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Magnetic multilayers [Fe(20 A }Pd(tpd }]„grown by electron-beam evaporation were studied by x-ray

small-angle reflection and high-angle difraction. Structural parameters such as the superlattice periods,
the interfacial roughness, the interplanar distances, and the grain sizes were obtained. The experimen-

tally measured superlattrice periods deviated from the nominal ones by a considerable amount. We
found that the density of the multilayers had changed abruptly with a Pd layer thickness increase as re-

vealed by the changes of the critical angles and superlattice periods around tpd =30 A. We also found

that the crystal structure of the Fe layer changed from bcc to fcc when the Pd layer thickness f'pd 36 A.
Comparison of the saturated magnetization o, and the structural perfection showed that the magnetic
properties of the Fe/Pd multilayer are strongly structure dependent.

I. INTRODUCI'iON

Ultrathin magnetic superlattices and multilayers with
alternate layers of magnetic and nonmagnetic metals
have profound potential in applications and are interest-
ing for the understanding of the fundamental principles
involved. ' Since the observation of the giant magne-
toresistance (GMR) effect in Fe/Cr multilayers by Bai-
bich et al. , great advances have been made in under-
standing the subject. It is widely accepted that GMR
comes from spin-dependent electron scattering by both
the interfaces and impurities in the bulk of antiferromag-
netically arranged multilayers, which often result from
the exchange coupling of the magnetic layers through the
nonmagnetic layers. The structure of the multilayer,
such as the period, the interfacial roughness, and the
crystallinity of each layer, can afFect the electric and mag-
netic properties of the multilayer by changing the mag-
netic arrangement of the adjacent magnetic layers, the
spin dependence, and the strength of electron scattering
both at the interfaces and in the bulk. Therefore
structural characterization of the multilayers is of great
significance in the whole course of research. '

GMR effects have been observed in many systems.
The well-known systems are Fe/Cr and Co/Cu multilay-
ers. For the Fe/Pd multilayer, however, no GMR effect
has been observed. Instead, polarization of the Pd layers
was discovered and the saturated magnetization was mea-
sured experimentally. It is proposed that the polariza-
tion of the Pd layers destroys the antiferromagnetic (AF)
arrangement of the Fe layers and lead to the disappear-
ance of the giant magnetoresistance. Therefore it is in-

teresting to know how the polarization of the Pd layer
destroyed the AF arrangement and to what extent it can
affect GMR in other systems.

Since the physical properties of magnetic multilayers
are closely related to their structure, structural character-
ization is of great importance. In normal circumstances,
bulk Fe has a body-centered-cubic (bcc) structure with
lattice constant a =2.8655 A and Pd has a face-
centered-cubic (fcc) structure with lattice constant
a =3.8908 A. According to Boufelfel, Emrick, and Fal-
co, Fe/Pd multilayers are grown in such a way that the
densest packed planes Fe(110) and Pd(111) are parallel to
the surfaces of the multilayers. The lattice mismatch is
4% along the Fe[001] and Pd[011] directions and 17'
along the Fe[110]and Pd[211] directions. Because of the
large lattice constants and symmetry mismatches between
these two elements, careful characterization of the struc-
ture is required. Boufelfel, Emrick, and Falco made
structural characterizations on a series of dc-sputtered
Fe/Pd multilayers. They used Rutherford backscattering
to obtain the chemical composition, standard 8-28 x-ray
diffraction to determine the coherence length, and a
Debye-Scherrer camera to find the crystal orientation.
Obi et al. used a step model to simulate the high-angle
x-ray difFraction data and obtained the interplanar dis-
tances of a series of rf-sputtered Fe/Pd multilayers with
difFerent Fe layer thicknesses. In this paper, a series of
Fe/Pd multilayers with varying Pd layer thickness was
investigated by both x-ray small-angle reflection and
high-angle diffraction, to obtain the superlattice periods,
the interplanar distances, the interfacial roughness, the
grain sizes, and the structural perfection, etc.
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TABLE I. The experimental results of the high-angle x-ray diffraction. For Fe/Pd multilayers with
t pd thick Pd layer, the period A and interplanar distances d pd and d F, are obtained from computer
simulation of the superlattice peaks.

