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ABSTRACT

An innovative digital approach to analog noise synthesis is
described. This method can be used to test bit synchronizers
and other communications equipment over a wide range of data
rates. A generator has been built which has a constant RMS
output voltage and a well-defined, closely Gaussian
amplitude distribution. Its frequency spectrum is flat
within 0.3 dB from dc to an upper limit which can be varied
from 1 Hz to over 100 MHz. Both simulation and practical
measurement have confirmed that this generator can verify
the performance of bit synchronizers with respect to the
standard error rate curve.
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INTRODUCTION

In the real world, baseband digital signals arrive
contaminated by noise. This noise is generally modeled as a
Gaussian distribution around the nominal data levels as
shown in Figure 1. If the bit decision threshold is midway
between the nominal data levels, a bit error will be
generated whenever the amplitude of the noise exceeds the
peak signal amplitude. A bit synchronizer filters and
samples the noisy signal to extract the binary data and a
clock. The performance of a bit synchronizer is specified in
terms of its output bit error rate when presented with an
input signal having a known signal-to-noise ratio. The
theoretical bit error rate performance of an ideal bit
synchronizer is used as a reference. A good bit synchronizer
will perform within 1 dB of the ideal curve.



BIT SYNCHRONIZER TESTING

Testing a bit synchronizer requires a test signal with a
known data pattern and a controllable signal-to-noise ratio.1

A typical test configuration is shown in Figure 2.
Generating a pseudorandom data pattern with a controlled
amplitude is straightforward; however, mixing the correct
level of noise with this data and producing repeatable
results is much more difficult.

NOISE REQUIREMENTS

The noise source is required to have a uniform frequency
distribution over a bandwidth several times larger than that
of the matched filter in the bit synchronizer. If the test
results are to be directly compared with the performance of
an ideal bit synchronizer, the noise should have a Gaussian
amplitude distribution and its RMS power level needs to be
known to within a fraction of a decibel. When the data rate
under test is changed, the amplitude and bandwidth of the
noise source should change correspondingly so that the noise
energy per bit remains constant. This requires a noise
source which retains a constant RMS output power as its
bandwidth is changed.

THERMAL NOISE GENERATORS

Commercial noise sources depend on the statistics of
electron flow across PN junctions to generate noise which
has a Gaussian amplitude distribution and a flat frequency
spectrum. Generally, the noise power level is known only
approximately and it will vary with time and the ambient
temperature. Measurements at high bit rates require a wide
band noise source. To match a lower data rate the noise can
be filtered to reduce its bandwidth. However this reduces
the noise amplitude and requires amplification to restore
the noise to its original level. At low bit rates the
effective noise source becomes the undefined amplifier noise
rather than the calibrated noise generator. The alternative
is to use a number of noise generators with different
bandwidths to cover the desired bit rate range. An accurate
noise power meter is needed to ensure that the amplifier
gain is set correctly.



A truly Gaussian noise source has no theoretical limit to
its maximum output voltage level. All practical generators
have some finite level beyond which they cannot go. This
sets a limit to bit error rate measurement, since the rare
noise excursions which would create rare errors are not
present in the input to a bit synchronizer. A noise signal
with its peak excursions specified at five times the RMS
noise level (a typical commercial specification) is not
capable of generating predictable errors beyond a 10-7 rate.

Some noise generators fail in the opposite direction and
generate too many rare errors. Figure 3 shows bit error rate
measurements made using three apparently identical
commercial noise generators. Only one, curve 1, gave results
approximating the true performance of the bit synchronizer
while the other two showed an excess of errors at low noise
levels.

ALTERNATIVE NOISE SOURCE

When Aydin Computer and Monitor Division’s Model 3852 Bit
Synchronizer Tester was being developed we needed a source
of noise which could be tuned over a wide range of
bandwidths. To avoid the complication, expense and
uncertainty of thermal noise sources we developed a
synthetic noise generator. The output of this generator has
been shown to have the desirable properties of a thermal
noise source yet it can be set to match any bit rate and
signal-to-noise ratio without using a tunable low pass
filter, a variable gain amplifier or a noise meter.

