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SAM : GOAL

— The creation of an autonomous acquisition system with few analogue channels,
based on the GET experience.

—> Replacing the RCoBo module

- Future of ML507

No longer manufactured

Virtex5 old generation

Move to ARM technology (Zynq)

Use FMC Standard on adapter board
(compatible with all evaluation boards)

— SAM (Single AGET Module)

Used at CENBG for the DPR experiment
(Development of a gaseous proton recoil detector
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SAM : PCB

AsAd Board SAM Module

:
2

PCB 10 layers
Cross-section
Routing entries
Pulse routing

_ |dentical to AsAd Board
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SAM : PCB

Content :

Zyng-7000 AP SoC XC7Z020-CLG484
Dual-core ARM Cortex A9

Memory:

256 Mb Quad-SPI Flash

4 GB SD card

512 MB DDR3

ZedBoard

Onboard USB-JTAG Programming
10/100/1000 Ethernet

USB OTG 2.0 and USB-UART

PS & PL I/O expansion (FMC, Pmod™,
XADC)

Multiple displays (1080p HDMI, 8-bit
VGA, 128 x 32 OLED)

12S Audio CODEC

1700 €

+ 1200 if modif.

)

N

SAM

Content :
1 AGET
12 bit ADC ADS6124
Pulser with 14 bit DAC AD9707
4 Inspection lines

J

o

ZAP

Content :

64 inputs Analog Channels

64 protection circuits

~

J
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SAM : Firmware

Ordinateur

d'Acquisition

Entrées

d'inspection

Analogs Outputs

—_— AGET
4 scw SC_din N
CKw SC_dout
SCR SC_ck
CKR SC_en v
SDATA
DATA_ADC SCLK
SEN
PDN
RESET
ADC
CLK_ADC
FPGA  C8 A0 ADS6122
Zyng 7000 DO_D1
oy
fep2 D6_D7
isp3 L,
isp4 D8_D9
D10_D11
Spi_mosi-spi_miso2 ;EIE;
Spi_ck2 D[13..0]
Spi_cs2 CKO
. _/
DAC
e
AD9707

DAC Oscillateur
( Modules *
logiques
splok2 e ADC
Spi_cs2
Sz - AGET
DAC
DAC_Ctrl
(M2) -
(M7)
Processeur Bus AXI Memoire + AGET
(PS) DATA_ADC[11.0]
> - 4GET
apc_cu M9
CLK_Data
00_D1
o 22
= = AGET
PON 0 D8
RESET p10_D11
PL
| (PL)

FPGA Zynq

A
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SAM : Firmware

» Clocks
clk_wiz_0
clk_outl
— o . clk_out2
. || dbs_axi_ite R
=5 _axi_aclk i
Bus _ clk_out4
-S_axi_aresetn
— ' clk_out5
100 Mhz ==clk_in1
clk_out6
locked

Clocking Wizard

* Creates necessary clocks

— Deseralizer
200 Mhz — AGET fast Control
— AGET, ADC, DAC slow Control
50 Mhz — AGET Sampling
10 Mh — AGET readout
: * LogiCORE™ IP Clocking Wizard
100 Mhz
25 Mhz

* Frequency equation :

Mult_Counter
* Divide_Counter * CLKout Divider

Foyr = Fly

CLKout_Divider Register

Bit[31..19] Bit[18] Bit[17:8] Bit [7..0]

X Fractional part enable ? Fractional part Integer part
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SAM : Firmware

Ordinateur

d'Acquisition

Entrées

d'inspection

Analogs Outputs

—_— AGET
4 scw SC_din N
CKw SC_dout
SCR SC_ck
CKR SC_en v
SDATA
DATA_ADC SCLK
SEN
PDN
RESET
ADC
CLK_ADC
FPGA  C8 A0 ADS6122
Zyng 7000 DO_D1
oy
fep2 D6_D7
isp3 L,
isp4 D8_D9
D10_D11
Spi_mosi-spi_miso2 ;EIE;
Spi_ck2 D[13..0]
Spi_cs2 CKO
. _/
DAC
e
AD9707

DAC Oscillateur
( Modules *
logiques
splok2 e ADC
Spi_cs2
Sz - AGET
DAC
DAC_Ctrl
(M2) -
(M7)
Processeur Bus AXI Memoire + AGET
(PS) DATA_ADC[11.0]
> - 4GET
apc_cu M9
CLK_Data
00_D1
o 22
= = AGET
PON 0 D8
RESET p10_D11
PL
| (PL)

