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Timng wwth SIPMs In TOF systens

FPGA & TDC system

Digitizer system

Both systems are suitable for studying low thresholds
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== Photon detection efficiency (PDE) vs. wavelength

HAMAMATSU

MPPC® (multi-pixel photon counter)

S$10984/510985 series

S New type of Si photon-counting device,

Array type (1 x 4 ch, 2 x 2 ch)

e

——

e

S10984- 050P

== Dimensional outlines (unit: mm)

| 510984 series
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* Photon detection efficiency includes effects of crosstalk
and afterpulses.

Package d ass epoxy

Nunmber of channels 4 (1x4) ch

Ef fective photosensitive area 1 x 4 mm
Number of pixels /ch 400

Pi xel size 50 x 50 um

Fill factor 61.5 %

Spectral response range 320 to 900 nm
Peak sensitivity wavel ength (typ.) 440 nm
OQperating voltage range (typ.) 70+10 V
Dark count/ch (typ.) 400 kcps
Term nal capacitance/ch (typ.)
Gin (typ.) 7.5x105

Measur ement condition Ta=25 °C

35 pF



| FI N-HH Si PM R&D

plastic scintillator (BC420)
100mm x 5mmx 1.5 mm (L x | x h) ;
2 x S10984-050P, 4 channel s 1mmt;
optical cenent BC600;




| FI N- HH SI PM R&D
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Preanplifier:

- conercial nonolithic anplifier;
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- maxi mum current 65 nA ;
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User custonizable FPGA Unit
LVDS/ ECL/ PECL inputs (differential) 16 channel Miltihit TDC
64 inputs, expandable to 162 (with 32 outputs) .
32 out puts, expandable to 130 (with 64 inputs)

405 MHz maxi mum frequency supported by clock tree for registered |ogic
I/O delay smaller than 15 ns (in Buffer Mode)

Pr ogrammabl e 3-col or LED

Li braries (C and LabView) and Software tools for Wndows and Linux
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user firmvare Quartus 2 (Altera);

5 ps LSB

21 bit resolution

52 pus full scal e range
NI M I nput Signals

5 ns Double Hit Resolution-_ -
DAQ dEVi ces * CAEN Leadi ng and Trailing Edge detection

Trigger Matching and Conti nuous Storage
« acquisition nodes

32 k x 32 bit output buffer

MBLT, CBLT and 2eSST data transfer

Company Network



Canberra 454 200 MHz Quad
Const ant Fracti on
Di scri m nat or

SIiP M1

SiP M2

SiPM3

SIiP M4

DAQ | ogi c

FPG A

SIiP M5

SiPME®

SiPMT

SiPMS8

V1495

R4998

ORTEC Quad 200- MHz
Const ant - Fracti on
Di scri m nat or

GATE
® ch.o0
SiPM1 ch.1
SiPM2 ch.2
SiPM3 ch.3
S iP M4 ch.4 -
SiP M5 ¢h.5 =
SiP M6 ch.6
SIPMT ch.7
SiP M8 ch.8
. R4998 ¢h.9
) - FPGA ¢ch.10
ORTEC CO4020
Quad 4-1nput Logic Unit V1290N

DAQ sof tware: LabView & C+;

FPGA: VHDL
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FPGA hits

Combinations of coincidences
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4500

1D 200
Entries 20002
= Mean 3916.
4000 = RMS 1.982
x*/ndf 49.14 /5
L Constant 4126.
3500 - Mean 3916.
Sigma 1.908
3000 |
2500 |
2000 |- i
for the start signal

1500 | the resolution was
i under 100ps FWHM

1000

500 |
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3900 3910 3920 3930 3940 3950 3960 3970 3980 3990 4000

TDC START (trigger —-PMT) 23 ps/ch

Best val ues obtained @FI N HH are:

Preanplifier | Threshold CFD FVWAM FWAM
corrected
Phot oni que 9.5 pe- 990 ps 894 ps

| FI N- HH 9.5 pe- 870 ps 754 ps
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TOF using digitizers

good solutions for the nmultichannel systens

10 bit 2 GS/s (interleaved) - 1 GS/s ADC
4/ 8 channel

FPGA for real tinme Digital Pulse

Processi ng:

1 Vpp input dynam cs single ended or
differenti al

16-bit programmbl e DC of fset adj ust nent:
+0.5 V

Trigger Tine stanps

Menory buffer: up to 14.5 Msanpl e/ ch



New | ogi c
Digitizer V1751

V1290N

S P M1
GATE
S P M 2
ch.o0
S iP M 3 ¢
. SiP M1 ch
S iP M 4 -
, o SIiP M2 ch.2
SiP M35 a
' - SiPM3 ch.3
SIPMG6
, SiP M4 ch.4
SiPMT
. SIiP M5 ch.5
SiPMS8
SiPMG6 ch.6
SIPM7 ch.7
Signals fromsipns splited SiPMS$ ch.8
. R49938 ch.9
_— FPGA ch.10
R4998 |
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Need a software al gorithns

digitizer
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Number of samples: 1794

Number of channels: 8

Triggertime: 1964125622

to get timng informati on from waveform dat a




Software algorithns for timng wth digitizers

g1 math. Interpolation

/)

V

Timing
Filter

54 = ZC time stam
Resolution = Ts /12

sS4

High Resolution ZC after

Time

G aphics taken fromDi gital Pulse Processing for Physics rrqny types OT timng and
Applications Triunf — December 7th, 2011 Carlo Tintori triggering filter
& 'E..‘IT
- M ::
ame™
ﬂL"HHa': N
transformthe pul ses into bipolar signals aematve
whose zero crossing I
. . THe”
(pul se anplitude independent) can be used . ﬂ /“ :
: : i CR Filter:
for the determ nation of the Tinme Stanp 7 el U -
[t = CFD delay
we'" k=fiog F = CFD Fraction
Digital f
CFD L,,fﬁ*-""‘"_ -
G aphi cs taken from WP2081 Di gital Pul se

Processing in Nucl ear Physics
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Timing resolution affected by three types of noise:
—  Electronic noise in the analog signal (here ignored)
—  Quantization error Eq

—  Interpolation error Ei

There are 2 different cases:

Rise Time > 5*Ts
linear interpolation is good: Ei << Eq
The resolution is proportional to 8V /8T and to
the number of bits of the ADC.

Rise Time < 5*Ts
approximation to a straight line is too rough:
Ei is the dominant error (Eq is negligible). Such
a geometric error varies with the position of the
signal respect to the sampling clock giving non
gaussian spectra and other non-physical effects.
The resolution becomes inversely proportional
to the rise time.

LSBaoc

Optimum Rise Time = 5*Ts
for any type of digitizer!

Graphics taken fromDi gital Pulse Processing for Physics
Applications Triunf — Decenber 7th, 2011 Carlo Tintori



8ns trigger sanple uncertainty

CAEN Techni cal I nformation Manual
Revision n. 12 3.2.3. Trigger d ock

1ch shoul d be used for the
trigger signal
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Digitizer V1751

Trigger on channel

w
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on

FPG A

Signals fromsipns splited

R4998

1

GATE

@ ch.o0
SIPM1 ch.

SIiP M2 ch.2

SIiPM3 ch.3

SiP M4 ch.4

SIPM5 ch.5

SiPMG6 ch.6

SIPM7 ch.7

SiP M8 ch.8

R4998 ch.9

- FPGA ch.10

V1290N
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Rise Time of the PMT is too small — the shape has to be a bit modified
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Digl sarngdes channel 2

Number of samples: 1784

Number of channels: 8
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Amplitude

Digi samples channel 1
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Digi samples channel 0

Tri gger channel
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Digi samples channel 1
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CAEN

Mod. V1742

Next steps: 1. a faster digitizer already in our [ab!!!!

32+2 channel
12 bit; Selectable 5, 2.5, 1 GS/s Switched Capacitor ADC

1 Vpp input dynamcs, single ended, 50 Chm MCX coaxi al
connectors

Based on DRS4 chip (Paul Scherrer Institute design)

1024 storage cells per channel (200 ns recorded tinme per
event @ 5GSanpl e/ s)

Trigger Tine stanps
Menory buffer: 128 events/ch (optional: 1024 events/ch)

Dead Tine: 110us Anal og i nputs only, 181us Anal og inputs

The data t hroughput can be extrenely
high: it may be no possible to transfer
raw data to conputers!!!

wo<r a

2. On-line Digital Pulse Processing

U
oO==

@
®
C)
C
®
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C)
CH:

" Ol

Digitizer FPGA progranm ng




Thank you!
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Monte Carlo:- 125-150

4000 photons !!!
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