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INeN [l Centro di Elettronica della Sezione di Bologna  setronic

INFN

e dell'INFN Bologna

 Attivita’ a supporto degli esperimenti in Sezione

Progettazione, sviluppo, test e installazione di elettronica per sistemi
di front-end, trigger e acquisizione

e 14 componenti

* Ventennale esperienza di lavoro con FPGA (Altera, Microsemi, Xilinx):
v progettazione di PCB (Orcad, Pads, Expedition, HyperLynx)
v sviluppo di firmware (VHDL, C++, Handel-C, Schematic)
v software per microprocessori embedded (C)

http://www-ceb.bo.infn.it
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Centro di

INF Progetto di R&D per un canale di acquisizione a 1 GS/s -&tettronica
L Motivazioni e Stato dell'arte @INFN-BO Bologna

i Fisica Nucleare

 Elevati rate di campionamento favoriscono:
 Discriminazione a forma di impulso
 Reiezione di pile-up nell’acquisizione di rivelatori veloci

« Esempi di rivelatori:
« PMT con fronti di salita veloci ( ~ 10 ns)
« SiPM

o 2015: realizzata una scheda con ADC commerciale (12 bit @ 500 MS/s) per
I'esperimento FAMU*

6 layer
130x65 mm

ADC: AD9434

Altera Cyclone V 5CGXC5
(custom fw)

out to USB 3.0 mezzanine

LRLLLLLIS

e

*https://webint.ts.infn.it/en/research/exp/famu.html
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IN? Progetto di R&D per un canale di acquisizione a 1 GS/s S d!
Oblett|V| Bﬁll\:)’:gﬁa

Istituto Nazionale
di Fishca Nucheare

Attivita’ di R&D del centro di elettronica per realizzare un dispositivo a 1 GS/s
Design: ADC-interleaved con due ADC a 500 MS/s
Obiettivi principali:

 Studio delle problematiche della realizzazione di un PCB per il campionamento
alGS/s

» Esperienza nella realizzazione e calibrazione di ADC-interleaved

« Esperienza nell'acquisizione ed elaborazione real-time tramite FPGA Zynq di
Xilinx

Stato del progetto:

 identificato i requisiti di progetto e i componenti tramite simulazioni e misure
con schede commerciali (trattato nel seguito della presentazione)

» terminato lo schematico
« ordinati i componenti
 layout in corso
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, Centro di

INEN Studio preliminare: Elettronica

INFN

(_..... acquisizione a 500 MS/s con schede commerciali ~ &owsr

i Fishca Nucheare

Obiettivi dello studio preliminare: finalizzare il firmware di acquisizione, verificare le
performance variando condizioni di progetto (ad es. utilizzando diverse sorgenti di clock con
forme d’onda note)
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Diglient ZedBoard Analog Devices AD9434-FMC-500EB

Zynq 27020 AD9434 ADC
Dual Core Arm Cortex-A9 max 866 MHz 1 Channel
Fs: ~100k 12-bit
Lut: ~53k 500 MS/s
Block RAM: 516kb
220 DSP48

0 transceivers
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Centro di

gN Xilinx Zynq - la piattaforma hardware “w

Processing System
[ 7 Application Processing Unit (APU)
Flash Controller Multiport DRAM Controller

NOR, NAND, SRAM, Quad SP| DDR3, DDR3L, DOR2

AMBA® Interconnect AMBA Interconnect

2x
SPI

CAN NEON"DSPFPU Engine || NEONDSPFPU Engine

Cortex™ A9 MPCore Cortex- A9 MPCore

UART 32732 KB 1/D Caches

[AXI Interfaces ) GPI0
2xSDID
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. with DMA .
2x USB
with DMA
. 2x Gigk .
Programmable Logic B AES, SHA, RSA
General Purpose ACP  High Performance
AXI Ports AXI Ports

