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OUTLINE

) Simulation testbench for a time-based readout architecture
2 SiPM model and single P.E. response at low temperature

2 Signal pile-up and time-over-threshold studies for GRAIN




ALCOR: CHANNEL ARCHITECTURE

2  ALCOR: test vehicle for a time-based readout architecture at
cryogenic temperatures
0 Readout chain (either anode or cathode SiPM signals):

1. Dual-polarity low-impedance (10-20 Q) VFE based on RCG (Regulated
Common Gate)

2. 2indipendent gain branches (TIA) + LED  Time Measurement
(Leading-Edge Discriminator) == trigger Comree o
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3. Timing measurements:
2 Course timestamp == 15-bit counter
0 Fine timestamp == 4 dual ramp TDCs
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SIMULATION TEST BENCH

STARTING POINT: Monte Carlo simulations of charged
tracks and photons in the optical system of GRAIN (BO)

=

photon arrival times on pixel 828

chhist
11000 (anode Vbias p) SiPM_spad ts=6310.252509n 5 Entries 41
11001 (anode Vbias p) SiPM spad ts=7909.722389n Mean 3036
11002 (anode Vbias p) SiPM spad ts=5633.745519n Std Dev 2180

11883 (anode Vbias p) SiPM_spad ts=1619.669377n
11004 (anode Vbias p) SiPM spad ts=1752.208531n
11005 (anode Vbias p) SiPM spad ts=1483.203236n 4
11006 (anode Vbias p) SiPM spad ts=7080.727761n G t fT A
11007 (anode Vbias p) SiPM spad ts=4496.877135n enera Ion O o

11008 (anode Vbias p) SiPM spad ts=3771.991662n

11009 (anode Vbias p) SiPM_spad ts=5728.355116n netlists for 3

11010 (anode Vbias p) SiPM spad ts=1325.340684n
I16811 (anode Vbias p) SiPM spad ts=1159.202383n

11812 (anode Vbias p) SiPM_spad ts=1162.981585n ELECTRONIC
11013 (anode Vbias p) SiPM _spad ts=6817.967855n
11014 (anode Vbias p) SiPM spad ts=2941.143995n SIMULATIONS H 2
11815 (anode Vbias p) SiPM_spad ts=1157.357231n USIng

11016 (anode Vbias p) SiPM spad ts=1286.134028n
110817 (anode Vbias p) SiPM spad ts=1647.831395n C d t I
110818 (anode Vbias p) SiPM_spad ts=6120.674858n a ence oo s 1
11019 (anode Vbias p) SiPM spad ts=3224.847052n

11026 (anode Vbias p) SiPM spad ts5=2698.451500n (VlrtUOSO'SChemat|C,

I16821 (anode Vbias p) SiPM_spad ts=1855.419581n

11022 (anode Vbias p) SiPM spad ts=1458.424114n ADE+S eCtI'e) | HH‘ | | | | | | |
11023 (anode Vbias p) SiPM spad ts=1158.711752n 0 T V.V M e ey e e ey v
11024 (anode Vbias p) SiPM spad ts=1555.816123n p 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

I1825 (anode Vbias p) SiPM_spad ts=1159.146577n Time [nS]

I1026 (anode Vbias p) SiPM spad ts=3201.496401n INFN BO
11827 (anode Vbias p) SiPM_spad ts=2706.592441n =

11028 (anode Vbias p) SiPM spad ts=1162.430133n
11829 (anode Vbias p) SiPM spad ts=2585.714538n
116830 (anode Vbias p) SiPM_spad ts=4237.280447n
11831 (anode Vbias p) SiPM spad ts=1156.791763n
11832 (anode Vbias p) SiPM spad ts=1161.219772n
I1033 (anode Vbias_p) SiPM_spad ts=1402.366011n . . " "
11834 (anode Vbias p) SiPM spad ts=1717.951852n S | t f I S PM th h
116835 (anode Vbias p) SiPM spad ts=4829.198521n Imu a Ion O a Sln e I res onse rou
116836 (anode Vbias p) SiPM_spad ts=9440.488181n . .
11837 (anode Vbias p) SiPM spad ts=1836.853481n

