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Station (beams sent for processing)

L A
1 ‘l-' v ‘" A I- B An 3
.'V',"l‘ I‘ u‘l 1 f* I , s -
(TN sk AT ‘“‘““ 5
s 1 L AL - S
-Iﬁhiw'p::“u'qﬁ '“{3.“‘ 4
1\ =

ol g

Frequency Range of
50 - 350 MHz

* Low Frequency AA: 1024 Stations A “Tile” — 16 antennas
(processed in one module)

* Antennas in a random pattern
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Antenna Processing Facility

DAQ basic diagram
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Coarse FFT channels
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Phased FFT channels
Correlations °]
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Tile Calibrated Beam
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Uniboard2

Board specifications

10:

24x QSFP+ 40GBASE for SR LR
Backplane interface with:

192x 10GBASE interfaces

192x JESD204B ADC interfaces
Total data throughput ~2Tbps

Environmental:

* Power supply: DC 48 V

* Power consumption: ~500 W
* Dimensions: 320 x 366 mm

ASTRON
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SEVENTH FRAMEWORK
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MAD Medicina Array Demonstrator
(9 Dual Polarizations Antennas, 3x3 regular spaced array)
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iTPM was born in May 2013, when was IASF Milano
approved as INAF Tecno call for ideas:

s
“Digital Platform development for back 4\ IRA Medicina

end design of new generation SKA \
Oss. Arcetri ‘

Aperture Arrays”
“'"I\
P.I. Francesco Schilliro (OACT) B
5 INAF Institutes involved Oss. Cagliari

Accepted as SKA project in J

December 2013 inside LFAA Consortium Oss. Catania

2 years program;
financed by INAF with 161 k€.
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ADU board

Analog to Digital Unit
and
on-board processing

2xX PRE-ADU boards

Optical Receivers and
signal conditioning

iTPM modules
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440.5 mm depth




o
Q
0
o
0
@
9

| TPM italian Tile Processing Module M

TPv-co @

MEDICINA RADIO TELESCOPES
]

ICT Workshop 2017 - Bologna - Andrea Mattana

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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Optical Receiver

2 Selectable Filters:
375 MHz (low pass)
375-650 MHz (pass band)

31.5 dB digital step attenuators
(0.5 dB resolution)

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
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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

DAQ stage

PRE-ADU supply and SPI bus
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Device Name kuozs? EL035 K040 KEU060 KIMBS KEU095 KU115
System Logic Cells (k) 318 444 530 726 1,088 1,176 1,451
Logic Resources CLB Flip-Flops 290,880 406,256 484,800 663,360 995,040 1,075,200 1,326,720
CLB LUTs 145,440 203,128 242,400 331,680 497,520 537,600 663,360
Maximum Distributed RAM (Kb) 4,230 5,908 7,050 9,180 13,770 4,800 18,360
Block RAM/FIFO w/ECC (36Kb each) 360 540 600 1,080 1,620 1,680 2,160
Memory Resources
Block RAM/FIFO (18Kb each) 720 1,080 1,200 2,160 3,240 3,360 4,320
Total Block RAM [Mb) 12.7 19.0 211 38.0 56.9 50.1 750
CMT (1 MMCM, 2 PLLs) & 10 10 12 22 16 24
Clock Resources
1/ODLL 24 40 40 48 56 64 64
Maximum Single-Ended HP 1/0s 208 416 416 520 572 650 676
Maximum Differential HP 1/0 Pairs 96 192 192 240 264 288 312
I/O Resources ) i
Maximum Single-Ended HR 1/0s 104 104 104 104 104 52 156
Maximum Differential HR 1/0 Pairs 48 48 48 48 56 24 72
DSP Slices 1,152 1,700 1,920 2,760 4,100 768 5,520
System Monitor 1 1 1 1 2 1 2
Integrated IP PCle® Genl/2/3 1 2 3 3 4 4 6
Resources Interlaken 0 0 0 0 u} 2 u}
100G Ethernet 0 0] 0 0 0 2 0
16.3Gh/s Transceivers (GTH/GTY) 12 16 20 3z 56 644! 54
Commercial -1 -1 -1 -1 -1 -1 -1
Speed Grades Extended -2 -2-3 -2-3 -2-3 -2-3 -2 -2-3
Industrial -1-2 -1-1L-2 -1-11L -2 -1-1L-2 -1-1L-2 -1-2 -1-1L-2
Package Package Dimensions
12 a HR I/O, HP 1/O, GTH/GTY
Footprint'® % > {mm) /0, 10, /
A7847 23x23# 104, 364, & 104, 364, 8
ABTET 27x27 104, 208, 16 104, 208, 16
As00™ 31x31 104, 364, 16 104, 364, 16
Al156 35x35 104, 208,12 104, 416, 16 104, 416, 20 104, 416, 28 52,468, 28
Al1517 A40x40 104,520, 32 104,520, 48 104, 520, 48
C1517 40x40 52,468, 40
FET TN D1517 40x40 104, 234, 64
el AL AT L] B1760 42.5%42.5 104,572, 44 52, 650, 48 104, 598, 52
Virtex® UltraScale
: A2104 47.5x47.5 156, 676,52
Devices
B2104 47.5x47.5 52, 650, 64 104, 598, 64
01924 45x45 156, 676, 52

