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120 MB/S AND 240 MB/S BIT SYNCHRONIZER-SIGNAL
CONDITIONERS FOR NASA HIGH DATA RATE APPLICATIONS

DR. J. S. GRAY
Harris Electronic Systems Division

Melbourne, Florida

Summary.  Two bit synchronizer-signal conditioners (BSSC) developed for NASA high
data rate applications such as earth resources monitoring are described. One BSSC is
centered at 120 Mb/s and the other at 240 Mb/s. These subsystems are featured out of the
total hardware developed* because the BSSC is such a key subsystem in determining
overall system statistical performance. These units represent an evolution of high data rate
technology toward the versatile any data rate BSSC’s available at low data rates.
Numerous inputs/outputs, control functions, indicators, plus the ability to minimize the
effects of various signal perturbations are provided. Examples of allowed perturbations are
input level variations, bit rate variance static and dynamic, baseline, transition density,
bandlimiting, etc., as well as noise. Emphasis in the past has been primarily concerned
only with noise.

Introduction.  Historically high data rate bit synchronizer-signal conditioners (BSSC)
have been developed primarily to prove the ability to achieve performance close to theory
at high data rates or for very specific applications. Therefore, such units have tended to be
single bit rate, single input/output, signal perturbation only by noise, etc., and have not had
the versatility of the lower data rate BSSC’s. The 120 Mb/s and 240 Mb/s BSSC
described in this paper represent an evolution in high data rate technology toward the
versatility of the any data rate modem - BSSC hardware presently available up to 20 Mb/s.
The 120 Mb/s and 240 Mb/s BSSC’s minimize the performance degradation due to input
level variations, bit rate static changes, jitter, baseline, bandlimiting, transition density,
etc., as well as that due to noise. This development is a natural evolution of 9 years of
overall high data rate research at Harris ESD covering 10 Mb/s to 1 Gb/s.1,2,3 

Greater flexibility and signal processing ability are very desirable properties for high data
rate BSSC’s for many reasons. Examples of a few of the factors requiring such properties
are as follows. Between the time hardware is initially specified and an actual mission is
run, data rates can vary somewhat. A given BSSC may have to operate with different
demodulators or a given demodulator output level may change to meet overall performance
specifications. The BSSC will have to operate with other ground station equipments such



as tape recorders, as well as demodulators. Due to frequency allocation or co-channel
interference considerations, the overall system may become bandlimited. For these reasons
plus many others, the BSSC needs to process multiple signal perturbations plus process a
range of input levels, bit rates, etc. Recognizing the need for such processing ability and
flexibility, NASA specified such capability for the 120 Mb/s and 240 Mb/s BSSC which
are discussed in this paper.

BSSC Specification Discussion.  The two BSSC’s are specified to operate at design
center bit rates of 120 Mb/s and 240 Mb/s, respectively. The design center bit rate of
either unit can be changed by plus or minus 10% by simple component changes. The units
are also specified to operate over a plus and minus 5% range without component changes
with less than 1/2 dB degradation.

The input data is NRZ-L at static input levels of 250 mVp-p to 2.5 Vp-p. Four BSSC
inputs of 50 S impedance are provided of which one is selected by front panel control. The
BSSC outputs are data, 0E clock, and 90E clock. The output drivers have a 50 S source
impedance and provide ECL levels into either of two load configurations; 50 S to ground
or 50 S to -2 volts.

The allowed signal perturbations besides Gaussian noise are as follows:

Dynamic amplitude variation to ±20% of nominal at rates to 1% of bit rate.

Static baseline of ±1 volt not to exceed 100% of nominal input amplitude.

Dynamic baseline to ±50% of nominal input at rates to 0.1% of bit rate.

Maximum filtering (2-pole Bessel) of 0.65 bit rate.

Jitter with )f to ±2% of nominal bit rate with fm to 2% of bit rate.

Transition density to 10% with random data or up to 64 bits without transition every
512 bits.