11038 (anode Vbias p) SiPM spad ts=3000.626679n the eleCtncal mOdel Implemented
11839 (anode Vbias p) SiPM_spad ts=1591.942222n
11040 (anode Vbias p) SiPM spad ts=1947.829911n

Ise00 (anode Vbias p) SiPM spad off
I5001 (anode Vbias p)} SiPM spad off




VBias

2 Array of N microcells composed by a Geiger mode SPAD (Single Photon
Avalanche Diode) in series with a quenching resistor _%
0 Output signal = sum of every microcell signal S e
SiPM ELECTRICAL MODEL: L " " -
o Inaneventif N is the number of active cells, there will be
(N - N,) inactive cells!
o Both active and inactive cells give a contributionto FE =~ ¢ <7
input capacitance S RARCETRRPETEEN ! CATHODE
o Circuit implemented in virtuoso ; 1L cemem| 0 R, R
schematic: I R A A B §
Shape of output signal: | 1
; ; L/ A RS :
sharp rise + slow tail : | ] b [ Veis
' Slow tail driven | | %RDINA ol Teetinal |
mainly by R ! i Ve : A )
J R S N BN T
ACTIVE CELLS PASSIVE CELLS T PARASITICS




SIMULATION FOR NPE COUNTING: Evaluate if the counting of the number of photoelectrons signals

(NPE) from the ToT measure is possible considering the different pile up at 300 K and 77 K

At cryogenic Rq o Lower PILEUP | ™
temperatures: | INCREASE Amplitude = |NCREASE | ..
o Longer
Tail

Simulation of 1 pe signal with different Rq
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CALIBRATION PROCEDURE AND RESULTS

Simulation of “perfect pile up” from 1 to 180 NPE ToT = Alogio(NPE) + B
_— 300 K
|§| L0
> 0.9 T 150 4
: H —_i
o ..M|
. 5 % = A e s m s NPE
T 1TK
1 I.HHHH <
FE o Time [us]
s i
:; 2 ToT D|scr|rtr;)|ntat """""" NPE
ToT= FE - RE jmsp NPE
NEXT STEP: test this method with “real pile
up” data (higher variability)




DATA SIMULATION

cases of 300 Kand 77 K (same Setting of Calibration Procedure)

Purpose: collect ToT [ns], NPE and NPE calculated from Calibration Function in Dataframes for both

DATAFRAME GENERATION METHOD:

0.9

0.8

0.7

0.6

0.5

discriminator RE

2) Findts < FE

\

A. ToT from the difference between rising and falling edge
B. NPE from calibration curves through the inverted expression and ToT measure:

ToT

1.2 1.25 1.3
time (us)

Discriminator

output

ts=6310.
ts=7909.
ts=5633.
ts=1619.
ts=1752.
ts=1483.
ts=7080.
t5=4496.
ts=3771.
ts=5728.
ts=1325.

252509n
722309n
745519n
669377n
208531n
203236n
727761n
877135n
991602n
355116n
340684n

ts=1159.

202383n

ts=1162.

981585n

ts=6817.

967855n

C. NPE from the counting of ToA timestamps (ts) associated with a ToT measure
1) Find the lowest ts that triggers the

RE =1161.28 ns
FE = 1265.22 ns

()
el — —

NPE=10\4 A

t5=2941.143995n [ts=1162.430133n |
[ts=1157.357231n| ts=2585.714538n
ts=1286.134020n  ts=4237.280447n
ts=1647.831395n [ts=1156.791763n
15=6120.674058n t5s=1161.219772n
15=3224.847652n ts=1402.366011n
15=2698.451500n t5=1717.951852n
ts=1855.419581n  t5=4829.198521n
1s=1458.424114n  t5=9440.488181n
[ts=1158.711752n| ts=1836.853481n
15=1555.016123n  15=3000.626679n
[t5=1159.146577n |  ts=1591.942222n
1s=3261.496401n  4.1947.929911n

t5=2706.592441n

2

NPE =8




DATA SIMULATION

DATAFRAME EXAMPLE:

RE [ns] | ts [ns] | NPE ‘ FE [ns] | ToT [ns] ‘ NPE Calib .
16128 | [1156.79, 115736, 1158.71, 1159.15, | 8 | 126522 | 103.94 841 RE [ns] | ts [ns] | NPE | FE [ns] | ToT [ns] | NPE Calib
1159.2, 1161.22, 1162.43, 1162.98] 11598 | [1156.79, 1157.36, 1158.71, 1159.15, | 22 | 2180 | 1021.2 606.03

1290.76 [1286.13, 1325.34] 2 | 137220 | 8153 4.33 1159.2, 1161.22, 116243, 1162.98

407,38 [1402.37] T | 1443.03 | 3565 Tl 1286.13, 1325.34, 1402.37, 1458.42,

1462.79 (145842, 1483.2) 2 | 153508 | 72.29 3.20 1483.2. 1555.02, 1591.94, 1619.67,

1559.64 [1555.02, 1591.94, 1619.67, 1647.83] 4 1702.16 142.52 y 1647.83. 1717.95. 1752.21, 1836.85,

1722.35 [1717.95, 1752.21] 2 | 180082 | 7847 1855.42, 1947.03] '

1842.07 [1836.85, 1855.42) 2 | 190856 | 66.49 277 55R0.90 [25%5.71] T T 26037 | 7Li5 095

1952.32 [1947.03] 1 [ 108675 | 3443 LO7 270081 [2698.45, 2706.59] 2 | 2903.07 | 20226 231

e [MSE‘::‘:E] _ T |28 ';9; 204349 [2941.14, 3000.63] 2| 317031 | 22682 273

e : [1'294'1_14 AT T 3203.75 [3201.5, 32t 31787 | 21412 25

3005.30 [3000.63 M224 | 36.85 L5 377545 STTLY! 848,92 | 72.89 0.96

3207 64 [B20L5, 322 7183 | 67.09 283 4240.79 42372 A3LL6T | 70.78 0.94

RIS 199 TR BT 001 4500.0 496,581 450171 | 9171 1.09

1243.35 1237.28) L | 427328 | 2093 0.94 4832.49 [4829.2, . 4915.02 |  82.53 1.02

4503.04 1496.88] I 1532.91 20.9 0.94 : 5633.75 1 5703.08 65.73 0.91

4835.37 [1829.2] 1 0.91 . 5728.36 1 5858.6 128.08 1.39
5633.75 I 0.01 6124.02 612067 T | 6202.92 78.9 1.0
5728.36) 1 .01 631311 6310.25 I | 641938 | 106.27 1.2
6120.67 1 3 0.91 6821.19 6817.97 I | 689228 | 70.79 0.91
6310.25 1 [ 631641 0.91 708301 7080.73 T | 717176 | 87.85 1.06
G817.97 L | 685401 0.94 7913.36 7909.72 1 7978.68 65.32 0.91

T036.89 7080.73 L] TH6TT 0.94 044412 0440.49 T | 9508.62 64.5 0.9

791587 7909.72 T | 791579 0.91

0416.66 0140.49 T | 917649 0.91

10Ia-llstogram of NPE from all Dataframes ) PILE UP INCREASES
at cryogenic
o 300 K o temperatures (as
) ) expected)
o 15 20 25 o 0 5 10 15 2'0- g

NPE NPE




ANALYSIS RESULTS
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There is a distribution of ToT with a peak for 1 PE
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This variability in 1 PE ToT is caused by the overlap

with the tail of previous signal (higher baseline)
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ANALYSIS RESULTS

Histograms of ToT for each NPE until 4

300K

10!
0
10 'WMLMU

1 pe
2 pe
3 pe
4 pe

ToT [ns]

0 25 50 75 100 125 150 175 2

00

7K

1 pe
2 pe
3 pe
4 pe

(1]
10 M ‘ MM T

300 400 500

0 100 200
e ToT [ns]

600

Q Higher ToT at 77 K

Q Larger distribution at 77 K
because of the slower tail
at77 K

3 No noise considered




ANALYSIS RESULTS

Histograms of ToT that the Calibration Function fails to associate at the right NPE

