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Summary

a. Strong RF| in-band and out-off band,

b. Poor Filter rejection at front-end.

¢. MAR 3 ( Post amplifier ) saturates front—end box.

d. Common-baox saturates early due to MAR 3 post amplifier.
e. High front—end gain saturating down the receiver chain.

f. IF {70 MHz) stage saturates early.

g. The combined P1dB with F.E+C.Box+ IF(70 MHz) is too low.and
the max. RF input that can be given to Front-end system is only — 75 dBm.

2. Experimental Results:

S.no. Sub-syster Input 1 dB compression point

1. Front-end bos -27 dBm )
2. Common box ( Solar Attn. = 0 dB ) -20 dBm

3. IF System ( 70 MHz ) —-25 dBm

4, F-end + C.Box + IF (70 MHz ) |

(With Solar Attn. = 0 dB ) —75 dBm




a. ATV signal of -26 dBm to Front-end input saturation of the usable passband

signal in front-end.

b. ATV signal of -30 dBm to the input of IF ( 70 MHz ) saturates the IF signal.

4. Solutions

a. Remove MAR 3 amplifier in front-end box.

b. Improve 150 BPF at Front-end.

¢. Replace MAR 3 amplifier with high dynamic range amplifier.
d. Always use Solar attenuator at 150 MHz.

e. Fiber optic system have higher saturation level.

f. Proper selection of IF attenuators provide better dynamic range.

Introduction: The global spectral feature from the reionization epoch which may be present
over the whole sky has put tremendous pressure on the 150 MHz band at GMRT. The strong
RFI at this band limits the usage of this band. The report list out the crucial pit-falls of various
sub-systems performance ( based on recent measurements at Lab and antenna site ) and
suggest a feasible solution ( improved components and effective techniques ).

: Strong and numerous RF| lines at this band prevents the use
of the present design at 150 MHz band. The existing 32 MHz bandpass filter at the front-end
system have poor rejection at outside band. A TV signal at 175 MHz have only 5 dB rejection
when compared to 150 MHz passband. New filters to limit the strong RFI lines have not
helped much due to the overall system dynamic range from front-endto down the chain
is not sufficient for using this band. Figure 1.1 to 1.3 show the listed RFI and its level at the
front—end output [ 1.

120 MHz feeq: The 150 MHz thick dipole feed is very very broad having 120 MHz bandwidth.
This wide bandwidth brings in lot of RFI to the front-endsystem and overloads the system. A
narrow band dipole [ 2 ] will help in reducing the stress on the receiver system,



- . The front-endsystem has a high gain 150 MHz LNA followed by a MAR
3 post amplifier, The MAR 3 saturates at -2 dBm input level leading to the early saturation of
the front-end box at ~-27.5 dBm. Figure 2.1 and 4.1 shows the 1 dBm Compression point
measurement results.

: The 150 MHz bandpass filter have Poor rejection above 166 MHz,
This brings in strong RFI lines like television transmission signals 175 MHz and 181 MHz.
Similarly the lower cut—offof the filter is about 134 MHz but a strong RFI line at 133 MHz gets
only 2 dB rejection.

- : The common-box also has a MAR 3 amplifier following the
broadband amplifier. The MAR 3 gets saturated with an input power of -2 dBm and this limits
the 1 dB compression level of the common-box tg 25 dBm (when 0 dB solar attenuator is
selected ). This may be just sufficient for the other bands demanding high gain but for the 150
MHz the system reaches Saturation at an early stage. Figure 2.2 shows the 1 dBm compression
measurement resulis.

| - . The first downconversion is the second most important to the front—-end
system. Based on recent measurements done at Co2 antenna, it is seen that the |F Sub-system
get saturated at - 25 dBm, Figure 2.3 shows the 1 4B compression point measurement results.

