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Phase-2 upgrade of ATLAS TGC

* TGC (Thin Gap Chamber)
- Endcap muon trigger detector in || > 1.05 of ATLAS
- Online muon reconstruction within the LO latency budget (10 us in total)

- Renew Trigger & Readout electronics for phase-2 upgrade

Pixel detector \

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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Phase-2 TGC electronics overview
* ASD (Amplifier — Shaper - Discriminator) (~23K boards)

* PS board (Primary Processor board) (1434 boards) RIDUTIE | ) AIUCTE]
- S;nds 2}11 h1t- bitmap to Endcap SL with fixed latency Track - von Trackh muon Track
via optical links (8 Gbps x 2/PS board) Candidates | | Candidates | Candidates
P on defector : offdetector | | B
I . \ 4
- I
* Endcap SL (Endcap Sector Logic) (48 boards ' : == o |1
( P gic) ( ) : > C ok | Bo 22 | ITTccLk
- Performs muon track reconstruction and estimates pr I “ == Og |« —
using hit signal from TGC BW : > ’ [] it bitmap’ . I e
L L : | Hi>— : !
- Improves pr determination using information from other i ASD oo ] :
detectors (NSW, RPC BIS78, Tile calo, EIL4 TGC) : PSboad | EndeapSLt f T |
I TGC :
- Sends Track Candidates to MDTTP T H—— S N .
- Receives muon Track Candidates with precise pyand position ~1o=-clectronics S:;;Znts EFIE;gy B
from MDTTP Tile
NSWTP TDAQi Barrel SL
- Sends muon Track Candidates to MUCTPI

- Readouts hit data for each triggerd event
to FELIX via optical links (9.6 Gbps x 4 available/SL board)
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Endcap SL overview
e There are 48 boards in Endcap

* Each of them contains:
- Virtex Ultrascale+ FPGA (XCVU13P)
- Zynq Ultrascale+ MPSoC (XCZUSEV)

(on Mercury XUS)

- IPMC SR

- FireFly TX (12 ch) x10 A los
- FireFly RX (12 ch) x10 - Barrel SL

. ’ , - TileCal
il . - fy - NSW-TP
ANEPYSE. | - MDT-TP
‘ - MUCTPI

- FELIX

........
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XCVU13P FPGA

- Trigger
- Readout
- Control \ 4
- Monitoring

<«—>» MPSoC

<«—+—> Shelf Manager

TDAQ Servers
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Enclustra Mercury XUs SoC Module

Mercury X 1J5 mezzanine T
- . . . Processing System (PS)
* The board has Mercury XUS mezzanine distributed by Enclustra
. ARM Cortex-As53 CPU
- Mezzanine: ME-XU5-5EV-2I-D12E k
) USB
- MPSoC tip: XCZUSEV-SFVC784-2-1 PN “S(E:)”Y «—>| Controller |« Al
(x2) Lo | 4
e Controller | - -
QSPI Flash [« » Controller <o
* Enclustra provides the reference design for the mezzanine:
. . eMMC P R SDIO Ll <
https://github.com/enclustra/Mercury XUS5 PE1 Reference Design Flash [ | | | Controller €T UART 1<
B | spio | | .| SDRAM |, | PS DDR4
- ”| controller | | | Controller | "| ECC SDRAM
Ethernet | .| Ethemet | | | Ethernet
“ by © | MAC(0) | | | MAC(1)
A
Programmable
Logic (PL)
\4
System e GMII-RGMII | .| Ethernet o
Management Converter | I PHY® | T
P R SDRAM .| PLDDRy4
“hE g “ "] Controller | "l SDRAM
GTH
A
A
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https://github.com/enclustra/Mercury_XU5_PE1_Reference_Design

