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Abstract 

 

The purpose of this report is to re-design the Radio Frequency Control and Monitoring Module and 

to make this card unified for all the frequency bands of GMRT. Presently two versions of RFCM 

card are being used in GMRT Front-End systems. 50 MHz, 150 MHz, 233 MHz, 325 MHz and 610 

MHz Front-End boxes have similar RFCM card whereas RFCM for the L-band is different from the 

above mentioned GMRT bands. It has additional provision of filter selection and monitoring in it. 

This report describes the functionality of RFCM card and covers the design of the RFCM card 

along with its entire functionality, application in GMRT front end system and design details. 
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1. Introduction: 

Giant Meter wave Radio Telescope (GMRT) has been designed to operate at six frequency bands 

centred at 50 MHz, 150 MHz, 235 MHz, 327 MHz, 610 MHz, and L-Band extending from 1000 

MHz to 1450 MHz. The L-band further split into four sub-bands centred at 1060 MHz, 1170 MHz, 

1280 MHz and 1390 MHz, each with bandwidth of 120 MHz. The 150 MHz, 235 MHz and 327 

MHz bands have about 40 MHz bandwidth and 610 MHz band has a bandwidth of 60 MHz. Lower 

frequency bands from 150 MHz to 610 MHz have dual circular polarization channels (Right Hand 

Circular and Left Hand Circular) which have been conveniently named as CH1 and CH2 

respectively. 

The RFCM card used in the front-end boxes is for controlling various functionalities and 

monitoring of various parameters for these particular front-end systems. Each FE-Box has its own 

dedicated RFCM card which is being controlled and monitored by the command sent from 

telescope control room on common bus (RS485) through the Monitoring and Control Module 

(MCM-5) card that sits in the common box in the front end system. At any given time only one 

front-end box i.e. only one frequency band is selected and rest of the front-end boxes are kept off. 

The basic functionalities of the RFCM card are RF on/off, Noise level selection, Walsh Switching, 

Filter Selection and providing supply voltages to different RF devices that sits in the respective 

front-end boxes.  

The RFCM card was originally designed by M/S Raman Research Institute (RRI), Bangalore before 

more than 15 years. Unfortunately no details regarding schematic design, layout, etc. were available 

with the group. Even films required for PCB fabrication were not available. Therefore it was very 

difficult to maintain the front end systems with RFCM card failure. The spare cards were not 

enough to maintain five different front end systems on each of the 30 GMRT antennas. Therefore it 

was decided to go ahead with re-designing of the RFCM card and make it unified for the front end 

systems for all the GMRT bands. Also the new RFCM card is incorporated with the additional 

monitoring facility along with the TTL filter selection outputs. 
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2. Radio Frequency Control and Monitoring Card: 

RFCM stands for Radio Frequency Control and Monitoring. It is basically a digital PCB used in 

each of the frontend boxes for control and monitoring purpose. It is used for controlling the various 

functionalities of the frontend box like RF on/off, Filter selection, Noise on/off and controlling the 

Noise level (Extra High Cal, High Cal, Medium Cal, and Low Cal). It is also used for monitoring 

the temperature and RF power level of each of the frontend boxes with the help of temperature 

sensors and RF power detector respectively. 

RFCM card receives 8 bits of control data from the MCM-05 and generates 0V & -7V 

complimentary analog signals from these TTL inputs for driving the GaAs FET switches used for 

noise level settings, RF ON/OFF and filter select. Currently, the filter select option is utilized only 

for L-Band, but now in up-gradation of GMRT bands this facility of filter selection will be 

available in each band. The noise ON/OFF, Walsh function WF1 and WF2 are received through the 

MCM Interface card. The noise ON/OFF line is used as the control signal for the bits corresponding 

to the middle two switches (S2 & S3) in the noise generator. This is achieved through a 

combination of Ex-Or gates. The Walsh function data are level shifted to +/- 10 V for driving the 

mixer in the post amplifier. This New RFCM card is also incorporated with the monitoring facility. 

Eight monitoring points are available on the MUX IC. These monitoring points are used for 

monitoring the power and temperature of the each of the front-end boxes. Fig.1 shows various 

inputs and outputs on the RFCM card. 