Sample

ted (A)
0I (deg)
0, (deg)

03 (deg)
I, (counts)
I2 (counts)
I3 (counts)
A (A)
Co (arb. units)

d„(A.)
dF, (A)

16
39.90
42.13
44.71
48

100
13
42.91
0.051
2.168
2.027

18
40.23
42.28
44.37
50
69
26
44.85
0.032
2.200
2.027

1 2

24
40.18
42.04
43.81

200
175
60
49.30
0.093
2.228
2.035

28
39.82
41.76
43.75

245
295
40
47.50
0.102
2.224
2.039

30
39.93
41.68
43.71

249
211

35
51.85
0.070
2.235
2.033

32
40.20
41.58
43.07

113
46
16
64.97
0.024
2.237
2.033

36
40.15
41.53
43.04
97
61
27
62.80
0.025
2.240
2.078

50
39.97
41.27
42.71

474
382

75
65.40
0.104
2.240
2.100

60
39.86
41.07
42.29

740
678
105
70.11
0.140
2.242
2.112

II. EXPERIMENTAL

Fe/Pd multilayers were prepared by electron-beam
evaporation. The chamber was initially evacuated to
1X10 Torr and was at 5X10 Torr during evapora-
tion. The starting materials for evaporation were Fe
(purity 99.95%) and Pd (purity 99.99%). The substrates
were 0.1-mm-thick glass plates and were kept at room
temperature during evaporation. The deposition rates
were about 0.6—0.8 A/s for Fe and 1.0 A/s for Pd. Layer
thickness was monitored by a quartz crystal oscillator
(IL400). A series of multilayer samples was prepared
with 25 periods of Pd layers with different thicknesses
and 20-A-thick Fe layers. The nominal parameters of the
samples are shown in Table I.

The structural characterization of the samples was car-
ried out by both high-angle and small-angle x-ray mea-
surements. It was done on a Rigaku diffractometer with
an 18-kW rotating-anode x-ray generator using a Cu tar-
get. Focusing geometry was used in high-angle x-ray
diffraction in order to obtain a high intensity. Since high
resolution was required for small-angle x-ray reflection,
narrow slits and a Si(111) monochromator were used.
Procedures were taken to ensure the proper alignment of
the orientation and the position of the samples.

To study the magnetic properties of the multilayers,
the saturated magnetization o, per unit Fe volume was
measured by a superconducting quantum interference de-
vice (SQUID) at the temperature of 5 K.

III. THEORETICAL CALCULATIONS

The angular position of a superlattice peak is deter-
mined by Bragg's law for a superlattice,

q„' =2mn /A,

where q„' =(4n. /A, )sin8'„ is the wave-vector transfer in a

multilayer, A=t„, +tpd the period of the multilayer, and
n the order of the superlattice peak. In the small-angle
region, since the angle is comparable to the critical angle
8„the refraction of x rays in a multilayer has to be taken
into account. ' Since the critical angle of a multilayer 8,
is related to its average electron density by

8, =gp, r, X'/~, (2)

where p, is the average electron density, r, the classical
electron radius, and A. the x-ray wavelength, we have

qn =qn +qe ~ (3)

q, = m q„—n q

' 1/2

2 2m —n

2n&

Qq„' —q,
'

(4)

(5)

To analyze the high-angle x-ray diffraction intensities
of a multilayer, based on the kinematic diffraction
theory, "' we have

I(8)=CP(8)L (8)G(8)IF(8)I',
where P(8)=1+cos (28}/2 is the polarization factor,
L(8)=1/sin(28) the Lorentz factor, G(8) =1/sin(8) the
geometry factor, C a constant, and F(8}the x-ray struc-
ture factor. The x-ray diffraction intensity for a perfect
Fe/Pd multilayer becomes

where q„=(4m/A, )sin8„ is the wave-vector transfer of the
nth superlattice peak in air, and q, =(4m. /A, )sin8, is the
critical wave-vector transfer. Two peaks are enough to
determine both the period A and critical wave-vector
transfer q, of a multilayer. For the nth and mth peaks,
from Eqs. (1) and (3), we have

I(8)=CP(8)L(8)G(8)
sin(Aq /2)

2 2 ~ 2
sin(npddp~q /2) sin(np, d„,q/2)

sin(d /2) "' "' sin(d q /2)

sin(npddpdq /2) sin(np, d„,q /2)
+2fpdf p, ~pd~pe . . cos(Aq /2)

sin dpdq/2 sin d„,q/2
(6)
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where C,. is the number of grains with the ith set of
structural parameters, and I;(8) is the x-ray difFraction

intensity of a grain with that set of structural parameters
as calculated by Eq. (6). The summation is over all the
possible sets of structural parameters.

