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1.0 Introduction

The Giant Meterwave Radio Telescope undergo major upgrade to provide
seamless coverage of all radio astronomy bands from 30 MHz to 1600 MHz.
This needs a high dynamic range broadband signal transport system to bring
in the noise like radio astronomy signals from remote antennas directly from
frontend system to the central processing station (CEB) without any
frequency translation. The upgrade to the existing working antennas could
lead to non availability of these antennas for radio astronomy observation.
The upgraded system co-exist with the existing signal transport system and
works in parallel with the broadband link. The broadband link uses optical
multiplexing and bi-directional fiber optic link on to the same fiber. The
existing forward link operates at 1300 nm carrying telemetry and LO signals
to remote antenna. The existing return link carrying IF, LO and return
telemetry link is brought over one of the DWDM optical channel on to the
same fiber along with the broadband signals directly from the frontend
system.

This requires splitting of the RF signals coming from frontend with
suitable amplification to compensate the splitting loss and feed one input to
the IF system of ABR rack and the other directly connected to broadband
analog fiber optic link. Figure 1.0 shows the configuration done at the
antenna base. A RF coupler is added at the input for monitoring the
incoming RF signal at the antenna base. A variable attenuator is placed in
the RF gain block unit to adjust the input RF power level to the fiber optic
system. The total power received from the frontend system vary with
frequency band and to provide constant input power to the fiber optic system
a variable attenuator is included in the RF gain block unit. A single PIU
situated at remote antenna base has two independent receiver chain carrying
both the polarizations from frontend system.

This report describes the individual blocks of the RF PIU with performance details.
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View of RF PIU
2.0 Sub-units of RF Gain Block Unit
The RF gain block unit consists of Directional coupler for RF monitoring at antenna
base, Broadband RF amplifier, RF power splitter and variable RF attenuator. Figure 2.0
shows the various sub-units inside the RF PIU for two RF channels connecting to

frontend system.




2.1 Directional Coupler

The broadband directional coupler is designed using Mini-circuits module (TCD-
9-1W+) covering 5 to 2000 MHz with 50 Q input and output impedance. The input
port of this device is connected to frontend system using Type ‘N’ RF connector (
Huber + Suhner 24 N 50-3-51/19-NE ). The coupled port is 9 dB down from the
main port and it is terminated with removable TNC 50 Q load to avoid reflection
from open port. The output port is provided with 4 dB fixed attenuator to provide
better match with the following broadband RF amplifier input port. The insertion loss
for the main line is 1.2 dB over the band. The unit used Rogers Ultralam board for
PCB and the card is placed inside a small milled aluminum chassis with SMA
connectors at input and output port of this sub-unit.
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Typical Performance

Frequency | Mainline loss (dB) Coupling (dB) Input Return loss
In MHz (dB)
Measured/Mini- Measured/Mini- Measured/Mini-
Circuits Circuits Circuits
50 -1.01/-1,13 8.75/8.96 -30.1/-27.80
100 -0.99/-1.14 8.81/8.97 -28.5/-30.00
500 -1.24/-1.25 8.73/8.65 -22.1/-22.87
1000 -1.60/-1.54 8.24/8.48 -22.7/-22.07
1500 -2.56/-2.31 8.22/8.57 -23.9/-21.45
2000 -3.78/-3.07 9.18/8.76 -12.4/-22.33

View of Directional Coupler Unit and it’s PCB
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2.2 Broadband RF amplifier (50 MHz - 6 GHz)

The broadband RF amplifier used as gain block is an InGaP HBT MMIC amplifier
(SBB5089Z ) with Darlington configuration using an active bias network. The active bias
network provides stable current over temperature and process Beta variations. The RF
amplifier works on + 5V Dc and does not require a dropping resistor as compared to typical
Darlington amplifiers. The device is highly linear with flat frequency response over large
bandwidth suitable for broadband fiber optic system and used minimum external
components. Both input and output port is internally matched to 50 ohms.

The manufacturer specification is given in Table 2 for reference. The schematic and
performance is given in figures below.

Broad band RF Amplifier

RF in>—

Specifications

Schematic Diagram of Broadband RF Amplifier (SBB5089Z)

Manufacturer Specifications ( SBB50897 )

Frequency Range (Min) (MHz): 50
Frequency Range (Max) (MHz): 6000
Signal Gain (dB): 20
Noise Figure (dB): 4.2
Output Power at 1 dB Compression 20.5
(dBm):

Third Order Intercept Point (dBm): 35
Device Operating Voltage (Vcc) (V): +5
Device Operating Current (mA): 75
S11 and S22 (dB) <10 (typ.)




