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BEHAVIORAL MODEL

BEHAVIORAL MODEL.: set of equations that capture the operation of a circuit from its terminals
PURPOSE: implementation of a time-based readout front end for the analysis of different cases
POLE -ZERO
INPUT SIGNAL
FrOMSPM [ L AMPLIFICATION [== SHAPING == CArzlfpliiI;I;:':')ION F={ DISCRIMINATOR
* \ I
SiPM ELECTRICAL MODEL.: Circuit implemented in I .
virtuoso schematic (Cadence) Implementation through
’(] ; WA— L LO il g d python code
: L i CetNHNA] R - .
: %MA Toaons | % s T 1 in progress
n 3 R
; / é ; ; ; 4: Cr ; VBias
I TAI N | B O s
E tT VBREAK é ; é ; Rs Ls ; v
e S S M%QDE
ACTIVE CELLS PASSIVE CELLS T pARASITICS




BEHAVIORAL MODEL

PURPOSE: implementation of a time-based readout FE

SiPM
AREA

for the analysis of different cases

QUENCHING RESISTANCE

Rg=05MQ Ry=1MQ Ry=15MQ R, =2MQ

TABLE OF RESULTS
FOR DIFFERENT CASES

MAIN PREVIOUS QUESTIONS:
« HOW THE OUTPUT WAVEFORM HAS TO BE (ARCHITECTURE)
* HOW DISCRIMINATOR HAS TO WORK




BEHAVIORAL MODEL

INPUT SIGNAL FROM SiPM ELECTRICAL MODEL |—> SAMPLING (bin size = 10 ps)

Area 3x3 mm? (N microcells = 3584)
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= Rq =1000 kQ RE:
" Rq=1500 kQ 203
= Ry =2000 kQ < "
3
<
.E. 0




BEHAVIORAL MODEL

PYTHON CODE STRUCTURE

TBRChain_class.py |—>| TBRChain_main.py

!

FUNCTIONS:

A. Convolution of the sampled input signal with the amplifier transfer
function (completed)

B. Fit of the tail to provide the time constant for pole 0 cancellation (fit step
completed, application of pole 0 cancellation on signal needs tuning)

C. Construction of a spill from timestamp files (completed)
D. Discrimination (with threshold and hysteresis)
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BEHAVIORAL MODEL

PYTHON CODE STRUCTURE Regulated Common Gate Amplifier
FUNCTIONS: Vout _ Ry e
A. FE_Amplification( |_1PE, time, params) i (1 + sg—;ﬁ) (1+sCLRL)

1

Depend on the FE Transfer Function: 3 options available, selected with the class inizialization

Regulated Common Gate Amplifier with pole in the boosting fb loop

Vout _ RLg’rn*]-A(} e
Iin (CTTRS2 + Crs + gmlAg) (1 - sC‘LRL)

Regulated Common Gate Amplifier with pole and zero in the boosting fb loop

Vout _ RLQT”]-(AU - ngRRS) e, «
Lin (RRCT(C’QS + Cya)s? + Crs + gmlAg) (1 + SCLRL)

(-, y




BEHAVIORAL MODEL

PYTHON CODE STRUCTURE

FUNCTIONS:

Based on function:
A. FE_Amplification( I_1PE, time, params) FE_Convolution ( I_1PE, time, params)

Extraction of tau
through tail fit
("PZCancConst"
function)

v

Modification of
Transfer Function

based on params
and tau

[I_1 PE, time, params ]

Definition of
No— Transfer Function
based on params

pole-zero
cancellation?

Convolution of

By | _1PE with <1
Transfer Function

| Vout |
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BEHAVIORAL MODEL

le-5

SiPM Current Signal (from Cadence), Rq = 500 kOhm and Area SiPM = 3x3 mm?2

N

—— Input Signal

FE Output Voltage, Rq = 500 kOhm and Area SiPM = 3x3 mm?2

—— Regulated Common Gate Amplifier with pole and zero in the boosting feedback loop Output Signal

—— Qutput Signal from Cadence

T
0.0

T T T T
0.4 0.6 0.8 10

time [s]

T
1.2
le-6




BEHAVIORAL MODEL

les SiPM Current Signal (from Cadence), Rq = 2000 kOhm and Area SiPM = 3x3 mm?2
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BEHAVIORAL MODEL

PYTHON CODE STRUCTURE
FUNCTIONS:

Area = 3x3 mm2
" Rg =500 kOhm

B. POLE-ZERO CANCELLATION: a first valutation of the pole
TailTimeConstFinder( Vout, time )

/
Vout = A e:r:p( _@)M

\

Vout [mV]
g 'y

time [s]

Area SiPM = 3x3 mm?2
Rq = 500 kOhm

Vout [mV]

T=50.64 ns
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BEHAVIORAL MODEL

PYTHON CODE STRUCTURE
FUNCTIONS:

B. POLE-ZERO CANCELLATION: modification of the FE Transfer Function

ZeroMult( num, tau) sy | 77 (s) = T'(5) - (1 + 57)| wi: T(s) = n;m
aen

FE Output Voltage, Rq = 500 kOhm and Area SiPM = 3x3 mm?2
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BEHAVIORAL MODEL

PYTHON CODE STRUCTURE [ Vout, time ]
FUNCTIONS: v

Cut of the baseline
C. EventConstructor( Vout, time) m=) | ("SinglePulseSelector” function)
from Vout -="SinglePE"

Area = 3x3 mm2 . - !47 )
" Rq = 500 kOhm Initialization of an empty pd Series

"Event_data" with indexing defined by a
timeline with the scale and bin chosen

v

Read of the txt file with the collected
timestamps ts (BO - GE)
I

For loop on ts

v
— Event_data[ts] = SinglePE[0]

time [ns] Assignation of the V values stored in
SinglePE to the Event_data values by
sum

a0 500 800 1000 J;
time [ns] [ Event_data } /
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BEHAVIORAL MODEL

REPRODUCTION OF A SPILL USING THE PROCESSED SIGNAL WITH A BINNING OF 100 ps

Event - spill0_eve CAM NS Y6 ch828,
Rg = 500 kOhm and Area SiPM = 3x3 mm?2
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BEHAVIORAL MODEL

Vout [mV]

»| Threshold

illlli

PYTHON CODE STRUCTURE
FUNCTIONS: Threshold
D. Discriminator( Event_data, Vth, Hyst} Hysteresis
RE | FE

«  FE Output Voltage
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BEHAVIORAL MODEL

DISCRIMINATOR WITH DIFFERENT HYSTERESIS
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» Tuning of Pole 0 Cancellation

> Analysis of the different combinations of Rq and Area
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BEHAVIORAL MODEL

PYTHON CODE STRUCTURE | - )

TailTimeConstFinder( Vout, time )

Rg = 500 kOhm
T=50.64 ns

Vout [mV]

Area SiPM = 3x3 mm?2

100 150
time [ns]

Rg = 2000 kOhm
T=196.23 ns

Vout [mV]
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BEHAVIORAL MODEL

Bode plot
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—— Regulated Common Gate Amplifier with pole in the boosting feedback loop
¢ Bode Plot from Cadence
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