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HighLuminosity LHCHIC)@® i, B

A Luminosityindicatethe performancef
anaccelerator
A Proportionab: numbenof collisions

s . ’ 21
thatoccuin agiveramounbftime RuR2 2.1 x 1 cm’s 25 160 fb*
A highettheluminositythe moredata (4 years)
theexperimentangather HELHGbaseline) 5 x 1&cm?s? 140 3000 fbt
_ _ (10 years)
A Aim to delivera muchlargerdatasetfor T — 25y 18 emizsl p— pr——
physicsotheLH@xperiments -LHQultimate) 7.5 x 1% cm*s a :
years
A Pileup Numbeof simultaneouproton 2021 | 202 502 202 202 2026 02 502 202
protor‘interactionevZOO) J|FIMAIM[]{] |A|S|ON|D{J |F|M|AM|] |] |A[S|O|N|D{J [F|M|AM|] |] |A|S|O[N[D{J |FIM|AM|] |J |A[S|ON|D{] |[FIM|AIM|] |J |A|S|O|N|D{J |FIM|AIM|] |J |A|S|ON|D{J |F[M|AIM|] |J |A|S|ON(D|J |[FIM|AM|] |J |A|S|ON|D|J |FIM|AM|] | ] |A|S|OIN|D|
A With high pileup, need more Run3 ' Long Shutdown 3 (L53) |
advancedelectioralgorithmst L1 I
trigger
99 203 . 1=‘“'*203 203 n“2033 203 203 203 203 203
. . - . l-i--in 11J|J|AISIOIN|D|J |FIMAM|J | |A[S|OINID{] |FIMIAIM|J | |A|SIOIN|D[J |FIMAM|J | J |A[S|OIN|D{] |F|M|AIM|] | J |A|S|ON|D[J | F|[M|A[M|] | J |A[S|OIN|D{J | F|[M|A|M|] | |A|S|O|N|D{J | F|[M|A[M|] | |A|S|O|N|D}
A Thisncreased datasets will help in the high Bkl ™ —
precision measuremexfis
A Standard mOdel (SM) Shutdown/TgchnicaIstop
. o Protons physics
A new territories beyond the SM) (BSM Commissioning with beam
Hardware commissioning/magnet training

Fig: HLHC timeline
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CMS HLHC upgrade B0 QIEEE .  25° reciTme Conwence

A TheCMSletectoplannedipgradéortheHLLHGra
A New pixel and strip tracking detector Summa ry of CMS HL-LHC U 0g rades

A New higgranularity calorimeter (HGCAL) of the ‘ Barrel ECAL/HCAL
¢ Trigger/HLT/DAQ .f:’ﬁ':f Ech_Bf E|reacrrr1°nti:?n .(8°C)
A New frontend/backend electronics for the: e e | i el
g ¢ L1-Trigger: 12.5 ps latency — output 750 kHz
A Barrel calorimeter | HT v 7 5 N——
A Electromagnetic calorimeter (ECAL) '+ Replace DT & CSC FE/BE Electronics
. o e Complete RPC coverage in region 1.5<nN<2.4
A Hadronic calorimeter (HCAL) 2;‘;’5;“1‘:; « Muon tagging 24413
A M uon System * Rad. tolerant - high granularity
A Drift tube (DT)
A Cathode strghambers (CSC) T
¢ Rad. tolerant - high granularity —
: significant less material
A 40 M HZ Scoutl ng System * 40 MHz selective readout (pT>2 GeV)

in Outer Tracker for L1 -Trigger

A can be used to scrutinize the collision even |*nded coverage on=s
identify potentisignatures unreachable throi
standardrigger selectipnocesses

MIP Precision Timing Detector

¢ Barrel: Crystal +SiPM
® Endcap: Low Gain Avalanche Diodes

A L1 trigger:
A Inclusion of the tracker information
A Extensive usage of:
A large FPGA (Virtex UltraScale+/Kintex UltraScale)
A highspeed optical links (28 Gbps)