Measured result of SBB5089Z

Frequency Insertion Gain in Input Return Output Return
In MHz dB Loss (dB) Loss (dB)

50 15.82 -8 -9

100 19.85 -12 -11

500 20.84 -27 -25
1000 20.63 -16 -18
1500 20.30 -12 -13
2000 19.91 -12 -12

Gain performance over the frequency band ( 50 MHz — 3 GHz )

1 Ackive ChfTrace 2 Response 3 Stimulus 4 Mkrfénalysis 5 Instr State
A 521l Log Mag 10.00dE/ Ref 0.000dE [Fz2]
Eo.0o0
1 GS0.000000 MHz 1G5.21% 4B
2 100.00000 MHz 19.549 dE
3 500,00000 MHz 20.546 dB
40.00 4 1.0000000 GHz  20.623 dB I
=5 1.5000000 GHz 20.302 dB Brirk
& 2.0000000 GHz 19.912 4B
7 2.5000000 gHz 12.575 dB
30.00 & 2.9000000-gHz 19,353 dB
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5
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> E 4 = 7 5 Prinker Setup...
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0.000 L Dump
Screen Image...
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Mass produced Sirenza RF amplifer used as gain block in broadband Fiber optic
System
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2.3 RF power splitter

The incoming RF signal from frontend system is split into two outputs using a two
way e dB power splitter. Mini-circuits device RPS-2-30+ is 50 ohms matched with 0 degree
phase shift and works from 10 MHz to 3 GHz. Out of two ports one port is connected to the
broadband signal path to feed the broadband analog fiber optic transmitter and the other
output is connect to antenna base receiver i.e IF system with 10 dB attenuator to reduce the
excess gain from the previous stage. The TNC bulk head connector on the rear panel of the
PIU gets connected to the IF system to support the existing GMRT receiver chain.

(View of RF power spitter RPS-2-3-30+)

SUM PORT 6
PORT-1 4
PORT-2 3

GROUND 1,2&5




Measured Results — RF power splitter

Frequency in MHz | S21 port 1 (dB) S21 port 2 (dB) | Input Ret. Loss O/P Ret.
(dB) Loss(dB)

50 3.88 13.68 -8 -10

100 3.76 13.56 -10 -12

500 3.79 13.59 -12 -13

1000 3.95 13.79 -11 -16

1500 3.97 13.77 -13 -19

2000 4.10 13.99 -16 -17

M 521 Log Mag 10.00dB/ Ref 0.000dE [F2]
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2.4 Variable RF attenuator

The 6 bit variable RF attenuator provides maximum attenuation of 35 dB in steps of
0.56 dB. The control inputs are TTL and the RF ports are matched to 50 ohms. The PQFN
packaged device MAAYGMO0001 is of Macom make

Pin Configuration and Truth Table of MAAT-GMO0001

IC Pin | Designation Description Level State

22 A6 18.0 dB Attenuation Bit High 18.0 dB
Atten.

23 A5 9.0 dB Attenuation Bit High 9.0 dB Atten.

24 A4 4.5 dB Attenuation Bit High 4.5 dB Atten.

25 VEE DC Supply Voltage -5V

26 A3 2.25 dB Attenuation Bit High 2.25dB
Atten.

27 A2 1.12 dB Attenuation Bit High 1.12 dB
Atten.

28 Al 0.56 dB Attenuation Bit High 0.56 dB
Atten.

2 RF input

20 RF output

Pin Nos. 1&21,3.19-NC | GND connected to
body

1 £ 3 4 38 7

Feed Through Pm "D’ Type Connector View of variable RF Attennator Unit
Configuration Configuration
1. A& 13.0dB 6 13
2 AS  9.0dB 5 12
3, A4 4sdm 4 1.
4., VEE -3volt - -« TEMGND
5. A3 1.24dB 3, 10. 15 NC
6. A L12dB 19,
7. Al 0.56dB 1 8




Variable Attenuator 0 dB setting

1 Active Ch{Trace 2 Response 3 Stimulus 4 Mkrfanalysis S Instr State
0.000d8 [F2]

40.00

Absolute

0.000 ) Return

-10.00

[1 Start 200 kHz IFEW 70 kHz Stop 2 GHz RN

Variable Attenuator 4.5 dB setting
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2.5 DC Power Supply Card.

This PIU requires +/- 5 volt DC supply for biasing the amplifier and attenuator units.
The DC Regulated Power Supply, which is designed for feeding the entire FO broadband
system has fixed output of DC +/- 15 volt with 3A current rating. A DC Power Supply card is
made for down converting the 15 volt to 12 and 5 volts. The +/- 15 volts from the FO-DC
power supply will connect to the input of the voltage regulators 7812/7912 respectively and
+/- 12 volts again down converted into +/-5 volts using voltage regulators 7805 and 7905.

This is a universal card, which is designed such way that it can be used as any general
purpose applications too.

Front view of FO-DC Regulated Power Supply unit

This power supply units are designed and fabricated in FOC Lab for catering entire
application of CWDM/DWDM system, and working in C06, C09, C11, S02, W04 and E06
antennae.




