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Abstract—In this paper, we introduce a first-generation in-
dustrialized CMOS SPAD utilizing standard GlobalFoundries
55 nm BCDLite® technology. Addressing challenges associated
with advanced technology nodes, we focus on enhancing device
sensitivity, reducing noise, and maintain timing performance.
Engineered doping profiles result in a notable performance boost
compared to the previous SPAD generation in this technology,
yielding a 12 m diameter device with an 18 V breakdown voltage
and ~167.0 mcps/;m? median DCR at 25°C with 1 V excess bias.
The upgraded structure achieves a PDP of 2.0% at 940 nm, and
a timing jitter of <150 ps FWHM when measured with external
resistor quenching at 1 V excess bias.

Index Terms—Single-photon avalanche diodes (SPADs),
BCDLite® technology, single photon timing, single-photon count-
ing, time-of-flight, ranging

I. INTRODUCTION

HE increasing demand for performance, cost reduction,
Tand continuously emerging new applications is driving
the attention of semiconductor device ecosystem in spending
energy developing single-photon avalanche diodes (SPAD) in
a variety of standard technology nodes [1]-[8]. Following
this trend, GlobalFoundries (GF) exploited the potential of
its SSBCDLite® technology, starting from [8], to develop the
first generation of devices in 55 nm. In the presented work
we provide details on the device structure and its achieved
performance, in terms of breakdown voltage (VBD), Photon
detection probability (PDP), dark count rate (DCR), and timing
jitter. All the measurements have been performed on single
devices with external quenching resistor, at wafer level.

II. THE DEVICE

The SPAD tested by GF in 55 nm BCDLite® technology is
based on a cross section similar to what was presented in [8].
The top part of Fig. 1 shows the 2D distribution of doping
concentration (a) and electric field (b) obtained from TCAD
simulations. The avalanche multiplication region is located at
the junction between a deep-PWell (DPW) and a deep-NWell
(DNW) implants. To prevent premature edge breakdown, we
adopted a virtual guard ring (GR) strategy.
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Fig. 1. On the fop: doping concentration (@) and electric field (b) 2D profile.
On the bottom: schematic device top view (¢) and measurement setup with
external quenching resistor (d).

The SPAD we present has circular shape with a diameter of
~12 pm, and a geometrical fill factor of ~50% (Fig. 1 (c)).

III. MEASUREMENT RESULTS

As clear from the TCAD simulation results (Fig. 1b), the
high electric field is uniformly distributed along the primary
junction, showing the effectiveness of the GR. This result is
also confirmed by the light emission test (Fig. 2a), where a
uniform light emission is observable from the whole device
active area.

The breakdown voltage (VBD) was extracted from the [-V
characteristic, measured on the devices without quenching
load, at several temperature points.

A profile optimization yielded a substantial reduction of VBD,
resulting in a room temperature value of ~18 V (compared to
the ~32 V of [8]). Further, Fig. 2b show the VBD median
trend over temperature of our device. The VBD temperature
coefficient results 15.3 mV/K, significantly improved with
respect to what reported in [8] (~30 mV/K).

The other device parameters were characterized at wafer level
using the passive quenching configuration shown in Fig. 1 (d),
where an external quenching resistor is connected in series
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Fig. 2. (a): Light emission test (LET) of the device. The measurement is performed with a constant bias of 4 V Vex. (b): VBD trend over temperature. (c):

Median DCR dependency over temperature for three bias points.
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Fig. 3. Full spectrum PDP comparison with ISSW2022 performed on a single device (a), and the median PDP at 940 nm for three bias conditions from

wafer-level testing (b).

with the SPAD anode.

