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" Multi Pixel Photon Counter

Silicon photo sensor

Avalanche photo diode with Geiger
Mode operation

one pixel firing = one photon|p-epi
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Geiger Mode

strong electric

'fi e I d polysilicon register
i P+ |

with very thin p-epl

area in a pixel

n++

electron will be accelerated and
Induce other elelctron/hole
pair : multiplication

V threshold called breakdown

voltage




circult

equivalent circuit

there I1s quenching register
Rqg ~ 500k

capacitance ~ 0.02pF

time const. 10ns a pixel

like a condensor/capacitor ="

triggered by a photon
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G“a-inm~1 0°-6 with Geiger mode- o
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photon Ccuntln

uniform response for all pixel

of photons ~

runi874

5000
c

+3000
Q

>

45000
5000
4000
3000
2000
1000

0

‘D,I,2)3)4)5?6)7977???99)9,7???9’7”7’T’_"’%§874—

of pixels

Entries 499712

LED

wllll|llll|lIII|IIII|IIII|IIII|IIII

SVWVe f—=
MPPC |

100 150 200 250

AL —
CECAL T1C -school 2009

300 350 400 450
ADC Count

o
-

7

00 A

NG



~ development
with HPK

. Hamamatsu photonics company

. responsible MPPC prod.

: 15.0 um

M o000 2008
sensitive area ~ 25%
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. tested by laser shot of 1um
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mlcrosc:ope picture

" The surface structure of MPPC

Incidence window
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mperature de

. Gain depends of Temp. with ~ - 2%/K.
DARK noise rate dep. Temp. with + coef.
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- temperature de

Galn depends of Temp. with ~ - 2%/K
DARK noise rate dep. Temp. with + coef.
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- temperature dep. |
Galn depends of Temp. with ~ - 2%/K.
DARK noise rate dep. Temp. with + coef.

10°

o

.

10°

Gain ( x 10°)

*30°C
«25°C
«20°C
*15°C

L

6
5
5
5
5F

N

*0°C
-20°C

N

VR VU PN FUUN X/ PO PR DOV PO 05 1 15 2 25 3 35 4 4.
67 67.5 68 68.5 69 695 70 705 71 7 V.. —V,(T) [V]
Bias voltage (-V) o P

0ol 2009 @ Tsinghua TT.



femperature dep.

. lower temperature
. Capacitance stays const.

Gain[105] _196C -72C  +25C Dark Noise Rate (Hz)
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. signal shape..,

. time const.

of tall Is
understood
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temperature de

. Breakdown Voltage vs Temperature
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-56mV/K |
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-~ Dark noise
« Silicon device

. thermal electron may occur
avalanche in a pixel

. make an | p.e. equivalent signal
. ~1MHZz

TDS 3014B 26 Oct 2006 08:54:06
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Dark noise 2

. threshold curve

2 p.e. sighals due to cross talk
no temp. dep.

0.5p.e. 1p.e. 1.5p.e. Fitting curve : " p __ Noise Rate(>1.5 p.e.)
: Y crosstalk Noise Rate(>0.5 p.e.)

A/2 x Erfc(a(x-b))+c
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Cross talk m
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After pulses

. Dark noise contains
. cross talk : 2 p.e. : light induced avalanche
. after pulse : 1 p.e. : delayed signals

‘l

} Time |
o8




 After pulses 2

difficult to separate from dark noise pulse

iIdeal case without after pulsing

B

T T T

P(O - B eXp( B %noise )

time

real world with after pulsing
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T il
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+Bexp(- I/ )

time




fter pulses 3

rTR———————

after pulse

. may depend on the temperature
. because of silicon nature
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After pulses 4

. recoverlng due to Vbias filling

. time const. dep. Rquench
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Recovering

» Vblas

N T T ——

. Vblas decrease after firing

. recovering time Vbreakdown ready Tor

next firing

. measurements time
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- Recovering 2

N TT———

. recovering fraction as a func. of
Graph 4ns recovering
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. for blg number of photons > Npixel

In case of EM shower Max.  Nphoton

OUtpUt ~ Nphoton Nﬁred — Nplxel(l e Npixel )

ideal case (simultaneous inlet of
photons) Nfired

non linearity

Npixel=1600
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response curve

LED

o / Nphoton
N ﬁ % 5000 10000

~ Input light yield (photoelectrons)

Number of fired pixel
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. response curve

. up to 10000
photons

. dep. width

linear ~ 200p.e.
=710V

=715V
e = 72.0V

10000
Light input (photoelectrons)

measured by PMT
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. response curve

. up to 10000
photons

. dep. width

linear ~ 200p.e.
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h'oton detectlon
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PDE (b) wave length dep.

PDE including window si
400pix MPPC

. blue sensitive
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statistical experien
. we got 3000 pieces of MPPC

Graph |
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e bl

- summary of MPP(

. R&D of MPPC is In progress

. good relation with HPK

. need more development
. more pixel
. less noise/cross talk

. Improve after pulse shape




