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A particular solution to a particular need

power, control and readout concepts
(different voltage levels, number of channels, protocols ...)

Most silicon pixel detectors share the same @ @

Every new detector drives the development of a

new DAQ system or modification of an exisiting one
(time consuming, not very innovative)

Why not a common versatile DAQ system ?

(Common hardware, firmware and software cores, keeping the focus on
detector integration)
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Collaborating towards the open

Open source hardware, firmware and Maintained by a collective effort of hardware,
software for laboratory and beam tests firmware and software developers

Carlbou
CERN
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©

Brookhaven

DOI 10.1088/1748-0221/12/01/P01008 National Laboratory
DOI https://doi.org/10.22323/1.370.0100
DOI 10.1088/1748-0221/18/02/C02005

@) Younes Otarid | AIDAinnova 3rd Annual Meeting 20 March 2024


https://gitlab.cern.ch/Caribou
https://iopscience.iop.org/article/10.1088/1748-0221/12/01/P01008
https://iopscience.iop.org/article/10.1088/1748-0221/12/01/P01008
https://pos.sissa.it/370/100
https://iopscience.iop.org/article/10.1088/1748-0221/18/02/C02005

Caribou hardware architecture

« System-on-Chip (SoC) board
« je: Xilinx ZC706 evaluation board
« Embedded CPU runs DAQ and control software
 FPGA runs custom firmware for detector control and readout

« Control and Readout (CaR) interface board
* Physical interface from SoC to detector
« CaR - SoC connection extendable via FMC cable

* Detector (chip) carrier board
* Custom low-cost PCB

.....

Chip board
<100€

T —

B SoC board
~ 3000 €
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System-on-Chip board

Xilinx ZC706 evaluation board
Zyng-7000 XC7Z045-2FFG900C SoC

Processing System (PS) Programmable Logic (PL)

2 Xx ARM Cortex-A9 MPCore CPUs Kintex-7 FPGA
Yocto-based Linux ' e’ ey I e AXI control interface
Network/ssh control interface Caribou firmware
Caribou DAQ software (Peary)

I https://www.xilinx.com/products/boards-and-kits/ek-z7-zc706-g.html
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https://www.xilinx.com/products/boards-and-kits/ek-z7-zc706-g.html

Control and Readout (CaR) board

Feature Description

Adjustable Power Supplies 8 units, 0.8 -3.6V,3A

Adjustable Voltage References 32 units, 0 -4V

Adjustable Current References 8 units, 0 — 1 mA 7

Voltage Inputs to Slow ADC 8 channels, 50 kSPS, 12-bit, 0 —4 V e
Analog Inputs to Fast ADC 16 channels, 65 MSPS, 14-bit, 0 -1V Eﬁ
Programmable Injection Pulsers 4 units g; Ve T
Full-Duplex High-Speed GTx Links 8 links, <12 Gbps e
LVDS Links 17 bidirectional links LT i j:] Pt
Input/Output Links 10 output links, 14 input links, 0.8 — 3.6 V :
Programmable Clock Generator Included

External TLU Clock Reference Included

External High-Voltage (HV) Input Included

FEAST Module Compatibility Supported

FMC Interface to FPGA Included

SEARAY Interface to Detector Chip 320-pin connector

Resources for various target applications

P

https://gitlab.cern.ch/Caribou/hardware/carboard

20 CaR boards v1.4 produced and distributed
within RD50 common project
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https://gitlab.cern.ch/Caribou/hardware/carboard

Detector carrier board (chip board)

* Detector-specific r “
* Physical hardware hosting the detector _ _8_0
I HE .ﬂ :

» Only provide passives and detector-specific components

« Multiple detectors already supported: a _J:

H2M ATLASpix CLICpix2 CLICTD FASTPIX H35Demo/FEI4 RD50-MPW1

] o
a| { ‘f’

e

l[‘u ‘“ .t’f

ALl &
O

|
7 1if##¢|

RD50-MPW2 RD50-MPW3
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Caribou FPGA firmware

Combination of custom and Xilinx IP cores

» Development and integration of detector-specific blocks

« Common logic

 Detector control and readout

Firmware blocks connected to ARM via AXI bus
» Registers mapped to CPU memory space

