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Effects of Ag underlayers on the microstructure and magnetic properties
of epitaxial FePt thin films
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In this work Ag underlayers, with a slightly larger unit cell than FePt, were found not only to induce
epitaxial growth of the FePt films but also to reduce the FePt ordering temperature. Without using
the Ag underlayer, the FePt film deposited onto the Si substrate was fcc disordered. By the use of
the Ag underlayer, it was observed that the FePt unit cells were expanded in the film plane. This has
caused the shrinkage of the FePt unit cells along the film normal direction and resultedhisitbe
ordering of the FePt thin film at reduced temperatures. The microstructural and magnetic properties
of the FePt/Ag films at varied substrate temperature and FePt thickness were studied to investigate
theL1, FePt ordering. ©2001 American Institute of Physic§DOI: 10.1063/1.1360683

INTRODUCTION the FePt film deposited from a composite target was mea-

Recently, due to the large magnetocrystalline anisotrop? ured to be F@’P.t“ by>_< ray f_Iuorescence. The Ag underlay
S ers were deposited with a fixed argon pressure of 10 mTorr
of the ordered tetragondll, FePt phase, FePt thin films :
; ; o .and rf power density of 2.3W/ch The FePt layers were
have drawn considerable attention as a potential high-densi . ’ .
. . : : eposited at sputtering power density of 0.5 W/and Ar
magnetic recording materialHowever, in order to use FePt . . .
. . ; pressure of 2.5 mTorr. The thickness of Ag films was fixed at
as recording media, tHel, FePt ordering temperature has to

be reduced and the easy axis should be either perpendicul%ﬁi gr:.(:—sr;t?oﬁetzawthgz?frsesv\(/visQ/:rrilees ffrr(;arrnn 2255t(t:>03?(,)% ?g‘
or parallel to the film plane, according to the recordingT P P '

mode he thin film microstructures were studied Y26 Rigaku

Because th¢111) plane is the FePt close-packed pIane,)F(;rrl‘i";iy g'gﬁczozrg_?_tfr;mt:ﬂ;ﬁﬁ :”I‘ggr[fr? S?cleéc?;évvhl/f? a
the FePt thin film deposited directly onto an amorphous sub_—l_he ?:ePt lanar spacinas were measured by the eak osi-
strate tends to havd 11) texture. After the fcc FePt thin film P P 9 y P P

. L tions detected by a Phillips X'Pert x-ray diffractometer
is annealed and becomkg, ordered, the easy axis is tilted equibped with a lens. The madnetic properties were mea-
35° away from the film plane. This was shown by Ristau quipp : 9 prop

et al. that FePt films deposited onto glass substrates are fc%ured by a vibrating sample magnetomet&gM) with fields

disordered and111) textured® The FePt film has to be an- Up to 13 kOe.

nealed at a temperature higher than 550 °C in order to obtain

theL 1, ordered phaséTaking advantage of the small lattice RESULTS AND DISCUSSION
mismatch(5.2% between Ag and FePt, A@01) underlay-

ers are used in this work to induce the FePt epitaxial films
with the ¢ axis perpendicular or parallel to the film plane. As (
reported by Yanget al.® single crystal Si(001) substrates
can be used to induce epitaxial growth of the ®§1) film
based on the orientational relationship of A@01)[110] ||

Si (001)[110]. In order to understand the FelPt, ordering,
the microstructural and magnetic properties of the FePt/Ag
thin films were investigated.

For the case of no Ag underlayer being used, the FePt
111) peak is observed and shown in Figall The electron
diffraction pattern(EDP) in Fig. 1(b) shows that the 30 nm
FePt thin film directly deposited onto the HF-etched Si at
300°C is nonepitaxial and displays randomly oriented
grains. In addition, no superlattice reflections of ttk, or-

EXPERIMENT

The FePt/Ag thin films were deposited on single crystal |
Si (001) substrates by rf diode sputtering in a Leybold—
Heraeus Z-400 system. To remove oxide layers, th@&l)
substrates were etched with hydrofluoric a¢iF).® The T COUEOTO UL SR
base pressure was<6l0~’ Torr. The atomic composition of 0038 %0 Bh w0 W

