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1. INTRODUCTION

The scope of this work is to evaluate the influence of the of the continuous light flux generated
by an LED on the SiPM gain by using Weeroc QFP and BGA packages CITIROC 1A
evaluation boards. This document illustrates the experimental setup developed to measure the
gain degradation on a single 7x7 mm? SiPM illuminated with a pulsed LED, due to the
increasing illumination on an array of 2x2 7x7 mm? SiPM array and the obtained results.
Relevant parameters configuration adopted in the CITIROC User Interface (VV0.9.8129) for the
measurements is also reported.

We used two different light-tight boxes: one for the single pixel and one for the array, in such
a way to illuminate only the array with the continuous source.

The test is essentially based in staircase measurements of the single pixel illuminated by a
pulsed LED while illuminating the SiPM array with an LED powered by a DC power supply
whose level is varied in order to change the current flowing in the HV circuit.

Not changing the SiPMs operating voltage (Vop) and increasing the intensity of the continuous
source, we found an increasing in the HV circuit current and a decreasing of the SiPM gain.

As the gain depends on the VVop, to obtain the same initial SiPM gain, we increased the Vop by
setting the anode voltage level through the DAC input.

For these measurements five 7x7 mm? LVR3 MPPC-7075 non coated have been used.
The achieved results in the various operating conditions are here presented.
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2. Experimental Setup

The adopted experimental setup is shown in Figure 1. As can be seen, two different light-tight
boxes have been used: one small for the single pixel and one large for the 2x2 pixel array. In
this way, the apparatus allows to illuminate separately the array with the continuous source and
the single pixel with the pulsed LED source.

Through an electronic adapter we are able to mount the light-tight boxes system in both QFP
and BGA CITIROC 1A evaluation boards.

==
tinuous

source

\ AN
™

Figure 1. Experimental setup based on the use of pulsed light source that illuminates a single
7x7 mm? SiPM and a continuous light source that illuminates a 2x2 7x7 mm? pixel array

The system is constituted by:
- Power supply Agilent 6634B
(to supply the high voltage to the SiPM)
Power supply Agilent E3631A
(to supply the voltage levels to the pulsed LED and to continuous LED
source)
Multimeter Keithley 2000
(to measure the current flowing in the HV circuit)
Oscilloscope LeCroy wavePro 725Zi 2.5GHz
(to process synchro signals for the pulsed light source)
Pulse generator LeCroy ArbStudio 1104
(to generate synchro signals for the pulsed light source)
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3. Staircase measurements in different operating conditions

We carried out the staircase measurements through both BGA and QFP CITIROC 1A
evaluation boards.

3.1 QFP CITIROC 1A staircase measurements

The measurements have been done by using the new software “Citiroc User Interface
(V0.9.8129)”. The main settings are shown in Figure 2, We selected:

v Use peak sensing (high gain)
v High gain to fast shaper
v" shaping time 25 ns

WWW.WEeroe. com Citiroc User Inferface v0.9.8.129

Calibration

Main settings

EN/PP
Trigger masking Ctest low gain Ctest high gain

W] Direct trigger W] Use peak sensing (high gain) IEI E II IE
] High SCA bias W] Use peak sensing (low gain) IZ II IE

Preamplifier

(O] Connect

Slow Control

[o]
[]
] Positive trigger W] High gain to fast shaper
Probes (W Input DAC reference =45V W OTAq fest bit Iz IE I? E
[ Bypass peak sensing [ Use external trigger II II II E
N . [0 Weak low gain preamplifier bias IZ IE IE E
Calibration . [=][2][2]
- Shaping time LG 5 Shaping time HG |5 - ]
Data Acquisition L ][e] ] ] T=250s T=2%ns )l la]le] - Le]Le)e] )
AEED IEEE DEEE
ekl Threshold charge |90 Threshold time 185 p— r—
ask al nject a nject al
Firmware options )
Unmask all Delay (firmware) 100 | ns Inject nane Inject none

Save SC d SC

Load SC Sen

w

weeroc

Figure 2. Screenshot of the main settings: Peak detector, high gain to fast shaper and shaping
time 25 ns have been selected.

