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Titanium nitride (TiN) and superconducting YBawO; (YBCO) thin films have been deposited sequentially on
SrTiO3(STO)(100) substrates hiy situ pulsed laser ablation. The TiN films were originally intended to serve as the lower
contact electrode of the-axis YBCO thin films. It was found that, although high-quality YBCO films could be ob-
tained with the YBCO/TIN/STO(100) bilayer structure, the TiN(100) layer was oxidized which changed the structure into
YBCO/TiO,/STO(100) during YBCO deposition. Comparative studies of depositing YBCO films directly onto a dc-sputtered
TiO,/STO(100) template conventionally used in the selective epitaxial growth (SEG) process have, however, resulted in forma-
tion of a nonsuperconducting YBCO top layer. The characteristics of the resultgnayis obtained using various processes
were analyzed to delineate the apparent discrepancies.

KEYWORDS: TiN films, oxidation of TiN, pulsed laser deposition, YBCO/TiO,/STO bilayer structure, selective epitaxial growth
process

TiN thin films have been studied and used extensively iprepared a dc-sputtered TiQayer directly as the selective
recent years due to their superior mechanical, thermal, anthsked template on a bicrystal SrEiQSTO) substrate to
electrical propertie$:®) Moreover, it has been suggested thatn situ fabricate dc superconducting quantum interference de-
TiN thin films not only serve as buffer layers in depositingvives (SQUID). Again, the Ti@layer exhibited excellent se-
superconducting YB&ZLwO; (YBCO) thin films on various lectivity for growing nonsuperconducting YBCO films. In
substrates such as Si, Hastelloy, Inconel and stainless steetjer to resolve these apparent inconsistencies, efforts have
but also as the electrode for metallization and integration difeen taken to examine the crystallinity, surface morphology,
superconductor and semiconductor devit®sin the light interface, and electronic structure of these films.
of these unique properties exhibited by TiN films, we pre- Both the TiN and YBCO films have been prepared by PLD.
viously attempted to fabricate the YBCO/TiN/substrate strucFhe detailed description of the PLD system was reported pre-
ture by sequentiah situ pulse laser deposition (PLD) to in- viously!?) Briefly, a KrF excimer laser operating at a repeti-
vestigate the out-of-plate (alorgaxis) transport properties tion rate of 3-8 Hz with an energy density of 2-5 Jfowas
of YBCO thin films. Surprisingly, we were unsuccessful beused. In order ton situ fabricate the YBCO/Ti@'substrate
cause of the oxidation of TiN layer during the deposition otructure, both YBCO and TiN targets (99.9% pure) were
YBCO thin films. The reaction of TiN films with oxygen installed in the deposition chamber simultaneously. It was
is thermodynamically favorabf?) Insulating and transpar- found that the optimum deposition conditions for the TiN
ent TiO, films with a rutile structure were formed immedi- films were obtained under the background pressti® %
ately at a temperature of about 8G0 Since oxidation is 107 Torr) and at a substrate temperatilise= 700°C. On the
unavoidable during deposition of YBCO films, the originallyother hand, the optimum deposition conditions for the YBCO
considered YBCO/TiN/substrate bilayer structure should b#ms deposited on STO were obtained at an oxygen patrtial
an YBCO/TiQy/substrate bilayer structure instead. It seempressure of 0.3 Torr anf = 780°C .1V
reasonable to conclude at this point that, even though our at-The dc-sputtered TigXilms were prepared by a laboratory-
tempts at using TiN films as an electrode were unsuccessfbljilt sputtering system. A 50-mm-diameter (99.9% pure) ti-
the resultant TiQ films can still serve as an excellent buffertanium disk was used as the target. The distance between
layer for growing YBCO films on some technologically im-the target and substrate was about 25mm. Sputtering was
portant substrates. carried out in a 1:29 oxygen/argon mixture at a total pres-

