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Pressure effect on YBa ,Cu30O5 thin film growth in off-axis radio frequency
magnetron sputtering

S. C. Wu, W. C. Tsai, C. K. Huang, H. T. Hsu, C. J. Huang, and T. Y. Tseng
Department of Electronics Engineering and Institute of Electronics, National Chiao-Tung University,
Hsinchu, Taiwan, Republic of China

(Received 8 September 1994; accepted 24 June)1995

YBa,Cu;05_, (123 thin films were fabricated o100 MgO substrates by off-axis single target

radio frequency(rf) magnetron sputtering. Our study focused on the effect of chamber pressure on
the composition, microstructure, and superconductive properties on transition behaviQradrtlde

grown film studied. An empirical formula was derived to explain the dependence of the deposition
rate of various components on the pressure. Next, we compared the transport mechanism of the
sputtered particles between the off-axis rf and the on-axis direct current sputtering and determined
the processing conditions that result in superconducting films of better quality. According to our
findings, growth at higher pressurés100 mTor) produces more homogeneous and highgr
superconducting films. €995 American Vacuum Society.

I. INTRODUCTION mechanism of sputtered particles, we will provide a more
complete discussion. The empirical formula may predict the

Applications of oxide superconductor devices require thinrelationship between metallic atom composition and pres-

film growth techniques with higher reproducibility and reli- sure, and may be adopted to grow thin films with exact sto-

ability in order to obtain better surface morphology andichiometry and better surface morphology.

higher quality superconducting films. Recently, various thin

film growth techniques have been used for this purpose, in-

cluding multiple-source electron beam evaporafiomn I EXPERIMENT

beam sputtering, molecular beam epitaxy,pulsed laser A 1f off-axis sputtering system was used to grow the su-
ablation? metalorganic depositionand direct currentdc)® perconducting films. The substrates were polisti@g0
or radio frequency(rf)’™® sputtering. Each of these tech- MgO single crystals vertically mounted onto the heater block
niques has its own unique features, such as large arggith silver paste. The substrates were situated horizontally 4
growth, high growth rate, better surface morphology, orcm away from the central line of the target and vertically 3.5
lower growth temperature. To meet the practical requiretm from the surface of the target. The solid state reaction
ments of device fabrication simple growing equipment a”dprocess, described in our previous paenas adopted to
simple processes are required. Hence, single target dc or fiake the target. The target was presputtered in the vacuum
sputtering methods are most attractive. However, using thghamber with a mixture of Ar and Lfor 20 h in order to
sputtering technique to promote thin film growth of hilh  homogenize the surface of the target prior to initiating film
superconducting oxides results in energetic negative iogrowth experiments. The target has also been presputtered
bombardment?™** Bombardment caused by energetic for an additional 30 min to achieve the stable growth condi-
particles may modify the film compositiofi deteriorate the  tions necessary for each growth experiment. Nominal growth
surface morpholog¥; induce some defects in the filmMS, conditions were 50 W output power, 700 °C substrate tem-
and, in extreme cases, result in net etching rather thaperature, total pressure varied from 35 to 200 mTorr, and 1:4
deposition** Therefore, many methods have been developeghixed O, to Ar ratio sputtering gas. For the dc growth ex-
to overcome the bombardment effect, including heavy comperiment, the on-axis configuration was assumed and the
pensation for the target composition for different sputteringchamber pressure ranged from 100 to 600 mTorr. The target
yields at the substrate surfatesputtering in high pressdr% composition was YB#u,Og; the other growth parameters
to slow down the energetic particles which increases the colwere described in detail elsewhére.
liding probabilities and reduces the resputtering damage, and After deposition, we immediately introduced oxygen into
changing the configuration of the substrate to target in ordethe chamber. At the same time, the substrate temperature was
to avoid direct substrate bombardment by energetic particlegooled down to 450 °C, and maintained for 30 min under
i.e., an off-axis configuration systeth. ambient oxygen atmosphere. Then the temperature was
In this article, we study the influence of growth chambercooled down to room temperature. X-ray diffractio’RD)
pressure on the metallic composition, the surface morpholwas used to analyze the crystallinity and the phase of the
ogy, and the electrical properties of superconducting filmsas-grown films. The surface morphology of the films was
grown by off-axis rf sputtering. We also derive an empirical observed by scanning electron microsco§EM). The
formula that is based on the dependence of the relativéhickness of the film was measured by profilometry, and this
atomic ratios of Ba to Y and Cu to Y on chamber pressuresame technique was used to evaluate the deposition rate un-
After comparing these results with those obtained from daler various chamber pressures. The roughness and surface
on-axis sputtering and after investigating the transportmorphology of the films were examined by atomic force mi-
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35 mediate pressures, the form of transport is more complicated
than in higher and lower pressure conditions. In this regime,

