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CERNDGFIEFERE M MNERS
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BREmEEILS/ VT4 Z2mK7.5x103%cm2s
[CRESHEHZ“EEELHCA2027Em 5 BEFHIIB T E
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=g ELHCOEERFIRICEHE T
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MBERRZITD

SEEEIIRET DL
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S HEELHCTOTGCHEHZFZ 7OV IR

|IZ&E 1T DFPGA & O i 1]

ATLASEERZ | Over 60m @ M8 (EIEEE)

= E L CFE A= #Hr = W == = [— &~ - K—:N
SELBERHTEE Y MEREEBBICEAT B, e :
= BENT-ATLASEER=ZEANICFPGAZ R E '

. RBRENOFPGALRE L THIfF S £ 5121 ' rPGAGSIE
PERDN S LI T D FI A B E |
- Firmware® 7045 S5 LETFINy S On TGC

- JOVFIVRFOBRELR R TLEEBE

- FPGAR D Single Event Upset(SEU)~®D x40 :
SEU#% B &[al18 9 % Soft Error Mitigation(SEM)AY
BEBLTOTYH, AU AREGSEUN R E =,
FPGADENIEZEIESE S 'R N

- U VO b S =B,
)ty FEBWEILEITD

) iclockﬁn\ﬁﬂ .
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| BRI (E
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JATHuUb MDE%ETHEE

NEB (BlE=E)

Crate Control Interface

JtEthernet
Switching Hub

i CAT6 x2 (4%8#& x2)

RER(O]E%

ATLASEER=E
- 782 T Y FEEROFPGAZ&HIHT 2/N\TE 2 —J)L  VMEY L—k (TGCOE#H)
| VME Backplane + Power o
“JTAG Assistance Hub” (“JATHub” 60~100
~ (_\\ . ) TGC il 420 [ % sir_o )bm
ZEAL., ##RTLETHA VLI i se JATHub ) ;
On TGC .

- JATHub D E{K#) 741 3% 5 ' CATE
- BATIROTOY kT FERECAT6THES Ok
(A T2 KERK: 1434, JATHub: 148 ) IOy hTY RER
- Zynq SoC (CPU+FPGA) A A > K54 /1\— >

E LTHEE —— L | Clock 43R
- TGCRBNOVMEY L— FZEM NS >0 FPGA IS
hit{S 2 e Eﬁl?:') J;-
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JATHub 2339 545 R HIERORME L5 EE LA

o ATLASEERE i SR (EIREE)
- JtEthernet &f5 |

VMEY L— + (TGCO E#%)

-7y T2 FEK x11(max.) Zi4ET 3

. Crate Control Interface
VME Backplane + Power r

JATHUb || JATHub | 604100 m[
- JTAGEEICL S TrFal—2ay 1;;%% I__|Zynq e — T, . y'ﬁEthhernﬁt ]
| witching Hu
- EERAAEGSEUNER & B FHE ml J
] On TGC  —
| CAT6 : JTAG /¢
- B DOIATHUDZHEEICIEET B >(<1 1): CAT6 : EIEF#= /CR
max.) |
-JTAGEEIZK DOV T74FaL—2 3> J0Y FI Y REK iIng
- BIEAAIREGSEUD B R & BIEFH & >—
- TRM®D HSHBO0T S R 7 L (FE#lllEbackup) — clock® [
- FPGA|[[[[[ hives | ®&EE
with SD card x2, QSPI »— e
hitl 5 Ty | S 5
- VMEIZ & %3815 e S
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JATHUbZE/F 1 D TAF

- JATHUbD ¥k & RE L =R, B/EMZERET LT

- Zynqld XC7Z045-2FFG900! #{&FH
- FHA =T MR :

7\ O\

A
¥S
U

multiRJ45 for 70> T2 FEIE x22(11%x2). SFP for JtEthernet. SD card x2
- EEHOEIRK., 282 FNARILTHA UEER (L4779 MEEBIZERR)

- T4 BEDER

- 2 OEEHZTRME (2020/4/17 #Rdm)

JATHUDERERE L 4 7™ A4S R JATHUbE #E 1 [E] 2%
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JATHub Et1E#