XADC ;
2x ADC, Mux, Programmable Logic PCle Gen2

Thermal Sensor (System Gat&e, DSP, RAM) 1-8 Lanes

Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Multi-Gigabit Transceivers

Package, pins, and IOBs
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Centro di
Elettronica
INFN
Bologna

Configurable Logic Blocks

Istituto Nazionale
i Fisica Nucheare

INFN - Xilinx Zynq - Programmable Logic
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GTX transceivers

PCI Express block

Logica programmabile per la serie 7 comune a tutti gli FPGA
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)
INFN

Istituto Nazionale
i Fisica Nucleare

Requirements

Sources of IP:
VHDL/Veriog
System Generator
Vivado MLS
IP Catalogue
Third party 1P

Embedded co-debug
(hardware/software co-trigger)

Diversi tool per lo sviluppo
di FW e SW (parallelizzabile)

Riccardo Travaglini - Workshop su Applicazioni FPGA in ambito Astrofisico

Centro di

“Standard” Zynq design strategy ‘-

Bologna

Software
Sistema operativo
Task sequenziali general purpose
User Application
GUIs

Firmware
Algoritmi che richiedono
elevato flusso di dati
Algoritmi paralleli
=> offloading co-processors

Periferiche custom



,N;? Esempio di disegno di Centro dr
(_ ... FPGA Zynq con Vivado (ADC a 500 MS/s) s

i Fishca Nucheare

Nota: progetto derivato da esempio con Microblaze su board demo ML605 con Spartan
6 (https://wiki.analog.com/resources/fpga/xilinx/fmc/ad9434)

nelle slides successive:

« [P integrator: Block Design per la configurazione del Processing System e
I'implementazione nell Programmable Logic di IP

« Xilinx, 3rd party : AXI interconnect, DMA, reset system...
o Custom : AD9434 to AXI...
« Block design wrapper in VHDL (automaticamente generato)

« Modifica integrando interfaccia tra Zynqg SPI e implementazione I°C-like dell’ADC
(VHDL)

e Sintesi

« Inserimento di core per il debug di segnali (Integrated Logic Analyzers)
» Piazzamento dei pin di I/O

« Timing constraints

« Implementazione e Bitfile
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Centro di

INFN IP integrator - Block Design &=

Istituto Nazionale
i Fisdca Nuclheare
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IP custom che acquisisce 12 bit in parallelo a 500 MHz (con Serdes),
parallelizza 1 a 4 bus a 125 MHz (48 bit) e implementa AXI master a 64 bit (verso il DMA)

(VHDL puro - v.slide 12)
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INFN  Zynq Processing System IP core “wa-

Bologna
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Centro di

INFN  Sviluppo e integrazione di IP custom “&a*

Bologna

Istituto Nazionale
i Fishca Nucheare

¢ edit_axi_ad3434_v1_0 - [C:/Users/travaglin/Documents/ad9434fme_pri/prj_2016.1/edit_axi_ad9434_v1_0/edit_axi_ad3434_v1_Oxpr] - Vivado 2016.1 - (W] X
Fle Edt Fow Tools Window Layout View Hep Q- Search co
e RR X DD XU S XK L G S0efutLayut P & B~ Ready
Flow Navigator ? « Project Manager - edt_axi_sd9434 v1 0 DN
A Sources P00 X oject Summary X & Package IP - axi_ad9434 X QJ
| O3 e 5 |
4 Project Manager Packaging Steps «  Identification >
=} {22 Design Sources (2
@ Project Settings W8 5% axi_ad9434_v1_0 - arch_imp (- vawn Vendor: sibnx.com
% Add Sources -4 2 _ad9434_v1_0_S00_AXI_inst -.
(4 ] VA N Compa
Q L - m_ |4 2%0_ad9434_v1_0_MOO_AXIS_inst o Wbty Library: user
v Language Tempia ¥% |_mem - adc_dma_mem - Beha
Fie Gr Name:
£F 1 Catalog @1 _adc_wr - adc_w - sbuct (adc_w W Fie Groupe LR
L. Package IP Wi_adc if - adc_if - struct (sdc it { o customization Parameters Version: 1.09
/ ¥ i_pamon - pnmon - Behavioral J
\_ﬁ_w a ] Display name: axi_ad9434
4 1P Integrator X P « Ports and Interfaces
¥, Create Block Design )& Smulaton Sources (4 V' Addressing and Memory Desaription: axi_ad9434
ﬁ Open Block Design & Customization GUI Vendor display name:
‘ Generate Block Design Company url:
Review and Package
p ton < > Root directory: ¢z Users travaghni Documents /ad3434fme_pri/ad9434fp_repofedit_axi_ad3434_vi_0.ecs/sourc
@ simuation Settings | Hierarchy  LUbraries | Compile Order o emi file name: ¢: JUsers /travagini Documents fadd434fme_pr)/ad9434/p_repofedt_axi_add9434_vi_0.ercsfsourc
@ Run Smulation = 2 _ O X Categories
e _ LserTP
4 RTL Analysis - = Q L +
@ Blaboraton Settings o
¥ Open Elaborated Design t
4
| 4 Synthesis
@ Synthesis Settings
9 Run Synthesis Select an object to see properties

