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Towards an Ultra Wideband Low Noise Active
Sinuous Feed for Next Generation Radio Telescopes

Rohit Gawande, Student Member, IEEE, and Richard Bradley, Member, IEEE

Abstract—Next generation of instruments for radio astronomy
will benefit greatly from reflector antenna feeds that demonstrate
verywide instantaneous bandwidth and exhibit low noise behavior.
Our study focuses on design and measurement of an ultra-wide-
band inverted conical sinuous antenna and its integration with a
low noise pseudo differential amplifier. The self-complementary,
frequency independent nature of the planar sinuous geometry re-
sults in a nearly constant beam pattern and fixed phase center over
more than a 10:1 operating frequency range. In order to eliminate
the back-lobe response over such a wide frequency range, we have
projected the sinuous pattern onto a cone, and a ground plane is
placed directly behind the cone’s apex. This inverted, conical ge-
ometry assures wide bandwidth operation by locating each sinuous
resonator a quarter wavelength above the ground plane. The pres-
ence of a ground plane near a self complementary antenna destroys
the self complementary nature of the composite structure resulting
in frequency dependent impedance variations. We demonstrate,
using simulations and measurements, how the return loss can be
improved bymodifying the sinuous geometry. A physically smaller,
laboratory version of the 0.3 to 3 GHz antenna that is truncated to
operate from 1 to 3 GHz was fabricated to verify proper LNA-feed
integration through carefulmodeling andmeasurements. Over this
range, a return loss of better than 9 dB is measured while sim-
ulations indicate a nearly constant beam pattern. A full decade
bandwidth, low noise amplifier was specially designed for noise
match to the higher terminal impedance encountered by this an-
tenna yielding an improved sensitivity over what is possible with
conventional 50 amplifiers. A measured system noise tempera-
ture of less than 100 K is reported. Based on these results, we will
increase the bandwidth of the system to 10:1 by simply attaching
additional resonators to the sinuous arms.

Index Terms—Decade bandwidth, low noise, sinuous, ultrawide-
band, Y-factor, .

I. INTRODUCTION

T HERE is an increasing interest in wideband, low noise
feeds for the next generation radio telescopes. Ultra

wideband feeds are essential for sweeping over large frequency
ranges, frequency agility, detection of short duration pulses,
multi-frequency imaging, and simultaneous observation of
several spectral lines.
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In the past, wide bandwidth feeds have been developed using
log periodic structures of line resonators or elements stacked in
the form of pyramid such as, e.g., zig-zag elements used in Allen
Telescope Array [1] or the trapezoidal geometry used in Green
Bank Solar Radio Burst Spectrometer (GB/SRBS) [2]. Such a
feed, however, has a phase center that varies with frequency.
The Eleven Antenna developed by the Chalmers group solves
the varying phase center problem [3], [4]. The commercially
available open boundary quadridge horn [5] and the quasi self-
complementary (QSC) feed being developed at Cornell [6] are
other examples of decade bandwidth feeds.
In the past, we have developed a wideband, fixed phase

center, dual polarized, low loss feed with an integrated low
noise amplifier (LNA). Initial results of this study can be found
in [7] and [8]. The far field patterns of the feed-LNA integrated
unit were measured including E, H, Co-, and Cross-polarization
over the 0.5–4 GHz frequency range. The beamwidth was
nearly constant and the phase center remained close to the
center of the ground plane over the entire frequency range.
However, we found that overall antenna lost the self-com-
plementary nature in the presence of the ground plane which
led to frequency dependent impedance variations. Similar
observations can be found elsewhere in the literature [9], [10].
We are presenting the results of a parameter study to improve

return loss with non-interleaving versions of the sinuous an-
tenna in the presence of a ground plane. Based on the results of
the parameter study we plan to build a decade bandwidth, am-
bient temperature feed integrated with an LNA. For the ease of
integration and initial testing, the feed size is kept small which
limits the low frequency operation to about 1 GHz. This trun-
cated version (1 to 3 GHz) of the actual decade bandwidth (0.3
to 3 GHz) feed is characterized here. The LNA is designed for
the 0.3 to 3 GHz range and hence the operation of this prototype
unit could in principle be easily extended to lower frequencies
by attaching additional resonators in each arm in near future.
The sensitivity of an antenna and its receiving system can be

