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A VALUABLE TOOL TO HAVE WHEN WORKING WITH PSK
DEMODULATORS IS A KNOWLEDGE OF ITS FUNCTIONALITY

Linda Cylc
Aydin Telemetry

ABSTRACT

PSK demodulators have been an integral part of the signal recovery process for decades.
Unless a person has designed a demodulator, how much can a person know or
understand about its operation? Instruction on how to set up a demodulator’s parameters
to acquire a signal is found in a manual. An explanation of why parameters are set a certain
way to handle particular input signal characteristics is often not provided in a manual.

This paper is designed to be a tool to aid engineers, technicians, and operators who utilize
demodulators. Its purpose is to relay the functionality of a demodulator to a user so that
he or she can take advantage of its control parameters and status feedback. Knowing the
reasons why a demodulator is set to certain parameters may greatly reduce confusion
when a system is not working properly. On site troubleshooting may be accomplished
without the need to call the manufacturer of the product. Another advantage of
understanding the operation will be recognized when interfacing with the manufacturer. A
person will be able to relay the information to a design engineer more easily, and will
understand more of the engineer’s feedback on the potential problem.

Utilizing this paper as an aid to enhance operation of a PSK demodulator will bring a user
one step closer to understanding the complexity of its design.
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INTRODUCTION

Throughout the past twenty-five years, Aydin Telemetry has been a leader in the design of
PSK demodulators. During this time, the company has been advancing along with the
industry’s rapid progression of change. The first PSK demodulators consisted of
approximately twenty cards, housed in a large chassis. Today, Aydin has virtually



replaced the large chassis type demodulator with what the industry demands: VME, PC,
and PCI based demodulators. These more current versions are replacing much of the
analog with digital and combining the two types of circuitry to reduce board space to suit
customers’ needs. Aydin also houses the VME type module in a standard chassis, since it
is still very popular.

The focus of this paper will be Aydin’s Model 3321 PSK demodulator. A summary of the
functionality of a demodulator, and a more in depth look at how it performs these
functions is a necessity. It is the key factor in providing a user with the tools that person
needs when using and/or troubleshooting the demodulator in a system.

One point that must be stressed is that this paper is based on one specific type of PSK
demodulator. While most of the fundamentals can be generalized to any type of PSK
demodulator, the specific settings for each will vary by manufacturer and demodulator
type.

FUNDAMENTALS

The Aydin Model 3321 PSK demodulator performs coherent BPSK (Binary Phase Shift
Keyed), QPSK (Quadra-Phase Shift Keyed) and SQPSK (Staggered Quadra-Phase Shift
Keyed) demodulation of satellite telemetry subcarriers. Figure 1 shows the functional
block diagram. The demodulation process is a recovery of a specific information signal
that has been modulated onto a carrier signal. The Model 3321 PSK demodulator can
accept a range of input subcarrier frequencies between 1 kHz to 10 MHz, which can vary
in amplitude from 0.1Vp-p to 10Vp-p. The input signal is conditioned and normalized.
Using automatic gain control (AGC), the desired signal’s input amplitude is held constant
so that the remaining circuitry can process the desired signal properly. Once the input
amplitude has been stabilized, the modulated signal is mixed with the sine and cosine
components to recover the subcarrier and detect the baseband signal. The signal is then
filtered by I and Q Bessel filters, which remove any undesirable signals, so that only the
baseband signal is passed. The resultant signal is then amplified to a proper output level
for processing by the next stage of a telemetry system.

STAGES OF DEMODULATION

The first stage of demodulation is to receive the signal. The characteristics of this input
signal are varied and often complex. Usually the signal is corrupted by noise, which is
reason enough to design a stable input stage. However, there are other factors to consider.
The signal may be very weak by the time it is received by the demodulator. In addition, the
demodulator must select this signal from surrounding signals, which may be more
powerful. Fading present due to atmospheric conditions will cause the signal to increase



and decrease. Yet the demodulator is required to maintain lock in the midst of these
conditions. The input stage must be designed to handle these factors and keep the desired
signal stable.