, B Onen Sunthedred Dedon

Progetto di Vivado configurato per generare un IP e creato con un “wizard” dal progetto
originale
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INFN  Integrazione di componenti VHDL

Istituto Nazionale
i Fisica Nucleare

¢ zedboard_ad%434fmc - [C:/Users/travaglini/Documents/ad3434fme_pry/pr_2016.1/zedboard_ad9434fmc/zedboard_ad9434fme.xpr] - Vivado 2016.1

Fle Edt Fow Tools Window Layout View Heb

Centro di

INFN
Bologna

Elettronica

2 O -’] _1 X ’ D DS a ) j 23 Default Layout Fe% © write_bitstream Complete
Flow Navigator ? « Pnjed:mnoer mdﬁm ? X
G o Y )
Al S S - 20 X | PopctSummary X | util_spi_3wvhd X | O x
I — ) | IniDocuments/ad9434fmec_pr)fad3434/zedboard_ad9434fme/zedboard _add434fme. srcs/sources_ llcmorts/vhdm_:u 3w.vhd
; =}-4. Design Sources (2 S6 spi_clk : out std_logic; 3 vire clock N
@PropctSetnnos = ih % adc9434_sys_wrapper - STRUCTURE (2009474 sys wranpe ol 57 spi_sdio_ T : out std logic: -- 3 vare sdic (ba-dz
¥ Add Sources ¥ % 29c9434_sys_| - adc9434_sys (2dc9424_sys.bd) (1) N se spi_sdio O : out std logic;
" Jutl_spi_3w_| - ubtl_spi_3w - IMP (util_spi_3w.vhd) - z .
/ Language Templates | e Log (1) G :Z spl_adio_I : 1n std _logic;
ﬂ:IPCawog B4 Cons;ja‘nts ’_‘:IM_sys_a:a_ 34.1_0.upgrade Jog ‘:);] &1 debug_trigger out std logic wvector(7 downte 0);
s 8 62 debug_data out std logic vector (€3 downtc 0
4 1P Integrator u (&3 Simulation Sources (1) |’x o i 9 Ao ( !
7%, Create Block Design | 64 [ end util_spi_3w:
52 Open Block Design {/ 65
% Generate Block Design 3 | 66 ('architecture IMP of util_spi_3w is
&l
4 Simudation > &8 signal x clk d : std logic := '0";
con Settt Q 69 signal x_csn d : std_logic := '0';
@ on SEtings ,<, — 2 ' 70 signal m_enable : std_logic := '0';
@ Run Smulation | Hierarchy | IP Sources | Libraries | Comple Order 71 signal m_rdwr : std_logic := '0';
""""" , e 72 signal m bitcnt : std_logic_wector(S downtoc 0) := (others => '0');
4 RTL Analyss SarmFlgﬁoosrus -0 =x 73 signal m_clkent : std_logic_wvector (S downto 0) := (others => '0');
@ EBlaboration Settings = lblk J 74
(5% Open Elaborated Desi @ uth_spi_3w.vhd 75 signal x _csan_s : std logic := '0';
. 76 signal x_clk_ s : std _logic := '0';
~
4 Synthesis [4] Enabled 77
. 78 | begin
@ Synthesis Settings Location: C: JUsers/tr avaghni/Documents (ad3434fme_pri/add434/2 79
ORmSyn:hess Type: VHOL . 4] -= D855 o5t of the § wire stuff as 1t 35 (ve only need the tristate controls)
. [@% Open Synthesized Design &1
“ - Lbrary i_defauitib | | - a5
4 Implementation Size: S.6KB e3 x_miso <= spi_sdic_I:
@ Implementation Settings Modified: Thursday 28,04, 16 03:18:35 PM B %p_coin <= x_oom (0) 5
O Che .0 nt g5 spi_csln <= x_can(l);
B> Run Implementation < . > 86  3pi_clk <= x_clk; >
. [g* Open Implemented Design  General | Properties < >

