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BIPXL readout overview

« The Beam Instrumentation PiXel (BIPXL) readout system allows the data acquisition
and slow control of Timepix3 in high radiation environments.

* 4 x 8 Timepix3 output signals at 320/640 Mbit/s (10.24/20.48 Gbit/s upstream).
* 4 x 6 Timepix3 control signals at 80 Mbit/s (1.92 Gbit/s downstream).

* Profiles generation:
« COTS processing systems that need to be placed far for the radiation areas.

4

The BIPXL readout is divided into “Readout Front-end” (electronics under
radiation) and “Readout Back-end” (electronics outside the radiation area).

« Communicated by optical signals (SM).
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BIPXL readout overview

No Vacuum No Vacuum
No Radiation Radiation: 10 to 1000 Gy/year
System Control Readout Firmware Power & Data Management

Post-processing

CTRI

trigger card 150m+ Fiber

“----»

~2m Copper

PLC

Daily Access Monthly Access

DAQ Readout Back-end Readout Front-end
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BIPXL Front-end

(?&3 > Readout Front-end & Back-end Gateware | PS and SPS BGI Review

Accelerator Systems



BIPXL Front-end prototypes

CERN
\
<

No radiation-tolerant board
met TPX3 data rate needs.

Designed at CERN:
ProASIC3E FPGA and
GBTx chip (3.2 Gbit/s).

Initial TPX3 tests despite
data rate constraints.
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Custom F-E board to achieve
20.48 Ghit/s data rate:

» 8 GBTx + 8 VTRX transceivers

e ProASIC3 and Kintex-7 SRAM-
based

After two operational
years, the FPGAs, mostly
the Kintex-7 stated to work
unreliable.

FPGA
Data

Timepix3

FPGA
Control

Radiation hard design:

The two FPGA were removed.

Data rate reduced from 640 Mbit/s
to 320 Mbit/s.

. Direct connection of the
Timepix3 signals to the GBTx e-
Links.

Kintex-7 and ProASIC3 HDL logic
moved to the Back-end MPSoC.

Timepix3
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GBTx based Front-end (current version)

Two boards connected via an FMC HPC connector

Front-end baseboard:

. 24 RJ45 connectors
. Four SMA as ADC inputs

. Two FEASTMP DC/DC modules (1.5V for the GBTx chips, 2.5V for the VTRx
transceivers).

https://edms.cern.ch/item/EDA-04447-V1-0/0

Quad GBTx Mezzanine board

«  Four GBTx chips for the data serialize-deserialize (one main chip) with four afofo E:@%g"f;. o B
VTRX transceivers. - togogogo iy e L
« 32 e-links at 320 Mbit/s as uplinks and 24 e-links at 80 Mbit/s at | i :
downlinks. —n gy 20T e

* Adjustable phase alignment of the input e-links. :

s eseen
T
nnnn

* 40 MHz reference clock.
. GBT-SCA (digitalization of the bias currents).

https://fedms.cern.ch/item/EDA-03812-V1-0/0
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BIPXL Front-end and BGI connections

Front-end readout crate ~

24 RJ45 cables
RJ45
connectors

Vacuum feed-through

Base board

RJ45
connectors
|

GBTx board
B ||
3 ||
o]
© Bond wires
o
]
: ﬁ‘ LCP flexible PCB /
° 8 x SM fibre _ /»4 [ ~
o 5 o Micro-connectors Micro-connector l Y~
5 10V @ <1A g3 Ceramic PCB Ceramic PCB Detector Timepis
g oo HD78 connector module
|_
10V @ <1A \Pogo pin

Copper bus-bar

Ceramic PCB, thick copper
HD26 connector
Vacuum feed-through
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BIPXL Back-end
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BIPXL Back-end

 The first Back-end used was the VC707 (Virtex-7 FPGA)

« Events buffered in board memory. FPGA constructs beam profiles.
» Profiles read out via 1G Ethernet using IPbus protocol to DAQ computer running FESA class.

« Advantages of MPSoC Back-end

« It allows us to expand our processing capabilities by dividing the system into HW and SW to optimize the
performance of each part since some tasks are better suited to operate within a specific domain.

