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Contributions to the CEPC R&D

Development of CMOS pixel sensor
— MOST[E 5 & & 11X (2016-2021)
— R&D roadmap

— CDR editor

SOl R&D for CEPC vertex

— NSFCIfil EIiH (2016-2019)
— Chip thinning down to 75 um
— Single point resolution 2.3um

Development of SOI technology

— NSFCA T H (2014-2017)
— Synchrotron beam test



* Development of CMOS pixel sensor
— MOSTE 5 & i & 11X (2016-2021)
— R&D roadmap

Coordinate design force to solve critical issue

— CDR editor

Feedback from mini-review in Nov.

S.P. resolution
Thinning
Analog power

Sensing diode
+ Front end

Readout
+ architecture
3D integration U

Integration time
Digital power

R&D roadmap proposed at CEPC workshop Wuhan,

Apr. 2017

Contributions to the CEPC R&D (1)

I 4 vertex
[P 4.1 Performance Requirements and Detector Challenges
[P 42 Baseline design
= 4.3 Detector performance studies

[F' 43.1 Performance of the Baseline Configurations
[F 432 Material Budget
F 433 Dependence on Single-Point Resolution
[F 434 Distance to IP

' 4.4 Beam-induced Background in the Vertex Detector

I L 4.5 Sensor Technology Options |
W' 4.6 Mechanics and Integration
=W 47 Critical R&D
[F 471 Current R&D activities
[P 472 Future R&D
= a8 Summary

Chapter of Vertex in CEPC CDR




Contributions to the CEPC R&D (2)

e SOl R&D for CEPC vertex.

— NSFCf ETiH (2016-2019)
— Chip thinning down to 75 um

— Single point resolution 2.3um

. ALICE/ITS upgrade:ts /v CEPCIt: 5
T mm—--—---—---- il el L
i ASTRAL ALPIDE : l |
! | |
1 I 1
Process technology | 0.18 um CMOS 1] 0.2 um SOI :
i Readout strategy : Rolling shutter asynchronous : : Rolling shutter : !
| 1 |
! Readout time : 20 s <2 us I : : !
! T Hi1 I !
; Power I 85 mW/cm? 39 mW/cm? 1) Analog power ; ;
i | 1} <10 mW/cm? I i
§ Pixel size | 22%33um? 28 x 28um? |y 16 x 16 ym? ! §
! . !
Spatial resolution : =~ Sum I : Expected < 3um I
1 1 1
| . . | . . |
; Total signal for MIP : =1200 e (20um epi-layer partly depleted) | : ~4000 e (back thinning to | !
: 1[; 50um, fully depleted) !
i L e e e e e e e e e e = — I T - i



count

Chip thinning

* Thinning and back-side processing via SOIPIX collaboration
— 75um thin chips wire-bonded at HOME (= i#)

— Full depletion verified

-7

h

i - —uth

T Iue “ds=1—e" fully depleted
0

h
I ue Cds=e " (e”g"/I7 -1
h=d

1
partly depleted |

1 i i I | | ! Il 1 I | 1
200 150 100 50

Vidas/V

Photon rate vs bias voltage
(>>Fe source 5.9keV X-ray)

Amplitude

(ADC unit)
1000

900
800

-250 -200 -150 -100 -50 0

Vbias (V)

Signal amplitude vs bias voltage
(1064nm Laser pulse)



Single point resolution

Measured with infrared laser beam

— 2.3um achieved at the optimum signal/threshold ratio
— To be presented at HSTD11&SO0IPIX2017, Dec. 10-15, 2017

S.P. resolution measured with fixed threshold ~ 100e-

45

4 |

35 |

3 |
25 |

2 |
15 |
1 |

S.P. resolution (um)

0S5 |

0 L | | | | 3
0 1000 2000 3000 4000 5000

Signal charge of laser beam (&)



Contributions to the CEPC R&D (3)

* Major contribution to the development of SOI technology.
— NSFCIf EJiH (2014-2017)
— Synchrotron beam test in Dec. 2016, data analysis finished in 2017
— A summary paper to be submitted to RDTM

[E 4h [F] 47 Takaki Hatsui (spring-8)%7#H 2% TAE FIAEAN -

KAF N "Takaki Hatsui" <hatsui@spring8.or.jp>
RIKWT[E]: 2016412 HOH BT

W AE N : yplu@ihep.ac.cn

Phik:

#: On your paper on double SOI

Dear Yunpeng Lu,

| have read your interesting paper appeared in NIMA Vol 831.
The noise of 113 e-rms with beautiful S curve is the milestone in SOI process.

Congratulations!
Best regards,

Takaki




Selected publication and talks

[1] Y. Zhou, Y. Lu*, et al., 2017 JINST 12 C01037

[2] Study of SOI pixel for the vertex, CEPC workshop, Wuhan, April 19-21, 2017

[3] An SOI pixel sensor with in-pixel binary counter, TIPP, Beijing, May 22-26, 2017

[4] Overview of SOI development, invited by CEPC international workshop, Beijing, Nov. 6-8, 2017

[5] A prototype SOI pixel sensor for CEPC vertex, presented by Z. Wu, accepted as oral presentation,
HSTD11&SO0IPIX2017 joint workshop, Okinawa, Japan, Dec. 10-15, 2017

[6] Performance evaluation of an SOI pixel sensor with in-pixel binary counters, presented by L. Song,
accepted as oral presentation, HSTD11&SOIPIX2017 joint workshop, Okinawa, Japan, Dec. 10-15, 2017



Plan for next year

* Test of CMOS pixel sensors
— Chips designed in 2015/2017
— PrAHT I 458
— MOSTIE ZX & S & o il 2%

« CMOS/SOI Design & submission in 2018

— One submission to be secured
— Average submission interval: 2years -> lyear
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