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ITPM	  ADU	  1.5	  :	  
	  
LFAA	  and	  ‘general	  purpose’	  
applica>ons	  	  
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LFAA: Tile Processor Module 

Tile:	  	  16	  	  	  Antennas,	  	  2	  Pol,	  	  32	  Channels.	  
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Credit:	  ICRAR/Cur.n	  University,	  Western	  Australia	  

Tile Processor Module in AAVS1 
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ITPM functionality 

The	  func>onality	  in	  summary	  is:	  
• 	  Convert	  analogue	  op>cal	  to	  electrical	  signals	  
• 	  Amplify	  and	  bandpass	  filter	  ready	  for	  digi>sa>on;	  
• 	  Digi>se	  at	  800MS/s	  and	  pass	  to	  digital	  processing;	  
• 	  Manage	  the	  clock	  distribu>on	  and	  the	  memory	  storage;	  
• 	  Digitally	  process;	  
• Packe>ze	  Data	  for	  100	  Gbit/sec	  data	  processing;	  
• 	  Control	  and	  monitoring	  	  processor	  data	  	  

-‐ADU	  
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ITPM-ADU Generations 

ADU technical evolution 

The ADU board has maintained the same component list and board architecture toward the 
successive release, only minor changes has been done: 
-  ADU 1.0 first release, main issue, input DC-DC supply under dimensioned and some 

component layout optimization needed for the soldering process  (2013-2014) 
-  ADU 1.1 doubled the first DC-DC, corrected some minor bugs, 32 data channel acquisition 

and characterization done, product complete and stable (2015) 
-  ADU 1.2 the same BOM as 1.1 just some layout minor changes for ADC sampling clock 

equalization. ADU 1.1 and TPM-ADU 1.2 are firmware and software compatibles (2016) 
-  ADU 1.2 released and engineered as PAF digital processing solution (2017) 
-  ADU 1.5, released specification with the migration of the previous component list to the 

equivalent newer one, to reduce absorbed power 20% and cost. The board architecture, in 
terms of component placement, clock distribution and board structure will share the same 
specification of the ADU 1.0 to 1.2  (2018) 

-  ADU 1.6 as 1.5 minor upgrade (2019). 
-  ADU 2.0 with RFSoC design solution for PAF and Mid Frequency Array (2019). 
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ITPM ADU Versions 1.0 and 1.1 

ITPM ADU 1.0 financed by Tecno INAF Funds: 
 
•  Designed Architecture 
•  Demonstrated feasibility and met most of the SKA Requirements  
 
ITPM ADU 1.1  Version 
Has been  designed in order to optimize  
•  Power dissipation by introducing a new version of AD9680 ADC; 
•  Spurious Free Dynamic Range by mitigation of spurious frequencies coupled into the clock 

distribution circuitry;  
 
ITPM ADU  1.1 final version for AAVS1 and SAD have been ordered by Oxford University and 
Cambridge University for SKA-MFAA prototypes .  
ITPM 1.1 is the reference board for SKA1 Requirement for digital equipment. 
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ITPM-ADU SPECS 

Indicative Spec for SKA  Results for ITPM 1.0  (good candidates 
to be upgrated as ‘Requirements’ 

SPEC	  Required	  

>40dB	  

	  +/-‐	  1,5	  dB	  

<-‐40	  dB	  

>40	  dB	  

>	  6.5	  bits	  

-‐50	  dB	  
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ITPM-ADU Version 1.2:   AAVS1 

ITPM-ADU   1.2 final engineered version for AAVS1 and SAD 
•  35 ADU Board produced (25 in Italy, 10 in The Nederlands); 
•  Designed lines engineered for mass production; 
•  Test benches produced both for prototypes as for mass production; 
•  Optimized design for Housing and Deployment         



ITPM-ADU Version 1.2:   AAVS1 

§  ITPM-‐ADU	  1.2	  connected	  to	  one	  “EDA”	  MWA	  sta>on	  (16	  Beamformed	  Tiles)	  

§  ITPM-‐ADU	  1.2	  is	  one	  of	  the	  candidate	  FPGA-‐based	  board	  for	  use	  on	  ALPACA	  
project	  (PAF	  at	  Arecibo	  Observatory)	  

§  ITPM-‐ADU	  1.2	  CASPERized	  in	  august	  2018	  (now	  in	  progress,	  thanks	  to	  Naldi,	  
Madana	  et	  al.)	  

 

AAVS1	  
sta>on	  

MWA	  

Credit:	  ICRAR/Cur.n	  University,	  Western	  Australia	  
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ITPM ADU Design: ADC 
 

Characteris>
c	  

Unit	   Baseline	  
Specifica>
on*	  

Minimum	   Typical	   Maximum	  

Sampling	  
Bandwidth	  

MHz	   300	   300	   400	   500	  

ENOB	   Bits	   8	   6	   8	   12	  
Power	  
consump>on	  

W	   100	   50	   100	   350	  

Channel	  
isola>on	  (for	  
mul>-‐
channel	  
ADCs)	  

dB	   100	   65	   100	   120	  

Max	  input	  RF	  
power	  

dBm	   -‐19	   -‐40	   -‐19	   0	  

DSP	  
Capability	  

No	   NO	   YES	   YES	  

DNL	   Bit	   +/-‐	  0.5	  LSB	   +/-‐	  0.5	  LSB	   +/-‐	  0.5	  LSB	   +/-‐	  0.5	  LSB	  
INL	   Bit	   +/-‐	  1	  LSB	   +/-‐	  1	  LSB	   +/-‐	  1	  LSB	   +/-‐	  1	  LSB	  
SNR	   dBFS	   65	   45	   65	   100	  
SFDR	   dBFS	   65	   45	   65	   100	  
Input	  type	   Differen>a

l	  
Single-‐
ended	  

Differen>a
l	  

Output	  
format	  

JES204B	  
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TPM Devices: Xilinx Ultrascale 

