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Outline

o Characterisation, why?

o Measurements without light (noise)

-~ Current-voltage characteristics
- Dark-rate
- Cross-talk & after-pulse probabilities

o6 Measurements with light

- (Gain-voltage dependence
~ Photon detection efficiency
- Surface uniformity tests
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Characterisation, why?

o There are many different types of SiPM on the market

o Precise information is needed in order to choose the best
device for a certain application
o Most manufacturers provide a data-sheet, however

- Sometimes relevant information is missing

- Manufacturer uses different definition of a property
(PDE with cross-talk & after-pulse)

~ |_arge device to device variations

o Quality assurance for large scale experiments

o Learn something about SiPMs
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IV measurement setup

high
SiPM in light-proof box =

low

Usually voltage source and current - J
meter is combined in a single High Voltage
device supply

Measure SiPM current as a . /\
function of bias voltage (forward :
and reverse)

Determine the polarity of the SiPM

Always start with low voltages ~1V
and monitor the current ampere-meter

= — L —
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IV diagram

SiPM equivalent diagram qualitative IV diagram (currents are not in scale)
reverse region | A forward region
Quench resistor
typ. O(100K)
Rq
< —— >
au T , U
Geh/gter gjczjde  ontact leakage
pROTOCIOUE [ current
O(10pA)
Uover — Ubias — Ubreak v




IV diagram

SiPM equivalent diagram qualitative IV diagram (currents are not in scale)
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IV diagram

SiPM equivalent diagram qualitative IV diagram (currents are not in scale)
reverse region | A forward region
Quench resistor “Npix resistors in parallel”
typ. O(100k)
U U
Rq I = —+ 1y = + 1o
Ubreak
< : >
4 :
P U
Geh/gter gj%de  ontact leakage
photogioge current
O(10pA)
Uover — Ubias — Ubreak
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amplitude

Dark-rate
" field assisted

Electron hole pairs generated without the thermal excitation ot
involvement of photons give rise to unwanted noise Conductive band excitation

Two processes

=~ [hermal excitation

-~ Field assisted excitation (tunneling)

GR

Electron (hole) drifts into the high field region and Eband gap center
causes avalanche breakdown 4
Resulting signal is indistinguishable from a photon AN Valence hand e

induced signal _
Vbias /
n+ % 2

Si Rf‘\SiStOr Al - conductor

M ; ] Guard

“— Geiger region

+ ring n’

.~ Driftregion

\4 Substrate p+

time ‘ 2 4 6
X, \m
P. Buzhan etal. An advanced study of S|I|con photomultiplier. ICFA Instrum. Bull., 23:28—41, 2001
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Dark-rate
" field assisted

o Electron hole pairs generated without the thermal excitation ot
involvement of photons give rise to unwanted noise Conductive band excitation

o Two processes

=~ [hermal excitation

-~ Field assisted excitation (tunneling)

o Electron (hole) drifts into the high field region and
causes avalanche breakdown

i I Eband gap

o Resulting signal is indistinguishable from a photon Valence band 7

induced signal _
Vbias /

Si Rf‘\SiStOr Al - conductor

0 : 10°
) . : 4 Geiger region
g MW M it M : ] Guard 3
= # ' ring n’ ] = 10%
— + g n O 3
g_ /u : = .~ Drift region
© | \/ Substrate p+ m 10°

f
1

time ‘ 2 4 6
X, \m
P. Buzhan etal. An advanced study of S|I|con photomultiplier. ICFA Instrum. Bull., 23:28—41, 2001
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Discriminator generates logic pulse

If input signal passes threshold typical dark-rate & cross-talk setup
Logic pulses are counted during Light-proof box
fixed time interval -> calculate rate (rt_e_?l_l_)_ef_a_t_l_l_r_e_"C_O_Eltrolled) Scaler
Dark-noise depends on: insﬂm . Amplifier Discriminator @
= B S >

- Temperature § é L
- Reverse bias Vo|’[age E ______________________ : E"'Thmsmld """"

tunnel probabilit

( 9 y) HV (..\.{91.?‘..%.?.999??.‘.’.1....[ LABVIEW ] N :
- Discrimination threshold S L A L

