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R81-925261-14 1

Development of an Electronic Interface For ’
a Fiber Optic Interferometric Sensor

1. INTRODUCTION

The objective of this program was to design, fabricate, test and deliver to
NRL, two electronic interface units for use with an interferometric fiber optic
acoustic sensor.

DR L B

The basic function of the interface unit is that of an FM receiver. It is
capable of detecting modulation components of extremely low modulation index
(~ 10”° rad) at acoustic frequencies in the presence of interfering signals at
low (< 10 Hz) frequencies but with large modulation indices. In additiom, it
provides appropriate signals to drive acousto-optic modulators for frequency
shifting the signals in the two arms of an optical heterodyne interferometer.

The receiver uses a high stability, low phase noise 10 MHz oscillator as the
primary frequency standard. A frequency synthesizer derives signals at 40 MHz and
40.5 MHz (or 39.5 MHz) from this oscillator. These are to be used to drive acousto-
optic modulators to produce frequency offsets in each of the two arms of an optical
heterodyne interferometer. Frequency offsets are provided for both arms to allow
freedom of choice of the difference frequency while maintaining the basic shift
frequency near 40 MHz for convenient operation of Bragg cells.

a 40 MHz signal. The 10 MHz signal is also counted down by a factor of 20 to pro-
duce a 500 kHz signal, the basic 1if frequency. This signal is combined with the
40 MHz signal in a single sideband suppressed carrier modulator to produce a signal
at 40.5 MHz (or 39.5 MHz, if desired).

ﬁt In the frequency synthesizer, the 10 MHz frequency is doubled twice to produce

Optical mixing of the signals from the two arms of the interferometer will ;
give a beat frequency of 500 kHz. This will be phase (or frequency) modulated by
the desired acoustic signal together with undesirable thermal drift signals. This
signal is FM demodulated in a wide dynamic range, highly linear FM demodulator {
to produce the desired output signal.

In an FM demodulator, the requirements for adequate sensitivity and extreme
linearity of the output voltage vs frequency characteristics are generally con- !
flicting, and a compromise must be made. A transmission line bridge discriminator ‘
was chosen for its good linearity. This type of descriminator has an output voltage
vs frequency characteristic that approximates a sawtooth or triangular wave. It
can be used as a discriminator at any frequency corresponding to a zero crossing.
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In the receiver, the 500 kHz signal is multiplied up to 4 MHz to increase
the FM deviation. This signal is then applied to the bridge discriminator. Three
discriminator characteristics are provided. These correspond to discriminators
with first zero crossings at 800 kHz, 364 kHz and 190 kHz. These are operated
at the 5th, 11lth or 21st zero crossings to provide the discriminator characteristic
at 4 MHz.

This open loop approach was selected over a variety of phase-locked loop
and frequency feedback schemes involving voltage controlled oscillators (VCO) for
two principal reasons: neither the phase stability nor the linearity of the fre-
quency versus voltage characteristics of available VCO's appear adequate for the
present application. Phase-locked loop techniques have been extensively developed
for FM demodulation, and they can represent an optimum approach for the detection
of high modulation index FM signals having a low carrier-to-noise ratio; 1i.e.,
i near the FM threshold. The present application is the other extreme, with a very
| high carrier-to-noise and a very low modulation index. This imposes different
constraints on the receiver design. Detailed discussions of the merits of various
| approaches are presented in UTRC Reports R79-924576-1 and R80-924576-2, prepared
; under Contract N00173-C-0421.
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2. TRANSMISSION LINE BRIDGE DISCRIMINATOR

This section presents a brief description of the operation of the transmission
line bridge discriminator. The basic configuration is shown in Fig. 1. The tweo
upper arms are fixed resistors. The two lower arms consist respectively of an open
and a shorted transmission line of equal lengths. The resistor values are chosen
to be equal to the characteristic impedance of the transmission line (v 50 ohms
in practice). The signals from the two midpoints of the bridge are peak detected
and the difference is taken to give the desired output signal. Standard transmission
line formulas give for the impedance of an open line

Z

£ -3

7 j tan B2
o

The voltage at the center of the open line branch (for unity amplitude input) is
then

