G Research of the JadePix-3

- Beam Telescope

Abstract: JadePix-3, one of the prototype designs for the CEPC vertex detector, prioritizes the investigation of two crucial performance met-

rics: spatial resolution and power consumption. Developed using the TowerJazz CIS 180nm process, JadePix-3 is a fully functional, large-scale
detector chip. It achieves a remarkable spatial resolution of less than 5um and an integration time of under 100us, while maintaining a power
consumption of approximately 50 mW/cm?2. These parameters have surpassed international standards, positioning JadePix-3 as an ideal candi-
date for beam telescope design due to its low noise level and high resolution capabilities. By utilizing the beam telescope, further advance-

ments can be made in exploring the potential of CMOS silicon pixel detectors with enhanced precision, based on the foundation of JadePix-3.

THE JADEP1X-3
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Key parameters: Sector | Diode Analog | Digital | Pixel layout
1. Pixel array. 512 rows and 192 columns 0 2192 um | FE VO DGT VO | 16 x 26 'JIIlQ
2. Minimal pixel size: 16 x 23.11 um 1 24+ 92 um | FE VO DGT V1 16 % 26 1m2
E 3. Rolling shutter readout: 512 rows x 192ns/row = 98.3 us/frame 5 >+ oum | FEVO | DGT V2 | 16 x 23 11 m?
% 4. Four parallel sectors, scalable in z direction 3 2+ 2um | FEV1 | DGT.VO0 | 16 x 26 pm?

Characterisation Results :
1. Minimum threshold: 90e" to 140e
2. Noise: below 1x10-"%frame/pixel
3. Power consumption: 127 mW

4. Spatial resolution: 3um (tested by infrared laser beam)
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Publications:
1. The DAQ and control system for JadePix3

Layout of JadePix-3 Chip bonding Characterization and evaluation platform 2. Design and Characterization of the JadePix-3 CMOS pixel sensor

TELESCOPE DESIGN

DUT
Beam Telescope Design: Z
1. Synchronized clock fanout system
2. IPbus’ based distributed readout and control
system y X
Electron
3. Corryvereckan? integrated for offline data analy- Beam

Sis
' IPbus: a flexible Ethernet-based control system for xTCA hardware

2 Corryvreckan: a modular 4D track reconstruction and analysis software
for test beam data

JadePix-3 telescope framework JadePix-3 telescope layout
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Beam Telescope Performance (Preliminary):

1. Best efficiency: 99.3%
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S s eme<48 CEPC Vertex Detec

" L
F = ﬂ . |
| 7 ) A 4 /
£} f
Vi |\ y Al |
I | A4l 5 ' A8
B - . - 03
\ —— A= o
- — — /1 & o :
= I B -
'S =
1

2. Best resolutions in the row and column directions
of JadePix-3: 5.2um, 4.5um
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Beam test setup 2023 @DESY TB21 Location of different cluster size event
of JadePlIx-3 telescope: 2.6um, 2.3um
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