F1924 45x45 104, 520, 56 104, 624, 64
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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

2x Xilinx Kintex Ultrascale FPGAs

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

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

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

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...).
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Analog Device
ADS7-V1EBZ FPGA Based Data Capture Kit

Feature: Based on Virtex-7 FPGA, Two (2) FMC-HPC connectors, Ten (10) 13.1 Gbps transceivers per FMC-HPC connector,
Two (2) DDR3-1866 DIMMs, Simple USB port interface (2.0)

u LALAS
o 55 M) o o ]

i i g
- --7_“- : 3

2 IB
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Analog Device
SKA EVAL AD-FMCADC4-EBZ

v3ooc
~ o Y i . "o e
TCM2-43X+ ADA4961 AD9234
Mini-Circuits Balun Low Distortion Amplifier 12-Bit, 1 GSPS/500 MSPS JESD204B

RF Transformer 500 3.2 GHz, RF DGA Dual Analog-to-Digital Converter
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General | Capture Board Device

ADFmchAdcdEbz Settings

; \ ----------------------------------------------------- — Hamming
PRSYVRRIY TOOMSPS & Bi 2 Lanes ‘

Disabled S S fofo A3 W S | h, _
700MSPS 8 Bit 2 Lanes A\ R I I A
700MSPS 16 Bit 4 Lanes A\ ) l I LV TE AN VY

e A BDOMSPS 8 Bt 2 Lanes j \ ) . |
G E::j'\'vlllt:tclf _EfT_%}LE"I?f_* B / " ____________________________________ \ﬂ_{ ______________________ 1 :? ok tid p{ ]ﬂ ‘,I ‘ H
ey et 1D0OMSPS BBt Flanes N f{ \ 1 IM(‘

Amp C Gain: [Desabled f; 2 a

1000MSPS 16 Bit 4 Lanes £

Amp D Gain |Ef3_a'.'l|_-:~:| . / ; \ a- ! '7] | |

' .|] ;T Y\
/ \ | NG
¥ Enable Diata Caplure Controls 77 77777777777 | A e J --------- : BEHEE j i T_:__] j--,— i

Data Capture Conirols

[ Enable Debug Ramp L/ \i L A e
| Enable External Trigger :L,-' \L
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Lock everything to ultra stable 10 MHz reference
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Device = ADFmcAdc4Ebz

Date = 29/05/2015

Time = 15.32.56

Sample Frequency = 800 MHz
Samples = 131072

SNR = 48.451dB

SNRFS = 49.407 dB

SINAD = 48,443 dBc

DC Frequency = 0 MHz

DC Power = -41.793 dBFS

Fund Frequency = 140.619 MHz
Fund Power = -0,955 dBFS

Fund Bins = 21

Ham 2 Power = -79,867 dBc
Ham 3 Power = -84.274 dBc
Harmm 4 Power = -84.66 dBc

Ham 5 Power = -93.181 dBc
Hamm 6 Power = -80.783 dBc
Worst Other Frequency = 261.274 MHz
Worst Other Power = -73,33 dBFS
Noise / Hz = -135.428 dBFS / Hz
Average Bin Noise = -97.572 dBFS
THD = -75.8dBc

SFDR = 72.374 dBc

vewvice = AUrMCAGCSEDZ
Date = 29/05/2015

Time = 15.50.52

Sample Frequency = 800 MHz
Samples = 131072

SNR = 41.642dB

SNRFS = 42,623 dB

SINAD = 41.641dBc

DC Frequency = 0 MHz

DC Power = -42.056 dBFS

Fund Frequency = 140,619 MHz
Fund Power = -0.981 dBFS

Fund Bins = 21

Hamm 2 Power = -89.172dBc

Harmm 3 Power = -86.998 dBc

Hamm 4 Power = -94,085dBc

Hamm 5 Power = -94,282 dBc

Hamm 6 Power = -52.701 dBc
Worst Other Frequency = 8.172 MHz
Worst Other Power = -65,729 dBFS
Noise / Hz = -128.644 dBFS / Hz
Average Bin Noise = -50.788 dBFS
THD =-83.461dBc

SFDR = 64,748 dBc
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+
1

| | |

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

J pESIRED _FREQUENCY
Sample _ Rate

FFT _Samples

Cycles =

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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By

