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* Overview of the Detector Readout Master Module (DRMM) Functionalityand
Purpose.

* FPGA Architecture, Resource usage and I/O.

* Product development.

 Readout Master Module Requirements Document.
 Summary of Local Soak and Thermal Stress Testing.
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ADC Analog-to-Digital Converter
ASIC Application Specific Integrated Circuit
DMSC Data Management and Software Centre
EFU Event Formation Unit
EPICS Experimental Physics and Industrial Control System
EVR Event Receiver
FEBEAC Front End Back End Assister Card
FEN Front End Node
FEE Front End Electronics
FPGA Field Programmable Gate Array

MFE Master Front End



The Role of Detector Group Readout (? SPALLATION

* Ensure thatthe DAQ chainis commissionable, operableand maintainable with
minimal resource requirements for the lifetime of the instrument.

e How?

— Supportinstruments in the choice and development of readout front ends
(digitisers and associated logic).

— Provision a generic framework for science data, slow controland timing for
these front ends.

— Manage and facilitate the integration of these front ends into this generic
readout framework.

Analog Digital Generic

DEtector Front End Front End Back End

DMSC/ICS
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Detector Readout Master Module (DRMM) — (7‘ ECDEEAAE

Requirements - ESS-4184238

APPLICABILITY:

* Acquire data from the "Front End Nodes" .
(FENs) which interface to the front-end timinal I 10
FPGA/ADC/detector chain. p— DSMC

)
DRMM
* The connectivity between the Readout - | EFU

Master and the FENs is achieved through
8B/10B encoded MGT-driven (Multi-
Gigabit Transceiver) optical fibres links
arranged in a ring topology.

* For the slow control interface, the
Readout Master instantiates a lightweight
UDP stack which communicates with the
EPICS IOC (Input Output Controller) using
a standard Gigabit Ethernet link.

e The master module shall support an
output bandwidth of 200Gb/s utilizing 2
100Gb/s Ethernet links to the EFU.



ESS Readout Architecture

DMSC (science data)

ICS (timing/slow control)
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Internal Routing and Aggregation

> MFE e > MFE e o| MFE }e
FEA [~ FEA [«—{ FEA FEA [—{ FEA le—>| FEA FEA —| FEA [+ FEA
FEE FEE FEE FEE FEE FEE X FEE FEE FEE
ADC ADC ADC ADC ADC ADC ADC ADC ADC

Detector Channels
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Detector Readout Master Module (DRMM) — (7‘ LT

Requirements - ESS-4184238

Main requirements:

Logical:

e Data acquisition system common across all ESS instruments.

* Integrate ICS timing, ICS EPICS slow control and Data Egress downstream to DMSC.
* Output bandwidth 2x100Gb/s.

* Data rings to front-end: 12 bidirectional rings (24 fibers).

* Ring connection done through daughter boards interfacing with fibre via SFP connectors.
Form factor:

* Based around VCU118 FPGA (UltraScale+ Architecture) hardware from Xilinx.

e Fitsin standard 19” rack.

e Standard Shuko power socket.

* Body of master module forms a self-contained crate, with good EMC protection.



Common Detector Readout SOURCE

* The readout data is sent over Ethernet as UDP payload which can be as long as 8972 bytes
long.

*  Maximum transmission unit (MTU) for Ethernet of 9000 bytes.
* The connectivity between the Readout Master and the FENs is achieved through 8B/10B

encoded MGT-driven (Multi-Gigabit Transceiver) optical fibres links arranged in a ring
topology.

* For the slow control interface, the Readout Master instantiates a lightweight UDP stack which
communicates with the EPICS 10C (Input Output Controller) using a standard Gigabit Ethernet
link.

