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Sunmary

A highly linear Wideband Analog Fiber Optic Link
is described which samples at a 1 MHz rate with
10~bit accuracy and transmito and receives by means
of a high gpeed PDM codes Aliasing and sampling
effects are fully suppressed and a nearly Gaussian
pulse response is attained with a 2 psec risetime.
Analog signals are recovered with very low distortion
and d.c. drift and a 5/N ratio of better than 52 db.

Introduction

Wideband Isolated Analog Telemetry links are used
at lawrence Berkeley laboratory for communication of
monitor and control signals where large potential
ai exist bet itter and receiver.
In a typical application, a link spanning 120 ,000
volts or more sends and recelves +10 volt analog
signals and has a signal Bandwidth of D.C. to 200
kHz. Such a link must exhibit low D.C. drift, good
S/N ratio, and excellent pulse response. Most recent
link designs utllize FM/PLL Techniques (1).

This paper will describe the development of an
improved Wideband Analog Link using high speed
digital techniques. The need for an improved
Wideband Link i5 first noted and a new design is
proposed. A block diagram is presented. A camplete
schematic of the 1link is discussed. Attention is
glven to the circuitry for generating and receiving
the high speed PDM serial code used. Test results of
the unit and conclusions follow.

A New Wideband Analog Link

Until recently, FM lirks of the type described in
Reference 1 have been used at LBL. While
satisfactory performance has often been obtalned,
there have been recurrent problems with drift, S/
ratio and reliabili:y. Because of this, it was
determined to utilize high speed digital encoding in
the design of a new wideband telemetry link. The
block diagram of the new Wldeband Analog Link is
shown in Figs. 1 and 2.

In the transmitter of Fig. 1, the input mignal is
applied to a widcrand differential input aoplifier

having high common mode rejection and is processed by
an anti-aliasing filter to remove frequencies above
400 xHz. The signal is then sampled and held at a 1l
MHz rate and digitized by a fast single~chip 10-bit
successive approximation A/D converter. The parallel
information :s converted t> a fanr serial FPDM code
consisting of a series of ten wide (52 nsec) and
narrow {27 nsec) pulses and is transmitted via fiber
optic cable.

In the receiver of Fig. 2, the optical PDM signal
is firet amplified by a fast photodiode amplifier
capable of resolving the 27- ané 52 nsec pulses.
After conversicn to TTL levels, the information is
decoded from the PDM code ana applied to a 10-bit D/A
converter. Low-pass filtering at 309 kHz is applled
to remove the 1 MHz carrier and reconstructed signal
is processed by a buffer amplifier. The resultant
signeal output at the receiver will be a linecar
duplicate of the transmitter input. Distortion due
to the sampling prccess is minimized and good overall
pulse response is ensured by the correct choice of
filters in the transmltter and receiver.

The use of digital tranmission in the wideband
analog 1link of Fig. 1 and 2 has some practical
benefits. These are:

1. Digital transmission inherently contributes
no naise, drift, or norlinearity to tne
recovered signal. The necessary performance
trade~off between noise and linearity seen in
PM links does not occurs

2. DC performance of a link of this type depends
almost sclely on the quaiity of the A/D and
D/A converters. Several excellent units are
available.

3. There is no need ,as there is with some FM
units, to align transmitters and receivers as
pairs to achieve optimum linearity. Further,
the use of digital signal encoding results in
uncomplicated calibration and test procedures
which may be performed using simple test
fixtures. Maintenance is improved, important
where many channels are in service.

*This work was supported by the Director, Office of Energy Research, Office of Fusian Energy, Development &
Technology Division, of the U. S. Department of Energy under Contract No. DE~AC03-76SFO0098.
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FIG. 1. TRANSMIYTER BLOCK DIAGRAM
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FIG. 3.  LINK TRANSMITTER



Link Design

Figure 3 is a schematic diagram of the trans-
micter. The input amplifjer, consisting of IC 1@, IC
11, Q1, 02, and IC 1, is configured so that the gain
may be changed by a single switched resistor, RG. In
addition to excellent common mode rejection, this
amplifier has very little change of bandwidth when
gain is varied over several decades. Resistors RG 1,
RG 2, and RG 3 are computer selected at initial
checkout to provide overall system gain of 1, 10, and
100 + .05% .

The input amplifier is followed by & four-pole
low-pass anti-aliasing filter. The characteristics
of thie filter include a transmixsiuvn zero at the
syster. sampling frequency (1MHz). The filter s
adjusted for optimum phase 1linearity in the signai
passband, ensuring good pulse responses.