_ Zo J tan 82 - j tan B2
1 R+ Z0 tan B¢ l + § tan B2
= J sin B2 = 3 e-jsl sin Bf

cos BL + J sin BR

and the magnitude of this, detected by the peak detector, is simply

[v.| = |sin B2|

1 |

A similar calculation for the shorted line branch gives

The output voltage is thus

= - - -
v, |v2\ |v1| |cos 2| - |sin B2|

and is zero if B4, the electrical length of the line, is any odd multiple of w/4
(45°). The output voltage vs frequency approximates a triangular wave as shown

in Fig. 2. (Note BR = 2m2/v f, with v = propagation velocity.) The bridge may
be used as a discriminator with a center frequency corresponding to any one of the
zero crossings. Increased sensitivity can be achieved by making the period of

the characteristic shorter (i.e., using longer delay lines). Wider range and
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DELAY LINE BRIDGE

FIG. 1
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increased linearity results from making the period longer (i.e., using shorter

delay lines). It is straightforward to show that within any of the quasi-linear

segments, the characteristic 1s given by

-1 i, °Af
V0 = - 1.414 sin 4 f

(o]

where f is the frequency deviation from the zero crossing and fo is the frequency
of the lst zero crossing. Using this expression, we may estimate the linearity

ofthe discriminator. The characteristic may be expanded for small Af/fo as

3

MY L fm Af
£,) 3! \4 fg

F 7 «
o Sin st

o

Af
sin '?—
o

&~ =

r
4

we now assume

3

The amplitude of the fundamental output will be

el

—
P

o
fo

and that of the third harmonic will be
3

Lo (xf .
3t \4f
(o]

(here the relation sin3 x = (3 sin x = sin 3 x)/4 was used.)

}
[}
1
&=

The ratio of the amplitudes of the third harmonic component to the funda-
mental 1is thus

2
|A3/A1| = (nF_/4f )"/24

Consider a disturbance of 100 radians at ¢ = 27 x 1 Hz, i.e., Af = 100 sin Qt,

F = 100. For the most linear mode of operation of the receiver, f, = 800 kHz.

Fgr this case (A3/A1) =4 x 10_10, or a power ratio of -194 dB. The amplitude
Ay = 3.9 x 100", This is the amplitude corresponding to an applied signal of
1.3 x 10-8 radians at 3 Hz. If the disturbance is increased to 1000 rad, A3
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increases by 103 and the corresponding minimum detectable signal at 3 Hz is

1.3 x 10"5 radians. Such a high degree of linearity could not be verified in
practice due to the intrinsic harmonic content of conventional signal generators
used to produce test signals.
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3. DESCRIPTION OF RECEIVER

3.1 General

The receiver is constructed in four rack mountable 19 in. enclosures. It is
shown in Fig. 3. This approach was taken to break the system into functional units
which could be developed on a stand-alone basis., The four units are a dual 40 MKz
signal generator, acoustic optical modulator driver/power supply, receiver, and
discriminator timing cable assembly.

All circuitry is mounted in shielded, bypassed enclosures and interconnected
with coaxial cables. Every possible component or assembly that could be purchased
from vendors was acquired to keep development costs to a minimum. Circuitry
fabricated at UTRC includes the countdown circuit in the 40 MHz signal generator
and the limiter and discriminator in the receiver.

All circuitry is designed in a modular manner to allow flexibility in the
design and testing of this system.

SPECIFICATIONS

General

AC Power - 1 amp at 110 Vac
Warm up - 15 minutes from cold start

Acoustic Optical Modulator Driver

Output Frequencies: 40 and 40.5 MHz (39.5 MHz is user selectable)
Output Capability: +7 to +37 dBm into 50 Q@ - Front panel adjustable
All spurious: > 20 dB below CARRIER

Receiver

Input Frequency: 500 kHz

Input Level: +4 dBm to +10 dBm into 50 ohms

Input Impedance: 50 ohms

Output Sensitivity: -38 dBv for 100 Hz deviation (1 radian at 100 Hz
modulation frequency) or 0.25 mV/Hz

Output Noise Floor: =155 dBv in 1 Hz bandwidth or 17 nV/(Hz)l/2

Minimum Detectable Signal: 1.4 x 1076 radians at 100 Hz

Otuput Impedance (Nominal): 600 ohms

Output Bandwidth: 2-20,000 Hz
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Linearity: Accurate linearity measurements below 0.1% were limited by

available signal generators. No degradation was noted on modulated

signals that had this distortion level at the input of the receiver.