1 f the lighter sputtered species tend to suffer more loss of mo-
25 4 mentum and more direction-changing collisions than heavier
specie€}~?However, the threshold pressure at which a di-

2 L vision of the borderlines of atoms occurred in various trans-
.\.___/' portation modes remains uncertain, partly due to the initial

18 | . .

high energy of sputtered atoms, and partly due to the differ-

1t ences of mass among sputtered atoms and gas atoms. The

behavior of the multicomponent compound sputtering is

more complicated because the components have different

Atomic ratio

05 |

0 . . . atomic radii, valence values, masses, and mean free paths.
35 60 100 150 200 Consequently, over the last few years many researchers have
Pressure(mtorr) used a trial and error method to fabricate superconducting

films, and a certain range of exact conditions for growing the
film has been found. But the reasons for this have seldom
been studied. In this article, we derive empirical formulas by
performing growth studies at various chamber pressures so

croscope(AFM). The electrical resistivity of each sample as to provide a clear perspective and to reliably control mul-
ticomponent compound sputtering.

was measured by a four-probe technique. Finally, the com o , )
position of the metallic elements of the films was analyzed We assume that the deposition rate is not only inversely

by inductively coupled plasmédCP) emission spectroscopy. proportional toP, but_ also that it is_inf_luenced by other fac-
tors. These factors include the sticking coefficient, the va-

lence values of sputtered particles, the difference of the re-
. RESULTS AND DISCUSSION sputtering effect by the negative oxygen ions or by

Figure 1 shows the ratios of Ba to Y and Cu to Y versussSecondary electrons, and the interactions among those par-
the chamber pressure. An increasing function of pressurlicles with the growth chamber g&5Under such an assump-
above 60 mTorr was clearly seen but, below 60 mTorr, thos&0n. for each kind of sputtered particle above the threshold
ratios tended to decrease with pressure. We believe the reBressure of the diffusive transportation mode we can write
son for this was that the transport mechanisms of the sput- r_ |« p-a )
tered particles in the sputtered gas during the whole pressure
range were different. Helmeet al. have reported that the Wherek is a constant when all the other growth parameters
deposition rateR), in a higher pressure range with diffusive are fixed, and the value efindicates the degree of influence
transport of sputtered particles, is giverfby by the pressure. Each type of sputtered atom has a specific

value, which is what we want to study and discuss. The

R= 4_Sh (1) larger the value of, the higher the degree of influence on
3L deposition rate by the pressure is.

whereS is the sputtered yield raté, the mean free path of _ The relative ratio values of Ba to ¥#Rg,y) and Cu to Y
the transporting particles, arld the target to substrate dis- (Rcuy) can be written as

Fic. 1. Dependence of atomic ratio 0% ) Cu/Y and(H) Ba/Y on the total
chamber pressure. Target composition was Y:B&C2:3.

