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pendicular domains. In the present papor we measure
the in-plane magnetization of 1 ML of Co on Cu(100) as
a function of the applied magnetic field using the
magneto-optical Kerr effoct. We find the following: (a)
IMLoanonCuhullthylm—flloop;La..
long-range ferromagaetic order exists at flaite tempera-
fures, over macroscopic size (preciscly the size of the
Iascr spot used for the measurements, ~3 mm?®) and in
the absence of magnetic fields, (b) The apias lic in the
€lm plane. This represents a clear and definite answer to
the important question of perpoadicular versus in-plane
magnetization for a system whose porfection makes it &
test case of the most sdvanced total-coergy calculations
on magnetic anisotropy (sec, for instance, Ref. 5).
upﬂimtalleehniqunndmmthemu-
netization is basod on the magneto-optical Kerr effect,
Thepouihililyofuinlthel(.meﬂ‘eullldudi.h-
vacuum experiments to messure the magnetization of
m-ythlnﬂlumﬂmdmonnubyndcrnd
Moog.* Here we wc the tromsoersal {or equatorial)
Koty cffect: The plase including the surface sormal and
ihe incident asd reflected light beams is perpsndicular to
the applied magnetic feld. The magnotic field is applied
in the film plane. The polarization of the light—s He-
Ne lascr— is parallel to this plane (p polarized light). Is
this goometry, ihe reflected intenrity dopeads oa the

magnetic field the hysteresis loop can bo recorded. Fig-
ure | shows the hystercsis loop recorded for the | ML of
Co or Cu(100) at room temperatare. The thickness was
dmmiudfmmAanwperudm
calibration curve published in Ref, 3. Similar hysteresis
loops were measured up to 10 ML, No magastic signal
was obecrved for 0.6 ML. The mais featurns of the hys-
teresia loop in Fig. 1 are the following: Co

(1) The magnetization My st remanence (¥ =0) is
equal, 15 within experimental sccuracy, to the saturation
magnetization; io., the mosolsyer is in » single-domain
siate at /i=0. This ostablishes usequivocally the ex-
istence of kong-range order over macroscopic dimensions
for & monstomic film. Morcover, apart from giving
cssential information on the maguetic state of the sys-
tem, the observation of & sguare hystoresia loop adds to
the cvidence for cpitaxial growth based on Auger and
LEED spectroscopy,*'*'? the fascinating “magnetic”
evidence of the | ML being so perfoct that, afier the
Hdhmd.haunhuhuﬁn&domﬂnmuol‘
MACTOSCOPIC sizel '

(2) The magnctization reversal (H <0) docs not
occur abruptly at = certain fickd: The magnetization
changes continuously between + Ay and —Ag. There-
fore coherent rotation or displacement of oae single mac-
roscopic domain wall can be excluded. Instead, the film
splits up into domains carrying + My or ~Mjp, the
aumbers of which are exactly cqual at Hoow —20 Oc,
where the resulting macroscopic magnetization disap-

1876

T ¢ 8w =
RANETIC P10 / 0w

FIG. 1. Hystercsis loop for 1 ML of cobalt on Cu{l00),
aversged over twesty rapid Seld scans. The magactic feld,
pwudbylwﬂelnbduodhpl-wddhﬁlyhthvmw
chamber, is appliod parallel to the Alm surface. The coercive
Beld s 20 Oc. During deposition of the Ca Blu and the mes-

of the hy is loop the sub was held at_room

lemperaturg, Accordiag to Refs. §, 16, and 17 deposition at

room lemperstur gives rise (o layer-by-layer growth In
mlwillkd.lwdil-uohunnyﬂueilm
magnetic properties wp 1o ~(50*C, The experiment was per-
formed in a vacuum which never excooded 5x 10 ~'* mbar,

pears.

(3) The is-plane square hysteresis loop for films rang-
lufmnlwloMLmdthcamd‘mpet-
peadicular 10 the film plane observed in Ref. § demon-
strate that the spins lie exactly in the flm plane: ie., oo
evidence of the transition® from perpendicular to in-
plane magnetization upon increasing the thickncas is ob-
served

Figure 1 ahoum:tbecnnmﬁmdmmoﬂ‘er-
romagnetism, like hysteresis loop, coercive Beld, and
donains can be siraightforwardly extended to systems as
thin as 1 ML. The size and shape of these domains
remain a topic for future rescarch,

The findings of this paper identify Co/Cu(i00} a3 a
truly epitaxial ferromagnetic monolayer, In the course
of this work a similar system, fulfilling the criterion as
well, has been discovered?': Fe/Au(100). Provided the
substrate is held at room lemperature during deposition,
distinct breaks can be detected in the Auger signal of the
substrate versus deposition time,” gigoaling the oc-
currence of layer-by-layer growth. In our laboratory the
magnetization of the system was messured with the sian-
dard technique of spin-polarized LEED.Y Because of
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mmmamwmmmw
(:mu,m—somm:mm-mm
mmnmwmmuwimmnm
llldmldnandwilldin‘mtinmﬁ-,k.mdkl.
respectively. Muu.puddcdthﬂmhanmm—
tization  different from zero, a spin asymwetry
Au={Ry =R )/(R}+R,) results. Bocause of the use
ofhw-«ernehammmuhnmhpu-
famedinmlppliedmamichld;i.e..d.mmn:
rhe remanent magnetization. As 2 consequence, a full
bysterasis loop is not yet availsble, While the mecha-
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