% deviation of kF = +25 MHz. Thus generating an FM signal
with a minimum frequency of 100 MHz and a maximum frequncy of 150
MHz which is the upper limit of the NE-568. The VCO was pushed to
its upper limit in order to achieve the largest 4F and P
possible. Using eqns. 2 4 4

SNR = 1.58!= 2.34!;25MHz/20MHz = 1.25 and

therefore this system should theoretically provide a signal to
noise ratio 2.34 times greater than that of a baseband
communication system becuase of the FM improvement factor.

Figure 14 shows the NE-568 used as s, linear frequency
modulator. With the exception of pins 4 k 5, all connections on
the the left side of the diagram are for power and include an RF
choke as well as several bypass capacitors. The capacitor
connecting pins 4 and 5 controls the oscillator's free-running
frequency and is usually' referred to as the timing capacitor Ct.
The value of Ct is determined by the desired Fc, the value of the
temperature compensation resistor R4, and the amount of stray
capacitance on the board. See Appendix C-Figure 6 for correction
factors. "Pins 17 and, 18 are both biased from Vcc and Vout pin
14! using R3 and R2. This balanced biasing provides supply
rejection and temperature tracking. Capacitor C3 bypasses pin 17
for output signal swings. The RF input  pin 11! is grounded
through a IOK resistor in order to drive the internal limiter to a
fixed state. Since the internal phase detector multiplies the
limiter output and the oscillator signal, the oscillator frequency
will appear at the phase detector outputs  pins 19 &, 20!.< The
amplitude of these differential outputs is 200mV pk-pk with a DC
offset of Vcc-0.1v. Capacitor Cm is used to control the modulator
bandwidth.

-16-

A high level block diagram of the FOTON system appears in
Figure 12. Each block shown will be discussed separately in this
part of the report. A 150MHz PLL manufactured by Signetics Corp.
 part¹ NE-568! was used in the system design to achieve high
frequency' FM generation and detection. Only the VCO section of
the chip was used for FM generation while the entire chip was used,
for FM detection. A diagram of the internal chip functions and
pinouts for the NE-568 appears in Figure 13 and the chip
specifications are found in Appendix C.
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The Level Shift Am Circuit and E 0 Interface

The E/0 converter is 100K ECL compatable ~ This means that
its inputs must be at ECL levels which are centered about -1.3V
and range from about -1.7V  low! to -0.9V  high!, a swing of
800mv. Since the VCO output is 200mV with a DC offset of Vcc-0.1V,
it was necessary not only' to level shift the signal, but to
amplify' it by' a factor of four as well. This was accomplished
through the use of a multi-stage, high bandwidth differential
amplifier. This interface was designed differentially because the
VCO output is differential and the E/0 converter can handle
differential inputs as well. It is possible to drive the E/0
single-endedly, but it was thought that use of a differential
input might improve the signal to noise ratio. The main concern
in designing this amplifier/shifter was that there be sufficient
bandwidth to handle the modulated signal.

As seen in Figure 15, there are five stages to this
amplifier, two gain stages and three emitter follower pairs for
buffering. A nice property of the emitter follower circuit is
its high input impedance which is used here to ensure that each
stage doesn't load down the stage previous to it. Each gain stage
is DC coupled to remove any DC offset on the signal. The two gain
stages use 2N2369A BJT transistors  T3, T4, T7, and TS in Figure
15! which have a rated gain bandwidth product  Ft! of about
500MHz. The specification sheets for this device appears in
Appendix D. Using the Ic vs Ft curves it was possible to
determine the Ic for which the gain bandwidth product was the
greatest and bias the transistor appropriately'. In this way the
bias current for each 2N2369A was chosen as 8mA, or 16mA for each
stage. The collector base voltages are also biased to accommodate
high bandwidths. The first gain stage has a measured gain of
about 2.5 providing a signal large enough to cause the second
stage to switch. The second stage is biased so that it will act
as an ECL gate. The current switches almost completely between
the two legs of the differential pair so that if the diode drop
due to the last emitter follower is taken into account, ECL levels
are generated at the output of the amplifier.