This held true for all modulation frequencies in the band of inter-~
est.

A complete drawing package is provided. Block diagrams are included for all

I the major assemblies and schematic diagrams are provided for all UTRC designed cir-
. cuitry. A complete set of parts lists are included to allow acquisition of spare
& parts. The drawing package is listed on drawing number ESG 634-3-1.

There are two deviations from the original plan for the receiver. A pre-
amplifier is required to interface a photodetector with the receiver input. The
preamplifier must be matched to the detector that will be used. A best guess was
made on this circuit, but the input impedance should be adjusted for best perfor-
mance. No biasing provision for the detector is provided. Only one preamplifier
has been supplied. A second unit can be supplied if desired. No filtering or
amplification of the output signal from the receiver has been provided. All
measurements were made with a spectrum analyzer.

Selection of an amplifier and
filter is dependen. on the desired subsequent prccessing of the output signal.

There are several areas for further work on a second generation receiver.
Cost and size could be reduced by using printed circuit-compatible components.
The use of miniature delay lines to replace the coaxial cable networks should be
investigated. The precision oscillator is one of the most expensive components
in the system (v~ $1000). Preliminary tests with a TTL output, temperature compen-
sated oscillator (VECTRON CO-231-T) showed marginally acceptable results., These
units are less expensive (v $100) and should be investigated.

3.2 Receiver Chassis

The receiver section of the system operates at an input frequency of 500 khz
and a nominal input level of +4 dBm into 50 ohms. The construction is modular to
allow rapid implementation of design changes and analysis of individual circuit
functions. The block diagram of the circuit is drawing number ESG 634-1-1.

The input signal is doubled in frequency three times, to 4 MHz. This devia-
v tion multiplier increases the sensitivity of the receiver.

The selection of inter-
mediate frequency, and number

of multiples was chosen as the best compromise with

the required length of timing cable needed in the discriminator. The 4 MHz signal

. is passed through a band-pass filter (BPF-1) to set the bandwidth of the system.
This is a one-pole series L-C section with a -3 dB bandwidth of 100 kHz.

10
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The signal is hard limited by the amplitude limiter to remove any amplitude
fluctuations. This circuit is described in detail in the text. The signal is

amplified to approximately +28 dBm and then applied to the discriminator which
is also described in detail,

Regulated dc power is provided by three-pin monolithic regulators mounted
at the chassis. The schematics and the component values for the various low pass
and band-pass filters are described on drawing number ESGC 634-1-2.

No effort was made to miniaturize this chassis or any other segment of the

svstem. All of the components used in the low level signal processing are avail-

able in printed circuit board mounting varieties. The entire system could cer-

tainly be manufactured in one chassis with the implementation of this technique
and the replacement of the timing cables with LC delay lines.

3.3 Single Side Band Generator

This subsystem synthesizes two signal in the 40 MHz region from one common
low phase noise 10 MHz oscillator. Thise signals are the drive sources, after

amplification, for the acoustic optical modulators. The difference frequency of

these two signals is the input frequency for the receiver subsystem. The block
diagram for this unit is ESG 634-1-3.

A 40 MHz signal is generated by frequency doubling twice the 10 MHz reference

frequency. The signal at plus or minus the reciever frequency (39.5 or 40.5 MHz)

is generated by a phasing type single side band generator. The 10 MHz reference
is counted down to 500 kHz by the divide by 20 logic circuit.
fully described elsewhere in the text.

and applied to two doubly balanced mixers driven by the 40 MHz channel.

This circuit is more
This 500 kHz signal is divided in quadrature

The outputs

of these two mixers, which contain both 39.5 and 40.5 MHz energy, are summed into a

second quadrature hybrid where, depending on the phasing selected, one of the side
bands is effectively cancelled and the other is enhanced by +3 dB.

