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A low-temperature ultrahigh vacuum scanning tunneling microscope
with a split-coil magnet and a rotary motion stepper motor for high spatial
resolution studies of surface magnetism

0. Pietzsch, A. Kubetzka, D. Haude, M. Bode,” and R. Wiesendanger
Institute of Applied Physics and Microstructure Research Center, University of Hamburg, Jungiusstr. 11,
D-20355 Hamburg, Germany

(Received 17 August 1999; accepted for publication 6 November)1999

We present the design of a new ultrahigh vacuum scanning tunneling micro€8opg which
operates af <20K inside the bore of a 2.5 T superconducting split-coil magnet. The tip/sample
region can easily be controlled visually, thus allowing safe and fast exchange of samples and tips
while the microscope stays at low temperatures. A newly developed rotary motion stepper motor is
presented which allows rotation of the sample>b870° about an axis perpendicular to the tip axis.
This feature allows metal or molecular beam evaporation normal to the sample surface. Even more
important, by means of this device tip and sample can be brought into a parallel or antiparallel
magnetic configuration thus opening a novel approach to the study of magnetic phenomena on an
atomic length scale. In addition, measurements of the magneto-optical Kerr effect can be carried out
without removing the sample from the STM. Also a new tip exchange mechanism is described. The
microscopic and spectroscopic performance of the new instrument is illustrated(@hlfmica,

on Th(000)/W(110), and on G¢d00D/W(110. © 2000 American Institute of Physics.
[S0034-674800)04202-1

I. INTRODUCTION limitation. A spatial resolution of approx. 50 nm has been
obtained so faf. Scanning electron microscopy with polar-
Y%ation analysis(SEMPA) is another high resolution mag-

etic imaging technique. The lateral resolution limit is about
%0 nm up to daté.In magnetic force microscopgMFM) the

Micro- and nanomagnetism has been a subject of highl
increased interest during the last decades. A great variety
phenomena is encountered when magnetic properties a

StUd'?d under_thg condition of reduc_ed d|men3|on§il|ty Bexternal magnetic stray field of the sample is probed. Due to
e.g., in ultrathin films. Although considerable experimental,, . , . . Co
this long range interaction again the lateral resolution is lim-

and theoretical progress has been achieved in the last felx{\éd and comes down to 20—50 .

years the subject matter is mainly still in the field of basic Scanning tunneling microscog@TM) and its derivative

research. It is a unique situation that, despite the fact that : . :
: . ) .__scanning force microscop§SFM) are the only techniques
many riddles still have to be solved, certain technologica - . .
roviding real space images of atomically resolved surfaces.

applications a”e"?‘dy have reached.the ma§s market, the.p eside this well known atomic resolution capability STM
haps most prominent example being IBM’'s new hard disk

read/write head which is based on the only recently discov= 2" be used in spectroscopic modes to attain detailed ener-

ered giant magnetoresistance effec.Driven by the de- getically resolved information on the electronic properties of

mand for ever higher data storage and processing capaci%he surface under study near the Fermi level. Moreover, a

there is an increasing request for nanotechniques that pron;’%f:r?:nl'irr:g tL:nnter “?\g irmicdroslclzope itse dn?'t'\i/nevto t}[hetsa;]ns ofr':he
ise to be able to tailor magnetic materials exhibiting well unneling electrons Is iaeally suited to investigate the corre

defined properties. Prerequisite is, however, a better unde@t'ons of topographic, electronic, and magnetic properties on

standing of magnetic order on a nanometer scale, ultimatel n atomic length scale. In the past, two d!ﬁerent experimen-
at the atomic level. al concepts h.avg been applied to achieve spin-polarized
Conventional magnetic imaging techniques such adacuum tunneling:
magneto-optical Kerr effedMOKE) microscopy have pro- (1) Ferromagnetic probe tips were used to map the local
vided valuable insight into surface magnetism. The spatial differential conductivity difference for parallglf1) or
resolution of MOKE, however, is limited to about 300 nm by antiparallel (1) spin configurations of tip and sample
the wave length of the probing light. It is clear that the re-  (spin valve effegt”®
ceived signal is an average over the respective surface fra¢2) Optically pumped GaAs tips have been used to image
tion. MOKE has been employed in scanning near-field opti-  the magnetic domain structure of thin Co filths.
cal microscopy (SNOM) in order to circumvent this
Spin-polarized STM studies are extremely rare up to
gate?‘11 This is due partly to certain technical difficulties

