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Electromagnetic spectrum
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https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html
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Spectral sensitivity of GSENSE400BSI-TVISB (not PUulSAR)

N © S » Absorbance bands from Silicon, nitrogen and

oxygen (vertical, orange lines)

» Passivation and anti-reflection layer (SiO 7.5 nm,
SiN 63 nm) show transmission-profile for x-rays,
which are finally absorbed in Si-Epi layer (thickness
10um) determining the QE-profile

—L 4 « For >90eV x-ray transmission through SiO and SiN
WA B coating layer
— {IE theoritical
— ol ©  Measurements performed at SEXTANT beamline
Energy [eV] and SOLEIL synchrotron

FIGURE 3. DhyanaX Quantum Efficien

12/7/2023 Desjardins, Kewin, et al. "Characterization of a back-illuminated CMOS camera for soft x-ray coherent scattering." AIP Conference Proceedings. Vol. 2054. No. 1. ﬁ\IP

Publishing LLC, 2019.https://doi.org/10.1063/1.5084697
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Expanding the spectral sensitivity: Removing AR-coating (GSENSE400-BSI)
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The backside (incidence side) process is changed to increase soft X-ray
and EUV sensitivity, and to reduce radiation damage

After CMOS wafer processing, the sensor wafer is bonded onto a support
wafer, and thinned down to a thickness of 3.5 um

To reduce dark current from the backside, boron is implanted with low
energy and annealed on the backside

wire bonding pads are formed

-> The significant feature of this process is that there are no dielectric films
for antireflection and protection on the backside to avoid soft X-ray and EUV
attenuation, and to escape the chargeup of dielectric films by radiation

Simplest dead layer (non-sensitive silicon layer on the sensor surface)
matches the observed QE results

A part of the generated electrons in cloud were recombined in the dead
layer and were not accumulated at the photodiode as signal)
Consequently, the detected electron number became smaller than the
generated electron number

- thinner dead layer together with a low reading noise and smaller
sharing is crucial

12/7/2023 Tetsuo Harada et al 2019 Appl. Phys. Express 12 082012
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Expanding the spectral sensitivity: Reduction of dead layer (GSENSE400BSI-~ %)

« further improvements to the backside process to afford
a thicker Si layer of 9.5 pym

* based on the Gpixel BSI CMOS image sensor,
GSENSE400SQBSI, which incorporates minor
revisions in the peripheral circuits relative to the
previous sensor, the GSENSE400BSI

* two changes to the backside fabrication process for

Sensor the SP3 relative to the SBSA: the silicon thickness

" ?,BSSA was changed from 3.5 to 9.5 pym to suppress radiation

damage, and that the implantation energy was
decreased by one digit to reduce the non-sensitive-
layer thickness

+ sCMOS sensor adopts a rolling shutter

Fig. 1. (Color online) Evalu uantum efficiency (QE) of SBSA and ) Sensor CharaCterized at BL_lO be.amline

SP3 sensors in 80-1000 eV e ve. The solid lines indicate the fitting NEWSUBUARU synchrotron (Univ. Hyogo)

result « Sensor temperature 42 grad Celsius
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Expanding the spectral sensitivity: Reduction of dead layer (GSENSE400BSI-~ %)

* 80-1000eV range QE >90%

* We note that below 450 eV, the SBSA-sensor energy distribution exhibits a large low-energy tail. In
contrast, that of SP3 exhibits no low-energy tail at 200 eV because the dead-layer thickness is
reduced from 27 to 5 nm

* Thus, the SP3 sensor is able to resolve low-energy fluorescence corresponding to carbon (284 eV)
and boron (188 eV). Here, we note that EUV photons (92 eV) are also resolved by the sensor

oXIMed

« The dark-current increase was measured as a function of the dosage

« Here, we note that silicon dioxide and silicon nitride insulator/dielectric layers can undergo charge-up,
trapping photogenerated holes

« These deplete the Si—SiO2 layer interface and activate its generation-recombination centers

« Subsequently, the dark-current increases along with the dark-current shot noise. This phenomenon
can occur at both the Si rear and front sides

12/7/2023 Tetsuo Harada et al 2020 Appl. Phys. Express 13 016502 7
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Expanding the spectral sensitivity: Reduction of dead layer (GSENSE400BSI-~ %)

Xlmed

* Inthese devices, charge-up occurs in three regions:

- e illuminated-surface layer, MOS-transistor gate insulator, @

BsA and oxide layer on the photodiode’s front side

« 1stgroup: suffer from a severe dark-current increase
due to charge-up of the AR dielectric layers

« 2" group: show a non-negligible dark current increase
because the front-surface oxide of the photodiode is
charged up by penetrative X-ray photons.

