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Scientific Context %.Nm

= FASTIME is an R&T/IN2P3 project which aims to develop an integrated electronics (ASIC) for very
fast time measurement with an accuracy in the order of a picosecond (rms).

= Such a resolution is becoming increasingly necessary in many areas, for example :
» [n future High Energy Physics experiments in order to reduce the pile-up by ~1000,
= in future generations of medical imaging (PET) with 20-fold dose reduction at equivalent SNR

= or for other applications (like future generation of time-accurate pixel detectors) whose temporal resolution,
which approaches the picosecond, must not be degraded by the readout electronics.

= This proposal is based on the expertise and synergy of several IN2P3 laboratories (IJCLab, IP2I-
Lyon, LP2I-Bordeaux, LPC-Caen, LPC-Clermont and Omega).
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Technological Objective : development of a multichannel prototype %.Nm

= FASTIME aims to overcome current technological limitations that degrade temporal resolution
and/or counting rate

= The final objective is to produce a multi-channel prototype (ASIC) which integrates a full-chain for
time measurement.

= The main building blocks of the chain are:

An input stage (Fast Front-End): which is a fast preamplifier, very critical because it depends closely on the characteristics of the
detector to be read,

= Afast discriminator (Fast-Discri)

= A high-precision TDC (two architectures are integrated and associated with a DLL)

= And peripheral blocks (DAC, Bias, PLL, SLVS-Tx, SLVS-RXx...)

= Choice of TSMC130nm process : 9'(--"-% )
h
= maturity and sustainability, performance... {C:CZ%“O | simplified Channel | O
= high expertise of the community in this technology. "_"'_‘—.__' TDC - v :"> "
= transfer to finer technologies is feasible: o ' g Memery é —)
= example: TSMC 65nm or FD-SOI 28 nm... N g — I =
N

bias, regulator Control

Peripheral blocs |

Simplified diagram of the prototype circuit integrating a "complete" chain of time measurement
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Project Organization : project phases %wm

» FASTIME is 3-year R&T project: from January 2021 to December 2023

» The realization of FASTIME takes place in two main phases preceded by a pre-study of ~5 months.

» Pre-phase of the project was completed (2021):
= Theoretical study and review of the state of the art in different communities (IN2P3, CERN...)
= Consolidation of schedules and specifications and allocation of human resources,
= Choice of architectures to be implemented.

» This pre-phase is followed by two phases of realization:

= Phase 1: design and characterization of a multichannel ASIC in order to evaluate different blocks:
= 4 Channel ASIC integrating a full chain: FFE + TDC+ Digital (readout & 12C Slow control)
= Integration of two TDC architectures and two FFE architectures.

*  The circuit was submitted on November 9th 2022 and packaged within a CQFP144 package

The testbench design is ongoing

» Phase 2 : Realization of a final protype:
= Selection and integration of the most performant architectures and options that have been evaluated in phase 1.
=  Foundry submission is foreseen at the end of Q2 of 2024.

=  Writing documentation and publications.
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Project Organization : schedule Jinops

deux infinis

FASTIME schedule : updated on July 2023
phases Task Detailed Task Year 2021 (N) Year 2022 (N+1) Year 2023 (N+2) 2024 (N+3) 2025
6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3| 4 5| 6| 7 8 10| 11 1 1 2|
State of the art, specifications & requi , :
Preliminary Stud ;
[ choices | :
g — - - T :
Pre-phase A Consolidation of the work schedule according to the available ;
manpower 1 |
Delivrable N°1 drafting of specifications P TS T 1 ! RSN R ) N B E—
Fast Front End Design of a fast Preamplifier L - ' T | Total shift of the schedule 1
T Design of a fast discriminator. e ===t ) [ Rt i nlln inllnll =T il
Peripheral blocks : DAC, SLVS, Bias, PLL 1 =T - r"
TDC & Digital - IDGIDESTgN }
Digital readout and Slow control :
Layout design : Foundry N°1 I |
Foundry N° 1 Validation and integration of all blocks in a single ASIC 1 !
Phase 1 Preparation of the circuit submission (Foudry N°1)
Documentation for the test N°1 Technical documentation for testing
Test Card N° 1 i Test Card design
Testing and characterization of the ASIC from foundry N°L
Delivrable N°2 Technical ion of the ASIC
Delivrable N°3 Phase 1 Report
Design of Proto Study and design of a final time measurement chain: evaluation i
LT and integration of blocks from foundry N°1
Layout design of a final prototype for Foundry N°2
Foundry N°2
S Preparation of the circuit submission (Foudry N°2)
Documentation for the test N°2 Technical documentation for testing
Phase 2 -
T — Test Card design
Testing and characterization of the prototype from foundry N°2
Delivrable N°4 Technical documentation of the prototpe from foundry N°2
- Publishing of the results in a review
Final report of the projet
Consolidation of the schedule
Vefication of the Objectif TRL-4 (-