expressed as a ratio, where is the gain of the parabolic
dish illuminated by a feed and is the system noise tempera-
ture. A comparative study of different wideband topologies with

as the figure of merit can be found in [11]. In radio as-
tronomy, a frequency independent figure ofmerit is used
instead of , where, is the effective area of the parabola.
We are presenting a discussion in terms of for the cur-
rent system in light of the improved input return loss and with
a pseudo differential low noise amplifier.
The theory and working principle of the antenna is presented

in Section II. The results of a parameter study to improve the
input return loss is presented in Section III. In Section IV,
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we discuss the measured and simulated performance of the
antenna. Low noise amplifier design and assembly is covered
in Section V. Measurement of the receiver noise using the
Y-factor method and overall performance is discussed
in Sections VI and VII, respectively. The challenges and
possible future direction for the development of a decade
bandwidth feed suitable for radio astronomy is discussed in
Section VIII.

II. SINUOUS ANTENNA THEORY

The planar sinuous antenna proposed by DuHamel [12] is a
frequency independent structure with constant beamwidth, fixed
phase center, constant input impedance, low loss and orthogonal
senses of linear polarization. As shown in Fig. 1(a), a sinuous
curve is defined as

(1)

where is the polar angle, is the radius, is the angle sub-
tended by the arc, and is the number of resonators. and

are inner and outer radii [13] of the antenna, respectively.
One sinuous arm is formed by rotating this curve by around
the origin as shown in Fig. 1(b). A four arm antenna structure is
created by rotating a single arm through 90 degree increments
to form a self-complementary antenna as shown in Fig. 1(c).
The condition for a N-arm sinuous structure to be self comple-
mentary is . The curves in Fig. 1 are drawn using
parameters and . The arm-to-virtual-ground
terminal impedance for a self-complementary N-arm structure
fed in mode is frequency independent and given by [14]

(2)

where is equal to 133 for a 4 arm structure excited in
mode . Voltage excitation for a normal mode is given by
[13]

(3)

where is the arm number, is the mode number and is
the excitation amplitude of mode .
Log periodic nature of the antenna is such that resonators

follow a geometric progression. The ratio of radii for any two
consecutive resonators is constant and defined as the expansion
parameter . The active region of the sinuous antenna is defined
where the resonator length is approximately equal to . In a
four arm structure, the opposing arms are fed 180 out of phase.
The charges in opposite pairs of arms flow in the same direction
to form linearly polarized beams that are mutually orthogonal.
The active regionmigrates inward from one resonator to another
as the frequency of operation increases and provides a constant
beamwidth. The lower frequency of operation is limited by the
size of the antenna to

(4)

but in practice is slightly higher because of the edge effect. The
abrupt termination of the antenna at the outer resonator causes a
reflection from the edge, hence one or two additional resonators
should be used to assure the optimum low frequency operation.

Fig. 1. Planar sinuous antenna. (a) Sinuous curve, (b) Sinuous arm, (c) Four
arm structure.

The high frequency limit is set by the feed point structure. In
order to provide a good transition from feed point to the active
region, the smallest segment should be less than where

which defines the high frequency limit
[13]. The phase center is fixed in position due to symmetry of
the geometry.
The planar sinuous antenna radiates in both directions. This

bidirectional nature can be converted to an unidirectional an-
tenna by adding absorber on one side, but this reduces the gain
and causes the system temperature to increase by 150 K for an
ambient temperature system. A sinuous structure can be created
on a cone to give a front-to-back ratio of about 10 dB [13]. The
disadvantage of this method is that the phase center moves with
frequency and hence, when used with a parabolic reflector, the
feed must be moved mechanically to achieve optimum perfor-
mance at each frequency. The front-to-back ratio depends on
the taper angle and requires a steep taper to achieve a good
ratio which, in turn, makes the feed very large. A planar antenna
above a ground plane can remove all of the above problems but
limits the bandwidth to less than an octave.
Our approach uses an inverted cone above a ground plane to

