.

-

W_

a @

|

‘S, |

ez Y

NHU-T-87-008 C3

ClACULATING  COPY
gy Gramt Depositeny

UNIVERSITY OF NEW HAMPSHIRE
College of Engineering and Physical Sciences
Sea Grant Ocean Projects 1986-1987

II1

o A i ok, T TR

AN Y LAY A T TG CRILR L iy SV T o




FOTON

Fiber Optic Telemetry Operations Network
Ocean Projects - TECH 697

Final Project Report

Spring 1987

UNIVERSITY OF NEW HAMPSHIRE

Team Members: Winthrop Giles
Brian Robinson
Matthew Luniewicz

Advisgsor: Prof. Allen D. Drake
Dept. of Electrical and
Computer Engineering
University of New
Hampshire




TABLE OF CONTENTS

Acknowledgements

Introduction

ARGO/JASON Present System

FM Theory |

Generation and Detection of FM Signals
Low Frequency Model

The FOTON System

Debugging

Appendix A: AT&T ODL 200 Lightwave
Data Link Specifications

Appendix B: Exar XR-215 35 MHz
‘ PLL Specifications

Appendix C: Signetics NE-568 150 MHz
PLL Specifications

Appendix D: 2N2369A NPN Bipolar
Junction Transisitor
Specifications

10

12

16

Al

Bl

C1

D1

- 11

28

- B4

- C4




ACKNOWLEDGEMENTS

The members of FOTON would like to express our appreciation
and thanks to the following individuals who offered their time,
suggestions, and facilities to us:

Prof. Allen Drake, University of New Hampshire

Mr. Don Anderson, Linear Division, Signetics Corporation

Mr. Mike Sedayao, Linear Division, Signetics Cﬁrporation

Dave Campagna, University o#® New Hampshire

Mike Luniewicz, Massachusetts Institute of Technology

Mr. Chris von Alt, Woods Hole Oceanographic Inatitution

Prof. Ron Clark, University of New Hampshire

Prof. Glen Gerhard, University of New Hampshire

Prof. John Bates, University of New Hampshire

Brian Giroux, University of New Hampshire

Mr. Dick Jennings, University of New Hampshire

Judy Renaud, University of New Hampshire

Colleen Lannan, University of New Hampshire

Mrs. Joanne Savage, University of New Hampshire

Thanks are also extended to the following companies and
organizations for their agsisstance and suggestions:

Woods Hole Oceanographic Institution, Woods Hole, Ma.
Signetices Corporation, Linear Division, Sunnyvale, Ca.
ATET Technoiozies Inc., Framingham, Ma,

American Radio Corporation, Rochester, NH.

American Technical Ceramics, Huntington Station, NY.




INTRODUCTION

Project: FOTON (Fiber Optic Telemetry Operations Network)
involves the design and development of 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 4is to be used on the
ARGO/JASON system shown in Figure 1 which is designed for deep
ocean (20,000 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.
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Figure 2b: Input Signal Frequency Spectrum (Scheme 2)

This second scheme, pictured in Figure 2b, uses a total of 20MHz
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 AT&T’s ODL 200 Lightwave Data Link, containing the
electrical-to-optical (E/O) and optical-to-electrical (O/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/O 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.

-2-
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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 (ji.e. they
are 90 degrees out of phase with each other), thus not interfering
with each other.
A ,
1 1.29 5 10 | 15 MHz




One method toock a digital approach to the problem. The two
video signals would be digitized using A/D converters and then
time multiplexed together with the control data, which can
be retrieved in digital form from the CPY 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 bitas 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 it. A
satisfactory method for clock regeneration in the FOTON aystem
could not be found. In addition, the data rate for this digital
system was conservatively estimated at 240 Megabits/sec which
exceeds the ODL 200 lightwave kits maximum data rate capability
of 220 Megabita/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/O
and O/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 whieh 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

Description of Operation

Currently, ARGO/JASON utilizes a telemetry I/0 system
designed by Colmek Systems Engineering which is shown in Figure 3.
This system utilizes Frequency Shift Keying (FSK) to modulate the
telemetry information for transmission over the highly attenuative
coaxial eable. FSK is a way of changing the 9600 baud digital
oinformation from the surface and saubsurface 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 uging a voltage
controlled oscillator (VCO) with a carrier frequency of 32MHz and
ia 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 shown in Figures 4 & 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 System lLimitationas and FOTON'S Improvements

The limitations of the present system 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 aystem 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 8§

shows the attenuation vs. frequency for three types of
transmission lines.
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* Telemetry Information

from Subsurface
CPU

Frequency Shift
Keying
Transmitter

Bandpass
Filter

()

Mizer

Voltage Controlled
Oscillator

- (VCO)

‘

Electrical/Optical
“Converter

|

Optical Fiber

®——4 Video2
Mizer

Figure 4 - Possible JASON transmitter block diagram.
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Optical/Electrical
Converter

“Phase Locked

VCO

Baodpass Band Bandpass
Fikter Fiter Filter

o

Video Demodulation Frequency Shift | Vigeo Demodulation

Figure 5 - Possible ARGO receiver block diagram.
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While attenuation inereases dramatically at higher data rates
for metallic <transmission lines, the optical waveguides loss
remains fairly constant. This - high bandwidth capability is
conducive to DSL’s plans to add an additional color video camera
on JASON for stereo viewing which wasn’t previously possible with

a coaxial tranamission line.

