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Thickness dependence of the magnetic properties of MnAs films on
GaAs(001) and GaAs (113)A: Role of a natural array of ferromagnetic stripes
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Systematic studies of as-grown MnAs films deposited by molecular-beam epitaxy or{0B&As

and GaA$113A reveal that their magnetic properties and, in particular, their saturation
magnetization are determined by the phase separation into stripes of ferromagivitiss and
paramagnetig3-MnAs. Using a specific saturation magnetizatimi, which refers to the actual
volume of a-MnAs, the thickness dependenceM§ can be described in a universal way. It is due

to the variation of the stripe structure and the changing of the intra- and interstripe magnetic
interaction. Values well above- 1100 emu/crf, obtained for the optimum film thickness at room
temperature, are considered as an intrinsic property of a nearly defect-free MnAs in the fully
magnetized state. @004 American Institute of Physid®DOl: 10.1063/1.1790576

I. INTRODUCTION has been chosen in order to modify intentionally the

MnAs/GaAs interface and to investigate whether this affects

The integration of magnetic materials and semiconducto[he magnetic properties of the MnAs films. Although the

materials has attracted much attention in view of taking adinterfaces are different, the unique stripe patterrvofand

vantage of both the hlghly devgloped s_emlcond_uctor tecrmol,ZB-MnAs is developed in both caséosBy analyzing the geo-
ogy and the manipulation of spin-polarized carriefdvinAs . ; . . -
is a very interesting magnetic material with a Curie tem era—metrIC and magnetic stripe pattern, we introduce a specific
ture ab())/ve room tgmpe?atu (&T) and a high magnetic mpo value for the saturation magnetizatibanwhich takes into

. e ~_account the real phase composition. We show that in this
ment. For bulk MnAs, RT saturation magnetization values 01"al P P

. way, the thickness dependence of the saturation magnetiza-
600700 emu/cthhave been rgportegd“. MnAs films have tion observed in different laboratories can be well compared.
been successfully grown by solid-source molecular-beam e

itaxy on various substrates for potential applicatifﬁﬁ'g;‘10 Prhe surprisingly high value above 1100 emufcabtained

in particular, on G 01), films have been prepared in for the saturation magnetization at RT for a defined film

high quality and their structural and physical properties hav thickness s interpreted in terms of an optimum intra- and
gh quality Toae o1 physical prop . ('i"nterstripe magnetic interaction and is considered to be an
been thoroughly studiet®** Two properties are of crucial

. . . . intrinsic property of MnAs epilayers with drastically reduced
importance, the strain-mediated coexistencer-dfinAs and property pray y

B-MnAs in the epitaxial films*and a pronounc%e%d%depen— defect density.
dence of their magnetic properties on film thicknessBoth
can be influenced by the growth conditions and the postll' SAMPLE PREPARATION
growth annealing process. The MnAs films have been grown on GgA&3A and
Due to the epitaxial strain, the phase transition of theGaAg001) substrates under the same growth conditions. In
MnAs layers from the paramagnetic orthorhomigigphase  order to rule out any uncontrolled influence, two half wafers
(stable in bulk MnAs above-40°C) to the ferromagnetiec ~ of (113 A- and (001)-oriented 2-in. substrates were mounted
phase(stable in bulk MnAs below~40°C) leads to the co- side by side on one sample holder. Thus, they experienced
existence of the two phases over a temperature of nearkyxactly the same growth and cooling procedures. After oxide
30°C. This involves a separation into ferromagnetic anddesorption at 580°C, a 100-nm-thick buffer layer was grown
paramagnetic stripes running alofi@go01. In order to ex- at 550°C and an A¢Ga beam equivalent pressuiBEP)
plain the thickness dependence of the magnetic propertigatio of 20. Then, the substrate temperature was decreased to
and the relatively large scatter in the reported values for th@30°C, and the MnAs film was grown at an /AMn BEP
saturation magnetization, one has to consider the complepatio of 70 with a growth rate of 20 nm/h. After growth, the
interplay of phase composition, interface and stripe structuresubstrate temperature was reduced to RT with a rate of
and magnetic intra- and interstripe interaction. 1°C/min. Thus, the phase transition betwegMnAs and
In this work, we perform a comparative study of MnNAs a-MnAs is passed at a very low cooling rate, and the self-
films grown on GaA&01) and on GaAgL13A substrates. organization of the coexisting phases leads to a high unifor-
We restrict ourselves to as-grown films without the addi-mity of the stripe structur&>?°
tional postgrowth annealing. The GaA&3A orientation It should be noticed that the buffer-layer growth has not
been separately optimized for the two different GaAs orien-
Author to whom correspondence should be addressed; electronic maifations. In order to investigate the influence of the buffer-
daweritz@pdi-berlin.de layer growth conditions and, consequently, of the surface

