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We investigated the relative merits and limits of pulsed laser deposition from AIN targets in vacuum
and low-pressure nitrogen in obtaining stoichiometric and crystalline aluminum nitride thin films.
We used two UV excimer laser sourc@s=248 nm: a nanosecond systemgyyu=30 n9 and, a
subpicosecond 7ywy=450 f9 system. The obtained structures were characterized by x-ray
diffraction, electron microscopy in cross section, selected area electron diffraction, and
profilometry. We demonstrated that the best results are obtained with the sub-ps laser source in
vacuum and in low pressure nitrogen when the AIN thin films are very pure, crystalline, clearly
exhibiting a tendency to epitaxy. Metallic Al is present in the films deposited with the ns laser
source. We believe this is an effect of the gradual decomposition of AIN inside the crater on the
target surface under multipulse laser irradiation. 2@01 American Institute of Physics.
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I. INTRODUCTION However, careful investigations have put into evidence a
certain excess of metal in the deposited films. The origin of
The growth of high-quality metal-nitride thin films is of the process causing the dissociation of the nitride molecule
interest because of their very promising applications in highand the loss of nitrogen is not yet clearly understood. It can
temperature electronics. In particular, aluminum-—nitridehappen either on target or during the transit through vacuum
(AIN) is a wide-band-gaf6.2 eV) Ill-V semiconductor, and the cloud of ablated matter. This is in our opinion the
which preserves its electrical characteristigsa p-n junc-  effect of the rather prolonged interaction time of every ns
tion) up to high temperaturg800 °O. Moreover, AIN has a laser pulse with the target material and/or with the ablated
high thermal conductivity320 W/mK) and a high resistivity substance in motion. Accordingly, we assume that a strong
(10" ®cm).* For these reasons, AIN is a promising materialdecrease of the laser pulse duration should preserve all the
for microelectronic and optoelectronic devices such as diother advantages of PLD, and is the most likely factor to
electric layers in integrated circuits and high temperature deprohibit the processes causing the decomposition of AIN
vices. molecules. We therefore took advantage of the recent
Several methods have been applied to synthesize anstogress of the UV laser facilities generating very short
deposit AIN thin films, such as metalorganic chemical vaporpulses to conduct new experiments for deposition of AIN
deposition (MOCVD),>™ ion-beam assisted depositiof, thin films from bulk AIN targets. In order to eliminate any
pulsed laser depositiofPLD), and reactive pulsed laser possible ambiguities, some control experiments have been
deposition(RPLD).1"~*°Compared to other techniques, PLD performed with ns laser pulses in parallel with sub-ps laser
and RPLB' **have unique advantages such@sallow the  pulses under strictly identical irradiation conditions. In view
control of the stoichiometry of the deposited material byof promoting the formation of crystalline phases we heated
varying the ambient gas pressure diigl due to the use of the collecting substrate during deposition.
laser radiation, the amount of impurities in the composition  We studied the effect of laser pulse duratitaser inten-
of the deposited material is reduced as compared with othefity), and the nitrogen pressure on the qualities of the depos-
techniques, up to complete elimination. ited AIN films.

) o o IIl. EXPERIMENT
3Electronic mail: mihailes@ifin.nipne.ro
P’Current address: NHRF-The National Hellenic Research Foundation, The- ~ The experimental setup used for depositions is depicted
oretical and Physical Chemistry Institute-TPCI 48, Athens 11635, Athensgchematically in Fig. 1. The depositions were performed in-
Greece. - ; ; ot
9Also at Department of Physics, University of Crete, Crete, Greece. §|de a stainless steel |rrad|at|qn enclosure. The chamber was
90n leave from the National Institute for Materials Physics, Bucharest-firSt evacuated down to a residual pressure of’1Pa. We

Magurele, P. O. Box MG-7, RO-76900, Romania. used AIN high purity target$99.99%. In order to avoid
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#-26 configuration. The Cu kK radiation(A=0.154 nm was
chosen for excitation.