SYNTHETIC NOISE

An approximation to flat, Gaussian noise can be generated
from a binary pseudorandom sequence. The use of pseudorandom
sequence generators as analog noise sources has a venerable
history. They were first available in commercial instruments
in the 1960s. A shift register with feedback is used to
generate a seemingly random bi-level output signal which has
a (sine X)/X spectrum with its first null at the shift clock
frequency.

Analog noise can be generated from this binary output by
severely limiting its bandwidth, either with an analog low
pass filter or by using a weighted sum of the binary levels



at various points on the shift register to synthesize a
digital filter.  This generates an approximately Gaussian2

amplitude distribution and also flattens the output
frequency spectrum. Typically the resulting noise bandwidth
is a twentieth of the shift clock frequency. If a digital
filter is used, the noise bandwidth varies directly with the
shift clock frequency while the noise amplitude remains
constant. To test the Aydin Model 3335, a 40 Mbps bit
synchronizer, using this approach would have required a
pseudorandom generator with a shift clock tunable up to
2 GHz.

Other workers computer-generate noise samples and then
generate an analog output with a digital-to-analog converter
(DAC).  If the processing is done in real time the noise3

bandwidth is limited by the processor speed. If pre-stored
values are used, the requirement for some values to occur
with low probability makes the memory size prohibitive.

Another approach uses a digital filter to generate a
Gaussian amplitude distribution but with the same (sine X)/X
bandwidth as the input sequence.  This did not meet the4

requirement for a flat noise spectrum. We finally decided to
separate the function of generating a flat frequency
spectrum from that of generating a Gaussian amplitude
distribution. Later we discovered that this idea had been
anticipated though it had not been applied to the real-time
generation of wide bandwidth noise.

SPECTRUM FLATTENING

Since the spectrum of a binary pseudorandom sequence is
continuous out to the shift clock frequency it can be made
flat from dc to some large fraction of the clock frequency
by passing the binary sequence through a suitable filter.
Since this filter must track the shift clock rate it is
implemented digitally by summing weighted outputs from the
generating shift register. In our design the weights were
constrained to be powers of two. This has slightly
compromised the flatness of the noise and the maximum noise
bandwidth, but it has two important benefits; firstly, the
filter output has a uniform amplitude distribution, and
secondly, the filter can be built with commercial digital-
to-analog converters.



FILTER PERFORMANCE

Simulation using binary weighting (Figures 4 and 5) shows
that the noise spectrum generated is flat within 0.32 dB to
46% of the shift clock rate and that it has a -3 dB
bandwidth of 59% of the clock rate. Measurements on the
prototype confirm the flatness of the spectrum (Figure 6).
The window property of the pseudorandom sequence guarantees
that all eight-bit binary codes appear in the output with
equal frequency. This means that on average the DAC output
spends equal time at each of its 256 output levels. This is
far from the Gaussian distribution desired, but it is a more
convenient starting point than would have been generated
from an unconstrained filter.

GAUSSIAN AMPLITUDE GENERATION

By the Central Limit Theorem an approximately Gaussian
output can be generated by summing a sufficient number of
uncorrelated, band-limited, uniformly-distributed signals
and this is the method used here. A number of uncorrelated
signals are generated and mixed together. This gives a
Gaussian output signal which is bit rate invariant and whose
RMS level can be set with an accuracy limited only by
resistor tolerances.

The number of generators used was chosen to give a maximum
peak excursion of six times the RMS level. This output
closely matches a true Gaussian distribution. It passes the
chi-squared test at the 1% level of significance and its
kurtosis is 2.900. The latter is sufficiently different from
3.0 to give the output, when compared to a Gaussian
distribution, a visible deficiency at the center of the
distribution (Figure 7) and a steadily increasing deficiency
beyond two standard deviations from the mean (Figures 8
and 9).