Fig: CMS detectoi HIC upgrade

WS
CASEST

ELECTRONICS SC1

% 28 July2022 Piyush Kum&Bhawna Gomlpesystem Design and Prototyping for the GSrigges at the Higiminosity LHC3




Ll trigger pri nCi ple e ¢ 239 Real Time Conference

A At desigmparametethieLH®roduces
A ~10° events/secorid CMSletectors
A eachevenits~ 1 MB

i.e. LHC experiments (ATLAS/CMS)

» ~100M channels
» ~1-2 MB of RAW data per measurement

...and really FAST _J— 1‘_
A 10° events/sx 1 Mbyt&vents= 100 bytES/S =1 » ~40 MHz measurement rate (every 25 ns - @ the LHC)

PB/s(1 Petabyte/second)

A Problem
A It is impossibl¢o storeandprocesshislarge
amounofdata
A Solution
A adrasticatereductiohastobeachieved
A Levell: 40MHz0750kHz
A HigHevetrigge(HLTY50kHZ07.5 kHz

q @
S . . . . v /'Q
A Atriggeisdesignetb rejectheuninterestingvents accept/ reject

andkeepheinterestingnedorphysics

Fig: Trigger syste
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L1triggearchitecture =

A TheHLELHQA1 triggereceivemputfromthebackenatlectronics

of.
A C al orim ete rs Calorimeter trigger Muon trigger Track trigger
A M UOFBpeCtrOmete rS Detector Backend systems

A TracKinder

Local

A Calorimetérigger(creatinglustersromtheenergyepositethy
theparticlanthecalorimetér

Global Track
Trigger

Global Calorimeter

A RegionatalorimeteriggeRCT) Trigger
A BarreECABNdHCAL
A Globatalorimetdrigger Extama THogers

Global

|
|

Correlator Trigger

A RCTforwardhadroni¢HF)andHGCAL

PF

A CorrelatdriggeXCTheceivemputiromallthetriggesubsystem
A Aim identifyingand reconstructingll the particleswith a
particldlowalgorithm

Global Trigger GT

A Globatrigge:r Phase-2 trigger project
A AimIssueshefinalll triggedecision
Fig: HLHC L1 trigger architecture
A Inputrate 40 MHz
A Increasedutputrate 100kHz=>750kHz
A Increaselhtency3.8 kS=>12.5kS
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L 1 tri g g er arc h ite Ctu e 23 Real Time Conference

TRACKING

EEEEEEEEN '
GTT |
EEEEEE ::
TMUX=6 SE=EES | TMUXS o
RS =6 HHHE T HE
FPGAs=3§ =mmm== FPGAs=12 "~
> = I
2 (o]
1 ™ CnnﬂatorLawr2|
= W .
— — EEEEE
5 O [ sn z
= = FS=5 - =]
g b, FPGAs=30 ===== =
o

Fig: CMS Pheaé ltriggedesign. Mentioning tineemultiplexing (TMUX) period, regional (RS) and functional segmentation
(FS), and the number of FPGAs for each architecture component.
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Tec h n 0 I Ogy R&, D exam p I eﬁ)ARD EAMILIES nees R 239 Real Time Conference

A ATChaseclectronics :
A Generibighl/O (>100) processinigoards ‘ e, T
A OneortwoVirtexJltraScale+/KinteittraScalEP G omXilinx

M
o P—
|
L’ !
.. i)
a4

VAT Y

A Wideangeftestingandprototypes
A Extensivénktests@?28 Gb/s
A enduranceest(<1012BERdftheFPGAuads
A Thermaperformandestandsimulation
A Heat sink test (in orderto keep operatingemperature\ - | BT =
bellowi0(°C) I — )
A Algorithrfirmware
A Infrastructuf@mware APX