Small-angle x-ray refiectivity should be calculated by
the dynamical theory of x-ray diffraction. The recursion
formula of Parratt'3 often used to calculate the x-ray
reflectivity of multilayers is a good example. It is the
case especially when the superlattice has high crystallini-

ty, long period, large number of periods, and sharp inter-
faces so that the reffectivity is close to unity. If a multi-

layer has only a moderate number of periods so that the
reffectivity at a superlattice peak is far less than 1, we

may apply a modified kinematic theory to calculate the
peak intensity. The refiection coefficient of the nth super-
lattice peak is given by

r„=r,+Nr [exp(iqtFE } ]+rt,

where r, and rb are the reSection coefficients at the top
and the bottom faces of the multilayer, respectively, r is
that of the interfaces between Fe and Pd layers, and t„, is
the thickness of the Fe layers. Since N »1, r, and rb can
be neglected. The re6ectivity becomes'

hq2R„=N, sin (nmtF, /A)exp( q„' tr )—, (8)
0n

where hq, is the difFerence of q, between two layers and
o the interfacial roughness. The ratio of the intensity of
the nth and mth superlattice peaks can eliminate some
common proportional constants. From Eq. (1), we have

sin (nntF, /A)

sin (mn. tF, /A)
m

R n

Xexp[ 4&(n m—)cr /A ]—.

where q=(4n/A, )sin8 is the wave-vector transfer, fFd
and fF, are the atomic scattering factors of x rays, opg
and trF, the atomic densities in a monolayer, nF& and n F,
the numbers of monolayers in each period, dFd and d„,
the interplanar distances, the subscripts Pd and Fe
denote the two elements, palladium and iron, respective-

ly, N is the number of periods in a multilayer, and A the
superlattice period.

In fact, a real Fe/Pd multilayer sample prepared by
electron-beam evaporation consists of a large number of
grains with different sizes and structural parameters. The
total x-ray diffraction intensity of the sample is the sum-

mation of the x-ray difFraction intensities of each grain,

I„„i(8)=gC;I;(8),

IV. RESULTS AND DISCUSSIONS

The experimental results of high-angle x-ray diffraction
are shown in Fig. 1. We can see two or three main super-
lattice peaks on each curve. The angle positions (8„}and
the intensities (I„}of the superlattice peaks are shown in

Table I. After a small decrease for sample 2, the intensity
of the superlattice peaks increases with Pd layer thick-
ness until it reaches a maximum for sample 4. Then it
decreases with Pd layer thickness until it reaches a
minimum for sample 6. The intensities increase again
with Pd layer thickness. The interval between the super-
lattice peaks becomes smaller as the Pd layer thickness

tpsi increases. The widths of the superlattice peaks also
change with Pd layer thickness in such a way that high
peaks have narrow widths and low ones have broad
widths.

High-angle x-ray diffraction intensity is related to the
structural parameters of the samples by Eqs. (6) and (7}.
Therefore computer simulation of the intensity of the su-

perlattice peaks yields structural parameters of the sam-

ples, such as the superlattice periods A, the interplanar
distances dF& and d„„ the average grain sizes, and the
proportionality constant C;. Computer simulation of the
x-ray difFraction intensities was done as follows. First,
the intensities and angular positions of the main superlat-
tice peaks are used to determine roughly the structural
parameters of the majority of the grains. Then the
profiles of these peaks are simulated by including grains
with different sizes. The average grain sizes can be ob-
tained. Finally, the shoulders on the main peaks and the
small peaks between them are fitted by including grain
with different superlattice periods and then interplanar
distances. The structural parameters are refined in the
process of simulation of the experimental x-ray
diffraction data. Figure 2 shows an example of computer
simulation of the high-angle x-ray diffraction curve for
sample 4. One can see the good match of the computer
simulation to the experimental data. The structural pa-
rameters obtained for the majority of grains are

0)
C

n—41n
m

Therefore the interfacial roughness is

R
o.= 1n

2~&n' —m' 40

2e (degree)

50

sin(m ~tF, /A) 1/2

—21n
sin(n n tF, /A)

FIG. 1. High-angle x-ray diSraction curves of the Fe/Pd
multilayer s.
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FIG. 2. Computer simulation (solid line) of high-angle x-ray
diffraction data (circles) of sample 4.
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FIG. 3. Small-angle x-ray reflectivity curves of the Fe/Pd
multilayers.

