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SPIN INJECTION, SPIN TRANSPORT, AND ELECTRICAL UETECTION OF SPIN 
PRECESSION IN MESOSCOPIC SPIN VALVES 

R.J. van Wcca 
Department of Applied Physics and Materials Science Centre 

University of Gruningen, The Nethcrlnnd.; 

What happens to the spin o f  an electron if it goes from A to B in a nietal or semiconductor? 
This i s  at the moment an outstanding quc\tion in Ihc aclivc l icld of spintronics. In 
semiconductors most efforts have focussed sofar on optical studies of spin injection, spin 
dynrmics and spin detection. Recently. spin injection into semiconductor, was studied in spin 
LEDs where il spin po labed cu l~e i i l  wiis injected electriclllly and the resulting c i r c d x  
polarization of the emitted light was used as a probe to measure the spin polarization of the 
injcctcd clcctr~~ns. 

In metals the history of spin injection into non-magnetic metali dates hack to the 
experiments of Johnson nnd SilrbeeIlI. Their rebu l ls  werc made possible by the use of in 

speciil high purity singlecrystsl aluminium ha,. which at IOW temperatures has B very Inw spin 
relaxation rate. We have studied spin transport in multiterminal mesoecopic spin-valve 
11111cIurcs bascd on Cu and AI as thc non-magnctic media, conncctcd to fcmmagnctic (Py. Ni 
and CO) electmdes, with transparent contactsl2l. 'The multi-terminal geometry ha? allowed us 
to exclude all spurious magnetoresistance effects and investigate the dependence of thc spin 
sigml on Ihc spacing ktucen injector and dctcctor lcrroznagncric clcctdcs. Tnus wc could 
obwin the spin flip lengths in Cu and AI, both at room temperature as well as 4.2 K .  Also we 
lcarncd from thcnc cxperimmra that spin pulsriiatiun olthc injcctcd c t imn t  is limitcd tu only a 
few percent. The I Y I S O ~  for this was identified as "conductance misnu!tch"l31. This 
conduct"  mismatch has iilso prevented us from observing spin injection into a 
scmiconductol41. 

Next we have atudied il new derign. based on injection and detection via tunnel junctions to 
impmvc thc cfficicncy of spin in jcct im and dctectionl51. In thc crpcrimcnt.; (scc fig I) a 
cumnt is sent h n i  the IcR CO electindc through B tunnel junction and tkken out at the lef t  side 
of an AI strip. Therefore no (charge) current flows in the right side of the device. Nevertheless, 
if thc spacing belwccn thc injcctor and dctcclor fcrromagnctic clcctrodcs is shortcr thaii thc 
spin flip length, ii spin accumulation signal can he detected between the detector femmagnetic 
electrode and B conlac1 on the right side 01 the A I  strip 
Fi i r t  we have done a systematic study of the dependence of the spin signal on the spacing of 
the injector and detector electrodesl51. We ubl'iin a bipolar signal, which changes sign when 
the relative magnetization orthz ferromagnetic eleclrudrs changes from parnllel to antipnr.dlel. 
T h i s  i s  a pmofthiit the mearured signal is due 10 *pin accumulation unly. From the decay ofthe 
spin hignid a s  a Cmction u l  separation we oblained the spin nip lengths in AI: approximately 
350 nin at rmin tempeiature, and 700 nin at 4.2K. Futher analysis shows that the efticiency of 
spin injection and detection is now about IO%, which has resulted in an increase ofthe signal 
by about a factor of IW, compared 10[2]. Next we line investigated thc pmsihility IO change 
the spin signal by inducing controlled spin precession by an magnetic field applied 
perpendicular to the substrate. Fig. 2 shows an exsmple where we m e w ~ m  the signd 21s a 
fuliclion of an applied perpendicular magnetic field. 111 the parallel configuration the signal i s  

ps i t i ye  in the ahwnce orpreccsrion. A finite magnetic field makes the rpiiir p~ezccs~. At field< 
larger than aboill l(Kl mT the signal changes s i p .  When the electrodes arc in the antiparallel 
configar;ttinn cractly thc uppwi lc happcna. Thir can only i m c m  Ih;il the ;wcragc spin has 
precessed through about 180 degrees. 'lherefore the data of fig. 2 5hows for the t i n t  time that 
the spin ofthe injected electrons c m  be made to rotate 1x0 degrees. in such II way that the spin 
valve signal can be made to clvdnge sign. Fig. 2 shows ii detailed coniparison with theoryl51. 
The pnrnmcters used for the theoretical fit in tip 2. nrc however very closc to those dclcmiined 
independcnlly from the spin sign:d dependence ~n thc CO elcctmde apxing. 


