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Vertex detector: Physics goal

- Higgs precision measurement
H — bb precise vertex reconstruction dol
. layers
H — pp (precise momentum measurement)

Need tracking detector with
high spatial resolution, low material

® CEPC Simulation EPC C[_)1R -
Ldt=5 ab , ¥s=250GeV
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- Main technology
High spatial resolution technology — pixel detector

Low-mass detector technology
Radiation resistance technology
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CEPC vertex detector R & D

» Three on-going R & D programs on vertex detector
https://indico.ihep.ac.cn/event/11875/

Previous update in CEPC day (June 15%)

. This talk focuses on MOST?2 project
MOST?2 aims to build full-size vertex detector prototype

Funding Process International Objectives of the project schedule
agency collaborators
MOST]1 CMOS | Strasburg IPHC Small pixel size design with in- 2016.6-2021.5
pixel digitization and low power
frontend
MOST?2 CMOS I[FAE /Oxtord/ full-size vertex detector 2018.5-2023.4
Livepool ... prototyping ( Full-size sensor
support structure, module ...)
NSFC SOI KEK/SOIPIX Verification of SOI process with 2016-
collaboration small pixel size and low noise
design




MOST?2 vertex detector R & D: Research Goal

- Produce a world class vertex detector prototype

Typical module

Spatial resolution 3~5 um (pixel detector)
Radiation hard (>1 MRad)

- Preliminary design of prototype
Three layer, module ~1 cm x 12 cm?

Resolution

ATLAS/CMS upgrade
(~15 ym)

Alice upgrade
(5~10 um)

World
leading This project (3~5 ym)




Overview of MOST?2 vertex detector R & D

» Can break down into sub-tasks:
» CMOS imaging sensor chip R & D
. Detector layout optimization, Ladder and vertex detector support structure R & D
. Detector assembly
- Data acquisition system R & D

CMOS imaging

_ Beam test to
sensor prototyping

verify its spatial resolution

Detector module (ladder)
Prototyping

Full size vertex detector Prototype
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Research Team in MOST?2 silicon project

4 institutes

-—

vhn2: IHEP - BB = ae B 7P

SDU - LI FR K%
NJU - FE R K%
NWU - Fadt Tk K&
Institutes Tasks
THEP Full CMOS chip modeling, Pixel Analog, PLL block

Detector module (ladder) prototyping
Data acquisition system R & D
Vertex detector assembly and commissioning

CCNU/IFAE CMOS sensor chip: Pixel Digital

NWPU CMOS sensor chip: Periphery Logic, LDO

SDU| CMOS sensor chip: Bias generation, TCAD simulation
Sensor test board design

NJU Irradiation, test beam organization




Achievement Presentation and Assessment Methods
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Assessment index

Spatial resolution

- Mid-term: produce 25*25 pm pixel size chip
- Final : 3-5 pm resolution in Beam test

Radiation hardness

- mid-term: verified by TCAD simulation
- Final : Total ionization dose >1 Mrad




CMOS MONOLITHIC PIXEL SENSOR

- CMOS Monolithic pixel (CIS process) is ideal for CEPC application
- low material budget (can be thin down to 50um)

- This project use TowerJazz CIS 180nm technology

- Hybrid pixel technology developed by ATLAS and CMS

- Thickness of sensor is about 200~300 um
- Need to bump bonding with readout ASIC (ASIC thickness is about 300um)

- Material budget about silicon sensor is about 10 times larger than CIS process

Readout Chip MonOIithic PiXEIS

i | X €
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ofo l p++ substrate
@ Passive Pixel Sensor

particle track




CMOS Sensor chip R & D

. The existing CMOS monolithic pixel sensors can’t fully satisfy the requirement

- Major Challenges for the CMOS sensor

- Small pixel size -> high resolution (3-5 um)

- High readout speed (<500ns deadtime @40MHz at Z pole) -> for CEPC Z pole high lumi
- Radiation tolerance (per year): 1 MRad

ALPIDE

ATLAS-MAPS MIMOSA
(MONOPIX / MALTA)

