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Goals of Meeting

* Plan the Silicon Prototype project of MOST 2
e Review any flaws of pre-application

e Establish a plan for final application
 Review input from different sources, including MOST 1 project
e Define “conservative” project for MOST 2 application
e Discuss extended goals for project beyond minimal requirements
e |dentify shortcomings and problem areas

* Application deadlines
 Pre-application
e Due: December 1, 2017
e \ersion due to CAS on November 27, 2017
e Application:
e Due: December 31, 2017



MOST 2 Guidance
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e \lerification of high resolution detecting technology on high
energy accelerator. Complete the prototype of inner silicon track
detector, verify the main design parameters through beam test,
spatial resolution is 3-5 microns (um); Design a silicon detector
with 1 MRad total ionization dose;

Deliverables:
e Silicon prototype
e PBeam test
Key assessment parameters:

e 3-5pum resolution
e 1 MRad total ionization



What are we building?
Current Silicon Layout in CEPC Simulation/CDR
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e Currently in simulation we have:

* \Vertex detector, SIT, TPC and SET at barrel, and
FTD at endcap.

* \Vertex detector, SIT and SET, ladder structures are \
included

e But ETD has not been included
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What are we building?
Current Silicon Layout in CEPC Simulation/CDR

R(mm) | |z|(mm) | |cosB| | o(um) | Readout time(us)
Layer 1 16 62.5 0.97 2.8 20
Layer 2 18 62.5 0.96 6 1-10
Layer 3 37 125.0 0.96 4 20
Layer 4 39 125.0 0.95 4 20
Layer 5 58 125.0 0.91 4 20
Layer 6 60 125.0 0.90 4 20
Table 4.1: Vertex detector parameters
Table 5.2: Main parameters of the CEPC silicon tracker.
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What are we building?

Silicon Inner Tracker Vertex Detector Prototype

R(mm) | |z|(mm) | |cosO| | o(um) | Readout time(us)
Layer 1 16 62.5 0.97 2.8 20
Layer 2 18 62.5 0.96 6 1-10
Layer 3 37 125.0 0.96 4 20
Layer 4 39 125.0 0.95 4 20
Layer 5 58 125.0 0.91 4 20
Layer 6 60 125.0 0.90 4 20

Table 4.1: Vertex detector parameters

Baseline MOST2 goal:
3-layer prototype

Default layout requires different size ladders

Keep it simple for baseline design

L1
3-layers
L2 same size
same chip
L3 X



What are we building?

Silicon Inner Tracker Vertex Detector Prototype

Extended goals if manpower and technical knowledge available

Get closer to a real detector prototype

3-layer sector
with multiple ladders per layer

Requires study/simulation of new layout

Full mechanical prototype
with subset of ladders instrumented/readout |

Requires study/simulation of new layout




Chips size and number

Layer 1 (11 mm x 62.5 mm) _
Chip size: 11 mm X 20.8 mm Half barrel design
Chip Number: 3 X 2 layer = 6 chips

< >

62.5 mm

Layer 2 and Layer 3 (22mm x 125mm)
Chip size: 11 mm X 20.8 mm
Chip Number: 6 X 2 rows X 2 layer = 24 chips

22 mm Double sided ladder

125 mm

Total number of chips =6 + 2 * 24 = 54 chips/wedge for 3 layers prototype



Project outline: Task 3

* Sensor design to reach single-point 3=5 micron spatial resolution, |
MRad TID

* On-sensor design of readout circurtry (CMOS) with low-power
consumption, 50 mW/cm?

* TJesting of sensor/chip prototypes on bench tests/source tests and test
beams

* Realistic layout of full pixel (silicon tracker?) taking into account low-material
budget

* Design and construction of double-sided silicon ladder with CMOS chips

* Final test beam to demonstrate full prototype

e Assemble series of ladders or sensors at correct distances —> Need to
decide on number of layers

* Design full readout electronics for ladders/system



List of tasks (1)

* Sensor
e Single pixel geometry layout (n-well size ...)
 Amplifier design
* (Charge injection calibration loop
e Readout architecture

* Readout clock design
e Pixel array address encoding design

 LVS and DRC design
» Test structure design (passive pixel, standalone amplifier , pMOS..)
e Global layout
e TCAD simulation on sensor performance and irradiation hardness
e Sensor Irradiation
e Testing

