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COBAND Experiment

COsmic BAckground Neutrino Decay

Y
B Cosmic Background Neutrino Decay T, U,e {JJ’
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The expected
E,~25meV
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Am3, = (7.52 £ 0.18) x 10~ >eV?
by neutrino oscillation exp.

|AmZ,| = (2.44 £ 0.06) x 107 3eV?
(A=50um, m; = 50meV).

» We use the superconducting tunnel junction.

B Rocket experiment Ko

» The diffraction grating splits the far inferred photons
have wave length 40pum — 80um.

» We count number of photons inputted the 50X 8 50 x 8

array of the Nb/AI-STJ respectively and measure stJ g5 |

the energy spectrum.
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Development of cryogenic SOI amplifier

B Introduction of cryogenic amplifier I1eax @300mK

_|_
» Requirement for the leak current of Nb/AI-STJ. 90umM X 50um 224 29pA
Lieak~100pA 20um X20um 391+=13pA

—|t is already achieved!! 10pm X 10pm 14 +=7pA

» However we have not been able to detect the far-inferred single photon yet,
< because of the large noise from the refrigerator’s readout line.

Amplify the STJ signal by cryogenic amplifier placed near STJ.

B Requirement for the cryogenic amplifier

» QOperation at cryogenic temperature (<3K) @4.2K @300mK

» Fast response speed (width of signal <10us)

| Cooling  oenw  100uw
Low power consumption power

>
< Develop the amplifier using MOSFET under FD-SOI process.

% JAXA/ISAS confirmed working of MOSFET under FD-SOI process at 4K.
T. Wada et al., J. Low. Temp. Phys. 167, (2012) 602 3



FD-SOI-MOSFET

FD-SOI-CMOS PD-SOI-CMOS B FD-SOI

Fully Depleted — Silicon
M ' On Insulator

~50nm B Low power consumption

BOX SiO. B Suppress charge-up of
- the body
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We can use FD-SOI-MOSFET with suitable bias voltages at low temperature.4



Comparison between new and old SOl amplifiers

SOI-STJ4

B Common source circuit

M |nput impedance
R, ~20kQ

The signal charges transferred to
SOl amplifier is ~1/6 of the total
since the STJ has capacitance of
40pF in parallel (@20um sq.).

CST] - \ST

SOI-STJS

B Charge integrating operational
amplifier with negative feedback

B Low input impedance caused by
negative feedback (ideally, 0Q)

Almost all signal charges are
transferred to the SOl amplifier.

RFR




Comparison between new and old SOl amplifiers

SOI-STJ4 SOI-STJ5
B Constant current mode B Constant voltage mode
SOI-STJ4 amplifies the variation of SOI-STJ5 amplifies the variation of
voltage from the light response of STJ. charge from the light response of STJ.
| |
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Comparison between new and old SOl amplifiers

SOI-STJ4

B Constant current mode

SOI-STJ4 amplifies the variation of
voltage from the light response of STJ.
V,=V+RI

ol

~1mV v

STJ |-V curve w/light w/o light
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Rin
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SOI-STJS
W FET with large-size W and L

» Expect to suppress 1/f noises in
proportion to 1/vW - L

B Double SOI layers

» Expect to shift the threshold of
FET by backgate

j‘> Suppress the power
consumption
M‘ i -'-' Za

S.8 kV X150K

% Didn’t use the chip
with Double SOI layers
in this time.



Circuit of SOI-STJ5

Applying Voltages
qad - Vag = 1.5V, V,g = —1.5V

_____________ o fBuffering Stag ~

| Source Follower Circuit
Ve | o lmprovement of
-\ frequency band
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|- Op-Amp with
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..... Current Mirror Circuit
""" - Cope with array of
the detector
*Applying Irer = 10pA,
We observe
Qdd = 40pA, I, = —SOW
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Comparison between
| Observation and Simulation

100 O O O 0 1

Z Cpg = 2pF gg

H T ,”,.Ii - ' : CFB = 3pF gg
I:M\ ; : C A A L H CFB = 3.5pF EE
e 200 Crg = 4pF =

Measurement of Resistance in Feedback

Applied and observed bias Rpg = 5.36MQ
Vaa = 1.5V I3q = 40.8pA This comparison results in Cgg = 3pF.
‘/SS — _1'5V - ISS = _SO.ZHA
I = 10pA Veet = —0.555V The SOI-STJ5 works correctly!
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X Ave. 1000

B The magnitude of output signal is
about 23.2mV.

