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Thin films of Co,MnSi have been grown carplane sapphire substrates from three elemental targets
by dc magnetron cosputtering. These films are single phase, have a &ddhgexture, and a
saturation magnetization of 4.85/formula unit at 10 K. Films grown at the highest substrate
temperature of 715 K showed the lowest resistivity u{) cm at 4.2 K and the lowest coercivity

(18 Oe@. The spin polarization of the transport current was found to be of the order of 54% as
determined by point contact Andreev reflection spectroscopy. A decrease in saturation magnetization
with a decrease in film thickness and different transport behavior in thinner films indicate graded
disorder in these films grown on nonlattice matched substrates20@ American Institute of
Physics. [DOI: 10.1063/1.1690868

The growing interest in Heusler alloys is due to their We have grown thin films of GMnSi by dc magnetron
predicted high spin polarizatiofP) (i.e., dominance of car- cosputtering from three, elemental targéis opposed to a
riers of one spin orientation at the Fermi energyuch ma-  single alloy targetin order to control the stoichiometry pre-
terials could prove to be a useful source of spin to inject intacisely, as well as to study off-stoichiometric compositions. In
semiconductors. Some Heusler alloys have been predicted tbis letter we report on the transport properties and present
be half-metallic ferromagnet$dMFs), in which a band gap transport spin polarization measurements carried out on thin
opens at the Fermi leveEg) for one spin direction, leading films of this alloy. This study shows that optimized films
to 100% spin polarized conduction electrons. There are tw#ave properties that are close to those of bulk single
families of Heusler alloys: the half Heusler alloys which crystalst®*?
have compositions of the forrXYZ and the full Heusler Films were deposited from three, elemental dc magne-
alloys, which have compositions of the font3Y Z. Experi-  tron targets arranged in a triangular configuration, onto an
mentally, the spin polarization of the transport curréqt, of ~ array of a-plane sapphire substrates located directly below
the HMF oxide CrQ has been measured by point contactthe targets on a Ta strip heater. The base pressure of the
Andreev reflection spectroscopy as 98%ut is disappoint- deposition chamber was>210"° Torr and the argon pres-
ing for half-Heusler NiMnSb, wittP,~58% 2 It is important ~ Sure during the film deposition was 24 mTorr. The target—
to identify the mechanisms that cause this half Heusler not t§ubstrate distance varied between 111 and 116 (mea-
achieve its predicted 100%, at the free surface. Three sured from the center of each target to the substrate position

mechanisms have been identified: surface reconstruction arfat gives the desired stoichiometrfhis geometry enabled
segregatiori,and interatomic disordér. a range of compositions to be attained on the array of sub-

Co,MnSi is a full Heusler alloy that has been predictedStrates, but small variation across each substrate (4
to be a HMP It crystallizes in theL2, structure(space <9 mnf). The depositions were carried out at a range of

group Fm3m), which consists of four interpenetrating face- SUbStrate temperatures,) from 545 to 715 K, and a range
centered-cubicfce) sublattice$ This could be a very prom- of'f|lm thicknesses from 110to 400. nm were deposited. Film
ising material for microelectronic applications: it is predictedth'Ckness was determined by profilometry of a step formed

to have a large energy gap in the minority band-@f.4 eV’ on a masked substrate: the deposition rate was 0.10 nm/s.

and has the highest Curie temperature amongst the know'%IIm compositions were determined by energy dispersive

Heuslers of 985 K. However, CoMnSi (along with other x-ray z_inaly5|s in a scanning electron microscpEM) with

- . precision of 1.5%.
Heusler$ can suffer from antisite disordebecause the Co o .
and Mn atoms have similar atomic radii. It has been aro Structural characterization was performed by x-ray dif-
) L ve simi IC radil. it 11 9rOWl 4 ction (XRD) and the XRD pattern of a 400 nm, stoichio-
in thin film form from a single, stoichiometric target! but

: ) g metric film grown atTg,, of 715 K is shown in Fig. 1. The
it has been reportell that this resulted in films that were ¢ . single phasewithin the resolution of the measure-

deficient in Si, and this deviation from ideal stoichiometry mend and all diffraction peaks can be attributed to the
resulted in a lower value of the saturation magnetizatiorbonnSi L2, structure. The film is polycrystalline with a

(My) than in the bulk. strong(110) texture. Magnetic measurements carried out in a
vibrating sample magnetometer and a superconducting quan-

dElectronic mail: ljl26@cam.ac.uk tum interference device magnetometer from room tempera-
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FIG. 1. XRD pattern of a stoichiometric, 400 nm filiThe sharp lines d (nm)

indexed with a C, are W contamination lines from the x-ray tube and th
weak, broad peaks at 20° and 60°% 2vere also observed on a
bare substraje

FIG. 3. Effect of film thickness o, .,k and Mg for a series of stoichio-
metric films grown at 602 K.

