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High Luminosity LHC and Phas2 Upgrade

C High Luminosity LHC
C Higher the luminosity: the more data the experiments
gather.
C Helps in the searches of new physics.

C Phasel: Current CMS architecture and data taking.

C Phase2: architecture during HELHC, proposed to be start
during year 2029 and onwards.

C L1 trigger upgrade:
C More granular information
C 25 times increment for calorimeter trigger.
C Advanced and more complex algorithms.
C Usage of:
¢ Large FPGAs.
C Highspeed optical link§25 Gbps).
C Latency: 12.%s

C Replacement of electronics infrastructure
C fromuTCA to ATCK] standard
C Rack
C Crate
C Board

Trigger/HLT/DAQ

¢ HLT output 7.5 kHz

Summary of CMS HL-LHC Upgrades

Barrel ECAL/HCAL

* Replace FE/BE electronics
* Lower ECAL operating temp. (8 °C)

* Track information in L1-Trigger
¢ L1-Trigger: 12.5 ps latency — output 750 kHz

Muon Systems

¢ 3D capable

¢ Replace DT & CSC FE/BE Electronics

¢ Complete RPC coverage in region 1.5<N<2.4
New .Endcap * Muon tagging 2.4<n<3
Calorimeters
* Rad. tolerant - high granularity

MIP Precision Timing Detector

New Tracker

¢ Rad. tolerant — high granularity -
significant less material

* 40 MHz selective readout (pT>2 GeV)
in Outer Tracker for L1 -Trigger

* Extended coverage to N=4

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



Trigger system

C Atdesignparameterghe LHCproduces
C ~billionsof eventspersecondin CMSdetectors
C Correspondgo petabyteof datapersecond

C Problem
C Itisimpossibleto storeandprocessthislargeamountof data
C Mostofthe eventsarenotinteresting

Level-1 Trigger High Level Trigger (HLT)

& el e
C adrasticratereductionmustbeachieved Calorimeter trigger Muon tigger Track rigger

C TRIGGERYSTEM

P

|
OMTF EMTF Local
Layer-1 I

Global Track
Trigger

D Backend sy
(oo o Lo

C Twoleveloftriggeringtrategy
C Levell (Hardware) 40 MHzto 750kHz

Global Calorimeter

C Highleveltrigger(Software) 750kHzto 7.5 kHz Trigger

Global Muon Trigger Global

C Phase2Levell Trigger D
C ProcessngCMS three sulnletector system. [
C Calorimeter s [
C Tracker (First time inclusion in the system) =3 Gorrtator Trigger
C Muon system BRIL

PF

Global Trigger GT

C Final decision by global trigger (GT). Phase-2 trigger project
[Ref: 2]



CMS L1 trigger a hardware perspective

vacuum chamber

central detector

electromagnetic
_calorimeter

hadronic
~ calorimeter

et |
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Crate hosting 1APx FPGA boards

Detector characteristics

Width:  22m L‘/s
CMS detector and Backend and trigger system at CMS USC:

Front-end electronic rack hosting multiple crate E

electronics :

T =

3 L :
| oy =
o5 Bt | -

APx FPGA board

: oo B |
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Trigger algorithm on FPGA



APXx Philosophy

C Aim is to provide generic trigger
processing board to fulfill the

requirement of Phas2 in terms of
C Computational power. ~ “
C High bandwidth. 4 14
20 MGTs © ALGO O 20 MGTs
C Designed aUniversity of Wisconsin. 28-47 O S 80-99
®1 7 | sLr2 3 B
C Features single FPGA as the main =R R ™
processing element. - \“//'V \')/'V <
(14 A A (14
C APd1T First demonstrator board. 1(22M2(37Ts = s ALGO s = 22 OM%TS
C Based on XCVU9P FPGA (3 - é ] ] é -
SLR) H | SLR1 !
C SLR: Silicon logic region APd1 board [Ref: 2] —E = —E -
[Ref: 8] o | L L | e
14 14
. O O
C Support 100 of 25 Gbps optical SISl ALGO =y 12 e
: : 0-11 © O  48-59
links for algorithm. u w
C SLR division and links capacity of the SLRO

APd1 board have larger design XCVU9P EPGA
implication. Floorplan 6



Phase 2 Levd-1 Calorimeter Trigger Architecture

C Two level architecture.
C Regional calorimeter trigger (RCT).

