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High Granularity Timing Detector (HGTD)

HGTD aim to reduce pileup contribution at HL-LHC

* Timing resolution is required to be better than 30 ps (start) - 50 ps (end) ps per track

Radiation hardness : 2.5x10"* N, /cm? and 2 Mgy

6.4 m? area silicon detector and ~ 3.6 X 10° channels

High Granularity: Pixel pad size: 1.3 mm X 1.3 mm

* China team is making key contributions to HGTD
* 100% LGAD sensor (90% IHEP + 10% )
* 44% detector assembly (34% IHEP + 10% )
* 100% front-end electronics board (IHEP +NJU)
* ~33% flex tail (SDU)
* 50% ASIC testing (IHEP)
* >16% high-voltage electronic systems (IHEP+ SDU)

* Software and performance ( IHEP)
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Low Gain Avalanche Detectors (LGAD)

»  Compared to APD and SiPM, LGAD has modest gain (10-50)
»  High drift velocity, thin active layer ( fast timing)
»  High S/B, no self-triggering
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Latest prototypes produced by different vendors

* Lots of prototypes R & D in LGAD in last few years, active vendors includes:
e |HEP-IME (China), USTC-IME (China), IHEP-NDL(China), FBK (Italy), CNM (Spain), HPK (Japan) ...
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Challenge : LGAD sensor radiation hardness

* 2020, RD50, CMS and ATLAS confirmed Single Event Burnout (SEB) effect in testbeam
* The key to avoid SEB is reduce the acceptor removal, reduce the operation voltage
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LGAD sensor development @ IHEP

e Since 2019, IHEP started LGAD designed, collaborated with 3 foundries on LGAD fabrications
e Beijing Normal University (NDL), Tsinghua University, Institute of Micro-electronics (IME)

[HEP-NDL(2019) IHEP-IMEv1(2020.9) THEP-IMEv2(2021.6)

e ~
| ;%5.7!‘ EV

Pre-production for ATLAS (2023.7)
Pre—production

‘ Mass production
for ATLAS (2024.6)




LGAD sensor after Irradiation

* IHEP-IME LGAD with carbon-enriched doping
* 34 fabrication steps, all masks and processes designed by IHEP, fabricated at IME
 Significantly lower acceptor removal ratio, the most radiation hard
* After 2.5X10* n,,/cm?, IHEP LGADs can operated much below 550 V
— avoid single event breakdown

— more than 20 sensors in test beam, no single event breakdown by far

ATLAS HGTD Prehmmary Test Beam 8

nY _. FBK 2 5 ( 46t 26 ¢, DESY 2022) R acceptor removal constant
o ]
S1001§ Tocas (200, oemi2001 - 7 Acceptor Removal Ratio
__g | -% IHEP-2.5 (-20°C, CERN 2021) ]
S o @ USTO28 (310 2%, DESY 2029 i 6 Lower ratio, more radiation hard
@ ] N~
g so: : g )
g 80 ]
o 70 ps ] = 4 CNM ————
70 % L < | 8 B - s .
AN " ’ ] — 3 / \
i KW ] o )
601~ T I ) . 2 FBK/
E \\ USTC\* * E HEE EEEER EEEENR EEENE Ill“leIIIHﬁEI|
501 IHE P‘*\ . ,o\.\\ A 1
| et ¥
40; u—] n 0 .
= 15 -2 i o ¥
Bob & ¥ @ . @/
200 300 400 500 600 J & & ¢ ONL N

Bias Voltage[V] S $




LGAD sensors pre-production

* In May 2013, CERN chosen IHEP-IME in HGTD sensor tendering.
* First time domestic silicon sensor was chosen by CERN in LHC experiment
* Won the competition with Hamamatsu (Japan) and FBK (ltaly)

* The production plan:
e |[HEP-IME: 90% (66% from CERN tendering+24% in-kind contribution): ~8 m?

