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ABSTRACT

The PIN diode modulator provides a simple
and accurate technique of generating pulses of
confined spectrum. From measured amplitude and
phase data on a commercially available modulator,
the necessary bias input function to give a psuedo=-
gaussian pulse was computed, and the resultant
spectrum was measured and compared to computed
spectrum.

SUMMARY

With the rapidly increasing use of the mic-
rowave bands, conservation of spectrum has be-
come a p:ime consideration in the design of new
systems and the maintenance of existing ones.

One solution to the problem lies with shaped
pulses of confined spectrum such as the Gaussian
pulses of the VORTAC air navigation system, How-
ever realization of the spectral efficiency of a
Gaussian pulse requires that the modulated output
of the system be arbitrarily close to the true
Gaussian shape with little or no angle modulation
of the carrier., Since the present high power mic-
rowave devices such as klystrons and TWTs rely on
transit time, amplitude modulation results in
some incidental phase modulation, besides the in-
evitable distortion in the amplitude function.

Mathematically the spectrum of a symmetric
pulse £(t) with phase shift ¢(t) can be described
by the two integrals:

Alv) = fOT £(t) cos @(t) cos vt dt

B(v) = [T £(t) sin o(t) cos vt at
where

120) | = a2 + B0

W = radian frequency

w, = radian carrier frequency

v=(0-w)

Performing the above integration numerically on a
digital computer makes it a simple matter to in-
vestigate the effect of amplitude distortion and
phase modulation on the spectrum. [1] as can be
seen in Fig. 1, a linear phase versus amplitude
function causes a general widening of the spec-
trum. This computation assumed perfect Gaussian
amplitude down to 0.001% of the peak amplitude.
In practical devices the non-linearity in the
amplitude characteristic of amplifiers and mod-
ulators makes it necessary to consider the prob-
lem of tolerable deviation from Gaussian ampli-
tude. Cosine to the Nth pulses provides excel-
lent approximating functions to study the sen-
sitivity of spectrum with respect to amplitude
distortion., Table 1 provides a comparison of

cosine to the Wth and a true Gaussian, and illu-
strates that as N increases the cosine to the
Nth systematically approaches the Gaussian. The
shape of the spectrum shown in Fig. 2 shows the
sensitivity of the spectrum to minor differences
in amplitude, and, as in the time domain, the
spectrum of the cosine to the Nth approaches that
of the Gaussian with increasing N.

Historically, modulation has been done at the
final stage in order to improve efficiency. As
was discussed earlier power microwave devices are
transit time oriented by nature; therefore phase
modulation is inherent in any attempt at amplitude
modulation of the final amplifier. If the output
P.A, is used as a linear amplifier, significant
improvements in phase characteristics are made at
the expense of efficiency. Also, freedom in the
method of modulation is gained. An absorption
PIN diode modulator was chosen as one means of
low level modulation, because of its low phase
modulation characteristics.

The phase properties of the PIN diode modu-
lator used (an HP 8731B) were measured using a
microwave network analyzer. As seen in Fig. 3,
the phase shift is almost negiligible until the
amplitude is at least 20 4B down. This data was
then processed on a digital computer to determine
the shape of the bias pulse which would give a
Gaussian envelope. The resulting sequence of
points very closely resembled the shape of a co-
sine squared function, which enabled a simple
realization of the bias source!! A HP 3300A
function generator with the HP 3302A trigger/phase
Lock plug in was used to produce the required
current pulse for the PIN diode modulator to with-
in an estimated 3% of the exact pulse predicted.
Fig. 4 shows the bias current pulse which yields
a 3.1 uS nearly gaussian envelope pulse at the
output of the PIN diode modulator. However, as
was seen in Fig. 2, the spectrum of an almost
Gaussian pulse is not necessarily Gaussian, but
the measured spectrum of the output signal shown
in Fig. 5 was within 2 dB of a Gaussian pulse
through the first 40 dB. The measured spectrum
also agreed very closely with a computed spectrum
found by Lagrange interpolation [2] of both the
amplitude and phase points from the network ana-
lyzer data and digital Fourler integration of the
resultant waveform.

Comparing this spectrum performance with the
spectrum of a VORTAC transmitter [3], the superior
performance of absorption modulation can readily
be seen. This would indicate that system im-
provements should be based on linear amplifica-
tion in the output amplifier and absorption mod-
ulation at low level, It also can readily be
been that by using digital computation techniques,
system performance can be accurately and inex-
pensively evaluated.
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Figure 1. Spectra of Gaussian Pulses With

Linear Phase Shift.
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