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Target Station Rapid Cycling Synchrotron

« CSNS is the first spallation neutron source in China, in operating since 2017
* Pulse frequency: 25 Hz
« Power: 120 kW (500 kW planned CSNS-II), 1.6 GeV proton + tungsten target
« Beamlines: 20 + proton/muon test beams planned
» Neutron Instruments: 8 in operation/commissioning, 2 being built, 7 planned

« ~ 500 staff, postdocs and students working at CSNS for operating, developing and
researching
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Target

Pulsed proton beam

Moderator/Reflector

ER/ e A sensor chip (e, sicon)

high resistivity n-type silicon

single pixel
read-out cell
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JIMedipix/TimepixEZF R EIRNEHE L T

o CSNSRHEIEANFFFZE: 20cm x 20 cm, A E= 8 x 100 n/s
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2018
Medipix3

) Medipix1 Collaboration

) Medipix2 Collaboration

The Medipix1 collaboration was formed in'the 1990'swhen the potential of the TheMedipix2 Collaboration was formed in 1999 with the:aim of developing a

new technology to provide noise-free single-photon counting was demonstrated single photon counting pixel detector readout chip using a 0.25 pm CMOS process

e
5 T —s
o B B,

) ‘Medipix3 Collaboration

). Medipix4 Collaboration

The Medipix4 Collaboration was launched in 2017. The aim is designing pixel read-

The Medipix3 Collaboration was formed in 2005 to develop the Medipix3 chip and

by MARS Bioimaging Ltd

the Timepix3 chip: now permitting colour imaging and dead time free operation. out chips fully prepared for TSV processing that may be tiled on all four sides.

s FINERGEERRNESEMEE SRR SNE, RIENIRIRSIER

- EMURSIEAE T TRFGRIRUESEH T A : Medipix (MBKz1) /Timepix (SHI3K50)

« EHIRBRE1EH: Medipix4, BIZF20175, HREIESEMTimepix4 (2019) /Medipix4 (2023) BN RANRITAA R
« Medipix4&{FEIMB 20N B R R :

« RUEANAD: CERN. ;AEICEA. fa=Nikhef &

- KRF HEAE, IMNKRETAINIE &

- KEE: ESRF, AR &

* IHEP-CSNSTF2022FRIETIIAMedipix4S{EH, FiaE T Timepix4fUEiEEST RS (1)
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Single hit (electrical signal) pixel-level processor
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Features of the Timepix4 chip

technology

TSMC 65nm - 10 metal

pixel size

55 x 55 um

chip arrangement

4-side buttable
3x “hidden” periphery TSV 1I/0
pixel matrix: 512 x 448

sensitive area 6.94 cm?
interface 3x 147 I/0O TSV / Wirebond
" mode ToT & ToA
o) Tracki data 64-bit per hit
"8 ( dazz(:irilxrrlei) max 3.58x10¢ hits/mm?/s
2 hit rate (10.8 KHz / pixel)
'g Mode | CRW: Pixel Counter (8 /16-bit)
O
G| Tmaging | frame up to 89KFPS
S| (frame-based) | rate
as hirtnj;(te ~ 5 x 10 hits/mm?/s
Energy resolution @ Si sensor ~ 1keV FWHM
ENC @ Cin = 75fF 80e” rms
minimum threshold ~ 500 e

hit arrival timing (ToA)

LSB=195ps, range: 1.638ms

charge measurement (ToT)

accuracy: 80e rms, range:200ke

data readout bandwidth

<163.84 Gbps
(16x @ 10.24 Gbps)