(link)

— 1
CLICpix2_0
C3PD_reset_n > C3PD_reset_n
C3PD_reset_p {> C3PD_reset_p
CLICpix2_mosi_n {> CLICpix2_mosi_n
CLICpix2_mosi_p {> CLICpix2_mosi_p
> &4 CLICPI2_pwr_pulse_n > CLICpix2_pwr_pulse_n
SI5345_CLK_OUT8 [ + SI5345_CLK_OUTS Pix2_pur_pulse_ PRE_pwr_puse
N i CLICpix2_pwr_pulse_p [ CLICpix2_pwr_pulse_p
Transceiver_refClk [ + T _refCk ) .
i . — CLICpix2_reset_n {> CLICpix2_reset_n
CLICpix2_miso_n [> CLICpix2_miso_n : "
N X X X CLICpix2_reset_p [ CLICpix2_reset_p
CLICpix2_miso_p [> CLICpix2_miso_p "
TLURST n [ . CLICpix2_shutter_n [ CLICpix2_shutter n
- o — CLICpix2_shutter_p {T> CLICpix2_shutter_p
TW_RSTp B> TLU_mset p CLICPix2_ss_n [ CLICpix2_ss_n
TLU_TRG_n [ TLU_tigger_n T pix2_ss_
) CLICpix2_ss_p [ CLICpix2_ss_p
TLU_TRG p [ TLU_tigger_p ) :
- ’ CLICpix2_tp_sw_n [ CLICpix2_tp_sw_n
Transceiver RX_n [> T RX_n ) )
Transceiver RX_p [ T iver_RX_p CLICpix2_tp_sw_p [ CLICpix2_tp_sw_p
T ax TLU busy_n L[> TLUBSY n
TLU_bu
— | sf-P xlconcat_0 TLU_BSY_p
control_irpt
rst_ps7_0_100M ) ) p'_—m'fed =) dout{3:0]
ps7_0_axi_periph receiver_impt In1[0:0] led([3:0]
slowest_sync_clk mb_reset = spi_impt
ext_reset_in bus_struct_reset[0:0] = £+ s00_AXI Concat
€ aux_reset_in peripheral_reset[0:0] = ACLK CLICpix2 Constant
= mb_debug_sys_rst L ARESETN Caribou_control_0
= dem_locked . [0:0] S00_ACLK -7. .
SO0 ARESETN WM | = il Il ad
Processor System Reset MOO_ACLK [PaS = i ack xlconstant_0
MOO_ARESETN aresetN
MO1_ACLK
MO1_ARESETN Caribou_control
processing_system7_0 AXI Interconnect
DDR +||| {> DDR
FIXED_IO 1 [
xiconcat_1 10 || D FIXED_IO

1n0[0:0]
In1[0:0] dout[2:0]
1n2[0:0]

Concat

USBIND_0 +

M_AXI_GPQ o |imeet
M_AXI_GPO_ACLK :

AN
IRQ_F2P[2:0] ZYNQ. GO OO

TTCO_WAVE1_OUT
TTCO_WAVE2_OUT

FCLK_CLKO
FCLK_RESETO_N %

ZYNQ?7 Processing System

Design and development workflow to be

drastically revised
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https://gitlab.cern.ch/Caribou/firmware

Caribou software — OS - Linux

* Yocto-based Linux distribution

OpenEmbedded build system

* Yocto reference embedded distribution: Poky Ct
- Standard Linux packages (ssh, python, git, NTP, ...) O O ¢
« Community-developed layer for Xilinx ZC706 (meta-xilinx) PROJECT

« Custom layers with user-specific software and recipes (meta-caribou)

* OS boot from SD card
* Boot partition with bitstream and boot configuration (ie: MAC address)
* Linux partition with root filesystem openembedded

Gitlab Cl-based nightly build i: X”_INX

* Preserved build cache (~50 GB) and single recipie rebuild
« DAQ software included
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https://www.yoctoproject.org/
https://www.openembedded.org/wiki/Main_Page
https://github.com/Xilinx/meta-xilinx
https://gitlab.cern.ch/Caribou/meta-caribou

Caribou software — DAQ — Peary

Command
Access to

device functions Line Hardwa.re Interface between SW and HW
and routines Interface Abstraction + Periphals handling

Layer (link)

root@caribou:~# pearycli
|10:52:16.360| (WARNING) No configuration file provided, all devices will use defaults!

|10:52:16.361| (INFO) Welcome to pearyCLI.
Voltage Supply |10:52:16.361| (INFO) Currently @ devices configured.
(::Ei[:{ |10:52:16.361| (INFO) To add new devices use the "add_device" command.