The amplifier could possibly have been designed in fewer
stages but then there would have been potential problems with
slew rate, ie. with faster switching there is less chance of noise
causing phase error. Thus to avoid this problem, the
amplifier/shifter was designed to have a fast switching time
requiring several stages since the gain bandwidth product of the

-20-
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ODL TRANSMITTER AND RECEIVER

The optical components used, as previously mentioned, are the
ATILT ODL 1252C  Transmitter! and 1352C  receiver! from the ATLT
ODL 200 Lightwave Data Link Kit. The ODL chips, fully compatible
with 100K ECL , operate by changing the amplitude of the light
emitted from a photodiode. As indicated in the ODL description
 see Appendix A!, turn-on delay is reduced by biasing the
photodiode with a small current in the off position, thus the
light in the fiber is never completely off. However, the
transmission of data pulses can be thought of as the light being
either on or off. This differs from some other methods of optical
transmission where instead of modulating the amplitude of the
optical signal, the frequency is modulated producing an FSK type
of transmission. Connections of the 1252C and 1352C were done as
recommended in the specification sheets and are shown in Figures
16 4 17.

THE RECEIVER

The NE-568 Phase Lock Loo

Once the FM signal has been received by the 0/E converter, it
is fed to the ingest of the NE-568 PLL shown in Figure 1B,
through a O.iuF caupling capacitor. This coupling removes the DC
offset of the ECL level output from the 0/E converter. The VE-
568, which has a center frequency equal to that of the VCO of Fc
125MHz, "lacks on" to the signal as described in the "FN
Detection" section earlier in this report. Fc was set using
capacitor C2 between pins 4 4, 5 as before, All power connections
are exactly the same as in the VCO diagram of Figure 14, Other
component values were chosen using the specification sheets and
diagrams of Appendix C, and equations supplied. with the NE-568
documentation. A table of the component values used is included
on the circuit diagram.

Since this is a high frequency device, as is the FN modulator,
careful attention must be paid toward the layout, maunting, and
circuit connection techniques. In the documentation, Signetics
Corp. makes it clear that unless certain points are AC bypassed
effectively, there is a high probability of extraneous signals
being introduced to the signal paths' These bypass capacitors
must be ceramic surface mount types which are mounted on the
solder side af the board. Also, the NE-568 chip must be
soldered in place and Signetics recommended layout  see Figure 19!
for the copper traces must be used to ensure satisfactory
performance. The FOTON prototype was built paying close attention
to these guidelines. Every capacitor on the board is a surface
mount type, the NE-568 is soldered, in, and the recommended layout
for the PLL was used. Trace layouts for all other component
connections were designed by the members of FOTON.

22~
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Figure 19 : Suggested Layout for the NE-568

Remixin of Video and F lterin

Although not part of POTON's tasks, any composite signal
containing many different parts would have to be filtered and
separated after being demodulated bv the PLL. If the baseband
arrangement of Figure 2b were chosen as the way to organize the
three signals, then the system of Figures 4 & 5 could be used to
implement it. Whatever arrangement is chosen, it must stay within
the 20MHz baseband bandwidth limit.

POWER CONNECTIONS

Voltage levels required for the entire FOTON System include:

Voltage RequiredComponent

NE-568

Amplifier/Shifter
E/0 & 0/E Converters

+5 Volts

-12 Volts

-4,5 Volts

-2.5 Volts

-26-

The negative voltages were obtained with a -13.5 volt supply
and five NTE-957 adjustable negative voltage regulators. The
positive voltages were obtained in the same manner with a +12 volt
supply and two NTE-960 positive 5 volt regulators. All power
connections are shown in Figure 20. It should be noted that the
regulators which supply -4.5 volts to the E/0 and 0/E converters
must supply 260mA and 180mA respectively; therefore these
regulators have heat sinks on them to help with heat dissapation.



n CII
Ol
a lk
O

4l

4l
CJ
4J

X
O I a

4I
O

-27-

4I

I I r lO
? EC
IL

tO
?

