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Characterizatio n of the near-interfac e region of chemica | vapor deposited
diamon d film s on silico n by backscatte r Kikuch i diffraction

S. Geier, M. Schreck, R. Hessmer, B. Rauschenbach, and B. Stritzker
Institut fur Physik Universitt Augsbug, D-8613% Augsbug, Germany

K. Kunze® and B. L. Adams
Manufacturirg Engineerirg Department Brigham Yourg University, Provo, Utah 84602

(Receivel 4 Januay 1994 acceptd for publicatian 12 July 1994

The lattice orientatiors nea the interfae of chemicé vapa depositél diamord films on Si(001)
hawe been studial by orientation imaging microscopy. This techniqee is base& on the automated
analyss of electran backscatteKikuchi diffraction patternsThe electra bean has bee1 scannd in
discree stefs over the revere side of the diamord film after having removel the substrate The
obtainel dat hawe allowed us to determire the texture ard to visualizz quantitativey the
orientationharrangemetof and amorg individud diamord crystallites in the nea-interface region.
A comparisa with the orientatio of the substrag¢ has proved the existene of epitaxially nucleated
grains A high amoun of twinned diamord has been deduce from the pole figures ard verified by
analyss of orientation correlatiors betwea neighborirg crystallites Moreove, the grain boundary

mayps hawe allowed us to monitar ard quantify directly the occurrirg twin boundaries

Intensiwe researh activities are currenty aimed at grow-
ing high quality diamord films by chemicé vapa deposition
(CVD). Especialy for heteroepitaxiba depositim on eco-
nomically interestirg substratelike silicon it is necessarto
gain abette understandig of the diamonds nucleation and
growth characteristic Studies by cross-sectiorlatransmis-
sion electra microscoy (XTEM)*? ard high resolution
TEM3** hawe been performel to characterie the interface
and internd defecs of diamord films which hawe bee de-
posital on various substratesThes techniqus for the study
of orientatian relationshig are limited to measuremestin
smal regions Sampé preparatio as well as the evaluation
of statisticaly eviden texture dat are quite laborious.

On the othe hard researb groups®® hawe employed
x-ray diffraction (XRD) pole figure measuremestto charac-
terize the film quality with respetto preferentidorientations
of the crystallites Becausg of its integratirg characte this
technige yields low dept ard laterd resolution Therefore
studies on the texture formatian in polycrystallire diamond
films are performal by measurig pole figures as afunction
of the film thicknes$ The texture in a certah deph of the
film can then be deducd indirectly by comparimg the texture
measuremestfor two subsequenfilm thicknesseslt would
be highly desirabé to measue the texture directly with high
dept resolution Furthe, this would allow the measurement
of the texture at the interface When an evolutionay growth
proces follows an epitaxid nucleation step® neithe all of
the grairs are oriental nor is the orientation with respetto
the substra¢ perfect Especialy in the latter ca® some
knowledge abou the texture at the interface would be helpful
for further optimizing the film quality.

The analyss of electron backscatterig patterrs [also
known as backscatteKikuchi diffraction (BKD) patterng in

dpreseh address|nstitut fir Metallkunde and Metallphysik TU Clausthal,
D-3867 Clausthal-ZellerfeldGermauy.

the scannimy electray microscoe (SEM) has been introduced
by Venable and Harland*® Dingley ard Baba-Kisht* have
usa the on-line analyss of BKD for locd crystallograpk.

