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Introductlon

carte HACI<t|f

Present Digitizer: NUMEXO2 Futur Dlgltlzer NEGMA + REActlf
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NEGMA REActif
NEw Generation of Multifunction Adcs

* Dedicate to EXOGAM => Extended to Other detection systems
*  NEDA, DIAMANT, SIRIUS, VAMOS NFS...

* 128 Modules manufactured
* Used on several experiments : VAMOS, Lise2022/2023, NFS....

New Generation of RFSoC/FPGA
* 16 Channels (14bits @2.5 Gsps), Integrated ADCs & DACs

Stat High resolution Scope & More complex algorithms
° atus
o s neads (B Eee o S8 ) * Deported Digital Signal Processing with GPUs on REActif

* No possibility to re-manufacture => components and tools
obsolescences

*  No more possible Evolution => Firmware limitation Ressources
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Gb Ethernet data transmission



Introduction

NEEDS
1- Fast signal measurements ( ns)
2- Fast data transmission (1 a 10 GEth)
3- Complex algorithms in remote location
4- SMART TimeStamping integration

1 10097 2 1.00v ¢

| QUAD-CORE ARM®
'} CORTEX™-AS3

DUAL-CORE ARM® PLATFORM
| CORTEX®-RSF MANAGEMENT

Our Proposal
1- 14bits @ 2.5 GHz ADCs & 14bits @ 9.85 GHz DACs
2- Optical data links (up to 10 Gbits per link)
3- Massively parallel computing via external GPU (REACTIf)
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FPENTEIK

Now Part of Mercury

THE

vadatech

Zyng® UltraScale+™ RFSoC Boards & Kits Portfolio

ZCU111

Evaluation Kit

ZU28DR

\Application Development and
Performance Evaluation of:
IADCs: 8x 12-bit 4. 096GSPS
IDACs: 8x 14-bit 6.554GSPS
'SD-FEC: &

£ XILINX

Avnet RFSoC Kit

Development Kit

ZU28DR

Wireless Application
Development Leveraging:
Xilinx ZCU111 Evaluation Kit
Avnet Qorvo 2x2 Small Cell
RF Front End 1.8GHz Card
Avnet RFSoC Explorer with
MATLAB and Simulink

AVNET

thee"

ZCU1275

Characterization Kit

ZU29DR

Ideal for Tone Testing and
Data Sheet Verification of:
ADCs: 16x 12-bit 2.058GSPS
DACs: 16x 14-bit 6.554GSPS

& XILINX

Gen 1 p
4GHz 5GHz

ZCU1285

Characterization Kit

ZU39DR

Ideal for Tone Testing and
Data Sheet Verification of:
ADCs: 16x 12-bit 2.220GSPS
DACs: 16x 14-bit 6.554GSPS

& XILINX

A

POWER OF VISION

ZCU208

Evaluation Kit

ZU48DR

D an

ZCU216

Evaluation Kit

ZU49DR

S|

Performance Evaluation of:
ADCs: 8x 14-bit 5.0GSPS
DACs: 8x 14-bit 10.0GSPS

D-FEC: 8

£ XILINX

Appli D and|
Performance Evaluation of:
ADCs: 16x 14-bit 2.5GSPS

DACs: 16x 14-bit 10.0GSPS

£ XILINX

Kits & Commercial modules

AV . TELEDYNE
' SP DEVICES

Everywhereyoulook’
i =

—
I |1111

VP430 RFSoC board.

KNOWLEDGE RESOURCES
rland |
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USB (JTAG/UART)
JTAG PC4

MicroSD

Ethernet
RJ45

UsSB 3.0

PMBUS Connector

MSP430 JTAG

Push Buttons

User 8-pole
DIP Switch

SMA MGMT CLK
12V Power FMC+ SFP28 (4x)

Power Switch

-
~
—
—
<

RFMC 2.0 CLK104 RFMC 2.0

(DAC) Connector (ADC)
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Pmods (2x)

SATA M.2 Connector
(Under Shield)

XCZU49DR-2FFVF1760E

=== Under the board
- DDR4 4x 8-bit Clamshell

Component Memory (4GB)

- DDR4 4x 8-bit Clamshell

Component Memory (4GB)