O I tJ
4I

a IJ

IPx O I
CJ
4l

X ? O CJ

O
X
I
«I
EK
?
a
IC

Z



DEBUGGING

When assembling and testing the sy' stem a number of problems
arose, the more serious of which will be summarized, here. The
first time the system worked, an inversion of the signal was
observed. This was caused by the VCO having a negative transfer
function with respect to the PLL's transfer function. That is,
the output frequency of the VCO increased for negative input
voltage levels and decreased for positive input voltages. This
problem was easily solved by flipping the differential input leads
 pins 17 I 18! to the VCO circuit. Now a positive input voltage
to the VCO corresponds to an increase in oscillator frequency and
vice-versa.

Another major problem resulted from a large amount of noise
getting onto the traces through the power supplies. The effect of
this noise was observable interference in the video signal. The
noise was pinpointed with an oscilliscope and the problem
alleviated by placing 10uF capacitors from the supply side of the
positive voltage regulators to ground.

Other problems included bad capacitors that acted as short
circuits and, bad solder joint which created open circuits. Zt was
also discovered that the input signal to the VCO csn't exceed much
more than 0.5 volts pk-pk without distorting the signal,
Therefore, a simple voltage divider was built at the input with a
potentiometer so that the input signal level could be adjusted to
appropriate levels.

-28-



Appendix A

ATILT ODL 200 Lightwave Data Link Specifiaations
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ODL 200 Lightwave Data Link

ELECTRICAL CHARACTERISTICS
ODL 200 Receiver

 VCC tl352FJ � VER �35261 ~ 4.2 to 4.8 V; Operating Temperature: 0 ro 70 C'!
 ennplernentary Outputs~!

1. Refer to thermal characteristics, p. S.
2. Specifications assume the use of both outputs with complementary data. Similar performance can be achievedusing either output individually.
3. The l3S2C Is measured from ground with a 50 0 load to -2.0 V. The 13S2F is measured From VCCA witha 50 0 load to VcCA -2.0 V.
4. With a 4,S V power supply.
S. With 50 0 loads on Data and Data to [VCC-2.0! V �352F!, to -2.0 V �352C!.6. Value given is typical, not minimum.
7. Peak power coupled horn a 029 NA, 625/12$ micron fr<' at 220 Mb/s for a bit error rate of l0 s at +40'CIncludes EOL

8. The PWD as measured with a -18 dBm input signal having neglil'ble PWD.9. Specified at a 200 Mb/s data rate At lower data rater the maximum value scales inversely with the decreasein data rata

10. Between 20% and 80% Points with a $0 9 load to  VCC-2.0t V.
ll. With 4.8 V power supply, 50% duty cycle and logic outputs terminated in 50 0 to Vcc-2 V.12. Measured from VCC with a 50 0 load to tVCC-2.0] V.



ODL 200 Lighhvave Data Link

KLKCTMCAL CK>QbkCTKRISTICS
ODI. 200 %sttstnitter

 VCC � VH. ~ 4.2 to 4.8 V; Operating Temperature: 0 to 7''!
 Complementary Inputst!

MinSymbol
Unit

Input Data Voltage- Low3
Input Data Voltage'-High3 -1.475

-0.880

Vtt.

VrH
-1.810

-1.165 V V
Input Current -Low
Input Current- Highs

r 0350

Reference Voltages

Input Transition Tune~>

'-1.396Vtta

1.0

Power Supply Current Icc

Data Rate fNRZ Encodingt DR
Mb/s

28  -15.5! pW  dBm!
Peak Optical Power �jrpical Conditions'!
Opucal Output+

High
Low

IX5  -19! riW  dBm!
pW

 dBm!

88  -103!
Pow'20'

 Pott -13!
Output Rise Time>>
Output Fall Timey> 1.8

X2

~ Wiidth merodus «
0.5

1350
Optical Wavelength

Spectral Width fPWHMI
170

Power Dissipation<>

-A4-

l. Refer to package thermal characteristics, p. 3.
2. These specifications assume the use of both inputs with complementary input data Similar performance

can be achieved when driven sin~ded.
3. Measured from YCC with a 50 0 load to [VCC -2.0} V.
4. Measured with Vn. min.
S. Measured with VrH max.
6. Meaaited from VCC.
7. B~eea 10% and 90% pointL
8. Specified at a 200 Mb/s data rate. At lower data rates the maximum value scales inversely with the

decrease in data rate.
9. Value given is typical, not minimum.
10. Measured peak power coupled into 049 NA, 655/125 micron fiber at +40'C. Includes power supply

and end~f-life  EOL! variationL
11. The PWD as measured with an input signal having negligible PWD.
12. With 4.8 V power supply and 50% duty cycle.
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Exar XR-2l5 35 8Hz PLL Specificatians