-|

"SD card x2
Boot X7 L\

SFP

StEthernet:@&{5

Open source consortium of Instrumentation

2020/9/16 2020EHBE AL 0 /13



JtEthernet @ {E D LA

- ARBRIRECRERTEEORIBERBEZITOLENDHD

ATLASSEERZE

KT —T I TERRELRBREZHERT S

- ZynqADGTXE N r—T IV A L CTEthernetiEE =/ T 5

(GTX : E&EI U 7ILEEXIGDtransceiver)

- GMIIFRE D = O 2D 1000BASE-X PCS/PMAZFPGARNIZEE L
CPURDMAC & GTXZ #ziin

Zynq
CPU FPGA
Standard| {
MAC oMl g ©| Standard , 8 9
Media Access Controller ¢ = 1000Base-X | GTX |||z

(Communicate with GMII)

1000BASE-X PCS/PMA (PHY)

2020/9/16 2020FMFEXRE

JATHub

[oma)

——— -~ -

NEB (ElE=E)

604100 m[
sy | JEEthernet
i Switching Hub

Optical Cable

N -
——

(Standard 1000base-X)
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JATHubs/E# D S tEthernet: @ (S E& [ Z R TH

- JtEthernetBEDHREZREF L. R
- HostPCh 5 JATHuUbE fEfé~ JeEthernet 7 — T L Z $&i5i
- Local net CJATHUb&E DRy FT—4 %R TE
- HostPChH' 5 ping, sshZx@9 — & IZRIh

ping

ssh
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JE—RDFPGA®ZYNqEJTAGRIET B HH#EA

- TCP/IP&{EIZ & YZyng SoCIZ7oU R L.
BER®O7 7' (Xilin Virtual Cable [XVC])ZZynqTELHE S Z & T,
Zyngh 5 M EIFRDFPGARSZYngIZJTAGRRIETTZ VX9 5%

- HostPCA¥master®Zynq SoC& v T —49 TEHLNIL,
R=IEEE D slave E MFPGAXZynqgl=xt L TVivadoDHEEENFE X 5
- Programming FPGA and Flash memory
- IBERT

- ILA (Integrated Logic Analyzer) for debug

2020/9/16 2020FMFEXRE
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JATHub
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‘ TCP/IP

slave

70y hIT Y RO
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Host PC

VIVADO!

|
1
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Host PC

JATHULEERE D ITAGHE (555X

- NTHREE B DITAGEEHEE XM LEE e

- masterfflJATHub & slaveffl JATHubl(Z. (B ,_ ‘ B =
JTAG/ SR FACAT6 Tk 3

- HostPC T % Vivadoht, slavefllJATHub®Zyng% R L .
ZynQADESIHDRFZRAZEMNTE

uuuuuu

¢ Vivado 2018.2 = X
Eile Edit Tools Reports Window Layout View Help
=, « B & X Dashboard ~ Default Layout v
tcfiXilinx/130.87.243.146:5742
Hardware 2 — O X hw_ila_1 > 00 X
§ I JATHUbDAR D EEHRDHRF
g S= 8 Akl hd Waveform - hw_ila_1 Slave u CRERL ? -0OX
o Name Status
= . glal+ e > » BB @ a X < I +T ol o
B localhost (2 Connected
Mo xilinx_tcfiXiling130.87.243.145:5742 Closed ILA Status: Idle -

Bo xilinx_tcfiXilinw130.87.243.146:5742 (2 Open
& arm_dap_0 N/A

Slave v {8 xc7z045_1(2 Programmed
JATHub g
u hw_ila_1 (jathub_function_inst/de... ) ldle

Dashboard Optio

| \ JTAGEEtX

Settings - hw_ila_1 Status - hw_ila_1 ? 1 Trigger Setup - hw_ila Capture Setup -hw_ila_1 2 o
s > » N Q|+ D,
~'  Radix Value Port Ce
C s @ Idl
[B] v R v probe0[0] 1
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slave FPGA®M &)1E B 15 5\ Ek

- BEFHRESDIRN
slavefllFPGAT B #IBI{E A RIREG SEUM R £

— slavehViE 5 ¥ EE 5 Fmasterfll JATHub A & %0
— masterfll JATHubA Bl 1§ & Zslave~E(E

— slaveTIXEIEEBEZF5IZ=£IC
HE®H. BarvIJqsxXalL—arvhiifabnsd

T FU_QJ

Ethernet
RJ45

slavefdl masterffl| JATHub

J

Cat-6

- JATHUbE{E#ICRIE Fe SpathZz =& L 1= @ST;;X

- ZynqARDSEUXT R & L TpathdD ARl —
ZHRAD YV EERELT:

- 28 DJATHUbE /EHE TELBR L /1=

- BEF KR ETpathDOFR@EZHER L 1-
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JATHUbEEZ FH UM ENEGER R ED

%Etherneti&{s O O
HEIEA~DITAGEIE O O
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(ZAYrIUREREOLHCYOY (I EEE=4—)

¥
|
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TEMDHZBOOTL Z5 L O #47h
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FEHEREEE

- SPEELHC-ATLASER DI —F 2V N A —S AT LDRHREZT A2 BHFELT

- ROEXBEREFZHEITHH AT LOERZRD.

