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For a long time SHS type variable-thickness bridges (VTB)
have been considered as promising structures for applications of
Josephson effect, The first theoretical estimates’™? have shown
high IGRN product (Ic— is thecritical current, R}l_ is the normal
state resistance) and much less capacitance compared with the
tunnel junctions. There were two main problems in realization of
VTB with suitable characteristics. The first was the requirement
to provide a presize submicrometer gap between superconducting
electrodes. The second was the difficulty with an optimum choice
of S- and N-meterials for a junction because of the lack of the-
oretical calculastions related with this question. These were the
main reasons for great development of tunnel junction technolo-
EYys *

Now it is possible to fabricate VIBs due to the technology
achievements in reproducing nanometer elements. Experimental VIBs
with 0.1}1 weak link lengths have been described in recent
wrka4'5. However,only the capabilities of submicrometer techno-
logy were demonstrated in these works and there was no discussi-
on of electrodes and span materials' choice.

The aim of the report is to ground theoretically the mate-
rials' choice for SNS type VIBs which provide a relatively high
IRy product (= I mV) and to verify & theory by experimental
investigation of Nb-Al-Nb VIB.

SH-N-NS microbridge model
Fig.I shows a scheme of bridge geometry where SN-sandwich

is used as en electrode. This fact leads to nonuniform supercon-
ducting gap suppression in S-layer by proximity effect with
N-layer. By its turn the critical current ZI'.c decreases., Influen-
ce of the proximity effect 6 depends on the parameter.
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Fig.3. The weak link parameters range Tn
(dashed) on { Tw,L) plane whe-
re one can neglect:I - proxi- -~054f
mity effect, 2 - sugerconduc»
tivity suopreasion in electro-
des by current, 3 - cross-sec-
tion superconduciing phase di- G.3

fference sccumulation, 4 - ba- ve
ck influence of proximi:y ef- \;{-{

fect between span and composiz
SH electrode, Solid lines =e-
parate the regions where the
above effects can be neglecied,
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the dashed field is intersec- ot t L
tion of these regions. ~Ey ~Eg
The main parameters of the Josepiso: jucnllions are the che-

racteristic voltage W = IRy s norrel state resislance R and
capacitance wnich ig very small for VTBs. Ve shell find the con-
ditions under which V; is high and R is not very small, iote
that the optimum parameter values de;e;ld on optimization crite-
ria. .

Por the first criterion we have chosen a slightness of ihe
proximity effect because it is the main in suppressing IER.H.E-'or
example, we shall require I R, reduction by a factor ol iuioe
This criterion is suitable because it results in Vo2 InV  that
ig desirable for the most applications. Ags is shovm if is true
under condition (2).

All previous considerations have been carried oul under the
following assumptions: I) there is nc surerconduciivity suopres-
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sneve G - ave the normal state conductivities, &g =~ are the
corerence lengths of ‘S- and N- materials, d; - thiclmess of II-
layer (eﬁ«é“). When Tw«l =& proximity effect is small end

critical current is equal to maximum value Ins. For arbitrary
7Fig.1. A scheme geometry of SN-H-NS VTB.

S| L S I-weak link length, dy- ¥ -layer
thickness. (dy&&y ).
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the critical current Ic have been numerically calculated in
ndirty" limit. Pig.2 shows I (T) functions for long (L&, I~
yesk link length) bridges. In the aversge temperature range

T= T./2 for Ju=1 I/I, is equal to 0.I and 0.0 at T= T_.
Both for short (L£&,) and long bridges eritical current is gre-
ately suppresed in the critical temperature range T=T.. Calcu-
lations have shovm that for the most interesting range of the
bridge parameters I § 3&,, T = T,/2 & critical current is about
two times less as compared to the maximum velue I, under condi-

tion.
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Bridge pargmeters' oo timization

Pig.2. Normalized criiical curren:t I /I
in L»Z, limit vs reduced sem§erd-
ture T/T, for yarious Ju . I, =
gan T/(efy)* ol 1/E, - exp(-B/ &, >
RT+ &+ T8 m TR
eritical current for Tu =0
where &= nT1*+ 261" fa-
equilibrium order garﬂmter in
S-layer (KB= fi=1)




in the case of bridge over guperconducting screen. Here Ag -

is the magnetic field penetration depth for S-metal, W - bridge

width, t, - effective distance from the superconducting screen.
Te have estimated the widely used malerisls. Table I shows

the parasmeter ¥ = (6uE)(6c&,,) for several S end il pairs. Agsu-

ming & = 2/&1. tg = 0.3/!.1 for the best pair Ib-Inds 8 one obtains

a regtriction en T

o~

i ""m"ﬁ""‘ T

£ Xi.;._s.__ Q" - -5_&,! »
1< WhE, o 10 T (4)
which yields
du £ (dydmex =O.3E4 = 20 nm. (3)

Such a bridge should have a normal state resisiance R, = I042.
These estimates show that Zfor fabricating VIB with nigh

I Ry it is necessary to produce thinm ( ~ 20 - 40 nm) normal

conductivity highohmic layers. The fabricatien of such layers

by means of eveporation or ion impurity implantation to semicon-

ductor surface is on tha verge of possibilities of these methods.