Pixel size v X
Readout Speed X v

TID X (?) v




Sensor prototyping Taichupix1

- Completed two round of sensor prototyping Chip size: Smmx5>mm

. 15t Multi-wafer project chip (Taichupix1) 5me25pm

.+ Submitted in June 2019, received in November 2019 | | |
. Test functional blocks “
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. pixel array ( in-pixel amplifier and digital logic )
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- Periphery block: digital readout architecture

- Periphery block: PLL and Serializer

- Periphery block: LDO and power supply U T
Taichupix2

. 2" Multi-wafer project chip(Taichupix2) Chip size: Smmx5mm
- Submitted in Feb 2020, received in July 2020 Plxel size: 25|me25|.|m
T Talchup|x2 on test board

- Major bugs fixed in Taichupix1

\\\\\\\\\\\Qg)nu'ﬂum

- Radiation hard design (enclosed gate) in pixel analog
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New proposed readout architecture in TaichuPix

- New readout architecture
-> reduce power consumption and reduce pixel size
- CEPC readout time requirement:

<500ns deadtime @40MHZ(Z pole)

Taichu-1 Column-drain readout

Priority based data driven readout; time stamp at EOC
Dead time: 2 CLK for each pixel (50ns @40MHz CLK)

- Two digital pixel designs: FEI3-like and ALPIDE-like design
2-level FIFO architecture
L1: column level, to de-randomize injecting charge

L2: chip level, to match in/out data rate between core and
interface

Trigger readout:

Readout Controller -
: Serial out port
Periphery Chip FIF O ‘j1 20Mbps/4Gbps

Coincidence by time stamp, matched event read out




Pixel Analog design

- CEPC time stamping precision requirement:
- 25-100ns, better to time stamping each collision at Z pole

Taichu-1 pixel analog design:
50ns~150ns (based one standard CMOS MAPS tech.)

Consider to use depleted CMOS MAPS

Delay of leading edge vs. input charge

IBIAS = 160 nA — 50 m\W/cm?2
IBIAS = 320 nNnA — 100 m\W/cm?2
BIAS =440 nA — 138 m\W/cm?2

*Assuming pixel pitch = 25 um

Standard : no full depletion
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Pixel Analog Testing
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3.8689ns

' 108.19ns 94ns 126ns

. 18.92%
174.56n3s l48ns 192ns 4.9503ns 18.92%

——\VPWELL= 0V, IBIAS= 290 nA, ITHR= 0.6 nA
- \VPWELL=0V, IBIAS= 223 nA, ITHR=4.6 nA
VPWELL=0V, IBIAS= 336 nA, ITHR= 4.6 nA
-—VPWELL=0V, IBIAS=463 nA, ITHR= 4.6 nA
VPWELL=0V, IBIAS= 550 nA, ITHR= 4.6 nA

Timewalk @ 300 e — 1.5 ke-

600 800 1000 1200
Input charge [e]

1400 : 1600

Pixel analog was tested by the probed output

The tested performance was at the same level as in
simulation, though the test condition is not perfect

Tested noise 5.7e-
Tested time walk 36ns(@300 e—1.5 ke’)

Noise measurements

Oinle |

180 200 220 240 260 280
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PLL and Serializer Testing
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Measure P1:freq(C1)
value 1.12160 GHz
mean 697.1421 MHz
min 170.92 MHz
max 1.158117 GHz
sdev 288.6860 MHz
num 8.676e+3
status v
SDA Jitter Ti(1e-12)
value 141.63 ps
status ¢
SDA Eye EyeHeight
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PLL and the serializer was thoroughly tested and proved
» PLL’s tuning range 0.32~2.91GHz agrees with the simulation

- Good and robust eye-diagram observed at 2.24GHz, with the total
jitter < 150ps (@ error rate < e1?)

