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ÁHigh Luminosity LHC: 2030 to ~2041

Á 7.5x nominal lumi., integrated lumi. up to 4000 fb-1

ÁRequiringhigherradiationhardnessof the detector

ÁUp to 200 inelastic p-Ǉ ƛƴǘŜǊŀŎǘƛƻƴǎ όάǇƛƭŜ-ǳǇέύ ƻƴ 
average per bunch crossing

High-Luminosity (HL-) LHC
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Upgraded ATLAS detector

ÁMajor upgrades to achieve physics goals of HL-LHC

Trigger/Data Acquisition

Á Upgrade for higher rates

High -Granularity Timing Detector (HGTD)

Á 30 ps timing resolution with LGAD

Á Coverage: 2.4 < |ɖ| < 4.0

Á Suppress pile-up and measure bunch-

by-bunch luminosity

Electronics upgrades for LAr  Calo , 

Tile Calo  and Muon detectors

New muon chambers

Á Inner barrel region with new

RPC, sMDTs, and TGCs

Fully silicon inner tracker (ITK)

Á Coverage up to |ɖ| = 4.0, less material, 

finer segmentation
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Motivation of HGTD

Vertices time spread of ~180 ps 

HGTDTDR:CERN-LHCC-2020-007

Á ITk spatial resolution worse in the forward region

Á Poorresolutionof associating tracksto primary vertex using only spatial information

ÁPrecision-timing information

Á Improvesvertex reconstruction andpile-up rejection
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Overview of HGTD

Overlap between modules

Doublesided
detectorwheel

ü Detector to be installed on each of two calorimeter extended barrels 

Å Located endcap regions outside of ITK (|z|=3.5 m), active area coverage: 2.4 < |ɖ| < 4.0 

Å Per track timing resolution of 30-50 ps, up to a fluence 2.5 x 1015 neq/cm2

Å Operating temperature -30oC (CO2 dual phase cooling)
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Performance

ü Track-timing from HGTD will recover the performance in the forward regions

Å Improved rejection of pile-up, increased lepton-isolation efficiency

Å Potentialimprovementon b-tagging, lepton identificationin forward region

ü HGTD also allows for measuring luminosity bunch-by-bunch, <1% accuracy

HGTDTDR:
CERN-LHCC-2020-007

Innerandmiddlering
replacedduringHL-
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LGAD Sensor

Á Low Gain Avalanche Detector (LGAD) technology

Á Thindepletedlayer: 50um,with extra gain-layer (10-40gain)

Á Fast rise time andthen better time resolution

Photo of a 15 x 15 matrix

~22k sensors to be produced

N-on-P diode structure,
extra p-type gain-layer 

ÁHGTD LGAD sensor

Á 15x15 pads matrix with pad size of 1.3x1.3mm2

Á Withstand fluence of 2.5x1015 neq/cm2 andTID of 2 MGy

Á Charge Collection per hit: 10 fC (start) - 4 fC (end)

Á Hit time resolution: 40ps(start) ς70ps(end)
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LGAD: Carbon doping

Time resolution

Á LGAD performance degrades with radiation exposure due to a loss of gain

ÅRecovered by increasing operationvoltage

ÅElectric field breakdown limits Vmax~550 V for 50 ˃m, socalledSingle Event Burnout (SEB)

ÁCarbon enriched gain layer

Å/ŀǊōƻƴ άǎǘŀōƛƭƛȊŜŘέ ōƻǊƻƴ ŘƻǇƛƴƎΣandreach lower operation voltages, thereby improved 
radiation hardness

JINST 18 (2023)
P07030,JINST 18
(2023) P05005

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDPublicPlots
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LGAD readout chip: ALTIROC

ÁFront-End: preamplifier + discriminator + TDC

Á TSMC 130 nm CMOSprocess,15x15 pixel matrix

Á Time of Arrival (signal delay w.r.t. 40 MHzclock)

Á Time over Threshold (for time-walkcorrection)

Á Small jitter: 25 ps at 10 fC (< 65 ps at 4 fC);