30 1pe
300 K
25 3 pe
4 pe
e 300 K:
%15 NPE | Entries of ToT | Counts of wrong NPE | % Wrong NPE
v 1 6559 0 0.0
10 2 647 292 45.1
5 ‘ ‘ ‘ 3 241 136 56.4
4 159 120 75.5
% 25 50 75 - Tlo[o I]I 125 150 175
ol |ns
) . TIK:
77 K 2pe | NPE | Entries of ToT | Counts of wrong NPE % Wrong NPE
8 3 pe 1 4685 12 0.3
ape | 2 682 157 23.0
6 3 303 184 60.7
5 4 189 120 63.5
O

MIIHHI‘II |

0 100 200 300 400 500
ToT [ns]




CONSIDERATIONS

2 This simulation and analysis framework has been implemented for
the evaluation of the feasibility of a time-based readout
architecture, this is the first step for the future implementation of
the mixed-signal ASIC: it can allow the evaluation of options in
term of signal shaping and type of measure for photon counting

2 Preliminary results with GRAIN Monte-Carlo data seems to
indicate possible limitations on the use of a time-based readout
architecture

1 Next step: optimisation of the front-end (gain, shaping), study of a
tail suppression and AC coupling topologies

THANK YOU FOR
YOUR ATTENTION!

(- y




BACKUP SLIDES
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ALCOR: TDCs ARCHITECTURE

O TDC (Time to Digital Converter): supplies a digital
representation of a time measure with a resolution
up to 25-50 ps for 160-320 MHz

2 4 TDCs for each pixel
== higher count rate capability

O Low Power Analog based dual ramp: based on . W A S {(

]-Upllt sigmal

Threshald

Fast ramp

n . :Emﬂ - - " . v[m"'la .
girpirEREERERE

charging of 2 equal capacitors with I, >> g, »
enabled by switches

v
2 8 &

|||||||||||||||||||||||||||||||||||||
:::::::

I ast
Vfaq! - (yf AT
STARTY /STOP J ‘fast

EEE Fifé . Viast = Vstow Interpolation Factor (IF) defines time binning:
}zne - I_? - Vslow 14 RESET
@ slow _;@ IF — Tfine _ Cslo'w Vl Ifast _ Ifast
| R_-!.I!\[E' RAMP . AT Islcrw s mvcfastvfast ISIO‘w
X[ N s Y s Y O e N B O
|1'RIGIGER| | CLKRE |
PR :
L oaT i NTap " LSB = Lk
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ALCOR CHARACTERISATION WITH SiPMs

Wewreemy Sevegs | Shewi | o) 318 ferman v G| che T [ = W S ) i

0 ALCOR Test Boardsp chipwire bonded | oo fp = i = =
2 LabVIEW: configuration and DAQ program

> -
mi! 2
e Fhacten »
= gﬁ - - -
D DAQ svstem: t:gg( E:;g .:;% E:i al &ﬁtﬁ&bhl’g 'it--a-na-'u: - el

e

) | | =
. ¥ W .. Me— — —3 - n's
> LN container e L _l
....... "

> FPGA: provides ASIC configuration, reads
and sends output to PC

» Clock Generator: f,, =160 MHz

> SiPMs : HAMAMATSU S13360 series with
pixel pitch of 25 um and 50 pm (3 x 3 mm?)

CLK GENERATOR OSCILLOSCOPE

-~

> ALCOR TEST BOARD

FPGA |« Twisted pair cable _‘

PC

~




FE THRESHOLD SCAN

TEST OF FE RESPONSE: % 300 K

.
.............

o Threshold Scan: SiPM input signal supplied to FE and

threshold value changed step by step from maximumto & : T o
. [ E ' 2 PE PLATEAU -,
minimum A | !

o Fit of resulting S-curve provides signal amplitude values ™

10° : : ‘
540 550 560 570 580 590 600 610
VTH [mV]
. .
Signal amplitude study at 77 K:
107 107
10 ey
45V ’

10* 10° 46 V
glﬂ‘ Ew'
2 &0
9 [:4

107 | A, 102 \'\-'h\'\-'-'-."u,".'

