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1.0 Electrical Characteristics from Data sheet

The layout of this device is shown in Fig. 4. Its main features are reported in Table 3.

Table 3 Features of the SPM10H5-60 device.

Fig. 1 SPM10HS5-60: chip layout.

Parameter Unit Value |
Sensitive area size pum? 1080 x 1080
Cells matrix dimension 18 x 18
Number of cells 324
Cell fill factor % 67.4
Cell size pum? 60 x 60
Quenching resistor squares number 28
Quenching capacitor area pum? 26
Cell active area pum? 2427
Cell perimetral area pum? 844
Bonding pad area um? 150 x 150
Metal grid area (2 pads included) pum? 161802
NRD16 — Multichip — SPM10H5_60
BONDING o
. @ i
Electrode Pin
=] ~—
Cathode 1 - =
Cathode Diode 2 iz M
Anode (Back) 10 (U o

8
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2.0 Breakdown Voltage

The Vpp was measured from the voltage-current measurements and tracing the intercept
between the line of best fit (range from 1mA to 2mA) and the x-axis.
Here follows the plot of the I-V characteristic

BV - STM dev. SPM10H5-60P - Y228159 - WF 02
2,50E-03
* Vpp=26.72V ~
2.00E-03 v =0.0022x - o.ossg,l’
,l
'd
/i

1,50E-03 »
—_ P
< Cd
= P
— ,/

1,00E-03 /'i

<%
7’
I,,’
5,00E-04
/, ’
/$
»
0,00E+00 +—0—0—0—0—0—0— R~ : : . : . .
26 26,2 26,4 26,6 26,8 27 27,2 27,4 27,6 27,8 28
Bias [V]

Fig. I — BreakDown Voltage @ T=25.0°C.

Then the break-down voltage for this SiPM is 26.72 V.



3.0 Staircase and Cross-talk versus Over-Voltage SiPM SPM10HS5-60P

The Crosstalk is evaluated by the ratio of the DCR at 1.5 pe- and at 0.5 pe-.

Vov=4.0V

Dark Stairs - STM dev. SPM10H5-60P (Y228159-wf02)- OV=4V - T=25°C - G=30dB

1805406
160506 Attt
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£ 100406 I\
2 800E405 AN
£ 600E05 N
& 4008405 N
200E405 N
0,00E+00 . . . =
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Thr [mV]

<>
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vwivYY

From the data we derive:
Xtalk=1.06% Dark= 1.6 MHz @(.5 pe

Vov=5.0V

Dark Stairs - STM dev. SPM10HS-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB
2,00E+06
180E+06 1
1,60E406 +
T 140E406 |
£
% 1208406 1
s
§ 1008406 |
% 800E405 |
& 6,00E+05 1
4006405 1
2006405 1

0,00E+00 + T T T T
0 10 20 30 40 50 60 70
Thr [mV]

Vov=6.0V

From the data we derive:
Xtalk=0.65% Dark= 1.8 MHz @0.5 pe

Dark Stairs - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C -

G=30dB
2,50E+06

2,00E+06

1,50E+06

1,00E+06

Dark Counts [Hz]

5,00E+05

0,00E+00 ~ T T T
0 10 20 30 40 50 60 70
Thr [mV]

From the data we derive:
Xtalk=0.84% Dark= 2.1 MHz @(.5 pe




4.0 Electro-optical characterization
We characterize the SiPM at three different Over-voltages 4V, 5V and 6V.
The characterization includes the following steps:

1. the Staircase to select the appropriate threshold,

2. the Dark Count Rate (DCR) at different gate time in order to select the best hold-off

time
3. the system linearity to evaluate the best illumination conditions (avoid the saturation)
4. PDE measurements taking into account the results of the previous steps.
4.1 Characterization at Vov =4V

Here will follow the characterization at Vov=4V.

4.1.1 Staircase @ OV=4V

Dark Stairs - STM dev. SPM10H5-60P (Y228159-wf02)- OV=4V - T=25°C - G=30dB
1,80E+06
1,60E+06
1,40E+06
1,20E+06
1,00E+06
8,00E+05
6,00E405
4,00E+05

Dark Counts [Hz)

2,00E+05
0,00E+00
o 5 10 15 20 25 30 35 40 45 50
Thr [mV]

Fig. 2 — Dark Stair versus Vthr @ T=25.0°C.
From this plot we derived a Vthr of -10 mV.