0021-8979/2004/96(9)/5056/7/$22.00 5056 © 2004 American Institute of Physics

Downloaded 29 Oct 2004 to 62.141.165.14. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.1790576
http://dx.doi.org/10.1063/1.1790576
http://dx.doi.org/10.1063/1.1790576

J. Appl. Phys., Vol. 96, No. 9, 1 November 2004 Daweritz et al. 5057

morphology on the properties of the MnAs films, similar
films have been additionally deposited on G&3))A sub-
strates having buffer layers grown at different temperatures
in the range 550-610°C. The evaluation of the magnetic
properties of the MnAs layers deposited on these different
buffers revealed no significant differences. This means that
any variation of the buffer-layer roughness resulting from the
different growth temperatures can be neglected here.
Reflection high-energy electron diffractio(RHEED)
was employed to monitor the growth. The observed streaky
RHEED pattern indicated that the MnAs growth proceeded
on both substrates after coalescence at a thickness of about
1 nm in a quasi two-dimensional mode. The RHEED pat-

terns taken along the orthogonal GaA%0] and[110] direc-
tions for MnAs/GaAg§001) and the orthogonal Gaps10]
and [332] directions for MnAs/GaA&l13)A revealed that

MnAs grows in the[1100] orientation on both substrates.
However, using the results of the x-ray measurements, as
will be discussed later, in the latter case, there was a slight
deviation from the exadt1100] orientation. The azimuthal
orientations were on GaA801): MnAs[1120]|GaAd110]

and MnA$0001)|GaA§110]; and on GaA&l13A:
MnAs[1120]|GaA4110] and MnAs~[0001]|GaAd332].

On both substrates, the Mn@400 surface showed &1

X 2) reconstruction, i.e., half-order streaks in the RHEED
pattern taken along the Mnf3001] azimuth.

The structural and magnetic properties of the MnAs
films on GaA$001) are known to depend on the film
thickness**® In the present comparative study of the MnAs
films on differently oriented GaAs substrates, the film thick-
ness was varied from 50 to 215 nm. To control the filmFriG. 1. (a) AFM and(b) MFM images of a 180-nm-thick MnAs film grown
thickness, the Mn flux was calibrated by the RHEED inten-on GaA$113A. The images show ridges and grooves due to the coexist-
sity oscillation measurements for MnAs growth on ence of a- a_nd B-MnAs, respec_tive!y, and magnetic contrast only in the
GaAq001). The actual thicknesses were determined on crosfserromagnetm stripes. Image size IS 7 ym.
sections of the MnAs/GaAs samples using scanning electron
microscopy. Whereas for the MnAs/Ga@81) samples, As observed in previous studies for MnAs films on
these values are close to those expected from a calibratiaaAq001),'%*°?*the AFM image reveals alternating ridges
using the RHEED intensity oscillations, there is a tendenC)("ght Stripes and grooves(dark Stripe$ running in the
for higher values for the MnAs/GaAb13A samples grown  [0001] direction. From the magnetic contrast in the MFM

in the same run. image, it follows that the ridges consist of ferromagnetic
-MnAs and the grooves of paramagneBeMnAs. The ori-
Ill. RESULTS AND DISCUSSION entation of the stripe pattern is a direct consequence of the

anisotropic strain originating at th@— « phase transition.
The surface can be characterized by the periodicity of the
stripe patterrP, the width of the ferromagnetic strip&%;,,

As a consequence of the strain energy due to the latticand the width of the paramagnetic strip@/s;,,, In Fig. 2,P is
mismatch and thermal mismatch between MnAs and GaAslotted as a function of the thicknessof the MnAs film
in MnAs/GaAs heterostructures, the and 8 phases can grown on GaAg&01) (squares and on GaA&l13A (tri-
coexist in the MnAs film at RT***The strain arises mainly angles. We find thatP linearly increases with the film thick-
from the 8— « phase transition during the sample cooling ness for both the GaAs templates. Besi@edV;,, and Wom
after growth. The lattice parameter along [B801] direction  also increasgnearly) linearly with the film thickness. The
remains nearly unchanged at this transition. In (d60)  considerable scatter in the data might be related to the inac-
plane, i.e., in thg 1120] direction, however, there is an ex- curacy of the data evaluation from the small field of view of
pansion of about 1.2%. The lateral spatial distribution of the AFM images and/or a variation in the perfection of the
the two phases in a 180-nm-thick film on G4A%3A is MnAs/GaAs interfaces of the used set of samples. There is,
imaged in Figs. (a8 and Xb) by atomic force microscopy however, a reasonable agreement with the results from a very
(AFM) and magnetic force microscogWlFM), respectively. careful measuremerft of the thickness dependence Bf