XR-2f 5

Monolithic Phase-Locked Loop

The XR-215 is a highly versatile monolithic phase-locked loop  PLL! system deigned for a wide variety of applications in both
analog and digital communicatian systems, lt is especially well suited for FM or FSK demodulation, frequency synthesis and
tracking filter applications. The XR-215 can operate over a large choice of power supply voltages ranging from 5 volts to 26
volts and a wide frequency band of 0.5 Hz to 35 MHz. lt can accommodate analog signals between 300 microvolts and 3 volts
and can interface with conventional DTL, TTL and ECL logic families,

Figure 1 contains a functional block diagram of the XR-215 monalithic PLL system. The circuit consists of a balanced phase
comparator, a highly stable voltagewantrolled oscillator  VCO! and a high speed operational amplifier. The phase comparatar
outputs are internally connected to the VCO inputs and to the non-inverting input of the operational amplifier. A self con-
tained PLL system is formed by simpiy ac caupling the VCO output to either of the phase comparator inputs and adding a
low-pass filter to the phase camparator output terminals.

The VCO section has frequency sweep, o~ff keying, sync, and digital programming capabilities. its frequency is highly stable
and is determined by a single external capacitor, The operational amplifier can be used for audio preamplification in FM
detector applications; or, as a high snead sense amplifier  or comparator! in FSK demodulation.

APPLICATIONS

26 volts

750 Inw

5mW/ C AVAILASLE 1YPE

Part Number Package

XR-215CN Ceramic

Operating Temperature

0 C'to 75 C
-65 C to+150 C

EQUIVALEÃT SCHEMATIC FUNCTIONAL BLOCK DIAGRAM

FEATURES

Wide Frequency Range: 0.5 Hz to 35 MHz
Wide Supply Voltage Range: 5V to 26V
Digital Programming Capability
DTL, TTL and ECL Logic CompatibiTity
Wide Dynamic Range: 300 iiV to 3V
ONNFF Keying and Sweep Capabihty
Wide Tracking Range: Adjustable from k!% to+50%
H~uality FM Detection: Distortion 0.15%

Signal/Noise 65d8

ABSOLUTE MAXIMUM RATINGS

Power Supply
Power Dissipation

Derate above +25'C
Teinpefature

Storage

FM Demodulation
Frequency Synthesis
FSK Coding/Decoding  MODEM!
Tracking Filters
Signal Conditioning
Tone Decoding
Data Synchronization
Telemetry Coding/Decoding
FM. FSK ind Sweep Generation
Crystal C ontrolled Detection
Wideband Frequency Discrimination
Voitage-to-Frequency Conversion



ELKCERICAL SPE  lFICATIONS

LIMITS

MIÃ. TYP. - MAX
UNITS CONDITIONSCHAR ACTKRISTICS.

r- GmgIIAI.CmaaaeramnCS
Test Candltioarr V ~ 12V  singie supply!, T+ ~ 25'C, Test Circrdt af FIgure 2 with CG ~ 100' pF,  sihremrica! 5 I. S2, S5, close4, SI, Sa
apen unless otherwise specified.