. Serializer could run steadily @ 2.24GHz for trigger less mode
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Radiation hardness

TCAD simulation model

- Sensing diode was simulated by TCAD to study its TID behavior

- The impact is negligible for the charge collection, and the leakage
current after 1Mrad radiation

- Xray irradiator in IHEP has been setup for irradiation tests

X ray irradiator

Collected charge Collected charge ultiRad 160
Before irradiation After 1 Mad total ionization dose «ray irradiator

Charge collection for matrix Charge collection for matrix (1MRad)

___Seedpixel: 1336 ¢, 78.6%

_Seedpixel: 1336 &', 78.6%

15



Status of TaichuPix2 | e
received chips in July 239, 2020

- New features Taichupix2 on test board
. A 64*192 pixel array with the same dimension as Tcpx1

. 32 + 32 double column modified FE-I3 readout
. 32 double column modified ALPIDE readout

- Newly integrated blocks: Two LDOs for power supplies

W\ \\\\\\\sw\ Wl /

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

- 8b10b encoder added for Triggerless output
. X-chip buses added for multiple chip interconnections

- Functional verification status Oscillation issue reported in last update
[0 rings works fine (problem solved) Fixed in TaichuPix2

Bandgap reference output proved (oscillation cancelled)
Periphery blocks tested

PLL lock function preliminarily proved

Pixel array digital communication with the periphery

16




Summary of CMOS Sensor chip R & D

Major achievement in two round of prototyping
- High Spatial resolution
. Pixel size reduced to 24x25 um = reach midterm Assessment index (SZ3L HHFEH7)
- Radiation hard

. According to TCAD simulation, the impact is negligible for the charge collection, and leakage current
after 1Mrad total ionization dose radiation=> reach midterm Assessment index (SZ3LH HHFEF7)

Next steps

. 3t Multi-wafer project (to be submit early 2021)
. Goal: All functional blocks work together
.- Maybe skipped if 274 MPW chip is working

. Full size sensor engineering run (in August 2021 )
. Goal: full-size, full functionality

17



Detector module (ladder) R & D

- Completed preliminary version of detector module (ladder) design
- Detector module (ladder)= 10 sensors + support structure+ flexible PCB+ control board

.- Sensors will be glued and wire bonded to the flexible PCB
- Flexible PCB will be supported by carbon fiber support structure
. Signal, clock, control, power, ground will be handled by control board through flexible PCB

3D model of the ladder
Schematic of ladder electronics

To control board

cable
25%15
it Cmi ------- b

10 Sensors / detector module, | Digital signal, clock,
read out from single end Kapton / Al flex cable (2 layers) control, power, ground

Profile of flexible PCB
FIeXible PCB prOtOtype Achieved  Optimization

Thickness (um) goals (um)
Polyimide 25 12

Adhesive 28 15
17.8 17.8

kapton 50 50
17.8 17.8

Adhesive 28 15
Polyimide 25 12




Support structure of the ladder

. Support structure of the ladder: 3 layer of carbon fiber, 0.15mm thick
- 3 time thinner than conventional carbon fiber
- A few times more rigid than conventional carbon fiber
. for tracks with small cos9, radiation length ~0.015 X0 (reduce multi-scattering )

Ladder support Conventional carbon fiber Flexible PCB prototype
structure 3D model 0.15mm (1 layer)
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Vertex Detector Prototype R & D

- Completed preliminary version of detector engineering design
- 3 double layer barrel design
. 10 modules in inner layer, 22 modules in 2" layer, 32 modules in outer layer
. Start thermal design (air cooling)
- Physics simulation to optimize vertex detector layout design.
- The length of inner layer pixel should be the same as other two layers
- Inner pixel radium should be as close to beam pipe as possible

Impact parameter resolution
Vs beam pipe radius 3D Model of vertex detector

Vertex detector layout

/ /

- R =10mm
=12mm
=14mm

=16mm

beam pipe

beam pipe

R
R
R

beam pipe

beam pipe




Cooling design

- Air cooling is baseline design for CEPC vertex detector

. Sensor Power dissipation:

. Taichupix: < 100 mW/cm?. (trigger mode)

- CEPC final goal : <50 mW /cm?

. Cooling simulations of a single complete ladder with detailed FPC were done.

- Need 2 m/s air flow to cool down the ladder to 30 °C

. Testbench setup has been designed for air cooling, vibration ...