Because it is nonconductive, nonradiative, and noninductive
the optical fiber is less susceptible to problems such as
radiative interference and ground loops which may cause problems
in systems utilizing metallic conductor type transmiasion lines.
The fiber is also much smaller in diameter and lighter than the
coaxial cable, thus putting less stress on the launch and
retrieval system and making the tether easier to manage overall,
Probably the most attractive aspect of introducing an optical
fiber to the system is the potential for future growth., Not only
will stereo vision be possible, but the opties provide capacity
for additional high data rate instuments for more optimal control

or measurement as well.




Project FOTON selected frequency modulation (FM) as a means
to transmit information over the optical fiber. "In centrast to
linear modulation {such as amplitude modulation), FM is a type of
exponential modulation which 1is 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 bandwidtﬁ
to use FM and benefit from improved SNR’s.

In FM, the 1Instantaneous frequency F(t) varies above and
below the carrier frequency Fc by an amount +F,X(t). Where Fp is
known as the frequency deviation and X(t) 1is 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 Fe¢ is

#FpX(t)max = +FaAm = +AF 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 .

B = Falm =‘%£ eqn 2
Em m

Thé 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:

SNRm = 1.5 Bar eqn 4

where I; SNR max for baseband, single sideband , and double
sideband gystems. FM, therefore, has an inherent improvement in
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 Systems"”, second
ed. McGraw-Hill, New York, NY.

-9-




GENERATION AND DETECTION OF FM SIGNALS

FM Genération: The Voltage Controlled Oscillator

Direct generation of M 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
t F above and below a center frequency, Fc, which the user
specifies with various biasgsing 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 Fe. This maximum value of F is usually expressed

as a percentage of Fc and ranges from 10-20% depending on the
model and make of the VCO.

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 Fe must be increased since AF is limited to a certain
percentage of Fc which leads to the general conclusion that the
fagter you run the VCO, the better the SNR. Of course the
tradeoff associated with FM 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 Loop

One way to detect FM signals is by using a Phase Locked Loop
(PLL). The PLL is a feedback system 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
comparea 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
Fe.

-10-




[ 2an814

HY49YIA 207 JOOT TINDOT ISYHJ

HOLOJd 123roud

1

TUNSILS ANdind

TYHIHNIL TONLNO

43114

JOL¥ 11280
43770H1NOD
39U170A

Y

¥01J3213a

A
I9UL10A dOouN32

§Skd-H01

TUNDLS ANdHL

3A8WHd

-11-




LOW FREQUENCY MODEL

It 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.

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 pincut diagram for
the XR-215 (Figure 9) indicates that the VCO in the feedback path
of the loop is easily accessible.

Al S
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Figure 9: XR-215 Pinout Diagram

By forcing the modulating (input) waveform onto the

- control pins of the VCO (pins 11 and 12) the output of the VCO is
FM and thus we can implement the modulater of Figure 10. The
free-running frequency of the VCO can be approximated as

Fe = 0.0002 1 + 600
Co Rx

where Co = 160 pF and Rx = 750 Ohms were chosen as biasing values
80 as to modulate the signal at a center frequency Fec = IMHz. 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-
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THE FOTON SYSTEM

A high level block diagram of the FOTON saystem appears in
Figure 12. Each block shown will be discussed separately 1in this
part of the report. A 150MHz PLL manufactured by Signetics Corp.
(part# 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.

THE TRANSMITTER

The NE-§568 as an FM Generator

In order to transmit the composite input signal containing
the telemetry information as well as the two video s8ignals 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 AF = $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 1limit in order to achieve the largest AF and B
possible. Using eqns. 2 & 4

B = 25MHz/20MHz = 1.25 and SNR = 1.5800= 2.34);

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 a linear frequency
modulater. With the exception of pins 4 & 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 B for correction
factors. "Pins 17 and 18 are both biased from Vecec and Vout(pin
14) wusing 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 10K 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 oscillater frequency
will appear at the phase detector outputs (pins 19 & 20)." The
amplitude of these differential outputs is 200mV pk-pk witha DC

offset of Vee-0.1v. Capacitor Cm is used to control the modulator
bandwidth.

2 - Signetics Corp. Internal Correspondence: “Using the
NE-568 as a Frequency Modulator."

