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Fracture surfaces including those through indentations on different nanocrystalline
boride/nitride films were investigated by FE-SEM, conventional SEM, and AFM. TiB,, TiN,
Ti(B,N), AIN, and (Ti,Al)N films have been obtained by non-reactive r.f. magnetron
sputtering. Deformation was realized by cleavage fracture and under a Vickers indentor.
Two types of film fracture connected with homogeneous and inhomogeneous deformation
are described and discussed. The analogy between the inhomogeneous deformation films
image and the river pattern in the case of conventional ceramics is also pointed out.
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1. Introduction tions have been published elsewhere [15]. Composi-
Unusual properties of nanocrystalline materials (NM)tion and structure of the experimental films are listed
catalyzed the numerous investigations in this fieldin Table I. The approximate chemical formulas of each
(see, for example, some recent collections and reviewlilm were based on the data of the Auger electron spec-
[1-5]). However, the mechanism of NM deformation troscopy (AES) analysis. As evident from the depth
and fracture is still not clearly understood and needs furprofiling analyses with AES, there was satisfactory ran-
ther consideration. In this connection, fracture surfaceslom distribution of the film components with the ex-
study seems to be useful. Some observations of NMeption of only surface layers ¢~ 20-30 nm) [16]. It
fracture surfaces have been published (e.g. [4, 6-10])vas assumed that all nonmetallic and metallic impuri-
The main results of these observations were: 1) interties were substituted separately in the nonmetallic and
granular fracture of NM and 2) the detection of homo-metallic sublattices correspondingly, and that the films
geneous and inhomogeneous deformation in the cadead single-phase composition. The latter was verified
of cubic (TiN) and hexagonal (TiB films, correspond- by X-ray diffraction and selected-area electron diffrac-
ingly. It is interesting to continue this study and sometion analyses.
other subjects using not only Scanning Electron Mi- AFM measurements were conducted with a Dig-
croscopy (SEM) but Atomic Force Microscopy (AFM) ital Instruments Nanoscope |l operating in constant
also. force mode [17]. A very small tipl ¢~ 2 nm) attached
It is worth noting that in recent time the observationsa cantilever springl & 0.1) with a froce constant of
of NM inhomogeneous deformation made their appear0.12 nNnt? touched the surface and the attractive
ance (e.g. [11-13]); in so doing localized superplasticand/or repulsive forces bent the cantilever spring. The
deformation of nanocrystalline 3Y-TZP ceramics hasdeflection of the cantilever was detected by a laser
been identified by AFM imaging [11]. This technique beam. Nanodisplacements were ensured with three
is now often used to examine surface deformation [14]piezoelectric ceramicg, y and z which can scaned
an areaX, y) of up to 0.13 mmx 0.13 mm. The to-
pography of the sample surface was determined with
all the height profiles obtained at each) ¥) scan. The
2. Experimental details atomic force images of the sample surface were not
Films of TiB,, TiN, Ti(B, N), AIN, and (Ti, A)N with filtered nor processed; they were just fitted by subtract-
a thickness of about &m have been prepared on Si ing a “polynomial plane” consisting of a surface whose
substrates using magnetron non-reactive r.f. sputteringross section was a second order polynomial in one
Experimental details, structure and grain size observaaxis and a horizontal line in the other axis. The AFM
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TABLE | Composition and structure of films

Sputtering Approximate Crystallite Structure Parameters (nm)
target Film formula size (nm) type a c

TiB; | Ti (B 0.9200.05C0.03)1.61 5-10 AlB, 0.3083 0.3246

TiN I (Ti 0.97F€0.03)(N0.5400.39C0.11)1.48 ~20 NaCl 0.4292

75TiB/25TiN 1] n.d. n.d. AlB, 0.3066 0.3274

AIN v Al (N 0.7800.15C0.07)0.98 n.d. ZnSex n.d.

(Ti, ADN \Y (Ti 0.58Al0.31F€0.11)(N0.73C0.1600.11)1.075 n.d. ZNPex n.d.

images of the indentations were not fitted. These indendevice (Hitachi S-4000) [7] and a conventional Leica

tations were made using a Vickers microhardness test€€ambridge Stereoscan S360.

(Shimadzu type) over the load range (0.5-3) N. Prior
to AFM measurements, the indentations were located

by means of an optical microscopeZ00) and with a 3. Results and discussion

lens (x30) fixed on the AFM.

In addition to previous fracture FE SEM images [7, 10],

Fracture surfaces of films have been studied alséig. 1 displays micrographs containing both the forma-
by SEM using both field emission gun high-resolutiontion of shear bands (Fig. 1a and b) and homogeneous

(b)

Figure 1 Fracture FE-SEM images through indentations on (a, b TilB | and (c, d) Ti (B,N) film IlI. Note the formation of steps in the case of

TiB2 film I (a, b). (Continued
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(d)

Figure 1 (Continued.

