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C-axis oriented (Hg,Ti)-based superconducting films with T.>125K

F. Foong, B. Bedard, Q. L. Xu,? and S. H. Liou
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Lincoln, Nebraska 68588-0111

(Received 23 October 1995; accepted for publication 11 Decembep 1995

Thin films with mostly (Hg,T);Ba,CaCu,05. s[(Hg, Tl)-1223] phase have been fabricated by radio
frequency magnetron sputtering of precursor films and post-annealing method. The doping of a
small amount of thallium in the film is helpful to the formation of the three-layer Cegdnpound.

These films have a highly oriented structure with thaxis perpendicular to the film surface.
Resistivity measurements show that the films after annealing at 300r°C foin O, have the
superconducting transition temperature Bf(onsej=133 K and T.(zerg=127 K. Scanning
electron micrographs of the film reveal platelike micrometer-size grains coalesce to cover the
substrate surface. @996 American Institute of PhysidsS0003-695(96)00608-1

Since the discovery of superconductivity in the addition, a continuous solid solution in the
Hg,Ba,Ca, 1CU,05n 121 5 family,'™ the three-layer Cu9  Hg,;_,Tl,Ba,CaCu0g. 5 [(Hg,TN)-1223 system has been
compound HgBa,Ca,CwOg, 5 (Hg-1223 has attracted con- demonstrated Partial mercury ion replacement by thallium
siderable interest due to the high superconducting transitiofpns in the(Hg,Tl)-1223 oxide superconductors was shown
temperature T,).*~® In order to explore the intrinsic proper- to greatly increase the volume fraction and change the den-
ties of these materials, high-quality films and.single crystal%ity of oxygen vacancie Liu et al '8 argued that Tl doping
are often needed. There are several reports in the growth @fqqyces partial melt in the mixture that would prevent the
Hg71_Bga2C310u206+5 (Hg-1212 films with T of 120-125 55i4 evaporation of mercury during the reaction. Clearly,
K.™" So far, there is no report on the growth of Hg'1223(Hg,TI)-1223 is an interesting system to study and is also a

films. One of the main difficulties in synthesizing Hg-basedmore suitable material for producing thin films wiffi

cuprates is the high vapor pressure of Hg and Hg-based Cor%?ove 125 K.

pounds. Therefore, an enclosed or high-pressure environmen N .
is needed to maintain the Hg content during the high- Thin films of (Hg, Tl)-Ba—-Ca—Cu-0 have been fabri-

temperature treatment. From past experience with the syrﬁ:—ated usmg_ radio frequenc_iyf) magnetrqn sputtering and
thesis of TI- and Bi-based cuprates, phases with three,cud?0St-annealing method. Thin precursor films of the Ba—Ca—
layers need a longer reaction time or higher annealing tercU—O were made by rf magnetron sputtering oft60
perature than phases with two Cuyersi®! If the same LaAlO; single crystal substrates. The sputtering was carried
trend exists in the Hg-based cuprates, it will be more difficultout in a 10:1 mixture of Ar and ©gases at total pressure of
to synthesize the Hg-1223 films compared to the Hg-12140 mTorr. The precursor films-0.5 um thick were moved
films. immediately into a plastic bag filled with argon gas, to mini-
In view of the severe difficulties encountered in making mize the exposure to moisture ¢ the air. The films were
Hg-1223 films due to the above reasons, we investigated theglaced in an alumina tube with several pressed and unreacted
substitutions of other cations for Hg that promote the forma-pellets of nominal composition HgTl, -Ba,CaCu0, . The
tion of the Hg-1223 phase. Several studies have demorpellets were made from high purity HgO,,D,, BaO, CaO,
strated the substitutions of thallium, lead, and bismuth forand CuO. The alumina tube with the contents and a quartz
mercury in the Hg-1223 superconductér'® The effect of g (7 mm 0.dx30 mm length were introduced into a
lead doping in the 1H29'1,22,3 superconductor was demongart; tubg8 mm i.dx12 mm o.d), which was then evacu-
strated by Isawaet al."” This is similar to the cases of Bi— ated and sealet60 mm length. The quartz rod was used to
0 SPTEOnCTS e the ety Space i he quarz ube. The bpcal an
nealing schedule was slow heating to 750—860rfG h and

phase:®*1t is known that Hgll) and TKIIl) have identical Y
electronic configurationgboth are 5*° cations. Goutenoire maintaining that temperaturerfd h and then furnace cool-
ing to room temperature. After the sintering, some films were