The DCR was measured at 1 V, 2 V, and 3 V excess bias
(V¢z) and the median results are shown in Fig. 2c. The DCR
show a clear dependency on the temperature, highliting a knee
point (point from where the tunneling contribution becomes
dominant) at approximately 0°C. Morever, the device shows
a low noise that does not exceed 1 kcps up to about 65°C.
The full spectrum PDP was measured on one sample and
compared with the same device presented in [8]. The results
are shown in Fig. 3a, and a considerable boost of performance
in the order of 50% is noticeable for both 550 nm and 940
nm. The tested device reaches, indeed, a PDP of 47% at 550
nm and 3 V Vex and about 4.2% at 940 nm.

We also present the median value of the PDP for our device,
measured with 940 nm monochromatic continuous light at
wafer level on a pool of 15 sample devices, and the results
are shown in Fig. 3. The median PDP reaches 2% at 1 V

Vs, arriving to almost 4% at 3 V V. It is worth noting that
for the presented devices was not implemented the canyon
structure presented in [9]. The use of this solution is expected
to boost even more the PDP performance, making the spectrum
smoother and eliminate the dip at 650 nm.

Finally, Fig. 4 shows the timing jitter results, defined as
the FWHM of the instrument response function (IRF). The
measurement was performed with a 940 nm picosecond laser
and it reaches a value of 149 ps at 1 V V... As expected,
the results improves increasing with the bias, reaching ~136
ps at 3 V V.. It is important to note that the measurement
was performed with an external quenching resistor. The use of
an integrated pixel circuit is expected to improve significantly
these results.
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Fig. 4. Device IRF at three different Vex (a), and the corresponding timing jitter values (). The jitter is measured as the FWHM of the IRF.

IV. CONCLUSION

In this work we presented our first generation of SPADs
evaluated in 55 nm BCDLite® technology. The presented
device, taking [8] as starting point, went through an opti-
mization process to boost its performance beyond the level
of its precursor. This new SPAD shows a breakdown voltage
of 18 V at room temperature with a temperature coefficient
of 15.3 mV/K, making it a good candidate for consumer
applications, also considering the reasonably high integration
degree provided by the 55 nm node used. Moreover, the
uniformity of the LET shows absence of premature edge
breakdown, and the device functionality was demonstrated in
the range of temperature from -40°C to 85°C.

Table I summarizes the performance of the industrially avail-
able FSI isolated [10] SPADs compared to this work. Consid-
ering the use of a sub-65 nm technology, our SPAD ranks well
within the state-of-the-art. It shows low noise at room tem-
perature (9 cps or 0.16 cps/um?, at 1 V V.,), and remaining
below 1 keps (17.9 cps/um?) up to about 65 °C. Moreover, the
median PDP witout canyon and without microlenses results
2.0%, 3.3%, and 3.7% at 1 V, 2 V, and 3 V V., respectively.
Finally, the timing jitter, measured with an external resistor
for passive quenching, is 149 ps at 1V V.. The optimization
of optical stack and the possible use of microlenses, and the
integration of an active pixel circuit can definitely improve the
device performance well beyond the reached level.

Further measurement campaigns are currently ongoing and the
results will be shown at the time of the conference.

REFERENCES

[11 A. Rochas, A. Pauchard, P.-A. Besse, D. Pantic, Z. Prijic, and
R. Popovic, “Low-noise silicon avalanche photodiodes fabricated in con-
ventional cmos technologies,” IEEE Transactions on Electron Devices,
vol. 49, no. 3, pp. 387-394, 2002.

[2] C. Niclass, M. Gersbach, R. Henderson, L. Grant, and E. Charbon,
“A Single Photon Avalanche Diode Implemented in 130-nm CMOS
Technology,” IEEE Journal of Selected Topics in Quantum Electronics,
vol. 13, no. 4, pp. 863-869, 2007.

[3] M. Sanzaro, P. Gattari, F. Villa, A. Tosi, G. Croce, and F. Zappa, “Single-
photon avalanche diodes in a 0.16 pm BCD technology with sharp
timing response and red-enhanced sensitivity,” IEEE Journal of Selected
Topics in Quantum Electronics, pp. 1-1, 10 2017.