Convivenza di IP integrator e moduli VHDL
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* B X®Hh D H* J LD OXK L @ Detaut Layout v % & write_btstream Complete
Flow Nywgar ? Implemented Desgn w720 2000484 1

N Nedst ? = D2 X LiopctSummary X D Device X ot sp dmvhd X a0 xde X a4 s r B B = N
A
4 Project Masager
o5 d 5CHOA_sys _wapper
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¥ A Sources weaf Cels - = =
: s 9i4
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o
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¥, Creste Block Design
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4 Senuaton
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« Setup Debug
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A * Pin Placement
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il || s1e : » Implementazione
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e Bitfile
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¥ Report Clock Interac mey Settrgs . = e s
m ot Negatve Shadk ("N 0,000 78 Total Hold Slack (M 0,000 ra Fotal Pulse Wadh Negatve Stk (TPWS): 0,000 ns
Report Methodology i v . . . .
v . oo Summary Numtey of K‘,.'.; Endponts D Number of ‘.)4'-; Endoorns: 0 Nurber of ;)...; Enaponts 0
8 cRc T
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, I Centro di
'NFN Debugglng Con Elettronica

INFN

(o Integrated Logic Analyzer(s) 1/3

i Fishca Nucheare

| zedboard_ad9434fme - [¥/ad9434fme_pr/pe_2016.1/zed
Fle Edt Fow Tools Window Layout View Help

°‘ DR X PP U @K L @ 250cfautLayout | & %\ | 0ashboard v &) write_bitstream Complete
Flow Navigator ? « Hardware Manager locabost/idinx_tcf Diglent/210243470635 X
A o & Hardware - 0w X © dashboard_1 X |4 hw ila 1 X S hwis2 X =
= <, » \ P i . A r
G'.;‘aborabm Sett Q 2 B ﬂ R Dl» . Se T - 0O x Status « | 3 1 — (al ™.
-
%" Open Elsboratex = N =
Name ™ o Sat %, Core status
4 Synthess i locahost > Ide Waiting for Trigoer Post-Trigoer Ful
- lle xdnx_tcf/Diglent/21024847 g neger meds: | BASIC_ONLY =
@ Synthess Settn @ arm dso 0 & W Capture status
P Run Synthesis = @ x<72020_1 1= | Window 10of | Window sample 0 of 1024  Total sample 0 of 1024
=3 Open Synihest & x20C = é Capture Mode Settngs “u Ide 1de Ide 3
-m“ "w'id-mz 22 a ALWA v
4 Implementation ) ) - _ Trigger Setup - s 1a | - 0 X
@ Implementason — - ' ' a_
D fun Imok .a indow data depth 1024 ~ 1~ 3024 +
4 A Implemented De s _ ’ Trigoer pogition in window: 0 — +
5,Corstrm:s ILA Core Proper... ? . O 1* X General Settings Fp
(3 Edit Timing C ol -
o = i3 sctchoe [0 T——rY o ~
(J Report Timr @ hw_a_1 n-iw b ) -
.. Report Clod ]| 1A Status:ide
M . 2]
2! Report Clodd — sl
- n * Math Cel: 839434 _sys
v Repor
Device: & xc72020
D Report DRC |© x702
) MW core: core 3
| Report Usiiz £
p Capture sample count: 0 of 1024
&R t Pon
-ty Core status: Idhe
4 Program and Debug P — )
@ Bastream Settrs General Properties « m »
V2 Genwrate Btstre
onsoke ? A X
K .Hart:wueMu'o TdC -0
- 2 digmtasr Do %4 Adava Tisnmtmad B %0 Aavra Toar b Mas AT Jbhsguny wi* by Aasri rpne v~T4MAIN 1Y _fiYvan AETT VANE . . "adalA2 osre S 7adr Ml ambiéila A™
B Open Targe olha « i A ¥
g
@ Program Den :"",J
B Add Configu o & Td Console Messages | % Serid IO Lnks  [§] Serial 1/O Scans