-16-
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The Level Shift/Amp Circuit and E/O Interface

The E/O 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 Voe~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/O converter can handle
differential inputs as well. It is possible to drive the E/O
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 eircuit 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 T8 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 sighal 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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OBL TRANSMITTER AND RECEIVER

The optical components used, as previously mentioned, are the
AT&T ODL 1252C (Transmitter) and 1352C (receiver) from the AT&T
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

transmigssion 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 FS8K type
of transmission. Connections of the 1252C and 1352C were done as

recommended in the specification sheets and are shown in Figures
16 & 17.

THE RECEIVER

The NE-~-568 Phase Locked Loop

Once the FM signal has been received by the 0O/E converter, it
is fed to the input of the NE-668 PLL shown in Figure 18,
through a 0.1iuF coupling capacitor. This coupling removes the DC
offset of the ECL level output from the O/E converter. The NE-
568, which has a center frequency equal to that of the VCO of Fe =
125MHz, "locks on" to the signal as described in the "FM
Detection"” section earlier in this report. Fc was set using
capacitor C2 between pins 4 & 5 ag 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 cirecuit diagram.

Since this is a high frequency device, as is the FM modulator
careful attention must be paid toward the layout, mounting, 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 of 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.
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Figure 19 ! Suggested Layout for the NE-568

Remixing of Video and Filtering

Although not part of FOTON's tasks, any composite signal
containing many different parta would have to be filtered and
separated after being demodulated by the PLL. If the baseband
arrangement of Figure 2b were chosen as the way to organize the
three signals, then the aystem 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:

Component Voltage Required
NE-563 +5 Volts
Amplifier/Shifter -12 Volts
E/O & O/E Converters -4.5 Volts
‘2-5 VOltS

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
connectiong are shown in Figure 20, It should be noted that the
regulators which supply -4.5 volts to the E/O and O/E converters
must supply 260mA and 180mA respectively; therefore these
regulators have heat sinks on them to help with heat dissapation.
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DEBUGGING

When assembling and testing the system 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 voltagea. This
problem was easily solved by flipping the differential input leads
(pins 17 & 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
eircuits and bad solder joint which created open circuita. It was
also discovered that the input signal to the VCO can't exceed much
more than 0.5 wvolts 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.
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2&1 ODL 200 Lightwave Data Link

ELECTRICAL CHARACTERISTICS
. ODL 200 Receiver
(VeC {1352F] - VEE {1352C1 = 4.2 1o 4.8 V; Operating Temperature: 0 to 70°CH)
: t€omplementary Outputs?)
Parameter 'Symbol Min Max Unit
Output Data Voltage — Low+ : voL -1.810 -1.620 v ‘
Output Data Voltage — Low3 VoL ~-1.830 | 1605 v l
Output Data Voltage — High? 1 vou -1025 | -0880 v o]
Qutput Data Voltage — High? VoH -1.035 -0.870 \'4
Current Drzin on Vec : Icc - 150 mA
Current Drain on Vep : IrD - 73 #A
Current Drain on Vcca$ Icca - 30 mA
Data Rate [NRZ Encoding) DR 40 220 Mb/s
Optical Sensitivity — Typical Operating Conditionss Py 0.8 (-31) - W (dBm)
Optical Sensitivity — Worst Case’ Piv 1.1 (-29.5) = - | gW (dBm)
Maximum Input Power PMAx - 88 (~10.5) | 4w (dBm)
Optical Wavelength for Rated Sensitivity A 1275 1378 nm
Pulse Width Distortion®? PWD - .2 ns
Output Rise Time®10 tr - 1.4 ns
Output Fajl Time%.10 tF - 1.4 ns
9 | Power Dissipacion! Ppiss - 750 w
F k] e —— - o - o
- §{ Flag—Low!2z VFL -1.830 -1.608 v
_Flag—High?2 VFH -1.035 -0.870 v
E””: NOTES:

1. Ref'er to thermal characteristics, p. $.

2. Specifications assume the use of both outputs with complementary data. Similar performance can be achieved
using either output individually. _

3. The 1352C is measured from ground with 2 50 g load to ~2.0 V. The 1352F is measured from Vcca with
2 30 0 load to Vcca =20 V. )

4. With 2 4.5 V power supply.

3. With 50 0 loads on Data and Dam to [Vec-2.01 V (1352), o -2.0 v (13520).

6. Value given is typical, not minimum,

power coupled from a 0.29 NA, 62.5/125 micron fiber a¢ 220 Mb/s for a bit error rate of 109 at +40°C,
Includes EOL. -

8. The PWD as measured with 2 =18 dBm input signal having negligible PWD.

9. Specified at 2 200 Mb/s data rate At lower data rates the maximum vaiue scales inversely with the decrease
in data rate

10. Between 20% and 80% points with a 50 Q load to [Vee-20] v.

Il. With 48 v power supply, 50% duty cycle and logic outputs terminated in30 Qo Vec-2 vV
12, Measured from Ve with 2 50 9 load to [Vee-2.0) v.
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ODL 200 Lightwave Data Link

