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Finite size effects on the moment and ordering temperature in antiferromagnetic CoO layers
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The relationship between magnetic properties and microstructure of thin antiferromagnetic CoO layers in
$CoO(X)/SiO2(50 Å)%25 multilayers has been investigated. The temperature decay of the thermoremanent
moment, zero-field-cooled/field-cooled magnetization measurements, and specific heat were evaluated as indi-
cators of the magnetic ordering temperature. The temperatures associated with each decreased slightly with
decreasing CoO layer thickness from 100 to 30 Å, but then exhibited a sharp decrease for CoO layer thickness
below 20 Å. This decrease has been previously observed, and was attributed to intrinsic finite size effects
associated with broken magnetic bonds at the surfaces. In the present investigation, it was determined that the
CoO layer was amorphous in these thinner layers, accounting for the dramatic drop in Ne´el temperature. For
thicker CoO layers, all measures of magnetic ordering coincide, indicating a true Neel temperature, whereas
they do not for the thinner films. The structural change of CoO from crystalline to amorphous also causes a
significant change in the temperature dependence of the magnetization, due to an increased number of weakly
coupled uncompensated spins.

DOI: 10.1103/PhysRevB.67.054408 PACS number~s!: 75.70.2i, 75.40.2s, 68.55.2a, 68.37.2d
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I. INTRODUCTION

Finite-size effects refer to deviations from bulk propert
as sample dimensions are reduced. An intrinsic effect oc
in material systems for which one or more sample dim
sions~e.g., the thickness of a layer or diameter of a partic!
is comparable to the intrinsic length scale of the prope
being considered. One can also consider a ‘‘surface-driv
finite size effect due to a competition between the proper
of atoms in the core of a particle or layer and at its surfa
usually originating from the reduced magnetic coordinat
number or surface roughness. As an example, surface s
often possess a higher magnetic anisotropy than core s
due to their reduced symmetry. In addition, chemical
structural effects may arise in small particles and layers,
to phenomena such as surface segregation, relaxation, o
terface effects which can dramatically alter the properties
surface atoms beyond that due to reduced magnetic co
nation number. These possible structural effects are o
overlooked, in part because the small particle size ma
structural characterization challenging.

As initially noted by Néel, small antiferromagnetic~AF!
particles or thin AF layers may possess a moment due
inexact compensation of the magnetic sublattices, an e
which increases with decreasing AF particle size or la
thickness.1 The properties of these uncompensated spins u
ally dominate the net magnetic properties of AF films
small particles, and their presence simultaneously facilita
and complicates a magnetic characterization. For thin
films, the uncompensated spins arise primarily from
lower coordination of surface atoms, but may also inclu
loosely coupled spins, e.g., between grains. When these
compensated spins are tightly coupled to the magnetic s
of the AF core, they serve as a measure of the magnetic o
of the core, including the direction of its Ne´el vector, and
hence provide a measure of the Ne´el temperatureTN . How-
0163-1829/2003/67~5!/054408~7!/$20.00 67 0544
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ever, when they are loosely coupled, they may dominate
magnetic measurements without providing information ab
the core magnetic order. Specific heat and neutron scatte
measurements provide a valuable complement to magn
measurements, since these measure an average propert
all the spins.

For monoxide AF thin films and fine particles, a variety
magnetic finite size effects have been observed.2–13 These
include suppression of the AF ordering temperatureTN and
blocking temperatureTB , thermally induced fluctuations o
the Néel vector, increased numbers of AF sublattices, tim
dependent magnetization in high fields, and anomalous h
teresis behavior. The suppression ofTN or TB has generally
been described in terms of scaling theory, implying intrin
finite size effects; these show a power law dependence
size or layer thickness, but the details of the dependence~the
prefactor of the scaling! vary widely, suggestive of structura
effects playing a significant role. Furthermore,TB is not a
thermodynamic transition, and is dependent on details of
terfaces; the distinction betweenTN andTB was experimen-
tally demonstrated and discussed by Careyet al.11 and van
der Zaaget al.12