* The master module shall support an output bandwidth of 200Gb/s utilizing 2x100Gb/s
Ethernet links to the EFU.
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Device Name Vugp
* Virtex™ UltraScale+™ is a high System Logic Cells (K) 2,586
. : CLB Flip-Flops (K) 2,364
performance FPGA, using TSMC's 16nm CLB LUTS (K) 1,182
. Max. Dist. RAM (Mb) 36.1
FinFET+ process (16FF+). Total Block RAM (Mb) 75.9
. UltraRAM (Mb) 270.0
e >600 MHz operatlon. DSP Slices 6,840
. Peak INT8 DSP (TOP/s) 21.3
e Several I/O and transceivers. PCle® Gen3 x16 6
. PCle Gen3 x16/Gen4 x8 / CCIx™ -
 "Asthe industry's most capable FPGA 150G Interlaken 9
. . . 100G Ethernet w/ KR4 RS-FEC 9
family, the devices are ideal for Max. Single-Ended HP 1/0s o
_1 H H H H Max. Single-Ended HD 1/0s 0
compute mtensweappllcanons ran-gmg oY 32 ye e T -
from 1+Tb/s networking and machine GTM 58Gb/s PAMA4 Transceivers -
. 100G / 50G KP4 FEC —
learning. Extended®  -1-2-2L-3
Industrial -1-2

* XCVU9P

XCVUSP ™

FLGAZ104AAZ

TAIWAN
TP05AAI
201902195825385




EUROPEAN

FPGA Resource Usage SOURCE.

Resource Utilisation Maximum %
LuUT 79230 1182240 6.70
LUTRAM 5167 591840 0.87
FF 190018 2364480 8.04
BRAM 221 2160 10.23
DSP b 6840 0.09
10 59 832 7.09
GT 29 52 55.77
BUFG 88 1800 4.89
MMCM 3 30 10.00
PLL 2 60 333

Resource utilisation of Backend Master commit 9b15d30a9e944badbr7118e8e 1d9754fbb6127068 [6]
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VCU118 Master IO e

Ethernet Port

(10/100/1000 Mb/s Tri-Speed Ethernet) _ XCVU9P-LGA2104E
RLDRAM3 72-bit

- (2 x 36 Components) FMC

User LEDs

FMC+
(24 x GTY)

User Clock Input SMAs

SYSMON Header

USB-JTAG Connector
JTAG Header
USB-UART Connector

Samtec FireFly Interface
(4 x GTYs)

Pmod Headers

QSFP28
(4 x GTYs)
PMBus Header

QSFP28
(4 x GTYs)

L i i Rl i QSPI Flash User Push Button
Memory Switches
DDR4 80-bit PCle Edge Connector DDR4 80-bit
(5 x16 Components)  Gen3 x16, Gend x 8 (5 x 16 Components)

Bottom Side of Board (16 x GTYs)



Product Development: 100 G Detector spaLLATN

Readout Demonstrator.

100 G Data Generator

Second Joint BrightnESS WP4 and WP5
Jamboree

15t September 2017

Steven Alcock (DG)
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Inside the DRMM crate — Front right corner view :.) SOURCE
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Inside the DRMM crate —Back view i
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Deployments: LOKI Beamtime (April 2021)

Successful beamtime at ISIS was the first true end-
to-end test of the full DAQ chain (detector through
to DMSC).

Provides confidence that the ESS Readout System
can be used for configuration, time distribution, and
data readout of a real Instrument.
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Steven Alcock, Detector Group, 24t January 2022
First CDR



Local Soak Tests (January 2022) saanon

* Custom test firmware deployed to ensure the Master Module could sustain high
electrical loads over long periods of time.

* Configured the FPGA to draw increasingly large currents (far in excess of whatis
voltage, current and temperature measurements from the relevanton-board
power regulatorsat 5 second intervals.

* Results showed system can operate comfortably at expected loads: full report is
available.
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New tests were made with updated 3U/4U Verotech Caseframe chassis
featuring airflow vents integrated into the top and bottom covers.



Local Soak Tests — Updated chassis cvroscn
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* Afive-daysoak test similar to the
prototype Master Module testing was
conducted, using a closed rack with no
fansinstalled.

Temperature/Celsius
5 & £ &
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W
@
L

 Of the 8 fansslots in the top of the
rack, one was open for cables, and the s o M

. 18 A ® A
other 7 were closed off. To provide g /\ ' 4 .,.\." p é \
17 r 4
additional thermalloadin the rack, N 7\ | M
a2 20 A 29 70 20 2
there was also a server and anR5560  »*" " o o o7 o o

ADC crate installed in the rack.



