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Missions to GO

Continue Detector Developments

ara/esumi

@ Develop PPDs in close linkage with other TCHoU Divisions Silicon pixel/strip

@ Innovative detectors in TIA framework .
Silicon Detector Lab

Rad-hard

[ ::> designing
fara SOl % technology Lizténgt.on
ucti
further enhance

ara
LGAD
4D tracker

collaboration under TIA

“ ILC pixel

3D stacking ALICE

— innovative PPD ‘ |
\ Precision neutron detector : ‘FCC I
l l (future circular collider at 100TeV)
X—ray d-etecjcor esumi :
cryo. amp nishibori N
MRPC
’ O(10ps)
readout \. TOF  Rare IR beam
mm) COBAND FPARE T @RIKEN
s STITOF Promote New Detector Developments
t(-)mita @ least support of travel expense for projects with few budget

@ pursuit realizing a testbeam at KEK AR (~4GeV e)
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Missions to GO

Continue Detector Developments

hara/ i

@ Develop PPDs in close linkage with other TCHoU Divisions Silicon pixel/strip

@® Innovative detectors in TIA framework

Silicon Detector Lab

Rad-hard

% technology i

designing
testing
production

hara SO

further enhance
collaboration under TIA

ara
LGAD
4D tracker

3D stacking
— innovative PPD
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Muon Radiography
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Muon Radiography
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Detection of on-surface objects with an underground

radiography detector system using cosmic-ray muons &
Hirofumi Fujii, Kazuhiko Hara ™, Kohei Hayashi, Hidekazu Kakuno, Hideyo Kodama, Kanetada Nagamine,
@, Kotaro Sato, Shin-Hong Kim, Atsuto Suzuki Kazuki Takahashi, Fumihiko Takasaki

2014$%%ﬁ$[ sretical and Experimental Physics, Volume 2017, Issue 5,1 May 2017, 053C01,
nttps://doi.org/10.1093/ptep/ptx061
Published: 25 May 2017 Article history v
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Muon Radiography
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Momentum Cut [GeV/c]
Integrated cosmic muon flux in the zenith angle range
0 < cosf < 0.37 for momentum threshold up to 11.6 GeV/c 3

Hirofumi Fujii, Kazuhiko Hara =, Kohei Hayashi, Hidekazu Kakuno, Hideyo Kodama, Kanetada Nagamine,

otaro Sato, Shin-Hong Kim, Atsuto Suzukiazuki TakahashDFumihiko Takasaki
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. «wyress of Theoretical and Experimental Physics,Volum _..:,1ssue 12,1 December 2017, 123C01,
https://doi.org/10.1093/ptep/ptx164
Published: 23 December2017 Article history v
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SOl pixel devices

R, L
SOI: SILICON-ON-INSULATOR = e ==
L : Middle Si —1—— e e IS |
CMOS circuitry fabricated on =S : 5
buried oxide(BOX) -E;}x{aumd o;ddg}l : ,:‘r b
LAPIS 0.2um FD-SOI o W .5 5 L
Buried-N  Buried-P K T—
Features: f}i
« monolithic (no metal bumps) &1 Sbrioy :’1
« SOI-CMOS (FETs fully isolated) (High Resistivity s
« Can choose* substrate of optimum Substrate) ;; L \, i
resistivity (fully depleted CMOS — 1
sensors possible) Back Plane Raéiation
*SOITEC SmartCut™ (X-ray, Electron, Alpha, Charged Particles, ...)
- many excellent features
« Material budget - speed * single event effects
« S/N e cost  Jlatch up

 power dissipation . PpPjxel size °* Operation temp. (0.3K~570K)

TID tolerance improved to 1MGy by introducing double SOI wafer
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SOl Fine Pixel Detector
FPI1X4

s Yot EasLES coL_ouT
VDD18
//
READx
Y
[Pr P4 !
SENSOR .
4L P3
¥ I:Nl RST P—RSTx
N2 P2
VRST p—
. = GND
GND =

« VLS| design (J&)

* Sub-board design/fab

_ | i (83K . ZE5H2017)
FPIX4 layout PIXEL Size 9x9um (same as FPIX3)

256x256 pixels 8x8 um : minimum achieved in FPIX2
16 parallel outputs

Sub-board=SEABAS

PMOS 3232788

U dAS L —5—8

NMOS RSS9

_ VLSI design (TrTEG9)
S - ST T ik '- (ZHR. =K. ZEm2017)
[ oo B b
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Precision neutron detector

FPIXDFEEBITE T lumD i FiR H A T gEA D E AT
o @47 Mev) + 7Li*(0.84 MeV) +y (0.48 MeV) (93.9 %)

n B_){a(l.éw MeV) + 7Li (0.84 MeV) (6.1 %) z[um] ¥ 3 § i

v BATHFOENSIOBIRE o1

v ISV IRMEE(AEA “ZEE)

Wn' (@)
50! pi NS
| o 5\
?iEEElijixzf-‘yO(Z’D(f% Bottom mirror

%%gi%{g@%%ﬁﬁ (a) X#&77>(NU) (b) 10%iR&E7> (c) 8526R#EY 7 =

FPD3 (75um) ﬂ'J'?(Si:SOOpm}
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~3.9 £0.2 um
il
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=
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=
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’ o * o
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= 7 Reconstructed Position [pm]
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SOl Testbeam@FNAL
’§28_Febll\/l ar)

SOFISTDE — L 5K E&

KMEFE INTPIX4A Z4B8RANT
— LTRENEB SRR

Pixel size : 17x17um
Sensitive area (8 7x % mm)

