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FHRENZL: SSNERRNER

Radiation
(Gamma, X-ray, Charged Particle)
Pixel Sensor Chip (e.g., Silicon) ?
Pixel Frame Rate

. h \ ff Size{um?) Array size (H2) Operating mode
o
% High-resistivity s Electron-Hole 172 x 172 60 = 97
> (e.g., Silicon) “@®g Pairs [ .
@ he 95 % 55 256 = 256 1.5k 130 Frame
o p-type Silicon \l 55 x 55 256 x 256 1.5k Q 250 Frame, Data-driven

] o{n‘o*l'olt'l't'.*o‘uio*fi m == BT ET = T gy 45D Al
IR - - ' IEETA 5x75 128x256  23k(@201) | 130 Frame
Single Pixel Read-out Cells B 5 88x 88 12K 130 Frame

= \\'r .
ROIC (Readout ASIC) Timepix4 55 x 55 512 x 448 80k 65 Frame, Data-driven

o FEHIRKRRARZL: —HEEESHITEE, SHERNENSSGREFNR
e Timepix4EHMedipix4S{EAHFINEH—ASFRUSFEHRNZRELSH



Timepix4: —HIESXNERBFNFJELECH

(0.0} |

e B

—) |

TGP Matric
(448 x 256]

BOTTOM Matrix
4483 256]

BOT edge Perighery

| | Timepix3 (2013) Timepix4 (2019/20)
Technology IBM 130 nm — 8 metal TSMC 65 nm — 10 metal ‘
Pixel size 55 x 55 um 55 x 55 pm
Pixel arrangement ( 3-side buttable 4-side bultable (TSV) ‘

256 x 256 512 x 448 35x
Sensitive area L 1.98cm? 6.04 cm?
Mode | ToT and TOA |
= ::?un Event packet 48-bit 64-bit
2 (tracking) Max rate [ < 43 Mhitsiem?/s 357.6 Mhits/cm?/s ) 8 x
E Pix rate equiv. [ 1.3 kHzipix average 10.8 kHz/pix average
§ i Mode Count: 10 bit + iToT Count: Bor 16bItCRW |
E B:m Frame Zero Suppressed (wh px ads) Full frame (no pix addr)
(imaging) Max count rate (7 82 Ghitslem/s ~ 800 Ghits/cm/s 10 x
Max frame rate [ _MN/A worst case: 0.8ms readout) 80 kHz CRW
TOT energy resolution <2kaV <1 keV ‘ 2x
Time resolution 1.56 ns ~ 200 ps Bx
Readout bandwidth < 5.12 Gbps (8 x 640 Mops), =163.0 Gbps (16 % 102 Gogs) ‘ 2%
Target minimum threshold <500 e <500 &
S TOP edge Pariphery

\len..ln—
1

KBS

- RBANGE: BES, REEES008ET
=R 55 x 55 um
BEHE: 512 x448 (23R1GH)
EUEf: 6.94 cm?2
- EBEE: VB, TIANE(TOA), s4E& (TOT)
BIiE 5% ~ 200 ps
« BEIHEER: 357 MHz/cm?/s, 2.47GHz/im H
ST, 2589 fps@8-bitRE
#HiEEEH: 16 x 10 Gbps SERDES / A
I SitEEsEx, Ea86E (~1W/em?)
&EiEsensor: FIEEER
ZEEPCB: WB (Fi8) |, TSV (Fil+h(a)

.

T
5G PRBS through TSV

® |HEP/CSNS 2022fEIAMedipix4S{EH, FHARTF
Timepix4iHHISEEIIEERR 6




SHESEREIAERFCTPX

CSNS Timepix4 Camera

‘%’ 4——— Camera Interface

Suction Fan Light Shield

Timepix4 Chip Board

TEC cooler

Readout Board ——————— 4 Turbo Exhaust Fan

HV and TEC controller S—

Timepix4 Chip Board and Readout Board PCle Readout Card

CSNS CTPX1 BiFEEaTpkG RS

«  FRIEESEREEH (16 x 5.12Gbps links)

»  HETFXilinx Zyng Ultrascale+ ZU15EG FPGA

- ZHEFRTH, WIRHEER1.2Geps

- ERRIEESELRE, DRFSIKERERSR

PCleiEsz



RIEELBFF

| Timepix4 Assembly | PL.SODIMM | | XCZU1SEG || PS DDR4 || Power Modules |
(BOTTOM)