w Enclustra Mercury XUs SoC Module
MerCUI y ;( l ] 5 IO Xilinx Zyng UltraScale+ MPSoC
. Processing System (PS) -
* On the SL board, following components are used: Si5345
SDIO C 1l ARM Cortex-As3 CPU > Si5344
§ ontroller — Ioc l—>{TMP431
- Ethemet MAC & PHY <> US(E:)HY < » Controller |« EEPROM MUX le—p LTC2991
(x2) I2C 4 N :
- I2C Controller : > ooter 1€ : o FireFly
- UART QSPI Flash < > Coflltrz:ler Nl 4—>| SFP+ |
- SDRAM Controller & PS DDR4 emuc | | | fosoo LT e e | Mini USB
Flash Controller connector
- GTH SD card
lot s > SDIO _ 1 .| SDRAM & > PS DDR4
S Controller §{ ~ | "] Controller ECC SDRAM
_ Ethernet | _ _ | Ethernet .| Ethernet
RJ45 “T env © [ | MAC (o) | MAC (1)
connector A
Programmable
Logic (PL)
A 4
system || | Gmi-RGMI | | Ethemet [, | | RJ45
Management Converter | I pHY@ [T | 7| connector
P N 1 [ soram | [ PLDDR4
LEDs < > GPIO < v " Controller | "|  SDRAM
GTH
A
 /
Virtex FPGA
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Development flow

* Create Block Design in Vivado 2020.1 taking advantage of the Mercury XUS5 Reference v Uountu 13,04

D : Vivado 2020.1 PetaLinux 2020.1
GSIgl'l ) 1. petalinux-config
block design 2 petalinux-build
3. petalinux-package

Generate Bitstream
Export Hardware

* Generate Bitstream and Export Hardware in the form of Xilinx Software Archive (.xsa)

» Using .xsa file as input of the Petalinux 2020.1, perform config, build, and package of the Mercury. ax’ﬁé‘.'iii?ﬁ»
boot files - T -
- boot.scr "
_ 1mageub —partition 2—»%
- BOOT.BIN —
- uEnv.txt -
— Environment variables for U-Boot are set in the uEnv.txt —
* Place boot files in partition-1 of SD card, and place CentOS 7 rootfs in partition-2 — MPSQ
 Configuration will be automatically done after the power on Mooy 05 (mezzent®
Mercury+ PE1 (baseboard)
* We can access the CentOS via the TCP/IP ummip/.p,ew.
» Applications can be developed using compilers (e.g. gcc) on the CentOS L1
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Endcap SL firmware development background

* The Readout firmware has been implemented and the Trigger firmware 1s being integrated in the Virtex FPGA

* The control path are being implemented

Trigger Logic
S Wire Segment S "R =
| Channel Reconstruction Wire/Strip | © > | Inner | Track ~ MDTTP
Mapping | Strip Segment Coincidence “|Coincidence| | |Selector||| MUCTPI
“|Reconstruction| [| -
Trigger Readeut
PS board — . Zero Suppressor Event
(or Test Pattern Gen.) L0 Buffer » Derandomizer "| & Serializer " Builder » FELIX (or MPSoC)
TGC Readout
Event
» L0 Buffer » Derandomizer b £eT0 Su.pp.ressor o Vel » FELIX (or MPSoC)
& Serializer Builder

* Initial commissioning of the SL board is ongoing at the moment

— Control path and Readout chain has been established taking advantage of the MPSoC
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MPSoC studies
« XVC

* Control path

* Single-board DAQ
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Activities A Vivado ¥ Fri16:14 @

