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LARGE VERSUS SMALL COLLECTION ELECTRODE (FILL FACTOR) 

Electronics outside charge collection well

§ small fill factor
-> very small sensor capacitance (<5 fF)
à noise low, speed high, power low

§ on average longer drift distances and 

low field regions

à radhard hardness more difficult ? 

Electronics inside charge collection well

§ large fill factor 
à no low field regions 

à on average short(er) drift distances

à less trapping -> radiation hard
§ Larger (100 fF) sensor capacitance 
§ additional well-well capacitance (~100 fF)

à noise & speed/power penalties

à x-talk easier (from digital to sensor)



• larger total detector capacitance: Cd = Cd’ + Cpw

• noise

• timing

• cross talk into sensor
The PW/DNW capacitance Cpw couples into the sensor (the CSA input node).
Needs special attention e.g. current steered logic.
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CONSEQUENCES OF THE ADDITIONAL INTER-WELL CAPACITANCE
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=> increased power (gm ∝ Id)
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WHAT IS NEEDED TO REALIZE (RADHARD) DEPLETED CMOS PIXELS?

from: www.xfab.com

“High” Resistivity Substrate 
Wafers (100 Ωcm – kΩ cm)

Backside Processing
(for thinning and back bias contact)  

“High” Voltage add-ons
to apply 50 – 200 V biasd ⇠

p
⇢ · V

Multiple (3-4)
nested wells

(for shielding and 
full CMOS) kΩcm

~100 Ωcm

~10 Ωcm

I. Mandic et al., JINST 12 (2017) no.02, P02021
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DMAPS IDEA (CALLED “HVCMOS”)

I. Peric, NIM A582 (2007) 876-885
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AMS 350 NM -> 180 NM
LARGE ELECTRODE

Designs: KIT, Liverpool, Geneva, Heidelberg, IFAE

Collaboration: KIT, Geneva, ANL, Hefei, Liverpool, Bern, BNL, IFAE,  
Lancaster, CERN, Illinois, Oklahoma, Tsukuba

• Substrate: 10 (initially) – 2k Ohm-cm 
• Bias: >60 – 100 V
• 180nm/350nm
• 3-6 metal layers
• No PMOS isolation

I. Peric et al.
Nucl.Instrum.Meth. A582 (2007) 876-885
Nucl.Instrum.Meth. A765 (2014) 172-176
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ATLASPIX

Overall efficiency ✓
ATLAS specs: noise rate < 10-6 ≜ 40 Hz  

Timing … 

unirradiated
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LFOUNDRY 150 NM
LARGE ELECTRODE

RD50-Hamburg 2018, N. Wermes

LFA150: 
• LFoundry 150 nm process (deep N-well/P-well)
• Quadrupel well
• Up to 7 metal layers
• Resistivity of wafer: > 2 kΩ·cm
• Small implant customization possible
• Backside processing
• Voltages up to 280 V

PW

P

P-substrate

DNWELL

NW

N

P+

GND

+-

N N NP P

NW

PSUB

VDD

PW

NISO

NW

NISO

P

GND

PW
(p-stop)

PW
(p-stop)

Designs: Bonn, CPPM, IRFU
Collaboration: Bonn, CPPM, IRFU, CERN, Ljubiljana, Milano, Bologna, Oxford, 
Glasgow, Birmingham
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DEVELOPMENT SERIES

• Pixel size: 50 μm x 250 μm
• Chip size: 10 mm x 10 mm 
• Column drain R/O architecture
• Thickness: 750, 200, 100 μm 
• Bonn/CPPM/IRFU

q LF-MonoPix (Fully Monolithic)q LF-CPIXq CCPD_LF

• Pixel size: 33 μm x 125 μm
• Chip size: 5 mm x 5 mm 
• Fast R/O with FE-I4
• Thickness: 750, 300, 100 μm
• Bonn/CPPM/KIT

• Pixel size: 50 μm x 250 μm
• Chip size: 10 mm x 10 mm 
• Fast R/O with FE-I4
• Thickness: 750, 200, 100 μm 
• Bonn/CPPM/IRFU

Sensor + Analog (Disc.) Sensor + Analog Sensor + Analog  + Digital
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MALTA: 
! Hits are stored using in-pixel flipflops and are  

transmitted asynchronously over high-speed 
buses to the end-of-column logic.

! No clock distribution over the active matrix –
reduces power consumption!
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ANOTHER BRANCH TO WATCH
PASSIVE CMOS PIXEL SENSORS

RD50-Hamburg 2018, N. Wermes 42
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CONCLUSIONS

RD50-Hamburg 2018, N. Wermes

q Depleted CMOS pixels (DMAPS) combining HV and HR have come

a big step forward towards usage @ HL-LHC

q Simulation: Col-drain architecture meets 5th layer rates with a (x10) margin 
q Large FF (AMS & LFoundry) features:

- high beak down voltage

- large signal

- high efficiency after 1015 neq/cm2

q Small FF (TJ) features (MALTA / Monopix) 

- low capacitance, low noise

- low power (60 mW / 110 mW/cm2 in matrix), large Q/C

- all flavours working in testbeams

- irradiated to 2 x 1015 neq/cm2 -> results to come 
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47RD50-Hamburg 2018, N. Wermes

d ⇠
p
⇢ · VFD CMOS on SOI • fully depleted SOI (thin film) 

@ Lapis/KEK
• issues

- back gate effect 
- coupling of sensor to circuit
- radiation (TID) issues due to BOX

• cures developed in recent years
- buried p-well, nested wells
- “double SOI” structures 
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• HV-SOI (thick film) 
• a promising alternative
• doped, non-depleted P- and N-wells 

prevent back gate effect and 
increase the radiation tolerance

Hemperek, Kishishita, Krüger, Wermes, NIM A796 (2015) 8-12