Recenty a completey automatd systen which couples au-
tomatc analyss of BKD patterrs with precis positionirg of

the sampe in the SEM has been developed? This technique
called orientatian imaging microscopy (OIM) allows the de-
termination of lattice orientation at mary laterally different
locatiors in the nea-surfa@ region of the specimen The
laterd resolution has been estimate belov 1 um, and is
restrictal by the probe diamete (size of the interactian vol-

ume of 0.5 um as well as the minimum reproducible step
size of 0.25 um. The information depth for diamond is about
40 nm®3

We hawe employa the OIM techniqwe for the investiga-
tion of diamord films which hawe bee grown in a comme-
cial microwawe plasma CVD reacta. A bias pretreatmehhas
bea useal to nucelaé diamord on the Si(001) substrateThis
stegp has bean followed by a growth proces at 770 °C, 900
W, ard 0.5% CH, in H,.2 We haw chose arelatively low
diamord nucleatiom densiy of abou 1 nuclets per 10X10
um?. This value had been determind by interruptirg the
proces after the nucleation step and measurig the density
of the submicran diamord crystallites on the silicon surface
by SEM. The substra¢ has been partially removel by chemi-
cally etchirg a hole of 5 mm diamete into the silicon wafer
with HF/HNO;. Before that the diamord film has been cov-
ered from the top with silver epoxy ard attache to asilicon
wafe in orde to stabiliz the film at the etchel region.

The specima is mountel in the SBEM with atilt angke of
70° agains the electra bean (15 keV). The interaction of
the incidert bean with the sampé produce backscattered
electrors which are detecté on afluorescehscre@ mounted
in the vacuun chambe A high gain video camea transmits
this image to the compute throudh avideo digitizing board.
The diffraction image is analyzel by the compute and the



FIG. 1. Indexa BKD patten taken from diamord at the diamond/silicon
interface The resultirg Eulerian angles (¢;, ®, ¢,) determire the orientation
of the crystd lattice of diamord at the position of the incidert electron
probe relative to the microscop system.

orientation of the crystd lattice at the bean location is ob-
tained The compute also controk the movemen of the
specimae stage in the SEM. The scanniig of the sample
allows the automatt measuremerof the orientatio at each
individud point For analyss of electran backscatterig pat-
terrs ard further experimenthdetaik on OIM see Refs 12
ard 14.

A BKD patten of S has bee taken to determire the
orientatian of the substrag relative to the microsco system
as areference Then the electro bean was directal to the
diamord film, whetre the substrat had been removed Figure
1 displays an indexed BKD patten of diamord which con-
tains information abou the orientation of the crystd lattice at
the locd region the electran bean has been directal to. The
information deph of abou 40 nm enable us to characterize
the orientatiors of the diamord lattice in the nea-interface
region Since evey single measuremeryields the complete
sd of Eulerian angles (¢, ®, ¢,) ary mode of representing
the orientation& arrangemente.g, the orientation distribu-
tion function, the pole figure of any given reflex or a map
imaging the measurd orientatiors over a certah areg can be
deducd directly from these data The Eulerian angles are
determiné with an errar of less than 1°.

Figure 2(a) displays a {111} pole figure which is based
on 6400 single orientation measurementd he measurements
covereal an area of 800X800 um? usirg astep size of 10 um
on aregula squae grid. By comparirg with the correspond-
ing pole diagram of the substrag [Fig. 2(b)] one recognizes
tha the {111} pole densiy maxima of diamord hawe the
sane orientation as the {111} poles of silicon. Even though
the maxima are strongly broadend this proves the epitaxial
relationshp of diamord crystallites relative to the substrate.
The weake maxima in the pole figure can be explainal by
twinning on {111} faces of epitaxialy aligned diamond
grains For detaik see Ref. 8.

In orde to visualize the twin boundaris we hawe per-
formed an automatt orientation measuremdnover an area
of 60X60 um? using a step size of 0.4 um. Figure 3 illus-

{111} diamond

{111} silicon

(9]

FIG. 2. (a) {111} pole figure of the nea-interfae region of diamond The
single orientation measuremesthawe covera an area of 800X800 um?
using a st size of 10 um. Contour levels: 1.0, 1.5, 2.0, 2.5, 3.0, 3(B)
{111} pole diagram of the silicon substrate.

