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ABSTRACT
The GMRT has prime-focus feeds at four faces of a rotating turret, covering frequencies of 150, 233, 327, 610 & 1420 MHz (one turret face houses a dual frequency feed operating at 233 & 610 MHz), with relatively modest bandwidths of a few tens of MHz, except for the 1420 a corrugated horn.  
  As part of the ongoing project of upgrading the GMRT, the plan is to provide seamless frequency coverage from about 50 MHz to 1500MHz. This requires development of wide-band feeds of an octave or more bandwidth, to efficiently cover this range. New feeds are being developed to cover the following bands: 130-260 MHz, 250-500 MHz and 550-900 MHz.
Aim of My Project is to characterize the above mentioned broadband feeds i.e., ground testing, radiation pattern measurement, installation and deflection test measurements of New Broad Band feeds. 
AIM AND BACKGROUND OF MY PROJECT

 We see the world around us, because our eyes detect visible light, a type of electromagnetic radiation. Objects on Earth and in space also emit other types of EM radiation that cannot be seen by the human eye, such as radio waves. The full range of all radiating EM waves is called the electromagnetic spectrum .Radio astronomy is the study of celestial objects that give off radio waves. With radio astronomy, we study astronomical phenomena that are often invisible or hidden in other portions of the electromagnetic spectrum. So, we take the help of Giant radio telescopes to observe this astronomical phenomenon.

The Giant Metrewave Radio Telescope (GMRT) is an international facility for Radio Astronomy, operational since 2002. It consists of 30 fully steerable parabolic antennas, each of 45 m diameter, spread over an area with an effective radius of nearly 15 km, and covering frequencies in the range of 150 MHz to 1420 MHz. Though meant primarily as an aperture synthesis instrument, antenna arrays can be formed out of the 30 dishes, where separate sub-arrays can work on different frequency bands concurrently.

 The GMRT has prime-focus feeds at four faces of a rotating turret, covering frequencies of 150, 233, 327, 610 & 1420 MHz (one turret face houses a dual frequency feed operating at 233 & 610 MHz), with relatively modest bandwidths of a few tens of MHz, except for the 1420 a corrugated horn.
 As part of the ongoing project of upgrading the GMRT, the plan is to provide seamless frequency coverage from about 50 MHz to 1500MHz. This requires development of wide-band feeds of an octave or more bandwidth, to efficiently cover this range. New feeds are being developed to cover the following bands: 130-260 MHz, 250-500 MHz and 550-900 MHz. 
Aim of My Project is to characterize the above mentioned broadband feeds i.e., ground testing, radiation pattern measurement, installation and deflection test measurements of New Broad Band feeds. 
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INTRODUCTION TO GMRT

       NCRA has set up a unique facility for radio astronomical research using the metre wavelengths range of the radio spectrum, known as the Giant Metrewave Radio Telescope (GMRT), it is located at a site about 80 km north of Pune. GMRT consists of 30 fully steerable gigantic parabolic dishes of 45m diameter each spread over distances of upto 25 km. GMRT is one of the most challenging experimental programmes in basic sciences undertaken by Indian scientists and engineers.
         The metre wavelength part of the radio spectrum has been particularly chosen for study with GMRT because man-made radio interference is considerably lower in this part of the spectrum in India. Although there are many outstanding astrophysics problems which are best studied at metre wavelengths, there has, so far, been no large facility anywhere in the world to exploit this part of the spectrum for astrophysical research.

         The number and configuration of the dishes was optimized to meet the principal astrophysical objectives which require sensitivity at high angular resolution as well as ability to image radio emission from diffuse extended regions. Fourteen of the thirty dishes are located more or less randomly in a compact Central Array in a region of about 1 sq km. The remaining sixteen dishes are spread out along the 3 arms of an approximately ‘Y – Shaped ‘configuration over a much larger region, with the longest interferometry baseline of about 25 km.

        The multiplication or correlation of radio signals from all the 435 possible pairs of antennas or interferometers over several hours will thus enable radio images of celestial objects to be synthesized with a resolution equivalent to that obtainable with a single gigantic dish 25 kilometres in diameter! The array will operate in six frequency bands centred around 50, 153, 233, 325, 610 and 1420 MHz. All these feeds provide dual polarization outputs. In some configurations, dual-frequency observations are also possible.
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Fig 1.0 View of GMRT Antenna Feeds System.