There, however, exist some apparent discrepancies wihire of 0.2 Torr. Since the substrates were not intentionally
this conclusion and the results demonstrated in the recentigated during deposition, the as-deposited films were amor-
developed selective epitaxial growth (SEG) proce¥dn this  phous. TiQ films of 20-50 nm thickness were deposited at
method, a detrimental template material was deposited aadypical deposition rate of 0.1 nm/min using a total dc input
prepatterned on a bare substrate. Then the subsequent YB@@ver of 30 W.
films growing on top of this template layer become insulating, The electrical properties of the TiN and YBCO films was
while those growing directly on the substrate have supercomeasured using a four-probe method. The crystalline struc-
ducting characteristics. Dametal.® and Chengt al.” have ture of the films was examined by X-ray diffraction (XRD,
used the patterned Ti template for selective epitaxial growtRigaku D/max-rc/ru200b) using CucdKradiation. The sur-
of microsized YBCO structures. The YBCO thin film grownface morphology of the films was observed by atomic force
on regions covered by the oxidized Ti layer became amomicroscopy (AFM, Digital Instruments DI 5000) and scan-
phous and exhibited insulating characteristics, while those deing electron microscopy (SEM).
posited directly on bare STO substrate regions showed ex-The as-deposited PLD-TiN films, typically about 30-80 nm
cellent superconductivity. Recently, Chuaegal.'® have thick, were shiny golden yellow in appearance. Curve (A) in
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Fig. 1. (a) Resistivity versus temperature curves of a PLD-TiN film (curv Howgver, despite the success of gr(.)wm.g an YB.CO./TIN/
(A)) and a YBCOI/TIN bilayer structure (curve (B)) deposited on (100)ST($TO bllayer structure, the effect of oxidation on TiN films
substrates; (b) XRD pattern of the (L00)TiN film; (c) XRD pattern of thewas apparently overlooked. Since thresitu deposition of
YBCO/TIN/STO structure. YBCO films is usually performed in oxygen ambient at a high

temperature, one would have wondered whether any degrada-
tion of TiN took place in such an environment. To verify the

Fig. 1(a) shows the resistivity versus temperature (R-T) cungspicion, we etched off the top YBCO layer and found that

of an 80-nm-thick TiN film on STO. It is evident that the the gold-colored conductive TiN layer no longer existed. In-

as-deposited TiN is an excellent metallic compound with gtead, the original TiN layer has turned into a transparent in-

nearly zero residual resistance below 20K, indicative of akylating layer. In order to identify the resultant product, a 50-

most impurity-free crystallinity. Figure 1(b) shows the XRDnm-thick TiN film was loaded into the experimental chamber

pattern of the film, indicating that the TiN film has grown withand treated at 78C for 6 min with an oxygen partial pres-

a predominance of (100) texture. The surface morphology gsre of 0.3 Torr to simulate the YBCO film deposition pro-

revealed by AFM, shows an average grain size of about 50 ng@ss. Figure 2(a) shows the XRD result for the oxidized TiN

with a rather smooth surface. The root mean square (RM§ms. The diffraction peaks are identified as that of the ru-
roughness of the surface was estimated to be about 0.2 nmijle TiO, with the (110)-preferred orientation. The full-width
The high-quality TiN thin films with an excellent electri- at half-maximum (FWHM) of the Tig(110)6—2 diffraction

cal property and a smooth surface described above seem vpaak was about 0.21 This unexpected result suggests that

suitable as a conductive buffer layer for growing YBCO thinTiN might not be a good underlayer electrode since oxidation

film. Therefore, we prepared a bilayer structure by deposifs unavoidable during deposition of YBCO. The AFM image
ing TiN and YBCO layers sequentially on STO substratesn Fig. 2(b) illustrates that the grain size of Tius obtained

The thicknesses of TiN and YBCO layers were approximatelg about 400 nm, which is much larger than that of the original
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600 It is known that the growth of epitaxial YBCO films is
@ closely related to the initial stages of deposition as nucleation
and growth first occur on the substrate, as well as to the for-
mation and evolution of dislocation and other defects as de-
position proceeds. Therefore, the structural properties and the
surface morphology of the substrates can influence the final
quality of the deposited films significantly. Comparing the
XRD and AFM results shown in Figs. 2 and 3 respectively,
it seems likely that the poor crystallinity and much higher
L RMS roughness of annealed sputtered;Hins might be re-
r r r r ' T T sponsible for quenching the superconductivity of YBCO films
% 40 45 50 55 6 6 grown on it. Alternatively, another interface layer formed dur-
26(deg) ing YBCO deposition might also be possible. In this scenario,
a thin BaTiQ layer formed immediately after the first deposi-
LR . < Y% 9 tion of YBCO can be crucial for subsequent growth. Whether
I the interfacial layer is crystalline BaTybr amorphous Ba—
Ti-O laye® could make significant differences. Experiments
including Auger electron spectroscopy (AES) depth profile
analyses and interficial X-ray absorption spectroscopy for de-
termining the possible interactions occurring at the YBCO
and TiQ, interface are currently in progress and will be re-
ported separately.

