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DC-LGAD and AC-LGAD —

DC-LGAD (Low-Gain Avalanche Diode) AC-LGAD (AC-coupled LGAD)

Segmented gain layer

pad (Cathode) P-stop

JTE

Depletion region
(Active layer)
o EPI layer R

Anode

* P+ Gain layer, with Gain:10-50

Continuous gain layer

JTE

p- EPI layer

Anode

* The read-out electrode is placed and connected to the N++ e Metal AC readout electrode and a thin dielectric
layer. . . . layer (S1;N,, S10,) above the N+ layer
* Large pixel size and dead zone between pixels(JTE, Pstop) * Position information is determined by charge shared

 IHEP design LGAD contribute
90% sensors of ATLAS HGTD
project, production ongoing,
~300 wafers been fabricated.

* Fabricated by IME
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between pads.

* Less dead area and better position resolution



CEPC OTK&TOF >
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» CEPC-- measurement potential for precision tests of SM: Higgs, electroweak physics, flavor physics, QCD/Top
» Produce 102 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:
to improve the separation ability: 0-4 GeV for K/pi separation, 0-8 GeV for K/p separation
> Barrel : ~65 m? , Endcap 20 m?

CEPC Technical Design Report -- Reference Detector:
https://arxiv.org/abs/2510.05260
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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.

8-inch wafer 5,0 Module (2X2 sensors)

Ladder (16 sensors)
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* For barrel:| Sensor size: 4.34 cm X 5.22 cm
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?

FPC

CEPC outer silicon tracker (OTK) utilizes AC-LGAD:

1%t Data aggregation

Large size

@ -
“~.Optical module

Data Link~
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Towards tracking application in CEPC

Sﬁagng 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 X t/(S/N) = 6., o< Capacitance
»Decreased signal performance

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

DC cathode AC pad

* Process parameter: n+ doping concentration, Dielectric material and thickness ME— T E—
* Structure parameter: metal pad-pitch size B Gan Layer

* 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

4.50 — ==
Structure parameter: Metal pad-pitch size oo [T T

~+- 1el8 padl
. E i z — 3. ~=-1el8 pad2
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Hit Position[um]
Lower n+ dose—> Large resistivity —good spatial resolution

TCAD model of AC-LGAD for simulation

Less n+ dose(large resistivity), Large signal from begin

Design of AC-coupled low gain avalanche diodes and drop fast as changing position.

(AC-LGADs): a 2D TCAD simulation study, JINST, This means spatial resolution will be better as decreasing
2022.9, DOI:10.1088/1748-0221/17/09/C09014 the 1+ dose
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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 v2

IHEP LGAD v3

In 2021 In 2022

> Pixelated AC-LGAD . - » Pixelated and strip AC-LGAD
« With different pad-pitch size (o « With different pad-pitch size

1000-2000um 1000-2000um pixel

100-500um 100-250um strip

100-200um 100-150um strip

50-100um 50-100um strip
* EPI thickness:50um * EPI thickness:50um
* Wafer: with different n+ dose: 10P to 0.2P «  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
M&
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Pixelated AC-LGAD test results

» AC-LGAD R&Dvl1: pixelated AC-LGAD
Large pad-pitch size: Imm-2mm

To study the process parameter

» Spatial resolution be better

as decreasing the n+ dose(10P to 0.2P)

;lﬁ_-- T T T T T ] 'E‘40_"'|"'| | | - E30:"'| T T T ]
‘E' B * 10P ] = B op Measured results ] 5 25 :— —:
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Stl‘ip AC-LGAD test 5 test sctup -~

BOSr Beta source

Spatial resolution: Laser testing ore-amolfier

Timing resolution: Beta source test N —

Readout board

« Strip length 5.65mm w

Spafiél }esolution * pad-pitch size: Signal
' 100-250 um '\ second arpitir
100-200 um Lt
100-150 um

Oscilloscope — Data analysis
ty, trigger
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. F 1 218 F The timing resolution: 15~17ps - Betatest,
= g P .
2 C i =17 E 60 Time E
z 0.031 7 2 16 2 r resolution:
P | g ; O s E
Z L ] =14 F R
0011 - 13 E 0 E
- . 12 E 200 .
0 Ll 1 I | - I L1 11 ] Lo 11 I Ll 11 I 111 I L1 1 l | ) L E Laser teSt E
—40 30 20 —1I? Lo [ 1]0 20 30 40 I ] 10~ 7
econ-Laser |llm lﬂ sl R T T T N RN T TN N N T T T R N TN N T T N T T T T T T T T O L C h
07|||\||\ NI BB B!  mi 1]
AC-LGAD with plt ch size as 150um: 130 150 170 190 210 230 250 270 19 2 21 Timz[l.j] 23 24 25
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Best spatial resolution~8um (laser test The performance of AC-coupled Strip LGAD developed by .