- X,
ot 10 4'_-..
]
100 100 - -
500 520 540 60 580 600 620 640
500 520 540 560 vrn li&? 600 620 640 VTH [mV]
10 107

. ’ _norm . (z—p
47V 48V y="% f(ﬂJ)M

=104 w1
B z
2o %100
& 2

| Wit 2 : 2
w) WN\#; 2] IS erfe(z)=1—erf(z)=1— —- / e dt
- Nl

580 600 620 640 500 520 540 560
VTH [mv]




THRESHOLD SCAN RESULTS

Vgp extraction through I-V characteristics:

300K
0.15
|“§ - ‘g
é 0.10 =
0.05
0.00
40 a2 4 46 48 50 52 54 56
Vbias [V]
SIGNAL or DCR vs OVER_VOLTAGE:
Signal Amplitude vs Over-voltage 77 K, SiPMpitch = 25 um
e from oscilloscope
20| ¢ from plateau
—. 60
S
E
a
Ea
20

2.5 3.0 3.5 4.0 4.5
Vov [V]

0.05
ol 77T K
0.03 -
. -
0.01
0.00
0017 20 25 30 35 40 45 50
Vbias [V]
Dark count rate vs Over-voltage, SiPMpitch = 25 um
— 300K
—+ 77K
10°
105 /’/’P}EO_T,
~
=
& 100
o
MK
- y-/’/—’/—'/‘——(
1 2 3 4 5
Vov [V]




TDCs CHARACTERISATION

TFine (Pixel 0, TDC 0) TFine (Pixel 0, TDC 1)
TDCs CALIBRATION AT 77 K:
T:... histograms with randomly distributed signals to
evaluate LSB
> MIN and MAX evaluated as p of B P 0] == I ea
double Fermi-Dirac curve fit of LsB Tk B TR
h|StogramS‘ extremes = MAX — MIN B TFine (Pixel 0, TDC 2) o0 1 TFine (Pixel 0, TDC 3)
Tfine plateau . N-N , | fom) ;
_mep DNL(i) = ——"%2| | INL(i) = Y}y DN L; | =={-- -3 oo { o =000 !
isn't exactly flat Ninean - = roc: S S -
e [d‘gils] 250 300 1] 50 100 Tfmela?‘gits] 200 250 300
DNL (Differential Non-Linearity) and INL (Integral Non-Linearity) of Pixel 0:
od TDC =0 oa TDC =1 oa TDC =2 oa TDC =3
- ‘4 100 120 Tfing?codéj? 180 200 - '4 100 lzIOTfineﬁ[?:ode;;!o 10 200 - ‘4 80 100 lél'l}ine 1[‘;1:00‘16;?0 180 200 - ‘4 80 100 'll'z;‘?ne [cl:ges] 160 180

Tfine [codes] Tfine [codes] Tfine [codes] Tfine [codes]

T T T T T T T T T T T T T T T T T T T T T T T T T
100 120 140 160 180 200 100 120 140 160 180 200 80 100 120 140 160 180 200 80 100 120 140 160 180 /




STUDY OF DC OPERATING POINTS

Saturation region:

\Vbs| = |Vas| = |Vra]

FE output stage: TIA (Transimpedence Amplifier)
Voo
GND s1 s2
ngrms —{gpms —{QPMM
Voo™ Vin Voo Vi Voo ™ Vn Vop &
_l _l 1l i
PM7 PM27 PM28 PMO
Vour = Ipc - Ri
Vour
o I is the sum of each branch currents
s o The current of each branch has a direct dependence on
R § @ i the threshold:
NM8
. 1 4%
END [ps| = iﬁcomf(WGS—VTH|)2'(1+)\|VDS|)
Configuration | Vpp [V] | V,ep mV] | Offsetl Shift of = +200 mV
1 1.2 600 1
2 ‘ 1.3 ‘ 700 ‘ 7 T [K] | Inc [1#A] | Vour [mV]
300 189.8 508.4
7 89.7 240.2

(-