Spectrum Analyzer )
P p g t h 0 n or Power Meter 10 MHz

Reference
signal

-
o v T~
EIATLAR GPIB RF cable
il RF Cable
P ~=[
Signal Generator Tunable

RF cable

with REF signal Band Pass Filter \ '

% | 1Gb Ethernet S

Workstation A A
- Remote control 0

o mena oln

with REF signal on ADC clock

Mmoo

C

2 MB BRAM
Time Domain Data

ADU Test Setup
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ADU Test Setup
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Tunable Bandpass Filter

- Bandwidth depends on the filter bank
- Filter response depends on the tuning
- No remote control available

70

80

ADU Test Setup
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Process Controller

ADU

Signal source and filters coupler

target level
within
0.16 dBm

Power sensor

workstation

GPIB BUS

ADU Test Setup
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Process Controller

[ soomsps [\

[ COMPUTE NEW
| FREQUENCY |\ POWER LEVEL
SeT |/
NO
¥ 4 N
g A POWER SENSOR P read - P target ™.
/ POWER SENSOR SET S . SAVE DATA FROM
[ BEGIN }——>» SET FREQUENCIES » SET POWER LEVEL » FREQUENCY »> READ < /»—P UDP SOCKET
‘ + CORR_FACTOR . ABS(0.08) ? e
/
A . ~
N~ J

_~ FREQUENCY ™.

YES e < o—»{ END )
AOOMHz?/_N _)

,//

ADU Test Setup
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D:\SKA-TPM\PythonScript\sdp>python adc_tpm_cal.py -i 4 -n 10
CPL Correction Factor Enabled

Openin GPIB devives..
Found glgﬁdl Generator ROHDE&SCHWARZ SMX on GPIB Addr 25

Select a Frequencies file...
Open1nzsfile: D:\NSKA=-TPM\Freqs\SLP100_freqgfile_S0-100_800_131072.txt

Found f requencies!

[1/65] Freq: 53143310 Hz, Acq # 10/10
[2/765] Freq: 53900140 Hz, Acq # 10/10
L3765] Freq: 54632560 Acqg # 106710
[4/65] Freq: S5340570 Acq # 10710
LS765] Freq: 56146240 Acq # 10710
[6/765] Freq: 56878660 Acq # 10/10
[7765) Freq: 57611080 Acq # 10710
[8/765] Freq: 58294670 Acq # 10710
[9765] Freq: 59136960 , Acq # 10710
[10/765]) Freq: 59881590 , Acq 1010
L11/765]) Freq: 60614010 , Acq 1610
L12765] Freq: 61273190 , Acq 186710
L13765] Freq: 62115470 , Acq 16710
L14/65]1 Freq: 62872310 , Acq 16710
L15/765] Freq: 63470450 , Acq 10/10
L16/765]1 Freq: 64276120 Acq 10/10
[L17/65] F : 65106200 , Acq 10710
[18/65] F : 65850830 Hz, Acg 1010

e
Fd
-

H
H
H
H
H
H

ADU 1.0 Test Software
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12.0 -8.0
-8.5
9.0
9.5
-10.0
-10.5
-11.0
8.0 115
-12.0
12.5

Corrected SetPoint — ADU INPUT
dBm

10.0

6.0 -13.0

4.0

i1 | -
| J : J) / )

J‘ ﬂ 18.0
0.0

i 185
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Figure 22: Gain Flatness in Low Frequency Band.
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Figure 21: Signal to Noise Ratio referenced to Full Scale (SNRFS) in Low Frequency Band.

ADU Performance



Power [dBc]

=100

-110

=1 EL".:'

-6

| TPM italian Tile Processing Module |
MEDICINA RADIO TELESCOPES

ICT Workshop 2017 - Bologna - Andrea Mattana e

=70

-84

-8 H

BOARD1 (ADA) — 2nd Harmonic Power BOARD 2 (MO ADA) -— 2nd Harmonic Power
m———el .I___.. .. '|| g
| :' (AT N : ll”:'lll
\ I“ A N g |
T Nty rrﬂ|‘ﬂ._||.- iy | i
I“* -IJ |L l r II!J.HJ. } l
|r | |

||| — Inpat0 )
|| —Inputt % — Input
| J Ingput ':' — Input 1
| — Input3 @ Inpast2
— Inputd % — Input3
Inputs il — Inputd
— InpulG Inputs
Ingat # — Inpute
— Inputd Input ¥
Input S — Input8
— Input 10 Inputs
— Input11 410 — Input 10
Input 12 — Inputit
Input 13 Input 13
— Input14 — Input 14
— Inpuils . — Inpuiis

100 150 ol ED 300 18D 4TS 128 100 150 00 50 300 B0 7S
Frequency [MHZ] Frequency [MHz]