Automated with LABVIEW program
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o Discriminator generates logic pulse
If input signal passes threshold typical dark-rate & cross-talk setup
o Logic pulses are counted during Light-proof box
fixed time interval -> calculate rate (rt_e_ﬁl_l_)_ef_a_t_l_l_r_e"(_:_O"IlltI'OHed) Scaler
o Dark-noise depends on: JjisﬂaMéAmpliﬁer Discriminator @
= B S >
- Temperature § é L
- Reverse bias Vo|’[age _______________ _ ______ E...Thmshqld........é
tunnel probabilit
( 9 y) HV (..\.{91.?‘.%?.999?{91....[ LABVIEW ] N :
- Discrimination threshold S L A AR 1L
o Automated with LABVIEW program
A
O .
g “hihian WM\M%
S /
= / threshold
CU !
/
—>
time

e — L —

Ixanedda iM Workshop - DESY Hémburg - 1704201 1




o Discriminator generates logic pulse

If input signal passes threshold typical dark-rate & cross-talk setup
o Logic pulses are counted during Light-proof box
fixed time interval -> calculate rate (rt_e_ﬁl_l_)_ef_a_t_l_l_r_e"(_:_O"IlltI'OHed) Scaler
o Dark-noise depends on: insﬂm . Amplifier Discriminator @
= B AN S >
- Temperature § é L
- Reverse bias Vo|’[age E ______________________ : E...Thmshqld........i
tunnel probabilit
( 9 y) HV (..\.{91.?‘.%?.999?{91....[ LABVIEW ] . :
=~ Discrimination threshold PSR 71 i=% o (-

o Automated with LABVIEW program
A

) :
T vAwhia | Mm\.wﬁ logic pulse
= y dns width
3 / threshold ____, O
CU !

/

time) R . ......
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o Discriminator generates logic pulse

If input signal passes threshold typical dark-rate & cross-talk setup
o Logic pulses are counted during Light-proof box
fixed time interval -> calculate rate (rt_e_ﬁl_l_)_ef_a_t_l_l_r_e"(_:_O"IlltI'OHed) Scaler
o Dark-noise depends on: insﬂm . Amplifier Discriminator @
= B AN S >
- Temperature § é L
- Reverse bias Vo|’[age E ______________________ : E...Thmshqld........i
(tunnel probability) Voltase Control
HV [« ge Lontro® . LABVIEW S :
=~ Discrimination threshold PSRRNE o1 (% o X1~
o Automated with LABVIEW program
A
q) L .
S| P logic pulse
= J b5ns width
3 / threshold ____, O o>
© : scaler
f 1,2,3...

time) 1
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7 — _‘__W iM Workshop - DESY Hamburg - 1704201 1




- — —_—

Experimental setup
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Temperature dependence

Dark-rate vs. temperature
100 pixel (-100C) and 400 pixel (-050C) MPPC at Uover= 1V,

0.5pe threshold
= —e—— S§10362-11-100C No180
6
L£10°F | = s$10362-11-050C No163
Q - -~ . |
® Rule of thumb:
R i ' The thermal generated dark-
© i 'rate doubles for each
- - temperature increase of 8 °C
10°

-> Cooling (if possible)

10 -5 0 5 10 15 20 25 30
Temperature [°C]
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Dark-rate [Hz]

—bh
o
~

Dark-

rate vs. over-voltage

at room temperature, 0.5pe threshold

I
<o

I
| 2

S$10362-11-025C No132

Voltage dependence

S$10362-11-050C No163
S$10362-11-100C No180
S$10362-11-100C No181
SPMMicro1020X13 No3

SPMMicro1020X13 No4

w =

w |

Over-voltage [V]

— - = —

— = - = = = -

|
|
L)

Dark-rate rises

-> reduce over-voltage
(this will lower the gain and
the PDE!)




