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Growth of CoCrTa (1120)-oriented thin films on a DO 3 Mn3Si(002) underlayer
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Mn3Si possesses a BBtructure, which is a bce derivative structure with nearly the same atomic
spacing as Cr and NiAl which have been commonly used for longitudinal magnetic recording
underlayers. A@0 nm)/CoCrTd40 nm/Mn3Si(x, x=100, 200, 400 nm)/A@5nm thin films

were sputter deposited onto hydrofluoric adielF)-etched Si001) substrates at elevated
temperature. Compared to the 100 and 200 nm thickS¥isamples, the XRD spectrum of the 400
nm thick Mn;Si sample shows a significant increase in the intensity of thgSWB02) peak. This

suggests that a high volume fraction of the;[pbase was formed. The CoC(T420) peak intensity

has been found to increase with M thickness. As a result, the in-plane coercivity increases as the
volume fraction of the D§ phase increases. @000 American Institute of Physics.
[S0021-897€00)88408-X

For high density longitudinal magnetic recording, it is plane rotates 45° to fit the AG01) plane as shown in Fig.
essential to align the Co axis in the thin film plane. There 1(a). As a result, it leads the epitaxial relationship of Ag and
are two ways of achieving this, both are based on clos&InsSito be AgO01[100]IMn3Si(002[110]. In addition, the
atomic matching of a magnetic layer with an underlayer. Ondattice mismatch calculated from the atomic spacing between

is to epitaxially grow bicrystal Gd120)/Cr(002! and the CoCrTa and MgSi is 7.8% perpendicular to the Goaxis

other is to epitaxially grow unicrystal €p010)/Cr(112/  and 2.0% along the Co agis. The schematic in Fig.(t)
NiAI (1122 texture films. For the Co bicrystal (TW shows the epitaxial relationship between (C0) and

textured magnetic layer, there are two crystallographicallyMNsSi(002 planes. The MgSi(002) plane can match with
orthogonal variants whose axes can lie perpendicular to the Cd1120) plane with the Cac axis aligned along either
each other on a single Cr grain. the Mn;Si[110] or [ 110] direction.

The new D@ Mn;Si underlayer has a lattice parameter ~ The Ag/CoCrTa/MgSi/Ag thin films were deposited on
of 5.72 A, which is twice as large as that of the Cr and NiAl single-crystal SiL00) substrates by rf diode sputtering in an
underlayers. The DOstructure is a bcc derivative structure. Leybold—Heraeus Z-400 system. To remove the oxide lay-
If one imagines all of the atoms are the same, the unit celers, the Sil00) substrates were hydrofluoric acid
consists of eight bce unit cells. The Pstructure has an fcc  (HP)-etched” The base pressure was<20 ' mTorr. The
Bravais lattice with Si atoms sitting at the fcc lattice sites andC0s4Cri3Ta and overcoat Ag films were deposited at 150 °C
Mn atoms occupying all of the octahedral and tetrahedra(measured by a temperature Igbefth a fixed argon pres-
sites of the latticé. The single-phase Mi is stable only
between 25 and 25.6 at % of Si and then only above 677 °C.

In this study, a Ag001)/Si(001) template was used to stabi-

lize the DG MnsSi phase at lower temperature and epitaxi- (a)
ally induce the MgSi(002-textured thin film. The epitaxial
growth of CoCrT@1120)-textured thin film is also found to
be induced by the DOMn3Si(002)-textured underlayer.

Ag(001)/Si(001) templates have been shown by Yang

et al. to epitaxially induce the bicrystal Cb1) thin films

© O e A
Ag Co Mn Si

when grown on a G002 epitaxially grown underlayet The v
misfit between the fcc Agg=4.09 A) and diamond cubic Si Mn,Si[100]
(a=5.43R) is 24.7%very close toj). It has been shown by Ag[110]

Yang et al. that a 4<4 mesh of Ag unit cells fits very well
onto a 3x3 mesh of Si unit cell with a mismatch of only
0.4%?2 Likewise, due to the small lattice mismattk0.2%)
between the atomic spacings of the(8@1) and Mn;Si(002)
planes, the MgB5i(002)-textured film was found to grow epi-
taxially onto the Ag001) films. Because the atomic spacing
of the Mn;Si{110 planes =4.07 A) is about the same as
that of the Ag{100 planes i=4.09A), the MnSi(002

Co [0001]

FIG. 1. Schematic of the epitaxial relationships of(a)
Ag(001)[ 110]IIMn3Si(002[ 100] and (b) Mn,Si(002)[ 110]
3E|ectronic mail: yh2a@andrew.cmu.edu HCoCrP(llEO)[OOOl].
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F _ scan spectra. The positions of the fd@20; poles for the
4000r & s g _ single-crystal S001) substrate and Ag are the same, con-
[ S -~ g = = L . . .
[ o 1% Z 8 firming the epitaxial cube on cube relationship between the
. 3000.‘5‘ s% it 9§ @ Si[220] and Ad220] directions. The positions of the four
G FEN =< Mn3Si{220; poles shift 45° when compared to those of the
é’ 20001 8 Ag and S{220 poles, which indicates that the N®I[220]
. . direction is parallel to the Ag and [i00] direction and in
1000 Y agreement with the epitaxial orientations shown in Figy.1
: . . | . TEM was also used to investigate the epitaxial relation-
%30 20 50 6 70 30 90 100 ship of the thin film. Figures @ and 4b) show the TEM
20 selected area diffraction and simulated pattern of the