« SW processing capabilities that allow to reduce the execution time: start-up sequence, auto-reconfiguration of the

Timepix3.
» Possibility of event filtering (beam loss removal). PSmemory & BIPXL MPSoC
»  RPU for future monitoring and reconfiguration of the detector matrix. vidsooutput j—] | T Uiarty 2 | | Uy
» Video output for applications like Vistar. . ‘ rogrammabre ogie (°1 ’
«  MPSoC is an emerging technology § §
« Several projects at CERN utilizing it. Trigger PL memory ’ ‘ Timepix3
hardware detector(s)

(?&3 > Readout Front-end & Back-end Gateware | PS and SPS BGI Review

Accelerator Systems



BIPXL Back-end MPSoC

« MPSoC Ultrascale+ Zynq = ZCU102 development board

e Programmable Logic (PL): more-time critical and data intensive tasks such as bit
manipulation and trigger handling.

« RPU, two ARM Cortex-R5: not used but it might be useful for monitoring and control

tasks.
 APU, four ARM Cortex-A53: running Petalinux with applications for the processing of the
coming data.
) . Peripherals:
PS memory BIPXL MPSoC
L * Four SFP connectors - optical cables (from GBTx links).
Application Processin Real-time Processin
Video output {e— | Unit(APL) Uit (RPU) . Memories: PS 4GB DDR 64-bit and PL 512MB DDR
1G Ethernet q—l_. Programmable logic (PL) ’ ° FMC COI'II'IEC'[OI’ fOI‘ the BIPXL Tl‘lggel‘ FMC Mezzanine
\ - (https://edms.cern.ch/item/PXBGIETEFM001/0)
v }  1G Ethernet for PS communication with the FEC
Trigger memor Timepix3
hardware ’ i ’ ’ detector(s) « 1G Ethernet for the raw data (IPbus).

https://qitlab.cern.ch/be-bi-bagi/bipx|-readout
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https://edms.cern.ch/item/PXBGIETFM001/0
https://gitlab.cern.ch/be-bi-bgi/bipxl-readout

Gateware overview

CERN
\
~
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/‘ APU interface Programmable logic (PL)
AWB Wishbone
I bus
Data M Event M I
controller assembler
Memory Detector B Trigger WB! wB
IPbus
controller controller controller
N Memory interface Detector interface Trigger interface Ethernet interface
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BIPXL Back-end: PL-APU interface

« One DMA per direction: TX DMA and RX DMA.
« The processor controls both DMA and receives an interruption when the transaction has finished.

« There is also an interface for external interrupts from the rest of the PL going into the PS.

An AXI-lite bus is connected to the Wishbone bus in the PL gateware through an AXI to
Wishbone converter. It is connected to all gateware modules for configuration and

monitoring.

APU interface (PL)
Zynq UltraScale+
FIFO AX:QI))(MA MPSoC processing AXI_l_?(MA -b{ FIFO }—b
system
) ‘_]‘
— IRQ concat. AXIl-lite bus

5 !

External IRQ ‘ Wishbone bus L/

The rest of the PL blocks /

'

| AXI4-stream\
‘ AXI4-strearry

e

e
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Gateware overview: main tasks

[‘ APU interface Programmable logic (PL) h
|WB Wishbone
I T bus
Data M Event \% I
controller assembler
Memory Detector VB Trigger wB wB
IPbus
controller controller controller
\_ Memory interface Detector interface Trigger interface Ethernet interface )

Gateware main tasks:

Timepix3 control for data acquisition.

To collect and store events before sending them to the processor.

SY
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Gateware: Timepix3 control for data acquisition

« Timing signals coming from FESA and CTRI (| APU interface Programmable logic (PL)
cards to the “trigger interface” block: we
bus

« Start/stop acquisition: They delimitate the acquisition T
window preparing the gateware (buffers, counters and Data |\WB Event \WB|
state machines). controller assembler

« TO (beam injection warning): Used to synchronize the ¢ T
TPX3 with the readout acquisition and to reset the Memory Detector Trigger Pb w8
timestamp counter. controller controller controller us

- Start/stop integration: They delimitate the integration ¢ I
windows (open shutter period). (_| Memory interface Detector interface Trlggerlnterface Ethernet interface | )

start-acquisition
TO
start-integration

TO, start/stop integration received by LEMO cables.

