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CONTEXT: HGTD & MODULE

The HL-LHC Program
A Upto ¢ 1t simultaneous collisions
A x v time the current pileup
O Multiplied by 6 the collected data
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https://cds.cern.ch/record/2846411

CONTEXT: HGTD & MODULE

The HL-LHC Program High Granularity Timing
A Upto ¢ 1t simultaneous collisions Detector
A x v time the current pileup A New ATLAS subetector
O Multiplied by 6 the collected data | A x ¢ 1 o(Run 4)

A 8032 modules (ASIC+sensdr
ATLAS A24<||<4

EXPERIMENT
L-LHC ti event in ATLAS ITK
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TRACK SEPARATION
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CONTEXT: HGTD & MODULE

The HL-LHC Program High Granularity Timing Module
A Upto ¢ 1t simultaneous collisions Detector A ASIC + LGAD (sensor) ¢
A x v time the current pileup A New ATLAS subetector A 225 pixels

O Multiplied by 6 the collected data | A x ¢ @ (Run 4) A p®& p&aad

| A 8032 modules (2 ASIC+sensdr
ATLAS A24<||<4

EXPERIMENT
L-LHC ti event in ATLAS ITK

More detalils givenn the talk of Theodoros Manoussos
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MEASURING THE
RESOLUTION



LEEARS-E=

- TESTBEAM SETUP

Beam

% \g 5/22/2025 | 13th Beam Telescopes and Test Beams Workshop LPCA CLERMONFERRAND —



Particles

STEP I: ACQUISITION
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STEP Il: EXTRACT TIMING

Digitizer Side

N

~

-

ALTIROC Side

5/22/2025 |

o

MCP-PMT
= 0475 ]
E ﬂ;l}é? HGTD Test Beam Preliminary A TOA & TOT IN DAC UNIT
3 O150F pcP-PMT signals . e
= r
el _ A TOARange ¢® ¢ i
< ool E A TOT Rangep 1t i
0.0755— -
o Clock APB" -s«®2sf ®s~| «r~"zi
Doz f Z | ATLAS HGTD Test Beam Preliminary
r | N ‘o 0.40 [ April 2025 1
0.000 - e i, 'g 5 Clock Signals ]
L o025 oz o0 2 §°-35:‘ ; TOA TOT
< : £ .00 ATLAS HGTD Test Beam Preliminary 1 £ | ATLAS HGTD Test Beam Preliminary
0.30F . W [ February 2025, B110/IHEP-IME sensor w | February 2025, B110/IHEP-IME sensor ]
] 12000 HV: 190 V, T°: 18°C, Threshold: 7.2 fC 200000 |- HV: 190 V, T°: 18°C, Threshold: 7.2 fC 4
0251 .
] 10000
0.20 - - 150000 | .
8000 -
015} ] o 100000 |- 7
0.10 | | | | = [
2025 024 023 022 2021 4000
Time [us] L 50000 |- -
2000 | :
- C A E g A A g E E AT g |, C A 2 i E T E |, ‘/ |, ol 100 120 D-1000 1500 2000 2500 3000 3500 4000 45|E|190T5[066]
. | A A B - 21| TOA [DAC] ps
geu giyit A¢g Ce geU/ela_

)

13th Beam Telescopes and Test Beams Workshop

LPCA CLERMONFERRAND 12



STEP Ill: CONVERT TOA M=V

ADetermine the LSB: ASIC calibration AA different story for test beams

A LSB (Least Significant Bit) = quantized step A Using datadrive method for LSB calibration

of Time-to-Digital (TDC) converter A Non flatness caused by DNL
A Nominal design: LSR, m) i

A In the reality : LSB is varying for each TOA bin

ATLAS HGTD Preliminary Testbeam
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STEP lll: DETERMINE THE LSBs

ACompute 4 LSBs
A TOA TDC is divided in 4 cycles
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https://www.researchgate.net/figure/Schematic-of-a-time-to-digital-converter-TDC-based-on-a-Vernier-delay-line_fig1_312076946

STEP IV: REMOVE NOISE
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STEP IV: REMOVE NOISE

ACorryvreckan for tracking reconstruction and more

1) DUT Alignment with MIMOSA planes
A DUT boarder through occupancy map

2) Tracking reconstruction
A Iterative... minimization
A 1 hitin 2 nearest planes
A 5 total hits

3) Synchronization between telescope and digitizer

4) Extrapolate track to ALTIROC
A Associate TOA to hit in MCP

~
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STEP V: TOA & TIMBNVALK

- Definitions ~

Time-Walk : variation in the
timing of a signal's rising edge
(TOA) as a function of Its
amplitude

TOA: Time Of Arrival

TOT. Time Over Threshold

\_ /
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STEP V: COMPUTE RESOLUTION
ADefinition

T A FEr=F 2 { [l (o = %-n

Time Measured by ALTIROC / trlggered w.r.t clock
O In DAC unit btalned from Digitize
Resolution of TOA TD Reference

O To convert inps O Obtained from Digitizer

|||||||||||||||||||||||||||||||||||

. ATLAS HGTD Test Beam Preliminary

250 |- April 2025, Pixel 127, B110/IHEP-IME sensor

| HV:128 V, T°:-35 °C, Threshold: 4.0 fC

| 4 LSB Data calibration + time — walk correction
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DECORRELATING THE
EFFECTS