Threshold dependence (Optleal cross-talk)

Expected probablllty for two plxels flrlng at

typical oscilloscope picture (dark-rate) the same time (~5ns) very low

% ’ ----- s ;’f;r— P2pixel = Vdark X 0t = 1MHz x 5ns = 0.05%
20_5 | | Il But you see a O(10%) effect
5 | | |
1] | Reason: optical cross-talk
| | A p-n junction in breakdown emits photons in
1.5 ~ the visible range (~ 3 x 10 per charge carrier®)
? /’I  If they reach a neighboring pixel additional
2 . breakdown can be caused
400 600 800 1000 1200 1400 1600 iti?ge'[goo Instantaneous effect!

" How often do more than two pixels fire?
-> threshold scan

*A. Lacalta et al., IEEE Trans Electron Devices ED-40 (1993) 577
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Threshold-scan setup

Light-tight box Scaler
In I—ESiPM - Amplifier Disc(rimigator Y

b

12

LABVIEW

~Change the threshold Whileé
keeping bias voltage fixed :

€rnreenennenens Pulse-Rate .
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threshold-scan
400 pixel MPPC Uover = 1.3V, room temp.

g i 0.5 pe threshold [ e f ' -
= 100 — e B S L , e E f
2 10 = R% 05 Fceadfcrccccccclecnnccccccccnaaaaaaaaadd---3
g T s i
B |
10° = 1.5 pe threshold |
B K 15 e cmcaacceecaacceeeaemmmeea—————— ‘ .....
4_—
10 E --------------------------------------- 2.5 pe t hreShOld ------ 2 ;400' 600 800 1000 1200 1400 1600 1800 Tdoo
- time [ns]
1035—
! A BRI ARSI B SR S SR SR R S R
50 100 150 200 250 300
Threshold [mV ]
P _ Number of cross — talk events/time V1 5pe
CcC . -
| Total number of events/time V0.5 pe
L - _ — _ _
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Cross-talk probability vs. gain

gain = Cpixet X Uover, room temp. (pixel pitch) Higher gain -> more photons
g 505 + $10362-11-100C + higher geiger efficiency
= 45t ®  S10362-11-050C (Uover = Gain/Cpixel)
-§ 405_ A  SPMMICRO1020X13
:- 35E » 510362-11-025¢ MPPC: At fixed gain values, small
T aaC pixel devices have a higher cross-
5 S0 (S0um) talk probability
= 250 ¢ (average photon travel distance
o =
20 o shorter)
15
105_(25_“'77) Q%Q(ZOum) SensL: small cross-talk due to
= g %g@ trenches between pixels
55 F 4
0:..é|....|....|....|....|....|....|...
0.5 1 1.5 2 2.5 3 3.5

Gain [106]

e e — e — L —
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During avalanche breakdown charge
carriers can be trapped in silicon
defects

If they are released after a time
which is longer than the pixel
recovery time, a second avalanche
can be initiated

After-pulses cannot be separated on
an event basis

However it is possible to identify
after-pulses in a statistical analysis
of the SiPM dark-rate

Measure the time difference
between subsequent pulses

amplitude [pe]

0.5

1.5

After-pulses

Overlaying waveforms (no light)

f [ | ’ ] | | || | 1] | I 1 I T 3
[
= |f f f =

| - | 1]

1 [
E | At | =
- ¥ S > <> =
- At -

I 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1
400 600 800 1000 1200 1400 1600 1800 2000




Noise probability density distribution

average number
Iune_ﬂ of counts

- p=1t-vq

Probability to measure n dark-counts P ( )
within t at a given dark-rate of va: p\T

t
Probability to measure zero  —tug /
dark-counts: PM(O) — € =1 — /() p%{i\t

probability density

From the above equationwe
can derive pq H p d

0 x-'lo's"I'"'I""I'"'I""I""I""I"": > L L A L
= s00} . . s 3
2.\ probability density 1 s |
z oo Vg = TMHz E “F N -
57 E o6 probability ]
Vo = TMHz :
T~ |....__10 ol et e b i Y10
5 6 7 8 0 1 2 3 4 5 6 7 8 9
Time [s] time [s]
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After—pulse setup

