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CRITICAL CURRENT HEASUKEHENTS OF CVD PREPARED Nb3Ge CONTAINING VARIWSMIWNTS OF SECOND PHASE (Nb5ti3) KATERIAL*

R. V. Carlson. R. J. tlartlett, L. R. Newklrk and F. A. Valencia+

ABSTRACT

Oataare presented which shows relationship be-
tween thecriticai :urrent density and second phase
(tetragonal NbGe ) material in CVDdeFmsited NbGe for
deposition tem~er~tures ranging frun 750to 9000?. The
data were measured in the temperature range from T
~m$;e$) down to 13.8 Kand at4 K for several of the

Also reported is the slope of the critical
current”density with respect to temperature, dJ /dT.
Simples with the largest J at 13.8 Kalso hdd the larg
est (dJ /dT) and the lowes! extrapolated intercept of
the J ~urve with the temperature axis. J at 13.8 K

i
as a funct on of second phase has a mdximu h of 2.5
x 10SA/cm for approximately 2 to 3% Nb5Ge present in
the coat. The temperature dependence of th~crit~al
current was represented by JC(T) =.Jc(0)[l-(T/TC) ] for
most samples.

1. INTRODUCTION

CVDproduced A-15 NbGe can havea T above 20 K
+and sustai a large self- ield current deksity

(>106A/CMq) at temperatures ds 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 pil.”,ing
in the relatively coarse grained (>1 m) CVD produced
NbGe. It Is the purpose here to investigate the pos-
si~ility that the o phase (tetragonal lib Ge ) dispersed
In the superconductor gives :ise to the ~lgfi density of
pinning centers.

11. EXPERIHENTAL PROCEDURE AND SMPLE CKAI?ACTERIZATION

used as u measure of the mount of tibGe . It iS ex-
tremely important that the material t~ b~ examined be
ground to a fine powder, as tith Nb Geand Nb Ge fre-
quently shows preferred orientatio~ in the a~-d?posited
condition. In addition, the Nb3Ge used for calibration
must be near stoichiometric as wll as single phase.

For the critical current measuranents the semicir-
cular tubes were soldered into a sample holder with d
low melting temperature iridium-tin solder. In all cases
the soldering temperature was below 150”C. Current was
supplied to the sample fran a O-1500A dc poww supply
and the voltage drop along the length of the sample was
measured w?th 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
d~opof 0.1 IJV. Measurements were made in the twpera..
ture ranges from 13.8 to 21.0 Kand 1.S to4.O K.
Pumped liquid hydrogen in contact with the specimen was
used for the high temperature range while liquid helium
uas used in the 4.0 K range. An automatic data acquisi-
tion systfdn (Hewlett Packard !bdel 305ClA) wss used to
control the experiment and acquire the current-voltage
characteristics. Temperatures were determined by a cal-
ibrated yetmanium resistance thennmneter, and the tem-
perature stability during data acquisition was IXtter
than 20mK for the entire current range fran O to 1500
A.

For the total semicircular sample the sup rconduct-
5ingcmss section was typically around 10-2CM . The

cross-sectional area of the samples was reduced by de-
creasing the width of the samples. After the final
crltictil current measurement the cross-sectional drea
of the sample was determined fran photmicmgraphs.

III. RESULTS AND O!SCUSS:Wi

The critical currents of 25 NbGe samples with
dvarying amounts of Nb Ge were mess red as a function

of temperature. Figu~e~showstheresultsfor a typi-
cal sample over the range from 13.8 K to 22 K. As can
be seen there exists a “tail” in the J data which we
believe to be due to Inhomogeneities tfi the sample matz-
ridl . Inmost cases the data can be ffi using a simple
model based on a material composed of constituents with

- 2.5i I I I I I ~1

The high T Nh-Gc samples were prepared using a
chemical vapor gepositioll (CVD) technique described by
Newkirk etal.~ In the work reported here the Nb-Ge
?+EISdeposited on the inside of 2.2 cm o.d. copper tubes
with 0.09-cm thick walls at tempc!ratures ranging fran
750 to 900”C. The thickness of the deposited layer
varied from sample to sample as well as along the” le~h
of uach tube, in most cases, rangfng between 10 um and
60pm. Once prepared the tubes were spli-c lengthwise
Into two semicircular pieces. One half W?S used for Tc
and x-ray measurements and the other half was used for
critical current measurements. The lattice spacing was
determined from Oebye-Schwrer powder patterns with an w

accuracy of t 0.001 ~. The second pnase(Nb5G:i~n;o;~, ‘E
tent w~s dctemined from x-ray phase analysl
determined calibration mixes. The calibration mixes

