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I Introduction NG

B What is Common Trigger Board

» An ATCA Development Platform Tracker trigger
]
Off-Detector Electronic system

» Core component of L1 trigger system, the

Vertex HCAL ECAL Muon
. . . . . BEE - - - BEE BEE BEE s
implementation of trigger algorithms and the testing 3 = e il , = 4 1 | A i 3 l |
of data readout bandwidth are both based on this R clk FT/Ll_’ - +Co'orbit « HeAL . Muon"“
orbit signal | TCDS sub-trg sub-trg sub-trg Local
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E-SUM Track Muon trg E
» High-Speed Data Transfer Performance l 1 1 : o
» High-Performance Data Processing Capability : !
FI/L1 BeEaTEer e Fast Trigger Logic :
» High-Capacity Data Buffering B ‘
» Scalability
Figure 1 .CEPC Trigger structure
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I Introduction

B [nvestigation Outcomes

Hardware structure should include:

> Board Infrastructure

« SoM
e Clock, power
* Storage

» ATCA Infrastructure
* Backplane connectors
 IPMC
* Power input
* Ethernet switch

» Payload
* Optical transceivers
« FPGA
* Clocks
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Figure 2.HPCN V4 structure(Bellell PXD)

» High-Speed Data Transfer
Rocket 10 +Optical transceivers
QSFP,Firefly ,Minipod
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ZONE1
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KRIA
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CLK| |PHY

5x CLK FPGA Eth Switch

IPMC
FF

Power In

Figure 3.Serenity board overview (CMS BEE and Trigger)

» High-Capacity Data Buffering

FPGA RAM (tens to hundreds of Mb)
DDR4(8GB-64GB)

» High-Performance Data Processing» Board management
FPGA

SOM
IPMC



I Design progress

B Hardware structure design

FPGA for data process

Optical channel: 10-25 Gbps/ch
Channel number:36-48 channels
Optical Ethernet port: 40-100GbE
DDR4 for mass data buffering

SoC module for board management

IPMC module for Power management

HPCN V5 Block Diagram

clock

IU

FPGA

DDR4 — 5

,_I

JITAG

IPMC

Power Z1

Figure 4. CEPC Common Trigger Board overview
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I Design progress

B Component Selection

Table 12: Virtex UltraScale+ D« ge C i and I/0s
g | o vuzp vusp vuze vuop vuip vuizp vu1op vu2zp vu27p vu20p
) 3STs) | Dimensions |
(mm) HP,GTY | HP,GTY = HP,GTY | HP,GTY | HP,GTY | HP,GTY  HP,HD,GTY | HP, HD, GTY,GTM | HP,GTY, GTM | HP, GTY, GTM
VSVA1365 35x35 364, 0, 347), 4
FFVC1517 40x40 520, 40
FSVI1760 42.5%42.5 572,72,34,4
FLGF1924(5) a5x45 624, 64
FLVA2104 47.5x47.5 832,52 | 832,52 [
FLGA2104 47.5x47.5 832,52 |
FHGA2104 52.5x52.5(8) 832, 52
FLVB2104 47.5x47.5 702,76 | 702,76 [
FLGB2104 702, 76 572,76
FHGB2104 702, 76
FLVC2104 416,80 | 416, 80 |
FLGC2104 47.5x47.5 416,104 | 416,96
FHGC2104 | 52.5x52.5(6) 416, 104
FSGD2104 47.5x47.5 676, 76 572,76
FIGD2104 52.5x52.5(8) 676, 76 676, 16,30 | 676, 16, 30
FLGA2577 52.5x52.5 448,120 | 448,96 | 448, 128
FSGA2577 52.5x52.5 448, 128 448,32,48 | 448,32, 48
FSVA3824 65x65 1976, 96, 48
FSVB3824 6565 1664, 96, 80
PMsREVUIP IPMRAVUIPSG JPMSREVUSP semsvuzp
RS JFMSRAVUIPAS  JPMORFVUPSGAS  JFMSRFVUSPAS  JFMSVUIPAS
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Figure 5 .FPGA selection investigation
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Figure 6 .QSFP(left),K26 SOM(right)

