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Abstract

Noise and Quasiparticle Dynamics in Single Photon, Superconducting Tunnel
Junction Detectors

Kenneth John Segail

2000

Superconducting Tunnel Junctions (STJs) have been studied as single photon x-ray
detectors over the past several years because they combine high energy resolution with
good quantum efficiency, large count rate and imaging capabilities. These detectors
measure the energy of an x-ray by counting the number of quasiparticle excitations that
are produced when the x-ray is absorbed in a superconducting film. The excitations are
read out as an increase in the tunneling current of an STJ attached to the absorbing
material. The use of two STJs with a single absorber also allows one to measure the
absorption location of the photon, thus giving imaging capabilities to the detector system.
We present the ongoing development of such imaging x-ray spectrometers based on Nb-
Ta-Al-AlOx-Al thin film structures. These devices demonstrate an energy resolution of
25 eV FWHM for 6 keV x-rays, with a simultaneous position resolution of 0.4 Lm over a
detector area of 14 um x 100 um. This exceeds the energy resolution of conventional
semiconductor detectors by almost a factor of five. A computer generated simulation
models the detector response well and is used to extract the intrinsic physical parameters
affecting the operation of the device. The incomplete thermalization of excited
quasiparticles in the junction prior to tunneling is seen as a major effect, having
significant impact on the device signal and noise. Separate experiments to quantify the
known noise sources that limit the energy resolution reveal that the electronic readout is
responsible for the majority of the energy width. These known noise sources combine to
add up to the measured energy resolution. Such experiments suggest that with some
device modification the energy resolution can be brought to within a factor of two of the
theoretical limit.
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