The preamplifier settings are shown in Figure 3, the selected channels are chO for the single
pixel, chl, ch7, ch25 and ch31 for the four pixel mounted in the tile. The high gain is settled to
66.6 (corresponding to 54) and the low gain is settled to 3.33 (corresponding to 45). All the
other channels are disabled.
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WWW.Weeroc.com Citiroc User Interface v0.9.8.129

Calibration

Preamplifier EN/PP

Main seftings

: C
onnect : .
© Disable all Enable all Setalllowgainte |0 Set all high gain o~ 8

Slow Control Llowgain  High gain Low gain High gain Low gain High gain Low gain High gain

A | [54 15 |54 45 54 | B 54
Probes 45 | [54 [+ I8 |[54 45 [s4 ' 45 [54
B 45 | [54 K 2 | [54 _ 45 | |54 | B 54

Calibration Y (45 54 Bl 5 54 45 |[s4 B 54

0 |45 54 H s 54 [ 20 [ |[54 B s 54

Data Acquisition B 54 13 I 54 2 | [54 B s 54
[45 | [54 [14 |5 |54 I B |54 | B [s4

Firmware options H - 54 [15 |E3 | [54 45 |[54 ' 45 54

Save SC Load SC

\W

weeroc

Figure 3. Screenshot of the preamplifier settings: the selected channels are chO for the single
pixel, chl, ch7, ch25 and ch31 for the four pixels mounted in the tile. The high gain is settled
to 66.6 (corresponding to 54) and the low gain is settled to 3.33 (corresponding to 45). All the
other channels are disabled.

The CITIROC 1A package QFP has been test in two ways: one with the input DAC set to about
2.4V that means set to 128 (see figure 4):

WWW.Weeroc.com Citiroc User Interface v0.9.8.129

Main seftings Preamplifier EN/PP Calibration

O Connect

DAC charge DAC ftime Input DAC
Stow Control CEICE SN RSN ol 8ol |ap [ 0 JE e |[[[lfee | s
10 ]9f Jwp |2 1o o Jash [ 1 JE s | [l e 128
Probes TR TEESY 2 Jwop vl lub EX o = EX I
30 (o jwp a0 sl vl b | [Bies |Elies |l fes 128
Calibration TEEERAEECIELAC 4o |2 |op ap fizs R - 1 -
slo o |ab |2 s Jup |ap o [ 5 |EB I - I -
Data Acquisition [ CRSUNEEC 60 Jufp |20 |30p iz e | e B hes
7o [ |3b |3 7o sl [ |3 Bz BHve Bk B

Firmware options Setallto 7 Setallto 7 Enable all Disable all Setallto 128

Save SC Load SC

\W

weeroc

Figure 4. Screenshot of the input DAC settings: The input DAC of all channels are set to 128,
meaning that we set the channel to about 2.4 Volt.
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Operating the MPPCs with the above mentioned conditions we carried out the staircase
measurements. Figure 5 shows the staircases obtained at different current flowing in the HV
circuit produced by illuminating the 2x2 7x7 mm? with the continuous source.

The black line is the reference one, obtained by operating the SiPM at 3V of Over-Voltage. As
can be noted at a current of L004A no relevant distortion is observed, while from 0.5 mA to 1.6
mA a gain degradation and an unexpected drop of the plot at higher DAC valued is also
observed.

Staircases at various current produced by illuminating four 7x7mm? pixels (QFP CITIROC 1A board)

1,00E+07

Dark
——100uA

1,00E+06 ——500pA
——800pA

1,00E+05 ——1.2mA
——1.6mA

1,00E+04

ents/fs

1,00E+03
1,00E+02
1,00E+01

1,00E+00

183 233 283 333 383 433 483 533 583 633
DAC

Figure 5. Staircases obtained at different current flowing in the HV circuit produced by
illuminating the 2x2 7x7 mm? with the continuous source. From 0.5 mA to 1.6 mA a gain
degradation and an unexpected drop of the plot at higher DAC is also observed.

To better estimate the gain degradation we reported in figure 6 the first part of the staircases.