obtain an unidirectional antenna. For a given frequency, a pair
of resonators in the opposite arms along with their images
produce a beam at boresight. The cone angle is selected such
that each pair of active resonators is a quarter wavelength above
the ground plane. As a result, their images are also quarter wave-
length below the ground plane and the overall phasing produces
a beam at boresight. The phase center stays confined around the
ground plane as a function of frequency due to the symmetry
of the structure. Since the structure is defined by angles and ex-
pansion parameter , it follows the concept of frequency inde-
pendence and the beam pattern should be invariant over the fre-
quency range.
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Fig. 2. Geometry showing parameters used in Table I.

TABLE I
PARAMETERS USED FOR THE THREE CASES TO STUDY THE EFFECT OF

INTERLEAVING ON INPUT IMPEDANCE

III. PARAMETER STUDY TO IMPROVE INPUT IMPEDANCE

A self-complementary conical sinuous antenna in free space
offers frequency independent input impedance. Presence of
a ground plane near such a self-complementary structure de-
stroys the self-complementary nature of the composite structure
causing the impedance circle to grow in diameter on a Smith
Chart as can be seen in our early investigations [7], [8]. A
change in terminal impedance as a function of frequency
causes to change resulting in a ripple in the system
noise, where is the optimum impedance for lowest noise
figure.
In order to address this problem, we conducted a parameter

study where the self complementary condition of the antenna
is relaxed. By reducing , angular width of the resonator
can be reduced which in turn decreases the interleaving between
the adjacent arms. The effect of interleaving between adjacent
arms on the input impedance is studied using the 3D electro-
magnetic simulator CST Microwave studio. Three cases with
successively less interleaving are presented here. The resonator
length is equal to , the height above ground plane is
and in all three cases. As the interleaving between ad-
jacent arms is reduced, the distance between the opposite arms
increases and the cone angle from ground plane decreases as
shown in Fig. 2. We refer to the three cases according to the dis-
tance between opposite arms as and . Table I
summarizes the important parameters used in the three cases and
the resulting return loss.
Fig. 3 shows the resulting structures in the three cases. Only

five resonators are used in each structure to reduce simulation
time. is adjusted such that the lower cutoff frequency,
given by (4) for all the structures is the same and is equal to
2.7 GHz. All were simulated from DC to 8 GHz. The input
impedance for the three cases is shown in Fig. 4 on a 260
Smith Chart. The impedance starts as a open circuit at DC and
spirals in up to the lower cutoff frequency of 2.7 GHz. It then

Fig. 3. Three sinuous structures with successively less interleaving are used
for parameter study. The distance between opposite arms increases and the cone
angle from ground plane decreases where the scaling is shown in Fig. 2 and the
actual values can be read from Table I. (a) case, (b) case, (c)
case.

Fig. 4. Simulated sinuous antenna input impedance on a 260 Smith Chart
over DC-8 GHz frequency range. (a) case, (b) case, (c) case.

rotates around in a circle up to the upper cutoff frequency. The
diameter of the impedance circle shrinks and the center of the
circle becomes complex (includes capacitive reactance) as the
interleaving is reduced. A significant improvement in input re-
turn loss can be seen for the case as shown in Fig. 6. If the
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Fig. 5. Simulated Co- and cross-polarized far field patterns in dB from 4 to 8 GHz as a function .

Fig. 6. Simulated magnitude of the sinuous antenna input reflection coefficient
over DC—8 GHz frequency range for the three cases.

interleaving is reduced further by decreasing the angular width
of the arm, the operational mode changes to become a dipole
like structure as the limiting case. There exists an optimal an-
gular width for which the input return loss is maximum. Our
simulations indicate this value is achieved close to the
case. Fig. 5 shows the co- and cross-polarized far field patterns
over the 4 to 8 GHz range.

