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Cross-section of an
Integrated Superconducting Microcircuit
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SQUID Sensor
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10 SIS Array (8 um?; Jc =5 kA*cm?)

(#Ar#10,02-04-2003)(Rn=38 55 Rj/Rn=25.9 Vg mV=28.16)
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100 SIS Array (8 um?; Jc =5 kA*cm?)
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1000 SIS Array (8 um?; Jc =5 kA*cm?)

(#AR021,12-15-2003)(Rn=3350.77 Rj/Rn=20.9 Vg.mV=2758.14)
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Quality vs Jc for Nb-AlOx-Nb Technology
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Diagram of the nitridation process
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Current, mA

Nb-AIN-Nb Junctions for THz SIR:
Jc =8 and 19 kA/cm?
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Current, mA

Nb-AIN-Nb Junctions for THz SIR:
Jc =70 and 210 kA/cm?
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Rn*S of Nb-AIN-Nb SIS
VS nitridation parameters
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Quality vs Jc (AlOx and AIN barriers)
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Electron Beam Lithography (with MSU)
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Sub-micron Nb-AIN-Nb junction:

S =0.03 u?; Jc =21 kA/lcm?; Rj/Rn = 14

Current, pA
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Nb-AIN-NbN Junctions

0,15 | | T | | |
Nb-AIN-NbN
0,10 - R 5=100 Q*Mz
< Vg = 3.55 mV
E_ Rj/Rn = 32
c
o
O 0,05
0,00 ————r————— T ' | |
0 1 2 3 4 5
Voltage, mV

08 April

Towards 1 THz SIR

17



A THz SIS Mixer
iIncorporated in NbN microstrip line

(#TGz-4,12-03-2002)(Rn=0.85 Rj/Rn=16.0 Vg, mv=2.90)
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NbN-MgO-NDbN SIS junctions
NbN - p3% = 160 uQ+*cm
T.~15.7 K; (p3°%/ p?°) ~0.9
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NbN-MgO-NbN SIS junctions

(#MgO-8.04-01-2003)(Rn=42.50 Rj/Rn=8.3 Vg.mV=4.71)
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Normalized Current, a.u.

08 April

NbN-MgO-NDbN SIS junctions
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IVCs of the Nb-AIN-NbN SIS pumped by FFO

(#HD10-09#11,12-18-2003)(Rn=11.24 Rj/Rn=27.5 Vg,m\V/=3.63)
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IVCs of the Nb-AIN-NbN FFO,
measured at different magnetic fields

(#HD10-09#11,12-18-2003)
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Experimental FFO power coupling to SIS

NbN

Nb
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Calculations of the FFO power coupling
------ Nb electrode ------ NbN electrode
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Nb-AIN-NDbN circuit — optimized design
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Spectra of the Nb-AIN-NbN FFO
at 597 GHz, of = 3.5 MHz; SR = 70%

19.12.2003 20:10:56 Center: 400.0kHz Span: 100.0kHz BO1 pts

Center
roce A ! 400.00 kdHz
: Y1
Log 5.00 dB/div ih Shan

Fief-25.00 dBm F 100.00 kHz

Trace B VA : 1 B 1.0 MHz

Log 5.00 dB/div * o 0.0 kHz

Fef-25.00 dBm

RO.O0 msec

AT 10 dB
Sample
=2
Marker |[Trace 4 -] w1 [-33.803986711 dBm %1 [400.000000000 MHz
T Trace A ~| v2 |56.063122924 dBm %2 [450.000000000 tHz
A |-22.259136213 dB A |50.000000000 MHz

08 April Towards 1 THz SIR 27



Spectrum of the PL Nb-AIN-NbN FFO (-90 dBc)
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Concept of cryogenic PLL
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Photo of SQA test unit with two-stage SQA chip
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Spectral Ratio vs FFO LW for different PLLBW
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1 THz SIS-mixer (SRON - IREE)
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1 THz SIS-mixer with NbTIN/AI Tuner

Receiver Noise Temperature (K)
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All NbN SIR: FTS (AIST - IREE - SRON)
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All NbN SIR: LW (AIST - IREE - SRON)
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THz SIR — Possible Implementations

FFO Mixer
e NbN-MgO/(AIN)-NbN NbN-MgO/(AIN)-NbN
Vgupto6mV (L5THz) P,o~®? (~1pW at 1 THz)

* NbN-MgO/(AIN)-NbN Phonon Cooled NbN HEB
P o <0.1 uW (o independent)
T ~700K at 1.5 THz

o Stacked NbN-MgO-NbN Phonon Cooled NbN HEB
frequency up to 3 THz
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Conclusion

High quality Nb-AlOx-Nb SIS; Jc up to 20 kA/cm?
AIN barriers; Jc up to 200 kA/cm?

Sub-micron SIS (EBL + CMP); S =0.03 p?

SIS junctions with NbN electrode; Vg = 3.6 mV
PL Nb-AIN-NbN FFO for TELIS ?

NbN- MgO(AIN)-NbN junctions and circuits —
additional study required (tech + calc + exp)

?? Integration of a FFO and NbN HEB ?7?

A special project to develop an array of PL SIRs
IS required
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