Requirement

® Optical transceiver :36-48 channels
® ETH Switch :5 or more ports

® C(Clock:12 channels at least
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Recommand

® (QSFP*10 (40 channels)
® KSZ9897R(7 ports)

® 7130274 *2 (8*2)

® K26 SOM



I Design progress

B Power design

&

£ XILINX

Xilinx Power Estimator (XPE) - 2023.1.2

Kintex® UltraScale+™, Virtex® UltraScale+, Zynq® UltraScale+

o

Release: 16-Aug-2023
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Package
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Process
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IV. Electrical Characteristics

Figure 7 .Power Consumption Analysis of On-board Devices
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Parameter Symbol Unit Min Type Max Notes
Supply Voltage Ve v 3135
Supply Current Q S F P lecc A
Module Total Power P w 18
ParameterSymbol 24002133 Units
Power Rail Name Supported Voltage Range Maximum Current One bank ACTIVATE-PRECHARGE currentl 000 512 480 mA
One bank ACTIVATE-PRECHARGE, Word Line Boost, by current! - 3232 mA
Vee_som 5V (4.75V - 5.25V) 50 mV p-p maximum noise 4A Main power input to the SOM. Supplies power to on- One bank ACTIVATE-READ-PRECHARGE currentl o 544 520 mA
Precharge standby currentl oo 400 368 mA
board power regulators. Precharge standby ODT current! B 264 132 mA
Voc_patt 1.20 - 1.50V 150 nA - 3650 nA External battery input for the RTC Precharge power down aurert e
Precharge quiet standby currentl o0 28 | 31 mA
Veco_Hea 1.00V - 1.80V 1.0A Voltage rail for HPIO bank 66 Active standby current! o 536 504 mA
; Active standby Ipp currentl IZNTIYND A - 2424 mA
Veco_Hpe 1.00V - 1.80V 1.0A Voltage rail for HPIO bank 65 Active pover-down current] T IR o 352 352 —
Veco_Hee 1.00V - 1.80V M 1.0A Voltage rail for HPIO bank 64 Burst read current! ooar 12805 | 200my
- Burst write current! e 1440 1280m/
Vcco_HbA 1.20V - 3.30V 1.0A Voltage rail for HDIO bank 45 Burst refresh current (1x REF)I D058 1536 1520m/
; Burst refresh Ipp current (1x REF)I erss! 176 176 mA
|:| Veco_Hbs 1.20V - 330v 1.0A Voltage rail for HDIO bank 43 Self refresh current: Normal temperature range (0°C to 85°C)1 T 160 160 mA
Vecorne 1.20V - 3.30V 1.0A Voltage rail for HDIO bank 44 Self refresh current: Extended temperature range (0°C to 95°C) oA 216 | 216 | mA
= \ ) Self refresh current: Reduced temperature range (0°C to 45°Q)1 — 8080 mA
Auto self refresh current (25°C)1 b06A 7272 mA
Auto self refresh current (45°C)1 boss 8080 mA
Auto self refresh current (75°C)1 DotA 128 128 mA
Auto self refresh lpp currentl T 2424 mA
Symbol Parameter Conditions Min Typ Max Units gank Imetieavereed uvent por | TS0 | 1480m,
. Bank interleave read lpp currentl ey 112 3 ™A
8 i mh oh Ve . | | Maximum power-down currentl o8 144 14 mA
Supply Current - Full 1000 Mbps Operatlob / 1 | | b W ltC | l
lpp a4 | AVDDH supply current VDDIO @ 3.3V 330 mA R o T v (o -
% aracteristics ymbol in. (Note 1) lax. nits
Iop 10 VDDIO supply current Ports 1-5 in 1000BASE-T 80 mA 3
= Ports 6 & 7 in RGMII el T Pl o8 |[ = | w
Synth1 and fx LVDJ out senabl;':(‘ ﬁ'?‘] ]1'_ b
| AVDDL supply current 460 mA Y I ¢riroutv
DD _CA (1000 Mbps) Total current, 337 Stpfiys o —~ 35 | ma
ot VDD33+VDDOX pins) -
All ports 100% utilization (
Ibp co DVDDL supply current p 750 mA Total current, 1.8V supply (VDD18 pins) Tooia — 207 519 | mA




