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Abstract

The High Luminosity upgrade for CERN's LHC 
will replace CMS silicon tracking detectors with 
PS modules, consisting of one strip sensor and 

one macro-pixel sensor. The  Macro-Pixel 
Sub-Assembly (MaPSA) requires thorough 

testing of each pixel for optimal performance. 
This project aims to develop an efficient data 

handling system for MaPSA quality assurance, 
enabling performance tracking of each MaPSA's 

pixel through an accessible database before 
installation into the CMS outer tracker.

PS module
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Overview
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MaPSA = 1 Silicon sensor + 16 MPAs readout chip

MaPSA



 

MaPSA 
database

Methods
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16 x MPA Chips

1x Ps-p sensor

xml file

MaPSA

Probe 
Testing data

MaPSA 
data from 
vendors Upload

Round 3 Prototype

Tools
○ Python: ElementTree, pandas
○ MaPSA Probe Testing
○ Round 3 Prototype data
○ Linux, Github



week 1 - 3: Generate xml
week 6 - 8: Upload 

MaPSA Database
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MaPSA Database cmsdca.cern.ch/

Detector Construction Application

https://cmsdca.cern.ch/
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Generator.py

MaPSA block

Children block

github.com/IseeJ/MaPSA-XML

- Parse
- Map value
- Assign
- Convert

Generator.py

16 x MPA Chips
- Name
- Position on Wafer
- Position on Sensor

1x Ps-p sensor
- Name

MaPSAname.xml

- Name
- Location

- Grade
- Status

}MaPSA

https://github.com/IseeJ/MaPSA-XML.git


 

Parent block (MaPSA) 
loop over filenames Children block (MPA chips, sensor) 

loop over rows of dataframe

95

… …
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Input
● Manufacturer
● File name
● Data format

● Raw data parsed and saved
● XMLs  saved to folder

Output



 

Uploading xml to the database
- Get CERN Standard account
- Install required packages: lxml, 

openpyxl, xlrd, progressbar2, pandas
- Get py4DBupload 
- Run

$python cmsdbldr_client.py --login 
--url=https://cmsdca.cern.ch/trk_lo
ader/trker/int2r HPK_35494_002R.xml

py4DBupload
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gitlab.cern.ch/cms-ph2-database/py4dbupload

http://gitlab.cern.ch/cms-ph2-database/py4dbupload


week 1, week 7

MaPSA Testing



 
8Source: Jennet Dickinson
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Probe test station at SiDet

Interface board

Probe card

MaPSA

Probe needles

GUI for running test

HV needle



 

Masking
Set mask bit = 1
Inject 100 pulses  
expect 0 recorded
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Pixel Tests

Alive
Inject 100 pulses

expect 100 recorded

Threshold method Calibration method

fixed threshold, vary 
pulse amplitude

fixed pulse amplitude, 
vary threshold

N
um

be
r o

f p
ul

se
s

Threshold Amplitude

Noise, Threshold
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Pixel Map

Good Pixel Noisy PixelDead Pixel Unmaskable Pixel

Source: CMS MaPSA_Round2 Note | Doug Berry, Jennet Dickinson, and Fermilab



week 4 - 6

MaPSA Grading and Analysis
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Pixel Status

Maskable Pixel 
can be disabled 
completely by 

setting a dedicated 
mask bit.

Good Pixel 
records all 

responses to 100 
pulses 

Noisy Pixel 
picks up too much 

background 
signals

Dead Pixel fails to 
record signals

Unmaskable 
Pixel

BAD!

Non-Operational pixels

GOOD!

Operational pixels
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Grading Criteria

1 MaPSA Grade: the worst grade of both

16 MPA chips’ grades
1 HV Current Grade

current from IV scan at -800VPixel Grade
% of operational pixel

LV Current Grade
total current to power the chips

A NNonOp <19 100 mA < Itot < 250 mA I800V < 1 μA

B 19 < NNonOp < 94 - 1 μA < I800V < 10 μA

C NNonOp > 94 
or NUnmakable > 0

Itot < 100 
or Itot > 250 mA

I800V > 10 μA

Good quality MaPSA is required to have minimal dead pixels, 
appropriate total current, and all pixels must be maskable.



 

Analyze
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$source /cvmfs/sft.cern.ch/lcg/views/LCG_101/x86_64-centos7-gcc8-opt/setup.sh
$python SummaryOneMaPSA.py HPK_35494_002R

github.com/IseeJ/OT

Analyzer.py
Result.py

Raw Testing Data
1888 pixels*16 MPAs

- pixel test
- mask test
- IV scan
- CAL, THR
- Bump bond
etc.

NonOp
Unmaskable

Itot
I800V

Writer.py All test data 
of each MPA 
of a MaPSA

Pixel Grade
Current Grade

xml

dictionary

dictionary

Writer.py
xml

MaPSA grade
Rework Status

Analyze Add to 
Database

http://github.com/IseeJ/OTbackup


 

Result
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Summary of result and
Grade Dictionary including 

- Pixel, Current grades
- MaPSA grade
- Rework status

Raw testing data of each MaPSA 
saved as xml file



Conclusion
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MaPSA

Children

MPA Chips 
1-16

PS-p Sensor

Attributes

MaPSA.xml

Generator.py

16 x MPA Chips
- Name
- Position on Wafer
- Position on Sensor

1x Ps-p sensor
- Name

MaPSA
- Name
- Location

- Grade
- Status

- Parse
- Map value
- Assign
- Convert

MaPSA 
Grade

Probe 
Testing 

data

Analyzer.py , Result.py

Writer.py

Upload to 
Database
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