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Outline

Search for the radiative neutrino decay
The Superconducting Tunnel Junction (STJ)

The Fully-Depleted Silicon-On-Insulator(FD-SOI) FET based
cold amplifier
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Neutrino radiative decay

Feynman diagrams for the neutrino radiative decay

SM: SU(2), x U(1)y  LRS: SU(2), x SU(2)g x U(1)g.

Neutrinos have non-zero masses
-> The heavy neutrino can decay into the light neutrino.

The decay rate Is drastically enhanced in the Left - Right symmetric model.

043

TSM ~ | years TLRSM ~ 1017years

The cosmic neutrino background(CvB) is a good neutrino source for

the neutrino radiative decay search.
3



Search for the CvB decay

Shape of CvB decay signal
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Monochromatic photon
+ Red shift

This well known shape is useful
e to pick up the signal
from the Zodiacal Emission(ZE)
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S. H. Kim, K. Takemasa, Y. Takeuchi and S. Matsuura, J. Phys. Soc. Jpn., 81 (2012) 0241018

The energy of photon is expected to be 40um-80um
The current experimental lower limitis 7,3 =3 — 4 X iD= years
Target of our next experiment is 7,3 = 104 years

We plan to measure the continuous distribution of the photon energy



CvB rocket experiment

IR Lipght

A =40-80 um

observation period is 200sec at an altitude of 200-300km
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The Superconducting Tunnel Junctions(STJ)

Superconductor / Insulator / Superconductor - The superconductor has a
tiny band-gap

The number of excited
electron is proportional to the
deposited energy. Ne=E/1.7 4

The response time is a few us

Signal + Leak current

Suitable for single photon
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T I Cteristic of Nb/AI-STJ
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M. Ukibe et al.,, Jpn. J. Appl. Phys. 51, 010115 (2012)
M. Ohkubo et al., IEEE Trans. Appl. Super, 24, 2400208 (2014)
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Nb/Al/AIOx/Al/Nb-STJ processed at CRAVITY (*) exhibited excellent quality
*the clean room for analog-digital superconductivity
| eakage currents of STJs( 5O><5O,um2) are less than 500pA
Thicknesses of Nb/Al bi-layer are optimized for the 3He refrigerator
The band-gap of this device is 4 = 0.6 mV, operation temperature < 370 mK

xb-10 larger signal compared to pure Nb-STJ



T I Cteristic of Nb/AI-STJ
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Detail will be reported by
NB/AIZAIOX/AIN K oya’s talk on the 3rd of Dec Ccellent duality

superconductivity

Leakage curre PA
Thicknesses of Nb/Al bi-layer are optimized for the 3He refrigerator
The band-gap of this device is 4 = 0.6 mV, operation temperature < 370 mK

xb-10 larger signal compared to pure Nb-STJ



The readout Clrcurc for STJ

3He refrigerator — T
§|gnal to 465nm Iaser

SIN oy o Charge 13fC
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The output of the STJ for 465nm photon with ordinary amplifier

The cold amplifier Is a best solution to solve the following issues

ne transmission loss due to long readout line

nermal noises of readout line and amplifier

- Electromagnetic noises from environment



Fully-Depleted
Silicon-On-Insulator technology

- Fabricated by Lapis semiconductor 0.2um FD-SOI process

- FD-SOI FET: Low noise and low power dissipation
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|d-Vg characteristics

|d-Vg curve of W/L=10um/0.4um

Vds is fixed, when at |Vds|=1.8V (saturation region)
MOS ?
Ids Is plotted as a function of Vgs " |

..................................................................................................................................................

Generally, the FET turns on at typical voltage

The slope of curve(trans conductance) correspond to a gain of amp
11



FD-SOI FET Id-Vg curve

ld-Vg curve of W/L=10um/0.4um at |Vds|=1.8V (saturation region)
PMOS

..............................................................................................................................................

TYR:] N S N / S TEMPERATURE ........oooooo

Both pMOS and nMOS show excellent performances at 3K

Increasing the threshold and mobility of the carrier
12



|d-Vd characteristics

|d-Vg curve of W/L=10um/0.4um

Vds is fixed, when at |Vgs|=2V

Ids Is plotted as a function of Vds

TEMPERATURE

The Vds > Vds-Vth region called saturated region

The FET acts as constant current source at this region
IIe



FD-S0OI FET Id-Vd curve

ld-Vg curve of W/L=10um/0.4um at |Vgs|=2V

TEMPERATURE

. TEMPERATURE

....... r..roomse.t.....f .................................. .............................. .................................. ......