tance. Sincén varies with 1p, wherep is the total chamber _ (3y~3Ba)_ b
pressure, increasing the total pressure will reduce the depo- Reary=Kealky X P =KpxP%, &)
sition rate of all the metals or ions. It also means that the Roury=Keu/Ky X P<aY7aC“>=KC>< pe. 4

increase of scattering probabilities at higher pressures will

decrease the target bombardment by the Ar ions and redudée values oK, , K., PP, and P® can be obtained by sub-

the mean free path of the particles. This results in a reductiostituting the metallic compositional data from the ICP analy-

of sputtered particles arriving at the substrate and depositingis into Egs.(3) and (4). Figure 2 shows the plot of the

on it, and thus minimizes the number of particles on therelative deposition rat&®c,,y and Rg,y Versus the pressure

substrate. In our experiments above 60 mTorr pressure, iby their natural logarithm forms. Figure 2 indicates a

particular, the atomic ratios of Ba/Y and Cu/Y increased withV-shaped outline on thd&rg, curve with the minimum

total pressure, i.e., the reduction rate of Y species is largesiround 60 mTorr. However, a U-shaped outline onRagy

than that of Ba and Cu while the pressure is increasingurve was observed with a minimum range of 60-100

(Fig. 1). mTorr. The reason for this difference may be the different
In general, the modes of transportation of sputtered pamasses and scattering cross sections between Ba and Cu at-

ticles may be divided into three types, depending on chambeyms. That is, the threshold pressures of the diffusive trans-

pressuré? At high pressures, the transportation of particlesportation mode for Ba and Cu atoms are different. The values

sputtered out by Ar ions is the diffusive mode, which can beof b and c can be obtained as 0.20 and 0.24, respectively,

characterized by simple gas phase diffusion. At low pressurdrom the slopes of the straight lines at their diffusive regions

the transportation is ballistic and the sputtered atoms virtuin Fig. 2. The values oK, and K. were also obtained as

ally never collide with gas atoms during transport. At inter- —0.5 and—0.14 from the intercept of the both lines, respec-

JVST A - Vacuum, Surfaces, and Films
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FiG. 2. Natural logarithmic plot of relative deposition ratio(#) Cu/Y and  Fig. 3. Natural logarithmic plot of relative deposition ratio(d#) Cu/Y and
(M) Ba/Y of the rf sputtered thin films vs chamber pressure. (W) Ba/Y of the dc sputtered thin films vs chamber pressure.