* |-V ,C-V and inter-pixel capacitance

* Fe-55 source tests (to verify signal-to-noise )

* | aser charge injection tests



List of tasks (2)

e Ladder
* Design Single-chip Readout board for MPW runs
* Design ladders for multi-chips readout
* Mechanical design for ladder core support structure and alignment
* Electronic design for ladder
e DAQ for ladder
* Cooling design for the ladder, if needed
* Tracker Prototype
* Mechanical design for framework holding three layer
* Alignments between ladders
e Multi-channels power supply crate
* Multi-channel readout crate
* Testbeam
* Design on beam type and beam test location
* Mechanical setup up the beam test (equipment, reservation of beam time)
e Alignment with telescope
* DAQ and synchronize with triggers and telescope
e Data taking and Data analysis



Schedule

Year

Year

Define detector/ladder
layout and chip size

Optimize ladder layout
Mechanical design of
support structure

Finalize ladder
mechanics

Finalize full prototype
mechanical structure

Chip/Sensor

Determine process for chip
design and chip size

Expand chip schematics to full
size pixel

MPW 1

MPWs 2 and 3

1st engineering run

2nd engineering run by middle
year

Production chip/sensor testing

Readout

Development of readout
motherboard for MPW1

- Secure DAQ system for

single chip
Start ladder electronics
and readout syst. design

Development of readout
motherboard for MPWs
Design DAQ system for
ladder readout

Complete DAQ system
for ladder readout; Test it
Develop DAQ system for
full prototype readout

Full readout of single
ladder achieved
Complete and test DAQ
system for full prototype
readout

Full readout of ladder
with final chips achieved
Full readout of all
prototype achieved

Test beam

Prototype

Mechanical and
electrical construction of
small first prototype
ladder

- Optimization of ladder

assembly procedure
with dummy chips

Production of ladder with
first engineering run
chips

Production of final
ladders

Testing of ladders
Full readout of single
ladder achieved

Finish mechanical
assembly of full
prototype

Test beam
Results
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Ladder construction/Testing
Detector Simulation
Detector Simulation Layout
Sensor and chip design
Chip design
Chip design
Mechanics
DAQ
DAQ
Chip design
Prototype

chip design
technician, electronics

sensor simulation and chip test

detector simulation
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International Collaboration

Barcelona (Sebastian Grinstein)
e Experience in HV CMOS pixel design, 3D pixel design
e 1 professor, 1 chinese student, 1 engineer?

University of Liverpool (Yanyan) — CMQOS design?, ladder design

Oxford University (Tony Weidberg, lan Shipsey, Daniella) — ladder,
mechanics

Rutherford Labs — could help with many aspects
Strasbourg (Marc Winter) — CMOS design (Towerdazz)
Marseille University (Marlon Barbero, Patrick Pangaud)
University of Geneva (Peppe) — CMOS design?

DESY (Marcel Stanitzki) — test beam



Open/Critical Items

e Sensor technology to use?

e Should try to keep project relevant 5-year from now, but also realistic!
e Follow MOST1?

e Towerdazz 180/130/(115) nm, HVCMOS 130/65 nm

e Attempt production in China?

e Attempt to reach true CEPC design goals on power consumption, material budget
(thin sensor)

e Size of CMOS chip

* Size of ladder for layers 2 and 3
e Most likely we will not define the size in the MOST application

* Readout electronics
e Chip testing level
 Full ladder and prototype level

* Schedule extremely tight

Current budget: 18.8 MRMB (see Zhijun’s talk)



PROPOSAL.:
Key scientific problems, key technologies and research targets to be solved
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Develop the silicon pixel technology for high-precision tracking detection which meets the
requirement of CEPC. Design the large area silicon sensor with high spatial resolution of 3-5
\mum and high radiation resistance with the total ionizing radiation of 1 MRad. Research
and produce the silicon tracker prototype. Produce a silicon tracker prototype, the high
speed readout electronics and the support structure of detector module are the key
research points. Then verify the spatial resolution of the silicon tracker prototype through

the test beam results.