e USTC-IME: 10% in-kind contribution (~0.8 m?)
Pre-production LGAD sensors from China
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ALTIROC : Fast Timing ASIC ¢

e 225 front-end channels in ALTIROC, each channel has
* A preamplifier followed by a discriminator:
* Two TDC (Time to Digital Converter) to provide digital Hit data
* Time of Arrival (TOA) : Range of 2.5 nsand a bin of 20 ps (7 bits)  _____// '\ Discriminator
e Time Over Threshold (TOT) : range of 20 ns and a bin of 40 ps (9 bits) B
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ALTIROC ASIC wafer process and flip-chip ==

1.3mm

* ALTIROC-A ASIC wafers will be 100% sent to China for polyimide layer deposition
* 50% to IHEP/Khecwitt for probing, to IHEP/NCAP for UBM/thinning/dicing/flip-chip
* 50% to lJClab for probing, then to EU vendor for UBM/bump deposition/thinning/dicing/
then to IFAE for flip-chip
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Major improvement in hybrid: new Polyimide layer
ALTIROC2 VS ALTIROC3 hybr:d

» Polyimide in ALTIROCS deposited at NCAP/IHEP e L) () pommarn
» Optimize to use Soft Polyimide material
» More robust in thermal cycle, higher yield than ALTIROC2 hybrids.

» In ALTIROC3 hybrids prototyping phase, all ALTIROC3 UBM/thinning/dicing by IHEP/NCAP

» Next step to make the bump bonding thermal stability
> Increase sensor thickness, increase the number of bumps

ALTIROC2 hybrid by TSMC with ALTIROC3 hybrid by NCAP/IHEP with
incorrect Polyimide correct Polyimide
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HGTD module assembly

* 6 module assembly site at HGTD
- IHEP, USTC, Mainz, France, IFAE, Morocco
- IHEP is largest site, 34% module assembly (~3000)

 |HEP designed and fabricated module flex

* |[HEP developed gantry system for assembly
- Pattern recognition, glue dispending and assembly
* Plan to assemble 10 modules each time
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HGTD module loading
* |[HEP loaded the first ALTIROCS3 detector unit for HGTD demonstrator

+ Use Gantry system to position all 15 modules and glue dispending
+ Delivered to CERN, and passed reception tests

Detector unit shipped
Put the support unit Backside view after removal to CERN
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HGTD Module testing

- Module level Test beam showed that
* Individual channels can reach ~50ps level timing resolution
* In next few years, HGTD will have 3M channels @ ~50ps resolution
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Peripheral Electronics Boards (PEB)

» Comments from P2UG review 2023 about PEB :
It is comparable with the most difficult boards manufactured for HEP projects
> IHEP and NJU developed 15t Peripheral Electronics Boards at early 2024

» 4 companies joined full size PEB prototyping

> All 4 prototypes from different companies are functional

» Selected the best company for production




PEB at demonstrator

» IHEP and NJU played important role testing demonstrator system at CERN
» Noise levels were measured with 42 modules, no major problem
> 18t time to demonstrate that in system level
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HV, LV, Cooling plate prototype Module threshold scan obtained in demonstrator test
Electronics : PEB 1F + flex tails + 54 modules mounted on 4 support units (detector unit)



ATLAS China team in HGTD management

 ATLAS China team played a leading role in HGTD
— Joao (IHEP) 1s re-elected as Project leader (2021-2025)
— 4 Level-2 conveners (Zhijun Liang, Me1 Zhao, Jie Zhang, Zhaoru)

— 3 Level-3 conveners (PEB, high-voltage, module flex )

Resources Coordinator
Ana Henriques

1 October 2023

Institute Board
Frank Filthaut

(chair)