PRACTICAL APPLICATION

For most applications this source would be regarded as truly
Gaussian, but when characterizing a bit synchronizer, rare
bit errors are generated by correspondingly rare peaks in
the noise. The measured error rate of a bit synchronizer is
thus very sensitive to the density of the tails of the input
noise distribution. A thermal noise source with a deficiency



or excess in its noise peaks would be useless for evaluating
a bit synchronizer; however, the deficiency in the synthetic
noise source can be exactly predicted. The relationship
between the input signal to noise ratio and the expected
number of errors is exactly known. If any errors are
detected the true error rate can be calculated.

When tested under identical conditions, the synthetic noise
generator gave more consistent results than the best of the
thermal noise sources tested (Figure 10). It will be
possible to calculate, from the statistics of the synthetic
noise, the theoretical error rate of an ideal bit
synchronizer. This can then be compared with the Standard
bit error rate curve which assumes Gaussian statistics. We
have shown that at all error rates greater than 10  the-7

difference in performance is within a fraction of a dB. This
performance difference can be automatically compensated for
in a microprocessor controlled bit sync tester such as the
Aydin Model 3852.

IMPLEMENTATION

The noise generator is built from twelve identical shift
register and digital-to-analog converter (DAC) sections, the
whole being driven by two pseudorandom sequence generators.
The DACs are rated to operate at an update rate of 250
Mwords per second and during testing output noise flat to
120 MHz has been measured. Each of the twelve individual
DACs is driven by an eight bit shift register whose output
bits are connected to the DAC in the correct configuration
to implement the required digital filter.

Ideally, the inputs to the twelve shift registers would come
from twelve different, uncorrelated, pseudorandom binary
generators. In practice, only two generators are used and
the twelve uncorrelated sequences to drive the filter shift
registers are generated from these by delaying the binary
sequence by a different number of clock times before sending
it to the filters. The delays are chosen to be large
fractions of the maximum length of the sequences and to have
no common divisors. At a clock rate of 200 MHz the final
noise output will repeat itself every 91 years.

In the Model 3852 tester the noise generator clock is phase-
coherent with the internal bit rate clock used to generate



the dummy data pattern. This results in a noise spectrum
which contains components at high multiples of the bit rate
clock. Since these are far outside the pass band of the bit
synchronizer input, they do not have any measurable effect
on the bit error rae.

Since both the data and the noise sequences can be reset to
start from the same point, the Model 3852 can compare
different bit synchronizers by exposing the units under test
to exactly the same input signal, noise and all. Any
differences in their error rates thus reflect genuine
differences in performance rather than statistical
fluctuations in the noise.

CONCLUSIONS

This noise generator is uniquely suited to the accurate
testing of bit synchronizers at bit rates up to 50 Mbps;
however, its tunability over a wide frequency range, its
flatness and its close conformity to a Gaussian distribution
make it an excellent noise source for general base-band test
applications.
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FIGURE 1. AMPLITUDE DISTRIBUTION OF NOISY DATA
SHADED AREA INDICATES PROBABILITY OF A DATA 1

BEING RECEIVED AS A 0



FIGURE 2. BIT SYNC TESTER



FIGURE 3. BIT SYNCHRONIZER PERFORMANCE MEASURED WITH THREE
IDENTICAL NOISE GENERATORS



FIGURE 4. THEORETICAL FREQUENCY SPECTRUM
OF NOISE SYNTHESIZER

FIGURE 5. DETAIL OF AAWHITE@@ PART OF NOISE SPECTRUM



FIGURE 6. MEASURED FREQUENCY SPECTRUM OF NOISE SYNTHESIZER
WITH 50 MHz CLOCK INPUT 

FREQUENCY SCALE 0 TO 50 MHz LINEAR
AMPLITUDE SCALE 2 dB PER DIVISION

FIGURE 7. COMPARISON OF NOISE GENERATOR AMPLTUDE
DISTRIBUTION WITH TRUE GAUSSIAN



FIGURE 8. DETAIL OF NOISE GENERATOR AMPLITUDE DISTRIBUTION

FIGURE 9. TAIL OF NOISE GENERATOR AMPLITUDE DISTRIBUTION



FIGURE 10. BIT SYNCHRONIZER PERFORMANCE MEASURES WITH
THERMAL AND SYNTHETIC NOISE