FIG. 1. (a) The 0/26 x-ray diffraction spectrum andb) the plane-view
3E|ectronic mail: yh2a@andrew.cmu.edu electron pattern of the FeP80 nm)/Si thin film deposited at 300 °C.
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FIG. 3. The TEM diffraction pattern and index of the FéBthm)/Ag (175
9 ¢ < 2 nm)/Si thin films deposited at 300 °C.
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FIG. 2. The EDP and simulated patterns of the FER nm/Ag (175 shown in Fig. 3. TheL1, FePt 110 superlattice reflections
nm)/Si thin films deposited &) 25 °C, (b) 75 °C, and(c) 300°C.[(b) and ~ &T€ obser\_/ed in thg EDP. Th_|s implies t_hat the Fe_Pt thin film
(c) are enlarged to show the ordered reflections and employ a differents (001) oriented with thec axis (easy axi$ perpendicular to
camera length fronta). ] the film plane. The epitaxial relationship between the FePt

and Ag is shown to be FelP110](001) | Ag [110](001) by

the EDP in Fig. 3. The intensity of the 110 reflections from
FePt thin film is fcc disordered in the absence of the AgOf the 30 nm FePt film deposited at 75°C. As a result, the
underlayer. thin FePt film is morelL 1, ordered compared to the thick

The effects of substrate temperature on the FePt orderingePt film deposited at 75°{Fig. 2b)].
and texture are shown in Fig. 2. As shown in Figa)2the Compared to the 5 nm FePt thin film, it has been shown
electron diffraction arcs of the FePt/Ag film deposited atearlier that the 30 nm FePt thin film has its ¢ axes distributed
25°C indicate that the epitaxial growth of the FePt and Agalong the[100], [010], and[001] directions of the Si single
layers is not very good. N1, ordered reflection is ob- Crystal[Fig. 2c)]. Thus it appears that thel, FePt(001)
served. This indicates that FePt film is fcc disordered as deRriented grains are formed before thé, FePt(100 and
posited at 25°C. In addition, all of the fcc reflections are (010 oriented grains. The 1, FePt(100) and(010) oriented
present in EDP. The fcc FePt11) and(002) peaks are also grains begin to form as the FePt thickness increases.

observed in the x-ray diffraction spectra. This suggests that 1he FePL 1, ordering is associated with changes of the
FePt/Ag thin films are not of one orientation. lattice parameters. In order to understand the HeR} or-

As the substrate temperature is increased to 75 °C, thdering, it is essential to investigate the changes of the FePt
Ag underlayer is observed to grow epitaxially on the@1) lattice parameter with substrate temperature and FePt thick-
substrate and becom@02) oriented[Fig. 2(b)]. Further- Ness. The FePt lattice parameters of [001], [010], and
more, the Ag(002) oriented underlayer induces epitaxial [100] axes can be calculated to be twice the FeFa2),
growth of theL 1, ordered FePt002) thin film, indicated by ~ (020, and (200 planar spacings, respectively. The FePt
the four FePt 110 reflections observed in the EDP of Fig(002 planar spacing can be measured from the ReBD
2(b). The low intensity of the 110 reflections implies that the P€ak position of thed/26 x-ray diffraction scan. The FePt
L1, ordering at 75 °C is very weak. In addition, the FePt 111(200 and (020 planar spacings can be obtained by an in-
reflections are also observed in FigbR These arise from a Plane x-ray diffraction scan. The FeR®02), (020, and
few perpendicular orientedl12) grains at this temperature. (200 planar spacings are plotted in Fig. 4.

At 300°C, no FePt 111 reflections are observed in the ~AS seen in Fig. 4, the FeR200 and(020) planar spac-
EDP[see Fig. 20)]. The epitaxial growth of FePt, as induced iNgs increase and002) planar spacing decreases with in-
by the Ag underlayer, is clearly improved with increasing creasing substrate temperature. This indicates that the FePt
substrate temperature. While the EDP at 75 °C showed onli100] and[010] lattice parameters are dilated and {0@1]
weak L1, (001) oriented grain formation, both of thiel,

FePt 110 and 001 reflections are observed in the EDP at

300 °C[Fig. 2(c)]. This indicates that the1, FePt thin film = ! 300.& FePt i
deposited at 300°C has the easy axes distributed equally & N 25A FePt [ Py
along the[100], [010], and [001] directions of the single 'S P cre 25A FeP(% 2
crystal Si substrate. The presence of thk, (001), (010), @ | 300A FePt ik e H g
and (100 oriented grains at 300 °C implies that tk@L0) = - 300A FePt ¥ &
and (100 oriented grains with easy axes parallel to the film & I — u g
plane are formed at higher substrate temperatures thai ""é by
75°C. In addition, the intensity of thel, FePt reflections is = 25A FePt 3l

stronger at 300 °C than at 75°C. This demonstrates that the 1%
FePt thin film is mord_1, ordered when prepared at 300 °C
than at 75°C.

