account the fall time (90 ps) of the drive current, the fall time
of the laser was estimated to be 80 ps. The cutoff frequency is
obtained from the fall time by f, = In 9/(2nt,). Substituting
80 ps for ¢, a cutoff frequency of 4-4 GHz was obtained, and
this deduced value is in fairly good agreement with the mea-
sured value (4-3 GHz).
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Fig. 2 Small-signal responses of modified DFB-PPIBH laser at various
bias levels

Since the fall time of the modified DFB-PPIBH laser is
shorter than 100 ps, multigigabit operation is expected using
this laser. Fig. 4 shows the output signal of the modified DFB-
PPIBH laser under 5 Gbit/s non-return-to-zero (NRZ) modu-
lation. As shown in the Figure, a good eye pattern was
obtained.

Jupuy

897/3

Fig. 3 Output signal under pulsed operation of modified DF B-PPIBH
laser

Discussion: The value of f, deduced from the fall time is in
good agreement with the measured f.. However, the predicted
f. is slightly smaller than the measured f,. The discrepancy is
explained as follows. We calculated the capacitance associated
the pn junctions of the blocking layers at zero bias level. In the

897/4

Fig. 4 Eye pattern of modified DF B-PPI1BH laser under 5 Gbit/s NRZ
modulation
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measurement of f,, the laser was biased, when the middle pn
junction was reverse-biased. Thus the depletion region was
widened and the associated capacitance reduced, which might
contribute to the increase in f,.

Conclusion: The DFB-PPIBH laser cutofl frequency f, was
improved. An f, of 43GHz was obtained, which agreed
exactly with f, deduced from the fall time, and which agreed
roughly with the calculated f,. Under 5Gbit/s NRZ modula-
tion a good eye pattern was obtained.
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RADIATION PATTERN OF PARABOLIC
REFLECTOR ANTENNA FROM NEAR-FIELD
MEASUREMENTS OF COUPLED REFLECTOR

Indexing terms: Antennas, Antenna radiation patterns, Reflec-
tor antennas

The presented scheme permits a more direct prediction of the
radiation pattern of a parabolic reflector antenna.

Introduction: Considerable effort has been devoted to predict-
ing the far-field gain and radiation pattern of antennas from
near-field measurements.!~> More recently compact ranges*
and modern digital techniques have been used to make these
predictions to save on cost of a test site, to avoid interference
from the surroundings, or to minimise the loss of information
and measurement sensitivity which usually occurs in the far
field. The scheme proposed here is inherited from geometrical
optics>® but is novel in that it permits a more direct predic-
tion of the radiation pattern of a parabolic reflector antenna
from an experimental plot of the electric field strength E ; over
the focal region of a larger parabolic reflector in the near-field
region of a test antenna. In this scheme, the parabolic reflector
has a large f/D ratio, and its aperture is aligned with and faces
the aperture of the test antenna at a separation distance nearly
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equal to the diameter of the test antenna. Under this measure-
ment condition, the distribution of the electric field strength in
the focal region of the parabolic reflector is proportional to
the Fourier transform of the aperture distribution of the test
antenna. Using simple graphical rescaling, the desired far-field
radiation pattern of the test antenna can be obtained.

Theory: Let the reflector R be placed in the near-field region
of the test antenna T, as shown in Fig. 1, and let the separa-
tion distance between the two coupled aligned apertures be
nearly equal to or less than the diameter of T. Based on
geometrical optics and neglecting diffraction losses it can be
assumed that the aperture field distribution E(p, ¢) of the test
antenna is incident on the aperture of R. This incident aper-
ture field distribution can be expressed in terms of the reflec-
tor co-ordinate system, i.e. E(¢', ¢').

aperture plane

e e — —— =

large parabolic
reflector R

e ——— - — = =

microwave absorbent
material

70011

Fig. 1 Schematic diagram of proposed experimental scheme

Using this assumption, the electrical field distribution in the
focal region of reflector R may be written as

" ” E(el ¢) kr sin 8’ cos (¢’ — @) ’ v 7
, §") oc J\JCOSZ(G'/z) sin §' cos &' 46’ d¢’

(1)

where 6, is the maximum angle subtended by the incident
aperture field at the focus of reflector R, as shown in Fig. 1.
Note that we have employed two polar co-ordinate systems
(p, @) for the aperture of T and (r”, ¢”) for focal region of R
plus the two spherical co-ordinate systems (r, 6, ¢") and (v, ¢,
¢’), centred at the midpoints of each aperture plane of T and
R, respectively.