4.1.2 DCR @ OV=4V at different Gate Time from 25 ns to 110 ns

Dark vs Gate Time - STM dev. SPM10H5-60P (Y228159-wf02)- OV=4V - T=25°C - G=30dB V=30.8V - Thr=-10mV
1,80E+06
1,75E+06

1,70E+06

1,65E+06 -,—l’-

1,60E+06

Dark Counts [Hz]

1,55E+06 -

1,50E+06 —&—Not Corrected

1,45E+06 ~@— Corrected

25 35 45 55 65 75 85 95 105
Gate Time [ns]

Fig.3 - DARK vs GATE TIME Vov=4V - Thr=-10 mV T=25°. Measurements were performed at gate
times from 25ns to 110ns. The upper curve is obtained correcting for dead time the lower curve.
Temperature compensation for gain stabilization is also adopted

We select as optimal Gate Time - : 2> 1T=90ns
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4.1.2DCR @ OV=4V vs Time

By selecting the above the threshold level and the gate time obtained in the previous sub-
sections, a measure of dark versus time is carried out.

Dark vs Time - STM dev. SPM10H5-60P (Y228159-wf02)- OV=4V - T=25°C- G=30dB V=30.8V -
Thr=-10mV - Gate=90ns

1,80E+06

1,75E+06
N
X 1,70E+06
g
§ 1,65E+06 —4—Not Corrected == Corrected
E 1,60E406
o

1,55E+06

1,50E+06 ’ : : :

0 20 40 60 80 100 120
Time [s]

Fig4 - DARK vs Time Vov=4V - Thr=-10 mV T=25° The upper curve is obtained correcting for dead
time the lower curve. Temperature compensation for gain stabilization is also adopted.

From this plot we derive that at a Vov=4V and with a threshold of 0.5 pe the effective DCR @
25°Cis 1.77 MHz.



4.1.4 System linearity to evaluate the best operating conditions

To characterize the SiPM by using the best illumination conditions, that means avoiding the
system saturation and maintaining a sufficient signal on the NIST calibrated photodiode,
linearity measurements were carried out. Furthermore the non-linearity conditions were tested
by using the PDE measurements at a selected wavelength.

Here will follow the obtained plots of the signal count rate versus the photodiode current @520
nm and the PDE @520 nm versus the signal count rate.

Linearity @520nm - STM dev. SPM10H5-60P (Y228159-wf02)- OV=4V - T=25°C - G=30dB V=30.8V - Thr=-10mV -
Gate=90ns

2,50E+06

2,00E+06
z 1,50E+06
8
c
5 1,00E+06

5,00E+05 -

—4— Not corrected —3—Corrected
0,00E+00
6,00E+05 5,60E+06 1,06E+07 1,56E+07
Ph / 1.16mm?

Fig.5 — Linearity at 520 nm with and without the dead time correction.

PDE @520 vs Count Rates
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18 \\‘\M
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2,20E+05 6,20E+05 1,02E+06 1,42E+06 1,82E+06

Counts [Hz]
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Fig.6 — PDE measurements at 520nm versus counts, from 220 KHz to 1800KHz operating the SiPM at
Vov=4V T=25°C, Vthr=-10 mV, Gate time=90 ns

From these plots we derive that the system shows a not-linearity behavior at rates greater than
850 KHz uncorrected corresponding at about 1.3 MHz corrected for dead time. And the PDE is
about 18-19 % in the range of 220 KHz — 1.0 MHz without dark counts (Fig.6)

Then, to be conservative, the PDE measurements have to be carried out with uncorrected
signals and without DCR subtraction not higher than 2.3 MHz corresponding to 2.8 MHz
corrected for dead time.




4.1.5 PDE measurements at Over-Voltage 4V

Measurements were performed at Voy =4V and gate time 90ns.
The plot reports the PDE with values corrected for the Dead Time.

PDE - STM dev. SPM10HS5-60P (Y228159-wf02)- OV=4V - T=25°C - G=30dB V=30.8V - Thr=-10mV - Gate=90ns

350 450 550 650 750 850 950
Wavelength [nm]

Fig.7 — PDE measurements operating the SiPM at Vov=4V T=25°C, Vthr=-10 mV,Gate time=90 ns
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4.2 Characterization at Vov =5V
Here will follow the characterization at Vov=5V.

4.2.1 Staircase @ QOV=5V

10

Dark Stairs - STM dev. SPM10H5-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB

2,00E+06 -

N 1,40E+06

1,80E+06 -
1,60E+06 -
X \

1,20E+06 \

1,00E+06 \

8,00E+05 \

Dark Counts [Hz

6,00E+05
4,00E+05 \\

2,00E+05 N

0,00E+00 T T T T
0 10 20 30 40 50 60

Thr [mV]

Fig. 8 — Dark Stair versus Vthr @ T=25.0°C.
From this plot we derived a Vthr of -12 mV.