PROPOSAL.:
Project research content, research methods and technical routes
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PROPOSAL.:
Project research content, research methods and technical routes

The key R&D point is on the chips, electronic and the integration of prototype. Silicon
tracker prototype includes the multi-layer silicon tracker modules which consist of several
pixel sensor chips and high speed readout electronic, mechanic support structure and DAQ
system. The research plan is listed below: Design the silicon sensor with large area and high
resolution, and develop the integration of front-end electronic on sensor chip; By optimizing
the design of frontend electronics and sensors, we will design a sensor which can tolerate 1
Mrad total radiation dose; R & D on the assembly technique of the detector module, by
optimizing the electronic architecture and the electronics readout design, we will increase
the bandwidth of data readout in the module; Design and produce light and rigid support
structures for the multi-layer silicon tracker prototype, satisfying the physics requirements
of the CEPC; We will cooperate with both domestic and international teams to research and
produce a multi-layer silicon tracker prototype. The major design parameters will be

verified through test beam results, spatial resolution reach the requirement of 3-5 \mum .



PROPOSAL.:
Innovations
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The silicon tracker prototype we develop will reach the international advanced level. Novel

design of large area, multichannel silicon sensor; Use computer program to simulation
radiation hardness, and Optimize the design and geometry of the sensor, and then design a
sensor with high spatial resolution (3 — 9 HM) and high radiation resistance performance;
New readout circuit architecture design to accommodate the large number of pixels with

high-transmission rate and low power consumption; Design Light material support structure.



Backup



Overall design possibilities

e Wafer 6” should give 25 chips 2x2 cm”2. Assume 80% vyield.

e Layer 1: 62.5 mm — double layer
 Chips: 2 layers x (1.1 cm x 2.08cm) X 3 chips = 6 chips/ladder
 Build two ladders = 16 chips
* Prototype:

* layer 1 = 2 ladders; layer 2 = 2 chips; layer 3: 2 chips (20 chips)
* layer 1 = 1 ladder; layer 2 = 1 ladder; layer 3 = 1 ladder (24 chips)

e Layer 2: 125 mm — double layer (make 120 mm)
* Chips: 2 layers x 2 cm x 6 chips = 12 chips/ladder
* Prototype:

* layer 1 =1 short ladder; layer 2 = 1 long ladder; layer 3 = 1 long ladder (32 chips)
* (need two wafers)



Test beam setup

e CERN H6 beam line, 180 GeV pion beam

Expected beam rate : 10kHz
Expected beam time: one week

e EUDAQ-Mimosa telescope.

* added one FEI4-IBL pixel layer for trigger, if we need more than 8kHz

Resolution of this telescope is less than 5um

mimosa

CEPC ladders

many-channel
readout

s..
-~

FE-14

Scintillator

mimosa

-

TLU




Test beam setup

e the weight of the DUT: It is 8 kg in total, thus, minus 0.6 kg if using
the angle and minus 0.94 kg if using the rotation stage.

* the spacing between the upstream and downstream telescope plane
is in maximum ~0.5 m (Z direction)

* The active area in X-Y plane is about “1cm X 1cm”.

Telescope Telescope

Plane5 Plane4 Plane3 Plane2 Planel Plane0

K X, "%’i'

CEPC Pixel modules
M2 M1 MO




Test beam setup




Schedule Discussion

2018.7-2019.6:

e design the CMOS sensor geometry and readout architecture for large sensor.
e submit MPW runs

2019.7 - 2019.6:

* design and implement the DAQ setup for single sensor testing.
* Testing performance of the sensor after irradiation
e Refine the CMOS chip design

2019.7-2020.6:
e Finalize the design of full-size sensor, do engineering run submission.
* design the ladder electronics and mechanical structure.

2020.7-2021.6:

* Integrate the CMOS sensor chip into ladders.

e Commissioning the ladders

* 1st Test beam at CERN to verify the ladders performance

2021.7-2022.6

 Manufacture 3 ladders, and integrate them into one tracker prototype
* 2nd Test beam at CERN to verify the tracker prototype performance
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Task List from Wang Meng
Sensor simulation (SDU) - postdoc
Chip design and tapeout (SDU) - Zhang
Chip test (probing, electronic, radiation, ...) (SDU) -Zhang
Chip test electronics (SDU) - Jianing

Ladder/prototype simulation and optimisation (SDU) - student
Ladder/prototype mechanical design

Ladder/prototype assembly (SDU)

Ladder/prototype lab test (SDU)

Ladder readout electronics (SDU) - Jianing

Alignment

DAQ (ladder + prototype)

Beam test (chip, ladder, prototype) (SDU)
Irradiation test (SDU)

Data analysis (SDU)