[ Units | This Work | ISSW2022 (8] | [5] | [4] | [11]
Technology node nm 557 557 130 40 55
Pixel size pm 11.9 11.9 ~20.5 na na
Fill factor % ~50 ~50 ~152 70% 25
VBD \ 18 32 13.82 155 17.7
VBD Temp. coeff. mV/K 15.4 30.8 94 na 16
DCR (25°C, 1 V) cps 9 90 ~80 50 na
DCR (25°C, 2 V) cps 30 200 ~400 na na
DCR (25°C,3 V) cps 56 350 ~1000 na 028/ pm?
PDP (1V, 940nm) %o 2.0 0.8 1.4 17020 na
PDP (2V, 940nm) % 33 1.2 na na ~1.3
PDP (3V, 940nm) %o 37 1.8 na na 1.5
Timing jitter (1 V) ps 149 95 >140¢ 170 >126%
Integrated pixel - no yes yes yes no
Microlenses - no no no yes no

@yith microlenses; P without microlenses: reported at 1.2V; reported at 1.5V.

TABLE I
PERFORMANCE SUMMARY COMPARISON.

[4] S. Pellegrini, B. Rae, A. Pingault, D. Golanski, S. Jouan, C. Lapeyre,
and B. Mamdy, “Industrialised SPAD in 40 nm technology,” in IEEE
International Electron Devices Meeting (IEDM), 12 2017, pp. 16.5.1—
16.5.4.

[5] S. Pellegrini and B. Rae, “Fully industrialised single photon avalanche
diodes,” in Advanced Photon Counting Techniques XI, M. A. lItzler
and J. C. Campbell, Eds., vol. 10212, International Society for
Optics and Photonics. SPIE, 2017, p. 102120D. [Online]. Available:
https://doi.org/10.1117/12.2264364

[6] M. D. Lakeh, J.-B. Kammerer, W. Uhring, J.-B. Schell, and F. Calmon,
“An ultrafast active quenching circuit for SPAD in CMOS 28nm FDSOI
technology,” in 2020 IEEE SENSORS, 2020, pp. 1-4.

[7]1 F. Gramuglia, M.-L. Wu, C. Bruschini, M.-J. Lee, and E. Charbon, “A
low-noise CMOS SPAD pixel with 12.1 ps SPTR and 3 ns dead time,”
IEEE Journal of Selected Topics in Quantum Electronics, pp. 1-1, 2021.

[8] F. Gramuglia, P. Keshavarzian, E. Kizilkan, C. Bruschini, S. S. Tan,
M. Tng, E. Quek, M.-J. Lee, and E. Charbon, “Engineering breakdown
probability profile for PDP and DCR optimization in a SPAD fabricated
in a standard 55 nm BCD process,” IEEE journal of selected topics in
quantum electronics a publication of the IEEE Lasers and Electro-optics
Society, vol. 28, no. 2, 2022.

[91 W.-Y. Ha, E. Park, D. Eom, H.-S. Park, F. Gramuglia, P. Keshavarzian,

E. Kizilkan, C. Bruschini, D. Chong, S. S. Tan, M. Tng, E. Quek,

E. Charbon, W.-Y. Choi, and M.-J. Lee, “Spad developed in 55 nm

bipolar-cmos-dmos technology achieving near 90% peak pdp,” IEEE

Journal of Selected Topics in Quantum Electronics, pp. 1-11, 2023.

C. Veerappan and E. Charbon, “A substrate isolated CMOS SPAD

enabling wide spectral response and low electrical crosstalk,” IEEE

Journal of Selected Topics in Quantum Electronics, vol. 20, no. 6, pp.

299-305, 2014.

R. Kappel, “Multizone, multiobject d-tof system in 55nm,” in Interna-

tional SPAD Sensor Workshop (ISSW), 2018.

[10]

[11]


https://doi.org/10.1117/12.2264364

	Introduction
	The Device
	Measurement Results
	Conclusion
	References

