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IDRC Review Comment (OTK LGAD)

@® The capacitance of some sensors will be large (up to ~10 pF) which will make the noise
jitter and rise time such that it will be difficult to achieve the desired time resolution.

This is one of our main concerns. In the coming years, we plan to tape out a few phototypes
to study the relationship between time resolution and capacitance as related to strip

length.



I OTK Barrel Design with AC-LGAD Long Strips

8’ wafer

Module (2X2 sensors)

1t Data aggregation
FPC

CEPC outer silicon tracker (OTK) utilizes AC-LGAD (Low Gain
Avalanche Detector) developed by IHEP-IME:

Sensor size: 8.75cm x 5.22 cm
9.00 cm x 5.22 cm
Strip number per sensor: 512

Strip pitch size: 100 um
Spatial resolution: 10 um
Time resolution: 50 ps

Power consumption: ~300 m\W/cm?2

Maximum usage of silicon wafers for OTK barrel: a total 3,520 wafers,
with 15% higher efficiency compared to a conventional single-piece
sensor cut from a wafer.

Ladder (16 sensors)
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I OTK Barrel Design with AC-LGAD Short Strips

8" wafer Module (2 sensors) Ladder (16 sensors) 104.4,)7,77
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FPC

CEPC outer silicon tracker (OTK) utilizes AC-LGAD (Low Gain
Avalanche Detector) developed by IHEP-IME:

* Sensorsize: 8.75 cm x 5.22 cm (with 2 sets of strips)
9.00 cm x 5.22 cm (with 2 sets of strips)
» Strip number per sensor: 512

« Strip pitch size: 100 um
» Spatial resolution: 10 um
* Time resolution: 50 ps

« Power consumption: ~300 mW/cm?

Maximum usage of silicon wafers for OTK barrel: a total 3,520 wafers,
with 15% higher efficiency compared to a conventional single-piece
sensor cut from a wafer.




OTK Barrel Mechanical and Cooling with Long Strips

R=1814.09 mm R=1830 mm
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R=1800 mm

Sensor: 300 pm—
Carbon fiber plane: 300 um

Carbon fiber honeycomb: 2.4 mm
Carbon fiber plane: 300 um

Titanium cooling pipe (CO,)

* The outer barrel of the TPC is made of a carbon fiber cylinder . -
ID:1.6 mm OD: 2.0 mm High thermal conductivity foam

with stepped ramp rings used for OTK support.

* The installation of OTK stave begins with the carbon fiber
honeycomb and cooling pipe (¥6 m in length), along with the
lower support carbon fiber plane.

e Afterwards, the OTK ladders are inserted one by one. Each
ladder (~0.7 m) has its own support, consisting of 16 sensors,
electronic components, and a carbon fiber plane.



OTK Barrel Mechanical and Cooling with Short Strips

R=1814.09 mm R=1830 mm

1
R=1800 mm

~Sensor: 300 um
Carbon fiber plane: 300 um

Carbon fiber honeycomb: 2.4 mm
Carbon fiber plane: 300 um

« The outer barrel of the TPC is made of a carbon fiber cylinder Titanium cooling pipe (CO;) .
. . ID:1.6 mm OD: 2.0 mm High thermal conductivity foam
with stepped ramp rings used for OTK support.
* The installation of OTK stave begins with the carbon fiber
honeycomb and cooling pipe (¥6 m in length), along with the
lower support carbon fiber plane. More electronic components and readout channels are
« Afterwards, the OTK ladders are inserted one by one. Each introduced for the short strip sensor (~4 cm).

ladder (~0.7 m) has its own support, consisting of 16 sensors,
electronic components, and a carbon fiber plane.
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CEPC OTK Endcap Electronic Components

Group C sensors:

1/16 Sector: 1/16 Sector:
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Power and data link

Data Link

2nd Data aggregation
Optical fiber module

Module

Group B Y (2 sensors)

: DC-DCs
Group A

Data link |



I OTK Assembly for Sensor Dimension <2 cm

Module flex

Wire bond area For OTK sensor with dimension of ~¥2 cm and

4 x Front-end Chips . .
(150pm thick) increased electronics component coverage,
only flip chip with bump bonding is feasible.
Bump bonding ~640K pixels |
Planar Sensor Technique : Solder and Indium pReisin
(150pm thick) quads

Chip

Chip

Flex Hybrid, with SMDs
Encapsulated wire bonds :
-

Solder/Indium Bumps

Sensor

Sensor

Local Support —* FE chips
Discussed with Xiongbo YAN and Jingbo YE.

