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SYNTHESIS OF LOW TEMPERATURE. STABLE Al5 COMPOUNDS
IN THE NIOBIUM SYSTEM

Subhas Hazra g
Inorganic Materials Research Division, Lawrence Berkeley Laberatory and

.Department of Materials Science and Engineering, College of Engineering
Unlver51ty of :California, Berkeley, California

' ABSTRACTV |

'The Al5 phases ef the Nb—Ge,'Nb—Ga.and Nb—SitsyStems ﬁere investi-
gated By low temperature vapor dep051tlon the AlS phase boundary of
NbGe and NbGa was extended towards the st01ch10metr1c composition; the
Tc onset’was.15.2°K and.16.5°K respeetlvely. The_lattlce parameter
showed'a decrease as the 3:1 compositioﬁfwas approached;

ThevAlS_structﬁre was oéserved in the Nbei system for the firat
‘time. NﬁéSi transforms to tetragonai'above.68Q°C. No'higthc haa been

_observed so far but some annealing methods which might lead to higher

Tc-are proposed.
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I, VINTﬁODUCiION
| The fact that‘niobium hes the highest superconducting temperature
amongealiﬂthe elements in their normal etate and its presence among
those compounds with highest Tc,.inspired us to inﬁestigate the B-W
»phases inlthe'different'syetems.of the'element.v In our searoh for high
superconducting binaryralloys we have investigatedvthe Nb—Ge; Nb-Ga
and Nb-Si’eystems.

Miller! et al. had prepared Nb_Ge with a highest T, of 5.5°K,

3

at 18 at.% Ge composition, claimed as the maximum solubility of Ge in

the B-W Nb Ge_phase. Later (in 1965) Matthias2 and his co—workers

3
were able-to'extend'thezAlS phase'to:higher Ge concentrations by splat
cooling'techniques and.thereby obtained TC as high ae 170K, By.vapour
deposition on low.temperature'eubstrates it has been possible>to extend
3Ge phase towards the stoichiometric 3:1 composition and |
thefeb& obtain T onset at 15.20°K. With the hope of extending the

Ga content in the B—W Nb_Ga phase by the same technlque, an 1nvest1gatlon

3

. was made of the Nb-Ga system During the process of our experlments

G. Webb3 et al. claimed to have obtained a stoichiometric»NbsGa with
superconduct1v1ty above 20°K They had obtained:the stoichiometric
materlal by quenchlng from above a solldus followed by a low temperature
anneal. ‘We have also been able to extend the AlS phase towards the

stoichiometric material and have obtained a T onset at 16.5°K.

J’ J. Hopfield's k suggestlon that a B-W phase w1th a small atomlc

'volume (leadlng to a small Nb~Nb dlstance) could glve hlgh superconduc— :

tlng'temperatures, inspired us to investigate the Nb-Si system. Slnce



the atomic radius of Si is much smaller than Nb,. it seemed'feasdnable :

' 'to assume that if a B-W Nb3Si phése éxisted, then it would have & small

atomic volume, leading to a high Tc. The existence of B-W Nb

5

BSi was

: judged not possible according ﬁo M..V.'NeVitt :because of a unfavorably

large R)/Ry. D. K. Deardorff and co-workers® had attempted to form

NbBSi in the B-W crystal structure, but instead discovered tetragonal

Nb3Si. The'tetragonal Nb3

below 1945°C. A claim by Galasso and PyleT of a Nb

Si exists at stoichiometric 3:1 composition

3

structure (with a low superconducting transition temperature of 1.5°K)

Si with f.c.c.

was diécarded by Deardorff et al. because of their 99% pure ﬁaterials.
Thé.possibility of existénce:and stabiiizétibh Q}FA-lsnphaées

by VaporudePOSition at 1ow'temperatufés suggesﬁed by L. D. Hartsough

and R. H. Hammond8 encouraged the search.for B—w-Nbé

- conditions. The results were the first to establish the existence of

Si ﬁnder thesév

vB—W Nb3

0.001A. Attempts to measure the solid-solubility of Si in Nb had

Si stable below 680°C with a lattice parameter & = 5.170 %

béen frﬁitless because of highly disordered émorphous like néturé bfr';
the'films. The T; measured was not up to expéétatiops for ﬁhe same
reason. However.methods of annealing to.obtain better ordering or

Si phase, which might iead_to a_high supérconducfiné

‘th§.8~W Nb3

temperatﬁre,-have been proposed.

g



‘for pumping down. During the pump down the chamber could be outgased

II. EXPERIMENTAL
A. Apparatus

1. Vacuum Chamber

The vacuum chamber was a three foot diameter by a-3.foot long
waterzéooled stainless steel horizontal cylinder. A liquid nitrogen

baffled 12 in. oil diffuéion_pump backed by a mechanical pump was used

S _ o {
by circulating water at 100°C through its cooling coils. The ultimate

pressure achieved by the diffusion pump wes in the ldwer‘range,of 10_7
torr asvread‘by'a Veeco RGLL-6 ion gauge.

~

2. Evéporation Sources

: Matérials to be evaporated were held in separate water cooled

copper crucibles, and electron beam heated by Temescal 180° magnetic

: defleétion electron béam guns operated at 10 kV. - With the localized

surface heating provided by electron bombardment the element served as

_its own crucible and thus the contamination from the copper crucible

Vﬁas minimized. Table I shows the purity of the materials used.

" The flux of each element was monitored by a Allen-Jones Mark I

'chopped-beam ionization type rate monitor and controlled by a féedbaCk,}ﬂ'
- loop to the electron beam source.  With this technique, the ratio of
the eieménts arriving at the subsfrates was kept constant to within a

‘few percent durihgvthe time required to deposit the samples.. To convert ‘

the reading of the rate monitor from ERM (arbitary units) to A/sec,

the mohitor had to:be calibrated for each geometry and element used.
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Table I. Purity and Source of._Material's'

Material | Source Nominal Purity
' Ca United Mineral & 99.99 lumps
Qhemical Corp. .
Ge . higher than _YhN ingot
| S " 99.99 % in. di‘a,' pieces
_ 99.82%  ingot

7



. !
Thus, the approximate composition at a.particular'place‘on the substrate

was ensured..

3. Substrate Holder 1

% in. wide Wwith grooves to hold

'A tan£a1ﬁm block 6'in.blong and 1

6 substrates each'l:ih. x 1 in. ﬁas mounted abové the evaporation guns,
behind a Shutter which could be controlled from outside the chamber.
The bibék was provided with}(a) a’Chrome Alumel thermocouple soldered
jﬁSt behind the base platé supporting the subétrates and (b) & tunésten
heating céil 6 in. long. Thus the substrate depositién temperatufe
could be Qaried and measured.