- DDR4 SODIMM Socket with

64-bit DDR4 SODIMM

/CU216

Description



FPGA_RFSOC Familly

Device Name ZU21DR ZU25DR ZU27DR ZU28DR ZU29DR ZU39DR ZU42DR ZU43DR ZU46DR ZU47DR ZU48DR ZU49DR ZUB5DR ZU67DR
| Gen 1 Gen2 Gen3 DFE
Quad-core Arm® Cortex®-A53 MPCore™ up to 1.3GHz, Dual-core Arm Cortex-RSF MPCore up to 533MHz
12-bit RF-ADC # of ADCs 0 8 8 8 16 16 - - - - - - - -
w/DDC Max Rate (GSPS) 0 4.096 4.096 4.096 2.058 2.220 - - - - - - - -
b 14-bit RF-ADC # of ADCs - - - - - - 8 2 4 8 4 8 8 16 6 8 2
E w/DDC Max Rate (GSPS) - - - - - - 2.5 5.0 5.0 25 5.0 5.0 5.0 25 5.9 2.95 5.9
B 14-bitRF-DAC # of DACs 0 8 8 8 16 16 8 a 12 8 8 16 6 8
S w/DUC Max Rate (GSPS) 0 6.554 6.554 6.554 6.554 6.554 9.858 9.851% 9.85% 9.850! 9.85"% 9.85° 10.0'" 10.0
i SD-FEC 8 0 0 8 0 0 0 0 8 0 8 0 0 0
a Digital Front-End (DFE) - - - - - - - - - - - - v v
L Number of DDCs per RF-ADCY 0 1 1 1 1 1 1 2 1 1 1 1 1 1
RF input Freq max. GHz 4 5 7.125
. . . 1x, 2x, 3x, 4x, 5x, 6%, 8x, 10x, 12x,
Decimation / Interpolation 1x, 2%, 4x, 8x 1x, 2x, 4x, 8x 1x, 2x, 3x, 4x, 5%, 6x, 8x, 10x, 12x, 16x, 20x, 24x, 40x 16%, 20x, 24x, 40x
System Logic Cells (K) 930 678 930 930 930 930 489 930 930 930 930 930 | 489 489
CLB LUTs (K) 425 310 425 425 425 425 224 425 425 425 425 425 | 224 224
- Max. Dist. RAM (Mb) 13.0 96 13.0 13.0 13.0 13.0 6.8 13.0 13.0 13.0 13.0 13.0 | 6.8 6.8
o Total Block RAM (Mb) 38.0 27.8 38.0 38.0 38.0 38.0 228 38.0 38.0 38.0 38.0 38.0 | 22.8 22.8
1= UltraRAM (Mb) 225 13.5 22.5 22.5 225 225 45.0 225 225 225 225 225 45.0 45.0
o DSP Slices 4,272 3,145 4,272 4,272 4272 4,272 1,872 4,272 4,272 4,272 4,272 4,272 1,872 1,872
@ GTY Transceivers 16 8 16 16 16 16 8 16 16 16 16 16 8 8
= PCle® Gen3 x16 2 1 2 2 2 2 = = = = = = = =
E PCleGen3 x16/Gen4 x8 / CCIX'? - - - - - - 0 2 2 2 2 2 | 0 0
= 150G Interlaken 1 1 1 1 1 1 0 1 1 1 1 1 | 0 0
i
T 100G Ethernet MAC/PCS w/RS-FEC 2 1 2 2 2 2 0 2 2 2 2 2 | 1 1
a System Monitor 2 2) 2 2 2 2 2 2 2 2 2 2 2 | 2 2
-1E, -11, -1L1, -1E, -11, -1L1, -1E, -11, -1LI, -1E, -11, -1, -1E, -11, -1L1,
-1E, -11, -1LI, -1E, -11, -1LI, -1E, -11, -1LI, -1E, -1I, -1LlI, -1E, -11, -1LI, -1E, -11, -1LlI, <11, -1LI, 11, -1Ll,
Speed Grades  -2f, 21E, -21, -2E,-2LE, 21, -2E, -2LE, 21, -2E, -2LE, 2, -2, -2LE, 2, -21,-2u “2E,-21,-2U1 -2, -21, -2 -2, -21,-21 -2€,-21, -2 -2E, 21, -2 -2E, -21, 2L 21, -20 21,20
=2L1 =2L1 =211 -2 =21
Pack PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSIO, HDIO, HPIO PSI0, HDIQ, HPIO PSIO, HDIO, HPIO PSIOQ, HDIO, HPIO PSIO, HDIO, HPIO
v a; a_gf Ppackage Dimensions GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY GTR, GTY
oatprin RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC RF-ADC, RF-DAC
214,72, 208
D1156 35x35 4,16
0,0
214,48,104  214,48,104 214,48, 104 214, 24,128 214, 48, 104 214,48,104  214,48,104 214,24,130 214, 24,130
E1156 35x35 4,8 4,8 4,8 4,8 4,8 4,8 4,8 4,8 4,8
8,8 8,8 8,8 10,8 4,4 8,8 8,8 6,6 10,8
214,48,299  214,48,299 214,48, 299 214, 48,299 214,48,299  214,48,299
G1517 40x40 4,8 4,16 4,16 4,16 4,16 4,16
8,8 8,8 8,8 4,4 8,8 8,8
214,956,312 | 214,96,312 214, 96,312
F1760 42.5x42.5 4,16 4,16 4,16
16, 16 16, 16 16, 16
214, 48, 312
H1760 42.5x42.5 4,16
12,12 \_ W,