The basic bit error rote, BER, performance specification is operation within 1 dB of theory
for 2 dB # 10 log Eb/No # 12 dB for either random square or filtered data. For either
amplitude, baseline, or bit rate variations performance must be within 1.5 dB of theory.
Likewise, performance should be within 1.5 dB of theory for the allowed transition
density.



Bit Slippage Rate, BSR, must be less than 1 x 10-7 over the some SNR range of 2 dB to 12
dB with any of the perturbations except jitter. With jitter the specification is BSR # 1 x 
10-7 for 10 log Eb /No $ 5 dB.

In summary, it is seen that the BSSC’s are specified to provide flexibility in terms of the
input data rate and level, as well as optimally process various signal perturbations which
may be experienced in general usage. Similarly, numerous control functions and
indications are provided on the front panel.

Functional Description.  A photograph of the 120 Mb/s BSSC is provided in Figure 1 and
a block diagram of the 120 Mb/s BSSC is presented in Figure 2. The 240 Mb/s BSSC is
similar except for several circuit changes. Signal plus noise from one of four input channels
is selected by a coaxial switch. The selected input is processed by a transversal filter
followed by low-pass filtering and amplification. Initially, the transversal filter followed
the AGC variable loss network. At a 2.5 V p-p input signal level, however, 15Vp-p must
be handled at the minimum 10 log Eb/No of 2 dB assuming a twice bit rate input noise
bandwidth and a crest factor of four. A broadband baseband variable loss network
handling more than 1 to 2 V p-p proved impossible to implement. With the transversal
filter first, however, the overall input level to the variable loss network is attenuated plus
the rms noise level is further reduced due to the filtering. The transversal filter can linearly
process the maximum input levels. The optimum transversal filter number of tops, their
spacing, and their respective weights are a function of the input signal rise time, as well as
the frequency response and large signal time response of the low-pass circuitry following
the transversal filter. It is important to note that the time domain response of active
networks such as video amplifiers is not the inverse Fourier Transform of the low level
frequency response. At relatively low levels, the outputs start to exhibit nonlinear effects
and become slew-rate limited. To achieve performance close to theory one must carefully
consider these factors.

The variable loss network attenuates its input up, to 20 dB in response to the control
voltage from the nonlinearity circuit. The overall AGC loop maintains a constant y(†) at the
input of the decision unit for optimum performance. Almost all variable loss networks
actually have a baseband output due to changes in the control voltage. This represents no
problem in IF AGC loops but can represent a problem in baseband AGC loops and must
be considered. A simple resistor added to the network reduced this undesired output about
15 dB.

The variable loss network output is then fixed gain amplified and feedforward baseline
corrected. Both feedback and feedforward baseline correction techniques were evaluated.
The feedforward technique operates over a broader bandwidth and yields better BER
performance over the total range of allowed baseline variation. In order to track rapid



baseline variations, both techniques require peak detection time constants such that about
1/2 dB degradation in performance is experienced with the baseline circuit operational
when the input signal has zero dynamic baseline, but consists of a long PN sequence. This
is due to the unequal state occurrences over hundreds of bit periods even though the long-
term state probabilities are essentially equal. With dynamic baseline present, the total
performance loss stays essentially that due to the false baseline of the baseline circuit
itself; that is, the dynamic baseline is essentially eliminated at the output. It should be
noted that theoretically over 4 dB of performance loss would occur for ±50% baseline if
the dynamic baseline was not removed. For optimal usage therefore, a front panel switch is
provided whereby the baseline circuit can be activated. When significant dynamic baseline
is absent, this circuit is inactive so no performance loss is incurred. With dynamic baseline,
it is activated to eliminate baseline and the resulting performance loss.

The amplifier distribution module provides two isolated outputs, y(†). The quantity y(†) is
the overall normalized matched filter output with baseline removed. One y(†) is processed
by the decision unit. At the end of each bit period, y(†) is compared to a threshold, E, and
a bit state estimate is made according to the sign of (y(†) - E). The timing for the state
estimation is provided by the bit synchronizer. The data estimate output provides ECL
levels into 50 ohms to ground or 50 ohms to -2 volts according to switch selection for the
given load configuration.

