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Ref TDR Progress

5.3 Inner silicon tracker (ITK)

v" Add description for electronics A

Figure 5.25: Electronics for CSC using the ABCStar as a reference. After injecting 1 fC charge, the signals (a) before
and after the Pre-amp, (b) after every stage.

v Add prospects and plan |
v' Add reference to bib file !VLD =
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SII 5.3.5 Prospects and plan

Responsible person: Qi YAN, Yiming LI, and Xin SHI
Responsible person: Qi YAN, Yiming LI, and Xin SHI
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Figure 5.20: Schematic of the CSC chip with 1024 strips on top and the CMOS circuit in the bottom periphery. . o s o
Figure 5.26: Visualization of (a) carrier drift paths after *Sr injectior

5.3.12 CMOS strip R&D

Responsible person: Xin SHI CSC1 Semsor + ASIC

Because of its good position resolution, high charge response sensitvity and low material bude, silicon sirip - D p—p— For the sensor technology regarding the HVCMOS process, the priority in the coming few year is to develop a
detectors are widely used in high-cnergy physics Both the past per . : 3 % 3 R E
such as Argus, Aleph, CI 5 'ERN such as ATLAS, CMS, LHCb and ALICE have used full-functional full-size sensor chip that meets the requirments imposed by the CEPC inner tracker. The development will
silicon strip detectors. In addition, the ATLAS phase 2 upgrade will also utilize the silicon strip as it’s main component I g I e be performed through a few iterations of chip submissions, includin
of the all-silicon tracker, which can be as large as 160 m2. The sizes of these silicon strip detectors are illustrat=- i~ = irer . - . 025):

Fig. 5.17. As one can see, with the size of the tracker on the collider increases, the coverage area of the correspor 5.3 Inner silicon t o A small pixel array which implement the targeted readout architecture (early 2025);
silicon strip detector enlarged as well. Consequently, silicon strip detectors will be a reliable candidate for future @ One of more small for imisation (2026);
tracking detectoes h @ A large chip that meets or very close to the production version (2027).

Figure 5.21: Design diagram of CSCL.
‘With the small-scale sensor chip key performance will be studied and input will be provided for detector final design and

5.3 Inner silicon tracks

and laser response signals for the CMOS Strip Chip utilizing the team developed open-source co prototyping.
ATLAS simulation workflow inside RASER is sketched in Fig. 5.22. Firstly, a detector geometry is createc We have dcvelgped astrip dew..:mf mudvel based on XXX, integrated with a CMOS processing design, as ill The research and development timeline of CMOS Strip Chip for the next three years is listed in Fig. 5.46 where three
(quadrant) } ;ﬁ:":::;z;s“&*;:ﬁ:ﬂi i dition i b e Scondy i e et e s e | Conmecedtothe cthods AongIBEOP SR versions of the CSC are scheduled to be fabricated. The CSC1 will be mainly focus on the independent CMOS strip sensor
and front-end i A iminary reticle design for the CSC1 is sketched in Fig. 5.47. The CSC2 will

and diffuse, an induced current is generated on the readout electrode, followed by amplification &
explore the integration of CMOS strip sensors and circuits together on small area and large pitch. The target of the CSC3