Timing signals processed by the “trigger controller”
transmitted to the “detector controller” block.

before being
stop-integration

aseoc®

stop-acquisition

1

The “detector controller” generates the 8 control signals per detector
according to the GBTx format.

0000

The Timepix3 control signals are sent through the SFP connectors.

[ wWB

)
_LEMO |
| _LEMO
_LEMO |
| _LEMO |
_LEMO |

|

Integration window

TPX3 is synchronized with TO and the shutter is open to

~

Acquisition windows capture data during the integration windows.
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Gateware: collecting and storing events

“Detector controller” receives and re-arrange the bits (| APU interface Programmable logic (PL) )
per detector. we Wishbone
I bus
O In the “Event assembler” the Timepix3 and timing — =
i < vent .
events are created: controller assembler
Memory Detector ( Trigger M IPbus WB
Timepix3 event controller controller controller
Event Reserved Acq Timestamp TPX3 Event ¢ ¢ T I
data Index channel WP Memory interfacQ Detector interface™ | Trigger interface | | Ethernet interface |
48 bits 16 bits 10 bits 48 bits 4 bits 2 bits

“‘Data controller” in charged of managing the data

Timing event transaction PL-DDR <-> APU
Reserved Event Acq Timestamp | Timing Event
index Index source type

_ : : : _ : a All the events are sent to a FIFO in the “memory
sl | el ) doslis ) Al Bz 2l controller” to eventually reach the PL-DDR thanks to a

state machine.

All the events stored in a common FIFO before being _ _ o _
sent to the “data controller” O Timepix3 and Timing events stored in the PL-DDR.
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Gateware: collecting and storing events

e DDR events are read by /F‘ APU mterface@ Programmable logic (PL) h
. ; . Wishbone
MPSoC processor (beam profile mode): used by I T

APU for getting the raw data to generate profiles.

* Ipbus (raw data mode): they are transmitted to the p co,'ft?ff},er e Event -
FEC over PL-Ethernet via IPbus. t
* Two pairs of FIFO: Memory ? Detector M{ Trigger M L IPbus @
- Read Request FIFO: Stores DDR addresses to be °°“"°"e" controller controller
read t T i
. Read FIFO: Stores the requested DDR data (160 bits Memory interface Detector interface ‘ Trigger interface ‘ Ethernet interface ‘/
of width and 16384 bits of depth).
Process:
% —————— Memory controller (PL) Q Read request FIFOs auto-filled when data is in DDR.
Ol Read request .
T mros state . [ m State machine moves events from DDR to Read buffers.
I — s -~ - : : : :
o [Write request Ie____'_‘f?_‘_’!’_'_'fﬁ___i FiFos Read buffer in beam profile mode is read when DMA is
|| Aro configured by APU.
DDR4 . . .
SDRAM IP @ Read buffer in raw data mode is read when WB register
! s set to one.

’ DDR4 interface ‘

For more details: https://edms.cern.ch/document/3156420/1
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Summary

 New F-E design more radiation hard = installed during YETS 2023-2024

 Migration from Virtex-7 to MPSoC reducing the execution time by using SW
processing and improving the profile generation (it still needs further improvements).

* New gateware:
« MPSoC compatible: DMA transactions, PL-DDR to collect the raw data, GBTx FPGA modules.
* ltincludes the Kintex-7 and ProASIC3 logic (after the F-E migration).

 Possible hottleneck:

 The data rate is limited at 125 Mevent/s - it should be more than enough for the four TPX3, however we
have some issues in the profiles generation that might be related to a bottleneck (in data rate or in number

of events).
* More tests of the gateware might be needed.
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Acronyms

« GBTx: Gigabit Transceiver

 VTRX: Versatile Transceiver

« GBT-SCA: GBT- Slow Control Adapter

« MPSo0C: Multiprocessor System-on-Chip
« MPSo0C PS: Processing System

« MPSoC PL: Programmable Logic

« APU: Accelerated Processing Unit
 RPU: Real-time Processing Unit
 GEFE: Gigabit Transceiver based Expandable Front-End
 FESA: Front-End Software Architecture
 FEC: Front-End Computer
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Spares
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FPGA based Front-end