FPGA Zynq

A
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SAM : Firmware

> |P Deserializer

P
. DO_D1_out
= gS00_AX|
6 D2_D3_out

- CLK_ADC

D4 _DS _out
= CLK_Sync¢
: DE_D7 _out
= CLK_Config
DE_D9_out
-D0_D1
D10_D11_out
—-D2_D3
Data_Out[11:0]
-4 _DS
CLK _Data
—D6_D7
SDATA
- D8_D9
SCLK
=-D10_D11
. SEN
= s00_axi_aclk
. PDN
= s00_axi_aresetn
RESET

(J Datas from the ADC

a

* 6 parallel inputs
e 2 serial bits
 Dual Data Rate

IDDR Primitive

C

DO_-D1 |DOA|[D1A|D
|

08 | D18 | boc [ b1c [ DoD | D1D | DOE | D1E | DOA |

D10-D11 |D10A[D11A[D10B| D118 [D10C|D11c [D10D|D11D [D10E [D11E [D10F |

Qo

Q1

Q10

Qi1

i ™1 Doa| | DoB| | Doc| | DoD| |
| | | | | |
i i | biar [ piBi | bpici [ b1 |
I I I i I I
| | | | | |
| ! ! ! | !
i . | ptoa] | pos| | pioc; | DD |
[ | | | I |
i | | pi1al | b1y | bpiici | bupi |

04/10/2022

Rencontre du Réseau DAQ



SAM : FiIrmware

» SCA manager

» SCW_Module
» Creates enable write signal
» Multiplicity detetection

"

| en500_AXI

Disable_Scw

Multi_Threshold[11:0]

Sel _Try

Ext_Trg

Multi_Delay[3:0] SCW

Scw_Mul_Delay[9:0] Trigger_out = R P P P

CKW Trig_out SCW ||| e

Start_scw Event_Number[31:0] s —i—i—d : : : : : : : : : : L.-a—.—a—

Clr_IT Start Dol Db Pl

CLK_Data I

Data_IN[LL:0] REREE RS

s00_axi_aclk Pl Poro

s00_axi_aresetn : : b : : :»; 'MCM 1: '
Multiplicity BEREE R

Threshold _x 6 X
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IrMmware

F

SAM

> SCR Module

» Creates enable read signal

start_scw

i

SCR_End

L SO0_AX|

25Mhz —CKR

—SCR_Disable

= Clr_IT

= scr_start

—s00_axi_aclk

= s00_axi_aresetn

11
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SAM : FiIrmware

AGET Sampling : SCW Controller AGET Readout : SCR Controller

Reset
Start_SCW

Start SCR <—

Stop_SCR -

Delay_OK
SCW_OFF_Delay_OK

N_CKW_Delay_OK

Wait
SCW_OFF
Delay

Wait
Multiplicity

Multiplicity

Firmware

Read Hit

Write Hit Get SCR
Register

Register Width

Hit Manager

Software

04/10/2022
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SAM : Firmware

Partial readout Full readout

wities | ver |

<
|
A P A AR A Ay B Sy g AN b ARy AR e A -

A m-»n/ﬁmq-.»m-nw'mmmmmLqmWMM-mmww/vwwwm’kaw,-.wwmww N
SCR SCR

VA et Ayl apnd b A M A bbb g b o ; w»«m,mmmwm‘wmwj

«©» 2.0Vidiv E 200ps/div 1.0MS/s 1.0ps/pt @ 2.0Vidiv

200ps/div 1.0MS/s 1.0ps/pt
@D 2.0Vidiv @D 2.0Vidiv

572 acqs RL:2.0k

676 acqs
Count Info

Value Max StDev  Count Info

Auto January 11, 2017 1 Auto January 11, 2017
‘mnoly‘ [273.0ps  [920.24015p |18 i ‘GF\Dnly‘ 203.0us  [294.18308p |[181.1 1.599m %

Value
920.24015p i : 294.18308p




SAM : FiIrmware

DMA Manager Ethernet network
= Principle |4
Zynq —
PS

DMA trigger: £
data couner > DMA threshold

N

AXI CENTRAL
DMA

BRAM

- —
\ oo /

DMA threshold is programmable by register
5 Number of events to read

04/10/2022 14
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SAM : Firmware