The other y(†) is routed to the nonlinearity circuit. The output of the even order
nonlinearity has a bit rate spectral component plus a low frequency component
proportional to the input level. The low frequency term is loop filtered and routed to the
control input of the variable loss network to close the AGC loop. The loop filter output
also drives loss of signal, excess signal, and input level indicators. The bit rate spectral
component is bandpass amplified for memory and SNR improvement and then processed
by a limiting amplifier. The bandpass filtering is relatively wide (~ 8%) because dynamic
bit rate variations of ±2% must be processed. The phase shift associated with a narrower
filter would degrade the timing accuracy at the decision unit and performance would
degrade. With the wider filter, however, the envelope of the bandpass amplifier output
varies about 30 to 1 with long PN sequences. The limiting amplifier removes this envelope
variation and provides a constant reference for the phase-lock loop.

The second order phase-lock loop provides further memory for periods of no transitions
and signal-to-noise enhancement. Three loop bandwidths ranging from 0.1% to 2% are
selected by front panel control. In the widest loop bandwidth position the open loop
response crosses unity about 10 MHz. Therefore, parasitic and second-order effects must
be carefully considered. In theory, VCO’s have a Ko/s response but they actually have on
A(s) C Ko/s response where A(s) represents the effects of control voltage input networks
and other response limiting circuit. VCO’s must be chosen whose A(s) rolloff occurs



beyond the open loop unity gain frequency of 10 MHz. Likewise, 200 MHz unity gain
operational amplifiers are used so that final closed loop operational amplifier rolloffs occur
beyond the unity gain frequency. The achievement of stable wideband phase-lock loops is
not an easy task.

Automatic sweep controlled by a quadrature lock detector is provided for acquisition
enhancement. Front panel lock indication, as well as the amount of phase error during lock
are provided. One may zero the phase error and also inhibit the sweep if desired using
front panel controls.

A portion of the VCO output power is routed to the clock distribution network. A 0E and
90E clock are provided as overall BSSC outputs. ECL levels into a 50 ohms to ground or
into a 50 ohms to -2 V load are provided according to switch position similar to the data
estimate output. The other output of this network is routed to the variable delay network.

The output of the variable delay network provides timing for the decision unit. The phase
of the timing reference can be varied by front panel control to optimize the statistical
performance of the BSSC.

Measured Performance.  The statistical performance of the 120 Mb/s BSSC as a
function of SNR plus signal perturbations is now discussed. The performance results for
the 240 Mb/s BSSC are very similar. First in Figure 3 the BER at 120 Mb/s as a function
of input signal level, as well as SNR, is presented. For 10 log Eb/No # 12 dB all data lie
within 0.8 dB of theory (1 dB specification) over three octaves of input level change. The
theoretical curve, from which degradation is measured for all figures, is the classical BER
versus 10 log Eb/No curve for square binary antipodal PCM plus Gaussian noise after
perfect matched filtering.

In Figure 4 the BER versus SNR performance is presented at 114 Mb/s which equals 95%
of 120 Mb/s, at 120 Mb/s, and at 126 Mb/s which equals 105% of 120 Mb/s. For all these
measurements no component changes were allowed in the BSSC. Only normal
optimization adjustments such as zeroing phase error were allowed. All measured data lies
within 0.75 dB of theory; well within the 1.5 dB specification. Thus, it is seen that the
BSSC, as is, can easily be adjusted for excellent performance at any data rate within ±5%
of 120 Mb/s. By simple component changes the BSSC can also be configured for excellent
performance anywhere within the range of 120 Mb/s ±110% or from 108 Mb/s to 132
Mb/s. It should be noted that 10 log Eb/No is correct for each data rate in the figure, not
just the center data rate.