RITTIL

Heat sink  Serenity

APx 25G quad eye scans | -] @) @) @)
A 2578125 Gbps COK OK SK OK K OK OK O
A Using pseudorandom 4 (D (D] (@] (D] [@D] (@] (@01
binary sequence ] (@] @] @] @] @1 el el
(PRBS31) @1 (4] ([@b] [@b] (@] @] @] @&
A Clock and data recovei4ib] @] [@D] [@D] [@D] [@] [@D] (@]
(CDRDN (D] [@b] (@] (D] @l D] @l )
D) @b @] @] @) )] @ e

Fig APxF 258§escans, quads 12AB5

B g ] _ _ e
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Trigger Algorithms Development =K

A Thetriggerlgorithmsireimplementety usingXilinxVivado el
HLJhigHevebynthesigpol T Swery: o +
A Rapidprototyping IRl Mol s Ml Moo SLR2
A Codesirewritterin C++ e e S ...
A HLSynthesiz¢secodetogeneratéheRTland silrkerigyfifonks ey
A Providean early estimateof latencyand resource T Lateney | Imeran | Pumline |
utilization Mol Sl it ot SO o
A Increasedkaseof collaboratiorand code sharingfor W Mol W MRl
algorithnaesign e R
A Downstream R ]
A Integrationfthealgowiththefirmwarshell( ) lewressin T T I
thatprovides ey T T Ed e B
A MGTinkinstantiation ke Lm0
A Timingand Control DistributionSystem(TCDS) "% -t o i 20 T
) ueitizstion SR ) 1o e e el SLRO
A DAGupport S St St St S T
A andanAXiInterfaceothecontrollingystem L SR S SO ol
A UsedDlwrappeforintegratiofmagentaoy Fig: VivadeLS performance
estimates of trigger algorithm Fig: Trigger algo device
Aim is to write HLS algorithma framework agnostic way implementation
(:Ag%s ‘‘‘‘‘‘‘ 28 July2022  Piyush Kum@Bhawna GomlpeBystem Design and Prototyping for the GiSriggesi at the Higiminosity LHCS




Barretalorimeter segmentation =

n

-ve 1

g
i 3
OR=a T W

+ve 1

345 67 8 N RDMNISIBITANINNRIIMNNNITTED NRBVMMNMNMITESODUMUDUOSBOTeYyDYIRNNYMSSS YS90 MSBEOaIOML N2
g
-

.

1x1 ECAL region (tower) 1x1_!—1CAL rggion (tower) ¢

0174nx.0174 ® > 0872 nx.0872 ®

1 of 25 crystals

at the trigger at the trigger

Fig: Barrel calorimeter segmentation
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L1 Trigger Algorithms

Calorimeter Trigger

A TheXilimUltraScaleXCVaP FPGAupports
3 supetogicregion$SLR)

A Forefficienimplementatiothealgorithnis
partitionedSLRwisein 2 SLR(SLR and

< IEEE

234 Real Time Conference

RCT geometry for the FPGA protessigof the barr@otal 36 APx cards)
Regional Calorimeter Trigger (RCT etretmtass/photons enecysters and towers and sends them to Global Calorimeter Trigger (GCT)

buffered for two

Cock oyele +o

accomedate the

routing delay of RETSx4 output
from SLR1 to SLR2.

RCT 36 ECAL links
RCTAA
algorithm

G output

...........................................................

