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Si sensor in general

• Mature technology

• Reliable performance

• Fine granule 

• Higher energy and time resolution (than 
gaseous ionization detectors) 

• Key burden is cost.





Korean Strength

• Productivity!

– Large amount of Si sensors produced with 
the standard CMOS process



6 inch fabrication line
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8 inch fabrication line

R&D environment

300 cm2 ~ $ 500





What is Si sensor?
(Sensor on Si wafer)



Diced sensor
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Introduction for student



How do we make it? 
(CMOS process)

High purity Si waferOxidationIon implantOxide layer depositionEtch for contactMetal layer depositionPassivation



Actual process sheet
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How does it operate?

-
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Cosmic muon test



Applications

• Calorimeter :

– Active layer (Old)

– PHENIX MPC-EX

• Tracker :

– ALICE ITS Upgrade



PAST
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“A” Si/W  calorimeter prototype

Large amount of Si sensors needed!



Schematics
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PHENIX MPC-EX



MPC-EX for PHENIX

• Application as a pre-shower for EMCal 
(Electromagnetic calorimeter) 



Korean MPC-Ex group
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PHENIX MPC-Ex detector

MPC
(Muon Piston Calorimeter, An EMCal)

MPC-Ex
(MPC Extension)

0 & 

separation
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Fine structure

PADs of 
Sensor

Bondin
g PADsBias 

Guardrin
g

Floating 
Guardring
(3 layer 
structure)

Edge 
Rounding



Segmentation as a pre-shower
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Sensor Design



Novel guard ring system design and implementation

for punch-through protection toward the detector 

dicing edge with improved radiation tolerance and

reduced dead area
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Improvements (Details by K.S. Lim)
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Submission for main production

• Main production started and new 
submission will be made in every 3 
weeks.

– 1st submission(executed), the last week of 
Sep.

– 2nd submission(executed), the 3rd week of 
Oct.

– 3rd submission(planned), the 2nd week of 
Nov.



Sensor Certification log (Details by 
S. Y. Hahn)

• CV test

• Before dicing
– Short test

– Guard ring & pattern leakage current test

• After dicing
– Guard ring & pattern leakage current test

– Stability : x3 of full depletion voltage (90V) 
& 2 hours
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Test system



Test electronics



Process monitoring



Summary

• Korea has a good potential in silicon 
sensor.

• A sequence of R&D for the silicon 
minipad sensor has been performed.

• Main production has started. 

• Sensor log has been defined.



ALICE ITS UPGRADE



ALICE ITS Upgrade



ALICE Inner Tracking System at present

2 layers of hybrid pixels (SPD)
2 layers of silicon drift detector (SDD)
2 layers of silicon strips (SSD)



ITS upgrade

New layout

▪ 7 layers (3 inner, 4 middle+outer)

▪ reduce:

▪ X/X0 per layer from 1.14 to 0.3 %

▪ pixel size from 400x50 to O(30x30) μm2

▪ first layer radius from 39 to 22 mm 

▪ beam pipe outer radius: 19.8 mm

Design Objectives

▪ record collisions:

▪ Pb-Pb at 50 kHz

▪ pp at 1MHz 

▪ improve impact parameter

resolution by a factor 3 

▪ improve standalone tracking 

efficiency and pT resolution 

▪ fast insertion/removal for

yearly maintenance 

▪ installation 2017-2018 





Technology : MAPS

• Gate oxide < 4 nm 

→ better radiation tolerance

• 6 metal layers

• Epitaxial layer between 1 and 

5 kΩcm, 15-18 μm

• Deep Pwell shields Nwell with 

PMOS transistors from the 

epitaxial layer and allows full CMOS within the pixel without efficiency loss

• Difficult to deplete epitaxial layer under Pwell far from Nwell collection 

electrode, but radiation tolerance sufficient

• Stitching possible up to 200mm wafer scale



Explorer-0 : Test beam

▪ 4 layers of explorer-0

▪ 6 GeV/c pions

▪ Reverse substrate bias gives extra margin

▪ Penalized by too large input capacitance, corrected for Explorer-1.



Charge collection efficiency, Explorer-1(April 2013 submission)

Response to 55Fe X-rays 

▪ With/without irradiation, with the larger or the smaller back bias 

voltage, for a chosen n-well electrode



TCAD field simulation

TCAD simulations, the different settings of total diode reverse bias and epitaxial

layer doping. 



More detail on the collection electrodes 



IV. Full analog – Our study for ITS upgrade  
- Specification - Front End Schematic
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Summary

1. Scientific scope for the ALICE ITS upgrade and the needed specification 
was laid out.

2. Chosen technology is the Monolithic Active Pixel Sensors. 

3. A sequence of R&D is in progress on a pixel chip named explorer for the    
ALICE ITS upgrade.

4. The R&D up to now showed, for a given pixel, how to improve the 
collection electrode and optimize the operation condition.  

5. Korean groups, PNU, Inha Univ., and Yonsei Univ., are preparing the test 
system of the chips under development.

6. We joined the design R&D recently and will take part in the design 
improvement. 


