Uptec

UNEL JUNCTION DETECTORS
OOeV and 9 10 keV




Yield [counts]

& Bad junction P
ptec Full illumination with 55Fe X-ray source (5.9keV, 6.4keV) A/ST
<« 200pm__» e - @"
Nb(200) -
Al(30) a0
] 'II}: 7
Al(30) T y
2 0 L]
Nb(200) il // Al 24 200pm
=11+ — 1
100
Bias:0.3mV, 16nA 7% Bias:0.7mV, 300nA (2w 1
80 | 92eV
G Super.
60 | Super. ]
7 |

40 |

The answer iIs spatial nonuniformity.

QZMMMWMWWW w‘k\

400
Charge

700 800

@

Charge (b)

Nose level



! Low Temperature Scanning Synchrotron Microscope .zsig

LTSSM

Uptec

PFQKEK, TERASQ@AIST

800 MeV electron storage rlng “TERAS”

BL2A (2-Bnm)
BL2B (1060 i)
BL2C (110 -300 nm)

BL1-A (1 - 25nm)
S —1

X-ray beam‘@\
inhole” "

p /
Be -window

janra-ra;

[

data aquisition system

MCA
shaping amp
DSO

position
controller

~cryostat

_He

superconducting

| split coil

—sample

5-10pum x-ray microbeam

ST
Jie’d'_ f.-"-

6 keV - 20 keV, Multipole Wiggler + Si(111)

70 - 1900 eV, Bending magnet + Grating
Scanning has not been available by LTD.



LTSSM 3D images, 200pm, Vv, =Ale >,
6keV,

)
—
C
310
O SSFe full illumination
h'4
o 8 [
Q
> 6
o
o 4 F
e = B
al 2 B . 4 R*WMJ“‘
— e E
- .‘\' - -
> - \ "HW;
O [ L | Ll W

Charge [106 electrons]



LTSSM 1D scan 146um >,
Al 30nm st

146um square junction % |

QD model 5keV /.f

X O Experiment

dn
[ mm

a1 a1 2T "pao2 Ta 3

DVin -y R -y M+Y W

on

__E‘-ﬂ"i"zn_—'f n=Y RBR+yY R,
31 o2 "z "ewaz ‘1 J
mix y, =0 dx-x )dy-y )

n(x, ¥, N=0,

$=0.616
A=11.26
y=0.803

Charge [Q/Q, (Q,=1.84x10° electrons)]

E_Rf =+R ||:1 -Rﬂlf [ mean free path of quasiparixle) |,
iz $=0.353
- £ Lt -
Q-[dt | dx | d}{YFnI . 'l-“nz'], i A=8.65
a9 -In  -in = |5 | | | Y=0.703
B = L(1-Ry2l, 0 50 100 150 200
A = [DKy 12+ v10ss)] 12, Diagonal scan [um]

fd21-2 146J4lead higher response, gain=30x0.5, 5keV, IH=270mA(316G), KEK-PF BL-17A

¥ = Y12y 12+ inze)
R. Cristiano et al., J. Appl. Phys. 86, 4580 (1999).



W The spatial profile depends on

Uptec

® bias point,
® junction size,

® strength of magnetic field,

® thickness of Al layers wist 311, M. Ukibe et al.),

® photon energy (this study).
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S e Energy linearity P
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H How about further lower energies (< 1.74keV)? __m
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The spectrum for 520 eV and 1040 eV shows the same
large spatial nonuniformity as for 1.74 keV and 6keV.




e Smaller junctions help us. _,,a-

Uptec r
100pum square, Al 30nm 1=1.3us ;'T; ~
f#ﬂ*‘i’_“' £
500 ¢ Flr

' 520eV (*( == |‘ Js |
: 2nd-order photons ".__g'kh 1 &/
3 due to a mylar filter N

. 400 — 10409\/ y "L"-f iI'I.'-"?""b'I /

©

o N

G :

% SO rwHM=32ev

I Intrinsic FWHM=29eV

a Pulser

o, 200

o

Q0 -

> -

100 F
O:I!!IEI!IEII!IliIIIllill !hLL_._—I—‘—J-dlil
200 400 600 800 1000

Channel

The spectrum of the 100pm-square junction for 520
eV shows that the spatial nonuniformity is small.
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Junctions with thicker Al
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Energy linearity and FWHM
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W8 200um-square junction with 70nm Al __»
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Conclusions =

AlsT

o &
® Spatial profile strongly depends on photon energy. ;fﬁ :’“}
(B )s)
® Response to low energies (< ~1 keV) may be within % | !,-'.3-'

conventional quasiparticle diffusion model. The uniformity- ’f’r*s I ;.x’-* /
and E-linearity is improved by increasing the Al thickness.

% Response to high energies (> ~1 keV) requires new signal
creation framework
(high density of excitation, too far from equilibrium state).

% Full understanding of STJ operation requires an
advanced nonequilibrium theory and further LTSSM
studies.

® Stephan’s favorite 50nm Al may be good for energy
resolution, response time, and detector size in < 2 keV.

2 Junctions have a high energy resolution, a high count rate,
and a reasonable detector size for soft X-ray spectroscopy.
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Prototype of array
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Next step =

=1 I
® Make scanning below 2 keV, and reconfirm today’'s" 2. | il
discussion directly.

® Spatial nonuniformity of the junction with 30-50nm
Al should be studied further.to get a high count rate.

® Thicker Nb electrode or Ta electrode to cover up to
2 keV, and array.

2 LTSSM measurements with constant voltage bias
should be done to make tunneling process more
simple. (Yale-LLNL current amplifier)



