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We report the growth of in-plane texturétio0) MgO on amorphous g\, substrates by ion beam
assisted depositiofiBAD). The textured MgO can be used as a structural template for subsequent
epitaxial thin film deposition. The results are compared with IBAD (@00) and (111)
yttria-stabilized-zirconia'YSZ). Based on transmission electron microscdp¥#M) and in situ
reflection high energy-electron diffractiofRHEED), we find that MgO texturing is a
nucleation-controlled process and the alignment is a function of nuclei size and density. This differs
greatly from the evolutionary-type texturing process observed for IRAMID) YSZ. Consequently,

we are able to make 100 A thick MgO films with 7° in-plane alignment, whereas |BAD) YSZ

films need to be thicker than 5000 A to achieve in-plane alignment better than 13°. This has
important implications for the economical application of IBAD induced alignment in real
manufacturing processes, including highc superconductor(i.e., YBCO) coated tapes,
photovoltaics, magnetic thin films, and semiconductor devices.19897 American Institute of
Physics[S0003-6951(97)03346-9]

lon beam assisted depositiBAD) has shown promise Figure 1 shows a typical texturing sequence observed
as a mean to produce textured films on nonepitaxialvith thein situ RHEED. When the proper deposition condi-
substrate$=® These textured films can then be used as structions are set, the RHEED pattern changes from a diffuse-
tural templates for the deposition of other films, thus elimi-scattering patterfrom the amorphous §¥, substrateto a
nating the requirement of single crystal substrates. The tenrystalline pattern of MgO at about 20[£ig. 1(a)], which is
plate material most commonly used in IBAD i400)-  the limiting diffraction thickness of the RHEED. The pattern
oriented yttria-stabilized-zirconidYSZz)*~® However, the suggests that the MgO molecules form well-aligned small
texturing of (100) YSZ evolves slowly, a thick film  3p crystallites right at the inception of the deposition, i.e.,
(>0.5um) is required to achieve good in-plane alignmentyight at the nucleation stage, witt00) planes aligning out-
(~13°).%" This limits the application of IBAD YSZ due to of-plane and thg110] direction facing the ion source. The
high processing time and cdsThis letter reports a study of pattern gradually improvefFig. 1(b)], and is optimized at

IBA_D MgO deposite_d on ar_norphous 3_8“4 subst_ratgs in about 100 A[Fig. 1(c)]. At the optimal texture, the ion beam
which we have obtained 7° in-plane alignment in films as

thin as 100 A. The texture originates at the nucleation stage,
which is similar to the result of the IBAR111) YSZ, but
differs greatly from that 0f{100) YSZ. Combining the re-
sults, we suggest that the preferred out-of-plane alignment
contributes to the differences.

The MgO films were deposited using arbeam evapo-
ration system. A Kaufman 3 cm ion source was used to bom-

(a) n (d)
bard the surface during deposition. The diffraction pattern of {b) (€)
the film surface was monitored in real time using reflection
high energy electron diffractioRHEED). A Faraday cup
and a quartz crystal monitor were used to measured the ion
flux and the evaporation rate of MgO, respectively. In this

(C) n (f)

work, a 700 eV Af ion energy was used with fluxes ranging
from 110—12QuA/cm?. The angle between the ion beam
and the substrate normal was 45°, which is an open or chan-
nel direction for(100) MgO. The evaporation rate of MgO
was selected by monitoring the appearance of the MgO dif-
fraction patterns in RHEED. In-plane textured MgO films
have been obtained from room temperat(Rg’) to 300 °C.

For a RT deposition, the best alignment was obtained with a

1.5 A/s evaporation rate. FIG. 1. Real time RHEED observation of an IBA@eposited at room
temperatureand homo-epi MgO filn{deposited at 600 °C), in whicfa) to
(c) are IBAD MgO at 20, 50, and 100 A, respectively, af to (f) are
@Electronic mail: pcwang@Ieland.stanford.edu homo-epi MgO at 100, 400, and 800 A, respectively.
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IBAD, in which the ion beam was incident roughly from a 55° angle with
respect to the normals of the substrate and image planes.