ELECTRICAL CHARACTERISTICS
ODL 200 Transmitter

(VCC ~ VEE = 4.2 to 4.8 V; Operating Temperature: 0 to 70°C1)
(Compiementary [nputs?) .
Parameter Symbol Min Max Unit
Input Data Voltage— Low3 viL -1.810 =147  [3F Vv
Input Data Voltage — High? ViH -1.165 ~0.880 \'
Input Current —Low? I 0.5 - wA
Input Current ~ High’ Lik - 0.350 mA
Reference VoltageS A _=L.396 -1244 v
Input Transition Time”8 TIN - 1.0 ns
Power Supply Current Ice - 260 mA
Data Rate [NRZ Encoding} DR 40 220 Mb/s
Peak Optical Power (Typical Conditions?) Pou 28 (~18.5) - aW (dBm)
Optical Outpuz!0
High PoH 125 (-19) B8 (~10.5) &W (dBm)
Low PoL - PoOH/20" W
(POH ~13) (dBm)
{ Output Rise Time'$ tr - 1.8 ns
Output Fall Time’ 8 tF - 22 ns
Pulse Width Distortion8it PWD - 0.5 ns
Optical Wavelength A 1300 1350 nm
Spectral Width [FWHM)] A\ - 170 nm
Power Dissipation!2 Pniss - 1.3 w

2. These specifications assume the use of

4. Measured with VIL min.
5. Measured with VIH max.
* 6. Measured from Vce.
7. Between 10% and 90% points.
8. Specified at a 200 Mb/s data rate, At
decrease in data rate.
9. Value given is typical, not minimum.

and end-of-life (EOL) variations.

10. Measured peak power coupled into 0.29 NA, 62.5/1

1. The PWD as measured with an input signal having
12. With 4.8 V power supply and S0% duty cycle

1. Refer to package thermat characteristics, p, 3.

both inputs with complementary input data. Similar performance
can be achieved when driven single-ended.

3. Measured from Vcc with a 50 Q load to [Vec-2.0) v,

—Adm

lower data rates the maximum value scales inversely with the

25 micron fiber at +40°C. Includes power supply
negligible PWD,
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XR-215
Monolithic Phase-Locked Loop

The XR-215 is a highly versatile monolithic phase-locked loop (PLL) system designed for a wide variety of applications in both
analog and digital communication systems. 1t 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. It can accommodate analog signals between 300 mlcrovolts 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 monolithic PLL system. The circuit consists of a balanced phase
comparator, 2 highly stable voltage-controlied oscillator (VCO} and a high speed operational amplifier. The phase comparator
outputs are internaily 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 coupling the VCO output to either of the phase comparator inputs and adding a
low-pass filter to the phase comparator output terminals.

The VCO section has frequency sweep, on-off keying, sync, and digital programming capabiiities. Its frequency is highly stable
and is determined by a singie external capacitor. The operationai amplifier can be used for audio preamplification in FM
detect_or applications; or, as a high soeed sense amplifier (or comparator) in FSK demodulation,

—_— -~

FEATURES APPLICATIONS
Wide Frequency Range: 0.5 Hz to 35 MHz2 FM Demodulation
Wide Supply Voltage Range: 5V to 26V ’ Frequency Synthesis
Digital Programming Capability FSK Coding/Decoding (MODEM)
DTL, TTL and ECL Logic Compatibility Tracking Filters
Wide Dynamic Range: 300 uV to 3V Signal Conditioning
ON-OFF Keying and Sweep Capability Tone Decoding
Wide Tracking Range: Adjustable from *!% 1o £50% Data Synchronization
High-Quality FM Detecnon Distortion 0.15% Telemetry Coding/Decoding
~ SigmalfNoise 65dB FM. FSK amd Sweep Generation
Crystal Controlled Detection
ABSOLUTE MAXIMUM RATINGS ~ Wideband Frequency Discrimination
Power Supply 26 volts Voltage-to-Frequency Conversion
Power Distipation 750 mW
Derate above +25°C ’ s mw/°C AVAILABLE TYPE
Temperature )
Storage —65°C to +156°C Part Number Package Operating Temperature
XR-215CN Ceramic 0°C'to 75°C
EQUIVALENT SCHEMATIC ' FUNCTIONAL BLOCK DIAGRAM
- - ww
% J |
s LI o
H T H B
T
Elreere | LSS
WS X [F Y 3 T
n ok s 11] YEDGAN
L' °°""‘5.‘-L‘1: E CONTAOL
. ‘ » _ _ comperiation] i :;;?:‘1
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ELECTRICAL SPEGIFICATIONS

CHARACTERISTICS. '

o]
LIMITS
UNITS NDITIONS.
MIN. TYPR. | -MAX. CONDITIONS
A

[ — GENERAL CHARACTERISTICS ) - '
. Test Conditions: V* = 12V (single wupply), T = 25‘C Test Clrcuit of Figure 2 with Cp = 100 pF, (nivmh) S1 Sz. 34, closed, 54, 54