Figure 23: 2"%-order Harmonic Distortion Power in Low Frequency Band.
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BOARD1 (ADA) --- 3rd Harmonic Power BOARD 2 (NO ADA) --- 3rd Harmonic Power
-8 -0
-II'|:| Il HH T mil -|'II'-:I LYIP 1 --I : ! L] "wil § L
»
80 ! 40
40 T ]
— Input0 o
100 — Input % -100 —Inpuid
Input2 = — Ingut1
— Inpast3 o Input?
-110 — Inpuitd % -110 — Input3
Inpast — Ingiuid
—npuit) o Inputs
120 Input? 120 — Inpastés
— Imputd Ingul?
Imput — Inpantd
130 — Input10 -130 Inputd
— Inpast1 1 — Inputid
Input12 — Inpanti 1
=140 Inpait13 -14i Inputi3
— Impu 14 — Inpastid
— Input15 — Inputis
150 _ . . . . -15Q, _ _ . . .
0 100 150 200 250 300 350 A75 0 100 150 00 250 300 350 375
Frequency [MHZ] Frequency [MHz]

Figure 24: 3"9-order Harmonic Distortion Power in Low Frequency Band.
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Figure 25: Worst Other Spurious Power in Low Frequency Band.
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Figure 26: Spurious Free Dynamic Range in Low Frequency Band.
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BOARD1 (ADA) -— Effective Number of Bits BOARD 2 (NO ADA) --- Effective Number of Bits

Figure 27: Effective Number of Bits in Low Frequency Band.
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Board2 (NO ADA) --- Two-Tone Analysis
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Figure 31: Worst case of Cross-Talk level in Low Frequency Band.
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Fs: 800 MSPS ---BW:50 = 375 MHz

ADC Performance Parameters

ADU Boardi#1l

ADU Board#2

(with ADA) (without ADA)

Signal to Noise Ratio referenced to Full Scale [dBFS] >49.19 249.33
Gain Flatness [dBFS] <+0.3573 <+0.343
2nd-order Harmonic Distortion [dBc] <-67.24 <-67.74
3rd-order Harmonic Distortion [dBc] <-66.53 <-68.56
Worst Other Spur [dBc] <-67.03 <-66.83
Spurious Free Dynamic Range [dBc] > 66.53 >66.83
ENOB [bits] >7.876 2 7.896
Cross-Talk [dBc] < -65.69 <-61

IP3 [dB] (F1=184.7 MHz; F2=187.5 MHz) 29.55 32.2

IP2 [dB] (F1=184.7 MHz; F2=187.5 MHz) 66.3 77.5

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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Upgraded Test Setup
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E=NECN X"

8| SKA AAVS1 iTPM PERFORMANCE TESTs

iTPM Configurations | [TPM-ADU JIG Acquisitions | iTPM Antenna Test

Net Finder m Power Supply UNREGISTERED PSU j

iTPM IP Address ‘10.0.10.2 j Set Voltage 15.34
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&7 SKA AAVS1 iTPM PERFORMANCE TESTs E=E)
iTPM Configurations | TPM-ADU J1G Acquisitions . iTPM Antenna Test .

Signal Generator |R&S SMY02 v Set RF Frequency 100.000000 Unit |MHz -~
SCPI/GPIB GPIB-ETH Prologix - Set RF Level -10.0 dBm SET
JIG IP Address 10.0.10.16 ~70} ' ‘ ' ' ' ‘ ' ]
JIG RF Source External RF -
JIG Attenuatio 0.0 - &
JIG Out Path CH-00 v
JIG Filter SMA Bypass v

B 100 50 100 150 200 250 300 350 400

C 0 o + : : E \J zoom rect

Acquisition ‘FF[ Average ;I JIG Power Sensor: n/a e 0%

Average number 100 Ao channel [cr-o1 -| [T
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iTPM Configurations iTPM-ADU |IG Acguisitions | iTPM Antenna Test

BV NN Select Viey _ -l Select Antenna‘ALL J \cquisition Number: 30

ADU RMS
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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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Velocity [mfs]
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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 Hosted by MWA Correlator site and Facilities
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AAVS1 ASKAP Control Room (MWA Racks)
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Subrack Profile:

2017 - Bologna - Andrea Mattana

SKA - TPM SubRack Setup

C
TRE ARRAY

MEDICINA RADIO TELESCOPES
]

 AAVS1_SubRack-1.xml

FPGAs Firmware:

Input to Download:

ALL

PLL Clock (MSPS):

800 Number of TPMs: - Start

SKA AAVS1 TPM Racks Management
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Pol X Pol Y

SKA AAVS1 Station Test Software
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RARE Tropospheric phenomena
ever seen ducting RFl around MRO
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FM Radio Channels from where???
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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
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