TTT 2 HCAL links
Calorimeter trigger 5 J; foutrat Seed crystal
SLR) s 4 v 4 Detector Backend systems 3 13 l j:ﬁ@éﬁi@ﬁfwﬁfuxﬂfd e sicrdance ) -CI N
A RCHlgorithnisdividednthreepart e g i st g I R o e
A RC8-X4-: _277 J Latenoy: 230 €L j:.} R . recovery regions
A Implementdd SLR = - e e
A Processeshe 8G x 4%0 RCT Glooa Galoimetr :
o rigger
regions L.,
A OnlyECAL I 8 - . C o o v U NSERAAS A VI B EL R VRS ERS RER PR
2 ‘Regd Fig: RCT algorlzhm organisation and dataflow Fig: e/gamma cluster
o o T - summal H H H
A implementeid SLR = Timing (ns) Namr: BRAM_18K DSP48E FF | LUT |URAM making in RCT algorithm
A processeshe 9G x 4% RCT 5 Summary DSP : S N TN
. . ; Expression 0 24202 -
regions Clock Target Estimated Uncertainty o _ - - ! il
ap_clk 417  3.491 125  instance 8§ 0 303544 464948 - The implementationis
A ECALO e 3544 464948 - P :
A 16Gx4%HCAHata - Latency (clock cycles) Multiplexer - 16292 - scalabldortheregiorof
Register 30 23821 1813 - (o)
A RCTS_UM ) = Summary Total 38 0 327365 507255 0O 17G<6 %0 (Can use 3
o PRERAEL aency el e n Swmemeunin 0 SLRERCRAP0ardyl
1 1 . . vailable 3
A combinesboth the algorithm min| Maxj min max TVP_E Utilization (%) ~0 0 13 42 0 reducdrom36to 24
and sendsthe outputto the 230 230 6  6function Utilization SLR (%) 2 o 4 128 0
GCT : :
Fig: RCT algorithm HLS results
JLk?
=
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RCToGCT slice test

A The GCTalgorithm(mergingthe energies
betweerthe RCTcardsin phi direction)is
synthesizadVivadeiLS

A  TheRCTSLR andSLR) andGCTSLR) is
implementebgethem XCVAPFPGA

A Testednasinglecard
A Replicatehe4 RCDutputinksxs (20
inputy~ GCprocessingRCEards

A Implementatiatetails
A  XCVOP-FLGEZL041-EFPGA
A Clock240MHz
A Linkbandwidttl6 Gbps

23d Real Time Conference

buffered for twe

clock oyele +o
accomodate +he

routing delay of RETBr4 output
from SLR1 +o SLR2

RCT 36 ECAL links =
= 2 HCAL links ST & output
18] u & output
15
14
I I Latenoy: 220 CL +1D CL (accomodated in accordance
13 t_-l with BT84 algerithm latency)
11
e g
z
u ‘E
- 31
o Lateney: 230 CL
n ""\ —] 32 ECAL links RETERA4
2 output algorithm 2 c¢ of roting delay from SLRY o SLRZ

- 12 output

SLR2 boundary
SLR1 boundary
SLRD boundary

Fig: RCTTDR and GCT algorithm implementation in three SLR

Performance Estimates

-1 Timing (ns)
5 Summary
Clock| Target Estimated Uncertainty
ap_clk 4.17 2.909 1.25

-1 Latency (clock cycles)

- Summary

Latency | Interval
min max min max  Type
120 120 6  6function

Utilization Estimates

-] Summary

Name BRAM_18K DSP48E  FF LUT |URAM
DSP - - - - -
Expression - - 0 1444 -
FIFO - - - - -
Instance - - 27703 146555 -
Memory - - - -
Multiplexer - - - 56 -
Register 0 82036 36864 -
Total 0 0 109739 184919 0
Available 4320 684023644801182240 960
Available SLR 1440 2280 788160 394080 320
Utilization (%) 0 0 4 15 ]
Utilization SLR (%) 0 0 13 46 ]