DMA Manager
= In Vivado

Source Address : BRAM The number of words to be transferred

h_C0000000 [ LA//
I dout[31:0] | masteAdest_0
SRC_ADDR([31:0] axi_cdma_l
Constant DEST_ADDR[3Y0] . of
3 MOO_AXI 3k |- |4 S_AXI_LITE
——==WORDCOUNT[31:0] "
[ mO0_axi_error :m_axl_aclk M_AXI 3 f
h_A000000 e mO0_axi_txn_donef s_axi_lite_aclk cdma_introut
mO0_axi_aresetn
s_axi_lite_aresetn A
dout[31:0] mO0_axi_init_axi_txn
= = AX| Central Direct Memory |Access
Constant maste| test_v1.0 (Pre-Production)
¥ 2

Destination Address :DDR DMA start

DMA Interrupt

= The addresses (Source & destination) are fixed in the firmware

= The word counter, the threshold comparator and the start of the DMA are
implemented in firmware

04/10/2022
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SAM : Dead Time

Dead Time = DMA width

File | Edt | y k | Math

Dead Time vs Channels to read On SAM Medule

1000
900
800
700
600
0
2
g 500
IS
=}
©
@
o 400 @D 2.0Vidiv RLTYE,,:500M |
@D 3.0V/div RLUIeRE,:500M |
@ 2.0V/div RLUITEy:500M |
300 Value Mean Max StDev  Count
200
100
0

80 100 120 140 160

o
N
o
N
o
@
o

Channel Number

1.0ms/div 1.0MS/s

164 acqs
Auto January 06, 2017

1.0pslpt

RL:10.0k
11




SAM : Software

> Overall Architecture

Data
Producer

Data
Sender

Hardware
Server

New developpement

Workstation
Reuse from GET

Workstation

04/10/2022 Rencontre du Réseau DAQ
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SAM : Software

> Embedded Petalinux kernel installation

l

- ~~

-

P e e e e e e e e e e e e e T T

-

_~"Hardware Platform

Software Platform

Vivado/IP

1. Generate Bitstream
2.  Export hardware

___________

1. Create Petalinux project

S petalinux-create —type project —template zynq —name Zboard

2. Configure project to match the hardware

S petalinux-config --get-hw-description -p <project —root>

3. Configure top-level system setting and kernel

S petalinux-config
S petalinux-config —c kernel
S petalinux —config —c rootfs

____________________________________________________________________

4. Build System Image
S petalinux-build

Genarate BOOT.BIN image for Zynq

e o o - —————

04/10/2022
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SAM : Software

> Hardware Server : getHwServer

GetBench Package :

1. ControllerDeviceZboard.hpp : to define a read and
write process for registers in DAC, TCM, ADC and ISP
devices

2. ControllerDeviceAget.hpp : to define a read and
write process for registers on AGET device

3. ControllerDeviceStd.hpp : to define a read and write
process for registers in CTRL device

Programs Sources Compilation for
the ARM Architecture

=] Terminal

Fichier Edition Affichage Rechercher Terminal Aide

root@zboard:/mnt# ./getHwServer
Start Server ...

Creating LED manager

STARTED server on 0.0.0.0:46001
state machine built, state = IDLE
Device /READOUT : debug OFF
STARTED server on 0.0.0.0:46004

04/10/2022
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SAM : Software

B> Software Client: GetController

File View Preferences Help
Information

Test ldentity
Name: Test
Type: Default

Servers
ECC: 127.0.0.1:46002
DAQ: 10.0.111.154:46001
Target: 10.0.111.103:46001

Paths

Hardware: [reDescription_zboard_xcfg]

Conditions: [ test_mode.xcfg ]

Data: [ . ]

| | New test l l.@. Open test l l|_<g Edit test l

=
®
N

Edit hardware configuration

S B
test_mode.xcfg

Edit test conditions

= Des P

— Sta hardwareDescription_zboard.xcfg gi
: EIL;: Name Value Unit Range BL Include path

= Crei — Setup[Hardware] /spacefusers/get/...