C Global calorimeter trigger (GCT).

C Proposed to implement using 46 APx boards.

234 links from Endcap
(HGCAL and HF)

2520 Input links
From Barrel ECAL and HCAL

C The levels are further subdivided into three lay—
C Layerl
C RCT: 36 APx boards.
C Layer2
C GCT barrel: 3 APx boards.
C GCT endcap: 6 APx boards.
¢ Layer3
C GCT sum: 1 APx boards
C Latency requirement:
C Output to correlator trigger: 3 ps
C Output to global trigger: 4 us

C Device Utilization: < 50%

C Main featuretdentical division of the calorimete
detector.

G Can be prototyped using only 4 boards.

RCT

3GCT
ENDCAP

ABNATYE

234 links from Endcap
(HGCAL and HF)

36 RCT

1GCTSUM
BEOARD

ABNATYE

11 8 links

.
T B
2

’v 6 links to GT

BEOARDS

B
m
=
Qo
2
o

— ——— — — — — — —— —

144 links for
Correlator trigger



Calorimeter Trigger Objects

C Thel1l trigger algorithms ageveloped to identifghysics objects, i.eelectrons, photons, hadrons (jets) and missing
transverse energy (MET).

C Electromagnetic and hadrons particles interact differently in the calorimeter.
C Different clustering scheme
C Different cluster sizes

~.

\\\\\

Tracker

NV
Electromagnefic

Calorimeter
Hadron
Calorimeter Superconducting
Solenoid
Muon Electron

=== Neutral hadron (e.g. neutron)

Irem return yoke interspersed

with muon chambers

Charged hadron (e.g. pion)

----- Photon

A single crystal
from ECAL

O

Tower: a group
of 5x5 crystal

|

!

I~

ECAL Tower

HCAL Tower

Electron/photon
Clusters: a group
of 3x5 crystal

Seed: crystal with highest

energy deposition after
collision

Particle flow

(PF) clusters

of size 3x3in
tower

J Cluster size depends on the spread of
the energy deposited by the particle in
calorimeter.

Hadron (jet) region of size
9x9 in tower
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Major Design and Prototyping Constraintﬁl‘f\é\i

Latency (highest priority) C

C Algorithm
C Datatransmissions G

Utilization

C Deuvice utilization is preferred to
be low < 50%. SLR2 C
C 10 years of operations.

Input/Output constraints

C 100 links available in APd1

C Decides the algorithm
processing region.

C The transceivers (MGTS) are
distributed throughout the
FPGA.

C Algorithm require early
partitioning and SLRO
floorplanning.

20 20

SECTOR-2
SECTOR-5

16 20

SECTOR-1
SECTOR-4

SLR1

12 12

SECTOR-0
SECTOR-3
¥Q)

Casel:

C Algorithm can cover the detector
In identical region with one regiotl
require > 100 links

Case2:

C Algorithm can process a detector
region using < 100 links.

C However, the algorithm coverage
IS not identical.

C Need to develop multiple
algorithm.

C Making prototype difficult.

Need to find a balance between
detector coverage, required links, anc
Identical division.

C Make prototyping easier.



RCT region coverage

[6] towards the surface

LHC beam pipe in ;

westward

* g & -»"'v: €T
. towards the LHC centre B

HCAL ———>

ECAL

~vacuum chamber

central detector

o =

4O D

i A4
|

RCT card —I(p’
processing 1x1 ECAL region (tower) 1x1 HCAL region (tower)
region 0872 0872 ®
0174 nx.0174 ® > . nx. W
17t X4; 1 of 25 crystals

at the trigger at the trigger

Detector characteristics
Width: 22m

Diameter: 15m
Weight:  14'500t
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Regional Calorimeter Trigger (RCT) Prototyping

C RCT v2.0 functionality is sub
divided into three individual
IPs

C IP1
C IP2
C IP3
C Implementation in 2 SLRs.
¢C SLR2
¢ SLR1

C The HCAL towers information
at IP3.

C Bitstream is successfully
tested
C Using LHC events
(standalone mode)
C 3 unique physics events.