The dependence ofTN on layer thickness for two-
dimensional layers of AF CoO has been previously inve
gated using two different systems and methods, with sign
cantly different results~despite showing a similar thicknes
scaling exponent!.5,6 Specific heat measurements of Co
MgO multilayer ~ML ! films showed a relatively small de
crease~;20 K! of the Néel temperature on reduction of th
CoO layer thickness from 100 to 16 Å.5 In contrast, a sharp
decrease~;200 K! was found over the same thickness ran
for a CoO/SiO2 ML, where TN was identified as the tem
perature of the peak in the dc magnetic susceptibility.6 It was
not clear if the large difference inTN observed in these sys
tems at smaller thicknesses was due to the difference in m
surement technique or the microstructure of the CoO films
©2003 The American Physical Society08-1
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Y. J. TANG et al. PHYSICAL REVIEW B 67, 054408 ~2003!
magnetization measurement such as susceptibility, is do
nated by uncompensated surface spins, which may or
not be tightly coupled to, or reflect the magnetic state of,
AF core. The specific heat measures the sum of the ent
changes of all the spins and hence is dominated by core s
for any particle size where a core is well defined. The diff
ence in microstructure is significant. CoO and MgO gro
epitaxially on each other, leading to large columnar gra
which extend through the entire ML and long structural c
herence lengths. In contrast, SiO2 is amorphous and henc
the growth of CoO is structurally terminated at each layer.
a result, the grain size for CoO in the CoO/SiO2 MLs would
be expected to be small, whereas it is quite large~hundreds
of Å! in the CoO/MgO MLs.

In this paper, we report an experimental investigation
the microstructural, magnetic, and thermodynamic proper
of antiferromagnetic CoO in CoO/SiO2 MLs with different
CoO layer thicknesses. The goal was to compare finite
effects for CoO layers in systems with very different gra
sizes in order to determine whether the observed effects~re-
duction inTN and thermomagnetic properties of the unco
pensated spins! were dominated by reduced thickness
grain size. However, we found that due to the comp
growth mechanism of the different layers in CoO/SiO2 MLs,
the CoO microstructure changes from crystalline to am
phous for CoO layer thicknesses below about 20 Å. T
structural change has a tremendous effect on the orde
temperatures in the CoO/SiO2 MLs as well as on the mag
netic behavior belowTN . We conclude that this microstruc
ture is the principal origin of the previously observed diffe
ences between CoO/SiO2 and CoO/MgO MLs. For thicker
CoO layers in the CoO/SiO2 MLs, we observed microcrys
talline CoO, and small shifts in magnetic properties as fu
tions of layer thickness, but these may also be influenced
structural disorder.

II. EXPERIMENTAL DETAILS

The $CoO(X)/SiO2(50 Å)%25 MLs were made by magne
tron sputtering onto Si~100! substrates and onto SiN
membrane-based microcalorimetry devices designed for
film heat capacity measurements. CoO was reactively
sputtered using a Co target in the presence of Ar and O2 and
SiO2 was rf sputtered from a SiO2 target in Ar. The total gas
pressure was 2 mTorr during sputtering, with an Ar to2
flow rate ratio of 15. The sputtering rate was 0.4 Å/s for C
and 0.3 Å/s for SiO2 , respectively. The CoO thicknessX and
SiO2 thickness~50 Å! were controlled by sputtering time; a
films have 25 CoO(X)/SiO2(50 Å) bilayers. Low and high
angle x-ray diffraction~XRD! and transmission electron m
croscopy~TEM! were used to characterize the samples
JEOL 4000EX high-resolution electron microscope opera
at 400 keV was used to observe the local microstructu
Samples were tilted to the@110# projection of the Si substrat
so that the electron beam direction was perpendicular to
ML growth direction. Standard mechanical polishing and
gon ion milling were used to prepare the TEM samples
this cross-sectional geometry. The magnetic properties w
measured with a Quantum Design SQUID~superconducting
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quantum intereference device! magnetometer. Specific hea
measurements were made using the relaxation method
SiN membrane-based microcalorimeters capable of mea
ing thin films ~;6 mg mass! from 77 K up to 540 K. Details
of the microcalorimeters and specific heat measurement
be found elsewhere.14

III. RESULTS

A. Microstructure

Typical low-angle XRD spectra for the MLs are present
in Fig. 1. The well-defined layered structure of the multila
ers is evident from the large number of peaks in the XR
patterns seen for CoO thicknesses as small as 5 Å.
multilayer repeat distances~L! were calculated from the po
sitions of the peaks and are listed in Fig. 1; these are in c
agreement with the intended bilayer thicknesses.

Figure 2 shows high angle XRD patterns. Samples w
tilted by several degrees during the measurement in orde
reduce the strong intensity of the Si substrate~400! peak; the
broad background peak from 2u575 to 95° is due to re-
sidual scattering from this peak. For samples with C
thicknessX>20 Å, polycrystalline CoO with a preferred

FIG. 1. Low angle XRD patterns for$CoO(X)/SiO2(50 Å)%25

MLs. Superstructure lengthsL for each sample are shown.

