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Proposed Pixel Readout Chain
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The capacitive analog memory is not foreseen, since the Wilkinson
converters could be fast enough to provide sufficient efficiency
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Architecture of the Simulation Software

Single PHE Timestamps Timestamps
Waveform numpy array txt file
) , Interactive
E‘Eﬂ GUI Python 3:
Configuration P pip packages:
(Python dict or * numpy
JSON) * * Chip puthon” « scipy
L ; (0] .
> Batch Interactive Uiput « matplotlib
l 4 4 Waveforms ° ng
TBRChain Lib
Chip : .
Output é Implementation:
(Numpy Python Pickle CPU (Numpy)
Array) A 4 \ 4

TBRChain Class Starting the GUI:
python3 TBR_Interactive.py

Event Generation

Event Frontend simulation

Digitization simulation




I nte ra Ctive G U I Adjust the parameters

@& python3  Window ¥ O B 2 6 «¢ = Valerio Pagliarino  74% @m): Tue 21 May 10:24:44
[ ] DUNE - GRAIN Readout Chip Behavioral Simulation/- INTERACTIVE MODE - (INFN-TO VLSI Group)
V Settings X V¥ waveforms

Load the default Global Parameters: ALCOR FE + Pulse Shaping + Discriminator Integration and Digitization

conf1. json Configuration file

, ALCOR FE Output Charge
Load configuration s e ~ei

configuration, or change the o R o
filename for loading a custom ne B i crenutoricy -
C0nflgu ratlon 500800, 808 Rq

Noise model:
- FE Output -

8,080 -+ White, RMS (mv)

Load the waveform of the o oinatecshe movefonn
single PHE current signal, e e
then choose the Rq from the B
list box, finally press “Load w.” .

Wilkinson Codes
Coarse+Fine Time

L2}
2000 3000 4000 5000 60080 7000 8000 9000 1000 1000 2000 3000 4000 5000 6000 7000 8000 9000
t (ns) t (ns)

V¥ architecture Diagram and parameters

Wilkison ADC @ (Charge)

Charge Integrator Res (nbits)

Cap (pF)

) 200 400 60O 80O 1800
t (ns)

9
. . 500. 088 - R (kOhm) Z_ e (o)
Load a timestamp file topu tines tanps f - Fa . o1k pariot (n5)
8.

1.500 -+ Cb (pF) additional deadT (ns)
40, 008 = T (mv)

6.0800 - + deadT (ns)

open file

Common Gate FE Discriminator
Line series Wilkison ADC 1 (Charge)

- . FE_T-Fum:/ 7.000 + Vth {(mv) — aoc 8
= Wilkison
timestamps T . 9. G0 + deadT (ns) | 1D | timing | charge | ToT |
30, 000 + hold-on (ns)

Data Streamer

Wilkison ADC 2 (Time)

= Wilkison ADC @

Press “Apply parameters”
and then “Run Simulation" ‘ & to Analog Converter Willkison ADC 3 (Time)

e 2000 4000 6000 8000 1080 0.010 - + Isrc (mA)
t (ns) 0.100 - + Cint (pF)
3.000 -+ clk p. (ns)

= Wilkison ADC @

APPLY PARAMETERS
RUN SIMULATION

BoBCEPNBRNBOY P200TRN 2200000V 'OOFER> B3-)CoO A




Monitoring the Interactive Simulation

OUTPUT  DEBUG CONSOLE ~ TERMINAL ~ PORTS  GITLENS BJpythonzto +v @M @ - ~ X

Read 41 timestamps.

{'discr_Vth': 7.0, 'discr_deadT': 3.0, 'discr_holdOn': 30.0, 'intg_R': 500.0, 'intg_Ca': 0.5, 'intg_Cb': 1.5, 'intg_T': 40.0, 'intg_deadT': 6.0, 'tac_Isrc': 0.009999999776482582, 'tac_cap': 0.10000000149011
612, 'tac_coarse_clk_period': 3.0, 'Wilkison_resNbits': 9, 'Wilkison_cap': 3.0, 'Wilkison_Isrc': 0.0010000000474974513, 'Wilkison_deadT': 0.0, 'Wilkison_pclk': 3.0}

Configuration applied.