¢ Latency and 1.2 us, 361
MHz

IP1: clustering
B IP2: sorting

B IP3: ECAL + HCAL

APXFS

RCT

HCAL

RCTO9x4
ECAL 36 links

13 )

[P1 for

* Crystals input
processing

* Making clusters
and towers

g

P2 for
« Stitching in eta
« Sorting clusters |

HCAL
2 links

A4

BUFFER

IP3

Algorithm post
Prototyping

LUT
FF

l:MAX

-

RCTBx4
ECAL 36 links

ﬂm ﬂ1 2 ﬂ1 2
IP1 for
Crystals input
processing

« Making clusters
and towers

44U

|P2 for
» Stitching in eta
* Sorting clusters

iy S—

S g & |
SR Buffering to holc
i * ECAL + HCAL merging HCAL input till ECAL

» Final stitching and sorting processing in IP1

@ OUtDu’[ to GCT and IP?

Utilization
and

I:MAX

16%

13%
361 MHz

11



GCT Barrel

C Process 16 RCT boards. 32 links from 8 links from SLR1 8 links from 32 links from
3 . . . \ RCT board RCT boards i RCT boards RCT board
C Functionality division (SLR2 and SLRO’ (fibrog) (sL) 8 ks (5LU ' (fibres)
(; IP1 information
(; P2 o1 for CaloObject P1 Tor
. . . i o e Jets and ) Lo
C Atimeslice module developed in SLR2 - RCT region stitching > avs o — RCT region stitching ENal
c ° tial
VHDL for sending the data to T & . NEGE
correlator trigger. @
IP2 for 6 links to Flge o
24| | = PF clustering GCT sum 24| | = PF clustering
C SLRI: _
] ] 24 links for
C CaloObject algorithm ¢/gamma | 24 links for
clusters T~ NS PF clusters
g Jets and towers Mﬂg e ——— éroSsLsF:né Mixing of IP1 and IP2

outputs

T outputs via SLL
& partal VET g L3R L iz
B d 88 8 884

- i G i f T outputs i Grouping of TM autputs in
C Input 64 IInkS o oo Time-multiplexing (TM) bunch-crossings

bunch-crossings

@ module for transmitting ﬂ
data to correlator a0
. BX0 ;
C Output BX1 trigger B
BYE BX2
BX3
BX4
BX5

C 48. links to correlator trigger B3 Algorithm Utilization

C 6 links to GCT sum board B post and

o _ Prototyping Fruax IP1
C Bitfile is generated and tested with LHC LUT 2204

W IP2

B CaloObject
C Latency: 692 ns. Fuax 360 MHz 12

events of test vector. FE 18%



GCT Endcap

C HGCAL backend sends detector information in 18 :
time-s”ces (TM 18) De-multiplexing at each SLR and algorithm running at TMUXT

C Algorithm at calorimeter trigger runs without T4 — [
any timemultiplexing (TM1). ) 2
C Demultiplexing (TM18 => TM1) is required —ﬁ} | —
before GCT endcap algorithm. I — 2 — —
C DEMUX algorithm is developed in VHDL - el 2
C serving two time slices per SLR. 8% 20 e ~
C Reduces the utilization by half. N IRLict - Q’m'
C Prototyping one SLR can easily scale to one board §h7 — — | 2582383838855 5:5

9 output

C One board can easily scale to 6 boards. ks BX inke/ VU13P GCT Endeap output in TMUXT to GCT sum card
C Make prototyping faster. '

Timeline in LHC bunch-crossing (BX)

C Floor planned in two separate regions to reduce the _

BX15
BX16

Algorithm Utilization

net delays post and

C DEMUX: 2 clock regions Prototyping Fuvax

C Jet algorithm: 6 clock regions e -

C Bitfile is tested for multiple LHC events. FF %
B DEMUX Jets and taus Fuax 360 MHz

C Latency: 661 ns

BX18

13

pled wns |09



Prototyping Calorimeter Trigger System

Board to Latency &5 S0 4x APd1
Board in US ‘

RCT => GC1 1.8 (3)
barrel

RCT => GCT 2.4 (4)
barrel,

endcap =>

GCT SUM

C ECAL Crystals and HCAL towers: input buffers gf
RCT board

C HGCAL tower and clusters: input buffers of GC GCT SUM

endcap board.

