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Oriented and single phase Za,Fe ,0,, (Zn,Y) thin films (~5000 A thick have been grown
using pulsed laser depositigArF, 193 nm on single-crystal0001) sapphire substrates. A single
phase polycrystalline ZlY target was used to deposit films. The composition, structure, and
morphology of the films were determined using Rutherford backscattering spectrometry, x-ray
diffraction (XRD), and scanning electron microscopy. As a function of substrate temperature
(>700 °0), films deposited in 200 mTorr of oxygen pressure were found to be deficient in Zn. The
Zn deficiency increased with increasing substrate deposition tempetat@@@ °CQ. Analysis of the

XRD patterns indicated that films deposited from stoichiometric targets were primarily, Bake
(BaM). Compensation of the target with excess Zn changed the structure of the film from BaM to
a mixture of phases, i.e., BaM and Ah Highly oriented and single phase Afnfilms could be
achieved by depositing 2K film onto ZnO(~400 A) buffered sapphire substrates. Deposited films
exhibit an epitaxial relationship of (001)2W/(001)ZnO/(00DAI,O5. The ferromagnetic
resonance derivative linewidth of the Zhfilm for an in-plane applied field was-310 Oe, which

is larger than expected for bulk single crystals. 1®99 American Vacuum Society.
[S0734-210(99)10405-9

Ferrrite frequency selective limiters are passive devicedeen reported as having an extremely narrow spin-wave line-
that protect microwave receivers from input damage by uswidth, as low as approximately 0.25 Oewith 47Mq
ing the nonlinear excitation of magnetic spin wavés.this  ~1780 G. An approach, which has the potential to dramati-
type of limiter, signals that are above a critical rf magneticcally reduce the ferrite limiter threshold, would be to substi-
field strength excite half-frequency spin waves in the ferriteyte a hexagonal ferrite for Y1G. Unlike YIG, hexagonal fer-
resulting in strong absorption of the rf power which is rites have large anisotropic magnetic  properties.
coupled to the crystal !att_ice and dissipated as he_at. CuerIagnetization values for the hexagonal ferrites
rently,.the technology is |mplemented echu5|ve!y in low Ba,Zn,Fe,,0,, (Zn,Y) are on the order of #M.=2850 G
loss, single-crystal yttrium—iron—garn@tlG). The principal andH,=9900 O&** Assuming that an equally narrow spin-

flgure' of mer[t for the fernt'e I|m|tgrs is the threshold POWET \\/ave linewidth could be achieved in these material9.25
at which nonlinear absorption begins to take place. This criti-

cal rf field h, in the parallel-pumped case, where the rf mag-oe)’ according to Eq(1), a reduction in the critical field by

netic field is in the same direction as the dc magnetization, i factor of 7 is realized relatlvg to_ YIG which would corre-
spond to a factor of 50 reduction in the threshold power.

given by . . .
Zn,Y is a hexagonal ferrite, different from Bap®:q
h oo AHyw 1 (BAM) in that it has an easy plane of magnetization perpen-
" y(4mMg+H,)' (1) dicular to thec axis. Although there have been several

reportS—8 on the properties of single-crystal bulk Zhhex-
agonal ferrites, there are not reports on the growth gfyZn
thin films. In this article, we report on the structure of the
Zn,Y thin films (grown by pulsed laser depositidiLD)
rom single phase ZiY targets deposited on single-crystal
%000]) sapphire substrates.

Films were deposited using an ArF excimer laser
(Lambda Physics LPZ 305, 193 nm, 300 mJ per pulSae
*No proof corrections received from author prior to publication. laser was operated at 10 Hz and focused through a 50 cm
dCorresponding author; electronic mail: hskim@ccf.nrl.navy.mil focal length lens onto a rotating target at a 45° angle of

wherew is the signal radian frequenciH, is the spin-wave
linewidth, 4wMg is the saturation magnetizationy/2m
=2.8 MHz/G, andH, is the anisotropy field H,=0 for
Y1G).22 A decrease in the threshold for limiting at a particu-
lar frequency can be achieved through either a reduction i
the spin-wave linewidth or an increase in the saturation mag
netization or a combination of both. Single-crystal YIG has
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TaBLE |. Compositions of ZgY films grown from various target composi-
tions at different growth temperatures using RBS. Oxygen pressure was kept
at 200 mTorr during deposition. High energy He ions at 6.45 MeV were
used to separate the Zn and Fe signals for thgr Zilms. Film composition

and thickness were determined using #oeP simulation progranisee Ref.