       The Giant Meterwave Radio Telescope located near pune, India is an array of radio telescope at meter wavelengths. GMRT consist 30 numbers of 45 m diameter antennas spread over a 25 km region. Every antenna has four different receivers mounted at the focus. Each individual receiver assembly can rotate, enabling the user to select any of them for the observation.
      Out of 30 telescopes at GMRT, fourteen telescopes are randomly arranged in the central square of 1 km by 1 km size. Rest of sixteen telescope are arranged in three arms forming a nearly Y- shaped array each having a length of 14 km from the array Centre.The GMRT receiver system is being upgraded to achieve seamless coverage from 50 to 1600 MHz There are 4 sub-band 130-260 MHz having bandwidth of 130MHz, 250-500 MHz having bandwidth of 250 MHz, 550-900 MHz having a bandwidth of 350 MHz and L-band. L band is further splitted into for sub-bands namely 1060 MHz, 1170 MHz, 1280 MHz and 1390 MHz each having bandwidth of 120 MHz. 

ANTENNA FUNDAMENTALS

1. Radiation Pattern: - The field strength that the antenna radiates as a function of direction. The simplest type of antenna normally radiates most of its energy in one direction called the primary beam' or `main lobe'. The angular width of the main lobe is determined by the size and design of the antenna. It is usually parametrized by its full width at half maximum, also called its [image: image8.png]


dB beamwidth. 

2. Directivity: - The radiated power in the direction of the main lobe relative to what would be radiated by an isotropic antenna with the same input power. A related quantity called the Gain also takes into account any electrical losses of the antenna. For reflector antennas, one can also define an aperture efficiency which is the ratio of the effecting collecting area of the telescope to its geometric area. For the relation between the gain and the effective collecting area.

3. Polarization: - The sense of polarization that the antenna radiates or receives as a function of direction. This may be linear, circular, or elliptical. Note that when describing the polarization of a wave, it is sufficient to specify the polarization of the electric-field vector.

4. Impedance:-The point of view of the microwave circuit behind the antenna, the antenna can be represented as a complex load impedance. The characteristics of this load depend on the radiation patterns of the antenna and hence the design of the antenna. The goal of a good design is to match the impedance of the antenna to the impedance of the transmission line connecting the antenna to the receiver. The impedance match can be characterized by any one of the following parameters:

Voltage reflection coefficient, [image: image9.png]


.

Return loss (in dB), [image: image10.png]Rr = —20log |ps|



.
Voltage standing-wave ratio, [image: image11.png]
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DIPOLE
            An electric dipole is a separation of positive and negative charges. The simplest example of this is a pair of electric charges of equal magnitude but opposite sign, separated by some (usually small) distance. A permanent electric dipole is called an electret.

A magnetic dipole is a closed circulation of electric current. A simple example of this is a single loop of wire with some constant current through it. The dipole antenna or dipole aerial is one of the most aerial or antenna is widely used on its own, but it is also incorporated into many other RF antenna designs where it forms the radiating or driven element for the overall antenna.The electric dipole moment points from the negative charge towards the positive charge, and has a magnitude equal to important and commonly used types of RF antenna.

         The dipole the strength of each charge times the separation between the charges. (To be precise: for the definition of the dipole moment, one should always consider the "dipole limit"

        The dipole antenna consists of two terminals or "poles" into which radio frequency current flows. This current and the associated voltage causes and electromagnetic or radio signal to be radiated.
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Fig 1.1 Basic dipole Antenna.
       As seen the antenna consists of a radiating element that is split, normally in the centre to allow a feeder to apply power to it from a transmitter, or to take power from it to a receiver.

      The length of the radiating element determines many of the properties of the dipole antenna from its impedance, centre operating frequency, etc. As such this is an important feature of the antenna.

Often the term dipole antenna tends to indicate a half wave dipole. This is by far the most widely used length for a dipole. It forms a resonant circuit which resonates where the electrical length ishalf a wavelength long - the electrical length differs from the wavelength of the signal in free space because of a number of the effects of the radiating element on the signal.
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Fig1.2 Dipole Antenna Assembly.
     The dipole antenna consists of two conductive elements such as metal wires or rods which are fed by a signal source or feed energy that has been picked up to a receiver. The energy may be transferred to and from the dipole antenna either directly straight into a from the electronic instrument, or it may be transferred some distance using a feeder. This leaves considerable room for a variety of different antenna formats.