Layer- 3
C Output is captured at GCT SUM and matches with - e——————— yer 2
C MC == HLS == RTL == Bitfile

14



Summary

C Anarchitectureof Phase2 calorimetertriggens proposedwhichuses46 APxFPGAboards
C Thearchitecturecomprisestwo levelandfurthersub-dividedinthreelayers
C Algorithmsaredevelopedor all boardflavorswhichsatisfiesthe mainconstraintof latencyandutilization

C Algorithmsaretestedandvalidatedon APdL board
C MC==HLS==RTL==Bitfile

C Followingarethe multi-boardtests areperformedandvalidatedsuccessfully
C 2boardtest: RCTv2.0=>GCTbarrel
C 3boardtest: GCTbarrel,GCTendcap=>GCTsum
C 4boardtest: RCTGCTbarrel, GCTendcap,GCTsum.

C Withavailabilityof algorithmsprototypedat eachlayerandinputtest vectors,entire Phase2 calorimetertriggerns prototyped
usingd APdL boardsand 16 opticallinks.
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GCT sum Prototyping

G
G
G

Final layer of the calorimeter trigger
Combine all the information of the calorimeter trigger.

Reassemble the data according to the global trigger
requirements and send it in six time slices (TM6).

32 input links
C 8 x Three GCT barrel board.
C 8 from GCT endcap board.

Calculate the final MET
C Using CORDIC algorithm.
C cos~

C sin
6 output links.

Latency: 178 ns

Algo
component

CORDIC

LUT
FF
DSP

I:MAX

Latency
(clock
cycles)

29

Utilization
and

I:MAX
5%
4%
4%
365 MHz

GCT Sum
including
CORDIC



RCT and GCT barrel region coverage

towards the surface

[6]

A

N LHC beam pipe

westward

n
T
towards the LHC centre

-Ven
_ vacuum chamber
central detector 0
electromagnetic
_calorimeter
+tven

Detector characteristics

Width:  22m e
Diameter: 15m e
Weight:  14'500t E

Pseudorapidity, =-In(tari{:/2))i: is the polar angle

IS the azimuthal angle

Each of these box represent 2 RCT region coverage in positive and negative eta

HCAL —>‘

"CAI

| FirsteCT Second GCT Third GCT
| barrel | barrel barrel
| _Jur i_qrﬁg RCT unique RCT unique RCT
R L reéie; region region
T
... e e
Additional four RCT region for the first GCT barrel —I(p>

- Additional four RCT region for the second GCT barrel

" Additional four RCT region for the third GCT barrel



Design flow

Second step

First step C Developing code -(Ehirgﬁtesimulation
C Defining the physics | & C simulation C Integration of the RTL with ~ —0Urth Step
performance and C Optimize it for the APd1 transceivers C Final deployment of the
requirements ¢ ;ﬁtdegcy’ Hizaton & [REEflennlig, £l (O C -?gfs"t?ngttr?ee tfit?ii(eboard
C MC simulation c C Synthesil\sﬂ{»é: 0 RTL planning to achieve best
P . I:MAX
conversion.
HLS DEV. RTL INTEGRATION
’ : N BOARD
Monte-Carlo ‘ SIMULATION anc‘ SIMULATION and ‘ B?TFIL?E resT B
SYNTHESIS IMPLEMENTATION N

l CHAIN
TESTED

|
L




CMS Phase2 L1 Calorimeter trigger

C Processngfour calorimeter sub HGCAL ECAL HCAL
system

C Electromagnetic calorimeter
(ECAL).
C Hadronic calorimeter (HCAL).
C Forward hadronic (HF). RCT
C Highgranularity calorimeter
(HGCAL). :

C Implemented in two level
C Regional calorimeter trigger
(RCT)

C Global calorimeter trigger CORRELATOR o) l
(GCT).
C Further subdivided in three TMUX1
layers. = GT

22



Regional Calorimeter Trigger (RCT)

C Algorithmsummary
C IPL:
C Prepareclustersandtowers
C P2
C Clustermerging
C Sortingof clusters
C IP3
C Finalstitching
C Finalsorting
C ECALandHCALmerging

One RCT region

23



IP1

C IP1 performs the stitchi
of the RCT region

C Latency of the algorithn
in all the direction N
C 3 clock cycles

C Create full tower
information.
C Cluster + tower

C Full tower latency: 2
clock cycles.

o | »
O(11213 |4
® o
bl16 {7819
R
C
T

@
Direction-1

Latency 3 clock cycles

® | »
o112 (1314
o
5167 819
R
C
T
o
Direction-2

Latency 3 clock cycles

——IC'):JJcn“
op
~
o
©

D

Direction-3
Latency 3 clock cycles



IP2: PF Clustering

C Input: Full tower of 10 RCT region.

