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« SOI: Silicon-on-insulator

— CMOS in FD-SOI is reported to work at 4K by T. Wada (JAXA), et al.
J Low Temp Phys 167, 602 (2012)

« SOl & STJ O@E (SOIEE—E ST) OEHHR)

— STJ layers are fabricated directly on a SOI pre-amplifier board and
cooled down together with the STJ

« Started test with Nb/AI-STJ on SOI with p-MOS and n-MOS FET
640 um

iy metal pad STJ g
VIA [

SOl

STJ lower layer has electrical pepE— canacital !
contact with SO[ circuit through | SO-5TI2 circuit P
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gate-source voltage (V) -V curve of a STJ fabricated

nMOS-FET in FD-SOI wafer on whichast) ~ at KEKona FD-SOI wafer
is fabricated at KEK

Both nMOS and pMOS-FET in FD-SOI wafer on which a STJ is
fabricated work fine at temperature down below 1K

- BEETR ALY REBEOZ T , H7AL Y I)REGORLAVE
aiE | BEHEETORLAEROLFRE  FEAED

Nb/AlI-STJ fabricated at KEK on FD-SOI works fine
We are also developing SOI-STJ where STJ is fabricated at CRAVITY
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STIDEeEETM#E R
ERHCRAVITYHEER TERLT=STUDERERER: 1V—IEFR0.2nA (50 u mA ) :ZERE
SOI-STU—(ARBBRH B ORARE OITEMEIC K-> THEE

M. Ukibe et al., Jpn. J. Appl. Phys. 51, 010115 (2012)
M. Ohkubo et al., IEEE Trans. Appl. Super, 24, 2400208 (2014

i "
T~0.3K ioak_Z00uv ;B/MJ-\Y
w/ B field | - leak_300uV SCAIST
: : 100nA [©@ = ==k
— o % a8 X/
2 10nA 9 =
‘ QL % ;v!{
! . - vﬁ'
= 2 0.2mV/DIV L o2 sap BN . 0.1nA
50um x 50um Nb/AI-STJ 1000A (e "4
fabricated in CRAVITY at AIST e .
* lea~0.2nA Z3ERK | Temperature(K)
«  EIZ/PE I junction size DED 0.3 0.4 05 06 0.7
TF ARG

EERSAFCRAVITY®100x100um?2 Nb/AI-STJ

Laser pulse trigger

Charge
sensitive +
———  pre-amp.

I |—|>—>
STJ |

P L |5 §T~350m g e :
OJ I(3He sorption) Pulse height dispersion is consistent

- -2 with 10-photon detection in STJ
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s
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Shaper
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Suh U—FBisolE o) Ligtss CMOS

(Low Resistivity)

SOI PixelDIHATEVEFE: S'qu
® Soitec (=EHILF) (C diéﬁﬁ'&“rﬁlik— _
| GERIERTE | CMOSEIEDEWE

| BRI/ \— HIFIRED SOl Wafex
| FBECBLLE (PERERE ) Bl
Lapis Semiconductor (0.2um CMOS) [C & 2DMPW (High Resistivity)
=>reliable fabrication
aum 4= __——— N_ / LSICircuit ]
40nm —_ _.-_-‘. _|__ﬁﬂd§IJNEOE TI_/
Handle wafer: e - BOX(Buned Oxde) l i 15
CZn ~ 700 Q-cm (Default) ) Bg;‘, pHn+) =
Buried p-Well
FZn >3 k Q-cm (2009~) — {Buried p-Well)
sz ~ 25 k€}-cm (Zﬂlﬂ"*) Si Sensor
. (High Resistivit
Double SOI (CZn) (2012~) %um[;te'} y L
Double SOI (CZp) (2014~) = :
‘\ Backside Implant,
Laser Annealing, Charged Particle
Hara, CIRISE Nov.30, 2015 i dGpoEh (X-ray, Electron, Alpha, ...)
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Response of irradiated DSOI Pixel M. Asano