Generate a programming fle after mplementation

Interfaccia di configurazione del Logic Analyzer
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Elettronica
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Debugging con
Integrated Logic Analyzer(s) 2/3

* | 9.

a

Flow Navigator ? «

N o
Q Saborabion Settngs

-
-

Open Elaborated Desgn

4 Synthess
Q Synthess Settngs
» Run Synthesis

2” Open Synthesized Desigr

4 Implementation
@ Implementaton Settings
» Run Implementabon
4 M Implemented Desion
_\ Constrants Wizard
..'-, Edit Timing Constran
:) Report Timing Sumes
5, Report Clock Networ
2! Report Clock Interac
W Report Methadalogy
& Report DRC
B| Report Uskzason

&0 Report Power

4 Program and Debug
@ Bastream Settings
W Generate Bastream
o [l rerdware Manager
." Open Tarpet
@& Program Device

i

y @ F I - « &
I st ot - VdiiSHe i 0 Voo e e g2 o T - o
v

Fle Edt Fow Tools Window Layout View He

L ARl 4l M Defauit Layout v 4 K. | &) Dashboard » | &, write_bitstream Complete
Hardware Manager ocahost)xiinx_tcf Diglent/210248470685 X
Hardware - 02 X \ dashboard 1 X | S bwis 1 X Sihwis 2 X (= I L
\ = & | | M YADC (xc72020_1) -0 X
Name Status - B Temp 50.8°C

§ locahost Connected " |—
l o xiirx_tcfOiglent/210243470535 Open S 50
& am dap 0 N/A 3) E
@ xc7:020_1 Programmed 3 @
i xADC 5 -
i hw_da_1 (839434 sys ifacc ... |@ F -
W hw_ia_2 ide s 47.5
%)
< 45
« n ’ e
2
L]
RA Core Propertes 2 .00 5
{
=5 = 425

oF hw_da_1
Name: hw_fa_1
Cel: 80c9434_sys_iade_blockfla_0 10
Device: | @ xc72020_t |
MW core: core_ 3
Capture sample count: 0 of 1024 37.5
Core status: [de

17:32:45 17:33:00 17:33:18 17:33:30
Time (HH:MMSS)
General Propertes
Td Console ? - 002
‘ - = -

 Tcl Console Messages % Serial 1)O Uinks | (&) Serial 1/O Scans

Open Bitstream sattings 10 change bitstream e format settings

= e
[ ol -
- N DO i

Accesso al sensore di temperatura dell’FPGA
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i zedboard_ad9434fmc - [Y/adS434fme_pn/pr_

