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Marilyn Hawlcy* and lan D. Raistrick*,

*Los Alamos National Laboratory, Los Alamos, NM 87545.
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ABSTRACT

The residual surface resitance of a number of films of YBapCu3O7, preparcd by
off-axis sputicring onto MgO substrates, has been measured using a parallel-
platec recsonator tcchnique. Dcposition conditions werc kept constant, apart from
the substratc temperaturc. There is no correlation between surface resistance
and other important microscopic parameters, such as T and c-axis lattice
paramcter. There is, however, a trend (0o higher Rg with increasing volume
fraction of in-planc misoricntcd material, although the correlation is not perlect.
Furthermore, wc have found that most of the misoricnted material is localized
at the film substratc interface and thercfore is probably not responsible for
most of the RF losscs. The data suggest that at higher deposition temperatures,
there is an incrcasing tendency for 459-misoricntcd material to appear in the
films, and it may be that a significant fraction of this malcrial is prescnt closcr
to the frec film surface. STM qualitatively supports this conclusion.

INTRODUCTION

The development of microwave technology has been onc of the arcas of focus
forhigh tcmperature superconductor (HTS) applications.  The carly stages of
rescarch have cmphasized passive microwave components such as filters,
resonators, and dclay lines. The performance of these devices depends on the
surface resistance of the material and lower loss results in superior components,
Surface resistance has a very complex origin, even in the case of traditional
supcrconductors. At temperatures low comparcd with T¢, microstructural
deviations from perfect crystallinity, rather than any intrinsic losses associated
with the material, will determine the residual surface resistance.  This is clearly
the case in TS cuprates, wheve second phases, or material that is not
crystallographically well aligned, are known to increase the surliace resistance,
Studics of c-axis oriented sputtered films have suggested (1] that the
microwave loss is proportional to the amount of material rotated 459 around
the c-axis.  The results reported here were obtained on films deposited using
the same technigque, under similar conditions, and cxamine this suppestion
further.

EXPERIMENTAL TECHNIQUES

The films were  deposited usinge off axis RE magnetton sputtering: 2] trom g 7



diamcicr stoichiometric target of YBaCu3O7. The substrates (1 cm2 (100) MgO)
were usced as reccived (rom the vendor [3] and were fastcned to the hecater
block using a silver-containing ccment. The deposition paramcters arc giver in
the table below. Tcmperature was monitored using an IR pyrometer reading on
the subsiratc hecater block.

The microwave surface resistance was mcasurcd with a parallel plate resonator
technique [4]. The method uses a thin diclectric (0.5-mil-thick teflon)
sandwiched bctlween two superconducting films. This parallel plate structure
has a very low impedance and, bccause thc high impcdance outsidc of the
rcsonator, the edge of the structure cffectively has an opcn boundary condition.
The radiation Q of this structurc is high (~105) and the surfacec arca to volume
ratio is large, leading to a sensitivity of a few microohms. Thc samplecs must be
uscd in pairs and in this study wec uscd single films paired with a niobium
reference.  Mcasurements were made at 4K and approximately 10 GHz. At this
tcmperaturc all of thc measurcd surface resistances should correspond to
residual values. All of the films werc completely c-axis perpendicular to the
limit of detection of the diffractometer. Lattice parameters were obtained from
the (007) rcflection. In-planc oricntation was obtaincd by comparing the
rclative intensitics of the off-axis {012} rcflection in successive 450 increments
in an azimuihal (chi-) scan. Critical tempcraturcs werc obtained by
mcasurcment of the reactive impedance of a coil inductively coupled to the
film, opecrated at a frequency of 10 kHz.

Table 1
Deposition Parameters and Film Propertics

[FILM I.D. Pow Deposit Oxygen Argon Thicknes c-axis %45 Tc Rs
er lon

W) T (C) (mtorr) (mtorr)
45/91-s1 1 50 | 708 | 60 | 40 | 182 1
6710/91-s1 | 100'| 706 " | 46| 110 j1i710 ‘10380 |126
6/18/91-s1 [ 100 | 705 40 110 773 '1.1773 |0.68 (72 |110
7110/91-s1 | 100 | 726 40 110 522 11719 |49 (85 |[1650
7/11/91-s1 [ 100 715 40 110 447 11712 |19 [81.5 772
7/12/91-s1 | 100 | 686 40 110 387 11751 1094 |79 |53
7/19/91-s1 | 100 | 705 40 | 110 | 350 1.1700 [2.3 |84 [172
7125/91.s1 | 100 | 668 40 | 110 418  -1.1760 [0.97 (77 |61
7/26/91-s* | 100 | 652 40 110 362 11.1800 |1.54 170 |73
| _8/6/91-s1 | 100 | 636 40 110 415 1.1850 | 1.38 |56 |338

RESUTTS AND DISC'USSION

Surface resistance s plotted apainst deposition temperiture in Fipo 1 We obtain
i lrowd minimum v Ry <o deposition temperiature of about 6RSYC, Deposited
under these conditions the Tilms have suiface resistinces that are sliphtly
hipher than the best vilues reported in the literatire, Notes however. that



pressurc, power, clc., have not bcen optimized here.