: The combined performance of the three sub-system with a solar
attenuator of zero dB shows that IF system reaches early saturation for a front-end inpyt
level of about - 75 dBm. This is an alarming situation with the presence of strong RFI.
Figure 3.1 shows the comparison of the three system. With a 14 dB solar attenuator the IF
syslem recovers and gives 14 dB more dynamic range. With the 14 dB solar attenyator the
maximum front-end input can be —69dBm for a linear performance. Figure 3.2 explains the
advarntage of using solar attenuator

But this is not sufficient since the RFI lines are much mare stronger than this lavel and
the system remains salurated ever. Hence filters to curtail the strong RFI has not provided
satisfactory results with the present 150 MHz receiver of GMRT.

: Literature [ 3 ] illustrates a novel technique to measure the blocking
performance, which quantifies the receiver degradation effect due to the presence of g single,
dominant, out-of-bancinterference. Measuring the 1-dB compression paint due to the blocking
can be done by combining a small, desired sinusoid signal with large, undesired sinusoid
signal, and applying them to the recsiver input. The desired sinusoid is at the receiver's tuned
frequency and is adjusted for a 10-dB signal-to-noise ratio (SNR) in thpassband,

The amplitude of the undesired, out-of-bandis then increased in steps until passband signal
gets reduced by 1 dB at the output.

The above experiment was done with the front-endsystem and the IF system using 150
MHz as the desired signal and 175 MHz as the out-of-bandsignal. Figure 1.3 gives the
experimental results. The results show a power level of -26dBm TV (175 MHz) signal can
reduce the passband signal (150 MHz) by 1-dB. Similarly if the RF input to the (70 MHz) IF
sub-system contain a level of -30dBm at 175 MHz, the IF signal reduces by 1-dB. This
emphasises the importance of rejecting the television transmission and other strong RFI signals
out of and. Also this clearly shows the need for narrow-bandfeed so that we don't bring in much



: The above experimental results and its analysis clearly show
that modifications has to be done at every stage of the system 10 make the 150 MHz band
usable at GMRAT.

Feed: A narrow band 150 MHz feed will really help in reducing strong RFI lines at this band.
But we need to decide how narrow the feed 10 be and ensure we don't lose time in replacing the
feed at GMRT.

Front-end sub-syster: The front-end sub-system eventhough does not saturate early when
compared to common-boxar IF system but could be generating IMD Products in the presence of
strong RFl lines. The solution could be one of the following three solutions.

Solution 1 :The MAR 3 post amplifier limits the 1—dBcompression level of front-endbox to —27
dBm , replacing it with MSA 0520 will improve 1-dBcompression level to -14 dBm. The MSA
0520 is having output 1-dBcompression level of + 23 dBm while MAR 3's corresponding figure
is + 10 dBm. The gain of MSA 0520 is only 8 dB ( Gain of MAR 3 is 13 dB ) but is adequate of
for the 150 MHz band. Figure 4.2 shows the analysis of this scheme.

Solution 2: A suitable attenuator can be inserted in between the LNA and the post amplifier (
MAR 3 ) to avoid saturation of post amplifier. An attenuator of 14 dB prevents saturation of MAR
3 and improves the 1 dB compression level of front-endbox to —14dBm similar to earlier solution
1. Figure 4.3 shows the analysis of solution 2.

Solution 3: The MAR 3 post-amplifierhave only 13 dB and adding a pad for 14 dB implies that
the amplifier itself can be removed and the 1-dB compression point of the front-end box
improves to —14 dBm from the present -27.5 dBm.

Since the IF has a lower saturation level, the high gain at the front-endis of little use and
one can do away with the post amplifier, Figure 4.4 shows the analysis of solution 3.

150 MHz bandpass filter: The bandpass filter at the front-end have poor cut-off at the strong
RFI lines outside the 32 MHz band as shown in figure 1. 3. The roli-offat higher cut—offis poor
and a sharp cut-offfilter will help in rejecting the strong signals like TV. Similarly the lower side
has a RFI at 133 MHz and rejecting is a must since it have only 2 dB rejection. A notch filter or
off-tuned filter can help in rejecting this RFI. Improvement in filter will help in getting better
blocking performance at 150 MHz.

Common-boy: From figure 2.2 it is clear that the common-boxgets saturated early compared
to any other system at -20dBm. This performance will affect all bands of GMRT. The poor
performance of the common—boxis due to the MAR 3 amplifier used in comman box similar to
the 150 MHz front-end box This can be improved by the following two ways:

1. Use of solar attenuator at the input of the common-box. Figure 3.2 clearly show the
difference in linearity performance with 0 dB solar attenuator and 14 dB solar attenuator.