    Although the dipole antenna is often though in its half wave format, there are nevertheless many forms of the antenna that can be used.

· Half wave dipole antenna:   The half wave dipole antenna is the one that is most widely used. Being half a wavelength long it is a resonant antenna. 
·  Multiple half wave’s dipole antenna:   It is possible to utilise a dipole antenna or aerial that is an odd multiple of half wavelengths long.

· Folded dipole antenna:   As the name implies this form of the dipole aerial or dipole antenna is folded back on itself. While still retaining the length between the ends of half a wavelength, an additional length of conductor effectively connects the two ends together.  
· Short dipole:   A short dipole antenna is one where the length is much shorter than that of half a wavelength. Where a dipole antenna is shorter than half a wavelength, the feed impedance starts to rise and its response is less dependent upon frequency changes. Its length also becomes smaller and this has many advantages. It is found that the current profile of the antenna approximately a triangular distribution.  
· Non-resonant dipole:   A dipole antenna may be operated away from its resonant frequency and fed with a high impedance feeder. This enables it to operate over a much wider bandwidth.


DIPOLE ANTENNA CURRENT & VOLTAGE DISTRIBUTION
      The current and voltage on a radiating element vary along the length of the dipole. This occurs because standing waves are set up along the length of the radiating element and as a result peaks and troughs are found along the length.

      The current falls to zero at the end and rises towards the middle. Conversely, the voltage peaks at the end and falls as the distance from the end increases.Both the current and voltage on the dipole antenna vary in a sinusoidal manner, meaning that there may be other peaks and troughs along the length of the radiating sections dependent upon their length.

      The most popular form of dipole antenna is the half wave and for this, the current is at a minimum at the ends and rises to a maximum in the middle where the feed is applied. Conversely the voltage is low at the middle and rises to a maximum at the ends. It is generally fed at the centre, at the point where the current is at a maximum and the voltage a minimum. This provides a low impedance feed point which is convenient to handle. High voltage feed points are far less convenient and more difficult to use.

      When multiple half wavelength dipoles are used, they are similarly normally fed in the centre. Here again the voltage is at a minimum and the current at a maximum. Theoretically any of the current maximum nodes could be used.
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Fig 1.3 Three half wavelength wave dipole Antenna.
    The dipole antenna is a particularly important form of RF antenna which is very widely used for radio transmitting and receiving applications. 


FEEDS

     The 1420 MHz band feed is a corrugated horn with quad-ridged orthomode transducer This feed covers 1000-1450 MHz with an edge taper of -19 dB and a cross-polar of -24 dB. New broadband feeds for the upgraded GMRT As part of the ongoing upgrade of the GMRT, the plan is to provide seamless frequency coverage from 50 MHz to 1500MHz.To cover this range efficiently, the following wideband feeds (octave or more bandwidth) are being designed 130-260 MHz, 250-500 MHz and 500-1000 MHz. 
    The details of these are as follows. (a) For 250-500 MHz, the prototype feed that has been designed and tested employs a crossed-dipole with a conical reflector. Test results indicate a BW ratio of 1:1.8 for a return-loss of -10 dB or less,with the following radiation properties: (1) good pattern symmetry and fairly good match of E and H plane patterns (on the primary lobe, especially within the angular spread of - 62.5 to + 62.5 deg., being the edge-angle of the GMRT's parabolic dish) over 250 to 500 MHz(2) a cross-polar minimum of -27 dB at 327 MHz and -15.5 dB at 250 as well as 500 MHz. 
    After extensive tests of prototypes on 3 GMRT antennas , this feed is now accepted for mass production. 250-500 feed (a) Return Loss (measured) (b) edge taper (measured) Figure 7: 250-500 feed: Deflection tests on calibrator (Cass-A) CH-I (left) and CH-II (right); the narrower curves are for the existing narrow band 325 MHz feed. (b) For 500-1000 MHz, a scaled version of the 250-500 MHz feed with crossed-dipole and conical reflector is being tried out as a possible option. The present version (figure 8) covers 580-1000 MHz. Some more optimization of the performance is needed before it can be accepted for final use.It covers 550-900 MHz with an edge taper of -12 dB.

