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Frequency Range of 
50 – 350 MHz 
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DAQ basic diagram
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Coarse FFT channels
Correlations

Tile not calibrated Beam
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Phased FFT channels
Correlations

Tile Calibrated Beam
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ROACH + ADC64

64 Analog Inputs @ 40MSPS

Needs additional boards in 
cascade to compute full 
bandwidth correlations and 
beam-formers

Old FPGA Xilinx Families 
(Virtex-5 and Virtex-6)
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MAD Medicina Array Demonstrator
(9 Dual Polarizations Antennas, 3x3 regular spaced array)
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iTPM modules

ADU board

Analog to Digital Unit 
and 

on-board processing

2x PRE-ADU boards

Optical Receivers and 
signal conditioning
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440.5 mm depth
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6U x 21hp format (4 iTPMs fit 19 inches SubRack) 

4x Quad LC connectors for the 16 optical inputs

1x RJ45 Gigabit port for the Management

2x 40Gb QSFP+ ports

1x supply socket

1x SMA input for 10MHz Reference signal

1x SMA input for PPS Sync signal

ITPM Front Panel
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PRE-ADU board

A set of 8 Optical RX using 
WDM technology

(two optical wavelength
transmitted in one fiber)

SPI Registers Lane for Signal 
Conditioning configuration 

Optical Receiver

2 Selectable Filters:
375 MHz (low pass)

375-650 MHz (pass band)

31.5 dB digital step attenuators 
(0.5 dB resolution)
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ADU board top view
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ADU board bottom view
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4x SAMTECH connectors for 8 
single ended RF input signals 

each

32x Single ended to 
differential balun converters

32x High performance BiCMOS 
RF digital gain amplifiers

16x Dual 14-bit, 1.25 GSPS
Analog to digital converters

JESD204B-based high speed serialized output

PRE-ADU supply and SPI bus
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2x Xilinx Kintex Ultrascale FPGAs

- GTX receivers for the MultiGigabit link (JESD204B)
- 16.3Gb/s Transceivers (GTH/GTY) for QSFP+

High speed internal bus to connect the 2 FPGAs,
25 Gbit/s + 25 Gbit/s bidirectional

Low-level Ethernet gigabit management interface 
with instant ON flash based Lattice CPLD

On board tree 256Mbit SPI user flash for multiple 
FPGA configuration options

Second level management microprocessor
(ARM Cortex A8, 32 bit, 240 MHz) for high-level 
remote board control

Two DDR3, 96 bit memory 
banks, 6+6 Gbit total size

2x 40Gb QSFP+ Links
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iTPM Station Beamformer Firmware

- ADCs sample 14 bit @ 800MSPS and send 8 most significant bit to FPGAs  

- Polyphase Filter Bank FFTs of 781.25KHz resolution (512 freq. Channels)

- Apply Calibration coefficients

- Compute Tile Beam, add the Beam of the previous Tile and send the              
result to the next TPM via 40Gb link

ADU Test Firmware

- ADCs sample 14 bit @ 800MSPS and send 8 most significant bit to FPGAs 

- CPLD collect 2MB buffer per FPGA and send time domain data using UDP      
Packets via the Gigabit link 
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ADU Performance Measurements

A set of frequencies spanning in the range 50 ÷ 400 MHz was selected

The Workstation controls the Signal generator and the Power Meter via GPIB

The Workstation sets frequencies to the Signal Generator and corrects the 
amplitudes by reading the level with a Power Meter or Spectrum Analyzer. 

Therefore the ADU board inputs have always a constant level over the 
bandwidth of about  -1 dBFS.

