Digital camera based on graphene-CMOS

integrated imaging array
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Integrated circuits based on CMOS (complementary
metal-oxide semiconductors) are at the heart of the
technological revolution of the past 40 years, as these
have enabled compact and low cost micro-
electronic circuits and imaging systems. However, the
diversification of this platform into applications other
than microcircuits and visible light cameras has been
impeded by the difficulty to combine other
semiconductors than silicon with CMOS.
We show for the first time the monolithic integration of
a CMOS integrated circuit with graphene, operating
as a high mobility phototfransistor [1]. We demonstrate
a high-resolution image sensor and operate it as a
digital camera. We integrated graphene and the
image sensor read-out circuit with a pixel yield of
99.8%. Subsequently the graphene was coated with a
layer of colloidal quantum dots to sensitize it to UV,
visible and infrared light (300 — 2000 nm) [2, 3]. This
demonstration of a graphene-CMOS image sensor is a
maijor leap towards 3d integrated circuits based on 2d
materials and Si-CMQOS that can perform even more
complex tasks than Si-CMOS alone. The natural layer-
by-layer stackability of these 2d materials opens a
wealth of possibilities for enhancing the functionality of
future micro-electronics, sensor arrays, low-power
infegrated photonics and CMOS imaging systems.
Furthermore, we will show a prototype wellness
monitor based on graphene colloidal quantum dot
hybrid detectors. We leveraged graphene’s flexible
and transparent properties to create a wearable
device that is conformal to the human body so that it
can extract vital signs such as heart rate, breathing
rate and oxygen saturation more reliably than
conventional devices.
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Back-end-of-line (BEOL) CMOS integration of CVD
graphene colloidal quantum hybrid photodetector
with 388 x 288 pixel image sensor read-out circuit. a)
3d impression of the CVD graphene transfer process
on a single CMOS die. b) Side view explaining the
graphene photoconductor and the underlying read-
out circuit. ¢) Digital camera setup representation d)
Visible light photograph of standard image reference
‘Lena’ e) Near infrared and short wave infrared light
photograph of a logo cut out of a metal sheet
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