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Back-end Electronics for Low Background and
Medium Scale Physics Experiments Based
on an Asymmetric Network
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Application Context

PandaX-III - Searching 13°Xe neutrinoless pp decay C PANDA H T2K-II — Unveiling the mysteries of neutrino oscillations 12K\

Detector features
O 10 bar pressure 13%Xe TPC

4 41 Microbulk Micromegas
detectors per TPC end-plate

¢ Ultra-low background
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radioactivity
PUORER0NE GOOY - QHNHHHEEN GO0 IQ'?”?”?'WW joon - BEaO000n Qeen ¢
w PandaX-lll and PandaX-4T in their water tank shield i PandaX-Ill TPC vessel and detection planes hFTER't:n'iRE'nr;T hFTER't:ﬂ'iﬂf;:' hFTER't‘f;'if;'ﬂfg:' hFTER't:ﬂﬂﬂf‘;:' Electronics for new TPCs
1 TPC End-Plate = 41 detectors 1 Detector module = 64 X + 64 Y strips ReadOUt eIeCtroniCS at a glance | lFront-End N i | lFront-End i ‘.‘ 36 K h l t t l
:____-__-_________-_________-_________-__-__-i :— __________ ezzanine : ezzanine i C anne S 0 a
IR0 GO SCRAAT000ND (OO < 10 K ehannes tota ] L —a—
5 ¢ Based on 64-channel AGET chip e } it v P R R
[aceT|[aceT]|[aceT] [AceT] |aceT||acET|[AcET] |AcET|! ||AcET||AcET|[AcET]|AGET|| ||AGET||AGET|[AGET] |AGET| Outside magnet © 1152 channels .
:Front-End Front-End i |Front-End Front-End e per Front-End Un't (2
. FPGA FPGA e FPGA oo FPGA » P = ack-end Uni ]
i_‘f"'i'f’____ __________ i " d, —_ ”,.b AT [ AR i Rl (= ek TOR| Backcendtit Front-end Cards + 1 Front-End Mezzanine)
o oUndenmater&pressunzed lairectional oplical rIoers | . 7y 7y
» — = cable rivate erne .
Backend .tAtmosphem” " S VAL e L S i — e I ¢ 16 Front-end Units for each of 2 TPCs
Fraa [ Fraa IR O Tibical thidaar rate’~10 Hz Slave Tock PC for TPC Control & DAQ ) .
— — L e yp 99 ot i © Max. trigger rate: ~10 Hz
. ¥ - » . v 1d280 network
s o Cmmana  Jirc oMo " Expected data throughput: <20 MB/s T © Expected data throughput: <10 MB/s
B R S T O Front-end: 10 bar operating pressure + T Event Dieplay, Mass Storage. W Fe cne 62 T e malie k] elerehee
=vent Dispay, Hass Storage,Internet lowest possible background radioactivity i

Architecture Concepts Questions and Answers

What link bandwidth is really needed? How to exchange simply several classes of Link encoding properties of BE to FE fanout?
¢ Back-End to Front-end: few KB config. (once) + monitoring every messages over one media? ¢ DC-balanced; easy frame delineation
few seconds + trigger at few 10 Hz = no more than 1 Mbps total! f ot : : : - :
99 : * Deterministic latency trigger information, configuration and 4 Receiver synchronization without interrupting the transmitter
 Opposite link direction: DAQ bandwidth / Number of Front Ends monitoring requests and responses, acquired event data
+ trigger ack. + config. read back + monitoring = only few 10 Mbps! Solution: invert 1 bit in frame and
Solution: fixed cycle time division multiplexing Manchester encode

Solution: fanout BE to FE + return p-to-p links

Asymmetric network topology BaCk'_end J Lofyttc’: mid _sp;eredh Back-end Unit Front-end Unit X datag 0 0 0 O 0 0 0 O . 1fof1(0 Other p rop ertles
Fanqut: electrical, optical splitter, Unit 2 sz;:?calc;ri::p:: cable : Virtual Channel e e ear: Virtual Channel * link idlegpattern Féiexample data “ Easy tO bUllt
multidrop cable, etc | | TFIEEE!’ & ‘I'I_ A SRannel B - _ : _ ogs
synchronization S 2 ersonia|P|a cialbla cla B alci 41 transition per cycle (low
Front-end Front-end Front-end Configuration B ' jitter clock distribution
Unit J Unit Unit J moni. requests 222> TX RX [0 9B i )