« HDL code: https://qgitlab.cern.ch/be-bi-bgi/bipxl-gateware-front-end-waterbear

e Altium projects:
« EDA-03830 Versatile Processing Board: https://edms.cern.ch/project/EDA-03830

« EDA-03812 Quad GBTx FMC Mezzanine: https://edms.cern.ch/project/EDA-03812

 Two FPGA:

ProASIC3E (A3PE1500-FG484): it takes care of the control of the TPX3 detectors by sending commands with the correct timing and by
toggling various pins.

«  SRAM-based Kintex-7 (XC7K70T1FBG676C): connected to the 32 data links coming from the detector and handles the synchronization
and packaging of the serial data into 10-bit packets, which represent one byte of data due to the 8b10b encoding used in the TPX3.
These packets are directly streamed to the GBT links up to the back-end which ensures that the full readout rate can be achieved and

no packets are lost due to any buffering.

 On the bottom of the board there are two FMC connectors, which are not fully compliant to the
standard and should therefore not be used for anything else, where two Quad GBTx FMC Mezzanines

plug into.
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https://gitlab.cern.ch/be-bi-bgi/bipxl-gateware-front-end-waterbear
https://edms.cern.ch/project/EDA-03830
https://edms.cern.ch/project/EDA-03812

Migration to GBTx based Front-end

Front-end Optical link Back-end
GBTx 1.1| VTRx x2 SFP
Front-end FPGA remote optical A | iy A =
- TPX3 -2 VHDL GBT /TR 2 E
| 04— S x 1.3 VTRx X SFP
p (x4) a3 s
g| GBTx 1.4| VTRx X2 SFP
- - GBTx BGI
GBTx2.1| VT SFP
Data BTx 2 Rx X2 S P Logic
VHDL GBTx 2.2 VTRx x2 SFP
GBTx 2.3 VTRx X2 SFP
GBTx 2.4| VTRx X2 SFP
Front-end Back-end
/ GBTx 1| VTRx X2 SFP ZYNQ
2] ~RTy 7 rr e o )
. o8 GBTx2 | VTRx x2 SFP r
Front-end GBTx remote optical | ™ | «Z: BT | ViRe |——x
(x4) o g — - GBTx BGI
8 GBTx4 [ VTRx X2 SFP P Logic
|

Logic of the ProASIC and the Kintex-8 into the Back-end gateware.

« Control detector: state-machine, FIFO and serializer to handle the control signals.
« Data detector: to handle the synchronisation and packaging of the received data.
» Detecting the COMMA message in 8b10b codification (“0011111010” and “11000001017).

* Repackaging the received data for the data processing in the other PL modules.

SY
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Chip data output bandwidth

1751

-~

©

Q

v

v

Y Sys Clock
g —+—20MHz
& -=-40MHz
2 60MHz
L ==80MHz
= ~~>86MHz

0 I I I I I I 1
1 2 3 4 5 6 7 8

number of active links @640Mbps and 8b10b ON
Timepix3 v1.9 manual
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FPGA based Front-end: Connections