FIG. 2. High angle XRD patterns for$CoO(X)/SiO2(50 Å)%25

MLs.
8-2
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FINITE SIZE EFFECTS ON THE MOMENT AND . . . PHYSICAL REVIEW B67, 054408 ~2003!
~200! texturing is seen. Samples with CoO thickness sma
than 20 Å show no diffraction peaks. The average CoO gr
size in the film normal direction was calculated from the f
width half maximum of the~200! XRD peaks using the
Scherrer equation.

Cross-section electron micrographs and diffraction p
terns of several MLs are shown in Fig. 3. All samples sh
uniform layer thickness, with thicknesses in good agreem
with the intended values. The diffraction patterns confirm
quality of the layering, with 5–20 superlattice spots visib
on both sides of the central~000! diffraction spot; these su
perlattice spots are clearly visible even for the thinnest lay
~5 Å!. The superstructure lengthsL were calculated from
these spots for all samples, and are consistent with X
results. The SiO2 layers in all samples are uniformly amo
phous. The CoO layers however show a crossover from g
crystallinity for X>20 Å to a uniformly amorphous micro
structure forX<10 Å. For theX510– 15 Å samples, iso
lated crystalline grains are visible in the CoO layers, with
remainder of the layer amorphous.

Figure 4 shows a plot of grain size normal to the fi
determined from high angle XRD peak widths as a funct
of intended CoO thickness. The linearity and unity slo
indicate that grain growth in the normal direction is term
nated by the amorphous SiO2 layers, consistent with the
cross-section electron micrographs shown in Fig. 3. The
erage in-plane grain sizes were measured from the cr
section TEM images and are shown in Fig. 4 as a function
CoO layer thicknessX. They increase with increasingX, ap-
proximately linearly, but as a weaker function ofX than the
grain sizes normal to the film, indicating a crossover in gr
shape withX. For X,60 Å, the in-plane grain size is large
than the normal direction grain size and the CoO layer thi
ness~flat platelets!, while for X>60 Å, the grain size norma
to the film is larger than the size in-plane, consistent with
columnar CoO grains visible in the thicker MLs of Fig. 3.

FIG. 3. Cross-section electron micrographs f
$CoO(X)/SiO2(50 Å)%25 MLs. Insets: electron diffraction patterns
showing numerous superlattice spots for the MLs.
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B. Magnetic ordering measurements

Three temperature-dependent measurements were us
investigate magnetic ordering in these samples:~a! the tem-
perature and time decay of the thermoremanent mom
~TRM! obtained by cooling in a field and then measuring
heating in zero field;~b! zero-field-cooled~ZFC! and field-
cooled~FC! magnetization~both measured in 100 Oe!; and
~c! the specific heat~measured in zero field!. When a field is
applied to AF particles, the resulting moment is comprised
contributions from the uncompensated spins and from the
susceptibility of those portions of the particles’ cores whi
have bulk AF spin configurations.15,16

For the temperature decay of the TRM, samples w
cooled from 330 to 10 K with an in-plane field of 25 kO
The field was then set to zero, and the TRM was measu
with increasing temperature in zero applied field; measu
ments take of order four minutes per temperature, and he
are relatively long time scale. The TRM is due to the pre
ence of uncompensated spins whose moments are aligne
the applied field during cooling and which cannot relax
the equilibrium zero moment state due to exchange coup
to an antiferromagnetic core. It thus provides a direct m
sure of the blocking temperature of the grains. It will b
dominated at higher temperatures by the largest grains in
CoO layers because the uncompensated spins in these l
grains are stabilized by a larger antiferromagnetic core.
call the temperature at which the TRM moment vanishes
maximum blocking temperature,TB

max. For X,20 Å, both
XRD and TEM results indicate that the CoO layers are am
phous, and thus it is possible that these materials will exh
spin glass-type properties. In this case, we would interp
the vanishing of the TRM moment as a freezing temperat
Tf . The large cooling field~25 kOe! was chosen for reason
of sensitivity; we have found that the magnitude of this co
ing field has a small but measurable influence on the ma
tude of the TRM moment but doesnot influence the tempera
ture at which the TRM moment vanishes, i.e., at whi
thermal energy is sufficient to allow the moments to relax
the equilibriumM50 state.