_fRR
\mﬂkf 7
- 13 parallel readout
AN N (@\]
N — i
N LN LN
X X X
S F  512x832 pixels >
-> 300 fps
_fas_ter_ by Rol selectio_n

P

s

_ODJ:')?&/ZTAIMM liEk'J\I‘IODEUDET D FH
(Mimosa 18.4um pitch, 576x1152 pix)
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et SOl Testbeam@FNAL

2018 Feb/Mar
SOFIST: sol Fine measurement of Space and Tlme( )

CDS input / 100

SOFISTv2 for timing study Timestamp correlation

Test input thlnned to 75 um — 54502 - —
— S5 o
K - b Emo;—
| aa Zasol
_?_ I 1 S oISW2 é_ Esoo_
_T_ | :EE 250

| O

% (Charge Fs:n&s:::l;mmmr) }' / Shift-register 150

Wl Output amplifier 50

A/f‘ o i_£>ﬂ/@___-ﬂmm %“%W&waaagwﬁéiﬁ5§$?500
Ramp signal input .
swe R _ Chip-A [us]
- D SOFIST ver.2 #1 and #2

1 2 = b A D C hdiffS
% % P r . mary Entrisz 50376
- Yanoo % Maan -0.8387
LB Btamp memory - g
t }7 X ¥ 1 ndf 214.4/26
> 2500 Prob 1.481=-31
\i i&%% Gonatant 2078 = 19.3
ﬁ?ﬁ Mean -D.6713 =0.0142
2000 Sigma 2775 =0.013

~1300 beam bunches (every 554nsec)

4 1000

Sigma = 2.78 .
+ 0.013 us

"'|""|""|""|""|'V;w7|"'
5=
s

200msec
500
ILC beam structure
£

e = B LYY N oy o s bl L]
50 40 -30 -20 -10 0 10 20 30 40 50
Timestamp Residual [us]
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SOl Radiation-hardness

@ FPIX2 (100kGy) Testbeam: OK for ILC

40nm

%) B
2 E ®) 5%5 cl h
m 7} | x5 cluster charge
5 600 ) Wirrad & 5000/ at 200V
O 5 * E 100kG
< 500 ® non irrad 2 y
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= 400 il r DEC=-12V
9 3000
300 B F
¥ E o P
200 u 2000 — non-irrad
F : VSOI2: /0= 0V
C Pixel= OV
100 1000! DEC= OV
0 E o
Y 25 100 225 05500 400 600 800 1000 1200 1400
Voer V] N 0:\_ \ Cluster Charge [ADU]
Eﬁ“

g\

TID (total ionization dose) &

PMOS @ FPIX3 (IMGy) IR laser: —fi#DCMOS [ZPLiEd S 1ERE
VSOI2
= I — ="25000F T 7
EE 40:_ (a) TrTEG I B S 2 8 F (b) FPIX3 A ‘:
S % . modified LDD = 20000} : E
Og il § T py % A - L -
< v E S 15000. Al
20 Pibid 2 - u
~40[-{*Vs012= OV |1 iniii < 10000f
_50:_ “Vsora=-5V | i b Ebdil = E ]
. -, = i i (&) L - .
* introduce 2" electrode (DSOI: 2011) w;’ﬁ:‘;“’, LNt 5000~ - They
* optimize LDD for rad-hardness (2016) -roo-i i b b b
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SOI-3D: more functionality
@ Innovative detectors in TIA

National Institute of

. Advanced Industrial Science

radiation '

o =HTD VLS| HffTERE TES > FLim MRS EER(ILC, FCCith)
« BIETTTI(eg. CdTe) EMDFEE -> X-ray detectors
« RHEINDZEIL -> Compton camera, 4D detector

2018FEE TIA-MFIEL:MBRTEBEFEREFAA—2 o H—DREHAT IIFER
KEK (& %0)-AIST(Z5:th)-U Tsukuba(J8)-U Tokyo(;th H)
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HL-LHC ATLAS ITk

r'R=1082mm

LHC = HL-LHC(2026)
Luminosity : 300 = 3000 /fb

RE 1015 A
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Pixel detector {50x250 = 50x50um) 400 —

1t pixel: 3D s <o00F -
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HL-LHC Strip Sensor
2005& Y pBEH—ZFFE B (KEK) -7
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HL-LHC Strip Sensor

WO DEH—THERDATEENER SN
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Current [-pA]
Current [-pA]
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Rk

50x50um pixel
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HL-LHC Pixel Sensor
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Center FEIETIAXEF RO L 2018.2.7
® Low-gain avalanche detector

FEfE 7 AR RE(~30ps) 2RI DL E 7 AEREIR 2 LGAD
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Low-gain avalanche detector
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Summary and Outlook

Muon-radiography
2011I2BARLI=T AT I ME1I~3B IR D AF T 7 O£ Rl % X

SOI monolithic pixels
FPIX4 (R MDtestbeamAtracker), TrTEGO(IX TR 4E) D BIFEFHZE
SOFIST(ILCA) M &t ee1L
3D stacking (FCCAMIGFA?)
HL-LHC ATLAS strips
EXET DR (PREEHIR) 8 T, YIHI=ERA IR < AT HR M 1% X (2 5 B 5F
HL-LHC ATLAS pixels
RET DAL, FCRID 2 H—EE ;% (biastE & E /dummy metal/no test?)
EDa—/)LEEEAEFE
LGAD
ARy TEMGEEL., SRELEROIV/NIOME, FCCEBRIELI-HER. . |
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