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COBAND EXPERIMENT

COsmic BAckground Neutrino Decay Search
® Neutrino Decay s
N

We can determine the neutrino mass itself by measuring eutrino Decay
the neutrino decay photon energy and using the Y
difference between the mass-squares(Neutrino

Oscillation EXP.) l l
measure precisely ! Neutrino V3

2 2
nm., — N, | oscillation
2m

3
» Neutrino has a long lifetime (T > O(10!2) years : COBE+AKARI measurement)
<> We need a large number of neutrino
—>we use the Cosmic Background Neutrino!!

4 The expected E, : 25meV (Frequency : 6 THz)
The photon detector has to detect THz Photon!!

We use the superconducting tunnel junction
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Superconducting Tunnel Junction

Superconducting Tunnel Junction : STJ

Nb/Al - STJ "

Response Speed

The signal width of STJ : 1.5us
(In case that 10 pulse lights inject into STJ
in 200ns)

Working principle of STJ
1.

An incident photon breaks cooper pairs into quasi-
particles in the superconductor

The quasi-particles tunnel through insulators , and
we can detect the current.

The number of quasi-particle which is generated

E Gal : trapping gain
0 E, : Energy of photon

Nq — Gal ' m A : energy gap

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

25meV
N. =10- _ 94
« =10 T ey o
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Development of Nb/Al - STJ

Our Nb/Al — STJ is fabricated at AIST CRAVITY facility.

[structure]
Nb / Al / AlOx / Al / Nb
->100nm / 70um / 1nm / 70nm / 200nm

[General IV characteristic of STJ]

I
Suppress the Josephson 1

current by magnetic field

2n/e ¥
Leakage
current Light on/off
Vd

Nb/AI-STJ Nb
Si02
Nb Al
T,[K] 9.23 1.12
A[meV] 1.550 0.172

20nA/div

l 0.2mV/div

STJ IV — curve (100um u)

100uml] 2nA

50um]
20um]

300 pA
100pA
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REQUIREMENT

The requirement for cold pre-amplifi€

STJ) Detector Leakage Current of Nb/Al — STJ(50um[1)
v Required I ., : < 100pA Temperature dependence
> Current Status : 100pA o CRATY
(20um ] Nb/AI-ST)) gl e | s
» Achieving the demand of the I .., 10nA™ .
But , we have not been able to observe a far- TnA| “»«g:*@
infrared single photon , because of the large 100pA mﬂ?
readout electronics noise. Temperature(K)
0.3 0.4 0.5 0.6 0.7

. ) .g: "
» We install the cold pre amphf'er near STJ! M.Ukibe et al., Jpn. J.Appl. Phys. 51, 010115(2012)

M.Ohkubo et al., IEEE Trans. Appl. Super, 24, 2400208(2014)

The requirement for cold pre-amplifier

v’ Can be operated at the cryogenic temperature (< 3K)

v' Amplification gain should be large enough up to 1MHz

v Power consumption should be lower than cooling power of the refrigerator
(% cooling power of our refrigerator: 100uW @300mK , 0.25W @4.2K)
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The transistor that can be operated @ below 3K

SOI-MOSFET

FD-SOI : Fully Depleted — Silicon On Insulator

» FD-SOI MOS-FET is a transistor that is processed on SiO, insulator
O Very thin channel layer
0 Suppress charge-up of the body due to high-mobility carrier
at low temperature
v Actually ,this transistor is working at 4K!!
(reference : JAXA/ISAS AIPC 1185,286-289(2009))

Channel wi FD-SOI-CMOS PD-SOI-CMOS

hannel length : L
BOX sigannel leng
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SOI-FET characteristic

-V characteristic of SOI-FET @3K

Drain Current Ids[V]

ex.) N channel : W/L =10um / 1.0um

Idrain VS Vdrain-source Curve (Vgate-sourcezzv)