The effects of bandlimiting upon the BER versus SNR performance are presented in Figure
5. A two pole Bessel filter with 3 dB frequency of 0.65 times 120 Mb/s or 78 MHz is



placed in front of the BSSC. Performance is again well within 1 dB of theory for 10 log
Eb/No # 12 dB. Note that 10 log Eb/No is measured nonbandlimited and that degradation is
measured from the nonbandlimited theoretical curve. This is done so performance can be
related to the other figures and to avoid any confusion on what the theoretical performance
curve represents. It is the author’s conviction that much gamesmanship has occurred when
bandlimited theoretical curves and measurements have been used.

Measured BER versus SNR plus dynamic baseline performance is presented in Figure 6.
Curve A is the BSSC performance with no dynamic baseline input and the baseline
correction circuit switched out of the signal processing path. In Curve B the baseline
circuit is activated with no dynamic baseline at the BSSC input. As discussed previously
about 1/2 dB degradation in performance is experienced because of the wide bandwidth
required of this circuit which introduces false baseline with long PN sequences. When
±50% baseline at a 16 kHz rate is added for Curve C, it is seen that Curve C lies on top of
Curve B so that effects of dynamic baseline are entirely removed. For Curve D, worst-case
baseline of ±50% was added at a 160 kHz rate (specified maximum equals 120 kHz) and it
is seen that performance is within 0.1 dB of Curves B and C. It is important to note that
Curves B and C lie well within the specification limit of 1.5 dB. Curve E shows the
measured degradation for uncorrected ±50% baseline at a 16 kHz rate; that is, the baseline
correction circuit is deactivated. It is seen that the baseline correction circuit removes 2 dB
of degradation in this case, a very significant amount.

In Figure 7, the BER versus SNR plus jitter performance is shown for several cases. For
sinusoidal jitter with )f equal to 0.2% of bit rate equal to 240 kHz and a modulation rate
of 0.2% of bit rate equal to 240 kHz in one case and 2% of bit rate equal to 2.4 MHz in the
other case, performance is within 1 dB of theory and well within 1.5 dB specification. For
these cases bit slippage rate, BSR, is also less than 1 in 108, the measurement limit, for
10 log Eb/No $ 5 dB. The specification limit is 1 in 107 for 10 log Eb/No $ 5 dB. The three
phase-lock loop bandwidths have been chosen to minimize performance degradation for
the largest number of )f and fm combinations within the allowed range.

Finally, in Figure 8, the BER versus SNR plus transition density performance is presented.
A 32-bit all “zero” or “one” word is inserted every 256 bits. No adjustment of the BSSC
was allowed. As shown, the BER performance is within 1.1 dB of theory (# 1.5 dB
specification) and the measured BSR was less than 10-8, the measurement limit down to
2 dB = 10 log Eb/No (BSR # 10-7 for 10 Eb/No $ 5 dB specification).

The Conclusions.  The 120 Mb/s and 240 Mb/s BSSC’s developed for NASA high data
rate applications extend present day high data rate technology in that signal processing
capability is greatly extended over noise processing alone. Performance close to theory is
achieved over a ±5% bit rate range, a 10 to 1 input level range, and with signal



perturbations such as baseline, jitter, dynamic amplitude variation, filtering, and transition
density, as well as noise. Such capability and flexibility is required in high data rate
hardware for high data rate systems to become as widespread in usage as the lower data
rate systems presently existing. The hardware described allows system operation at PSK
data rates centered on 120 Mb/s and 240 Mb/s and at QPSK data rates centered on
240 Mb/s and 480 Mb/s. Other hardware developments in the areas of PCM simulation
and frame synchronization occurred in conjunction with the BSSC developments reported
in this paper.
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Figure 1.  120 mb/x BSSC
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Figure 2.  Bit Synchronizer - Signal Conditioner

Figure 3.  BER Versus SNR as a Function of Input Signal Level
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Figure 4.  BER Versus SNR Performance Over ±5% Bit Rate Range

Figure 5.  Bandlimited BER Versus SNR Performance
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Figure 6.  BER Versus SNR and Baseline

Figure 7.  BER Versus SNR and Jitter
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Figure 8.  BER Versus SNR and Transition Density
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