/\:

: 2.0
<

were prepared from arc melted Nb e a:,d finely ground513 ‘o
CVO Nb Ge (T M 22 K, a ❑ 5.140 ) which had no de-
tectable NbEe3 diffraction lines when scanned on the

= 1,5

most sensit?ve diffractometer scale. Samples contain- :

lng various concentrations of !:bGe were prepared by
i tie two constituent

:,
aslxing th? appropriate weiqhts o
powders and t.heil grinding them together in a mortar to

a

ensure thorough mixing. The powder was then applied to
1-
2

a glass slide uzing a thin la.ycr of grease for bonding.
Examination of the powder diffrdctoneter PiitterIIS ob-
talnect indicated that the ratioof the Nh5Ge {411)

dpeak to theA-15 (211) peak exhibited the sm othest $O’:LL f:==,

vdriation with Nb5G[!3 concentration, and this ratio was 13 04 15 16 17 18’ 19 20
T:
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Fig. 1.
$Uork perform-d under the auspices of EPRI and USERtJA.

Temperature dependence of thecrltical current
density J . The dashed line shows how the extrapolated

Los Alamos Sclentlfic Laboratory. Los Alamos, ILM R7545 temperature TC* is defined.
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waryi ng T ‘s with ea h :Onstftuent following a T2 te-
mperature ~ependence. 5 Alsu shown is a ltnearextrapola-
tion of the dato (disregarding the tail) thrmigh the
zero current skis. where the intercept is defined as
T ●. For the sa,,lples testd T ● varied from about 16 K
t& 19.7 K. In those samples sbwing thehlghest T* ’s.
the tall was virtually nonexistent; hoxever, for tfie
10WTC*’S t~ tail covered a tmperature range of up to
4 L For those samples where the inductive transition
taperature was measured, TC*WSS 1.5 to 3.5 K lower
than the Inductive onset.

5uch Inhawgeneities should be reflected in broad-
ening of tlw x-ray lines. Thevariatlonof linewldth
vithdiffraction angle8 was examined for 9of the 25
samples and wa~ Found In all cases to vary as tan 0.
This functional dependence implies that a distrlbction
of lattlce spacfngs exists about the mean value deter-
mined from a Oebye-5cherrer powder pattern. Further-
more, the rate at which the linewidth increases with
tan 0, (AB/Atane) 1s a measureof the width of thedis-
tribution of lattice spacings. This distribution of
lattice spacings reflects ccmrpositional inhcmrogenelties,
❑fcrostrain, or related effects all of which can cause
variations In thz superconducting properties. The sam-
pies measured indicated that T ● Is an Inverse function
of A6/AtSnO. implying that god hcmgeniety Is essen-
tial inobtelnlng high T ●’s. In general we htive found
that the best T*’sare ~ssociated with the highest de-
position temper~tures (up to 900”C); however, the ez-
Istenceof several exceptions to this trend suggests
that this ●ffect may be due to savple preparation
rather than an intrlnsi property of Hb3Ge.

iIn Fig. 2. J vs T Is plotted for two character-
istlc samples; on~deposltedat 900”C and having a high
l*wlth lfttleor no “tail” and the other deposited at
8~O”Cexhlbiting a distinct “tall”. The data for the
sample deposited at 900”C shows a # temperature depen-
dence over the temperature range from 4 to 19 K, while
t~ other sample deviated fran this behavior. Both the
T temperature dependence and the small “tail” suggest
that the samplm% dqm”ited at higher temperatures are
swe Ivxmgeneous. This generally was the case ovar the
total range of deposition temperatures stud~ed. Again
this may be associated with problms In sample prepara-
tion and not an Intrinsic propertyof Nb3Ge.

Wghcritical urrent densities (*2.5 x 106at
13.8 Kand 4.5x 1 J A/cmat 4 K) were observed only in
those samples with mall amounts oflib5@3* In F@= 3
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Fig. 2. Critical current densfty plotted as
a function of T2 for tm deposition ttimperatures.
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Fig. 3. Critical current densityat 13.8 K plotted as
a function of wt.% of u phase (Nb5Ge3) for two deMsi-
tion temperatures. The solid line In the first figure
is dravm to suggest the apparent dependence of IC on
Nb5Ge3 contant.

this dependence of J on thea ph$Se NbGe3 iS Shown for
2tvm deposition temrpe$atures. Figure 4 hews the ●ffect

of the o phase content an dJ ldT at 13.8 K. For both
J and dJ /dTa relatively sharp peak occurs atw2.5
wfZ Nb GE for the material deposited at 850°C, and a

isanawha l&s pronounced peak at 5 wt% second phase is
evident in thematerlal deposited at 900”C. There also
seems to be a secondary maximum for much laqer amounts
of second phase msterial (~ 30 wt:).

