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!ǠǮǸǞǱǢ�a'¡Đ

!STJF(SuperconductingFTunnelFJunction)
!;�Bç

!¼�Òè_�ƫ;�ƠƼ4Ę`�U
!¼�Òè_�ƫ;�ƠƼǞǰǶǒǓǗ $>FSOI$FET
!¼�Ò`�UƳưĮÈ
!VňǝǐǃǶ
!¼�Òè_�(~300mK)ƫư`�ĺŴ
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ǠǮǸǞǱǢ�a'¡Đ
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ǠǮǸǞǱǢ�aX
"ǠǮǸǞǱǢ�a
�aƯ�Ɠ'iưǅǡǲǊǸƬÓqÐƶư
łśğ��ƖƺƏǠǮǸǞǱǢłśƿÊqƫƘƼƐ

Eγ =
m3
2 −m2

2

2m3

ǠǮǸǞǱǢ
 ;rŴ

Č�ƹƙÓq

# ǠǮǸǞǱǢƱŞwR (T >FΟ(1012)� :FCOBE+AKARIÓqĒ¸ƹƻ)
$dśưǠǮǸǞǱǢÔƗ�ĮƬƮƼƐ

%mpĜ±ǠǮǸǞǱǢƿêƒƼ

��ƞƽƼ�aǅǡǲǊǸƱƏĎ25meV(ËŞ£ĉ :F50μm)
• ǜǰǩǲǛ'».HĝƮ'».U

�������
	�����
(STJ)ưy(



STJF(ņ�yǞǶǡǲ¢Mďi'».U)
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ņ�yǞǶǡǲ¢Mďi (Superconducting%Tunnel%Junction%:%STJ)

STJư;�ǨǴǕǓ
1. ņ�y�Ư'iƗ(x
2. ƣư'iƗǋǸǥǸvƿaƟƏÕċié�
3. ÕċiƗĔėĞƿǞǶǡǲƟƏƣƽƿŬÌƬƟƪĳÓ

ņ�y� /Ĕė� /Fņ�y�ưǏǶǟǃǚǙ½Œ

Nb /%Al%STJ%Õċié�"¨
Gal%:%ǞǰǚǦǶǌǍǃǶ
E0 :%¦xĖưǅǡǲǊǸ
Δ :%ņ�y�ưǅǡǲǊǸǊǭǚǨ

Nb /%Al%STJ%(AlA :%70um)ư^Mư
25meVư1%photon».ưŨưÕċiðé"¨

STJư�Ĉő�
200nsƫ10ǥǲǓư'Ɨ(xƟƪƘƥ^MƏ
STJư�J�Ʊ1.5μs



¼�Ò`�UƳưĮÈ
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M.Ukibe etFal.,FJpn.FJ.Appl.FPhys.F51,F010115(2012)
M.Ohkubo etFal.,FIEEEFTrans.FAppl.FSuper,F24,F2400208(2014)

STJ».U
& ǱǸǋŬÌĮÈ# :F<F100pA
# æà 50pA

(20μmĴ Nb/Al$STJ)
# ǱǸǋŬÌưĮÈƱŔ�

ƟƖƟƏÓqčŪůƯƹƻƏ

ŕŃcǻ'iĳÓŔ�ƯƱĠƨƪ
ƒƮƒ

# ».UôŎ(,-À*Ř :<%3K)
Ư`�UƿķĘƟƏ`�

¼�Ò`�UƯvƠƼĮÈ
& 300mKƫƸ;�Hĝ
& STJ».Uư�J`�ƗHĝ (��J� :F¨ μsec)
& ,-ÀưřĖuśŀĤ(�¨ñpF)ưè_�ƫƸ�J�ŐƗHĝ
& �ÏŁŬ6 (�,-Àư,@ĝ6 :F100μW@300mKF,F0.25W@4.2K)