tively. These former two values imply that the changing ratebetween rf off-axis and dc on-axis sputtering. One is the
of Rey versusP was larger than that dRg,y . Therefore, resputtering of negative oxygen ions, and the other is the
when the pressure was increased, the deposition rate of Baass difference between Ba and Cu atoms. The different
must be less than that of Cu. In terms of the valueb ahd  results produced by those two factors can be clearly distin-
¢, we know thatay is the largest of the three atoms, which guished by film fabrication under various system configura-
indicates the strongest dependence on the deposition rate tdns. Since the vapor pressure of the Cu atom is the highest
the Y atom with the pressure among the three atoms. That isf the three atom&! the bombardment of negative oxygen
why the deposition rate of the Y atom was depressed mormns or secondary electrons will easily weaken the bonding
severely than that of Ba and Cu atoms when the pressuraf Cu—O and induce the resputtering effect. From our experi-
increased. Thus, the atomic ratios of Ba/Y and Cu/Y increasenental data, the deposition ratio of the Cu atom to the Y
with increasing pressure. Our experimental results are differatom in the dc sputtering system is less than in the rf sput-
ent from others obtained by off-axis rf depositihyhich is  tering system although the substrate temperature of the off-
to say, if the resputtering effect of the negative ion isaxis system is higher than that of on-axis system. Simulta-
avoided, the atomic ratio of the metallic composition of theneously, the initial target composition ratio of the Cu to the Y
films would be the same as the target. In our case, we believ@om was 4 to 1, and the,Qo Ar gas ratio(1:4) was also
that the conditions can satisfy the statements given in Refmaller than that of off-axis system, i.e., under the conditions
24, as mentioned above, under the lower pressure. That idescribed above for off-axis sputtering systems, the probabil-
the transportation of the sputtered particles was mostly in théy of resputtering the Cu atoms must be much higher than
ballistic mode. that in on-axis system; but, in fact, this was not the case.
In fact, the ejected particles are not simply inversely pro-Because in the off-axis sputtering condition the negative ions
portional to pressure, they also depend on the growth condieannot strike back onto the film, the resputtering effect of
tions and the kinds of sputtered atoms, which indicates thategative oxygen is one of the major factors behind this re-
the simple form in Ref. 20 should be changed into an exposult. In addition, since the mass of the Ba atom is two times
nential form with different exponent values for various at-larger than that of the Cu atom, the large angle scattering
oms. Therefore, we compare these results with those olprobability of Cu by Ar ions during transportation to the
tained from the dc on-axis sputtering growtlisee Fig. 3. substrate will be higher than that of the Ba atom. That was
Neither of the linesR.,y and Rg,y Show any concavity one of the possible reasons why the slope ofi the Ry
behavior because the chamber pressure begins at 100 mTaurve was smaller than the valbeof Rg,,y in the on-axis dc
in dc sputtering experiments, i.e., both of the transportatiorsputter system. On the contrary, for off-axis sputtering, fewer
modes are in the diffusive form. Below 100 mTorr, the re-Ba atoms arrived at the substrate parallel to the target surface
sputtering effect on Cu atoms by negative ion oxygen ions islue to the small potential for large angle scattering events.
very serious and does not fit any relation to total pressure-or Cu atoms, the probability of larger angle scattering was
The values ofb andc in Fig. 3 are 0.30 and 0.15, respec- higher; therefore, in the off-axis configuration the value of
tively. The value ofac, at the dc sputtering is larger than was larger than that df. Due to the small difference be-
aga, Which means that the deposition rate of the Cu atoms isween the value ob andc in off-axis rf sputtering, it seems
more seriously influenced by pressure than that of the B#hat the resputtering effect is almost avoided in this case. The
atoms. larger angle scatterings of Cu atoms and the minor resputter-
These results are different from those of rf off-axis sput-ing effect in the off-axis system might be the primary factors
tering. There are two reasons that may explain the differencthat account for the value af being a little larger than that

J. Vac. Sci. Technol, A, Vol. 13, No. 5, Sep/Qct 1995
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1.20 intermediate regime, the concentration of the deposited atom
contains two parts, one of which comes from the diffusive
transport but has lower scattering probability, the other of
which results from ballistic transportation, which will decay
in the natural exponential form with pressure and target—
substrate distanc®.Thus the deposition ratio was higher at
35 mTorr than that at 60 mTorr.

1.00 |

0.80

<4
5 060 If the pressures were not between 35 and 60 mTorr, all the
films were fabricated under the diffusive mode of transpor-
0.40 tation growth, and there were small ballistic components on
the films. The higher the chamber pressure, the better the
020 | surface morphology and the homogeneity on the films. Ac-
tually, SEM micrographs of the surface of the films demon-
0.00 . . . strate these expected results, shown in Fig®-5(c). These
356 4.06 4.56 5.06 5.56 figures clearly show that the films grown at lower chamber