trates the resultirg map of boundariesThe reconstructia of
this map from 22 500 single orientation measuremesthas
been performal by simply comparirg the measurd orienta-
tions betwea neighborig points If the orientation
distancé® betwea two neighborirg points exceed 5° a thin
bounday line segmenis drawn A thick bounday line seg-
mert is drawn if the orientation differencé® correspond to
the relation which is expecte for twin boundarie (within a
tolerane range of 8.66° accordiry to Brandons criterium in
the CSL mode).'® For diamond twinning resuls in arota-
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FIG. 3. Grain bounday map reconstructe from automatt orientation mea-
suremerg on diamord at the diamond/silica interface over an area of
60X 60 2 using aste size of 0.4 um. Thin boundary line segments corre-
spord to orientation distancs greate than 5° betwea neighborirg points.
Thick bounday line segmerg are drawn if the orientation differene corre-
spond to twin boundariesThe inse shows the crystallograpta orientation

of the Si substrag relative to this map.
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FIG. 4. (a) Frequeng distribution of the rotation angk as deduce from the
dat of Fig. 3.

tion of 60° arourd the (111) axis (23-type boundary. In
contras to the low nucleatim densiy of abou 0.01 um 2
the mean distane of the grain boundarisin Fig. 3is clearly
belov 10 um. Additional nucleation of diamond on silicon
during the growth step can be neglectedAs aconsequence,
besida boundaris which develgp when differert crystallites
med ead otha during the growth towards aclosel film, a
high amoun of boundarie may only resut from growth de-
fects e.g, the formation of twins.

From the dafa of the single orientation measuremestof
Fig. 3, thos orientation difference betwea all nearest
neighbos hawe bee extract&l which hawe arotation angle
greate than 15° and thus correspod to large angk grain
boundariesSmal angk grain boundaris are nat intendel to
be studied in this letter. Figure 4 displays the frequeng dis-
tribution of the rotation angk as deduce from our data For
a sampé with a randan orientation distribution and com-
pletely randan neighba correlatiors a rathe smooh fre-
queng distribution would be expected. In Fig. 4 the stron-
ges pe«k at a rotation angk of 60° correspond to primary
twinning with a (111) rotation axis. The broal structue at
abou 36° can be explainal by highe orde twinning. An
angk of 38.9 may resut from the orientation differene of
two neighborirg measuremerpoints which are separate by
eithe one =9 bounday or two differert =3 boundaries.
Changimg the selecte (111) axis after eat rotation we have
calculate an orientation differene of 35.4 ard 31.6° for a
sequene of three 60° rotatiors with a statistich abundance
ratio of 2:1. A detailel discussia on orientatio differences
ard the correspondig relative intensities requires acomplete
analyss of rotation angle/axs pairs in terms of the “‘distri-
bution function of the orientatian difference$® and will be
given elsewhere.

In summay, BKD patterrs of diamord films have
yielded detailad and quantitative information abou the ori-

entation& arrangemenof crystallites in the nea-interface

region on a um scale. The quantitative output, the easy

preparation and the automatt measurig facilities qualify
the OIM technique for systemat: studies.

A high amourt of orientatio differencea has been found
which can be traceal bad to twin boundariesWe havwe shown
that for the study of twin boundaris OIM somewh&a com-
bines the merits of TEM measurig the orientatio difference
of two neighborimg points directly with the integratirg cha-
acte of method like XRD to give statisticd information on
the orientation distribution of a large ensemb# of single
grains.

Becaus of the evolutionay growth proces of diamond
on Si(001)° the film quality seens finally to be limited by the
misalignme of the epitaxid nuclé with respet to the sub-
strate The possibility of the OIM technique to determire the
orientatiors of the crystallites relative to the substrag di-
rectly at the interfae offers ahigh potentia for the optimi-
zation of diamord growth and more speculatingfor the op-
timization of the heteroepitaxibnucleatia processA further
step will combire this techniqee with film etchirg and thus
provide the information with high dept resolution This
shout improve the currert understandig of the mechanism
of diamord growth and yield statisticaly significart data
abou the correlation betwee bast physica properties and
the amoun and types of grain boundaris in the film.
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