The EDP of a very thin FePt filtb nm) deposited onto g1, 4. The FeP{200), (020), (002, and (001) planar spacing at varied
a Ag underlayer of the same thickng4g5 nm at 300°C is  substrate temperature and FePt thickness.

00 200 300 0 100 200 300 0 100 200 300
Substrate Temperature (°C)
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lattice parameter is contracted at high substrate temperature.

As shown in Fig. 2b), the FePt thin film has good epitaxial = 82

growth induced by the Ag undelayer at 75°C. The FePt = '0

[010] and[100] axes may be expanded by the Ag underlayer = -0.4

whose unit cell is 5.2% larger than FePt during the epitaxial -0.8

growth. This expansion has caused the shrinkage of the FePt 0.8

[001] axis. Compared to the fcc FePt disordered phase, the = 0:4.

tetragonalL1, FePt has a smaller axis than thea andb - ot

axes. This distortion of the FePt unit cell may result in aiding = -0.4;

the formation of thd_1, FePt grains with easy axis perpen- 0.8 oz

dicular to the film plane, which is consistent with the EDP 84 0 4 8 -8-4 0 4 8
observed in Fig. ). H (KOe) H (KOe)

As the substrate temperature increases from 75 toIG 5 The . (i@ FePt(E0 nm/Ag (175 /S fil

o H . O. e steresis loops of the) FePt n n 1 Tiim
300°C, the FeR002) p'a”ar spaplng decreas.es. an.d the FepEeposited at g5°C(b) FePF; (30 nm/Ag (175 nm/Sig film deposited at
(200 and (020 pIgn_ar spacings increase. This indicates thaﬂomc,(c) FePt(2.5 nm/Ag (175 nm/Si film deposited at 300 °C, arid)
the FeP{001] axis is further contracted and th&00] and  Fept(30 nm/si film deposited at 300 °C(Solid line: in-plane loop and
[010] axes are further expanded with increasing substratgotted line: perpendicular loap
temperatures. This appears to cause even rhdre FePt

ordering and moré.1, FePt(001) oriented grains. As more o
L1, FePt(001) oriented grains are present, thd, (100 phase. Thec axes are distributed equally along thE00],

and (010 oriented grains may begin to grow to relax the [010], and[pOl] directions Qf the single crystal S.i substrate..
strain energy resulting from thel, FePt(001) oriented Thus the difference of the m-plang and perpendlcularlloop is
grains® As a consequence, the FePt thin film deposited al€SS Pronounced. For the very thin FePt filh5 nm [Fig.
300°C has the axes distributed equally along th&00], 5(c)], _th_e |_n-p!ane loop is al_most closed. '!'h_e perpendicular
[010], and[001] directions of the single crystal Si substrate coercivity is higher than the in-plane coercivity because only
as shown earlier in EDFSee Fig. 20)]. the (00))-oriented grains are present in the thin film.
Compared to the 30 nm FePt, the thin FéP5 nm
deposited at the Ag underlayer of same thickness and sul&-ONCLUSION

strate temperature has even smali#]) planar spacing and It has been shown that a Ag underlayer can be used to
larger (100 and (010 planar spacingFig. 4. This is prob-  j,q,ce epitaxial growth of the FePt thin film. Because Ag
ably because the thin FePt filt8.5 nm can be expanded by 55 5 slightly larger unit cell than FePt, the FePt unit cells

the Ag underlayer more than the thick FePt fil80 nm. \yere found to stretch in the film plane by the Ag underlayers
This explains why the strong1, FePt 110 reflections are yving epitaxial growth. This has caused the contraction of
observed in the E,DP shown in Fig. 3. o , the FePt unit cells along the plane normal direction, which
The EDP in Fig. 1 shows that the FePt thin film directly roqits in thel1, FePt ordering at reduced temperature and
de_posned onto the Si substrate at _300_°C_|s fcc dlsordereqlormS L1, (001 oriented grains. In addition, it has been
This may be because the FePt thin film is not contractedp gy that the greater the contraction of the FePt unit cell

along the film normal direction in the absence of the Agalong the plane normal, the greater the tendency fot the
underlayer. Hence the FePt film does not form g or-  opy phase to form.

dered phase at 300 °C without using the Ag underlayer.
The in-plane and perpendicular hysteresis loops of th
FePt films are shown in Fig. 5. Both the FEBO nm/Ag %‘CKNOWLEDGMENTS
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