(b) 400 4oeennei e : : :
g 300 FWHM 3 : SR o
z ] =67 8
g 200 3 1 S :
5 _ Hastelloy R :
O 100 ; 1 e R ; 5
0 »\. _ FIG. 4. X-TEM of an in-plane texturefl11) YSZ deposited at 600 °C by
0 50 100 150 200 250 300 350

y (deg)

FIG. 2. X-ray diffraction of the MgO film shown in Fig. @00 A IBAD and face. Combi”ing the Opservations from bOth TEM and
800 A homo-epi film):(a) w-scan of the MgQ200) peak andb) ¢-scan of ~RHEED, a consistent picture emerges in which the MgO
the MgO (220) peak. texture develops at the beginning of the growth, i.e., the

nucleation stage. The optimal thickness of the growth prob-

is turned off, the substrate temperature is raised to 600 °@bly corresponds to the point at which the surface of the
and subsequently an 800 A of homo-epi MgO is deposited sgubstrate is fully covered by textured MgO crystallites. After
that the film is thick enough for x-ray diffraction. Based on that, the texture improves only slightly and eventually starts
the RHEED, no obvious additional features are introducedo degrade. We also observed that both the alignment and
during the homo-epi proce$Bigs. 1(d)-1(f)]. X-ray diffrac-  coverage of the textured area improved at a lower substrate
tion of the samplgshown in Fig. 2)indicates a 3° out-of- temperature, suggesting that the texturing process is facili-
plane alignment full width at half-maximuWHM) of the  tated by the denser and smaller nuclei obtained at lower tem-
w-scan and a 7° in-plane alignme®WHM of the ¢-scan).  perature. This is consistent with the nucleation-texturing
The cross-sectional TENX-TEM) image in Fig. 3 re- mechanism suggested for MgO.
veals the texture development of the IBAD MgO pictorially, ~ The MgO texturing mechanism and alignment results are
suggesting that the MgO growth is pseudocolumnar withyery different from those of IBAD(100) YSZ. One of the
each column consisting of small 3D crystallites, and that thenajor differences between the two materials is the preferred
alignment of these CryStalliteS starts at the MgO/SIN inter-out_of_p|ane alignment_ At h|gh temperature, the YSZ tends
to grow with a(111) fiber texture(i.e., the (111) planes
aligned out-of-plane while randomly oriented in-planand
this out-of-plane alignment cannot be changed by the ion
beam'®! Thus, the best chance to obt&k00) YSZ growth
is at low temperature. At low temperature, however, the YSZ
molecules lack mobility, resulting in kinetically limited
growth. Without IBAD, either a poorly crystallized film
result$1° or several out-of-plane alignments coexXfswith
IBAD, the ratio of the different out-of-plane orientations de-
pends on the ion energy, deposition methods, etc., and favors
(111) when sufficient molecular mobility is obtainét re-
sulting in a complicated texturing process. Conversely, the
(100) direction is the preferred out-of-plane alignment for
MgO (a rock—salt structure). Thus, the ion beam only needs
to align the in-plane orientation, simplifying the texturing
process and allowing the texture to appear at an early stage.
We have deposited in-plane texturddll) YSZ at
600 °C by IBAD® The X-TEM image of the film is shown
in Fig. 4 which clearly illustrates the columnar growth.
Based on the high resolution TEM image and Fourier trans-
form analysis of the image, the texture originates at an early

FIG. 3. X-TEM of a IBAD MgO (deposited at 300 °C in which the ion
beam was incident at roughly 45° with respect to the normals of the sub

strate and image planes. stage in some of the columns and several of the misaligned
2956 Appl. Phys. Lett., Vol. 71, No. 20, 17 November 1997 Wang et al.
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columns are observed to be shadowed and outgrown by thtexturing process for IBAX100) YSZ but similar to(111)

aligned columns. YSZ. The dissimilar behaviors in the out-of-plane alignment
Similar film structure has been reported for IBADOO)  of the two materials contribute to this difference.

YSZ'213 with an additional polycrystalline region near the ~ The authors wish to thank the IBM Almaden Research

interface. The poly-region, is a result of the polycrystalline Center for providing access to its TEM facility and Dr. Rob-

nature of low-temperature deposited YSZ. It is observed thagrt Beyers for supervising the TEM work. The fruitful dis-

the best alignment of YSZ is achieved when the angle of theussion with Dr. P. Arendt and Dr. S. FoltyfhANL) and

ion beam to the normal of €.00) film is 55° In the poly-  encouragement from Dr. P. Gra(EPRI) are gratefully ap-

region, however, the relative incident angle of the ions to thereciated. This work is sponsored by Electrical Power Re-

grains is random so poor alignment results. It has been sugearch Institutéd EPRI).
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