4=47.50 A, d F, =2.039 A, dpd =2.224 A, and the aver-
age grain size D =124 A. At the same time, there is a
small fraction of grains with superlattice periods
A=46. 50 A and 48.20 A. Some grains even have inter-
planar distances dp&=2. 17 A. From the above simula-
tion, one can see a picture of the real structure of the
FelPd multilayers. The results of the computer simula-
tion for the main peaks of all the samples are listed in
Table I, and will be discussed in the following subsec-
tions.

The small-angle x-ray reflectivity curves of the Fe/Pd
multilayers are shown in Fig. 3. We can see the superlat-
tice peaks (indicated by arrows) as well as Kiessig fringes
on each curve. Samples with tpd +28 A have two or
three superlattice peaks while the others have only one
superlattice peak with low intensity. The angular posi-
tion of the superlattice peaks decreases with increasing
Pd layer thickness with the exception of samples 4 and 7.
The angular positions and intensities of the superlattice
peaks are listed in Table II.

The critical angle 8, can be derived by Eq. (4) for the
samples with two or more superlattice peaks on the x-ray
reflectivity curves, and it is calculated by Eq. (2) for sam-
ples with only one superlattice peak. The superlattice
periods A of the samples are calculated from the angular

positions of the superlattice peaks by Eq. (5). All the ex-
perimental results are listed in Table II, and will be dis-
cussed in the following subsections.

A. Structural speci6cations

The period of the multilayers is an important structur-
al parameter which can affect the magnetic properties of
the samples. Therefore, accurate measurement is re-
quired. The superlattice periods obtained from small-
and high-angle diffraction are shown in both Table I and
Table II. It is clear that these two results are in good
agreement with each other. However, there is a large
difference between them and the nominal periods
[Ao=(20 A)+ t pd ] obtained by a quartz crystal oscillator
during growth. Since the oscillator is sensitive only to
the mass density per unit area, it does not directly deter-
mine layer thickness. Since the samples studied in this
paper consist of ultrathin layers with large lattice
mismatches, the layers are presumably strongly distorted.
The calibration errors as well as the fluctuation of the
density of the distorted layers together can cause large
measurement errors in the layer thickness. Therefore it is
very important to determine the superlattice periods ex-
perimentally in order to obtain magnetic properties
correctly.

TABLE II. Experimental results of small-angle x-ray reflection. The superlattice periods A, the critical angle O„and the interfa-
cial roughness u of Fe/Pd multilayers are obtained from the angular positions (8„)and intensities (I„)of the superlattice peaks. The
data in parenthesis are theoretical.

Sample

e, (deg)
e, (deg)
Il {counts)
I2 (counts)
A {A)
8, (deg)
'{A)

2.269

2725

42.38
(0.45)

2.250

25 100

42.81
(0.45)

2.019

145 000

48.S4
(0.45)

2.112
3.843

144000
185

47.63
0.506
7.01

1.940
3.580

106000
80

50.62
0.432
S.65

1.589
2.878

217 000
2575
63.72
0.389
5.78

1.749
3.131

424200
172

58.88
0.450
11.80

1.648
2.840
31 540

132
66.11
0.483
10.77

1.579
2.672

192400
2690
70.93
0.486
9.65
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FIG. 4. Ratio of d/do as a function of tpd for Pd layer (cir-
cles) and Fe layer (squares).

FIG. 5. Constant Co in Eq. (7) as a function of fpd.

The interplanar distances of the Pd and Fe layers, dpi'
and dp, are the distances between the monolayers parallel
to the surface of the samples. Presumably, these values
are close to the interplanar distances of the fcc Pd(111)
and the bcc Fe(110) planes. The experimental results ob-
tained by computer simulations of the high-angle x-ray
difFraction intensities are listed in Table I. Figure 4
shows the ratio of the experimental interplanar distances
to those of the bulk as a function of Pd layer thickness.
One can see that the interplanar distances dpd are
compressed and dp, are expanded in the multilayers.
This contradicts the results reported by Obi et al. ,
which show compressed Fe layers and expanded Pd lay-
ers. As the Pd layer thickness rpd increases, the interpla-
nar distance of the Pd layers dpd increases quickly at first
and gradually approaches the value of the interplanar dis-
tance of fcc Pd(111) planes. At the same time, the inter-
planar distance of the layers d„, increases from the inter-
qlanar distance value of the bcc Fe(110) planes (d =2.027
A) until tpd =28 A. After decreasing slightly at re =30
and 32 A, it increases abruptly at t pd

=36 k and gradual-

ly approaches the value of the interplanar distance of the
fcc Fe(111)planes (d =2. 106 A).