‘* Vivado 2020.2
File Edit Tools Reports Window Layout View Help Acce
= « =] X & » Dashboard ~ Serial /0 Analyzer v
E HARDWARE MANAGER - localhost/xilinx_tcf/Xilinx/sl-xus-eth0-01.kek.jp: 2542 ? X
Hardware ? _ O % |dashboard 1 x| ScanPlots-Scan0 x 200
a a = = B |« @ a 3 C & [@  contouried v
. oq e . Name Status "
* Using Xilinx Virtual Cable (XVC), debu i
g D) g El £ MGT_X1Y7 9.600 Gbps -0.5 0.4 -0.3 -0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
v fg Quad_222 (5 123 5.0e-01
ILA, VIO, et f MPSoC b
R , C1C.) O oC can b€ o Mot Y8 o Uk
£ MGT_X1Y9 NO LINK 2 1.0e-02
M ! £ MGT_X1Y10 9.600 Gbps 3 5.0e-03
per Ol'me V la Fa MGTXLY11 9.600 Gbps < 1.0e-03
 f9 Quad_223 (5 g 5.0e-04
G [1] COMMON_X1Y3 Qplll Locked S 27 1.0e-04
S
£ MGT_X1v12 9.600 Gbps > 5.0e-05
>
MGT_X1Y13 9.600 Gbps 77 1.0e-05
C
MGT X1Y14 9.600 Gbps 5.00-06
£ MGT_X1Y15 9.600 Gbps "
- 1.0e-06
127 .
Scan Properties ?2 .00 X
* MPSoC and FPGA on the SL board are
® scan 0 - £
Name: SCAN_O Openarea: 6136 Link settings: N/A
-~
. .
Connected Wlth J I A( ere S Name: SCAN_O Description:  Scan 0 OpenUI%: 7231 Horizontal increment: 1
Description: |Scan 0 started: 2021-Dec-10 16:12:39 Horizontal range: -0.500 Ul to 0.500 Ul
Status: Done
Ended: 2021-Dec-10 16:13:30 Vertical increment: 1
Link: Auto detected link 7
* . —————— v Vertical range: 100%
— Debug and configuration of the Virtex
. Tcl Console | Messages | Serial YO Links x Serial I/O Scans ?2_00
FPGA can be performed via TCP/IP alzle s,
Name ™ RX Status Bits Errors  BER BERT Reset  TXPattern RX Pattern TX Pre-Cursor TX Post-Cursor TX Diff Swing DFE Er
Auto detected link 7 Quad_122/MGT_XOV11/TX (xcvul3p_0) Quad_122/MGT_XOY9/RX (xcvul3p_0) 9.600 Gbps  1.376E12 OE0  7.268E-13 PRBS 7-bit v PRBS 7-bit v 0.01dB(00000) v 0.00d8(00000) v 950 mV (11000) v ~
Auto detected link 8 Quad_122/MGT_X0Y8/TX (xcvul3p_0) Quad_122/MGT_XOY11/RX (xcvul3p_0) 9.600 Gbps  1.385E12 0E0  7.22E13 PRBS 7-bit v PRBS 7-bit ~ 0,01 dB(00000) v 0.00dB(00000) v 950mV(11000) v
Auto detected link 9 Quad_123/MGT_XOY13/TX (xcvul3p_0) Quad_123/MGT_X0Y12/RX (xcvul3p_0) 9.600 Gbps  1.374E12 0E0  7.278E-13 PRBS 7-bit ~  PRBS 7-bit ~  0.01dB(00000) v 0.00dB(00000) v 950 mV (11000)
. Auto detected link 10 Quad_123/MGT_X0Y12/TX (xcvul 3p_0) Quad_123/MGT_X0Y13/RX (xcvul3p_0) 9.600 Gbps  1.376E12 OE0  7.268E-13 PRBS 7-bit ~  PRBS 7-bit ~ 0.01 dB(00000) +~ 0.00dB(00000) v 950 mV (11000) v
Monltor G l I Of IB ER I b I‘emote e Auto detected link 11 Quad_123/MGT_XOY15/TX (xcvul3p_0) Quad_123/MGT_XOY14/RX (xcvul 3p_0) 9.600 Gbps  1.376E12 OE0  7.268E-13 PRBS 7-bit v~ PRBS 7-bit ~ 0.01 dB(00000) v~ 0.00dB(00000) v 950 mV(11000) v
Auto detected link 12 Quad_123/MGT_X0Y14/TX (xcvul 3p_0) Quad_123/MGT_XOY15/RX (xcvul3p_0) 9.601 Gbps  1.383E12 0E0 7.232E-13 PRBS 7-bit v PRBS 7-bit v 0.01dB(00000) ~ 0.00dB(00000) v 950 mV (11000) v
. Auto detected link 13 Quad_220/MGT_X1Y2/TX (xcvul3p_0) Quad_220/MGT_XLYO/RX (xcvul3p_0) 9.600 Gbps  1.383E12 0E0 7.231E-13 PRBS 7-bit v PRBS 7-bit ~ 0,01 dB(00000) + 0.00dB(00000) v 950mV(11000) v
(aCC6881ng from I Okyo tO S I @ B E B (N 1 OO km)) Auto detected link 14 Quad_221/MGT_X1Y5/TX (xcvul3p_0) Quad_220/MGT_X1Y1/RX (xcvul3p_0) 9.599 Gbps  1.385E12 0E0  7.221E-13 PRBS 7-bit v PRBS 7-bit ~ 0.01 dB(00000) +~ 0.00dB(00000) v 950mV(11000) v o)
< >