IHEP, NIMA, Volume 1062, May 2024, 169203
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Strip AC-LGAD test: TID 5

TID Impact on IHEP AC-LGAD Strip Sensors: e — 7T 565

* pad-pitch size:

Irradiation: Multi-Rad 160 X-ray@40keV, up to IMGy 100-250 um
o | . 100-200 um
Done by Weiyi Sun from IHEP, more details in his poster #57 this meeting 100-150 um
( 5 30¢
el ] 529'5 = Initial collected charge:
: 5 29F 28.7 % 0.42 fC -Gain:~59
L [ - '
IE-7 F - L28.5F . |
= 28 |
ERLad 3 27.5F '
Ed - o N
3 * o : 276 <27.3 fC Gain:~55
¥ —— 10kGy —— 50kGy 3 26.5 1 | A
—— 100kGy—— 200kGy ] 26 E S — +
10 b —— 300kGy— 500kGy - ~26 1C Gam:~50
- —— T50kGy—— 1000kGy 25.5F /
i ] 25:.......| MPEETIT BRI PRI BT
e 0 S0 10 150 200 20 300 350 107" I 10 10” Dose [k :RE
Bias Voltage (V)
» Leakage current increases by one order for sensors with » Collected charge reduces, but very
TID dose as IMGy less up to IMGy.
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Strip AC-LGAD test: TID =

TID Impact on IHEP AC-LGAD Done by Weiyi Sun from IHEP
Strip Sensors performance:

2 50 PE—
5 48F —=— Pitch 250 um
i 18 | —=— Pitch 200 um A
% 46 —— Pitch 150 um -
E‘” 44 =16
EE =
= 42 . . 14
40 &
= 12
38F S
36| 210
34 _______________________________________________________________________________________________________________________________ 5
30 A P RPN R SR B 6 v
0 200 400 600 800 Dtljsof:[?l?(}y I | 10 100 1000
Dose (kGy)
» 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 and DC-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 um

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

» Isolated structure design and EPI thickness(50 pm, 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
- layerTrench: oxide - layerTrench: air(low-k material)
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

—8— Width : 10
—— Width : 5

° . - 5 b i .
Trench: oxide/ air(low-k) ' = Wdh: 1
n+ layer metal —— Width : 0

-20 4

(um)
.25 -

Current (A)

P-st
p+ layer JTE Stop o
Thickness: S0um Type 2
Type 2&3 1 Trench depth as 4 ym
40| Width 0 means Type 1
® o 5 o :
Bias Voltage (V)

Trench width: 15,

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

> Breakdown voltage V,, and operation voltage
will decrease as increasing the trench width Type3
since the electrical field changes 7

Current (A)

Trench depth as 4 pm
204 Width 0 means Type 1

© 5 £

Bias Voltage (V)
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Isolated AC-LGAD Simulation and Design

> Depleted bulk capacitance and inter-strip capacitance significantly
reduced for AC-LGAD with Si oxide and vacuum(low-k) isolation

structures.
- DLLLIUUIL ULUALUG, ‘:ll,“.l.l, LliCcyucuwy Ea~] LWUh.
—#— gilicon dioxide, depth:4pm, frequency:10k. —=— gilicon dioxide, depth:4pm, frequency:10k. —e— air, depth:4pm, frequency is 10k.
_— —e— air, depth:4pum, frequency:10k. —&— air, depth:4pum, frequency:10k. T T T T T
o ' ' ' Y ‘ 8E_16 3 ' ' ' ' ' E
E E 1E-23 4 E
5E 6E 15-; 3 g
E: 1. 15E-14 A - & - g f g
3 5 56-16 3 S 1E-24 5 -
3 r 5]
© 1. 10B-14 - © 416 3 g
<] = ] i =
1o o ] ot
= = 2
g g § 1E-25 5 -
& 1.05E-14 1 - & 163 ]
' ]
] | 1E-26 T T T T T T T T T T T
1. 00E-14 T T T T T T T T T T T 2E-16 T T T T T T T T T T T 0 2 4 6 8 10
0 2 4 6 8 10 0 2 4 6 8 10 width (pm)
width (um) width (um)
: : : (c) Inter-pad capacitance
(a) Coupling capacitance (b) Bulk capacitance P P
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Isolated AC-LGAD Simulation and Design —

