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CIB summary from Matsuura et al.(2011)

at A=50pm

BB (mems & h omagst)

I, ~ 8 MJy/sr

B =gt
Al; ~ 0.1-0.5 MJy/sr

CvB Zi1—hU/HR
Expected E, spectrum
m3 = 50meV
7 =3 x 10%2yrs

I, ~ 0.8MJy/sr
Excluded by S.H.Kim et. al 2012

T=1x 10yrs
I, ~ 25kJy/sr
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Sph 1 mirror
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’ ‘ Instruments |
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Telescope parameters
 Main mirror
— D=15cm, F=1m
« detector
- KRER0.8um H 7= V)
100pum x 100pum x 8 pixels
HEHA:8x108sr

—— 7 =1 x 10Myrs

1,=25kJy/sr
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o HEE$EFEHE: D=15cm, F=1m
> EE0.8um (Av=c/50um-c/50.8um=94GHz)& 7= V)
100pm x 100pm x 8 pixels & {RE A : 8 x 108 sr

—a1—NKY _JEREEF (m3 = 50 meV, T, = 10M*yrs): 1,=25kJy/sr @ A=50pm
Fyp, =25kJy/sr x 8 x 107 8sr x m(15cm/2)? X 94GHz = 3.3 x 10~ 2°W /8pix
BB 1,=8MJy/sr @ A=50pm
F;r =1.1x10°YW/8pix
AMBREITF, 2B UEBROESE
IRIILF—e, D7 N BESETRRA : €,/ FzpAt/e, = \[€, FzpAt
BIERREAL, REBNEPEH ZRODFEN
NEP x \2At < [e, FzgAt < FypAt
= At>40sec (10), At>200sec (2.2c per AA=0.8um)
= NEP < 1.5 x 10~1°W /+/Hz for At=200sec with 8 pix
> NEP < 4.2 x 10~1°W /+/Hz per 1pix
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EE#SHT CRAVITY & Nb/AI-STJ

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

T~0.3K
w/ B field leak_200uV ;E/MH
: leak_300uV - CAsT '
% leak_400uV
\' 100nA @® Bcs_Theory
;> 4 | )
B 3
i EL 10nA 3
" 0 omVIDIV 1A
50um x 50um Nb/Al-STJ " 0.1nA
fabricated in CRAVITY at AIST 100pA |- Etre 2 oo o = l/_ _
l,..~0.2nA & 3ERX,
¥ |-/ E 7% junction size DE D Temperature(K)
TTARH 0.3 0.4 0.5 0.6 0.7

)—OE&RD>ay N/ A AXBERKRDONEPEE , V=0 ERi =50pA, BIcE
Fyv 7T IXILF—A=06meV, NTVY I:"“/'j’T*f/G 10&£ 9% & (G
LRBXRD /A X Z2EZBETIhE)

1.7A /2i
NEP = — eL ~4 x 10~1°W /Hz
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Superconducting Tunnel Junction (STJ)

« Superconductor / Insulator /Superconductor

Josephson junction device E
L S
Superconductor W L

- - &% @0 -

o (dwﬁrff‘f('f)

SuperconductorT Superconductor
Insulator

Insulator?

EAHZRA TENMNE(|V|<2A)Z DN A: Superconducting gap energy
BIZERIZRIREN = FDIRILF—IZLYER D I—/\—xth g B (FhfE) L,
ERESN=ERFICEST, TRILT—IZHBILZF O RILERIRAE.
« BEEXYYTONRREFRNT RN OIXRILF—KYET £ D
FRIEMNICE  BERAE—FFE2RE AL
« ~us BEOLBHNEERLE/NILAISENDDIEE) 2 XFiAHT S & TSN
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STJ |-V &

e Sketch of a current-voltage (I-V) curve for STJ

=» The Cooper pair tunneling current (DC Josephson current) is seen at V =
0, and the quasi-particle tunneling current is seen for |V|>2A

2A/e 4V

Leak current

\ AT DEE

Josephson current is suppressed by magnetic field
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Proposed rocket experiment
with a diffraction grating and Nb/AI-STJ array combination

200-sec measurement at altitude of 200~300km
Telescope with diameter of 15cm and focal length of 1m
All optics (mirrors, filters, shutters and grating) will be cooled at ~1.8K
At the focal point, diffraction grating covering A=40-80um (16-31meV) and

array of Nb/AI-STJ pixels of 50(in wavelength distribution) x 8(in spatial
distribution) are placed

00 Each Nb/AI-STJ pixel is used as a single-photon counting detector for FIR
photon in A=40-80um (A4 = 0.8um)

O Sensitive area of 100pmx100um for each pixel (100prad x 100prad in viewing
angle) IR Light

