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ABSTRACT 

 

The backend receiver system of the Giant Metrewave Radio Telescope (GMRT) 

is being upgraded and the modifications being implemented in the analog and digital 

sections of these receivers cater to the improved specifications of the upgraded 

GMRT (uGMRT). 

The main specifications related to the analog section are the ability to process 

30 dual polarized RF signals at the central station for a frequency range from 130 to 

1600 MHz with seamless frequency coverage, and an instantaneous maximum 

bandwidth of 400 MHz. 

The Digital backend system consists of ROACH board and GPU processors and 

can easily handle the bandwidth of 400 MHz baseband signal with support up to 16K 

digital channels.   

A very precise and stable Clock & Trigger signal is required for seamless data 

digitalization purpose. A GPS disciplined Rubidium clock is used to generate 

reference clock and trigger signal.  With an aim of distribution of this reference 

generated signal, this unit of a system is being developed. 

This report describes the design details; implementation scheme and set-up 

for testing of the Clock and Trigger signal Distribution Unit. It also includes the test 

results and snapshots of the unit along with datasheets used for the unit. 
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1. Introduction: 
 
 The clock and trigger signal are required to the hardware (ROACH Boards) of 
the upgrade wideband digital back-end (GWB) system to maintain the 
synchronization in the signal digitalization process. The prerequisite of this signal is 
that both are generated using the T&F standard of the GMRT.  The design helps to 
make the multiple copies of the reference signal as an input to the GWB digitalizing 
units. 
 

2. Design Requirement: 
 

1. To provide 8 copies of the Trigger signal either PPS or PPM. 
2. To provide 8 copies of the Clock signal having range from 10 MHz to 1500MHz. 

 
3. Block Diagram: 

 

 
 

Figure 1: Block Diagram of Clock and Trigger Signal Distribution Unit. 
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4. Circuit Design: 
 

4.1 Trigger Signal Distribution: 
 

 A Trigger signal (PPM/PPS) is received from the Time and frequency standard 
of the GMRT and this signals are received in the Correlator room. For 1PPS 
distribution, IDT8308 LVCMOS fan-out buffer IC is used which provide 5V TTL 
output. This unit operates at + 5V DC from SMPS output. The IDT make ICS8308I has 
been selected and a circuit designed as shown in the circuit diagram. 

 
Figure 2: Schematic Diagram of Clock and Trigger Signal Distribution Unit. 

  
4.2 Clock Signal Distribution: 

 
 For Clock distribution 8-way Pulsar make divider P8-08-454/2S is used which 
provides 800MHz Clock output with -14 dBm power level. 
  A dedicated Meanwell make SMPS is used in this unit. This PIU is integrated in 
1U size enclosure which serves as a distribution circuit for both Clock and 1PPS sync 
Output. The unit operates at 230VAC Input with down converting the power supply 
to +5V DC through SMPS Unit. This unit is also having features with ON/OFF switch 
to Mains 230VAC power supply along with Fuse of 2A rating. 
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5. The specifications of the IC’s used in the Distribution unit are 
as follows: 
 

5.1 IDT 8308A: 
 

1. Low skew,1-to -8 Fan-out buffer 
2. Two selectable inputs, (1. CLK and 2. Differential input levels) 
3. Outputs are designed to drive 50 ohm series or parallel terminated 

transmission lines. 
4. Eight LVCMOS/LVTTL outputs, (7Ωtypical output impedance 
5. Selectable LVCMOS_CLK or differential CLK, nCLK inputs 
6. CLK, nCLK pair can accept the following differential input levels:  

 LVPECL, LVDS, LVHSTL, SSTL, HCSL. 
7. Guaranteed output and part-part skew characteristics make the 8308I ideal for 

those clock distribution applications. 
 

5.2 8 Way RF Divider(P8-08-454/2S): 
 

1. Pulsar Microwave Make. 
2. Frequency Range: 5 – 2000MHz. 
3. Insertion Loss: 4.5 dB Max. 
4. Isolation: 16 dB Min. 
5. Power: 1 Watt Max. 

 
5.3 SMPS (NES-25-5): 

 
1. Meanwell Make. 
2. DC Voltage:5V  
3. Rated Current:5A 
4. Rated Power:25W 
5. Protections: Short circuits/Overload/Over voltage. 
6. Single Output switching Power Supply. 
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6. Schematic and PCB layout: 
 
   Altium Designer software is used for making a schematic and PCB layout 
diagram of Trigger (1PPS/PPM) Signal Distribution circuit. It has one input and 8 
multiples output used for Trigger (1PPS or 1PPM) signal distribution. The outputs 
are matched with 50 ohm series impedance for transmission lines. It requires +5V DC 
supply for its operations. The size of this PCB is 130x50mm having track width of 
1mm with thickness 1.5mm.  
  

 
Figure 3: PCB of Trigger Signal Distribution Unit. 