dAuthor to whom correspondence should be addressed; electronic mai

pietzsch@physnet.uni-hamburg.de (e.g., one needs a reliakile situ tip exchange mechanism in
YElectronic mail: bode@physnet.uni-hamburg.de order to compare measurements taken with “normal” tips to
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those taken with ferromagnetic or GaAs jipbut the main
problem is to clearly discriminate magnetically caused con- i
trasts from those caused by other features of the electronic LN, Radiation |
density of states near the Fermi level. A special problem is to Shield :
determine the relative magnetic orientatigrarallel or anti-
paralle) between the very end of the tip and the sample. As
we will show below this problem can be solved by an ex-
perimental setup which provides an external magnetic field
combined with the ability to rotate the sample without
changing the tip position. Under these conditions any orien- = i) sl
tational relationship can be realized. .
In the last decade a considerable number of low or vari-
able temperature STMs have been developed. However, the Manipulator
number of instruments equipped with an external magnetic
field is still very limited. At the University of lllinois at
Urbana-Champain a variable temperature $%fdr a tem-
perature range of 1.5KT<300K is installed which is op-
erated m a 8 Tmagnet. Sample preparation is performed at
high vacuum conditions (10 Torr). Reportedly, due to the
long cooling time requiredl6 h) this instrument is limited to
chemically inert samples. Another cryomagnet STM is in-
stalled at the University of Nijmegefirhe Netherlands™
The working temperature is reported to be 1.5-4.2 K. The
superconducting magnet supplies a magnetic field of up t _ _ o
9.5 T. The STM has been designed to also fitInto the 304 e 7y is mseried ffam underneath irough he base fange whih also
hybrid magnet of the Nijmegen High Field Magnet Labora- carries the electrical feedthroughs. For éuB see Fig. 2.
tory. Sample preparation at ultrahigh vacu@dHV) condi-

tions is not reported. At the University of Hambu(@er-  for time resolved growth studies described elsewférm
many a UHV low temperaturé8 K) STM'*is in use which  analysis chamber containing facilities for standard surface
is equipped with two superconducting magnets. One is a SQharacterization as, e.g., low energy electron diffraction
lenoid type capablef T field strength perpendicular to the (LEED), Auger electron spectroscopyAES) and spin-
sample plane, the other onea 2 Tsplit pair type oriented  yegolved photoelectron spectroscd®PPES, and, within an
parallel to the sample plane. By superimposing the fields ofqgitional satellite chamber, a commercial variable-
the two magnets a rotatable effective fieldBi.,=1T can  temperature STM which can be operated in a temperature
be created at the sample location. All stages of sample Prepange of 30 ki T<380K. A load lock allows fast introduc-
ration can be performeih situ. Recently, a new design of a tjon of samples and tips without venting the chamber system.
millikelvin STM with a 7 T superconducting magnet has To prevent from acoustical and low frequency building vi-
been set up at the University of California, Berkef&flem-  prations the whole system is installed in an acoustically
peratures as low as 240 mK can be achieved. Fresh sampigje|ded laboratory with a foundation being completely sepa-
surfaces can be obtained by cleaving at low temperatures andied from the rest of the building. The UHV chambers are

thus at UHV conditions; further preparation facilities are notsypported by a table with additional pneumatic damping.
reported. Obviously, investigation of metal surfaces is not

intended. , o ___lll. MAGNET CRYOSTAT SYSTEM
We have endeavored in designing a STM which is ex-
tremely stable and which meets three operational conditiong): Magnet

ultrahigh vacuum, low temperatures, and high magnetic The magnet cryostat systeffig. 1) is a modified Spec-
fields. For the purpose of our special investigation in SurfaCQromag“He bath cryostat with a LiNradiation shield® The
magnetism we have supplied the instrument with Som& 5 T superconducting magnet is a split coil type with a 62
unique features, like sample rotation, easy tip exchangeézm bore. Homogeneity of the field in a 10 mm diameter
mechanism, and an arragement for MOKE measurements. spherical volume at the sample location is specified to 1 part
in 10°. The maximum sweep rate accounts to 2.5 T per
minute. The central region of the magret Fig. 2 has two
cutaways of 80° and 90°, respectively, and a minimum

The new cryomagnet-STM chamber is added to a preheight of 42 mm thus providing two access openings to the
existing commercial four-chamber UHV syst¥heonsisting  microscope. Samples and tips are being exchanged through
of a central distribution chamber, a preparation chambethe 80° window whereas the 90° window is used to carry out
equipped with resistive and electron beam heating and eagneto-optical Kerr effedMOKE) measurements, and to
sputter gun, a molecular beam epita®BE) chamber with  allow metal or molecular beam evaporation onto the sample
five evaporators and a home built STM especially designedurface.

