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THE JUNO EXPERIMENT READOUT ELECTRONICS
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DEVELOPMENT OF LHAASO KM2A ELECTRONICS

LHAASO/ 48 Introduction
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DEVELOPMENT OF LHAASO KM2A ELECTRONICS
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DEVELOPMENT OF X-RAY 2D SILICON PIXEL DETECTOR
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R&D OF NOVEL SILICON PIXEL DETECTORS
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TAICHUPIX CHIPS FOR THE CEPC VERTEX DETECTOR PROTOTYPE
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HIGH GRANULARITY TIMING DETECTOR IN ATLAS

SEI6 1R 1) Introduction

ATLAS;&E’._m%ﬁMEnHﬂajﬁi*ﬂﬁmuéﬁx%kﬂﬁﬁﬂ@nm CEREHRRN—ED . HKCBERERRG, BRIEE 420021
ER, WiERERS RS SN

The High Granularity Timing Detector (HGTD) of the ATLAS experiment is part of the High Luminosity Upgrade of the Large Hadron Collider N HGTD&%E%E‘EE‘
(LHC). After the High Luminosity Upgrade, each bunch crossing will produce more than 200 collisions, and pile-up is one of the most difficult Possion:of thetwo HGTD vesselsim ALLAS
challenges for object. : e e r e

HGTDRETRIBHEFHMATINE (L6AD) MISHERRNES, HHER .31 372X, RN FHIRT RIS Fn]
IA30580. IRMRRA T AIEYRE, DAlEEEXERL3.S ik, RIRHEES@EI=EA. KeHCTDNENSEENEEESHE
BRMRNENENNERR, FTLFBRE-ENHEERRRE D ETREMER, AMAIER X E IR AR,

The HGTD is a new pixel detector based on Low Gain Avalanche Diode (LGAD), with a granularity of 1.3x1.3 mm2. Its time resolution for a
single charged particle can reach 30 picoseconds. The HGTD will be located in the gap region between the barrel and the end-cap calorimeters,
at a distance in z of approximately £ 3.5 m from the nominal interaction point. The detector covers a range in pseudo-rapidityof 2.4< | n | <
4.0 in both endcaps with an active area of 6.4 m2 of silicon and 3.61 M channels. With the combination of ITk (Inner Tracker) and HGTD
measurements, ATLAS can view a portion of the event in space and time, extending the pile-up rejection capabilities of the ITk to the extent
of its acceptance.
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g [rrocusoszws SISHMIET POATLASEFBIE, FTHIAIGADIE e MIBRRIE AL I ARIA A BIRIIGADEHE RIS, ABIBRTHRRIEAT, B
o | HERIMEL p—_— REFTLGADEE(ERERIEATLASSCIU L ERE B BRI Bl D {5 T IARI3S 52AD, Ft E_;[T‘4oovzh Y TAFEBE PR E IR
Gl etoseininy empx | PRERTENTHRFIS, VTR EFHMAIEKEECR, 2023555, ESAEATHEIROLGADIE RIS BB RN :“L,‘EI’J
0 e UsTCIMEVL1- W11 HGTDIN BiE(E R ES BN, FHRABE TP 100%RVIAIRNMD L, XERUMZFPIOEIRKWEFIEE RS,
= o G T 4 k4 o [&-USTC-IME-V2.1-W17 - SR The key to the development of the HGTD project is a new silicon sensor technology based on LGAD. IHEP has developed an anti-radiation LGAD
ﬂﬁf’i@iﬁﬁg% ’ e 40?,135\,0“322?\;1 = % sensor using domestic technology. After being verified by the ATLAS collaboration of the European Organization for Nuclear Research (CERN), the
Radiation-hard ultra- %LGAD‘F’.%E}_E%EZ.S X 10" neq/cm’® 2 LGAD sensor developed by IHEP has radiation resistance performance that exceeds that of Japanese manufacturer Hamamatsu's LGAD silicon
fast silicon sensor ﬁ*?ﬁiﬂ%?ﬁliﬂﬁﬁﬁﬂﬁlﬁlﬁﬁﬁ sensor, reaching the current world's best level. The time resolution of IHEP's LGAD silicon sensor can still reach 35 picoseconds after being
developed by IHEP Time resolution of LGAD prototypes after  ¢,hi0ted to ultra-high radiation specified by the ATLAS experiment, and it can operate in the low-voltage range of around 400V (the safe

leradiation operating area), which is far below the dangerous voltage of 600V for single-particle breakdown effects. In May 2023, the LGAD sensor developed

\ = : ? > " H I by IHEP won the open tender for silicon sensors for the HGTD project of CERN and obtained +100% of the tender share. This is the first time that
-[l% [l:lj % | % H%J CERN has purchased domestically produced silicon sensors.
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ﬁ%ﬁ%’“ EXIREATT b, URRNISEETT, B MEREET RS EE R SNEE IR TS (PEB) . HRANISSEATTAIPERSZEAEHGTDS A S
|:| o ; ::::t:?tr;:d B'lng wires . i
HGTD is composed of 8032 front-end modules. Each module consists of two LGADs of approximately 2 x 2cm2 bump-bonded to two ATLAS o N
LGAD Timing Integrated Read-Out Chips (ALTIROC) and held together by a module flex (flexible PCB). These modules are arranged with overlap on BlimiRIREE S .
the two sides on each disk. In order to facilitate the detector assembly, the modules will be mounted on support units forming detector units (a Block diagram of the AmARIR SEYIER
detector unit is a support unit with modules mounted on it). Each module will be connected to the Peripheral Electronic Boards (PEB) through a flex front-end module Photo of the front-end module

tail (another flexible PCB). The detector units and PEBs will be mounted on the HGTD cooling plates.