1. This value applies when all RF I/0 of an RF-ADC tile are used. 2. This block operates in compatibiffty, jRZA‘B’(GN{MﬂQ@h@ ped m.&.résewodébem,mg@qguma@@ﬂsmes Representative. 4. 10GSPS RF-DAC operation is available in -2| speed grade

SD0S 4N w+9]e2SeaN @bulZ



FPGA Features
XCZU49DR

Featured Xilinx Devices

Featuring the Zyng UltraScale+ XCZU49DR-2FFVF1760 RFSoC

33G Transceivers 16

Maximum I/0 Pins 408

14-bit, 2.5GSPS RF-ADC 16
14-bit, 9.85GSPS RF-DAC 16 P
| . e
|
Max. RF input Frequency (GHz) 6 [ XILNX
System Logic Cells (K) 930 | “"'ﬂscg "R
GEN 3 |
Memory (Mb) 60.5 ,,‘
'I
E R y
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NUMEXO2 => g pyal ADCs & 2 FPGA

Signals

From Amplifiers
16 ADC Channels

@200Msps 14bits

4 Daughter cards

Our Proposal
NEGMA

NEGMA = Only one FPGA
RFSoC

Signals
From Amplifiers

-)

16 ADC Channels
@2.5Gsps 14bits

+ CPU
+ TIMESTAMP
(SMART)

a 5 o
FPGA FPGA| B
Dicital readout/setup Ethernet 1Gb
igita
B sina m). v )
Processing + TIMESTAMP
(GTS)
O o o
1 Virtex 6 1 Virtex 5
Before
Ethernet 10G
Today

(Charles Houarner)
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NEGMA
Front End Electronics

Highest level of integration
v" 16 ADC GHz & DAC

v" Multi CPU and GPU

ALL signal detectors input
v +/-or bipolar

v' Mono or differential 0 TS

v’ GAIN/ATTENUATION adjust by X16 v GIGA Transceivers
software

+16/-15dB 16 ADC 14bits@2.5GHz inside FPGA

GHz amplifier

4 DAC 14bits@2.5GHz

(from Charles Houarner)
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NEGMA
General overview

 Processing System Area :

« ARMPS: NEGMA

« Linux, Slow Control, Data debug... NEw Generation of Multifunction Adcs

* Programmable Logic Area:

« TRIGGER & MFM_DATA IP DDR ' RFSOC-FPGA
: _ _ FLASH
« Trigger, Data generation and MFM encapsulation . L
AMPLI DFC/Trigger

« SMART_ENDPOINT IP TRIGGER

« SMART (Time stamping and clock distribution system) HSEEHEES e

q 1Gbits
UART/ITAG IP

MFM_DATA

« Eth 1a10Gbits IP
* High Gb data transmission Interface

« DEBUG & INSPECTION IPs COMPUTER CLOCKS
« Signal inspection & debug Optical
Eth 10Gbits

IP DEBUG
INSPECTIONS

Optical
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Block diagram in Vivado

