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Five Major Areas of :

Neuroscience 

Molecular, Cellular, and Developmental Biology

Mathematical and Computational Sciences

Environmental and Ecological Sciences

Physics and Chemistry

OIST 

- -

OIST S.C. Academic & Research Fields

-Interdisciplinary studies-
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The primary goal of the "Hiroshima" Symposium, held every two years since 1993, is to 
bring experts in design, processing, and applications of semiconductor tracking 
detectors together for discussions of experiences, lessons learned, and new ideas 
which are still in the early stage of development. Around 200 participants in 2018 
edition 
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Å CMOS detectors substantially contributing to the total talks at 
HSTD11 



Silicon(not CMOS) 
Status Reports from: 

Hamamatsu 

Infineon 













Johannes Hacker 
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CMOS 
Status Reports from: 

TJ 180nm 

LFoundry 150nm 



CMOS MAPS in HEP 

- Characteristics of ideal HEP detector: 

 

- Low power consumption 

- Back thinning 

- Single sided processing/large area stitching 

- Full depletion for radiation hardness 

- Speed/timing resolution ~ ns 

- Fast RO ~ 

- Good S/N 

 

Å Some of the ideal characteristics required by HEP detectors are inherent features of CMOS 

MAPS  

 

Å However, other requirements are  difficult to achieve at the same time: currently a single 

solution that satisfies all the requirements above does not exist 
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MAPS is an acronym for Monolithic Active Pixel Sensors 



CMOS MAPS in HEP 

Hybrid solution in current 

ATLAS detector: RO and 

sensors on separate elements 

The expensive Si sensors 

fabricated on a HR substrate 
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CMOS MAPS in HEP 

Power consumption in ATLAS detector ~50kW 

Current Si tracker waste around 50% of power in cables ! 

Reducing services is beneficial in material budget reduction, to avoid tracking resolution due to 

multiple scattering Reducing / optimizing power distribution is mandatory in HL LHC 

Target around <1.5 X0 
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- Low power consumption: some CMOS MAPS architectures consume ~ 1 ς 10 mW/cm2. In comparison, 
at LHC,silicon tracker around 20mW/cm2 and pixel detectors ~мллΩǎ mW/cm2 

- Analog power consumption P ~ ((S/N)/(Q/C))^m, m=[2,4]: low capacitance of MAPS could help reduce 
power consumption 



CMOS MAPS detectors solutions already implemented in HEP 

Further improvements needed for widespread HEP use 

CMOS MAPS & HEP 

ATLAS HL 
LHC 

ATLAS ILC ALICE STAR 

TID[Mrad] 103 80 0.4 0.7 0.3 

Fluence[neq cm-2] 1016 1015 1012 1013 1012 

P.Rate[kHz mm-2 
104 103 2.5¶102 15 102 

Timing[ns] 25 25 350 2¶104 2¶105 
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Å To improve the CMOS MAPS radiation hardness a drift component needs adding, as the 

diffusion based charge collection drastically reduces their CCE past ~ 1013 neq cm-2 

 

Å As the depletion region ~   one can either increase the resistivity r (HR 

CMOS) and / or the biasing  Vbias (HV CMOS) 

 

Å Ultimately the sought end result is the same, i.e. a depleted CMOS MAPS (DMAPS) 

Electronics outside the small collection well 

Small capacitance = low noise, low power 

Longer drift distance and relatively low field 

region 

Electronics inside the large collection well 

Short drift distances, high field 

Larger capacitance = higher noise low noise, 

higher  power 

Possible Xtalk from RO to sensor 

CMOS MAPS & HEP 
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Patent: Accelerated particle and high energy radiation sensor US 20060278943 A1 

 

Å Currently investigated CMOS structures 

 initially proposed by PPD/TD years ago 
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Monolithic Pixel Development in TowerJazz 180nm CMOS for the outer pixel layers in the ATLAS 

experiment 

H. Pernegger / CERN EP Department 
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OVERMOS is a CMOS MAPS project demonstrator fabricated using: 

 

Å TJ 180 nm Hi-res 18 um thick epitaxial layer 1kOhm ïcm 

Å Small ( 3.5x3.5  um2) n-collecting nodes 

Å Multi diode arrangements within pixel 

Å CMOS DPW ~ originally proposed for DECAL of ILC 

 

 

RAL PPD OVERMOS 
N++ 

P-Epi 

P++-Sub 

DPW 

SiO2 

18 ɛm 
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OVERMOS1 description 

Å The PASSIVE pixels feature different arrangements of the collecting nodes, 

still of the same size (4 x 4 um2)  

Å The ACTIVE pixels, i.e. with in-pixel electronics, all allow analogue readout of 

the pixels 

5: Basic Active: 5x5 of 40 x 40 um 

6: Basic Active AC Large  5x5 of 40 x 400 um 

independent diode biasing AC coupled 

1: Symmetric Passive: 5x5 of 40 x 40 um 
2: Basic Passive: 5x5 of 40 x 40 um 

 

1 2 

3 

4 

3: Basic Passive Large: 5x5 of 40 x 

400 um merged 

 

4: Basic Passive Large: 5x5 of 40 x 

400 um 

 

5 

6 7 8 

7: Basic Active Large Merged  5x5 of 40 x 400 um 

 

8: Basic Active Large 5x5 of 40 x 400 um 

 

ACTIVE  
PASSIVE 
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OVERMOS1 description 

Å The ACTIVE pixels include a charge amplifier, shaper and Voltage follower 

with each output being routed out 

Å Some flavours feature AC coupling to the RO, allowing for relatively high 

voltage biasing to the pixels 

charge amplifier 

shaper 
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Å All the pixels in the OVERMOS1 include an p++ region around each diode to isolate 

them from neighbouring ones 

  

Å The OVERMOS1 ASIC óbasic passiveô has been tested before and after n-irradiation 

for DC and charge collection  

Pixel 4 

OVERMOS1 description 

P++  N++  

40um  

4
0

u
m
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3: the calibrated Laser was used to inject <Q injected> = 541.66 fC or 1.805 fC/um (corresponding 

to the Laser attenuation settings which gave the minimum error %) 

(not taking into account IR reflection on ASICôs top) 

  

OVERMOS 
In metal box  

to reduce EMP noise 

OVERMOS 
Under Laser 100x optics 

OVERMOS1 Charge collection 
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