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Part |

Time Resolution Measurement Under
Varying Laser Intensity Conditions



Single Photon Time Resolution (SPTR): Measurement of time
distribution for SiPM to react to single photon events

Contributions from:
- Intrinsic error: electric field in APD is not uniform, some photons take
longer time to trigger avalanche current

- Transit time skew: some SiPM cells are further away from the
readout

- Jitter error: caused by the random fluctuation of the whole electronics

setup

ical power (mW)

pti

- Trigger time error: the laser trigger has a spread of <20ps at the time * ..

of photon emission

- Laser uncertainty: the laser mechanics makes it follow an optical LT e
power distribution when emitting a certain number of photons at a time
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Experimental Setup =PrL

« Setup in the SiPM room on the 2" floor Amplifier (40dB)

““
B .

Faraday box |aser power Laser head Laser Bias Readout board
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Experimental Setup =PrL

« Put SiPM as close to the laser as possible

« Tune aperture size on the laser head and use current when bias is
35V as a reference of the laser intensity

« Collect waveforms using oscilloscope
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Analysis method

Voltage (V)
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Use a filter within peak time window to select the single-photon events
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Scatter plot of 100 events (ch101)
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Analysis method =PrL

* Plot time distribution at different thresholds

« Different intensity give different time distributions, but they are all
fitted with Gaussian to extract FWHM of time resolution

Superimposed Waveforms for Different Laser Intensities
SciFi_Chip5_52_No2 ch101, 5.0 V

Laser Intensities

Voltage [V]
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Analysis method
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Different intensity give different time distributions, but they are all
fitted with Gaussian to extract FWHM of time resolution

1.10 UA

Time distribution at 30% of maximum (ch101, 5.00 V)

Histogram
—— Gaussian Fit
FWHM: 54.41 +/- 1.92 ps
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0.10 UA

Time distribution at 30% of maximum (ch101, 5.00 V)

Histogram
—— Gaussian Fit
FWHM: 44.78 +/- 0.71 ps
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Repeat for different intensities
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FWHM vs Over Voltage (SciFi_Chip5_52_No2)
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Reaches 35 ps FWHM — 15 ps 0 — 5mm 4x for particles at ¢
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Conclusion =PrL

 There is indeed an improvement of
FWHM, however this gives the laser
uncertainty of ~80ps, which is lager B A
than the 56ps as claimed by the
manufacturer

 The behaviour of waveforms under
different intensities, such as amplitude
increase and distribution change still
need to be better understood

15 2?0 2?5 3.0 3i5; 4.0

« Laser intensity can be better
measured using spectrometer
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Part Il

Dark Count Rate Measurement of
Irradiated SiPMs down to 100K



Introduction =PrL

1MeV neutron Eq. fluence/cm2 for 50fb-1 (100mb)
600

« HL-LHC gives a high neutron fluence on
SiPMs (3E12 n,,/cm? expected). These
radiation damages cause SiPMs to
produce dark counts

200 —

Y(cm)

-200

-400 - 1

-600 : : ! . : . . 1e+10
-400 -300 200 -100 O 100 200 300 400
X(ecm)

« Using single pixel SiPMs to rule out
crosstalk contributions, thus can identify
contributions from after pulses and
recovery time
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Experimental Setup =PrL

Readog?caues

Laser fiber
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Analysis method =PrL

* Plot 2D histogram to set an amplitude filter threshold

1E13, 42um, 8.0V, Dark 1E13, 42um, 8.0V, Dark
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Analysis method =PrL

* For non-irradiated SiPM at room temperature, dark count follows
Poisson distribution

Time Distribution with Linear Fit (Range: 1-20 us)

Fit (range 1-20 us): log10(y) = -0.164x + 3.334
~ Exponential: y = 2.156e+03 exp(-0.377x)

Fitting range: 1-20 us

(Rt)ke—Rt o
k!