Figure 1.  Model 3321 PSK Demodulator Functional Block Diagram

The automatic gain control (AGC) circuitry defines the second stage. Once a signal has
been selected, it is sent to an AGC amplifier. The purpose of this amplifier is to maintain a
constant output to be used by the next stage. A control voltage to the AGC amplifier
achieves this constant output amplitude. Therefore, if the input signal is very weak, the
AGC circuitry will amplify it enough so that it can be processed at the next stage. If the
input signal is too large, the AGC circuitry will attenuate the signal, so as not to saturate
the next stage. It is during the input and AGC stages that the dynamic range of the
demodulator is implemented. The dynamic range of a demodulator is based on the range
of amplitudes that the input and AGC stages can handle. Dynamic range will be discussed
further along in this paper.

The third and most complicated stage is the demodulation process itself. Figure 2 depicts
the block diagram of the modified Costas Loop that is used in the Model 3321 PSK
demodulator. In this stage, the input signal is mixed, or multiplied, with the sine and cosine
components. Through this process, the coherent subcarrier is recovered and the PSK
input is demodulated to baseband. The loop filter and surrounding circuitry is processed
digitally, therefore, the analog signal is converted to digital and then sent to the phase
detector, which is a look-up table. The look-up table contains the phase error
measurements based on the I and Q sign and magnitude samples. This phase error
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information is sent to the loop filter and processed as control bits for the NCO
(Numerically Controlled Oscillator). The NCO generates the same frequency relative to the
subcarrier frequency. Any change in the input frequency is phase detected and sent to the
loop filter. This error is converted to the new control bits, which causes the NCO
frequency to change along with the input subcarrier frequency.

Figure 2.  Block Diagram of Modified Costas Loop

The modified Costas loop continually recovers the subcarrier frequency and passes the
baseband signal to the Bessel filters. There are two filters, one for the in-phase, or I,
channel and one for the quadra-phase, or Q, channel. These are fourth and fifth order
Bessel filters. They eliminate any harmonics or other interfering signals from being
processed. The Bessel filters reject any out-of-band noise, but in-band noise will pass
along with the signal. This in-band noise is proportional to the data bandwidth setting.

The output stage is very simple. The only points to be considered here is what the output
amplitude and impedance need to be so that it will match and be accepted by the next
stage of a system, generally a bit synchronizer. The output of a demodulator when viewed
with an oscilloscope is referred to as an eye pattern. This concept will be discussed within
the scope of the Test section.

PARAMETER SETTINGS

When using an Aydin Model 3321 PSK demodulator, there are certain settings a user must
define for the demodulator so that it can detect the input signal properly. Figure 3 depicts
a front panel screen typical to that provided to customers who purchase the Model 3321
PSK demodulator. The mode field can be set for BPSK or QPSK operation. The next
step is to select the desired subcarrier frequency. Then the data bandwidth is selected and
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is usually set equal to the bit rate. If the incoming code is bi-phase, then the data
bandwidth should be set to twice the bit rate. The data bandwidth setting varies for
different demodulators because it is based on the Bessel filters’ cutoff frequency, which is
dependent on design requirements. The Bessel filters’ cutoff frequency is equal to the bit
rate in the Model 3321 PSK demodulator. The final setting is the loop bandwidth. This
setting can vary and depends on many factors. The main factor to consider when setting
the loop bandwidth is the data bandwidth setting. If the data bandwidth is set to less than
10 kHz, then the loop bandwidth needs to be set between 1 Hz to one percent of the data
bandwidth. If the data bandwidth setting is equal to or greater than 10 kHz, then the loop
bandwidth needs to be set between 0.01 percent and one percent of the data bandwidth,
up to the maximum setting for the loop bandwidth, which is 25 kHz.

MODE  BPSK

SOURCE  1     IMPEDANCE  LO

FREQUENCY  1.024000E6
DATA BANDWIDTH  5.00000E4
LOOP BANDWIDTH  1.000E2

AGC  1.0V            DEVIATION  +0.0

LEDs

Sync               •

Loss                •

Overload        •

Figure 3.  Display of Model 3321 PSK Demodulator Parameter Settings

There are two important meters available on the Aydin Model 3321 PSK demodulator and
three LED indicators. An AGC meter is provided which reveals the desired input signal’s
amplitude. The meter is labeled AGC since its parameter reading is based on the AGC
control voltage. The gain of the AGC amplifier has a range of 40 dB. The dynamic range
of the input amplitude also happens to be 40 dB. This relationship allows circuitry to use
the AGC control voltage to determine the input amplitude. For example, if the AGC
amplifier gain is at its maximum gain, then the input signal is at its minimum amplitude and
the control voltage is at some known value. The control voltage is used to activate a look-
up table that digitally produces a value for the meter reading. Referring to Figure 3, the
AGC meter indicates a reading of 1.0V. This voltage reading represents peak-to-peak
voltage. It is important to realize that the meter displays the desired signal’s amplitude. An
interfering signal may also be present with the desired signal, causing the entire input to be
3Vp-p, for instance, but the desired signal is only 1Vp-p.