IV. ANTENNA PERFORMANCE

A. Antenna Assembly

Based on the results of the parameter study, the con-
figuration is used to design an experimental 1 to 3 GHz feed.
The antenna is fed using a pair of twin lines composed of two
copper wires 1 mm diameter each separated by 7 mm in air. The
simulated impedance of the twin line is 266 . To maintain the
distance between the copper wires a jig made from Delrin was
used during assembly to hold and align the pins. Details of the
feed point and jig are shown in Fig. 7(a). The completed sin-
uous antenna without the ground plane is shown in Fig. 7(b). A
64 cm 44 cm rectangular ground plane is used for simulations
and measurements to keep the overall size small during charac-
terization.

B. Simulations

The sinuous feed is modeled using CST Microwave Studio.
Based on the measurements of the previous versions of the feed,
the simulation results are in good agreement with the measure-
ments. The feed has additional short resonators at higher end
to provide a smooth transition from the feed-point. The simu-
lated results for the feed shown in Fig. 7(b) are presented from

Fig. 7. Sinuous antenna assembly. (a) Jig used for assembly and feed point
details, (b) sinuous feed without the ground plane and support.

Fig. 8. Simulated Co- and Cross Polarization far field patterns in the 45 plane
from 1 to 4 GHz.

1 to 4 GHz here. Fig. 8 shows the co- and cross-polarization
far field patterns over 1 to 4 GHz in the 45 plane. The effect
of truncated ground plane can be recognized in the narrowing
of the beam at the lowest frequency at the expense of increased
side lobe response. This is an edge effect and can be removed
easily by expanding the ground plane. The E field orientation
can be determined by taking the of the ratio of the co- and
cross-polarization amplitudes. The polarization wobbles as
a function of frequency. Fig. 9 shows the input reflection co-
efficient computed with a 260 characteristic impedance and
Fig. 10 shows the on axis directivity of the feed as a function
of frequency. A return loss better than 9 dB and directivity con-
stant within 1 dB can be seen over the whole bandwidth.
This feed will be used to illuminate a paraboloidal reflector.

To characterize the feed, various sub-efficiencies are calculated
as a function of parabola flare angle (or f/D ratio). Power radi-
ated in higher order azimuthal variations cannot contribute to
the gain of a symmetrical reflector antenna and hence is treated
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Fig. 9. Simulated input reflection coefficient for a 260 characteristic
impedance from 1 to 4 GHz.

Fig. 10. Simulated on axis directivity as a function of frequency from 1 to 4
GHz.

Fig. 11. Simulated sub-efficiencies using BOR1 components as a function of
parabola flare angle.

as a efficiency as described in [15]. The com-
ponents are extracted from the pattern and used to calculate the
feed sub-efficiencies [16]. Since the patterns are frequency in-
dependent, the sub-efficiencies will be very close from one fre-
quency to the next and hence not shown as a function of fre-
quency here.
The strength in components is expressed as an effi-

ciency and . Fig. 11 shows the spill-over, illu-
mination (or taper), polarization and phase efficiency along with
the aperture efficiency which is given by the product of all sub
efficiencies. The phase center is calculated as described in [17].
The phase center stays confined to around the ground
plane.

Fig. 12. Real and imaginary parts of the antenna input impedance. Comparison
of measured and modeled values from 1 to 4 GHz.

C. Measurements

For the measurement purpose, the antenna was fed using a
coaxial fixture in a single ended mode. The VNA was cali-
brated at the coaxial ports using a standard calibration kit to
measure two port S parameters. The coaxial fixture was then
de-embedded to get the two port S parameters at the antenna
feed terminals and the differential-mode reflection coefficient
was obtained according to [18]. The real and imaginary parts
of the measured and modeled input impedances between the
arms are compared from 1 to 3 GHz in Fig. 12. The general
trend of the simulation and measurement is in agreement. There
is a phase shift between measured and modeled data which in-
creases as the frequency increases. We think the disagreement
between measurement and simulation is a result of permittivity
values of the dielectric materials that differ somewhat from the
generic values in the simulation.