_ 107
s H
7)) 14'
2
1.2
1_ h H H
osl Increasing drain current
T because of the high mobility
0.6: H OO OPOSSPTTON S OOSSPPPPTRRROOOONE SO
0.4f SN SO
0.2
0_ 1 1 l
[ 0.5 1 15 2
Vds [V]

Drain Voltage Vds[V]

Idrain VS Vgate-source Curve (Vdrain-sourcezl-gv)

mcreasmg Threshold

ol :
10 voltage |

L
|||||||||||||||

I 0.5 15
Gate VoItage Vgs[v] Vel
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SOI-FET characteristic

-V characteristic of SOI-FET @3K

Drain Current Ids[V]

ex.) N channel : W/L =10um / 1.0um

Idrain VS Vdrain-source Curve (Vgate-sourcezzv)

Ids [A]

1078

1.4

-
N
T T

=
T 1 —

Increasing drain current

because of the high mobility

1 1 ’ 1 1 1 1 l 1 1 1 1 I I

1 1.5 2

Drain Voltage Vds[V]

Idrai

10—10 i l

n VS Vgate-source Curve (Vdrain-source=1-8V)

mcreasmg Threshold
voltage f

L
|||||||||||||||

I 0.5 15
Gate VoItage Vgs[v] Vel
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Circuit of SOI-Amp.

The design of

cold preamplifier

SOI - STJ4 (the 4" trial Unit)
Vdd1 Vdd2

Vb Vss1V5 Vss2

0 Common Source Amplifier
» Using MOS-FETs instead of resistance

» Self bias voltage

OSource Follower Circuit
» Output impedance is decreased

—L o)
M2
M3
M4
M5
C2

Nch-CLst2
Pch-CLst2
Nch-CLst2
Nch-CLst2
Nch-CLst2
MIM cap.

-m

1 10
1.6 10
70 1
60 1
100 fF
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Test of amplifying sin-wave using SOI-Amp.

* INPUT : sin-wave ‘ |
* Fit the bias voltage of SOI-Amp. : 'INPUT (Vpp 1mv 100Hz) 512Ave‘ SRR
e Measured INPUT Frequency vs : o e

Gain characteristics!!

LT
P

GNDGNDGNDGNDGND
4
INPUT__"% SOI-A - T
Gfo ' ‘ In the I l
500 refrigerator I AC coupling
terminate @300mK 11MO
[ GND GND GNIGN
GND
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Frequency characteristics

Frequency characteristic of cold pre-amplifier(SOISTJ4) @300mK

120_ 5 |
i 100 kHz Bias Voltage
100/ [ N B — — .| vdd1=1.8v
- ® e o °,0 : : Vssl=0V
i . et ".? ¢ Ces | vdd2=1.1v
80_— .................. ..... ...?..9....‘9....; ..... .......g.oq? ..... ..”." ........... _____ x;si (=);&.7v
.S . ™ ¢ |v3=15v
C . \JE TN S S
O 60‘ V5 [V] 5 o | Input
- 03 o | vep=1mv
40__ ............. ,@4 ....................... ....................... .. ...................... |
- . ‘E, 1 MHz
20__ .................. ....................... ....................... '. ................. !.l
O_ |- Illllli |- Illllli |- Illllli |- IIIIII| | IIIIII|' ;:.'

102 10° 10* 10° 10° 10
Frequency [HZ]

Adjust V3(Feedback) to earn
amplifying gain

tuning V2 exactly not to
saturate OUTPUT signal

Then, scan V5
and investigate the frequency
characteristics.

Input 1MHz
Load capacitance : 0.5nF
---->> Gain ~ 20

Power Consumption : 230 uW
» Larger than cooling power
@300mK
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INPUT IMRZ

:INPUT (Vpp = 1mV Frequency 1MHz) 512Ave.
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Test of STJ signal amplification
with the cold SOI-preamplifier

1 Inject laser pulse into STJ and try to amplify STJ signals with cold amplifier
1 I try to investigate

1. whether STJ signal can be transferred into SOI-Amp.
2. whether the transferred signal can be amplified by SOI-Amp.