FIG. 4. Average grain size vs CoO layer thickness: in-pla
~squares! from TEM images, normal to the film~circles! from TEM
and XRD.
8-3
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The temperature dependence of the TRM is presente
Fig. 5 for various CoO layer thicknesses. Assuming that
TRM is dominated by interfacial uncompensated spins
least in the crystalline samples withX>20 Å, the TRM mo-
ment is shown in units of emu/interfaces-mm2, the average
moment per unit area of each interface layer. Since there
50 interfaces in each sample~25 bilayers, each with two CoO
interfaces!, all data were normalized by the same consta
TB

max decreases with decreasing CoO thickness down to 2
A much stronger decrease ofTB

max occurs below 20 Å; this is
the same thickness at which TEM started to show a cross
to an amorphous structure.

The temperature decay of TRM for samples withX
>20 Å generally exhibits two features: a ‘‘plateau’’ occu
ring over an intermediate temperature range from appr
mately 40 to 175 K where the TRM magnetization is rough
independent of the temperature, and a strong upswing at
temperature~,40 K!. This behavior was seen previously
CoO/MgO superlattices and was ascribed to two kinds
uncompensated spin:9–10 The ‘‘plateau’’ was associated with
interfacial uncompensated spins that were strongly coup
to the AF cores, and the upswing at low temperature w
associated with spins which were more weakly coupled
the AF core, possibly associated with spins in the gr
boundaries. We note that as the CoO thickness decrease
‘‘plateau’’ magnetization region moves to lower temperatu
and gradually disappears. For samples with 5- and 10
thick CoO layers, which TEM showed to be amorpho
there is no well defined AF core, hence no plateau, an
strong increase of TRM at low temperature is seen, ass
ated with an increased number of weakly-coupled spins.
smaller TRM moment at low temperature forX55 Å com-
pared toX510 Å is due to the decreased total CoO volum
~the units in Fig. 5 are per interface not per unit volume!, as
well as the possibility of a ‘‘frozen’’ spin-glass state. ForX
515 Å, the sample shows a transition behavior: a poo
defined ‘‘plateau’’ and a strong upswing, consistent w
small amounts of crystallinity in an amorphous matrix.

FIG. 5. Temperature dependence of the TRM moment
$CoO(X)/SiO2(50 Å)%25 MLs. Samples were cooled to 10 K in
25-kOe in-plane field; then the field was turned off andM measured
on heating.
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We also measured the time dependence of the TRM
ment at 10 K where the temperature decay exhibits
strong upswing for the thinner CoO layers. Figure 6 sho
the normalized TRM moment vs time on a log scale
several samples. Decay times at 10 K forX530– 100 Å are
similar, and are significantly longer than forX510 Å con-
sistent with the thinner samples increased number of wea
coupled spins.

We have also studied the temperature decay of the T
moment for $CoO/SiO2%n MLs with fixed CoO and SiO2
thickness and varied number of bilayersn ~from 5 to 80!.
The TRM moment per layer decrease with increasingn for
the same CoO thickness in each layer. No significant str
tural variation through the film thickness forn525 is seen in
TEM images, but a more detailed structural study and a s
tematic study of the TRM moment behavior with increasi
n would be needed to fully understand the TRM mome
behavior. The maximum blocking temperature,TB

max and the
low temperature upturn is however, completely independ
of n. We therefore conclude that any possible variatio
through the thickness of the 25 bilayer repeats for e
sample are unimportant compared to the effects of chang
the thickness of the individual layers.

Figure 7 presents ZFC/FC magnetization measureme
measured in 100 Oe with increasing temperature on sam
cooled in 0/100 Oe respectively. There is an upswing of
magnetization at low temperatures for all samples, simila
the TRM moment. A clear but broad peak is visible in t
ZFC magnetization data for allX; the temperature of this
peak decreases with decreasingX. For particles, this peak
should be related to anaverageblocking temperatureTB

ave,
associated with an average particle diameter. Figure 7
shows a temperatureTbif at which the ZFC and FC magne
tization curves bifurcate.Tbif is higher thanTB

ave and should
be associated with the establishment of equilibrium for
spins. The data show thatTbif is equal toTB

max found from the
vanishing of the TRM in Fig. 6, consistent with it bein
interpreted as a temperature above which the spins are
to reach equilibrium. ForX5100 Å, Tbif is the same asTN ,
the bulk CoO ordering temperature; it decreases with

