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Photon Detection Efficiency (PDE) of the SIPM
Experimental methods used for the PDE measurement

PDE of the first SIPM prototypes developed at ITC-irst

Summary and outlook
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Photon detection efficiency of the SIPM

> Traditional PDE: ___nr.of output pulses recorded
7 nr.of photons emited by light source

> PDE of the SiPM: N = OF X Pm.ggermg

1. QE - the quantum efficiency

 probability that a photon generate an e/h pair in the active region of the device (e.g. n*/p
junction of a pixel) - wavelength dependent

a) transmission efficiency through ARC b) internal quantum efficiency

(ARC = stack of dielectric layers with appropriate thickness and refraction index)

Anti-Reflective NV ARC
e E

SiPM pixel SiPM piXEl
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Photon detection efficiency of the SIPM (cont)

nggermg — the triggering probability (P,= P, + P, - P.*P,)
 probability that a carrier (e or h) traversing the high field region triggers an avalanche

« P, & P, are linked to the impact ionization rates of the electrons and holes
« electrons have higher ionization rates than holes
 both electrons and holes ionization rates increase with the electric field (e.g. overvoltage)

€..0m — the geometrical efficiency (active area / total area)

geom

Trenches Front contact

with Al » Total area includes dead regions given by:
Ryt « quenching resistors
e trenches
» metal layers
> Active area:
e ~ 15- 30% of total area
depending of the layout design

(design not in scale)
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The experimental set-up
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The methods for the PDE measurement

_ photons recorded by the SiPM
Ny =

incident photons on the SiPM surface

Nincident photons on the SiPM surface NphOfonS recorded by the SiPM

reference calibrated detector DC method BV _ L =L

(phOtOlede) rec. ph.l sl mm? G .

siem 4

A

2
, =D I mm )'E Pulses counting method

inc. ph.lslmm

=(light counts/s) - (dark counts/s)

rec. ph.ls!mni

(for low optical power densities)
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Set-up calibration
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PDE @ 550nm — DC & pulses counting methods (1)

recorded photons /sfmm”2

recorded photons /s/mm”2

DC method
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incident photons /s/mm”2
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PDE @ 550nm — DC & pulses counting methods (2)

® Pulses counting method

A DC method

— Linear (Pulses counting method)
— Linear (DC method)

PDE @ 550nm (%)
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» Very good agreement in between the DC and counting pulses methods
» PDE increases linearly with the overvoltage at least up to 5V overvoltage
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Photon detection efficiency — DC method
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» Maximum PDE in the range
500 = 600 nm
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* the PDE is reduced by the P cring
(only holes trigger the avalanche)

» For high A
 the PDE is reduced by the QE

(QE was optimized for low A)




Quantum efficiency

diode with A = 1mm? > Diode:
o Test structure with the same (n*/p
junction + ARC) as each SiPM pixel

» \Works as a photodiode at low
reversed bias (0V, 1V or 2V)

e Allows the measurement of the QE
(transmission through ARC &
internal quantum efficiency)

ST > The impact ionization effect alread
et ) visible at 3-4V

E > 95% in the blue re
(optimized for A~ 420nm)

600
wavelengths (nm)

Nicoleta Dinu Fermi National Accelerator Laboratory, October 2006




Triggering probability

device with ¢ ~ 16%

¢ 1.5V overvoltage
2.0V overvoltage

2.5V overvoltage —
® 3.0V overvoltage 77SiPM o QE X })triggering X &

3.5V overvoltage

geom

» Calculated from:

Triggering probability %

electrons trigger the avalanche

Both holes and electrons tri
avalanche
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Light absorption
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Attenuation of the light intensity in silicon (Beer-Lambert law) Simulated doping profile and electric field of the SiPM

» At low wavelengths only the holes cross the high field region & trigger the avalanche
= triggering probability @ low A (e.g. 385, 390, 395nm) = hole triggering probability

» At high wavelengths only the electrons cross the high field region & trigger the avalanche
= triggering probability @ high A (e.g. 700nm) = electron triggering probability
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Electron & hole triggering probability

|| 4 hole probability (390nm)
* hole probability (395nm)
= electron probability (730nm)

| — Lineae (ole probabiiy (395nm) » P, & Py, increase linearly with the
overvoltage up to 4V

1| — Lineare (electron probability (730nm))

» The slight difference of OV point
could arises from the unavoidable
statistical variation of the V
across the structure

electrons

triggering probability

breakdown

EXPERIMENTAL
o A=0.39um
a X\=105m

P.(W) THEORY

» Ref. data: W. Oldham & all,

o “Triggering phenomena in avalanche
diodes”, IEEE Trans. on Electron
Devices Vol. ED-19, No.9, Sept. 1972

P,(0) THEORY

TRIGGERING PROBABILITY
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Summary
» Photon detection efficiency of the SIPM devices developed at ITC-irst

» Two experimental methods:
e DC & pulses counting
 very good agreement in between the two methods (A=550nm)

» Photon detection efficiency:

* Depends of three factors:

o geometrical efficiency: ~15-30% (e.g. function of the layout design)

« guantum efficiency: > 95% in the blue region (optimized for 420nm)

« triggering probability: P,> P,
e Maximum in the range 500-600 nm :

* ~16% @ 4V overvoltage for a device of g,,,,= 22%

« for low A itis reduced by the Py ..in, (ONly holes trigger the avalanche)
 for high A it is reduced by the QE (optimized for blue region)

 Increases linearly with the overvoltage (at least up to 4V overvoltage)
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