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Micropixel Avalanche PhotoDiodes - MAPD.

Surface-pixellated structure
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- Pixels are on the surface

- Gain is of up to 106

- Has pixel density ~ 1000 mm-2

- PDE is of up 40% (100 mm-)

- PDE depends on pixel density (decrease with increasing
density)

- Small dynamic range (depends on total number of
pixels)

-Typical pixel size is (20-40)x(20-4 0) Om

Deep micro-well
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- Pixels are deep inside epitaxial layer

- Gain is of up to 10°

- Has pixel density ~ 10000 mm-2 (of up to 40 000 mm-2)

- PDE is of up 30% (15 000 mm2)

- PDE slightly depends on pixel density (decrease with

increasing density)

- Large dynamic range (depends on total number of pixels)

-Typical pixel size is (2-5)x(2-5 )

Om

—

|
-
S




Photon Detection Efficiency- PDE.

Photon Detection Efficiencyi PDE[1,2]:

PDE=QEA AP,

where: QE i quantum efficiency of substance (silicon), Lg, i fill factor,
P, 1 triggering probability (dependson electrical field tension, that is PDE i depends on applied voltage).

In surface-pixillated MAPD Lg, from (1600 pix/mm?) up to 0.78 (100 pix/mm?)[3].

Deep microwell MAPD i it is not actually known.
Iti s consi dertd that U
Triggering probability P, < 1.

Typical PDE for MAPD (in maximum of spectral sensitivity) from 5% to 40%.

1D. Renker. Geigemode avalanche photodiodes, history, properties and problems. NIM A567(2086) 48
2N. Anfimov, et al. Test of micropixel avalanche photodiodes. 572(20074%3
3 http//sales.hamamatsu.com/en/prod ucts/sstidedivisio n/si photodiodeseries/mppc.php
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Experimental Setup
(Charles University, Prague)
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Main parameters:

- Pulsed laser (minimum pulse width 1.2 ns)
-Mi ni mal spot si ze

- Minimal movement i 1. 25 Om

- Wavelength of laser i 660 nm

- INR amplifier with gain K=260
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SinglePixel spectrum of MAPD-2

(Charles University, Prague)

LASER spot size (sigma &2 . 8 Pixal)size =41 Om.

Hitting center of pixels in ideal MAPD makes single pixel ampitudes,

but cross-talk effects produce lager amplitudes.
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Distribution of relative PDE for MAPD-2

(Charles University, Prague)

MAPD-2 Design Draw

ensitive area = 1.05mm*1.05mm = 1.1mm?
Total number of pixels: 2424 - 4*4 = 576 - 16 = 560 pixels

Density of pixels: 520 pixels/mm? Geometric transparency ~ 62% MAPD-2
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P -Si wafer
(r =10 Ohm-cm;

)

Theoretical fill factor = 0.62

Distribution of relative PDE of MAPD-2
PDE measured in photoelectrons and normalized to
average maximum value
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Experimental fill factor 0.58 +/- 0.07
(Calculated as an average PDE over all plot)

Pixels gain uniformity < 9%
(First peak position from single photoelectron spectra)

Pixels homogeneity <5%
(Sigma of first peak from single photoelectron spectra)
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Deep microwell MAPD-3N

(Main characteristics)

Pixel size d =5 um. I
Pitch h = 8 um. : -
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Single peaks are clear visible that allows to

operate in single photoelectron mode r



First measurement in current mode
(Branch of MSU in Dubna, July 2011)

We used blue (=442 nm) ray laser (continuous) of confocal microscope.
Spotsize (sigma) < 0.8 um

Movement (X-Y) of laser spot> 50 nm.

As a picoampermeter and voltage source Keithley 6487 was used.
MAPD-3N was without epoxy layer (defocusedin epoxy layer)

MAPD-3N-1P (Ub_ = 86V ) without epoxy layer laser scan (pitch 1 m)
183
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Pixel structure is clear visible -> This fact have to be checked in operating
Might be not 100% geometrical factor!!! (Geiger) mode!!!

But we used to use continuous laser -> Might be problemin Geiger mode!!!




Measurements in current mode
(Prague, CU January 2012)

MAPD-3N without epoxy layer.
The same measurement scheme
Red (e=660nm) LASER. Spot size (sigmaa2. 8 Om) .

| MAPD Current Scan U, =-90.0 V |

Pixel structure is clear visible also ->
Might be not 100% geometrical factor!!!




Measurements In current mode

(Prague, CU winter 2012): Different voltages

MAPD Current Scan U___=-10.0 V |
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On low voltages MAPD works like
PIN-photodiode
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Pixels structure is driven by pixel gain
(look at the current scale (z-a x i s ,
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Measurements In current mode

N\

(Prague, CU January 2012) 0 -Bhede grebierm

‘ MAPD Current Scan U

=-93.0V |
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‘ MAPD Current Scan U
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One can see that in Geigermode PDE

variation is less.

But in Geiger mode it might be due to pixel

response saturation

> we couldndét investigate

mode!!l
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Measurements in single-photon mode

MAPD-3N (U = 93.5 V)

Result.dat Result.dat

35
Pitch x, um

Pixel structure is clear visible ->
geometrical factor is not 100% for Red light

NI




Measurements in single-photon mode

MAPD-3N (U = 94.0 V)

[ MAPD Scan 94.0V |

Pitch y, um

Pixel structure is clear visible ->
geometrical factor is not 100% for Red light
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