SNERRREFFHIEER/), BEEE, LESREAMTNEREXRSFhiK. BBEUERENFEELS SRRERRIEE, §1F%
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BIERMHES, A, CERM T FNERESHIEE (320 Mbps, 640 Mbpsa1.28 Gbps) 4= S FBREHEIARE ST EREISE,
BESr, XTI IMEEFALAT 4702 REIBIImIRIREIRIEERLS, RIS PIXT640 MbpsZ=53 (=5 A (&t ﬁ,ﬁmﬁ.:.%!o JSEHH S B RO RO AL
EGOBITRCRGER, A% ER \TEIpGBTHIDAQR A EHIEUERT., KERIHERAEM SIS SR INEERER R 75 FAOA IS
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%lif_?% )&ﬁ (FELIX) *ﬁ DC/DC converter ﬁ'ﬁﬂ?&ﬁﬂﬁ@]ﬂﬂiﬁ

PEB faces challenges such as small area, low height, big data transmission, and radiation tolerance. The PEB connects the front-end modules IBEOLI L3 peth

through the flex tails with predetermined length. Each flex tail serves a module consisting of two ALTIROC ASICs and contains 320 MHz differential radiation tolerance #8 (LirmC Bk o nppclea L thee tok
electrical CERN Low Power Signaling (CLPS) clock and 320 Mbps CLPS fast command to two ALTIROC ASICs (multi-drop connection in the module

flex), as well as the lines for the ALTIROC control signals, the low voltage power supplies, the bias voltage of the sensor and two lines for a I—I—;—;—b
thermistor on the module flex. It also provides two CLPS links transmitting timing data at three speed rates (320 Mbps, 640 Mbps, or 1.28 Gbps). In i S | R
addition, the flex tails for the front-end modules placed at a radius above 470 mm carry a further two CLPS links for luminosity data at 640Mbps. — !

Control and configuration commands to and from the ALTIROC ASICs are transmitted via 12C bus, which is embedded in the data streams between = —H T Lo [ d—

the [pGBT and the DAQ system. The analog monitoring signals coming from the front-end modules as well as the local monitoring signals at PEB are _F w; J
digitized by the Analog to Digital Converter (ADC) implemented internally in the |[pGBT. Since the input channel number of this ADC is limited to 8, a o ==: 1E= lbzif'c-}f;f

multiplexing chip is required to handle all the signals connected to PEB. A full custom 64-to-1 multiplexing ASIC (MUX64) has been developed with - %1““ B-Wm:‘;‘&iww e

a radiation tolerance suitable for its implementation on the PEB. The digital data from several ALTIROCs are aggregated by the I[pGBTs on PEB, and
transmitted to Front-End Link eXchange (FELIX) board in the off-detector TDAQ/luminosity system through the Versatile Link+ Transceiver (VTRx+)
and the optical fibers at 10.24 Gbps per link.
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s MI4EARAYDC/ DCHEHRERbPOL12VIG 12VERIERKIpGBTAOVTRXHUA BRFTRSATL.2VAN2.5V, LE5h, bPOL12VIARITFIALTIROC ASICEE BRI so K
%ng I;E.;-[.O :_mm VTR

The 12 V DC/DC converters, bPOL12V, are used to generate the 1.2 V and 2.5 V for [pGBTs and VTRx+ transceivers. In addition, separate DC/DC
converters are used to generate the analog and digital voltages for ALTIROC ASICs.
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Contribution from China Team in ATLAS HGTD Project —

IS AT AR EREAES T ATLASER B IR E SO PHANEEIE , 48 7 TE FesulOfe RISSHIES, 4s%fuRmss ShEIFE B FE T F4E[E] Conceptual design of the PR
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_|—2026-E—3: %?&t GrapheneShe'::t:ll;“:nm FPC connectors; 1.0 mm
The China team, led by IHEP, took the lead in HGTD project. We are responsible for 88% of the sensors development and production tasks,

45% of the detector module, 100% of the:in-detector electronics, and 16% of the high-voltage system in the project. In addition, IHEP members
hold key management roles in ATLAS HGTD project. The HGTD will be installed at CERN in 2026. SNEEER B ER FEE AR E Side view of PEB
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Connectors: 4.0 mm

PCE: 2.5 mm
Spacer: 2.0 mm
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