
P E R S P E C T I V E S :  A P P L I E D  P H Y S I C S  enabled Paggel et al. to utilize tiny, but 
perfect whiskers and for Kawakami et al. 

Mirrors for Electrons to scan across sophisticated double- 
wedge structures. Thus, precise fabrica- 
tion and sensitive measurement tech- 

F. J. Himpsel niques had to come together to make their 

M icroelectronic devices are becom- two reflective interfaces, one between studies possible. 
ing ever smaller at a breathtaking iron and silver, the other between silver Will such miniature electron optics ev- 
rate. For example, the density of and vacuum. With each additional layer, er show up on our desk tops? In fact, they 

the bits of information that can be stored on the length of the electron cavity between may be there already. The most advanced 
a magnetic disk has increased by a factor of the mirrors increases by a well-defined hard disk drives on the market use the ef- 
a million since the first appearance of hard atomic spacing. The electron wave is con- fect of "giant magnetoresistance" (GMR) 

disks in the late fined by the interfaces, and therefore its in a "spin valve" for sensing the magnetic 
Enhanced online at 1950s. Silicon de- wavelength has to stretch out synchronous- field of the stored bits (4, 5). The core of 
www.sciencemag.org/cgi/ vices have experi- ly with the mirror spac- a spin valve looks very 
content/fulV283/5408/1655 enced a similar ing. That, in turn, changes much like one of  the 

growth rate, with the energy of the elec- electron cavities dis- 
their bit density doubling every 2 to 3 years. trons that resonate. For a cussed here, consisting 
And research in the field is way ahead of free electron, the energy A of two magnetic layers 
the curve. The key to reducing the dimen- E is related to the wave- as electron reflectors, 
sions of such devices is precise control over length h by the de separated by a noble 
electronic properties on a nanometer scale. Broglie relation E = metal spacer. The GMR 
On page 1709, Paggel et a / .  (1) are pushing h2/2rn3L2 ( h  = Planck's effect is largely based 
the frontier all the way to the atomic limit. constant, rn = mass of on a spin-dependent re- 
They have fabricated miniature electron in- the electron). This rela- flectivity of electrons at 
terferometers containing atomically smooth ti o n becomes more the interfaces. It is even 
mirrors spaced by a few atom layers. Ex- complicated in a solid, --- possible to add a mag- 
ploiting the fact that electrons bouncing where it controls most netic monolayer a s  
back and forth between two interfaces build of the electronic prop- spin-reflective coating 
up standing waves, often labeled as quan- erties. Paggel et a l .  1:  for enhancing the GMR 
tum well states (see figure), Paggel et al. manage to deposit their n 4. effect (6). A monolayer 
measure the electron wavelength in their silver layers so smooth- - of strongly magnetic 
samples with very high accuracy. And they ly that they can observe I atoms is sufficient. 
are not the only ones pursuing this line of the change in energy as It has been shown 
investigation. In a recent paper, Kawakami each atomic layer is de- that standing electron 
et a / .  ( 2 )  used the same principles, but in posited, all the way up waves in cavities are 
addition to varying the thickness of the to more than 40 layers. connected with a variety 
samples, they placed an extra atom layer in- Instead of  averaging of other interesting phe- 
side their sample for probing the spatial over several atomic lay- nomena, such as oscilla- 
variation of the wave function. ers, as in previous ex- tions in the magnetic 

The basis of these studies is that elec- periments, they are go- Tmpp* in a electron coupling (3, 4) and in 
tron waves are strongly modified in small ing to a more precise, between atomic-sca'e the spin-polarization (7). 
structures. At an interface with either an- digital measurement. mirrors. (A) The Of the en- The two reports dis- 
other material or a vacuum, the fast-oscil- Kawakami et al. put velope function (orange) changes with cussed here provide di- 

the  length of the cavity between the lating wave of a free electron becomes an extra twist on this ex- mirrors (,). (B) an inserted layer of rect insights into the 
modulated by an envelope wave function periment by inserting an atoms serves as a probe of the wave functions that 
with longer wavelength (3, 4). Solid state atomic layer of nickel envelope wave function (2). dr~ve these phenomena. 
physicists are now setting out to generate that samples the wave They also achieve a new 
tailored envelope wave functions in struc- function at regular inter- level of precision in fab- 
tures, such as multilayers, wires, and box- vals across the overlayer. By mapping out ricating cavities for electrons, which will 
es. Paggel et al. and Kawakami et al. point the wave function experimentally, they are help producing more advanced magneto- 
the way to such precise control over elec- bringing a mathematical construction of electronic devices (5). 
tronic properties. quantum mechanics into the real world. 
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