Nb/Al– STJFǱǸǋŬÌưÒ��j�



¼�Òè_�ƫ;�ƠƼǞǰǶǒǓǗ
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FD/SOI : FullyFDepletedF– SiliconFOnFInsulator
& Ǚǭǡǲ{ƗŮ�Ưħƙ��ƞƽƥSOI$MOSFET

' ǉǭǱǁưĪĄǃǇǶ<Ưƹƨƪé�ƞƽƥǃǇǶƗǫǝǂƯĥĂƟƏ
ŬZî�ƿ�ƘŅƝƠÎœ�9¸ư�3

& rŨƯƏ4K��ƫƸƏFD$SOI$MOSFETƗÂ�Ư;�ƠƼƝƬƿùĻ

Ǚǭǡǲ�W

ǙǭǡǲŞL

�JAXA/ISAS AIPC%1185,286/289(2009)DÜ



¼�Òè_�ƫưǞǰǶǒǓǗưŬÆòß�
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ex.)FN\W/LF=F10μmF/F1.0μm

Ƌ ǉǭǱǁÿ;��­ƯƹƼ
ǟǳǃǶŬÌư�­
kink9¸

ƌ¼�ÒƯƠƼƬƏ
VdsƗ�ƒŰ]ƫ
ąƧ�ƗƻƗŝƼ

ǟǳǃǶŬÌưǟǳǃǶŬZ�j� (Vgs=2V)

ƎŢŬZư�­

ƍ�ØƮąƧ�Ɨƻ

" sÒ
" ¼�Ò(3K)

ǟǳǃǶŬZ Vds[V]

ǟ
ǳ
ǃ
Ƕ
Ŭ
Ì

Id
s[
V]

ǍǸǞŬZ Vgs[V]

" sÒ
" ¼�Ò(3K)

ǟǳǃǶŬÌưǍǸǞŬZ�j� (Vds=1.8V)

��ưƹƓƯƏ¼�Òè_�ƫFD$SOIFETưß�Ʊ�Òè_�ƖƺdƘƙb<ƠƼ
ƟƖƟƏ,@�(�)ƫưġRòƮ8<ƱįƺƽơƏƝƽƺưß�ƱƏ
ǍǸǞŬZƫǟǳǃǶŬÌƿ3�ƠƼƝƬƯƹƨƪƏ=/`�UƬƟƪêƒƼƝƬƗHĝ



VňǝǐǃǶ
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M1

M2

M3

M4

M5

C1

!ǖǸǓ¢[`�Vň
# ��ŀĤƿŲSŰ]ƫ
;�ƠƼMOSFET

!ǧǂǸǟǤǚǋ
# ǖǸǓ¢[Vňư(.6ŠƯ
Hb��ƬƟƪMOSFETƿy(
ǤǃǁǓŬZưnq<ƿXƼ

!ǖǸǓǧǆǴǵVň(ǤǚǧǀÄ)
# .6ǃǶǦǸǘǶǓư��

Type W%[μm] L%[μm]

M1 Nch$CLst2 40 1

M2 Pch$CLst2 1 10

M3 Nch$CLst2 1.6 10

M4 Nch$CLst2 70 1

M5 Nch$CLst2 60 1

C2 MIMFcap. 100 fF

SOI/STJ4%(ĺ�ǽJÀ)

V3

V2

Vdd1 Vdd2

Vb Vss1 V5 Vss2



SOI$STJ4ư`�ĺŴ@300mK
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4.7μF
SOI/Amp

50Ω
terminate

INPUT

GND GNDGND GND GND

GNDGNDGNDGND

GND

GND

ǇǑǴǓǎǸǨ
(ACĒM ,%1%MΩ)

,-À*Ř

INPUT%(Vpp =%1mV%,%100Hz)%%512Ave.

OUTPUT%%512Ave.