4.2.2 DCR @ OV=5V at different Gate Time from 25 ns to 110 ns

Dark vs Gate Time - STM dev. SPM10HS5-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB V=31.8V - Thr=-12mV
2,20E+06
2,10E+06

2,00E+06

1,90E+06
1,80E+06

1,70E+06

Dark Counts [Hz]

1,60E+06
1,50E+06 - —g—Not-Corrected

1,40E+06 - ——Corrected . . . . , ,
25 35 45 55 65 75 85 95 105

Gate Time [ns]

Fig.9 - DARK vs GATE TIME Vov=5V - Thr=-12 mV T=25°. Measurements were performed at gate

times from 25ns to 110ns. The upper curve is obtained correcting for dead time the lower curve.
Temperature compensation for gain stabilization is also adopted.

We select as optimal Gate Time - : 2> 1T=90ns
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4.2.3 DCR @ OV=5V vs Time

Dark Counts [Hz]

2,20E+06
2,10E+06
2,00E+06
1,90E+06
1,80E+06
1,70E+06
1,60E+06
1,50E+06

Dark vs Time - STM dev. SPM10HS5-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB V=31.8V -
Thr=-12mV - Gate=90ns

(TP OO P T e Py T T T
R R AR R A A DR SRR R IS O I >

==®==Not Corrected == Corrected

T T 1

0 20 40 60 80 100 120
Time [s]

T

Fig.10 - DARK vs Time Vov=5V - Thr=-12 mV T=25°. The upper curve is obtained correcting for dead
time the lower curve. Temperature compensation for gain stabilization is also adopted.

From this plot we derive that at a Vov=5V and with a threshold of 0.5 pe the effective DCR @
25°Cis 1.9 MHz.
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4.2.4 System linearity to evaluate the best operating conditions

To characterize the SiPM by using the best illumination conditions, that means avoiding the
system saturation and maintaining a sufficient signal on the NIST calibrated photodiode,
linearity measurements were carried out. Furthermore the non-linearity conditions were tested
by using the PDE measurements at a selected wavelength.

Here will follow the obtained plots of the signal count rate versus the photodiode current @520
nm and the PDE @520 nm versus the signal count rate.

Linearity @ 520nm - STM dev. SPM10H5-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB V=31.8V - Thr=-12mV -
Gate=90ns
2,50E+06
2,00E+06
g 1,50E+06
2
2
S 1,00E+06
5,00E+05
~—&—Not corrected ~— Corrected
0,00E+00
6,25E+05 5,63E+06 1,06E+07 1,56E+07
Ph/1.16mm?

Fig. 11 — Linearity at 520 nm with and without the dead time correction.

PDE @520nm vs Count Rates
22

20 -

18

16

PDE [%]

14

12

10 T T T
2,40E+05 7,40E+05 1,24E+06 1,74E+06

Counts [Hz]

Fig.12 — PDE measurements at 520 nm versus counts from 240KHz to 1700KHz operating the SiPM at
Vov=5V T=25°C, Vthr=-12 mV, Gate time=90 ns

From these plots we derive that the system shows a not-linearity behavior at counts greater than
800 KHz uncorrected corresponding at about 1.3MHz corrected for dead time. And the PDE is
about 19.2-21 % in the range of 240 — 1.25 KHz without dark counts (Fig.12).

Then, to be conservative, the PDE measurements have to be carried out with uncorrected
signals and without DCR subtraction not higher than 2.6 MHz corresponding to 3.0 MHz
corrected for dead time.
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4.2.5 PDE measurements at Over-Voltage SV

Measurements were performed at Voy = 5V and gate time 90ns.
The plot reports the PDE with values corrected for the Dead Time.

PDE - STM dev. SPM10H5-60P (Y228159-wf02)- OV=5V - T=25°C - G=30dB - Thr=-12mV
- Gate=90ns

350 400 450 500 550 600 650 700 750 800 850 900 950
Wavelength [nm]

Fig.13 — PDE measurements operating the SiPM at Vov=5V T=25°C, Vthr=-12 mV,Gate time=90 ns
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4.3 Characterization at Vov = 6V
Here will follow the characterization at Vov=6V.

4.3.1 Staircase @ OV=6V

Dark Stairs - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C -
2,50E+06 G=30d8
__ 2,00E+06
N
=
2 1,50E+06
=
=
(=]
< 1,00E+06
T
T
a
5,00E+05
0,00E+00 - - - - :
0 10 20 30 40 50 60 70
Thr [mV]

Fig. 14 — Dark Stair versus Vthr @ T=25.0°C.
From this plot we derived a Vthr of -14 mV.