Typical Response of Integrated RF PIU (Input Power -60dBm)

FREQUENCY IF Channel-1 IF Channel-2 OFTx-Ch.1 OFTx-Ch.2
IN MHZ power in dBm power in dBm | power in dBm | power in dBm
100 -60.67 -60.95 -51.85 -51.96
150 -59.61 -59.50 -51.96 -51.46
233 -59.73 -59.99 -51.35 -51.24
327 -60.32 -60.10 -51.88 -51.69
610 -60.98 -61.00 -52.27 -51.95
1000 -62.14 -61.44 -54.08 -53.79
1400 -62.84 -62.88 -54.37 -54.23

Final output to GMRT- IF from RF amplifier (BBRF) PI1U

1 Active ChjTrace 2 Response 3 Stimulus 4 Mkrfanalysis S Instr Stake

pPIEE 521 Log Mag 10.00d4B Ref O.0004E [F2]

40,00

312

20.00
S22

10.00 Ahsalute |

J=

Return

-10.00

-40.00

[1 Start 300 kHz

IFEM 70 kHz Stop 2 GHz RN

Ready 2010-12-02 12:29

(Front End power levels to the IF input is maintained under +/- 1dB)
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Linearity performance of the integrated system with respect to IF Port.
(frequency 1400 MHz)

I/P o I/P orP I/P orpP I/P orpP

POWER POWER POWER POWER POWER POWER POWER POWER
-40 -40.75 -8 -8.7 0 -0.68 7.18
-35 -35.73 -7 -7.72 1 0.28 8.06
-30 -30.77 -6 -6.75 2 1.19 10 8.47
-25 -25.76 -5 -5.78 3 2.17 11 8.99
-20 -20.81 -4 -4.72 4 3.13 12 9.04
-15 -15.85 -3 -3.74 5 4.15 13 9.31
-10 -10.66 -2 -2.79 6 5.18 14 9.38
-9 -9.77 -1 -1.74 I 6.16 15 9.42

(All power levels are in dBm)
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Linearity performance of the integrated system with respect to OFTx Port.
(frequency 1400 MHz)

I/P POWER O/P I/P POWER O/P I/P POWER O/P I/P POWER O/P
POWER POWER POWER POWER

-40 -31.05 -8 0.55 0 8.57 8 16.32
-35 -26.43 -7 1.49 1 9.56 9 17.13
-30 -21.37 -6 2.47 2 10.58 10 17.85
-25 -16.51 -5 3.46 3 11.55 11 18.49
-20 -11.44 -4 4.47 4 12.45 12 19.04
-15 -6.55 -3 5.52 5 13.43 13 19.39
-10 -1.49 7 6.53 6 14.44 14 19.62

-9 -0.44 -1 7.55 7 15.4 15 19.72

All power levels are in dBm




Noise Figure performance

Noise figure is typical 8dB to 10dB over the full bandwidth (100MHz-1.5GHz),
which is about 4 dB higher due to 4 dB attenuator placed in directional coupler before the
amplifier input for better impedance matching. Below the noise figure measurement is taken
using Agilent N8973 A Noise figure meter.

MOISE FIGURE MEASUREMENT

Mkrl 156 FMHz g3.282 dB
Mkr2 327 MHz 8.326 dB
Mkr3 618 MHz 8.485 dB
Mkr 4 1.42 GHz 9.719 dB
+ = = I -
EEFS © .
Oy 2 =y B
T LT V
Start 190,06 MHz B 4 MHz Points 11 Stop 1.50686 GHz
Tcold 296.56 K Avgs 25/25 Att @ 4B Loss Off

Noise Figure measurement with respect to OFTx port.




Signal to Noise (SNR) measurement

In the below plot, the marker D2 is the ‘reference’ which is signal generator directly
connected to spectrum analyzer. The other marker M1 is the signal level after connecting the
PIU at OFTx port and marker M3 is the noise floor level. The marker D2(1) reads the gain of
the PIU. The SNR is better than 50 dB over 300KHz RBW.

* RBW 300 kHz
Att 10 dB * VBW 3 kHz M1[1] -36.25 dBm
Ref -35.00 dBm SWT 25ms M1 1.000000000 GHz
M3[1] -79.73 dBm
\ 1.002095808 GHz
40 dBrm D2[1] -7.50 dB
ﬁf 1.038000000 MHz
-45 dBm
Signal _—bj \ [ \
-55 dBm \
J } L Referance
'Eﬂ dBm j r
-65 dBm |’
-70 dBm
75 dBm
M3
; 'y
i A fﬂwr’ bl
CF 1.0 GHz Span 10.0 MHz

SNR measurement with respect to OFTx port at 1Ghz.
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SUMMARY OF SYSTEM PERFORMANCE

Gain @ OFTx port Typical 8.5dB (+/- 1 dB)
Gain/Loss @ IF port Typical 0 dB (+/- 1dB)
Input Return Loss >10dB
Output Return Loss @OFTX port >20dB
Output Return Loss @IF port > 25 dB
RF level @monitoring point | 09 dB lower than the input power
Input Linearity range with respect to -40 dBm to +10 dBm
OFTX port
Input Linearity range with respect to IF -40 dBm to +08 dBm
port
Input 1dB compression point +10dBm
SNR (300KHz RBW) > 50 dB
SNR (400MHz) >20 dB
Noise Figure (100MHz to 1500MHz) | 08 — 10 dB
Thank You
M.GOPINATHAN

gopi(@emrt.ncra.tifr.res.in
mgopun05@gmail.com
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