pressures exhibit rougher and more inhomogeneous surface
morphology because they suffered from bombardments by
Fic. 4. A redrawing of Fig. 2 with additional data on the film that was higher energetic particles. The film surface was also found to
fabricated at 45 mTorr pressure#) Ln CufY; (W) Ln Ba/Y. be piled up with the same shape grains. When the chamber
pressure is increased, the microstructure of the films be-
of b in the off-axis case, or completely different, as in the¢0mes smoother and more homogeneous, as shown in Fig.
case of the on-axis system. 5(c). This is because the level of energy of sputtered particles
Since we did not consider the effects of the sticking co-under diffusive mode transportation will be almost equal to
efficient of each atom, interactions between all kinds of parthat of local gas near the substrate region by thermalization
ticles, or the valence values of ionized sputtered atoms, thBrocesse&>?°Thus, if there were enough thermal energy on
above ana'ysis seems to be a rough one. But the aim Of Olﬁubstrate and time pel’iOdS, the partiCIeS on the substrate
experiment is to utilize a simple model that does not involvewould gradually arrange themselves by migration. Therefore,
complicated parameter settings. We also hope to shed soniéhen a higher energetic particle is ejected from the target
light on the fabrication by the sputtering of oxide supercon-regime without scattering collision, it is possible to make a
ductors and to propose an empirical formula to describe anélefect or create a nonhomogeneous region on the film sur-
predict the composition of the as-deposited film in multicom-face, or even possible to induce a new nucleation core, which
ponent(e.g., YBaCw,0,) sputtering growth. would produce many grains on the surface as shown in Figs.
Our finding that the atomic ratio tends to change in pres5(@ and §b), especially in Fig. &), which is the most se-
sures ranging from 60 to 35 mTorr is similar to the results offious. The surface morphology of the thin film is very im-
single target sputtering experiments made by Heletel?®  portant for the performance of microwave devices, especially
Their deposition rate was not inversely proportional to thefor ring resonators, and this has been studied and reported in
pressure if chamber pressures were below 10 mTorr. That i8ef. 27. Of course the roughness of the film surface, as
to say, the transportation of sputtered particles was not in thehown in Figs. 62) and Gb), would be different. The rough-
diffusive form. Therefore, it was natural for us to predict theness is higher when the growing pressure is as low as 35
existence of an intermediate region with a different transportnTorr. It could become smaller if the pressure is increased,
mechanism from 35 to 60 mTorr, which we assume to be @&s demonstrated in Fig(). Figure 7 shows the root mean
mixed mode with ballistic and diffusive transportations. We square(rms) roughness of the films versus various chamber
performed another growth experiment at 45 mTorr chambepressures. At higher pressure conditions, the growth rate will
pressure to check this assumption. Figure 4 exhibits a pldte reduced by the scattering effect, and the transportation
redrawn from Fig. 2 together with this additional experimen-mode of the ejected particles will be thermalized into a dif-
tal data. The experimental results indicate that the value ofusive mode; thus, there is more time to allow the atoms to
Rgay @t 45 mTorr is the same as that Rf,, at 60 mTorr, order themselves and to decrease the ion bombardments on
but smaller than that dRg,y at 35 mTorr, and that the value the film surfac€® Therefore, the higher the chamber pres-
of Re vy Was smaller than those &,y at 60 and 35 mTorr.  sure, the smaller the roughness of the film was. Although the
We suggest that the transport of Ba atoms is almost in thenicrostructures of the films are different, the phases of all
intermediate region and that it exhibits a steady and pressutée films almost always exhibit@axis preferred orientation,
independent feature from 45 to 100 mTorr. But, for Cu at-as shown in Fig. 8.
oms, the transport was almost of the diffusive mode and The deposition rate of thin film growth is proportional to
partly of the ballistic mode, which was evidenced by a linearthe number of particles that arrive at the substrate. Moreover,
relationship with pressure in logarithmic form such as thethe number of arrived particles is affected by the scattering
situation above 60 mTorr. If the pressures were higher thafrom one another. Therefore, when the chamber pressure is
45 mTorr, the mode of transport would transfer to the diffu-higher, the probability of scattering is higher, which in turn
sive mode. However, at pressures lower than 45 mTorr, theeduces the number of arrived particles. For this reason, the
mode of transport will transfer to the ballistic mode. In the growth rate of thin films decreased when the chamber pres-

LnP
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Fic. 5. SEM micrographs of the as-grown films surfaces. Films were deposited at 700 °C,-444 r@tio, 50 W output power, and various pressufes35,
(b) 60, and(c) 150 mTorr.