BLOCK DESIGN - ridc_ex ? X
Sources % Design Signals Board 00 Diagram »x Address Editor x| AddressMap x| Diagram -ex_design x| rfip_example_designv x| top_trigger_mfmvhd x| ridc_exv x| Diagram - PS_Subsy x | iposcill pe_v004vhd x| gestion_buffer_circulairev x| trigger_RFSoC.v x | frames_MFMy  x 0O
a /¢ + @ 0 # |la a ¥ o Q= &+~ FE AC I |=Deutview v o
~ [ Design Sources (10) # Designer Run Block Run C

» & Non-module Files (4)
~ @ = riip_example_design (Mip_sxample_designv) (2}
> A8 dip_ex_i: fide_ex (fdc_ex.bd) (1)
~ @ top_trigger_mim_0 : top_trigger_mim{archi_top_trigger_mim) (to T -
~ @ IPoscill 0 IPoscill archi_IPoscilloscope) (ipo:
@ BUF_CIRCULAIRE_inst : gestion_buffer_dirculaire (gest
@ TRIG_inst: trigger (rigger_RFS0C.v) - i
@ FRAME_inst: frames_MFM (frames_MFM.v) oc00a pa ;&.
> @ exdes_rfadc_data_bram_capture (exdes_rfadc_data_bram_capture. T EEE
> @ exdes_ridac_data_bram_stim (exdes_ridac_data_bram_simv)(17) E‘.:E
> @ rde_ex_wrapper (rdc_ex_wrapperv) (1) i %ﬁ
@ bufgmuz (bufarmuv) E - i
> & Text(1)
P Il ‘
~ [ Constraints (7) -
v = congtrs_1 (7)
I rfip_example_design.xdc
I timing.xde
I misxde g
I spixdc b 4 -
b
I dac_ddrxdc i ——R o
I adc_darxdc : =
I contraintes_mesure_stop.xdc : ==
4 .
> Simulation Sources (2) E — .
» Utility Sources
- . 1 { : P
£ HE T b IHEE —
9 I —
T T —
= I -
! =i = Tt —
T =
! L
| = f :
- Ik . 1 -
L ininone ] . — 3
i T
— o
— AP
s
e 1 |+ | e s
s B T "
& avacumssl 4 M e

({ OEEsssssssssse——— S s 3 .

Hierarchy = IP Sources  Libraries  Compile Order I H
: s
Properties ?_00 X :
B
® rrigger_RFSoC.yv - o B ——
~ ————————————————
¥ Enabled
Location: C:ibufferisources maison

I VR | [ m— i

General  Properties
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Vivado

¥ Re-ousternize [P
Zynq Ultrascale« RF Data Converter (2.6)

@ Documerestion 4 Presets (P Location

iPSymbel  ADC Physical Resources. DAL Physical Rescairces  Dlocking Resouwnces
Shivw disabled poris

Clock Configu rgtion

¢ Re-customize IP

Zynq Ultrascale+ RF Data Converter (2.6)

© Documentation ¥ Presets

IP Location C Switch to Defaults

IPSymbol  ADC Physical Resources  DAC Physica ' * =

Show disabled ports

+ 10k

=l WS HE (BN IEEEHINE

1 s amesatn
2 s 3resetn

s3is 3resetn
=3 s ackk

L6161 61616161616 1——
s
»

e aa

Component Name RF_ADC_16voies

Basic  System Clocking  Advanced

I S Sy LUHIVEI LG LA IS

¥! Enable Multi Tile Sync Band ' Single

Converter Configuration

ADCPair 0,1  ADC Pair 2,3

ADCO
| Enable ADC
| Dither

Enable TDD Real Time Ports  Off v
Data Settings

Digital Output Data Real v
Decimation Mode x v

Samples per AXI4-Stream Cycle 12 v

Required AXI4-Stream clock 208.333 MHz
Observation Channel

Mixer Settings
Mixer Type  Coarse > 4
Mixer Mode Real->Real Vv

Frequency 0 v
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LR SOy

@

Link Coupling  DC v

ADC1
| Enable ADC
| Dither

Enable TDD Real Time Ports  Off

Data Settings
Digital Output Data Real
Decimation Mode x

Samples per AXI4-Stream Cycle 12
Required AXI4-Stream clock 208.333 MHz
Observation Channel

Mixer Settings

Mixer Type  Coarse v
Mixer Mode Real->Real Vv

Frequency 0 v

' ]
|
4
~
v
@
v
v
v
®
v
>
[ OK ! { Cancel ]