A. Structural properties
1. Phase composition and distribution
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FIG. 2. Dependence of the periodicity of the stripe structure on film thick- 0.2F E
ness for the MnAs films grown on Ga@¥1) and on GaA&L13A repre-
sented by squares and triangles, respectively. The dotted and dashed lines
are guides to the eye for MnAs/Gaf@91) and MnAs/GaAgL13A, re-

spectively. The thin full line represents the result of a more accurate LEEM/ 0.0

XMCDPEEM data evaluation from another set of MnAs/G&¥H) films. 50 100 150 200 250

Thickness (nm)

based on the large-fleld images obtained in a combined IOWHG. 4. Thickness dependence of theMnAs fraction in films grown on
energy electron microsco[ﬂLEEM) and X-ray magnetic cir- GaAdq001) and GaA$113A dedL_Jced from the x-ray datéull symbolg and
cular dichroism photoemission electron microscapgM- ATV data(open symbols The fines are guides to the eye.
CDPEEM study *® of layers grown on very smooth
GaAq001) surfaces prepared by pulsed GaAs depositionGaAS113A, respectively are apparently systematically
For thicknesses up to 500 nr®?, was shown to obey very higher than those determined by x-ray diffraction. An over-
well the relationp=1.4 (thin solid line in Fig. 2. estimation is to be expected because of the irregularities in

As shown, only a fraction of the film consists of ferro- the stripe patterf) as seen also in Fig. 1, are neglected.
magnetica-MnAs. This is important to understand the mag-
netic properties of the films. For a quantitave determinatiorp, Mmicrostructure
of the a-MnAs fraction, we can use the stripe pattern imaged
by AFM, MFM, LEEM, XMCDPEEM, or x-ray diffraction.
Figure 3 shows a typicab-26 scan for a 70-nm thick MnAs
film on GaAg113A. Two clearly separated peaks faer

Besides the strain-mediated phase coexistence, other
strain relaxation mechanisms in MnAs/GaAs heterostruc-
tures are also relevant. Here, we are interested in the differ-

. . ences of these mechanisms for the two types of sample ori-
MnAs and g-MnAs confirm the phase coexistence at RT'entations, which lead to the different microstructures of the

The fraction ofa-MnAs obtained from the ratio of the inte- _ L . ) .

grated intensities of these peaks is presented in Fig. 4 asf”ms' Considering  the interface ~configurations o

f : ! ; ' l\ﬂnAs/GaAs{llS)A and MnAs/GaA¢§001))  along

unction of the film thickness for the samples grown on — ; o ]

GaA<001) (solid squaresand on GaAEL13A (solid tri- MnAs[llZO], we find exactly the same crystal dlrec.tlo.ns in

angles. These data show that the fraction afMnAs is both the epilayers and the substrates if we do not distinguish

slightly but not significantly higher for the films grown on between thg110] and[110] directions of GaA&01). The

GaAg113A. The same linear dependence on the film thick-Strain relaxation mechanism for both types of samples along

ness is found for both sets of the samples. The values for this direction should hence be the same, and therefore, the

a-MnAs fraction estimated from the AFNMIMFM) images characteristic stripe pattern discussed before is observed in

(open squares and open triangles for films on Ga®y and  both cases. The strain relaxation mechanism has been studied
by high-resolution transmission electron microscapiR-

: : . : TEM) for the MnAs/GaA$001) heterostructuré® The misfit

ool E° oy GaAs(13)] strain along the MnA4.120] direction is relieved by the for-
= g1 s o0 mation of regularly arranged misfit dislocations, which is
E T os thus expected for MnAs/GaAtl3A, too. Along the
g 2. MnAs[0001] direction, the relaxed interface structure for
< or g T MnAs/GaA4001) is composed of commensurate domains
3 B : having a perfect coincidence arrangement, which are sepa-
£ | Peaks of [ rated by extended secondary dislocatiths.