ture down to 10 K also indicate that the correct phase hagcattering process for a HMF. TFié term results either from
been achieved. In stoichiometric filmé (determined from ©ne-magnon scattering or from electron—electron scattering.
in-plane hysteresis loops at 10) Kvas 1007 50 emu/cc In a HMF, one-magnon scattering cannot occur at low tem-
(4.95+ 0.25ug /formula unit), which agrees well with the Perature because there are no stateEm@tinto which the
bulk value of 5.}g/formula unit!® electron can be scattered. Therefore, if these films are truly

Transport measurements were carried out from 4.2 té‘”\/":, then theT2 term must arise from electron—electron
295 K using a standard dc four-point geometry. The depenscattering. Below about 20 Kg shows no temperature de-
dence ofp, » « and room temperature coerciviti{) on T, pendence, which is in agreement with the findings of Am-
is shown in Fig. 2. These films are all stoichiometric and aredroseet al** but not with other report§>~*’ The different
400 nm thick.p,4 , x decreases with an increaseTig,, which behaviors observed could be material dependent, but are also
is most likely due to an increase in grain size and hence gependent upon fabrication parametédsfferent behavior
reduction in grain boundary scattering. A%, increases Observed even for the same allpgince crystallography and
from 545 to 715 K the surface featuréwhich reflect the —Mmicrostructure will affect the —T behavior.
grain size observed in a field emission gun SEM increase  Hc also decreases wiff,,as shown in Fig. 2, where an
from about 70 to 130 nm, an¢4.2K is halved (102_47 increase inTsub from 545 to 715 K results in a reduction in
wQcm). H. by a factor of 3 My is a constant in these filmsThe

For a stoichiometric film grown afg,, of 715 K, the change inH_ is crystallographic and/or microstructural in
p—T curve was fitted: in the temperature range of 295—10@rigin: both the grain size and degree (4.0 texturing in-
K, p decreased linearly with the temperature. This differscrease aslg, increasesH, correlates strongly with the
from in previous reporfé®in which aT" dependence was change in film texturé¢inset of Fig. 2. As Tgpincreases, the
observed, where 13n<1.5. However, not all our fims (422 peak decreases relative to t{#20) peak andH. de-
show linear behavior and, as the compositions become moif&€ases.
off stoichiometric, the nonlinearity becomes more pro-  Figure 3 shows the dependencepf, « and M on the
nounced. Below 100 Kfor the stoichiometric film grown at film thicknessd, for a series of stoichiometric films grown at
715 K) there is a change in the resistivity behavior, afd ~ TsunOf 602 K. p, > « decreases with an increase in film thick-
+ T2 pehavior is observed. ThEY? term is attributed to  Ness. This can be attributed to the reduction in grain bound-
two-magnon scattering, which is the first available magneti@'y scattering: the surface feature size increases from about
20 to 70 nm as the film thickness increases from 110 to 300
nm. Thinner films also show a strong€r10) texture.Mg

110 FrrTTT T E 70 decreases by about 25% as the film thickness decreases from
100 [ =% Heo 400 to 110 nm. This indicates that thinner films are disor-
E S w ] dered, due to the absence of lattice matching between the
£ ¥¢ T 150 film and substrate.

8 e —_4‘_ 10 ] o A change in thep—T curves is also observed in the
= F * ey 40 e above series of films as the film thickness decreases: an up-
u 7 = ] T turn in the resistivity at low temperatures is present for the
o’ 60 | UL % 164 nm film and becomes more pronounced in the 110 nm
50 _ 00 film (Fig. 4). This upturn has been observed in,MnGe at
- ] 20 K by Lundet al® and in CgMnSi at 40 K by Geiersbach
4Bl bl Leiadqo et all® We have also observed this phenomenon in off-

500 550 600 650 700 750

T ® stoichiometric filmst® The upturn is interpreted as weak
sub

localizatiort® due to electron—electron interaction effects,
FIG. 2. Effect of ., 0n ps., « and room temperatutd, for a series of 400 215ING i this case from disordered material, consistent with

nm, stoichiometric films. The inset shows the dependence of room temperdh€ decrease ivs. _ _
ture H, on the(422:(220) XRD peak intensity ratio. P; was measured by point contact Andreev refleétion
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125 T In summary, we have grown GRInSi from three el-

a emental targets oa-plane sapphire substrates by dc magne-

tron cosputtering and have obtained highly textured, single

phase films without the use of a seed la{/étt The stoichio-

T metric, 400 nm films had the bulk value &4 and films

g 115 | grown at the highest,, showed the lowest andH,. The

& [ Sz ] P, of a 400 nm film grown at this deposition temperature was

3‘110 [ -~ . 54%. A decrease Mg with decreasing film thickness and

> iy ] the different transport behavior of thinner films indicate

oamarn” o graded disorder, which is significant even at a thickness of

105 ————_80tmm 110 nm. Increased interface scattering in disordered mag-
D < PR 110nm | netic films is an interesting independent observation. By

100 Lot e b i b growing on GaAs, which has a similar lattice parameter to
0 50 100 13??() 200 250 300 Co,MnSij, it is expected that this disordered region will be

confined to the first few atomic layers.

120 |

T
b
1

FIG. 4. p—T curves for stoichiometric films of different thickness, grown at
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