4. Substrates

'.  Tﬁevsubstra£es Wgre l‘inf X 1 in. X i%bih; pélyérystalling
Alﬁminé_Superstrates supplied by Materialé_RéSearch CorpOrétion, The
: éubétréﬁeé-were cleaned by first piacing.them.ih an'ﬁltrasonidvcleaner
- containing Labtohe>éoab solution for fifteen minuteé thén in.boiling
:ﬁot water for another fifteen minutes. The& Wefé‘then rinsed in
boiling distiiled water, followed by Ethanol andrfinallj.dried in air_
dryer..‘k | | ‘

5. Critical Temperature Measuring'Probe

'_A-schematic of the circuits uséd to meaSufe”thé germénium
.thermometer‘and:éample feéistanees is shown in Fig.‘i.v'Coppef (No} 36_
'wire)'Current and voltage léads were attached to copper Beryliuﬁ strips
which made fbﬁr”point brésSure‘contact with the’SuBstrates.' Two

substrates at a time were held in the grooves made on a copper block
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whichvwas fixed to»thevend of & long metal tube. Two germanium
thermometers were fixed behind theﬁtwo.substrateeposifions. The whole
set up'wes then gradually immersed in g liquid Helium dewaf. The sample
measurihg curfent was O.i milliamperes dc. The current could be
manualiy reversed to eliminate the effecfs of zero drift. The.sample e'
voltage was measured with an Astro data (Model lQlRZ)»nanovoitmeterb
whose outpuf wasedisplayed on the y-axis of aﬁ electro Instruments .
X-y reeordef (Model 520). The thermometer measﬁring current‘ﬁas

10 microamperes d.c.. The thermometer voltage_was displayed on the
x-axis of the recorder. This was calibrated in terms of resistance by -
_di3playingvthe_voltage across the standard resistors in series with.

the thermometer and the constant dc measuring current supply. 

6. Aﬁnéeling.Furnace

The énnealing furnace was & two feet diamefer 3 feet high stainless
sfeel verticel beil-jar festing en a 2vfeet diameter base plate. The
beli—jar‘eould be ﬁechanieally lifted from the base plate. The_samples
were_placed on a tantaiﬁm box 6 in. Xll in._abeve a 6 in. loné tungsteﬁ
heéﬁing coil and then covered 5y anotﬁer fahtaluﬁ’case.WhiChserved as
_ e heat_shield; The tantalum box was placed on a piatfprm tﬁo.feet ebove
tﬂe bese plete suppdrted by three-stainless steel rods. The cylinder
'ﬁas provided-With a double walled ;iquid nitrogen shroud whieﬁ.sefved
as the inner wall of the furnace. Besides the diffusion pump the
furnace was equipjedeith'the Torrgett tifaqiumvhigh-vacuum‘pump from

' Veeco Instruments Incorporation. During annealing the pressure was in



the range of 10f9 Torr as read by a Veeco RG-31A type ionization gauge.
For-optimum performance.of‘the,Tqrrgett pump it was recommended ﬁo have

thebwall temperature below foom temperatufe.

B. Experimental Procedure -

1. Nb Calibration

This was simply done by evaporating niobium from the.coppef

 cru¢ibie.with'the 180° éiectrbn'beam'gun with an arbitarily choéen»
rate ﬁonitor Setting.v The‘évaporétion was éafried ouf for 15 seconds.
Both thg crﬁcible and thé gun.wére placed at one end of the substrate
holder during the evaporation. The substrates which were held at 150°C
duriné evaporation.were then allowed to cool. All the six substrates
were numbered seriall& from one to six and then coated with a thin -
aluﬁinum.film. »The»height of.the step caused in the éhiny aluminum
film by the niobium deposit was fheh measuredjwith a multiple beam
'intefferbmeter (Varian A s60pe>.v.The variation-in,thicknessbwith the
distance frombthe Nb sdurce wa§ determined. it wés then a éimple
matter to convert the thickness:to A/sec. Thus the variation of A/sec
deposit of niobium én the substrates réiative to its diétance from the‘

niobium source for a definite rate monitor setting was determined.

2. Ga, Ge, and Si Calibration

The metal:for Which.the rate monitor had to:be-éaiibraféd was
'takén in:a glassy éarbonvérﬁciblejand evapqrated, The same ﬁrocedure
.‘was folloﬁed as in'the case of niobium, exdeft'with‘a basic diffgrénce.
The crqcible/énd the‘eléctron beam gun were;placéd towards the other

end of :the substrate holder. The signifiqanée bf_this basic change is



explained later on. Once the two rate monitors had‘béen caiibrated
‘the evaporation rates could then be so adjusted that any particular
composition could be deposited on any particular position on the-

éubstrate as desired. The accuracy of this adjustment was surprisingly

high and was in good agreement with the microprobe data.

3. Al5-Phase Deposition ‘
- Niobium and the other alloying element were placed in two different
crucibles with two electron beam guns and placed in the samé positibns

as they were during the time ofvcalibration. Six clean i'in. X 1 in.

alumina substrates were placed in the substrate holder and the substrate -

shuttgr.was closed. The vacuum éhamber was then closed and evacuated.
Hot water at 100°C was circﬁlated through the chamberisvcooliﬁg éoils.
After 10 hrs the chambér pressure reached 1 X 10—6.Torr. The hot |
.water was then turned off and cold water was circulated. After 30 tb
hS minutes when the chamber wails were cold thé'sﬁbstrate.heater ﬁas
turned dnvand heid'at the desired temperafure for 15 minutes. By this
time the pressuré had reached 2.0 X 10'-7 Torr. The high voltage was

‘ then tﬁrned bn and the metals were melted by théir respectivé electfon
beﬁm guns. The filament current of the electroﬁ beam guns were
fufthef.increased till both the rate.monitors‘féached the desiredv
~rates and then the automatic rate control was turned on. The substrété
shutter was 0pened'fdr three minutes and then closed. The rate monitor

automatié-cqntrol was immediately turned off and the electron gun .

filament current was decreased. The substrate heating power was

immediétely turned off to minimize possible contamination of the deposits.

.y ,

PR
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The high voltage was then turned off and hot water was circulated

through the cooling coils of the chamber. Aftef_the chamber had warmed

 to thé'foom temperature-the substrates were taken out and the critical

temperétures were measured at different éompositions.

‘,The use éf'an extended substrate apd the éeometric displacemént
of the two metal sources towards_the fwb ends of‘the eitended subsfrate.
made it-poésibie to make, in g éingle experiment, a considerable
pbrtioﬁ‘of'the ﬁinarjwphaée diagram.

L. Tc Measurements

The compésition of the alloy chanées along the length of the

‘substrates. In order to measure Tc on an approximately constant

composition, the substrates were cut with a diamond scriber into narrow

strips of %—in. width. The_difference‘of'compositioh across the width

of fhé strip was abproximately 1 at.% as obtained from the microprobe

data. vThé‘éamples were loaded on the copper block of the'Tc probe

ahd'gradﬁally immefsed in the liqﬁid helium dewar. The‘start of the
subércondﬁctivity or the onset temperature was accompanied by a voltage
drop across the sample. This voltage drop was displayed on the y-axis

of the x-y recorder. When the sahple was COmpletely supérconducting

the voltage dropped to zero. Though the'normal'convention is to use

the températuré at the mid-point of the signal as the superconducting

temperature, the results given herein are in terms of the onset

'tempefature:and the completely suﬁercbnducting temperature, so that

the transition width can also be seen simultaneously. As a preliminary

check. of the equipment, a Nb film was deposited on an alumina.substrate 



=10~

held at:hOO°C,tundervo preeeure of h;O.X'leT Torr withFOQMvX 10;7
ERM (arbitary unit)vrate_of evaporation for a_period'of 2vminutes. The.
Tc of'the'film was then,medsured to be'§.6°K.‘ The.Tc of bulk Nb is

v9.2°K; hut some investigators.have reported 9.L°K for disordered Nb.
The'Ge thermometer calibration was"then checked in liquid hydrogen end
liquid;He._ The temperatures‘measured.were.in good agreement with the
calibhated values. o

