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ATLAS HGTD project
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HGTD: High-Granularity Timing Detector
< 50 ps;1.3mmX1.3 mm

LGAD: Low-Gain Avalanche Detector

Position of the HGTD within ATLAS

ATLAS Detector in LHC
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Hybrid tested

B109 Pre-production IHEP-IME Baseline Laser. testbeam
Hybridization

B110 Pre-production IHEP-IME A Baseline B. testbeam
Hybridization

B117 Pre-production USTC-IME A ACP B. testbeam
Hybridization

B118 Pre-production USTC-IME A ACP Laser. testbeam
Hybridization

USTC-B1 Pre-production USTC-IME 3 Baseline Electronic. B

Hybridization
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» ALTIROC, ATLAS LGAD Timing Integrated Readout Chip (15X 15 j&i&)
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| Hybrid B #HE S HF

» Baseline hybridization
<~ Sensor and ASIC UBM

< Deposited solder bumps (SnAg, 80 um)on ASIC
< Align, heat and compress

UuBMm Solder bump Reflow process
formation formation

Solder joining

sensor
lﬂl

ASIC
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» ACP Hybridization
< (Double) gold stud deposition
< Anisotropic Conductive Paste (ACP)
<~ Non-Conductive Adhesive (NCA)
< Align and compress
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particle
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Metal
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Laser driver

Time reference
(synchronisation signal outpu

Altiroc busy

Laser
3¢ 1064 nm infrared

TDC clock
probe_ PA
out_discriminator

hit 1 pix (~1mm)

interface -
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TDC resolutlon

» IHEP sensor + baseline#i# & (1 pixel tested) B109 probe discriminator resplution 3507 S
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» Testbench in CERN N Signal o
o MEiRE: -30°C
o FETIRE: °0Sr
& Opep~10 ps

v

Beta
source

Signal

Signal Oscilloscope

2 9 2 2 2 2
OTw: = OLandau T Ojitter T OTW T+ Oclock T OTDC

Clock
e Altiroc Busy
W Altiroc trigger
MCP B Hybrid + interface FPGA
4 TEStbenCh In USTC Signal
Beta-electrons HPK sensor
o IMEIRE: -30°C *
o TETIR: 0Sr Signal
& GHPK sensor~45 pS radioactove |
Signal ,
HPK sensor-f OSCI”OSCOpe
Ug‘;,,t = UzLandau + Uﬁitter + J%“W +NN2%' D|SC
hybrid
Chip FPGA

Configuration
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» Testin CERN

~ IHEP sensor + baselinef2&

- Better time resolution at higher voltage (~45 ps)
& USTC sensor + ACP#4&

+  Time resolution ~ 51 ps

< Better time resolution using LSB calibration and
time walk calibration.

» Testin USTC
& USTC sensor + baselinei#&
+ TW and subtract HPK: 70.5 ps
- Reason for bad resolution: HV decouple

ASIC alone ASIC + Sensor

in_preamp in_preamp
Internal e gnd_pa
variable Cdet gn(l_l)’d T n*Cdet (Scn.\‘or)
. L_gnd_pa L HY
C L_gnd_pa
— L
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» Set-up:
< CERN SPS with 120 GeV pion beam
< Temperature stable at -30 °C
& Opep~10 ps
v MR ZE SR
o FfsensorfigE & 7 AR AT LASLELF50ps
HItERE, BRZEEFGRFHHE M.

Bias [V]@Best
timing

threshold [fC]
@Best timing

Probe MPV [mV]
@Best timing

Best timing [ps]

45.88 110 5-9 35
47.91 103 4-5 25
47.63 100 50r 15 29
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BREER, XA EHE R A& R Smk A T T
Factor | Contribution __|Commems _________

1- ASIC jitter 18 + 2ps Qinj 20 fC
2- Clocks jitter 14 + 1ps No seen during testbeam
3- TW contribution 25 + 10 ps TW correction works well, less efficient

when were are close to the breakdown
Voltage as less TW to be corrected

4- Sensor’s Landau fluctuation 30 %+ 5ps
5- TOA TDC Non Linearity 22 + 5ps Possible contribution of digital noise
TOTAL 50.3 + 12 ps
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LATIC: LGAD Amplification and Timing IC

~5X5181E
o TDCH|a)#E & -

o BFEATEREE: 20 ps @10 fC
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