MPSoC Virtex FPGA
DebugBridge |BSCAN|  DebugBridge | DebucHub o Debug 1P
(AXI2BSCAN)[" | (BSCAN2DebugHub) [ |~ e ™Iy hug 1P
axa .

# .
\/l\/ADO JCPIPIXVC [* AXI | DebugBridge| JTAG DebucHub 7 Debug [P
server (AXI2JTAG) U I Debug 1P

A
A\ 4
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XVC server setting

* We are using the example code of the XVC server application provided by Xilinx:
- https://github.com/Xilinx/Xilinx VirtualCable

* DebugBridge can be easily accessed via the device file /dev/mem, but we prefer the access is protected in the
User space IO (UIO) to avoid access by mistake

* Need to edit the sample code, device tree, and PetaLinux settings so that CentOS can detect the DebugBridge as
UIO

(— Technical details will be in the backup slides)
— DebugBridge is successfully detected as UIO:

$ cat /sys/class/uio/uio®/name
debug_bridge
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https://github.com/Xilinx/XilinxVirtualCable

Control path

* Registers in the Virtex FGPA can be controlled from MPSoC taking advantage of the AXI Chip2Chip

* For now, following functions, for example, have been implemented: | EXV

- Trigger test pattern PG,
- Test pattern can be fed into the readout chain and trigger logic
- Writing ‘1’ to a certain register triggers the output of the Test Pattern Generator
- Registers for specifying which pattern will be output have also been implemented

- Perform bit-banging into the QSPI flash
- QSPI flash is used to store the FPGA bitstream and parameters for initial configuration
- Data transcation in the SPI protocol can be performed via the FPGA registers

- GTY reset ~Endcap SL :
ety ) ] . Virtex FPGA
- Writing ‘1’ to a certain register triggers Readont Loaio] [Tt Patiern | [~
the reset sequence of the GTY channels g“ Gene i R CPU
* Following functions are to be implemented: | !
) ) QSPI flash |«
- Rewrite the test patterns in BRAM e e
- Write patterns in URAM for trigger logic Y v v ¥ v vy
- Reset readout buffers GTY |« > Control Registers [¢——> RAof)(tizr «—> GTY|< > GTH [«
- etc.
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f = —AXI C2C—>

[MPSOC Virtex FPGA

Control path - MPSoC Block Design
TSR ) | f
] {8}
to FPGA |["Aurora 64B66B=AXI4 Stream ¢
: ::::t:':S‘ ¥ ;z ' '
from FPG 3.33 Gbps ji & | |
(50 MHz x 66b) : H
i = — < - )
- AXI4—t <= ’ AXI 4_}AXI Ch\1p2Ch1p Bridge - o
ZYNQ ™ [ Smaromec===Maser
o ; :Z,: _4 R
“%L UltraSCALE* H .. I j .
o] f“iIZynq Ultrascale+ MPSoC 3 3 } W -
(Process%ng System)
% . .Y- D s
E— aXn
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ontrol path - Virtex FPGA Block Design

LHC_CLK [

GT_DIFF_REFCLK1 [

GT_SERIALO_F2Z { Jetf

GT_SERIALO_Z2F [>

to MPSoC

aurora_64b66b_0

<+ CORE_CONTROL
+ GT_DIFF_REFCLK1

USER_DATA_M_AXIS_RX + [

/'y

USER_DATA_S AXIS_TX + =

+ GT_SERIALTX CORE_STATUS + ||

+ GT_SERALRX channel_up »

mmem_not_locked_out &
QPLL_CONTROL_OUT = ||

gt_qplllock_quadl_out »

gt_qpllrefclklost_quadl_out
tx_out_clk =
link_reset_out p=

gt_pow ergood([0:0]

gt_reset_out

gt_refclkl_out

proc_sys_reset_1

slowest_sync_clk

o

aux_reset_in

1

mb_debug_sys_rst
dem_locked

1

user_clk_out

sync_clk_out

sys_reset_out
gt_qpllclk_quadl_out

ext_reset_in

mb_reset
bus_struct_reset[0:0]
peripheral_re set[0:0]
interconnect_are setn[0:0]

peripheral_are setn[0:0]