FOHEIEH R T LORDEGEEREZIBS JATHUbN\NTED1—)L ZEEtL. SRE-FRETo1=

- EBRERDO 1500 DFPCGAF EfRIEE-E=42—F 5

- BLVBSTRIRRICE (T 5B TERLMEREEZHED

- JATHUbERERZ AT HEROERLLGLEEL AL 75‘Eﬁd)aﬁn'l'ﬁt)kib{’ﬁbf—-_&éﬁ'ﬁnﬁbf—
Test Bench|Z TJATHubS fE# i EIBRE#EA L F1 1 I

20214 FE AT LDEIFAERZE i

20224 JATHUbDE= FE#E D EXET & BUE

20254 ATLASEER = (ZJATHUbE FEEH# & =it || |

20274 =yERs| HO-ATLASZER RS44 T Test Bench ® KEK
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IITOTGCHERE SR FAHL-F)H—
ILOZFOZ XD LA

On TGC chambers Big Wheel edge Counting Room

TGC1 TGC2 TGC3 PS-Board (USA15)
ASD
PP SLB ASIC HSC(VME) crate VMES64 crates
TGC ! gf:"’g ;’:a;::u"‘ Trigger crate
Electronics R ry Th;igg?rrp |
< D:I:y Sector
| > ot Logic
Doublets
ASD
SLB ASIC Readout crate
EIFI Delay 2/3 Coin Readout
Readout ROB
N
P
g Control crate
L 2 2
= 7. !
_ Al Service PP K CAN B cCl Control
A TTC signal fanout ) / / /
to PS-Boards TTCrq / . TTC
: / TTCvi CTP
SD
—& PP SLB ASIC
Delay 1/2 Coin
V BCID Readout » SSW
] —= DCS-LCS DCS
H
EIFI Doublet SC
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System of TGC Readout-Trigger Electronics
for Phase 2 in Detail

2020/9/16

VME crate (TGC

USA15

BW Rim)

Crate Control Interface

mn |

VME Backplane

JATHUb Control Board 60 ! 100
TGC JAThUD OptiZal Carlgle Opt-Ethernet
(BW) %[ zyna ; Switching Hub
On TGC | 12C
Service Patch Panel | JTAG Control+Recovery Path
(SPP) e b TTC st
PS Board itt I FELIX
itter
_»_" Cleaner 1 f
ASIC  ii ; e
— __TTC
FPGAI I__control Back-end
L . [ o
_kt_ ASIC +— thit signal Board
N ignal delay . _ Hi (Sector Logic)
;

2020FE M FERZ
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Location of JATHub & PS board

- TGC has three stations (M1, M2, M3)

» One unit of TGC is 1/12 sector
(yellow triangle)

- Number and Location per one unit

TGC
(side)

T M1 M2 M3

Rack

White
Ladder

- 58 PS boards are in white ladders
- 6 JATHub boards are in VME crate

2020/9/16

2020 FEMEKRE

\/

>

‘\
»
\
P

s

White Ladder

TGC (M1 front)

VME Crate
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SEU count

SEU Counts at PS board in Phase 2

20—

15| Phase Il Upgrade Study, s = 13 TeV

T

_ XC7K325T-2FFG900C
_ Big Wheel, R~13m

e
- ATLAS Muon Operations

Y ] ' T

10_— &
ol
. T | TS SO A O 1 O
% 2 4 6 8 10 12
Integrated luminosity (fb™)
2020/9/16

- SEU count test for FPGA

at the location of PS board in Run 2(2018)
[Link]ATLAS public results

- Peak Luminosity in Phase 2

—  7.5%1034cm=2s

- Frequency of SEU in FPGAs of all PS boards

in ATLAS cavern

—Approximately 1 time per 10 seconds

- [note] Unless 2 or more SEUs are occurred

at the same time in the same FPGA,
SEM(Soft Error Mitigation) in FPGA will automatically
recover the function of FPGA.