Starting interactive simulation, 1 spill

Initializing class for Time-Based Readout Chain

No Vout from CAD tools for comparison

Rq = 500000kOhm and Area SiPM = 3x3mm2

Option 2: Regulated Common Gate Amplifier with pole and zero in the boosting feedback loop

Pulse formation completed.

Poles: [-1.97844289e+09 -5.63294924e+08 -1.83040569e+08]

Pulse amplification completed.

# Samples: 100000

/Users/valeriopagliarino/Desktop/Tesi Magistrale Microelettronica/bm_grain/TBRChain_class.py:244: FutureWarning: Setting an item of incompatible dtype is deprecated and will raise an error in a future versi

on of pandas. Value '0.006412911821732197' has dtype incompatible with int64, please explicitly cast to a compatible dtype first.
Event_data[ts] += SinglePE[0]

Event construction completed.

Discriminator simulation completed.

Vg= 0.20577311235446588

Vg= 0.0629618102065195

Vg= 0.005580701080567314
Vg= 0.005964508722592443
Vg= 0.007668799117847546
Vg= 0.007004430981615619
Vg= 0.014857134369291997
Vg= 0.007199833072297997
Vg= 0.008973426660177712
Vg= 0.005781736582038681
Vg= 0.007627064851622829
Vg= 0.005041953636628449
Vg= 0.005041953636628449

Charge integration completed.

TAC conversion completed.

Charge Integration:

[0.05144328 0.01574045 0.0055807 ©0.00596451 0.0076688 0.00700443
0.01485713 0.00719983 0.00897343 0.00578174 0.00762706 0.00504195
0.00504195]

Fine timestamp:

0.28999999 0.08 0.12 0.18999999 0.13999999
0. 0.28999999 0.23999999 0.19999999 0.26999999 0.19999999
0.27999999]

Charge output codes:
[51, 15, 5, 5, 7, 7, 14, 7, 8, 5, 7, 5, 5]

Fine timestamp output codes:

[99, 289, 79, 119, 189, 139, @, 289, 239, 199, 269, 199, 279]
Digitization completed.

Simulation completed.

P & ®0A7 ®o Q You,4daysago Q Ln144,Col21 Spaces:4 UTF-8 LF {§ Python 3.12.264-bit 0

Use the terminal to monitor the status (warnings, errors...) during the simulation




Alcor front-end Orange: discriminator Blue: values of the charge Green: coarse +
output waveform ge: integrals, ADC codes fine timestamp

Orange: discriminator rising
edges, green: f. edges

& pythea3  Window ¥ 9 2 ® o 2 Vblerio Pagliafino 55% @ ) Tue 21 May 11:36:20

[ ) DUNE - GRAIN Readout Chip Behavioral Simulatiyn - INTERACTIVE MODE - (INFN-TO VLSI Group)

¥ Settings X ¥ Waveforms

3 STRY Area ALCOR FE + Pulse Shaping + Discriminator Integrjtion and Digitization

Output data frame, including lla (I Sl 7 1. 6es86

" nod ALCOR FE Output Charge
o1se model ®Discr. RE ®ToT

ADC output codes and - FE output - Disor. FE Timestamp 1. devss
identifiers bits B s

Input single-PHE waveform 1.2e+06
open file
Tsers/valeriopagliarino/Desktop/T®

sampleWNT("/12/in") B 1u "linear'V <

Single photoelectron current ot waveForn
signal input waveform _ Diag series

B8OEEE0

WilkinsopsCodes

600000

Coarse+Fine Time

400000

Input time-of-arrival . 260800
of the incoming photons '

2000 4000 5000 6000 7000 8000 ° 2008 3000 4080 5600 680 7008  BOEE 9080
200 480 680 808 188( t (ns) t (ns)
t (ns)
¥ Architecture Didggam and parameters
Input timestamps

open file Wilkison ADC 8 (Charge)

/Users/valeriopagliarino/Desktop/Te V Data Frame Viewer
Line Series Output Data Frame

Wilkinson ID Intg. Gain Coarse Timestamp Fine Timestamp Coarse ToT
timestamps

Save the output ° ) . i
to a Python pickle file ‘
for data analysis 2o - g !

