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5.4.1.1 AC-LGAD sensor R&D
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Extensive R&D efforts have been undertaken at IHEP to advance the development of AC-LGADs. The process 1 l
and structural parameters of AC-LGAD devices have been extensively simulated by using TCAD software. These “qh ‘ "
simulations explore the impact of various process parameters and structures on AC-LGAD performance. The details e
of these simulations are described in Subsection 5.4.1.1.1. Two types of prototypes have been fabricated and studied: —— P-type Bulk
pixelated AC-LGADs with varying process parameters and strip AC-LGADs with different pad-pitch sizes. Testing setups “‘
using TCT laser scans and Beta tests have been established, as outlined in Subsection 5.4.1.1.2. The pixelated AC-LGAD (a) - (b) o
prototypes are used to evaluate fabrication process parameters and their effects on sensor performance, including charge Figure 5.61: structures of (a) standard LGAD and (b) AC-LGAD

collection and timing. This is discussed in Subsection 5.4.1.1.3. The strip AC-LGAD prototypes are designed to study the

influence of pad-pitch size on spatial and timing resolution, detailed in Subsection 5.4.1.1.4.
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Figure 5.63: Charge collection of two pads for 2 different dielectric materials: oxide and nitride
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Figure 5.62: Sketch of AC-LGAD with 2 AC pads
Figure 5.64: Charge collection of two pads for 5 different values of n+ dose: 1 x 10 ¥ em 2,2 x 10" em 2 and 3 x

10"%em 2
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5.4.1.1.2 Testing setup
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5.4.1.1.2 Testing setup The testing platforms, utilizing TCT laser scans and Beta tests, are illustrated in Figs. 5.65
%5 4 1 1 2 and 5.66. These setups include readout boards. amplifiers, oscilloscopes (Teledyne LeCroy HDO9204 with 2 GHz

bandwidth and 20 G/s sampling rate), laser sources, and Beta sources. Signals from AC-LGAD electrodes are processed

through preamplifiers and recorded by the oscilloscope.
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Figure 5.66: The schematic of the Beta testing platform
Figure 5.65: The schematic of the TCT testing platform
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5.4.1.1.3 Pixelated AC-LGAD prototypes
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== Specific to the IHEP AC-LGAD.

Figure 5.69: The jitter component of the time resolution with different N+ doses
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5.4.1.1.4 Strip AC-LGAD prototypes

45.4.1.1.4

1: Prototypeffiid

Figure 5.72: Strip AC-LGAD prototype

Scan Line

Figure 5.73: Schematic diagram of the AC-LGAD prototype structure
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Figure 5.74: Distribution of t Actime = (f1 — t2)/2. The sigma of the distribution is 14.7 ps.
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Figure 5.75: Distribution of AT of strip electrode 2 (strip with pitch as 200 pm). The sigma of the distribution is 47.1 ps.
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Figure 5.76: Spatial resolution of strip LGAD with different pad-pitch size,the resolutions of gap 1, gap 2, and gap 3 are
12.8 pum, 10.9 pm, and 8.3 pm, respectively.
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5 ° 4 ° 5 P ros pects a n d p I a n 5.4.5.1 Development of AC-LGAD strip sensor for CEPC

LGAD technology has developped rapidly in recent years and is now being used in major HEP experiments, such
as the ATLAS HGTD. However, the development of high-performance long strip AC-LGAD sensors for CEPC as out

5 '4°5 P rospeCtS an d pla n tracking layer is still ongoing. The impact of strip length to timing and spatial resolution is still not clear and need to be
studjed

. Sensor Development and Testing: IDcvs]opmcnt will focus on simulating, fabricating, and testing AC-LGAD strip
5.4.5.1 Development of AC-LGAD strip sensor for CEPC

Using TCAD tools, models of AC-LGAD with various strip lengths and process parameters will be developed to study
the impact of strip length on signal quality and to optimize spatial and timing performance of strip AC-LGAD. Prototypes
5.4.5.2 Development of AC-LGAD readout ASIC P pienefh on slenal quaily and (o opimize sp e pe P _0opes

with strip lengths of 1 em, 2 em, and 4 em will be fabricated and tested. Meanwhile, sensors with one strip length will also

have prototypes with differnet n+ dose and coupled capacitance. Testing will cover current-voltage, capacitance-voltage,

5 '4. 5 . 3 Develo pme nt Of mech n |Ca| an d CcOO0 | | ng Syste m spatial resolution, and timing performance, with subsequent radiation and beam tests.