FMC 1
.  —{ Sxwerck }—p- | 16pins [ Dout[0:15.16.18,20,22.24.18 32.36] ]
VTRx BX[—— (et ok Y i 5 5 3023343
25V] - TX ol GBTx 1 [— ref ip | Dinf0.2.4.6.8.10,12,14.16.18.20.22.24.2 3 ]
Main [ 2=80:Mbits |- 48pims ¢ TPV
RSSI [5VL=14A |l 16x§0-Mbits |— - 33pms - = VPPV
—{ Txelink clk —-: 2pins - - Timepix
- [ . Control
ADC[27] T1AG 3 pins 24x 80 Mbit's [ 4xCldnd0 = py45
ADCIS.13] 8 pins 8% 50 10t
ADC[.7] GBTSCA oG e 2o ProASIC3 4x2 ports
[1.5V] & P TIAG [13V], 251
DS 307 SPL 6 pins L M Clock
12€[0.2] ne it
R8s - GPIO 8 pins
Y fe——rfck—— - Ypins e Timepix 4
VIRx RX——" GBTx2 Dara
25V] T — 4 ~—{ 10 320 Mbits |—- : 30 pins + -t PV VNV Y RI45
15V], <144 - 22
2V tovalid rdy 2pins [ CliRel || 2x2 ports
* —{ ref_clk )———- | 2pins -+
VIRx RX | GBTx3
25V] ¢ ™ A ~—{ 10x 320 Mbits — - : 30pins + MY
[L3VL=l4A
txevalid rdy 2 pins
m —— ref clle )—{- | 2pins ;[
GBTx 4
A, «—{10x 320 Mbits |—|- : 30pims Timepix 3
[L5VL=l4A Data
txevalid rdy 2 pins RI45
ClkInRefPll |—-{ 2x2 ports
Vitr<TxDisable
Timepix 2
FMC2 F{ CIIoRePll |- I?JT;
to/rx-valid rdy dpims 2x2 ports
= —{ Sxuser cle —- | 18pint + + PNV VTV ’ ’
an. GBTx 5 [e&—{refolk}——- i 2pi - Timepix 1
A, f——{ 24x 80+ Mbit’s ||« | 48 pins + + e PV P PV PV [ 8x 320 Mbit's Data
5 - 3 32 30! -
[15VL<l4A || 16x 80~ Mbits —- & 32pms <—Evvuv7\— 6x 320 Mhit's - CHEmReEl | RI4S
—{ Txelmk clk —|- 2pms - - 'f'f\—‘ ; 2x2 ports
ADCT] — 14 TTAG 5 pins ‘ ITAG ;—
ADC[E.15] 8 pins
= GBT-SCA SPI
ADC[0..7] 15y DAC 4 pins ‘
- = p GPI0
pins
ADC[28.30
L) s e 2pine L [16z320Nbi:
RS 0 GPIO 8 pins —{ 35 690 Mbits |—
O e——efdk ——- ' - [ 10x320 M Doit.
] {ref ¢ pms 1 ‘“ e Xilinx —{ 8x 640 Mbit's |
VTRx EX|—— GBTx6 45320 Mbit's 7 eeries
R.3V] T — i <4—{ 10x 320 Mbit's |—{- : 307ins + - ™ Mbits | [0V (5V).[18V] [ SxE0NbiE |—
[L5VL=14A : . { Mbite .
tevalidrdy 2 pins e ~a—{ 8% 640 Mbits_—
* ot ref_cll j——o{+ "I pins -
VIRx BX|——| GBTx7
[2.3V] - T A «—{ 10x 320 Mbivs — - | 307ins } - ———r]
[L3VL=14A . :
tevalidrdy 2 pins
. ot ref_clkc j——ro{. "I pins -
GBTx 8
A, ~«—{ 10x 320 Mbits |— - : 307ins +
[L3VL=14A
tovalidrdy 2pins
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GBTx based Front-end: Connections

Timepix3 control signals:

Dataln
Enableln

Clock Reset

Downlink TO_Sync

Uplink Shutter
EnablePowerPulsing

‘Quad GBTx FMC Mezzanine FMC BIPXL Front-End Baseboard
X GBTx 1 8x user_clk ] 40 MHz Clock—> Timepix3
VTRx ' 7 Main [ 2480 Mbitls — [ 0 MHz RefClk 1
25V) le——Tx (15YV) [ 4x320 Mbit's 6 % 80 Mbitle . GR;:fts
1 12x 80 Mbitis = 8 x 320 Mbit's
PlIOut
GBT-SCA
(1.5V)
. 4 . .
VTRx ——RX—> Ggrea [€ 2% 320 Mbits—| r L -:O MHz Clock—>{ Timepix3
(2.5V) (1.5v) [€ 8 x 320 Mbit 40 MHz RefClk—>| Ruts
: «—T% : 6 X 80 Mbit/s — >
6 Ports
8 x 320 Mbit/s:
- PlIOut
VTRx R eBrx3 [¢ ; X 2§g mg‘”
25V) e (15v) [€—8x it/s——
™ 40 MHz Clock——»| Timepix3
40 MHz RefClk—> RJ:‘;S
~————6x80 Mbitls —>| g ports
VTRx [—RX—> Ggrxa [€ 2% 320 Mbits— 8 x 320 Mbit/
(25V) « X (1.5V) [€— 8x320 Mbit/s—— —T———Pliout
40 MHz Clock—| Timepix3
40 MHz RefClk—»! 4
& _ RJ45
x 80 Mbit/s —»f 6 Ports
8 x 320 Mbit/:
N PllOut
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GBT-SCA

* [t was used to program the Kintex-7 in the FPGA based Front-end.