Replace scaler W|th a TDC
nght tlght bOX (Time to Digital Converter) Scaler

— = - -

Discriminator

RS _J
. >
_?_ —
B : .. Thieshold.......
---------------------- ' p ; N
|
HV <. oltage Control LLABVIEW A E
0 R M7 = :
4 y
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After—pulse setup

Replace scaler W|th a TDC
nght tlght bOX (Time to Digital Converter) Scaler

— = - -

Discriminator

In |_§SiPM - Amplifier —
VAN ,[> ) . )

_‘% : r N

! g = J
- ..Thresheld........ — 1 TDC
---------------------- ' 5 q y
 oliage Control f | D— AtDistributions 3
HV [« e s LABVIEW :
€. Pulse-Rate . s
\_ J
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Light-tight box

After—pulse setup

= — e e —

Alexander Tadday Terascale SlPM Workshop DESY Hamburg 17.04. 2011

Replace scaler W|th a TDC
(Time to Digital Converter)
5 - Discriminator
_—||—§SiPM - Amplifier —
AN ! )D
. >
I r N
_§_ : ——
B : ...Thresheld........ —1TDC
------------ ' : \ y
 Voltage Control i D AtDistributions
.......... go . nonror .. L.ABVIEW
. J
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After—pulse setup

Replace scaler W|th a TDC

Light-tight box

(Time to Digital Converter)

Alexander Tadday Terascale SlPM Workshop DESY Hamburg 17.04. 2011

5 Discriminator

; In I—ESiPMIAmphﬁer /HIINITEALO

: AN ,[>

[ \ >

: _?_ : ( )
: ! ——

N : Threshold....... —1TDC
Rkl ihihh b | N " )

Noltage Control |\ e AtDistributions .
HV .............................. L ABVIEW
y,
A
()
O | e
2 / \ /
Q 0.5 pe
% """"" ’V threshold
A
- >
time
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amplitude

After—pulse setup

Replace scaler W|th a TDC W
nght tlght bOX (Time to Digital Converter)
Discriminator
In I—ESiPM - Amplifier . 1dtO
= 2\ !
. >| > >
E : r N
: . = _J
- ..Thresheld........ — 1 TDC
---------------------- ' : \ y
 Voltage Control i AP AtDistributions ¢
HV [« ge, L omo” . LABVIEW
\ _J

— 0o o
/ \/ 0.5 pe
""""" threshold =---»
V At ’V resho < A
1. ....... e » ¢ ¢ 0 00 00 dummmmml s 6000
time
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After—pulse setup

Replace scaler W|th a TDC ”
nght tlght bOX (Time to Digital Converter)
5 Discriminator
; In I—ESiPM - Amplifier p 1410
: AN ,[>
! . >
= E : —
: : —
- : ..Thresheld........ —TDC
B R ! E \_ Y,
 Voltage Control i ) — AtDistributions
HV [« ge Lonuo. . L.ABVIEW
\_ y,
A
()
21/ \ / 0
%_ 0.5 pe 4 )
= V o ’V threshold ----» <o -->|TDCIl-->» At
1. ....... I T I \ Y.
time
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o 10°E Dark-Nose Time-Spectram Result cannot be described by
E ; Thermal noise distribution thel’ma| nOISG Only (blue CUI’VG)
5 B After-pulse distribution
10 £t fonction Two more components needed
- - fast after-pulses (apf)
10° =
107 n(At) = Nyp/7ep - €2
- : —At/T,
B A \ T LVapf / Tapf * € [Taps
1¢ el ol el il y N...: normalisation factors
4 10 10 10 107 T..: time constants [1/rate]
S X At [ns]
%-
= fast after-pulses First approximation of after-pulse probability
threshold canhot be "“m ' ——
resolved p Naps + Naps ,
ap —
e  Napr Nip |
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Amplitude [V]

-0.01

-0.02

-0.03

-0.04

-0'051|||||||||||||||||||||

Additional corrections

o
o
g

Fast after-pulses will generate a smaller charge
because of the pixel recovery time

o

effective gain:
G(At) = G - E(AD)
= G - (1 — e BT

180 Tr : pixel recovery time (Rq X Cpixel)

Time [ns]