Proc:

System R

gt_aplirefelk_quadl _out

reset_pb

init_clk pma_init

Aurora 64B

AXI4 Stream

MPSoC

ZYNG™

AXI4

+ CORE_CONTROL

» mmem_not_locked

GT_SERIAL1_F2Z

||+ oT_seRaLTX

GT_SERIAL1_Z2F [y

from MPSoC’

3.33 Gbps
(50 MHz x 66b)

> Hl|+ oT_seraL Rx

|ll= ePu_conTroLIN
» gt_gplllock_quadl_in
» gt_gplirefelklost_quadl

refelkl_in

user_clk

syne_clk

pma_init

reset_pb

pma_init_generator_0

aur_init_clk

clk100_S_locked [)——————@ resetn RTL

FPGARSTB [ )————= FPGARSTB

dk240_5 [

init_clk

gt_qpliclk_quadl _in

gt_qplirefelk_quadl_in

USER_DATA_M_AXIS_RX +

TR

USER_DATA_S_AXIS_TX +

CORE_STATUS + ||

S|4 AXIS_RX

+ AXIS_TX

m_aresetn

=l m_aclk

aurora_mmecm_not_locked

channel_up »
tx_out_clk =
link_reset_out j=

3ys_reset_out e

gt_pow ergood(0:0]

prma_init_in

pma_init_generator

v1_0

Aurora

axi_c2c_aurora_channel_up

- axi_c2c_s2m_intr_in[3:0]

axi_c2¢_phy_clk

64B66B

aurora_init_clk

aurora_pma_init_in

proc_sys_reset_0

m_axi +|]
axi_c2c_m2s_intr_owt{3:0] M

—AX] C2C—>

Virtex FPGA

AXI Iragslator

aurora_do_cc M
aurora_pma_init_out M
aurora_reset_pb
axi_c2c_config_error_out M
axi_c2c_link_status_out M

axi_c2c_muki_bit_emor_out H

axi_chip2chip_0

=4 AXIS_RX

%+ AXIS_TX

axi_c2¢_aurora_channel_up

slowest_sync_clk ext_reset_in e
aux_reset_in mb_reset j=
mb_debug_sys_rst bus_struct_reset[0:0] m
dem_locked peripheral_reset[0:0]
interconnect_aresetn[0:0] @

peripheral_are setn[0:0]

System Reset

aurora_mmem_not_locked

axi_c2c_phy_clk

aurora_reset_pb

AA

aurora_pma_init_out

aurora_init_clk

aurora_pma_init_in

s_aclk

3_aresetn
™ axi_c2c_m2s_intr_in[3:0]

s axi + f

AXI Chip2Chip Bridge

axi_c2c_s2m_intr_owt(3:0]
aurora_do_cc e
axi_c2c_config_error_out e
axi_c2c_muki_bit_error_out =

axi_c2c_link_error_out =

<(Slave)

M_AXI_ACLK

M_AXI_ARESETN

channel_up

axi_c2c_link_status_out

AX| Chip

2Chip Bridge

c2c_link_status

trdata0[31:0]

RLmode {O RI_mode
RI_add{15:0] {O RI_addr[15:0]
RI_avalid {7 RI_avalid
RI_wdata[31:0] Bl el =bal21:0]
Riwyalid D
RI_rdata_SLRO[21:0] <J Natlved[:-} :0]
RTL RI_rvalid_SLRO =
RI_rdata_SLR1[21:0] ] Ri_rdata_SLR1[31:0]
RI_rvalid_SLR1 [~
weams i -to/from each of the
+ s_ai RLrvalid_SLR2 f=it— .
b Arime, szt o) -COMETON registers
resetn RI_rvalid_SLR3 <_] Ri_rvalid_SLR

s e

trdatal[31:0]