See Figure 2
See Figure 3
See Figure '2
See Figure 2, Sl open. S4 closed

5
+2.5

8
s0

.V dc
V dc,

mA

MHz

26
113:

15II

35

Cp ~ 500!tF0.5

ppm/'C
%/V

250
O.l

8:I

600

5;I

Output Voltage Swing
Rise Time

Fall Time

s 51.5
'0

10 pF to ground at Pin 15'0 ns

PHASK COXPAIATOR SKCnavr

Conversion Gain V Jrad Vln > 50 mV rms  See haracterrs-
tic curves 1
Measured '.ooking into Pins 2 or 3

Measured across Pins 2 and 3
V' > 0. S open

kQ

rnV

Output Impedance

Output Offset Voltage '0 100

66 S2 open
AV~ I

0,5

RL ~ 30 kQ I'rom Pin 8 to ground

5 � SPECIAL APP'UCATIOHS
Ai B0 Detnadutsien
Test CanditianL fest circuitaf Figurw4, V ~ 12V, input signal. 107 MHs FM with rtf 75 kHr fz~~ 1 kHz.

5GQ source

Measured at Pin 850

0.5

Vinn 10 mV rms. 30% AM
55

B! Ttscking FQssr
Test Conditions: Test circuit af Figure 5, V ~ 12V, fa 1 MHx, V~n 100 nrV rms. 50A source.

a30 +50Tracking Range  % of fo! See Figures 5 and '5

Discriminator Output

~Vout

~/fo
50 Adjustabie � See applications

information
m V/~r

SUPPLY VOLTAGK
Single Supply
Spiia Supply

Supply Current
Upper Frequency Limit
Lowest Practical Operating

Frequency

VCO SKCDONr

Stability:
Temperature
Power Supply

Sweep Range

OP AMP SKCIIOhfr

Open Loop Voltage Cain
Slew Rate

Input impedance

Output Impedance
Output Swing
Input Offset Voltage

Input Bras Current

Common Mode Reiection

Detection Threshold

Demodulated Output Amplitude

Distortion  THD!

AM Rejection

Output Signal/Noise

80

2 5

10

I

80
u0

0.8

500

0.15

40

65

dB

V//t sec

MQ

kQ

rnV

nA

dB

mV rms

mV rms

dB

JB

See Figure '2, 0 C g TA g 75 C
V !IOV

S3 closed, S4 open, 0 < VS< 6V
See Figure 9, CG w 2000 pF
S5 open
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Figure 2, Test Circuit For Single Supply Operation

Figure 3, Test Circu.i For Split-Supply Operation

Figure 4. Test Circuit For FM Demodulation

DESCRIPTION OF CIRCUIT CONTROLS

PHASE COMPARATOR INPVFS  P!NS 4 AND 6!
One input so tlse~ase compamtor is u~the signal input;
the remaining-input should be ac coupled te the VCO output
 pm l 5! to complete the PLL  me Figure 2!. For split supply
operation, these inputs are bi«said from ground as shown in
Figure 3, For single supply operation, a resistive bias string
similar to that shown in Figure 2 should be used to set the

bias level at approximately VCC/2. The dc bias current at
these terminals is nominally 6 riA.

PHASE COMPARATOR BIAS  PIN 5!
This termmal should be dc biased as shown in Figures ' and
3. and ac grounded with a bypass capacitor,

cigure, Test Circuit For Tracking Filter

PHASE COMPARATOR OIJrPUTS  PINS 2 AND 3!

The low frequency for dc} voltage across these pins corres-
ponds to the phase difference between the two signals at
the phase comparator inputs ipms 4 «nd 6!, The phase
cornparator outputs are internally connected to the VCO
control terminals f see Figure l !. One of the outputs
 pin 3 l i» internally connected to the non-inwrring input
of the operational ampiifier. The low-pass filter is achieved
by connecting an RC network to the phase comparator out-
puts a» shown in Figure l4.

VCO TIMING CAPACITOR  PINS l3 AND 14!

The >C'0 free-running frequency. fo, is mversely proportional
to timing cap«.itor Cp connected between pins l 3 and l4.
 See Figure 7!.

Figure 6. Typical VCO Temperature 6'oefficient Range as a
Function of Operating Frequency  pin 10 open!

Figure 7. VCO Free Running Frequency vs Timing Capacitor
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Vco OUTPUT  PtN IS!
The VCO produces approxicnately a 2.5 Vp.p output signai at
this pin. The dc output level is approximately 2 volts below
VCC. This pin should be connected to pin 9 through a 10 kQ
resistor to iincrease the autput current drive capability. For
high voltage operation  VCC ! 20V!, i 20 kQ resistor ia re-
commended. It is also advisable to connect a SOOQ'risistor in
ieries with this output for short circuit protection.