IC 4 in the transmitter is a 1 HMHz crystal
oscillator which is the clock for the system. IC 4
generates a sample/hold strobe, a load pulse for the
parallel to shift register IC B &nd IC 7, and a start
pulse for the A/D converter IC 5.

The process of A/D conversion and FDM encoding
takes place as follows: On the trailing edge of the
sample/hold strobe {“50 ns), the contents of the A/D
converter are loaded lnto registors IC 7 and IC 8.
At the same time, 1C 5 begins A/D conversion (by
successive approximation) of the input voltage. The
A/D clock pulses from IC 5 are utilized to cause IC 7
and IC 8 to serially output the previously ustored
10-bit word at a rate of approximately one bit per B0
ns. IC 9 converts this serial dara to a succession
of ten wide (52 ns) and narrow (27 ns} pulses. The
PDM code is transmitted by means of V-mos transistor
Q3 and the optical source Sl. Figure 5(a) ia an
oscilloscope of the ded signa® at
TPI. Transmitter input in this photo {8 a *
full-scale triangle wave of approximately 100 Hz, so
that wide and narrow pulses are seen as superimposed.
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In the receiver of Fig. 4, IC 1 and IC 2 comprise
a low-noise phote diode preamplifier with a bandwidth
of approximately 30 MHz. The circuit, which is
composed cf very fast LM 359 "Norton™ ampliFiers,
presents a very low {+37 ohm) input impedance to the
photodiode without the use of feadback. The effect
of input shunt capacitance is thus cancelled without
the risk of instability. Response of the amplifier
is shown in Pigure 5(b). Llayout of this amplifier ism
critical: A "ground plane™ pc board is used.

After conversion to TTL levels by comparator IC
3, the serial data is decoded by IC 5 and
self-clccked into registers 6 and 7. Retriggerable
one-shot IC 4 clocks latches B and 9 at the end of
each ten-bit word and also provides d-c restoration
to the data signal via Ql. The inherent advantage of
the self-clocking PDM digital code is seen here:
decoding is accomplished by a single 40 nsec one-shot
{IC 5).
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FIG. 4. OVERALL PULSE RESPONSE

The 10~bit DAC IC 10 converts the parallel binary
input data, which is updated at a 1 MHz rate, to a
proportional output current. The network at the
input of IC 11 is a S-pole low-pams filter with a
nominal 3 db bandwidth of 300 kHz and essentially
linear phase response. Buffer amplifier IC 12, with
cross coupled output trangistors, it sultable for
driving either short lengths of unterminated cable or
long terminated 75 ohm lines.

Construction

The wideband analog transmitter and receiver
units were each packaged in a single width NIM
module- NHigh speed "ground plane™ printed circuit
boards were used. Although it would be physically
possible to package two units In & single width
medule; this was not done because of thermal
considerations. Non-standard + 15 volt supplies are
used which permit the filling of an entire NIM bin
with transmitters or receivers. Provision is also
made for operation with standard NIM supplies (+ 12v,
#24v) where only a few transmitters or recelvers are
Tequired.

Performance

Tests on a prototype link showed that the
combined overall error due to drift, nolse, and
non-linearity was less than + 1 LSB over a
temperature range of 15°C to 30°C ambient. Figure 7
18 a plot of linearity versus DC input level. The AC
performance of the link is shown in the oscllloscope
photegraph of Fig. 6. Overall response of the link
to 50 kHz square waves shows negligible overshoot and
a rise time of 2 psec. At the time of writing,
production on twenty links was in process for use by
the MFE group at LBL. Purther testing and
characteriza.lon will be done on these units.

Conclugions

The highest priority of this design was to
achieve low DC drift and clean, wideband pulse
per in a 1-mi 1p~bit t It
was found that the ume of digital processing could
not only solve problems of drift and linearity
inherent in FN and PWHM systems (3)(4), but was
capable of annlog signal fidelity in no way inferior
to previcus designs. Distortions due to the
digitizing process (e.g., “"quantizing crror") were
suppressed so effectively as to be not visible on an
oscilloscope at signal level 20 db below the maximum.
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FIG. 7. OVERALL D.C. LINEARITY

AC pulse was a prime considera-
tion, phase linearity of the filters employed was
mwost important. This resulted in a gradually sloping
frequency response which is 3 db down at 200 kHz.

Just prior to the testing of the prototype at
LBL, it was learned that the Dupont Fiber Optic cable
used in this design. Type PFX~PIR-40, would be dis-
continued. A new type will be gelected.
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