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A lN nanocrystall i ne layers and superstructures are used in the mo dern

opto electroni c technolo gy as reÛecting mirrors in semiconduc tor lasers. I n
the present w ork the prop erties of A lN Ùlms prepared by sputtering meth -
ods from an A lN target in reacti ve A r + N plasma w ere investigated. T he
characterisation w as perf ormed w ith H RT EM , SEM, glancin g angle X R D

and R BS metho ds. The present measurements conÙrmed the polycrystal l ine
structure of A lN layers and enabled the evaluation of their grain size. T he
roughness and thickness of the layers w ere additiona ll y determined by ellip-

sometric and proÙlometric measurements.

PACS numb ers: 52.77.D q

1. I n t rod uct io n

Al um inium ni tri de, whi ch is a I I I { V fam i ly com pound, is of the hexa gonal
structure wi th the space group P 6 3 m c (No . 186). The growth and structura l per-
fecti on of Al N thi n layers was recentl y described by T aki kawa et al. [1], Karm ann
et al . [2], Xi ao-Ho ng Xu et al . [3] and W ang et al . [4].

The presentl y studi ed AIN layers were grown by m eans of the AIN ta rget
sputteri ng in reacti ve Ar + N plasma. AIN layers of thi ckness from 2 to 5 ñ m have
been deposited on the Si substra te. Mul ti pl e AIN{ Si layers, each of 100 nm thi ck-
ness, were also studi ed. The sampl es were characteri zed usi ng vari ous m etho ds.
The ini ti al selecti on of sam ples wi th appro pri ate refracti on index (n = 2 Ï 0 : 2 )
wa s m ade by m eans of ell ipsom etry . The morpho logy of the surface was exam -
ined wi th scanni ng electro n m icroscopy (SEM), whi le the structura l analysis was
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perform ed using tra nsmission electron m icroscopy (TEM) and X- ray di ˜ra cti on
(XR D ) techni ques. The m ulti - layer structure wa s addi ti onal ly analyzed using the
R utherf ord backscatteri ng spectro metry (R BS) metho d. The prel iminary resul ts
of inv estigati on of sim i lar Al N layers grown at the Insti tute of El ectroni c Ma teri als
T echnology were described in [5, 6].

2 . E x per i m en t a l

The Al N layers were deposited usi ng SCM 450 Al catel sputteri ng f acil -
i ty equipped wi th RF- 600W, DC- 2kW and R F- 300W generato rs in the inv erted
ta rget- substra te conÙgura ti on. The vacuum in the reacti on chamb er was 1 0 À 7 mbar.
La yers were deposited by sputteri ng from an Al N ta rget in reacti ve Ar + N pl asma.
Bef ore the depositi on of layers the substra tes were cleaned by plasma etchi ng at
the maxi mum rate of 0.2 nm / m in.

Three typ es of sampl es were studi ed: (i ) Al N layers of 2.5 ñ m thi ckness on
Si substra tes, (i i) Al N layers of 4.3 ñ m thi ckness on Si substra tes, and (i ii ) a
m ulti -lay er structure s Si (46.1 nm )/ Al N (79.9 nm )/ Si (41 nm )/ Al N (79.3 nm ) on
Si substra tes.

XR D studi eswere perform ed wi th the SiemensD 5000 di ˜ra ctom eter equipped
wi th the G�obel-mi rro r and a thi n Ùlm atta chment. The grazing inci dence techni que
wi th inci dence angles of 2£ and 4£ was appl ied and Cu K ˜ radi ati on was used.

Specim ens for TEM inv estigati on were prepa red in the form of a cross-secti on,
where the (112) planes of the Si substra te were norm al to the specim en. The
SEM observati ons were perform ed wi th an OPTON D igita l Scanni ng Mi croscope
D SM 950.

For R BS studi es the beam of 4He+ ions wi th the energy of 1.7 MeV was
used. The backscaterred ions were recorded at 1 7 0 £ . The evaluati on of the layer
thi ckness was perform ed using RUMP program [7].

3. R esul t s

The typi cal glancing angle X- ray di ˜ra cti on patterns for an incidence angle
of 4 £ are shown in Fi g. 1. Two typ es of structure are indi cated in Fi g. 1: hexa gonal
Al N and cubi c Si. Al l observed di ˜ra cti on peaks belong to the hexagonal Al N phase
(spa ce group No . 186).