UHV Chamber

Evaporator

Magnet Coils

Titanium Thetmal Anchoring
Sublimation T 9 of Electrical Leads

Getter Pump
-

Il. CHAMBER SYSTEM
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/a)’ tem from low temperature, bakeout, and returning to low
temperature, accounts to several days. Thus it is essential

that samples and tips can be introduced through the load-lock

Rotating Ratiation Shield of the central distribution chamber without breaking the

) vacuum,

Load Lock Port
Transfer Rod G

Distribution Chamber

IV. STM DESIGN

Manipulator Ay The design of the STM was geometrically restricted by
X the 62 mm diameter of the magnet’s core tube. The cylindri-
cal body of the STM, machined from one piece of the glass
ceramic Macof® has a diameter of 40 mm and a height of
110 mm. This body bears all parts of the microscope. It is
Cut A-B mounted on top of an oxygen-free high-conductiviBFHO)
copper pedestal which serves both as the microscope’s sup-
FIG. 2. Cut through the cryomagnet system at the sample plane.  port and as the thermal anchoring for all electrical wirings.
Together with this stand the microscope is installed as a unit

To obtain proper UHV conditions the magnet is de- into the magnet borécf. Flg 3. To avoid any disturbance of
signed to safely endure bakeout at 120°C. In our bakeouif’e magnetic field the few metallic parts used are made from
procedure we keep the magnet at 115 °C for 48 h. The tenfitanium, molybdenum, copper, or copper beryllium.
perature is measured by a platinum resistor sensor on top f Approach mechanism
the magnet. The signal of this sensor feeds a control unit that ) _ _
supplies a flow of cold nitrogen gas across the magnet if the At the center of the microscope one finds two moving
temperature is about to surpass the set point value. ThusR&'ts, the approach sledge bearing the scanner tube at its

safe bakeout operation is guaranteed over night. lower end[(b) in Fig. 4], and the sample receptaclg which
can be rotated about thyeaxis. The coarse approach mecha-

nism is based on Pan’s desfdnhat has proven to be stable
enough to regain a microscopic location on the sample with

The helium reservoir of the cryostat has a useful capacan accuracy of less than 100 nm posterior to a macroscopic
ity of 20 | giving a hold time in the low temperature regime movement of 20 mm’??
of approx. 40 h between subsequent fills. The helium reser- The approach sledge is a polished sapphire prism placed
voir and the magnet are enclosed by a nitrogen radiatiom a V-shaped groove where it is rigidly clamped by two
shield. Its 20 | volume provides a hold time of 36 h. At the triplets of shear piezo stackq(c) in Fig. 4]. A 5mmx5mm
lower end where the magnet has its above mentioned operx1 mm AlLO; pad is glued on top of each shear piezo stack.
ings the shield has an additional rotating cylinder the purpos@hese pads provide the actual contact areas between the
of which is to shut the access windows. This cylinder isstacks and the sapphire prism surfaces. Two of the piezo
thermically coupled to the main part of the shield by a num-stacks are glued to a Macor bedd) which is pressed onto
ber of copper braids. the prism by means of a molybdenum leaf sprifigand a