A Deviation meter is provided to track any error between the input subcarrier and the
demodulator NCO frequency. The reading in this field is measured in loop bandwidths.



For example, a reading of +1.0 means that the input subcarrier frequency is deviated from
the NCO frequency positively by one loop bandwidth.

 The LED indicators are sync, loss and overload. The meters and the LEDs work together
to inform a user of the demodulator’s status.

A thorough understanding of the relationship between the meters and LED indicators, in
conjunction with the demodulator’s parameter settings is essential for a user. This
knowledge will aid a user when things go awry in a system. Outside influences may cause
a user to suspect a problem with the demodulator, when in fact the problem may lie
elsewhere. Determining that the problem does not exist in the demodulator can be a
painstaking part of troubleshooting a system level problem. The ability to accurately read
and comprehend the demodulator’s meters and LED indicators will quicken the task of
eliminating the demodulator as the trouble spot in a system.

ASSOCIATIONS

The AGC meter has a direct relationship with all of the indicator lights. Assume that the
demodulator’s parameters are set up properly for the input signal. If the AGC meter
reads10V, this indicates that the input signal amplitude is more than 10V. This condition
will cause the Sync and Overload LEDs to be illuminated. Then, of course, if the
parameters are not set up properly for the incoming signal, and the signal is too large, the
Loss LED as well as the Overload LED will be illuminated. Now assume that the
parameters are set up properly, but the input signal is too weak. In this state, one of two
things usually occurs. Either the AGC reading will display 0.1V or 0.0V and the Loss LED
is lit or, which is more common, the AGC meter will read 0.1 or 0.0V and the Loss LED
will flash on and off. This indicates that the input signal level is on the threshold of the
demodulator’s acceptable range of input levels.

The Deviation meter is associated with the subcarrier frequency and the loop bandwidth
settings. Since the meter tracks any change in the input frequency relevant to the internal
Numerically Controlled Oscillator’s frequency, any change within the loop bandwidth
setting will be displayed as a positive or negative deviation. The deviation measurement is
in loop bandwidths, therefore a reading of +1.0 is equivalent to a deviation of one loop
bandwidth. Since an ideal system is not possible, the meter will usually display a small
deviation at all times. A narrow loop bandwidth will display a larger deviation as compared
to a wider loop bandwidth for the same input signal because the tolerance is limited. For
example, if the loop bandwidth is set to 100 Hz, and the input subcarrier frequency is
deviated from the setting for the demodulator by 100 Hz, then the Deviation meter will
display +/- 1.0. If the loop bandwidth is increased to 200 Hz, then the Deviation meter will
display +/- 0.5.



DEPENDANCIES

Many factors must be considered when setting up the Aydin Model 3321 PSK
Demodulator. The loop bandwidth setting is dependent on the data bandwidth setting.
Due to the characteristics of the digital circuitry within the modified Costas Loop, there
are delays to account for when determining the loop bandwidth. Referring to Figure 2, the
Bessel filters cause a delay that is based on the sampling rate. There are two ranges of
sampling rates; therefore this delay is not completely constant over the entire range. The
phase detector, loop filter and local oscillator also introduce delays into the system. These
delays are the reasons that a constant ratio between the loop and data bandwidths cannot
be maintained. Since there is a wide range of settings for the loop bandwidth, it is
important to realize that there is room for error. For example, assume the demodulator is
exposed to heavy in-band noise and is not functioning properly. The loop bandwidth may
be set within the proper range, however it may be set too high. In this situation, reducing
the loop bandwidth setting, although still in the acceptable range, may solve the problem.