Test setup for ladder cooling
Use compressed air for cooling

Air speed
(m/s)
Power
Dissipation
(MW/cm?2)

| ECR ET R T |

I EO N
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Plan for test beam

- Expect to perform beam test in DESY(3 - 7GeV electron beams) Q

- ITHEP test beam facility as backup plan (a few hundreds MeV electrons ) DESY test beam
"\ N\

w_‘_ \ Eam— .y . 2\

- Enclosure for detector with air cooling is developed for beam test =7

&—-»\—. .

: ! \. ‘-':.‘\“
- Beam is shooting at one sectors of vertex detectors & N \ »* JadePix-1 ~ />3




Data acquisition system DAQ Tests with 5 MIMOSA chips
=/ 4

. Preliminary design of data acquisition system(DAQ)
Ladders are reader by readout boards
All readout boards connected to computer through a switch
User interface developed
DAQ tested in five modules equipped with MIMOSA sensors

DAQ system data display

Tested with MIMOSA modules
__

Computer

23



Publications and International talks
. Publication:

* » High data-rate readout logic design of a 512 x 1024 pixel
array dedicated for CEPC vertex detector

ERC integpational §cience City Concept
_ Core area

X. Wei,>! W. Wei,? T. Wu,>4 Y. Zhang,? X. Li,? L. Zhang,? W. Lu,? Z. Liang,? J. Dong,® L. Li,®
J. Wang,? R. Zheng,? R. Casanova,? S. Grinstein,? Y. Hu/ and J. Guimaraes da Costa®

JINST 14 (2019) C12012

A full functional Monolithic Active Pixel Sensor
prototype for the CEPC vertex detector

L/ Tianya Wu'*, Raimon Casanovaf, Wei Wei®, Xiaomin Wei®, Ying Zhang’, Liang Zhang’, Xiaoting Li’, Zhijun Liang’,
Joao Guimaraes da Costa’, Weiguo Lu’, Jianing Dong’, Long Li’, Wang Jia®, Ran Zheng®, Ping Yang',
- Guangming Huang' and Sebastian Grinstein®
. International conference talks: IEEE ICECS (doi: 10.1109/1CECS46596.2019.8965105.)

Joao Guimaraes Da Costa, CepC phys/detectors, Workshop on the Circular Electron-Positron Collider,EU Edition, April 15 - 17, 2019, Oxford, UK
T. Wu, A full functional Monolithic Active Pixel Sensor prototype for the CEPC vertex detector, in proceeding of International Conference on Electronics
Circuits and Systems, Nov. 27-29, 2019, Genova, Italy.

Xiaomin Wei, High data-rate readout logic design for 1024*512 CMOS pixel array dedicated for CEPC experiment, International workshop on radiation
imaging detectors, International workshop on radiation imaging detectors, July 2019, Crete, Greece

Ying Zhang, Overview of the chip design for the MOST2 CEPC vertex project, Workshop on the Circular Electron-Positron Collider,EU Edition, April 15 -
17, 2019, Oxford, UK

Wei Wei, Full size pixel chip for high-rate CEPC Vertex Detector, Workshop on the Circular Electron-Positron Collider,EU Edition, April 15 - 17, 2019,
Oxford, UK
‘ 24



u ure an ‘ ' ‘ ! ‘ 1 y ! 2 HT HZ |HT | HZ HT HZ H1 H2Z H1 H2 | H! | HZ2 W1
1 Key technology verification of silicon track dete ctor
1 Mechanical support structure

Layvout Optimization
Preliminary design of ladder supporting structure

® 3 rd I e ar : 8 Preliminary design of detector supporting structure

Engineering plot design of supporting structures
production of prototype of ladder support

. 3t CMOS sensor fabricated and tested ks s 1 mepering s

Final design of detector supporting structure
Manufacture supporting structure of detector

1126 ¢ Complete the Manufacture of all mechanical support structures

- may be skipped if 2" MPW chip is fully working

1 The sensor
Electronics design in sensor pixel, design of antl - irradiation element

° Flnal Support Stru Cture englneerlng deSlgn COmpleted Peripheral digital circuit, triaaer, clock and power supply ladder desian, and chip anti-radiation performance simulation