 

 

 

 

 

 

 

 

 

 

Fig.1 Inputs and Outputs of the RFCM cards 
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3. Schematic Diagram of RFCM card: 

 

Fig.2 (a & b) shows the Schematic diagram of an Old RFCM card (Existing) and New RFCM card 

respectively. The RFCM card has a 25 pin input D-Type connector. The input for the RFCM card is 

received from the common box. As shown in the fig. 1 RFCM card receives the 8 bit data lines 

(D0-D7), 5 bits address lines (A0-A4), digital ground, noise ON/OFF, and Walsh switching bits 

(WF1 & WF2). The 8 bits data lines include 4 bits of noise selection (NS0-NS3), 2 bits of filter 

selection (FS0-FS1), one spare bit along with the RF ON/OFF bit. All these data bits are TTL 

inputs (0V & +5V) that are converted into -7V & 0V complementary analog signals with the help 

of a comparator IC (LM339) for controlling the GaAs FET switches. The Walsh function bits are 

level shifted from 0V/5V to +/- 10V using an op-amp (OP-37). The RFCM card also has a 

monitoring facility and it can monitor 8 external voltages (M1-M8) along with the other internal 

voltages. The two 16:1 multiplexer IC’s (ADG506A) are used for this purpose and 5 bit address 

lines are used to select only one input at a time. Along with all these functionalities RFCM cards 

also provide power supply to the RF components that are present in the front-end box. For this it 

has four voltage regulators which convert +/- 17V into +/- 12V and +/- 5V. 

 

 

 

 

 

 

 

 

 

 

Fig.2 (a) Block Diagram of Old RFCM card (Existing) 
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The New RFCM card along with the following function explained earlier has additional 8 point 

monitoring facility along with the 3 TTL outputs (J11) for the filter selection. These two facilities 

have brought on the relemate connectors as shown in the schematic diagram of New RFCM card 

fig.2 (b). 

TTL Outputs for Filter Selection   

 

 

 

 

 

 

 

 

 

 

                                                                                                                            Monitoring Inputs 

Fig.2 (b) Block Diagram of New RFCM card (Modified) 
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4. Re-Designing of RFCM card: 

This section elaborates more about re-designing of the RFCM card. Complete reverse engineering 

was done to obtain the circuit schematic diagram from the available PCB for the existing RFCM 

card which is used in L-Band front end system for control and monitoring purpose and by 

thoroughly understanding the logic and signal flow. This was the toughest part in the entire 

designing process and we had to put lot of time and efforts to trace back the circuit successfully. 

Then the layout was designed using Altium PCB designing software.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Schematic Diagram of RFCM card Ver.1 

To start with the re-designing, first all point to point connections were traced from the existing PCB 

using a multi-meter in order to understand the signal flow. Using the datasheets for all the IC’s on 

the board and the signal flow, the logic was verified at each and every pin on the IC’s and I/O 

connectors. Based on this study a schematic was re-drawn using Altium Software as shown in fig.3. 

The schematic was analysed in detail for all the functionalities. Then the layout was designed by 
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importing this schematic into the PCB design studio in Altium. Proper footprints for some of the 

components that were not available in library were designed manually. Using appropriate track 

widths for Signal, Power and Ground connections the PCB design was completed. This was the first 

prototype called, RFCM Card Ver.1. Then the Gerber files were generated and sent to PCB 

manufacturer for fabrication. After receiving the PCB, the components were assembled on the card. 

The assembled card is shown below in fig. 4 (a & b). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 (a) Assembled RFCM card Ver.1 Top View. 

The assembled card was tested in the lab for its complete functionality. During testing it was found 

that some of the connections are missing in the fabricated PCB. So jumpers were used for proper 

connectivity as shown in fig. 4 (a & b). With this modification the card was tested and found to be 

functioning properly. 
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Fig.4 (b)

Fig.5 shows the assembled RFCM Card Ver. 2. The card was found to be working satisfactorily for 

all the functionalities. But in this version of the card, only five monitoring points were availab

spare to monitor five external inputs. These monitoring points had to be soldered directly on the 

multiplexer IC. Also, the card did not have provision for TTL inputs used for filter selection which 

is required in existing L band front end as well as

overcome these shortcomings and to meet the requirement of upgraded GMRT, it was decided to 

modify this card to support all the existing front ends as well as upgraded GMRT front ends and 

have one unified control and monitoring card for all the GMRT front end systems. 