For sensors <2 cm, assembly is even more difficult. Mei ZHAO is conducting simulation to understand the
correlation between capacitance (and related performance) and sensor size.




Study of OTK Ladder Deformation

A: Static Structural
Total Deformation
Type: Total Deformation
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Under its own weight, including its electronics components, the maximum deformation of a single ladder
(720 mm) is calculated to be ~0.135 mm.
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Simulation of ITK Thermal Performance

To make the model more realistic, the sensor structure and essential thermal components have been
taken into account.

Yujie LI and Quan JI

L=1001 mm

(sensor: ~2cmX2cm)

Carbon fiber plane 0.15mm
| Graphite layer 0.24mm (0.03mmX2X4)
Carbon fiber plane 0.15mm
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contour-1
Static Temperature
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B: Steady-State Thermal
Temperature 2
Type: Temperature . . . o . .
ni -C Using liquid CO; at -20°C with an inlet flow rate
2024/10/31 15:20 . .
u - S — of 0.003 kg/s from one side:
19.145
-19.235

-19.325

The maximum longitudinal temperature
difference on the stave: 4.39 °C

-19.415
-19.505
-19.594
-19.684
-19.774
-19.864 Min

The maximum temperature difference on a single
sensor: ~0.8°C
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contour-1
Static Temperature

Yujie LI and Quan JI
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Using liquid CO; at -20°C with an inlet flow rate of
0.003 kg/s from both sides:

B: Steady-State Thermal
Temperature 2
Type: Temperature

The maximum longitudinal temperature difference
on the stave: 3.75°C

2024/11/4 19:06 ‘

Max
-16.07 Max -
-16.482 -16.069649 4 -16.429664 & -17.544246 » -19.153537

-16.895
-17.308
-17.72
-18.133
-18.545
-18.958
-19.371
-19.783 Min

The maximum temperature difference on a single
sensor: ~2.24 °C

The maximum temperature difference decreased

Mi

compared to single-side inlet (4.39°C = 3.75°C),
<—I but the temperature gradient on a single sensor
o 7™ ¢ increased significantly (0.8°C - 2.24°C).
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CEPC Tracker Performance from Simulation:
Momentum Resolution

O‘(Pt) / Pt [10-3]
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The momentum resolution at endcap degrades due to the
shorter lever arm (r) as: o(P,)/P, « 1/r2. Is any way to improve?
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Silicon Tracker momentum resolution angular dependence
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Sensitivity of Endcap Momentum Resolution

S — A
1750 UITK{(T1Ur) s --EF- No 5th ITKE, 10°
.,.g@'é‘“\ . --A-- No 5th ITKE, 15°
19007 o —=— add 5th ITKE, 10°
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- 5um, 30° | e
E - A : P = Improving intrinsic resolution is not beneficial.
a o | Compared to the intrinsic spatial resolution,
o . . .
R | multiple scattering dominates momentum

E_Ch:an:ge:::O:TK:::e:nd:cap:::i:n:tr.in:s:i:c::sp:a:tiajli::::::::f resolution below 50 GeV/c.
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I Sensitivity of Barrel Momentum Resolution
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An OTK spatial resolution of ~10 pum is crucial for the
overall track momentum resolution.
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CMOS Strip Chip Project Introduction and Review

i3 E%0.18um BCDTZ

No. |Characteristics
2 ES Type
3 y Dooant Boron A 10-40V
L EIEE Resistivity >20000.cm | Total mask/photo 19 20
EH" ﬁ : 5 EE] Crystal Orientation <100> (5V+LDMOS,1P3M, no option) 19 20
6 REREE Off Orientation +0.5° P-EPI
- . —_ . 7 B2 Diameter 200+0.2mm EPI Process . 9
1 . *E*K : ZK% BH):‘I'/S_ | nch T IeET Burried N for BJT (VNPN) and Isolated Device
8 VIgE Flat Location VAREE: 1-1.25mm - High
. Process Complexity . .
A = % = # R 89-95° (NBL, Epi, more implants)
e l’—# [galR]. 4KEHEA7/8-inch 9 nEE Edge Profile REL 222°SEMI LV Device Support 5V/1.8V
1% . Ale, o . h {10 EE Thickness 725+25um | LV CMOS Gate length (um) 5V N/PMOS: 0.6um/0.5um
3. J:—I— . IE o2} BHJ:)-LH_ / 8-inc :; 25?" ; WL Ll f;g Low Rdson NLDMOS 7V/10V/12V/16V/18V/20V/24V/30V/35V/40V
oW b