End of projet
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Project Organization : FASTIME organization chart

M. Dahoumane

%mzps
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*Bold : Main designer (FTE>10%)
*Thin : support (FTE<10%)

Projet leader
M. Dahoumane
(IP21)

M. Dahoumane (IP2l)

Foundry &
Coordination

scientific Fast Front End L Peripheral blocks TDC & Digital
e . Discriminator
specifications L. Raux H. Mathez M. Dahoumane
(Omega) P. Vallerand (1P21) (1P21)
& (IiCLab)
M. Dahoumane 10%
(1P21)
- N | | L.Raux20% | | S.Manen 20% C. Sylvia M. Dahoumane
I. Laktineh 10% (Omega) (LPC-CIr) (LiCLab) 40 % (IP21)
(IP21)
M. Morenas P. Vallerand H. Mathez 30% S. Drouet 34 %
- (Omega) (liCLab) (1P21) (LPCC)
Total main R. Vandaele S. Manen L. Leterrier 38 %
contribution P. Russo B (LPC-Clr) (LPC-CIr) (LPCC)
FTE:20% (1P21)
L. Alvado 44%
(LPCC)
S. Manen 10%
(LPC-Clr) - - C. Sylvia 50%
Total main Total main (IICLab)
= contribution contribution
|| H. Mathez FTE: 20% FTE:30% P. Vallerand 20%
(IP21) (iCLab)
N. Arveuf 30%
Total main (LPCClr)
- contribution
X. Chen 20%
FTE:30%
% (IP21)

19 persons work together in a shared workspace, thanks to SOS software
4,35 cumulated FTE in 2022

Use of the computing infrastructure and tools at LPC: Cadence, DK
130nm and SOS software...

L. Caponetto 20%
(1P21)

A. Mhoudini 30%
(11CLab)

Total main
contribution
FTE : 306 %

Layout Design
R. Vandaele (LPC)

Test Bord design
& circuit testing :

Coordination

M. Dahoumane (IP2l)

R. Vandaele 50%
(LPC-Clr)

Analog Cards
R. Bonnefoy
(LPC-Clermont)

M. Dahoumane

F. Jouve 10 %

20% (IP21) (LPC Clermont)
S. Drouet R. Bonnefoy 10 %
(LPCC) (LPC Clermont)

! Firmware&Software
L. Leterrier >
(LPCC) F. Druillole

(LP21 Bordeaux)

Foundry submission
M. Dahoumane (IP2I)

Total main
contribution
FTE: 70 %
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F. Druillole 10%
(LP21 Bordeaux)

R. Bouet 10 %
(LP21 Bordeaux)

Total main
contribution
FTE:40%
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Detectors and specifications

%mzpa
Les deux infinis

Detector type /Application

NCP/MCP /PICMIC

SiPM/ToF PET

Temporal precision (rms) 1 ps rms 3 psrms

Dead time 100 ns 10 ns

Detector Supply Voltage ~1k Vto 2k V 20-80V

Power dissipation —- < 10 mW/channel
Readout frequency (en Différentiel) 160 MHz 160 MHz

Dynamic range

100 fC to 1 pC

5-2500 photoelectrons

Number of channels (on the detector)

16

64

Det. Capa. (total seen by FEE)

46 pF

60-1300 pF/SiPM (capa. of one micro-cell ~80-
100 fF)

Coupling AC : Detector under High Voltage DC

Impedance of detector line 37 ohm/channel 50 Ohm

Charge collection time 20ps/200ps -

Signal rise time ~1ns ~80-100 ps (rise time of one micro-cell)

Temperature 0to 85 °C 0-20 °C (in general, SiPM are cooled in order
to limit DCR)

Counting rate 1 MHz/CM2 ~1.6-4 Mcps (for one matrix of 64 SiPM

coupled with CeBr3 cristals)