Great care was taken to maintain amplitude and phase balance in this circuitry.

Carrier suppression was -30 dB, and opposite side band suppression was -37 dB in
one unit and -46 dB in the other. Other spurious were -25 dB or better, except
for 38.5 MHz energy at about -20 dB in both units.

The

since an optical test bed was not available for system evaluation.
pression

output of the summing quadrature hybrid. The latter point is preferred since the
filter would not introduce phase shifts into the SSB generator at this point.

11

If further sup-
is needed, filtering can be added at the output of the two mixers or at the

effect of spurious signals upon the capabilities of the system are unknown,
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3.4 Driver/Power Supply Chassis

This chassis contains both the dc power supplies for the system and the high
power driver amplifiers for the optical modulators. The unit is powered from a
110 Vac 60 Hz single phase service. This service is fused and passed through a
i RFI line filter before being applied to the system power supplies.

i Two regulated power supplies are mounted in this chassis. The first is a
i“ 5.5 amp, 24 Vdc unit which is required for the high power amplifiers, oscillator
; oven heater and as a source for various three-pin voltage regulators mounted in
the other units to provide +15, +12, and +5 Vdc on a local basis. The second
supply is a modulator, lower power unit that provides a negative 5 Vdc bias for
the limiter units in the receiver chassis.

The two optical modulator driver amplifiers are Amplica model number 500 VSP.
They are capable of +37 dBm output at -1 dB of amplitude compression and have a
fixed gain of +38 dBm. Variable attenuators are provided on the front panel
of the unit. These 0-30 dB attenuators allow the output level to be set from
+7 dBm to +37 dBm. A fan is mounted directly above each amplifier to insure
stable thermal behavior of the amplifier, since each of these class A units
dissipates approximately 30 watts.

Rear panel connectors and interconnecting cables are provided to distribute
dc power to the synthesizer and receiver decks. A front panel switch and indica-
tor provides a means of switching and monitoring the ac input power. This is
the only chassis that contains lethal voltages. For this reason, care should be
taken when trouble shotting this unit with the protective cover removed.

The schematic drawing for this chassis and the power interconnect is ESG
634-1-4.

3.5 Limiter/Amplifier

A high speed comparitor (> 50 MHz) was chosen for the limiter function in
this receiver. The 4 MHz signal level is well defined, therefore, dynamic range
is not the major consideration. A well-defined (TTC logic level) output is more
: important to reduce spurious effects due to AM leakage into the detector circuitry.

. The comparitor is connected in the zero crossing detection mode and is driven
at approximately +7 dBm. The circuit is well decoupled and uses ground plane
printed wiring techniques to reduce spurious effects due to power supply variation.

The output of the comparitor is fed to the same precision TTL to sine wave
converter circuit used in the count down circuit. Additional buffering is provided
by the R8, 9 and 10 passive attenuator. The schematic drawing for this circuit is
ESG 634-1-5,
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3.6 Count Down Circuit

The count down circuitry takes the precision 10 MHz signal from the crystal
oscillator, makes it TTL compatible, counts it down to the desired intermediate
frequency and then actively filters it to a sine wave.

Transistor Ql and its associated circuitry comprise a low noise sine wave

to TTL logic lev:I converter,

I1C-1 and IC-2 are TTL counters. The signal from the collector of Ql is
applied to the appropriate input as determined by the truth table on the
schematic drawing. Wire jumpers are provided for on the board to select any one
ot the six intermediate frequencies between 0.1 and 5.0 MHz.

The output of the count down is applied to the transistor pair Q2 and Q3.
This circuitry is a square wave to sine wave converter. Additional low pass fil-
tering is provided by the L1 and Cl combination.

Regulated power for the circuit is produced by three-pin regulators IC3 and
1C4 from the 424 Vdc bus. This circuitry was described in a Hewlett Packard
Application Note #301-1. It is recommended for use with the precision, low-noise

oscillator selected for this system. The schematic drawing pertaining to this cir-
cuitry is ESG 634-1-6.

