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Upgraded GMRT operating bands

Earlier GMRT Bands Radio Astronomy band
Upgraded GMRT Bands

Frequency range Bandwidth (MHz)

150MHz 150-153.6MHz 130 - 260MHz 130

235MHz 230-235MHz
250 - 500MHz 250

327MHz 322-328.6MHz

610MHz 604-616MHz 550 - 900MHz 350

1060-1420MHz 1400-1427MHz 1.0 - 1.4 GHz 400



RFI ambience in and around GMRT site

• Band-3 i.e. 250-500 MHz of
observation band has a lot of
out of band commercial
transmissions e.g. Mobile, TV,
FM, ATC.

The figure shows the spectrum up to 1GHz 
using RFI monitoring setup.

250 - 500 MHz 
Observation band



LNA Response

• The wideband LNA has gain
outside the band of interest and
amplifying equally out of band
commercial interfering signals.



Out of band RFI seen by GMRT antenna 

• Selected observation band is
250-500MHz band of uGMRT.

• uGMRT antenna receives
various out of band mobile
transmission, TV transmission
and Police wireless
transmission.

• Mobile transmission is one of
the stronger one to saturate
the receiver.



Effects of Out of Band RFI

• It may cause non linearity of receiver and 
make observation unusable.

• Out of band transmission may produce 
Inter Modulation that may fall within the 
observation band.

• For example, we can observe the mobile
transmission and TV transmission beating
together and generating the IMD product
within the band of interest.

F1 : 885 MHz Mobile signal
F2 : 535 MHz TV Transmission
F1-F2 : IMD product @350MHz



Front End system configuration
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Noise 
Source

• In uGMRT receiver directional coupler 
is used before the LNA and after 
quadrature hybrid (QH).

• It is used to inject the noise to
calibrate the antenna and coupled
port (3) is connected to noise source
to inject the noise and other port (4) is
terminated.
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HFSS model for the Metamaterial based 
Directional coupler

Details :
Substrate :  RT Duroid 5880
Thickness :  0.8 mm
Dielectric constant : 2.20

Top Layer : 
Main transmission path has 5 Stubs for matching.
Coupled ports have -24dB of coupling

Bottom Layer : 
CSRR (Complimentary Split Ring Resonator) is used as a 
defective ground structure.



Current distribution at resonance 900 MHz

Current Distribution @ 375 MHz Current  Distribution @ 900 MHz



Existing and Modified Directional Coupler

Top Layer of PCB Bottom Layer of PCBExisting Directional Coupler



• The insertion loss performance of the
modified directional coupler is same
as the existing DC.

• Attenuation for the mobile
communication at 900MHz is about
20 dB

Insertion loss performance

250-500MHz 
Band



Return loss performance of the 
Directional Couper

250-500MHz 
Band

• Return loss performance is below 
20dB.



Comparison of Coupling port

250-500MHz 
Band

• Designed Coupled port have flat 
response compared to the existing 
design.

• The required coupled power is same 
for both the designs.



Gain response with LNA

250-500MHz
Band

Parameters LNA + 
Con. DC

LNA + Mod. 
DC

Gain (dB) @ 375 
MHz

32 32

Gain (dB) @ 900 
MHz

27 12

Gain at the desired band is same as the
existing combination but gain at 900 MHz is
suppressed by 15 dB



The Metamaterial Directional Coupler have 
better impedance matching with LNA



Improved Noise Figure performance with LNA  



Implementation at Antenna

The Mobile signal at 880 MHz
get rejected by the directional
coupler by more than 15dB
with modified metamaterial
based Directional Coupler



Comparison of GMRT antenna response with 
Metamaterial based DC and Conventional DC

Above image shows in-band intermodulation
product due to high power of mobile signal and TV
signals.

Above image shows in-band intermodulation
product vanished out by using metamaterial based
DC which suppresses the mobile signal.



Conclusion

• Metamaterial based Directional coupler attenuates mobile RFI signal by more than
15dB to remove the in-band intermodulation products.

• The filter integrated metamaterial based directional coupler design meet the
specifications of the conventional DC design without degrading the receiver noise.

• The dynamic range of the system in the presence of out of band signals is improved
with this design and could be easily implemented for any frequency bands of radio
astronomy.

• The metamaterial based directional coupler provides better matching with the LNA.
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