Design Adjustments:|Based on test results, the strip length and pitch size may be modified to balance performance,

yield, and readout requirements. One of our backup plans includes reducing the strip length from 4 cm to 2 em and
5 _4 . 5 _4 Su mma ry increasing the pitch size from 100 wm to 200 pm to maintain similar readout channels and power consumption. The final
decision will be made based on the performance and yield.

A detailed tap-out plan for the CEPC AC-LGAD strip sensor, along with the testing schedule, is summarized in

Fig. 5.107.
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Figure 5.107: Timeline for OTK, including sensor, ASIC, mechanics and so on
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5.4.1.1 AC-LGAD sensor R&D
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5.4.5 Prospects and plan
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AC-LGAD R&D =

»IHEP AC-LGAD New Prototype design for the CEPC OTK&TOF application:
« The strip length as 1cm, 2cm, and 4cm and Pitch size as 100 um, 200 um, to 500um.
« Optimized isolated structure design for reduction of the sensor capacitance

* Process design for better spatial resolution(n+ layer dose)

* Sector, Fan shape AC-LGAD for Endcap

4cm |
AC-LGAD |

A

%}W%-E-ﬂ MWMWMWWMWW a7 . %-é—é .

7

2cm
AC-LGAD
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AC-LGAD R&D =

»lssues: Performance of LGAD with long strip

« Large capacitance: worse S/N, effect to the timing resolution and power consumption

* Long readout lines: signal delay(t;), Impedance, charge sharing between strips
*  Process control and yield

LGAD with large capacitance:
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AC-LGAD R&D X 3

Spatial resolution: Laser testing Amplitude information
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e Strip length 5.6mm
 pad-pitch size:

Timing resolution
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reconstructed 6x6 positions Spatial resolution: reconstruction - laser

interpad — T T T T~ TTTT~]T~TT~T~TTTT—T1 = L L L B L L L rrrryrrrrprrr
D L A £ - nlf) LaserI spot poslltlon I|:| Recolnstructlo:l poslllm‘lI . 53500 C I l I Entries 36000 [
=300 - , ] S C Mean ~0.005444 | 3
~ F © © T & L 4 3000 Std Dev 164 [
200 = - ¥/ ndf 11.89/18 | 3
E £+ <> L= e ney E 2500 - Constant 3526 £ 23.6 [
100 | — - Mean 0.003688 + 0.089722 | 3
- ) 3 & oy <= liny . 2000 :_ Sigma 16.26 £ 0.07 _:
0F - C .
S & ] 1500 & =
X, ¥ 100 = : E
Pets) E o > & ¢ ] 1000 E
=200 - C 3
c E . = . 300 E
_300:_| | | | | | I_: O-I-l-|l-- llllllll l-llnlll|llll:
300 =200 —100 0 100200 300 —-150 -100 =50 0 50 100 150 200
. X [um] Recon-Laser [um]
Good consistency
X =Xy + k(AT oy _ y oy gem
qatqst+qctap S ial luti
y = YD + ky(qA + qp — 4 — qC) _ YO + kyn Discretized patla reso utlon " .
qa+ds +dc+ o Positioning * the sigma of the difference between the laser
Correction factor: &, k, Circuit model and the reconstructed position
Y(myy —my) Xy —ny)
XMy —my)? Y (i —ny)? ( ) (0}

spatial — Yreconstruction—laser

Discretized Positioning Circuit model
Machine learning method ongoing

REF-TDRW #F# <, 2025-2-15




IHEP AC-LGAD
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