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Back-Illuminated SPADs in Stacked 40nm CIS Technology

Eunsung Park!?, Won-Yong Ha'?, Dae-Hwan Ahn!, Hyuk An® Suhyun Yi®, Kyung-Do Kim3, Jongchae Kim?, Woo-Young Choi?, and Myung-Jae Lee!

1. Post-Silicon Semiconductor Institute, Korea Institute of
Science and Technology, South Korea

2. Department of Electrical and Electric Engineering,
Yonsei University, South Korea

3. CIS Division, SK hynix, Gyeonggi-do 463-844, Korea
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Fig. 1: (a) Cross-section of the back-illuminated SPAD and (b) its PDP
performance.

We present a wide spectral-range back-illuminated single-
photon avalanche diode (SPAD) in stacked CMOS image
sensor (CIS) technology. Fig. 1(a) shows the cross-section
of the back-illuminated SPAD fabricated in SK hynix 40
nm CIS technology. The SPAD is based on the P-well(PW)/
Deep N-well (DNW) junction, and a virtual guard ring
based on the retrograde DNW surrounds the junction

to prevent the premature breakdown at the edge of the
junction.

The SPAD is implemented in a circular shape with an
active area diameter of 5 ym, 2 um guard ring, and 0.5
pum cathode, resulting in a fill factor of 25%. The guard-
ring and cathode sizes were chosen as conservative
design parameters, and therefore the fill factor can be
improved in future generations with optimized parameters
and the use of microlens.

The breakdown voltage of the SPAD is about 23.2 V at
room temperature. At the excess bias voltage of 6 V, the
SPAD has a dark count rate (DCR) of 70 cps/um2 and
exhibits acceptable DCR, below 1000 cps/um2, even at 90
°C.

Thanks to the wide multiplication region, deep DNW,

and metal reflector, the SPAD can achieve a high photon
detection probability (PDP) as well as a wide spectral
range. As shown in Fig. 1(b) it achieves the PDP of 81% at
675 nm and 39.2% at 940 nm wavelength with the excess
bias voltage of 6 V.

The SPAD achieves, to the best of our knowledge, the
highest PDP among reported back-illuminated CMOS
SPADs so far. We expect that this SPAD can play a key
role in various applications such as ToF, LiDAR, AR/VR,
robots, drones, biomedical imaging, security, etc.
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