3.7 FM Discriminator

The discriminator is a bridge type design employing coaxial cable as the
resonant elements. The detector is driven at approximately +30 dBm and the sig-
nal is resistively split into the two legs of the bridge network. The coaxial
cable is cut at an odd integer multiple of 45° of electrical length at the 4 MHz
input frequency. Various lengths of cable are included to provide recovered sig-
nal versus linearity tradeotts. The mechanical and electrical details of these

coaxial assemblies are described in the section of this text pertaining to the
timing cable chassis.

The sine and cosine timing functions provided by the open and shorted cables
are capacitivelv coupled to the peak detector network D1 through D4 by capacitors
Cl and C2. The diode network functions as a voltage doubler and peik charges

capacitors €3 and C4. Dc bias for the diode network is accomplished by resistor
RS.

The recovered information in the audio spectrum is high pass filtered by
capacitors C5 and C6. The signals are added across the R7, R8 and R9 resistor
combination. R8 is a potentiometer which acts as a balance control and has the

13
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capability of reducing error due to AM feedthrough. Inductor L1 and capacitor
C7 form a low pass network to remove 4 MHz leakage from the output signal.
Resistors Ré and R10 provide a discharge path for C5 and C6.

The -3 dB bandwidth of the detector is 2 Hz to 20 kHz. No effort was made
to provide bandpass filtering at the required 100 Hz to 3 kHz bandwidth since all
tests employed a spectrum analyzer on the output of the receiver.

Several types of discriminators were evaluated including LC bridge (several
variations), constant pulsewidth digital, and phase-locked loop. All were lacking
for this application due to noise or linearity deficiencies, One approach that
bears further investigation is the use of lumped constant tapped delay lines in
place of the coaxial lines. A cursory looked proved this approach worked and would
reduce the volume of the receiver. This scheme was not implemented in the final
version due to an unexplainable sensitivity to noise pickup in these networks.

The drawing pertaining to this circuit is ESG 634-1-7.

3.8 Timing Cable Chassis

This chassis is an integral part of the receiver subsystem. The timing
cables for the discriminator, due to their bulk, are mounted separately. The
schematic diagram for this assembly is ESG 634-1-8.

Three sets of timing cables are provided to evaluate the sensitivity versus
linearity tradeoff of various lengths of timing cables. The cables are cut to
provide 45 degrees of electrical phase shift at 800, 364, and 190 kHz, depending
on the cable length selected. The cable lengths are approximately 105, 225, and
430 feet per side, respectively.

The phase shift at 4 MHz is 225 degrees at the 800 kHz fundamental, 495 degrees
at the 364 kHz fundamental, and 945 deprees at the 190 kHz fundamental. The
4 MHz signal is detected at the 5th, 11th or 2lst zero crossing, depending on
the cable selected.

The cables were cut to length using a stable 4 MHz reference and vector volt-
meter. Irregularities in the velocity factor in the cable and some apparent dis-
persion at the lower frequencies make the 4 MHz measurement necessary. The length
of the cables is critical to discriminator balance and linearity. The inter-
connecting coaxial cables between the receilver and timing cable chassis are part
of the overall delay and, therefore, critical. These cables are supplied.

A possible replacement for these cables are LC delay lines. A cursory look
was made at this approach, but noise sensitivity problems in our test setup
mandated the use of coaxial cable. Certainly, if time and money permit, a further
investigation of these devices would be warranted.
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Instructions are provided on the front panel of this chassis as to the
proper selection of the various sensitivity cables. The open and shorted termin-
ations are also provided. The "A" cable is the least sensitive, and the "C" cable
is the most sensitive.

3.9 Receiver Preamp

A receiver preamp has been constructed to provide an interface between the
optical detectors and the receiver subsystem.

The circuit employs an integrated circuit differential high frequency ampli-~
fier (MC 1733) set at a gain of 10. The input impedance at both parts is 50 ohms
to facilitate testing. Resistors Rl and R2 can be changed to match the impedance
of the detectors.

The gain of the device can be changed to any value from 10 to 400. The spec-
ification sheet should be consulted to make a modification to the circuitry.

An emitter follower, Ql, was inserted to allow driving lengths of 50 Q cable.
This unit has not been tested with an optical system and is provided only on a
best guess basis. The schematic drawing of this unit is ESG 634-1-8.
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