
1



2



Contents

· Introduction  and Overview of GMRT……….….………..…05

· Scope of Work ……………………………………………..…07

· MOBILE Band Stop Filter ……………………………………10

. High Dynamic Phase Switch Amplifier ………………..……12

. Test Results of L-BAND FRONT END in LAB …………… 20

. Test Results of L-BAND FRONT END at Antenna………..22

. Cascaded Signal Flow Analysis …………………………….35

. Reference ……………………………………………………..36

. APPENDIX –A   DATASHEETS ……………………………37

3



ACKNOWLEDGEMENT

I would like to express my gratitude to Shri. A. Praveenkumar , my Reporting 

Officer and Group Coordinator for assigning the task of re-designing the L-

Band receiver System with High Dynamic Range and for his guidance and 

encouragement.

I take this opportunity  to thank Santosh S. Bhor , K . T. Thorat and Baban 

Barkund for their help during production , installation and commissioning.

I also would like to thank the entire Front End Group for all the support and 

help provided during this work.

Bhalerao V. B.

4



Introduction

Overview of GMRT Receiver System

Giant  Meter-wave  Radio  Telescope  (GMRT)  currently  operates  at  five 
observing bands centered at 150 MHz, 235 MHz, 327 MHz, 610 MHz and an 
L-band extending from 1000 to 1450 MHz. The L-band is split into four sub 
bands centered at 1060MHz, 1170 MHz, 1280 MHz and 1390 MHz, each with 
a bandwidth of  120 MHz.The L-band receiver also has a bypass mode in 
which the entire RF band can be brought down to the Antenna Base Receiver 
(ABR). 

The 150 MHz, 235 MHz, 327 MHz bands of GMRT have 40 MHz bandwidth 
and 610 MHz band has about 60 MHz of bandwidth. Lower frequency bands 
from 150 to 610 MHz have dual circular polarization which are named as CH1 
and CH2 for right hand circular polarization and left hand circular polarization 
respectively.  The  higher  frequency  L-band  has  dual  linear  polarization 
(Vertical and Horizontal polarization ) named CH1 and CH2 respectively. At 
the lower  frequencies the polarizer  placed before the Low Noise Amplifier 
(LNA) converts the received linear polarization to circular. At L-band, in order 
to  keep the system temperature  low,  this  element  is  not  inserted  into  the 
signal path, and the linear polarized signals are fed directly to the LNA. To 
calibrate the gain of the receiver chain, it is possible to inject an additional 
noise signal (of known strength) into the input of the LNA. It is possible to 
inject noise at any one of four levels. These are called Low cal, Medium cal, 
High cal and Extra high cal and are of monotonically increasing strength.

To  minimize  crosstalk  between  different  signals  a  phase  switching  facility 
using separate Walsh functions for each signal path is available at the RF 
section of the receiver.

At  the  Common  Box  the  signals  go  through  one  additional  stage  of 
amplification. The common box has a broad band amplifier which covers the 
entire frequency range of the GMRT (10 – 1800 MHz). The band selector in 
the common box can be configured to take signals from any one of the six RF 
Front  Ends.  The  common  box  (and  the  entire  receiver  system)  has  the 
flexibility to be configured for receiving either both polarizations at a single 
frequency band or a  single  polarization at  each of  two different  frequency 
bands.  It  is  also  possible  to  swap  the  polarization  channels  whenever 
required. For observing strong radio sources like Sun, solar attenuators of 14 
dB, 30 dB or 44 dB are available in the common box. In addition there is a 
power  monitor  whose  output  can  be  continuously  monitored  to  verify  the 
health of the subsystems upstream of the common box.

The first  synthesized local  oscillator  converts  the  RF band to  an  IF  band 
centered at 70 MHz. The synthesized local oscillator has a frequency range of 
100 MHz to 1795 MHz. The frequency range 100 MHz to 600 MHz is covered 
by synthesizer-1 and 605 MHz to 1795 MHz is covered by synthesizer-2. 
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The local oscillator frequency from 100 MHz to 354 MHz can be set with a 
step size of 1 MHz and the frequency range from 355 MHz to 1795 MHz can 
be set with a step size of 5 MHz. At the IF stage, bandwidth of 5.5 MHz, 16 
MHz or a full available RF bandwidth can be selected. The IF at 70 MHz is 
then translated to a second IF at 130 MHz and 175 MHz for CH1 and CH2 
respectively. 