CONTRIBUTIONS TO THE RESOLUTION

ATheoretical resolution

A TimeWalk effect
A Dependence of the time at which a signal crosses & af |= _ T (]4555;; e =|= =
given threshold depends on its amplitude TT~ If # -
A Jitter

A Caused by the noise in the electronics

A Landau
A Stemming from fluctuations in energy loss as a
charged particle passes through the sensor CLI =|= . u =|= 0
A Clock

A Timing precision of the system clock that distributes
timing signals to different parts @ TR
1B

ATDC L

A Arises from the finite resolution of the TDC used to
digitize and Notilinearities in bins CL” rE

Q. (gr
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1 LSB CALIBRATIORSOFTWARE

AStarting point

Alnjection based calibration using delay scan

A Moving the phase shifter
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1 LSB CALIBRATIORDATA

AConsidering 1 LSB

ALSB is assumed to be constant
across the full TOA range

O Case where non DNL negligible

AData calibration

AProcedure

A For each TOA range we are varying the
LSB to find E(IY 0 T¢ Y
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1 LSB CALIBRATIORDATA

AConsidering 1 LSB

ALSB is assumed to be constant
across the full TOA range

O Case where non DNL negligible

AData calibration

AProcedure

A For each TOA range we are varying the
LSB to find E(IY 0 (¢ X

AANd time -walk correction
A Resolution is uniform across pixels

w e
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4 LSB CALIBRATIOMDATA

AConsidering the DNL of TDC

& | ATLAS HGTD Test Beam Preliminary ~~~ Constant i 48.93 £ 0.06 ps |
1 : 60 - February 2025, B110/IHEP-IME sensor +10 band —
A Architecture based on 32 TDC bins .§ - HV: 128 V, T°: 18 °C, Threshold: 7.2 fC TOA €[0,32]
. . % | 4 LSB Data calibration + time — walk correction TOA € [32,64]
O 4 LSB are been determined per pixel 2 | TOA € [64.96]
o 55j TOA €[96,128] T

AConsistent values across ranges/pixels |
A No dependency to the position of the pixel
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; c a N The measurements leading to these results have been performed at
Yy v ¥ e 1 E the Test Beam Facility at DESY Hamburg (Germany), a member of

the Helmholtz Association (HGF).
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RESOLUTION
PERFORMANCE



HYBRIDS RESULTS

ASub 40 ps reached for hybrids ( ASIC+senso}
A For ~16 different pixels

— L L L L L AL BN AL L BN
%) IR A L B B B B ‘8_ - I ]
£ [ ATLAS HGTD Test Beam Preliminary | Sssop ATLAS HGTD Test Beam Preliminary
© 250 - April 2025, Pixel 127, B110/IHEP-IME sensor - S April 2025 - B1 1(?/IHEI?-IME sensor (T°:-35°C) .
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. 4 LSB Data calibration + time — walk correction g - ]
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A Additional characterizations are ongoing

MODULES RESULTS

AGood performance obtained with modules (1 module = 2 hybrids)

ATLAS HGTD Test Beam Preliminary

April 2025, FM03/B3W1 sensors, Chip 0 and 1 (HV: 100 V, T°: -34°C, Threshold: 12.0 fC)

ASub 50 ps have been reached
A Bad clock jitter of about 2(s
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CONCLUSION

ASub 40 ps was reached for hybrids

ASub 50 ps resolution obtained on m odules

ASome effectsare investigated to improve further the performance
ADifferential nonlinearity of TOATDCs

AOngoing efforts
Almproving the data acquisition: Acquiring more and more data
A1st setup with 3 chips during last TB campaign r—
AComplete readout with the nominal DAQ (Felix) ! Tm
_ .‘

. D,
<
ﬁ:’ ’
g
L-’«
3
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DAQ SETUP

DUT From X. Yang
Telescope
| FEI4
| HitOR
........................ ” 11—
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T MCP +— MIMOSA Trig&Busy
FEI4 1

FEI4
Producer

HV
Setting

Digitizer&HV

Run Control

“— FEI4 Trig&Busy

To mimosa

MIMOSA
Producer

TLU
Producer

BUSY/Trigger
Adaptor

A
Digitizer

Trigger 1GHz, 6.25GS/s

Producer > |
Busy
control

Data/

Waveform
counts

Signal waveforms Up to 8 channels
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INNER DETECTORS POSITION

E 1400 — ATLAS Slmulatlon ITk Layout: 03-00-00_
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5/22/2025
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STEP V: TIMBENALK CORRECTION

= T T T T I T T T T I T T T T I T T
- ATLAS HGTD Test Beam Preliminary
L February 2025, B110/IHEP-IME sensor

— HV:128 V, T°: 18 °C, Threshold: 7.2 fC

i Before time walk correction

1l February 2025, B110/IHEP-IME sensor
- FHV: 128 V, T°: 18 °C, Threshold: 7.2 fC

1[ After time-walk correction
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THE HIGH LUMINOSITY ERA

Alncreasing by 6 the amount of data

ATL-UPGRADEPUB-2025001

Alncreasing overall the pile -up
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DSCBvs GAUSSIAN FIT

T ) e e B e B I
= | Pixel 127
L L April 2025, B110/IHEP-IME sensor 1
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