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"As shown 'in"the literatUre [1], the specular polarized

neutron ‘reflection may be used as a dlrect method of measurlng"

the absolute value of the magnetlc f1e1d penetration depth of -a '

supercqnductor (s.p.d.). " However, ‘the’'s.p.d. as- determlned ‘by: -
measuring the ‘direct “current in-Josephson junctions in ‘a weak: -
magnetic field [2] has given a value in niobium“films (91" nm, "’
T=4.6K) 'which ‘is ‘well ‘over than that obtained by polarized
neutron reflection ' [1] (43 nm, T=4.6K). The present experlmentf”
was started to throw llght on causes of this dlfference. S

‘We carr1ed out experlments on- two - niobium films of~ varlous f

" thickness and roughness = prepared with '~ the - same” sputterlng‘v

technique . The experiments have been conducted on the < '

spectrometer of polarized neutrons (SPN)" in ‘a’ reflectometry =

mode ' [3] “at the’ IBR-2 reactor. ' Two - medSurements . have ' been
carried out' sequentially. ~At ‘Toom 'temperature the speculaFr '’
refiection"spectra were measured ‘to ‘obtain neutron—opt1ca1 :
baramefefS“(thickness, roughness) of films. Then we carried out ™’
the measurements once more at T=4.9 K in-the field of 500 Oe.

Before the measurements were performed , the ‘reflectometer was '
‘turned to the gra21ng angle 6= 4 0 mrad ‘with A8/6=0.025. For

data handling we used” the new method of calculatlon of’ fﬁe;
reflectlon factor ‘described in [4] The method consists of

replac1ng ' the ‘continuous one—d1mens1ona1 neutron—optlcal :
-potentlal of the f11m with the d1screte serles of Fermi qua51—
-potentials to ‘model - the reflection of plane ‘waves ' from
1nhomogeneous med1a. Unlike the traditional approachy[i] , we
took roughness 1nto by 1ntroduc1ng in the calculatlon of the



reflectivity increasing amplitudes of Fermi potentials. These
were distributed according to the Gaussian error curvewith
dispersion equal to the roughness parameter (o¢)  square.
Actually the results of the two techniques are in excellent
agreement for pure nuclear potentials. The two methods  to

evaluate roughness become different only when both nuclear andb

magnetic potentials are present [4].

~In; view of ;the geometric ‘arrangement of. : the sputter1ng

iapparatus, the "th1n" film of 28mmx50mm (sputtered on a Slllcon—

plate) ;had: a.‘graded,,thlckness;:wlth an . ‘average value. . of-

255(+/= 15) nm,. 0=0.5 nm. The‘“thick" £ilm — 700 nm in. thickness

~ ‘was obta1ned by - slanted sputter1ng on:;the - ceram1c substrate o

(95/ A1203), -g=8. nm... The . critical; temperature for. both -films
'kwas 8. 95K. Slnce .a . decrease of the critical temperature of
'In10b1um f11ms is expected at a fllm thickness lower ‘than 200 nm

“the samples seemed sat1sfactory .This. was ‘conflrmed. by the

analys1s -of . the, compos1t1on of initial material for niobium
sputter1ng,;‘and_3the7 films themselves, ,using, the neutron

activation .analysis. - The. analys1s doesfnot,reueal noticeable

amounts of impurities 1n the fllms.d}

.To, analyse the exper1mental data. .we used the d1amagnet1cﬂ

PTOfll?a?f afsuperconduct;ngﬁfllm accordlngﬁtouLondon s local

e1ectrodynamics. of,superconductors::An extra ingredient of the,

model was .the assumption of the existence of some "dead" layer
in niobiumvclose to a substrate,_which at T=4.9 K does not pass
to. a, superconduct1ng state.