5. X-ray MeaSurements

X-ray diffraction patternsvof‘films three microns in thickness
were teken on a Picker x—ray‘diffractometer. Nickel—filteredFCu—K
fvradiation combined with a scintillation_counter andkpulse.height dis—_

crimination was used for lattice paraneter measurements. The substrate
linesd uhich'wereobtained together with the characteristicvlines of
the fllmvdep051t were accounted for by comparlson with an x-ray dif-
.fractlon pattern on the superstrate alone u51ng the same Ni flltered
Cu K radiationvand Time'Constant =l< A slit width of 1° was used for
low angle lines which Wae renlaced by a'2°:élit for higher 20 vaiues,
in ofder'to.get high intensities at these angles

The AlS5 phase boundary at the Nb deficient s1de was determlned
_by observ1ng‘the strongest line of the NbSGa3 and NbSGe3 solid solution
phases in their respective alloy'systems. The lattice parameter of
‘theOAlS nhase‘was neasured on the composition where the above mentioned
‘linee were just begining to appear. The lattice naremeter was computed

™

from 10 values of 20 using A(CuK-a) = 1.54178& and a least square

'Sl
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extrapqlafion was madé dn a vs :l/sin 28. 'Siﬁce the high angle lines
were very'broad andvoccufred adjacént to thevsﬁbstfate_lines, futile
vaftempté ﬁefe madg to resolve the kul andvkue.peaks by the error
fﬁhctign, Furﬁhefmore aé determined‘by a plot of a' vs Taylo; Sinclair
function for high anélés éhowed_goqd agreement with thoée obtained by

the above mentioned method in some cases.

6. Microprobe Analysis

_‘Miéroprobe analysis was performed on the films in aﬁ efforf to
_defermine'the compositions 6f the phasés present,va Materials Analysis

- .Company three-counter microprdbe was used. The.films were thicker

than the infinite thiékness required for these elements, so a correction
,fof fiim’thicknessAwas not dégmed:necéssary. Thev(Io) of Nb, Ge, Ga

and Si were depermihed by measuring the intensities of Nb(La) Ge(Ka)»
Ga.(KOL') 'S‘i‘(KOL-)‘ from pure Nb, Ge, GaSb with 50 at.% Ga, and puré si
~respect£;ely. Fo} qﬁantitative analysis, ratios of net x-ray intensities
from_the.sampies to those obtained from_pure éleménts (I/IO) were

| caléuiated. For Ga; the'SO éﬁ.% Gavin‘the GaSb alloy was'chvertedgto
wt.% Ga and then (i/Io) was determihed. Absorption corrections were
éalculatéd by the method of Philbertg asvmodified by, Duncumb and
Shields.'© Atomic number cérrect;ons Wére made dnlyifor the NbSi alloys .
‘as suggééted by'Bishop.ll. Héinrich'sl2'absofption coefficients weré:

used for all the elements.

T. Annealing °

. The operation of the annealing furnace was similar to the
operation of the evaporation chamber. The main difference was that

liquid nitrogen was circulated in the shroud for cooling, and heating
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-filaments made of tungsten were used for baking the furnace. After the

»

sampleé were placed in the tantalum'bOX'thp furngce was-bakéd aﬁd
pumped for 12 hré; with air blowing through the: shroud. After 12 hrs: | N
when ﬁhe pre$sufe was 1x 10_7 Torr, the shroud wés filled with liquid.
nitrogen_and the torrgetfﬂpump was started. Wheﬁ the pressure reached
llx'10_8 Torr ﬁhe sémple heater was turned Qn»(Thermacvcdntroller.
7 Model M@R). After the desired time Of.énnealing the sample heater
was turﬁéd off. Whén the temperature reached ldb°C thé Torréeft pﬁmp.v
was shut off. The liquia nitrogen circulaetion was stopped and air Waé
blown thrqugh the shroud. The bake out waé then.turned on tofbring
the walls of the furnace to the room temperature. Just befofé-opening
fhe furnace the bake out was stopped and heliuﬁ gas was admitted from
the bottom of the fﬁrnace. |

With every set of samples a niobium»film was annealed.v A change
in TC of fhe ahnéaléd niobium is an’indication of.oxidation during‘the_
‘annealing. A T, value of 8.6°K for the Nb anné;led film was usually', .
measured. This could be attributed to the oxidation of Nb, evén ét

9 . .

10"7 Torr pressure. However it is believed that Nb is much more

susceptible to oxidation than fhe Al5 compounds.

.C. Results and Discussion

1. Nb~Ge System
a) The niobium and gefmanium were deposited on six alumina

7

substrates under a pressure of 2 X 10 ' Torr. Deposition rates were

1 micion per minute. Three such evaporation runs were made with

substrate temperatures at 600°C, 420°C and 300°C. The evaporation
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was carried out for a period of approximately three mimites during
each run, thus depositing films of about three microns in thickness.

Teble II shows the conditions of deposition of the three samples.

X-ray diffraction data enabled us to’determine'the following phases

in deefeasing order of their Nb content: A2 (b.c.c.) solid solution

the A15 phase and the Mn_S type hexagonal Nb . These different

5 °5¢3

regions were visually apparent'because of their differencee in color.

The A2 phase was yellowish, the Al5 was light gray and the NbS

.was dark gray. The mixed phases between the solid solution regions had

a miiturebof the colors of the solid solutione at'its two extremeties.
X-ray diffraction‘pattern were’taken on different positions of the
substfates‘and the‘Als phase boundary on the'Ge rich side was determined
for ali‘the'three seps of runs. The 26 values ef the Al5 lines measured‘
en'fhe phase boundary wefe observed to shift to higher anglesvwithv
decreasihg.substrate temperatureSl.'SinCe the Ge atoms‘are saaller than

the niobium atoms (1.44LA and l.h56A) respectively, an increase in.

- Ge at. 7 results in a decrease of the lattlce parameter which 1s d1s-

played by a- 26 shift to hlgher angles. "These observatlons were

consistent with the microprobe data which showed an increase in the

Ge at.% at the Al5 phase boundaries with decreasing deposition

. temperatures. Figure 2(a) shows the Ge at.% of the Ge rich side A5

phase boundary vs. deposition temperatures. Figure 2(b) shows the
lattice;parameter measured on the Al5 phase boundary vs at.% gefmanium,
The ordering of the AIS phase deteriorated with decreasing deposition

temperatures. The Al5 phase of the 300°C deposition temperature film
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Table II. Evapofation'Conditibns for Nb-Ge Sysﬁem.A )

Deposition Chamber Pressure Rate of Evaporation

Temperature [Torr] . ERM (arbitary unit)

- Nb Ge
300°C 3.2x 1077 0.k x 10'7 0.175 x 10~
beo°c . k.3 x 1070 0.4 x 1077 - 0.125 x 10
600°C . 2.0% 1077 0.4 x-1077 0.15 x 10°