HGTD Project Leader
J. Guimarées da Costa

Deputy PL
Sebastian Grinstein
Stefan Guidon

8.1 8.2 8.3 8.4 8.5, 8.6, 8.7” "8.5, 8.6, 8.7 8.8 8.8.4 Simulation
Sensors Electronics Luminosity, DAQ Modules and Mechanics Services, Assembly Demonstrator Test beam Performance
Gregor Kramberger Frank Filthaut and Control Detector Units Aboud Falou Installation Stefan Guindon Djamel Boumediene and Physics
Mei Zhao N. Seguin-Moreau Jonas Strandberg Sebastian Grinstein Peter Teterin Sergei Malyukov Marisol Robles Stefano Manzoni Alexander Leopold
Jie Zhang Mengging Wu Zhijun Liang Daniela Macina Yusheng Wu
QC/QA 8.5.1 Cooling DAQ and
Dominik Dannheim 8.2.1 8.3.1 Production Planing Vessel 8.5.3,8.5.4,8.5.5 monitoring Simulation
ASIC Luminosity and Logistics CO,, Water )
o Nikola Makovec Luca Cadamuro 852 and N, plants B oanie (SR Reconstruction
832 On-Detector Cooling
DCS 8.4.1 856
ey Peripheral Konstantin Gritsay Bare module —_— Cables Aty (i Performance
Electronics hybridization Bolis Sergei Malyukov
Jie Zhang D )
833 DAQ Physics
Interlocks 84.2 8.5.7
8.2.3 Helena Santos Module Flex Fibers "
HV System Jie Zhang Suen Hou (A
Lei Fan
8.34
baa 843 8.6.1,86.3,8.6.4
8.24 Module Assemblies Detector assembly
LV System Daniela Macina
Davide Caforio Monitoring
Song-Ming Wang 8.44
DetectoriUnits 8.7.2,873,8.7.4
o Timing calibration Didier Lacour il
Ricardo Gongalo and clock
Louis D’Eramo 845 875
Flex Cable Tails Commissioning
Grounding Lucia Masetti Stefan Guidon
and Shielding

B. Lund-Jensen




HGTD summary

* IHEP is making key contributions to HGTD
* 90% LGAD sensor, produced 1.7k good sensor @pre-production
50% hybrization, 100% ALTIROC3/sensor UBM/bumping from IHEP/NCAP
34% module assembly, loaded 15t ALTIROC3 detector unit
100% front-end electronics board, prototyped 15t full-size PEB

>16% high-voltage electronic systems, prototyped 15t HV supply
50% ASIC testing (IHEP)

HV, LV, Cooling plate prototype
Electronics : PEB 1F + flex tails + 54 modules mounted on 4 support units (detector unit)




Other future Application of LGAD

/CEPC : Outer Tracker+ TOF \ /Nuclear Medicine Instruments: \
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High voltage power supply

» IHEP team is developing HV power supply prototype for HGTD
» high resolution current measurement, Dedicated Interlock design,
» Two type of HV prototypes with different grounding scheme
» Presented at HV supply FDR review

HV supply testing setup at HGTD demonstrator
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LGAD sensors pre-production
* In May 2013, IHEP-IME LGAD was selected by CERN in HGTD sensor tendering.
 First domestic silicon sensor chosen by CERN in LHC experiment

* IHEP-IME will produce 90% of LGAD sensor for HGTD (~20k good sensor)

e 1.7k good sensor fabricated in pre-production by far

[ __ [MERME

IHEP-IME CERN 54% Wafer fabricated 90 wafers
China in-kind — Considered as pre- 52 wafers
Spain in-kind 12% production (1702 good
USTC-IME China in-kind 10% sensors)
\2/3v¥20000200016 Pre-production LGAD sensors from China
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Hybrid test beam result

 Hybrid functionality was validated by test beam
* The EUDET telescope is used for track reconstruction

* Sensor bias voltage is -180 V, corresponding to a charge of ~20 fC
* ASIC threshold 4.8 fC

 Close to 100% efficiency in the center of the pixel (pad)
- The gap between pixels (pads) is about 50um

ATLAS HGTD Test Beam Preliminary
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