18t MPW

- Fabricated support structure for ladders T

integration of fully functional small area chip design

° 4‘th Year: Yo, 3rd MPW

Design large area, full function sensor chip

“os First engineering batch silicon wafer processing
o Omp ete arge area Sensor ‘ ! ! 1 Readout electronix and data acquisition system

Development of the front gnd circuit board for the initial MPW chip

- Manufactured the support structure for whole detector

ladder readout electronic
iwDevelopment of data acquisition system for a single detector ladder

- Assembling and installing the detector prototype

Development of data acquisition system forthe prototype detector

i Completed DAQ SYStem fOr WhOle deteCtOr — 1 The overall desian and assembly of the prototype

Develop the assembly pracess of detector ladder

detector ladder trall production
Assemble and test the first detector ladder

- Completed detector assembly and commissioning e ot e roo of deeclor o dder

N31 & Complete the assembly and debugqaing of dete ctor prototype

|
[0

- Test beam and data analysis ey [ 1o s

! Test the second MPW chip
Téstthe third MPW chip
Y Testjengineernng chip

- Finish assembling of prototype vt buing and dt antys

1 development of the simulaiton, reconstruction and analysis software

development of the simulaiton software
dev'vlopme nt of the reconstruction software
development of the analysis software
Beam test experiment
The data analysis

Publish test results and write final repont
228 ¢« Complete the final project report




International collaboration

- IFAE(Spain): very active in CMOS Sensor design and testing

- Liverpool (UK): Tracker mechanical design,

» Oxford(UK): CMOS sensor design validation, thermal design

- RAL(UK): Pixel module design

» Queen Mary(UK): module mechanical design (Zero mass concept)

. Strasbourg (FR): CMOS sensor design, Tracker mechanical design

- University of Massachusetts (US): Tracker mechanical design, thermal design

In 2019, we have one engineer visited Oxford and Liverpool for 4 weeks, learned a lots about silicon.

Lab visit in Oxford Labs visit in Liverpool

Mu3e ladder, ==
Atlas barrel V4
strip stave #
prototype.

Advance material Lab

Module of Alice’s OB tracker,

26



Risk and Opportunity
. Risk: Schedule for sensor chip is very tight
—> Opportunity to skip 34 Multi-project runs, if 24 MPW chip is fully working
May submit full-size sensor engineering run in early 2021 (7 months earlier than schedule)
Save 0.4M RMB in funding

Risk: 15t full-size sensor engineering runs doesn’t work completed
—>1f this happens, we need 2nd full-size sensor engineering runs
- risk of not having enough fund for 2nd engineering runs (~2M RMB )

27



Mid-term review of MOST?2 project
.+ Midterm review meeting (Aug 20-21)

ERESMELITR "SREFFERR FIEY R AMELSRIE TE
FHIRBEZIW

2020.08.20-21, IHEP

28



Mid-term review of MOST?2 project

Comments from review:
- This topic is a cutting-edge technology of high-energy particle detection,
- Good progress of the project
.+ Suggestion:
+ Check uniformity of the sensors
. Should try to further reduce the power consumption
- Should start testing radiation hardness of the sensor chip
- Should pay more attention to mechanical support, air cooling , power consumption
- =2 related to spatial resolution of vertex detector prototype
- This project may be short of funding at the end, suggest to give more support

29



Summary
Completed two round of CMOS sensor prototyping

New readout architecture to reduce pixel size to 25um*24um
- Reach midterm Assessment index (SZILH HAF&HR)

. According to TCAD simulation Radiation hardness >1Mrad total ionization dose radiation
- Reach midterm Assessment index (SZHH Hi+8HR)
Complete preliminary design for the followings
Detector module (ladder)
. Vertex detector overall support structure

Data acquisition system
Strong international connection, large impact to the community if the project success.
Next major milestones

Competed full size full functionality sensors design (3rd year)

Manufactured support structure for vertex detector (4t year)

Finished detector assembly and commissioning and beam test (5% year)

30
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Mid-term review of MOST?2 project

PHATIRITA: (H: 1 XHRB IR S, B e RS . AE B F 4T
BRI B RRRIAA R IR: 3. RUEBERNR,: 4. BEASEENRE: 5. Qf
FHHUD

R T PR ARUBIRLaRN | BEHRIRRIER | 828 RIEE , (ETIREE
PURlw | EAEARRARDAT , SHFIH 25 Fok+2s FoKRVNEUSRESE S | M7 TIRENE | 4,
ARG TS RERRIERRIERE.