.The ‘flgure shows  the relatlon of reflectlon factors ofv“
neutrons with opposite polar1zat10n (fllpplng ratio) depend1ngl(
on a normal component of a neutron wave length. vathe modelk
does not cons1der the "dead" layer on the boundary w1th a:
sublayer, the experlmental spectra are descr1bed by theoret1ca1'k
curves (see fig.) at the value of s.p. d equal to 145(+/ 15) nm )

for_a '"thin" vf11m, and SQ\v(+/ 10) nm for a "thlck" one,
respect1ve1y Theﬁ value’ 6}"a s.p. d. kequal to 43 nm [1]
describes our data adequately only for a “th1n“ fllm in ‘a model
with a "dead" 1ayer 100 nm in thickness.
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Figure. Experimental values of the flipping ratio: crosses are’
for the film 255 nm in thickness; squares are for the film 700:
nm ‘in thickness...Lines -correspond.; to theoretical - calculations.:
considering the correctlons for polar1zat10n and resolut1on of‘
the reflectometer. Dashed»llnes are for 'the s. pwd.’of .50 ;nm..

‘Ther analy31s of systemat1c factors leading to a possible
sh1ft of s. p d. has shown that ~the obtalned values at T= 4 9 K

,bof 145 nm and 90 ‘nm are- the low values of = 5., p d. for the thin

films: . '1nvestlgated We be11eve ‘that the' hypothe51s “of a’
"dead" layer 100 nm.in- thlckness, br1nglng the value of 's.p.d.

"to ‘that of 43 nm (T=4.9 ‘K) is not well based for two reasons.

Firstly, the analys1s of the depth composition of a film by
backward scatterlng of accelerated ions of he11um with an
energy from 3.0 Mev to 3.2 Mev has,shown»thatkthere is- neither
oxygen nor other impurities across the uhole width of the thin
film. Secondly, the.films 100 nm in thickness at T=4.9 K are

superconducting.
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‘Conclusionsr

We conclude  that our' measurement. of s.p.d. by neutron
reflectometry method on the niobium polycrystalllne fllms gave
" the s.p.d. that is dlfferent.from the s.p.d. in bulk niobium.

‘:At T=4.9K the 8.p.d. for -the "thin"” film-and that fortthe

fthick" film are 145 nm and 90 nm, respectlvely

The studies of the film contents - by neutron actlvatlon

analysis and, backward scattering of He ions did- not”conflrm
hypothesis. of the existence of '"dead" layer in the "thin";film,

which was introduced to explain the experimental data with'

s.p.d. of bulk n10b1um : : ) . o
_-,quhors ~wish to thank Dr VhNazarov for ‘the . activation
analysis  of samples. Thanks. are due to Dr. A.Kobzev and Dr.

'.’D,ShinoKov,for,backward scattering spectrometery.
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ﬂpuaonmca BEMMYNHDI rnyﬁwH HPOHWKHOBEHMH MarHMTHoro nonﬂ B &

"ceepxnpoeoanK (r.n.), uamepeHHble AnR “'ToHKOW' ,(255 HM)- 1 "'Toncron'

{700 HM)  HnoGueBbIX: NNEHOK.. MNonyyenHbie B HaWMWX 3KCNepUMeEHTax npn

- T=49K sennupney .. pasrel 146(+/~15) oM anA "Topkod” anenkn u
'90(+/—10) HM AnA. "Toncrou nneikru. 3710 cyuxecraeﬂuo ornw«aercn or;

‘NonyyeHHoro anA MaccuBHoro nyloﬁuﬂ {43 um ppy T = 4.6 K, cm. G, P. Felcher" ,
~ et al., Phys.Rev.Lett., 52,1539 (1984)), chnepwmembl BbINONHEHDI Ha cnek:
arpomerpe nonﬂpusosaHHblx HeVlTpoHOB C[‘IH Ha peay(rope MSP2 B ﬂ.yﬁue ]
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The values of the superconductmg penetratlon depth (spd) measured‘

.’ ~on:'"thin' (255 nm) and "thlck"'(700 nm) nuoblum films are presented The
obtamed values ‘of sp d..in-our experlments at T=49K are 145(+/—16) pm.
~for'a "thm" film, and 90(+/-—]0) nm for’ a "thlck" fllm. It is essentially. diffe- -

rent from that ane: for bulk moblum (43 nm at T=4.6 K after G.P. Felcher'

et al, Phys Rey. Lett., ‘52,1539 (1984)) ‘The experiment-has been carrjed :
Jout on the polarlzed neutron spectrometer SPN at the IBR 2 reactor in Dubna N

The mvestngatuon has been performed at the Laboratory of Neutron .
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