« [t digitalizes Timepix3 DACOut signals:

 Four analog signals arrive from the instruments to be digitalized for the GBT-SCA and to be sent to
the main GBTXx.

« The JTAG pins are connected to a Xilinx-style header connector.
« The DAC, SPI, 12C and GPIO pins, as well as 4 of the ADC pins finish in connectors in the baseboard.

« The “Received Signal Strength Indication” signals from the VTRx devices are monitored using the
GBT-SCA for the conversion.
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Trigger timing diagram

Enable acquisition + ‘% / //// / / // %%/% |
Time O reference /A +_ S : ; // % /
Start integration 7\ +_ +_ L] // W/
Stop integration / // % +_ +_ +_ // V //
Integration number %‘ - 1 \ 5 / 2 X 3 \ // %
Timestarp //// | 77

Disable acquisition /% RN | | | // A
Detector shutter +—+_f + //
Detector TO sync —+ //
Detector pwr enable 1\ // +_
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GBTx B-E input signals

« From the SFP inputs it goes to the gbt_fpga top IP provided by the GBTx project:

 The gbt_fpga top parallelizes the serial data into a packet of 84 bits (40MHz).

« This block needs a 120 MHz reference clock (for the MGT, Multi-Gigabit Transceiver) - we use the
Si5328B high-precision clock generator of the ZCU102 board.

« The gateware takes the four 84-bits packets (one per GBTx link) and divides them into the 8 outputs of
the four detectors (smaller packets of 8 bits) taking into account the F-E pinout.
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Vi

rtex-7 Back-end

2017 Back-end: VC707 (Virtex 7 FPGA)

CERN
\
<

Events buffered in board memory. FPGA constructs beam
profiles.

Profiles read out via 1G Ethernet using IPbus protocol to
DAQ computer running FESA class.

PicoRV32 soft-core: to move some DAQ/FEC
functionalities into the chip reducing the execution time.

Video
capture

CTRI
trigger card

DAQ

computer

VC707 Limitations:

Availability and cost

IPbus raw data readout: Max line rate ~600 Mbit/s — 1G memory readout takes ~13s in best case.

Timepix3 event processing: Complex design; 8 ns per event (1000 events in 8 us, PS revolution period ~2.2 us).

HDL profile optimization: Time-consuming; risks of introducing bugs; requires expertise in HDL design/debugging.

Bunch-by-bunch profile challenge: Events arrive out of order; need time sorting before processing — SW processing considered beneficial.
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MO0_AXI_0_IRQ [

|+ s_axi_UTE
S+ 5.AXS 52MM

axi_dma_1l

M_AXI_SZMM + |}

xlconcat_0

= [n0[0:0]

s axi_lite_aclk s2mm_prmry_reset_out_n

m_axi_s2mm_aclk s2mm_introut

- IN1[0:0]

In2[0:0]  dout[4:0]

axi_resetn

AX| Direct Memory Access

In3(0:0]
In4[0:0]

Concat

S_AXIS_DMA_RX_FIFO [

S _AXIS DMA RX_FIFO aclk [

MOO_ACLK_0 [

axi_mem_intercon

i3 500_AXI
ACLK

ARESETN

500_ACLK

500_ARESETN .Y. MOO_AXI 4

MOO_ARESETN_0 [

MOO_ACLK H—N M01_aAxI +

M_AXIS_DMA_TX_FIFO_aclk [

MOD_ARESETN g g MO2 AXI +|i

S+ 5.AMS

axis_data fifo 1

proc_sys_reset 0

slowest_sync_clk mb_reset

bus_struct_reset{0:0]

ext_reset_in
@ aux_reset_in peripheral_reset[0:0)