FRRBIEN: (AFRERATHAERNEXA-, X H E AR B ARr AR ENEE.)

~oA BRI , BRERIE—EM | (FERIEEFA RIS ENAR. TIFESEEARE

fHE. EICTC R ARSI TR, EMIARNE SRS, S,
RIS,

LEEFRRERIK | Toatn B3

LREAK (&F).

20205~ 8 H20 H
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Budget status
. Implementation rate (#1473 ) is about 60% for first two years

. Cost profile is not linear, expect to spend more in 3" and 4t year for detector fabrication

. Testing fee({MiA /1 T.5%) is mainly allocated for sensor chip engineering runs (to be done in 2021)
. Device fee: will purchase gantry system for automatic assembly in next 1~2 months

Implementat

Budget until i1on until Rate of Rate of
FF5 TR H 24 R total 5 expense/total expense/midte
Midterm 2020/6/30
budget rm budget
2 (—) direct fee 104°7.700 402.583 234 .84 29 41% 58 33%,
3 1\ device fee 196.300 176.2 53.11 27.06% 30.14%
(1) purchase
4 device 196.300 176.2 53.11 27.06% 30.14%
7 2. material fee 235.66 112.49 52 01 29 07% 46.24%
8 3. testing fee 2990 .8 9.45 2 20 0.73% 23 289,
9 4. POWET fee 20.64 3.260 0.00 0.00% 0.00%
S,
10 travel / conf.erem:e /1 193 .81 39 9
nternational
communication 44 .80 36.18% 112.28%
11 6. publication 3.5 3.4 1.90 20 350 55 88%
12 7. labor Y 50.5 81.27 51.76% 160.93%

13 8. consult 6 2.4 1.56 26.00% 65.00%



Internal organization

Task 2 meetings

» CMOS sensors chip design meeting (weekly )

» Vertex detector overall design meeting (weekly)

» Full-day internal review meeting (every 3 months)
» Institutes worked closely

» Project leader followed closely the progress

Task 2 meetings

December 2019

30 Dec MOST2 chip design meeting
23 Dec MOST2 chip design meeting
09 Dec MOST2 chip design meeting
02 Dec MOST2 chip design meeting

November 2019

[ 11 Nov MOST2 chip design meeting
[C] 04 Nov MOST2 chip design meeting

October 2019

[ 280ct MOST2 chip design meeting
] 21 0ct MOST2 chip design meeting
] 14 0ct MOST2 chip design meeting

September 2019

23 Sep MOST2 chip design meeting
16 Sep MOST2 chip design meeting

11 Sep - 31 Dec MOST2 Mechanics Design Meeting

09 Sep MOST2 chip design meeting

06 Sep MOST2 Mechanics Design Meeting

[ 02sep MOST2 chip design meeting

August 2019

[0 26 Aug MOST2 chip design meeting
19 Aug MOST2 chip design meeting

]
[ 12 Aug MOST2 chip design meeting
]

08 Aug MOST2 Mechanics Design Meeting

August 2020

[ 17 Aug MOST2 chip design meeting e
[ 03Aug MOST2 chip design meeting

July 2020
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] o7 Apr MOST2 chip design meeting
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] 16 Mar MOST2 chip design meeting
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[ 24Feb MOST2 chip design meeting
] 03Feb MOST2 chip design meeting

January 2020

] 20Jan MOST2 chip design meeting
13 Jan MOST2 chip design meeting

O
[ 09Jan-31Dec MOST2 Vertex Layout Design and Optimization Meeting (
O
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Backup: 4| F] H % 1 R — 5 o 24 B

