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In situ texture monitoring for growth of oriented cubic boron nitride films
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We report evidence for oriented growth of pure-phase cubic boron nitride on si(bod
substrates. The films are deposited at high temperatupe® 1200 °Q by reduced-bias ion-assisted
sputtering. The growth technique produces highly texturé8N films with relatively large grain
size(~1000 A) and reduced residual stress as the bias voltage is decreased. We have been able to
grow thick (up to 2um) cubic boron nitride films containing 100% of the cubic phase with(@d)
crystallographic axis ot-BN oriented perpendicular to the surface of the film. We show how
reflection high-energy electron diffraction applied to texture monitoring in polycrystalline films can

be used as am situ process control technique that allows texture identification and quantitative
characterization of its angular spread. 1®99 American Institute of Physics.
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It has been a controversal issue whether or not cubifilms have distinct RHEED patterjsand as a technique to
boron nitride €-BN) films exhibit preferential crystallo- characterize the film's textufe. We monitored the RHEED
graphic orientation and, if so, under what growth conditionspattern using the kSA 400 real-time data aquisition system.
can the film texture be improved. Hexagonal boron nitrideln addition we useex situFourier transform infrared spec-
films grown by ion-assisted deposition develop a strong preftroscopy (FTIR) to provide structural information such as
erential crystallographic orientation with tleeaxis lying in ~ ¢c-BN content!®!! The vibrational frequencies of the
the plane of the filnt. Since the growth of an oriented buffer infrared-active phonon modes for the cubic and hexagonal
layer of hexagonal boron nitriden¢BN) usually preceeds phases of BN are well known and tabulatédn particular,
the formation of the cubic phase, the question arises whethehe h-BN phase has two modes at 770 ¢h{A,, mode and
or not thec-BN layer would align itself with respect to the 1383 cm! (E;, mode andc-BN has a peak in its absorp-
hexagonal buffer layer in order to minimize the free energytion spectrum at-1065 cm * corresponding to the TO pho-
of the systent: non mode-3

In this work we show that reduced-bias ion-assisted The c-BN thin film growth was initiated by setting the
sputtering can be used to grow highly textured films in thesubstrate biagitrogen ion energyat a value that maximizes
cubic phase of boron nitride> The key to improving the the nucleation of the cubic phase as determined by FTIR. We
film microstructure is our implementation of recently devel-found that a bias of-96 V produced the largestp®/sp?
oped in situ reflection high-energy electron diffraction ratio (~90%) for the deposition conditions selected héme
(RHEED) analysis for texture identification of polycrystal- trogen current density 1 mA/Gnsubstrate temperatufe
line films®’ We show that reducing the energy of nitrogen ~1000 °C, sputtering gun power 500)Wrhe initial phase
ions used to stabilize the cubic phase leads to a dramatisf the growth(the “template layer’) was carried out at this
decrease of surface damage and as a consequence, tjas for 3 h. Subsequent to the growth of the template layer,
higher degree of texturing. the bias voltage was reduced as described below, thus low-

The growth studies were conducted in a custom-ering the kinetic energy of the nitrogen ions incident on the
designed ultrahigh vacuum chamber with a base pressure gfirface of the growing film. We refer to this procedure as
10 *Torr.? Hot pressed boron nitride of N purity was  “reduced bias” growth’
used as a sputtering target and nitrogen ions were supplied This 3 h growth period corresponds approximately to a
from an electron cyclotron resonan@CR) source. The sili-  minimum critical thickness of the-BN template layer be-
con (100 substrate, which was heated to over 1000 °C bylow which there is no sustained formation of the cubic phase
direct Joule heating, was biased with a negative dc voltage t@jith the reduced nitrogen ion energies, as determined by
control the energy of nitrogen ions arriving at the film sur- RHEED and FTIR. The minimum thickness of the BN tem-
face. At this temperature, the low base pressure of OUplate layer coincides with the film thickne¢500 A) at
vacuum chamber allowed thermal desorption of oxygen fromynich coalescence of the single crystaBN grains occurs
the substrate surfacg, eliminatir!g_] the need for any specig} form a smooth surface lay&tThus a growth time of 3 h
surface treatment prior to deposition. _ is necessary to obtain a film of sufficient thickness to com-

RHEED was used both as an situ probe of micro-  pjete the nucleation and coalescence process for the template
scopic film structure to check thz?\t the cubic rather than hexrayer. The growth of the BN template layer was followed
agonal phase is formettecognizing thatc-BN andh-BN  jmmediately by growth at the reduced bias with all other
deposition conditions kept fixed. The FTIR absorption spec-
3Electronic mail: litvinov@umich.edu trum of the template layer on a silicon substrate was used as
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FIG. 2. Simulated RHEED pattern for zinc-blende crystal lattice Wol1)
texture perpendicular to the plane of the film. Angular spread in texture is
20°.