Fig: GCT algorithm HLS results
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RCT to GCT slice test ——

utilization Post-Synthesis | Post-implementation

A Thebitstreanis generatedndtheprojecpasses
thetimingconstraints

Graph | Table

LUT A
LUTRAM -
A Followingrethealgorithmdevicelacement Fr
A RC®x4:SLR e
A RCI%:SLR
BUFG A
A RCTSUBLR
A GCISLR o 25  so 75 100
Utilization (%)
A Postimplementatiodeviceutilizationis within
thebOUndary Timing Setup | Hold | Pulse Width
Worst Negative Slack (WNS): 0.019 ns
A Bitstreanis successfultgstedonthe APd (APXx Total Negative Slack (TNS): 0 ns
demonstrattb)lOal‘dboal’d Mumber of Failing Endp.clnts: 0
. Total Number of Endpoints: 1434128
A Test vector generatedvia Monte Carlo implemented Timing Report
physicssimulationsfor different physics LT ~
models Fig: Utilization and timing Fig: GCT device implementatior

summary (setup)

F o 1/(4.167-0.019) ~ 241 MHz
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Muon trigger \ q <QIEEE 239 Real Time Conference

ku040 FPGA

A Thdunctiorofthemuortrigger ?
A Identificationfthemuortracks i . Gommar comennn
A Measurenomenta !

25yus = Concentrator
_stubs OMTF EMTF

A inputdntheformofmuorstubg32-64 bitseach TR

A Inputs (stubs) are relaying through various | -“

tancla.l e |'s + all stubs

electronicsegions T LL cmtfr

A Barrel _ ! e ™
A Drifttube(DT) 7
A Resistivplatechamber@RPC) | i

A Endcap Fig: Muotiggearchitecture

A veryorwar@xtensioiRPC
A cathodstripchamber€CSC)
A gaseouslectromultiplie(GEM)
DSP FF LUTs BRAM
A Fulimplementatiasfthebarreblgorithm
A TestednsmalKD40FPGA 10%  17%  37%  46%
A Algorithnslock 160MHz

A BMTatency2.25 kS Fig: barrel algorithm implementation

Stubs: positipbend angle, antiming information of thauons

&
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Trac k tri g g e r } ' 23 Real Time Conference

Track trigger

Globatrackiriggealgorithm DL L s | Lo | s | e | s

A Reconstructiafitheprimaryertices Whole
A Identifyrackonlyobjects | Implemented
algorithm in XCVU9P
A Use$ APxand6 serenitpoard fsl.tEIF? one

Global Track

Trigger

A PrimaryertexPVFinding
A Origiroftracksconstraineth ~1mm
A Removpileupto maintairmanageabl@tes

N N\
A Track/ertessociation ] APxtw-shel
i i Serd 0L U o 1 | B Bk — a3 1096 conv + ertex +
A SelectracksconsistenwiththePV I S0 com s T Vet 415
MET
A Tractasedetrinding Single board, GiEfework + e
multiplealgorithms
A TraclbasednissingransversenergyMET) i
A TraclbaseMissingd; DSP FF LUTs BRAM Vertexing MET/Jets
Latency 540 ns 1530 ns

1% 11% 17% 21%
H;: scalar sum;of jets

JS
K
CASEST
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CO r re I ato r tri g g e r nees R 23 Real Time Conference

Correlatdriggetayefl [ = | ‘ i
A AimCollect information from : A Full working PF+PUPPI
calorimetersiuorsystems/tracker A Barrel/lendcap implemented using
combin¢hem VUIR2
A reconstruthe particles and Cormaietor Tager
identifthem.

A Employdgorithms for: e
A Particlé&low(PH and Particle perg

pileup identificatioR UPRl(barrejg § § VUOP DSP FF LUTs BRAM
+ endcap) o s

A Jets/Missing transverse energ : ‘% S IS IS i B
(MET)/H : Endcap 24% 24% 30%  32%

A Tauslsolation, NN MET,
electron/photoergammpg
A Twdayers: Barrel Endcap
A Correlatdrayed: Performs full
PF+PUP&Yeate particlbow
candidates
A Correlator Lay&use PF
candidates to reconstruct physi(e=linksinfra links infra
objects Fig: Laydrendcap

Latency 1120 ns 1030 ns

&
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Global trigger

23d Real Time Conference

. ! Resource distribution in GT algorithm board with 117 Algorithms R distribution Tn &T alaestthm Board with 234 Alaatits:
A Flnal Stage wfe LeVél trlgger B Framework Algorithms [l Demultiplexer + SLR distribution + output logic esourceFra:iJ:rku Iorlllg:”mms ¢ g(;:Lultrl:exeroftm\:i’:tnbution+outp?t(|):gllc me

. . . . Liliasoglc s LUT as Logic 12 24 13
A Aimresponsibl®r implementing up to

the trigganent — <50% e o p
o
pere 15 DSPs 31 71 /0

A Based on serenity board - " .

