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High Granularity Timing Detector (HGTD)
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Low Gain Avalanche Detectors (LGAD)
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ALTIROC : #B R Z HH ASIC
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* 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)
e 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)
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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)
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» IHEP developed high voltage power supply prototype

12C slow control
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Trigger, clock, fast commands

High voltage power supply prototype
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Gectron-lon Collider (EIC): Timing-tracker

Barrel AC-LGAD detector
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Hadron endcap AC-LGAD detector

Nuclear Medicine Instruments:
Such as proton therapy and proton CT
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other applications

* Beam Telescope for Beam Test Platform

* LiDAR: Positioning and Navigation

* Track and time detectors in other particle
physics and nuclear physics experiments
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ALTIROCR & D

* |HEP is responsible for 50% of ALTIROC ASIC wafer testing
* IHEP joined the digital part of ALTIROC ASIC design

e ALTIROC2/ ALTIROC3— 15x15 array with almost complete functionalities

e ~15 ps jitter @ 15 fC, better than 70 ps jitter@ 4 fC

* Full-size ASIC prototype ~2x2 cm?2 with 225 readout channels
* Large amount of digital data, limited power consumption (1.2W/ASIC = 5.3 mW/ channel)
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LGAD sensor after Irradiation

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

* IHEP-IME and USTC-IME LGAD with carbon-enriched doping
 Significantly lower acceptor removal ratio, the most radiation hard

* After 2.5X10% n,,/cm?, LGADs can operated below 550 V = avoid single event breakdown
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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
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9

-

ATLAS HGTD Test Beam Preliminary

Y[mm]

|

o

[(e]
Efficiency

8

|
Q¢
o)
N
T

|
S
I,

o

()]
o
o)

T T

Gap efficiency

o
(o)}
o
)
L

Interpad distance

;¢
w
o
~

|

SRS AN b;;»,m;»-;ﬁuv i
o
SN

e
[N

(=]
IIIIIlIIIIIIIIIIIIIIlIIIIlIIII

1

ALTIROC2+UFSD4_211-ATLAS-W11a-DEV_15x15

w

o

=S
o
N

|

TTTT

o .

s palagwplaagel gpavglagwyslaogopel saaal ¢yiy
1 2 3 4 5 6 7 8

Or\)




Motivation

* Pileup background is major challenges at high luminosity LHC

* High precision timing info can reduce the pileup by one order of magnitude
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Motivation

* Pileup background is major challenges at high luminosity LHC

* High precision timing info can reduce the pileup by one order of magnitude
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