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1. Introduction
It is today possible to start thinking a receiver for radioastronomy as a system producing a numerical more than an analog output. Indeed mainly the further signal process is often realized still down-converting the received portion of band in sub-bands before the conversion in the digital domain, where operations like recording or immediate use for correlation, spectrum analysis, total power measurement, etc. are easier to be realized.
Adopting the idea to directly sample the RF signal, after having it appropriately amplified and conditioned in order to prepare for the analog to digital conversion process, opens new possibilities and interesting perspectives. Data transfer is then greatly simplified so as signal integrity. The sooner it is possible to produce a numerical representation of the received information, the better is in terms of data utilization.

With this aim MPI and IRA are proposing to test this possibility and an L band receiver, to be mainly used for VLBI, will be realized in 'digital version'. An informal meeting proposed by MPI was held in Noto between Reinhard Keller, Michael Nalbach (MPI) and Gino Tuccari (IRA). MPI is interested in producing such a receiver version for the Effelsberg antenna, while IRA made in the past a little experience with such system with its L and S band receivers and now it's also interested to produce a digital version of a receiver placed in the Noto telescope. 
The new receiver for Effelsberg operates in two ranges 1.200-1.500 MHz and 1.500-1.800 MHz. For a perfect matching with std sampling clk the crossing frequency should be placed at 1.536 MHz. 
The output of the system will be available in two possible format: 
1) data files, representation of the entire band, time tagged for network transfer and further process
in a remote site ranging from the control room up to any internet covered place.

2) signal transfer through dedicated optical fiber to the control room for injection in a DBBC terminal for standard VLBI or other data process, with output on VSI interfaces.

The first point can be realized in relatively short time adopting part of the components developed for the DBBC, while the second item requires still some development for the Rx-Tx chain, already planned and in part developed inside the DBBC project. 

The concept that needs to be explored is the direct use of the wide band produced in digital version, for all the possible scientific applications. This involves the possibility to cross-correlate with hybrid or fully software correlators for VLBI applications, or single dish data process for polarimetry, spectroscopy, total power measurement.
2. System description

In order to meet the first output format a system will be realized composed as described in the following drawing:


[image: image1]
The second point requires that the real time data signal is transferred to the control room, where the DBBC digital back-end is receiving and processing it in a standard VLBI fashion. The schematic drawing below shows the parts now introduced:

[image: image2]
A conditioning signal module is necessary for taking into account amplitude variations, so to always optimize the levels with respect to the ADBoard permitted range. In a first version this could also be a manual attenuation control, while a better system should plan for an active AGC. The DBBC adopt a similar system today ready in the range 0- 1GHz.
The ADB, FiLa, FiLa, Core are std. DBBC boards and can be applied as they are, with the only exception of the Core firmware, where an appropriate configuration is necessary for treating the full bandwidth to the VSI interface. It's planned to adopt a clock rate of 32-64-128 MHz with a channel pattern to be defined for an aggregate maximum recordable rate of 4Gbps with one VSIB, so about 8Gbps with the two available VSI connectors. Using a VSIB recorder a maximum of 512Mbps is possible with one board, and the first experiments will be realized with such recorder. It is worth to take into account the need to develop a dedicated recording board able to take handle large data rates. Different configurations will be possible with a JTAG connection while dedicated PCI interfaces drive communications with the CoreBoard and relise the AGC control in the ConditioningModule. The VSIB PC requires to be NTP synchronized and a station 1PPS is used as time tag for synchronize the data files. An external synthesizer is used as sampling clock generator.

In the optical linked version the new ADB2 will be adopted, supporting an clock rate up to 2.2 Gbps for a wider bandwidth up to 3.5 GHz. The new board will be equipped with a serial link operating at 10Gbps, able to transfer to an appropriate receiving element data to a standard DBBC system. Resident functionality could remain installed. The ADB board is under development as part of the DBBC project with the collaboration of Michael Wunderlich (MPI).
3. Data Handling

A first realization will take into account only one polarization, but support for a second polarization is assured. A maximum of four samplers are dedicated to a maximum realization of two complex data channels. Complex samplers are realizaed using two ADB1/2 fed with a complex version of sampling clock. Sampled couples of data are then inserted into the CoreBoard for a dedicated multiplexing and data format to the VSI standard. Tables below reports possible configurations for a general digital receiver, indicating a clock frequency compatible with the DBBC. More general values can be supported for software data processing. 

In red are indicated modes suited for the L band receiver.
Board
  I/Q
Sampl Clk    IstanBwd
FullBwd
  OutClk   VSI1
VSI2
  VSI1
  VSI2
       Tot Data Rate


     (MHz)          (MHz)
 (GHz)
  (MHz)
   #ch
#ch
(Gbps) 
(Gbps)

(Gbps)
---------------------------------------------------------------------------------------------------------------------
ADB1 
   I
    512
        256
   2,2
    32
16
--
 0,512
  --

0,512
ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
   2,2        32
32
--
 1,024
  --

1,024
ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
   2,2        32
16
--
 0,512
  --

0,512
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
   2,2        32
32
--
 1,024
  --

1,024
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
   3,5
    32
16
--
 0,512
  --

0,512
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024 
   3,5
    32
32
--
 1,024
  --

1,024
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
   2,2        64
16
--
 1,024
  --

1,024
ADB1
  Q
    
        512
---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
   2,2  
    64
32
--
 2,048
  --

2,048
ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
 2,2          64
16
--
 1,024
  --

1,024
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
 2,2
    64
32
--
 2,048
  --

2,048
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
 3,5
    64
16
--
 1,024
  --

1,024
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
 3,5
    64
32
--
 2,048
  --

2,048
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
 2,2
  128
16
--
 2,048
  --

2,048
ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
 2,2
  128
32
--
 4,096
  --

4,096


ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
  128
16
--
 2,048
  --

2,048
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
  128
32
--
 4,096
  --

4,096
ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
2,2
  128
16
--
 2,048
  --

2,048
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
2,2
  128
32
--
 4,096
  --

4,096
ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
    32
16
16
 0,512
  0,512

1,024

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
    32
32
32
 1,024
  1,024

2,048

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
    32
16
16
 0,512
  0,512

1,024

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
    32
32
16
 1,024
  1,024

2,048

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
2,2
    32
16
16
 0,512
  0,512

1,024

ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
2,2 
    32
32
32
 1,024
  1,024

2,048

ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
    64
16
16
 1,024
  1,024

2,048

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
    64
32
32
 2,048
  2,048

4,096

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
    64
16
16
 1,024
  1,024

2,048

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
    64
32
32
 2,048
  2,048

4,096

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
        1024
3,5
    64
16
16
 1,024
  1,024

2,048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
        1024
3,5
    64
32
32
 2,048
  2,048

4,096

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
  128
16
16
 2,048
  2,048

4,096

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
    512
        256
2,2
  128
32
32
 4,096
  4,096

8,182

ADB1
  Q
    
        512

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
  128
16
16
 2,048
  2,048

4,096

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB1 
   I
  1024
        512
2,2
  128
32
32
 4,096
  4,096

8,182

ADB1
  Q
    
      1024

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
3,5
  128
16
16
 2,048
  2,048

4,096

ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------

ADB2 
   I
  2048
      1024
3,5
  128
32
32
 4,096
  4,096

8,182

ADB2
  Q
    
      2048

---------------------------------------------------------------------------------------------------------------------
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