Trench: air(low-k material)

n+ layer
. . metal
Trench depth Dielectric DC
Type 3
P-sto
p+ layer JTE P
Thickness: S0um
-10 —&— depth: O,
—— depth:0. 25um.
15 - Igz”:r:‘?'s}m" N I+ air, width: lpm, Trequency : 10k, [—l— air, width: lpm, frﬂqucnc;r:ll]l:.l
—r— d:.-:ﬂ::‘.i::::: AE- 16 7 * - BE. | -
—#— deptih:dpm. I II'. o II".
-20 7 B I'-. . 1E-23 5 IE-23
- 254 - 2 5E-16 3 [ —il- E [
5 : I ' '
E 2 aE-1 I, IE-1 3 I| T 3
< -0 i ; II Type 3 ; 1E-24 5 I, ype IE-24
35 Type 3, trench width as 1 pm - Foe || e z
|
| .
40 - N 1 | e R
2E-16 - - = : - -1 1E- ; - - . 1E_25
1 y T - T g T ] 1 2 1 ] 1 2 3
500 400 300 -200 -100 depth {pm)

Bias Voltage (V)

» 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-V0, 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. , ™
TDC power consumption is 0.1 mA (1.2 V) @ 0.5 + o cane - « oniercne ;

260 === Linear Fit: y = 0.0325x + 6.9509 ” 105 === Linear Fit: y = 0.0336x + -3.7770 f
MTPS (Mega-Trigger Per Second), 0.3 mA @ 1 MTPS, - -
i 190 ad
and 0.5 mA @ 2 MTPS. » LSB =30 ps = LSB =~ 30 ps =
. ”a .155 -.,-
» The 8-channel LATRIC-V1 was submitted :- = =
. f‘— ,_".-,
for tape-out in October. = "y
- -
M— y" 170 I
A o=
& - .
v w2 TOAtransfer function (4 ps step) = 'IZG'I' transfer functlon (10 ps step)
TDC core i” é Time {ps) Tirme (pe)
‘%. - f\? 1 - ;E"M . Count
g 5| © i 300 1 fit
o Event-Driven | Fine data [29:0]x3 ' z .% % 0 |I - I;:?zo}gn n - IJ:éﬁ:i?l
Timing TOT latch Ring Oscillator [ 1071, TOA. CAL B S E _8. O-(TOA) ~ 8 p “ 250 O-(TOT) = 12 pS =
Test Pulse I I i| controller TOA jaich Quam&ization Counter [6:0]%3 ncoder T ‘U; ::
' CAL latch logics TOT. TOA. CAL ; 2 “ i
‘\é 3 200 1
E ‘g 300 "
._._._._._._._._._._.@ _______________________ 2 3 -
TOT<360> | TOA<360> | CAL<36:0> | Header <16:0> g é‘ 200
< = — L
CLK128GHZ | 1og-bit-Serializer ~ |-2out128<127:0> ) - i .
l I 1 [
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Summary and Next step

Summary
KFOI‘ AC-LGAD Structure and process parameters:\
Simulation, design and fabrication and test of prototype

» THEP AC-LGAD Sensor with optimized
structure and process parameters show good
timing(<40ps) and spatial resolution(<10um),
including TID results.

» AC-LGAD with long strip is simulated and
designed, fabrication ongoing. Will be
delivered in December.

» ASIC for readout AC-LGAD is fabricated and

tested. Timing performance~10ps

» Performance evaluation of AC-LGAD and
DC-LGAD with 1ecm, 2cm, 4cm long strips

» Test of LGAD + ASIC
[LATRIC vO LGAD readout ASIC ]

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

Goal: Develop LGAD based silicon sensors with a
spatial resolution better than 10 um and a timing
resolution in the range of 30-50 ps as Timing Tracker
for Future Electron Collider

| [Paricipans
Institute of high energy physics,
ﬁ Chinese Academy of Sciences
“ Institute of Microelectronics,
Chinese Academy of Sciences
WVER Jozef stefan Institute, Ljubljana

DUEER University of Sdo Paulo
University of Montenegro

m Shandong University
Shanghai Jiao Tong University

W21 zhengzhou University

DRD3 WG2 Project: LGAD based
Timing Tracker Development for
Future Electron Collider

Research package

AC-LGAD simulation and design
AC-LGAD fabrication
AC-LGAD lab testing: IV, CV, timing resolution, spatial resolution
AC-LGAD beam test
Radiation performance study (TID, neutron, proton)
Position reconstruction methods
The applications of LGAD for other particle experiment and outside of
particle physics
Explore the AC-LGAD’s application as photo detector or X-ray detector

Nk =

CDS: https://cds.cern.ch/record/2918306
Contact: Me1 Zhao, zhaomei(@ihep.ac.cn
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Back up
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LGAD Development at IHEP -

IHEP-NDL(2019) IHEP LGAD v1 (2020.9) IHEP LGAD v2 (2021.6)

= : S IHEP LGAD v2

| —

[HEP LGAD v3 (2022.5)
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