r FIG. 6. Time relaxation of the TRM moment measured in ze
field for $CoO(X)/SiO2(50 Å)%25 MLs at 10 K. Cooling field 25
kOe.
8-4
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FINITE SIZE EFFECTS ON THE MOMENT AND . . . PHYSICAL REVIEW B67, 054408 ~2003!
creasingX, and the ZFC/FC curves have spin glass like ch
acteristics forX55 Å. For X510, 15, and 20 Å, where the
samples are substantially but not completely amorpho
Tbif5TB

max is significantly lower than the temperature of th
peak in ZFC and FC magnetizations,TB

ave. For X.20 Å,
Tbif5TB

max5TB
ave, suggesting a reasonable uniformity of r

laxation volumes, consistent with the more uniform gra
size seen in TEM.

Figure 8 shows the specific heatCp of CoO ~in J/g K! for
the CoO/SiO2 MLs with different CoO thicknessesX520,
40, 60, and 100 Å as well as for a single 3000-Å CoO lay
To obtain the data shown in Fig. 8, it was necessary to s
tract contributions from the SiO2 layers and from the calo
rimeter background~typically called the addenda in specifi
heat literature!. The SiO2 contribution was determined b
measuring the specific heat of a 2500-Å-thick SiO2 layer
sputtered on a calorimeter device. The addenda include
tributions from the SiN membrane, the thin film thermom
eters, leads, and heater, and a 2000-Å-thick Ag layer use
provide high internal thermal conductivity~necessary for the
measurement!. It was determined from measurements on
calorimeter device made in the same processing batch a
devices used for the MLs; previous work has shown a rep
ability of better than 5% using this method.14 The uncertainty
of the sampleCp is dominated by the uncertainty in adden
Cp and was calculated based on the measured 3% varia

FIG. 7. ZFC/FC magnetization for$CoO(X)/SiO2(50 Å)%25

MLs. Samples measured in 100 Oe.
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of the thermal conductivity, which should be the same for
devices from the same processing batch.

A peak inCp(T) represents the temperature of the ma
mum change in entropy from a paramagnetic to an antife
magnetic state, i.e. the Ne´el temperatureTN for a homoge-
neous sample. ForX>20 Å, this peak should be interprete
as the Ne´el temperature of theaverageCoO grain because
the magnetic entropy change associated with the orderin
the core spins is much larger than that associated with ei
their blocking (kB ln 2 per grain! or of any weakly coupled
surface spins~surface spins are a small fraction of the to
spins of even relatively small antiferromagnetic particle!.
For X,20 Å, where the TEM shows the CoO to be large
or entirely amorphous, aCp peak would be interpreted as
freezing temperature, which is typically quite broad and a
temperature somewhat higher than the magnetically de
mined freezing temperature.

The Cp measurement showsTN5295 K for the 3000-Å-
thick CoO layer, in good agreement with published da
Even in this thick film, the peak, although relatively sharp,
broadened from the divergence or cusp expected for an i
antiferromagnetic transition. This broadening is likely due
small inhomogeneities in composition and/or structure,
may also be associated with finite grain size~which limits
the divergence of the coherence length! and spin frustration
at the surfaces of these grains. As the CoO thickness in
MLs is reduced from 100 to 20 Å, the Ne´el temperature
drops from 275 to 220 K and the peaks significantly broad
For X,20 Å, no clear peak is seen; this is both because
signal from the very small amount of CoO in these films
small and because of the expected increased broadenin
this peak in these amorphous layers. Their data are there
not shown.

IV. DISCUSSION

Figure 9 summarizes the ordering and blocking tempe
tures measured from the TRM, ZFC/FC magnetization, a
specific heat vs CoO thickness. We also show the Ne´el tem-
perature of CoO in CoO/MgO superlattices determined fr

FIG. 8. Specific heat of CoO extracted from$CoO(X)/
SiO2(50 Å)%25 MLs with CoO thicknessesX520, 40, 60, and 100
Å, and for a 3000-Å CoO layer. Representative error bars are sh
at oneT for each.
8-5
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specific heat measurements,5 and the Ne´el temperature of
CoO/SiO2 MLs shown in Ref. 6. All temperatures decrea
with decreasing thickness, but with significantly different d
pendencies. For thicknesses greater than 20 Å, the Ne´el tem-
perature obtained from the specific heat is very close to
blocking temperatures derived from TRM and FC/ZFC m
surements, suggesting that these magnetic measuremen
curately reflect magnetic ordering for these thicker layers