] txdata0[31:0]
] txdatall31:0]

trdata2(31:0)

txctd[2:0]

] txdata2(31:0]

{J txcetri2:0]

notempty[2:0]
FELIX_re ady[2:0]

] noterrpty(2:0]

Sender_vl_0

{D FELIX_ready[2:0]

{ channel_up

[ c2c_link_status
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Control path - Software operation
* On the MPSoC side, the AXI Chip2Chip Bridge is assigned to the address space of the CentOS:

Address Editor
fzynq_ultra_ps_e
fzynq_ultra_ps_e/Data (39 = 1 Base Address Depth .©*“High Address -
¢ /axi_chip2chip_1 s_axi MemO 0x00_AG0O_0000 64K ~ 0x00_AOOO_FFFF

* Each destination address of the control registers are assigend within the address range (Base Address-High Address)
* CentOS has a device file /dev/mem for all physical address spaces available to the kernel

— Opening the /dev/mem, the modules in PL can be accessible from the PS

- Open the /dev/mem
fd = open( "/dev/mem", O_RDWR );

- Get the address pointer to the PL. module via the /dev/mem
ptr = mmap( NULL, page_size, PROT_READ|PROT_WRITE, MAP_SHARED, fd, page_addr );

(— Sample C code is in the backup slide)

— Virtex FPGA registers can be mapped into the MPSoC PS address space and can be accessed handily

* The control path will be interfaced to the ATLAS TDAQ software

- State control of the whole TGC electronics can be performed centrally
- Configuration paramters to write in the control registers will be managed by the data base in ATLAS (OKS)
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Application: Commissioning with the frontend electronics

—> data
* The control path can be used to control and monitor the frontend <— control, TTC
electronics with some extensions ASD PS board Endcap SL
: I>—a{prasicl2T
- Set delay parameters in PP ASIC KFlgtgi ’ <J" %
, [>—[ppasic g s
- Trigger test pulse for ASD — Es o 8o
: oar 5e& [ 5 A
- Monitor SEU flag from PS board > =~
g PP ASIC |« Kintex 7 1 é g
- etc. I>— b[ppasicl?] FPGA ] > N
* We are planning to conduct a commissioning with the frontend electronics
- The main objective is to demonstrate the full readout chain and control path
PS board Endcap SL
-Kintex FPGA Virtex FPGA - MPSoC————
QSPI flash [« SEM  ||Test Pattern| Readout Logi Test Pattern : -
Controller || Generator cadout LOgIC| | 5o erator | | 1TI88ET LogIC| . ., CPU
PPASIC |« 3 3 5
DAC < —> QSPI flash [«
M —
ADC - * vVYyY v vV V \4 \ 4 \ 4 \4 v vV V
Control Registers < > GTX|< > GTY [« » Control Registers [¢— > Rlzf)(tler «—> GTY [« » GTH [«
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Single Board DAQ for 1nitial board-level test

* The output of the Readout will be sent to FELIX via optical links
— However, FELIX board is not in our possession at the moment
— We have established Single Board DAQ using MPSoC and AXI Chip2Chip

* The output of the Readout firmware can be dumed into BRAM in MPSoC, and can be processed by CPU
— Single board test framework 1s achieved and Readout chain 1s working well

* The size of BRAM will be limited by the resource constraint of the MPSoC PL
- The limit will be about 32 bit width x 320K depth (corresponding to approx. 500 events)
- We may use the PS DDR4 via DMA to reserve larger storage capacity for the future commissioning

* There are three fibers supposed to be connected to FELIX, so the serialization of these into one AXI lane
is performed in the Virtex FPGA

dumped data

Oxchchch3c
0x0

0x0
0x900dbabe
oxl1leffilce
0xball0005
0x43
0xb2000
Oxc5chchbe
@xc5chchbce
Oxc5chchbce

ox1 ‘\

0x10001
0x20001
0x30001
0x800001
0x810001

0x11830001
0x12000001
0x12010001
0x12020001

0x12030001|_/

@xc5ch5chbce

SOP

header

> hit data

0x8000007c .
ox0 trailer

0x5c5c5dc

~Virtex FPGA -MPSoC

write _ read

v

X

;

