Pulsed 500-MHz arbitrary waveform generator

R.J. Adler® andK. O. Busby

Mission Research Corporation, 1720 Randolph Road SE, Albuguerque, New Mexico 87106
{Received 2 September 1987; accepted for publication 9 November 1987)

Unipoelar and bipolar arbitrary waveform generators (AWGs) are described. Starting froma
single 2-ns-wide pulse, a train of 2-ns-wide, variable amplitude pulses are formed by splitting the
initial pulse into multiple, equal amplitude pulses and then delaying and attenuating each of these
pulses separately. By choosing the proper attenuation (pulse amplitudes) and adding the train of
pulses together, an arbitrary unipolar waveform can be constructed. With the addition of a second
pulse generator of opposite polarity, an arbitrary bipoiar waveform can be generated.

INTRODUCTION

A variety of scientific projects require the generation of spe-
cific, tailored waveforms for applications such as the center-
ing or aiming of charged particle beams in accelerators,’ and
compensating for instabilities in fusion devices.” An AWG
system would consist of: (1) sensors to detect the beam or
plasma location or the magnitude and phase of instabilities,
(2) a computer algorithm to predict the corrective wave-
forms (or perturbation } to center the beam or to counter the
instability, (3) a computer-controlled AWG to produce the
corrective waveform, (4) an amplifier to increase the wave-
form amplitude to the desired level, and (5) an antenna
structure to induce the corrective perturbations into the
beam or plasma.

In this paper, we present a simple, reliable, 2 ns per point
(500-MHz) AWG design based on techniques which can be
scaled to 0.25 ns per point using currently available compo-
nents. Current technology is limited to 200 MHz.’

. AN UNIPOLAR ARBITRARY WAVEFORM
GENERATOR

Qur approach is shown in Fig. 1. The initial pulse gener-
ated by an Avantech AVH-P pulse generator is split in eight,
2-ns-wide, equal amplitude parallel pulses by an Anzac DS-
309 power splitter. The generator pulse is approximately
triangular. Each split line is delayed by 2 m ns. The pulses
are then fed through Mini-Circuits PAS-1 electronic atten-
uators, and are attenuated by amounts determined by exter-
nal potentiometer controls. When summed together through
an Anzac DS-309 power adder, the resultant pulse is a train
of 2-ns duration pulses.

With all attenuators set to zero attenuation, the wave-
form at the combiner cutput is shown in Fig. 2. To zero
order, this waveform is a square wave, as expected. Wave-
forms with attenuator number six set t¢ maximum attenu-
ation, and then with attenuator numbers four and five set to
maximum attenuation are shown in Figs. 3 and 4. Although
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FIG. 1. Arbitrary waveform generator.
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Fi6. 2. Generator output with all attenuators set to 0 dB. The waveform is
inverted.

FiG. 3. Attenuator number six set {0 maximum attenuation, all other atten-
uators set to 0 dB.

FIG. 4. Attenuators numbers four and five set to maximum attenunation with
all others set to 0 dB.
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Fi6. 5. Arbitrary waveform triangular pulse.

the rise times of the waveforms are somewhat distorted by
the 100-MHz bandwidth of the recording oscilloscope, the
oscillations are due to the shape and spacing of the generator
pulses. Note that the pre- and postpulse amplitudes (i.e.,
lack of a flat base line} are due to the low amplitude pre- and
postpulse output of the pulse generator. Since these cutputs
are of long (tens of ns) duration, they add to a measurable
value, The waveforms do demonstrate the rapid voltage var-
iations which can be achieved. Another example of the ver-
satility of the AWG-—an asymmetric triangular wave-
form—is shown in Fig. 5.

il. A BIPOLAR ARBITRARY WAVEFORM
GENERATOR

A simple technigue for adapting this device to bipolar
operation is to add an opposite polarity square pulse to the
output of the unipolar AWG. An example of the cutput is
shown in Fig. 6. The jitter of the AWG is less than 0.5 ns.

T

FIG. 6. A bipolar arbitrary waveform generator output.

Waveform generator 647



{il. SUMMARY

Unipolar and bipolar AWGs have been demonstrated.
The technique of dividing a single pulse into multiple, equal
amplitude pulses which are separately attenuated and de-
layed and then added together has been used to construct
various waveforms. An advantage of the technique is that
jitter is reduced because only one (unipolar AWG) to two
(bipolar AWGY) pulse generators are required. The frequen-
¢y of AWGs is limited by the bandwidth of available ad-
ders/splitters and attenuators and the pulse width of avail-
able pulse generators. Ideally, the ocutput of the pulse
generators would be square waveforms. The AWGs can be
computer controlled by command triggering the pulse gen-
erators and installing programmable attenuators.
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