Non linear shapes are observed around Vds=0 V
The LDD structure could explain this phenomena(under investigation)
Our circuits uses only saturated region of FETs 14



The size dependence of the Id

Measured W and L range: W=1-10um and L=0.4-5um

W difference  W[um] VS Ids(3K)/Ids(Room) IVdsl = IVgsl = 2.0V L difference L[um] VS Ids(3K)/lds(Room) IVdsl = IVgsl = 2.0V

e Nch-ST W=1um

e Nch-ST L=0.4um . Nch-ST W=2um

Nch-ST L=1um
Nch-ST L=5um

+  Pch-ST L=0.4um +  Pch-ST W=1um
Pch-ST L=1um Pch-ST W=2um
Pch-ST L=5um

Nch-ST W=10um

Pch-ST W=10um

ld ratio(3K/300K) is independent to the W of FET,
while i1t has L dependency.

Larger L devices show large ratio
115



Mobility of Carrlers @3K

-2.5

|. Kurachi

Mobility of the carriers increase x1.5 at 3K

We investigate the cause of first peak
16



Design of the readout circuit

3He refrigerator
0.3K 3K o0K

V4

-
putrer

@ ] amp
STJ |‘i>—[>_

I FD-SOl amp

There are three stages in 3He refrigerator: 300mK, 3K and 60K
The STJ is operated on 300mK stage

The FD-SOI pre-amplifier is operated on 3K stage

The buffer amplifier drives high load capacitance at 60K

First target of this circuit is 1.3um single photon counting

17



Capacitance of the STJ

Junction size dependence on capacitance

_ 22 . maespeapppeall | \We assume the capacitance of STJ
S0 Very preliminary|

0.2674 + 0.09113

depends on only the area of STJ

Coi=Cro +Cgrg X Length2
Cro : Cap. of readout line
Csry: Cap. of STJ in unit area

20 40 60 80 100 120 140 160 180 200
The length of a junction side [ um |

- Capacitance of the readout line(0.8nF) is already subtracted

. Capacitance of the STJ is estimated to be Csry(nF) = (3.44+0.4) X Area(,qu)

- Parasitic capacitance in the readout line(300mK->300K) is 1.1 £ 0.1 nF

. Capacitance of 20x20um? STJ is expected to be 14 + 2 pF

18



Capacitance of the STJ

Junction size dependence on capacitance

S 2Eory preliminary|” = If we assume the capacitance of STJ
g:":_ ARG | cpends on only the area of STJ

S16
o

14}

1.2

Cant = Cro + Csty x Length’
"3 Cro : Cap. of readout line
08 Cerr: Can. of STJ in unit area

04

0.2

) HS S EEEY R PO Detail will be reported by

Koya's talk on the 3rd of Dec

- Capacitance of tf >ted

. Capacitance of the STJ is estimated to be Csry(nF) = (3.44+0.4) X Area(,qu)

- Parasitic capacitance in the readout line(300mK->300K) is 1.1 £ 0.1 nF

. Capacitance of 20x20um? STJ is expected to be 14 + 2 pF

18,



Candidate of op-amp
design

The telescopic cascode structure i1s employed
Low noise, low power dissipation and fast response

e B
minimize 1 /T nOSe W/L—]OOu/‘I“Ou

Precise Currenimirror: W/L = Tu/10u

20



Simulation result

output (mV) output for TnAx2us signal

SPICE simulation(*) is performed with room temperature condition

* Supported by VLSI Design and Education Center(VDEC), the U. Tokyo in collaboration
with Synopsys, Inc., Cadence Design Systems, Inc., and Mentor Graphics, Inc.

Feedback capacitance and resistance are 1pF and 5M(¢?2
The assumed leakage current of STJ is 400pA@0.4mV

The detector capacitance and load capacitance are b0pF

21

1nA x 2us = 2fC (600nm single photon) charge produces 1.6mV output



Summary

We are developing new spectrometer for single FIR photon

The Nb/Al-STJ is well optimized for our experiment and
shows leakage current of 250 pA (50 x 50um)

The IV Characterlstlcs o]} FD SO FETs are premsely
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Capacitance of the STJ

IV measurement: 4-wire sensing oK H7
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A l

IIIIIII
Diff.
Amp.
equivalent _
circuit Dir.
of ST Amp.

If IIIIITFHI

IIII-&EHII
. The measured IV curve of STJ(Blue)@10Hz is reproduced usmg

equivalent circuit(cap. + variable res.) in LT Spice(light blue)

- The measured IVs@500Hz and 2kHz are fitted by the simulated
curves with various capacitance (0.1 nF step)

- The capacitance of the best fit value Is taken as the capacitance ,;