BRAM

Readout Logic

(AXI Chip2Chip)

CPU
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cadout path - Virtex FPGA Block

MPSoC

Design|

LHC_CLK [

from MPSoC

GT_DIFF_REFCLK1
GT_SERIALO_F2Z
GT_SERIALO_Z2F

to MPSoC

15.84 Gbps
(240 MHz x 66b)

GT_SERIALL_F2Z =t
GT_SERIALL Z2F [t
clk100_5 [—

calccl o

= init_clk

|ll+ core_conTroL
|I|+ oT_biFF_REFcLx1
||+ oT_semaLTX
JI|+ oT_semiaL_Rx

USER_DATA_M_AXIS_RX +
USER_DATA_S_AXIS_TX +
CORE_STATUS +
channel_up »
mmem_not_locked_out &
QPLL_CONTROL_OUT =
gt_qplllock_quadl_out >
gt_qpllrefclklost_quadl_out
tx_out_clk
link_reset_out
gt_pow ergood([0:0]
gt_reset_out
gt_refclkl_out
user_clk_out
sync_clk_out
sys_reset_out
gt_qpllclk_quadl_out
gt_qplirefclk_quadl _out
reset_pb

pma_init

—1 ;Il

1

T -AXI4 Stream

proc_sys_reset_1

slowest_sync_clk

o

aux_reset_in

1

mb_debug_sys_rst
dem_locked

1

ext_reset_in

mb_reset
bus_struct_reset[0:0]
periph eral_reset[0:0]
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MPSoC Virtex FPGA

Readout path - MPSoC Block Desig e e

from FPGA 15.84 Gbps [AXI4 Stream| )
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Single board DAQ - Software operation

* As the AXI Chip2Chip case, the BRAM is assigned to the address space of the CentOS:

Address Editor
fzynq_ultra_ps_e
fzynq_ultra_ps_e/Data dd : : V000 Base Address Depth .©*0High Address
18 /axi_bram_ctrl_1 S_AXI MemO 0x00_8000_0000 32K ~ 0x00_8000_7FFF

— From a software perspective, both the control path and the single board DAQ can be handled uniformly by
just changing the destination address to access.

* The data taking operation example 1s as follows:
1. Clear data in the BRAM
2. Speciy the test pattern ID and trigger the test pattern via the Control path
2.1. The corresponding event data is readout and written in the BRAM in a certain latency
3. Readout the event data from the BRAM into a binary file
4. Repeat 2. & 3. until the BRAM is filled, and back to 1.
- When the BRAM is full, the data sent from the Virtex FPGA is truncated on a event-by-event basis
- We have also implemented an operation mode where test patterns and TTC keep being generated autonomously
with some rate (e.g. 1 kHz) using counter circuits in the Virtex FPGA (the control path can switch the op. mode)
- The binary files fetched in the 3. are processed in the MPSoC PS in the current commissioning
— File forwarding path out of the MPSoC is to be implemented for the future test (via SD card, Ethernet, etc.)
20/22
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Single board commissioning

* The single board DAQ and readout firmware have been validated

— To validate the Trigger firmware, a simulator emulating the Trigger Logic is being developed

 Test patterns are used as the input of the firmware

- We have developed Test Pattern Generator emulating the input bitmaps from the PS boards

- Test patterns are stored in BRAMs

- The BRAMSs are initilaized with .coe file in the current design, but it will be reconfigurable from MPSoC
* TTC is emulated in the Virtex FPGA

Virtex FPGA ~MPSoC
RX Trigger " [rigger B SL output
PS boards > Loei .
— ogic | [Readout] | =y LR}, BRAMI— 010000001...
E'"_;;;}:l;-"_b Generator TGC Readout —
Test pattern i in BRAM confirm
’ 001011010... -1 consistency
i Logic Simulator output
------------------------------------------------- >| g el 010000001...
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Summary

* Developed XVC path

- Enables debug of MPSoC PL via TCP/IP
- Enables debug and configuration of the Virtex FPGA on the SL via TCP/IP and JTAG path

* Implemented control path using AXI Chip2Chip

- Registers in the Virtex FPGA on the SL can be controlled from applications on CentOS
- Test pattern control and QSPI bit-banging have already implemented
- Futher functions are to be added on this infrastructure