ADU board stores time domain data in a 2MB BRAM and sends UDP packets 
continuously through 1Gbit Ethernet

The workstation gets UDP packets and saves files using Python Script

Matlab routines process data (FFT) and compute some ADC parameters to 
evaluate the performance over the bandwidth (SNR, SFDR, SINAD, ENOB, 
etc…). 



iTPM Italian Tile Processing Module
ICT Workshop 2017 - Bologna - Andrea Mattana  



iTPM Italian Tile Processing Module
ICT Workshop 2017 - Bologna - Andrea Mattana  



iTPM Italian Tile Processing Module
ICT Workshop 2017 - Bologna - Andrea Mattana  



iTPM Italian Tile Processing Module
ICT Workshop 2017 - Bologna - Andrea Mattana  

Lock everything to ultra stable 10 MHz reference
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Dithering may improve quality of measurements but increase the noise floor
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Working with monochromatic signals directly injected to an ADC converter may be a very hard work The 
Fast Fourier Transform may show “unreal” results

Selection of the frequency

Bibliography: Understanding High Speed ADC Testing and Evaluation, AN‐835 Application Note, Rev. B, by Alex 
Arrants, Brad Brannon and Rob Reeder
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ADU Test Setup
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ADU Test Setup
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ADU Test Setup

Tunable Bandpass Filter

‐ Bandwidth depends on the filter bank
‐ Filter response depends on the tuning
‐ No remote control available
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ADU Test Setup

Process Controller

GPIB BUS

Gigabit Eth

Signal source and filters coupler

ADU

workstation

Power sensor

target level 
within 

0.16 dBm
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ADU Test Setup

Process Controller
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MHz

dBm
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Performance
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ADU Test Timing

- Selected 500 “mono spaced” frequencies per freq. range

- Tunable Passband Filter combined with Low Pass and High Pass Filters

- Using VNA for two tone analysis

- 2 Week to test one board (2 frequency range)
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AAVS1 Production: 25 ADU, 50 PRE-ADU, 400 RX  (+ Spares) 
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RF JIG
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Upgraded Test Setup
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ADU Test Timing

- Selected 500 “mono spaced” frequencies per freq. range

- Tunable Passband Filter combined with Low Pass and High Pass Filters

- Using VNA for two tone analysis

- 2 Week to test one board (2 frequency range) 

- Selected 20 “mono spaced” frequencies

- Fully Automated test bench

- 20 Minutes per frequency range
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iTPM Subrack
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iTPM Subrack
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SubRack Thermal Analysys
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SubRack Thermal Analysys
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SubRack Thermal Analysys
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SKA AAVS1 main station
deployed on November 2017
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SKA AAVS1 Murchison Western Australia
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SKA AAVS1 Hosted by MWA Correlator site and Facilities
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SKA AAVS1 Hosted by MWA Correlator site and Facilities

6Km
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AAVS1 ASKAP Control Room (MWA Racks)
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AAVS1 Crew
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AAVS1 Cable Management
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SKA AAVS1 TPM Racks Management
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Impossibile v isualizzare l'immagine.
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Impossibile v isualizzare l'immagine.
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SKA AAVS1 Station Test Software

Impossibile v isualizzare l'immagine. Impossibile v isualizzare l'immagine.

Pol X Pol Y
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Impossibile v isualizzare l'immagine.
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Impossibile v isualizzare l'immagine.



RARE Tropospheric phenomena
ever seen ducting RFI around MRO

Impossibile v isualizzare l'immagine.
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Impossibile v isualizzare l'immagine.
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Impossibile v isualizzare l'immagine.

FM Radio Channels from where???
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Impossibile v isualizzare l'immagine.

Current status and future plan

- Logging every day the station using test firmware

- iTPM Station Beamformer FW ready by the end of 2017

- Complete AAVS1 with 3 satellites

- UAV AAVS1 Station Measurements

- iTPM v1.2 boards provided also to SKA-MID

- iTPM v2.0 design still ongoing (8 iTPMs per Subrack including backplane)

- iTPM v1.2 connected to one “EDA” MWA station (16 Beamformed Tiles )

- SAD (128 antennas) to be completed next year

- Medicina BIRALES upgrade to iTPM

- PHAROS 2 iTPM for Phased Array Filter

Impossibile v isualizzare l'immagine.

Impossibile v isualizzare l'immagine.

Impossibile v isualizzare l'immagine.

Impossibile v isualizzare l'immagine.
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Impossibile v isualizzare l'immagine.
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