= Crei I Device[*]

= Crey P Devicel[ctrl]

- gtTA > Device[aget]

. — Device[asad

~ Nede[CoBo]
P Instance[*]

= Instance[0]
isActive
b Module

I Generator
b CircularBuffer
P Alarms
P AsAd[*]
- AsAd[0]
[ Control
I Generator
P CircularBuffer
P Clocking
[ ADC
P InspectionLines
P Monitoring
P Aget[*]

Instance[1]
Instance[2]
Instance[3]

Instance[4]
Instance[5]

TV YY

P

Instance[6]
Instance[7]

true

L) -

-

-

Name Value Unit Range BL  Include path

< Setup[Conditions] fspacefusers/get/Configsitest mode.xcig
[ ECC
P Node[*]

al

Setup[Conditions]

Close

04/10/2022
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SAM : Software

> Software Client: GetController
= Data Producer

=
File View Preferences Help
Information
Test ldentity
Name:

Type:

Servers

Paths

ECC: 127.0.0.1:46002
DAQ: 10.0.111.154:46001
Target: 10.0.111.103:46001

GET Controller

3] | at Log | a Headers

Setting 'readlfHitMask' registers for AGET 0 to 0, 0, 0
etting 'readAlwaysMask’ registers for AGET 0 to Oxf, Oxffffffff, Oxfffif
etting zero suppression thresholds for AGET no. 0
&l Terminal
Fichier Edition Affichage Rechercher Terminal Aide
--> Lecture du Reg de hit : 0x_oooooeef_feffdfff ffbff7ff
Number of Channels: 68
SCR width : 36864
Nbr Data @ 36864
SCR ON ...
wait for interrupt ...
Interrupt found !...
Read Memory. ..
Pattern at: 59992
first data at: 23123
Entered to Data Format ...
Read0ffset ; 256

Test_pulse

Default

Hardware: [

Multiplicite : 2500
Exited from Data Format ...

[c

Start acq

Conditions: [ test_pulse.xcfg

SCW ON ...
Neg Pulse ...

[c

--> Lecture du Reg de hit : 0x oooooeef feffdfff ffbff7ff

Data: [ .

Number of Channels: 68
SCR width : 36864

]

New test | | 5l Open test

Nbr Data : 36864
SCR ON ...
wait _for_interrupt ...
Interrupt found !...
Read Memory. ..
Pattern at: 59992
first data at: 23123
Entered to Data Format ...
Read0ffset : 256
Multiplicite : 2580
Exited from Data Format ...
Start acq
SCW ON ...
Neg Pulse ...

--> Lecture du Reg de hit : 0x oooooeof feffdfff ffbff7ff
Number of Channels: 68
SCR width : 36864
Nbr Data : 36864
SCR ON ...
walt_for_interrupt ...
Interrupt found !...
Read Memory. ..
Pattern at: 59992
first data at: 23123
Entered to Data Format ...
Read0ffset : 256
Multiplicite : 2580
Exited from Data Format ...

Edit test

Ellw

B

[

-~

Control 3]

/ Start |

| Reset |

0 frame(s) ||

04/10/2022
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SAM : Software

> Client: GetController
= F Vi Tests with DPR detector
rames Viewer => Tree pads dimensions

r-t GET Controller = X
File View Preferences Help

Information ® |'< Log I P Headers. - —=Sery i -r )? r.;- -J-r:;;» que & Acqulsiti
i plet DOP

Test Identity . i
2 B ==
Name: Normal_SAM @ =1 = @

Tpe: Default Event no. O - AsA :

Servers 4 : i b 4
ECC: 127.0.0.1:46002 Riiiiiiii il it EOIRYIZB Ao 3

DAQ: 10.0.111.154:46008 3000 e e e
Target: 10.0.111.103:46001 i {

SRR N 13456

Paths 2 500

Hardware: [reDescription_zboard.xcfg] “

Conditions: [normal_mode.xcfg ] “ 2000 :

Data: pspace/users/get/GET/data]

1500t : I ER L RN N R R Rl R R R R |
::‘: ‘: 1 £ E SE@bE g i SCiE i FE: E‘ i b. I_ 10
RS SR ATRAE L R R R R R R =
prel e | R R KRR R RS

Amplitude
o

{ New test ] ’E Open test ‘ '_* Edit test r

§00 [ |-

L o e e i T o e o o e T e o = o N
0 100 200 300 400 500 600 |- 18
Time Bucket Index T