- + PoleBcanc 3. 96 7 1618 | ID | timing | charge | ToT
30. €

Common Gate FE Disc

0]
c) 1258
o]

Data Streamer

1879
0 2000 4000 6000 8000 1000
t (ns)

2048
2103
. . APPLY PARAMETERS 2273
Save the configuration
. . Export data 2637
json file whL pkl output ,
Dump Output
confl. json c. file

Save configuration

B BEOEPNERE09H200ERN 22000000V IA0FEHR > R)CE R ¥




Batch Mode Operation

g
### BATCH BM SIMULATION: TO BE CALLED FROM MONTE CARLO PHYISICS SIMULATOR
g o

def runBM_Batch( ,

= False,
#paramStruct => [dict]
#SampledSignalFileName => [str]
#tsArray => [np.array]
#paramJSON => [str]
#Area => [str]
#Scale => [float]
#Rq => [int]

) , = ||||' - "3X3", = 100000-@,
= 2):

Python dict with input parameters
Full path to the single PHE input waveform
Array of the incoming photon timestamps

Full path to the JSON file containing the input parameters <——
Area of the SiPM, possible options: "2x2" or "3x3"

Lenght of the spill window, default 100000 x 100 ps = 10 us
Quenching resistor

= 0.01, = int(500),

Alternative, pass
an empty dict if
you wantto use a
JSON File

## outputDataFrame # 4xN: | Wilkinson ID | Integrator Gain | Timestamp | Integrated Charge | Coarse ToT | < Numpy Array




Parameters data structure

paramDict = {
#Common gate FE
T s

#Discriminator . . . .
‘discr Vth' i 0.0, #mV Leading Edge Discriminator Threshold

'discr_deadT' : 0.0, #ns Discriminator dead time
'discr_holdOn': 0.0, #ns

Discriminator hold-on time from falling edge

#Charge Integrator

'intg_R' : 0.0, #kOhm Equivalent load resistance (setting up the gain!)
i e B 4 Two capacitors for dual gain integration

"intg_Cb' : 0.0, #pF - - ] .. .
'intg T : 0.0, #mV Threshold for switching from “low” to “high” gain integration
‘intg_deadT' : 0.0, #ns Integrator dead time

#Time to Amplitude Converter
= Current source of the TAC

'tac_Isrc' : 0.0, #mA
'tac_cap' : 0.0, #pF Capacitor of the TAC
'tac_coarse_clk_period' : 0.0, #ns

Period of the coarse clock signal to be interpolated

#Wilkison ADC Default: 30 ns,

i liiean resHbiEe : @, Wilkinson ADC resolution h.c the Apc is tqo slow, it
'Wilkison_cap' : 0.0, #pF Wilkinson ADC capacitor is possible to increase
'W}lk}son_lsrc' : 0.0, #mA Wilkinson ADC current source the glgckfreq. but this
'Wilkison_deadT' : 0.0, #ns will |mply an ADC
'Wilkison_pclk' : 0.0 #ns Wilkinson ADC additional dead time after end of conversion

architecture upgrade

Period of the clock signal of the Wilkinson ADC




Parameters that can be adjusted

Rq, SiPM Area and Noise settings Discriminator

¥ Settings

Global Parameters: Discriminator Editable parameter

confi, json Configuration file

Y -+ vEh (mv) I Editable parameter > 6 ns

- + deadT (ns) .<
- + hold-on {(ns)

Load configuration

10000, 000 Spill time range n
I Q. 100 Time Granularikty n

Editable parameter > 20 ns

3x3 S1PM Area
SEEO00, 00 Rq
Noise model : T Please keep the 100 ps time granularity:

* <100 ps too computationally expensive
* >100 ps not enough to properly simulate the TDC

+ Gauss, RMS (mv) i
operation

Input single-PHE waveform

[ Noise from Cadence Simulation at room temperature
(300 K), fixed parameter

In future a new value extracted at 77 K will be available

* = parameter controlled by a programmable DAC: can be
changed after chip manifacturing



Parameters that can be adjusted

Integrator and TAC

Charge Integrator

Fixed parameter: C =C,
R (kohm)

Ca (pF) Editable parameter:C=C,+C,, C,<3C,

Cb (pF)
T (mv) ‘< Editable parameter: threshold that defines

deadT (ns) the transition of the gain slope 1/C,
Tmax =600 mV (voltage swing)

Editable parameter -
advice: same discriminator's
value

TAC: all fixed parameters!