1mV

100mV

• (6 :FËŵ 1mVFFFFsinË
• SOI`�UƯ?7ƠƼǤǃǁǓŬZ
ƿYqƟƏQË¨ƿń¹ƞƢƮƗƺ
`�äưb<ƿĽƴƼ

(6(Vpp 1mVF100Hz)ƯvƠƼ.6
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SOI$STJ4F1�ưQË¨ß�
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BiasFVoltage
Vdd1F=F1.8V
Vss1F=F0V
Vdd2F=F1.1V
Vss2F=F$0.7V
V2F=F0.4V
V3F=F1.5V

Input
Vpp =F1mV

1%MHz

• GainƿāƜƼƹƓƯƏ
V3(ǧǂǸǟǤǚǋ)ƿĽĊ

• .6�JƗŲSƟƮƒ
ƹƓƯV2ƿ�Ľ©

• ƣư�ƏV5ƿb<ƞƢƏ
QË¨ß�ƯƭưƹƓƮ
b<ƗƑƼƖƿĽƴƼ

• Ē¸ƬƟƪƏ
Input%1MHz
Load%cap.%:%0.5nF
ƯvƟƪƏ1�ǼǺƿã�

• ÏŁŬ6 :%230%uW
300mKè_�ƫư
,-Àư,@ĝ6ƿ�VƼ
# ³�Òĕ�ƱWū…

FrequencyFcharacteristicFofFcoldFpre$amplifier(SOISTJ4)F@300mK

Frequency%[Hz]

G
ai
n



INPUTF1MHz
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INPUT%(Vpp =%1mV%Frequency%1MHz)%%512Ave.

OUTPUT%%512Ave.

�õưǔǳƗƶƽƼƗƏFŉ`�ƿĳÓ

1.
0μ

V

0.2μsec

1.
0μ

V

0.2μsec



�JŪůÅưP�
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& ¼�Ò`�Uƿy(ƠƼƝƬƯƹƻƏS/NưP�ƿùĻ
# ¼�Òè_�ƯƕƒƪƸ,-À*Ɩƺư�Jļƶ.ƟƯSOI`�UƱ´9ǹ

BiasF[V]
Vdd1F=F1.8
Vss1F=F0.0
V2F=F0.55
V3F=F1.5
Vdd2F=F1.1
Vss2F=F$0.7
V5F=F0.2

INPUT

OUTPUT

Ă/¯Š :F60μsec(6Ë�Ƭ.6Ë�@300mK

! Nb/Al$STJ».Uư�Jƿ¾Ɵƥ¤��JƿSOI`�UƯ(6.
!(6�JƬ`�Uư.6�JưƣƽƤƽư�JŪůÅƿÓq



STJ�J`�ĺŴ
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SOI$STJ4
ǇǑǴǓǎǸǨ
(ACĒM ,%1%MΩ)

GND GND GND GND GND

GNDGND

GND

GND4.7%uF

STJ

10MΩ
0.3%V

�;`�U

�;`�U

GND

,-À*Ř

ǳǸǐǸ

!STJƯDCŬZƿ?7Ɵƥà�ƫǳǸǐǸÜxƿĩƓ
!STJ�JƗSOI`�Uư«Ƴ�ŐƞƽƪƒƼƖƏ
ƵƥƏ�Őƞƽƥ�JƗ`�ƞƽƪƒƼƖ»ĸƠƼ

`�UƳư(6

`�Uư.6



STJ�J`�ĺŴ
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ǳǸǐǸŷËŞ ſŶŻŽżƈƅŶŶǥǲǓ� ſŶżžƆƇŸ.6 ſŶźŹŹŶƄƀƉ ƯvƠƼ�Ĉ