Debugging con

Integrated Logic Analyzer(s) 3/3

Fle Edt Fow Tools Wndow

-
4

Flow Navigator ? «
\
@ Baboration Sett -

* Open Blaborate:

)

4 Synthess
@ Synthesis Settn
> Run Synthesis

2% Open Synthesia

4 Implementation
@ Implementation
[P Run Implementa
4 |4 Implemented De
L Constraints
(2 Edit Tming ¢
Report T
M, Report Clod
:- Report Coo
':_ Report Mett
(2 Report DRC

Report Uk

&) Report Pows

-

4 Program and Debug
@ Btstream Settn
¥ Generate Bitstre

- . Hardware Mans
“' Open Targe

& Program De

Layout ':'14‘.'.

® P

@X L3

Defaudt Layout

v J ) Dashboard ~ "1

Hardware Manager locabhost/xiinx_tcf Diglent/210243470685

3 Properties

4 Hardwar e

el |

Acquisizione dei segnali con visualizzazione digitale e analogica
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Dashboard Opticrs

L dashboard_1 X (S0 hw o 1 X

Waveform - hw 12 3

ILA Status:idhe

+ Name

E B adc_bus0
Y

PR
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vhw o 2 X

Updated ac

2016-May-04

2016 U/zedbosd_ad9434fme/zedboard_adS3fmexpr] - Vivado 2016.1 = s
Help

Centro di
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INFN
Bologna

« ¥

write_bitstream Complete

% ® D e

17:38
04/05/16
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INF ) Sviluppo del software per |l Controdi
g microprocessore

i Fisica Nucleare

. C/Co o - Smple_Loope_3erven e/ scope_ manc - Xl S04 - o x
Fle Bdr Sowce Retamar Nowgme Seach Proeat Rus  Niea Toolks Wedos Hep
~ - E}"'u ~38D1Iﬂw-a_-:'-o-o-O-QuQT- - e v "‘.]7 B UCes © Detug
O Prageat Daplons 10 =4 ¥ T 0 gavensst i e T Oarvvemtsy Q srtemhg (€ wope_manns * T Ouiee M Toge O
.. SIS an_srapper e pleform =8 *p_recdatar - . _‘. LB |
v I st B3l oy srapper e pletiorm ) 1choeterl "2 [T RN
£ sl ot ool IcBulPag *achz; o e
4 T gt WA LgNad Wt 300080 o et
2 s aoc
y TeButSlsoe *ache; @ maliuch
| Loy e N N L 0wk
@ pelnthemd w33 . ePinr B s e
T nescl
R :n'.mw ICIP-23en < Slaeel | TeNesder) )i 8 o commandh
LY reters LAS O U edeblidlogih
5wt bild tent . - [ T NS
v i smple e sone o s
» L
« o p_seccata = (:f¢) p-dpaylcac: o sl _pueiet g h
o chdn 1oh = (JoBester *)p_recdatar 9 wotmerh
o Detng ¥ wowgeh
v 1IL1200~2340 ™= IC_ID)veturs LRR_CK; o ol _ecephon
W sdckapnc f DLOPCERD
& sdchibiape b 1L (Bch-2cnd == 30 _ond_regPvier) & OMADEVID
o " EDE = malint s anal (S4%aaler) » sissal(ZaNVvBav) )t § AWM CTR
W S s L R4E. 140 & TRERLOAD Vel
L manc & PRNATE TRVER NID
A~ plattoen_comligh the = (Jcleader *) i e's .
i@ platiorn mb.c acnz-d3a = BC_1%; o' Add
R o gpen Sadmota = Seens fetmmet (Bettuv))s o wopeiis
from Vivado ——» (8 plastooms_symg < _ o i o Tomes
o platteem s o' e
2cf & (ZoNGav*) (2Daf <« mizeof (IcNeader))
(custom hardware) & plastoun ST = T Sy ‘ g o ntumpted
SN 2efONIN = PN _MIN: ® Rbufioby: b
@ sope mand strogy (80f->DATX, _TATE_ )7 = geticopeitmanlc )
i« 'p‘\ SArepry [BEP-XTINE, TINE_ )2 b4 ade coptureleldl B2 ot
i wiRae Tetocde = top_wIite(tpoh, DL, sizect (2cMcader) + slseot (lofvBev), 1) b e LD
W herp o Crne (1De2) 7 PR T Ly e e—
L FRADAS returs retcode: o geticopeitmanilcReman’)
L Mo apes ) & mticope) oo
B cuncaione tep 0 ise revarn LR OF: ® doseScopel) ot
B ndalone_bop_we ®  adc capturelell o8
else 1A Oh-20nd == 30 Ond regitat) i ¢
> 10 *= M & LR FPGA ST T ADDR
B "oyt Cemmecron s Baf = malloc jsizect (IcNesder) « aizeof (ZcStataa)); & SLCRLOCK.CODE
@ Hardwee Server (4R 4l 8 ISLCRLOCK AZOR
o Lws TCF dgeve g o manl
o CANU ScAleChare IGhT = (IcKeader *) That) v
< » «
4. Problerns &) Todtn © Consoie 11 ) Progenes € 50K Teminat - Loy Y ] 0
T S R ™ O™ 1722298 1800 : laz=chang XS08 serves: xadd.bat -inte A
COF Buid Comacle |vmple_scope_server] 17132138 INPC X538 server has started seooessfelly.
a iT:33 141 IETO t Trocessing conmand lioe cpiicem «~dwpe
v TR R POy TR PR Ty S s,
< > < »