M. Dahoumane
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FASTIME ASIC: general diagram of a 4 channel ASIC @D

Les deux infinis

Voltage_ref, resistances, capa & BG. Diff Analog sig probe CLK_readout Ext @160MHz, Resetn 12C SDA SCL CLK_I2C @40MHz.
2 et/
. a \ 3/
DAC 10 bits % \ g /
e/
Y \/
Integrated Whithin channels Y
/( e X2 :Dupicale lo 2% o6 ml =
/ (ToA RE & ToA FE) - ]
Hit_tz_pa<3> T~ T ToEE | Integrated Readout
Hit_v_pa<3> ——— . f e
“ : . Clock
© 0 e gl || it
—— = R = TDCchannel_readout Reset SI
Hit tz_pa<2> =l T T ) N ow P
. &-- = | wal 2 S
Hitv_pa<2> — B Control |, ="/ | out_ck
T Tel W Lal ). . —
4 x4 ckowr | |@160 MHz
. /12C bus in_TOA_valid Ié \
a0MHZ| e e[ proace e By i TOA data 1 -
o + 16001 o 2x10 bit in_TOT valid | E £ bout_spi_clock
Ext. | ™™ i iy in_TOT_data | 2 5 x ‘
SRiax VouL_CHBU2D> Vot 2> Vot ka1 Gray _ & k3 '_I | B Vil s
— Counter input interface | & 3 T ||[[eutspivalid i || Out_valid
1,28GHz E':m":ﬁ From TDC_Core e 5 | Valid_outs.
Ext _ 4 g data_width =53 [ | < ‘
. Vot clibuf<ds Vot ehbutel> Vout_ckbatess /12C bus o rese ] TDCCore J-J E out_spi_data -.
- — eceive_top _out-
| o Out dat.
Total number of buffer units : 1 ) ut_data
. = g_buffer_depth+2 L
oAREaTonFE)
Hit_tz_pa<1>D s

Hit v pa<1>

Hit_tz_pa<0>
Hit_v_pa<0>

- AP w__ | t0a & tot
ey L ey
oo o ST toa&tot

H . =yl S 12Z00US
/ #cn3 fch2 et Tcho h /12C bus
A 4 /
| Muxd=>1 | Pulse Injection TDC
Probe_discri_out TDC test Ext. Pulse

A 2-stage interpolation TDC with a DLL as 1%t interpolation stage and a coarse 10-bit Gray counter .
4 Channel integrating a full chain: FFE + TDC+ Digital (readout & 12C Slow control)

2 Ch. Vernier TDC and 2 Ch Time-Amplification TDC (2" interpolation stage)

Voltage Preamplifier and TZ-Preamplifier and a fast discri.
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IN2P3

FASTIME ASIC: operating principle @

» A common DLL (1st level of interpolation) distributes its 32 signals on the 4 channels of the asic

* A 10-bit Gray counter (coarse counter) running at 1,28 GHz provides the Corse Time

» For each hit signal (InTZ, InV or ExtPulse), the state value of the DLL is memorized with a resolution of 24 ps (LSB of the
DLL)

« The DLL signals are sent to a 2" interpolation stage which quantifies the DLL residue with an accuracy of 1 ps rms.
« Two architectures of the 2" interpolation stage:

» Vernier Ring Oscillator TDC and Time-Amplification TDC

+ Both are Associated with a Residue Pulse Maker block..

Common DLL  ouo>. PFD&CP out<32>

Vetrl),

é Vout_clioul<0>  Vout_ckbut<t> Vout_clkbuf<31>
> The use of 2 interpolation levels allows a good tradeoff between high '.'f =V -
precision and low dead time el i e i
ﬁll_channel_x
/ Preamp & Disc\ //// 7 = e " q,_Wuu‘,_.,_-,-,,\gz;n\dmwmmomm\\\
= { 1 : O i \
- @_’ X discriOut . % [ omoses 3 'i T ; 5 O oy |
= Discri i = (0 ) s o o)
Vth_discril _ e | s ) 12€ Slow
¢ 9| T . ) Control
Y Out Discri B ‘ y/ &
\ = / T » Vernier Ring Oscillator TOC \\,“‘ Common
InV. | v.pa > - 7B @ Tunablesiow "l P readout .
Discri : ||| . T Rl
> Detector Calibration
Vth| discri2 vea e e — ] P
> + { oz Counter
\ j Ext. Pulse \K o ool ! S *LA0bGray. | e y
|
DACs DACs 10b DACs 10b
V-PA discri Vth Pulse TDC
Injection
DACs
TZ-PA
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Architecture and performances of sub blocks: Fast Front End and Fast Discri @.Nm

» Two architectures :
» FFE 1 : Trans-Impedance Preamplifier

» FFE 2 : Voltage Preamplifier : e [mE o
= expression of Jitter (Cf. course of C. De La Taille @Omega) : atj =22 x ‘ s J =22 o \td
. . Qin 2.trpy Qin
=  Substantially the same formula for both architectures.