In summary, TiN thin films grown on the SrT§100) sub-
strate by PLD are demonstrated to be a suitable template for
growing YBCO films. However, although the TiN films orig-
Fig. 3. (a) XRD pattern and (b) AFM image of annealed sputtereg TioinNally possessed excellent electrical properties, these failed

film. The scanned area of the AFM image wagr2 x 2um and the to serve as the underlayer electrode in an YBCO/TIN/STO

dark-to-light vertical scale was 60 nm. bilayer structure since it was readily transformed to ru-
tile(100) TiO; films during the deposition of top-layer YBCO
films. In contrast to the good superconductivity obtained in
TiN films. A greater variation in roughness (RMS roughnesge YBCO/TiN-transferred Ti@STO structure, YBCO films
~1nm) can also be observed in the figure. grown directly on a Ti@ layer prepared by dc sputtering,

As was already pointed out, very contrary experimental rgurned out to be insulating. The results suggest that poor
sults were observed for YBCO films grown using the SEGystallinity and a drastic increase in RMS roughness of the
technique. Smooth, black, and good superconducting prognnealed sputtered TiCfilms might have direct influences
erties were obtained for YBCO films grown on the STQyn growing stoichiometric YBCO films. Experiments aimed
substrate directly, whereas rough, nearly transparent, insatresolving the possible interface layer modifications are in
lating YBCO films (typical resistivity at room temperatureprogress and are expected to provide more insight on this mat-
>10° Q-cm) with large particulates were obtained for YBCOygr.
films grownon TlQ buffer |ayerS. For the latter structure, the This work was Supported by the National Science Coun-

absence of an YBCO diffraction peak in XRD measuremergj| of Taiwan, R.O.C. under grants: NSC89-2112-M-009-027
indicates that the material is amorphous. It is then interestinghd -029.
to distinguish the differences between Fifdms prepared by
dc sputtering and those transformed from PLD-TiN films. In
order to simulate the change of amorphous ;Iflims pre- 1) E.I. Meletis, W. B. Carter and R. F. Hochman: Microstruct. 38i.
pared by dc sputtering prior to YBCO deposition, a 50-nm- 2 %9}?43“417' M. Mandl and W, Pal 3. Appl. PHS(1989) 2464
f . . . . Konhlase, M. Manal an . Palmere: J. Appl. .
thick SP“tt?red'T'@ film Was loaded into a vacuum cham- 3) M. Kawamura, Y. Abe and K. Sasaki: J. Vac. Sci. & Technoll1&\
ber maintained at 78C with a 0.3 Torr oxygen pressure for (1998) 200.
6min. Figures 3(a) and 3(b) show the XRD and AFM im- 4) A.Kumartand J. Narayan: Supercond. Sci. Tech®i¢1993) 662.
ages of the annealed sputtered Tifdm, respectively. As 5) P. Tiwari, T. Zheleva and J. Narayan: Mater. Res. Soc. Symp. B8bc.
I ; . ) (1993) 311.
shown in Fig. 3(a), the diffraction peak of the (110)3i- g 11" Witimer, 3. Noser and H. Melchior: J. Appl. Phj#2 (1981) 6659,
tile phase indicates that the amorphous sputtered Til@® 7) H.G. Tompkins: J. Appl. Phyg0 (1991) 3876.
was transformed into the same rutile phase as that of the PLDB) C. A.J. Damen, H.-J. H. Smilde, D. H. A. Blank and H. Rogalla: Su-
N ; ; it percond. Sci. Technoll (1998) 437.
TN transfer:red ITIQ ulnder tEed_?fame_ an_nealln_g Conglgonsd 9) Y. K. Cheng, J. T. Lin, Y. C. Chuang, W. C. Huang, S. P. Chen, J. Y.
However, the relatively weak diffraction |n_te_n5|ty and broal Juang, K. H. Wu, T. M. Uen and Y. S. Go@roc. 1999 Int. Workshop
FWHM (~0.33) suggest that the crystallinity of these an-  superconductivity, Kauai, Hawaii, 1999 (ISTEC and MRS, 1999) p. 84.
nealed sputtered TiOfilms may not be as good as that of 10) Y-C-%huangi.J-Y-Juangx K.H.Wu, T.M.Uenand Y. S. Gou: in prepa-
Nl T : H H H _ ration for pu ication.
TiN-transferred Tlel!ms. Thg AFM image in Fig. 3(b) fur _11) K.H.Wu, J. Y. Juang, C. L. Lee, T. C. Lai, T. M. Uen, Y. . Gou, S. L.
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nm as compared to 1 nm for the oxidized TiN film.
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