T

T

7

Durafion
of run
[min]

w’w
o

w
el [l

Rt



‘was.so'disordered that'the lattice parameter could not be measured
although_the existence of the phase‘at this composition'could be

detefminéd by the disappearance of the strongest Nb Gesvline; The

>
amount'of ordering of the Al5 phase at the phaéé boundary with deposition
-teﬁperaturoo at 300°C and 420°C can be soen in Figs. 3 ahd L respectively..
T, Was.measured af different compositions from 16-35 at.%
germ&ﬁium, for all the.three sets of runs. A peak'in ﬁhe Tc onset -
valué‘was determined on the AlS-phase‘boundary compositions which-
'&aried with fhe deposition ﬁémperature. The Tc'onéeﬁ peak values for
different runé are plOfted vs composition in Fig. 2(c). Films with
different compositions were then takéo'from all the three ruhs and
anﬁealed at T00°C for 24 hrs. Téva.composition #as then piotted for
fﬁe thrée’sets of runs. Toe Tc onset peaks weré observed to be higher
than thoée on as débosited films, buf the coﬁpositioné at the Tc onset
- peaks.wére same as in the 'as doposited' films. 'Tc onset peak values
- for the three runs after 24 hrs anneal at T00°C are @lotted against 
Ge at.% compositions in Fig. 2(d). The data plotted in the figureslore
compiied in Table TII. Figure 2(e) shows thé at.%.Ge vs lattice
vparamétor. The line AB shows the values obtained bvaﬁllerl.et al.
C’D'-énd A'B' are draﬁn parallel to AB.; The data points near the line - !_
A'B' and,C'D’lWere taken from the 600°C and h2060 déposition tempera- :
ture runé respeotiVely. ‘ | - |
_b) Discussion. .Mﬁllerl et al.vhad'investigatéd thé Nb—de system
| sCeq

'solidoSolution phases, as we had in our filmsi The'measurai26 values

and had observed the same ‘colors of the A2(b.c.c.) Al5 and Nb



and the line intensities of fhe AlS'phase agreed well witﬁ fhose’obeerved
by M. V. Nevitt. > Although Miller suggests the AL5 phase at 1600°C to
lie between 18-13 at.% Ge with VTC between L.h"K and: '5..5°K resi)ecti_vely,'
Matthiasvet al.2 had by rapid quenching made a closer approach to.the |
stoiehiometric'3{l composition apd thefeby.inereased the Tc ohsetet0}7°K,
as indicated'by.siight change iﬁ resisfivity‘_ Exteneion'of solubiiity
in metastable pheses“by vapor quenching was also observed by P.'Duwez

et al.l)4 This method was first used by Buckel15 and Hilsh16 and

17

otherss, to obfain nany interesting metéstable,étructures in thin.films.
Matthiasvef‘al. had"sampleé prepared by conventional arc melﬁing and |
annealing techniques with,nominal compositions including 25 to 29 at.%
germaﬁium. All had rether sharp traneitione at_ebout ébK. Wﬁen these
alloys were rapialy quenched (cooling'rates in excess of 2 X lO6 deg/sec)
by argon'splattering‘against a massi%e’eopper shield on the far side
'of:the‘ere furnace,-the:sfart of the high ﬁemperature tfansition was
pronounced and ihcreased With increasing~quenching spee@svto 17°K; The
maximuﬁ_transition temperatures were reached near the cempositions
from.25 to 29 etf% Ge. 'Higher end lower germanium COncentretions had
lowered the transition temperature.' We have observed a peak . in the

Té enée§ only.at‘one particular eompositidn i.e;, at the AlSvphase
boundary'in all'the three sets of runs afvtheir feSPective depoeition
temperatures;  See Taﬁie'III, Col.-2 and L. Matfhiae et él.; eugéeSted'
that,.althoﬁgh this quenching method'iﬁcreasesvthe solubility of Qne ‘..
elemeptein ahother, there is also a peseibility'ef pfoducing diserder.-

This'explains the high disorder'ef the 300°C deposition temperature



Tab;e IIT. Tc.before and after anneal, lattice parameter and Ge concentrations measured at the Ge

rich side Al5 phase boundary.

. \ _ .
'As deposited" Anneal

Dép@éition - - [At.% Ge]  Lattice Parameter ; .
Temperature at-Al5 phase at Al5 phase . Transition Temperature . 700°C 24 hrs.
boundary [A] y Transition Temperature
| ) R Start End . Start  End
600 2k 5.191 * 0.001 7.3 - 5.1 7.3 - 5.1
420 2k.5 ~ 5.170 * 0.001 © 13157 - 9.20 14,9 -11.25
300 25 b5 - b2 15.2 - 13.25

- )T
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sample (Fig. 3), and consequently the low Tc onset. In-the chef 2

e

samples'where the'5rdefing is‘the same, the'A;S phase bdundary compdsi;
tion is the criteria for T, and as caﬂ be seen from Fig. 2(c), it |
increases With low dépositioﬁ temﬁératures.and high Gejconcentrationé
at the’phasé'"boundary. Matthias et al. p.rbed:chted'that & heat treatment -
at elevated temperatufes>would not:be‘expected.to improve the ordering
since,the me%asﬁablé stidchiometric alloy'would.decompose to-a com@osi-
tion haviné,a lowefvsupercondﬁéting transitioﬁ temperatufe. .
‘This‘howéver depends upon the amount of disordering énd the
temperaturé‘of anneal. The 300°C @e?osition témperature sample had
iﬁproveafordering after the anneal. This was seen from x-ray diffraction
lines. Since it had well ordered Al5 and closer approach to 25 at.%
Ge, a higher TC compared t?dias deposited' was obserVed.‘ The L420°C
séméle also éhoWed some drdering iﬁ the x-ray analyses whereas the
600°Clsam§le was so well ordered in the as;deposited state fhatva.
fufthér improvement of ordering was not peréeptible after the annealing.
The unchaﬁged Tc onset before aﬁd‘after anneal can be‘undefstOQd from
the Mattﬁias prediction; Since all the samples had the same degree
of ordering of fhe AlS5 phase after'the annealing the Ge cdncentration
vas thé main criteria for a high T, (this can be ééen from Fié; 2(d)). R o
The Té incrgasés with dlqser approach to 3:1 composition. |
IA x-ray diffraction pattern taken on the 3QO°C deposited sample
:after éh hrs'anngal_af T700°C iszshown on Fig..S. The lattice parameter .
measured was 5.163A * 0.001A. Slight indicatioﬁ of Nb_Ge_, was also

5oe3 Vas

observed, so a higher temperature anneal was not done on these—samplés.
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The highest Tc onset obtained at 15.2°K compared to Matthias's 17°K
was attributed to the problem encountered with the Nb evaporation rate,

discussed in the General Discussion Section.

2.. Nb Ga System

| e)_ The nloblum and the gallium were evaporated from two dlfferent
crucibles and the films were deposited on alumina superstrates. The
rate of‘evaporation was 1 micfon per ninute. Four such runs were made
with different deposition temperatures. Table iV shows the conditions
of deposition of the films. The film thicknesses.were approximately
L microns. The x-ray analysis showed the line systems of q—Nb,vB;W

Ga and the tetragonal phase Nb 18 on the films with

phase Nb 5

3

vlncreas1ng Ga content respectlvely. The AlS phase boundary on the Ge

rich s1de was determined by the 'disappearing phase' method, which was

done by noting the disappearance of the strongest NbsGa3 line.

Microprobe analysisnweS'performed to determine the comp031tion of the

'alloy at the Al5 phase boundaries at different deposition temper%turee.

