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High Granularity Timing Detector (HGTD)

Time resolution for particle 2 orders of magnitude up (ns—30ps)
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Reduce the pile-up in HL-LHC

— Detector area: 6.4 m?, time resolution: 30psg=—— g
— mm granularity, 3 million readout channels ~10 cm
— Radiation hardness: 2.5x10'> n,,/cm?

Chinese group make a major contribution to the HGTD (IHEP, USTC,
NJU, SDU, SJTU)

« 45% detector assembly
e >34% radiation harness LGAD sensors

« 100% peripheral electronics, 50% ASIC tests, >16% high voltage
electronics




ATLAS HGTD : Management position

e Chinese group leads the ATLAS HGTD project
— IHEP Joao is the HGTD project leader, ATLAS Level-1

* First time, the Chinese group leader was the LHC
detector project leader
- 4 Level-2 convenors (&Y, BME, skMEzn. WA
- 2 Level-3 convenors (5K, &)

Management architecture of HGTD projects
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Low Gain Avalanche Detectors (LGAD)

- LGAD is a new technology developed recently, that could measure
the particle time at ps precision (20 - 30ps)
Compared with APD and SiPM, LGAD has moderate gain (10-50)
»  High S/N, no self triggering

>  Thin depleted region (GZZ#[X) decrease t,.. , increase the electric field
and electron drift velosity
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Foundries of the LGAD

* Recently, many institutes and foundries start to develop the LGAD
* In China: IHEP-IME (7 GEFT-14FEL 7 JIT), USTC-IME (R} A-43H 7 Fr), NDL(% RE Fr-db i k)
« Abroad: VEFAHPK (Japan), FBK (E KA]), CNM (FEFEF) ...
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Acceptor removal of LGAD

* After neutron/proton irradiation, effective boron was removed, gain of LGAD

@110,

p-type Bulk

— THEP-IME LGAD most radiation hardness
* |HEP implanted the Carbon onto the if’A(HPK)

galn of LGAD acceptor removal constant
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Time resolution test of the LGAD

« Sr%0 Beta source test (time resolution. collected charge)

* UCSC boards with commercial amplifier and analog readout by Oscilloscope
* Less constraints with respect to the ASICs — exploring the limits of the sensors.

* Two UCSC boards with two LGAD
* One LGAD is device under test (DUT)
* Another LGAD is used to trigger electrons events from Sr°°
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Performance of LGAD after 2.5e15 cm™ neq radiation

Carbonated IHEP-IME LGADs satisfied the requirement of the HGTD ATLAS

* Time resolution: 30-50 ps , collected charge > 4fC, work bias voltage < 550V (avoid
the SEB)

* IHEP LGAD work below 300V

Collected charge vs bias voltage

Time resolution vs bias voltage
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Single Event Burnout (SEB) of the LGAD

 RD50, CMS and ATLAS found the SEB of LGAD at 2021

* High bias voltage and electric field in LGAD could induce the SEB,
* To avoid the SEB, the bias voltage of 50 um LGAD should <550 V

* ATLAS has done the test beam with 120GeV proton at CERN

» After 2.5e15 neq/cm2, 8 IHEP-LGAD sensors didn’t burnout at the test beam

e Carbonated IHEP-IME LGAD could avoid the SEB since the low work bias voltage
radiation hardness
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Performance of the LGAD after irradiation at the test beam

* After irradiation, IHEP-IME LGAD achieved 100% detecting efficiency
at the test beam

* IHEP-IME LGAD has passed the Market Survey of CERN
* The domestic silicon sensor firstly is used in LHC

ATLAS HGTD Preliminary Test Beam
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ALTIROC : fast readout ASIC e

MEGA SLAL

Microelectronics

* ATLAS fast readout ASIC chip, many institutes cooperated to deS|gn
* IHEP would do the digital circuit part of the ASIC, will finish 50% wafer level test

» 225 channels per chip, Amplifier, discriminator and two TDC per channel
* Two TDC (Time to Digital Converter) to provide digital Hit data
e Time of Arrival (TOA) : Range of 2.5 ns and a bin of 20 ps (7 bits)
* Time Over Threshold (TOT) : range of 20 ns and a bin of 40 ps (9 bits)
* One Local memory: to store the 17 bits of the time measurement until LO/L1 trigger (~ 1 MHz)

ALTIROC timing ASIC in nutshell
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Fast readout ASIC ame "'J,.C.Lab G oy s

* Produced by the 130nm process of the G 1 H, (TSMC)
* ALTROC1- 5x5 array with complete analogue front end (discriminator + TDC)

e ALTIROC2- 15x15 array with almost complete functionalities
* Full-size ASIC prototype ~2x2 cm? with 225 readout channels
* Large amount of digital data, limited power consumption (1.2W/ASIC - 5.3 mW/ channel)