ISR —

apen unless otherwise specified.
SUPPLY VOLTAGE : '
Single Supply s . .26 Vde - See Figure 2
SplicSupply . x5 S ¥ L Vdc See Figure 3
Suppiy Current 8 11 15 ! mA See Figure 7
UpperFrequency Limit 0 35 MHz See Figure 2, S open, S4 closed
Lowest Practical Operating
Frequency 0.5 Hz Co = 500 uF
VCO SECTION:
Stability:
Temperature 150 600 ppm/°C See Figure 2, 0°C < Ta £ 75°C
Power Supply 0.1 BV vt> tov
Sweep Range - 8:1 S3 closed, S4 open, 0 < Vg< 6V
See Figure 9, Cg = 2000 pF
Qutput Voltage Swing 1.5 25 Vo-p S5 open
::::;':: ‘:'g " 10 pF to ground at Pin 15
PHASE COMPARATOR SECTION:
Conversion Gain 2 Virad Vin » 50 mV rms (See characteris-
tic curves)
Output Impedance 6 i k2 Measured ‘ocking into Pins 2 or 3
Output Offset Voltage 20 L00 mV Measured across Pins 2 and 3
Vip = 0. S5 open
OP AMP SECTION:
Open Loop Voitage Gain 66 80 dB S2 open
Slew Rate 25 Viusee Ay =]
Input Impedance Q.5 2 MO
~ Output impedance 2 k2
Qutput Swing 7 10 Vop Ry = 30 k§2 from Pin 8 to ground
Input Offset Voltage | mV
Input Bras Current 40 nA
Common Mode Rejection 0 JdB

I - SPECIAL APPLICATIONS
A¥ FM Demoduiation

Tesc Conditions: T2st circuit of Figure 4, V* = 12V, input signml - 10.7 MHz FM with Af- 75 kHz, fpoq =1 kHz.

Detection Threshold 0.8 3 mV rms 5082 source
Demoduiated Output Amplitude 250 500 _ mV rms Measured at Pin 3
Distortion (THD) 0.15 0.5 %
AM Rejection 40 dB Vin = 10 mV rms, 30% AM
QOutput Signai/Naise 55 65 JdB
B) Tracking Filter
Test Conditions: Test circuit of Figure §, V* = 12V, f, = | MHz, V;, = 100 mV rms. 500 source.
Tracking Range (% of fg) £30 *50 ‘See Figures 5 and 25
Discriminator Qutput
A"'c‘.!ut o ; po
T 50 mV/% Adjustabie - See applications
o information
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bias level at approximately Vc/2. The de bus current at
these terminals is nominaliv & uA. Co

PHASE COMPARATOR BIAS (PN 5)

This terminal should be dc biased as shown in Figures 2 and
3. and ac grounded with a bypass capacitor.
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Figure 3. Test Circurt For Spiit-Supply Operation
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.s‘iﬂlm %, Test Circuit For Tracking Filter

PHASE COMPARATOR OUTPUTS (PINS 2 AND 3)

The low frequency (or dc} voltage across these pins carres-
ponds to the phase difference between the two signals at
the phase comparator inputs {pins 4 and 6). The phase
comparator outputs are internally connected to the VCO
control terminais (see Figure 1). One of the cutputs

(pin 3) is internaily connected to the non-inverting input

of the operational amplifier. The low-pass fiiter is achieved
by connecting an RC network to the phase comparator out-
puts as shown in Figure |4,

VCO TIMING CAPACITOR (PINS 13 AND 14)

The VO free-running frequency. fg, is inversely proportional
to timing capacitor Cp connected between pins |13 and 14,
(See Figure 7).

OO AT
o_:?: () 0.¢’0. SR

YOI TEMPEHATONT COPE PR M Gyun, ')

- K o
SIS
o=
400 -
00 ] L
10 Koty 100 ® M t N 3 2

FARQUENCY

Figure 6. Typical VCO Temperature €oefficient Range as a
Function of Operating Frequency (pin 10 open)

Figure 4. Test Circuit For FM Demodulation

_ DESCRIPTION OF CIRCUIT CONTROLS
PHASE COMPARATOR INPUTS (PINS 4 AND 6)

X One input to tht-,phne comparator is used:as the signal input; .

the remaining input should be ac coupled fo the VCO output
(pin 15) to complete the PLL (see Figure 2). For split supply
operation, these inputs are biased from ground as shown in
Figure 3. For single supply operation, a resistive bias string
similar to that shown in Figure 2 shouid be used to set the

w?

fy > TO0LE RETWEEN PSS § AND 10

TUING CAPACITANCE Cgy ipF)
kS
1

w0 w0l wt 108 106 w0?
VCO FREQUENCY Mzl

Figure 7. VCO Free Running Frequency vs Timing Capacitor
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VCO OUTPUT (PIN 15)

The VCO produces approximately a 2.5 Vp,

output signal at

this pin. The dc output leve! i3 approximately 2 volts below
Vce. This pin should be connected to pin 9 through 3 10 kQ
resistor to increass the output curreat drive capability. For
"high voltags operation (VCC > 20V), & 20 k(Q resistor is re-
commended. [t is also advisabie to connect a'S00LT resistor in -
series with this output for short circuit protection. -

*a

PHASE COMPARATON COWYERSHNN GA.