 

 
Figure 4: PCB layout Diagram of Trigger Signal Distribution Unit. 
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7. Test and Measurements: 
 

7.1 Trigger Signal Distribution: 
 

  For testing a trigger Signal distribution, A TM4-M/D unit is used which 
provides a 1PPS (50% duty cycle) output on Port E. This 1PPS input is connected to 
trigger distribution circuit and 8 multiple copies of 1PPS signal are taken as output. 
 
 Following are the plots of Trigger Signal (1PPS output) shown below: 
 

 
(i) 1PPS Amplitude (5V) and Frequency (1Hz). 

 
Figure 5: Plots of Trigger Signal output (1PPS 50% duty cycle) Distribution Unit. 

 
 

        
 

(i) Rise Time_5.2 ns 1PPS Input Signal.  (ii)  Rise Time_4.9 ns 1PPS Output Signal. 
 

Figure 6: Rise time of Trigger (1PPS) Input and Output Signal. 
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(i) Fall Time_5.0 ns 1PPS Input Signal  (ii)  Fall Time_4.6 ns 1PPS Output Signal 
 

Figure 7: Fall time of Trigger (1PPS)  Input and Output Signal. 
 
 

     
(ii) Rise Time Delay_5.8 ns  Input Signal (ii)  Fall Time Delay_5.2 ns Output Signal 

 
Figure 8: Delay between Input and Output of Trigger (1PPS) Signal. 

   …….CH1_Yellow colour indicates 1PPS Input Signal  
   …….CH2_Pink colour indicates 1PPS Output Signal. 
 

 Summary Table: 
 

Sr. No. Description 1PPS Input Signal 1PPS Output Signal 
1 Rise Time 5.2 ns 4.9 ns 
2 Fall Time 5.0 ns 4.6 ns 
3 Rise Time Delay  5.8 ns 
4 Fall Time Delay 5.2 ns 
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7.2 Clock Signal Distribution: 
 
For testing a Clock Signal distribution, a signal Generator SMA100 is used for 

providing CW Signal of 800MHz Clock as Input to 8-Way RF Divider (Pulsar 
Microwave_P8-08-454/2S) which gives 8 multiple copies of Clock Signal with -14 
dBm power level. 

 
Loss calculated in 8 Way RF Divider (dB) =10*log 8 …… (8=for 8 Way RF Divider) 

=10*0.9030 
=9dB + (4.5dB) Insertion loss 
=13.5dB 

 

          
(i)  800 MHz Clock Input Signal.   (ii)    800 MHz Clock Output Signal. 
 

Figure 9: Plot of 800MHz Clock Signal Distribution Unit. 
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Figure 10: Plot showing Harmonics of Clock (800MHz) Input Signal. 
 
 

 
 

Figure 11: Plot showing Harmonics of Clock (800MHz) Output Signal. 
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 8 Way RF Divider(P8-08-454/2S): 
 

 
Figure 12: Snapshots of 8 Way RF Divider Pulsar microwave (P8-08-454/2S). 

 

 Following are the Transmission and Reflection loss of 8 Way RF Divider 
(Pulsar Microwave P8-08-454/2S). 

 

 
 

Figure 13: Transmission loss of 8 Way RF Divider (Pulsar Microwave_P8-08-454/2S). 

 

 
 

Figure 14: Reflection loss of 8 Way RF Divider (Pulsar Microwave_P8-08-454/2S). 
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8. Bill of Materials: 

 

  Bill of Materials for  Clock Signal Distribution PCB   
            

SR 
No. Description Type / Make Designator Value Quantity 

            
1 Capacitor SMD C1, C2 0.1uF 2 
    SMD C3 10pF 1 

2 Resistor SMD R1,R2,R3,R4,R5,R6,R7,R8 
 50E, 
1/4W   8 

    SMD R9 
 100E, 
1/4W  1 

3 Jumper Plastic J4 Link 1 

      

        Bill of Materials for  Clock & Trigger Signal Distribution Unit   
          

SR 
No. Description Make Type Quantity 

          
1 SMA Connector Huber-Suhner Straight Panel Cable Jack-Female 10 
2 SMA Connector Huber-Suhner Straight Panel Cable Jack-Male 2 
3 SMA Connector Huber-Suhner Straight Bulkhead Cable Jack-Female 1 
4 DC Connector   DC power Connector - 3Pin 1 
5 Clock PCB FR4 Board Designed PCB 1 

6 8 Way RF Divider 
Pulsar 

Microwave Inductive module 1 
7 1U Unit (19" Size) Home made Aluminium Box 1 

8 230V AC Switch   Plastic 1 
 

     

 
Figure 15: Bill of Materials for Clock and Trigger Signal Distribution Unit. 
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9. Snapshots: 
 

 
Figure 16: Snapshots of Clock and Trigger Signal Distribution Unit. 

 

 
Front view 

 

 
Rear view 

 

 
Set-up for testing Trigger Signal Distribution Unit 
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10. Datasheets: 
 
10.1 IDT 8308A: 
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10.2 8 Way RF Divider (Pulsar Microwave _P8-08-454/2S): 
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10.3 Switch Mode Power Supply ( SMPS NES-25-5) : 
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