- Frontend electronics can also be controlled via the Virtex FPGA and optical links

* Designed and implemented single-board DAQ system

- The outputs of the Readout Logic can be dumped into RAM of MPSoC utilizing the AXI Chip2Chip
- Readout and processing can be performed by applications on CentOS
- Readout chain of the SL has been demonstrated

— We can conduct electronics commissioing using the control path and single board DAQ
- Readout firmware development and validation have been done
- Trigger firmware integration and validation are now ongoing
- Commissioing with the frontend electronics are being planned
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Backup
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Boot sequence

Boot scripts for U-Boot

|

: . o '--:s.
+ environment variables™ " |
' and commands for U-Boot |
1

reset

Kernel image
image.ub

Linux kernel

3 May 2022

boot.scr UENV . txt :
| S /
Boot image ;
BOOT.BIN ;
~ FSBL «| Arm Trusted Firmware ~ U-Boot
“|  zyngmp_fsbl.elf ] bl131.elf d u-boot.elf
~ PMU firmware FPGA bitstream
-] pmufw.elf ‘ system.bit :
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FPGA programmed in PL

Y

Image

v

Devicetree blob
system.dtb

!

Linux boots in PS

CentOS 7 rootfs
/
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XVC — MPSoC Block Design
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Device tree and Petalinux setting for XVC (1)

 Edit the device tree so that the CentOS can detect the DebugBridge as UIO

// Allow the Debug Bridge to communicate in the Linux uio space.
&debug_bridge_0 {
compatible = "generic-uio";

e

* Configure the PetaLinux settings as follows:
petalinux-config -c kernel

Device Drivers ---> Userspace I/0 drivers

linux-xInx Configuration
Z7AI(F) RIK(E) JR(V) BRKR(S) KT AILT(H)

.config - Linux/arm64 5.4.0 Kernel Configuration
> Device Drivers > Userspace I/0 drivers —M8M8M8M8M8M8M8m8™ ™M

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus
--). Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,

<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </> for

Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

--- Userspace I/0 drivers

eneric Hilscher CIF Card driver

serspace I/0 platform driver with generic IRQ handling
serspace platform driver with generic irq and dynamic memory
EC video timestamp device

utomata Sercos III PCI card driver

eneric driver for PCI 2.3 and PCI Express cards
Hilscher NetX Card driver

exas Instruments PRUSS driver
Humusoft MF624 DAQ PCI card driver

ilinx AXI Performance Monitor driver

ilinx AI Engine driver

*
VVVVVVVYV

< Exit > < Help > < Save > < Load >

CPU Power Management ---> CPU Idle ---> [ ] CPU idle PM suppor
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Device tree and Petalinux setting for XVC (2)

* Configure the PetaLinux settings as follows:
petalinux-config --get-hw-description=<path ot XSA file>
- Add “uio_pdrv_genirq.of id=generic_uio cpuidle.off=1" into the Kernel bootargs
- If you set bootargs in uEnv.txt, also add the sentence to the text
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C code sample for opening /dev/mem and accessing the PL

int main() {

int fd;
uint32_t page_size = sysconf(_SC_PAGESIZE);
uint32_t phys_addr, page_addr, page_offset;

volatile uint32_t* ptr;

fd = open("/dev/mem", O_RDWR);

if (fd < 0) {
printf("Error opening /dev/mem\n");
return -1;
}
phys_addr = PHYS_ADDR;
page_addr = (phys_addr & ~(page_size - 1));
page_offset = phys_addr - page_addr;
ptr = mmap(NULL, page_size, PROT_READ | PROT_WRITE, MAP_SHARED, fd,

page_addr);
if (ptr = MAP_FAILED) {
printf("Failed to map physical address.\n");
close(fd);
return -1;

ptr += page_offset;

uint32_t offset
uint32_t data

0;
0xdeadbeef;

printf("offset = %d, \tdata = 0x%x\n", offset, *(ptr + offset));
*(ptr + offset) = data;
printf("offset = %d, \tdata = 0x%x\n", offset, *(ptr + offset));

close(fd);
return 0;
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