Q
Il

» The performance is limited by Cd, it depends also on the input signal amplitude and on the noise of PA.
* There is un optimum between BW of PA and drift time of the Detector.

» Detector electrical model:

» Jitter simulation of PA+Discri
 Transient noise
 Transient + AC-noise

1 nF minimum Jltter TranS-lmpedance = VOIta??
T Preamplifier reamplimer
PA+Discri Vih < -Eo v (Vth = -10 mV)
(Qin_min 100fC) (Vth = -20 mV)
_ _ ToA (psrms)  ToT (ps rms) ToA (ps rms) ToT (ps rms)
For a maximum signal (1pC)
= Jitter ~1ps rms. :
Schematic 8,14 47 6,46 191,2
RMS noise ~1 mV rms for Layout
both preamplifiers. 9,37 38 8,1 159,4
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TDC: 1st stage of interpolation based on a DLL @.Nm

&8 deux infinis

. . post-layout simulation results:
DLL composed of 32 Delay Cells with 24 ps unit delay and a CLK@1.28GHz self bonding 5 nH, transient noise 80 GHz

Deviation from the theoretical
Duty cycle convertor Singletrt:ncili:ftirrential Voltage Control Delay Line value of 24 ps

DLL_OUT1<0:31>
OUT<0> OUT<32>

Phase
detector

DLL_OUT0<0:31>
Clk_PLL

ppppppp

En_tuning

Delay Control

Bias

A generator
v

1

= .

Init_Vcp<0:4> L urbe 3 L 5 - 4 i
TS [nitialization Vep_buf
pevmax: -1.4 ps ' Phase error

2<0:4>,
|

Tprop_0<0:4>
Prop._| »

Tprop_32<t

N_Restart

u_VCP

= Mean delay: 24,414 ps + 426 fs. Lock Control N E L
= Jitter of Delays < 246 fs. o : ; ) ;
= Phase error < 174 fs + 234 fs (after correction) |

DLL_Out<0:32> e vectuning ‘

—————— =l -—l"‘.
Ef'ggﬁhﬁhi—a'J'I'\-i-'a.-m_‘—."i_" VCDL32cells V2 B
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TDC 2" stage of interpolation: DLL Residue Pulse Maker @.Nm

&8 deux infinis

The 2nd interpolation stage measures the interval between the hit and gg A el
the next DLL output (this corresponds to DLL quantization error) DLL:; e
So, we need to a stage that generates this residue: Hig;

Residue Pulse Maker. Reg<31:0> event,<31:0>

DelayLockedLoop , [moee | A S
<0> 1; 31> DLLi de'ﬂy :— --------------------
D > DLLi gty =

Clock @1.28GHz

[
A

encoder<4:0> X adr_event;<4:0>=i
I

DLLi+2 delay - I— ....................
| 300fs-Ish fine delay —a Hit; 4,1, Start [T 1
..................... reg_300f5<160:1> Stop ﬁ--------------------

\

I ; :
| double_RS register |—f;-| Pointer |
vctrl_hit e L A AR 1
| deray Coarse delay + 100fs-Isb fine delay
Vctrl_du 1 i i l i l l T i i T 1 reg_100fs<160:1> cell_number<4:0>; &encoderd:% >
. | 32 to 1 SWitCh | 32  pointer<31:0>

Residue Pulse Maker Encoder

9=

Hit_delay (Start) DLL,_delay (Stop)
Functioning:
» Store the DLL state - delay the 32 DLL outputs - command a mux to select the desired DLL output.
 Inserting fine-tuning delays (100fs & 300fs on 5 bits):
« Calibration and correction of the DLL DNL, ensure that the start arrives always before the stop of the TDC on the 2" stage.