WwOL 1S RADIANY

mGH LEVEL /Ul
cONSTANT = 1V rma

~ iy

) 1% 108

LOW LEVEL AT alPLITUOE Imv el

Figure 8. Phase Comparator Conversion Gain. K4,
versus [nput Amplitude

NORMALIZED FREQUENCY (1)

NET APPLIGD SWESP VOLTAGE, Vg - Vg (VOLTS!

Figure 9. Typical Frequency Sweep Characteristics as a
“unction of Applied Sweep Voitage

{Note: V§g = V¢ - 5V = Open Circuit Voltage at pin 1)

10048

]
&

VOLYAGE GAIN
-]
o
L]

OPEN LOOP RESPONSE
Ay = 1000 D1k
Ce=O:Rp=1M SR .
Ay = 100 \

CQ.O: ﬂ; « 100K

Ay = 10 \
=50pF;Ag = 10K
20a8 Ce \
Ay =1 h
Cp =300 pF. Ay = 1K
[+ 1. ] .,
209gl Lt L1111 L) [N 1 O Y A N I A W
100 H 1 KHz 10 KH: 100 XH2 1MMz 10 MMz
FREQUENCY

Figure 10 XR-215 Op Amp Frequency Response
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YCO SWEEP INPUT (PIN 12)

The YCO Frequency can be swept over a broad range by apply-
ing an analog sweep voltage, Vs, to pin 12 {see Figure 9). The
impedance leve] looking into the sweep input is approximately
5082. Therefore, for sweep applications, a current limiting
resistor, R, should be connected in serivg with this terminal.
Typical sweep characteristics of the cirttit are shown in Fig-
ure 9. The VCO temperature dependence is minimum when
the sweep input is not used. i ' :
CAUTION: For safe operation of the circuit, the maximum
current, Ig, drawd from the sweap terminai should be limit-

-ed to 5 mA or less under all operating can:llitious.
ON-OFF KEYING: With pin 10 open circuited, the VCD can

be keyed off by applying a positive voltage puise to the sweep
input terminal. With Rg = 2 k€2, oscillations will stop if the
appiied potential at pin {2 is raised 3 volts above its open-
clreuit value. When sweep, sync, or on-off keying functions
are not used, R should be left open circuited.

RANGE-SELECT (PIN 10)

The frequency range of the XR-215 can be extended by con-
necting an external resistor, Ry, between pins 9 and 10. With
reference to Figure 11, the operauan of the range-select ter-
minal can be explained as follows: The VCO frequency is pro-
portional to the sum of currents 'y and I3 through transistors
T) and T on the monolithic chip. These transistors ire biased
from a fixed internal reference. The cucrent [} is set internally,
whereas [4 is set by the external resistor Ry, Thus, at Jny Cg
setting, the VCO frequency can be expressed as:

0.6
fo-fl (l“'ﬁ)

where [} is the frequency with pin 10 open circuited and Ry is
in k. Txternul resistor Rx (= 7508) is recommended for
operation at frequencies in excess of § MHz.

The range select terminal can also be used for fine tumng the
VCO frequency, by varying the value of Rx. Similariy. the
VCO frequency can be changed in discrece steps by switching
in different values of RY between pins 9 and 10

INTEANAL Pl eV
ey
- L AanGE SELECT
eyt
|
. " i," H

=iy

o8
PR ('.!;I

Figure 1] Explanation of VCO Range-Select Controls

DIGITAL PROGRAMMING

Using the range select control, the VCO frequency can be step-
ped in a2 binary manner, by appilying a logic signal to pin 10,

as shown in Figure 1 1. For high level logic inputs, transistor
T2 is turned off, and Ry is effectively switched out of the
circuit. Using the digital programming capability, the XR-215
<an be time-multiplexed between two separate inpul {requenc-
ies, as shown in Figures 18 and 19.

AMPLIFIER INPUT (PIN 1)

This pin provides the inverting input {or the operational amplis
fier section, Normally it is connected to pin 2 through a 10 k€2
external resistor {see Figure 2 or }).
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150 MHz PLL Preliminary Specification

DESCRIPTION

The NE568 is a Monolithic Phase Lock Loop (PLL) which operates from 1Hz to-
frequencies in excess of 150MHz. The {integrated circuit consists of a
limiting amplifier, a current controlled oscillator {ICO), a phase detector,
Tevel shift circuit, V/I and 1/V converters, an output buffer, and bias
circuitry with temperature and frequency compensating characteristics, The
design of the NES68 is particularly well suited for demodulation of FM signals
with extremely large deviation {n systems which require a highly linear
output. In satellite receiver applications with a 70MHz IF, the NES68 will
demodulate +/- 20% deviations with less than 4.0% nonlinearity (1.0%
typical). 1In addition to high linearity the circuit has a loop filter which
can be configured with series or shunt elements to optimize loop dynamic
performance. The NE568 is avaflable in 20 tead dual-in-line and 20 lead SO
(surface mounted) plastic packages.