_ , v 3 !
An extension of the Al5 phase boundary towards higher Ga contentiwith

decreaeing deposition temperatures was observed. This observation was
consistent with the lattice parameter measurements, which graduafly;

deereaées with increasing Ga content. Figure 6(a) shows the deposition

'temperature vs. the at.% Ga and lattice parameters measured at the

Al5 phase boundary (Ga rich side). The film deposited at TO00°C just -

after evaporation was held at T00°C for 18xhrs. in the. evaporation
chamber. The as-deposited data shown in Fig. 6(a) for thié run is,

strictly speaking, after the 18 hrs. anneal at T00°C
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Table IV. Evaporation Condifions fTor Nb-Ga System.
Deposition Chamber Preséure ‘ Rate of Evaporation Duration Comments -
Temperature {Torr] A ERM (arbitary unit) of run S
v . ‘ ' [min]
~Nb ’ Ga '
- 167°C 3.0 % 107 0.42 x 107 0.175 x 107" L -
459°C 2.5 x 107/ 0.33 x 1077 0.175 x 107" 5 -
o - - =T =T (Annealed at
T00°C 3.0 x 10 0.35 % lO‘ 0.175 x'10 5 ‘ , 7QO°C—18 hrs ) |
106k°C 3.0 x 1077 0.b x 1077 0.17 x 107" Nz - "
- ’ : : : o
‘ 1
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Criticai temperatufes_were ﬁeasured‘on all the runs at different
gompésitions. The higheét Tc onset peak was deférﬁined at the Ga rich
side of»the'AlS phase boundary‘fof the respective deposition tempera-
tures. .The l67°C‘depoéition temperature_rﬁn shbwed a T  onset at 8.8°K
over a broad range of composition between 26—?5 [at.%] Ga. Figure 6(v)
showé ﬁhe ’I'c onséf ?eak values vs;.lattice pgramefers.' The films were.
thgn annéaled‘af 220°C for 2 hours. The Tc-dnsét'peaks were found at
the AlS:phase‘boﬁndary”compositighs for all the runs. The 167°C
-deposition run‘had an imprOVed Tc onsef from 8.8°K on 'és‘dépoéitedf
to 15.2°K after.énnealing. The T of the L59°¢ ruh.rose from 10.90°K
to 12;12°K. The other 2 samples did not show any improvement after
this.ahneal.

Samplesvﬁere theh.taken from'fhevl67°0;run at different composi-
tionsﬂahd annéaled fbr 2L hrs‘at 6éO°C. The highest Tc onset méasured
aftef_fhis anneal was'16.5°K at the 25 [at.%] Ca composition, compared
to 8.8°K measured on the"as deposited'.film.» Compositiohs withvhigher
”Ga conteﬁf showed lower but fairly g.ood.TC onsét temperatures. Té
measured on the 30 at.% Ga had a Té onset at 13.7°K compared to koK |
megsured on the 'as'dépbsited' film. Xerayrdiffraction patterns taken
at this composition before (Fig. 7) and after anneal (Fig5 8) shéwed:
‘improveénordefing éf Al5-toéetheriwith the'N‘bSGa3 lineg. As'deposited'
’samplesvﬁere'takén from runs 106h°C; 700°C and- 167°C -and anneaied at
700?C for‘2h,hrs. Thé h50°C‘run's§mples were exhausted aﬁd therefore
gould not be takén for ﬁhis annéaling. Tﬁe:ﬁighesﬁ.Tc onsét measured

in every set of runs was at the composition with lowest lattice



Table' V. T, before and after anneal, and lattice parameter measured at the Ga rich side Al5
' ’ .

El
\

phase boundary.

. Deposition . . Lattice Parameter
- Temperature at AlS5 ph Boundary
' . on the Ga Rich side

" . As Deposited

Transition Temperature .

After 24 hrs Anneal
o at 700°C .
Transition Temperatures

'As Deposited! - Start  End Start  End
1064°C  5.182 % 0.003 15.20 - 13.17 15.20 - 13.70
700°C . 5.188 + 0.001 11.50 - 9.h1 12,10 - 11.20
159°C 5.181 * 0.001 10.90 - 8.80
T~ 167°C . 5.175 % 0.001 8.8 - 7.0 ~16.50. - 12.80

‘=¢c-



béfameters intthe és dedeited Stafe. The 167°C run had the highest
' Tc onset at.l6.5°Ks There wa§ no improvement in Tc compared to that
after 620°C anneal. X-fay analyéis perfofmed ih'these.films shoﬁed
improvéd ordering for the 167°C and T00°C run compared to ﬁhe as
deposifgd-samples, The 106H°C-run was fairly‘well'ordered'as'deposited,
S0 a’mgrked change after this T00°C ahne;ling could not be obsefved,
'The lattice parameter of the annealed 16790 run at the 2S at,% Ga .
' composition was 5.172 * 0.0024 éomparednto 5.175 + 0.0014 on-the as 
.deposifed film. |
b) Discussion. :G; W. Webb> et al. had investigafed the NbsGa
system in the R. C..A. Laboratories and had been éucceésful’in obtéining

T, above 20°K in stoichiometric Nb_Ga. ‘They had a sample with nominal

3
. 32vaf.% Ga andiquenchéd it ihfo liQuid Ga frbm above its liguidus
vtempefature. The particle size of the quenched matériai was below the
resblution-of thebopticalvmiCroscope, Annealing at 70b°C for 24 hours
‘causéd Tc £ovrise to 20.3?K and the lattiée constant of the B-W phasé

- %o décrease and to sharpeg. The mean value of the B-W lattice conétant
was 5{165A‘ To determine the compositibn Of‘the B-W phase, they
preparéd two samples of different gompositions>by.apnealing near their
'solidus points. After meking a matériais‘balanée,,ﬁﬁe.compdsitions
and ﬁhe lattice paraméﬁefs'wére‘determined to be 19.3*#-6.5 at.% @a;”f
a =»5;178A and 23;9 i’O.é-at.%vGé, 8, = 5.17QA. :Assuﬁing a linear
dependence of-ao on‘cqmﬁésitién, for‘ao = 5.165A they had determined

- the extrapolation composition to be at 25.3 £ 1.0 at.% Ga. TFrom.

(Fig. 6(a)) a_ at 20 * 1 at.% Ga and 25 * 1 at.3 Ga are 5.188% and
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‘S:lTBA:respectivelyl The diffefence in the_abselute Values can be
partly:attribﬁted.to the.function used ln the coﬁputer te detefmine

the &, yalues. The R. C. A. paper does net give any details of their
method 6fvlattice'parameter measufements. Oﬁr computer pfogram for

the ao’meESuremenf was mede oﬁ'the:basis of a Vs l/sin 20. For a
further check we have plotted a.vs the Taylor Sinclair function for
higher.angle'lipes; In some cases the ektrapdlated aé was in goed
agreemeht with fhe computer calculations. vBuﬁ in other‘ceses-it showed
random deviations. Possibilit& of othei efrors involved are discussed
in the_General Diseussion Section.

