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[ We describe the fabrication, operation and performance of a nanobridge dc SQUID having an Lyy/¢g ratio

adjustable to the optimum value at liquid helium temperature (4.2 K). An epitaxial NbN film manufactured us-

ing the reactive DC magnetron sputtering method was used as the electrode material for the Josephson
nanobridge devices, while a thermally stable MgO film was used as an insulator. The Josephson nanobridge
can be formed in MgO film of an NbN/MgO (5-10 nm)/NbN junction having an area of about 4 X4 ym?, using
the field emission in liquid helium. The critical current was readily adjustable to the object value by changing
[ applied voltage. The manufactured device remained extremely stable over dozens of thermal cycles (300
i‘ K-4.2 K) for about two years. The dc SQUID is current-biased at a nonzero voltage and modulated with a
! 20 kHz flux. The 20 kHz voltage developed across the dc SQUID is amplified by a cooled, resonant LC cir-
J cuit that optimally couples the dc SQUID impedance to the input of a room temperature preamplifier. The | i‘
l dc SQUID is operated in a flux-locked loop using an optimally tuned oscillator, lock-in amplifier and
: preamplifier which are driven by battery. Above 1x10-2 Hz, the spectrum spectrum is white and has an rms

value of 3X 10 5¢Hz1/2,
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The process of fabricating the dc SQUID with all NbN nanobridges.
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JOSEPHSON NANOBRIDGES

Fig. 2 The schematic of the process fabricating
nanobridges by field emission.
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Table 1 The typical parameters of a all NbN dc
SQUID 4. R F B *
N .. Thickness Fig. 4 1%, WA X AEHMELE A2 ORI
No. Layer Material ) ) b
B (nm) i, BROEKEER L & OFREREHESE L 20
1 Substrate Si(100) HEEAROMIP 2R LI b D TH B, BE AV ZEN
X 5 I“’fE“llatfr : 1\1\/11513 fgg HoWAIE, 1M U ORI TH S, BRE
; ase Electrode . N T e :
5 Insulator Si0y  100~150 m, T s30T L ofitFhAoEiciiiEds s Lo
6 Barrier MgO T8 70
7 Counter & Input Coil Electrode ~ NbN 300 ! ' :
8 Insulator Si0y 300 =03V
9 Insulator Si0, 150
10 Input coil & Connection Electrode ~ NbN 300

0
Ll

50 (pm)

Fig. 3 A microphotograph of the dc SQUID with a

five turn input coil.
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Fig. 5 The I-V characteristics and the output voltage versus the applied magnetic flux of the dc SQUIDs,
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Table 2 The capacitance of verious Josephson
junctions

; unction Capacitance
Junction Structure I P

(pF/um?)
Pb-PbO,-Pb ~0.04 ref (22)
Nb-NbO,-Pb ~0.1 ref (23)
NbN-oSi-NbN ~0.02 ref (24)
NbN-Al;03-NbN ~0.06 ref (25)
FE-JJ ~0. 0025
EEis,
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Fig. 6 The storage and recycling behaviors for a
dc SQUID with all NbN nanobridges.
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