o / MnAs epilayer i " For MnAs/GaA$113)A, however, the interface configu-
i e e ration along the MnA001] direction should be different as
45000  -30000  -15000 0 the ¢ axis is tilted out of plané‘.1 Figure 5 shows a cross-

o (sec) sectional HRTEM image of the MnAs/Ga@sl3)A hetero-

FIG. 3. X-ray diffraction curvgw-26 scar for a MnAs/GaA$113A film structure in the MnA[SLlZ)]HGaAs{llO] projection. Because

of 70-nm thickness. The inset shows a smoothed curve in the angular rand¥ the different interference patterns on bOt_h sides of the
of interest as used in the data evaluatioh Fig. 4). heterostructure, the interface can be determined accurately.
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FIG. 5. Cross-sectional HRTEM image of the MnAs/G&BEJA interface (b)
in MnAs[llEO]HGaAs{lTO] projection. The dotted and dashed lines mark
the interface and the trace of a Mr(Ai)O) plane, respectively. The
MnAs(lTOO) growth direction is tilted with respect to tH&13; orientation

of the substrate. The alignment of the Mr{A$00) lattice planes with the
GaAg111; lattice planes is indicated by the arrow marked by a star.

Azimuthal angle (deg)

FIG. 6. MnAs epilayer tilt in the MnAs/GaA413A films as observed by
the x-ray measurement&a) TiIt_angIe as a sine function of the azimuthal

angle indicating that the MnA%100) plane is not parallel to the substrate
surface. The zero-degree azimuth is set as the x-ray incident plane parallel to

MnAs[llE)]. (b) Measurement of the tilt angl@ut of plang betweena-
and g-MnAs stripes. The[OOOi.] direction is tilted out of plane from the

. . . . . GaAg4332] axis around th¢1120] axis by 4°, while thg1120] axis keeps
The interface, which appears atomlca"y abrupt, 1S hlgh'in plane. The out-of-plane tilt angle between the stripesaofand g8

lighted by the thin dotted line, whereas the dashed line is thevnas is 0.05.
trace of the MnA(slg)O) plane. It is obvious that the

GaAg4113] and MnA$1100] directions do not coincide; the Along the perpendicular MnA8001] in-plane direction,
MnAs[TlOO] direction is a few degrees tilted from i.e., along the axis, the interface configurations are different
GaAd113]. We measured the accurate epitaxial relationshifs thec axis is tilted out of the interface plane in the
of the MnAs/GaA$113A films using high-resolution x-ray MnAs/GaA$113A layer, whereas in the MnAs/Gaf301)
diffraction (HRXRD). The symmetrical diffraction peaks layer, thec axis remains in the interface plane. The corre-
from the substrate are used as references, i.e., GaBs sponding net plane distances are also different. This gives
and GaA§004) for the different substrate orientations. The evidence for different strain relaxation mechanisms along

samples were rotated azimuthally around the growth directhis direction. _ o
tion (surface norma) and for several azimuths, radidle., The observed tilt of the axis in the MnAs/GaA&L13A

w—26) scans were performed. For each scan, the separaticiaMPles can be understood in terms of an energy-minimizing

. lattice mismatch accommodation process. Considering the
between MnA(sllOO)_and the corresponding reference peak[OOOl] direction, in the case of the R/InAs/Ga(@@l) Iayer,g
was obtained. If thé11000MnAs planes were parallel to the o

four MnAs(0002 atomic planes match six Ga#x20
growth surface, the separation of the reference peak woul lanes assfjbsezr)ved by thepHRTElK/In this way, the effe)c-

not change in dependence of the azimuthal angle. This Weg,q |attice mismatch between the layer and the substrate is
indeed observed for MnAs/Gaf01) in agreement with the o ,ceq from 30% to 5% by the formation of a coincidence

RHEED results. During the azimuthal rotation of the atice In the case of the MnAs/Galid3A samples, how-
MnAs/GaAg113A samples, this peak separation follows & gyer the HRTEM and HRXRD results reveal an alternative

sine function, as shown in Fig(&. This indicates that the achanism for the mismatch accommodation process. The
(1100MnAs planes are tilted, and the observed tilt angle is 4 it from the singular MnAEL100] growth direction in the