(€3

AGET no. 0 | AGETno. 1 | AGET no. 2 | AGET no. 3
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SAM : Software

> SAGE (Systeme d’Acquisition GANIL Externe) with NARVAL

= Inspired by what was done with the RCoBo module
and the first ACTAR / TPC experience tests

(| ACQ Menu

ACQUISITION GANIL version release-20140918

General menu for my test
MAIN SESSION
server computer= boracgelec

PA.......... Acquisition context definition
DA.......... Start DAS (Electronics Control)
AG.......... Analysis with GRU (C++)
RC.......... RunControl
VG, ..o ViGru

| TE. ... . ... Toolkit for RCC, Chainsaw, Narwval,...
A Open Xterm terminal
1 Quit Acquisition menu

Enter command

04/10/2022
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SAM : Software

> SAGE Acquisition: RunControl

by Run Control GUI - Ox
[space/users/get/ganacq_manip/my_test/my_test.rcc.xml

File Layout Configuration Options Mode

(S AN = 2 I [ @mit |[ »start | [ @stop | [ o exit |

Monitoring mode

HostName :(10.0111154

Y
( - Port :|8083
RUNNING Refresh Close
NARVAL
my_test - - :
3 0
“ 111 NARVAL | | actor |
watcher

- @ Ecc : -

4y Modify CoBo[Crate00_Slotoo] x (& Modify watcher x ] ]
.. g Name JCoBolCrate00_slo00] | M Neme lwatchar |
HostName :(10.0.111.154 HostName :/10.0.111.154
Log level :|info Log level ;jwarn |v
— File :/gnarval_mfr_catcher | File :/gnarval_mfm_watcher <
: START —]
A\ Watcher [] Watcher L
—Watcher port number :{10201 | Watcher port number :|10205 | ]
_‘ Refresh Close ! ! Refresh Close |—NIT
1| brusjzury 1sctossa wrw1og trom chef_orchestre : NARVAL CoHol CrateDU_sIotUn] inscrit

01/03/2017 15:10:54 INFO log from NARVAL CoBol[Crate00_Slot00] remote logging on -
4] Il | [»]
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SAM : Software

> Ganil Acquisition: GRU & ViGRU
= Full Readout Mode : AGET Baseline

Vigru 14.07.20

File Tools Setup Cuts Duplication Expert Help
2 O X - -
Zaom | Consol'
i |
o Trace_0 Trace_7
=
il [atray-> sl A B M M sgmsactgeit A
b 300 300
boba F C
=22 250 250
K 200F 2001
@ ISD:— 150
Jes E E
v 100~ 100
2 F L
les” s0f- 501
iﬁw F n
- oL | | 1 | 1 ol 1 | 1 1
£ 0 100 200 300 400 500 100 200 300 400 00
4
Baseinetean BaselineSigma Satjsfactory results ...
z3
F 10
(=) 500 F /
x r 81—
R F = = L} L
Rz 400 = - . = B, = L
— o == B L. . & E L
FFT - s B =y B
E =g .=7 = = = - e I! .-j - 86—
ao0f= S .t r
200
100~
F 1 | | L 1 1 TN IR S A S A A AR
0 0 20 30 40 50 60
A
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SAM : Software

> Ganil Acquisition: GRU & ViGRU
= Partial Readout Mode : Hit register

[=] Vigru 14.07.20 - 0O x
File Tools Setup Cuts Duplication Expert Help
S2H & 0K -

[Bpectia | zoom | consol |

“ Tab_0 |

Trace_25 Trace_50

TR EEESHFRARER MK
8

600
400
200 - E
0 L 1 L 1 L 0, C L 1 1 1 1
100 200 300 400 500 100 200 300 400 500
]
SAMHIT Trace_0
i 1=
" [ L
r41
¥ u 08 08
Zz3 L L
06 06
Z5 F F

: : 04— 04

0z 02

[ 4

= Possibility to see only each channel .
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SAM : Perspectives

| Conclusions:

SAM was successfully deployed during the DPR experiment in LP2IB
SAM is an acquisition system for the RenoCATS experiment at GANIL
SAM system is fully functional

Can be shared with other collaborations ...

| Perspectives :

I Implementation of time-stamp
I with CENTRUM module for RenoCATS experiment
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