`�UƳư(6

`�Uư.6 4us

0.
1m

V

4us

10
uV

! STJ�JƗSOI`�Uư«Ƴ�ŔƟƪƒƼƝƬƿùĻ
! ƟƖƟƏƃƂƁư.6Ʊ(6ƯÅƴÑī

! ǤǚǧǀÄƗÂ�Ư;�ƟƪƮƖƨƥưƗðı +�`�ĺŴƿĩƓ�q

10%us%/>%100%kHz



ƵƬƷ
!ǠǮǸǞǱǢ�a'¡ĐưƥƷƯ

ņŬyǞǶǡǲ¢Mďi'».U(STJ)ƬƏ
».UôŎƫ;�HĝƮ¼�Ò4Ę`�U(SOI$STJ)

ƿşðƟƪƒƼ

!STJ».UƗ;�ƠƼ300mKè_�ƯƕƒƪƏ
LoadFCap.F0.5nFƏ(6�J 1MHzFsinËƯvƟƪ1�30ƿã�

!SOI$STJ4`�Uƿêƒƪ,-À*Ɩƺ�Jƿļƶ.ƠƝƬƫƏ
�JƗP�ƠƼƝƬƿùĻ

!STJƬSOI$STJ4ƿO¯Ư;�ƞƢƏSTJƯ'ƿ(x
ƣưĒ¸ƏSOIư«Ư�J�ŔƟƥƝƬƿùĻ

!��Ə+�STJ�JƿSOI$STJ4ƿêƒƪ`�ĺŴƿĩƓ�q
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BACKUP



,-ÀưǓǪǚǋ
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He3FSorption,-À
(OxfordFInstrumentĬ)

�ƿįƼƬ

³�ÒǓǜǸǒ

ǓǜǸǒ ³�2ŔÒ�[K] ,@ĝ6

60KǓǜǸǒ 60 25WF@65K

3KǓǜǸǒ 2.8 0.7W@4.2K

³�ÒǓǜǸǒ 0.3 100uWF@350mK

He3ÑZ,-À ,@ĝ6�Ĳ

LǓǜǸǒƯƱ
ÝŋxƿţƚƥƷƯ
ǑǸǲǟƗƑƼ



STJFŬÌǷŬZß�
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ǋǸǥǸvƯƹƼ
ǒǯǕǧǖǶǈǳǶǞƱú^
Ưƹƻ�3

!"
#

'on/off (ú^Ƒƻ)

$

#%

2Δ/)

ǱǸǋŬÌ

BB

Dynamic
ResistanceŰ]

Normal
ResistanceŰ]



SOI$STJ1
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!řĖưƶưǥǗǸǶƫSOIǄǅǣ�ƯSTJƗÂƟƙ��ƞƽƥ
& SiǄǅǣ�Ưé�ƟƥSTJß´ưI$Vß�
& 456nmưHİ'ƯvƠƼ'�Ĉ

! FETōƶưǥǗǸǶƫFETư¼�Òè_�ƫư;�ƿùĻ
& SOI$FETư800mK��ƫư;�ƿùĻ



SOI$STJ2
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SOI/STJ1ƫưTűÚƿSOI/STJ2ƫĵÏ
1. STJƬVň{ưƣƽƤƽưǤǃǁǓƿáąƯ?7ƠƼƝƬƗƫƘƮƒ

# STJƬVň{ưŠƯǉǭǥǑǗǶǓƿŏ7
2. FETưǍǸǞǉǭǥǑǗǶǓƗdƘƙƏSTJưŬĤƿ`�ƠƼƝƬƗƫƘƮƒ

# FETưǏǃǔƿzƞƙƠƼ



SOI$STJ2FTűÚ
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• QË¨ß�ƿÓq
# ¨kHzĀ�ƵƫƟƖ`��H

(STJ�J� :F¨�10%usec)
& [ĮÈ] MHz�]Ƶƫv�ǹ

SOI$STJ2ưTűÚ
!QË¨�]Ɨâƒ
`�ÄưƶƫƱƏ.6ǃǶǦǸǘǶǓ
ƗŵƙƏ,-ÀřĖƮƭưŵuśŀ
ĤƗƖƖƨƥà�ƫƏ
ŵQË¨ƫư�ĈƗ�ƺƽƮƒ