4° around the MnAL120] axis. The MnA§1120] direction  case of the MnAs/GaA4$13A films promotes the genera-
remains parallel to GaA$10]. A minor tilt angle between tion of a coherent interface by improving the alignment of
the a- and B-MnAs domains of 0.05° was derived from the the {1100 lattice planes in MnAs with thg111} lattice
data of Fig. @b). In contrast, in the MnAs/GaA801) planes in GaAs, as highlighted in Fig. 5 by the arrow marked
samples, the orientations of both phases are parallel. by a star. Both sets of lattice planes play an important role as
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step edges during growth. Here, it is important to notice that 600 20 nm 600, 100 nm 2% 215 nm
there are two different contributions to the morphology of
the MnAs films: (i) the periodic undulations due to the 400 4004 400
groove-ridge structure described previously ginglthe step «?g
morphology->*° The former is caused by the elastic distor- € 200 200 200
tion of the film during cooling due to the presenceassfand g
B-phase MnAs in the film; the latter is formed during ¢ ol 0
growth. As shown for MnAs/GaA®©01) by using scanning- %
tunneling electron microscopy, one system of monolayer% 200 2001 200
growth steps is running along Mnpk120].° It is obvious é
that these steps will also exist on the MnAs/GHEASA 2 400 400 400
films. There, the edges of these growth steps could play ar
important role in the experimentally observed alignment of £00 00 00
the {1101} lattice planes in MnAs with thg111} lattice -1000 0 1000 -1000 0 1000 -1000 0 1000
planes in GaAs. (a) Magnetic field (Oe)
800, 70nm 0 130nm ] 180nm
B. Magnetic properties
4004 400 400+
The magnetic properties of the MnAs films were deter- ~
mined by using superconducting quantum interference de-g 200 200 200
vice (SQUID) magnetometry. All measurements were per- 2
formed with the external field applied along MrA&20], ‘E 0 N o
which is the easy axis of magnetization. The hysteresis loops.2
measured at RT for the MnAs/Ga@4 3 A films of different E 200 200] 200
thicknesses are presented in Fige)7An almost square loop “g’, i )
is observed for the 70-nm-thick film. With the increasing 2 -
film thickness, the loop inclines gradually and becomes more -400 400 -400;
complex. Whereas the coercive field decreases, a higher ex
60

ternal field is needed for the magnetization of the thicker
films. The main reason for this changing shape of the hyster-
esis loop is assumed to be the attenuation of the couplinéb)
strength between the ferromagnetieMnAs stripes due to

0+ r r
-1000 0 1000

-600
-1000 0 1000
Magnetic field (Oe)

600 —————
-1000 0 1000

FIG. 7. Hysteresis loops obtained by SQUID measurements at room tem-

their wider separation in thicker films. The characteristicperature with the magnetic field applied along the easy axis of magnetization
change in the shape of the hysteresis loop occurs at a sep8t the films grown on@ GaAg001) and on(b) GaAg113A. The thick-

ration Wy, in the order of 200 nm. The ferromagnetic cou-
pling between the neighboring stripes then becomes weaker.

ness of the films is indicated.

This can be seen from the array of magnetic domains in thearrow stripes, which are still well correlated. In a MnAs
MFM image taken from a 180-nm-thick MnAs/GaA43)A film cooled from the completely paramagnetic state to RT,
film and shown in Fig. (b). The magnetic moments within a there is yet mainly ferromagnetic coupling between the

single domain lie either all along the Mn@$20] or all  neighboring ferromagnetic stripes. But many oppositely

along the MnAEllE)] direction. The domains are imaged as magnetized regions occur, t0o, as sketched in Fi).8

comblike structures, which show up in these two oppositeWhen the ferromagnetic stripes become wider in thicker

orientations within an individual stripe of-MnAs. A de- films, then they become subdivided into subdomains not only

tailed description of the domain structure has been givefi‘long but also across the stripe. This will be discussed else-

elsewheré“! As a consequence of the reduced intra- and
interstripe coupling, a higher external field is needed for the
magnetic saturation. The same tendency for the thickness
dependence of the loop shape is found also for the +
MnAs/GaAg00)) films, as can be seen from FighJ. For a R
40-nm-thick film, a direct insight into the ferromagnetic cou- ——-I— )
pling of the stripes has been obtained in a LEEM/
XMCDPEEM study?8 As schematically shown in Fig.(&),

the XMCDPEEM image of the film in thee— B transition
stage, upon heating from below 273 K, reveals ferromag-
netic domains, which are strongly elongated in {0601 . . . o
direction. In neighboring domain, the magnetic moments ari> & Schemet iereseiln of e ey o nigret domelne i e

