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CMOS Image Sensors: The Eyes of Modern Technology

Fun fact: Around 6.8 billion units of CMOS image sensors produced
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https://en.eeworld.com.cn/news/qcdz/eic685581.html#:~:text=The%20CMOS%20image%20sensor%20market,rapidly%2C%22%20Yole%20Group%20said.

CMOS Image Sensors: The Eyes of Modern Technology

Si-based CMOS image sensors
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Broadband CMOS Image Sensors
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Si CMOS Image Sensors: Limitations

Quantum Efficiency of a Typical Si CMOS Image Sensor
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The Integration Challenge: IR materials vs CMOS Compatibility

Maintain CMOS compatibility
Light 1t-end-of-line (FEOL): Formation of

R—— “\u—-&.l }«, sistors and junctions
A Smarter Approach

Post- Processmg of Si CMOS Image Sensors
ARC e —

Photost

Si Sub
CMOS

ng a new material (IR-sensitive) in FEOL
™\ xdesigning the whole foundry process

Si-based CMOS image sensors
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A Smarter Approach: Post-Processing of Si CMOS Image Sensors

Visible only detection Visible + SWIR only detection

Low-temperature post-
processing step*

IR sensitive + Si CMOS Image Sensor

Si CMOS Image Sensor

*to comply with BEOL thermal limits < 350°C
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Layer Exchange Process: Post-Processing Step

Low temperature growth of crystalline semiconductor material

Step 1: Sputtering of metal (Al) and amorphous Ge layer

a-Ge layer

Si Substrate
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Layer Exchange Process: Post-Processing Step

Low temperature growth of crystalline semiconductor material

Step 2: Annealing (@350°C for 25 hrs)

a-Ge

Si substrate
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Layer Exchange Process: Post-Processing Step

Low temperature growth of crystalline semiconductor material

Step 3: Nucleation and lateral growth of Ge crystals
during annealing

a-Ge

Al atoms pushed up

Si substrate
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Layer Exchange Process: Post-Processing Step

Low temperature growth of crystalline semiconductor material

Step 4: Complete exchange of layers

Metal (Al) layer Crystalline Ge layer

Si Substrate Si substrate
Before annealing After annealing
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Layer Exchange of Ge/Al on Si

SEM analysis

Sample: Ge (50 nm)/ Al (50 nm) on Si substrate

Before annealing After 5 hours of annealing After 25 hours of annealing
@350°C @350°C

SEM: Scanning Electron Microscope
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Layer Exchange of Ge/Al on Si

SIMS Analysis

Before annealing After 25 hours of annealing @ 350°C
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Layer Exchange of Ge/Al on Si

EBSD Analysis

Average grain size (um) (100)-oriented %

99.5

EBSD analysis: (a) Grain size and (b) crystal orientation of the top
c-Ge layer after layer exchange and etching the top Al layer

EBSD: Electron Backscatter Diffraction
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Transfer of Layer Exchange Technology to Si Photodiodes
Low temperature integration of Ge
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Si Photodiode: Fabrication

Cross-section

Cathode (Vp) Anode (GND)

Buried Si'n-epitaxy

Si substrate p-type

Test device (Si Photodiode) structure
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Ge Integration on Si Photodiode

Ge-on-Si Photodiode

Cathode (V;) Anode (GND) Ge Iayer
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Buried Si n-epitaxy

Si substrate p-type
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Workshop 2025

Layer Exchange on Si Photodiode

Ge-on-Si Photodiode

Sputtering of Ge/Al stack

SiO, (100 nm) to protect metal
contacts

\

Ge/Al layer exchange in the
photosensitive region

h—a

n-epitaxy

Si substrate
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Layer Exchange on Si Photodiode

Ge-on-Si Photodiode

Sputtering of Ge/Al stack

SiO, (100 nm) to protect metal Ge/AI Iayer EXChange in the
contacts photosensitive region

h—a

\

n-epitaxy

Si substrate

Workshop 2025

ePicture This

Organized by projects: 2021004 Imagination (Penta)
2023022 Elevation (Xecs) enta

><ecsz SURIPIDES? Aeneas  280ctober 2025 20
2024001 Entertain (Xecs)

mmmmmmmmmmmmmmmmmmmmmmmmmmm




Workshop 2025

Layer Exchange on Si Photodiode

Ge-on-Si Photodiode

Regulus 5.0kV 45 LM(UL)

Regulus 10.0kV x400 SE(UL})

Si Photodiode before layer exchange
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Layer Exchange on Si Photodiode

Crystal quality of Ge layer

Low temperature growth of single-crystalline Ge (100) o Si Photodiode
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EBSD analysis: Ge layer
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Optical Characterization of Si Photodiode

Responsivity =

Photocurrent

Incident optical power

Ld

Responsivity at 1V Bias

External QF = (K)7

R, hc

External Quantum Efficiency
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Broadband Response of Ge-on-Si Photodiode

* Preliminary results:
* Photodiode without any passivation and anti-reflective layer SiGe
 SWIR response is limted by thin Ge layer and Si-Ge interface

Responsivity at 1V Bias
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Simulation of Optical Response in Ge-on-Si Photodiode

Without any ARC

SiGe (1 um)

* *X* *

ARC: Anti-reflective Coating
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Simulation of Optical Response in Ge-on-Si Photodiode

= With anti-reflective layer

Stack 1: SiN (100 nm)

ARC: SiN

I / I
SiGe (1 um)

ARC: Anti-reflective Coating
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Simulation of Optical Response in Ge-on-Si Photodiode

= With anti-reflective layer

Quantum Efficiency Simulation
Stack 2: SiN (100 nm)/MgF, (160 nm) 100
— QE without ARC
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) - = QE with stack 2
ARC: SiN+MgF,

60 -
/ & ' .7 . QE@1300nm:45%
g =N
. 40 \ s
SiGe (1 um) N - o
\ S
\ N\
20 b < - h =~ ~
~ S - - ‘_s_\ -
0 —

1100 1200 1300 1400 1500 1600 1700 1800
Wavelength (nm)

ARC: Anti-reflective Coating

rlllllﬂ
i
LIIIIIJ

Organized by projects: 2021004 Imagination (Penta) )3 - ‘
2023022 Elevation (Xecs) Qenta X@CS ZURIPIDES‘Z A Nneas

2024001 Entertain (Xecs) European Smar E

27



Summary and Outlook

A low-temperature post-processing approach to enable broadband CMOS image sensors
beyond the visible spectrum
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