2020 MEAL 18


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsMuon

Zynqg

- Zynqg : SoC (System on Chip) device made by Xilinx, which combines CPU and FPGA

- CPU : Enable to monitor and control through network, and to handle data with software
- FPGA : Enable to handle data quickly with firmware, and to connect with peripherals

— Zynq is the device that has the high performance, flexibility, and scalability,

because it can use the strong points of both CPU and FPGA.

Zynq is suitable to operate the monitoring and data-handling at the front-end.

If Zynq has the radiation resistance,
Zynq is practical for high-energy physics experiments.

- Keywords of Zynq : Automatic Driving (Advanced Driver-Assistance Systems (ADAS)),
loT, Edge Computing ...etc.
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JATHub Design around Zynq SoC

QSPI + SD Boot—

2020/9/16

Ethernet
Interface
RJ45+PHY

Only for testing purpose

(1000BASE-T)

|

USB UART

Only for testing purpose

DDR3 memory

(32-bit data bus width)

QSPI

SD/eMMC
(x2)

LT

PS

(CPU) (FPGA)

Zyng 7000 SoC

(XC7Z045-2FFG900I)

Configuration

Bank O

PL

VME interface

VME slave of A24D16

Ethernet
Interface

SFP
(1000BASE-X)

SFP DDMI

12C Digital Diagnostic
Monitoring Interface

PS-Board

Interface
(22 RJ45 connectors)

SPP

Interface
(2 RJ45 connectors)

JATHuUb

Interface
(4 RJ45 connectors)

sal U0 U 11

JTAG Header

(14-pin connector)

2020FE M FERZ

Selector controlled by on-board jumpers

—Power
& VME Data Path

—Opt-Ethernet

«—PS Board x 11

—SPP

—Neighbouring JATHub
(Tx & Rx)

20



Pin Assignment of JATHub RJ45 Ports

PIN ASSIGNMENT on RJ45 for PSBoard(i) PIN ASSIGNMENT on RJ45 for Legacy SPP Board(ii)
PIN CN4 (A-H) ,CN5 (A-C) PIN CN4 (I-P),CN5(G-I) PIN CNS (F) PIN CN5 (L)
1 PSB-TDO+ 1 PSB-RECOVERY-REQUEST-B+! 1 LGCYSPP-SDA-W+ 1 LGCYSPP-TTC-CLK+
2 PSB-TDO- 2 PSB-RECOVERY-REQUEST-B-! 2 LGCYSPP-SDA-W- 2 LGCYSPP-TTC-CLK-
3 PSB-TDI+ 3 PSB-MONITORING+ 3 LGCYSPP-SDA-R+ 3 LGCYSPP-TTC-BCR+
4 PSB-TMS- 4 PSB-PRGB-*! 4 LGCYSPP-SCL-W- 4 N/A
5 PSB-TMS+ 5 PSB-PRGB+* ! 5 LGCYSPP-SCL-W+ 5 N/A
6 PSB-TDI- 6 PSB-MONITORING- 6 LGCYSPP-SDA-R- 6 LGCYSPP-TTC-BCR-
7 PSB-TCK+ 7 /PSB-TRANSCEIVER-RESET+* ! 7 LGCYSPP-SCL-R+ 7 N/A
8 PSB-TCK- 8 /PSB-TRANSCEIVER-RESET-*! 8 LGCYSPP-SCL-R- 8 N/A
PIN ASSIGNMENT on RJ45 to Neighbouring JATHub Board (TX) (iii) PIN ASSIGNMENT on RJ45 from Neighbouring JATHub Board (RX) (iv)
PIN CN5 (D) PIN CN5 (J) PIN CN5 (E) PIN CN5 (K)
1 SPP-TDO+ 1 SPP-RECOVERY-REQUEST-B+! 1 SPP-TDO+ 1 SPP-RECOVERY-REQUEST-B+!
2 SPP-TDO- 2 SPP-RECOVERY-REQUEST-B-! 2 SPP-TDO- 2 SPP-RECOVERY-REQUEST-B-!
3 SPP-TDI+ 3 SPP-MONITORING+ 3 SPP-TDI+ 3 SPP-MONITORING+
4 SPP-TMS- 4 SPP-PRGB-*! 4 SPP-TMS- 4 SPP-PRGB-!
5 SPP-TMS+ 5 SPP-PRGB+* ! 5 SPP-TMS+ 5 SPP-PRGB+!
6 SPP-TDI- 6 SPP-MONITORING- 6 SPP-TDI- 6 SPP-MONITORING-
7 SPP-TCK+ 7 /SPP-PORB+* ! 7 SPP-TCK+ 7 /SPP-PORB+!
8 SPP-TCK- 8 /SPP-PORB-*! 8 SPP-TCK- 8 /SPP-PORB-!