Algo Latency
P durre: component (clock °
C Procedure: cycles)

C Creating overlapping regior

C 17x4-> 21x8 Stitching in eta 3

C Finding peak tower in 21xg Stitching in phi ¢
region. Full towers 2
C Calculating 3x3 PF cluster 48 pF clusters 80
energy._ Total latency 114  0-33
C Removing the peak tower fc.
next iteration Utilization
C Repeating the steps eight and
times. Fuaax
LUT 30%
C Output: 48 PF cluster in 6 RCT FF 18%
boards. Fuax 360 MHz

C Latency of making eight PF cluster:
80 clock cycle.

4

0-19

v

3x3 PF cluster

/

/

A

v

4

21



Jet and tau algorithm

C Input: Full tower of 16 RCT
region (34 x 32). Algo
component
C Subdivideq In two half (positiv. paking two
and negative eta). 8x12
supertower
C Uses supertower methodolog' Finding peak
to reduce the geometry in thre supertower in
fold. the bin of 12

C Supertower: group of 3x3 Making 3x3 jet
tower. around the

peak

C 34x32 tower region =>: Total latency
C + :12 x 8 supertowers: 6
jets
C -. :12 x 8 supertowers: 6
jets LUT
C One jet region: 9x9 in tower F
C 3x3 in supertower. Fuax

Latency
(clock
cycles)

2

99

Utilization
and

|:MAX

7%
5%
367 MHz

Jet cluster

/

e

\

v

12 \

Peak supertower

Latency one Jet:12 clock cycles




GCT Endcap

C Prepare jet and taus cluster.
C Internal input links: 108
C Geometry: 20 x 72 endcap towers
C Create supertower for jet calculation
C 20x72 => 6x24
C Jet calculation step
C Finding peak in the region of 6x24
C Calculating jet cluster of size 3x3 around the
peak
C Removing the peak for next iteration
C Total 6 jets
C Output: 4 links

Algo
component

Making 6x24
supertower

Making jet and
removing the
peak

Total latency of
Jet and taus
algorithm

Latency
(clock
cycles)

9

20

146

DEMUX + Jet Utilization
and
FMAX
LUT 6%
FF 8%
Fuvax, bEmux 384 MHz

20

72

>

24




_ _ Xilinx Stacked Silicon Interconnect (SSI) Technology
A The SSI technologyntegratemultiple Super

Logic Region(SLR)componentglaced on
apassivsilicorinterposefig3).

High-Bandwidth,
Low-Latency Connections

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

6-inputLUTE_oolkuptables)

Registers

I/O components

GigabifransceivelGT) ) 8 839786 3-8 & 3% O O ¢

Blockmemory - -

DSMlocks

Otheblocks

Microbumps

Through-Silicon Vias (TSV)

C4 Bumps

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

Package Substrate

T> T T>o T I To T

-«—— BGA Solder Balls

A Thedevicewe are usingfor our synthesisind
implementationis based on Xilinx SSI
technologgndsupporthreeSLRs

A Xilinx Virtex UltraScateai9p flgc2104
1-eFPGA

Fig 3Xilinx FPGA Enabled by SSI Tethnology

*. UG872 Large FPGA Methodology Guide

28



Key design chall engeseé

A Throughpigincreasinglmos® timeg0.28t02.41 ThpsperboarccomparetbthePhasel system
A TacklebdyemployingighendFPG#evicesuchasXCVAP. canhandle8.93 Thp®fbandwidth

A Howevethedeviceapabilityn termoflogicperformanceeriabandwidtrandonchipmemorgrenotscalingn

thesamdashion
28nm m20nm = 16nm

i Virtex 7 Ultrascale Ultrascale+ Tx
7.0 4

| Virtex 7 used in CMS Phase 1: 80 x 10 Gbps transceivers = 800 Gbps
601 Ultrascale+: 120 x 30 Gbps transceivers = 3600 Gbps (e.g. 4.5 x V7)