Staircases at various current produced by illuminating four 7x7mm? pixels (QFP CITIROC 1A board)

1,00E+07

Dark

1,00E+06

1,00E+05

1,00E+04

ents/s

1,00E+03
1,00E+02
1,00E+01

1,00E+00

183 193 203 213 223 233 243
DAC

Figure 6. Details of the staircases of the figure 5.
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As the gain depends on the Vop, to obtain the same initial SiPM gain, we increased the Vop at
higher values by setting the anode voltage level through the DAC input The results are shown
in figure 7. The figure report the staircases obtained at different current flowing in the HV
compensated by setting the anode voltage level through the DAC input. By setting the DAC
input at the appropriate level, the green dotted plot (1.2 mA), the violet dotted plot (1.5 mA)
and the red dotted (1.8 mA) result perfectly recovered at the initial gain and the unexpected
drop at the end of the DAC disappeared.

Staircases at various current produced by illuminating four 7Zx7mm? pixels

1,00E+07
case 1.8mA with Vop DAC-in corrected

100506 case 1.2mA with Vop DAC-in corrected

1,00E+05

current=1.2mA

1,00E+04

current=1.5mA

ents/s

1,00E+03

1.5mA current=1.8mA
1,00E+02

1.BmA
— — —BOOpA Vop DAC-in compensated

LO0Es01 = = =1.2mA Vop DAC-in compensated

= = = 1.5mA Vop DAC-in compensated
— = —1.8mA Vop DAC-in compensated

1,00E+00
183 233 283 333 383 433 483 533 583 633

DAC

Figure 7. Staircases obtained at different current flowing in the HV compensated by setting the
anode voltage level through the DAC input. By setting the DAC input at the appropriate level,
the green dotted plot (1.2 mA), the violet dotted plot (1.5 mA) and the red dotted (1.8 mA) result
perfectly recovered at the initial gain and the unexpected drop at the end of the DAC
disappeared.

To better estimate the gain recovering we reported in figure 8 the first part of the staircases.

As can be noted the dotted plots shows how the gain degradation is completely recovered by
increasing the DAC input voltage level.
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Staircases at various current produced by illuminating four 7Zx7mm? pixels

1,00E+07

case 1.8mA with Vop DAC-in corrected
A\ ; 1pe=21DAC —
=~ .. case 1.2mA with Vop DAC-in corrected

~

1,00E+06

1,00E+05

1,00E+04
"
3
H DARK
a
10DE+03 B00uA
— 1.2ImA
1.5mA
1,0DE+02 1.8mA
— — = B800pA Vop DAC-in compensated
1,00E+01 = = =1.2mA Vop DAC-in compensated
= = =1.5mA Vop DAC-in compensated
— = = 1.8mA Vop DAC-in compensated
1,0DE+00
183 193 203 213 223 233 243

DAC

Figure 8. First part of the staircases of the figure 5. As can be noted the dotted plots shows how

the gain degradation is completely recovered by increasing the DAC input voltage level.

The effect of Vop decreasing is to be attributed to the 1KOhm resistor in the HV circuit. Then

we shortened the resistor and repeated the staircase measurements.

In Figure 9 is shown the staircases obtained at 2.2 mA current flowing in the HV circuit. As

can be seen no effect are present both in gain variation and drop in the final part of the plot.

Staircases at 2.2mA produced by illuminating four 7x7mm? pixels with the 1KQ resistor shortned

1,00E+08

—Dark
1,00E+07

—_—2.2mA
1,00E+06
1,00E+05

1,00E+04

cnts/s

1,00E+03
1,00E+02
1,00E+01

1,00E+00
185 235 285 335 385 435 485 535 585 635

DAC

Figure 9. Staircases obtained in dark condition and with 2mA current flowing in the HV circuit.
As can be seen no effect are present both in gain variation and drop in the final part of the plot.

In figure 10 the first part of the staircases shows that no gain degradation happens.
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Staircases at 2.2mA produced by illuminating four 7x7mm? pixels with the 1KQ resistor shortned

1,00E+08
1,00E+07
1,00E+06

1,00E+05

cnts/s

1,00E+04
1,00E+03
1,00E+02
1,00E+01

1,00E+00

185 185 205 215

225
DAC

—Dark

—2.2mA

235

245

255

Figure 10. First part of the staircases of the figure 9. No gain variation is registered.