Figure 8. Phase Comparatar Conversion Cain. Kd,
versus input Amplitude

Figure 9, Typical Frequency Sweep Characteristics u a
"unction of Applied Sweep Vorr~ge

l Nate: VSO w VCC - SV w Open Cirmit Voltage st prn I !

Figure 10 XR-'IS Op Amp frequency Response

VCO SWKEP INPUT  PlN 12!
The VCO Frequency can be swept over a broad range by apply-
ing an analog sweep voltage, VS, to pin l 2  see Figure 9!. The
inlpedance level looking inta the sweep input is approximately
SOQ. Therefore, for sweep applications. a current limiting
resistor, RS, should be corinected in scales with this terminal;
Typical iweep characteristiCS of the'cia'iit are ihawn in Fig'
ure 9. The VCO temperature dependence is minimum when
the sweep input Is not used.
CAfJ1'los; For safe operation of the mrcuit, the maximum
curreIrt, IS, drawrl from the'sweep terminai should be limit-
ed ta 5 niA ar less under all operating conditions.

i
ONNFF IfS YlNG: With pin 10 open circuited, the VCO carr
be kiyed off by applying a positive voltage pulse to the sweep
input terminal. With RS ~ 2 kQ, ascillstiahs will stop if the
applied potential at pin 12 is raised 3 volts above its open-
clrcuit value. When sweep, sync. or onwff keying functions
ate not used, RS should be left open circuited.

RANGEBKLECT  PIN 10!
The frequency range of the XR-21S can be extended by can.
necting an external resistor, RX. between pins 9 and 10, With
reference to Figure 11, the operauan of the rangemlect ter-
minal can be explained as foUows: The VCO frequency is pro-
portional to the sum of currents ', I and 12 through transistors
T 1 and T2 on the monolithic chip. These transistors are biased
from a Axed internal reference. The current 11 is set:n ternaUy,
whereas 12 is set by the external resistar RX. Thus. xt any Cp
setting, the VCO frequency can be expressed ss:

fowf1 I+ � '

where fl is the frequency with pin i 0 open circuiteo and RX is
in kQ. External resistor RX  ~ 750Q! is recommended for
iperatian at frequencies in excess of 5 MHz.

The range select terminal can also be used t'ar tine tuning the
VCO frequency, by varying the value of RX. Simiiarly. the
VCO frequency can be changed in discrete steps by switching
in different values of RX between pins 9 and 10.

Figure 11 Explanation of VCO Range-Select Controls

DIG?TA1 PROGRAiNMING

Using the range select control; the VCO frequency can be step-
ped in a binary manner, by appiying s Iagic signal ta pin lp,
as sho~n in f igure 11. For high level Iao'c inputs, transistor
T2is turned off, and RX is effectively switched out of the
circirit. Using the digital programming capability, the XR-'15
can be time.multiplexed between two separate input frequenc-
ies, as shawn in Figures 18 snd 19.

AMPLIFIER INPUT  PIN I !

This pin provides the inverting input for the operational ampli-
fier section, Normally it is connected to pin 2 through a lp kQ
external resistor t see Figure ' or 3!.
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Signetics NE-568 150 MHs PLL Specifications



L "* PLL P L L '~PL PL

DESCRIPTION

FEATURES

o Operation to 150MHt
o High linearity buffered output
o Series or shunt loop filter component capability
o Temperature compensated

APPL I CATIONS

o Satellfte receivers
o Fiber optic video links
o VHF FSK demodulators

ABSOLUTE MAXIMUM RATINGS

PARAMETER VALUESYMBOL UN IT

VCC
TA

Supply voltage
Operating free-afr ambient
range
Junctfon temperature
Storage temperature
Maximum power dissipation