100 750 0 50 100

kUse‘c:,to correct Pap - )
f 0C>O § - Nap AAT |
fooo §+ (Nap + nuap) AATL]

JPap —

L

Nap(At) = Naps [ Taps - e~ A/ Ters 4 Naps/Taps - €
ntp(At) — th/Ttp . Q_At/Ttp

= — e e —
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After-pulse probability

—&— $10362-11-025C No132

9 - —e— S$10362-11-050C No163
§ 50 f_ $10362-11-100C No180
O B $10362-11-100C No181
o _
5 _
o 40—
£ L (50um)
< _

30—

20—

10—

0 I_ l | l l l l | l l l l l l l l | l l l l | l l l l | l l l l | l
0.5 1 1.5 2 2.5 3 3.5

20

Over-voltage [V]

Probability can be described
well by a function
proportional to Vover®

(fitted lines)




Measurements with light



(Gain measurement

o SiPM is illuminated start with the dark-rate setup
with short O(ns) LED
pulses nght tight bo ?(_, Scaler

Discriminator |

s i . Amplifi
o Amplified signal is fed ; I SIPMI m’II; © [ }

into a charge to digital E : —
converter (QDC) i T .Thieshold..... > TDC
U S : At-Distributions
o Integratlon gate HV VoltageControl[ LABVIEW ] ...................................................... .
(typ. 20 - 100 ns) PR Pulse-Rate o

o Integrate charge for
each light pulse

A — ——— e _ e e —
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(Gain measurement

SiPM is illuminated
with short O(ns) LED
pulses

Amplified signal is fed
iInto a charge to digital
converter (QDQC)

Integration gate
(typ. 20 - 100 ns)

Integrate charge for
each light pulse

20

start with the dark-rate setup

nght tight box

"""""""""""""

@ Amph fer Discriminator
SiPM ! )D :

- Lhreshald.......
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(Gain measurement

o SiPM is illuminated
with short O(ns) LED
pulses

o Amplified signal is fed
iInto a charge to digital
converter (QDQC)

o Integration gate
(typ. 20 - 100 ns)

o Integrate charge for
each light pulse

20

start with the dark-rate setup

nght tight box Charge to digital converter

"""""""""""""

DC
_ljislm Amplifier ,(QCj
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(Gain measurement

o SiPM is illuminated
with short O(ns) LED
pulses

o Amplified signal is fed
iInto a charge to digital
converter (QDQC)

o Integration gate
(typ. 20 - 100 ns)

o Integrate charge for
each light pulse

20

add a light source

nght tight box Charge to digital converter

"""""""""""""

DC
_ljislm Amplifier ,(QCj
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(Gain measurement

SiPM is illuminated add a light source

with short O(ns) LED

pulses rlg_l_g_f_l_t__t_lght_ -]?9?(.. Charge to digital converter

: ﬂi . Amplifier {=00)
Amplified signal is fed = A ’|p> ,[347

iInto a charge to digital

converter(QDC) [/ | T o

--------------- trigger
Integration gate .XQ%E&%?..Q?}?P{QL..[ LABVIEW } signal
(typ. 20 - 100 ns)

Integrate charge for

' Ee— )
each light pulse y

Pulse generator

A — i e - —  — — _— ___________
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Photoelectron spectrum

=W

o All pixels produce

IntegrationAt

nearly the same charge *2 .
(peaks can be easily o 1P
separated) = 2500 |

o Amplification (gain) can 2000
be determined from the

diagram 1500

&
4[&7—’1’@%

- Peak fitting
-~ Fast Fourier 1000:
transformation 5
500
0:| Lo J\N—J

Lo v v by by o by 3 W |

0 20 40 60 80 100 120 140 160 180
Charge [QDC-Channels]
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Photoelectron spectrum