* Very critical because the delay is greater than the duration of the input signal pulse (~390ps)
* Tuning range: 400ps to 680ps
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TDC 2" stage of interpolation: Time-Amplification TDC

) L. . DLLO DUL| e — — — - DLL31 Residue Pulse Maker
* The time-amplifier is based on a dual RPM / / . * i . = \
. it i J | RSRegister 32-bit | 3 DEtE;:)r pelay Readv_dilex
ramp integrator. AN —] e BT e
— . R N1 S e
« Amplification factor: 10 adjustable e e e e
. ~ Delay Delay Delay Delay
with10b DAC controlled by 12C L] - )
v — : J '
500pA
. / vdd D%O DL+L1 ——————————— DLL31 \
DOWN yad |
Résistance de seull I . 3a5m O e Delay R Analog Time
3000 G 5o Amplificatior: vdd | o Feagy ta<e
' vdd | oo > b a ]—Dly i
Or DOWN | Vseuil — Residue Vth_diSCI’i %> R Clear_ch.
‘ I Kﬂ T R —
. 24pS
| DLL cell n
I _ _
T YDOWN 3 » Simulation of RPM+TA :
w__——+ @ !
Résid, 3 mesurer Loy  FlashDLL- « skill analysis program to automate
R— simulations (results saved in a file)
HIT
STOP « Data analysis is done offline

» Simulation of TA : transient noise

» A substantial calibration phase will be
necessary

« Jitter of the output signal (flash_DLL) for a residue of 48ps => 14ps ptp
(it corresponds to an equivalent jitter of 1,4ps taking into account the

amplification factor of 10).

M. Dahoumane
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TDC 2" stage of interpolation: Vernier Ring Oscillator TDC %INZPS

Les deux infinis

DLLO DI — e — - DLL31 Residue Pulse Maker
4 F! | ’
! RS Register 32-bit ] }_L.{ Detector H T ‘Readv dilx

RPM
» The dynamic range of the Vernier input N

signal is 24 ps (quantization step of the DLL) o e e e
( - ble — \Tunable %am_T ” L o
* The LSB of the Vernier TDC is set to 3 ps: to R s

ensure that the quantization noise ‘ \« —

(Isb/sq.root12) is less than 1 ps rms » }

D a " Tunable Slow CzLOr"l‘tver Ready \
;’ Tunable | Event, > Oscillator 10b Gray —* Logic.
Delay 1 (start) R Phase Delay. ::mb >

Detector Calibration
q 10b fc
Vdd > RS register. :>
— D Q Tuable Fast e e "

Oscillator

 The slow and fast oscillators run at ~1ns
period with a difference of 3 ps between the
two (LSB).

Counter
" 10bGray Clear_ch.

( Tunable | Residue
| Delay stop

Vv

« The maximum conversion time is VRO
(24ps/3ps)*1ns= ~8ns TDC

Ring Osc jitter simulation.

Dead time constraint <10ns (satisfied).

1
1
1
1
1
1
1
1
1

cycle 1

cross(VT("/188/pd_out") 0,6 40 "risi " il ) di 3,576-07 ’
cross(VT("/I88/pd_out") 0,6 40 " nil ) df 3,57E-07 . . . . SE-12
cross(VT("/188/pd_out") 0,6 40 " il ) d 1,05E-07| 2
o—

o T 110540 e 07 Inearity simulation :
cross(VT("/I88/pd_out") 0,6 40 " nil ) df 1,06E-07 12
cross(VT("/188/pd_out") 0,6 40 " il ) df 1,06E-07 110807 LIE-12
cross(VT("/I88/pd_out") 0,6 40 " nil ) df 1,06E-07 % LBE-12
cross(VT("/188/pd_out") 0,6 40 " il ) d 1,07E-07} 1,138-07 17612
cross(VT("/188/pd_out”) 0,6 40 " il ) df 1,076-07 LEE-12
cross(VT("/I88/pd_out") 0,6 40 " nil ) df 1,076-07 112607 15E-12
cross(VT("/I88/pd_out") 0,6 40 " nil ) df 1,086-07 14612
cross(VT("/188/pd_out") 0,6 40 " nil ) d 1,08E-07| 111607 13E-12
cross(VT("/188/pd_out") 0,6 40 " il ) d 1,08E-07| 12612 )
cross(VT("/188/pd_out") 0,6 40 " il ) d 1,09E-07, 1,106-07 11612 AAW
cross(VT("/I88/pd_out") 0,6 40 " nil ) o 1,096-07 1E42
cross(VT("/188/pd_out") 0,6 40 "rising" t"cycle” nil } d 1,09E-07 1,096-07 13 H .
cross(vT("/188/pd_out") 0,6 40 " nil ) d 1,106-07| 8E13 u m u at e I tt er .
cross(VT("/188/pd_out") 0,6 40 " il ) df 1,106-07 1,08£-07 .
cross(VT("/188/pd_out") 0,6 40 " nil ) d 1,106-07] Step : 1 pS .
cross(VT("/188/pd_out") 0,6 40 " t"cycle” nil ) d 1,11E-07 107607 3 /]
cross(VT("/I88/pd_out") 0,6 40 cycle” nil ) d 1,11E-07 .
cross(VT("/188/pd_out’) g X LSB : 372 S.

