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CRITICAL CURRENT MEASUREMENTS OF CVD PREPARED NbjGe CONTAINING VARIOUS AMOUNTS OF SECOND PHASE (NbsGe3) MATERIAL®

R. V. Carlson, R. J. Bartlett, L.

ABSTRACT

Data are presented which show a relation.hip ba-
tween the criticai current density and second phase
(tetragonal Nb.Ge.) material in CVD deposited Hb.Ge for
deposition temaer tures ranging from 750 to 900’3. The
data were measured in the temperature range from T
(~ 21 K) down to 13.8 K and at 4 K for several of the
samples. Also reported is the slope of the critical
current density with respect to temperature, dd_./d7.
Samples with the largest J_ at 13.8 K also had the larg-
est (dJ_/dT) and the lowest extrapolated intercept of
the J_ furve with the temperature axis. J_ at 13.8 K
as asfunctlon of second phase has a maximuft of 2.5
x 10° A/cme for approximately 2 to 3% Nb;Ge, present in
the coat. The temperature dependence of tha critjcal
current was represented by Jc(T) ='Jc(0)[l-(T/Tc) ] for
most samples.

I. INTRODUCTION

CVD produced A-15 Nb.Ge can have a T_ above 20 K
and SustaiB a large self-;ield current deﬁsity
{(>106 A/cm?) at temperatures as high as 16 K.

The large current densities observed indicate a
high concentration of pinning centers much larger than
could be expected to exist from grain boundary pii.:ing
in the relatively coarse grained (2 1 pm) CVD produced
Nb,Ge, It ts the purpose here to investigate the pos~
513111ty that the o phase (tetragonal hb.Ge,) dispersed
in the superconductor gives ise to the 1gﬂ density of
pinning centers.

11, EXPERIMENTAL PROCEDURE AND SAMPLE CHARACTERIZATION

The high T_ Nh-Ge samples were prepared using a
chemical vapor Eaposition (CVD) technique described by
Newkirk et al.! In the work reported here the lb-Ge
was deposited on the inside of 2.2 cm o.d. copper tubes
with 0.09-cm thick walls at temperatures ranging from
750 to 900°C. The thickness of the deposited layer
varied from sample to sample as well as along the length
of ecch tube, in most cases, ranging between 10 wm and
60 um. Once prepared the tubes were split lengthwise
into two semicircular pieces. One half w2s used for T
and x-ray measurements and the other half was used for
critical current measurements. The lattice spacing was
determined from Debye-Scherrer powder patterns with an
ascuracy of * 0.001 A. The second phase (Nb GeS) con-
tent wus determined from x-ray phase ana1ysi§ us
determined calibration mixes. The calibration mixes
were prepared from arc melted Hbsﬁe3 and finely ground
CVD Nb.,Ge (T_ = 22 K, a. = 5.140°1) which had no de-
tectab?e Nb Eea diffrac®ion 1ines when scanned on the
most sensit?ve diffractometer scale. Samples contain-
iny various concentrations of Nb.Ge, were prepared by
wixing tha appropriate weights o? tﬂe two constitusnt
powders and then grinding them toyether in a mortar to
ensure thoraugh mixing. The powder was then applied to
a glass slide u~ing a thin layer of grease for bonding.
Examination of the powder diffractometer patterns ot-
tained {ndicated that the ratio of the NhsGe (411}
peak to the A-15 (211) peak exhibited the’smdothest
variation with Nbsce3 concentration, and this ratio was
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used as a measure of the amount of Nb.Ge.. It fs ex-
tremely important that the material :3 ba examined be
ground to a fine powder, as toth Nb,Ge and Nb.Ge, fre-
quently show a preferred orientatioﬂ in the a§-daposited
condition. In addition, the NbiGe used for calibration
must be near stoichiometric as well as single phase.
For the critical current measurements the semicir-
cular tubes were soldered into a sample holder with a
Tow melting temperature indium-tin soider. In all cases
the soldering temperature was below 150°C. Current was
supplied to the sample from a 0-1500 A dc power supply
and the voltage drop along the length of the sample was
measured with a Keithley Nanovolt amplifier connected
to contact probes spaced 1 cm apart along the sample.
I_ was defined as that current which produced a voltage
dFop of 0.1 uV. Measurements were made in the termpera-
ture ranges from 13.8 to 21.0 K and 1.5 to 4.0 K.

