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The silicon retina

C. Mead 
1985
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Direct detectionIndirect 
detection

New 
materials

Silicon cut-off at 1.1 µm
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2D scaling 3D scaling

International 
Technology 
Semiconductor 
Roadmap (ITRS) 
2015

Adapted from S. Wuu (TSMC) et al., 2009 IISW, June 2009

Front Side Illuminated 
(FSI)
Back Side Illuminated 
(BSI)

Scaling bracket from 
E. Fossum, IEEE T-ED, 
vol. 44, n. 10, 1997

10xNode

20xNode

Moore’s law and pixel scaling
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Isolated 
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Deep P-WellDeep N-Well

R. Fontaine: Innovative technology 

elements for small and large CIS pixels, 

IISW 2013
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Used for improving 
quantum efficiency of 
shallow penetrating 
particles / photons, 
e.g. low energy 
electrons / X-rays, EUV

Back Side Illumination (BSI)

Epitaxial layer
SiO2+interconnect

Handle wafer

Front Side Illumination (FSI)

SiO2+interconnect
Epitaxial layer

Substrate
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1) Mounting on handling wafer: 

Ø glueing

Ø wafer bonding

2) Surface annealing:

Ø Laser annealing

Ø delta doping

Ø Passivation (also ARC)
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Image sensor stack                           Direct Bond Interconnect (DBI)



imasenicStacked CIS

10

First sensor announced by Sony in 2012

90 nm CIS
65 nm CIS

2014: Sony sensor for Apple 

iPhone 6/6 Plus iSight:

90 nm Sony CIS + 40 nm TSMC

SAMSUNG ISOCELL Fast 
2L3 (2018)

1.4µm pixel

12MPixel image 
sensor layer

Analog and 
logic layer

2Gb LPDDR4 
DRAM layer

Memory layer to allow recording of super-slow
motion video at up to 960 frames per second (fps).
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High Dynamic 

Range
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Standard pixel DR is sub-optimal

Readout noise = O(100µV)
Voltage swing = O(1V)

Dynamic range = Voltage swing / Readout noise

= O(104) = O(13 bits)

HDR without changing sensor architecture

Multiple reads: reads with different integration time

+ Simple, no change to sensor architecture

- Reduce speed. Increased motion blur
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SELECT

VRESET

COLUMN
OUTPUT

VDD
Current sensing 

High dynamic range

High Fixed Pattern Noise (FPN)
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SELECT

VRESET

COLUMN
OUTPUT

VDD
RESET

GS

C

Low and high capacitance 

mode (mutually exclusive)

1) Low cap mode à low noise, 

low full well

2) High cap mode à high 

noise, high full well
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SELECT

VRESET

COLUMN
OUTPUT

VDD
RESETLO

C

LO biased at an 

intermediate level

Low and high capacitance 

mode (in the same frame)

1) Low cap mode à low 

noise, low full well

2) High cap mode à high 

noise, high full well



imasenicAnalogue-Digital pixel with Range 
Extremely Wide (ANDREW) 

16 J. Raynor (2015)

ST’s 1P4M 65nm (BEOL) / 90nm (FEOL) BSI imaging
process. The pixel contains 63 GO2 transistors for the
analogue and 812 GO1 for digital. The test device has an
array format of 64(H)×68(V) pixels, 
50µm pixel
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Hyper-Active Pixel 

Sensors (HAPS)
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• Forget a few transistors per pixel

• Go wild and just add functionalities

18
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Why ?
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imasenicHyperactive pixel sensors

• Scientific applications

• ADC in pixels

• High Dynamic Range

• Focal plane processing

• Neuromorphic sensors

20



imasenicScientific applications
•Mass spectroscopy

• Particle Physics
21



imasenicScientific imagers
•Mass spectroscopy
(Sedgwick 2012)

• Particle Physics
(Snoeys 2017)
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Charge 
Collection 
Diodes

Preamplifier

Shaper

Comparator 



imasenicIn pixel Charge amplifier
for X-ray sensors
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Very linear

Acceptable noise 

performance

Higher transistor count: 

OK for large pixels
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VRESET

RESET

Vref

-
+

N-bit 
memory

WRITE

DATA in

DATA out

READ

• Complex pixel

• Low fill factor

• Low yield

• Ideally high 

speed
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Focal plane 

processing



imasenicEdge extraction, centroid tracking, and 
high-dynamic-range
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Q. Yin (2013)
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M. Suarez (2014)



imasenicHDR, Gaussian filter, multi-resolution
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R. Carmona-Galan
(2015)
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Neuromorphic 

sensors
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• Inspired by the way our vision system works

• Event-driven imagers

(Berner 2018)
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• Two main players

today:

• Prophesee

(formerly known as 

Chronocam)

• Insightness

(Delbruck 2010)
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Compressive 

sensing
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The Data challenge

Source: https://www.ncta.com/positions/internet-of-things
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G. Bub, 2010
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High resolution still picture 

acquired to a lower resolution, 

high-speed video

Time pixel multiplexing
• Time-coded pixels

• Each pixels correspond to a different frame

Conventional camera used together with 

Digital Micromirror Devices (DMD)
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F. Mochizuki, 2015

42

Aperture Compressive CIS
• Multiple arrays on single chip

• High-speed compressive imaging
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J. Zhang, 2016
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Pixel-wise coded aperture
• Sensor designed to perform the compressive sampling

• Power efficient
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High speed 

imaging



imasenicReadout architecture. 
Sampling data from pixel.

Row 
control

Data out of the pixel 
to the periphery:
Two main time 

constants:
1) time to select the 

row
2) Time to settle the 
data to the periphery

1

2

(Meynants 2010)45



imasenicReadout architecture. 

Save time by reading from two sides, controlling from two sides 
or reading rows in parallel46
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ADC ADC

O/I O/I
A
n
a
l
o
g
u
e

o
u
t
p
u
t

Reduced design complexity
Reduced area
Reduced power
but complexity, area and 
power moved to camera 
design!

O
n
-
c
h
i
p
A
D
C

Limited design complexity
More area for ADC
Limited power
Limited speed

(Leñero 2014)47
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Output path

C
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A
D
C

Small area for ADC
Low power budget per ADC
Medium speed
High-bandwidth digital I/O

P
i
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l
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l
e
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e
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A
D
C

Minimal area for ADC
Low power
Lowest speed
Add complexity to the pixel (à 3D?)
High-bandwidth digital I/O48
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Full frame sensor

Tochigi 2013

Analogue memory array
128 memories/pixel

Analogue memory array
128 memories/pixel

Pixel array
400x256
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20 parallel horizontal 
scanning and output 
circuit on each side

Full frame voltage storage

49
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32 lines; 
4 pixels 
per line

Full frame voltage storage

50
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Full mode operation

Half mode operation: half 

the number of pixels, 

double the number of 

memory cells

Full frame voltage storage

51
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Photodiode

Memory bank
- A vertical entry (VEN) bank 

with 10 cells
- Ten rows of lateral (LAT) 

banks, each with 16 cells
- A vertical exit (VEX) bank 

with 10 cells

V
E
N

Photodiode

V
E
X

LAT

N+ Guard ring

Deep P-implant
Crooks, 2013

Charge storage
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The Kirana pixel
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Highly scalable architecture:
- Number of memory cells
- Number of pixels

- Low power

The Kirana sensor
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sensor speed
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Thank you!


