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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 fumction.

Mathematically the spectrum of a symmetric

pulse f(t) with phase shift q(t) can be described

by the two integrals:

A(v) =

B(v) =

where

I F(v) I

foT f(t) Cos q?(t)

JOT f(t) sin q(t)

d= A(v)* +B(v)2

COS Vt dt

COS Vt dt

w = radian frequency

U)C = radian carrier frequency

v = (w - @c)

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 spectrm. [1] as canbe
seen In Fig. 1, a linear phase versus amplitude
fumction 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 Nth 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 spectrtnn to minor differences
in amplitude,and, as in the time domain, the

spectr~ 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 amy 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 8731-B) were measured using a

microwave network analyzer. As seen in Fig. 3,
the phase shift is almost negligible until the

amplitude is at least 20 dB 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

fvnction 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 @ nearly gaussism 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 dE of a Gaussian pulse

through the first 40 dB. The measuxed spectrum
also agreed very closely with a computed spectrum

fovnd by Lagrange interpolation [2] of both the

amplitude and phase points from the network ama-
lyzer data and digital Fourier 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.

136



.,.x.. ,

“1- 1–T1
ACKNOWLEDGEMENT

I would like to acknowledge the loan of sev-

eral items of equipment by Sperry Electronic Tube
Division and. Hewlett-Packard, Colorado Springs

Division, and the helpful advice and encourag&nent

of Prof. Paul F. Hultquist and Assoc. Prof. J.

Robert Ashley.

[11

[21

[31

REFERENCES

Saponas, Thomas A., “Computation of the Mic-

rowave Spectrum of Gaussian Envelope Fulses

with Phase Modulation,” Student Supplement

to 1970 IEEE Electromagnetic Comparability
Symposium Record.

Carnahan, W., Luther, H., Wilkes, J., APPLIED
NUMERICAL METHODS, Wiley, New York, 1969, pp.

Ashley, J. R., “Klystron Amplifiers for TACAN

and VORTAC,” SPERRY ENGINEERING REVIEW. vol.

17, No. 3,”Fall 1964, pp. 20-24.

,.00

.(>3

.06

.09

.,,

.15

.,.

.71

.7+
.>7

.ln

.,,

.16
.3,
.’,
.*5
.’.
.51
.5.
.57
..”

.61

.66

.6’4

.,,
.15
.7.

.!41

. W

.,,7

.*O

.,?
.96
. . ..

,.”7
1.05
1.04
1.11
1.1.
1.17
1 .?0
1.?1
1.?6
l.?+
1.12
1,73
,.,,1

1.*1
1 . . .
1 ..7
1.50

Figure 1.

1 .””,,,,
.,. ,6

.W”3
.’+ 783
.Y6i7
.941J!
.9157
.b870
.,>.8
.8,47
.7”, ?1
.7423

.70,0

.6,*5

..153

.5718

.5,85

.,,,9

.*.. 1
..”,6
.3, +7
.3?75

.2s2.

.259+

.;!2”/

.?”(,,

.17+2

.15(15

.1241

.1(,99

.0929

.0179

.0640

.“5,.
.0.,7
.0 <5.
. 02*$
.02?5
.ulr7
.0,.38
.0, ”,
.“” Ho
.0”60
.0””5
.0(,33
.,,,,23

.001/

.“(,11
.0,08
.()”05
.0(,03

Tahl~ ]

—

-....,>=..=..s=.

.

I,AuSS

1.0000
.99/5
.9,01

.9778
.9609
.9195
.91+1
.88.9
.e, z+
.8170
.7792
. !39.

.698,
,6559
.6132
.5/06
.=,279
.4862
.4.55
.4062
.3606

.3327

.2989
.?671
.2376
.?102
.1,51
.1622
.1414
.1226
.)o58
.0909
.0//7
.0660
.“55.)
.0470
.0394
.03?8
.0272
.0225
;:u~

.0123

.00Y9
.“”do
.0064
.0051
.0040
.0032
.0025
.0020

Spectra of Gaussian Pulses With

Figure 2. Spectra of Cosine to The
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Figure 3.
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Characteristics ofa a HP 8731B

PIN Diode Modulator

Fig. 4
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Bias current pulse supplied to . PIN diode modulator to generate
. nearly Ga..sia. ..7.1oP. 3.1 ILS pulse at the output.

L&ear Phase Shift. 4 L-200. !!7
Fig. 5, Measured spectrum at the output of the PIN diode modulator with

the envelope adjusted to 3.1 PS nearly Gaussian sh.pe.
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