The crystalline status of the deposited films was also
studied by transmission electron microscdp¥M), using a
Topcon EM 002B electron microscope, with a 0.18 nm point
resolution operating at 200 kV. For cross-secti®TEM)
observation, the specimens have been submitted to mechani-
cal thinning by the tripod method.

LASER BEAM
GAS INLET

Ill. RESULTS

A. Experiments conducted with the sub picosecond
laser source (A)

[——————— 1 VACUUM
SYSTEM Typical XRD patterns of the deposited films are given in

FIG. 1. Experimental setup. Figs. 2a)—2(d). For the films obtained in vacuuffig. 2(a)],
5x10 % Pa N, [Fig. 2b)] as well as 510 2 Pa N, [Fig.
2(c)], a unique, very narrow peak at 33° is present in the
XRD patterns. This peak is assigned to AINDO) hexagonal

g, he AN samples have been ottt a requencyof o T 2091 = ot it tancss et
2 Hz. The laser beam was directed at an incidence angle 't y large cry )

45° with respect to the target surface. For the deposition o?r:?rec;fs;hif f‘rll': §n1t(r)c())> é':e r'ggﬁ?j?ﬁ tﬁc;ngftirs]m/or\:vgﬂatrzier
one film we applied 1Dsubsequent laser pulses. In the ex- gen p P '

periments we used two UV KiFexcimer laser source§ On the other hand, bes[de the ANOG peak, in the XRD
=248 nm. The first one, further denoted by laser source A’pattern of the film deposited at 0.5 Pa I¥ig. 2d)] a second

. much smaller unidentified line appears #=231.84°.
generated pulses ofryyu~450 fs duratiort® The second : e .
one is a LAMBDA PHYSIK LPX 200 laser, which emitted We performed XTEM investigations for all deposited

pulses ofrryuv~30 ns. We shall further refer to it as laser ;amples. Figures(d)-3(c) give typical images correspond-

. . 72 .
source B. The laser beams were focused in spots of 0.169 % the film obtamgd at 5.10 _Pa N From Fig. 3a) we
mn in case of laser source A and 3.3 fin case of laser observe a rather uniform film with a thickness €60 nm.

source B, respectively. The laser fluence was set in all CaSLP Irect profilomgtry recordingg are C°”9“.Je”t With the results
at a value of 4 Jci? at the target. Accordingly, the laser ot XTEM studies that the films deposited with the laser

pulse intensity is about 8:810'2 W cm™? for laser source sourI::]eF,iA hg(\g)’ %th'?\ljnetﬁs Vr\]'i'thrrr the|5t(i) _nl?rg nm rin%ﬁ'n
A and 1.3<10® Wcm™ 2 for the laser source B. Both laser 9. € give the high-resoiution image showing

sources have been operated at a repetition rate of 10 Hz. Tlgéeb;terg't(;n \(;\];ethneoglcrg dCIr?Ste vtvoelﬁhgrilgsf;?criiggr;rtr;?alssmc'l?ge
laser beam was concentrated on the target using a sphericca;f stallitel dimensions are no laraer than 20 nmy Frorﬁ the
lens with a 30 cm focal length. Before the depositions the Si y 9 '
(100) collectors were cleaned to remove the native surfac
oxide layer, with 10% HF solution and then rinsed in dis-*" "~ : .
tiled water. During the depositions the collectors were®" interplanar distance of 0.268 riifig. 3(b)].

0 i _ The sole presence of AIN within deposited films was
heated to 900°C. In all experiments the target coIIecto\E;Onfirmed by SAED patterrig. 3c)]. On the micrograph,

separation distance was fixed at 4 cm. The depositions hatﬁ tron ts di din a reqular bidimensional latti

been carried out in vacuurl0™® P4 or in very low dy- beeI0?1gg()t()g ti%ogi sisnpgolzecryst; sigblfst?ate Wg iigiCZte?j l;:;/a
ic ni 3, 5x 10?2 . . i i :

namic nitrogen pressures ob&LO %, 5x10° %, and 0.5 Pa arrows the first three strongest spots of AINOCh, 002h,