pd_out") 0,6 40 nil ) d 1,11E-07 106807
cross(VT("/188/pd_out") 0,6 40 " il ) d 1,11E-07| 1 . y
cross(VT("/I88/pd_out") 0,6 40 " t'eycle” nil ) d 1,126-07 105607 Dynamlque ' 3Ops .
cross(VT("/188/pd_out") 0,6 40 cycle” nil ) d 1,126-07 :
cross(VT("/188/pd_out") 0,6 40 ‘cycle” nil ) d 1,12E-07| 0 5 10 15 2 b3 30 35 i |
cross(VT("/I88/pd_out”) 0,6 40 "rising” t"cycle” nil } d 1,136-07 [<S e e fane
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Testbench : Material description @.sza

PMOD : 51/O including one I12C link

j 2x PMOD : 12 1/O
/M

( FMCLPC:

* 64 single-ended or 32 LVDS
signals
« 2clock /O
\- 2 GTH links (multi-gigabit)

SoC Zynq:

4 Cortex A53 processors
1 Cortex A42 processor
LUT

BRAM

DSP

/ A
m
~
¥
®
q
=
®
~

. SEE— Base100/1000
\ Liaison USB:

* JTAG (configuration)
* Processor console

ZCU104 Evaluation Board and its Useful
external functions (LP2I Bordeaux)

Analog mezzanine card (3D image
generated by cadence tool - LPC Clt)

Test Software and User Interface is under development (LP21 Bordeaux)
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Conclusions & perspective @.Nm

&8 deux infinis

« FASTIME : an R&T started on January 2021 for a duration of 3 years.

« FASTIME is a collaboration between 6 IN2P3 laboratories:
« |JCLab, IP2I Lyon, LP2I Bordeaux, LPC-Caen, LPC-Clermont et Omega
* Synergy and Sharing of designs and expertise (SOS software, periodic meetings, atrium, the in2p3 box, etc.)

« La phase 1:

* A 4-ch prototype was fabricated in
TSMC130nm process on
November 2022

« Testbench is ongoing and tests will
start by September 2023

« Phase 2:

« Selection and integration of the most performant architectures and options that have been evaluated in phase 1.

» Design of a final prototype : foundry submission is foreseen at the end of Q2 of 2024.

Perspectives beyond FASTIME:

Migrating this design to thinner process nodes (ex 65nm, 28 nm) could improve its speed and resolution.
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mmzpa
Les deux infinis

Thank you for your attention
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Les deux infinis

Backup slides
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Detector & specifications: electrical model of PICMIC detector @.sza

Les deux infinis
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Electrical model of PICMIC detector seen by front end
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Jitter of VPA+Discri

deux infinis

av_extracted TR noise (50 IT), Vth =-10 mV

out_compl_5m Tue Sep 27 11:12:40 2022 1

Name Vis | Design|

VOA1_5m
Threshold1_5m

+ Vin_VOA

+ out_compl_5m

time (ns)
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Jitter of TZ-PA+Discri

deux infinis

av_extracted TR noise (50 IT), Vth =- 30 mV

Voa_tz Wed Sep 28 09:23:40 2022 1

Name |Vis |Iteration ¥ = —_— — — — e ——— _in )

+ Vin_tz

b Voa_tz
b Threshold _tz

+ Outcomp_tz

i
i
I
S

1

L=
| ISLJLJNLINL LI L L [ [ L L L |

27.0 28.8 30.6 32.3 34.1 35.9 377 39.4 41.2 43.0
time (ns)
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