To avoid vibrations due to boiling nitrogen the Lkes-  ruby ball (). The Macor beam functions as a balance and
ervoir is pumped to<5 mbar so that the nitrogen solidifies. thus warrants an equal distribution of the spring force to all
To cope with the initially huge amount of gas from the boil- contact areas of the six shear piezo stacks and the prism
ing liquid we use a rotary vane pump with a nominal pump-surface. In contrast to previously presented desfyiig*we
ing speed of 65 iith. When the nitrogen has solidified at a do not employ walker stepping as a working mechanism but
temperature of 63 K the rate of exhaust gas is greatly reuse inertial movement by applying an asymmetric saw-tooth
duced so that a much smaller pump can be used to hold theoltage curve to all six stacks simultaneougtick slip. On
pressure. This pump is located in an adjacent room which ithe flat slope of the voltage ramp the prism follows the shear
acoustically isolated from the STM laboratory. As the gasmovement(stick) while, due to its inertial mass, it is unable
flow through the pumping line is very low we have no acous-to follow the rapid relaxation of the piezos on the steep slope
tic coupling of the pump. Although approx. 30% of the ni- (slip), the result being one step of the prism per period. The
trogen is lost at the first stage of this pumping proceduranechanism is driven at 0.5—1 kHz; the step size can be tuned
there is no substantial reduction of the hold time. Having &y varying the applied voltage amplitude.
radiation shield at a temperature as low as 63 K is of con- The scanner containing the tip is mounted to the lower
siderable advantage for minimizing the helium boil off. end of the prism. The tip approach towards the sample to less

The outer vacuum chamber of the cryostat unit has a DNhan 0.5 mm distance is carried out manually using a remote
350 CF base flange which fits onto the appropriate top flangeontrol box; this operation can easily be controlled visually
of our custom-made UHV chamber. Pumping is done by ahrough one of the viewports with agx situlocated optical
turbo pump, an ion getter pump, and a titanium sublimatiormicroscope. Only the fine approach is accomplished in auto-
pump. The base pressure after bakeout and cooldown mmatic mode of the STM control unit. During a measurement
<5x10 ™mbar. The turn-around time for venting the sys- the sapphire prism stays firmly clamped to the microscope

B. Cryostat and UHV chamber
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FIG. 4. Schematic drawing of the STlwot to scalg (a) Macor body,(b)
sapphire prism(c) and (c’) shear piezo stackgd) Macor beam,(e) and
(€') ruby ball, (f) and (f") leaf spring,(g) scanner with tip(h) stators for
sample rotation(i) rotor with sample(k) spring, () temperature sensam)
leaf spring,(n) bridge.

ment there are six shear piezo stack$) (two of which are
pressed onto the cones by a bridge with a leaf spring
(f'). Due to the symmetry of this assembly it is self-
centering in both radial and axial direction, and no additional
bearings are required. When brought into place and turned
for the first time the rotor, shaken by the rapid oscillatory
piezo movements, takes on an equilibrium position and
keeps it.

Between the two cones a recess is ground into the cyl-
inder deep enough to receive the sample tray such that the
sample surface lies in the-y plane. The sample tray is kept
in place by a copper beryllium sprir@). The gap voltage to
the sample is applied through a contact soldered to the
spring. Also, the sample temperature sendpra GaAlAs
diode?® is glued onto the spring, and is thus in immediate
proximity and in excellent thermal contact to the sample.

The capability to rotate the sample allows for some
unigue experimental arrangements, illustrated in Fig. 5.
While the sample receptacle is in positide) (i.e., the
sample surface normal pointing iz direction and the tip
retracted, sample and tip exchange can be carried out. With
the tip approached, this is also the position for STM mea-
FIG. 3. Photograph of the microscope o its pedegéiiMacor body.(5) surements. After retraction of the tip a 90° rotation can be
sapphire prisnﬁ’(cfleaf Spring. (@ e e e i sampl)é"(f) applied to the sample, thus turning the surface normal into

thermal anchoring of electrical leads to helium and nitrogen temperaturetN€ — X direction[position(b)]. This position allows to direct
respectively. When mounted to the cryostat the helium flaiggend the
nitrogen flangegh) are mechanically disconnected.

a b c d
body. The scanner in use is a 1/4 in. EBL No. 4 piezo ftibe
with a length of 31 mm. This length was chosen in order to
allow for a scan range of am at low temperatured 0.5 um
at room temperatuyeand still having a sufficiently high reso-
nance frequencyf(.=2.2 kH2. A great scan range is desir- E P
able for imaging of magnetic domains.
X
B. Sample rotation i
The sample is introduced into a receptdcle in Fig. 4] tip/sample evaporation, z-magnet-  visual control,

which can be rotated by more than 270° about yhaxis. exchange, Kerr effect, ization in-plane magnet-