    550-900 feed (a) feed on antenna (b) measured Return Loss response (d) For 130-260 MHz coverage, the basic design of the Kildal Feed (dipole-disk feed) is being adopted, with the following design changes: (i) sleeved cross dipoles for larger BW (ii) provision of 2 beam-forming rings for better polarization features over a larger BW and (iii) an optimized reflector design.The prototype version of this feed (figure 10) covers 138-279 MHz, and is quite promising. Figure 10: 130-260 feed (a) photo of feed (b) measured Return Loss response 4. Summary and Conclusions Existing narrowband feeds at the GMRT provide 5 observing bands in 130 to 1500 MHz range and are working well for the last 15 years.As part of the ongoing upgrade of the GMRT, to provide seamless frequency coverage from 50 to 1500 MHz; new feeds are being developed to cover the following bands: 130-260 MHz, 250-500 MHz and 500-1000 MHz. 
    The cone-dipole feed designed for 250-500 MHz is found to work well and is in mass production. A similar feed is being tried out for 500-1000 MHz, along with a horn feed (550-900 MHz); and a dual-ring feed design for 130-260 MHz is promising.Successful completion and deployment of these wideband feeds on all 30 antennas will make the GMRT a very sensitive and versatile instrument for a variety of new science in astronomy.

NEW BROAD BAND FEEDS

1. Dual Ring Feed 130-260 MHz:-

      The existing feeds in use at the GMRT for (i) 150MHz band, consists of a pair of thick folded dipoles over a ground plane. It gives good VSWR over the frequency band 130-230 MHz, with an edge taper of -9dB, and a cross-polar of -17 dB. However, good match of E & H plane patterns and acceptable beam shape are obtained only over a narrower range of 130-150 MHz. (ii) 233MHz band, 610/233MHz dual co-axial feed. It has very narrow VSWR over the frequency band 225-245 MHz, with an edge taper of -9.8 dB and a cross-polar of -22.8 dB.

      For 130-260 MHz coverage, the basic design of the Kildal Feed (dipole-disk feed) is being adopted, with the following design changes: (i) triple sleeved cross dipoles for larger BW (ii) provision of 2 beam-forming rings for better polarization features over a larger BW and (iii) an optimized reflector design. The prototype version of this feed covers 138-279 MHz, and is quite promising. , the prototype feed that has been designed and tested and the test results indicate a BW ratio of 1:1.8 for a return-loss of -10 dB or less (figure 2), with good pattern symmetry and fairly good match of E and H plane patterns (on the primary lobe, especially within the angular spread of -62.5 to + 62.5 deg., being the edge-angle of the GMRT's parabolic dish) over 130 to 260 MHz

     Dual Ring Feed 130-260MHz covers both the astronomical bands (150MHz & 233MHz) based on the return loss and sensitivity performances. Sensitivity at astronomical band (i) 150MHz is more when compared with existing 150MHz feed since it eliminates the additional cable losses and the insertion loss of power combiner (used to combine the power from a pair of folded dipole in the existing system) and (ii) 233MHz is exactly the same as the existing 233 MHz feed. Additional mechanical strength is needed for the dipole 130-260MHz which is being employed in the 2nd prototype.
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Fig 1.4 Photo of feed
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Fig 1.5 Measured Return Loss response

           2. Cone-Dipole Feed 250-500MHz:-
      As part of the ongoing upgrade of the GMRT, the plan is to provide seamless frequency coverage from 50 MHz to 1500MHz.To cover this range efficiently, the following wideband feeds. (octave or more bandwidth) 