The relationship between the AGC and the dynamic range of the input stage is very crucial
in a demodulator. The demodulator’s input stage and AGC stage are designed to handle
the desired signal’s amplitude. Any interfering signals apparent at the input must also be
considered. These signals are also passed through the circuitry until they have reached the
Bessel filters, where they are rejected. This is where the dynamic range becomes a major
factor in the system. When designing a demodulator, provisions must be included so that
the dynamic range is capable of handling a large interfering signal in conjunction with the
desired signal. For example, assume that the input signal consists of the desired signal and
an interfering signal that is ten times larger than the desired signal. Also assume that the
input and AGC circuitry are designed with a limited dynamic range that can only handle an
interfering signal that is six times larger than the desired signal. One scenario that will result
from this restricted dynamic range could be limiting the output of the AGC amplifier so
much that the desired signal is not even passed on to the mixer stage of the Costas loop.
If the front end is incapable of handling both the strong unwanted signal and the weak
desired signal, the design collapses.

TESTING

The final section of this paper will focus on the testing of the Model 3321 PSK
Demodulator. Some of the functions that are tested before shipment of a demodulator are:
Subcarrier lock, subcarrier tracking and deviation, PSK input lock, interfering signal
rejection, AGC with regard to overload, and signal to noise ratio. The signal-to-noise ratio
is the only topic that has not been addressed up to this point. Before signal-to-noise ratio
tests are performed, loopback testing is usually done. The loopback testing requires using
a Bit Error Rate Tester (BERT). The BERT provides a known bit pattern, which is



modulated onto a subcarrier. This signal is then demodulated by the Model 3321 and sent
to a bit synchronizer, which produces the recovered data with a clock. The recovered data
and clock are sent back to the BERT to be compared to the transmitted bit pattern.
Through these tests, a user can change the bit pattern, the code, and also inject specific
errors. It is necessary to inject errors because a no-error reading may be false.

The output of the demodulator, as viewed on an oscilloscope, is known as an eye pattern.
An eye pattern displays all of the imperfections, or lack of imperfections, that represent
the recovered data. During the loopback tests, it is necessary to view the eye pattern to aid
in determining if the results concur with what is seen at the output of the demodulator.
Figure 4 shows detail of a normal eye pattern as well as examples of how certain
imperfections degrade the eye pattern. When noise is corrupting the system, the top and
bottom of the eye pattern becomes distorted. If timing becomes a problem, then the
crossover points on the eye patter become jittery. The eye pattern can reveal a lot of
helpful information to a user, especially if a user does not have immediate access to a
spectrum analyzer.

Figure 4.  Eye Patterns (from Electronic Communications Systems)

Once the loopback performance tests have proven that the demodulator is processing
properly, the signal-to-noise ratio tests are performed. These tests require purposely
corrupting the transmitted data with specific amounts of noise. By doing this, a user can
chart how well the demodulator performs in noisy environments. During the signal-to-
noise tests, the Bit Error Rate (BER) is measured and the demodulator’s sync light
indicator is monitored. The sync light and BER reading indicate whether or not the
demodulator is processing the information accurately in the midst of in-band noise. If the



BER measurement has fallen out of the expected range, then the demodulator is no longer
functioning properly. When the demodulator’s loss light indicator begins to flash on and
off and the BER measurement is no longer within the proper limits, the noise has
overpowered the data and the demodulator cannot maintain a locked condition on the
desired signal.

CONCLUSION

The decision to write this paper was made due to two reasons. The first reason pertains to
my own experience of being inexperienced. There is an abundance of literature that can be
found regarding PSK demodulation. Most literature, however, may be too technical,
including many equations that are necessary for design purposes, but that may not help a
person utilizing a demodulator for test purposes. Most novice engineers are exposed to
many aspects of the technical field before they are exposed to any type of design. A paper
such as this one can help that person to understand how to use a demodulator while at the
same time be exposed to some of the complexity of a demodulator. All of the equations
and extremely technical information in most books may get in the way of a person’s initial
understanding.

The second reason for writing this paper was from my experience in the field. For the
technician or operator, this paper is intended to bridge the gap between knowing how to
set up a demodulator and understanding why the demodulator is set up in a certain way. It
can be used by operators, who are not always informed of knowledge that could help
them solve problems without the need of asking for assistance. Too much information can
cause problems, but not enough information can create disasters. If a technician is
exposed to testing a demodulator for the first time, a paper such as this one can help them
become more familiar with the demodulator. It can be very frustrating to test a piece of
equipment when the person testing it does not understand what the equipment is doing.
Instead of just performing a test procedure, a technician can become more comfortable
because of the fact that they have some background information on the subject.
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