« 3" group: exhibit a slight dark-current increase due to
native oxide-layer charge-up
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« The dark-current increase was measured as a function of the dosage
* Here, we note that silicon dioxide and silicon nitride insulator/dielectric layers can undergo charge-up,
trapping photogenerated holes
« These deplete the Si—SiO2 layer interface and activate its generation-recombination centers
« Subsequently, the dark-current increases along with the dark-current shot noise. This phenomenon
can occur at both the Si rear and front sides

12/7/2023 Tetsuo Harada et al 2020 Appl. Phys. Express 13 016502 8
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Expanding the spectral sensitivity: Reduction of dead layer (GSENSE400BSI-~ %) GE-)
: « Dark current enters acceptable regime for EUV >
| Sensor & £ ptychography (6x10710 photons/pixel) @
: » dark-current decreased by half for every
1 28252 ev temperature reduction of 5.7 °C. Thus, the
lsps 0 dark-current increase at =10 °C was
L

1000 eV
« The device dead layer thickness is only 5

nm, and its energy-resolving performance
indicates that oxygen, nitrogen, carbon,
and boron fluorescence can be identified.
EUV photons can also be resolved. The
device tolerance to soft-X-ray photons is
also improved due to the thick Si layer of
9.5 um.
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Compare device specification

GSENSE400BSI - GSENSE4005BSI
(AR coating removed) (Dead layer thickness reduced)

48 Fps 2048x2048 3.7 (@-7C) 9.5 pum
(24HDR)

48 Fps 2048x2048 300 (@31C) 3.5 um
(24HDR)

24 Fps 2048x2048 1.5 (@-20C) 10 pum
(full frame)

- GSENSE400BSI-
(Silicon thickness increased)

2.5 e-rms

2.6 e-rms

SiO 7.5nm/
SIN 63nm

12/7/2023 Gpixel announces new PulSar technology enabling GSENSE products for VUV/EUV, soft x-ray and electron direct detection imaging — Gpixel



https://www.gpixel.com/news/gpixel-announces-new-pulsar-technology-enabling-gsense-products-for-vuv-euv-soft-x-ray-and-electron-direct-detection-imaging/

Gpixel announce new PulSar technology
Expanding the spectral sensitivity:

* Accessing VUV/EUYV, soft X-ray and direct electron detection [vacuum ultra violet (VUV), extreme ultra violet (EUV)]

oXIMed

*  Quantum efficiency approaching 100%
* Excellent resistance to radiation damage in soft x-ray detection appl.
*  PulSar technology based on backside illuminated (BSI) scientific CMOS image sensor, GSENSE2020BSI
* GSENSE2020BSI already shows high sensitivity in far UV (122-200nm) and low energy electron detection (1keV-10keV)
* GSENSE2020BSI-PS: Removing of passivation layer on sensor surface (Anti-reflection coating) leads:
*  Higher sensitivity for shorter wavelength (accessing VUV/EUV and soft x-ray light)
*  Reduction degradation over time
* Incorporation a new passivation technique:
*  Reduction of thickness of non-sensitive layer
°  Reduction of dark counts

*  Boosting the resistance to radiation damage

12/7/2023 Gpixel announces new PulSar technology enabling GSENSE products for VUV/EUV, soft x-ray and electron direct detection imaging — Gpixel 11
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Appendix I PulSar intergration in MJ042-2MR-GP-P11-BSI

DN10G flange
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Appendix Il: Spectra collection

VIS/UV EUV/XUV a7 VIS spectral response slightly differ
; (GSENSE2020BSI-PS):
M
®
- * PulSar footprint in VIS less sensitive
E 0,6
e * PulSar optimized for EUV and Xray -regime
02
’ 1 10 100 1000 10000
[T Spectral Response
—GSENSEAO0BSI  —GSENSEA00BSI-TVISB  —GSENSE400BSI-PS  — GSENSEA00SES! & | GSENSE2020851-P
E ,6

wavelength/ nm

EUV/XUV UV/IVIS

12/7/2023 GSENSE2020BS| — Gpixel
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