Soak test - Thermal Camera photos
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Thermal stress — Ventilated Rack

RMM under testina
ventilated rack (stress
testin a normal usage
environment).
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Thermal stress — Hot Rack

The ambient
temperature was set to
40°C to simulatea rack
fan ventilation failure.

'~412
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Readout Master Module Functionality Testing SoURCE

e VCU118 test

- Check thatthe VCU118 is
functional before RMM
assembly

e RMM functional test S ———

Tows Wedow Lawut Vew el
5 ] X o ¥ Dasboard -

Serial 10 Links

R Status Bes Er. A1 s

- Check thatassembly has been
performed correctly o

ks 2 viame ot 01 6340 G5 1133612

340 Gkps 113513
ontp 01 63436608 1141612
sp oI 63saGkes  LiaiEL2
cwsp_0) 6340 Gbps 114161

B509E13
a7
7613
78413

ss27Ea3
e

unk 10 vp 01 630 GERY 1132 se27Ed
Unk 11 16348 Gkes 113312 3
v % PEBEAC 3
unk 12 333 ks
unk 13 <catp_ 0] 6340 Geps
unk 14 19p_01 6.348 Gbpn
ke 15 o) 6.340 Gips
v % PEBAC S
nk 20 ) 6340 6ps
ke IR Lecnibp_0) 6.340 Bt
nk 22 o v 200 sty 0) 6,340 Geos
ke 2 e e | 6340 ckps
v % PEBEAC &
nk 24 1178 Ghps  R082ELL
unk 25 011761 Ghps  R00ELL
nk 26 v o . R xcvatp 01 1761 Ghgs 1082611
unk 27 c 011781 Ghps  3omzELL
aspo
unk 28 4s0se1z 203923
unk 29 4904812

2030823 [_meser | PRBS Tbt
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Readout Master Module Functionality Testing SOURCE

IBERT

Integrated Bit Error Rate Test

Xilinx IP core

Test Multi-Gigabit Transceivers

Used to test

Ring transceivers (24x6.34Gbps
100GbE transcievers (8x25.78Gbps)

1x1.76Gbps
Also tests clock chip programming

project_1 - [fhome/dgrofproject_1/project_1.1pr] - Vivado Lab Edition
Ble Edt  Took Wndow Lagout  Wew Help 9 k Accens
= o] X o ¥ Dashboard -

