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Pre-ADU board corresponds to the analogue

receiver in front of the ADU. The current design

pre-ADU 2.5 hosts 8 double channel analogue

receivers (i.e. 16 analogue chains). The two chains

in each double channel receiver correspond to the

two antenna polarizations.

The first stage of any pre-ADU channel is an

optical receiver (ORX) which converts back to the

RF domain the signal transmitted through an

optical fibre from the remote antenna. The current

pre- ADU version adopts WDM (Wavelength

Division Multiplex) optical receivers, which paired

with WDM optical RFoF transmitters at the

antennas, allows use of one single fibre for both

antenna polarizations.

Architecture of the pre-ADU board16 has simplified

the mechanics and interconnection to ADU, but

also the RF electronics. The ITPM ADU processor board is organized in three areas, from left

to right as reported in Figure 4: management and power supply,

FPGA and memories, analog signal interface. The organization of

physical components layout into three separate areas has been

adopted to obtain performance and noise isolation between DC-DC

converter, digital elements and analog interface.

The Management Interface includes the 10/100/1000 data link, the

FLASH based CPLD (U1), the Micro Controller Unit & System

Monitor (U4), the SPI FLASH memories (U6, U7) and the CPLD

external configuration flash, U19.

ITPM ADU Acquisition Data Path is organized in four sections: the

analog to digital conversion, the data elaboration inside FPGAs, the

data buffering in the memory banks, the data communication

between FPGAs and the external interface optical link..

Sixteen lines from the AD can generate up to 16 GByte/s of raw data

at maximum sampling frequencies. JESD I/F IP core manages the

physical interface and is connected with an internal bus to the data

analysis core.

The DDR 64 bit memory interface can perform up to 16GByte read

or write operations (800 MHz clock) and can be connected to JESD

interface to implement a 128M sample raw buffer. The ITPM FPGAs

are two identical devices (U2, U3) Xilinx Ultrascale XCKU9P 16 nm,

that provide suitable and efficient resources to implement all the

main board data management and elaboration. Each FPGA

contributes to the System Monitor function.

Finally, the Analog Section includes the acquisition clock

generation and distribution network (U40, U41 – U44), the

sixteen dual channel ADCs (U100-U115)AD9695 14 bit

1Ghz, , the sixteen dual channel analog buffers (U120-

U135) and the four RF high isolation x8 input connectors

(J15-J18). Two connectors (J20 and J21) provide supply

and digital SPI control for a pluggable analog board for

signal over-fiber connection and physical connection.

ITPM Firmware
The LFAA station beamformer structure is based on a frequency domain beamforming architecture. Data streams from the

individual antennas are channelized with a channel spacing of 781.25 KHz, and delayed in the frequency domain by applying a

dynamic phase correction to each individual channel. Each signal is also corrected using a static instrumental gain, phase and

polarization calibrations, updated on a timescale of a few minutes. It is possible to select multiple regions in the processed band,

and/or to generate multiple beams of the same or different spectral regions. The channelization process is used both to allow for

frequency dependent calibration, for frequency domain beamforming, and to provide the first stage of a two-stage channelizer.

Processing is performed in groups (tiles) of 16 antennas in a TPM. TPMs are connected together in a flexible way using the 40 Gb

high speed network, with non-blocking network switches. Stations can then be configured dynamically as arbitrary groups of tiles.

The firmware structure is adapted to a time multiplexed data stream, with 4 samples processed in parallel at each FPGA clock cycle. 

After channelization and beamforming, odd and even frequency channels for the whole tile beam are processed separately in the two 

FPGAs. Channelized data is stored in an external local memory, that is used for the corner turner function.

ITPM 1.6  ADU Board top view

ITPM 1.6  ADU Board Schematic 

ITPM 1.6  ADU Digital Signal Chain
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Table 1.  ITPM RF measured Performances : worst values.

Measured 2rd Harmonic Power Measured 3rd Harmonic Power

Measured  Signal to Noise RatioMeasured  Fundamental Tone Power

Measured Effective Number of Bits (ENOB)Measured Spurious Free Dynamic Range (SFDR)
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