I Design progress

B Power design

Table 1: Summary of Power Consumption Evaluation

SOM 1 3 3 1 16 8

Current (A) 4

QSFP 10 Current (A) 15
DDR4(8GB) 1 Current (A) 0.4 3.4 1
FPGA 1 Current (A) 3 0.5 76
CLK FAN 3 Current (A) 1.8 3
SWITCH 1 Current (A) 0.4 0.1 1.3
PHY 1 Current (A) 0.2
BUFFER 2 Current (A) 0.6
[ Total Current 4 206 08 91 52 76 1 1 16 8 ]
Power Consumption 20 6798 2 16.38 6.24 64.6 0.6 1.8 19.2 7.2

Power Consumption in total : 206W
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I Design progress

B Power structure design

SOM .ETH Switch

Applications in board

1.8V

3.3V QSFP, PHY, Clock fan out,DDR4

2.5V DDR4

QBDWO033A0B

48V 12V 1.8V FPGA , CLOCK fan out ....

Power from Chassis power in board 1 _2V DDR4, FPGA
0.85V  FPGA_VCCINT
1.8V  MGTVCCAUX
1.2V  MGTAVTT
0.9V MGTAVCC
Figure S.Power Structure .................................................................................
CEPC Common Trigger Board Design Report 2025.06.26 9



I Design progress CER

B Clock distribution design

Z2:CLKO FPGA HP62

—
=

Crystal in
board

/

7130274 |
ZL30274
‘ OUT *16

Crystal in
board

\

Figure 9.Clock Distribution structure
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I Design progress
B Schematic Design

Schematic design progress

Power Basic Completion 12->2.5V need to be refined

Clock Distribution In Progress Schematic for clock fanout device done

DDR4 Basic Completion

Ethernet Switch Basic Completion

Z1,72,73 Connector Basic Completion

IPMC In Progress Interface signals require definition and refinement
QSFP Basic Completion

FPGA In Progress

SOM In Progress Interface signals require definition and refinement
Test and Configuration Interface Not Started

System Integration Not Started

Figure 10: Schematic Design - Top (DDR4), Bottom (QSFP)

CEPC Common Trigger Board Design Report 2025.06.26 11
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I Design progress \CEr

B PCB layout

» FPGA Positioning (Centralized placement)
» High-Speed Interface Arrangement

®* QSFP connector

e  DDR4 connector
e ETH Switch

> Power

* -48V-12V Converter Power

* MGT Power
> 10

* Backplane connectors

« RJ45, QSFP

Figure 11 .PCB layout overview

CEPC Common Trigger Board Design Report 2025.06.26 12




Summary & Outlook

Component

Hardware

Schematic PCB Layout Board-Level
Design and Routing Fabrication Testing

Selection

Architecture
Desi

Completed In Progress In Progress In Progress Not Started Not Started

B The hardware architecture design has been completed

B Primary Components Selection in Progress
* Clock fan out ,PHY,Eth switch,Power have been selected and validated against design requirements.

* Some components(e.g., oscillators, sensors,DDR4,) require further specification alignment.

B Schematic Design in Progress

* Detailed schematic design is underway, with the power subsystem designed .

B Next Phase: PCB Layout & Routing

* PCB layout and routing shall commence following schematic design sign-off.

CEPC Common Trigger Board Design Report 2025.06.26 13
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Dong Liu, Boping Chen IHEP
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I Cluster Definition

Cluster: groups of contiguous and adjacent calorimeter units with energy deposition above threhold

* Adjacency : 8-connected neighborhood .
e Unit : Supercell
* Seed : A high-energy fired module with a threshold of 0.6 GeV.

