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Pixel sensors
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1996

Readout electronics for Edge-on silicon strip 
detectors for Syrmep

From: A. Olivo et al., A multilayer edge-on single photon counting silicon microstrip detector 
for innovative imaging techniques in diagnostic radiology, The Review of Scientific 
Instruments, July 2003 

Presented at Pixel 1996, published NIMA 1997
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CCD = Charge Coupled Devices
Invented in 1970

Nobel prize for Physics in 2009

Boyle WS, Smith GE (1970) Charge Coupled
Semiconductor Devices. Bell Systems Technical
Journal 49:587 593 

Passive Pixel Sensors

(The simplest)
Active Pixel Sensors

Some 
definitions

Active Pixel Sensors in imaging
Presentation at SPIE Symposium on Electronic 
Imaging, February 1993 by E. Fossum, Jet 
Propulsion Laboratory, Pasadena, USA

I started working on CMOS image sensors for 
imaging application as well as particle detection
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Towards MAPS
23-10-1998: Massimo Caccia (Milano Uni 
and INFN) came to LEPSI, Strasbourg, to 
give a seminar on his work on ”Pixel 
Detectors in High Energy Physics”

He spoke about the ”far” future: the Next 
Linear Collider.

Options for pixel detectors were hybrid 
pixels sensors or .. CCDs

4

I proposed that we should do it with CMOS image sensors as CCDs are 
dinosaurs!



imasenic© 20245

100% sensitive ?
Imagers don’t need to be sensitive over the entire surface.

Can we get 100% sensitivity?

How? Using magnetic field and tilting the sensor? Anything else?

5

When we start proposing CMOS Active Pixel Sensors, the “hybrid pixel” community 
started presenting their technology as Active Pixel Sensors.

I felt there was a need to differentiate, so I introduced the terms “Monolithic” Active 
Pixel Sensors (MAPS) to distinguish from ”Hybrid” Active Pixel Sensors (HAPS)

Definitions again
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100% sensitive !!!
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Metal routing not shown.
Most typical cross-section.
Deeper colour indicates higher doping. Red(ish) is N-doping; Yellow(ish) is P doping.

Note: Regions of 
same doping type 

but different 
concentration has 

different 
potential.

E.g.: P-doping: 
there is a 

potential barrier 
keeping electrons 
in the region will 

lower doping
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MAPS: proof of concept

First image of high energy 
electrons (~GeV) obtained 
with MAPS (beginning 2000)

MIMOSA1 was a 64x64 pixel 
sensor
Designed in 0.6 µm CMOS
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How to make complex pixels in a MAPS ?
“CMOS” Image sensors only have NMOS in their pixels, .. and this is still true today for most imaging 
sensors!

R. Turchetta, G. Villani, M. Prydderch, 
WO2004/099740, 8 May 2003

N well
P ++

Epi layer

P well N well 
diode

2004-5: Paul Dauncey, from Imperial College à 
Electromagnetic calorimeter CALICE, came to RAL 
with the requirements for a pixel detector with time 
stamping

Pixel schematic: design started with NMOS only.
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Quadruple well technology
We proposed an additional deep P-well layer to screen the PMOS’s Nwell.
E. Toledano (Tower Semiconductor) accepted our challenge, at a time when it looked impossible to have any 
custom developed in a commercial CMOS foundry. The INMAPS process could become reality

Two papers in 2007 IEEE NSS:
• M. Stanitzki et al.: A Tera-Pixel Calorimeter for the ILC
• J. Crooks et al.: A Novel CMOS Monolithic Active Pixel Sensor 
with Analog Signal Processing and 100% Fill Factor

Paper in Sensors in 2008:
• J.A. Balin et al.: MAPS in a quadruple Well technology for Nearly
100% Fill Factor and Full CMOS Pixels
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MAPS in Transmission Electron Microscopy (TEM)
Electron hits in a 1kx1k 
prototype of the 
16Mpixel sensor, from 
McMullan, G., Faruqi, 
A. R., Henderson, R., 
Guerrini, N., Turchetta, 
R., Jacobs, A. & van 
Hoften, G., 
Ultramicroscopy, 2009

R. Henderson, From electron 
crystallography to single particle cryoEM, 
Nobel lecture, 8 December 2017

First direct 
detection 
image recorded 
with a CMOS 
Image Sensor
19 February 
2003

2001: meeting with Richard Henderson and 
Wasi Faruqi at MRC Laboratory of Molecular 
Biology, Cambridge, UK

2003: first test in a with a 512x512 CMOS image 
sensor, showing the good sensitivity of CMOS 
image sensors

2004: starts the development of a rad-hard, 
fast 16Mpixel, 4 dies per wafer CIS à they 
generated two family of products at FEI: Falcon 
and Ceta, for direct and indirect detection 
respectively
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MAPS in TEM today

January 2020. First results 
on Covid-19 structure.
Within a few weeks, cryoEM 
researchers were able to 
determine the structure of
SARS-CoV-2 spike protein
and its cellular receptor 
during infection.

See https://www.thermofisher.com/blog/atomic-resolution/cryo-em-used-
in-novel-coronavirus-research-to-support-vaccine-treatment-development/

Sagara1212.
Wafer-scale, 4Mpixel, 
24,384 ADC’s per 
sensor

5,266 fps at 8 bits

3,303 fps at 10 bits
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