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PERFORMANCE OF A 350-Mb/s ADAPTIVE EQUALIZER

CARL R. RYAN and JAMES H. STILWELL
Government Electronics Division

Motorola Inc.
Scottsdale, AR.

Summary   This paper applies baseband adaptive equalization techniques to rf multipath
and transmitter/receiver distortions. Included are test results comparing 350-Mb/s adaptive
equalized and unequalized receivers. These comparisons are made with distortion typically
encountered in a high data-rate line-of-sight microwave system such as demodulator
quadrature errors, demodulator phase offset errors, and moderate rf multipath distortion.
The design and construction techniques are also illustrated.

Introduction   Confronted with the problem of channel distortion present in line-of-sight
microwave links[1], Motorola initiated a study into means for increasing the system
performance of the communication link. A computer simulation was made to study the
feasibility of using an adaptive equalizer to increase a receiver’s reliability when
confronted with moderate receiver and channel distortions.[2] As a result, a three stage
transversal filter was formed as a linear adaptive equalizer.[3] Test configurations and test
results for the following types of distortions are included:

1. Moderate RF multipath distortion.

2. Demodulator quadrature errors.

3. Demodulator phase offset.

In addition, hardware design considerations are discussed.

Test Configuration   The test configuration shown in Figure 1 was designed to
demonstrate the ability of a three-stage linear adaptive equalizer to improve receiver
performance when confronted with demodulator distortions and moderate multipath
distortions.

The test setup simulates the RF microwave media as a two path model which is based on
previous microwave propagation tests.[1]



Figure 1.  System Functional Diagram



* C. Ryan U.S. No. 3452289, June 24, 1969

Transmitter   The transmitter consists of a 350-Mb/s data source that generates two
uncorrelated 175-Mb/s pseudo noise data streams. The two data streams and associated
clock are fed into a four-phase modulator with a 800-MHz subcarrier to generate a four-
phase signal.

Multipath Simulator   The multipath simulator splits the transmitted subcarrier into two
signals, one of which is delayed and attenuated with respect to the other.

The two signals are then summed and attenuated. The path delay is accurately controlled
by a precision variable delay line. The attenuators are also precision to enable accurate
signal-to-noise measurements. The composite multipath distorted signal is fed into the
receiver preamp which acts as the noise source. The multipath delay is simulated at i-f
frequency in order to simplify the test setup.

Receiver   The receiver consists of a preamp which amplifies the QPSK subcarrier signal
entering the four-phase demodulator/phase lock loop. The bandwidth of the demodulator
output is set at approximately 175 MHz. The demodulator follows the conventional
approach used in quadraphase demodulation, that is, obtaining a phase-locked reference
carrier and using the reference to demodulate the in-phase and quadrature components of
the incoming signal.

The demodulator output data are either equalized by a three-stage adaptive equalizer or fed
directly into a bit synchronizer for reclocking depending on the test mode. The two-bit
synchronizer input data streams are independently bit synchronized which represents a
somewhat conventional approach to data reconstruction.

Adaptive Equalizer   The adaptive equalizer is a three-stage linear equalizer shown in
Figure 2. All delays (J) are set at one-half the data symbol time. Equalizer tap coefficients
associated with A and D terms are used to equalize the distortion related to the I and Q
channels respectively, while the B and C taps equalize the cross channel distortion.[4] The
algorithm generator shown in Figure 3 is a modification of the least mean-square error
approach.[5] The equalizer tap coefficients are set by the cross-correlation of the equalizer
input data sign and the output error. The correlation multipliers are dc level shifted and
low-pass filtered to create the transversal filter tap gains.[2]

Figures 4 and 5 demonstrate the modular construction techniques used in the test
hardware. The multipliers are high speed four-quadrant multipliers developed to extend
Motorola’ s capabilities in high data-rate systems.* Note that both the transversal filter and
coefficient generator use essentially one monolithic circuit with little additional discrete
circuitry.



Figure 2. Three-Stage Transversal Filter

Figure 3.  Three-Stage QPSK Equalizer Coefficient Generator



Figure 4.  Three-Stage QPSK Linear Equalizer

Figure 5.  Equalizer Coefficient Generator



Bit Error Rate Monitor   The receiver output data and clock signals are applied to a
pseudo noise synchronizer and error detector unit. This provides automatic alignment of
the reference pseudo noise sequence with the received data. After alignment is achieved,
the two data sequences are compared on a bit-by-bit basis for errors.

Test Results   The following test results will compare two test configurations. First, the
unequalized configuration is the QPSK receiver shown in Figure 1 with the adaptive
equalizer bypassed. The second configuration, called the equalized configuration, is the
receiver with the adaptive equalizer present between the demodulator and bit synchronizer.
The following types of distortion are to be considered:

1. Demodulator phase error.

2. Non-quadrature demodulation.

3. Moderate multipath distortion. (Only the two path situation is considered because
the microwave line of sight media can be closely modeled in this manner.)

Figure 6 depicts that the equalized configuration offers significant performance over the
unequalized receiver when demodulator phase error is introduced. The improved
performance of the equalized receiver when no-phase offset is present is due to the
equalizers ability to reduce distortion caused by such factors as receiver and transmitter
bandpass and low-pass filter distortion.

Figure 6.  Demodulator Phase Error



Figure 7 shows an oscilloscope photograph, illustrating in the time domain, the equalizers
ability to reduce the cross term distortion created by inducing demodulator phase error.
Trace A is the equalized receiver output, while trace B is that of the unequalized receiver
output.

TRACE A
(EQUALIZED)

TRACE B
(UNEQUALIZED)

Figure 7.  Induced Demodulator Phase Error

One of the major difficulties in high data rate Quadraphase Shift Key (QPSK) systems is
building a modulator and demodulator with small quadrature offset errors in order to
optimize system performance. Figure 8 illustrates the ability of an adaptive equalizer to
combat quadrature demodulation errors.

Figure 8.  Demodulator Quadrature Offset 0 in Degrees

The above discussions demonstrates one important reason for considering adaptive
equalizers in future QPSK receivers; mainly, correcting misaligned transmitters and
receivers. Although this is an important equalizer application, the equalizer makes an
additional contribution to the receivers’ performance when the transmitted rf signal
encounters distortion caused by multipath phenomenon.



Figure 9 displays the performance of the unequalized and equalized receivers as a function
of multipath delay. For equal amplitude multipath at delays of multiples of 8/2 the two
receivers are inoperable. Nevertheless, equalization does significantly improve the
receivers performance for most delays. Note that the rf media offers a more severe degree
of distortion than encountered in baseband applications where equalization techniques are
most often considered.

Figure 9.  Signal Loss (dB) versus Differential Delay

Conclusion   Moderate complexity conventional linear adaptive equalization techniques
have been demonstrated by test results to have applications in high data rate rf receivers
for reducing the following types of distortion:

1. Moderate multipath distortion.

2. Transmitter/receiver misalignment.

3. Modulator/demodulator unbalance.

It is apparent from the test results included in this paper that adaptive equalizations will
play a significantly increasing role in future rf digital communications.
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