FEATURES

Operation to 150MHz

_High linearity buffered output
Series or shunt loop filter component capability
Temperature compensated

000

APPLICATIONS

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

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER YALUE UNIT
Yee Supply voltage 6 v
Ta Operating free-air ambient temperature
range : C to +70 o¢
Junction temperature ‘ +150 oC
Tste Storage temperature -65 to +150 oC
Pomax Maximum power dissipation 500 mi

ORDERING INFORMATION

DESCRIPTION TEMPERATURE ORDER CODE
 Plastic 20-Pin DIP 0 TO +70°C NE568N
Plastic 20-Pin SO Package 0 T0 +70°C ] NE568D

-Cl-




NE568 PRELIMINARY DATA SHEET
Electrical Characteristics ‘

The electrical characteristfcs Tisted below are actual tests {unless otherwise stated) perfarmec

with an automatic IC tester on each device prior to shipment. Performance of the device in an
automated test setup is not necessarily optimum. The NE568 s layout sensitive. Evaluation of

Ferfomnce for correlation to the datasheet should be done with the circuit and layout of
fgures 1-3 with the evaluation unit soldered in place (do not use a socket!).

TEST CONDITIONS, unless otherwise specified: Tp = 25¢C; Vee = 5V; fg = 70MHZ; Test
Circuit - Figure 1; fpy = -20dBu.

DC Electrical Characteristics

Parameter Test Condition CMin Typ Max Unit
Yoe supply voltage ' 4.75 5 5.25 ¥
Supply current . 60 75 mA

AC Electrical Characteristics

Max {oum ossi'lhtor operating 150 MHz
frequency
Input signal level 50 2000 m¥p-p
=20 (1) + 1010 dBm
Demodulated BW Fo/7 MHz
Non-Linearity 5 Dev = +20%, Input -20dBm 1.0 4.0 %
Lock range 2 Input  -20dBm 125 *35 % of fp
Capture range 2 Inmput  -20dBm : | 20 30 % of fg
TC of fg FIG 1 100 PPM /0C
Input resistance ¢ : K ohms
Output impedance ’ [ ohms
Demodulated Vgyr Dev = +20% of Fy .40 .50 Vp-p

measured at Pin 4

- AM rejection Vip* -20dBm {30% AM) 45 dB
referred to + 20% deviation

-C2-




NES68 PRELIMINARY DATA SHEET (Continued)

fo Distribution 6 Centered at 70MNz, Rpsl.2k 15 0 +15 ']
fo Drift with supply 4,75V to 5.25v 1 /Y
Rotes: -
Signal level to assure all published parameters. Device will continve to function at
Tower levels with varying performance.

2 Limits are set symmetrical to Fg. Actual characteristics may have asyrmetry beyond the
specified Timits.

3 Not 100% tested, but guaranteed by design.

4 Input impedence depends on package capacitance. See Figures 4 and 5.

5 Linearity {s tested with incremental changes in input frequency and measurement of the DC
output voltage at Pin 14 (Voyr). Nonlinearity 1s then calculated based on variance
between the measured DC values and an extrapolation of a “Best Fit" strafght line over thi
deviation range specified.

6

Free-running frequency is measured as feedthrough to Pin 14 (You1) with no input signal
applied. ,

-C3-
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Appendix D

2N2369A NPN Bipolar Junction
Transistor Specifications
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i MAXIMUM RATINGS _ - ,,q“
olos - 'Rating | o ‘Symbdl '__Value e 7 Unit
;Sg;lector-ﬂmitter Voltage R & c;z.:b—-—:__, T 15 = - ,:':,.'z;:--:'-Vdc N e
‘bollector-Emitter Voltage""’ SRR N ' Sty ““""‘46 *'”‘E"‘,‘,‘A Vdc"_

LT AR IR o o/ S RSy

——r s -

-:"fcfol.lect_or-Base‘Voll‘:age“,~ TR *‘Vé's*;" e -f"--:to— L ‘;r*;..::Vdc

oy

&ﬁitter-BaséVolt’an cooon 'v-'EB.” I 4-‘5-- ‘;.;,:anc,..' "
e _C'.';-I-lector Current Continuous . C- -- o _—306:‘_ ;;—: -.fi': ‘E-A_dc i
‘%zf‘f .o Peakk (10 psBulse)| . ¢ ofnii:800-i | oao o s

'ﬂ&‘otal Device Dissipa.tiOn@T =25°C | Py —. | 0.36 ., ey :-,-._Wa.tt e

E?:Derat&above 25°C ULl ol coin | 20087 ey e

?';;ee 5 ota.l Device Dissipation @ T..» 25°C |..: PD--_..-.:;.._-;-_:.I.-.-._Z;.:' Lpi M Watts
Derﬁte abave 25°C :F - l fo i |an: 6,885 Nt :