Letting S,, = sin 6,,, §' = sin #'/S,,, we can rewrite eqn. 1 in
the form

2 1

E(0, @) s i g
E ’” n Jkr”S'Sm cos (¢p' — ¢ )Sr dS/ d ’ 2
A ¢ JJCOSZ(B’Q) ¢ @

For a large f/D ratio of the reflector R, the angle subtended by
the refocused signal is quite small, therefore, the tapering func-
tion cos%(0'/2) is approximately equal to unity and eqn. 2
hence becomes

2r 1

Efr, ¢") oc Sy, f j E(0, ¢')er"SSneos @ =905 4S" d¢y! ?)
o0

The radiation pattern of the test antenna can be expressed as
the Fourier transform of the aperture field distribution E(p,

@), ie.

2n 1

Efs, ¢") o< j J E(p, $)e™s == ="y du d¢ @
00

where u = p/a, s = a sin 6 and a is the aperture radius of the
antenna under test.

By comparing eqns. 3 and 4, it is obvious that eqn. 4 can be
obtained from eqn. 3 simply by interchanging the parameters
as follows:
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Eqn. 3 Eqn. 4
r'S, - S
s’ - u
¢ - ¢

It is to be noted that eqns. 3 and 4 in fact represent the
Fourier transform of the same function E which is expressed
in terms of the co-ordinates (p, ¢) and (¢, ¢'). Thus, a mea-
surement of the field distribution E (r", ¢”) in the focal region
of R yields the desired radiation pattern of T. To yield the
radiation pattern, E; should first be plotted against r" at
¢" =0, n/2 (i.e. along both principal planes). Since " = a sin
0/sin 6,,, it follows that

f = sin~ [+ sin 0, /a] (5)

and the E, against r” experimental plot can be reached to
yield the desired far-field pattern E against 6 using eqn. 5
where the maximum value of 6 cannot exceed 0,,.
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Fig. 2 E-plane electric field distribution in focal region of reflector R

A factor that must be taken into account in the proposed
scheme is the error caused by blockage and scattering of the
electric field by the probe during the measurement of the radi-
ation pattern. This problem can be overcome by using an
offset reflector which focuses the reflected wave to the focal
point outside the propagating zone, as shown in Fig. 2. It
should be noted that for a large f/D ratio, the electric field
distribution in the focal region of an offset reflector is almost
the same as that of a symmetrical paraboloid with an equiva-
lent focal length f7'8 where

A

4 =1+cos¢0

This concept was also presented in the 1988 IEEE AP-S inter-
national symposium.®
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Fig. 3 Radiation pattern of test antenna obtained by rescaling of field
plot of Fig. 2
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electric field, dB

Experimental results and conclusions: The proposed scheme
for a centre-fed parabolic dish antenna was verified experi-
mentally at 10 GHz for a test antenna of 60cm (2 ft) diameter
and f/D ratio of 0-4. The reflector diameter was 120cm (4 ft)
with 0,, = 14° and an f/D ratio of 1-05. The separation dis-
tance from focus to focus was 22-5cm (9”) while the probe
used to measure |E | was a Hertzian dipole on a sliding
mechanism and with a metal reflector in the back to avoid
receiving any signals from the test antenna. The open-ended
waveguide feed of the test antenna was similarly shielded from
reradiation by T through a thin sheet of microwave absorber.

oOR

angle, deg

Fig. 4 Measured far-field radiation pattern of test antenna T

The experimental plot of E, against r"/A in the E-plane is

field measurement technique. Work pertaining to the degree of
resolution of the proposed scheme is under investigation. The
results indicate that the scheme can be set-up with reasonable
accuracy allowing for diffraction and tapering function

approximation.
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Eqn. 7 should read

NEATEAN JoV . W R_
“"“(h)[(h) - 2] B 3(, > n 507 @~

1

In the first line below Fig. 2, E, = E,/J,(u) should be E, =
E, Jou)

The letter ‘R’ in Fig. 3 should be ‘#’
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