Kintex	  Ultrascale	  40	  nm	  

Kintex	  Ultrascale+	  16	  nm	  
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Goal: reduce power consumption 

 

22%	  or	  27%	  FPGA	  
power	  consump>on	  
reduc>on	  

52%	  ADC	  power	  
consump>on	  reduc>on	  

Total	  power	  consump>on	  reduc>on	  
22%	  	  or	  32%	  	  

Power	  is	  esImated	  with	  
maximum	  	  toggle	  rate	  ,	  
as	  simulaIng	  worse	  
funcIonal	  condiIons	  

GOAL:	  less	  than	  70	  W	  
(only	  ADU)	  
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ITPM-ADU 1.5 is the reference design for LFAA Critical Design Review , and (one of) the candidates to 

be the digital platform for SKA1 –Low: 

It’s foreseen for this version: 

•  New ADCs AD9695  low power Devices in order to minimize power dissipation; 

•  New DDR4 high-speed access and low power than DDR3 memories , 2Gbyte per FPGA; 

•  16 nm Kintex Ultrascale+ FPGA. 

•  100 Gb/sec digital data flow; 

•  Full Engineered ITPM Version for mass production 
   

ITPM ADU Version 1.5 
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LFAA Rack design and  
Electronics Housing 
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SubRack Thermal Analysys 

RF Performances 
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ITPM and SAD 

Sardinia	  Array	  Demonstrator	  	  (SAD)	  
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Application in SST 
(Space 

Surveillance and 
Tracking) 

 for the monitoring of 
orbiting objects  

Medicina	  Northern	  Cross	  radiotelescope	  

Total collecting area = 28000 m2   
N. of dipoles on the focal lines = 5632 
Frequency = 16 MHz @ 408 MHz 

•  Part	  of	  the	  Northern	  Cross	  
radiotelescope	  has	  been	  refurbished	  
within	  the	  SST	  program	  

•  64	  new	  receivers	  have	  been	  installed	  
•  A	  new	  mul>beam	  on	  iTPM	  is	  under	  

design/development	  	  
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ITPM further Applications: SST 
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A.	  Navarrini	  et	  al.	  (2018),	  “Design	  of	  PHAROS2	  Phased	  Array	  Feed”,	  2nd	  URSI	  AT-‐RASC,	  Gran	  Canaria	  

•  PHAROS2:	  C-‐band	  (4-‐8	  GHz)	  cryogenically	  cooled	  low	  noise	  Phased	  Array	  Feed	  (PAF)	  
demonstrator	  

•  SKA	  Advanced	  Instrumenta>on	  Program	  on	  PAF	  

•  To	  be	  installed	  in	  Lovell	  Radiotelescope	  (UK)	  

Digital	  Back	  end	  

•  ADU	  board	  for	  digital	  acquisi>on	  and	  signal	  processing	  
•  Frequency	  domain	  beamformer	  
•  4	  independent	  single-‐pol.	  beams	  with	  ≈275	  MHz	  bandwidth	  
	  	  	  	  	  	  	  	  	  	  	  across	  375-‐650	  MHz	  

•  24	  ac>ve	  elements	  of	  an	  array	  of	  Vivaldi	  antennas	  
•  Same	  PFB	  architecture	  as	  in	  LFAA	  but	  

•  Different	  sampling	  rate:	  700	  MS/s	  
•  Simplified	  beamformer	  architecture	  
•  Include	  correla>ons	  with	  a	  calibra>on	  signal?	  

18	  

ITPM for PHAROS 2 
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ITPM for PAF: RFSoC 

Featuring	  8x8	  RF-‐Analog	  and	  Integrated	  SD-‐FEC	  Cores	  
• 8x	  4GSPS	  12-‐bit	  ADCs	  
• 8x	  6.4GSPS	  14-‐bit	  DACs	  
• Over	  42	  Gb/s	  LDPC	  FEC	  Encode	  System	  Throughput	  
• 10Gb/s	  LDPC	  FEC	  Decode	  Throughput	  
• Support	  for	  custom	  LDPC	  Code	  ConstrucIon	  
• Over	  7	  Gb/s	  Turbo	  Decode	  System	  Throughput	  
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ITPM for PAF: RFSoC 
Pros 
 
1)  The most important and sensitive 

functional blocks integrated 
2)  More robustness in design and 

functionalities 
3)  Less power consumption; 
4)  Smaller size and more subR  
       integration 

Cons	  
	  
1)  High costs (at the moment, it depends on Xilinx 

commercial strategy) 
2)  Feasibility study not ready yet ( 3D EM analysis, 

clock distribution, enob, etc.) 
3)  Performances not yet clear; 
4)  Power reduction not so relevant; 
5)  Effort (hr and funds) already invested in LFAA; 
6)  LFAA reference design robust and mature for mass 

production 

                               CONCLUSION 
 
No sense to change technology NOW for LFAA 
 
Strong interests to explore RFSoC for PAF…  
 
fundraising machine is warming up….  
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ITPM-ADU further Applications 

Aerospace	  	  
HPC	  Accelerator	  	  
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ITPM further Applications 

Space	  Debris	  	  (Northern	  Cross)	  
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ITPM for PHAROS 2 

Courtesy	  of	  Alessandro	  Navarrini	  



ITPM Project 
Research and Industries 

INAF-‐	  Arcetri	  

INAF	  –OA	  
	  Catania	  

INAF	  IASF	  
	  	  	  Milano	   INAF	  IRA	  	  

Medicina	  

Malta	  University	  

INAF-‐	  OA	  	  
	  	  	  Cagliari	  


