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CMS Detector at LHC
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CMS at LHC: ECAL and HCAL end-cap Calorimeters
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Current End-cap Calorimeter

1.5 < |η| < 3.0



CMS at HL-LHC: High Granularity Calorimeter (CE)
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Complete replacement of the end-cap calorimeters with HGCAL



Active Elements and Radiation Dosage
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• Cost-efficient design

• Silicon in high-dose regions for higher radiation tolerance

• Scintillators in low-dose regions for affordability



Front End Readout

3/20/2025 Credit: Nadja Strobbe 6

• Efficient readout essential to maximize detector 

performance

• HGCROC takes data from sensor signals

• Digitized data from HGCROC concentrated by ECONs

• Clock and Fast Control Fanout by Rafael Chip

• Data is sent off detector on optical fibers at 10 Gbps for 

further processing



HGCAL Trigger Path: From Collisions to Analysis 
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ECON-T 

• Low-power ASIC (< 0.5 W)

• Radiation-tolerant design (200 Mrad TID)

• Performs digital processing of HGCROC data 
at 40 MHz

• Full triple modular redundancy (of clocks, flip-
flops and logic: SEU tolerance)

• Up to 12 × 1.2Gbps input links (eRx)

• Up to 13 × 1.2Gbps output links (eTx)

• Typically, two eTx links are active
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Block Diagram for ECON-T
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Block Diagram for ECON-T
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• Data Reception Block

• Receives and aligns data from 12 input channels



Block Diagram for ECON-T
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• Trigger Algorithms Block

• 4 Trigger data selection algorithms



Block Diagram for ECON-T
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• Data Transmission Block

• Organizes and transmits data to output channels



ECON-D 

• Performs digital processing of events passing L1 trigger at ~ 
750 kHz

• For low density module:
• 6 active input links 

• 1 or 2 active output links

• For high density module:
• 12 active input links

• 2 active output links
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Block Diagram for ECON-D
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Block Diagram for ECON-D
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• Data Reception Block (same as ECONT)

• Master Aligner determines new event arrival 

from all active eLinks collectively



Block Diagram for ECON-D
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• Two independent Ping Pong Memory Banks

• Ensures continuous data processing

• Programmable zero suppression with corrections for common 

mode noise and out of time pileup



Block Diagram for ECON-D
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• Output Buffer (OB) Block

• OBSRAMs store data of event being processed



Functionality Tests
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Verify the proper functioning of various chip components.



Functionality Tests: Motivation

• Fully characterize and understand ASIC behavior

• Validating different subsystems of ECONT/ECOND

• Ensuring ASICs meet design requirements
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Verify the proper functioning of various chip components.



Functionality Tests
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Verify the proper functioning of various chip components.

I2C Register Read/Write Validation Test



Functionality Tests
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Verify the proper functioning of various chip components.

PLL stability Test at different voltages



Functionality Tests: From Prototype to Production

• Started with Prototype Chips

• Initial versions had some minor design flaws

• Thorough functionality tests helped identify them

• Transition to Production Chips

• Improved design met all technical requirements

• Production Chips being tested at Fermilab (since Summer 2024)
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Verify the proper functioning of various chip components.



Functionality Tests: Setup

• Socket Board, with the chip in it
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Functionality Tests: Setup

• Zynq SoC (FPGA) Board
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Functionality Tests: Setup

• sends 12 x 1.28 Gbps data to both ASIC and internal 
bitwise emulation of ASIC
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Functionality Tests: Setup

• receives 12 x 1.28 Gbps output data from ASIC
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Functionality Tests: Setup

• Compares ASIC and emulator output to check ASIC 
performance
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Functionality Tests: Setup

• Power Supply to power the chip at 1.2 V

• Fans to cool the FPGA
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Functionality Tests: Setup
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Functionality Tests: eRx Phase Scan
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Functionality Tests: Power Usage
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Functionality Tests: Identifying Outliers
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Manual Testing
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Manual Testing

• Testing ~100 chips manually took 1 full day for one person.
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Manual Testing

• Testing ~100 chips manually took 1 full day for one person.

• Why? 
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Manual Testing

• Testing ~100 chips manually took 1 full day for one person.

• Why?

Breaks for lunch and coffee.

Ran a test, then started to work on something else.

Getting distracted.

No testing overnight or on weekends.
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Rosey to the Rescue
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Rosey to the Rescue
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Rosey to the 
Rescue

• Step 1: Add barcodes to the trays
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Rosey to the 
Rescue

• Step 2: Arrange the trays on the robot table
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Rosey to the 
Rescue

Step 3: Let the robot handle it.
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But is it really that simple?

• With the robot, we started testing chips overnight and on weekends.

• Test failures started to appear in chips. 
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Debugging with a Breeze

• With the robot, we started testing chips overnight and on weekends.

• Failures appeared in chip tests. 

• Turned out that central heating in WH caused FPGAs to overheat. 
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Debugging with a Breeze

• With the robot, we started testing chips overnight and on weekends.

• Failures appeared in chip tests. 

• Turned out that central heating in WH caused FPGAs to overheat. 

Improved air circulation in robot enclosure to regulate temperature and 
ensure stable operation.

3/20/2025 44



Debugging with a Breeze
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Testing Overview

• Need 50,000 Chips for HGCAL

• ~ 27k ECON-D

• ~ 21k ECON-T

• Since December 2024:

• Tested ~ 6300 ECON-D Chips

• Tested ~ 5200 ECON-T Chips

• Total: ~ 11,500

• Robot Commissioning Period

• Testing Rate will increase
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Opportunities at Fermilab
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EDIT School, Nov 2024
HCP Summer School, July 2024

CMS DAS, Jan 2025



Thank you to the entire ECON team for their 
guidance and support!
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Thank you for your attention!
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Backup
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One layer in CE-E
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Functionality Tests: Categories

• Power Consumption and Voltage Stability Test

• PLL stability at different voltages

• I2C Register Read/Write Validation

• Error tracking and validation

• PRBS based eLink error detection Tests
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