. . . . . scanning, in-plane magnet- ization
This rotor is a sapphire cylinder with the edges ground off to z-magneti- ization

form two 90° cones. These cones are polished and again 23"
serve as the surfaces for Sthk-Shp movement. In_ close anakig. 5. principal geometrical configurations of the sample. For details on
ogy to the arrangement described above for the linear movehe particular use of each position see text.
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a molecular beam from the evaporatof. Figs. 1 and 2to sapphire prism
impinge normal to the sample surface. The sample rerotated | . , E Lo Lo
back into position(a), STM imaging can, in principle, be Insilating bushiiig

applied for time resolved growth studies at low temperature leaf spring B
and, if desired, in a magnetic field. Positidn) also allows fip holder 1\
for measurements of the magneto-optical Kerr effect receptacle j

I Macor
(MOKE). The UHV chamber is supplied with two viewports Vroors ﬂ

base

at the appropriate sitegsee Fig. 2, one for the incident

tip holder
beam, the other for the reflected beam. P

C. Sample magnetization tungsten tip

tube

Though the external magnetic field vector at the sample <EARnaeT

location is restricted to the direction, the sample can be
magnetized in almost any appropriate direction by virtue of han'e
the rotor. If in-plane magnetization is desired this can be §&—
achieved by turning the sample into positi@) or position
(d), respectively. Out-of-plane magnetization is accom-

plished in positionga) and(c). This latter configuration pro- transporter
vides a very elegant way to study certain surface magnetic _ . _ _
phenomena: Suppose a ferromagnetic sample being in posi- FIG. 6. Schematic drawing of the tip exchange mechanism.

tion (c), and the external field applied in, e.qg., the direc-

tion. Having a ferromagnetic tip in use, both tip and Saml[)lethe retracted scanner. Driving down the linear motor lets the

will be magnetized according to the applied field. Now the.. o :

S . ) . .. tip holder slip into a V-shaped groove of the tip receptacle
field is sw.|tched Oﬁ aqd the sgmple 'S rotated by 180 INOyhich is mounted inside an insulating bushing within the
the scanning position, i.e., positida). Tip and sample will

. . T . : lower end of the scanner tube. A small leaf spring clamps the
now be in an antiparallel magnetic orientation. After taking

: . . . "?ltip holder. Now the transporter can be retracted, leaving
measurement in remanence the field is switched on agaif 1 der and tip firmly attached to the scanner tube

The magnetization orientation of the tip will stay the same. Tip and sample exchange is carried out using a “Me-

The sar_npl_e, hoyvever, will experience a r_eorlentatlon _Of Itschanical Hand'?® which allows a simple and safe operation.
magnetization, tip and sample magnetization thus ending u

: llel f. tion. With th ‘ | field switch d'?ip exchange comes down to a matter of minutes, sample
In a paraflel confnguration. Wi € external ield switche exchange being even faster. A whole tip preparation proce-

off, agan a measuremer_n in remanence can be taken. Smc&ure, including fresh coating, accounts to less than one hour.
for the field sweep, the tip does not need to be retracted the

second scan will image exactly the same location on the
sample surface, thus allowing a one-to-one comparison of
the two measurements. E. Electrical connections

Since electrical leads introduce heat into the cryostat
special attention has to be paid to an optimum of thermal

When working with ferromagnetically coated tips it is anchoring of all wirings. The leads for the magnet current
mandatory to have the possibility to prepare and exchangsupply, level meters, and temperature sensors are fed through
tips in situin a short turn-around time. We use etched tung-the top side of the cryostat. They are effectively cooled by
sten tips coated with 5-100 ML of iron. A typical tip prepa- the flow of cold helium gas. The microscope wiring, how-
ration procedure is as follows. The tungsten tip is cleaned bgver, is fed directly into UHV via several multipin
heating it to 2000 K by means of electron bombardment infeedthroughs at the bottom flange of the outer vacuum cham-
the preparation chamber. The tip is then sharpened by fielder (see Fig. 1 We use custom made Capton insulated
emission until a good imaging quality is attained. Iron coat-shielded twisted pair VA steel cables with an overall diam-
ing and subsequent annealing is performed in the MBEeter of 1 mm. They are thermally anchored to both the nitro-
chamber. This yields a properly imaging tip in about 70% ofgen and the helium stadef. Figs. 1 and R At the nitrogen
the cases. Since field emission sharpening most likely resulstage every single lead is wound around a copper pole ten of
in a throw-off of iron this is no longer recommended at thiswhich are mounted on top of a flange and thereby fixed to
stage. In a considerable fraction of cases tip preparation hdake base flange of the nitrogen shield. Anchoring to helium
to be repeated. Thus a tip exchange mechanism is indispengmperature is achieved in a similar way: a ten gear thread is
able. cut into the microscope’s pedestal such that all ten leads can

