Progress in Superconductivity Vol.11 No.1 pp.36-41

31 October 2009

Fabrication of Nb SQUID on an Ultra-sensitive Cantilever

Yun Won Kim™®, Soon-Gul Lee”, Jae-Hyuk Choi

* Korea Research Institute of Standards and Science, Daejeon, Republic of Korea

® Korea University, Jochiwon, Chungnam, Republic of Korea

(Received 9 August 2009; revised or reviewed 7 October 2009; accepted 9 October 2009)

Nb SQUID7} HAl® =17 % ZHE|dW A2}
AE, o), HAE

Abstract

Superconducting quantum phenomena are getting attention from the field of metrology area. Following its first successful

application of Josephson effect to voltage standard, piconewton force standard was suggested as a candidate for the next

application of superconducting quantum effects in metrology. It is predicted that a micron-sized superconducting Nb ring in a

strong magnetic field gradient generates a quantized force of the order of sub-piconewtons. In this work, we studied the

design and fabrication of Nb superconducting quantum interference device (SQUID) on an ultra-thin silicon cantilever. The

Nb SQUID and electrodes were structured on a silicon-on-insulator (SOI) wafer by dc magnetron sputtering and lift-off

lithography. Using the resulting SOI wafer, we fabricated V-shaped and parallel-beam cantilevers, each with a 30-pm-wide

paddle; the length, width, and thickness of each cantilever arm were typically 440 pm, 4.5 um, and 0.34 pum, respectively.

However, the cantilevers underwent bending, a technical difficulty commonly encountered during the fabrication of electrical

circuits on ultra-soft mechanical substrates. In order to circumvent this difficulty, we controlled the Ar pressure during Nb

sputtering to minimize the intrinsic stress in the Nb film and studied the effect of residual stress on the resultant device.
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II. SQUID Fabrication
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Fig. 1. Schematic (a) and operational circuit diagram (b) of
the superconductor SQUID loaded on the cantilever head.
[6] As weak links, narrow bridges were used for the
convenience of device fabrication. /, and @, are bias
current and flux.
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Fig. 2. Optical microscope image of the Nb SQUID loaded
on a parallel-beam cantilever pattern. A short bridge at the
top is to be cut finally.
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Fig. 3. Stress as a function of Ar sputtering pressure (Py,)
Inset is an enlarged plot of stress near a zero-crossing point.

A square in the inset corresponds to Ar pressure variation
from 1.85 Pato 2.15 Pa.
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Fig. 4. Resistance versus Temperature for Nb thin film of
different Ar sputtering pressures. Critical temperature is 8.3
K for the Ar pressure of 2.0 Pa (stress-free condition).
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IV. Cantilever Fabrication
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Fig. 5. Different types of micro cantilevers design. (a)
Single-beam (b) Parallel beam (c) V — shape. (b), (c) types
are for a SQUID loaded cantilever.
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V. Conclusion
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