~ Pumped 1iquid hydrogen in contact with the specinen was

used for the high temperature rarge while liquid helium
was used 1n the 4.0 K range. An automatic data acquisi-
tion system (Hewlett Packard Model 3050A) wzs used to
control the experiment and acquire the current-voltage
characteristics. Temperatures were determined by a cal-
ibrated germanium resistance thermometer, and the tem-
perature stability during data acquisition was better
xhan 20 mK for the entire current range from Q to 1500

For the total semicircular sample the supsrconduct-
ing cross section was typically around 102 em€. The
cross-sectional area of the samples was reduced by de-
creasing the width of the samples. After the final
critical current measurement the cross-sectional area
of the sample was determined from photomicrographs.

IIl. RESULTS AND DISCUSSIOX

The critical currents of 25 Nb,Ge samples with
varying amounts of Nb_Ge, were measared as a function
of temperature. Figuﬁe ? shows the results for a typi-
cal sample over the range from 13,8 K to 20 K. As can
be seen there exists a "tail" in the J_. data which we
believe to be due to inhomogeneities 1} the sample mate-
rial. In most cases the data can be fi{ using a simple
mode] based on a material composed of costituents with
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Fig. 1. Temperature dependence of the critical current
density J_ . The dashed 1ine shows how the extrapolated
temperatuFe T* is defined.



varying T_'s with engh constituent following a 1 tem-
perature aependence. Alsu shown 1s a linear extrapola-
tion of the data (disregarding the tail) through the
Zero current axis, where the intercept {s defined as
T_*. For the saiples tested T_* varied from about 16 K
th 19.7 K. In those samples sﬁowilg the highest T *'s,
the tail was virtually nonexistent; however, for the
Tow Tc"s the tail covered a temperature range of up to
4 K., “For those samples where the inductive transition
tenperature was measured, T.* was 1.5 to 3.5 K lower
than the fnductive onset.

Such tnhorogeneities should be reflected in broad-
ening of the x-ray lines. The variation of linewidth
with diffraction angle 8 was examined for 9 of the 25
samples and was “ound in all cases to vary as tan 6.
This functioral dependence implies that a distribution
of lattice spacings exists about the mean value deter-
mined from a Debye-Scherrer powder pattern. Further-
more, the rate at which the Yinewidth increases with
tan 6, (As/atan9) 1s a measure of the width of the dis-
tribution of lattice spacings. This distribution of
lattice spacings reflects compositional inhomogeneities,
mfcrostrain, or related effects all of which can cause
variations in tha superconducting properties. The sam-
pies measured indicated that T_* is an inverse function
of AB/Atane, implying that gool homogeniety is essen-
tial in obtaining high T _*'s. In general we huve found
that the best T.*'s are Sssociated with the highest de-
position temperfitures (up to 900°C); however, the ex-
istence of several exceptions to this trerd suggests
that this effect may be due to sample preparation
rather than an intrinsig property of Hbaee.

In Fig. 2, J_ vs T¢ 1s plotted for“two character-
1stic samples; onf deposited at 900°C and having a high
T * with 1ittle or no "tail" and the other deposited at
850°C exhiditing a distinct "tail"., The data for the
sample deposited at 900°C shows a T2 temperature depen-
dence over the temperature range from 4 to 19 K, while
tge other sample deviated from this behavior. Both the
T¢ temperature dependence and the small “tail” suggest
that the samples depnsited at higher temperatures are
more homogeneous. This generally was the case over the
total range of deposition temperatures studied. Again
this may be associated with problems in sample prepara-
tion and not an intrinsic property of Nb.Ge. 6

High cr1t1caloaurrent densities (~ 275 x 10° at
13.8 K and 4.5 x 10° A/cm at 4 K) were observed only in

those samples with small amounts of Nbscea. In Fig. 3
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Fig. 2. Critical current density plotted as
a functfon of T2 for two deposition temperatures.
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Fig. 3. Critical current density at 13.8 K plotted as
a function of wt.2 of o phase (Nbsces) for two deposi-
tion temperatures. The solid 1ine”in“the first figure
is drawn to suggest the apparent dependence of Jc on
Nb56e3 content.