NSEL
v

160MHz 80MHz 40MH -

--

320MHz 160MHz 80MHz 40MHz

TMOD=0, 160Mbps ;)' CKOUT
TMOD=1, 2.56Gbps/5.12Gbps

Data SCK DOUT

Tuning range @ SS 85
» 280MHz ~ 2.96GHz
Current range @ SS 85 NSEL: 022.56GHz, 12>1.28GHz

» 3.57/mA ~ 16.46mA
Phase noise ISEL1/ISELO: 00/01/10/11 =

» ~ -100dBc/Hz@1MHz offset 25/50/75/100pA

Current @ 2.56GHz & FF -40 BSEL: 0->3kQ, 1>8kQ

» 16.09mA TMOD: 0->Trigger, 12> Triggerless
Current range @ FF -40
> 6.85mMA ~ 26.26mA




Power managements in TaichuPix chip

Parameters Value

Input voltage <2V
Output voltage 1.8V

Maximum output current 200 mA

Load capacitance ~200 nF
TID > 1 Mrad.

Maximum dropout voltage 0.2V

Linear low dropout : : :
regulatorp FuIIy mtegrated On-ChIp

Low noise, High PSR
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Pixel architecture — parallel digital schemes

Vreset

XZ Calibration * Last Pixel
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ADDR_EN(1 &3
- y) + ) SYNC YNC 131
ADOR_EN[2] ! esec -7 ADDRESS[3:2]
ADOR_ENI3 ) : — '
- = J » STATE YALD[O v 0]
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o

; | P.Yang et al.
| ACORESINOT Nwel. Instrum. Meth.A785(2015)61

Two parallel digital readout architectures were designed:

— Scheme 1: ALPIDE-like: benefit from the proved digital readout in small
pixel size

— Scheme 2: FE-I3-like: benefit from the proved fast readout @40MHz BX
(ATLAS)




B AR ——Z HEDAC

m Characteristics

L 2x. 2% w0 2% Pk
S
VOItage DAC (VDAC) } ENB B[7];k B[6]§ B[Sﬁ B:4§ B[Sﬁ\ B[Ji\ B:lﬁ B[
m 10 bit |
a LSB: 1.56 mV A} =602 ] TR S ST § e =
B Range: b1 bY Ing b -CJ] _CJI _CJI Jel_ EI _dl _q q
% Current DAC (CDAC) T
m 8 bit
s LSB: 40 nA Current Generation | Architecture of CDAC
m Range: 0 nA ™~ 10.2 A lout
m Current DAC m Voltage DAC

% Current bias generation block

m VBG: output of bandgap ~¥ 0.8V
anit 20 HA
% Negative feedback to stabilize

L, Current mirror

% Segmented architecture
m 4 most significant bits (MSB)

<

» thermometer decode VBG @ 0.8V
m 4 least significant bits (LSB) % Current mirror with resistor load
*  binary weighted % Segmented architecture
% Output impedance m 4 most significant bits (MSB):

thermometer decode

s Min: 104KQ o .
| e m 6 least significant bits (LSB):
= Max: 43 MQ binary weighted
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\é?\l% Triggerless - 160M P o 0 ; als e i

D<O:31>

AAA A A AR A LA

divider

« Stage timing
B Data sampling
* Unit timing
B Data sampling (Dx--CKP)
B MUX (_Dxm--CLK)
11Ul =500ps @ 2Gbps
B Time margin is very small
at high speed
B Delay of data and clock

* Big-small eye In eye

diagram
* 50% DC of clock




Status of TaichuPix2

* Major bugs (were tried to be) fixed

— New 10 rings were used, without DNW soft connect issues
— DAC stability improved with higher phase margin

* Pixel readout optimized

— To make larger headroom for the timing
» Data latching @ 1clk -> 1.5¢lk

— Address encoder pull-up added to avoid high-Z state
* Pixel analog new attempts

— Smaller pixel area
» Possible to be 24um*25um

— One branch with enclosed gate for better TID

* X-chip interconnections attempts

— SPI buses, PLL clock reference, reset signal, are possible to be
propagated by chip-chip wire bonding

