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Abtract 

Refractory metal Nb/Al/Al-cx/Al/Nb junctions are shown 
t o  be semsitive to 6 k e V  X-rays over the temperature 
range from 2.8 to 1.4 Kelvin. For such junctions, 
haw an &served mMrmun ionizing energy of 12 meV, a 
l i m i t i n g  energy resolution of 8 e V  is prelicted. 
currently an energy resolution of 250 e V  is &served at 
1.4 Kelvin which is primarilp d0mjna.M by Sps- 
electronic noise. !me Nb based junctions are shown to 
be very stable with respect to thermal cycling w h i l e  
their non--qKUr i u m  PIrysiCs can be simple scaJ-d from 

1. Introduction 

the theory of sn-junctians. 

x-Ray astrophysics deals with the study of highly 
energetic @enmem,. Hot plasnas at temperatures of 
over a million degrees radiate the biLB of their energy 
at X-ray wavelengths. A t  tenperaturea of -16- lo7 K 
the X-ray emission arises maMp from a large rrumber of 
K ard L shell transition IkES from el-ts ranging 
from Oxygen to Iron. A t  higher temperatures mst of the 
low Z atoms are strim of their electrons ard a 
con?Anuum spectrum donbates over the line emissions1. 
One important line complex remaFns dominant, however, 
that of Iron K aaission ar& 6-7 keV. An energy 
resolution of below 15 e V  is nexsary to  separate the 
many lines which arise in lower temperature plasm% or 
to resolve the resonance f r o m  the satellite l i n e s .  
Such a capability provides for the deWd plasm 

on temperatures, ionic ahrhmes, electron densities 
etc. Non dispersive instruments such as gas 
scintillation proportional counters ard solid state 
detectors, haw eneqy resolutions at 6 k e V  of -500 
eV ard 100 e V  respectivel cannot provide this 

while mhiexhg the desired resolution, suffer from low 
efficiency ard a narrow energy range, which makes their 
application on the weak sources of cosmic X-ray 
mlis.ion Limited.  s u p e r c o r d u c ~  tnmeung juractiom 
(STtJ) ard calorimeters can be used as medium resolution 
non ve detectors of X-rays in the keV 

the potential of a high energy resolution, b r a  bard 
width, ard possibly higher operating temperatures. 

The reason that a detector based on a supercorductor 
has the potential for high energy resolution is due to 
its s m l l  energy gap A which is of the order of meV. 
Basica;up, the energy deposited by the photo-absorbed 
X-ray produces an excess of @particles in the 

operated i n  the Giaever mode, an additional guasi- 
particle CUlTent then flaws across the thFn m t i n g  
barrier of the tumekhg junction, yielding a sig.ra;l. 
proportional to the X-ray energy. TheoreticaJly, a 
Poisson statistics lhited energy resolution of better 
than 10 e V  FWHM could be expected for 6 keV X-rays. 
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diagnostics necessarp t o  derive model i&qer&nt data 

d e w e d  type of info-tian%-3. mspersive devices, 

r e g r a - d u c t i n g  . jul-ictions offer 
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Although junctions based on tin have demonstrated a 
g m  energy resolution (-45 ev), their practicality 
is Umited due to  theFr poor thermal r w t y  ard 
rather short device life time. These prablan~ have been 
solved in the last few years for Niabium based 

current - voltage cba;racteristics 10. ~n additian, the 
larger gap of Nb (b = 1.5 meV, b = 0.SameV) 
allcws wing to the n o n e i m  theoq of SPJ 
detectors11 an operatirig temperature higher by a factor 
of &/b -3. Note, how-, that a low 
operating temperature (A/kT>>l) is still required to 
eLixb3t.e the .lVxmMmtion losses arising f r o m  
thennallp arcited quasipast;icles. 

by necessity is perfonaed using S3pI3ebased platfornrs, 

junctions withuut reducing the r F s u a s l t y O f t h e  

For applica,tions in X-ray astrophysics however, which 

a robust detector with an operating 
than 1 Kelvin, alhwirg for simpler cryogenics. 
would be attractim. 

2. Theory of SrJ Detector 

The theory for STJ detector has been -@ 
recently11 ard we m y  present the major temperature 
depenlent bebaviaur. Basica.lly, it is necessa;ry to 
solve a set of rate quations relating to 
quasiparticles ard diffusing in the films 
ard crosshg the insulating barrier of the junction. 
The latter excess current produces the sig.ra;l. of the 
ionizing event. A simplified solution of the rate 
equations for the STJ detector leads to the f o l l w  
excess quasiparticle current: 

Where 

(ro(Nb1 = 11 nsec) 

Qo : i n i t i a l  rnunber of excess quasiparticles prod- 
‘cX: non-temperature depademt relaxation time 

by atsorption of X-ray. 

By using a test pulse for CaJlhation, the experimental 
results can be campared with theory by essentially 

yields the temperature cent accmulated charge: 
calculating the integral of the excess CUlTent, which 

Qo 

To operate a su-ucting tnmeung junction 
successfliuy as an X-ray detector w i t h  high energP 
resolution, the resistivity of the jnsulathg barrier 
has to be as low as possible to collect the exloes~ 

m the other hard, 
the subgap current h w  to be leakage free at the low 
o p a t i n g  temperature for a high dywrdcal re&stame 
at the operating biasing voltage. TNS is important 

quasiparticles e f f ic ien t l~911.  
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for a good signal to noise ratio in the applied charge 
sensitive circuitIy12-13. 