13



Vivado

== ADC/DAC Configuration

Zynq Ultrascale+ RF Data Converter (2.6)

f
© Documentation ¥ Presets IP Location C Switch to Defaults

P symw ADC W Resources DAC m y = Component Name RF_ADC_16voies
Show disabled ports Basic  System Clocking  Advanced
I R Sy AAVHIVEI LG Daniu My LR LUy A
v| Enable Multi Tile Sync Band ' Single v Link Coupling DC v
Converter Configuration
=+
+ 00 3 ADC Pair 0,1  ADC Pair 2,3
mOt s
: miR ks
w03 4
+ = ADCO ADC1
: w4
M w12 v Enable ADC v Enable ADC
B midmi +
20 s + :
':_ :z;:u + | Dither ) Dither
" m22 s
4+ :g_-:: I Enable TDD Real Time Ports  Off v Enable TDD Real Time Ports  Off v
+
+ e Data Settings Data Settings ®
+ 'f:;: I Digital Output Data Real v Digital Output Data Real v
+
[l vin33 R _— )
4 sysetin e Decimation Mode 1x v Decimation Mode x v
EE vour3t +
e 2
: ::::)"« :,3 + Samples per AXI4-Stream Cycle 12 v Samples per AXi4-Stream Cycle 12 v
- a0 =
q :W"““ diadct = Required AX14-Stream clock: 208.333 MHz Required AXI4-Stream clock: 208.333 MHz
omman chad2 -
9 ciadd = Observation Channel @ Observation Channel @
: et =
— m2asack i B Mixer Settings ® Mixer Settings ®
4 m 3 ameatn dUDcB r = o
I e o Mixer Type Coarse v Mixer Type Coarse v
< sl amsatn
B | s Mixer Mode Real->Real WV Mixer Mode Real->Real WV
Q 2 iz 3resetn
- 2 s aclk
@ sLaizarestn Frequency 0 v Frequency 0 v
- 53 is ackk v
\ < >

OK J ‘ Cancel ‘
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My1DHisto My2DHisto

GetMFM
GRU
Client

40000

Input Signal 35000
(One Shot) 30000

Cumulative « Triggered »
Traces

My1DHisto My2DHisto
C Entries 8192 L Entries 1.8934968+11
r Mean 4553 C Mean x 4539
55000 |- RMS 406 55000 1— Meany  5.3070+04
i Integral 7.426e+07 C RMS x 398.1
- - RMS y 4738
i 50000 — Integral  3.187e+10
50000 [— C
i 45000
45000 C
PC/XUbuntU C 40000 [—

35000

| | 1 1 | 1 1 | | 1 1 1 | 1 1 | | 1 1 1 ‘ 1 1 | |
4000 4200 4400 4600 4800 5000 5200

T L P
4000 4200

M| L L L | L L L | L L L | L L L |
4400 4600 4800 5000 5200
. - Vigru 21.13.xx (eS|
PC/WI n 10 isg'rals ,;;mé ;u(ls Duplioam‘n- iperl Help
?m Consol |
INPUT_SIGNAL DFC
EUI TS
E Mean 125 52000 Mean 7324
Client Ethernet s e PH B s
62000 1

600001

58000

TR SRS EE R

56000/

o

540001

52000 \ . \ L |
700 1110 1120 1130 1140 1150 540 660 880 700 720 740 760 780 800 620

MY Y

«10° TRAPEZE
180 Entrigs. 8116
o ‘rrLa Mean 1119

f Tsampling= 470 ps

|J
L
[ L.HH
-5 1 L 1 1 1 L L 1 1
1090 1100 110 120 1130 1140 1150 1160 1170
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<INPUT_SIGNAL> | (-111103, y=61781 B, biw=1112. bie=63296. Sum=1 002168+06) 4




Conclusion

* Phase 1 (Demonstrator)
» Software Program : to be finalized

* Fimware :
* Time Stamp IP : To be tested with SMART Three
 Trace IP : We are validating the 16 channels version

* Gb Ethernet IP : Host software under development (REACTIf)

Front End Card : Under test

ZCU216 Mecanics : To be designed

Ongoing collaboration : NEEL Institut/ Grenoble

Demonstrator validation : The end of 2024

 Demonstrator Local Team
* Hard : A. Boujrad, C. Houarner, M. Blaizot, P. Bourgault, M. Bezard
 Soft: L. Legeard, S. Coudert
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Thank you for your listening



