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Introduction: HGCAL Project
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• Update goal: High Luminosity

• - more data/ radiation

• HGCAL: High Granularity Calorimeter

• End Cap replacement:                           

↑ radiation ↓ light production

- cannot handle large data amounts

- finer sensors, smaller detectors



Introduction: HGCAL Project
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• 50 Consecutive layers

• Silicon/ Scintillator modules

• Copper Cooling plate



Introduction: ECON Project
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ECONT

ECOND

• End Cap Concentrators (Application Specific 

Integrated Circuit)

• ECONT: Trigger System

• ECOND: Data Acquisition System



Test System of ECONs
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• ~70,000 ECON ASICs

• In June we received the 1st 2000 chips

• The goal is to learn the basics of how the 

chips should operate to finalize the test 

scripts

• Test Firmware loaded on Field 

Programmable Gate Array for each chip 

type

• FPGA sends data to chip and confirms 

the expected chip behavior

• ~100 tests targeting different 

functionalities



Familiarization: Test Data Format 

7

Learn to open and navigate through hundreds of json files 

through the terminal:



PLL’s Functionality
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The HGCAL project has thousands of ECON chips on it to filter the data. For all the chips to synchronize a 

Reference Clock (320 MHz) is sent to the ECON chip and the Phase Locked Loop inside the ECON chip 

modifies the Reference Clock to synchronize to the ECON’s clock inside the chip. By adjusting the voltage 

and capacitance, the PLL can lock in the frequency range of 285 – 355 MHz.

ECON’s Clock

ECON

PLL



PUSM “Booting Up”
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Once the clock is synchronized the ECON is “booted up” and ready to start filtering data. The Power Up 

State Machine is a sequence of numbers that tells us when the ECON is “booted up

- 3: Not Ready for data

- 8: Ready for data

- Supposed to stay at 8, but once the frequency range is outside 355 MHz, it reverts back to 3

The PLL Lock pytest script collects the PUSM States and the Frequencies to see if the ECON is “booted 

up.”



Familiarization: Plotting Raw Data 
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Plot from a given list of information: Plot from one to multiple json files: Plot from a directory:

ECONT June (65 chips)



Familiarization: Analyzing with Histograms
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Plotting the Frequency Widths vs Chip number:

ECONT June (65 chips)



Complete PLL Lock Graphing Script 
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Personal Coding assignment : 

Searchable Error Analysis Document

Graphs

- Overall graph for PUSM vs Freq

- Individual Failed graphs

- Sets of 5 Passed Graphs

Summary printout

Multiple Voltages 1.08, 1.2, 1.32

Histogram # of chips vs widths:

Histogram # of chips vs first Freq:

2D Histogram first Freq. vs widths:

Weird vs Correct PUSM

PUSM Check Document

Graphs completed for each sub-assignment:

June ECONT chips (65)

February ECOND chips (411)

July ECONT chips (90) 

PUSM = [3, 3, 3, 3, 8, 8, 8, 8, 8, 8, 3, 3, 3]

PUSM = [3, 3, 3, 3, 8, 8, 3, 3, 8, 8, 6, 3, 3]

PUSM = [3, 3, 4, 4, 8, 8, 8, 8, 8, 8, 3, 5, 3]
BPUSM = [3, 3, 3, 8, 8, 8, 8, 8, 8, 3, 3, 3, 3]

PUSM = [3, 3, 3, 3, 8, 8, 8, 8, 8, 8, 3, 3, 3]

PUSM = [3, 3, 3, 3, 8, 8, 8, 8, 8, 8, 3, 3, 3]



Complete PLL Lock Graphing Script 
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Autolock 1.2

Overall Graph: ECONT July (90 chips)

Autolock 1.08Autolock 1.32



Complete PLL Lock Graphing Script 
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Autolock 1.2

Widths Histogram: ECONT July (90 chips)

Autolock 1.32 Autolock 1.08



Complete PLL Lock Graphing Script 
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Autolock 1.2

Freq. Histogram: ECONT July (90 chips)

Autolock 1.32 Autolock 1.08



Complete PLL Lock Graphing Script 
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Autolock 1.2

Freq. vs Width 2D Histogram: ECONT June (65 chips)

Autolock 1.32 Autolock 1.08



25

PLL Capacitance Range Test



PLL Capacitance Range Test
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- adjusts the voltage and capacitance, the PLL 

can lock in the frequency range

- Capacitor Bank : “Capbank”

- the test counts how many capacitors between 

the PLL Lock

- this is performed at different voltages (1.08, 

1.2, and 1.32)

- instead of 40 it would be 8*40=320 MHz

Freq

PUSM

state



“Capbank” Width Graphing Script

29

ECONT July (90 chips)

Capbank Width Histogram Voltage vs Capbank Width 2D Histogram



One Chip vs Multiple Chips 
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Purpose: Is each individual chip operating as it says it is or is it random?

Not Removed vs Removed from socket

Is there human error in placement of the chips? 

Is there a difference in the individual graphs completed through different tests?

Methods:

ECOND 261 (965 times) Not Removed “Good”: 4 errors

ECOND 261 (100 times) Removed “Good” 

ECOND Multiple (257 different chips) Different Firmwares

Each set of json files are run through all the graphing codes for comparison



One Chip vs Multiple Chips 
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ECOND 261 (965 times) Not Removed “Good chip”

ECOND Multiple (257 different chips) Different Firm wares



Conclusion:
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What I have learned:

- Particle Physics Basics

- HGCAL/ ECON projects

- Skills: presenting, critical thinking, problem solving

- software, hardware, data analysis, navigating further research

- independent learning, team collaboration, contributing to a team project, 

- career building and path finding

Summer Contributions:

- Individual Chip Analysis Document

- Testing Chips on Board for CERN

- Provided valuable insight for ECON chip learning

- Results from one chip vs multiple chips

- ideas for the finalized test pyscripts: Notice to needed changes to the “passed” parameters and PLL 

Lock Test changes

Potential Future Contributions:

- Remote ECON testing, writing pyscripts, and plots to continue contributing to the ECON chip

- ECONT prototype Neuro network that uses machine learning: small group learning to train and evaluate 

how well it compresses data. 
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