      In particular, the asymmetric radiation causes an excessive cross polarization. A numerical approach for optimizing the dipole-disc antenna was used by Kildal. They used a conducting ring in front of the dipole to shape the feed pattern. The beam-forming ring does not significantly affect the dipole-disc radiation pattern in the E-Plane, but compresses its H-Plane pattern to form a symmetric radiation pattern. This feed has a narrowband performance; since both the dipole and ring are resonant structures. The asymmetry of the dipole-disc feed is due to the flat sub reflector which forms an approximate image of the dipole. However, since the dipole-radiation pattern is asymmetric the resulting pattern one must use an antenna which also has a symmetric radiation pattern. This can be achieved with an electric dipole by bending its arms towards the disc and optimizing the dimensional parameters. However, this solution is not attractive since it affects the antenna impedance and power-carrying capability.
      An alternative and more desirable solution is to keep the dipole in its standard form, but bend the disc, This modifies the disc to a cone reflector. The radiation patterns for this feed shows good pattern symmetry and low back lobe level and cross polarisation. For this feed, key parameters are the cone angles, the separation of the dipole from the one apex, paraboloid reflectors. The best cone angle for minimum cross polarization is 70 deg. For the best overall feed performance, the cone size is between 1.0 lamda and 1.2 lamda.The prototype feed that has been designed and tested employs a crossed-dipole with a conical reflector. Test results indicate a BW ratio of 1:1.8 for a return-loss of -10 dB or less, with the following radiation properties: (a) good pattern symmetry and fairly good match of E and H plane patterns (on the primary lobe, especially within the angular spread of -62.5 to + 62.5 deg., being the edge-angle of the GMRT's parabolic dish over 250 to 500 MHz.Cross-polar minimum of -27 dB at 327 MHz and -15.5 dB at 250 as well as 500 MHz, After extensive tests of prototypes on GMRT antennas this feed is now accepted for mass production.
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Fig 1.6 250-500 MHz mounted on Antenna.
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Fig 1.7 Dipole with triple-sleeve.
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3. Cone Dipole feed 550-900MHz:-

     550-900 MHz having a bandwidth of 350 MHz and L-band. L band is further splitted into for sub-bands namely 1060 MHz, 1170 MHz, 1280 MHz and 1390 MHz each having bandwidth of 120 MHz. Similarly 550-90 MHz band is sub divided into four sub bands namely centered at 600 MHz, 685 MHz, 770MHz and 850 MHz with each having a bandwidth of 100 MHz.
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Fig 1.8 550-900 MHz mounted on Antenna.
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Fig 1.9 Feed LNA And Polarizer.
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Fig 2.0 550-900 MHz Band.
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OTHER FRONTEND WORKS
1.BSATR Card Assembly,130-260 MHz Box Assembly And Testing,Common Box Assembly And Testing,Band Pass Filter Tunning,Working On Rabbit As well As Old MCM Card ,Interface Card And Antenna Visit With Anand Wavhal.

2. RF Phase Switch Testing and Troubleshooting In 610 MHz FE Box.

3. LNA Testing with Gaurav Parikh.

4. New RFCM Testing and Assembly.

5.550-900 MHz FE Box Assembly and Antenna Visit (550-900 MHz FE Box Installation) With Ganesh Kumbhar.

6. All RF Cable Assembly (SMA to SMA, SMA to N-Type Male OR Female etc).

7. PCB/SMD Soldering, Filter Tunning, Connector Soldering etc.

8. Programming in MATLAB.

9. NCRA Antenna Visit and Testing etc.

10. Antenna Visit With Vishal Temkar (250-500 MHz FE Box Installation)

CONCLUSION AND FUTURE WORK
Successfully learnt antenna feed characterization. And also learnt the techniques involved in measurements like Return Loss, Radiation Pattern, Deflection tests, etc., Got hands on experience in handling the instruments like Network Analyzer, Spectrum Analyzer, Cable Tester and Signal Generator.

In future, rotating platform of receiving/ test antenna may be automated using controller, Ethernet and GPB system at Antenna Test Range, NCRA-Pune.

Successful completion and deployment of these wideband feeds on all 30 antennas will make the GMRT a very sensitive and versatile instrument for a variety of new science in astronomy.
REFERENCE
1) A book on Antenna Theory by Balanis.

2) A book on Antenna theory and design by Warren L.Stutzman and Gary A. Thiele.

3) A book on Low Frequency Radio Astronomy, Edited by J N Chengalur, Y Gupta, and K S Dwarakanth.

4) R  E  Collin,”  Aperture  Efficiency for  Parabolic  Reflectors“,  IEEE  transaction  on

            Antenna and Propagation, Vol AP-32, No-9, Sep-1984.

5) J R Fisher” Prime focus Efficiency, Blockage, Spill over and Scattering Calculations on the HP 9825A Calculator”, NRAO, Electronics Division Internal Report No 174.

6) www.wikipedia.com
7) www.mathworks.com
8) www.tutorialspoint.com/fortran/
1