The interfacial roughness of the multilayers can be ob-
tained from the relative intensity of the superlattice peaks
in the x-ray refiectivity curves by Eq. (9). As shown in
Table II, the interfacial roughness is about 6-12 A and
tends to increase with the period of the sample. The in-
terfacial roughness is much smaller than the layer thick-
ness, so the Fe and Pd layers of the multilayers are
separated very well. The multilayer is periodic in compo-
sition.

B. Structural perfection

The structural perfection of the multilayers can be re-
vealed by x-ray diSraction experiments in both small- and
high-angle regions. The observation of high-angle super-
lattice peaks is an indication that the samples have good
periodicity as well as structural coherence, since the

high-angle superlattice peaks disappear for incoherent
multilayers according to Fullerton and Schuller. ' The
intensities of the superlattice peaks are indications of the
structural perfection and are described by the propor-
tionality constants C; as defined in Eq. (7). The constant
for the majority of grains Co as a function of rpd shows
the change of structural perfection with Pd layer thick-
ness. As shown in Fig. 5, as the Pd layer thickness in-
creases, after a small decrease at fpd =18 A., the constant

0
Co increases and reaches a maximum at tp~ =30 A, then
decreases until it reaches a minimum at tpd =36 A, and
then it increases again with the increase of Pd layer
thickness. This suggests that the structural perfection is
poor for the samples with thin Pd layers, and improves as
the Pd layer thickness increases until it reaches a max-
imum at rpd =28 A. Then it degrades as rpd increases
further until tp~

=32 A. After that, the structural perfec-
tion improves again as the Pd layer thickness increases.

The small-angle x-ray refiectivity is sensitive to the
modulation of the chemical composition of the multilay-
ers. The intensity of the superlattice peaks in the
reflectivity curves shows the goodness of the composition
modulation of the samples. From Table II, one can see
that the intensity of the first superlattice peaks is rather
low for the samples with tp~ &20 A, and becomes ex-
tremely high for samples with tpd &24 A. This means
that the composition modulation of the samples is good
for samples with thick layers and long period.

The change of grain size (D) with tp~ shows the change
of the structural coherence with the period of the multi-
layers. The average grain sizes are obtained from com-
puter simulation of the profile of the superlattice peaks.
From Fig. 6, one can see that the average grain size is
about 100 A, i.e., about 2—3 periods of the multilayers.
After a decrease at tpd=18 A, the grain size increases
with increase of fpd and reaches a maximum at fpd =30

O

A, then decreases again until fpd=36 A, and increases
again. This suggests that the coherence of the multilayer
is getting better at first until it reaches a maximum at
tpd =30 A, and then it gets worse as tpd increases until it

O

reaches a minimum at tpd =36 A. It then gets better for
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FIG. 6. Average grain size D as a function of fpd. FIG. 7. Ratio of A/Ao as a function of fpd from high-angle
diffraction (triangles) and small-angle reflection {circles).

0
samples with tpd + 36 A.

From the above experimental results, the Fe/Pd multi-
layers with thin Pd layers (tpd & 20 A) have poor structur-
al perfection. This might be caused by the poor crystal-
linity of the thin Pd layers. As the Pd layer thickness tpd
increases, the structural perfection gets better. This is
due to the improved crystallinity of the Pd layers. When

tpz & 30 A, the structural perfection of the samples de-

grades as tpd increases. This is caused by the large lattice
mismatch between the two component layers. As the lay-
ers become thick, they tend to form structures similar to
that of the bulk. This increases the strains between the
layers and leads to the reduction of the coherence length
and poor interfaces. When the Pd layer thickness

tpg 36 A, the structural perfection of the multilayers
gets better again. This is caused by the structural transi-
tion of the Fe layers from bcc to fcc, since the fcc Fe(111)
planes match the fcc Pd(111) planes much better than the
bcc Fe(110}planes do. This is supported by the change of
interplanar distance of the Fe monolayers from that of
the bcc Fe(110) planes (d=2.027 A) to that of the fcc
Fe(111)planes (d =2.106 A} with a jump at t p~