14 FRHHEE Warp <60 Low Rdson PLDMOS 7V/10V/12V/16V/20V/24V/30V/35V/40V

s me S e Full Isolated NLDMOS 7V/10V/12V/16V/20V/24V
17 =& Backside Condition = HV Logic Devices 18V/23V/35V/45V
18 Has Carbon Concentration (Cs) <2E16 FEOL / BEOL (um) 0.18 um/0.153um
19 B Oxygen Concentration(NEW ASTM) _ |<2E16 Metal layers (Max) 6
S Surface Metal Contamination(Al, Na, Interconnect WCVD & WCMP
20 2EES K. Ca. Fe. Ni. Cu. Zn. Cr) <SE10 | Top metal thickness (um) | AICu/Ti_TiN 8K or Thick Metal (12K/ 25K/35K)
Passivation PEOX / HDP / PESIN
REPIRER DC pad
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The CMOS Strip Chip project (CSC) explores a different approach for developing of fully depleted monolithic
CMOS detectors. It utilizes domestic high-resistivity wafers (Tianjin Zhonghuan 2K) and CMOS foundry

(CSMC, Wuxi Shanghua). The project combines efforts from both research institutes and industry (9 units
currently participating).

Last Friday (November 1), we conducted the first review of CMOS strip project, inviting institute’s electronics
group. The review was constructive and included a detailed discussion of the technical approach,

development specifics, and project organization Participantsin the review included: FSiHESe, T8, ZRHL,
e, EMER, BME, B ELE, sk, R, g,
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Key Discussions in the Review

The review discussed many key technical issues and was very beneficial (~4 hours
discussion). The team has recorded them thoroughly:

XJF-20 um(BBERVAERISR, NREMEZIERISEH, ASICZERISIMAREBRE SR,

HEICSCINBEEE20 um%%, 102481, XeIEETERNMNTIE, EXfMRitEEFEEENER
BRFAY, XF1000Z BAEREZSEIFAZTEEE.,

CMOSBEREIZFERIER, EHAWIBR? BigHlsensortI ARG SHMiE, HIEESHHRmE,

BeENTYIEREE D 2 R SEMsensorfI B EEAIMRE, Bi320 um WDTERXLIEE, FEHE
B S EEISSEH .
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Next Plan

| 2:00rm BRIV

The drafting of Silicon Tracker Ref-TDR has started. EI-zoev

B - 250 Pm
It’s ready to launch the 2" review of the CMOS

Strip Chip (CSC) project at institute level.
| 2:50 M EECATEIY

IR - 3:30 M

I - 3:50 Pm

NE Agenda

CSC ARIMBHR

CSC FFRTAE HERv..
csc S1EHIRA
CSCATERIBA.pdf
CsC fEaRigit

CSC fEREgIRITV2....
CSC iz AAigit
CSC 3 REIRITv..
cscC M AFigIt

CSCHliZ A 4%i&it.pdf
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CEPC OTK Endcap Design (AC-LGAD Strips)

Endcap (16 sectors, 10 m?): 1/16 Sector: Sensor: 8" wafer (group C sensors)

Group D: 1400 mm-1816 mm ——»

Group C: 1008 mm-1400 mm =1

Group B: 662 mm- 1008 mm =

Group A: 406 mm- 662 mMm =——»

44106

8" wafer (grpup A, B, D sensors)

* Each group contains 2-4 types of trapezoid sensors, which
can be fitted to one 8" silicon wafer.

* Each group of sensors is aligned to a 1/16 sector.
* The long sensor contains 2 sets of short-strip sensors.

Maximum usage of silicon wafers
22




CEPC OTK Endcap Electronic Components

Group C sensors:

Endcap (16 sectors, 10 m?): 1/16 Sector:
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Power and data link

Data Link

2nd Data aggregation
Optical fiber module

Module

Group B LT TS (2 sensors)

“Sicny: DC-DCs
Group A

Data link &
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23




I OTK Endcap Mechanical and Cooling Structure

Endcap 1/16 sector structure: Endcap mechanical and cooling layout:

Structure frame

!

Sensor: 300 pm
Carbon fiber plane: 300 um

Titanium cooling plate: 3 mm

Carbon fiber back plate f

Titanium cooling plate

/

Structure ring

Carbon fiber plane

Sensor
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CEPC OTK Mechanics and Installation Design

N\ OTK Barrel
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