Á Radiation hard up to 2.0 MGy

ALTIROC global 
structure

ÁDetector module consists of:

Á 2 Hybrids: ASICs bump bonded to LGADs

Á Module flex: glued to hybrids and wire-bonded to ASICs

9



DU at Test Beam experiment

S. Hammoud ICNFP 2024

2024 beam tests at DESY and CERN

ÁMicro-Channel Plate (MCP) for timing reference

Á æt from ToA and MCP timing

ÁPre-production LGAD and ALTIROC3

Á hōǘŀƛƴ Ғ рл ps in average

Á Furtherumprovements in ALTIROC-A...

Before (blue) and after (orange) 
Time-Walk correction
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Detector Unit

ÁFour identical quadrants make up a detector wheel

Á HGTD has 8 wheels, 8032 modules, 3.6 M channels, 6.4 m2 in total

ÁDetector Unit: modules loaded on support units made of PEEK

Á /ƻƴƴŜŎǘŜŘ Ǿƛŀ άC[9· ǘŀƛƭέ ŎŀōƭŜǎ ǘƻ ǇŜǊƛǇƘŜǊŀƭ ŜƭŜŎǘǊƻƴƛŎǎ ōƻŀǊŘǎ
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Peripheral Electronics Board (PEB)

ÁOn-detector electronics

Á Data transmission,Low & High voltage, control, 
monitor, etc.

Á Component: lpGBT (dataaggregation),VTRX+(optical),
bPOL12V(LVconverters),MUX64(multiplexer)

Á Separateddatapath for timingandlumi.

One quadrant 
of HGTD disks

Á 6 types of PEB

Á due to a small symmetry breaking

of front-back detector wheels,

only 1F and 2F used in both sides
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Progressive R&D strategy

ÁStep 1: ModularPEB,with commercialreplacedlater by final component

Á Totest the componentperformance,the designconcept,TDAQR&D,etc.

ÁStep 2: 1F PEB,with final componentsto meet the final requirement

Á Performthe full testsbeforethe massproduction

1F PEB

ModularPEB
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MUX64 for PEB

ÁHGTD sensor degrades with radiation, bias voltage adjusted accordingly

Á Monitor largenumberof V,I, T,... of detectormodulevia limited numberof lpGBTADC

ÁMUX64, Select1 of 64 analogue inputs to lpGBT ADC through a 6-bit decoder

Á Developed for PEB project, with same process as ALTIROC

ÁExtensive tests: Long-term reliability, thermal circle, radiation tests, QC for 1836 MUX64 chips

JINST 19 
(2024)
C03044
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PEB prototyping

ÁάΧthe most difficult boardsmanufactured in HEPǇǊƻƧŜŎǘǎΧέ ,
by ATLAS P2UGReviewcommittee

ÁTake 1F board as example

Á 55 FPC,52bPol12V,12 lpGBT, 9VTRx+,9 MUX64within 9.7 mm thickness

Á 22 layer PCB, with HDI micro via and VIPPO techniques,High speed, low loss multi-layer 
material for impedance control
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System Level Demonstrator

ÁSeveral demonstrator setups for testing specific aspects

ÁThermal demonstrator

Á Test of CO2 cooling with realistic heat load 

ÁDAQ demonstrator: 

Á Test of full readout path from module to new 

readout FPGA cards (FELIX), using the final 

components of the PEB

16



ÁFull chain and detector level test with all components

Á 1 PEB connecting, 54 modules (loaded on 4 support units) 

Á LV&HV and interlock,mounted on a cooling plate

Full Demonstrator

Á Allows important tests of all components at system level

JINST 19 (2024)
C12012
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Module-0 in 2026 

ÁQuadrant of a detector wheel made up of 251 modules on 24 DUs

Á Assemble at CERN with full mechanics, to test grounding& shielding,etc.

Á Demonstrationfor the final assemblyandinstallation

5 PEBs  
24 DU

251 modules 
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Summary

ÁHGTD of ATLAS in HL-LHC

ÁAimto provideprecise time measurement to suppressthe pileup

ÁR&D stage accomplished

Á LGAD and ALTIROC ffulfill requirements on precision,radiation,etc.

