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Detector mount at 0.3 K



Electrotechnical Laboratory (ETL) _?._

1986

Predecessor’s milestone in superconductor electronics

Josephson computer - ETL-JC1
4-bit CPU with 1,000 bits RAM



Physics Today 1986
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Technologies at CRAVITY

Nb technology

» 10-kA/cm? advanced process
> 2.5-kA/cm? standard process
> Low-leakage(0.1 pA/um?@200 A/cm?) tunnel junction process

NbN technology

» SNS-junction process for 10-K operation

Al technology

» Deep sub-p trilayer-junction process

Custom-made process
» Cavity for IR photons



Applications of AIST-STJ detectors

Astrophysics
Determination of neutrino mass by
far-IR photon spectroscopy (15 - 30 meV)

(S. Kim, Tsukuba Uni.)

Focal plane STJ-SOI IR imager at 0.3K

Mass spectrometry
Interstellar chemistry (origin of life)

Escape of planetary atmosphere N 2+
2
(2008)
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Neutral fragment
analysis (2011)

(T. Tanabe, KEK)

Synchrotron radiation

Functional and structural materials
XAFS for trace light elements (N: SiC 2012)

(K. Mase, Y. Kitajima, KEK)




Superconductor detectors

Two spectroscopic domains
Type Energy Time (decay) Temp.
Calorimeter Extremely high Slow (ms) <0.1K
TES, MMC... (1.2 eV@ 6 keV)
High Fast (us) 0.3 K
STJ (4.1 eV@ 392 V)
SSPD NUA Extremely >4.2 K
(nano-strip) fast (1 ns)

Third request: high spatial resolution for Taiwanese SR




High energy resolution is required for
element selection and line shape

SDD, EPMAVvs. STJ



Real energy resolution @ synchrotron radiation

(392 eV)

SDD 70 eV



Energy resolution vs. photon energy of the best pixel {

Synchrotron radition@400 eV
FPGA-based real time DSP

4.1eV JE



High count rate of the 100-ch STJ system

I

200 k cps

Real time signal
processing
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Theoretical limit of energy resolution in quantum detector

The ¢ value (a threshold energy to create quasiparticles) is1.7A,
and the Fano factor is 0.195, M. Kurakado, NIM (1969).

e=17A=26meVin Nb (~1eVin Si)
F=0.195

AE Oy
X ?
E (N
AE iy = 2.355VFeE = 2 eV@6 keV(Mn-K line)
| 0.5eV@400 eV (N-K line)

Photon counting rate = ~ 2 kcps/pixel




QuaSipartiCIe tunneling STJ detector physics

Soft x-rays 1

l

*Uncovered Nb electrode
(no contamination on surface is necessary.)

commonly used

Large junction (100 - 200 um)

Subgap current [A/cm?]

*Extremely low leakage current BCS detector quality

1/T [K]



I'V curves Of 100 STJS at O.3K photon application

Old 2D layout 20
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X-ray Absorption Near Edge Structure (XANES) and
X-ray Emission Spectroscopy (XES)

X-ray X-ray
absorption emission
it
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Density of states

KEK PF AIST STJ-SEM nanoimaging,
(FY-XAFS) NSRRC TPS (SSPD-RIXS)

6 eV energy resolution with 200 kcps



Fluorescence yield [counts]

Summation of 100 pixels data at 453 eV
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Absorption [a.u.]

Disorder [ 10%* atoms/cm® ]

XAFS of N dopant in SiC (4 x 10'° cm™3)

First-principles calculation

XANES experiment
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M. Ohkubo, et al., Sci. Rep. 2, 831 (2012); DOI:10.1038/srep00831.




X-ray emission spectroscopy of C-K

7 bond
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Carbon fibre/resin boundary

TIUUA S >
University of Tulouba

Typically observed
in resin with WDX




g1y Latest STJ array detector for XAFS and PIXE

3D layout

2D layout O Sx

Close-packed arrangement

Cross section

Top view
G. Fuijii et al., Supercond. Sci. Technol. 28, 104005 (2015).



Upgrade to 512-1024 pixels

6 MeV Van de Graff accelerator

S. Shiki
Microbeam Particle-Induced X-ray

Emission (PIXE) with 512 STJs
G. Fujii and M. Ukibe 1024 pixels and also for FY-XAFS



ST Summary of STJ

« SR: FY-XAFS for light elements (N: SiC, Mg:GaN, N,:CFRP,
B-C-N: heat resistant steel, B-C-N:Ti alloys,,,)

« Low-voltage SEM: <10 nm spatial resolution in X-ray
emission spectroscopy for light elements

(carbon fibre/resin and CFRP/CFRP adhesion boundaries)



Taiwan Phton Source

New Resonant Inelastic
X-ray Scattering (RIXS)
Spectrometer @ TPS

AE : 15 meV = 5 meV
E/AE : 20,000 = 60,000

N N L))



TPS 41A Soft X-ray Scattering

Flux = 7 x 10"?/sec @ 930 eV
B.W. =90 meV
beam size =5 um x5 um

Detector

28

N N L))



Voltage [V]

Time resolution and spatial resolution

S~ N L] )

d: hot spot diameter

Kinetic inductance: Ly = ypA* /S

1 mm Nb-SSPD

STJ 7o = 0.52 NS
7y = 0.92 ns
90 ns

10 um

- N. Zen et al., Appl. Phys. Lett. 95, 172508 (2009).
Tlme [“S] K. Suzuki et al., RCMS. 24, 3290 (2010).

A.Casaburi, et al., Appl. Phys. Lett. 98, 023702 (2011).
N. Zen et al., Appl. Phys. Lett. 106, 172222601 (2015).
R. Cristiano at al., SUST 28, 124004 (2015).



Soft X-ray photon imaging with delay line
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Experiment results — detection of ion
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MB, temporal evolution
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+ Time-dependent GL with heat diffusion equation revealed the dynamical
change of superfluid density, temperature, output voltage.

+ Hot spot model is appropriate for 20 keV ions (not Voltex-Antivoltex Pair).

t=0 t=16 ps t=410 ps
\(Gg\o
Hot spot Ny
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N. Zen, et al., Appl. Phys. Lett. 106, 222601 (2015).



Detection efficiency as a function of ion energy
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NbN-SSLD: 10 nm-thick single-crystalline NbN with a line width (w) of 800 nm on MgO

d: hot spot diameter

= Cx(zV,)?)
It is assumed that the hot-spot volume is

/
-2 th
10 proportional to the ion kinetic energies.
107
3 keV «C=35x10%eV-"2m.
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. . *The hot-spot diameter for 1 keV Ar* is 110 nm.
Normalized bias current //1; «A calculation for 5 nm NbN: 200 nm

D. Perez de Lara, R. Cristiano, et al., J. Low Temp.
Phys. 151, 771 (2008) LTD-12

K. Suzuki, et al., Applied Phys. Express 4, 083101 (2011)



Focal plane SSPD imager

SSPD imager

(500 nm spatial resolution)



STJ S

New trend of superconductor detector is emerging.

High spatial resolution