!ŀĤ��ƯŤìƗƑƼ
1�ƿāƚƯƱŵ��ƿê�
ƥƦƏƣƽƯ�ƒ�ēŬZƸ�­
SOI$FETưěŬZƿņƔƪƟƵƓ



SOI$STJ3
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!ǖǸǓ¢[`�Vň
# ��ŀĤƿŲSŰ]ƫ;�
ƠƼMOSFETƯĘƘ£ƔƼ

!ǧǂǸǟǤǚǋ
# ǖǸǓ¢[Vňư(.6ŠƯ
Hb��ƬƟƪMOSFETƿy(
ǤǃǁǓŬZưnq<ƿXƼ

!ǖǸǓǧǆǴǵ
# .6ǃǶǦǸǘǶǓư��



SOI$STJ3ưTűÚ
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STJưŭŬuś :F¨ñ pF
Vň{ưŭŬuś :F¨= pF
# Vň{Ƴư�J(6ƗgƜƺƽƼǹ

! Vň{ưŭŬuśƿdƘƙƠƼƥƷƯ
ǈǚǨǱǶǌǎǶǝǶǏƿŦC

! `�ÄƿĂ/\Ưb²

SOI/STJ3 SOI/STJ4

~¨ñpF
(100Ɗ100um2)



[SOI$STJ4]FǳǃǁǄǞ
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!TypeA
`�ÄƬǤǚǧǀÄƗ��\

!TypeB
`�ÄƬǤǚǧǀÄƗ0
ƣƽƤƽ"0Ư�ĝĹ�ƿ
ĩƨƥ(&� ľ)

!Cap.F+FResi.
Lďiư�Òß�ƿĹ�



ÏŁŬ6

21th%Sep.%2016 25¬¶Þçl�þkd�Ǿt�dl

1�ưQË¨�j�ƯƩƒƪưÓqư³�Ə
Óq4Ư300mKƦƨƥưƗƏÓq�700mKĀ�ƯƵƫÒ�Ɨ�­ƟƪƒƼ
ƝƽƿGƛƪƏQË¨ß�ƿÓqƠƼŨưÏŁŬ6ƿĶĉ

M1

M2

M3 M4

M5

Vdd1 Vdd2

Vss1 Vss2Vb

V5

IN

V3

V2

OUT

I_{amp} I_{buff}

• LFETưGateŬÌƱ
DrainŬÌƯÅƴ�zƫ
ƑƼƥƷƏÛİ

• VddƏVssŠƯÌƽƼŬÌ#
ƱƏVdd%ƫƟƖ
ǬǠǗǸƟƪƒƮƒƥƷƏ
�ƔƲƏŬÌƗGND%Ư
ÌƽƪƟƵƨƪƒƼHĝ�Ƹ
ƑƼƐ



ÏŁŬ6
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Frequency [Hz]
210 310 410 510 610 710

Po
w

er
 [u

W
]

0

50

100

150

200
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300

Frequency VS Power Consumption @300mK

Bias%Voltage
Vdd1F=F1.8V
Vss1F=F0V
Vdd2F=F1.1V
Vss2F=F$0.7V
V2F=F0.4V
V3F=F1.5V
V5F=F0.4V

Input
Vpp =F1mV

1%MHz
230uW

• ǤǚǧǀÄ :F~120uA
`�Ä :F~3uA
ǤǚǧǀÄưÏŁŬ6Ɨ
¥řò

• `�ÄƬǤǚǧǀÄƏ
ƣƽƤƽưÏŁŬ6ƿ
ŇƟMƾƢƼƬƏ230uW

• Óqşh¯ưHe3potƱƏ
300mKƫƑƨƥưƯvƟƏ
Óqđ
¯ưÒ�ƱƏ
700mKĀ�Ƶƫ�­

PowerFconsumptionFofFcoldFpre$amplifier(SOISTJ4)F@300mK