» data serializers @ up to 1.28 Gb/s,
ALTIROC1 and testboad

ALTIROC2 &

ALTIROCZ test bench setup
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* Requirement of the ATLAS: time resolutlon <70 ps @ 4 fC
* LGAD collected charge >15 fC (>4 fC) before (after) irradiation

* Charge injection self-calibration test in ALTIROC
* Thresholds can be as low as 2 fC - full efficiency reached at ~3 fC

e ~15 psjitter @ 15 fC, better than 70 ps jitter@ 4 fC
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Detector module of the ATLAS HGTD

» ATLAS HGTD consists of 8032 detector modules, 3.6 million Hybrids
channels, 6.4 m2

» Detector module consists of 2 ASIC. 2 LGAD sensors. 1 flexible
PCB

0 15 X 15 pixels, mm pixel size
0 Bump bonding of the ASIC and LGAD sensors N FLeXi

FPC Connector

Side view
- Stiffener
W o

Wire-bonding




Detector module: Bump-bonding

* IHEP would finish 50% of the bump-bonding

* IHEP has finished 40+ bump-bonding modules
e ALTIROC2 chips + IHEP-IMEP LGAD

Bump-bonding
modules




FLEX tail

Assembly of the detector modules

« HGTD will have 8032 detector modules

* 6 assembly centers in the world
« IHEP, USTC, German, France, Spanish, Morocc
* |HEP is the largest centers, will produce 34%

+ Automatically gantry developed by the IHEP and
Chinese company
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Module
flax

Tests

Picking flex - Flex adapter
card

Picking tool Picking dummy sensor Placing dummy sensor



The first detector module prototype of ATLAS HGTD

* IHEP has developed the first detector module prototype of ATLAS
HGTD

 |n the radiation source test, all of the 225 channels of the module work
well

First Detector Hit maps of 225 channels
Module Prototype Beta test

Occupancy FMO02

Full Module

Cooling plate




The first detector module prototype of the HGTD

- I[HEP has developed the first full-size detector module prototype for
the HGTD of ATLAS

* The lowest threshold of ASIC is 4.8fC, verly close to the design goal 4fC,
* the uniformities of the noise and the threshold of 225 channels are good
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Detector Module Testbeam at IHEP

* The test beam of the 5x5 array detector module (ALTIROC1+LGAD)
* Time resolution of the module: ~46 ps

LGAD Landau 25 ps | the reason for part of the high
jitter found
Jitter+system/internal 37 ps | 26 (known reasons)
clock+time walk residual
ALTIROC1 mini-modules @ test beam TDC clock 7ps | Total resolution:
¥ w 36 ps (likely achievable for
Per hit total 46 ps | 20fC)/ 70 ps for (4 fC)

Before Correction: o, = 58.3 £ 1.6 ps
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Peripheral electronics board (PEB)
 I[HEP and NJU developed 100% PEB

ﬁm h FG sow contro —
e Space limit, radiation hardness, high- N
Speed readout ASCI LGAD - < FLEX > PEB
ALTIROC Main data stream, Monitor g_
Fluence < 1x10%> neq /cm? > 1.5x10% neq /cm?

TID < 20 Mrad (0.2M Gy) 1.5x 1.5, > 45 Mrad (0.45 MGy)

CS

Design and test each sub-module circuit
« Control and data transmission module(lpGBT&VTRx+)
e 10.24Gbps uplink
* Joint testing with ATLAS TDAQ(FELIX)
 Power Block (bPOL12V)
* Coreless inductor, height < 4mm
e Optimize the output ripple
e 64-to-1 multiplexer
e Packaging and testing v
* Pass the proton irradiation test (80MeV) at CSNS

lpGBT eval. board

:.//f

VTRx+ eval. board

MUX64 in QFN88



DAQ Demonstration System
» IHEP and NJU developed the DAQ Demonstration System

Could read out the data from 14 detector . 5
modules synchronously e T A

@IHEP




Summary: HGTD of ATLAS at IHEP/NJU

Chinese group make a major contribution to the HGTD, and several
members were appointed as level-1/2/3 managers.
Domestic LGAD sensor: IHEP designed and IME produced
« Most radiation hardness LGAD in the world recently
« Time resolution is 35ps@300V, could avoid the SEB
Peripheral electronics board:
« [HEP and NJU lead the designs of the peripheral electronic
« The prototype of the PEB has been successfully developed
Detector modules: first detector modules has been produced by IHEP

« Chinese group leads the module production, finish ~4000 modules,
45% of the total modules

fast readout ASIC chip:

« Chinse group will do ASIC 50% water level test, radiation hardness test
High voltage supplier

« IHEP has developed one high voltage supplier (100nA current

measurement precision)




Thank you for your attention!
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LGAD Single Event Burnout effect (HV stability in the beam)
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Detector units

» Modules are installed and glued on support units (PEEK)
» Challenges :machining or 3D printing of PEEK (flatness <200um)
Loading modules on supp

N\

ort units

Loading modules
on support units

m Different color represents
different support units.

Support unit

Glue dots
Module

Support units metrology
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