=W

o All pixels produce

nearly the same charge *2
(peaks can be easily o
separated) = 2500

o Amplification (gain) can 2000
be determined from the

diagram 1500
- Peak fitting

-~ Fast Fourier
transformation

:...|.J\\_Jw...|...|...|...|... ]
% 20 40 60 S0 100 120 140 160 180
Charge [QDC-Channels]
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Photoelectron spectrum

o All pixels produce

nearly the same charge *2
(peaks can be easily o
separated) = 2500

o Amplification (gain) can 2000
be determined from the

diagram 1500

=
c

- Peak fitting
-~ Fast Fourier 1000:
transformation 5
500
0:| Lo J\N—J

Lo v v by by o by 3 N |
0 20 40 60 80 100 120 140 160 180
Charge [QDC-Channels]
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Gain vs. over-voltage

x10°
£ ooE
{;600; y =potp-w .
550 | po  =-9.32-10°
soob | m = 137107
E Ubreak = pO/pl = —68.02V
450
400
350F
300F
2505
E"l""l"'llllllllnnnlllllllll
™05 1 715 72 M
Bias voltage [V]
Fit function:
o Cpixel
G = (Ubias — Ubreak)

e

Gain-voltage dependence

—

simple SIPM pixel model

Bias

\

Vbreakd own

— Cp/xe/
~ 20-300 fF

- determine breakdown voltage and pixel capacitance from the fit parameters




Temperature dependence

———— - ol R — —— = - = 3 -

3
S goff| * S10362:11-100C Notgo = 6000xm —*—— S10362-11-100C No180
g - | —=— $10362-11-050C No163 3 i — = S510362-11-050C No163
8 6a.50 5000 _
o C - (constant bias voltage)
= 6sh 4000 ;
5 I 3 135-10°/k
S 67.5 3000
o - -
o 67 2000_—
n 1000
66.5% -
E«AT NN NI RN IR U AN I I ) | S W Lo b by by by 1
-10 5 O 5 10 15 20 25 30 -10 -5 O 5 10 15 20 25 30
Temperature [°C] Temperature [°C]
Temperature coefficient Large pixel capacitance causes

large temperature dependence

dGG Ch; dU
Interaction with phonons (vibrations) — pixel . break
slows down the charge carriers dT ge dT

AUprear/dT = 56 mV /K

o5



Photon detection efficiency

o Definition:

Number of detected photons

PDE =
Number incident photons

o In case of a SiPM:

»
|l ¥ ! " : 1
l - } P 1
LA AR R R R RRRERGEER I
- » - - - - » - » » » -

SN NNENENENNNNENN
SESESRSNEREENEENEEE
SN NEEN

LA LR RN RRRERES
LA LR R R ER ]

L
N

v‘. E
‘,.
el
) !
1
!

= g
:
NN
"N
e
> O
"_2 g‘
»a- 4
el
“;
b= =2
Vo ed)

LSRR AR R R AR AR R E LR
SN ENNNENEEE

- - - -
ARSI ENEEEEERnnnnnn
‘ I i { f i I ’ r |
»

E PDE = €geo - " €trigger

c o Asensitive
geo —
Atotal
. e e + ring n’ D
€trigger — avalanche trigger probability n l P
it Substrate p+
depends on Uover and position (N ) trate p |

= e — e e ——

Eém ‘ - M Worl;shop - DESY Hémburg - 17.04.2(-)<1ﬁ17




Measurement technique

o PDE measurement is difficult because of cross-talk and after-pulsing

= T tm— A — —— e _ L —
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m—w' M Workshop - DESY Hamburg - 17.04.'-26771A 1



Measurement technique

o PDE measurement is difficult because of cross-talk and after-pulsing

single photon
detection

v

= T tm— A — —— e _ L —
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Measurement technique

o PDE measurement is difficult because of cross-talk and after-pulsing

single photon
detection '~  cross-talk
— -

= T tm— A — —— e - e ————————
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Measurement technique

o PDE measurement is difficult because of cross-talk and after-pulsing

single photon
detection ~-%* cross-tak -=%» after-pulse
—T ———— ——

How many photons
have been detected?

This is what you
observe (3 pixels)

e e — e — L —
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Measurement technique

o PDE measurement is difficult because of cross-talk and after-pulsing

single photon
detection ~-%* cross-tak -=%» after-pulse
—T ———— ——

How many photons
have been detected?