*  Member : Low-energy fired modules with a threshold of 0.2681 GeV

ECAL module schematics

Figure 7.9

Figure 1: Schematic of ECAL

Analysis of ECAL Barrel Cluster ~ 2025.06.26

Energy distribution of ECAL Barrel

~.
™,

*,

.
"

'

1 beambkg (ECAL Barrel)
Mean: 0.12

---- 99% Threshold: 0.27

WHHHM ol

0.0 0.1 0.2 03
Module energy (GeV)

0.4
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I Cluster Analysis Process

® Seed Identification

Locate modules with deposited energy greater than 0.6 GeV as seeds.

® Sced Merging

Merge adjacent seeds into a single set, serving as the starting point for cluster identification. 7 | 9 Seeds are labeled as 2,

) members are labeled as 1.
® C(luster Expansion :- - 2

Starting from the seeds, merge adjacent fired modules (above 0.2681 GeV) into the cluster.

® (Conflict Resolution

In cases where multiple clusters compete for the same module, assign the module to the cluster

whose centroid is closest to the conflicting module.

2 XXE,
ACR ® C(luster Characteristics ® Physical Processes
Y, DAL *  Cluster Size * ZH — vvyy(5,000 events)
2E * Cluster Energy Total energy * ZH — vvbb (10,000 events)

*  Number of Clusters

* Cluster Energy Sum per Event

Analysis of ECAL Barrel Cluster ~ 2025.06.26 16
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I Cluster Analysis Results

Counts

Counts

cluster counts for nnrr

Entries: 3262
Me: 04
3000
2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
cluster counts
Figure 3.Distribution of cluster counts per event for the ZH — vvyy process
cluster energy for nnrr
300 Entries: 6649
Mean: 62.33
250
200
150
100
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[ T T T T T
0 20 40 60 80 100 120 140

cluster energy

Figure 5.Distribution of cluster energy per cluster for the ZH — vvyy process

Analysis of ECAL Barrel Cluster

cluster sizes for nnrr 8 exmx
Entries: 6649
Mean: 1.88
5000 Std Dev: 0.87
Max : 6
Min: 1
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)
€
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500 4,—‘
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Figure 4.Distribution of cluster size per cluster for the ZH — vvyy process

event cluster energy for nnrr
800 Entries: 3262
Mean: 127.04
Std Dev: 8.04
Max : 147.99
0 Min : 56.6131
600 J
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@
g2
3 400
S
300
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100
0 ; . . ] . i :
0 20 40 60 80 100 120 140

event cluster energy

Figure 6.Distribution of total cluster energy per event for the ZH — vvyy process

2025.06.26

Out of 5,000 events, 3,262 satisfy the
requirement that the photons from H — yy are

directed toward the barrel region.
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I Cluster Analysis Results

Counts

1000

800

Counts

200

cluster counts for nnbb

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
cluster counts

Figure 7.Distribution of cluster counts per event for the ZH — vvbb process
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cluster energy for nnbb
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Figure 9.Distribution of cluster energy per cluster for the ZH — vvbb process

cluster sizes for nnbb
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Figure 8.Distribution of cluster size per cluster for the ZH — vvbb process

event cluster energy for nnbb

Entries: 6461
Mean: 1

Min : 8.71898

60 80
event cluster energy

140

Out of 10,000 events, 6,461 satisfy the
requirement that the photons from H — bb
are directed toward the barrel region.

Figure 10.Distribution of total cluster energy per event for the ZH — vvbb process

Analysis of ECAL Barrel Cluster

2025.06.26
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Summary & Outlook \&

B Preliminary analysis results of the clusters in the barrel region have been obtained
B next step is to analyze the clusters in the endcap region

B The varying sizes of clusters in the endcap region pose significant challenges

Figure 11: Schematic of ECAL endcap

Analysis of ECAL Barrel Cluster ~ 2025.06.26 19




I Design progress CER

B Power design

Power Consumption Evaluation Summary

Voltage (V)
8 40 15 120
DE-DC Converter Power Applications in board |

FPLX030

PHY ,ETH Switch,clock fan out ......

Power structure

- PIT004

- FPLXO015
power in board 0.9V MGTAVCC

MLX120A0XY3-SRZ

 MGTVCCAUX ..