Time toNgnalog Converter

- + Isrc (mA)
- + Cint (pF)

- + clk p. (ns)

Vout [mV]

600

500

Editable parameter: an higher R produces a lower gain

Voltage swing

1/(C,+Cy)

- chargeGain = 0
- chargeGain = 1

0.2 0.4 0.6 0.8 1.0 1.2
Q [C] le—-12
10



Parameters that can be adjusted

Wilkinson ADC

Editable parameter: itranges from 7 to 9 (advice: keep it at 9 bits)
3 (Charge)

Fixed parameter

Res (nbits)

+ Cap (pF) Editable parameter: 1-2 orders of magnitude, it changes the ADC dynamic range
+ Isrc (ma)

clk period (ns) "Editable parameter" - advice: don't touch, but, if the ADC isn't fast enough,
additional deadT (ns) the clk period can be reduced using fraction of 2-multiples: 1/2, 1/4, 1/8.

Tclkmin =1/8 Tclkdefault

Wilkison ADC 1 (Charge)

= Wilkison ADC Fixed parameter

Wilkison ADC 2

= Wilkison ADC

Wilkison ADC 3

= Wilkison ADC

11



Output dataframe calibration

* The output dataframe requires calibration and it has to be implemented inside the offline data analysis
and reconstruction software, to emulate the flow of the real DAQ.
* The calibration coefficients are dependent on the configuration parameters

{Charge)

Time to Analog Converter Res (nbits)

R {kOhm)
Ca (pF) - + Isrc (mA)
Cb (pF) - + Cint (pF)

T (mv) - + clk p. (ns)
deadT (ns)

Cap (pF)

Isrc (mA)

clk period (ns)
additional deadT (ns)

* We are working to provide two example calibration scripts (charge and timestamps), but the coefficient
values will be computed by the BM final users

12



Output dataframe calibration: time

1.3.1 Time measurement

For each event, the information from both coarse counter and fine counter must be com-
bined in order to compute the complete timestamp with 25-50 ps time resolution. First, the

TDC time bin is evaluated as: CLK | |
_ Telk Trigger : :
LSB = 1 I I
o MAX — MIN ( ) -1 1 I
where MIN and M AX are the TDC fine counter minimum and maximum values, which ! *' !
are extracted from calibration, and 7, is the system clock period. Then, the event timestamp < J >
can be computed as: AT
7 _ [ @eoarse * 7ax) = (Tyine = MIN) - LSB if  Tpine < CUT 2 — : i
(Tcoarse ) Tclk) - (Tfine - MIN) - LSB + Telk 1f Tfine > CUT CLK '
| !
where Tpqrsc is the value of the 15-bit coarse counter, T}y, is the value of the 9-bit fine Trigger :
counter and CUT is a parameter used to establish if the asynchronous event was triggered : :
during the active or inactive phase of the clock (see Figure 6). It is given by: I < > !
N AT
MIN + MAX
CUT = ; (3)

http://personalpages.to.infn.it/~fcossio/projects/ALCOR/ALCOR user guide.pdf 13



http://personalpages.to.infn.it/~fcossio/projects/ALCOR/ALCOR_user_guide.pdf

Output dataframe calibration: time

1

Trigger ]
-
= Slow Ramp
FastR
e 700.0 -
660.0
Z 620.0
-
580.0
540.0 .
500.0
I COMP_out 1.3 p——— —
=07
-
0.3
-0.1 -

4.52 4.54 4.56 4.58 4.6 4.62 4.64 4.66 4.68 4.7 4.72 4.74

time (us)

4.46 4.48 4.5

TAC Ramp (fast) Wilkinson Ramp (slow)

http://personalpages.to.infn.it/~fcossio/projects/ALCOR/ALCOR user guide.pdf 14



http://personalpages.to.infn.it/~fcossio/projects/ALCOR/ALCOR_user_guide.pdf

Goals of the physics-electronics coupled
Monte Carlo simulation

Generation of events within

a beam spill

l

Radiation — detector
interaction simulation

<Comparison>

Event reconstruction

algorithm
7'
- T T l
| Output dataframe |
e — -

. Validation of the

architecture

Is the dead time low
enough?

Is the system dynamic
range wide enough?

Resolution of the

Wilkinson ADC

. Clock of the Wilkinson

ADC (translated into
architectural changes)
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