This is what you
observe (3 pixels)

If this effect is not considered in the measurement you will measure too large
values for the PDE (values larger than one possible)

- Need a method which is insensitive to cross-talk and after-pulses
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Setup: Absolute PDE
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Setup: Absolute PDE
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Statistical Analysis

Poisson distributed
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Poisson distributed
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Poisson distributed
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Poisson distributed
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PDE vs. Uover
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Setup: Spectral Sensitivity

Xe-lamp +
monochromator
A = 350 - 1000nm \
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Setup: Spectral Sensitivity
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A = 350 - 1000nm \
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Setup: Spectral Sensitivity
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Setup: Spectral Sensitivity
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SiPM current, Isiem A
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Spectral Sensitivity
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PDE Scaling
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PDE Scaling

— 24
§, 223_ v 465nm =
= 20 | 4 633nm =
> 18F |« 775nm R = ]HH“HHH“
16 | = 870nm v v - HH H“
14 v - it
12F v 7 Y 3 h
10 v Y LAA At — }{{}
8;_ AAAAAAAA ;_ {{}{}}
6;— AA‘A . — {}LI
aE L eeeseseecenctttt 3 5§I!!
zf_ ..................... f_ T )
15 225 T3 35 4 Tas 00 400 500 600700 800 900 1000
Ugver [ V] Wavelength [nm]
Scale to max. PDE value measured at
633nm
8v5A N — - M Workshop - DESY I—Iémburg - 17042011




PDE Scaling
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PDE Scaling
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PDE Results: MPPC
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PDE Results: MPPC
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Uniformity Scans
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Single Pixel Spectrum
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_Single Pixel Spectrum
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_Single Pixel Spectrum
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Single Pixel Spectrum

Crosstalk events
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MPPC 100 pixels

O High uniformity in sensitivity and
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O Cross-talk shows strong position
dependence
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Enjoy the hands-on sessions!
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Saturation function

o The maximum number of photons that can be detected is fundamentally limited by the
total number of pixels Niotal

o More pixels -> Higher dynamical range, but also smaller geometrical efficiency and

smaller gain
INE: il
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o If the recovery time of a cell is smaller than 1 éi?
the width of the light pulse, pixels can fire | 10 100 1000 10000
multiple times which causes a larger number Number of photoelectrons
of “effective” pixels o o i s S s ot Mo A o S

- Equation above not valid anymore (correction difficult)
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Dark-rate Correction

The number of photoelectrons  (oarrate spectrum wrec ozsc

needs to be corrected for the  §,,|

dark-rate.

=> Acquire dark-rate spectrum

at each voltage value.
Correction factor o:

10

Ndafrk

ped

h1
Entries 6138
Mean 33.82
RMS 7.198
Integral 6138
%%/ ndf 16.21/6
Constant 1350 = 23.2
Mean 32.53 = 0.02
Sigma  1.659 + 0.019

dark dark+ dark ; [H
N Nped o NtOt _20 0 60 ' 120 140 160
Ntda’trk T QDC-Channels
= = —
dark
Np§£ Mean + 3o
dark
@ - Nped Nped Niot
Npe = —IN = —In + In o
Niot Niot N7 ed
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Measurement of Power-ratio

The Power-ratio R is measured Optometer

by moving the calibrated sensor

from port 1 to port 2 and

Calibrated Sensor
NIST-Traceable

Port 1

backwards Aem?
R o PPortl
PPort2 Laser
Diode (A)
Type |A [nm]|Rosmm | AR
Laserdiode| 633 3852 |8
Laserdiode| 775 4328 7
*Peak emission
LED 465* | 4200 20 wavelength of
LED | 870* | 4625 | 55 LED
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e All light should hit the active
SiPM-Surface.

e =0.6mm aperture was used

for measurements with pulsed
laser-diodes.

e Plateau on top allows
reproducible positioning at
maximum

aperture
@=0.6mm
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Number of Photoelectrons

1.5

0.5

_||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

12.2 12.4 12.6 12.8 13 13.2 13.4 13.6 13.8 14 14.2
Position [mm]