- MGTAVTT

Power from Chassis

0.85V FPGA_VCCINT

CEPC Common Trigger Board Design Report 2025.06.26 20




I Design progress -

B Power design

Power Rail Name Supported Voltage Range

Vee_som 5V (4.75V - 5.25V) 50 mV p-p maximum noise

Ve satt 1.20 - 1.50V

Veco_Hpa 1.00V - 1.80V
Veco_nps 1.00V - 1.80V
Veco_Hpe 1.00V - 1.80V
Veeo_Hoa 1.20V - 3.30V
Veco_nps 1.20V - 3.30V
Veco_Hoe 1.20V - 3.30V

IV. Electrical Characteristics
Parameter
Supply Voltage
Supply Current

Module Total Power

QSFP:

1=

BR(A)

Maximum Current

4A

150 nA - 3650 nA
1.0A
1.0A
1.0A
1.0A
1.0A
1.0A

HEBBEE (V)

Burst refresh Ipp current (1x REF)| vrse 176 176 mA

Self refresh current: Normal temperature range (0°C to 85°C)1 ooen 160 160 mA

V 2 5 1 2 Self refresh current: Extended temperature range (0°C to 95°C)1 ovet 216 216 mA
AY » Self refresh current: Reduced temperature range (0°C to 45°C) ooeR 8080 mA
Auto self refresh current 25°C)1 oo6s 7272 mA

One bank ACTIVATE-PRECHARGE currentl o5 512 | 480 | mA

3 3 One bank ACTIVATE-PRECHARGE, Word Line Boost, b current] = 582 | mA
D Gne bank ACTIVATE-READ-PRECHARGE currentl o 54 | 520 | mA
Precharge standby currentl oo | 400 | 368 | mA
Precharge standby ODT current! oot | 464 | a2 | ma

Precharge power-down currentl oo2p 256 240 mA
* Precharge quiet standby current! ooz 328 312 mA
5 (Active standby currentl o3 536 504 mA

SOM THFETE(
el {itEH B E (V)| 5 3.3 1.8

External battery input for the RTC

Volt: il for HPIO bank 66 A
oltage rail for an S t

Voltage rail for HPIO bank 65 /)IL

Voltage rail for HPIO bank 64

Voltage rail for HDIO bank 45

Voltage rail for HDIO bank 43
Voltage rail for HDIO bank 44

Symbol Unit Min Type Max Notes
Vee ' H:135 3.465

[« A 15

P W 18

Table 13: DDR4 Iyp Specifications and Conditions - 4GB (Die Revision A)

Values are for the MT40A512M8 DDR4 SDRAM only and are computed from values specified in the 4Gb (512 Meg x 8) com-
onent data sheet

ParameterSymbol 24002133 Units

Active standby lpp current! eoan 2024 mA
Active power-down currentl oo 352 352 mA
Burst read current! oo 1280 | 1200m,
Burst write currentl opaw | 1440 | 1280m)
Burst refresh current (1x REF)I ooss 1536 | 1520m

Auto self refresh current (45°C)1 006 8080 mA
‘Auto self refresh current (75°C)1 ooea 128 128 | mA

Auto self refresh Iy, current! reox 2024 mA

1 7 O 5 Bank interleave read currentl . 1680 | 1480m.
. . Bank interleave read lpp current . 12 96 mA
Maximum power-down current! o8 144 144 | mA

CEPC Common Trigger Board Design Report 2025.06.26 21




I Design progress

B Power design

C XI LI NX Xilinx Power Estimator (XPE) - 2053.1.2 ] &%
@ Kintex® UltraScale+™, Virtex® UltraScale+, Zynq® UltraScale+  puiease: 15-aug-2023

& < D & i [
Import File Export File Quick Estimate Manage IP Snapshot Set Default Rates Reset to Defaults

Project

I cocnce Lo

Last Updated: 8/14/2023 ‘

UserEntry || Calculated Value | | B Eror ]

Summary Value | User Override. Warning

MGT_0.9 | MGT_1.2 | MGT_1.8

fHEBEE (V) 1.8

EE:/}IL ( )