= mb_debug_sys_rst interconnect_aresetn[0:0]

= dem_locked peripheral_aresetn[0:0]

Processor System Reset

s _axis_aresetn

s _axis_aclk axis_wr_data_count[31:0]

M_AXIS + [

> MOO_AXI_O

m_axis_aclk

AXl4-Stream Data FIFO

rst_ps8_0_99M

slowest_sync_clk mb_reset

ext_reset_in bus_struct_reset{0:0]

aux_reset_in peripheral_reset[0:0]

MO1_ACLE

MO1_ARESETN

MO2_ACLE

MO2_ARESETN

AX| Interconnect

axi_smec

+ S00AX g m
24+ sonax o X

zyng_ultra_ps e 0

BN M00_AxXI 4 [

£+ S AXI_HPO_FPD

[ S_AXIS_DMA_RX_FIFO_count[31:0]

A"
mh_debug_sys_rst interconnect_aresetn[0:0] o [ EAY maxihpm0_fpd _aclk M_AXLHPMO_FPD + fii—
- il ; = aresetn ; il pl_resetn0 { > pl_resetn0
decm_locked peripheral_aresetn[0:0] I. swahpD_fp[od_alclk pl_clkD > pl_clk0
. . pl_ps_irg0[4:0 - -
Processor System Reset AXI SmartConnect Ultl’aSCAI_E+
Zyng UltraScale+ MPSoC
axi_dma_0
axis_data_fifo_0
4+ s.AM_UTE M_AXI_MM2S 4}
s_axi_lite_aclk M_AXIS_MM25 + £ =+ SAXIS
m_axi_mm2s_aclk mm2s_prmry_reset_out_n s_axis_aresetn M_AXIS + b [ M_AXIS_DMA_TX_FIFO
) axi_resetn mm2s_introut s_axis_aclk axis_rd_data_count(31:0] [ M_AXIS_DMA_TX_FIFO_count[31:0]
m_axis_aclk

lerator Systems

AXI Direct Memory Access

AXl4-Stream Data FIFO
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Bus coordinator arbiter

| D

|IILIS Icu:u_nhrlél1|1atnr*h.srr.*ljltﬂr‘ 1n;{ : entity work.bus coordinator_arbiter
port map ( _
 Wishbone bus: connects to all the gateware bus_clhi = system clk,
bus reset 1 => system reset,

blocks for monitoring and configuration. It - Coordinator sigmls torfranbus
reaches the APU by AXI.

from COOFdl nator o == bus_coordi nator_out

Coordinator @ signals
to_ CGGFd_l nator_ I:-?' o == bus_coordinator_in ipbus,
from coordinator 8 i == bus_coordinator_out_ipbus,
stall coordi nator E'_a == Open,

L-'L-l WL :' L-l ..1 '. 1 C“ -\.'-':. 5

m_coordi namr_l_a == bus coordinator_in ps,
from coordinator 1 1 == bus_coordinator_out ps,

stall coordinator 1 o => bus coordinator stall ps);

e |PBuUs:

* In the Virtex-7 version, IPbus was the one used
for transmitting all the data to the FEC, even the
. bus_peripheral_sele I : I k. b ipheral_sel
WB reglster ValueS. LI;ELJ;L;(PE _selector_inst @ entity work.bus_peripheral_selector

-~ IR
Coordinator '.'-..l:_-.'.'::'a.'.'-

to_ coordinamr o} == bus _coordinator_in,

« In the current version, it is only used to send the From,coordinatar = bus_coordirator out
Raw data to the FEC through the Ethernet-PL - Peripheral 6 signals, base address 9xR998_0996

connection.

The two of them are coordinated using
the bus coordinator arbiter.

SY
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tr:; _per1 phera E 15' o

from peripheral 15' 1

_.:",_.‘_'.,_.:ui

to _peripherall o

from _periphera E 1 1

- Peripheral

m . peri phera l2 o

from _periphera 12 1

-I-
_.-,_._-.,_.:u

to_periphera 14 o]

== bus to _peripheralﬂ
== bus_ from_peripheraiﬂ,

base addre:s )-:\.'u."u'.'