3.2 BGA CITIROC 1A evaluation board staircase measurements

265

We repeated the same staircase measurements by using the BGA CITIROC 1A evaluation

board. This board, contrarily to the QFP board, has a 10KOhm in the HV circuit.
Operating the SiPMs in the same conditions as for the QFP board, we carried out the staircase

measurements. Figure 11 shows the staircases obtained at different current flowing in the HV

circuit produced by illuminating the 2x2 7x7 mm? with the continuous source.

The black line is the reference one. As can be noted we have a similar behavior of that of the

QFP board but everything happens at currents 10 times lower. This behavior was expected

because the 10 KOhm resistor in the HV circuit.

1,00E+09

1,00E+08

1,00E+07

1,00E+06

1,00E+05

cnts/s

1,00E+04

— — — 100pA Vop DAC-in compensated
— = = 150pA Vop DAC-in compensated
= = = 200pA Vop DAC-in compensated

Staircases at various current produced by illuminating four 7x7mm? pixels (BGA CITIROC 1A board)

Dark
100pA
150pA
200pA

1,00E+03

1,00E+02

1,00E+01

1,00E+00
180 230 280 330

380

430
DAC

480

680

Figure 11. Staircases at different currents for the BGA CITIROC 1A evaluation board. As can
be noted the current levels are ten times lower than the QFP board case. The dotted plots are

those obtained by DAC input levels compensation.
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Again, to better estimate the gain variation (solid lines) and the recovering (dotted lines), we
reported in figure 8 the first part of the staircases.

As can be noted the dotted plots shows how the gain degradation is completely recovered by
increasing the DAC input voltage level.

Staircases at various current produced by illuminating four 7x7mm? pixels (BGA CITIROC 1A board)

1,00E+09

Dark

100pA

150pA

200pA

= = = 100pA Vop DAC-in compensated
— = = 150pA Vop DAC-in compensated

1,00E+08 !

1,00E+07 1 pe =21 DAC

1,00E+06
— = = 200pA Vop DAC-in compensated

I

1,00E+05

cnts/s

1,00E+04

1,00E+03

1,00E+02

1,00E+01

1,00E+00
180

190

200 210 220 230 240 250

DAC

Figure 12. First part of the staircases of the figure 11. As can be noted the dotted plots shows
how the gain degradation is completely recovered by increasing the DAC input voltage level.

As above mentioned, the effect of Vop decreasing is to be attributed to the 10KOhm resistor in
the HV circuit. Then we shortened the resistor and repeated the staircase measurements.

Figure 13 shows the staircases obtained at 2.2 mA current flowing in the HV circuit. As can be
noted no effect are present both in gain variation and drop in the final part of the plot.

Staircases at 2.2mA produced by illuminating four 7x7mm? pixels with 10K resistor shortned
1,00E+09

1,00E+08 Dark

—2.2mA
1,00E+07
1,00E+06
L
% 1,00E+05

]
£ 1,00E+04

1,00E+03
1,00E+02
1,00E+01

1,00E+00

180 230 280 330 380 430

DAC

480 530 580 630
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4, Conclusions

The purpose of this work is to evaluate the influence of a relatively high continuous light flux on
the SiPM gain. The staircase measurements demonstrated that the gain is only influenced if a
resistor in the HV circuit is present. We have to care about also to each single 1Kohm resistor
present in each channel in the HV filters. These could be responsible to lower the Vop voltage

level and then the gain.

Thus we can conclude that the chip itself is not affected by high current flowing in the HV circuit
even at current higher than 2.2 mA (more than 0.5mA per pixel). That in other words means that
if the array is illuminated with a high level night sky background, the chip will maintain the same

performance.

All files related to the experimental measurements presented in this report, are located in the
database on the PC-LAB (COLD) site Astrophysical Observatory of Catania, path
C:\Users\CCDLab1\Desktop\Romeo\Misure
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