FIG. 1. RHEED patterns faz-BN films grown by reduced-bias ion-assisted
sputtering. —1 cosy sin® = R cos®
Vi(q) ’ 7) = SZ ’

a background spectrum to obtain FTIR spectra of the films
subsequently grown with the reduced substrate bias. U (D )= | cos® =R cosysin®
Figure 1 shows a typical RHEED pattern of a cubic bo- +(P.7)= 2 '

ron nitride film grown by reduced-bias ion-assisted sputter- N 2
: : . - here (hkl) are the crystallographic indicesS =1
ing. The presence of diffraction arcs arising from the angula_Sinz ysirt®, andR= =12+ (NP4 K2+ 19) .

modulation of polycrystalline diffraction rings in the ) . . .
RHEED patterns indicates the textured growth of the films The diffraction pattern is then calculated by varyifig

or, in other words, the preferential alignment of the crystal—and ¥ Within the range of angles defined by the texture an-

lographic axe$.” We used the approach developed by Litvi- gular spr ead for each set @ikl allowed by the crystal sym-
nov, O'Donnell, and Clarke to identify the texture and to metry (zinc-blende structuje

guantitatively characterize its angular dispersion for the films?I l;lgurte ZtShOW: a simulated RE]EED. patt?rn for the Zl'jrl]c'
grown by the method described above. First, we notice th ende structure. As oneé can see there IS a close resemblance

the appearance of the RHEED pattern suggests the preseﬂ?:%tween the experimental aqd simulated diffraction patterns.
of a fiberlike texturé,i.e., a texture where one of the crys- In the presence of @01) fl_l:)erllke _text_ure perpendicular
tallographic axes is preferentially oriented with respect to th ° the f|lm surface the.mtensny d|str|but!on along the 1000
film surface. Also, this crystallographic axis is not parallel tod'ﬁr"’mtIon arc is described by the following vector.

the film surface. We find experimentally that the RHEED d 27
patterns fronc-BN films are invariant to rotation around the ' :Aom ?'
film normal which means that the texture axis is aligned ° )
along the surface normét axis). After indexing the diffrac- It fOIlOW_S that the texture an_gular spreqd is egual to the an-
tion rings (cubic boron nitride has zinc-blende crystal struc-9ular width of a (00) diffraction arc. This provides an easy
ture), we notice that th€002) and (004 diffraction arcs are Way of measuring texture angular spread directly from
symmetric around the axis with the maximum of intensity RHEED patterns. . . _

centered on the axis. It follows that thg001) crystal axis is We analyzed the angular width of the diffraction arcs for
the axis with preferential orientation. We conclude that® Series of films grown under different ion bombardment
c-BN films grown by the deposition technique describegconditions to determine the angular spread in the texture as a

above have theif001) crystallographic axis perpendicular to function of ion irradiation energy. Figure 3 shows the <_jepen—
the film surface. dence of angular spread as a function of substrate bias volt-
For the cubic crystal lattice, the intensity distribution @g€(nitrogen ion energy We see that the angular spread in
along the diffraction arcs is described by the following the texture decreases markedly with the decrease of incident
vector? nitrogen ion energy, which is consistent with the notion that
ion bombardment introduces defects into the fiim.

*sind®
cosd

D(AD, ,AD,).

d 27 (V.(D,y) Other evidence of improved film quality can be obtained
|(®,7):Aom 2 \UL(D,y) D(A®,AD)), by measuring the radial width of the diffraction arcs, which
where Aq is a normalizing constand is the perpendicular
distance from the sample to the screans a crystal lattice 30 -
parameterk, is the incident electron wave vectab, is the 5 /ff
angle between the texture direction and the normal to the 3 Lot /°
film surface(z axis), andy is the angle between the direction <38 o
of the incident electron beam and the plane defined by the j“sj g /
surface normal and the texture directiofk plane. ga | °
D(A®,,Ad)) is a distribution function that describes angu- s . . . . .
lar spread of the texture with quantitiasb, andA®, being 0% g’ias (\fZIts) %0 100

the components of angular spread parallel and perpendicular
to thejk plane. The component$, andU . are defined by FIG. 3. Angular spread in texture vs substrate bias voltage.
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the material. Further analysis is necessary to understand
— which physical processes determine a particular texture in
c-BN films.

S In conclusion, we have presented evidence for oriented
growth of pure phase cubic boron nitride on silic@00)
substrates by reduced-bias ion-assisted magnetron sputtering.
y We have shown that by varying the energy of the incident
nitrogen ion beam we can control the microstructure of the
eI film. Texture monitoring based on RHEED is shown to be an

65 70 75 80 85 90 95 . . . . . .
Bias Voltage (Volts) effectivein situ process control and monitoring technique.
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FIG. 4. Radial width(full width at half-maximum of the (004 diffraction This work is supported by ONR Grant Nos. N00014-91-
arc vs substrate bias voltage. J-1398 and N00014-94-3-0763.
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