sure was increased, as shown in Fig. 9. From Fig. 9, it igings in Fig. 9 at the 100 mTorr pressure point, we clearly
clearly seen that the deposition rate of 35 mTorr is threelemonstrate that there are two different major modes of
times larger than that of 200 mTorr, which indicates a muchransport mechanisms of sputtered particles in deposition
lower scattering probability of 35 mTorr than that of 200 growth. The transport was dominated by the ballistic mode
mTorr. It seems meaningful to fit the data in Fig. 9 to below 100 mTorr pressures and showed an exponential form,
R=C, exp(C,P) in the pressure range 35—100 mTorr, andbut above 100 mTorr pressures it could be fitted by a linear
to R=C;P+ C, for pressure above 100 mTorr; the values ofform and demonstrated the diffusive mode of transportation.
C4, Cy, C3, andC, were then 737.7,-0.0076,—1.8, and  This result was found to coincide with information about the
530, respectively. These curve fitting results may support th&ransportation of Ba atoms in Fig. 4. This result also supports
above assumption that the ballistic mode of transportation athe results of our dc growth experiments that demonstrate the
sputtered particles still exists at pressure lower than 108uperiority of the diffusive mode above the 100 mTorr cham-
mTorr. Moreover, from the two different kinds of curve fit- ber pressure.

J. Vac. Sci. Technol, A, Vol. 13, No. 5, Sep/Qct 1995
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Fic. 8. XRD pattern of as-grown film deposited at 700 °C, 1/4@r ratio,
50 W output power, and 100 mTorr chamber pressure.

that induced the stress concentrated center which would eas-
ily cause the point defects or line defects or even result in
nonordering and discontinuities in structure. Therefore, what
may account for the two-step transition phenomena from the
R-T curve, i.e., two phases simultaneously existed, one is the
orthorhombic | phase with 90 K, and the other is the
orthorhombic Il phase with 60 R .2>3°The structure of the

90 K orthorhombic | phase is not continuous in the electrical
conductivity path so the zero-resistance temperatiigg (s

only 60 K, as shown in Fig. X8). At 150 mTorr, the super-
conducting behavior of the electrical property is very simple
and pure, as shown in Fig. @), which indicates that the
unigue existence of the 90 K orthorhombic | phase with an
87 K T, value. On the other hand, the superconducting be-
havior of the film grown at 200 mTorr was different from
those described above, and demonstrated an unclear phase of

Fic. 6. AFM micrographs of the surfaces of the as-grown films fabricated atyrthorhombic | and exhibiteﬂ'co at 65 K. as shown in Fig.

various pressuresa) 35 and(b) 200 mTorr. The vertical axis is the height of
the film surface, and the horizontal axis is the scanning range being exa

ined.

The superconducting transition behavior and Thevalue

0(c). The difference in superconducting properties between

200 and 35 mTorr pressure occurred at the transition shape of
the orthorhombic | phase. The transition shape at 35 mTorr

was sharper than at 200 mTorr. The reason for this difference
may have to do with the different chamber pressures because

of the films indicate various curves of resistance versus tem-
perature R-T) and the different values of the critical transi-

tion temperature, shown in Fig. 10. We expected that, when 600 . . . I |
the growth chamber pressure was 35 mTorr, the surface of 550
the film would be bombarded by more energetic particles, ]
= 500 i
P °< 450 .
O
BT & 400 .
30 c
p 2 350 ]
£ = 2
g,'g 2 § 300 -
é 5L 250 .
14
10 200 7
I3 4
150
° \ 30 60 90 120 150 180 210
38 45 100 200 Pressure (mtorr)
Pressure(mtorr)

Fic. 9. Dependence of growth rate of the thin films on the total pressure.
Fic. 7. Dependence of the roughness of the films on the total pressure. The solid line is a curve fitting result; the broken line is experimental data.
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Fic. 10. Resistance-temperature curves of as-grown 123 thin films fabrigig, 11. Resistance-temperature curve of as-grown 123 thin film fabricated
cated at(ll) 35 mTorr,(#) 150 mTorr,R*10, and(A) 200 mTorr,R*5. at 370 mTorr, and the temperature dependence ac susceptibility for the same
sample(inse).