this dependence of J_. on the ¢ phase Nb.Ge, is shown for
two deposition tempe?atures. Figure 4 Shows the effect
of the o phase content an dJ_/dT at 13.8 K. For both

J_. and dJ_/dT a relatively sﬁarp peak occurs ay ~ 2.5
wt? Nb.GE, for the material deposited at 850°C, and a
somewhai lass pronounced peak at 5 wti second phase is
evident in the material deposited at 900°C. There also
seems to be a secondary maximum for much larger amounts
of second phase material (= 30 wt%).

Distinct correlations between the lattice param-
eter, a_, and material properties (such as T., T_*, J..
dJ_/dT) Snd ceposition parameters such as subftrate tef-
pefature were obscured by the lack of uniform samples.
However, the data did exhibit certain trends which ray
be significant. In particular the lattice paranmeter
was constant for all samples made at the same deposition
temperature as long as some second phase material was
present, This behavior is shown in Fig. 5 for samples
deposited at 850°C. There also seemed to be an inverse
relationship between T_* and a_ superimposed on the
1inewidth effect discuSsed abose; however, no direct
relationship between a_ and J_, o dJ_ /d7 was Tound for
the 1inited rlnge of 1ttice Epacingscin these samples
(5.141-5.145 A). Although the data shows substantial
scatter, there seems to exist an inverse relationship
between Tc* and ddciiT for the materials used in this
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Fig. 4, dJ_/dT at 13.8 K versus HbSGe content at two
deposition femperatures. The solid l1fles are drawn to
suggest the dependence on o phase,
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Fig. 5. Llattice parameter as a function of anGeJ con-
tent for a deposition temperature of 850°C.

study. This relation would be consistent with the idea
that the pfnning is increased due to irhg-ugenielies in
the microstructure while these same inhorcjenietlies are
reducing T_*, If these two parameters, T_* and ¢J_/aT,
are directsy related in this ranner then 't ray sanec-
essary to optimize the material for a parifcular orerat-
ing temperature. However, we have fourd that T_* {5 in-
dependent of Nb.Ge., content over the range consYdered
in these studief (a-lo wt3 Nb.Ge.) indicating tre pos-
sibility of preparing materia? u]th both a high dJc/dT
and a high T _*,
Grain sSzes determined metallographically varied
from <) un to as large as 5-10 .m with no clear rela-
tionship to material propertics or cepasicion cordi-
tions (over the limited ranges exarined). Several of
the samples deposited at 9C0°C early in thre study con-
tained substantial arounts of 0, (up to *2 wt-); now-
ever, the majority of the sampIGs. (1nclucing all trose
deposited at £50°C) were prepared under i-proved cordi-
tions and had low 0, contents ranging froa 0.1 to ).2
wtl as oeasured by @he platinum fusion technicue. ‘o
substantial effects were obscerved as a result of lower-
ing the 0, to this level,

IV. CONCLUSION

At the present time 1t is not clear esactly how Ue
second phaze raterial is enhancing the flyx line pinning
since optical and SEM work does not reveal how the sec-
ond phase s distrituted for sanples containing s~1ll
anounts. However, . “sed on the observation that s=all
arounts of Nb.Ge, substantially increase the flux line
pinning but afe ﬁot visible using ordinary retallo;ragh-
ic techniques it seens reasonable to speculate that the
second phase roterial may be finely dispersed throush-
out tne Nhb.Ge grains. In addition, the Nb.Ge f3 rela-
tively cou}le grained which 2150 implies lﬂal the pin-
ning s due to the precipitacted o phase and that the
grain boundaries play a secondary role. Furtherrore,
it {s rot clear that the decrease in T _* associated with
the increase in dJ_/dT represents a rein!:onsnip ine-
trinsic to Nb,ce. Snd it is expected that further work
may result in“raterial with both a high 1" ond dJ‘IdT.
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