Oriented_ opposite to each Other- The paramagn_etic Str_ip%on heating from the fully magnetized state g@bydas observed® upon the
perpendicular to the easy axis break the domains up inteooling from the completely paramagnetic state to room temperature.
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FIG. 9. Coercive fielH; as a function of film thickness obtained from the @ : ZA .
hysteresis loops measured for the MnAs/G@®d) and the GaA&13)A *s” 600 corrected using X-ray data
films at RT. ] (b)
400 T T T T T T T T
. o3 . o 0 50 100 150 200
where in detaif® Thus, the saturation magnetization depends
on the ferromagnetic intrastripe and interstripe interactions. 00 D\A\D
The RT coercive fieldHc was derived from the hysteresis  § : ﬁ/ A Th—p
loops. Its thickness dependence is comparable for both type: E 600 D/
of the MnAs films, as can be seen in Fig. 9. o corrected using AFM data
When evaluating the magnetic properties of the films, ‘5“
one has to take into account that they only partly consist of 400 4 (c)
ferromagnetic-MnAs. Therefore, a specific saturation mag- 0 ! 5'0 ' 1(')0 ' 150 ' 260
netizationMg has been_ introduced, wr_nch r(_efers to the vol- Thickness (nm)
ume of a-MnAs determined by x-ray diffractioff. Here, we
will additionally use a specific saturation magnetizatmfg* , FIG. 10. Thickness dependence of the saturation magnetization at RT for the

which is based on a volume evaluation@MnAs from the MnAs/GaAg001) and MnAg113A films. (ay As-measured saturation mag-
netizationMs, (b) the corrected values ¥l based on the x-ray data, and

AFM data. Figure 1() shows the as-measured dgta fc*>r the(c) M? based on the AFM data.
thickness dependence of the saturation magnetizaiign

The squares and triangles refer to the films grown on .. . . . : . .
GaA$001) and GaA§113A, respectively. For the netization for a defined film thickness requires a material

, : with an optimum intra- and interstripe magnetic coupling.
MnAs/GaAg00)) films, we observe an increase Mfs up to The data presented in Figs. (88-10(c) reveal that the

a film thickness of about 70—100 nm. Also shown is a replOIMnAs/GaAs{ll3)A films show a similar behavior of the

of the data for MnAs/GaA©01) taken from the early work thickness-dependent ~ magnetic  properties as  the
of Tanakaet al? It reveals a similar behavior as the presentMnAs/GaA:{OO]) films. A slight but not significant ten-
data, althougtMs ,ShOWS a peak aIready at 50 nm f':md thendency to lower magnetization values and stronger scatter of
decreases. Most likely, this can be attributed to a higher Cony,g a1 js a hint that the formation of the coupled ferromag-
tent of a-MnAs in the samples of Ref. 3, whereas for the patic MnAs stripes is less perfect on GdA$3A than on

preparation conditions of our samplgsonoptimized tem- 534001, as a consequence of the differences in the inter-
plate, no postgrowth annealipgt is only about 50% and f5ce structure

varies considerably. More instructive are the valisand
M. [Figs. 1@b) and 1Qc) respectively, which refer to the
volume of a-MnAs. The M*S values for MnAs/GaA&01) IV. CONCLUSIONS

rapidly increase from about 500 emu/trat 50 nm film In summary, a detailed analysis of the structural and
thickness to a value as high as1100 emu/criat 70 nm magnetic properties of as-grown MnAs films deposited on
and then gradually decrease 6000 emu/crfi at 215 nm.  (001)- and (113A-oriented GaAs substrates has been pre-
The general behavior of the thickness dependendéofs  sented. We have shown that a unique pattern of ferromag-
now very similar to that oM, found by Tanakat al® How-  petic and paramagnetic stripes due to phase separation into
ever, the curve is shifted to considerably higher values, peaky- and g-MnAs is formed independently whether the films
ing at ~1100 emu/cr®, which is close to the saturation gre deposited on Gaf301) or GaAg113A and even
magnetization ~ of ~1200 emu/crd reported  for though the interface structure is different for the two sub-
MnAs/GaAg001) at 10 K™ This considerably exceeds the strate orientations. By introducing a specific value for the
room-temperature saturation values of 600—700 emd/cmsaturation magnetization, which takes into account the real
reported for bulk MnA$”® Even the value of phase composition, the thickness dependence of the satura-
~790 emu/cm at a 100-nm film thicknesgFig. 1Qc)], tion magnetization observed in different laboratories can be
which is expected to underestimate the real value, is clearlyell compared. The stripe pattern, representing an array of
higher. This shows that the peak value of the saturation magnicromagnets, changes in a characteristic manner with the
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