14).
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incidence. The focal spot size on the target wa.1 cnf
which resulted in a fluence of 1 J/cnf on the target. The
target-substrate distance was 4.7 cm. The deposition rate of f e T
the films was 2—3 A/s. The substrate was attached with silver 10 20 30 40 50 60 70 80 90 100
paste to a stainless steel block, which was heated by two 26 (degrees)
guartz lamps. The substrate temperature was monitored with
a thermocouple at all times. The laser beam was rasteregk. 1. 929 XRD scans foi(a) 200-nm-thick znO film grown on sapphire at
across the surface of the target with a computer-controlled@oo °C in 20 mTorr(b) as-deposited Z film and (c) annealedat 900 °C
mirror while the target was rotated. in oxygen flow for 2 h Zn,Y film (~5000 A grown on ZnO(~400 A)
Single phase ZY targets were prepared from znO, Puffered sapphire at 900 °C in 200 mTorr.
BaCQ;, and FgOs;. The powders were mixed in a mechani-
cal shaker for 30 min, pressed into a 2-cm-diam pellet at
7000 kg, calcined twice at 400 and 600 °C, crushed androm 700 to 900 °C are deficient in Ba and Zn. The Zn defi-
pressed again, and then sintered at 1250°C for 6 h. Theiency in the films increased from 65% to 75% with increas-
substrates were cleaned in an ultrasonic cleaner for 10 mimg substrate temperature from 700 to 900 °C. Films grown
with acetone and then with methanol. All substrates werat high temperature were found by XRD to be primarily
blown dry with dry nitrogen gas before they were introducedBaM. Compensation of the target with Ba and Zmp to
into the deposition system. After evacuating the chamber to 200% slightly decreased Zn deficiency in the films but did
pressure of 18 10 ° Torr, the substrates were heated to thenot significantly change the structure of the deposited films
desired temperature in the desired oxygen pressure. Duringhose x-ray diffraction patterns indicate a mixture ob¥n
the deposition, oxygen background gas was introduced intBaM, and BaFgO, phases.
the chamber to maintain a pressure of 50—400 mTorr. After In order to reduce the Zn deficiency, we depositedYZn
deposition, the films were cooled to room temperature in ¥ilms on epi-ZnO film on sapphire. The ZnO buffer layer
atm of oxygen. Some of the Z¥i films were postdeposition may act as a source of Zn during Zhfilm growth. Zn,Y
annealed at 900 °C f&® h in flowing oxygen. Pairs of films films were deposited onto epi-ZnO films, which had been
were placed face to face during the anneal. The film thickgrown by PLD ontoc-Al,O5;. The epitaxial growth of ZnO
ness was measured by masking a portion of the substrats sapphire substrate can be obtained at a substrate tempera-
during deposition and then using a profilometer to measureure from 300—800 °G:}° However, the optimal growth tem-
step height. The deposition rate estimated by the profilometgrerature for the ZnO buffer layer used in this experiment was
was typically 0.25 A/pulse. X-ray diffractioiXRD) 626  700°C. The full width at half maximunfFWHM) of the
scans and scans(x-ray o scang were used to characterize x-ray rocking curve for thg002) peak of the ZnO layer
the epitaxial relationships between the,¥rfilms, the ZnO  decreased with increasing the substrate temperature. The
buffer layer, and sapphire substrates. o(FWHM) for the (002 reflection was 0.25° at 700 °C com-
The deposition temperature was optimized in order to obpared with 0.96° at 300 °C. The x-ray rocking curve did not
tain epitaxial ZpY thin films. The XRD patterns for films decrease any more with further increasing the substrate tem-
grown at low substrate temperaturés600 °Q indicated perature up to 800 °C. The oxygen pressure was optimized to
that the films were almost completely amorphous, while thébe 20 mTorr for the high quality ZnO films. All ZnO buffer
x-ray diffraction data indicated that the films grown at highlayers used in this experiment were grown at 700 °C in an

temperatur€900 °Q exhibited epitaxial growth. oxygen background pressure of 20 mTorr. Figu@ $hows
The composition of the deposited films was determinedhe x-ray diffraction pattern for a 100 nm ZnO film.
using Rutherford backscattering spectrosc@pBS) analysis Compensation of the target with excess Zn also improved

as a function of growth temperatures as shown in Table Ithe ZnY film properties for films deposited on a thin ZnO
Table | shows that films deposited at substrate temperaturdmiffer layer. The composition of the films deposited with the
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Fic. 2. Scanning electron microscopy photomicrographs ofvZiims de-

posited in 200 mTorr at deposition temperaturegapf600 °C, (b) 700 °C, Fic. 3. FMR absorption derivative as a function of static applied field for the

and(c) 900 °C, respectively. film of Fig. 1 (c). The static field was applied in plane and the frequency was
9.5 GHz.