3. Nb-.lunction Fabrication ani I-v curves 
The Nb/Al/Al-ox/Al/Nb jumtions used for this work were 
mde using a variant of the SNEP method f i r s t  developed 
bp ~urvitch et a.9  ani -ay adopted by 
nume~xls  groups worldwide. The o r i g w  
Nb/Al/Al-CndAl/Nb structures were deposited onto 
EapphFre sutstrate durhg ane pumpdown in a UHV Dc 
mgnetrcm getter sputter deposition systemlo.  he 
devices were then isolated fmm this Structure to yield 

t square junctions w i t h  areas r-hg fmm 10x10 3 t o 5 0 o x 5 0 o d .  h o m t o k e e p t o a m i n i m u m  
any effects from guasiparticle diffusion into ani out 
of the jn-tion leads, the contact areas were 
kept as m a u  as practicable, -8 wn wide 
anl30 long. In this paper, two sets of devices are 
presented: 

thickness t2lickness oxide 

Chip A : 350 w 150 w 2.3.10-5 d 
Chip B : 100 w 2mw 0.3.10-5 d 
The current leads were Au on cllip A ani Nb on chip B. 

The current-voltage characteristics of a 20x20 grm2 
Nb/Al/Al-ox/Al/Nb jumtion fmm cllip A at a teaperature 
of 2.1% is Shawn in figure 1. !rne no& c x m 3 l c ~  
resbhme was 7.212 while the dpnamicall resistance is 
larger than 10 ka (far a camplete discussian of the I-v 
characteristics see e.g. ref 6). 

bottomNb topm resistivity 

I I [pAl I 

lilt 200 L 1 2 3  

U [ m v l  

20 x 20 pm2 
T = 7  17 K 

U [ m V I  

T - 2 1 7 K  

 he 55Fe spectra obtained three jumtions on 
chip B, a l l  of different si-, are illustrated in 
figure 2. The charge collected fmm the three mtions 
was -5.16 electmm 1- to a minimum ionizing 
energy of -12 mev. The best abserved energp 
resolution was founi however to be -250 e V  FWHM for 
the 10x10 p 2  juTlction (Figure %I. This resolution is 
dclminated pilu3.ril.y by the syst€m electronic noise, 
since the resolution degrades as the device area 
becormes larger cwhg to the decreases Fn the -Iqe%me 
(c.f. figure 2c) where the MnKa KB lines are not 
resolval). 

COUNTS 
T = l  4 Kelvin 

lox10pm2 

counts/# 

Figure 1 The cuprent voltage characteristics 
of a 20x20 d N~/AI./AI.-ox/A~/N~ 
jumtion at  T = 2.17 Kel-. 
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MnKO 
I 6 49 KeV 

20 x20pm2 
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5 0 x 5 0  pm2 

phonons from 
sapphire 

test pulse 

7-10s 

pulse height I # )  

The purse height spectra of an 55Fe 

X-ray source for three different 
sized jumtions on chip B at T = 1.4 
Kelvin. 

(MnKa = 5.89 BeV, Ih KB = 6.49 &VI. 



A t  about 20% of the MXa peak a strmcture appears in 
the spectrum which ca,n he inteqmted as due to 24 
phaMns origbating fram 6 k e V  X-rays aborhzd in the 
s a w  subtzate. This crystallne subtrate al lows 
q e t i c  phonons (pcsdhly lxUis t ic )  to have rather 
long lifetimes at these low tanperature. Qeaxly such 
jumtions could be utilized as phonon sensors on mer 
vol~me crpstal detectors (see ref 14 references 
therein). The temperature "p"d"c" of the Nb-jmtion 
detector has been de- an lcomparedwi th the  
predictions of the n o n - e q u l i m  theory as 
illustrated in figure 3. 

I Q I ~ I  I 

TEMPERATURE T [ K l  

Figure 3. Ihe temperature of sigT&l 

junctions on chip A anl B. The 
theoreticd. predictions from the 
n o n e i m  model is also shown. 

W i t h  juncwan A2 no X-rays were seen, only measuranents 
w i t h  the 5 MeV particle from the 24% source could 
be made. A t  4.2 K the a signab from junction E6 were 
M y  above the noise level. The first X-ray sigmls 
appear in jumtion E4 at 2.8 K. The results of the 
measurenents anl the ampaxison w i t h  theory are 
slrrrmarized in the following table: 
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mom figure 2(c) an efficiency of -2ok for X-rays 
absorbed in the subtrate can be detefiained. This, 
couple3 to the measured ratio of Qo in junctions B6 ani 
€34, leads to an energy calibration of 6.6 MeV for the 
a particle signal aWervw3 i n  junction B6. This 
denonstrates that this signal originates from the 5 MeV 
particles absorb33 i n  the sapphFre subtrate. The value 
of Qo = 3.106 electrons for the case of the X-ray data 
yields an intrjnsic minimum ionizhg energy E of -2 
m V ,  rather close to the bard gap value for Niabium. 

5. conclusion 

6 k e V  X-rays have been detected w i t h  therrrally 
recyclable Nb-junctions in the temperature rage 1.4 K 
t o  2.8 K. The temperature depdewe of the 

non-eqLLbrim model of the SPJ detector. The minima3. 
ionizing energy of the Nb-junction detector is of the 
order of the superconlucting gap of Nb. This Suggests a 
Poisson statistics limited resolution of better than 
10 e V  at 6 keV. The best observed FWHM resolution of 
233 e V  is primarily Uni.ted by electronic noise. 
Storable anl therma;lly recydable STJ-detwtors malre it 
MW pcesihle t o  study more systmaticdly this 
potential. detector. These emowrag- p r d h b a q  
results Wmte that on-chip arrays a broad 
bard pass anl god energy resolution should be feasible 
t o  construct. Such an m a y  when placed in the fecal 
plane of an X-ray Imaging telescope would be a powerful 
tool for X-ray astrophysics. 

pulse height ca,n be successfully described by the 
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