.
: RI45-1G

SFP+ 10G

T
= !\
S

ELTLREELIIETLL §
T s Rl

| Timepix4 Chip Board | | Timepix4 Readout Board |

® EFZynq Ultrascale+ ZU15EGRIBIRR S HREIEHB TS
m 16 x 5.12Gbps GWT link readout
B DDR4 SODIMM as peak event buffer
m FreeTOS on PS side for slow control
m 10G UDP / QSFP 64G readout ,




iZL B FFFPGAEMSH

rop GWTIO e FirstStage , ,”  Second Stage -
WWTH > I
TOPGWT(1)[ |
TOPGWTI2I] 15| MCRRM > Aurora
: > I 646bps
> (]
— i A4 STREAM (QsFP+)
repew T MRV i AXI-STREAM Switch
soTGwilol| | m'b"lbl{"i INTERCONNECT
BOT GWT(1) | 320M |F pe (4-1 Arbiter)
BOTGWTP2I[ | | MCRRM | : > uDP
: > i | 10Gbps
. I I
. I | 50 (SFP+)
T3] MCRRM —— | e e/ —— .
BQTGWTIZ| T Iy ! ' i
~ - L Ny —— ’ | AXI4-FULL —!
: | : AXIA-LITE Tce !
| PL_Registers | i ZYNQ_PS » 1Gbps :
TPX4 SC le : > (RI45) |
4——' Timepix4 Slow Control | | AXI4-STREAM FIFO —
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Temperature ("C)
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26.0

25.0

4.5

240
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| Linear regulation ‘
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HERE

best_thr

200 o 200 300
Columns Columns

¢ FEW23/MEENREHRHITZ—HE, BAHSN
O BERBEDH/NFS501MEF (std)
O &/\a] FREZ ~ 5008 F
O 3 FGradeABISH, <0.01%EXTTEFT, EERFK




B (@ 2 B

VCO Frequency Distribution

104

10*

10 ‘|-hrﬂ 0

615 620 625 630 635 640 645
Frequency (MHz)

o ENCH{EMAT286724'VCO, AFIZLSHIERE, SlERHENER—
¢ BIINESEES, 5K 7 XA VCORSEREIE

Counts

600
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REAERE

Amplitude

e IFTZRE, GEARENUESHERAIRE, BTEIE
o (EFHBEEANKFEITILAE, BRAZEHERERX .



BEEZE - XRFHZE

o BRESHEMTRIBDEESIHE, 1235 NEE T !
TOT-gER AR LIHT TEMEIE .



I

02

—— Fe TP_cali_bottom 5.67 £ 0.96keV
—— Fe XAF_cali_bottom 6.17 = 1.0GkeV
=== Fe XAF Energy: G.dkeV

Fe

—— Co TP_call_bottom 5.96 + 0.96keV
—— Co XAF_cali_bottom 6.46 + 1.00keV

Co XAF Energy: 6.93keV

Co

— CuXRFe

Cu

—— Cu TP_cali_bottom 7.17 + 1.0BkeV
_bottom 7.89 + 1.1BkeV
Cu XAF Energy: B.OSkey

—— = e

—— Zn TP_cali_bottom 7.82 + 1.0TkeV Y | Mo TP_cali_bottom 15.63 = 1.34keV —— 5n TP_call_bottom 22.58 = 1 43keV
= Zn XAF_cali_bottom 8.6 + 1.19keV == Mo XAF_cali_bottem 17.49 + 1.30keV 16{ == Sn XAF_cali_battom 25.33 = 1.37keV
=== Zn XRF Energy. B.64keV === Mo XAF Energy: 17.48keV === Sn XAF Enengy: 25.2TkeV

Zn L Mo b

.
Enengy Gt Energy hev) Energy Duevh
16

o (FRZIEGRIZIREEZ, FILAEZ6HMXRFNE/IGES



CTPX1RHKRAE - EEXELSR

XRF energy

Material E_XRF [keV] TP cali [%] XRF cali [%] resolution [%]