Thus, it is desirable to find the new methods for a fabrication

such layers, providing small Ju . The outleok materials are mo-

noerystal n-type layers with a high carrier mobility on the se-

miconductor surface obtained by molecular beam epithaxy. However
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sion in electrodes by current, 2)back influence of proximity ef-
fect between span and composit SH-electrode is slight, 3) junct-
ion is concentrated one. As ia was shown | these three conditi-
sns give rise to additional restrictions on Ju « Fig.3 shows
the range of the junction parameters on ( Ju ,L) plane (dashed)
where one can neglect all above processes decreaaing Icﬁﬁ. It
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Fig.4. Critical temperature T, of SN sandwich with
thin N-layer (d,«&, )  as a function S-leyer
thickness ‘}S fo¥ various Tu s T = critical tem-
perature of“the tulk S-metal, TCN" 0.

remains to choose optimum weak link length L. Because of exponen-
tial V (L) decressing at L >, it is nesessary to take L&, .
However, very small L leads to strong restrictions on Tw and
also to small Ry (Ry oo L), The optimum length is L=&, from the
point of view of these contradictory requirements. Parameter
is to be very small
<z NS
m - wi.a" (3)
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_worse 4 superconductivity of Hb film s end Al film atructure.
Fir.5 shows a microphotograph of Hb=-Al-Nb VIB with d".‘l = 0.05/11.
ds-.: D.E/u. W= I/u. L= 0.25/11. Hevertheless, Nb-Al-Nb bridge
ig not opiimum, it allows examination of our theory.

DC properties

Our junctions hed e normal state resistance R, in the renge
0.1+ I . Typieal I-V curve is shown in Fig.6a. icRN product
is about 50 m¥ at 7 = 5.5 K. Such a low IGRE was ceused by st-
rong proximity effect ( 65 = 0.I6, ). It means that Yu dia
ralatively great in our case, Ve can estimate Ju by fiiting
Vc(T) funetion (Fig.6b) which yields 7, =1 + Believing
L~&, and &g/ e = I mV for X¥b one can obtain the coherence
‘ength for Al Sy =0dp which is in a good agreement with
Ea= (& f.i.n):t/2 = 0.3!1;, where &, = I.S/u ig the theoreti-

* gal ccherence"lengt'n value for a clean bulk aluminium,

Conclusion

The verieble thickness bridges ate the promising structures
for epplications of the Jisephson effect. For production of the
optimum VIB it is necessary to choose 5 and ¥ materials providing
small ¥y . Degenerated nerrow gep semiconductors are the suitable
materials for e bridge span. Hevertheless, our theory doea not
describe the peculisrities of the carrier transport in semicon-
ductoras; Lt correcily reflects the processes which affects the
weak link properties.

The authors thank A.D. Krivospitsky and L.5.Kuz'min for ihe

experimenisl assistance.
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Fig.6. (a) I-V curve of Ub-al-lb ¥I3 with I = .25
R;=0.4.02 at T=5.5 X, (b) V.(1) - function /'
fr the same bridge; solid fine - theorptical
calculation for L g E, end Tm = {rg,

one should have a direct method for measuring ,, withoul one
of the parameters constructed, One of such methods is eritical
iemperature measurement for Sil-sandvdich. '

It is known that eritical temperature '1": of Sii-sandwich de-
osends on S-layer thickness ds because of the preximiiy effect,
For d_ - 0 limit T; ‘decreases to zero and for - oo E‘;
pire tu that of bulk superconducior. Fig.d sE:-.w.r; that E—f(dr.)
functions caleculated 5 for orbitrary ¥, . It is possibl\c: :; eg-
iimate Yy for a certain S5-I peir by comparison the experimental
and theoretical data. Por the purpose &g can be easily- obiained
from memsurements of eritical magnetic field Hey of 8 metel near
Tc'

L8

dxperiment

Ye have fabricated Nb-Al-Nb VTBs. iluminium Tilms with the
thickness 50-60nm were deposited on Si-subsirate with the tempe-
rature 200-230°C, It was used a 1if: off technique for Al s:r;.p
sampling. Wb films were deposited at high vecuum TO - 10" 00
with the thickness 200 nm, o= WK, and ;30()1:110: 6. 7The prefe-
rable sample technique for b is plasma-chenical etching (F03)
because the contrary ion or ion-chemicel etching PC3 doesn’t meke
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