et al’® have shown that mercury can substitute thallium in A -
the ThBa,CaCuO14-,(TI-2223) cuprate. They found the further annealed at 300 °Crid h in G,.
disordered distribution of thallium and mercury in the thal-  Figure 1 shows the x-ray diffraction patterns for the
lium bilayers does not change the critical temperature of théHg,T)-Ba-Ca—Cu—O films annealed at 830°C. The
mercury-doped TI-2223 phase. However, Sairal. and Dai  (00) peaks as indexed to thelg,TI)-1223 phase in the fig-
et al1®1" reported aT, enhancement to 138 K for a sample ure indicates that the film grew+axis oriented and perpen-
with a nominal composition of HgTl, Ba,CaCu0Og, 5  dicular to the substrate surface. The lattice parameteas
This difference in observations has not been resolved. ldetermined to be 15.83 A, very close to the repoftdg, TI)-
1223 bulk value of~15.85 A A second minor phase
AVisiting from the University of Science and Technology of China, Hefei, present wagHg,Tl)-1212, which also has e-axis orienta-
Anhui 230026, People’s Republic of China. tion, as shown by the (0D peaks indexed in Fig. 1. Above
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FIG. 1. The x-ray diffraction pattern for thgdg,Tl)—Ba—Ca—Cu—O film (&) before andpb) after annealing in oxygen at 300 °C for 1 h.

annealed at 830 °C for 1 h. The indexed peaks are for(ittgeTl)-1223

phase andHg,Tl)-1212 phase. L .
The resistivity versus temperature of the films was mea-

sured by the dc four-probe method. Figure 3 shows the tem-
perature dependence of the resistivity for the as-prepared and
oxygen annealed films. The resistivity of the as-prepared film
et')egins to drop at temperatulig(onsej=125 K and goes to

pro atT.(zerg=120 K. After annealing in @at 300 °C for

h, as shown in Fig. 3, the onset superconducting transition
temperature increases to 133 K and the zero resistivity to 127
scanning electron microscoBEM) as shown by the micro- K- The rather sluggish and a large rounding of signatures
graph in Fig. 2. We can see well-connected and irregulaP®ar the transitions on both. as-prepared and annealed films
platelike crystals, but it is difficult to discern their orienta- SUggest that there are the intergrowth(big, T1)-1212 and
tions. The features such as rounded grains and grain coaled19,T)-1223 phases or a large thermodynamic fluctuation
cence are very similar to the Tl-based superconductingedime. A linear decrease from room temperature to about
ﬁ|mS,10~l9 Suggesting that the grain growth process in both200 K, with a ﬂegative interp0|ated intersection unlike most
cases is similar. The analysis of the energy dispersive x-ragther highT. materials, is observed in these films. The high-
spectrum indicates that the composition of most platelikeest value of zero-resistandg that has been obtained is 127
crystals was very close ¢1g, 7, Tlp 3Ba,CaCu;Og. 5. How- K. To the best of our knowledge this is the highdstre-
ever, the actual ratio of Hg, Tl, Ba, Ca, and Cu is always offported for superconducting filnfsEstimated resistivity in
from ideal stoichiometry. The observed variation of the com-the normal state for these two kinds of films were in the
position in these films may be due to the incomplete phaseange of ~80—400 u{) cm, which is comparable with the
formation, the presence of both phases or intergrowths. Wether high-temperature superconductors. The results indicate
can also see a very small amount of bright particles and othethat there are good connections between the superconducting
substance between the platelike crystals. Microprobe analyyrains in these(Hg,Tl)-1223 films. Most of the films we

sis showed that the content of Cu was higher in these areagiepared showed similar electrical transport properties with
perhaps they were impurity phases of Cu-rich compounds (zerg around 120-127 K.

which contribute to the background in x-ray diffraction pat- In summary, we have successfully fabricatétty, TI)—
terns. Ba—Ca—Cu-O superconducting films with more than 80%
(Hg,T)-1223 phase determined from x-ray diffraction pat-
terns. They grew with the-axis oriented perpendicular to
the surface of the film, and the grains are connected very
well, thus showing a low resistivity of the normal state. The
films annealed in oxygen fdl h show the highest supercon-
ducting transition temperature, wiffi.(onsej=133 K and
T.(zero=127 K as determined from resistivity measure-
ments. At present, the phase reproducibility of these films is
good, but the composition variation is still large. In order to
achieve a highef ., a better control of phase formation in
these films is needed.

the annealing temperature 6800 °C, most films consist of
more than 80%Hg,Tl)-1223 phase, less than 20d4g,Tl)-
1212 phase and with very little other phases that were d
tected from the x-ray diffraction patterns. Below 800 °
(Hg,Tl)-1212 phase becomes the major phase and a smeﬁ
amount of HgCa® phase emerges.