ÁModule,PEB,systemlevelintegration,etc. in placeandtested

ÁMoving towards production and construction

ÁMassproduction,assembly,ƛƴǎǘŀƭƭŀǘƛƻƴΧ
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Thank You!
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Collected charge

ÁPhysical/active thickness: 775um/50um
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Å improved track-to-vertex association, leading to gains in b-tagging, lepton 
identification, and pileup jet rejection in the forward region

Å improved tagging of VBF events (time-consistency of forward jets)
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MUX64
Â Introduction

ü The MUX64 is a 64-to-1 analogue multiplexer ASIC designed for the HGTD. 

ü It transmits one of 64 analogue inputs of voltage or temperature signals to an lpGBT 

ADC channels through a 6-bit decoder;

ü TSMC 130 nm procession;

ü The reliability tests (HTOL,TC), radiation tests (TID, NIEL) , production and batch 

test of MUX64 are undertaken by Nanjing University. 

Fig1. Schematic view of the voltage monitoring of a 

module of HGTD.

Fig4. The on-resistance vs input voltage 

curve of MUX64

Figure2. (a) Schematic of MUX64. (b) Single-channel switching 

unit, controlled by C and CN, is a CMOS transmission gate switch. 
Figure3. Logic function sheet of MUX64
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MUX64
Â HTOL and TC Test

ü HTOL test is to verify the long-term reliability of electronic devices within a reasonable timeframe.

ÅThe temperature is maintained at 85 for 381 hours (~16 days);

ÅNo channel misalignment ,|ȹRon| is less than 5 ɋ (85) .

ü After the cooling system of the HGTD is shut down, its temperature is expected to rise to room temperature (20°C) within 3-4 

hours. When the ATLAS detector is restarted, the cooling system will bring the detector back to its operating temperature. 

ü TC test is to verify the tolerance to high and low temperature shocks.

ÅCycle temperature:  80  to -40  (80 min), -40  (5 min),  -40  to 80  (30 min), 80  (5 min);16 chips, 105 cycles in total;

ÅNo functional error.

(c)

Figure5. (a) HTOL test setup. (b) Test board with 32 MUX64 in HTOL test. (c) Test board with 16 MUX64 in TC test.

24



MUX64
Â Radiation Test

ü The MUX64 chips will be used in the radiation field of high-luminosity pp collisions at LHC to an integrated luminosity of 4000 fb-1.To 

verify the radiation tolerance of the MUX64, Non Ionizing Energy Loss (NIEL) and Total Ionizing Dose (TID) tests are performed.

üNIEL

ÅAverage injection proton rate: 1.86 ×  109 pps/cm2 (14.48 days in total); NIEL scale factor: 1.378 (80 MeV proton-> 1 MeV neutron); Total equivalent fluence: 3.21 ×  1015 Si 1 

MeV neq/cm2.

ÅNo channel misalignment during the whole NIEL test,|ȹRon|  is less than 25 ɋ (room temperature).

üTID

ÅDose rate: 5.98 Gy/s (35 h per chip), (in Si, 10 cm from source, 40 kV, 20 mA).

ÅTotal irradiation dose: 7.46 × 105 Gy.

ÅNo channel misalignment during the TID test , |ȹRon| is less than 30 ɋ (after 

irradiation and annealing, room temperature).

Requirement
(Ave of Genta and Fluka)

Requirement
(Max of Genta and Fluka)

Test dose

Total Ionizing Dose

[Gy]
4.71 × 105 4.97 × 105 7.46 × 105

1 MeV neutron equivalent 
[cm-2]

2.18 × 1015 2.50 × 1015 3.21 × 1015

Figure6. MUX64 position in NIEL test.
Figure8. X-ray machine setting and MUX64 

position in X-ray machine.
Figure7.  ȹRon versus Vin after irradiation.

(a) (b)

Figure9.(a) ȹRon after irradiation; (b) ȹRon after 

annealing. 25