2. Replace the existing MAR 3 post amplifier with MSA 0520 having +23 dBm output
compression level and gain of 8 dB improve the 1 dB compression point. A dual stage can



provide an equivalent gain to MAR 3 without reaching early saturation. A better device also
could be a viable solution.

IF System: Measurements with 70 MHz IF stage show that the amplifier at the input of the
system has low compression point. Replacing with a better input amplifier will be of help to all
bands with the high gain front-end system.

Any later saturation can be tackled with |F Pre- and post-attenuators of the IF system.
The Fiber optic System's 1 dB compression is far-behindthese values and the system will be
linear with the above modification The usage of solar attenuator will help a lot when limited with
dynamic range of the receiver system. It will be better to réname the solar atlenuator as
front-end attenuator sg that the facility is usedalways.

Conclusion: The early saturation of front-end and common-boxdue to MAR 3 post amplifier
need to be tackled with one of the above listed madifications, The usage of solar attenyator will
be of more help in bringing the system in linearity. Better filter at 150 MHz is required to improve
the over—all blocking performance of the system at this bang. Similar experiments need to be
done for every sub-system of the receiver chain to search for any other performance limiting
factors.
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Figure 1.0 Blocking performance at 150 MHz band
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Blocking Performance at 150 MHz for TV signai
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_Figure 1.4 Blocking performance

of 150 Receiver for TV signal.
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Figure 4.1 Present Front-End System for 150 Mirdz band at GMRT
RF /P RF O/P
o Loss = -6 dB L=0.5dB L=-10.3dB i,
Power combiner + QHDC + DC INAD2184 150 BPF MAR 3 Walsh mixer + RF term Sw
1 1 ;
~ 27.5 dBm -33.5 dBm -1.5 dBm -2 dBm (+10dBm -0.3 dBm
NOTE:
_27.5dBm is the 1 dB compression point for Front-end box due to the saturation of MAR 3 amplifier.
L, r
T )
Figure 4.2 Solution 1: Front-End System - MSA 0520 replaces MAR 3 amplifier.
RF VP RF O/P
Oo—| Loss = -6 dB - L=0.5dB G=8d8™, | L=-103dB8 —0C
Eooim oo o] L
Power combiner + QHDC + DC INAD2184 150 BPF MSA 0520 Walsh mixer + RF term, SW
f—“.

- 14 dBm -20 dBm +11 dBm 10.5 dBm +18.5 dBm +8.2dBm

Note:

MSA 0520 - 1 dB compression point at output is + 23 dBm

INA 02184 - Reaches 1 dB compression point at + 11 dBm output power.

The Front-end box | dB compression point has been increased from -27.5 dBm to - 14 dBm i.e. increaed by 13.5dB

A



rigure 4.J. oUIuLIvi £; rromnwe—cinu QysLeln = vy IIIEETIIIIB dILCTIUAIOT dIler LINM.

RFIP |

O—‘ Loss = -6 dB

Power combiner + QHDC + DC

RF O/P

L=-10.3dB |—D

INAD2184  |Attenuator| 150 BPF | MAR 3 [raish mixee + AF tarmination SW

- 14 dBm ~20 dBm -3dBm  -3.5 dBm (+9.5dBm ) +3.2 dBm

INA 02184 and MAR 3 - Reaches 1 dB compression point and - 14 dBm is the maximum paower input to the 150 MHz front-end bax.

Figure 4.4. Solution 3 Front End System - by removing MAR 3 Post Amplifier.

RFIP | ' RF Q/P
O—[ Loss =-6dB L=0.5dB L=-10.3dB J—‘C
|

| Power combiner + QHDC + DC INAD2184 150 BPF Walsh mixer + RF termination SW
| : 1
-14 dBm -20 dBm ( +11 dBm ) +10.5 dBm -0.3 dBm

MAR 3 amplifier is totally removed. Hence - 14 dBm is the maximum power input to the 150 MHz front-end box.