A XCVU9P FPGA 0 ! ! |

0 25 50 75 100

A Flexible design:
A can be adapted for future

algorithms
A 480 MHz algorittuiock —)
Flexible
System

A Totalatency dhe GT Algorithm
A ~250 ns (10 Bunainossing)
A Budget: 40 BX (1000 ns)

Fig:39 algorithm placed in 1 SLR
(total 117 algorithms for 3 SLR)

Fig: 78 algorithm placed in 1 SLR
(total 238 algorithms for 3 SLR)
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Slice test =

Trackinder(backend>Globatrackrigge(GTT)

A VU7Rpolle=> KU15Berenittest

A Apollo algo firmwaF@ial subcomponent of

trackfinder

A Serenity algo firmwa@rtexinglgorithm

A Tracks sent ovetitBs
A inputds injectethtothe buffersnApollo

A Generated via CMS software (CMSSW)
A Outputss captured on the Serenity buffer

VS

. g

) 58
——— ‘I -
v { N ey

4 .

e el

A Compared with expectatifisagreement TIF crate (Apollo connected to Serenity)
Correlatdayel (Serenityp LayeR (Serenity) FPGA FPGA
F ol 1 [ | L ?@_. 3
A Layedf algo input: HGCAjets> ol e L e S s
A Laye® algo output: electron/phosgammpg EE—

A 100% agreement vethulator

Software

IfO data /O data
P files

Fig: Track finder and GTT board placement in the TIF crate
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S u m m ary nees R 239 Real Time Conference

A Key technological choices to leverage tiéhigh dataaking environment Serenity Serenitys
A Highspeed optical links (from ~10 Gbps to ~28 Gbps) - &
A Large FPGAs (from VirtexXilinx Virtex UltraScale+/ Kintex UItraScaIe) l l l

A Modular and scalable algorithm firmware

= -
ke 3

A Several FPGA boards are being developed and various tests were
such as: '
A The links eye s¢@2%bps) and
A endurance test (<128ER) of the FPGA quads.
A FPGA thermal test to explore various heat sinks options.

N

i Dpmmm

A Following trigger algorithms are being prepared and tested success
corresponding prototyped board:
A RCT and GCT i/
A Barremuortrigger and glotmatortrigger (GMT)
A Global track trigger (GTT) ,
A Correlator Layieand Layer I f \
A Global track trigger X20 DTH Ethernet switch
Fig: L1 trigger crate installed at CERN that houses
A The latency and resource utilization is well within the desired limit. ;ee Serenity, X20,RIMDAQ@nd TCDSIh) board (for
multtboard testing)

|
u The PhaszUpgrade of the CMS {levagger. Technical
Report CERIMICC202004. CMSDR21, CERN, Geneva
Apr 147 2020. URtp://cds.cern.ch/record/2714892

v (o]

&]:

A Allthe testing/developméngoingn time with the-HHC schedule.
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A The SSI technologyntegratemultiple Super

Xilinx Stacked Silicon Interconnect (SSI) Technology

Logic Region(SLR)componentglaced on

apassivsilicorinterposefig3).

A EachSLRcontainghe activecircuitrycommon
to mostXilinxFPGAFieldprogrammablgate
array) devices This circuitryincludeslarge
numbersf.