4.3.2 DCR @ OV=6V at different Gate Time from 25 ns to 110 ns

Dark vs Gate time - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C- G=30dB -
Thr=-14mV
2,50E+06
2,40E+06
2,30E+06
E 2,20E+06
«» 2,10E+06
= =
£ 2,00E+06
=)
f 1,90E+06
& 1,80E+06
1,70E+06 =&=Not Corrected == Corrected
1,60E+06
1,50E+06 T T T T T T T T
25 35 45 55 65 75 85 95 105
Gate Time [ns]

Fig.15 - DARK vs GATE TIME Vov=6V - Thr=-14 mV T=25° Measurements were performed at gate
times from 25ns to 110ns. The upper curve is obtained correcting for dead time the lower curve.
Temperature compensation for gain stabilization is also adopted.

We select as optimal Gate Time - : 2> 1T=90ns
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433 DCR @ OV=6V vs Time

Dark vs time - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C - G=30dB -
Thr=-14mV - Gate=90ns

2,50E+06

2A0E08 T T T T T AT
= 2,30E+06
=
w
& 2,20E+06
=
8 2,10E+06
<2
1
<
2 2,00E+06

L T L UL UL OB LTI C LU LECELLE LT LU LLLECL LI L CLCLeT s etecec Lol
1,90E+06
=®=Not Corrected == Corrected
1,80E+06 T T T T T 1
0 20 40 60 80 100 120
Time [s]

Fig.16 - DARK vs Time Vov=6V - Thr=-14 mV T=25° The upper curve is obtained correcting for dead
time the lower curve. Temperature compensation for gain stabilization is also adopted.

From this plot we derive that at a Vov=6V and with a threshold of 0.5 pe the effective DCR @
25°C is 2.35 MHz.
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4.3.4 System linearity to evaluate the best operating conditions

To characterize the SiPM by using the best illumination conditions, that means avoiding the
system saturation and maintaining a sufficient signal on the NIST calibrated photodiode,
linearity measurements were carried out. Furthermore the non-linearity conditions were tested
by using the PDE measurements at a selected wavelength.

Here will follow the obtained plots of the signal count rate versus the photodiode current @520
nm and the PDE @520 nm versus the signal count rate.

Linearity@520nm - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C- G=30dB - Thr=-14mV -
Gate=90ns
2,00E+06

1,80E+06—
1,60E+06—
1,40E+06—
1,20E+06—
1,00E+06—
8,00E+05

6,00E+05—
4,00E+05—
2,00E+05—

0,00E+00
-1,00E+06  1,00E+06  3,00E+06  5,00E+06  7,00E+06  9,00E+06  1,10E+07  1,30E+07

Ph/1.16mm?

Counts [Hz]

—4—Not Corrected —i— Corrected

Fig. 17 — Linearity at 520 nm with and without the dead time correction.

PDE @520nm vs Count Rates

T T

N
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N
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[
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T

0 T T 1
0,00E+00 5,00E+05 1,00E+06 1,50E+06 2,00E+06

Counts [Hz]

Fig.18 — PDE measurements at 520nm versus counts from 250KHz to 1500KHz operating the SiPM
at Vov=6V T=25°C, Vthr=-14 mV, Gate time=90 ns

From these plots we derive that the system shows a not-linearity behavior at counts greater than
600 KHz uncorrected corresponding at about 1.0 MHz corrected for dead time. And the PDE is
about 21-23 % in the range of 250 — 1.0 MHz without dark counts (Fig.19)

Then, to be conservative, the PDE measurements have to be carried out with uncorrected
signals and without DCR subtraction not higher than 2.6 MHz corresponding to 3.0 MHz
corrected for dead time.
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4.3.5 PDE measurements at Over-Voltage 6V

Measurements were performed at Voy = 6V and gate time 90ns.
The plot reports the PDE with values corrected for the Dead Time.

PDE - STM dev. SPM10H5-60P (Y228159-wf02)- OV=6V - T=25°C - G=30dB - Thr=-14mV - Gate=90ns

350 450 550 650 750 850 950
Wavelength [nm]

Fig.20 — PDE measurements operating the SiPM at Vov=6V T=25°C, Vthr=-14 mV,Gate time=90 ns
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4.4 PDE comparison

PDE measurements at the various Over Voltages are here compared.

Comparison PDE - STM dev. SPM10H5-60P (Y228159-wf02)
40
~4—0V=4V —8—=0V=5V —#—OV=6V
350 450 550 650 750 850 950
Wavelength [nm]

Fig.21— PDE measurements comparison at Vov=4.0V, Vov=5.0V and Vov=6.0V @ T=25°C.
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Appendix A: PDE measurement apparatus

PDE measurements Apparatus
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Appendix B: Block Diagram of the CAEN PSAU
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