# add_device H2M
and ADC Contr0| |10:52:22.536| Creating new instance of device "H2M".

ContrOI |10:52:22.536| (STATUS) New Caribou device instance, version peary v0.11.0+4477g638de98f
|10:52:22.536| (STATUS) This device is managed through the device manager.
|10:52:22.537| (STATUS) Firmware version: 9x00000000 (0/0/2000 0:0:0)
|10:52:22.537| (STATUS) Board ID: 19 Board Revision: ©x@1
|10:52:22.546| Appending instance to device list, device ID ©
|10:52:22.546| Manager returned device ID ©.
# powerOn 0
|10:52:28.500| [H2M] Powering up
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https://gitlab.cern.ch/Caribou/peary

Some recent extensions

Focus on picosecond timing applications
« Motivation: support of waveform sampling and timing of digital pulses (FASTPIX, APTS, DPTS)

» Oscilloscope readout support in Peary software
* For both lab measurement and test-beams

« 8-channel TDC with picosecond resolution

. 'g‘_ 15 - ' 4 - Publication
5 | 1 - TWEPP 2022
. to Lt INC b Nt Nt Nt Nt t A
Input switch M ~H> [ > [ > |L > [| > [u > [ > [{>_[os = _O{;‘.,,
Signal carrva P Qf o @fy o af Yo e}y o of o Qf Yo @ D Q oc 10 -
Signal in  Loopback L
e | Sy Sy . -5
Clock b3 b3
(311.1MH2) 0 7 iy ]
Coarse counter Hit detection _—'8 5L
H X ©- single channels (rising edges)
[T [T Fo -gin le chlannels falling e geds) )
. channel averages (rising edges
TLU > Si5345 Data stream merging -2 2 channel averages faIIingg edges)
- - -g:cﬂanne: averages ;is"i_ng edges)
DMA engine R RAM L -»vl channe avelrages al |ng:e ges) |

3 ns 12 ns 15 ns 24 ns
Delay
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https://cds.cern.ch/record/2847480/files/2210.13139.pdf?version=1
https://indico.cern.ch/event/1127562/contributions/4904889/

Device integration workflow

* Create or modify user-specific blocks
« Detector control and readout

Chip board design and production
Ensure chip-to-CaR board mapping

[._2ol

Hardware rm—=g Device Firmware
L WO“O_J Integration

Software

« Define CaR board peripherals and firmware registers mapping
» Create detector-specific class with custom functions
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Telescope integration

Application examples

- Support for various readout schemes i el AR

 Digital interface via GTx or LVDS
* Analogue waveforms (ADC or oscilloscope)

* |ntegration in beam telescope setups
 FEI4, Timepix3, Mimosa, ALPIDE

FASTpix with oscilloscope readout DPTS with TDC in FPGA readout

Power external FPGA/SoC
supply (12V) calibration board
Chip board with
detector (DPTS) Sy
, cable

N

FMC cable
(optional)

7C706 FPGA board
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Future plans — Caribou V1.5 respin

Carboard v1.5 respin as an intermediate step

List of obsolete components and subsitutes finalized

Layout and BOM finalised by BNL

o [ .
_ | wse9l @ s0zeu ‘a«uﬁ ¥X9091 8 s0zeLl
a|npoyr (22 9 Ul

Pre-production launched: ey K
1. First few board assembled by end of February ' :
2. Board testing at BNL
3. Launch of ~20 boards production

o (RD50 common project)

o
o w g o
1 8 % (]
7

@) Younes Otarid | AIDAinnova 3rd Annual Meeting 20 March 2024 14



Future plans — Caribou 2.0

Module Connector C

-—.’?: ENCLUSTRA

Module Connector B

4 Channels: 4 MGTs 721/0s
FICTRAE PCle Gen2 x4 (89
USB 302
Display Port x2
SATAx2
DDR4 SGMII x4
ECC
SDRAM 72-bit
L] ————p
PSIPL -
a4t £ XILINX.
eMMC Flash
= 3
8 MGTs ZY N Q
¢ )
76 1/0s (18V) UltraSCALE*
—
18V 18V
320 Power Supply ::z