A Thedevicewe are usingfor our synthesisind

T> T T T T>o T I

High-Bandwidth,
Low-Latency Connections

Microbumps

Through-Silicon Vias (TSV)

C4 Bumps
6-inputLUTE_oolkuptables)
Registers

I/O components
GigabifransceivelGT) b 0 8§ 8878 839 & $ % & O ¢
Blockmemory - -
DSPblocks
Otheblocks

-+——— FPGA Die (SLR)
Silicon Interposer

Package Substrate

-«—— BGA Solder Balls

implementationis based on Xilinx SSI

technologgndsupporthreeSLRs

Fig3: XilinEPGA Enabled byT8&hnology

A Xilinx Virtex UltraScateai9p flgc2104

1-eFPGA *: UG872LargeFPGA Methodologyuide

&
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Barrel Calorimeggmentation (New)

2 33 34 35 36 3T 3% 319 40 41 42 43 44 45 46 4T 4B 49 50 51 52 53 54 55 56 57 GH 59 BD &1 & &3 &4 b5 BB BT BE B TO T1 T2

Fig 2: Barrel calorimeter segmentation (new)
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|LHC BC Qock [MHz) 40.08|

|Word Bit Size 66)

Iu-n Rate [Gbps) 1

Max Theoretical Words/Bx 6.0485

TM1 TM6 | TM18 |

Bx Frame Length (TM interval) 1 1 1 6 6 sI 18 18 18|
Words/Frame 4 5 6 24 30 36 72 90 108
Equiv. Words/Bx 4.00 5.00 6.00 4.00 5.00 6.00 4.00 5.00 6.00
Equiv. Bits/Bx 256 320 384 256 320 384 256 320 384
Data Rate [Gbps) 10.58 13.23 15.87 10.58 13.23 15.87 10.58 13.23 15.87
Filler Rate [Gbps] 5.42 2.77 0.13 5.42 2.77 0.13 5.42 2.77 0.13]
Average Filler Words/Bx 2.05 1.05 0.05 2.05 1.05 0.05 2.05 1.05 0.05
Average Filler Words/Orbit 730089 3736.89 172.89] 7300.89 3736.89 172.89] 7300.89 3736.89 172.89
Average Filler Words/Frame 2.05 1.05 0.05 12.29 6.29 0.29 36.87 18.87 0.87
Payload Bits/Frame 256 320 384 1536 1920 2304 4608 5760 6912
Algo Clock @ 64b i/f [MHz] 160.32 2004 240.48] 160.32 200.4 240.48] 16032 200.4  240.48|

sics bandwidth vs Algo clock @ 25G

LHC BC Cock [MHz] 40.08|
Word Bit Size 66|
Line Rate [Gbps) 25.78125|
Max Theoretical Words/Bx 9.74613|

TM1 TM6 | TM18 |
Bx Frame Length (TM interval) 1 1 6 6| 18 18 18|
Words/Frame 7 [ 42 48 54 126 144 162
Equiv. Words/Bx 7.00 8.00 9.00 7.00 8.00 9.00 7.00 8.00 9.00
Equiv. Bits/Bx 448 512 576 448 512 576 448 512 576
DataRate [Gbps] 1852 2116  2381] 1852 2116  2381] 1852 2116 2381
Filler Rate [Gbps] 7.26 4.62 197 7.26 4,62 197 7.26 462 1.97
Average Filler Words/Bx 2.75 1.75 0.75 2.75 1.75 0.75 2.75 1.75 0.75
Average Filler Words/Orbit 9787.22 6223.22 2659.22| 9787.22 6223.22 2659.22| 9787.22 6223.22 2659.22
Average Filler Words/Frame 2.75 1.75 0.75 1648  10.48 448] 4943 3143 13.43
Payload Bits/Frame 448 512 576 2688 3072 3456 8064 9216 10368
Algo Clock @ 64b i /f[MHz) 280.56  320.64 360.72] 280.56 32064 360.72] 280.56 320.64  360.72
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Project hierarchy and floor planning