V. AMPLIFIER DESIGN AND ASSEMBLY

Integration of the LNA and the feed is vital to the overall
performance of the receiving system. Any connectors between
the feed and LNA act as lengths of transmission lines with an
impedance other than the antenna impedance. This produces
a rotation and transformation of the antenna impedance on
the Smith Chart that is frequency dependent. The modified
input impedance is presented to the LNA which differs from
the impedance for which the LNA is designed resulting in an
overall higher system noise temperature.
Fig. 13 shows the block diagram of the feed-LNA integra-

tion. This arrangement avoids any crossover before the LNAs.
A single ended LNAwas attached to each of the four arms of the
feed. The outputs of the LNAs in opposing arms were combined
using a commercial 180 hybrid [19] at ports and the ports
were terminated using 50 resistors. Although the input to this
arrangement is differential, it is not a true differential ampli-
fier. We refer to this arrangement as pseudo differential ampli-
fier since a low impedance, real ground is introduced at the input
of the single ended amplifiers in contrast with a high impedance
virtual ground in the true differential amplifier. This configura-
tion helps to reduce undesired effects of the even mode by pro-
viding a low impedance path at the port. The real ground also
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Fig. 13. Integrated feed-LNA configuration for the X polarization. Similar con-
figuration is used for the Y polarization.

Fig. 14. Inventor drawing showing chassis holder used for LNA feed integra-
tion.

provides better isolation. The two pseudo differential amplifier
outputs provide two linear polarizations.
A chassis holder was designed to mount four LNAs radially

outwards as shown in the Fig. 14. A circular G10 board with
four holes and a hole in the center is mounted at the center of
the holder. Four receptor are fitted in the four holes which can
accept the twin lines. The receptors have spring contacts which
assures easy assembly and disassembly of the feed and LNA.
This type of unconventional assembly procedure ensures that
the antenna input impedance is carried through to the transistors.

A low noise amplifier was developed using Eudyna FHX45X
GaAs super high electron mobility transistors (HEMT) opti-
mized for an input impedance of 100 . Agilent’s Advanced
Design System (ADS) was used for the design and modeling.
Fig. 15 is a photograph of the amplifier. The LNA was de-
signed for the higher antenna input impedance but the mea-
suring system is 50 . A detachable input was designed for the
characterization of the LNA in the 50 environment. Fig. 16
shows the modeled and measured noise temperature as well as
gain as a function of frequency.

Fig. 15. Photograph of the LNA.

Fig. 16. Measured and modeled noise and gain in 50 system. Modeled noise
and gain with 100 input impedance.

VI. RECEIVER NOISE

The noise produced by the feed-LNA combination was
measured using the Y-factor method with the sky as the cold
load and ambient temperature absorber as the hot load. In
the Y-factor method, the output powers and are
measured with the antenna exposed to the cold load and the hot
load, respectively. The ratio of the two is called the Y-factor.
Based on the temperatures of the hot and cold loads, the re-
ceiver noise can be calculated as [20]

(5)

The possible sources of error in this measurement method
include
1) the uncertainty in the and temperatures;
2) the presence of radio frequency interference (RFI);
3) the area covered by the absorber, which determines what
part of the main beam is looking at the (A small area
will in turn lower the effective and need to be cor-
rected using the beam pattern of the antenna);

4) the size of the absorber, which should be large enough to
offer sufficient absorption at the lowest frequency used in
the measurement;
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5) the distance between feed and the absorber, which should
be a sufficient distance to make sure that the antenna
impedance is not influenced, which can easily be verified;

6) the contribution from the mountains on the horizon and
ground, which may lead to a higher .