Pr(k;R) =

4

Pr(k =0;R) = e R

102 4

Events (log scale)

10! 4

where R is the expected dark
count rate

T
0 5 10 15 20 25 30 35 40
Time (us)

Non-irradiated SiPM at room temperature — Poisson distribution

10°
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Analysis method

Number of Events

Plot time separation histogram and fit Poisson distribution

1E13, 31um, 8.0V, Dark (Amplitude 60-350 mV)

104 4

103 A

102 4

101 4

[ Total: 77908

Fitted line: y = 1.852e+03 exp(-3.424e-01t)
DCR: 342385 + 3083 Hz

Non-Poisson Region: 0-3 ps
Fit range: 3-17 us

10°
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1E13, 31um, 8.0V, Light (Amplitude 60-350 mV)

104 4
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[ Total: 350032

Fitted line: y = 1.552e+04 exp(-2.336e+00t)
DCR: 2335542 + 15965 Hz

Non-Poisson Region: 0-1 us
Fit range: 1-3 ps
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Peak separation time (us)
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« Fitted DCR increases with OV, and 42 um cell has higher DCR than
31 um cell, as expected

Dark Count Rate (Hz)

10° 4

105 4

104

Dark Count Rate (Fitted) vs Overvoltage (1 x 1013 ngg/cm? SiPM at 100K)
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Results =PrL

° I ”u m i nated Cel IS Afterpulse-to-Dark Count Ratio vs Overvoltage (1 x 1013 ngg/cm? SiPM at 100K)
always have deficit of S (i e S S E

« 31um Dark always has
excess

Afterpulse / Dark Count Ratio

« 42um Dark changes
from excess to deficit L) 1o o

—e— 31pm Light

at 6 OV |
3 4 5 6 7 8
Overvoltage (V)
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Number of Events
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42 um Dark has a shift in extra / deficiency at 6 OV

4.0 OV

1E13, 42um, 4.0V, Dark (Amplitude 85-280 mV)

103 4

102 4

10! A

100

[ Total: 43519
Fitted line: y = 7.929e+02 exp(-1.920e-02t)
DCR: 19200 + 223 Hz

Non-Poisson Region: 0-20 us
Fit range: 20-300 us

i
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6.0 OV

1E13, 42um, 6.0V, Dark (Amplitude 80-360 mV)

8.0 OV

1E13, 42um, 8.0V, Dark (Amplitude 80-460 mV)
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[ Total: 63205

Fitted line: y = 1.512e+03 exp(-3.359e-01t)
DCR: 335941 + 3757 Hz

Non-Poisson Region: 0-3 us
Fit range: 3-15 ps
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Fitted line: y = 8.891e+03 exp(-1.430e+00t)
DCR: 1429550 = 9751 Hz

Non-Poisson Region: 0-1 ps
Fit range: 1-5 ps

0 2 4 6 8

Peak separation time (us)

Lai Gui | TSM presentation | 2025 20




Conclusion =PrL

« Dark Count Rate (DCR) increases with OV

« Potential DCR distribution expression:

Pr(k = O) = CDCe_RDCt + CApe_RAPt — CRTe_RRTt
where DC: Dark Count; AP: Afterpulse; RT: Recovery Time
« The change in excess / deficit can be a result of afterpulse /

recovery time effects competing with each other, and are
potentially OV & temperature dependent
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SIPM cPrL

« SiPM cells operate at Geiger mode

Breakdown Voltage

>

Reverse Bias

Current
Forward Bias

TI A Geiger mode

.

pt —

>
K‘* \ Voltage
l v SPAD & \

SiPM Avalanche Conventional
Photodiodes (APDs) Photodiodes
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Analysis Method =PrL

« Bin width should not be lower Unzform Distribution
than uniform distribution - gi’?)
standard deviation b—a t

* In our case of sampling time a ¢ d b
interval 50 ps, bin sizes MRS (e a;b Probability
should be > 14.43 ps b ~ple< X <d)= d—c

L)y = —a

12

Lai Gui | TSM presen tation | 2025 25



Analysis method =PrL

* Finding the average of three lowest points to be the FWHM of this OV

FWHM vs Threshold (ch101, 1.10 uA)
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Analysis method =PrL

« Repeat for different OV

FWHM vs Threshold (ch101, 1.10 uA)

9:00 FWHM vs Over Voltage (ch101, 1.10 uA)
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« FWHM of different intensities at 5 OV

FWHM_meas vs Laser Intensity (SciFi_Chip5_52_No2, ch101, 5.0V)
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(FBKW942087)
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