At CoO thicknesses of 20 Å and below, the temperatu
shown in Fig. 9 separate, a result we suggest is due to
increasing fraction of amorphous material. This is most
ticeable at 10 and 15 Å where the peak in the susceptibilit
nearly 100 °C lower thanTB

max obtained from the FC/ZFC
bifurcation or the vanishing TRM moment. This large split
temperatures, together with the absence of a visibleCp peak,
suggests that there is no true antiferromagnetic phase tr
tion or long range ordering in these thinner samples. E
for the 20-Å sample, theCp peak is at a temperature signifi
cantly higher than the other temperatures, indicating that
short range magnetic ordering which dominatesCp occurs at
a higher temperature than the magnetic freezing seen by
magnetic measurements. Thus, even this 20-Å sample, w
appears from TEM to be entirely crystalline with we
defined lattice planes visible in the micrographs, does
possess a well-defined magnetic ordering temperature w
we should callTN . We note that low angle x-ray scatterin
and TEM both show sharp superlattice peaks and clear c
positional modulations for all these films, even for films wi
CoO thickness as thin as 5 Å where the CoO layer is amo
phous. These superlattice peaks~as well as the TEM images!
indicate that the interfaces remain sharp, with little or
interdiffusion and highly periodic multilayer structures ev
when both layers are amorphous. While these scatte
techniques are relatively insensitive to oxygen, due to its

FIG. 9. Ordering temperaturesTB
ave ~from peak in ZFC/FC mag-

netization!, TB
max ~from ZFC/FC bifurcationTbif and from vanishing

of TRM!, TN ~from specific heat peak! vs CoO layer thickness in
$CoO(X)/SiO2(50 Å)%25 MLs. Also shown areTN for CoO/MgO
MLs from specific heat from Ref. 5, and what was calledTN for
CoO/SiO2 MLs from the dc magnetic susceptibility peak from Re
6.
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Z, both SiO2 and CoO are stoichiometric compounds, a
would not be expected to show oxygen interdiffusion. It
therefore highly likely that the significant changes seen in
magnetic properties of samples with thin CoO layers are
rectly related to the observed change from crystalline
amorphous, rather than to any possible interdiffusion.

Considering just the thicker samples where all tempe
ture coincide andTN is well defined,TN for CoO in the
present CoO/SiO2 MLs is lower than that found for CoO in
CoO/MgO superlattices for the sameX ~both from specific
heat measurements!. There are several possible reasons,
related to structural differences between the CoO layers
these two types of MLs.~1! Because the CoO is epitaxial t
the MgO, there is a relatively large strain induced in the C
in the CoO/MgO superlattice.~2! The in-plane grain size o
CoO in CoO/MgO was found to be 250–500 Å, substantia
larger than the CoO grain size in the CoO/SiO2 MLs ~3! The
CoO in CoO/SiO2 MLs is likely substantially more disor-
dered than in CoO/MgO superlattices due to the necess
disordered interfaces.

Finally, we note that the ordering temperature of CoO
CoO/SiO2 MLs reported in Ref. 6 is significantly lower tha
what we obtained here for CoO thicknessX,60 Å. Since no
detailed structural information on the CoO was given in R
6, we suggest that the ordering temperatures measured
from the dc magnetic susceptibility measurement is m
likely to be the average blocking/freezing temperature
CoO grains rather than a trueTN . The films reported there
may have been significantly structurally disordered or ev
amorphous forX,40 Å ~the transition to the amorphou
state which we found below;20 Å is likely to depend on
growth conditions!.

In summary, we found that both grain size and the mic
structure changes when the CoO layer thickness
$CoO(X)/SiO2(50 Å)%25 MLs is reduced. For a CoO laye
thickness less than 20 Å, the CoO is essentially amorph
While the various temperatures associated with magnetic
dering and blocking (TN , TB

max, and TB
ave) decrease slowly

with decreasing CoO layer thickness from 100 to 20 Å
sharp decrease is seen for thicknesses below 20 Å. We
tribute this sharper decrease to the amorphous structur
the CoO in these layers, rather than an ‘‘intrinsic’’ finite si
effect. The structural change from crystalline to amorpho
also causes the disappearance of the ‘‘plateau’’ magnetiza
in the temperature decay of the TRM consistent with elim
nation of the core antiferromagnetic structure. Neutron sc
tering studies of the temperature dependence of the A
Bragg elastic scattering peak could be used to confirm
vanishing of a well defined Ne´el vector in the thinner amor
phous CoO films.17
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