In order to improve targets cleaning a train of 1000 subse- . )
qguent laser pulses have been directed to the surface of t Olh).Wh'Ch. appear very weak compared 1o the Si spots.
e h index indicates the hexagonal phase.

rotating target while a shutter has been interposed between
target and collector. This way the flux of ablated substance
containing impurities was prevented access to the collect
surface. In view of avoiding any postdeposition contamina->
tion, the target and collector were allowed to cool to the  Figure 4 shows the XRD patterns corresponding to the
room temperature in the ambiance of the deposition gas. films deposited in vacuurfFig. 4a@], 5x 10 2 Pa N, [Fig.
After depositions, the thin films were studied by differ- 4(b)] and 0.5 Pa M [Fig. 4(c)]. For the film deposited in
ent complementary surface diagnostic techniques. The thickracuum[Fig. 4(a)], we observed beside the prevalent AIN
ness and the surface roughness were measured using a T&Q02 peak at 35.8°, two distinct lines corresponding to me-
lor Hobson Leicester talystep. tallic Al (111) at 38.47° and AK200 at 44.72°. The AIN
The crystalline status and the composition of the deposerientation in the film changes when making depositions in
ited thin films were studied by x-ray diffractiofXRD). N, at 5x10 2 Pa[Fig. 4b)]. A new prevalent maximum
These analyses were conducted with a Siemens Krystalofleappears at 33° corresponding to hexagdtal AIN, while
D5000 diffractometer. The investigations were carried out inthe peak assigned to AIKD02) visible in Fig. 4a) strongly

nterfringe distances on the micrograph, we identified the
100)h planes of the hexagonal AIN phase characterized by

. Experiments conducted with the ns laser
ource (B)
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FIG. 2. Typical XRD pattern of the surface of the films deposited from AIN target by multipulse irradiation with laser source A in yacaathnitrogen
at 5x10 2 Pa(b), 5x10 2 Pa(c), and 0.5 P4d).

decreases. Another AIN peak corresponding to ¢hel) AIN (001)h planes are more or less parallel to the Si sub-
planes becomes evident at 37.9°. When increasing the Nstrate. The high resolution image taken from an area close to
pressure, the A111) peak at 38.5° is still visible, even if its the interfacd Fig. 6(c)] supports the SAED resulffig. 6(b)]
intensity diminishes. At the same time the &00 maxi-  concerning the AIN crystallites orientations. From the high
mum vanishes$Fig. 4(b)]. The XRD pattern of the film de- resolution XTEM imaggFig. 6(c)], one can distinguish the
posited at 0.5 Pa nitrogdrig. 4(c)] consists of two peaks (002)h and (100 planes of the hexagonal AIN phases,
corresponding to hexagond00 AIN at 33° and hexagonal distanced at 0.249 nm and 0.268 nm, respectively. Even after
(002 AIN at 35.8°. We note that at this deposition pressure careful examination of the high resolution XTEM image cor-
the metal phases are completely absent. responding to the films deposited ak30 2 Pa or 0.5 Pa

As visible from XTEM images, the films are well crys- ambient N we could not identify any crystal grain or cluster
tallized, exhibiting a columnar morpholodyigs. 5a) and  of metallic Al phase.

6(a)]. The thickness of the samples is considerably higher

than that of the ones deposited with fs lasers in otherwisgy. piSCUSSION

similar experimental condition’s.We notice that in previous
experiment¥ the efficiency of laser ablation of AIN was
found higher in the nanosecond as compared to the picose
ond regime. From the XTEM micrographs we measured a The best results we obtained in the deposition of high
thickness of 700 nm for the film deposited at 50 2 Pa N, quality AIN thin films were possible by PLD from AIN tar-
[Fig. 5(@] and 650 nm in the case of the film deposited at 0.5gets in low pressure Nusing the laser source A. Under the
Pa N, [Fig. 6@]. These values are congruent with profilo- best conditions these films were stoichiometric, polycrystal-
metric recordings. line, and show a tendency of textured growth.

