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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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TM quallry of l"I'trCOMUCtilil tlalll films evaporated from YBa2C"JO 1 
tarlelS llal beell Improved ",1111 a lOllI-pulse (ml) Nd·glllSl llUu witla 50 
Jlpuue eMT". TIN fUm produced Oil STTiOJ. latld til 690 C. aNl POlt-lJIUItaled 
at 880 C for about Wtt ItolUl btgall tlat tTtJlUltloli to l"I'trcoNluctlviry at 85 K 

. alld Ia4d zuo r"IltallCt al 79 K. Tlat obltTYtd vari4tloll III film tlaicintss 
corrtlpolldtd to diffust emlllloll from tlae target. alld 110 lignificant variation 
ill compolitioll lIS a /ullclioll of angle of emisllon up to 40· witla Ttsptet to 
lur/act IIOrmal WIU Ittll. 

Most stUdies on laser depOSItion of 6ig6 Tc superconducting films have 
employed repetitive irradiation of a superconducting target with shon (ns 
duration ) pulses. prinCipally from excimer lasers[ 1]. The peak power 
densities are in the range 107- lOS W fcm 2 and the deposition rale is kept at a 
few angstroms per pulse. The angular distribution of the material emitted by 
this technique is reponed to be non-diffuse [2]. with a functional form as 
peaked as cosS 9. Moreover. the variation in composition with angle is 
appreciable. 

Recently, we have demonstrated that low-power-density pulses from a 
Nd-glass laser operated in the conventional mode (non-Q-switched) can 
produce superconducting films of Y-Ba-Cu-O by vacuum vaporization[3]. The 
present work was undenaken to determine whether the film quality can be 
improved by varying deposition parameters such as substrate temperature and 
post-annealing conditions. The angular distribution of the evaporated species 
and the variation of the composition with angle were also measured. 

The apparatus shown in Fig. 1 has been described in detail previously. 
In brief. a 50 J Nd-gllSl laser with a wavelength of 1.06 I'm produces 
approximately triangular pulsa with baseline widtha of 0.5 to 1.75 ms. The 
beam is focused to a spot about 2.5 mm in diameter OIl the target. whicb is a 
pellet of sintereci YBa2Cu307 of approximately 75'11 of theoretical density. The 
substrate is located in a vacuum chamber about 5 cm from the target and is 
beated by radiation from a bot tungsten filament. A small doser provides 
oxygen to the substrate at an equivalent pressure about 1000 times larger than 
the background pressure of the vacuum chamber (whicb is about 10-7 Torr). 
A 300 W rf discharge is generated at the end of the doser containing oxygen at 
a pressure of 200 mTorr. This arrangement is intended to produce excited 
oxygen molecules and atoms, which are more reactive than ground-state 
species and better able to replenish oxygen lost in the vaporization process. 

The films were deposited on polished and cleaned SrTi03 substrates. 
Fig. 2 &hows the resistance VI. temperature for three films with different 
substrate temperatures and post annealing conditions. For a substrate 
temperature of S40 C and a post-annealing time of about 15 minutes at 850 C, 
the ooset of superconductivity was about 6S K and zero resistance was achieved 
at about 42 K. With additional 2 boun annealing. these temperatures were 
raised to 78 and 61 K. respectively. Prolonging the annealing time beyond 

Materials Research Society Symposium, Boston, MA, Nov. 26 - Dec. 1, 1989 
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Fig. 1. Schematic diagram of the deposition system. The RF generator is employed to 
dissociate O2 in the doser. 
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Fig. 2. Resistance vs temperature of films deposited on SrTiQ, substrates for different 
substrate temperatures and annealing times. 
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three hours bad DO appreciable effect OD the transitions. However, raising 
the substrate temperature during deposition to 690 C and annealing for three 
hours at 880 C raised these temperatures to 85 K and 79 K, respectively. The 
improvement of the quality of the film as a result of increasing the substrate 
temperature suggests that inter-diffusion of the metal species in the film 

,Q during deposition plays an imponant role iD obtaining desirable structure 
{ 1 and/or stoichiometry. 

The dependences of thickness and composition on the angle of emission 
V were obtained by mounting small pieces of silicon in an uc with radius of 

curvature of 5 cm and with ita center on the laser beam spot on the target. The 
Si surfaces were panially masked by a photoresist. After the removal of the 
photoresist. the thickness of the films were measured by a profilometer. Fig. 3 
shows the thickness variation as a function of angle for three different laser 
pulse widths, 0.5. 1.0 and 1.75 ms. The variation in thickness clearly suggests a 
cosine angular distribution for all three laser pulse widths. The films were 
also examined by RBS for the 1 ms pulse duration experimenL Fig. 4 shows 00 

significant change in composition for angles up to about 400 with respect to 

/"-1 

I~ 

the target-normal ' 
It is generally believed that the high film quality obtained by the shon 

(os) pulse technique is the result of the low deposition rate (10 angstroms per 
pulse at most). The bigh mobility of the deposited materials is presumably 
responsible for establishing the desired structure and stoichiometry. Long
pulse (ms) vaporization provides approximately 1000 angstroms per pulse at 50 
1/pulse. However, due to the fact that the pulse is 100,000 times longer. the 
flux of materials arriving at the substrate is two orders of magnitude lower 
than in the ns pulse teChnique. 
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Fig. 3 Angular dependence of the deposited film thlckness with respect to the 
target normal for different laser pulse widths. 
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Fig. 4 Composition vanallon of the deposited film with angle for vaporization 
with pulses 1 ms long. 

In summary. the deposition of high T c superconducting films by long
pulse laser vaporization produced very promising results. The transition 
temperature of the· films were improved over earlier work by increasing the 
substrate temperature from 540 to 690 C. The cosine angular distribution and 
the insignificant variation in composition with emission angle with respect to 
target-normal produces high quality films over areas much larger than 
achievable in the ns laser pulse technique. 

The long-pulse laser vaporization approach may prove to be useful In 

device applications and for processes such as coating tapes and wires on a 
quasi-continuous time scale. 

Acknowled eements 
Work performed under the auspices of the U.S. Department of Energy by 

the Lawrence Livermore National Laboratory under contract 
No. W-7405-ENG-48. and the Lawrence Berkeley Laboratory under contract 
No. OE-AC03-76SFOOO98. 

,"'. 
/' \. R f ,l e erences 

1 ) T. Venkatesan. W.O. Wu. A. loam. and lB. Wachtman. Appl. Pbys. Leu. li. 
1193 (1988); L. Lynds. B.R. Weinberger. G.G. Peterson. and H.A. Krasinski. 
ibid .• li, 320 (1988); G. Koren. E. Poltum. B. Fisher, D. Cen and G. Kimel. 
ibid .• II 2330 (1988). 

2) R.A. Neifeld. S. Gunapala. C. Liang. S.A. Shaheen. M. Croft. 1. Price. O. 
Simons. and W.T. Hill. m. Appl. Phys. Lett. ll. 703 (1988). 

3. M. Balooch. D.R. Olander. and R.E. Russo. Appl. Phys. LetL lS.. 197 (1988). 



C"--... --... ~ 
-, .-

LAWRENCE BERKELEY LABORATORY 
UNIVERSITY OF CALIFORNIA 

INFORMATION RESOURCES DEPARTMENT 
BERKELEY, CALIFORNIA 94720 

«t!':- ...."... 

.---




