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Photoelectron Emission Microscopy (PEEM, PEM)

o A mesoscopic method of surface imaging:
' lateral resolution: 10 nm - 10 ym
field of view: 5 - 500 um
e Image acquisition: parallel « sequential: PEEM & SPM

e Energy range: UV-PEEM & X-PEEM (VUV-PEEM)

¢ Electrons used for imaging:
true“ or ,resonant” photoelectrons « secondary electrons
PEEM < SEM (second. emiss. !)

o Transmitted energy range: total yield « partial yield
(i.e. spectroscopic) imaging

¢ Spectromicroscopy <> microspectroscopy
energy filters -» energy analysers (spectrometers)

o Qutlook: atomic structures via XPD
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Photoelectron yield using soft X-rays
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Schematics of the energy distribution of electrons emitted due to photon
absorption and characteristic excitation processes in metals.

a) secondary elctron excitation and energy losses during inelastic
electron scattering prior to emission process

b) emission from core levels

c) Auger prcesses

d) emission from valence band
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Heavy-Fermion SQUID (UPd:Al3)
PEEM Image taken at O K-edge

sample made by group of Prof. H.Adrian, Uni Mainz
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Origin of X-ray Magmetic Circular Dichroism (XMCD):
absorption of circularly polarised X-rays measured
at an inner-shell absorption edge in magnetic materials

Energy
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| photoelectron

2ps,

., - G
25,y —?"#‘ right circularly

polarised X-rays
=
Is, +3-
adapted from:

G. Schiitz, Phys. Bl., 46 (1990) 475



Magnetic contrast in PEEM

Local absorption spectra on individual domains
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Fe-whisker:
local x-ray
absorption spectra
and PEEM image.

o Magnetic Circular
Dichroism (MCD)
generates image
contrast

e use of circularly
polarized
monochromatic
synchrotron radiation

e magnetic resolution
of 300 nm achieved

e contrast of 12 %'in
single raw image
(on Fe-whisker)

e live domain imaging
possible with
sufficient photon flux




PEEM kombiniert mit g-XAFS
Permalloy (Fe gNig,) auf Si-Kristall

Das Siliziumsubstrat wurde durch ein Netz mit Permalloy bedamptft.
Dabei entstehen Permalloy- Quadrate mit einer Kantenldnge von 20um
und Siliziumstege mit 7 um Breite. Mit u-XAFS kann auf die Si-Stege
diffundiertes Wickel nachgewiesen werden.

u-XAFS: Permalloy auf Silizum
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Micro-XCMD: PEEM in the Secondary Yield Mode:
magnetic domain pattern in permalloy on Si

/0 Lkignt

Incigencs

XCMD spectromicroscopy:
sixei-py-pixet difference of images taken at photcr 2nergies
sorresponding to Fe L; and L; absorption edges. respecively.
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XCMD microspectroscopy:
.iccal” constant final state spectra taken from the two opposite
domains in one of the permalloy squares.
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Magnetic domains and domain walls in Fe(001)

imaged at the Fe Lz absorption line utilizing MCD
effect.
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180 degree magnetic domain walls in Fe(001) imaged
at the Fe Lz absorption line utilizing MCD effect. They
occurrence is due to the Neéel-like termination of the
domain walls at the surface. The contrast difference
petween the dark and bright domain wall segments is
due to the opposite chirality of the spin rotation within
the wall. The domain walls shown are so called V-lines
~and represent a rather complex pattern of three-

dimensional closure domains




Imaging a 180°- domain wall at the surface

H.P. Oepen and J. Kirschner, Phys. Rev. Lett. §2 (1989) 819

M.R. Scheinfein, J. Unguris, R.J. Celotta, and D.T. Pierce,
Phys. Rev. Lett. 63 (1989) 668
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Schematic of the photoemission electron microscope
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