When T and c-axis lattice parameter arc examined (Fig. 2) it is clear that the
films arc microscopically far from perfect. The highest T¢'s arc obtained for

films dcposited with substrate temperatures above 7000C, whercas the lowest
valucs of Rg occur at significantly lower tempcratures. The c-axis lattice
parameter is longer than that found in stoichiometric bulk maltcrials (1.168
nm). In agreemcnt with others [1], thercfore, we find no obvicus corrclation
between microscopic disorder and surface resistance.

We have attempted to asscss mesoscale disorder by x-ray texture analysis and
STM studics of the surface topology of a large number of films. The surface
resistance is plotted as a function of the volnme fraction of 459-misoriented
matcrial in Fig. 3. Although the trend in the plot suggests a connection bectween

thesc quantitics the corrclation is quite wecak, implying that other factors arc
also important.

Becausc the films have diffcrent thicknesses, we have mcasurcd of the amount
of 450-misoricntcd malcrial as a function of thickness, both for the fiims shown
in Table 1, and for an additional scrics of films dcposited at a constant
temperature, but for different lengths of time. All of these results arc shown in
Fig. 4. It is clecar that therc is a very strong dependence of the amount of
misoricnled matcrial on thickness. In fact there is an cxcellent reciprocai
relationship bctween these quantitics. The simplest interpretation of this result
is that most of the misor.ented material lics in a very thin layer at the
film/substratc interface. This is qualitatively supportcd by the STM studics. In
the films with the lowest Ry wc were unable to find any grains of misoriented
matcrial at the surface. Such grains arc normally apparent because of the
polygonization which causes them to exhibit a squarc pyvramidal growth
morphology. In films deposited at higher temperatures grains rotated 459 arc
morc common and casily vitible,

The relationship shown in Fig. 4 allows us (o normalize the volume % of
misoricnted material with respect to the variable {ilm thickness, In Fip, 5 we
theretore plot the product of volume [raction ol misoriented  maderial and  film
thickness vs the deposition temperature. We find that there is a broad
minimum in this quantity and above aboui 7000 there 1s evidently an
increased tendency to produce misoriented material,

The observation that most ol the misoviented material lies it the interlace with
the substrate complicates the interpretation of the surface resistance results, In
the thicker films (which arc scveral London penctration depths thick), the
misoriented material is inoa repion of litle RE field. Tt should, theretore, not
conteibute sipnificanidy to the losses, It ois possible, howeser, that films
containing a Lrpe amount of 459 misoniented  material av the Hilm substrate
interface also contain Lurper amounts throuphout the depth ot the i, feading
o the loose conrclation evident in Fie. 3 Alternativelv. losses mav be doe 1o



some other mesoscale disorder (c.g. low-angle grain boundarics [5]) which are
also present, but not quantificd by thc present expcriments. The situation is

further complicated by the STM observation that surface grain size incrcases
considcrably as the film thickness incrcases [6].

CONCLUSIONS

The principal finding of this study may bc simmaniz.d as follows.
1. There is no obvious correlation between Rg and microscopic matcrials
propertics such as T, or c-axis latticc paramciler.

2. There is a loosc correlation between Rg and volume % of 450-misoricnted
malecrial.
3. X-ray data suggest that most of thc misoricnied matcrial lics at the
film/substratc interfacc and would thereforc be relatively ineffective in
leading to microwave losses in thc cxperimental configuration used here.
4, Under the deposition conditions used herc, the volume % of misroricnted
malcrial is not a strong function of dcposition tempcrature but shows somc
cvidencc of an incrcasc above 7000C, which may be associated with the
rapid incrcasc in surfacc resistance obscrved in films deposited above this
tlcmperaturc.
In addition wec know ihat thc oxygen partial pressurc plays a critical role in
dctermining the oricntation of grains. It is by no mecans certain that the
depcndence of Rg on substrate temperature observed here is nccessarily (ruc
undcr other deposition conditions.
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Figuic Capiions

Fig. 1. The surfacc resistance mcasurcd at 10GHz and 4K ploticd against
dcposition tempcerature.

Fig. 2. Critical tcmperaturc and c-axis lalticc paramcter plotiecd vs deposition
lcmpcraturc.

Fig. 3. The surface resistance plotted vs total amount of 459-rotatcd matcrial.
Fig. 4. The percent of 450-misorientcd matcrial vs film thickness.

Fig. 5. Product of volumc¢ % misoricnted matcrial and film thickness plotted
against deposition tempcraturc.
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