Nevertheless a highest T onset of 16.5°K wes measured at the -
lowest lattice parameter, and with the increase in 1attice parameter'

_ the T, onset started decre331ng Fig.. 6(c)

| On the as depos1ted films (Flg. 6(b)) the substrate temperature
controlled the Tc onseti The T onset increased w1th 1ncrea51ng
substrate temperatures§ At lower substrate temperatures the vapor
: atomsfcondensed sponfaﬁeouely at or near.fhe éoint'ofbimpingement on
the substfate. At higher substfate temperafufes the atoms could arrange
themselves.to better ordered crystallites.

Though itrwas possible to extend the AlS5 phase towarde
stoichiometric 3:l_compo$ition on the low subetrate tempereture
depoeitions, disordering aleo increased simultaneeusly. After thezéh Hfs :
anneal at 70060, When fhe.low temperature films hed the seme orderiﬁg
as the high temperature filﬁs, the Tc.onset was controlled b&:the Ga

content of the Al5 phase.
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The fllms w1th T700°C deposltlon temperature were made by evaporatlng Nb

-and Ga'for 5 mlnutes on alumina substrates. The hlgh voltage of the

electron beam guns were then'turned off, but the substrate temperature
was held at 700°C for 18 hrs.. The sudden drop of Gavsolubility in the

Al15 phase after this anneal is unexplained (See Fig. 6(a)). The

. 167°Cbrun, which was annealed at T00°C for 2k hrs (though not

immediately after the deposition of the film) showed no change in

“lattice parameter, before and after the anneal However the increase

in T onset with the decrease in lattlce parameter was overall observed

3. Nb Si System

The nloblum and silicon were depos1ted at various substrate

temperatures. The low temperature deposits had highly disordered

struotures which gradually changes over to Al5 structures with increasing

deposition temperatures. The disordered structures had a single. very
broad;peak in the x-ray diffraction pattern, with no indication of any

ordered structure. Though it is hard to draw a line between amorphous

and highly disordered phases, for the sake of convenience this highly -
disordered phase will henceforth be denoted as;the amorphous phase

" in our further discussions. Table VI shows the conditions'of deposition

of our samples. A Debye-Scherrer powder pattern, using material scraped

off from the 21 (at.%) Si composition of the glass substrate depos1tlon,

'_was taken All the 11nes expected of the A15 phases ‘were observed
'Nlckel-flltered A(Cu—Ka) 1. 5hl78A radlatlon was used for lattice

v parameter measurements. The lattice parameters were-plotted vs.

1/sin 20 and the aO = S.lTO'i 0.00lA was determined_by*the computed



Table VI. Evaporation conditions for Nb-Si'system.

Chamber Pressure

Rate of,Evapofation' ‘Duration

Subétrate Material .

Deposition
Temperature [Torr] [ERM] of Run.
Nb. . Si : [mins]
or T -8 . -8 .
100°C 3.0 x 10 2.0 X L0 - 0.35 x 10 T - Alumina Superstrate
1Lko°c 3.0 x 1077 2.0 X 10'8 0.29 X 10'8 8 kAluminaFSuperstrate
220°C | 2.0 x 107" 2.0 x 1070 0.24 x 1070 10 "
L50° =T ' -8 . ’ -8 "
50°C 2.0 x 10 2.0 x 10 0.175 X 10 16
530°C 3.0 x 1077 2.0 x 1070 0.22 x 1070 10 Glass
1000°C 2.0 x 1077 2.0 % 10'8 . 0.22 x 10'8 16 Alumine Superstrate

" -9g-
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Table VII.

Observed and Calculéted Intensitiésfof B~-W Nb

3Si phase

_ meésuféd at‘2l‘(at.%) si compoéition.' |

kL 29 Tobs Teale

110 24,38 ;26 ' 137.69 >

200 3&.71' Ahs 37.76'

210 38.86 290 286.67
o1 42.76 100 100.00

220" 50.02 n ©10.69

310  56.02 16 16.43

202 62.17 b - 65.28

320 64.99 T 97.30

321 67.67 7 75.37 |

400 73.20 50 52.03
| 420 83.76 -33_"_* |  25.78

u21 86.18 o 11?.76

332 88562 3 - 28 eh.o3

520 107.66 50 55.31

521 109.61 By 47.00

kLo 115. 0k 78 '80.86‘

600 127.00 11 T.48 |
610 130.31 :.15 7.8 "
- 611 1 133.50 o0 3k,

59
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1egst:squarés éxtfapblation.'AThé highést'ée value used was 133.50°.
Both thé §05itiohs and the-lihe:inténsitiés of the observed peaks wére
'faken from a microphotometer trace of the powdef paftern. .Table VII |
shows_tﬂé'line poéitions and intensities measurea.from'the film. The
observed éhd;the>calculated intensities ére_in fairly good agfeement.
Figure § éhows‘the amount of‘random orieﬁtation‘of the saméié used for
intensity measurementsf |

The felative‘integratéd infenéity was caléﬁlatéd by‘a compute;
program. Sin 8/A was calculated for all the>obsef§e§ lines and thén
the atomic scattering factor wﬁs calculated.v Given the B-W'sffﬁéturev
the strﬁcture factor vas deterﬁined for each (h,k,k); :Theﬁ from
vLorenté Polarization factgr and multiplicify factbr of each (h;k,Z),
the rélative integrated intensitiés were calculated. Although (210)
has the maximum reiative integrated intensity; singe‘Nb A2(bee) hés
o high r_efiect_ion at this 20 value, the (211) was calibrated as 100.

'The.IObS was calculated by measufing the area uhder the peaks'
above the backgréund, in the miéroﬁhotometer tréce of the Debye
Scherr.er_ film and compared with the area under thé (211) pe@k.'

- Thé structure of the film deposits determined b& X-ray diffraéf

tion were seen to change pattern with deposition temperatures as

follows:
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Dep.-Temp} - _ Structure ' .Compésitions [at.%] Si
"AlOQQC T ~ Amorphous o 25
1ko°c. N | Amorphous 25
_22090.' : - Amorphous . 25 .
_’usdoc | . A15.<broad lines) . 25
530°C. ' | A15 (narrower lihes)._ 25
lObO?C Tetragonal 25 -

The Figs. 10(a)-(e) show thevchangevin structures with change in composi-
tion bf the sample depositedlat 100°C. AlS5 lines Qbserved in tﬁe 2 phase
region with 11 at.% Si gradually‘becamé disordered and finally turned
amorphdﬁs at COmpositions highep than 17 at;%vSi. With higher

deﬁositipn temperatﬁrés't@e start of the ambfphous phase‘shifted
towardsthigher 51 poﬁtents. Figure 11 shows the sample depoéitgd at
53Q°C“had the A15 structures Atvés at.% 5i.

‘The highést T, so far measured with thé.gsgdeposited films was
9.3°K for the run with 530°C deposition temperature and the 21 at.% Si
speciméﬁ. Both the A2(B.c.c.).and AlSjphases were present in this :v
speciﬁen. With increaéing‘Si, the Al5 became ﬁrogressivély disordefgd;
the Té onset bégan to drop and final}y, withnthé appea;ance of thé'

. amorphous phase, theTc 0pset was not detectgblg at 5.5°K (the lowest
tést temperature). Thé T, onset at 25 at.% Si ih.the.53ooc dgposition‘
temperature run ﬁas'9;l9K whereas the same composition on the 1L40°C
aepositibn tempgratﬁrevfilm had no Té.even at:5.5°K. The higheSt Si

content on the 140° run with a measureable T, onset above 5.5°K was at
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20 [at.%] si. Figureilé shows the strﬁcture at-this compositiont It
was the max1mum dlsorderlng perm1SS1ble in AlS to give a T “above

5. 5°K The s&mples with various deposition temperatures and composi-, )
tions were then annealed for 24 hrs. at 570°C. No change in structure '
was.ObSerVed. A second anneal for 24 hrs. at 680°C however showed some
important Changes in structure. ‘New lines‘of tetragohal Nb3516 were
observed in all the samples. Samples with compositions less than

25 at.% Si'showed additional lines of A2 (b.b.c.) phase and ssmpies

hlgher than 25 at.% Si showed the line systems ‘of Nb_S 9 phase.

