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We have grown single crystal epitaxial Magneto Tunneling Junctions using Fe whisker substrates, 
MgO(001) oxide spaccrs and FclNiiAu(001) top electrodes. Fe whiskers crysuls were prepared by 
chemical v a p r  transport. The Fe whisker are long square bars, 100-300 pn wide and 5 - 1 0 ”  long, 
with their facets onented in (Ool} crystallographic d i m o n s .  Their facets are nearly pedect atomic 
planes with the tenace size of several microns. MgO layers were deposited by an electron bmn 
evapirator usmg a pure bulk MgO target. Reflection Wgh Encrgy Elcctron Diffraction (RHEED) and 
Law Energy Elector Diffraction (LFED) patlcrns showed that MgO films are crystalline with Fe[lCQl 
parallcl to Mg0[110]. The MgO layers grow pseudomorphidly up to 7 ML. In the unrelaxed slate that 
results in 3.54 compression of MgO. The growth shows well defined M E E D  oscillations and the 
RHZED diffrachon spots are amilw to thme of Fe whiskers indicatlng that the growth of MgO proceeds 
in layer by layer growth. After deposition of 7ML the LEEO and RHEED Lffmhon feahres show a 
sharp onset of misfit dislixations in MgO. The tunneling studies were cury  out before thc onsct of misfit 
dislocations. The lunneling h e r  d 3 . Q V  was determined by UPS using the MgO Oxygen 2p valcncc 
band gap edge and the Fermi surface of Fe arsuming that thc band gap in MgO is 7.8eV. Samples were 
prepxed by MBE with the growth rate of -1MUmin. After preparation, samples were transferred into 
OMICRON AFMiSTM system. Thcy wcrc degassed for 24 hours. In order to acheve repralucible 
tunneling chmlcnsfics the conducting tip and the sample was cuvered by additional 4ML thick Au in situ 
by MBE During the measurement the conducting hp was in contact mode touching the upper 
FeMiiAu(001) electrode. The I-V characlerishcs were measured between -2 to +2 V. A fit to the 
measured I-V curve using Simmons NIC resulted in thc MgO spacer of 10.2 + 1.8 A and the tunneling 
barrier of 3.7 fO.l eV in very g d  agreement with the oxidc film thickness of 10.5 A measured by the 
RHEED intensity oscillations and the bamer high delermined by UPS. The grown MgO layer are d very 
g d  quality. One needs to apply IO V to reach the electrical break down in IO A tiuck MgO layer. No 
pinholes were observed pnor lo high applied vollage. The s p t i d  properties of the tunnel junction were 
imaged by scanning the A m  tip in contact mode. We were able to obscrvc the rows of (5x1) surface 
reconstruchon of Au(Cn1) and thc atomic steps with the resolution of 2 nm indicating that the conIac1 area 
is close to 2x2 nm2. Most of the scanned arcas show low tunneling currents of the order of fraction of nA 

at 2V as expected for the MgO tunneling hamer. However there are spikes in current up to several nA in 
strength. The width of spikes vanes from 1Onm down to the c ” c t  resolution of a few m. The posihon 
of spikcs showcd no obvious correlation to the surface topography indicating that sharp increares in 
Lunneling current were caused by localized defects in the MgO laycr. The tunncling current recovers its 
low value once the tip is moved away fnnn the spike The fact that one is ablc to sec the individual spikcs 
in tunneling current is nontrivial result and pehaps the most imponant result of this work. The AFM tip 
touches the upper conducting electrule, the sheet resislmce of m e d i c  upper electrode is by many orders 
of magnitude smaller than that of the MgO layer. In the limit of a simple electic continuum, the upper 
electrode should reach the potential level of the tunneling tip and consequently the lateral uxlmst on 
nanoscopic s d c  should bc absent The observed high lateral resoluhon is consislent only with ballisuc 
clcetmn transport. Thc electrons are emitted from the hp  in nearly perpendicular dirkawn Lo the film 
surface, and traverse the upper metallic electrode without scaltcring. That implies that the component of k- 
vector parallel io the sample surface is not apprcciably changed, tunneling is coherent The reali7ation of 
bullistic tunneling in our system is possible bewuse the mean fiec path of electrons in crystalline u p p r  
metallic electrode is much bigger than the lilm hckness and the lalerd dimensions of the contact arm We 
have studied the nature of the current spikes using I-V chmtenslics.  The I-V cbaractenstics in spikes arc 
vcly asymmetric and the tunneling barrier is significantly decreased. Such an wymmetnc shape can’t be 
explained by thinner barrier. The significant decrcasc in thc tunncling bamer indicates the presence of 
dopents in the MgO band gap, and thchighly asymmetric I-V characteristics show that the distribution of 
dopenb is asymmelnc m u n d  the metalloxlde interfaces. 
In conclusion: We have shown that we have grown highly ped-1 crysblline epilaxid MTJ s tmctms 
using MgO dielectric layers. We have demonstrated lhdt a conducting tip of AFM system can be used to 

study ballistic tunneling allowing onc to investigate local tunneling chamcterist~w: with the latcral 
resolution of 2x2 nmz. A small fraction of the scanned area showed defects in MgO layers, however the 
spikes d o  wt dominate the total tunneling current. 
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