Euentdata}}»{? \EE»"E Maenﬂfjffgré | | | | | | | | | | | | | | | | ¢ Error detection: if a bitis

What is needed for deterministic latency requests . 4 . not followed by its inverse
low/mid speed optical links? A good CDR chi Trigge AT A
4 g i \ . y 5 . Fﬂmﬁ%es@i\ N o Same encoding for FE to BE links?
Continuous Rate 10 Mb/sto 1.256b/s 4 Found fixed delay over power-cycling Configuration 777 § 1y s | b | , . .
Clock and Data Recovery IC oL £t t di , b q & moni. replies . ¢ DC-balanced; easy frame delineation; low overhead, simple
AnALoG 10N2815 ow part-to-part dispersion observe Euemdata@/ R
ENICSIEL’ 3.3V 28Mbps to 1.3Gbps 4\ Stable for power in 3V-3.6V. 600 ps packets Solution: self-synchronizing scrambler 1 + x43

SY87701AL AnyRate® Clock and Data Recovery drift for 50°C change (Test sample: 4 ADN2815)

The Trigger and Data Concentrator Module - TDCM A Readout Card - ARC

This is the main hardware part left to be Mid-range FPGAs only have few high Mercury ZX1 g ,\ )! e Gh Etl{ernel.'port for standalone
designed. Use a standard form factor for speed transceivers. Use them for i AT llARP“ L = operation With @ DAQ control 7C
easier integration in a crate. Place interfaces that need high bandwidth e e ]
required power conversion circuits, and/or short latency - : ' Enclustra Mars AX3
ancillary logic, and I/O connectors ZZZ:,YS;::C:” = Z;Z:{ Z;Z{u;
(optional) |
Control & DAQ, “ Trigger Clock input, i
Board cascading LEDs, buttons, etc < SFP transceiver for _
e operation with TDCM| ' = 4 AFTER, AGET or
'0;03' eNCLUSTRA ® ‘ i Leed B ASTRE readout chips
Multi-gigabit Low speed 1/O’s e e ' ' x
SERDES Want a low-risk, fast T T e diiodles; AC or DC " 00l WD T LJ’L bt Detector
development cycle? Use a phyS|caI Iayer coupling to detector . &' e ks Whih | interface
Custom -On- commercial System-On-Chip mezzanine card R — L S
System-On :
Made Chip FPGA module and start <l
. building firmware/software
Carrier FPGA + CPU on an evaluation kit while TD CM F ea tur es AR C Fea tures
Regular LVDS /O fadware ceson b onrgond | v 6U form factor card, single 12 V input, commercial Enclustra ZX1 Xilinx Zynq SoC ¢ 256-channel generic detector readout card
/| . " y . . .
Dhusical L ¢ Controls up to 32-link to front-end units (680 Mbps capable links; 500 Mbps tested) ¢ Compatible with AFTER, AGET and ASTRE chips
ysical Layv; Physical Layer
Mezzanine G Mezzanine Card 2 replaceable 16-port physical layer mezzanine cards — current model: 16 optical SFP ¥ 120 fC-10 pC range, 100 ns to 8 ps peaking time
V 3 user defined GTP, 2 GbE ports, 1 PCl Express Gen 2 x 4 cable interface (to be tested) ¥ 512-time bucket SCA; 100 MHz max. sampling
ks to/ffom Front-End Units O 2 RJ45 LVDS for connection to master clock & trigger unit or multi-TDCM cascading O External or self trigger (AFTER, or AGET-ASTRE)
Need to aggregate serial data from several Unsure about the exact link media . " ) - . . i
tens of front-units? Check the speed you need. | | vou will need? Be flexible: place the | * 6 NIM and 6 TTL 1/Os for simple clock and trigger interface (Trigger IN, Busy OUT) The ARC is not intended for PandaX-I//l. See instead:
Each of the numerous regular 1/O pins of a physical layer part on an easily . . . D, ZhU, “Development of the Front-End Electronics
modern FPGA is multi-100 Mbps capable replaceable daughter card  Bare metal configuration and readout interpreter program on ARM CPU core N .
for PandaX-I/l Prototype TPC”, in this conference