38 16 1

—__Settings -
Family u\tvaSca\el fohiOnCunRone . 32:::
Package Thermal Margin i e
Speed Crade Effective ©JA 03500
| Temp Grace TABLE 9-3: ELECTRICAL CHARACTERISTICS: SUPPLY CURRENTS
Process
Resource Source  Voltage |Tnu| ) Typ
Characterization Production ( 15% accuracy) (Jump o sheat) X 7:2: Chal’acteristics Symbol Min. (N Ote.1 ) Max, U nits
Environment 0,681,
ey T . - Total power, two CMOS REF inputs, B - o
froneon  EEL I opanc Synth1 and six LVDS outputs enabled DISS '
I Heat sink Medium Profile | 1.068
: ; Total current, 3.3V supply
BSA 2.0 °C/W| H)
e 4 = (VDD33+VDDOX pins) ‘0023 60 | 2 | mA
= Total current, 1.8V supply (VDD18 pins) lpp1s — 207 519 mA
Device Static|
0.720
] Number of UO, exceeds part size. 7.926|
"
HEEE (V) 3.3
APy
mrcomegnnen RS .., S BE(A) 0.6%2 12

Summary || Snapshot | [Graphs || IP_Manager | Clock | Logic | IO | BRAM | URAM | DSP | CLKMGR | GIY | Other | User | Release

& AR B

i £
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I Design progress e

B Power design

SWITCH

Supply Current - Full 1000 Mbps Operation

lbo_AH AVDDH supply current VDDIO @ 3.3V 330 EE, / JIL( )

I VDDIO supply current Ports 1-5 in 1000BASE-T 80 mA

e Ports 6 & 7 in RGMII

Ibb_ca AVDDL supply current (1000 Mbps) 460 mA

Ibp_ co  |DVDDL supply current All ports 100% utilization 750 mA

PHY BEEE (V)33
: : vy
4.6.2 Current Consumption when using Internal Regulators EE,/)[L(A) 02

Table 153: Current Consumption REG_IN
(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Pins Condition Min Typ Max Units "
: SUPPLY CURRENT (Static)
IREG IN 3.3Vinternal = REG_IN SGMIl to 1000BASE-T with traffic 92 mA - 5 . -
B Regulator N 5 lcc Supply Current All inputs and outputs enabled and active, terminated with 175 215 mik
Supply SGMIl to 100BASE-TX with traffic 53 mA differential load of 100Q between OUT+ and OUT-. PEM = L
SGMIlto 10BASE-T with traffic 43 mA lccz | Supply Current - Power Down | PWDN = L, PEM = L o | 286 "
Energy Detect 25 mA Mode H

|IEEE Power Down 13 mA Iﬂl
e BE (V) 3.3
Table 154: Current Consumption AVDD33

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

~
Symbol Parameter Pins Condition Min Typ Max  Units EE,;}ZE,(A) 0.3*2

IAVDDR Analog 3.3V AVDD33  SGMIl to 1000BASE-T with traffic 58 mA
supply SGMII to 100BASE-TX with traffic 16 mA . .
: : non Trigger Board Design Report 2025.06.26 23
SGMII to 10BASE-T with traffic 32 mA
I Energy Detect 2 mA

R i 4 B




I Design progress

B Power design

SOM 1

Table 1: Summary of Power Consumption Evaluation

3 3 1 16 8

Current (A) 4

QSFP 10 Current (A) 15
DDR4(3GB) 1 Current (A) 0.4 3.4 1
FPGA 1 Current (A) 3 0.5 76
CLK FAN 3 Current (A) 1.8 3
SWITCH 1 Current (A) 0.4 0.1 1.3
PHY 1 Current (A) 0.2
BUFFER 2 Current (A) 0.6
[ Total Current 4 206 08 91 52 76 1 1 16 8 ]
DESIGN ? 30 ? 4/~ 40/ 120 2 4 40 15
Power Consumption 20 6798 2 16.38 6.24 64.6 0.6 1.8 19.2 7.2
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