1149199

apdl top e

U_algoTopWrapper 74598011U_ApxL1TTop *** :ILF!Z
U_RCTAlgoWrapper_0 298 s e T

—— | . ) Sectof2 (20 LinkSy=—s> | Sector (20 Links)

) ———t
U_RCTAlgoWrapper._ 372988 Sectorl 16 Links)/' Sectord (20 LlnkS)

e P S —— % Jpblock AL et

| ‘ L
= L T
o Sectoi0 (12 Linksy—> ‘ | ” <«—— Sector3 (8 Links)

Fig 22: Project hierarchy in Vivado Fig 23: Project floor planning
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APX Firmware shell

. Link Clock Domain = Algorithm Clock Domain (async wrt LHC)
Iridisd 64b66b :

0 . s Link Align. TCDS TCDS
based optimized : [ | Controler intorce [*
signaling method ; -
and firmware Dynamic Reconf :

Eye Scan, PRBS, . - DAQ tap AXI4
cores for CMS o : Caure .
T c DRP AX14 i leck Algo Cfg
rigger :
applications : Algorithm |
RX Link MGT RX 5 > o AXl-Stream 5 AXI-Stream Block
> Hard Core 64b66b Iridis Rx
(w/ AP FIFO)
RX link clk P 4 Algo clk "
: Programmable
. ? | Clock Generator Output
. Capture/
: Playback
- RAM
TX Link MGT TX < 5 AXIS[lroam (
< Hard Core Iridis Tx N ?
— (w/ AP FIFO) L AXiStroam
> J— hd
TX link clk s <
MGT .
FW Instantiation .
i Note: The APx firmware shell will support decoupling of DAQ tap

algorithm clock from link or LHC clock and thus
significantly relax algorithm timing constraints
(Vivado HLS) and optimize algorithm latency.

&
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APX test

| 25G Endurance Tests

HL-LHC

JATCA Cooling, APXF Example

= Using both Firefly A » ‘ — 1. Low restriction airflow path to FPGA

25X12 Alpha module heat sink
sets

= 515.625 MHz refclk
frequency (zero rem.)

= All 124 paths tested to
> 1E14 bits of PRBS31
data with zero errors

= Some tweaking of fiber
connections necessary
for 25X12 modules

3. VU13P FPGA Heat Sink
12.5%x12.5 cm, 16% fill fin pattern
Measured 3.4 W/°C (0.29 °C/W) at
full 450 Watt fan power (lidded
A2577 package)

_ 4. Significant airflow obstructions

5. Optical module heat sinks located
for pressure balance

6. FPGA exhaust heat zone

»
T,
3
-
]
sl
-
-y
'
i
-

\

Designing to maximize slot airflow utilization

THERMAL PERFORMANCE (APX)

«At 16 W/cm a 12.5cm heatsink provides 200W of cooling potential - ¢ %
assuming no significant ducting of air within the card FLGA (lidded): 0.05 °C

«APxF has 3.4 W/C heat sink performance so 200W load will increase FSGA (lidless): 0.01 °C/W
temperature by 59 degrees (25C to 84C) with cooling at full power : XILNXe T = At 200W, up to AT = 8 °C savings
Lo versus the lidded package

= Comments:
= Lidless interface a more exacting design—APXx
has a lidless heat sink design on file
= Would optimize other thermal design aspects
first (board layout, heat sink geometries)
1 = When a device is operating near the thermal
« limit, small °C improvements - a large %
increase in thermal margin

HL-LHC

% IVU13P Lidless Package Option
' = Xilinx Data for A2577 © 7\?V(die to case):

«Observations:
«200W FPGA power limit feasible at full fan power

«Care required when balancing design tradeoffs - e.g. heat sink dimensions
vs MGT route length

eLower die temperature -> capacity to reduce fan speed

&
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Serenity tests

JLK}‘
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