Oistinct correlations between the lattice param-
eter, a , and material properties (such as T , T ●, J ,
dJ/dT)%ddepositionparameters suchas sub~trafe te~-
pefature were obscured by the lack of uniform samples. ‘
Nowever, the data did exhibit certain trends which ray
be significant. In particular th lattice Daraneter
was constant for all iamples made at the same dePosl:lm
temperature as loncj as some secona phase material was
present. This behavior is shown in Fig. 5 for samples
deposited at850”C. There also seanad to be an inverse
relationship between T ● and a superimposed on the
llnewidth ●ffectdiscu$sed abo6e; however, no direct
relationship between a and J , o“ dJ /d7 was found for
the limited r ngeof l~ttlce $pacingscln these samples

1(5.141-5.145 ). Although the data shows substantial
scatters there seems to exi%t an inverse relationship
batween Tc* and diicill for the materials used in this

+’ ol__l__Ld~.
o 10 20 30 0 10 20 30 40

Nb5Ge5 CONTENT (wt%)

Fig. 4. dJ /dTat 13.B Kversus Hb5Ge content at two
deposition temperatures. The solid li~es are drawn to
suggest the dependence on o phase.
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Fig. 5. lattice parameter ●s a function o? !ibjGe3con-
tent for a deposition temperature of 8HI*C.

study. This relatlon IIRXIld beconsistefit with tke idea
that the pfnning Is Increased due to irt!w-qenietiez in
the microstructure while these same inhorczenietlcs are
raduclrqT ●. If these two parameters, 1.” and dJc/aT.
●re dlrectfy related In this manner tnen ~t ray Se nec-
●ssary to optim~ze the material for # c!ar:fcular ocerat-
lng t~~ture. However, we have fou~d that T ● is ~n-

. dependentof llbCa content over the ranqe COnS\derOd
in these stud~e~ (&30 wtt Nb Ge ) lndicacl~; t~e ;cs-

f?slb~lltyof preparfng materfa w th both a high dJt/dT
ati ● high T ●.

Grain sfzes detemfnad metallosraphfcally varied
f- <1 ~ teas large~s 5.10 ~wlthno clear rela-
tionship tomaterlal properttcs or temsf:ion cocdi-
tlons (over the limtted ranges exa~lned). Several of
the samples dcposlted at 9CO”C ●arly in t~,e stdy cGn-
tatned substantial ar,ounts of O (uP to ~2 wt’i); noti-
ever, the majority of the sampl~s. (Includin? all tkose
deposited at C50=C) ucre PrCC!ared under f-proved cor5l-
tions ●d had low O contents ranging from 0.1 to 0.2

tutZas measured by he platinum fusion techniqtie. !io
substanthl eff@CtS were observed ds a result of loti.w-
Ing the 02 to this level.

Iv.

At the Present tlmc

.
CWIUSIOR

It Is rmt clear ●~actly hti U8
second phazc-r~terial IS mhanclng the flux Iini pinn{sq

SIM8 Op!fcal Ind SEMmrk does not rcvtilb the se.
ond phase fs dlstr~tuted for samles contafn~ng S-,sll
amounts. HOUWer, I,Iwd on the @sarv#tlon that smll
amounts of Nb Ge Subsuntlally increase the flux Itne
plMlng but ●;c: ~ot visible using ordlnavy Fetallo;r~-
lC technique~ it seas re~sondble to speculat~ that ths
second phase uaterltl my be finely alspersad throu~h-
mt t~ RbGe9ratns. Inadd!tlon. thaHbCa fs rela-
tively cou~se gra~ned mhlchsl%o lfiolles ;~t the Din-
ni~ fs due to the meclpltatd o pMse and thtt tke
gra n boundaries playa secondary role. Fur”Jwwre,
ft {s mt clear that the decrease fn T ● associated uith
tlw Increase fn dJ /dT represents a refat!onship in-
trfnSiC to Nb3Ge. id it is espect4d that further bark
my result fn material with both 4 high Tc” ?ti dJc/dT.
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