6
tempera ture

0 to +70
+150

-65 to +150
500

oC
oC
oC
mW

TSTG
PDm x

ORDERING INFORMATION

DESCRI PTION

Plastic 20-Pin DIP

TEMP ERATURE

0 TO +70 C

ORDER CODE

NE568N

0 TO +70 CPlastic 20-Pin SO Packa e NE568D

The NE568 is a Monolithic Phase Lock Loop  PLL! whfch operates from 1Hz to
frequencies in excess of 150MHz. The integrated circuit consists of a
limiting amplifier, a current controlled oscillator fICO!, a phase detector,
level shift circuit, V/I and I/V converters, an output buffer, and bias
circuitry with temperature and frequency compensating characteristics. The
desfgn of the NE568 is partfcular1y- well suited for demodulation of FM signals
wfth extremely large deviation fn systems whfch require a highly linear
output. In satellite receiver applications with a 70MHz IF, the NE568 will
demodulate +/- 20% deviations with less than 4.0% nonl fnearity �.0L
typica]!. In addition to hfgh linearity the circuit has a loop filter which
can be configured with series or shunt elements to optfmfre loop dynamic
performance. The NE568 is avaflable fn 20 lead dual-fn-line and 20 lead SO
 surface mounted! p'1astic packages.



NE568 PIKLININARY DATA SHEET
Electrfcal Character f sties

The electr fcal characteristfcs listed belov  are actual tests  unless otherwfse stated! perfonnec
Hth an automatic IC tester on each device prior to shipment. Performance of the device in an
automated test setup is not necessarily optfsaas. The NE568 fs layout sensftfve. Eva1uation of
erformance for correlation to the datasheet should be done fifth the circuit and 1ayout of
fgures 1-3 fifth the evaluatfon unit soldered fn place  do not use a socket.'!.

r

TEST CONDITIONS, unless otheMse specified: TA ~ 25oC; VCC ~ 5V; fp ~ 70NHz; Test
Cfrcuft - Ffgure 1; fIN ~ -2pdBm.

DC Electrical Characteristics

Test Condftion

AC Electrical Characteristics

Naxfmum ost;f ll ator operating
frequency ~

50
-20 �!

Input signal leve1 2000 mVp-p
+ 1010 dBm

F/7Deaodul ated BM

Non-Linearfty 5 Dev ~ +20K, Input -20dBm 1.0 4.0

Lock range +25 +35Input -20dBm %of fp

Capture range Input -20dBm +20 +30 T,of fp

PPN /oCFIt' 1TC of fp

Input resf stance 1K ohms

Output fmpedance ohms

Dev ~ +20% of Fp
measured at Pfn 4

Demodul ated VpfIT .40 .50 Vp-p

Vi ~ -20dBm �0B AM!
referred to + 2pfl deviation

AN rejectf on 45 dB

-C2-

Parameter

VCC supply voltage

Su 1 current

Mf n ~T Hex Unf t

4.75 5 5.25 V

60 75 mA



NE568 PRELIHI|1ARY DATA SHEET  Contfnued!

f0 Distribution 6 Centered at 70NHz, R2~1.2k -15 0

4.75V to 5.25Vf0 Drf ft with supply

-C3-

ates:

Signal level to assure aTT published parameters. Device will continue to function at
lower levels wfth varying performance.

2 Limits are set symeetrfcal to F0. Actual characteristfcs may have asyrinetry beyond the
specified lfmits.

3 Hot TSC tested, but guaranteed by design.
4 Input fmpedence depends on package capacitance. See Figures 4 and 5.
5 Lfnearfty fs tested with incremental changes fn input frequency and measurement oi' the DC

output voltage at Pfn 14  VDUT!. Ilonlfnearfty fs then ca'!culated based on variance
between the measured DC values and an extrapolation of a "Best Fit' strafght Tine over thi
deviatfon range specified.

6 Free-runnfng frequency fs measured as feedthrough to Pfn 14  VDUT! with no input signal
applied.



Rtc  pin 13!

68 78

Ciy 4

vCO tNHrl

75

66
l. l. 35 1.4

's 7

-C4-

D

C
a

e 76

38 48 50

VCG Frequency Fo fHHz!

1.15 1.2 ! ~ 25 1.3

R2 Ad!vs t  kahn'!
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2N2369A NPN Bipolar Junction
Transistor Specifications



Ohih4

4

' i t.- ~ g , ~

NPN silicon epitaxial transistor for high-speed
range of =10 � 100 mAdc switching applications. Speci-
fications provided at -55'C to +125'C.for critical dc

,. CASE 22 . characteristics.
 TO 18!