compensated target (B&ngFe;;0,;7) was measured by RBS other possibility is that the increase in lattice parameter is
to be Ba ¢Zn, gFe,0,5 Thus, all of the properties shown in due to the nonstoichiometric 2vi (Ba, oZn, gF€,,0,5) film
this article are referred to the 2ifilms (Ba, ¢Zn, gF€;,5055) compared to bulk Zy¥ (BayZn,Fe;;0,,). However, post-
deposited with the compensated target on ZnO buffered sapleposition annealing of the deposited films resulted in slight
phire substrates. decrease of the lattice parameter to be 4382654 A, in-

The crystal quality of the ZY thin films on ZnO buff-  dicating that the stress in the film was relaxed during anneal-
ered sapphire depends on the substrate deposition tempeiag due to reduced oxygen deficiency.
ture. At deposition temperatures less than 600 °C, the x-ray The surface morphology of the films was also affected by
diffraction patterns of the films were observed to be mostlysubstrate deposition temperature. As shown in Fi@),2
amorphous material. As deposition temperature increase@n,Y thin films (~5000 A) deposited at 600 °C were smooth
the ZnyY films deposited on ZnO buffered sapphire becameand consisted of nanocrystdlss50 nm. As the deposition
highly oriented. The x-ray rocking curve for tie09 peak temperature increased up to 900 °C, the grain size of about
of the ZnY films deposited at 800 °C on a ZnO buffered 250 nm was observed on the surface of the film as shown in
sapphire substrate has a FWHM of 0.82°. As the substratEig. 2(c).
temperature increased to 900 °C, the FWHM of the x-ray The microwave properties of the fhfilms were charac-
rocking curve for thel009 peak narrowed to 0.63°. More- terized by FMR measurements, which were made using a
over, postdeposition annealing of the deposited films deBruker ECS 109 microwave spectrometer. Fig. 3 shows the
creased the FWHM of the scan for thg009) peak to 0.58°.  FMR absorption derivative versus static applied field for the

As shown in Fig. 1), the as-deposited film grown on a Zn,Y film shown in Fig. 1a). The static applied field was in
ZnO buffered sapphire substrate was maieisxis oriented plane and the frequency was 9.5 GHz. The data were ob-
single phase ZjyY. Several impurity peaks were observed attained at room temperature. The ferromagnetic resonance
20=24°, 30.8°, 34.5°, 39°, 59° and 63°, respectively. How-(FMR) position at the zero of the peak-to-peak derivative
ever, their intensities are significantly lower than those ofwas observed at 1.24 kOe. The FMR derivative linewidth of
(00D ZnyY film or sapphire substrate diffraction peaks. Thethe as-deposited 2M film for in-plane applied field was
impurity peaks have been assigned to ZnO, Be@gzeand ~450 Oe. After postdeposition annealing of the as-deposited
BaM. After post-deposition annealing of the film shown in ZnyY film, the FMR linewidth of the film for in-plane ap-
Fig. 1(b) at 900 °C for 2 hours, the ZnO peaks disappeared aplied field decreased to310 Oe, which is large compared to
shown in Fig. 1c). XRD analysis indicated that theaxis  that of bulk single-crystal Zf¥ (18—70 O&.>’ This large
lattice parameter of the as-deposited,¥Zrfilms grown at FMR linewidth may be due to the presence of impurities
900 °C in 200 mTorr were 43.859.057 A which is larger such as BaR®, or inhomogeneities in the films. For the
than the JCPD'S value of 43.566 A for the bulk ZiY. This  perpendicular-to-plane field case, the FMR data showed that
large lattice parameter indicates that the as-depositef Zn the resonance moved up to slightly above 12 kOe, which is
films are under a compressive stress in the film. Differencethe maximum available field of the spectrometer. This indi-
in lattice parameters between bulk Xnand ZnY film can  cates that the film has an easy plane of magnetization per-
be explained by oxygen deficienéy>and strain effect since pendicular to the axis.
there is a significant lattice mismatch and thermal expansion The effective saturation magnetizations¥ ., was es-
coefficient mismatch between the substrate and film. Onémated using the in-plane FMR field position from the equa-
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