 

 

 

 

 

Fig.4 (b) Assembled RFCM card Ver.1 Bottom View.

shows the assembled RFCM Card Ver. 2. The card was found to be working satisfactorily for 

all the functionalities. But in this version of the card, only five monitoring points were availab

spare to monitor five external inputs. These monitoring points had to be soldered directly on the 

multiplexer IC. Also, the card did not have provision for TTL inputs used for filter selection which 

is required in existing L band front end as well as other bands in upgraded GMRT. In order to 

overcome these shortcomings and to meet the requirement of upgraded GMRT, it was decided to 

modify this card to support all the existing front ends as well as upgraded GMRT front ends and 

and monitoring card for all the GMRT front end systems. 

 

Assembled RFCM card Ver.1 Bottom View. 

shows the assembled RFCM Card Ver. 2. The card was found to be working satisfactorily for 

all the functionalities. But in this version of the card, only five monitoring points were available as 

spare to monitor five external inputs. These monitoring points had to be soldered directly on the 

multiplexer IC. Also, the card did not have provision for TTL inputs used for filter selection which 

other bands in upgraded GMRT. In order to 

overcome these shortcomings and to meet the requirement of upgraded GMRT, it was decided to 

modify this card to support all the existing front ends as well as upgraded GMRT front ends and 

and monitoring card for all the GMRT front end systems.  
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Fig.5 Assembled RFCM card Ver.2 

 

The schematic and layout was modified to accommodate all the control and monitoring 

requirements of front end systems and the PCB was re-designed. This was the final version of the 

card, referred as RFCM Card Ver.3. This version of the card has 8 monitoring inputs and TTL 

inputs for filter selection. Provision was made to make all these control and monitoring points 

available on a 5 pin and 8 pin Jalex connector respectively.  

The PCB was fabricated and then the card was assembled and tested thoroughly in lab for all the 

functionalities. It was found to work satisfactorily for all the GMRT front end systems, both old as 

well as upgraded. Fig. 6 shows the PCB layout of RFCM card Ver.3 and fig. 7 (a & b) shows the 

assembled RFCM Card Ver.3 along with the additional hardware added to the card. 
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TTL Outputs for Filter Selection  

 

 

 

 

 

 

 

                                                                                                                  

 

               Fig.6 PCB layout of RFCM Card Ver.3.                      Monitoring Inputs 

TTL Outputs for Filter Selection 

 

 

 

 

 

 

 

 

 

 

           Fig.7(a) Assembled RFCM card Ver.3 Top View                   Monitoring Inputs 
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Fig.7(b) Assembled RFCM card Ver.3 Bottom View 
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5. Pin Configuration of Input / Output Connectors on RFCM card: 

As shown in the figures above the RFCM card has one 25 pin D-type i/p connector (J1) and two 9 

pin and 25 pin D-type o/p connectors (J3 and J4 respectively). Along with this it also has 5 pin and 

8 pin Jalex connector for TTL input Filter Selection and for Monitoring purpose respectively. The 

RFCM card receives the inputs from the common box through a 25 pin round shell connector. The 

pin configuration for which is shown in the figure given below.  

 

 

 

 

 

 

 

 

 

Fig. 8 Round Shell Connector Pin Configuration 

The pin description for the 25 pin input connector is described below: 

S. No. 
Round Shell  

Connector 

25 pin input D-

type Connector 

(J1) 

Pin 

configuration 
Remark 

1 A 1 NS0 

4 bits 

Noise  Selection 

2 B 2 NS1 

3 C 3 NS2 

4 D 4 NS3 
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5 E 5 D4 RF ON/OFF 

6 H 6 Spare Spare bit 

7 G 7 FS1 Filter 

Selection 8 F 8 FS0 

9 K 9 A0 

5 Bits  

Monitoring Address 

10 L 10 A1 

11 M 11 A2 

12 N 12 A3 

13 P 13 A4 

14 T 14 Noise On/Off Noise On/OFF 

15 R 15 WF1 

Walsh Switching 

16 S 16 WF2 

17 J 17 GND Ground 

18 Q 18 M-Data Monitoring Data 

19  19 NC Not Connected 

20  20 NC Not Connected 

21  21 NC Not Connected 

22  22 NC Not Connected 

23  23 NC Not Connected 

24  24 GND Ground 

25  25 GND Ground 
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The pin configuration of the output connector is as follows: 

1. 25 Pin D-type connector (J4): 

 

Pin No. Pin Configuration Remark 

1 Filter Selection 

Two filter selection bits from the input get 

decoded into four bits and then level shifted into 

0 V and -7 V. The four bits and there 

complement makes the 8 bits available for the 

filter selection. 