*:Program_b singals and the reset signals are in high impedance when the Zyng isn't configurated or the JATHub isn't powered on (v)
!:Negative Logic (Active Low) (vi)

All signals driven by transmitter DS90LVO47ATMTCX/NOPB have fail safe function; default high impedance (vii)

All signals received by receiver SN65LVDT348PWR have fail safe function; default high(viii)

PORT ASSIGNMENT of RJ45 Multi-Ports (ix)

CN5(5569263-1) 2*6 LEFT side CN4 (5569264-1) 2*8 RIGHT side

LOWER

e |2 7
s Lz

&
{55

(] (]
7 Lo ]

(= o ]| |Ce ]
L L Lo ]l JjLe ) |l

TTTTTTT TTTTITT TTTTTITT TTTTTTT TTTTTTT TTTTTTT

2020/9/16 2020FMFEKX

TTTTTTT TTTTITTT TTITTTTT TTTTTTT TTTTTTT

(= (= || |le ]
Lo L] Le L JJLo ]



JATHub Boot System with 2 SDs & QSPI

- Boot Files for Zyng SoC can be divided into (1), (2)
(1) Initial Boot File (~0.5 MB). (2) Second Boot File (~25 MB)
- (1) Program the same 2 Initial Boot Files ((1)-a, (1)-b) into QSPI, attaching offset value for each
- (2) Store the same 2 Second Boot Files ((2)-a, (2)-b) into each SD card(SDO, SD1)

- By default, when CPU is powered on, CPU reads (1)-a File with the smallest offset value at first
- According to the read pointer (0/1) written in (1)-a File (eg. SDO), CPU reads (2) File (eg. (2)-a)

(Address offset) QSPI(16MB) SDO
0x0 @ - @
2 -a File -a File
g (toOor1) SDIO O
= SD1
0x1
" @bFile SDIO 1
(toOor 1) 2)-b File

CPU interface for SD cards
2020/9/16 2020 FEKRE 22



System of Boot Redundancy on the JATHub

- When CPU fails to read (1)-a File

— CPU will automatically start reading (D-b File
(“Boot header searcher” will find the file with the second smallest offset value)

- When CPU fails to read @)-a File

- Remotely, change the read pointer to SD1 in M-a File, reprogram (D-a File in QSPI
— CPU will read @-b File in SD 1, after CPU loads the changed (D-a File

(Address offset) QSPI(16MB) SDO
0x0 @ - @
2 -a File -a File
g (toOor1) SDIO O
= SD1
0x1
" @bFile SDIO 1
(toOor 1) 2)-b File

CPU interface for SD cards
2020/9/16 2020 MMERS 23
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JATHUDER E I RE T 2O DHMREEE R 1= JATHub — erne
et - | Switching Hub

- #EEQ: StEthernet
Copperr—7 ILTHK, Ftr—TILIZ&KY

Host PC

E —
JTAGIR{E/NR

SFPHAEDA—IILERBT
ZyngMFEthernetBIETESLIIZT S y

. ##E@: Xilinx Virtual Cable (XVC) ‘ FPGA\
Host PCh oy D —9 TZynqlZ7 AL .
Zyngh 5 Bl EIERDFPGANJTAGRIEZ1TD — & T,
BEIZY E— FOFPGAIZX L T
Firmware® 7045 S LOTNYITNTRAS

. | B LZyng SoCF /34 X5
L FEVRRFL—3 3 VIERT. FEHICJATHUbEER & R 7 OB A —
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JATHub R 4EHE (2020/4/17 26m2)

B RJ45

S Ethernetjle

'SD card x2
oot X7 A ﬁEthSean';E% JATHub JATHUb

(slave, rx) (master, tx)

Cpenit

ortium of Instrumentatio
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EiFRXEE A D Test BenchZ £
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