LI

o é | T
Laser : ST — _Lri
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Laser response @300mK

i:a 10 us - >100 kHz ]

1 | confirmed that STJ signals was transferred into SOI-Amp.

1 But, INPUT signals were not amplified---
1 [ found that SOI-Buffer did not work correctly---
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Summary

1To search for neutrino decay, we are researching & developing
1. Superconducting Tunnel Junction (STJ)

2. SOI-STJ (that is a cold pre-amplifier which can be operated @300mK)

CIWe measured the frequency characteristic of
SOI-Amplifier @300mK
CJGain : 20730 ----> INPUT :: 1IMHz sin-wave Load Cap. :: 0.5nF
C0Gain: ~100 ----> INPUT :: <= 100kHz sin-wave

CIWe are trying to amplify the STJ signal to visible laser light.
J1 confirmed that STJ signals can be transferred into SOI-Amplifier.

CIBut, SOI-STJ did not work correctly because of SOI-Buffer.
CIThe test of the STJ signal amplification with the cold amplifier is underway
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BACKUP
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ARBEDANYY
He3 Sorption /47 /5 1
(Oxford Instrument3)

He3Bl £ /m/EHE SAElgEN—B&

RS E| R (K]
£ 25—z 60KRT— 60 25W @65K
BERHTZFH<T=0IZ 3KAT— 2.8 0.7W @4.2K
—ILEDH B

XIEBRT— 0.3 100uW @350mK
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BIERBE T TOXv)7REBIEIS OV TORIE

jFJV') TREE

BKCTOFX VI TBHEFERDELERTH2EBITERSGLEEHON TS,
KAETHREBENENLEIFTRSGELOTNSMREET S
R HEE - B EE CTORL AV EBRORXILLT D LIIT7%GES

_ | W
Is(linear) = ,LLCOXI{(VQS — Vin)Vis — §Vd82}

I4s(saturated) = uC’OX%(Vgs — V}h)2
CHOREEMITDE
%4 0°1,,
uCox —(linear) = — d2
L 8Vd8 ALl >
HIREIKTDUCW/LDIED
LERNZEOFFEBBEDL

nCox % (saturated) = 2 (

0 V Ids
oV,
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LDDZ:fﬁm%i%TEEﬂE

LDD#& & : Lightly Doped Drain ==+ FL A2 &Y —XDMITIREE DA FlH)fEIE 2 2 5k
SFLAVICEERANELDHDZERS

SPICEHIHE D =8O I1Z3BIFE LF=SOI-FETIZ . LDDD K —TF%&ELL1=SOI-FETE> 1= .
F—hrIy OB ENTEIL RANEEIZELIRZARLNT-
STENDT, F—T%ELLTI-SOI-FETZ KR IRIE T CHIE

LDDD KF—F A3 \Eoffset gateL7iY . F'—h Ty D EEH)
[ZDEABATREEH Y

AN

K/ Gate \”\\

LDD (Lightly Doped Drain)f@ : Drain S FIDF-H DB
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BIERRETTORLAUERERE OHIH

LDDZ%M%%&FE&E?&O)N%’I‘

o LDDAIMIREMNIRIT(@3K)
* LDDAIMIIREMNHE (@3K)

ex.) PchST2 W/L=10um/ lum

Ids VS Vds

[ PTEG2  Vg=-0.20V |
= L T T T T
E S W O OO SO W N NS S T N S |
. el ® iIH EAYM
......... s 2 N | RcEE
..................................... ..‘
hd ':' """""" ‘ """
||l|||l|||l|||l|._l|

1 12 14 16 1.8

O:I I 111 : 111 111 11 111 111 11| i i ® i
02 0 02 04 06 08 1 12 14 16 1.8
@ Vds[V] *
[
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