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v' Main sensor (15x15array) , 1.3 mm x 1.3 mm pixel s g\ S

. . (BB FER, FIwZEl)

» In 2023, IHEP design LGAD sensors be selected in the HGTD sensor
tendering process.

» Pre-production started at June 2023.

» Sensor pre-productions finished in 2023 — produced comfortably
enough sensors for HGTD needs.

3 main sensor
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EXPERIMENT

= Develop AC-LGAD strip silicon sensor for outer

CEPCHYE FAC-LGAD B8] B 1R M2 &

tl‘aC ker OTK (-rTOF.)

- timing resolution 50ps . e o
— spatial resolution better than 10 pym (Bending direction) & T et
— Strip AC-LGAD 3 l' | ............................... et

LGAD based 4D timing detector
Time & Track

AC signals
har I charge
forag;ion -j\/- j\/- —/\/' N~ e:tragction
| | 11| | ] | | I
Mip charge multiplication
charge collection
Reference TDR of CEPC 18
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EXPERIME

Pixels AC-LGAD : Strips AC-LGAD :
e Pitch size 2000um, pad size 1000um e Strip length 5.6mm, width 100um
e Different N+ dose : e Different Pitch size :

e 10P, 5P, 1P, 0.5P, 0.2P e 150um, 200um. 250um

W24/1Yimyun Fan
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Jitter tested by laser At Distribution (Beta source)
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SNR Time [ns]

* No significant change in timing resolution was observed for different pitches

e Saturation was observed : ~ 10 ps.

e 37.5 ps timing resolution, via Beta source test.
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« Track and time detectors in other particle physics and nuclear physics experiments,
such as EIC (pixel and strip AC-LGAD)

« Space cosmic ray detecting
o« B ERRN
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9 LGAD sensor after Irradiation

ATL

EXPERIMENT

= |HEP-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

8

acceptor remov al constant
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S LGAD sensor for HGTD -

» ~21,000 LGAD sensors for HGTD project

» Requirements:

*Size: 15x15 array, 1.3x1.3 mm? pixel size

*Active thickness: 50 um(Thin: faster rise time, lower impact from radiation)

*LGAD sensor can withstand the lifetime of the HL-LHC running: irradiation requirement

Maximum n., fluences: 2.5x10*> n,./cm?

Total lonizing Dose (TID): 2 MGy at the end of HL-LHC (4000 fb-1)
*Time resolution: 35 ps (start), 70 ps (end) per hit, while 30 ps (start), 50 ps (end) per track
*Collected charge per hit >4 fC (minimum charge needed by the ASIC to hold good time resolution)
*Hit efficiencies of 97% (95%) at the start (end) of their lifetime

Maximum fluence with replacements

15 .
0’"—'3.53<|1'0"'I""\"."I‘."'I""I""I"_ = 33'(.1‘0..‘..‘.|...‘|H..|....‘.‘.1
5 E TAITI-ASS'F”'-"at'O" ’ Q ATLAS Simulation .
= 3p ¢ Jom = o ©  Max TID for ASICs with i I d SF 2.26 T
2 Eol g:h:r""‘ ] 2 250 4 M:TIDf:rsens:rs':vithr:ﬁg:z:r:oma:nn::;nnndSF1;__
b a ]
& 250 s ] . ]
%] E % ) ]
. é E . ..‘ ...‘ E 2__Q% % E
Replacement of inner = 2 S e o > _
8 s . e ] SE 7]
° - c r . e - L k ] [ _en 1
ring every 1,000 fb! 5 SN T TR, e %, 2% 5, . :
. . s ot * T %7 % % E
and middle ring at I P E S "ﬁ..b -f‘j.% :
) r ' s 0.5 82@%’
2 000 fb-1 S 050 v M, e —_ i ™ Ve,
’ = r T e, we 1 1
L2 o PP PP EPUPITET IR PP B B P B I P B Lo
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Radius [cm] Radius [cm]
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Other future Application of LGAD

/ CEPC : Outer Tracker+ TOF

~

Strip LGAD

2955555

Spatial resolution: 10 um
Timing resolution: 30- 50ps

>70m? arey

/ X-ray detectors @ advanced light sources \

HEPS @ Beijing

i w e —\ ™
- !
N 4 .
> ) e
/
e ( 4 :

/Nuclear Medicine Instruments :
Such as proton therapy and proton CT

) position+time

Z position+time
[—F f
s

time

|
o

B 1 .

<4
Proton beam
—

2.5m fo—

i : D1 D2
k D3

other applications

* Beam Telescope for Beam Test Platform

* Track and time detectors in other particle physics and
nuclear physics experiments, such asEIC (pixel
and strip AC-LGAD)

* Space cosmic ray detecting

' 4
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