"@ L?Operating Junction Temperature Range* - TJ T aR00
J 4 k.o -

| g tora.ée Temperature Range

T -~83 to +#200 | - _' °c’
. stg 2 : :
cates JEDEC Reg‘lstered Data e e o : —

T
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SWITCH]NG ‘I‘IME EQUIV‘LLENT TEST CIRCUITS
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e nsuaz 1=t CIRCUT —10mA - .o . _ FIGURE 2.t CIRCUIT ~ m mA
m pern "2}'4 : IR
pracier

:* 3.3 k -
vy X - P AT .
_.'W_Iip_‘rﬂ (t) =300 ns . 3 .o PUI.SE WIDTH {t ) 2 300-ns -~
AR ' ©os L et nmcrcr.z .05
et - .,,._t.jrmisr_:_mt capacitance of test jig and connectors.
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2N2369A (contmuod)

':L:CTmc.AL CHARACTERISTICS MomDCoememermenst o, - g <
Characteristic . - o Fig.Ne. -| Symbel- . Min . Max Unit
OFF CHARACTERISTICS "
Collector-Emitter Broakdows Voltage(d -~ L Wero e ' " Nee
(1c = 10 mAde. Ly < 0) : . , LRl 13 . .
Collector-Emitier Breakdows Voluge = . e | evege ¢ Ve
(1o * 10 pAde, I 2 O) - 40 - i
Collecior-Base Breandows Volage . < =~ |-« - | BV, Ve
I!'-lﬂmldc.ltnﬂl ] S 40 -
lnluu-luc Breakdown Volluo : . . BYrno - Yde
(g » 10uAde, I =00 - . : . ) ] irals - _
Collector Cutoff Current : -] s | S wAde
(Vop 220 Vde, Vo, 20 - Lo . . . 0.4 .
Collector Cutoff Corremt = o - Temo - | 5 pAde
(Vg * 20 Vic. I =0, T, = 150°C) - R .30
Base Qurrent . e Toea l' pAde
h . . b .'l’- .
WCE « 20 Vée, Vu = Q) 0.4
_ OM CHARACTERISTICS A
DC Current Gainil) .- S L. M i
| e s 10 made, Vg m ov«) L faee RTINS R
lig » 10 mAde, Vp =0.38 Vae) . ST T e e -
“c. =10 mue._.vc; = 0,38 Vae, Ty = -38°0) o * g0 ‘.
i = 30 mAde; Veg = 0.4 Véc) : I RPN BT U
"c w 100 M*. vc: =l.0 v*‘ - . 7 L . 0 - o 4 L] i
Collector-Emitter Saiurition Voltagety =" = * = * [ === feym o] e e LT yge
llcciﬂmhd:, l.-l .0 mAde) .- Vo - - 0.20
o | lig230 mAse, 1, = L0.mAde, T, »4128°C) R . - 0%
(I # 30 mAde. T » 3.0 mAde) - < - 0.25
n -mm\oe.t - 10 mAde) P B . o.%0
Baae-Emitter Saiarstion Voltage(l) : T - v ) . . Vde
il = 10 mAdc. 1y » 1,0 mAac) . BE({su) 0.7 | a8
"c » 10 mAde, 1, * 1.0 mAde, T, » +123°C) : 1 o -
* g * 10 mAde; Ty, # 1.0 mAde, T, » -33°0) . . N I .02 .
(I =30 mAde, T, #3.0 mAdc) . N 113
(1, = 100 mAde, 1 = 10 mAde) . . 1.80
DYNAMIC CHARACTERISTICS e -
Curtent-Galn=~Bandwidth Product - f MHz
(o # 10 mAde, Viop * 10 Vde. ! = 100 MH2) T $00 .
Quitpwt Capacitang -, [~
Vey -s.ova:.r »0, [ o140 kHz) o . - 4.0 °F
TurnOn Time B . 1 t“ ns
Voe * 30V, Yy in = 1.8 V. 1o = 10 made,
l.lns.tlmo:. l“--‘l.lm\de} N . .. . e 12
Turn-0if Time . 1 t as
(Ve =30V, Ig =10 mAde. Iy, =2:0 mace, olt
ce (S
lgg * 1.5 mAde) : - 18
Storaye Time 3 - t ns
{lc =10 mAde, 1y, oL = 10 mAdel s . 13
{11Pulse Test: PW = 300 un. Duiy Creie 2 2.0%
* Indicates JEDEC Negistared Duts
FIGURE 3 — STORASE TiME EQUIVALENT TEST CIRCUIT
- +48.0 V
o—-w--
PULSE WIDTH (¢ ) 4300 ns 1oy -

-— - -

DUTY CYCLE = “20% qov %g ;
- : <l.0ns 'r-
Hl $+<3.0pF
Cn— Y e el - —Dz" - P