It is nearly half of the magnitude

signal charge at 3K!

jl> at room temperature. However,
the SOI-STJ5 can amplify the

Applied and observed bias

Vyq = 1.5V I4q = 142.3pA
Vie=—15V — . = —151.7pA
Ier = 10pA Voo = —0.560V
Expected
I4q = 40pA
Iss = —50pA

<

The current mirror circuit in the
SOI-STJ5 didn’t work correctly.
The reason is increasing drain
current I in MOSFETSs from
kink effects.
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Verify the charge amplification without the bias circuit.

sis of Yagi

B Iq is rapidly increasing at |Vgs| < [Vysl. This property called “kink effect”.

B We found the two MOSFETSs are working in these ranges by simulation.
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SOI-STJ5 without the bias circuit

v!dd=60pAT.. -

T
_____ weZ |
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SR 88 =-28uAe

e e e w

Applied bias currents
Irefa = —10pA
refe = —2pA
Irerp = —20pA

!

Expected currents
Idd = 60HA
I, = —28uA

Rrg and Cgg are on
chip. Then they were
bonded by Al wires.

: B The amplifying stage

is bonded to the
buffering stage.

!
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20mV

Vout~62mV

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

The observed currents The observed currents

Iqq = 59.4pA Igq = 58.7pA
Iss = —26.8pA Iss = —26.2pA

Found similar output signals and currents. 14 improve. .
- Working correctly!! » Cascade connection circuit



Summary

B To search for neutrino decay, we are researching & developing

» Superconducting Tunnel Junction (STJ)

» SOI-STJ (this is an amplifier using FD-SOI-MOSFET which can be
operated at cryogenic temperature.)

B We tested the new charge integrating amplifier (SOI-STJ5).
» We observed the current abnormality at 3K.

» The abnormality is caused by kink effect.

M In the future
» Amplifying the signal from STJ by SOI-STJ5 amplifier without bias circuit

» Introducing the cascade circuit to fix the current abnormality
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Superconductor Tunneling Junction

I

B Working principle of STJ R
‘ Leak current
» An incident photon breaks cooper pairs L7
into quasi-particles in the superconductor. 287 v
e
» Applying a bias voltage, the quasi-particle
tunnel through insulators, and we can Light on/off
detect the current. (applaying magnetic field)

M Nb/AI-STJ Nb/AI-STJ

» The number of quasi-particles generated *
by 25meV single photon (Al:70nm).

Nb

E
Ne — GA] 'ﬁNZSO

» The signal width of Nb/AI-STJ is a few
micro seconds.

»> Our Nb/AI-STJ is fabricated
at AIST CRAVITY facility.

Size : 10um X 10um ~ 200pm X 200pm

G ;- trapping gain ~10
E,: energy of incident photon
A: band gap ~0.57meV

17




INVIR R TR

ik Z Y

Nb

W NIRRT DR

v NDBIZHIN AL, 77— =% ahiE LT
LD SYAR O AN )4

vV RSN IERL NS AL DITZE D FEER
IV

v BRIV LR o TR YERI A I ZAIE T HERT
T OFEMREEGDD

v RV UTZHERL - DNAE DT — N — %t

DOREINE Y — D

v TDOBRIRSTZEAL PRI L LT
AlJE Tl

B Nb/AI-STJTIZG~10
18



.. . . PB
. . . . "pch_celvetz
I=1@.388

e 180080 ;

.omid

Iref
ide=18u -

. . . .P8
"peh_colvstZ
T =1.800
© w=108.080u

neh_colvst2”
. =100
w=4. 050
S me

I
f'nc.h_qolvptZ':

1.

N~

B AT —REEREIC
L CRL A E+E
Z it A,

J

19



B EE 0 Aa— R Ay
DE A — Rk D5 %
EH,
~S0I-STJ510%, 10

= O JE R R I A RO,
B Vaq1 = —Vss1 = 2V
- Vaaz = —Vss2 = 1.5V
TR TE,

60fF

DOHLO%E B,
TN ER DM 5usi
2559851 or FETDr
ZR R,

20



SOI-STJ6+Y/—R z H IE Mg [B] 2%

TA—RF IR E
60fC

.25meV, 1 ¢+
(0.003fC)iZ*x/L T
3~40mVD H H1 2154

...#}-L14
" BX

21