The surface morphology of the film was observed by

L0y This research was supported by the Department of En-
FIG. 2. Platelike grains are observed in the SEM micrograph of the€r9Y Grant NO_- DE-FG02-90ER45427 and the National SC"
(Hg, T—Ba—Ca—Cu-O0 film annealed at 830 °C for 1 h. ence FoundatiorfNSP Grant No. OSR-9255225. B.B. is
1154 Appl. Phys. Lett., Vol. 68, No. 8, 19 February 1996 Foong et al.

Downloaded-13-0ct-2006-t0-129.93.16.206.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://apl.aip.org/apl/copyright.jsp



supported by the NSF REU program from Angelo State Uni-*w. Assmus and W. Schmidbauer, Supercond. Sci. Tecltn&55 (1993,

versity, San Angelo, TX 76909. and references therein.

12K Isawa, A. Tokiwa-Yamamoto, M. Itoh, S. Adachi, and H. Yamauchi,
Physica C217, 11 (1993.

1 - . . .
S. N. Putlin, E. V. Antipov, O. Chmaissem, and M. Marezio, Nat3é 13M. Takano, J. Takada, K. Oda, H. Kitaguchi, Y. Miura, Y. Ikeda, T. Tomii,

226 (1993. A
2A. Schilling, M. Cantoni, J. D. Guo, and H. R. Ott, Nat@e3 56(1993. , &nd H- Mazaki, Jpn. J. Appl. Phy87, L1041 (1988. _
37 3. Huang, R. L. Meng, X. D. Qui, Y. Y. Sun, J. Kulik, Y. Y. Xue, and C. M. A. Sabramanian, C. C. Torardi, J. Gopalakrishnan, P. L. Gai, J. C.
W. Chu, Physica @17, 1 (1993. Calabrese, T. R. Askew, R. B. Flippen, and A. W. Sleight, Sci&2&®
4C. W. Chu, L. Gao, F. Chen, Z. J. Huang, R. L. Meng, and Y. Y. Xue, 1015(1988.

Nature365, 323(1993. 15F, Goutenoire, A. Maignan, G. Van Tendeloo, C. Martin, C. Michel, M.
5M. Nunez-Regueiro, J. L. Tholence, E. V. Antipov, J. J. Capponi, and M. Hervieu, and B. Raveau, Solid State Comme, 47 (1994).

Marezio, Scienc®62, 97 (1993. 18G. F. Sun, K. W. Wong, B. R. Xu, Y. Xin, and D. F. Lu, Phys. Lett182,
L. Gao, Y. Y. Xue, F. Chen, Q. Xiong, R. L. Meng, D. Raminez, C. W. 122 (1994.

Chu, J. H. Eggert, and H. K. Mao, Phys. Rev5B 4260(1994. 17p_ Dai, B. C. Chakoumakos, G. F. Sun, K. W. Wong, X. Xin, and D. F. Lu,

7Y. Q. Wang, R. L. Meng, Y. Y. Sun, K. Ross, Z. J. Huang, and C. W. Chu, Physica C243 201 (1995.

Appl. Phys. Lett.63, 3084(1993. 183 7 Liu | h M. D. Lan. P. Klavi R. V. Shel Phvsi
8C. C. Tsuei, A. Gupta, G. Trafas, and D. Mitzi, Scier63, 1259(1994). ‘(]:24(;;03 ((]:_éga ang, M. D. Lan, P. Klavins, and R. V. Shelton, Physica

9M. Rupp, A. Gupta, and C. C. Tsuei, Appl. Phys. L&, 291 (1995.
upp upta, an Suel, Abp ys (1999 ®W. L. Holstein, C. Wilker, D. B. Laubacher, D. W. Face, P. Pang, M. S.

105, H. Liou, Mater. Res. Soc. Symp. Prd&9, 667(1990; S. H. Liou and : e
C. Y. Wu, Appl. Phys. Lett60, 2803(1992. Warrington, C. F. Carter, and L. A. Parisi, J. Appl. Phy4, 1426(1993.

Appl. Phys. Lett., Vol. 68, No. 8, 19 February 1996 Foong et al. 1155
Downloaded-13-0ct-2006-t0-129.93.16.206.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://apl.aip.org/apl/copyright.jsp



	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2-19-1996

	C-axis oriented (Hg,Ti)-based superconducting films with Tc≥125 K
	F. Foong
	B. Bedard
	Q.L. Xu
	Sy_Hwang Liou