The latti ce consta nts of Al N had to be m odiÙed in order to expl ain the
recorded peak positi ons. The actual values (da ta base values are given in brackets)
are: a = 0 :3 1 2 1 7 nm (0.31114) and c = 0 :4 9 9 7 9 nm (0.49792). Tha t m eans tha t the
latti ce of Al N crysta ll i tes is expa nded in both di recti ons. From the peak intensi -
ti es one can deduce a preferred ori enta ti on of the basal plane (002) documented by
the very high peak at 3 6 £ . Thi s e˜ect becom es m ore pronounced wi th increasing
thi ckness of Al N layers (f rom 2 : 5 ñ m to 4 : 3 ñ m ). Since XR D m easurements were
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Fig. 1. X -ray di˜ractio n patterns obtained using the grazing incide nce technique for

the A lN /Si samples. Dashed line: A lN 2: 5 ñ m on Si substrate, thick line: A lN 4 :3 ñ m on

Si substrate, thin line: a multi- layer structure (Si {A lN ) È 2 on Si substrate, ref erence

p osition of hexagonal A lN reÛection, ¯ ref erence position of Si reÛection.

Fig. 2. T EM micrographs of A lN layers dep osited on Si substrate: (a) A lN {Si interf ace,

(b) surf ace roughness.

perform ed onl y at the grazing inci dence, onl y a qual i tati ve discussion of the pre-
ferred ori enta ti on was possible. Ho wever, a sim i lar e˜ect was found for the nearest
basal pl ane reÛection (103) at . In the multi - layer sampl eonl y Al N reÛections
are found, whi le the Si lay ers are apparentl y am orpho us.

The estimati on of crysta ll i te size from peak FW HMs using the Scherrer f or-
m ula for the thi ck layers gives contra di ctory results. The bro adening of each peak
wa s estim ated separatel y. For the 2.5 m layer one can estim ate the coherence
sizes of about 25 nm from the (100) and (101) reÛections (whi ch are nearly per-
pendicul ar to the basal plane). For the (002) and (103) reÛections, whi ch are of
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m ore basal plane ori entati on, the resul t of estim ati on is 13 to 8 nm . The other
reÛections pro vi ded the values between these two l imi ts. For the 4 : 2 ñ m layer a
sim i lar tendency was found, but the absolute values were reduced by about 25%.
The reason of tha t may be the stra in in the thi ck layers. Mo reover, the depositi on
wa s perform ed stepwi se wi th identi cal interv als at several hours. As a consequence
a layered structure was form ed wi th di ˜erent crysta l li te sizes. For the mul ti- layer
a more uni form crysta l l i te size at about 15 nm from al l reÛections was found.

The typi cal TEM im agesf or 2.5 ñ m Al N layer are shown in Fi g. 2. The Ùrst
m icrograph shows the interf ace region, whi le another one shows the roughness of
the surf ace. In the hi gh-resoluti on TEM im ages of single crysta l l ine gra ins were
observed. Thei r sizes were appro xi matel y the sam e as deduced from the XR D
m easurements.

Fig. 3. RBS experimental spectrum in random geometry (dots) and calculated spec-

trum (solid line) for a multi- layer structure (Si/A lN /Si /A lN /S ).

The R BS techni que enabled identi Ùcati on and evaluatio n of the concentra -
ti on of subsequent ato mic components as well as the determ inati on of thei r depth
di stri buti ons. The experim enta l RBS spectrum for mul ti- layers Si / Al N/ Si=Al N on
Si substra te and a theoreti cal Ùt are presented in Fi g. 3. The multi layer structure
as deducted from the RBS analysis are shown in Fi g. 4.

4. Co n cl usion s

The XR D m easurements perform ed wi th grazing inci dence techni que con-
Ùrmed tha t the investigated sampl es were of the hexagonal structure wi th latti ce
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Fig. 4. Si/A lN /Si /A lN /S i multi- layer structure as deducted from the RBS analysis.

parameters slightly greater tha n the data base values. The preferenti al gra in ori en-
ta ti on along (002) pl anes was found. The di ˜ra cti on patterns revealed the existence
of wel l-developed crysta l l i tes. The size of crysta ll i tes increased wi th increasing lay-
ers thi ckness. In al l cases the morpho logy of the Al N- layers is characteri zed by
colum nar structures. Accordi ng to TEM analysis, the surf ace roughness is l imi ted
by the size of crysta l gra ins. The TEM images pro vi ded sim i lar evaluati on of the
gra in size as XR D measurements. The sharp interf aces between a layer and the
substra te and between the layers in the m ulti -lay er sampl e were also revealed. RBS
exp eriments pro vi ded importa nt inf orm ati on on the real thi ckness of subsequent
layers in the Al N{ Si mul ti -lay er sampl e.
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