o Mn3Si(400 nm/Ag(75 nm thin films, respectively. They
FIG. 2. X-ray 6/20 diffraction spectra of the A@0 nm/CoCrTg40 nm)/ show the Ag001) zone axis to be parallel to the MBi(002)
Mn;Si(x,x=100, 200, 400 npdAg(75 nm) thin films. ) ] .
zone axis. The overlap of the A200 and Mn;Si{220; dif-
fraction spots indicates a close atomic spacing between

sure of 10 mTorr, rf power of 2.3 W/cdand without sub- A91200 and MnsSii220 planes. This also shows that the

strate bias voltage. The M&i and Ag underlayers were de- A9(00D planes rotate 45° to fit the MBi(001) planes. The
posited at 10 mTorr, zero substrate bias, 30qA@asured ©Pitaxial relationship of the AG01)[100]iMnsSi(002[110]
by the temperature labeland at the sputtering powers of 6.9 1S evident from th|sdd|f;racrt]|on pr?ttern. ected g
and 2.3 W/crh, respectively. The thickness of the Ag over- fracg(l)%ur::l ;C)sier‘:ulf;'EerS p?i\;\;etrne -(I)—:‘E'\:Ihze (E:C(:?:(ngﬁ%/ if-
coat, CoCrTa, and Ag underlayer films were fixed at 30, 40,
and 75 nm, respectisely. Theythickness of thesSinfilms ~ MNsSi(400Nm/Ag(75nm thin films, respectively. Because
was varied. The epitaxial orientation relationship was studiedhe bicrystal CoCrTd 120) plane fits the MgSi(002) plane
by both 6/26 and ¢ scans on a Rigaku x-ray diffractometer in two ways with thec axes perpendicular to each other,
with Cu Ka radiation as well as with a Philips EM 420T there are two sets of CoCr{lHL20) zone axis diffraction
transmission electron microscog€EM). Magnetic proper- patterns perpendicular to each other in Figs) 4nd 4d).
ties of the thin films were measured using a vibrating sampl@&oth of the CoCrTa TEM diffraction patterns from the
magnetometefVSM) with fields up to 10 kOe. (1120) zone axis have the Q@002 reflections overlapping
Figure 2 shows the x-rag/26 diffraction spectra for the  ith the Mn,Si{220, and Ag200} reflections. This indicates
Ag(30 nm/CoCrTd40 nm/Mn;Si(x,x=100, 200,400nm)/  that the epitaxial relationship of the CoCrTa/ABVAg
Ag(75nm/Si(001) samples. Strong AG02) and(004) peaks iy fijm  are  CoCrT&L120)[0002IMN,Si(002[110]
appear in all of thesg spectra, indicating very $trong0®g) IAg(001)[100]. Combined with the epitaxial relationship of
texture in the Ag/Si template. As the MBi thickness in- o Aq100)/Si(100) template investigated by Yareg al. as
creases, the x-ray diffraction intensity of the 4002 and  ag(100[100]ISi(100[100],° the overall epitaxial relation-
(_004) peaks enhances more S|gn|f|cant!y than linearly W|thShilo can be determined as CoCfTED)[0002]
ginn%(teh:r?;?;gzé)T:rliZnizgwaz :Eitl\;g‘gi m;r?;yeﬁﬁgﬁnz; IMn3Si(002)[110]IAg(00D[100]ISi(00D[100]. Ring patterns
) _ : — _ are also seen in these TEM diffraction patterns, indicating
increases. It is noticed that the CoC(Ta2) x-ray diffrac- 54 \yhile most of the grains grow epitaxially, a portion of

tion peaks are also enhanced with the increasingVion- 0 grow with random orientations relative to the Si sub-
derlayer thickness, which implies the improvement of theStrate

Mn5Si texture. The Ag111) peak results from the Ag over- The magnetic properties of the ARPnm/
coat and not from the underlayer. CoCIT440 nm/Mn,Si/Ag(75 nm/Si(100) thin films were
_ The ¢ scan spectra of the MBi(400nm/Ag(75nM/ 504 to vary with the MgSi underiayer thickness, as shown
Si(100) are shown in Fl_g. 3. _As_expected_from_the cublcin Fig. 5. The coercivity of the AGO nm/CoCrT&40 nm)/
crystal(00D stereograp_hlc propcnon, four d|_ﬁract|on peaks, Mn,Si/Ag(75 nm/Si(100) thin films increases from 347, 737
90° apart, were found in the Si, Ag, and b8i(220} pole ¢ 1 g4 Qe at the MiSi thickness of 100, 200, and 400 nm,
respectively. This is thought to be due to the enhanced

CoCrTd1120) texture as the MiBi(200 texture improves

28000 s @20 A with the Mn;Si thickness. Conceptually, the reduced coerciv-
b, 20007 A ﬁ\ A ity could be caused by the Co grains with random
g 15007 Ao (20 orientation.
:2 1000 A g @0 I{ A ﬁ In this study, the D@structured MgSi phase has been

SO s | i i stabilized via the employment of the A#)1)/Si(001) tem-

0 plate. Mn;Si(002) texture has been shown to be induced by
5y L L o the Ag(001)/Si(001) template, which in turn induced the ep-
2 itaxial growth of the CoCrTA120) bicrystal. The orienta-

FIG. 3. Si{220pole, Ag223 pole, and MgSi{220 pole x-ray ¢ scan tion relationship of the CoCrTa/MBi/Ag/Si(001) structure
diffraction spectra of the My5i(400 nm/Ag(75 nm) thin films. was determined by the x-rag/20 and ¢ scan diffraction
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