of the small nonhomogeneous structure and phase disconti-

nuity resulting from the bombardment of high energetic parchamber pressure was 370 mTorr, and the substrate to target
ticles in the surface of the film at higher pressure conditionsgistance(horizontal distance 4 cm, vertical distance 3)cm
We also observed that the electrical properties of the filmyas also different from that described previously. Therefore,
grown at 200 mTorr were not as good as those for the ongue do not include those results in these discussions.
grown at 150 mTorr, even though they were all based on the We believe that the properties of critical curredt), sur-
thermalization conceﬁﬁ'ze during the diffusive transport face resistanceR), and magnetic penetration defidy,) are
mode. We believe that the noise level of the rf sputteringhighly dependent on the quality of the superconductor. These
system rather than the pressure factor was the probable regslationships have been widely studied and discussed by
son behind the difference in transition behavior. The noise obther researcher&:3” Of course, it is interesting to speculate
the rf system may be induced by the short circuit between then the properties related to the material properties them-
electrode of the heater and the chamber resulting from thgelves, which were fabricated using various chamber pres-
crush of target crack or any conducting impurity. The effectsures. But in this article, we prefer to focus on changing the
of the short circuit was similar to the substrate biasing phecomposition of the metal elements, surface morphology,
nomenon that resulted in charged ion bombardment, and thefeposition rate, and the transition behavior and thgivalue
induced resputtering and damage on the film surface. in the films. Then we explain the relationship between the
Moreover, the energy of each sputtered particle was almosimpirical formula of the deposition ratio of atoms and cham-
thermalized to equal the thermal energy of the local substratger pressure in terms of the mode of transportation of the
region by scattering processes at higher pressures; the numiected particles.
ber of particles that arrived at the substrate was very limited.
Under the greater noise level state, the metallic composition
of the first few layers deviated from the exact stoichiometry
of YBa,Cw;,0O,, the arranged order of each metallic atom waslv' CONCLUSION
also out of the periodic way, and the energy of the later From the above experiments and statements, it can be
particles was not high enough to support the atom migratioseen that the chamber pressure is a very important factor in
and then diffuse to an exact position for rearranging themeontrolling the exactly metallic composition of as-deposited
selves. In one case the defects induced at the beginning Byms. Pressure also affects the microstructure and surface
ion bombardment were not able to moderate or be compemorphology of the films. Except in very low pressures, the
sated for completely. This resulted in a feature of the transivelocities of diffusion for each particle will be different and
tion curve, shown in Fig. 1@), that has been explained by must be taken into consideration. The metal composition will
Kanekoet al3? and Matsubarat al3 From this, we suppose deviate from its stoichiometric condition due to the different
that raising the substrate temperature and minimizing théeposition rate. In addition, the pressure effect will influence
output noise level could fabricate films with the same qualitythe growth rate and surface morphology. At higher pressures,
as that grown at 150 mTorr under this 200 mTorr pressuréhe growth rate is low and the deposition time is longer and,
condition, i.e., single phase in crystalline and pure singlenence, better surface morphology and structure homogeneity
orthorhombic | phase in the as-grown films. As expected, thean be obtained. On the other hand, at lower pressures, the
T, value was as high as 82 K and the phase was pure whegrowth rate is higher but the homogeneity and morphology
we raised the substrate temperature to 720 °C and reduced the film is worse, which leads to bad electrical properties.
the output noise level. From a series of experiments, we obtained the better quality
In our lab, we have also fabricated films with 90TK by film with 87 K T, andJ.>10° A/lcm? at 77 K under condi-
off-axis sputtering, shown in Fig. 11, or by dc on-axis, as intions of 50 W output power, 1/4 mixed ratio of,@o Ar,
Refs. 34 and 35, but, on obtaining the 90 K films, the growth700 °C substrate temperature, and 150 mTorr chamber pres-
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sure. In addition, films withT values of 90 K can still be

obtained by just changing the substrate position and other,

parameters.
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