50 4 (Virtex Ultrascale+ samples available before summer)
40 <ps
Courtesy Xilinx, Inc. 3x
3.0 4
20 1.6
10 1.2
* i
0.0 4 r . .
Logic Fabric Performance Serial bandwidth DSP Bandwidth On-Chip Memory
1’ \( over120 [ Nearly120000sP [ )
. - | ’
Enhanced fabric with transceivers at up to slices at nearly LUTRAM, Block RAM

| FinFET performance || and new UltraRAM

32.75 Gb/s ‘ 900 MHz



ATCA

C Board total Area ~140 in? (~12.68HX
11.020 b
C Size advantage over microTCA
C 50% more area, 100% more front
panel
C Power and associated Cooling
advantage over microTCA
C 400% more available power.

C Crate:the 12U (U is rack unit equivalent
to 1.75 inches) tall chassis delivers
power, backplane connectivity, cooling,
and the slots to maintain up to 16
boards.

C RackA rack (generally 46U high)
delivers a rigid framework abiding up to
three shelves.

30



APd1

C Controls in the APx are provided by the
IPMC and the ELM. The IPMC board is
responsible for crate power on/off control

C IPMC also communicate with the crate IPM
controller, known as the Shelf Manager.

C Once booted, the ELM Linux system
provides configuration and operational
support for the platform. This includes
initialization of FPGAs

C (bitfile loading and register/memory
initialization) and configuration of support

devices such as Firefly optical modules



Phasel Architecture and its Drawback

C Current architecture support 6.4 Gbps of link bandwidth which is insufficient to handle the 25 times incre
iInput granularity.

C The current architecture lack the support for the new radiation hardened HGCAL trigger.

C The FPGA in CTP7 board viz. Xilinx Virtexnable to satisfy the demand of the Phase
calorimeter trigger
C which requires additional MGTs with high bandwidth
C more logicapacity in terms of
C LUTs
¢ FFand
C DSPs
C On the algorithm side, the current system works over the tower's granularity
C requires redesigning to work on more precise input, such as ECAL crystals.
C The current doesn't support the partitlew (PF) clustering vital for the PF algorithm at the correlator
trigger.

32



Phasel Architecture and its Drawback

Each card spans 8 out of 72 towers in ¢ and % of n.

18 cards, each receiving 60 links at between 5.0 Gb/s & 6.4 Gb/s of Calorimeter data

C Input primitives: ECAL, HCAL, and HF tower VY Y
C Input bandwidth of 6.4 Gbps. ol | | H
¢ Organized in two layer R
) ) ; N W = e
C Calo Layefl using 18 Calorimeter Trigger e it \§\\ |
Processor board (CTP7). o
C Calo Laye2 using 10 Master Processor v znode P
(MP7) board. B (G e
o . p—" \\\ ,///
C Layerl adopted the regional architecture s = | Fexible ystem
approach v . :
. m Simple to upgrade from 16 bit
C Each board process one phi segment of the T s
detector. CTP7 board . MP7 board

C Employs identical algorithm.
C Layer2 adopted the TM approach and works in
TMUX9 scheme.
C One MP7 board for demultiplexing before
sending the final output to GT.




Architecture choices

Regional approach Timemultiplexing (TM)
C FPGA boards parallelly process the detector C FPGA boards run identical/different algorithms
geometry (a segment of the detector) to every on different time slice

bunch-crossing.
C The TMUXN (where N is a natural number)
Each board employ similar algorithms. denotes the roundobin scheduling interval of
the trigger processing board.
May require sharing of data between the FPGAs
to process the overlapping region. C Requirement for data duplication can be

. . . eradicated.
Conventional Time Multiplexed

-—- -——- -——— bx=n+l1 -—- -—- ——-

C The data arrive and are processed over a more
extended time than the regional approach.

-—— bx=n -—-|2|--—-|0|-—-|4

bx=n




Design flowT from emulator to hardware

C The trigger algorithms are implemented by using a
highlevel synthesis tool
C Rapid prototyping
C Codes are written in C++
C HLS Synthesis: generate the HDL
C Provide of latency and very early estimate of resource
utilization
C Can implement (place and route) the design without
any pin constraint.