Response to infrared laser of 1064 nm wavelength Pre-irrad
'and 20 ns pulse duration.
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Images after 100 kGy disappeared but E so00F i i
recovered with VSOI2=-10V. S R e U R
< 4000F ® o 3
& ¥
5 3000F . ® . 2
- C L B
Average ADC count vs. the bias voltage.  2000F . :.' -
= Linearity and sensifivity after 100kGy m{mE_ : o V_RST(preirrad)=550mV 3
(with VSOI2=-10V) are similar to pre- : et P
|rr{:n_j|‘cm0n g
K. Harg, CiRISE Mov.30, 2015 VSensor Bias (V)
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QO = ”_“
\ jm_
Need for faster readout time
s ] ‘ Replacing IP technology with single photon counting detector
....... o~ . . . . . e (>7 min.) ind &
20 = 20 = 20 = e
EBH-7-BFE (RFNEEF. EHBDF) > ER Fastreadout 4, "
BiRE) = B8 ’ by

Ef~hBOHOT—5TIIE RIS ERM

= x
Image plate (IP) currently XPAD3 detector
installed at BL02B1

A semiconducting layer of Silicon is not sufficient at high X-ray energies

- | odre ]
FD j-E ==
material required % e o
. s\
x%‘ilﬁlfﬁ@ﬁfﬁﬂg(iﬁﬁﬁﬁFa‘i@fiﬁfﬁ?—f_m‘nb\ = RO EE COREH Y T RN ®
BOERRIZFOMECITA, BETYEOSIRILY — XEEOF BANENZ ol BLO2B1

((—a_éo

HUR, BT X BRI OR&HER(E, SIHFEIRCEEE UIRbDOhaE, 2R
ZVERESDFOFAICERE, UHU., ERE0.5 ARENSOIRLINERETE
LAELY,

BIMRLERA—N—tE IR RGN T, BRI CmgeEIr
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Eﬁfﬂﬁﬁﬁ‘/#\jbﬁmﬁ Scanning tunneling microscope (STM)

o e B |

STM-STSEHEITI&
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RFOREETHDIHEMBHREL
B HETAIT
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B -

Graphene shows specific Landau levels under magnetic fields

Background and motivation

@raphitic materim

T3

Landau levels in 2D electron gas / T - \
g % 500 34 [ 10T
E \ TN _)'\ e J‘JV‘N
n=+3\ . 400 = 8T
g 5 w 6T
n=+2 > — AT
n=+1 5™ WA AW 2T

oT

i T=44K
-200 400 0 100 200

n=-2|

Sample bias (mV)

n= 3 STS of Graphene on graphite

\ Schematic image of Landau level .~ under magnetic field

04

Room-Temperature Quantum Hall

H cience
Effect in Graphene S
S. Novoselov,” Z. Jiang,”? Y. Zhang,” S. V. Morozov,” H. L. Stormer,” U, Zeitler,” ). C. Maan,”
S. Boebinger,? P. Kim,** A. K. Geim™*

Novoselov et al., Science, 315 (2007) 1379

K.
G.

Large energy difference of graphene Landau levels is
known to lead to Quantum Hall effects at room temperature

K(anhnn nanotube (1D)

Graphene shows specific physical
and chemical properties among the
graphitic materials due to its unique
electronic structure

@ro-gap semiconductor Linear dispersion

4 Dirac Point

4

.
Massless Dirac fermions

K Graphene band structure /

We have also observed Landau levels at B =0T

Potassium (K) partially intercalated graphite

d STSFrr—rT T+ 7171717
2 06 B=0T
2
5
g 04
<
>
T 02
©

0.0
-600-400 -200 0 200 400 600

e Sample bias (mV)

S 60T T T T T T T "1 iy

g sof 3

g of =

S -300fF B

@ = oy [l

$ 600 Exn §

[ ol u

o —900 - B, =250Tf

= i H

o_qp00= o+ L | | FT T T 1T

00 05 10 15 20 25 30
K-free domains (Nanovalleys) n

D. Guo, T. Kondo, J. Nakamura, et al., Nature Communications 3 (2012) 1068

itk FI5A (Nov.30, 2015)
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STM and STS on nitrogen doped graphite at B=0T

Height (pm)

Distance (nm)

di/dV (arb.units)

STS peak energy (meV)

T T T T T T T T T T T T T T

3 3
L 2 & 2

T T R | P B S

-1000 -750 -500 -250 O 250 500 750 1000

1000

500 —

-500

-1000

dE.