Secondary

N b/ AI 'STJ mirror ™=

120cm N
a rray . - Depressurized o J /
Main mirror h rabolic mirror X/
- He 1.8K =7
15em =~ W
F=1m - Spherical mirror . »;_:%:EE‘
‘ \ E=—=
‘ reampli
Focal plane
‘ ) — STJ Detector Arra \
‘ Instruments (50 x 8 channel To Post.Preamlit‘le"
Pixel size : lOOZ 100u Xx=5mm DAQ >
. SPpixels /
Depressurized /AR pixels
*He 0.9K AD

= A
MO — 80um ,
A E y = 16~31meV Vibraton Post-Preamplifier

Damper  Star Sensor DAQ system
50 columns : -

50 .
o Weight 100kg
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« Neutrino decay (m3; = 50 meV, 7, = 1 x 10*yrs):

10 100

Surface brightness /, [MJy/sr]
! -
v /8
3
? a
\
g’ S
/

wavelength [um]

« Zodiacal emission = 343Hz / pixel
— 200sec measurement: 0.55M events / 8 pixels (at A = 50um)
— 0.13% accuracy measurement for each wavelength: &(I,,)=11kJy/sr

] 50
1000

Expected precision in the spectrum measurement

Telescope parameters
* Main mirror

— D=16cm, F=1m
» detector

— sensitive area
100pumx100um / pixel

— 90 x 8 array

80um—40um
AL = U a4

= 0.8um

7 =1 % 10*yrs

1,=25kJy/sr

— 2.30 away from statistical fluctuation in ZE measurement

v decay with 7, = 101* yrs is possible to detect, or set lower limit! | 2



Energy/Wavelength/Frequency

IIIIII| ] ] IIIIII| ] ] IIIIII| | | IIIIII|
1 10 100 1000
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| ] ] ] IIIII| ] L1 III| ] ] ] IIIII| ]
0.1 1 10 100
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lllllll 1 1 lllllll 1 1111111 1 1 1 1 1 11
0.01 0.1 1
v [10° cm]
| | |III Ll | | | |IIII | | | |IIIII | | |
1000 100 10
A [u m]
E, = 25 meV
v = 6 THz
A =50um
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STJ back-tunneling effect

* Quasi-particles near the barrier can mediate Cooper pairs, resulting in
true signal gain

— Bi-layer fabricated with superconductors of different gaps A,,>A, to enhance
quasi-particle density near the barrier

— Nb/AI-STJ Nb(200nm)/Al{(10nm)/AlOx/Al(10nm)/Nb(100nm)
* @Gain: 2~200

Photon
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STJ energy resolution

Statistical fluctuation in number of quasi-particles =» energy resolution

=» Smaller superconducting g

og =/ (1.7A)FE

ap energy A yields better energy resolution

A: Superconducting gap energy
F: fano factor
E: Photon energy

--- oSG arical lemperature

Tc[K]
A [meV] 1100 [1.550

Nb
Well-established as Nb/AI-STJ

1. 20 0. 165 Need ~1/10Tc for practical
0.172 0. 020 operation

Hf

Hf-STJ is not established as a practical photon

(back-tunneling gain from Al-layers) detector yet

Ngp.=25meV/1.7A=9.5
Poor energy resolution, but a
single-photon detection is
possible

N, p.=25meV/1.7A=735
2% energy resolution is achievable if Fano factor <0.3
for a single-photon

24
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RS
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: - S 3 #& : A (f=2kHz)
! I - ) = V4
STJ | -40 |- R:>31L—vay
B - Csr,=0.9nF, 1.2nF,1.5nF, 1.8n
ST) Z{ffi[E] }& E L ‘\{OIFage‘ (mV)

R R R N Y N
-0.4 0 0.4

STJ I& , junction size ICEEHIL =eF ¥ /N R R
STIDI-VEIEASSTIOF v /N2 A% AIE
SISEEHOHEBICHATHIHSD :  ~34fF/um?
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Development of SOI-STJ

« SOIl: Silicon-on-insulator
— CMOS in FD-SOlI is reported to work at 4K by T. Wada (JAXA), et al.

J Low Temp Phys 167, 602 (2012)
. SOl & STJ OFEE (SOIEE — A STJ OERHE)

— 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

N metal pad VIA ST

STJ lower layer has electrical canacitol
contact with SOI circuit through P

wn 004

Oy OFET
E@
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gate-source voltage (V) I-V curve of a STJ fabricated

nMOS-FET in FD-SOI wafer on which a ST at KEK on a 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

- BEKBTE, ALYZIIREEND TN, HTAL Y3 REFBORLAVE
THPH ﬁ’eﬁﬂ"ﬁﬂi‘(@ FI/’(/E&/M@J:;E-I'J&E BHENZEE

Nb/AI-STJ fabricated at KEK on FD-SOI works fine
We are also developing SOI-STJ where STJ is fabricated at CRAVITY



