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ELECTRON SPIN POLARIZATION IN FIELD EMISSION FROM Gd

N.MULLER and H. Chr.SIEGMANN .
Sektion Physik der Universildl Minchen

G.OBERMAIR
Theovelisches Teilinstilul, Physik Deparimen! der Techn. Hochschule, Miinchen

Received 15 May 1967

Theoretical considerations of the conduction electron polarization in Gd are reported. They predicl that .
5-10% polarization ought to be measured in an electron beam produced by field emission,

The electron current from a field emissgion
cathode is produced by tunneling {from the elec-
tron states at and directly below the Fermi level

.within some 10-2 ev {1].

A field cathode, therelore, could be an intense
source of polarized electrons, if one could pro-
duce sufficient electronic spin polarization at the
Fermi edge and if this polarization remained un-
affected by surface effects in the tunneling. Po-
larization at Fermi level Ef can be obtained in
two ways: paramagnetic maferial in very high
fields al very low temperaturgs shows the desired
effect ("brute force method"); the obtainable dif-
ference in spin population at EF, however, is
extremely small [2] in most metals and semicon-
ductors. Only a narrow gap semiconductor with
very small Ferm! energy in 'he conduction band
(m* <« m) like InSb can be regarded as a hopeful
candidate [3].

In ferromagnels a ceriain spontaneous spin
polarization at the Fermi level should exist.
Against some theoretical predictions no electron

beam polarization was found in the case ol Fe and’
in photo emission from Ni (references in {2]).

The failure of these attempts in 3d-ferromag-
nets can be explained in two ways: a) Surface ef-
fects in field emission lead to a complete destruc-
tion of the polarization existing in the interior of :
the metal at Fermi levei. b) The "effective™ den-"
sity of states, i.e. the densily averaged over the
respective contributions of 3d and 4s electrons to,
the emission current is the same for the two spin:
directions. This could occur, if the density of
states n(E) were practically constant over the
energy interval Ey - E; around Ef = FE)+EY,
where E; and E; are the effective Fermi levels
for the two spin states, or if the 43 electrons with
their prob tion minat
in the emission.

Assuming explanation b) to be true for Fe and
Ni (for Co it should be the same, then) one can
consider the situation in ferromagnetic Gd. Here
we have the following {acts: L

a) The saturation magnetization is 7.55 up per.

733
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FIG. 2. The photoelectron spin polarization of Co
predicted using the density-of-states model: curve a,
the Co band structure calculated by Wong, Wohlfarth,
and Hum (Ref. 15; curve b, with the best values of &
and AE o, suggested by Wohlfarth (Ref. 16). Curve ¢ of
Fig. 1 i also shown as an example of the axperimental .
results. )

&. Busch etab, By Be. L. 28 (1972) 61/



CALCULATED MAGNETIZATION ‘PRbFILE‘
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Observatien of Spin-Polarized-Electron Tunneling from a Ferromagnet into GaAs

Santos F. Alvarado and Philippe Renaud

IBM Rescarch Division, Zurich Research Laboratory, Sdumersirosse 4, CH-8803 Rischlikon, Switzerland
(Received 25 November 1991)

Experimenial evidence is presented for the tunneling of polarized electrons from the apex of a fer-
romagnetic Ni lip into GaAs(110). The polarization is found to be negative and of highest magnitude a1
very low injection encrgies, which shows that highly polarized minority 3d electrons ure preferentiaily
extracted from the Fermi level of the tip.
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Inverse Tunnel Magnetoresistance in Co /SrTiO3 /LagSrp3MnO;3:
New Ideas on Spin-Polarized Tunneling } ,

J. M. De Tercsa, A. Barthékémy, A. Fert, . P. Cantour, R. Lyonnet, F. Montaigne, P. Sencor, and A. Vaures

Unisé Mixse de Physique CNRS-Thomson CSF, Domaine de Corbeville, 91404 Orsay, France
and Université Paris-Sud, 91405 Orsay, Frahce
- {Rectived 9 December 1998) :

We report tunncl magnetoresistance (TMR) messuremerits on Co/SrTiO;/Lag1SraaMn0; junctions.
The half-metallic Lag:SteyMnO; electrode is used as » spin analyzer. The large {~- 50%) inverse TMR
indicales a negative spin polarization of Co, in agreement with the density of states (DGS) of the
d band in Co. The bias dependence of the TMR, with & maximum inverse TMR at —04 V and a
crossover ta normal TMR above +0.8 V, reflects the structure of this DOS. Our results demonstrate
that the choice of the insulating barrier can strongly influence and even reverse the spin polarization of
tunneling electrons.  |S0031-9007(99)09223-X] .
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FIG. 1. (a) Resistance versus applied magnetic field for a
10 pm Co/STO/LSMO junction at 5K (sample 1). The
applied bias is —0.4 V. The resistance is minimum in- the
AP configuration, which we call an inverse TMR. (b) Mag-

“netization versus field curve measured on the same sample at
20 K. - L
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Transmission

Transmission Through Trilayer

10-55 v 11 T T T T T T T 1 T T 7T g
5..!0.
[ ®e
®
10'6: .. e
- ..
®e
o,
10'75 .. | E
o .. ‘ ]
C ® ]
i ® .
108 .F
10-9 1 L2 1 a1 1 Lx 3 4 4 x4 3 b o4 b oy 1 4 1
5 6 7 8 9 10 11 12 13 14 15 16

E - Ef [eV]



I =

Spin Asymmetry of Elastic Current vs Co Thickness

Electron Energy 5 eV
— Ao =0.5nm"
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Spin Asymmetry vs Energy
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Spin-flip scattering ?

1. Experiment

P=0 ———||

P=P + AP
Spin filter Spin-flip

2. Experiment

|Po/-Pg ———

M

A=A - AA
Spin filter Spin-flip

Only Spin filter: P.= A
Experiments show: P'= A’

Thus: AP = AA =0
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Electron flow
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Fig. 1. (A) Cross-sectional device schematic,
showin? layer #1 and #2. (B through E) Direc-
tions of torque on the magnetic moments in
layer 1, due to spin transfer by current flow.
Parallet alignment of the moments in the two
layers is unstable for sufficiently large positive
currents, whereas antiparallel alignment is un-
. stable for large negative currents.

E. B. Myers et al, Science 285 (1999) 867
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j Summary

1. Delermine opin polarized ebctronic structure .
and undetstand electronic excilations im
sobids. -

2. Establish meckanism and correct |
interpretation of ehclron omission processes,
£, in tuneling of ehectrons febween.

and photoemission. |

3. Alnderstand apin dependent scattering
transpoit of eloctrons through solids.

/



