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» CEPC-- measurement potential for precision tests of SM: Higgs, electroweak physics, flavor physics, QCD/Top
» Produce 10'? Z boson at Z pole: Rich flavor physics program
» The LGAD based OTK (+TOF) detector will be placed between TPC and ECAL
» Timing detector is complementary to gas detector for PID:
improves the separation ability: 0-4 GeV for K/pi separation, 0-8 GeV for K/p separation
> Barrel : ~65 m? , Endcap 20 m?
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CEPC OTK Barrel Design (AC-LGAD Strips)

€ AC-LGAD strip sensor is the choice for CEPC OTK baseline since it can provide both high-precision spatial resolution for
momentum measurement and high-precision timing for particle identification.
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CEPC outer silicon tracker (OTK) utilizes AC-LGAD:

* For barrel:| Sensor size: 4.34 cm X 5.22 cm Large size
4.46 cm X 5.22 cm
* Strip number per sensor: 512

» Strip pitch size: 100 um
* Spatial resolution: 10 pm 4D detector
* Time resolution: 50 ps

* Power consumption: ~300 mW/cm?
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DC-LGAD and AC-LGAD

DC-LGAD (Low-Gain Avalanche Diode)

Segmented gain layer

pad (Cathode) P-stop
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Depletion region
(Active layer)

p-type Bulk

* Gain layer, with Gain:10-50

* The read-out electrode is placed and connected to the
N-++ layer.

» Large pixel size and dead zone between pixels(JTE,
Pstop)

 THEP LGAD got CERN contract for ATLAS HGTD,
contribute 90% sensors of ATLAS HGTD project,
production ongoing, ~300 wafers been fabricated

AC-LGAD (AC-coupled LGAD)

DC cathode

.

JTE

JTE

* Metal AC readout electrode and a thin dielectric layer
(S13N,, S10,) above the N+ layer

* Position information is determined by charge shared
between pads.

* Less dead area and better position resolution
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Towards CEPC application

Scaling AC-LGAD to centimeter-scale strip lengths-essential for large-area tracking systems-
introduces challenges:

»  Increased strip capacitance:

increase noise and power consumption, worse timing performance
S/N « (1/Capacitance),  Bjier Xt/ (S/N) = 6., o< Capacitance

» Conduct structural and process simulations to design AC-LGAD that are suitable for use in tracking
systems:

* Process parameter: n+ doping concentration, Dielectric material and thickness M— T E—
* Structure parameter: metal pad-pitch size B o Lo

 Isolation structures e e
A,
1
» Fabricate and test of AC-LGAD prototype oo g
» Sensors with different n+ doping concentration, metal pad-pitch size o-type Bulk
*  Timing and spatial resolution - ]

Anode

* Radiation performance
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AC-LGAD simulation

© AC-LGAD sensor simulation: Optimization of process and structure parameters

Process parameter: n+ layer dose, AC dielectric material and thickness

Structure parameter: metal pad-pitch size - s
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Hit Position[um]

Lower nt+ dose—> Large resistivity —good spatial resolution

TCAD model of AC-LGAD for simulation

Design of AC-coupled low gain avalanche diodes (AC-LGADs):
a 2D TCAD simulation study, JINST, 2022.9,
DOI:10.1088/1748-0221/17/09/C09014
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http://dx.doi.org/10.1088/1748-0221/17/09/C09014
http://dx.doi.org/10.1088/1748-0221/17/09/C09014
http://dx.doi.org/10.1088/1748-0221/17/09/C09014

AC-LGAD R&D <>

IHEP LGAD v3

IHEP LGAD v2

> Pixelajted AC'LGAD . one Wa » Pixelated and strip AC-LGAD One wafer
* With different pad-pitch size  |f(oummm—)  With different pad-pitch size
1000-2000um 1000-2000um pixel
100-500um 100-250um strip
100-200um 100-150um strip
SO—IOOurp . - | 50-100um strip —
e wafer; with different n+ dose: 10P to 0.2P e wafer: with different n+ dose:0.2P to 0. 01P
Process parameters(n+ dose) be studied. - Strip sensor with different pad-pitch size be studied
The performance of large-Pitch AC-LGAD with different The performance of AC-coupled Strip LGAD developed by
N+ dose, Trans. Nucl. Sci., 2023.6 IHEP, NIMA, Volume 1062, May 2024, 169203
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AC-LGAD test  swwew

Beta source

Spatial resolution: Laser testing
Timing resolution: Beta source test pre-amplifier

Trigger : LGAD

Readout board

S] Lonﬁ:AC-LGAD Strip

Signal

* Strip length 5.65mm
* pad-pitch size:

100-250 um K? Second amplifier
100-200 um bttt
100-150 um Oscilloscope — Data analysis
ty» trigger
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AC-LGAD with pitch size as 150um: Time e

. . The performance of AC-coupled Strip LGAD developed by
Best spatial resolution~8um (laser test) IHEP. NIMA. Volume 1062. Mav 2024. 169203
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AC-LGAD test: TID =