f
19

4l NGSpice fror ics. Finally, With noise simulation, statistical an
‘ Yr‘ ‘ ‘ and dE/dx can be evaluated, allowing for the determination of the detector's time, spatial, and enery will be the integration of large-area (2cm x 2cm) and narrow-pitch (20m) monolithic chip.
T P The prototyping of the detector modules, including the integration process, the supporting and cooling structure will
Figure 5.18: The ATLAS Inner Tracker (ITk) strip module assembled at THEP. The right-hand side shows { Dﬁ M Eectic Feie : 8 5 y
bonding wires and the bonding pad schematics. ary ,....,..' Cartler be carried out in parallel to the development of the sensor chips. Small scale sensor chip can already be used to assemble
o Drif & Difusion . . . .
et rototypes with sensor, readout an as steps.
X th dout and ke i
‘Table 5.3: CSC Parameters (v1.3) B
Strip width 10 pm
Strip pitch 20 pm ROOT
Strip number/ chip 1024 Q/ -
Chip size 2.1 x 2.3 em? (active area: 2.05 x 2.05 cm? )
Spaial resolution o ~5pm Figure 5.22: Simulation work flow by RASER
Time rcsuluu'on ~3ns
Power consumptior ~ 80 miW/em? Figure 5.23: Doping profile of (a) the sensor, (b) p-contact (¢) n-well, () p-stop. 0 s e o
y Data siz perhit 32 bits (106 BXID, 100 addres, 8 TOT  othe 6 bis)
A e wedadis-3 Eve'l‘.“;:‘;l:l chip Muin;u;r\!, 72262‘\,5 Gbps = We have evaluated the in-circuit properties of the detector, including the current-voltage (1-V) and capacitance- csc1 m esca: | SC3:
Figure 5.17: The history of srips in HEP experiments and ATLAS ITk srips. Wator esistvity sl voltage (C-V) relations. The C-V relationship indicates that the detector reaches full depletion at 30 V. Meanwhile, the LV Passive CMOS strip sensor and Semall size and large pich  Full size and full function
Technology node 805 relationship shows a relatively mild leakage current of 1uA at operating voltages. These results are shown in Fig. 5.24. separate front-end electronics prototype 20 um pich chip
To meet i CEPC Inner Tracker, the high i i CMOS circuit
stip detecto design and fabrcaton. To reach les han 10 xp]l.ml resolution, a pitch size less than 30 um has o . 08 CE—— Figure 5.46: CSC Research Timeline.
achieved, which will be a i i . For example, ATLAS ITk strp wire bor _difference between CMOS strip and CMOS pixel is shown in Fig. 5.19. 10¢ T o
s alheady resched 4 ayersfr wirs per chip cven wih us 75.5 o pich size, and more than 500 wires to be _ Z107 S o6
on just one strip module,a illsuated i Fig. 5.1, Further o, bighy custonized silcon sensor fbricaton pr CMOS Strip CMOS Pixel Single Pixel g '7§ Full Depletion
relying ona few foundries (in ATLAS and CMS case, r g1o° §o4
for more than three years imposes big risk for the project. Appnenﬂy new method to construct the silicon strip det I j j ‘ Sensor 3100 T #
has to be explored. . " 02"
i i try. i ety of fields. Tt pro Single Sp 3 100,/ (a) 8 (b) CSC1 Reticle Plan
a natural combination of the active detection sector and readout electronics sector to make them into a monolithic Sensor “ 0 40 80 120 160 0 20 a0 60 80 inch
Compared with the CMOS pixel detector, the CMOS strip detector has the advantage of relative simple readout sinc Figure 5.19: The difference between CMOS strip and CMOS pixel. Vottage V] Voltage [V]
readout ASIC only located at the end of strip and there is negligible interference between sensors and ASIC. The Figure 5.24: Elecrical propertes of CSC seasor simulation () 1V and (b) C-V. Wafer 1 “ REE
‘The first large sized CMOS passive sensor with 4.1 cm strip length and 75.5um pitch has been fabricated using B:ASIC
3 5k wafer with LFoundry 150 nm sttching process. The electrical tests with r-90 source of the CMOS strip sensor To validate the electronics simulation procedure, we simulated the ATLAS ABCStar amplifies, which consists of Wafer 2 C: Sensor + ASIC
2 : & s ¥ e e e . 0: MCu
indicates the full depletion can be reached around 30 V for 150 thickness and the charge collection efficiency reached three stages: a preamplifier, a first boost amplifier, and a second amplifier with a shaper. This design is with good noise Wafer 3 £ Extral {new ideas)
close 1o 100%. This confirms the feasibility of CMOS strip sensor as a valid research path. So far, tere is no integrated tolerance. The circuit achieves a gain of 87.7 mV/C, a rise time of 21.7 ns, and a waveform full width at half maximum
CMOS strip with both sensor and readout ASIC et (FWHM) of approximately 32 ns. These results are consistent with the ABCStar data, which reports a gain of 85 mV/(C,
The ultimate goal for the team is to fabricate a CMOS strip chip (CSC) targeting 20 pitch, so that a high spatial arise time of 22 ns, and an FWHM of 34 ns, as shown in Fig. 5.25. " % 3
i ). and hi i than Finally, we use both % Sr as MIP and 660 nm wavelength laser in Geantd to simulate the response of the detector. Figure 5.47: CSCI Reticle Design.
the CSC chip CMOS circuit in the periphery is shown in Fig. 5.20 wi i ‘The drift paths of the carrier after *Sr and laser are shown in Fig. 5.26. The curent and voltage response of the sensor
shown in Table 5.3. The electronics is composed of Amplifier, Shaper, Discriminator, TDC, FIFO, and Serializer, as are shown in Fig. 5.27 and Flg. 5.28 respectively.

shown in the CSC1 Design Diagrams.21.
To start with, the team has conducted a comprehensive fast simulation of the minimum ionizing particle (MIP)
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