Applicazione Sw: server Ethernet che risponde a pacchetti con codifica custom per
configurare i dispositivi (SPI) e spedisci dati acquisiti in memoria (tramite DMA)

Sviluppato a partire dal template di progetto “echo server” di SDK
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We con'ﬁe r Help Wavegen1 @
File Control Edit Window
0 Stop all Channels £ No synchronization +
0 o Channel 3
@sStop v Enable Simple &
Type: ", Square a8

Frequency: 2 MMz v
Amplitude: 500 mV v
Offset: ov v
Symmetry: 50 % v

Phase: 0° v

Trigger PC

DisCovery2 SN:2TOIZIATEEDS SLaus: OK

Onda quadra a 2 MHz generata con Analog Discovery 2

Torino, 18 maggio 2016

Riccardo Travaglini - Workshop su Applicazioni FPGA in ambito Astrofisico

Centro di
Elettronica
INFN
Bologna

Analog Discovery 2
Digilent

100MSPS USB Oscilloscope,
Logic Analyzer,

Arbitrary Function Generator
(20MHz BW)

http://store.digilentinc.com/analog-
discovery-2-100msps-usb-oscilloscope-logic-
analyzer-and-variable-power-supply/
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/) . . ] Ecl:et:;tro di
Lﬁm Esempi di misure

' O EFE RGO « &
[¥/2d9434fme_prj/prj_2016 1/zedboard._sd343dimc/zedboard_sdod Hitmexp] - Vrvado 2016 L =«
Vi ep

" zedboard_ad9434fmc

Fle Edt Flow Tools ndow  Layout View M
- P P L X ¥ 3 Default Layout v ‘ K. | &0 Dashboard v £, write_bitstream Complete
-
Flow Navigator ? « Hardware Manager localhostdinx_tcf Diglent/2 102484706385 X
\ o 19 g Vdashbowd 1 X Sohw il 1l X ©hw iy 2 X @ &
Saboration Sett » s
Q [ Waveform - 3 | - X
2~ Open Saboratex 8 -
z *U ILA Stabus:1de

4 Synthess
@ Synthesis Settin
9 Run Synthesss

3" Open Synthesx

Dashboard Options

| Hydwae

4 Implementation
@ Implementation IR B ack_busO

» Run Implementa -

%11
% [10)

. [‘::

4 N Implemented De
5, Constraints

(). Edit Timing C
s 2 [é_

w7
N &[e
bl . [

5 Report Tmrr
B, Report Cod

2| Report Cod

 Report Mett &[4
g Report DRC . e [3
# Report Utike ¢ - % (3
&) Report Pown od e [1)

r % [0)

4 Program and Debug
@ Bitstream Settns
¥ Generate Bitstre

4 . Hardware Mana
.‘, Open Targe Updated at: 2016-May-04 17:43:12 -

) -~ "

™ Program De

3 Td Corsole o =

el | [ (8 .