TID Impact on IHEP AC-LGAD Strip Sensors: — o

Irradiation: Multi-Rad 160 X-ray@40keV, up to IMGy : 100-250 um
100-200 um

Done by Weiyi Sun from [HEP 100-150 um
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» Collected charge reduces, but very
> Leakage current increases by one order for sensors with TID dose as IMGy less up to IMGy.
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AC-LGAD test: TID =

TID Impact on IHEP AC-LGAD Done by Weiyi Sun from IHEP
Strip Sensors performance:
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» Time resolution degrades from 38ps to 42ps. > Spatial resolution maintained in 10-12 ym
up to 1 MGy
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AC-LGAD with long strip -

€ AC-LGAD with long strip been
submitted for fabrication in April 2025

» Strip lengths: 1 cm, 2 cm, and 4 cm

» Strip pitch sizes: 100 um, 200 um, and 500 pm

» Electrode widths: 25 um, 50 um, and 100 um

» Isolated structure design and EPI thickness(50
um, 80 um) to reduce sensor capacitance

» Process design optimization: n+ doping
concentration

¥ Sensors will be delivered in
December
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Isolated AC-LGAD simulation and design —

> Trench isolation structure be added to reduce the bulk

and inner-strip capacitance, critical for power i i
Strp cap ) p DE Dielectric metal  DC
consumption.
» Sensors with 3 types of structures be simulated using
TCAD tools. ' P-stop
> Sensor performance been simulated: . JTE
. . . . . Thickness: S0um
I-V; C-V: bulk capacitance, coupling capacitance, inter-strip
capacitance; Type 1
. erTrench: oxide - layerTrench: air(low-k material)
y
Dielectric DC metal Dielectric DC metal

P-stop P-stop

+
p+ layer JTE p+ layer

Thickness: 50um Thickness: S0um

JTE

Type 2 Type 3

I ' i
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Isolated AC-LGAD Simulation and Design

Trench: oxide/ air
n+ layer

Dielectric DC

p+ layer
Thickness: S0um

Type 2&3

Trench width:

» I-V performance will change as
changing the trench width[type
2 and type 3].

» Depleted bulk capacitance and
inter-strip capacitance
significantly reduced for AC-
LGAD with Si oxide and
vacuum isolation structures.
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Isolated AC-LGAD Simulation and Design —

Trench: oxide/ air

n+ layer
. . metal
Trench depth Dielectric D¢
Type 2&3
P-sto
p+ layer JTE P . ,
Thickness: 50um More details on Xu Huang’s poster
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» Trench isolation depth be simulated and
IV changes as changing the trench depth.

bulk capacitance

depth (pm)

Inter-strip capacitance

Depleted bulk capacitance and inter-strip capacitance
significantly reduced for AC-LGAD as the depth increasing.
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LLGAD Readout ASIC (LATRIC) —

» The first LGAD readout ASIC prototype,
LATRIC-V(, submitted for tape-out in April,

was delivered in August:
o The ASIC integrates a pre-amplifier, a discriminator, a
TDC, and a serializer for data output.
o The LSB is 29.8 ps, meeting the 30 ps design goal. N—_— | :
TDC power consumption is 0.1 mA (1.2 V) @ 0.5 . - o -

MTPS (Mega-Trigger Per Second), 0.3 mA @ 1 MTPS, - -~

and 0.5 mA @ 2 MTPS. = LSB =30 ps ..6"'-’— LSB = 30 ps -.“__a-*""'

> The 8-channel LATRIC-V1 was submitted :- < =~
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Plan

» Test of LGAD + ASIC
[LATRIC vO LGAD readout ASIC (see Xiongbo Yan’s talk)]

» The design of LGAD with isolation structure is
ongoing, plan to submit recently

g o0 o0
e 9 ) C
oo % 89 o0

o0 e
% ¢%

» Beam test is planned in middle of 2026 [CERN PS]

» Other talks:
Test of LGAD + FPGA TDC [Kun Hu'’s talk]
Position reconstruction method study ongoing [ Xiaoxu Zhang’s poster]
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DRD3 WG2 Project: LGAD based Timing Tracker Development for Future Electron Collider

Goal: Develop LGAD based silicon sensors with a ResearCh paCkage
spatial resolution better than 10 pum and a timing
resolution in the range of 30-50 ps as Timing Tracker 1. AC-LGAD simulation and design
for Future Electron Collider 2. AC-LGAD fabrication
3. AC-LGAD lab testing: IV, CV, timing resolution, spatial
resolution

AC-LGAD beam test

Radiation performance study (TID, neutron, proton)

- Participants
Position reconstruction methods

Institute of high energy physics,
Chinese Academy of Sciences
The applications of AC-LGAD outside of particle physics

Insti f Mi | '
ﬂ ns_t'mte orvlicroe Eﬂr?mcs' Explore the AC-LGAD’s application as photo detector or X-ray detector
Chinese Academy of Sciences

" E1 Jozef Stefan Institute, Ljubljana
L "5 University of S3o Paulo

University of Montenegro CDS: https://cds.cern.ch/record/2918306

m Shandong University . . .
Shanghai Jiao Tong University Contact: Me1 Zhao, zhaomei(@ihep.ac.cn

WEZITN Zhengzhou University Welcome to join!

N oo
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