UpTech e

e T Bt

z L

F iy
-

J11  Aluminum thickness dependence of
spatial profile
IN niobium-based superconducting tunnel junction

Masahiro Ukibe?*, Takashi |keuchi®, Tatsuya Zama?2, Masataka
Ohkubo?

AISTa Meiji Univ.b

Collaborators
Masaki Katagirit, Takumi Kikegawa?, Dalji Fukuda3
JAERI1, KEK-PF?, Tokyo Univ.3



Development of advanced X-ray STJ detectors — s;

spatial nonuniformity
/ of X-ray signal

PFOQKEK, 1 ERASQAIST

00 MeV electron storage ring, “TgRAS”
BLg3

- 8
i NN £. 9.
lib|
" W ‘ o
v,
L0z 2%
A BL2A (2~ Bnm)
BL2E (10-60
Y BL2C (110 -

\\\\\\\\\\\\\\\

nmy
RRRRRRRRRRRRRRRRRRRRRR > cryostat
2C c
- Jependence
CCCCCC \
nnnnnnnnnnnnnnnnnnnnnnnnnn
eeeeeeeeeeeeeeeeeeeeeeeeee
IHe
W R L4
BL-L1: High-energ o BLIA {1 —25nm) 3
I ON I = T c ' A A | He
T superconducting
X-ray beam @ — = <olit coi
E-dependence
/gpendence

. .\v»" E shaping amp
é e ...:: :_ i . DSO
relepengence
- B ontto ud
data aquisition system

Optimization of STJ detectors




-

UpTech AIST

f}‘d-f’f : fﬁx

Development of advanced X-ray detec;oﬂs ’j:
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Goal
Energy resolution - < 20 eV for 6 keV x-ray
Counting rate - > 100K cps
Detection area - ~ 1mm?

Absorption rate - > 70% for 6 keV x-ray
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s Bias-dependence (AIS0nm) o
STJ : fd21 200um-square junction 200 xagonm Junetion ?“‘TE
Bias current:Low

Line shape:concave ;

Bias current:High s
Line shape:convex e
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o E-dependence of 1D scan
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P diffusion model
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R. Cristiano et al., J. Appl. Phys. 86, 4580 (1999).

Inadeqguate for explaining characteristics

(bias dependence, etc)
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1. Using lift-off technique, tri-layers were Substrate(Si)
patterned on the wafer. The tri-layer,
- - - - b/AI-AIOX/Nb
Nb(100-200)/Al-AlOx(50-100)/Al(50-100) 2) Nb/AI-AIOX/N

/Nb(100-200) in nm, was deposited by DC-

: N
sputtering. The surface of the Al layer was
oxidized for 1 hour in O2 atmosphere of 9
torr at room temperature. [1)+2) show] 3) —
2. To form the top electrodes, top Nb and Al
layers were removed by RIE and Ar ion )
4

milling, respectively. [3) shows] o

3. A SiO2(800-1200nm) isolation layer was
deposited by RF-sputtering and patterned

by the lift-off technique. [4)+5) show] > Sio, m
4. A Nb film with a thickness between 1000 and
1400 nm was deposited by DC-sputtering. 6)

Electric leads and contact pads were formed
by the lift-off technique. [6) shows]



H Experiment Xray source

KEK-PF BL 13B2
Enhergy range:4-29keV
Fhoton Flux
~1 x101%/s-mm?
(11keV, 300mA)

Energy resolution:
E/AE=~5000
Light source: Type: Linear Multipole Wiggler MPW #13-W
(AU: 18cm,N_period: 27,Ec: 6.24keV)
Optics:Double-Crystal Monochrometor [Si(111)]
with Saggital Focusing optics
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E-linearity —
Position:junction centér
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AI th|CkneSS g center of 200um-square STJ :
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charge output

E.:6keV

10nA, 0.1mV .

70nA,0.38mV . . 500nA, 0.58mV i L &, 1pA, 0.62mV

No obvious dependence
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Explanation of Al-thickness dependence -
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@ QPs M Tunnel barreir %
Thin Al Thick Al
QP density High L ow
I:)Recombination High Low

QP loss Large Small
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1. We fabricated the Nb-STJs having the lgl ‘;.__,.i
layers of different thicknesses by the lift-Gf*
technique.

2. The Al thickness dependence of the spatial
profile was measured by LTSSM.

3. The spatial uniformity is improved by
iIncreasing the Al thickness.

4. The Nb-based STJ Is not appropriate for
the direct detection of high-energy X-rays
above about 1keV.