Sample bias (mV)

I,=5K.B=0T |
L 4 i _
L A B _|

v C
® D
—l L | L | L | L |3
4 2 0 2 4
Jn(n+1)

Landau levels of bilayer graphené a[;pear at FLAT area !

Summary

* Landau level peaks of bilayer graphene are observed
in STS at the atomically flat area of nitrogen doped

HOPG atB=0T.
*  Domain model can explain the LL appearance.
(difference in the on-site potential)

Nitrogen

Strain K-intercalated

Science, 329, 544 (2010) ey 2 P
Natoie comm., 3, 1068 (2012) Scientific Reports 5, 16412 (2015)
Nanobubble on Pt K-free domains (Nanovalleys) N doped-graphite
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Muon Radiography

g S MPPC
(1.3 mmOsensor)
"“. T WLS fiber
< m 1

(1mm dia)
Hu—

T3%13 ™~

Detectors-3
Detector system 2

XY units: 0.2 t
Toroid: 5.3t

Placed in a 20-ft shipping container Container others: 3.5 t

Rear Tracker Front Tracker XY

7]
=] !i ,» ! |-
Detector-2-2 Detector-2-1 e

61m & o6

FEEI A —RHFIIEEFERFEEIRILTF—H -BESHT—HRIZEYEL
Sa—HRFIEELEBE(1GeV/cTFe 0.7mAL 2 D)
SKYEEHE, KUYBPYHEEICKY,. ERTORETESI 2 —RFHAELD

S8 N EEmFzEEB— 1 FS=wR B 3248
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Area with large absorption (Period 2) Distributions of heavy objects

X

- [
. 6‘ ' Period-2 view

RS

VSIS R i R s ke o
Point-1 Point-2 Point-3 @
(173days,1524kEv) (94days,722kEv) (208days,816kEv)

Points with larger absorption, -In(Nobs/Nexp)>1.35,1.4,1.9, distribute Period-2 view (behind)
inside the fuel storage pool Reconstructed distribution of heavy objects

‘ Mesh the pool at (1m)3 and color the mesh if two of the three say “heavy” ‘

BORR e U ISDER =enc e

o4 BV KRS S OFE R
BREBRE(BR. /\o—. 95995 =)
=

kek o BIEREZFRFEL. RFFOBRIELEEESL

TEBI1I—HTEES — c BB 1B R TORHBEORKEER (XXBITE
00000000 HLTWLD)
el dl Ll ~>>=f774/<—;1mm?§ 5 ¢ RBE2F5FEOEHA (REP)
(CDF SciFi CRAFEEH) S| , w43 _ = p o
.... ... ﬁmt;%*‘ig*ﬁgq ﬁ rgtf;’g%f.T?lJmﬁ;ﬂlla?f_&)'_
LHCb MPPC array oooc00000 = 'KEKﬂi‘.-FfJ‘bU)ﬁ}ﬂ'liﬂ y
Hamamatsu S10943- XYL O BB AUE * KFZ2—F L ORELETEORE

N o RHEBONEE (- L BEIE A~ DS

AN FHEZAVHEIISOER
Snitivearea:0.23mmx1.5mm : : :

(9Gnivale)
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ALICE FoCal upgrade

for forward photon and pi0

W/Si sampling EM-calorimeter
Moliere radius “9mm
Radiation length ~3.5mm/layer

TS S

tungsten layers
=3 5mm thicknass

ror
¥a
-8
LGL HGL L e
o . '_‘,’ Ty
low granuarity high granularity pixel-layers X
pad-layers =1cm’, effectively -1rrrrlp?a e L T
longitudinaily summnd read-oul boards likely using MAPS LT
in segments for pad segments =iem)

CRfSEEEFETRIBMEHEERE S, T27F11B308. HEXSE

LGL : low granularity layer
1x1 cm? Si-pad
Analog read-out per 4 layers
5 LGL modules

HGL : high granularity layer
25x25 um? CMOS-pixel (MAPS)
digital sum (40x40 pixels)
1x1 mm? effective cell per 1 layer
2 HGL modules

240 -BPHETM. IATE—

ST Z— (Nov.30, 2015)

23



St EFAt AR EHEEEOEREHE

2ATA: XEFEHRIFET -V avTzRHIE

3A: SmBREFEEFERLHADEZOHD
= FETRIREREDIREER

24