1 periodo : ~ 60 campioni a 125 MHz (~ 2 MHz)
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1 periodo: 25 campioni @ 125 MHz

10 MHz | 1 periodo: ~ 12 campioni @ 125 MHz
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INFN - Acquisizione tramite Ethernet “a="
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Scope Connection | AD9434 AD9517 | Config Scope | Connection ADS434  ADS517 | Config
ADC data | ADC data
fMonitorHisto fMonitorHisto
! Entries 0 3000 Entries 0
2600} n n n F ﬂ n n ﬂ ﬂ Mean 0 Mean 0
. Std Dev i 0 2800} Std Dev 0
2400—_ 2600:—
- 2400}
2200} s
» 2200f
2000:_ 2000}
| 1800}
1800 :
i 1600}~
1600[1 1400}
/B LA | A | A | A | A 1200f
14w 1111111111 111111111111111 llllllllllllllllllllllllllllxlllllllllll
0 100 200 300 400 500 0 20 40 60 80 100 120 140 160 180 200
E & Exit| [NoEror E & Ext| [NoErmor
input sinusoide a 10 MHz input triangolare a 5 MHz
1 periodo : 50 campioni a 500 MHz 1 periodo: 100 campioni a 500 MHz

Graphical User Interface scritta in ROOT" per la configurazione dei dispositivi
I'acquisizione di campioni, il monitoring e il salvataggio su file (ascii)

* https://root.cern.ch
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File Edit View Insert Tools Window Help

&S 2

B OTNNN\NW a~ 0B W

Wnoow Viewer

4000 -

3500 +

2000 "

Time doman
v v

Esempio di Analisi

Acquisizione di un segnale sinusoidale a 140.3 MHz
(1600 campioni)
Elaborato tramite Matlab con Signal Processing Toolbox

Frequenty 0oman
v v

2000

Argiude

Z00m

Nosnakred Magntde KB

A A A
0 50 0o 15;‘ 200
Froqancy (MHD)

(sottoinsieme dei 1600 campioni)
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Fundamental
80 ———— Nbise and Distorfon | 7]
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ol .
I
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[ S
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) Considerazioni conclusive sull'utilizzo di Centro di

INFN

(e FPGA Xilinx Zyng
<YDocumentazione e tutorials YVivado
OFacilita’ di apprendimento “ Debug con Integrated Logic
¢YBoard commerciali di sviluppo Analyzer

= SDK

W Tempi di design

Implementazione di protocolli
standard (SPI, Ethernet...)

<YSistemi di test

Wlntegrazione con moduli VHDL
~ Design AXI-"centrico”
Q')IP integrator

-* Configurazione e sw di alcuni IP

YAcquisizione ed elaborazioni dati cores (DMA)
# Tolleranza radiazioni ©Creazione custom IP

“ Utilizzo nello spazio

Torino, 18 maggio 2016
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« The Zynqg Book (free PDF) : http://www.zyngbook.com

« The Zynqg Book Tutorial (free) http://www.zyngbook.com/
download-tuts.html

« Zyng-7000 All Programmable SoC. (Z-7010, Z-7015, and
/-7020): DC and AC Switching Characteristics. DS187 (v1.17)
November 24, 2015

« LogiCORE IP AXI DMA v7.1 PG021
« Zyng-7000 AP SoC Technical Reference Manual UG585
 Vivado Design Suite AXI Reference Guide UG1037

 http://zedboard.org
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