Integration of the algo with tA&x firmware shell (F8at

provides
C Seriallink instantiation (MGT hard block). E S”"‘h';;:‘e’
C LHC clockconnectivity DSP
C Trigger timing and control distribution (TCEE@““‘”
C AXIl interface to the controlling system Instance
C Support to test and ILA debug the design mﬁ[;g[gw

C Playback (input) and capture (output) longRregster
b u ffe ' X:Z?Lla ble

C Able to emulate 113 bunetrossing of LHC Avaiable SLR

Utilization (%)

data. Utilization SLR (%)

ALGO

Performance Estimates

-1 Timing (ns)

- Summary

Clock | Target Estimated Uncertainty
ap_clk 4.17 2.917 1.25
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RCT v2.0 IP1

C Primary cluster function

G
G
G

Region: 19x24

Creating 3x5, 2x5, and 5x5 cluster

This computation is done by calculating
the energy of the five strips in the eta
direction

As the peak position can be arbitrary in
the crystal space

The overall latency is 6 clock cycles.

—— electron

bremsstrahlung photon 1
bremsstrahlung photon 2



RCT v2.0 IP2

C A 16input bitonic sorting unit is used.

C 10 CAE level

C Considering the unit is pipelined such that the individual stage takes one clock cycle, it can render the so
results in 10 clock cycles and can initiate a new sort each cycle
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8 parallel 4 parallel 2 parallel 1 BM-16

BM-2 unit BM-1 unit BM-8 unit unit 37



P2

C Two output links

C Each output link carries
C 18 towers and
C 3 cluster information

C The latency measured for IP2 is 62

clock cycles.
Algo component  Latency (clock Algorithm post  Utilization
C Standalone implementation results cycles) place and route gnd
C Fuax: 368 MHZz MAX
- 20
¢ LUTs: ?A) Stitching clusters 4 LUT 3%
C FFs: 2% = —
16 input bitonic 9
sort Fuax 368 MHz
Total latency 62
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IP3

C Receives the information from the
IP2 of both the subregions and
HCAL towers.

C Perform the stitching of the
clusters at the central eta
boundary

C Sort the 12 clusters from both tt
sub-regions using thieitonic sort
algorithm.

C The final merging of the ECAL ¢
HCAL tower is

C Packs 4 output links to the GCT
With 17 towers and 2 clusters o
information per link.

9 towers
inn

Stitching at the
Eta boundary

8 towers
inn

- Clusters in
region 9n x 4@

7

[ ]
HJ

I T

4 towers
in®

Clusters in
region 8n x 4@

Two stitching condition :
i. neighbour in eta
ii. Placed in phi within
the difference of zero
or one crystal

17 towers
inn

4 towers in @

4 towers in @

16 towers
inm

ECAL
Tower

HCAL
Tower

2 input
adder
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RCT v2.0 IP3

C The merging of ECAL and HCAL also
Includes the calculation of H/E.
C HCAL and ECAL energy ratio.

C The H/E calculation is stored irb4.

Algo component Latency (clock
G The LBS bitindicates the possibility - Exles)
that either the ECAL or HCAL energies ;.ce and route and
are zero or Fuax
C HCAL energy is greater than or Stitching clusters 23
equal to the corresponding ECAL
tower energy. adl >% Cluster merging with tower 72
FF 4% L :
C A logarithmic scale is employed Bitonic sorting d
C cover a wide range of differences Fuax SSHMbiz HCAL and ECAL merging g
between the HCAL and ECAL with H/E calculation
energy profiles Total latency 125

C Packs 4 output links to the GCT. With
17 towers and 2 clusters of information
per link.



RCT v2.0 Summary

Algorithm post  Utilization

Algo component Latency (clock cycles) and Fax place and route

IP1

LUTs 24%
IP1 152 FFs 14%
FMAX 364 MHZ IP2
IP2 64 LUTs 3%
Fuax 368 MHz FFs e
IP3 125 =S .
Fon 364 MHz LUTs o0

FFs 4%



Global Calorimeter Trigger (GCT) Barrel

34

32

Tower => Supertower
Latency 2 clock cycles

2X

Supertower

12
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Global Calorimeter Trigger (GCT) Endcap
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Fig 2: RTL simulation

Post-Synthesis

Latency: 2 clock cycle

| Post-Implementation

Graph | Table
Available Utilization %
1182240 0,56
2364430 0,88
Setup | Haold | Pulse width
0.154 ns
0ns
0
21548

Fig 3: synthesis and implementation results
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