The  maximum  bandwidth  available  at  this  stage  is  32  MHz  for  each 
polarization channel  This frequency translation is done so that they can be 
transported  to  Central  Electronics  Building  (CEB)  over  a  single  fiber  optic 
cable.  An Automatic  Level  Control  (ALC)  facility  is  provided at  the  output 
stage of IF which can be bypassed whenever required.

The IF signal at 130 MHz and 175 MHz along with telemetry and LO round 
trip  phase  carriers  directly  modulate  a  laser  diode  operating  at  1300  nm 
wavelength which is coupled to a single mode fiber-optic link between the 
receiving antennas and the CEB.

At the CEB these signals are recovered with a PIN photo diode detector and 
suitably amplified. The 130 MHz and 175 MHz signals are then separated out 
and then sent for base band conversion. There is a monitor port available at 
the fiber-optic receiver front panel at CEB, where all the received signals can 
be monitored.

The base band converter section converts 130 MHz and 175 MHz IF signals 
to 70 MHz using 3rd LO (200 MHz & 105 MHz respectively.)The 70 MHz 
signals  are  then  converted  to  base  band  consisting  of  upper  and  lower 
sidebands for each sidebands for each polarization channel using a tunable 
LO which can be set from 50 MHz to 90 MHz in steps of 100 Hz. The BB 
system bandwidths can be set to any one of the bandwidths out of 62.5 KHz, 
128 KHz, 256 KHz, 512 KHz, 1 MHz, 2 MHz, 4 MHz, 8 MHz and 16 MHz as 
per the user requirements. An ALC is incorporated at the output of Base band 
converter that can be bypassed whenever required.
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SCOPE OF WORK

HIGH DYNAMIC L –BAND FRONT END RECEIVER

The concept of HIGH DYNAMIC RANGE receiver implies not only an ability to 
detect with low distortion but also the desired signal differing in amplitude by 
large amounts. The response of the entire system must remain linear over a 
wide range of noise temperature. The entire receiver system should remain 
linear even in presence of strong interference signals. The receiver must have 
a higher degree of immunity of spurious responses produced by non linear 
interaction of multiple high level interfacing signals.

The block diagram of HIGH DYNAMIC L-BAND FRONT END RECEIVER is 
shown in  figure.  The L-BAND FRONT END consists  of  corrugated HORN 
FEED  to  collect  the  radiations  reflected  from  the  parabolic  dish  with  a 
orthomode transducer (OMT) in which the waveguide mode of the signal is 
converted  into  coaxial  mode.  In  the  OMT  two  linear  components  of  the 
incoming  signals  are  picked  up  in  two  perpendicular  directions  which  are 
designated as VERTICAL (V) and HORIZANTAL (H) channels.

The signals are then amplified by a LOW NOISE AMPLIFIER (LNA) . The 
LNA is designed using three stages of FUJITSU HEMT’s FHX35LG. The gain 
of the LNA is 35 dB over the frequency range of 1000 MHz to 1500 MHz , with 
a noise temperature of 35 K.

The signal then pass through MOBILE BAND STOP FILTER where mobile 
signals (RFI ) attenuated  by 35 dB. This filter has an insertion loss of  1 dB.

The  next  stage  of  the  FILTER  BY  PASS  SWITCH  and  HIGH  DYNAMIC 
PHASE SWITCH AMPLIFIER unit . The signals  pass through a set of filter 
bank or bypass the filter bank to get full band output. The RF switches used 
are SW338 and SW419 , which has an insertion loss of 1 dB.

In the switched filter mode one of the four sub-bands centered at 1060 MHz , 
1170 MHz , 1280 MHz and 1390 MHz , each with a bandwidth of 120 MHz 
can be selected. The insertion loss of the band pass filter is 6 dB to 7 dB.