Figure 6 shows schematically the assembly. The tip i$e firmly wound around it, being held in place by appropriate
fixed in a molybdenum tip holder. For inserting a tip into the clamps. When installed, the nitrogen and the helium flange
scanner the tip holder is carried by means of the transporteare mechanically disconnected. For maintenance works they
which can be placed into the sample receptacle where it iget coupled so that they form a unit with the microscope on
positioned such that the tip holder ends up precisely beloviop. Mounting and dismounting requires approx. 1/2 h.

D. Tip exchange mechanism
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FIG. 7. Sequence of images demonstrating the microscope’s ability to re- bias voltage U [V]
gain a microscopic location after a macroscopic movementlAl/Mica,

ambient condition. One particular island is marked by an arrow. Each scan “é 1.02F (b) W ]
was followed by a retraction of the tip by 16 mm, rotation of the sample by = "

90°, rerotation of the sample, reapproach of the tip. Maximum lateral offset 'E 1.01F - ]
during subsequent scars280 nm, maximum lateral offset during seven 8, . .

cycles<425 nm. 2 1.00F 7
V. PERFORMANCE £ 099 . . 1
A. Micropositioning é' 0.98} m ]

Due to the very high stability of both the linear and the 10 5 0 - 10

rotational drive one can regain a microscopic location on the magnetic field H[smT]
sample after a macroscopic movement. This feature is iIIus:;IG 0@ . | i feld B 1 T on the soin soli

H H H H H . 9. (& mpacto an externa magnetlc e = on the spin sp it
trated in Elg. 7. The series of |mages was taleemsnuon_ . surface state of 50 ML GO001)/W(110 as measured with a Fe covered
Au(ll]-)/m_|ca- Shown_ are S_Ohj(% '_Slands of CharaCter'St_|ctungsten tip(black squares: field applied; gray circles: no field appliéol)
shape which can easily be distinguished, one of them beingerr loops measureih situ on a 50 ML Gd0002)/W(110) film.
marked by an arrow. After each scan the tip was retracted by

16 mm, followed by a rotation of the sample by 90°, rerota-

tion of the sample, and reapproach of the tip. The maximunPes.p'te thg g.reat length o'f. the scanner the .resolut|on
lateral offset during subsequent scans was found ta B&0 achieved highlights the stability of the whole microscope

nm, and<< 425 nm during seven cycles. setup.

B. Atomic resolution
C. Spectroscopy of the spin split surface state of

Figure 8 shows atomic resolution obtained in UHV on @gadolinium

terbium film grownin situ on W(110). The dark sites are
caused by adsorbates from the residual gas, probably CO. A We prepared a 50 ML smooth G007 film by electron
profile along the line indicated is shown below the image.pPeam evaporation on a W10 single crystal and subsequent
annealing. A clean tungsten tip was coated with approx. 100
ML Fe. In a simultaneous measurement at a sample tempera-
ture of T=16.9K topographic|(U) and dI(U)/dU data
were obtained. Figure(8) shows two curves of the differen-
tial conductivity dl/dU, which is a measure of the local
density of states, obtained by a lock-in technique. Black
squares indicate the spectrum taken with a magnetic field of
B=1T applied perpendicular to the sample surface, whereas
gray circles show the spectrum with no external field ap-
plied, i.e., in remanence. Both spectra were measured at ex-
actly the same sample location. The well known spin split
Gd surface state is clearly resolvV&t:?® By comparing the

two spectra one can see the impact of the applied external
magnetic field which forces the magnetization of tip and
sample into a parallel configuration. The intensity of the oc-
cupied part of the surface state at a binding endfgy=
—160meV is enhanced by 22% at the expense of the unoc-
cupied part, energetically located at a binding enegy,

= +500 meV which is damped by 12.5%. There is no energy
shift of the peaks due to the magnetic field. By rotating the

FIG. 8. Atomic resolution on Ti001)/W(110 at T=16.8 K. The profile sample by 90‘{_cf, _Fig. 5] easy a_XiS Kerr loop$Fig. 9Ab)]
below the image is taken along the line indicated. were measureth situ on an identically prepared sample.

lateral displacement [nm]
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