=36 A, as
shown in Table I and Fig. 4. The Fe layer is forced to
transform from its normal bcc structure into its fcc struc-
ture which matches well with the fcc Pd layer (6.7%%uo lat-
tice mismatch) by the strong lattice force of the thick Pd
layer (t pd

~ 36 A).

change of the average density of the multilayers. Since
p~8„and A~p ', modi6cation of the period thick-
ness by A =A(8, /8, 0)

~ should eliminate the efFect of
density change on the period A. The results of A /Ao
are plotted in Fig. 8 for both small- and high-angle exper-
iments. We can see that the modified superlattice period
is more closely related to the nominal parameters given
by a quartz crystal oscillator. The abruptness of the
change of the ratio of the superlattice periods is reduced.
Therefore the change of the average density of the multi-
layers causes the abrupt change of the ratio of the super-
lattice periods.

D. Saturated magnetization

The saturated magnetization per unit Fe volume cr, of
the Fe/Pd multilayers at T=5 K as a function of the Pd
layer thickness is shown in Fig. 9. The results are
modified by the experimental superlattice periods. One

C. Abrupt changes of average density

The ratio of the experimental superlattice periods to
the nominal ones A/Ao for small- and high-angle x-ray
di8'raction as a function of the Pd layer thickness is
shown in Fig. 7. We can see an abrupt change of the ra-
tio at tpd =28 and 32 A. Meanwhile, as shown in Table
II, the critical angle 8, changes abruptly at tpd =28 and
32 A, corresponding to the changes of the superlattice
periods. Since the average density of the multilayer is re-
lated to its critical angle by Eq. (2), we can conclude that
the abrupt changes of A/Ao and 8, are caused by the

1.0

10 20 30 40 5o

ted (A)

60

FIG. 8. Ratio of A /Ao as a function of tpd, from high-angle
difFraction (squares) and slnaB-angle reliection (circles).
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V. CONCLUSIONS

Ul

E

~ ae-

tpd (A)

FIG. 9. Saturated magnetization per unit Fe volume 0, as a
function of the thickness of the Pd layers tpd.

can see that the magnetization increases with increasing
Pd layer thickness until it reaches a maximum at about
18 A, then decreases and reaches a minimum at about 28
A. It increases again until it reaches a saturated value for
tpa 36 A. The saturated magnetization o, is larger than
that of pure iron. The increase of o, might be caused by
the polarization of the Pd layers. The maximum of o, at

0

tpd = 18 A coincides with the drop of the intensity con-
stant Co and coherence length of the sample. The
minimum at tpa =30 A also coincides with the maximum
of the intensity constant Co and coherence length at that
Pd layer thickness. Therefore the saturated magnetiza-
tion o, is related to the structural perfection of the multi-
layer. Structure is an important factor to consider in the
study of the magnetic properties of the samples.

We have studied a series of Fe/Pd multilayers grown
by electron-beam evaporation by x-ray small-angle
reflection and high-angle diSraction. The superlattice
periods, the interplanar distances, the coherence length,
the interfacial roughness, and the critical angles are ob-
tained. The superlattice periods deviate by a large
amount from the nominal ones. The interplanar dis-
tances of the Pd layer dpi' are compressed from that of
bulk fcc Pd(111) planes and decrease as the Pd layer
thickness decreases, while the interplanar distances of Fe
layers d„, are expanded from that of bulk bcc Fe(110)
planes and increase with increases of Pd layer thickness.
There is a jump at about tpa

=36 A to that of the bulk fcc
Fe(111) planes. The interfacial roughness is 6—12 A.
The abrupt change of the superlattice period and critical
angle at about tps =30 A indicates changes of the density
of the multilayers. From the experimental results, we
found that the crystal structure of the Fe layers changes
from its normal bcc structure to its fcc structure, which
matches with the Pd fcc structure very well, at tp& =36
0
A. The saturated magnetization 0, of the multilayer is
related to the structural perfection of the sample. A high
and stable value of 0., for samples with tpd )36 A shows
that the fcc Fe layers have higher saturated magnetiza-
tion than the bcc Fe layers. This suggest that the struc-
ture is an important factor in the study of the magnetic
properties of the multilayers.
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