2 Filter Selection 

3 Filter Selection 

4 Filter Selection 

5 Filter Selection 

6 Filter Selection 

7 Filter Selection 

8 Filter Selection 

9 GND Ground 

10 NC Not Connected 

11 NC Not Connected 

12 +12 V Supply to Phase Switch/Post Amplifier 

13 +12 V Supply to Phase Switch/Post Amplifier 

14 CP1 
RF ON/OFF 

15 CP2 

16 SP 
Filter selection bits for by-pass mode selection 

17 SP 

18 GND Ground 

19 GND Ground 
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20 NC Not Connected 

21 WF1 
Walsh Switching +/- 10 V. 

22 WF2 

23 NC Not Connected 

24 GND Ground 

25 GND Ground 

 

 

2. 9 Pin D-Type Connector (J3): 

 

Pin No. Pin Configuration Remark 

1 NS0 

Four bits for Noise level 

selection. 

2 NS1 

3 NS2 

4 NS3 

5 GND Ground 

6 NS0 

Complimentary four bits 

for Noise Level Selection. 

7 NS1 

8 NS2 

9 NS3 
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3. 8 Pin Molex Connector (Monitoring Ports) J10: 

 

Pin No. Pin Configuration Remark 

1 M1 (Monitoring Port) Spare 

2 M2 (Monitoring Port) Spare 

3 M3 (Monitoring Port) Spare 

4 M4 (Monitoring Port) Spare 

5 M5 (Monitoring Port) CH1 Power Monitoring 

6 M6 (Monitoring Port) CH2 Power Monitoring 

7 M7 (Monitoring Port) LNA Temp. Monitoring 

8 M8 (Monitoring Port) FE-Box Temp. Monitoring 

 

 

 

4. 5 Pin Molex Connector (Filter Selection) J11: 

 

Pin No. Pin Configuration Remark 

1 GND Ground 

2 +5 V Supply Voltage 

3 OP1 FS0 Bit 

4 OP2 Spare Bit 

5 OP3 FS1 Bit 
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6. Conclusion: 

 

The RFCM card is re-designed successfully to cater the control and monitoring 

requirements of all the GMRT front end systems. The prototype card is fabricated, 

assembled and tested successfully for all the functionalities with front end systems for L-

band as well as some of the other bands like, existing 327 MHz and upgraded 250-500 

MHz. It gives a unified solution for control and monitoring of existing as well as upgraded 

front-end systems. 
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7. Bill of materials: 

 

S No. Component Name Description Value 

1 J1 D-Type Connector (Male) 25 Pin 

2 J2 Sliver Twigs 3 Pin 

3 J3 D-Type Connector (Female) 9 Pin 

4 J4 D-Type Connector (Female) 25 Pin 

5 J5 Jalex Connector (Male) 26 Pin 

6 J6 Jalex Connector (Male) 26 Pin 

7 J7-J8 Silver Twigs 2 Pin 

8 J10 Molex Connector (Male) 8 Pin 

9 J11 Molex Connector (Male) 5 Pin 

10 U1 Voltage Regulator 7812 

11 U2 Voltage Regulator 7912 

12 U3 Voltage Regulator 7805 

13 U4 Voltage Regulator 7905 

14 U5 2 I/P Ex-Or 14 Pin IC 74LS86 

15 U6-U10 Comparator 14 Pin IC LM339 

20 U11 Decoder 16 Pin IC 74LS139 

21 U12 Hex Inverter 14 Pin IC 75LS04N 

22 U13 Op-Amp 8 Pin IC OP37 

23 U14-U15 Multiplexer 28 Pin IC ADG506A 
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25 U16 Op-Amp 8 Pin IC OP37 

26 C1-C8 Capacitors 0.47 uF 

27 C9-C29 Ceramic Capacitors 0.1 uF 

28 R1,R2,R4,R5,R8,R9,R11,

R12 

Resistors 10 k 

29 R3,R7,R10,R14 Resistors 68 k 

30 R6,R13,R22,R28 Resistors 33 k 

31 R17,R19,R23,R25 Resistors 5 k 

32 R18,R20,R24,R26 Resistors 22 k 

33 R21,R27 Resistors 91 k 

34 R29 Resistor 1 k 

35 R30 Resistor 1.8 k 

36 R31,R37,R38 Resistive Network (Series) 4.7 k 

37 R32,R33,R34,R35,R36 Resistive Network (Parallel) 2.2 k 

38 PCB Material FR4 Substrate 1.6 mm Thick 
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9. Annexure: 

1. Schematic Diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




