A. Measurement Procedure

In order to reduce the effect of RFI, the measurement was per-
formed at the NRAO, Green Bank site which is located in the
National Radio Quiet Zone (NRQZ). The measurement was car-
ried out after sunset inside an empty parking lot away from any
large structures. Agilent’s N8973A noise figure analyzer (NFA)
was used in power measurement mode for the test. A preampli-
fier was used before the NFA to increase the gain and reduce the
effect of instrument noise. Attenuators were used between the
stages to reduce mismatch ripple. A carefully measured attenu-
ator was added and removed before the preamp and the differ-
ence in power was compared to the attenuation to ensure linear
operation.
The NFA offers RF and IF attenuation which can be set au-

tomatically or manually. For a given frequency, with the hot
load over the feed, was recorded with the RF and IF at-
tenuation on “auto”. The RF and IF attenuation was then held
constant for rest of the measurement for that frequency. With
the hot load moved sufficiently away from the antenna,
was recorded. The procedure needs to be repeated for each fre-
quency point. The data were collected every 25 MHz from 1.3
to 2.8 GHz which is a time consuming process but necessary
to ensure the ripple in noise was properly sampled. Noise was
sampled at every 100 MHz near the edges of the band.

B. Corrections to and

The antenna temperature due to a source at temperature
is given by [21]

(6)

where is the effective aperture of the antenna, is the wave-
length, is the normalized antenna power pattern and

in the spherical co-ordinate system. During
the hot and cold measurements, the antenna main beam was
pointed at the hot source and the cold source but the output
power received contributions from the side-lobes and the back-
lobe which are not necessarily seeing the same source. Fig. 17
shows the approximate contributions from the side and back
lobes for the hot case. This leads to an equivalent temperature

that is lower than . Similarly in the cold case, contri-
butions from ground leads to an equivalent temperature
that is greater than . and should be used
during the Y-factor measurement.
The equivalent hot and cold temperatures can be estimated

using the antenna pattern in (6). Assuming concentric rings of
source temperature removes the effect of in the integral. After
canceling the common terms, for the hot case

Fig. 17. Geometry showing absorbers at different heights and sidelobe contri-
butions.

(7)

where the integrals can be solved numerically using the pattern
data and the equation can be solved to obtain . Similarly,

can be found for the cold case.
We calculated the equivalent temperatures using Matlab for

the E-plane, H-plane and used the average value in the cal-
culation using K and modeling sky as
K [21] from 1 to 3 GHz. As a cross check for using the equiva-
lent temperatures in the receiver noise calculation a secondmea-
surement was performed with the absorber at a different height,

m as shown in Fig. 17. With the same absorber at
a larger distance from the antenna, the main beam also sees the
cold sky resulting in different equivalent temperatures. Table II
summarizes the calculated equivalent temperatures for the two
cases for both E-plane and H-plane. Fig. 18 shows the measured
andmodeled receiver noise over 1 to 3 GHz range. Themeasure-
ment includes the second stage contribution which is expected
to be 5–10 K across the band. The model was obtained by ap-
plying themeasured antenna input impedance to the LNAmodel
in ADS assuming a 0.3 dB of loss in the antenna as suggested by
the CST simulation of the antenna. A good agreement between
modeled and measured results can be seen. The sharp spikes in
the measured data can be attributed to the strong RFI present at
those frequencies confirmed using a spectrum analyzer.

VII. USING THE FEED ON A RADIO TELESCOPE

The overall system performance of a radio telescope can be
expressed as a ratio, where is the effective area of
the parabolic dish illuminated by a feed and is the system
noise temperature [22]. The effective area for a paraboloid with
physical aperture and total efficiency is given by

where is a product of various sub-efficiencies.
can be divided into three parts as
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Fig. 18. Measured receiver noise for two cases in Table II andmodeled receiver
noise with 0.3 dB loss over 1–3 GHz frequency range.

TABLE II
EQUIVALENT TEMPERATURES FOR LONG AND SHORT ABSORBER CASES

Fig. 19. Computed as a function of parabola flare angle.