5

Samples with amorphous structure at 25vat.% 51 had transformed into

' A15 + tetragonal after anneal. Whereas samples with Al5 structure at
the same composition had sharper Al5 lines + tetragonal linestafter'

\

annealing. It is proposed that the two reactions were as follows:

. 680°c ,
i) Amorphous —— Al5 (dlsordered) + Tetragonal
24 hrs
- _ 680°C
ii) A15 (disordered) —— Al5 (partly ordered) + Tetragonal
' 2k hrs

The tetrsgonal phase in the reaction (d) was ﬁore_than-in (ii). Samples
: deposited at 140°C which had the amorphous phase starting at a composi-
tion a little higher than 20 at.% Si, had shifted the amorphous growth
to 30 atf% Si after the apneal and the 'I‘c changed'from uhmeasurableA
(i.e.'be}ow'5;5°K) to 8.3°K at this composition. The,Tc‘of;samplesdwith }

initial A15 did not show any improvement in Tc.



' ’Samples deposited at dif§erent témperatures‘with 25 at.% Si were
then_anpealéd at 620°C for 24 hrs. Samples with deposition teﬁperatﬁres
as low és 200°C, ﬁhich were amorphous at this éomposition, showed Al5
growth; whereas samples?wifh highér_deéésiéioh femperatures.had slightly
sharper Al5 lines. Thié observation provided motivation for annealing
for a lénger ﬁeriod,of iime to.grOW more'AlS from. the amorphous phase.

. Three samples were‘téken at 25 at.% Si.vith depoéition temperatures
at 450°C, 2oo°¢ and 140°C, andvannealedAfor 170 hrs at 6L0°C. T£en'
the ﬁSOQC.depqsition temperature sample had Well'ordered‘AlS_(compéred.
~ to 2k hrs anneal at 62Q60), but the other two saﬁples héd decomposed to

A15 + Tetragonal. These data are compiled as follows:

Table VIII. vStructﬁres before and after anneal (640°C - 170 Hrs) as a

function of deposition temperature.

At.% Si Deposition . 3 Structure - ’
: ‘Temperature Before Anneal . " After Anneal
25 450 A5 o - A15 lines were
' - narrower '
25 220 : Amorphous = ~ AlS + Tetragdnal +
. ' ' - Amorphous
25 1ko Amorphous | ' Al5 + Tetragonal + -

Amorphous




The data indicated that this anneal resulted in the growth of the , ‘
tetragonal phase from the amorphous phase, whereas the A15 to tetragonal
transformation was slower. A 24 hrs anneal at T20°C showed growth of

. ! N / )

tetragonal»from the-Al5 phase. The observations made in this anneal

were as follows:

Annealed for 24 hrs. at 720°C

At.% si Deposition g . Structure °
: Temperature As Deposited ‘ After Anneal
1) 25 - 220°C Amorphous ~ Al5 + Large amount

of Tetragonal

2) 25 - - | - h50°C . ' AlS. Large amount of
' Al5 + Tetragonal

Flgures 13 and lh show the samples 1 and 2 after the anneal The
‘amorphous phase had much more tetragonal than the AlS after the anneal.
The T measured on these samples showed no T onset even at 5.5°K. .The
growth of tetragonal had deteriorated the T values. The decomposition
of amorphous to Al5 + Tetragonal after 170 mrs anneal at 64o°C whereas o
the AlS remained AlS, canmot be explained by free energy e0n31derat1on.
Kinetics plaj an impoffant role in these feactions. Besides the rate
ofvnucleation given by free energy'considerations, growth rate,-which-:,
is controlled’by diffﬁsion, has‘to be considered as well. Since the
amorphous phase‘decomposed to AlS + Tetragonal, whereas the Al5
remained Al5 after 170 hrs anneal at 6L40°C, it was thought that the

2 phases would have two different Time—TemperatureJTransformation curves.

|
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So, based on our limited number of experiments, an effort was made to
draw a tentative TIT diagram, Fig. 15, of the amorphous to Al5 and

further to.tetregonal1nansformation.' Compiliné'the annealing data,

: : ;- S . »
the transformations of the amorphous phase occur as follows:

570°C ~ 620°C . 640°C

Amorphous — Amorphous —— A15 +. Amorphous  ————b -
“n 24 hrs : 24 hrs o 170 hrs
| | o 680°C |

Al5 + Tetragonal + Amorphous —_— AlS(poor orderlng) + Tetragonal
: : L : 'Qh hrs
720°C :
— Al5 (1mproved ordering) + Tetragonal (more)
2h hrs.

Si at.%:compositions with increasing deposition temperatures. With .

Since more.tetragonal formed at 680°C than at 6LO9C, the tetragonal
curve was believed to_lie far from the Al5 curve'at this_temperature,

whereas, the'transformation from Al5 to tetragonal started at 680°C

and the ordering of AlS started when annealed at 6hO°C for 170 hours.

A 1onger perlod of anneal would have glven a better orderlng of the
AlS (until the tetragonal start curve was reached for this temperature).

It is thought that a better ordering can .be done on as-deposited

films. This would not only save the long period of annealing, but

also the problem of holding the temperature constant between & very
short range i.e. 640°C and 680°C. The amorphous phase forms at higher
. : : T
decreasing Si content-the~amor§housrphase changes to disordered‘Als;
and then to better ordered Al5' " Since the highest3T so far obtained*

was at 21 [at.%] Sl on the 530°C dep081t10n run, a hlgher deposition

temperature would depress the amorphous formatlon to higher Si content
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'resultihg in better ordered AlS aﬁ;the 25vat.%'Si composition and

thereby have a high Tc. So a-search'should be made for this optimum.