Tel Comsole | Messages | Serfal 0O Links 5 Sarial WO Scans

a F & +
Hama ™ R Status Bz Em_ &l EER BERT Rasat  TH Pattem
w % PEBEAS 1 (4} | RS Tha
Link 4 o 3 1 2EMGT_XOVIRRX [new, L.135E12 OE0 BB0SELE [ et | PRES Tbat
nk § Quad_1 26MGT_XOV2ATE (acwuBp, 01 Quad_1 26/MGT_N0V28RX («owssp, 0) 6.343 0bps  L1&1ELZ OE0 BTSEEF [ meser | PRES TE
unk 6 Guad_1 Z6MGT_XOVIOTE (ewup_0) Quad L 25/MGT_NOVI0RA [xcwrbp 0] 6,340 Gbps  L.181E12 0E0  BTSEELE Faset FEES Tht
nk 7 Guad_1 26MGT_X0VILTE owuBp_0) Quad_L 26/MGT_M0vI1mx (owdp_0) 6.340 Gbps 1.141E12 OE0 B.TE4E1F l Heret J PRES Tt
v % FEDEAS 2 (4 [ Fase | PEBS That
Lk & o 2MGT 0} 20TH 0] Quad_L 22MGT_X0¥1 210X bx 016339 Gbps  L133E1Z 0E0 BEZTEAE [ Maeer | PRBS TH
Link § Quad_1 Z2MGT_X0V1 AT (acvuSp,_0) Quad_1 22/MGT_N0V1 3/RX (sowudp_0 6.340 Geers L133E1Y 0 BE2TELY Aezet FRBS T8t
Lk 10 X Cocufp_) Quad L 22MET N0V AR scwsdp_0) 8.340 Gbps  L133E12 020 BEITEAY [ Feser | PREES Tt
Link 11 1.133E12 OE0 BEITELF [ Aswet | PRES Tt
w % FEBEAS 3 [ Feser ] #Ras s
Link 12 L127E1Z OED BETIEAE [ Reset | PABS Thet
Link 1% 1.127E12 OE0 BETIELF Reset PRES Tt
ik 14 Liz7ELz 050 BETIELY [ Rese | PRES Tt
Link 15 » L.127E12 OE0  BBTELS [ Aswet | PRES Tt
w % FEDEACS (4 FROS Tt
Link 20 _ROVAIT [atvaitip_0) ST_NOVAIRK [vovitip 0] 6.340 Geps L1212 050 B9IEAF [ Meser | PRBS Tt
ik 21 Quad_120MGT_XOVTH bowudp, 0] Quad_L 20/MGT_XOVSRX baowsp 01 6.340 G 112612 OE0 BOOE1Y [ meser | PRBS Tht
wnk 22 Cuad_1 TOMGT_XOVETE [eovubp_ 0] Quad_L 2PMGT_XOVERX [sowukp 0] 6,340 Gbps L12E1Z OE0 BSIPEL¥ [ FAeser | FEES The
Link 23 Guad_1 J0MGT_XOVTTE (eevuBp 00 Quad | 20MGT_0VTmy [awip 00 6.340 Gbps L12E12 OED BS29ELEF [ Meset | PRBS That
w % FEDEAC S (4 PRDS T
nk 24 Guad_IFHMOT XIVSETH (ewulp_0) Quad AT XL VSER (sgvubp_0) 1.761 Gbps  3.082E11 OE0 323MEAZ [ Reset | PABS The
Lk 25 MMGT K1Y 7IT bovuSp_G) Duad_Z33HET X o (acwasp_0) 1761 Gbgs  20B2ELL OE0 3IMEAT [ meser | PRES TER
wnk 26 BT _X1YSETH (ucvufp_0) Quad_TIAMGT X YSERN lovudp 01 1761 Gbps  ROBZELL OE0 3ZMEAZ [ Reset | FRES THt
Link 27 5 uBp_B) Quad_TIUMGT 1 vSBM [swsbp_0) LT6L Gbps  Z002E11 OE0 32MEAT [ Messt | PABS T
v & QRO [ FRRS T
unk 28 Gusd_TINMOT_XIVELTE (aevuip_0) Quad_TI2MOT_X1 VIR aowabp_0] 20.126 Ghps  4.904E12 0E0 203SEAF [ meser | PRES Tht

ink 2% Quad_232MGT_X1VSATK (revuBp_0) Quad_ZIZMGT L YS3RX (eowudp_0) 20126 Gops  4.004E12 OE0 2.030E13 [ Aeset PRES 7Bt

Timing system (Embedded EVR) transceiver



Readout Master Module Functionality Testing : SOURCE

VCCINT:
3750 W
Ox01178A25 VCCIVE:
. 0x3C710245 1875W
 Other interface tests i e
DxAAAAAAAL 0.075 W
0xBEBBBEBE VCCIV2:
- JTAG OxCCCCCCCC 0375W
[Bitstream Generation Time: MGTAVCC
- UART 00-00-00 0000:00 1975 W
Time MGTAVTT
- 1G Ethernet 00 000028 14.10 W
rerl FPGA Temperature VINTBRAM
23 6 degrees C 0200 W
- TO u Ch screen ghest FPGA Temperature
32 .0 degress C
- LEMO
~ HFBR

g | Foetty ! B

Auto | Normal |
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Xilinx Product Longevity SoURCE

Product Longevity

A product lifecycle is typically defined by four main phases: introduction, growth, maturity, and decline. Xilinx designs

products and creates the supporting supply chain with the clear intent to support a minimum 15+ year lifecycle*, starting
from first production release. Xilinx parts are used extensively in numerous applications that require a long operational
lifetime, and therefore, Xilinx makes a strong commitment to product longevity. With this commitment, although the
minimum lifecycle is 15 years, customers will see that the majority of families will be supported much longer. The longevity of

Xilinx products is longer than ASSPs, ASICs, and other major FPGA suppliers. In the case of a last time buy, Xilinx does follow
the JEDEC standard.

https://www.xilinx.com/support/quality/support.html#productLongevity



https://www.xilinx.com/support/quality/support.html
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