The signals are phase modulated to 180 and 0 degrees with a Walsh Function 
input , so that the common mode signals can be rejected. It consists of High 
Dynamic  Amplifier  HMC740  ,  Mini-Circuits  double  balanced  mixer 
SRA-2010MH followed by one more High Dynamic Amplifier HMC740. The 
Gain of this unit is 18 dB. 

At the final output a 1250 MHz  wide band pass filter with bandwidth of 500 
MHz is incorporated which has an insertion loss of 0.5 dB. 
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MOBILE BAND STOP FILTER:

A new miniaturized band stop filter using a microstrip quarter wavelength

resonators and open stub inverters for mobile band.

Miniaturized  high-performance  bandstop  filter  having  low insertion  loss  and  high 

selectivity in the passband

Figure  shows the photograph of the fabricated prototype . 

Experimental bandstop filter was designed using AWR and tested. 

The bandstop filter was fabricated on PTFE substrate ( RT / duroid 6010 M ) with a 

relative dielectric constant of 10.2 and a thickness of 1.27 mm

The size of the fabricated filter is 50.00 mm ×35.00 mm.

The measured insertion loss within the pass-band is about 1.5 dB 

Within the pass-band, the reflection coefficient is less than -20 dB.

.
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GAIN and INPUT Return Loss Measurement using Network Analyser E5070B 

( Filter Bypass and High Dynamic Phase Switch Amplifier )
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Photograph of Filter Bypass SW and High Dynamic Phase Switch Amplifier
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S21, S11 and S22 Measurement using Network Analyser E5070B

( Filter Bypass SW and High Dynamic Phase Switch Amplifier )
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1 dB Compression Point Measurement :

( Filter Bypass SW and High Dynamic Phase Switch Amplifier )
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1 dB Compression Point Measurement :

( Complete L- BAND FRONT END with High Dynamic Amplifier )
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1 dB COMPRESSION POINT

Comparison of LNA , Existing L-BAND and High Dynamic L-BAND FRONT END

19



Test Results of L-BAND FRONT END in LAB  ( CH-1 )
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Test Results of L-BAND FRONT END in LAB  ( CH-2 )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-1: 1060 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-1: 1170 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-1: 1280 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-1: 1390 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-2: 1060 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-2: 1170 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-2: 1280 MHz )
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Test Results of L-BAND FRONT END at Antenna E-02  ( CH-2: 1390 MHz )
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Test Results of L-BAND FRONT END at Antenna C-06

( CH-1: FULLBAND MHz )
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RESULT:

[1] MAR 3 is incorporated in the existing L-band front-end design in the post 
amplifier and the phase  switch network with one stage  of MAR 3 in post 
amplifier and 3 stages of MAR 3 in post amplifier. 

Gain    NF      P1    OIP3
MAR-3 10 dB 6.0 dB +1.5 dBm +23 dBm

HMC740 14 dB  3.5 dB +18 dBm +40 dBm

To  compare  the  characteristics  of  MAR  3  (mini-circuits)  and  HMC740 
(Hittite)  amplifiers  we  have  designed  an  amplifier  with  HMC740  while 
keeping L-BAND FRONT END gain of 50 dB.

[2] Only two HMC740 devices are used.

[3] Existing L-band front end is having total 5 nos. of aluminum chassis for RF 
Bypass Switch (2 Nos.) , Post amplifier (1 No.) and Phase Switch Amplifier 
(2 Nos.).  

[4] High Dynamic L-Band Front End has only ONE aluminum chassis  for the 
same. So number of inter-connection and RF connectors are reduced.

[5] Existing L-band front end has 1 dB compression point of -15 dBm.

[6] High Dynamic L-Band Front End has 1 dB compression point of  +13 dBm.

[7] Mobile signal level is down by 35 dB after using Mobile band stop filter.

[8] Full Band and all sub-band are seen clearly.

[9] Signal to Noise Ratio is  increase by 10 dB at 1390 MHz.

[10] Problem like Bad band shape at 1390 MHz and Huge RFI at 1060 MHz are 
totally vanished. 

[11] We  had  installed  the  High  Dynamic  L-Band  Front  End  to  the  following 
Antennas: 

    C06, S06, E06, E02, C04, W04, C03, C14, E03, C11, 
E05, W06, W05 and C13.
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