Both samples are highly textured, as can be observed on However, at the highest ambient pressure we used in
the corresponding diffraction patterfiSigs. 5b) and Gb)]. these experimentf0.5 Pa, besides the AIN(100) peak a
The diffraction rings are broken into circular segments. Asnew line appears. This indicates that the increase of the pres-
shown by the very intense AIRD02)h spot situated close to sure in the irradiation chamber leads to a variation in the
(200 Si in Fig. 6b), a large amount of AIN crystallites have growth direction probably as an effect of increased number
the ¢ axis almost perpendicular to the(800) substrate. The of collisions in the gaseous phase. Electron diffraction stud-

A. Characteristic features of the thin films deposited
(l-:)y PLD with subpicosecond UV laser pulses
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FIG. 4. Typical XRD pattern of the surface of the films deposited from AIN
FIG. 3. XTEM images across the films deposited from AIN targets with target by multipulse irradiation with laser source B in vacu(@n and in
laser source A in %102 Pa nitrogen(a). Detail recorded in high-  nitrogen at 5102 Pa(b) and 0.5 P&c).
resolution(b). The corresponding SAED patte(o).

ies confirm the presence of AIN crystal grains grown alongdraphic orientations than in the case of the patterns of films

other directions tha#L0Oh with the increase of the gas pres- deposited in the same experimental conditions but with laser
sure. source A. We have not yet a definite explanation of the ori-

gin of the metallic Al in this case. We can only advance the
hypothesis that the multipulse laser irradiation of the target
induces a gradual decomposition of the AIN compound in
the zones beneath and around the crater. As the laser fluence
Quite unexpectedly, the metallic Al phase appeared irin our experiments was identical for the laser pulses gener-
XRD spectra of some of the films deposited with the laserated by the sources A and B, we can suppose that the de-
source B from AIN targets in vacuum and in low-pressurecomposition is the effect of the much larger duration of the
(5x10°2 Pa nitrogen[Figs. 4a) and 4b)]. On the other heating process in the second case. Indeed, the temporal
hand, these spectra contain evidence of more AIN crystalloscale of the laser photons—target substance interaction in-

B. Characteristic features of the thin films deposited
by PLD with nanosecond UV laser pulses
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(a)

FIG. 5. XTEM images across the films deposited from AIN targets with
laser source B in %1072 Pa nitrogen(a) and the corresponding SAED
pattern(b).

creases with more than four orders of magnitude in case of
the pulses generated by source B, as compared to the laser
source A. We note that this effect cannot be considered as
resonant because of the large difference between the decom-
position energy of AIN, 9 eV, and the energy of photons, 5
eV. On the other hand, reducing the pulse duration, the prob-
ability of multiphoton excitation processes increases. The
nonlinear absorption increases with laser intensity. We also
observed that in case of ablation with lofigp) laser pulses
the thermal wave propagates into the irradiated material prdEIG. 6. XTEM _images across the films depositeq from AIN targets with
ducing a micrometer-sized melted layer. The evaporatiorlga Sde ' sour-ce_B in 0.5 Pa nitrogéa, the corresponding SAED patteb),
nd the high-resolution image taken from an area close to the intddace

takes the most probably place from the liquid metal, as in
conventional thermal evaporatioh. Thermal evaporation
leads to incongruent ablation and the relative concentratiosize that according to Refs. 24—26, even lower fluerites
of the evaporated species can differ from the originald cm 2) as compared with that used by sJ cmi 2) in these
target!! Conversely, melting of material in the subpicosec-new experiments, proved sufficient to induce metallization
ond regime is a nonthermal procé8$! Thermal conduction and melting of the AIN target, because of preferential loss of
into the target is reduced and the ablation can be consideratdtrogen. This behavior represents in our opinion the main
as a direct transition from solff. This is in our opinion at shortcoming in using UV lasers with such duration for depo-
the origin of the congruent ablation of the AIN target undersition of pure, good quality AIN thin films. Indeed, in the
the action of subpicosecond laser pulses. study performed by Hirayamet al? it was shown, that the

Metallization of AIN targets by laser irradiation with ns laser induced thermal decomposition of AIN occurs as an
laser pulses has been observed previotisf We empha-  effect of microsecond TEA-COand nanosecond KiFexci-
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