Power Supply Voltage

1E2N

Power

~3.5W

SESEEN AL Sy iaY




Timepix4: —fRESIVIREEHNERELSH

Timepix3 (2013) Timepix4 (2019/20)
Technology IBM 130 nm — 8 metal TSMC 65 nm — 10 metal
Pixel size 55x 55 pum 55 x 55 upm
Pixel arrangement 3-side buttable 4-side buttable (TSV)
256 x 256 512 x 448 3.5x
Sensitive area 1.98cm? 6.94 cm?
Mode ToT and TOA
o dDrai::zn Event packet 48-bit 64-bit
° (tracking) Max rate < 43 Mhits/cm2/s 357.6 Mhits/cm?/s 8 x
E 9 Pix rate equiv. 1.3 kHz/pix average 10.8 kHz/pix average )
g Mode Count: 10 bit + iToT Count: 8 or 16 bit CRW
E ;ram(ej Frame Zero suppressed (with pix addr) Full frame (no pix addr)
&’ (i:‘sae ing) Max count rate [ 82 Ghits/cm?/s ~ 800 Ghits/cm?/s 10 x
ging Max frame rate || N/A (worst case: 0.8ms readout) 80 kHz CRW )
TOT energy resolution <2 keV < 1keV ] 2x
Time resolution 1.56 ns ~ 200 ps 8x
Readout bandwidth < 5.12 Gbps (8 x 640 Mbps) <163.8 Gbps (16 x 10.2 Gbps) 32 x

Target minimum threshold

<500 e

<500 e

24700 pm

TOP Matrix
[448 x 256]

BOTTOM Matrix
[448 x 256]

9&%@7‘%*&

BINES

%%RT:
GREHE:
} I)\JE*/\:

EHER:
HTIE_LI THE:

SNS
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EES,
55 x 55 um

512 x 448 (23F1&=x)
6.94 cm?

NE. FEXRIE)(TOA),
~ 200 ps

geE (TOT)

EITEEER: 357 MHz/cm?/s, 2.47GHz/i5 FH

flb\lakﬂ:n"l‘%_t

RIS -

E=89%kfps@8-bitiRE
16 x 10 Gbps SERDES / it

IN#E: SitEEEEx, KREN6E (~1W/cm?)
EREsensor: FEEE

&EZPCB: WB (FiZ)

TSV (PRI +HRiE)

% . 5G PRBS through TSV
Tlmep|x4 W|th TSV

10
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2 OB E AT, « 2.8 cm x 9.8 cm FHRNEFH 20 cm x 20 cm HRNEFR
-*%WWVM%ﬁﬁ¢ - EHEBFFIFERTIZT - BELUEEZH (8.96Tbps)
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CTPX1 TR E CTPX1 LiZEEN M E

CSNs CTPX

RBER 14cmx14cm 28cmx25cm x 257

e 256 x 256 512 x 448 x 2.57
&3 55 um 55 um R
BBl % 1.6 ns 200 ps x5
TSR 10GbE 40 GbE x 4
#y=%&7=  DDR3 DDR4 TARErR
E=ITEE 80 MHz > 1GHz
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Photons/Charged Particle

Al
N+ (As, 0.2 um)

- N type Si
Silicon Sensor

P Well (B)
8i0; —» — —

Metal 7, SnPb C4 Ball

(~ 20 um)

Timepix4

.« 300/500 um SI-PIN (B&FEELR)
«  HAdvacam A EIHI{EFNEIEIEER
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Xilinx Zynq Ultrascale+ FPGA

16 x 16.3Gbps GTH

PL-DDR4 SODIMM and PS-DDRA4
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40G QSFP
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ELREF

BER it

1.28/2.56 Gbps: No errors , BER < 1014
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7
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661.6875
661.71875
1179.140625
2664.5234375
2664.578125
8195.28125
8196.8984375
8357.3046875
8357.34375
8576.625
8576.9140625
8577.609375
9730.2734375
9731.828125
12561.7109375
12562.4921875
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33384.359375
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38271.4296875
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39428.6953125
39429.046875
39429.609375
40977.0078125
40977.3359375
40978.3203125
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11.8203125
20.5625
2.65625
17.359375
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14.296875
7.40625
12.2265625
26.0703125
28.71875
15
5.3984375
12.515625
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17.796875
10.5390625
40.2578125
5.4609375
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3.34375
22.4609375
1.921875
11.234375
10.1796875
38.984375
12.390625
10.3828125
20.84375
26.234375
15.5546875
16.5078125
11.125
5.1796875
24.828125
11.640625
14.3671875
8.9140625
3.8046875
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