10000

@)

Figure 2 Three-dimensional AFM images of (a) TiBilm | and (b) AIN film IV. (Continued
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(b)

Figure 2 (Continued.

EHT= 30.0 KV WD= 10 mm
2.00pm

Figure 3 Fracture SEM images of AIN film IV at different magnifications. There are some breaking-away particles at theCsteqsuéd

deformation (Fig. 1c and d) at the indentation and crackand the step height of AIN film IV at the 0.5 N load
surfaces. The difference in deformation was very obwere about 100 nm and 1000 nm respectively. From
vious. However, in contrast to previous results [7, 10],previous results [7, 10] and this study, the band width
homogeneous deformation was characteristic not onland the step height were changed in a wide interval and
of cubic films but of the hexagonal boron/nitride film ranged from 100 nm to a few hundred nanometers in
Il also. Early such deformation was observed only forsize.
cubic TiN films [7, 10]. On the other hand, (Ti, AN film V, which also has
The availability of shear bands on the indentationhexagonal structure as AIN IV is not characterized by
surface can be observed also by AFM. Fig. 2 shows atep formation and as shownin Fig. 4. The fracture SEM
step-like surface inthe case of TiBlm | and the nearly  image of (Ti,Al)N film V reveals both inhomogeneous
same situation for AIN IV. SEM analysis of the fracture and homogeneous deformation (Fig. 5). It is important
surface of AIN film IV also reveals the step formation to point that the latter is typical for columnar structure.
as illustrated in Fig. 3. This feature, i.e. homogeneous fracture of TiN type
Using AFM simplifies the estimation of the step films, has been described in several papers (e.g. [7, 10,
sizes. For example, the mean values of the band width8, 19]). At the same time, inhomogeneous fracture of
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(b)

Figure 3 (Continuegd.

TiB, type films has only been observed in the case of
partly columnar or stonelike structure (e.g. [7, 8, 10]).
In this sense, (Ti, A)N film V, as evidenced from Fig. 5,
occupies the intermediate place.

In previous discussions of the type of deformation
of boride and nitride films, only the difference of the
slip systems for TiB and TiN was considered [10].
Notice also that the slip system of TiN §£10}(110
rather than{111}(110 polyslip (e.g. [20]). Because of
the feature of the film compression indentation test, the
difference in deformation type for TiBand A1N films,
on the one hand, and TiN, Ti(B,N), (Ti, Al)N films, on
the other hand, seems to be connected by the presence

PHOTO= 15

(C)

Figure 5 Fracture SEM images of (Ti, A)N film V at different magnification€optinued
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Figure 5 (Continued.

(b)

Figure 6 Fracture SEM images of (a) TiN film Il and (b, c) through indentations on TiN [7, 10, 19] films. Note the existence of residual plastic
deformation of some TiN columns (c)Céntinued
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Figure 6 (Continued.
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Figure 7 Fracture surface of conventional polycrystalline AIN ceramics (courtesy of Piliankevah[22]).

of columnar structures. In the case of clearly definedAIN ceramics [22]. This image was obtained by the two
columnar structure, homogeneous fracture by slip orstage replica method. Fracture on well-defined, highly
the boundary columns with the development of brittlefaceted planes dfL120} type is evident and the avail-
(Fig. 6a and b) or residual plastic deformation (Fig. 6¢)ability of the step formation and river pattern is also
is dominant and evident. easily observable.

It should be also recorded that inhomogeneous de- Our statements on the similarity of Figs 1, 2, 3, 5,
formation images, especially Figs 1a, 2a and b, 3a andnd 7 as well as on the observation of inhomogeneous
b, and 5a and b, seem to be similar to those designatetkformation for TiB and AIN with partly columnar or
as river pattern images. Cleavage steps and the rivestonelike structures do not hold for the nature of inho-
pattern are well known to be typical for transgranularmogeneous deformation of Tiind AIN films. Intense
cleavage fracture when a crack is divided by defectshear banding observed in these subjects seems to be
into several separate parts (e.g. [21]). Fig. 7 shows theery similar to behaviour exhibited in other NM (Fe,
typical transgranular fracture surface of conventionalFe-Cu, and 3Y-TZP) as well as in amorphous polymers
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and metallic glasses [11-13]. Understanding the forma-
tion and evolution of the shear bands calls for further
investigation.

4. Conclusion 7.

As evident from the foregoing discussion, SEM and
AFM studies are effective for investigating the pecu-

another. Localized inhomogeneous deformation at the
fracture surface and indentation tests with the formation

of shear bands has been observed in the case of TiB1.

and AIN films with partly columnar or stonelike struc-
tures. Homogeneous deformation atanalogous testcons
ditions is typical for films with clearly-defined colum-

nar structures such as TiN, (Ti,Al)N, and (Ti,B)N films. 13.
Attention is also called to the similarity of the images 14

of NM inhomogeneous deformation and the river pat-

ional®
tern of transgranular cleavage fracture of conventiona

polycrystalline ceramics.

16.
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