P4

‘temperature, i.e. the highest temperature of deposition where the

films still have the Ai5 structure.  If even at this temperaturé the

- v ; v
25 at.% Si composition does not have good ordering, then the above

mentioned annealing'should be carried out.
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IIT. GENERAL DISCUSSIONT A
.The discrepancies in lattice.parémeter measurements and the low

T, valgéé will be discussed next. It can be éléarly seen from.the
Fig. 2(e) that the higher the deposition temperature, the grester is
the déviétion from Miller's valués of 1étticé parameter obtained on
bﬁlk,sampies. The'facf that the présent‘data ﬁoints lie close to the
v7paralle1 lines suggests that the relative éﬂange/of lattice pafameters
with resbect to Ge content for a particular run is the same as obsefved
by Mﬁlléf. The increasing deviations.in the absolute values of the
iéttiée.parameters,with increasing‘dépdsitioh_fémperatures can be
expiained.by considering the diffefence in thé.cqéfficient of thermal.
expansioh'of the substrate aﬁd thé film deposif. If the substrate has
‘a smaller coefficient.of expansion than the deposited film, then the
éontréc£ion 6f fhe‘filmbdepoéits on éooling wpulq be preventéd by thé
subéﬁfafé." Tﬁis woﬁld leave the films in a.state of tenéion'which
would.lead to-high lattice parameter measuremeﬁté‘for somé pianes.-'
Tﬁe lowérvthe deposit temperature,.the smaller the diffefence'in
"contraction Which leads to a lower tension and thus iower iattice
paraﬁetér deviations.from actuél values.,-From these aiguments it
seems‘that lattice parameters‘cdmpérabie to thosevih ﬁulk-samples
could be attained for low substrate temperature:rﬁns; |

| In Fig. 2(é5 at the 16 at.% Ge composition thé differehce:in
lattice parameters between Muller's and our meésurementS'at 600°C.is

5.205A - 5.170A = 0.035A. The coefficient of linear expansion of the
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superstrate is 10 X 10~ per °C. The coefficients of linear expansion
of our films are not known, but they lie between 5 X lO—6 per °C and
15 x 10f6 per°C for some known superconductors. Assuming ours is the

highesfsvalue, we set up‘the equation

Aa
o 6vx

—= = (15 - 10) x 10~ AT

Since our film was deposited at 600°C we can approximately say

Aa 6

— = 5 x 10 L

X 600 = 30 %X.10
Aao = 150 X 1of¥A = 0.0158

Comparing this with the deviation of 0.0353, we could justify
only half the amount of devidfioﬁ; even if all our assﬁmptions were
correct.‘.But'K; L._Cho?faeo has discussed_the possibilities.of such:
discfepancies in lattice parameter measurements-made_on thin films.
Film thickﬁess and the crystallite size seem to influence the 1attiée
parameter to a great extent. A.negafive or positive.deviation from the
bulk.ﬁeésuréments depend uporn the sufface energy. BOSwell2l has
observed a l%”increase in the lattice constant for crystallites rangiﬁg‘_
from 30 to 100& in size in LiF films. On the{other hand a decreéseiin
the léttipe constants of evaporated alkali halide films with.decreasing

22

‘crystallitevsize was observed by Finch. Furthermore K. L. Chopra

suggests special techniques such as that of Mbiré fringes should be .



0
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- 21 at.% Si composition, inia B-W Nb

applied to measﬁré»the lattice constant'accuratély.'-Our érystallites
were approximafely 3OQA,'és meéSured from x-ray‘diffraction'half peak
widfhs; | : | |

-Since fhe/érystallite sizes are very ﬁuéh dependeﬂt on substrate

temperatures, therefore from K. L. Chopra's view point our results are

comprehensible. The relative change of lattice parameter with respect

to the composition was the same for both the runs 600 and L20°C. This

‘proves that the error is a sYstematic_deviation and not random. These

3

The high lattice parameter measured in B—W Nb

23,2L

reasqhings are also valid for Nb_Ga lattice parameters.

3

calculation, can be

Si phase, as’

contrasted by what is éxpécted By»Gellér's

‘attributed to the fact that the latﬁice’paramefer‘was measured on the

Si and Nb (b.c.c.) mixed phases. So

3
it is a measure of the.lattice parametér of the B-W ijSi phase with
the lowest Si solubility. It is quite possible ﬁhat'thé‘errdfs due to

N

Tilm thickness and crystallite sizé, as discussed above are'aléo

included in this systemn.

| .Aithough sucéess_ﬁas aéhieved in exténding the A15 phaSes‘in fhe'
NbGe ahdvNbGa»towards»av3:l‘stoichiometric composition, the faét_thaf
sﬁperconducting Valuéé as high as those obtained by previous inVéstiéa%
tors were not attained can be éttributedvto.thé."noiseﬁ tha£ was .

involved in the Nb évaporétion.' Thevfluctuations of the Nb rate was

'beyond the range of modulation of the feed back loop. This fluctuatihg

rate of evaporation of fhe‘Nb resulted in an inhomdgenity in composition
throﬁgh'the thickness of the films. The annesaling temperaturés were

not high enough to cause bulk diffusion, which could have hombgenized
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fhe fiims:. The broad traﬁsitions, which wereiéometimes more than‘3°K;
are also dué to'the inhomogendus films. Betﬁér cbntrol ofvthe niobium
flux at_high_rateé of deposition.is\very_importagt foflthe making'éf_\
homogeﬁgéus films. .It is expected that better control would lead to
better}@fdered AlS compéundé, andvthus to a true value of their critical

temperatures.

‘.
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Fig.
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Fig.

Fig.

Fig.

Fig.

1

‘the resistancé of the germanium thermometers.

for 24 hrs at the Al5 Nb

- measured at the Al5 phase boundary (Ge rich side). -(b) T
‘peaks at the phasevbouhdary'vs:'at. % Ga and lattice parameter

on as deposited films. - (c) Tc peaks aﬁ the phase boundary

the—

FIGURE CAPTIONS

(a) Schematic of the circuit used to measuré the resistance %

of the'samples; (b) Schematic of the circuit used to measure

(a) Ge at. % of the Ge rich side Al5 phase boundary vs. deposition

‘temperatures. (b) Lattice parameters on the Al5 phase boundary

vs. Ge at. %. (e) Tc peaks at the phase'boundary vs. Ge at. %

" as deposited. (d) T, peaks at the phase houndary vs. Ge at. %

after 2k hrs anneal at 700°C. (e) Lattice parameter vs.
' \

at. % Ge, measured on samples with 600°C (A" -B') and L20°C (C"

'D') deposition temperatures. AB corresponds to Miller's

observations.

X~ray diffraction pattern of the Al5 Nb_Ge phase at the phase

/

3
boundary on the sample deposited at 300°

X-ray dlffractlon pattern of the AlS Nb_Ge phase at the phase

3

boundary;on.the sample_deposited at L420°C. .

X-ray diffraction pattern taken on 300°C run after T00°C anneal
3Ge phase boundary.
(a) Deposition temperature vs. at. % Ga and lattice parameter

c

(Ga rich side) vs. at. % Ga after 24 hrs anneal at 700°C.

‘X—ray diffraction pattern taken at 30 at. % Ga composition

on 'as deposited' film,



Fig. -

Fig.
Fig.
Fig.
Fig.

Fig.

10

' X-ray diffraction pattern taken_a¢"30 at. % Ga composition

‘after 24 hrs anneal at T00°C.

A Laue Transmission ?attern_taken on the B-W Nb3Si phase at
21 at. % Si composition;

(a~e) X-ray diffraction pattern of the 100°C run, on as de-

- posited film, at 11, 15, 17, 25 and 36 at. % Si respectively.

11

12

13

1k

. an anneal for 24 hrs at T20°C.

15

X-ray diffraction pattern of the 530°C run at 25 at. % 8i, as

deposited.

X-ray diffraction pattern of the 140°C run at 20 at. % Si, as

deposited.
X~-ray diffraction pattern of the'220°C-run at 25 at. % Si after

an anneal for 24 hrs at 720°C.

" X-ray diffraction pattern of the:h50°C run at 25 at. % Si after

1

Schematic TTT diagram of the amorphous—=Al5 + tetragonal

transformation.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes .any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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