Fe 6.4 11.4 3.6 40.46

Co 6.93 14.0 6.8 39.74
’ Cu 8.05 10.9 19 35.22
Zn 8.64 9.5 0.5 32.59

Mo 17.48 10.6 0.1 18.72

Ceemmmaen = = Sn 25.27 10.6 0.2 12.74

o NFERET, SHINGIERGE, RESWILIER12.7% @ 25 keVESR
o H—IHUHAESRETZE, TUHE—LREEFH
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SEIETMESLIE - FEHZE/MHIE

Cluster 0

1] 100 200 300 400
500 a events

TOA: 180530.475 ns

60s Am241 exposure

242 243 244 245 246 247 248 249

| : ’ ST Alpha event TOT Alpha event TOA

19




ISIETESLIE - BF
=

20




ISIETESLIE - BF

PR SToTHI &M
250
120, 212
¥ = 20183x - 25907 110, 194°%
0 Rr - 0,958 100,178 "
so.158 0
80, 140
g -
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]
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T R e

6x 10

410"

3x 100

® 3340keV - 150keVRIEBFIRiIMRIHTT 7 SEIISIE
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TEMMAIEERIR L12161-07
. XQ]“E%J%!—_J_ 70KeV
. ngﬁ%aﬁ%wb 300uA
o HOF4: Wu

+ Sensor §fF: 40V

- SUEIREUSI: SHIIKE
« BX&5=0: #8#10.58 EFEH

22



SEIETELIE - SIEXSIZERIR

TPX4 Data - Frame 101/500

BN Time: 100.0 ms e Total Counts: 1,234,161
KRR
1400409
20
a00 1.2GcpsitEi=Ee
1206409
1
o’
200 15 m
c
@ &
£ 3
CO,
200 10 E
Ly
100

el s

]

o 50 100 150 200 250 300 350 400

o EHTFFIAERF (X,Y,TOA TOT) E=|E1000fpseiSES, YIRHEHI=E1.2Geps
o HiEE1.23Mevent, FJR100Mb3Z{4Kv (80bitZEf)
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TPX4 Data - Frame 141500
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SEIETELIE - SIEXSIZERIR

® §E10000fpsiﬂ*lﬁ Elllﬁ100us 'IE:E‘[" Ibrétbxﬂ':ﬁ i‘EI—J.E%:ELz
® T—#LI: ROl (FRRIGE) . LARMIELRT




Y [pixels]

g

Unsaturated 1

X [pixels]

1.17 Ghit's

200
X [pixels]

Onset of Saturation

400

0

Counts

400|

Y [pixels]
=

g

2

Y [pixels]
w
=

s
g

z

Unsaturated 2
[ 1.03 Ghit's |

200
X [pixels]

Saturated

4000

1000

=y

200 F—
X [pixels]
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Counts

1.6

1.2

08

0.4

0.0

T T
(ROI: [100:200, 100:200]|

-

—— Unsaturated 1 (0.16 Ghits/s)
— Unsaturated 2 (1.03 Ghits/s)
= Onset of Saturation (1.17 Ghits/s)

—— Saturated (1.20 Ghits/s) T

0 40 80 120 160

ToT (Codes)

200

Normalized Counts

0.04

0.03

0.02

0.01

0.00

T T
[ROI: [100:200, 10'0:200]]

=—— Unsaturated 1 (0.16 Ghits/s)
— Unsaturated 2 (1.03 Ghits/s)
—— Onset of Saturation (1.17 Ghits/s)

Saturated (1.20 Ghits/s)

1 1

40

80 120 160
ToT (Codes)

200
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IGIETESEIE - REE PR F AR

T0 Trigger CTPX1
> Camera

—_J
Visible Light »

Scintillator D MCP

screen
Pulsed Neutron

oo

CSNS energy resolved neutron imaging detector with a CSNS timepix4 camera

Sample Mirror

28



ISIETESLIE - RFECITHEANE

.
i /f\ — LND Wave
0.8f — TPX4 Wave
i : « Scintillation Screen: ZnS
Z 06 » Lens: Schneider F2.2/50mm
g » Zoom:0.1375x
04 *+ Img.Int. Gain:3600
i + Test Time: 30min
0.2f :
0 1 2 3 4 5 6
WaveLength/A

o NS=FWPF CITESIFERIEHRNZZ—E (LND PSD)