== bus_to _peripherail
=> hus_ from_peripherall,

|"'-|

'l-'l 1= -'I|_|_ ir (=L )nl
== bus to _peripheraiz
== hus_ frm_peripheraiz‘,

base address GxRELE |

== bus_to _perip.herai#
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Back-end gateware: event assembler block

q Detector bytes ’ Event assembler ‘ Wishbone bus ’—\
| Timepix3
event -—
| assembler | Ls! common Common
P, —» FIFO logic event FIFO
' Timing event ; Timing B
: logic ; event FIFO l
¢ Event FIFO
J Trigger interface interface
(] . . N
Detector bytes ’ Timepix3 event assembler
| data rate i =
.S : da:ta l_'ate . Data rate L o =
® Shift & LLoge memory o
_5, decode R o
= —>! :
5 :muxes —»| Event FIFO —»| L
3] g w
Event
Timestamp | generator )
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Timing events

The signal must in the correct order.

Initial state

ot vaume -  When a start acquisition signal arrives, the acq_index is
) updated. This index is used too for the TPX3 events.
Then, a counter starts to run until the TO signal arrives.

stop_acquisition == 1

acquisiton_index++

i When this happens, two timing events are sent to the
Updating counter timing FIFO: the TO timing event with timestamp equal to
| 0 and the start acquisition timing event with the value of
T0=20 To==1 the counter.
(imestamp = 0 . After the TO, if a stop_acquisition or start/stop integration
D signal arrives, the related timing event will be sent to the
counter) timing FIFO using the timestamp calculated in the
trigger controller (bus_acq_timestamp _i) related to the
T TO signal.
waiting for timing <
signal
\ « It is important to notice that the stop acquisition has
stop_acquisifion == 1 start_integration == 1 or priority with respect to the other signals (TO, start/stop
stop_integration == 1 integration) )
stop acquisition timing event start/stop integration timing event
(timestamp = bus_acq_timestamp_i) (timestamp = bus_acq_timestamp_i)
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Events towards/from PL-DDR: Read request FIFO

Read request FIFO (0) — IPBUS: ddr _acq event read address has to be different to the
ddr acqg event write address (new data in the DDR). When this happens, this FIFO is
filled with the ddr_acqg event read address. This index is continuously updated as long as
the previous condition is fulfilled. When there is a new acquisition or when there is a reset,
the ddr acq event read address is set to 212990.

Read request FIFO (1) — DMA: this buffer is filled with the DDR addresses when the
dma_rx_read address is different from the ddr acq event write _address. It is filled with
the dma_rx_read address that is continuously updated as long as the previous condition is
fulfilled.
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Writing/reading DDR state machine

S_WAIT: Initial state. From here the two possible transaction starts: writing in the DDR, reading from the DDR.

« Transition: If the write FIFO is not empty and the DDR is ready, it moves to the S WRITE_TO_DDR state. Else if, the current
read request FIFO is not empty and the current read FIFO is not almost full, it moves to the S READ _FROM _DDR state. If
any of the two previous conditions are fulfilled, the current_read_index is updated.

S WRITE_TO_DDR: In this state, the data from the write FIFO is sent to the DDR within a write command.
« Transition: if the DDR is ready, the transaction is performed, and it moves automatically to the S CHECK_WRITE_TO_DDR.

S CHECK_ WRITE_TO_DDR: In this state, the writing DDR is disabled after the writing transaction has finished.

« Transition: if the writing transaction has finished, it moves to S_ WAIT state.

S _READ_FROM_DDR: In this state, the next DDR address in the current request read FIFO is sent to the DDR within a read
command.

« Transition: If the DDR is ready, the read command is sent and automatically it moves to the S CHECK_READ_FROM_DDR.

S CHECK_READ_FROM_DDR: In this state, the current read buffer input is updated with the data read from the DDR. Inside the
sent message the requested address is concatenated to DDR read data.

« Transition: If the read DDR data is valid, it moves to the S_ WAIT state.

SY
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Timestamp calculation

* Inside Event processor APP:

« combined_timestamp = (acq timestamp + toa) * 25ns — (ftoa * 1.5625 ns) - clk_phase_advance

 acg_timestamp & OxFFFFFFCO000
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