Performance Evaluations TDCM Use-case Scenarios

1
™ Nominal Baseline Deployment i W Lower Material Budget Deployment e [
Validated on small scale setup Front-End Units ! Pursue if lower radioactivity is needed and this scherme improves it ekl o
Back-End Unit 100 Mbps : Back-End Unit o
(200 Mbaud) 250 Mbps max. 3
rx e rx POF D o POF rx data FPGA
= RX! |

LR tx data

tx_ LVDS 400 Mbps tx |POF | |POF
~ fanout X R~ EPR S
rx 1 rx ——

P «———— RX! 10-200 Mbaud o

1000 Base-X 1000 Base-X 3

<«— Gbic rx rx clock <«— Gbic &

) —CDR - - rx data

" Multi-rate, Single fiber  |RJ45 Gigabit ~ Multimode x data A | ! Industrial plastic fiber | RJ4s5 Gigabit P?;:c %rg'w' POF FPGA
Bi-directional transceiver |Ethernet silica fiber tx iber (POF) X  txdata

1 transceiver, discrete LED, |Ethernet

E phototransistor
DAQ & Control PC

tx data

DAQ & Control PC

TDCM TX eye @400 Mbps  TDCM TX jitter @500 Mbps B

n Igotu;y Iqtenas:y and low skew trigger path Front-End Units ' I Increased Throughput Deployment
rototyping underway ! Prototyping, PCle interface development postponed 2 .
R esu I tS Back-End Unit . rx clock cock E —_—— S oTite: | Front-End Units
Mb & data : 500 Mbaud min.) | lock lock
O BER tester PRBS7/15/23/31 in FPGA logic. Measured link BER: - rx - R SFP oon || Pm f = CooMEad SFP%;’;. cloc
12 *40-13 0 _ ] | T FPGA PLL
<10 @ 200 Mbps FE RX and 2*10-'° @ 400 Mbps BE RX (95% C.L.) ', [gesy Monomodet. FC))?:)stisc“: i b data | x_[LVDS 400 (5007) Mbps “t data CEA - Saclay
. . 5 : : ! fanout |
© Correct PRBS reception with TX user 1/0 pin 500 Mbps to GTP RX rx <l | rx S Multimode
% 1.6 Gbps typ. : «— O silica fiber
i § . : 1000 Base-X ! pcie Gen2x4
= ¢ Configuration, data taking and readout tested with 1 and 2 ARC >/ Gbic B ©
s a0 (Figer——— 68 Multimode I user ] °
T I i imi 'Mid or Long Range | RI45 Gigabit fiber | ' Multi-rate, Single fiber | PCle cable (20 Gbps)
= X2e 2009ns ke - _ : Ltozal 'et\;.‘egtfu"der ar::d DAgPtrGaAnSfer lattup to 1 303N2|$f/ S (?bEcll'mrt) 2Short Range Ethernet || Bi-directional transceiver | or fiber with custom protocol u n I Ve rS Ite
TDCM RXeye @400 Mbps ested wi ata generator in emuiatng up to ront-enas DAQ & Control PC Ay PARIS-SACLAY

» Concept: a readout system with asymmetry in network topology, link encoding, speed and possibly media
» Recipe: use regular FPGA I/O pins for multi-100 Mbps serial links; CDR chip on front-end for fixed latency CQa
» Product: a 32-port 12.8 Gbps bandwidth clock/trigger distributor & data aggregator from commercial SoC %

» Companion: a 256-channel front-end card for a generic detector readout system scalable to 8K channels 7
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