(8)

where is the measured noise as shown in Fig. 18,
is the temperature due to the part of the feed pattern that misses
the parabola and is given by

(9)

where is the fraction of the feed solid angle that illuminates
the ground at temp K. is the antenna
temperature given by

(10)

where K is the sky temperature.
Considering the worst case axial displacement of the feed of

0.15 from the reflector focal point, a focal efficiency of 0.9
is obtained according to [15]. Based on these values, we have
calculated as a function of parabola flare angle as shown
in Fig. 19 for a 1 m diameter parabolic dish. This curve can

TABLE III
WORST CASE EFFICIENCIES FOR THE SINUOUS FEED FOR A PARABOLA FLARE

ANGLE OF 60

be used to calculate the for any center fed parabola by
multiplying it with the square of the diameter of the dish.
For example, the 43 m center fed radio telescope located in

Green Bank, WV has a of 0.43 or a parabola flare angle
of 60.3 . Table III summarizes various sub-efficiencies for this
angle. K, K and K
resulting in K is used for this calculation. Using
Fig. 19, we find m /K.

VIII. PROSPECTS

The basic operation of the conical sinuous feed over a ground
plane was verified by characterizing pattern, input impedance
and noise over 1 to 3 GHz frequency range using a physically
small laboratory version of the sinuous antenna. Based on the
experience gained from this work, it is possible to make im-
provements in terms of sensitivity and bandwidth to make it
ideal for next generation of radio telescopes. The lowest fre-
quency of operation is determined by the outer radius according
to (4). We plan to develop a decade bandwidth feed by adding
seven additional resonators using the current expansion param-
eter . The antenna radius will increases from 113
mm to 550 mm while the height will increase from 75 mm to
363 mm enabling operation over 0.3 to 3 GHz frequency range.
The presence of a capacitive reactance, which is a result of

departure from the self complementary structure diverges the
input impedance when a length of line is added between the
feed and LNA. The length of the line can be reduced to a min-
imum value by connecting LNAs right at the feed point. We
plan to achieve this by thinning the ground plane in the center
near the feed point. Reduction in line length not only provides
better matching but will also reduce the loss at the feed point re-
sulting in lower system noise. A state of the art transistor with a
smaller will directly translate into a reduced system noise
temperature. With improvements in matching, antenna losses
and using better transistors we envision an improved sensitivity
for the decade bandwidth antenna.
The current system noise shows a ripple in the measured data

which arises as a result of mismatch between the feed and the
LNA. Although we have not done any stability measurements,
we do not see any obvious sources that should cause the imped-
ances to vary over time. It will be possible to calibrate the slope
in the system noise using astronomical observations. The feed
is very lightweight and mechanically stable, hence we don’t an-
ticipate deformation or effects such as sagging as the telescope
points. The feed gets a natural insulation since it is encompassed
inside a foam, which reduces the effect of temperature varia-
tions, if any, on the impedance.
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Since the measurements are non standard, it takes a long time
to make modifications based on the measurement results and the
overall development process becomes slow. One of the big chal-
lenges in wideband feed development for future radio telescopes
is to develop more efficient and faster ways to characterize the
system.

IX. CONCLUSION

We have developed a sinuous-type wideband, dual linear po-
larized, fixed phase center, low loss feed with an integrated
LNA. For the ease of integration and initial testing the feed
size was kept small which limits the low frequency operation
to about 1 GHz. The feed works from 1 to 3 GHz but we plan
to increase the bandwidth to 10:1 in near future. Input return
loss better than 9 dB is achieved over the whole bandwidth. The
maximum aperture efficiency is around 0.7 and can be achieved
over range of parabola flare angles between 45 to 55 .
A room temperature, low noise amplifier was developed

using Eudyna FHX45X HEMTs optimized for the high antenna
input impedance over 0.3 to 3 GHz frequency range. A system
noise temperature in the range 70 K to 100 K is achieved over
most of the band. The possible sources of error in the system
noise measurement and precautions taken to mitigate them are
listed.
To improve the sensitivity of the system further, a cryogenic

version of this feed-LNA unit is under development.
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