~,

till t. QNTThh h<-i'. Collector connected to esse

3. COt.LECTOh

MAXIMUM RATINGS
ii

I'1%
il SymbolRating .Value,. Unit

Vdc'.,'Collector-Emitter Voltage,
~ y

; 15.;i"-i3" "' ' ' '3CEO.

40.:;.; ; .,:,~'iVdc'~,Collector-Emitter Voltage V"
.CES

*t
Collector-Base Voltage- 40

ICB '. :",='."-.Vdc
i

Emitter-Base Voltage ' "-'Vdc4.5

CoQector Current � Continuous-

Peak �0 gs Pulse!

'c'"

200 " ~'-
~ . ' i ~ ~W. ~ ii

:500-- -"

~>" l27Adc ' i

A
:Total Device Dissipation! T ~ 25'C
' -.-'Demte. above 25' C

'0 36 -.--,--;,PD �.-, --Watt-. ' s

-"'" mW/' C,2. OS"

.... otal Device, Dissipation !TC =,. 25 C
. 'Derate above 25'C

-' -."Watts '

mWj C

0
~ - � 1.2-

.e:;i 8.85 .;

.".. PD-

; Operating Junction Temperature Rank. ml/ . "i, 4+200 .

, torage Temperature Range -85 to +200 o C
stg

, 'Indicates JEDEC Registered Data
Wi 1''ii~M~ t

SWITCHING TIME EQUIVA.LENT TEST CIRCUITS
$v".

., >-RCURK 1 - t�ClRCVlT � 10 IIIA . - - ---- ' . RNRE 2.�..t, CfRCVIT;.10 mA
t t

v,OvLv 3.

0--'~ >C

-5 V+

8  t ! ~ 300 ns

.CYC,LE~ 2.IA .. gf,

-.i.' ' ..i.+ IO'75

'0
-4,-15 V

<4 .0 yF - .- PULSE HIKER  t ! ~ 3
' ..DUTY CYCLE ~ Ld%

4.0 pF

.t Total,shiest cspscttsocoot tost jte snd connectors.
-Di-



SymbniChWOCter�tiC Unit

40

- .Vde-

Be sat! 0. 050. 10

l. 02

l. 1$

l. 50

0VNAMIC CHAIIACTBIISTICS

eeo
10 V

$.0 pF

QN2369A  continuotd!
ELECTRICAL CHARACTKRISTICS <. a m~ ~

0C Cerrem Cele t!
 t+ ~ '10 mhdc. V e 1 0 ydc!
UC ~ 10 mhdc, V 0.55 Vdc!
0C 10 mA4c, V ~ 0.55 ydc, T ~ 55 C!
OC 4' " 0.

100 mhdc, V ~ l. 0 ydc!

Cettector-emitter oatece|tee ye!tao'e t! '
 IC e10 mhdc, IO t.o mhdc!

.  I .~60 mh4c, I ~ I.o.mhdc, Th,0+125 CJ
C

 I ~ 50 mh4c. I o mA4e! ~

 IC, 100 mAdc, Ie 10 mhde!
ecec-emkler Oabaeettee Veltcoe�!
 IC ~ tamhdc. I - I.O mhdc!
QC ~ 10 mAde, Ia e l. 0 mhdc, TA ~ it 55 C!
'llc ~ 10 mhdc,"II e I.e mhdc, ? ~ -55'C!A
 I ~ 50 mhdc, I ~ 5. 0 mh4c!

 I ~100 wA4c, I ~ 10 mhdc! .0

 IIAtlee TcW; PW ~ 500 ne. I!we Cycle a %.05
~ tedtemee JRSRC 14gtmered Dme

Ff NRE 3 � STORAIE TM EQUIYALEHT TEST CIRCLllT

+8.0 V

PULSE WGFTH  t ! d 300 00
1 0-

DUTY CYCLE e 2.0% g.0 V
< 1.

0. 50

0. 50

0. 25

0. 50