29



ISIETESEIE - PRFRIRSLIE

Sample: 7 x metal rods + Scintillation Screen: ZnS
Lens: Schneider F2.2/50mm + Zoom: 0.1375x

« FOV =100mmx100mm
o LB SRR TR




SEIETESCIE - PFRRIR vs XaILeRkiR

» Sample: Fish
+ Lens: Schneider F2.2/50mm -«

» Scintillation Screen: ZnS

Zoom: 0.1375x

« FOV =100mmx100mm

X-ray imaging by TPX4+300um Si

31




- BEEDWPFRE - EEBHEED

» Sample: Siemens Star + Scintillation Screen: GOS
+ Lens: Schneider F4.5/85mm +« Zoom: x2.1

« FOV =®17mm/2.1 = ®8mm

32
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BEEDMPFRE - HRIEBRIR

.

Sample: Austenitic stainless steel «
Lens: Nikon F2.8/105mm .

Scintillation Screen: ZnS
Zoom: 0.348x

Austenitic
stainless steel

["Imarging Résult i

Transmission Rate/%

® TPX4 Bragg-edge measurement of austenitic steel is consistent

with GEM monitor

70
65
60
55
50J)
45f
a0f

fcc(400)
1.84

fec(200)
364

| . 1
25 3 35 4 45 5 5

WaveLength/A

1 1.5 2

tecdom | fect2z0)
LA0ZA 45

N -
A
n

W

2.5 3 3. 4 4.5
Neutron wavelenothlf Al

w
]



ISIFTESEIS - CSNS BL20ENB R ik i 8 Z=gEH

+ Sample: n/a « Scintillation Screen: ZnS
+ Lens: Schneider F2.8/105mm <+ Zoom: 0.348x

Average Maximum

Data File . ion | File Size | Data Rate | Counting Counting
Rate Rate
BL20_Raw 1
data_Nikon105_C0_5_7nS_0O Gain3400 5min 4160MB | 13 9MB/s = 09M hits/s = 3 4M hits/s r
penBeam5 -
BL20_Rawdata_Nikon105_CO0 . . y . i
_5_7nS_OpenBeams Gain3600 5min 13903MB = 46 3MB/s | 2 89M hits/s 11 2M hits/s z I
g
BL20_Rawdata_Nikon105_CO0 - . . ] = 107!
"5_7nS_OpenBeam3 Gain3800 bmin | 29525MB @ 98.4MB/s = 6.1M hits/s | 23.5M hits/s
- Gain3800
= — Gain3800
BL20_Rawdata_Nikon105_CO0 . . i . B N Gaingens i i
B _7nS_OpenBoamz | CANS00 | Smin | STSIMB 120 2MBis | TEMNISIS | 20T Ns/s | (= owew | 1 1
O | | ] | I ] | ]
BL20 Rawdata Nikon105 CO - . i . 1 15 2 25 3 35 4 45 5 55
"5_7nS_OpenBeam1 Gain4000 bmin | 44168MB  147.2MB/s 9.2M hits/s 35.5M hits/s WaveLength/A

® Maximum event rate measured at CSNS BL20 was 35.5M hits/s
® TOF peak saturation was not observed

34
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e Timepix4E—Ff HMedipix4SFARFHNESRERRURELTH

055 um {&&X@JE, X.Y.TOA,TOA (200ps) ZBHEFEHSENE, 80Gbps/160Gbps
bandwidth per chip

aTsV + {iiF TZEEAME
DT (e S=FEE (HRFR2.5Geps) /MHEH (FRE80kfps@8bit)
¢ IHEP-CSNSEFTimepix4diifl T —EREEHRERHR L2
DRReuEEt (HNSBTOREN, 577E60Cbps/itE) g e b
DIEETHEEREE S 1.2Geps, KEFATLUE{TE400Mepsit#ia . :
DEZMLRHEMMEIR. BFER. PFER. XPEREEITIR '
o F—5itsl E
OMES, S H(1x4)HESUAFRVER, THEERLE Jrted
OFfE{EREME: CdTe, CZT, GaAs, {55
ORARR: RERFUENE, FEFBMALE, BRESSHRSEE, TPCENS
o MBIXERNAREZENASIE! 3




