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Abstract

The studies in nuclear and plasma physics, astronomy, biomedicine, biophysics, and other fields require detectors able to perform the time resolved imaging of photons and charged particles.
The Single Photon Avalanche Diodes (SPADs) arrays are devices able to acquire time resolved images with single photon sensitivity [1-7]. However the optimization and miniaturization of
these photo-detectors is an open question. In this contribution we present the first electrical and optical characteristics of a new SPADs array architecture with passive quenching circuit. This
solution allows to use a rows x columns readout strategy characterized by a number of reading channels of 2n instead of n?.

T he new SPAD architecture

The SPAD array is a nxn matrix of solid-state photo-detectors, i.e. diodes, electrically
Its electrical and optical
characteristics are strictly connected to the pixel active area and to the quenching

and optically insulated, working in Geiger mode.

resistor value (if passive quenching technique is used). [8-10]

We tested a new layout of SPAD array [11,12] with different active areas and
guenching resistor values. The showed data refer to one of this prototype. In this
new array architecture (see fig. 1), the pixels, arranged in a nxn regular square grid
(n=18), were vertically crossed by n column buses and horizontally crossed by n
row buses. Each diode cathode had two integrated quenching resistors, respectively
connected to the row bus and to a column bus. The diode anodes were common.
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Fig. 1 — The SPAD array prototype.

1,0E-05

- : 5 Forward I@V eot®**®
he static characteristics 2,56-05 y T Reverse [@V
The forward and reverse current Vs. voltage characteristics were measured between 20505 1. Ron = 29.8 kQ ,a"ﬁ o N
one of the output pads and the common anode. R, = n-Rpy = 536.4 kQ L 10606 | \\
The forward characteristic is reported in fig. 2. The output current grows linearly with 1,5E-05 i & y oy :
forward-bias voltage due to the ohmic drop R,, that mask the exponential i-V = \% | P e I BR ~ 9 i
characteristic. The R,, value can be deduced from the linear fit and the quenching 5 1or0s - z el 1 :
resistor values R, can be evaluated by observing that the output current is the sum of 2 A E
the n currents generated by the n diodes connected to the bus, that is R;=nR,,. One 5,0E-06 — s MEY J
assumes that the parasitic resistances are negligible compared to R, value. e LOE-10 iiasadaaasasasst
Figure 3 shows the reverse characteristic and the zoom of the reverse breakdown D e S ’ R
region. The reverse current start to became sufficiently high (in the order of few pA) 10E-11 |4
when the reverse voltage is about 43.5V. The latter is so the expected breakdown ->/0E-00 |
voltage for this SPAD array. ot 02 o4 06 08 10 12 WOEA2

Voltage [V] 0 5 10 15 20 25 30 35 40 45

T he dynamic characteristics

The showed dynamic characteristics were measured under single photon
condition at room temperature. The SPAD arrays were biased using a power
supply (HP 6234A) and lighted by a properly tuned Picosecond Injection
Laser (Optical Head: PiL0O40, Control Unit: EIG1000D). The tested SPAD
array outputs were directly connected to a four channels 1 GHz bandwidth
digital oscilloscope (LeCroy WavePro 7100) and loaded with the 50 Q
oscilloscope input impedance.

Figure 4 shows a typical output signal observed at 15% overvoltage. The rise
time and FWHM are respectively about 800 ps and 1 ns. This performance is
obviously dependent on the quenching resistor and the active area values.
The fluctuation observed in the falling edge is due to the coupling with cable
and oscilloscope input impedance. The recharge time is about 100 — 150 ns
(data not showed).

To evaluate the SPAD pixel gain and the output avalanche charge, the column
bus and a row bus output pulses were acquired by two oscilloscope channels.
These channels were triggered using logic Boolean AND operator. In this way
the pixel was selected. The sum operator was applied to the collected signal
pulses and the area of the sum signal was estimated. From these data the
gain and the avalanche output charge were extrapolated and reported in fig. 5
as function of bias reverse voltage. The parameters of the data linear fit give
information about the breakdown voltage (43.57V), and the pixel output
capacitance (about 80 fF).

Voltage [V]

Fig. 2 — Typical forward current vs. voltage characteristic _ _ o
Fig. 3 — Typical reverse current vs. voltage characteristic

The timing resolution of a SPAD pixel was estimated collecting column bus and row bus output pulses triggered using logic
Boolean AND operator, as we did in the case of gain and output charge evaluation. As reference signal to estimate the timing jitter,
the laser trigger output was used. This trigger signal was acquired by one of the oscilloscope channels through its 50 Q internal
resistance. The delay between the reference signal and the bus output pulse, evaluated as the time between transition levels of
the two sources, that is one of two signal pulses and trigger laser pulse, was histogrammed. Figure 6 shows an example of thls
histogram and of the corresponding Gaussian fit (R?> = 0.98) when the SPAD array is biased & Taking into

account also the time jitter introduced by the oscilloscope and.tk [7 7| : g ﬁ ﬁ _ﬂ ﬂ abo t2 ps . |

5 (mV/div)
N
_—l—"‘--'#
-_--"'-5-

> : _ : : : B 77 A
, / i -.,, i : -'- ) . fer iy )
Rise time ~ 0.8 ns T N S —
he ' - - obvio not

A\ \/ Supply voltage =/15%0V / Y. : AS , \ \ U \{ m |C
N |RL=500 ' N a S a2
LEe( 2 Al € | \\

e SPADSs.

{
‘.\

1 (ns/div) \ .
ig. 4 — Typical output time response i / act t PETEE AR
e pcC llect single

witk ith rate of tens of MHz a ate the time

0,6
| .

m [pC]
@ gain

- 3,5E+06

05
- 3,0E+06

2,5E+06

(=]
e
.

@)

0. —

> Cout 80 fF ) //. 2,0E+06 S
E'D U 3 \(/)7@ 6
s Ven = 4357V | K,

5 BR 4 . 1,5E+06

=
.
2

- 1,0E+06

0,1
- 5,0E+05

46 48
Reverse Voltage [V]

hundreds of
ent ability to
arrival of the

nhoton Wlth

time [ns]




