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ARTIFICIAL METALLIC SUPERLATTICES

CHARLES M, FALCO AND IVAN K. SCHULLER
Solid Btate Science Division, Argonne National Laboratory, Argonne, IL 60439

ABSTRACT

The sputtering technique developed by us to prepare
artificial metallic superlattices is described. A calcu-
lation of the energy distribution of sputtered particles
arriving at the substrate is presented, as are Ion Mill
Ton Scattering Spectroscopy and X-ray diffraction data on
sputtered artificial superlattices. Several examples of
interesting physical phenomena exhibited by these
materials are given.

INTRODUCTION

Recently we have prepared a new class of artificially layered materials
termed Layered Ultrathin Coherent Structure (LUCS) *“. As shown schematically
in Fig. 1, the degree of order in a layered material can wvary from that
obtained in multilayered films of amorphous or randomly oriented crystallites,
to the high degree of registry in a coherently registered epitaxial layered
sample (LUCS). '"Prototypes" of the three classes of materials represented in
Fig. 1 would be WNb/Ge for a multilayered film, Ni/Cu for a Compositionally
Modulated Alloy (CMA)} and Nb/Cu for a LUCS] SS%me of the physical properties of
LUCS have been discussed in other papers ** . Here we describe in greater
detail our technique for preparing LUCS. Also discussed is a calculation of
the energy distribution of the sputtered particles arriving at the substrate.
This calculation indicates an important advantage sputtering has over evapora-
tion for the deposited material; especially for refractory metals. One example
of an interesting physical property, superconductivity, exhibited by the Nb/Cu
LUCS system is described. Also described are the magnetic properties of the
CMA Ni/Cu system’. Forl_rgore details on other properties, the reader is re-
ferred to the literature .

SAMPLE PREPARATION

As shown in Fig. 2, two widely separated and shielded high rate magnetron
sputtering guns are placed in a diffusion pumped high vacuum system (base pres-
sure ~ 8x107° torr) The guns use 13 em o.d., 5 em i.d. targets of weight ~
0.3-1_kgm. Target current densities during sputtering are in the range 10-100
mA/ep® at voltages of 100-800 V., These parameters give deposition rates of 10-
200 A/sec at the substrate. We find the rates from the guns to be very stable
and reproducible run-to-run so that active feedback control is not necessary.
The rates are determined by the total power to the guns (IxV) with an Ar gas
pressure dependence of the rate at fixed power of less than 0.5%/mTorr in the
typical region of operation. Ar pressure is regulated to better than
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Fig. 1.Schematic representation of degree of order in various classes of
layered materials,
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Fig. 2.Sputtering system used for the preparation of artificial metallic
superlattices,