5-15V

521/0s 141/0s
(33v) (33v)

Gigabit
Ethernet
PHY (x2)

USB PHY (x2) [{+—

Quad SPI Flash

Module Connector A

« Based on commercial System-on-Module (SoM)

« Optimize system cost, increase flexibility and performance (GbEth, SFP+,

configurable bias polarity, mutli-device support ...)

* Mercury+ XU1 System-on-Chip
« ZYNQ Ultrascale+ MPSoC
« More resources and processing power

 Merging Zynq and CaR boards into a compact and modular CaR board
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https://www.enclustra.com/en/products/system-on-chip-modules/mercury-xu1/

Firmware revision - Boreal

Top Module

Legend
System Core 9

——3 Reset signal
Processing System Wrapper Firmware Identification o
<«——>» AXl4Lite interface bus
. Register Map <> Module interface bus
Processing
System Reset J» Slave-0  Master-0 < > AXl4Lite
Slave Interface Configuration
+ AXl4Lite A Data Access
rierconmes v Boreal firmware (link):
Processing _ Master-1 Register —
SIS Interface « Unified, modular and configurable architecture
User Core CIICD.
DUT Core : : : H : :
 linting, simulation, building, deployment
1
' Register Map
AXl4Lite ot - @ smaxidite slaveif @ Synthblinkled @ imp:blink_led
DUT Modules Slave |nterface lint - sim synth - imp
(power, < A @ smblink led
slow control, | v sim
readout, ... ) )
) _ Register el
| “|  Interface
! () sim:reg_map_if
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https://gitlab.cern.ch/Caribou/boreal

Caribou 2.0 — Documentation website

Caribou 2 News @ Publications B Documentation © FAQ %, Forum

A Versatile Data Acquisition System
For Silicon Pixel Detectors Prototyping

g

caos

2e2 Community Q_ Search this site...

Project website (link)

Automatic documentation builds and website deployments

 Documentation
 Mattermost channel
* Publications

* Forum

clone build

pages

& build-boreal

& clone-boreal & pages

deploy

& pages:deploy

20 March 2024

CERN
\\
S
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https://caribou-project.docs.cern.ch/

~~~~~~

 Caribou is:
» Aversatile DAQ system for silicon pixel detectors
» Open source, Linux-based, standalone
* Proving excellent operation on many detector prototypes

« Ongoing upgrade phase with many improvements to come \

@)
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Thank you
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CERN

Younes Otarid A

EP R&D
younes.otarid@cern.ch home.cern




Caribou system architecture

------------------------------------------------------------------------------------------------------------------------------------------------------------
0 S * .

ZC706 evaluation board & CaR board

SD card Zynq System-on-Chip\

8X power £ Chip board
: ] 3 supplies : F
<+ Ethernet
References: : :
: : : 32x voltage : : Detector
s Memory : : : ;
controller Clock : 8x current
: synthesis : :
DDR RAM / 17x LVDS + 8x GTx
FPGA fabric Adj. level
Detector-specific 1104Xx9Ut . |
——» firmware il Trigger Logic
3y Unit
Common firmware (Optional)
—> blocks

.
.
----------------------------------------------------------------------------------------------------------------

— digital differential — digital single-ended @ — analog
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Caribou 2.0 — CaR board prototyping

e CaR board 2.0 schematics/layout still under development

» Enclustra Mercury+ XU1 SoC module and Mercury+ ST1 base board for protoyping

e Core development plan:

» Finalise CaR board design
« Firmware structure revision
« Migrate Yocto build and Peary software to the Zynq UltraScale+ SoC
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