— Save some routing space for the flex cable design
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Readout architecture s

o Al sktimestamp
- Readout of 512 double columns N Trlgger{ Jk‘ (I FIFO1
J Imfludég;r4 UNIRRAET
, FIFO2 M A7t I i) ik
l LI LHJ Q‘}n

DCOL
reader reader

J J “ I J 1) 34715 HH 7 10

Bosy|  (mi © 12X L
Tf;b.ts 12122bits 1[“'J ,'J_dead time HJ 1 J
ik K T A  REASE WY NFIFO1

Trigger Trigger
S| il 512745 Jy4/1~128 X041,
Address Prio-_r_ijt‘y} Readout -| 1 : I:J; 1284 Ry — ./l\ FIFO?2
T ierrdil DAT/lx“MU*XZ:l : | | 12871 N4 32 ><»‘(‘ //'J ,
Dual Port SRA*M ;25|6*32b|t) _ 32X H1) A H‘IJ A HH 24
REG | [ore iai l s COrMigr, 81
/N

Hierarchical DATA MUX2:1 H) , 32X .7 [a] b

300F 432 S MHz @trigger /

@trigg Y T
¥ 160MHz@triggerless llU lﬂ;; ﬂ - «}L‘ |U b{ ”I )Li J:

SerualdataTransumusnon Jeods AW -
(LVDC&CML) 1PN N RO 1L T

N VIS
3 oo B DLIEE 4 230405 ] 2

A 4




Pixel digital functionality

FIFO2 H#E1EH

O * Pixel digital’s functionality
- ] was partially proved, some
== bugs were found

f « . * Tested by the self-debug mode
B " supported by the periphery
16 = logic

A‘AA
& coL=95,Row=0
e |

e * The row addresses can be
traversed, however, the
column addresses was found
unable to be correctly reset

* Bugs located in layout,
modified in Tcpx2

* Periphery block ran reliably
during the functional test




Pixel module material

Top view:

active area: 12.8mm x 25.6mm

dead area: 4mm x 25.6mm (only 2mm Si1)
Side view:

5 symmetric layer, gluing together.

y - Sensor(Si, 50um) ‘ "N

glue(Epoxy, 15um)

i “(1) Sensor

Kapton(50um)
Glue(Epoxy, 15um) ‘(2) Flex Cable

Ladder support(carbon fiber,350um) :- - ’(3) Ladder Support
Glue(Epoxy,15um) 7 (4) F lex Cable

Kapton(50um) —A 1(5) SCNSOT
Al(17.8um) i “

Glue(Epoxy, 15um)

Sensor(Si, 50um) v

' Polyimide
recent discussion shows that we need —
. . kapton
04 moromater o o bl

Polyimide

One half dead area:

Sensor(Si, 25um)

Al wire

glue(Epoxy, 7.5um)
Al(17.8um)
Kapton(50um)
Glue(Epoxy, 15um)

Ladder support(carbon fiber,175um)




Goal for the second year
. Achieve the target in task book for the 1st and 2" years

- Completed preliminary engineering designs of support structure for vertex detector prototype
- Completed second sensor CMOS chip prototyping
- Completed data acquisition system for sensor testing
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Main specs of the full size chip for high rate vertex detector

- Bunch spacing
. CEPC Z+Higgs (240GeV): 680ns;
- WW threshold scan (160GeV): 210ns;
- CEPC Z pole runing (90GeV) Z: 25ns
- High Hit density
. 2.5hits/bunch/cm? for Higgs /WW runs
. 0.2hits/bunch/cm? for Z pole running

[hits/cm® BX]
}_\

107"

Hit Densit
}_\
-
A8

For Specs | For High rate | Specs For Ladder VXD Radius [cm]
Vertex Vertex Prototype

Pixel pitch <25um  Hit rate 120MHz/chip  Pixel array 512row X 1024col

TID >1Mrad Date rate 3.84Gbps Power < 200mW/cm?
--triggerless Density (air cooling)
~110Mbps

--trigger

Dead time <500ns Chip size ~1.4cm X 2.56¢cm

--for 98%
efficiency
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