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L att i ce pa rameter s for alumi ni um nitri de w ere determined usin g X -ray
p owder di ˜ractio n at a sync hrotron radiation source ( beamlin e B 2, H asy-

lab / D ESY , Hamburg ) in the temp erature range from 10 K to 291 K . T he
measurements w ere carried out using the Debye {Scherrer geometry . T he rel-
ati ve change of b oth, a and c , on rising the temp erature in the studied range
(10{291 K ) is about 0.03%. T he results are compared with earlier lab oratory

data and theoretical prediction s.

PACS numb ers: 81.05.Je, 65.40.De, 65.60.+ a, 65.40.{b

1. I n t rod uct io n

Al um inium ni tri de, Al N (wurt zite structure ty pe) has speciÙc physi cal prop-
erti es l ike hi gh therm al conducti vi ty , hi gh m elti ng point, and large energy gap.
Its appl icati ons as a com ponent of refractory ceram ics or bu˜er layers for GaN
epi layers grown on sapphi re are wi dely kno wn. El asti c properti es of each com po-
nent of such layered structures and devi ces are an im porta nt facto r inÛuencing
the pro perti es of the product. Theref ore, deta i led studi es of latti ce param eter as a
functi on of tem perature may be helpful in design and im pro vi ng the techno logies
inv olving alum ini um ni tri de.
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Earl y work on (m ainly high- tem perature) therm al expa nsion of Al N has
been bri eÛy summarized in [1, 2]. R ecent studi es incl ude exp erimenta l works
on low- temperature [3] and high- tem perature [4] expansi vi ty , and calcul ati ons
based on semi-empiri cal m odels [5]. As m any other m ateri als bui lt from cova-
lentl y bonded l ight ato m s, Al N is characteri zed by low therm al expansivi ty . The
exp eriments [3] and calcul ati ons in [5] indi cate an existence of a domain of slightl y
negati ve expansion below about 100 K for both latti ce parameters, the highest
absolute value being of the order of 1 0 À 7 K À 1 . Accordi ng to Refs. [3, 5], the vari a-
ti on of latti ce param eters below 200 K is as low as about 0.0002 ¡A. In the present
paper, the resul ts of experi menta l inv estigati on of the uni t- cell dim ensions f or Al N
in the tem perature range 10{ 291 K are presented.

2. E x per i m en t a l

Fi ne Al N powder was synthesi zed at W arsaw Uni versi ty of T echnology f rom
alum inium and urea in the reacti on in am monia atm osphere usi ng the metho d
described in [6, 7]. Fi ne alum inium powder (gra in size 0.5 ñ m ) and urea were
m i l led in the m orta r under ni tro gen atm osphere. The obta ined mixture was heated
in the tub e furna ce in the stream of amm onia in three steps: 0.5 h at 1 8 5 £ C, 0.5 h
at 2 5 0 £ C and 3 h at 1 4 0 0 £ C. The prepa red powder wa s stored in a closed conta iner
in order to protect i t against intera cti on wi th ai r. The Ùnal Al N product conta ins
less tha n 0.08% carbon. The size of the gra ins is ¤ 2 ñ m [6].

The m easurements were carri ed out at a hi gh-resoluti on powder di ˜ra ctome-
ter at the B2 beam line using Debye{ Scherrer geometry . The experim ent consisted
in data col lection using tem perature steps starti ng from the lowest avai labl e tem -
perature, 10 K. An Na I:Tl scinti l lati on counter wa s appl ied for the data col lec-
ti on. The wa velength was determ ined to be Ñ = 1 : 2 0 7 2 0 (5 ) ¡A by least squares
reÙnement of Ùve reÛections of sil icon powder (NIST 640b di ˜ra cti on standa rd,
a = 5 : 4 3 0 9 4 ¡A). The Al N powder was m ounted wi thi n a thi n-wal l capi l lary of
25 m m length, 1 m m diam eter and 0.01 m m wal l thi ckness. The di ˜ra cti on ex-
perim ents were carri ed out wi th the use of a He-closed-cycle cryo stat (CTI m odel
21 SC Cryo physi cs) at a low hel ium pressure ensuri ng absence of therm al gradients
and al lowing capi l lary rotati on (descri bed in Ref. [8]). The tem perature was kept
constant wi thi n 1 K using a PID contro l ler and a sil icon diode tem perature sensor.

Powder di ˜ra cti on patterns were m easured wi th a powder di ˜ra ctom eter in-
sta l led at the B2 beaml ine at Hasylab/ D ESY, Ha mburg , using a para l lel beam
m onochro mati zed wi th a Ge(111) doubl e crysta l m onochrom ato r. Im pro ved reso-
luti on of the di ˜ra cto meter is ensured by a set of para l lel hori zonta l foi ls at the
di ˜ra cted beam of angular aperture 0 : 2 3 £ . The wavelength was determ ined to be
1.20720 ¡A by a least squares pro cedure for a sil icon NBS 640b standard (wi th the
latti ce param eter a Si = 5:43094 ¡A). The data were col lected at selected angular
interv als ranging up to 98£ (2 ˚ ). A Rietvel d reÙnement pro gram , D BW S v. 94.11
[9] was used for evaluati on of the latti ce parameters.
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3. R esul t s an d d iscu ssio n

Pha se analysis revealed the presence of a smal l am ount of alum inium oxi de
im puri ty (l ines 012, 104, 113, 116 identi Ùed on the basis of R ef. [10], al l of relati ve
peak- height intensi ty as low as about 0.5%). The latti ce-parameter dependence on
tem perature is shown in Fi g. 1. Polyno mia l Ùtti ng yi elds the fol lowing relati ons:

a = 3 : 1 1 0 5 4 + 6 : 1 9 È 1 0 À 9 T 2 + 5 : 8 2 È 1 0 À 1 2 T 3 ; (1)

c = 4 : 9 8 0 0 6 + 2 : 8 2 È 1 0 À 8 T 2 + 1 : 3 5 È 1 0 À 1 0 T 3 : (2)

Fig. 1. Dep endence of lattice parameters, a and c , on temp erature for alumini um ni-

tride (empty squares). T he solid lines represent polynomia l Ùts of the exp erimental data.

Mea sured room -tem perature (291 K) values are a RT = 3:1112( 1) ¡A, cR T =

4:9810( 2) ¡A. R ietveld reÙnement of a ful l pattern col lected at a Bra gg{ Brenta no
di ˜ra cto meter yi elded sim ilar values, a = 3:1115( 1) ¡A, c = 4:9810( 2) ¡A [11].
The relati ve increase in both param eters, a and c , on ri sing the tem perature in
the studi ed range (10{ 291 K) is about 0.03%. The axi al rati o at T = 1 0 K is
1.6010 and i ts relati ve changes wi th increasing tem perature are smal l . A scatter of
a and c values quoted in li tera ture for single and polycrysta ls synthesi zed by
vari ous m ethods is of the order of 0.1% (see T abl e) and in thi s sense the present
resul ts are consistent wi th other data . The dependence of both latti ce param eters
on tem perature is shown in Fi g. 1. Below about 150 K they are alm ost constant
(thei r changes are comparable wi th the exp erimenta l errors of about 0.0001 ¡A
for a and 0.0002 ¡A for c ). Al tho ugh the runs do not indi cate any m inimum for
a and a possibl e shal low minimum f or c, the m agni tude of experi menta l errors
does not al low for conÙrm ing the exi stence/ absence of negati ve therm al expansion
(predi cted in [5] for both, a and c, vari ables) wi tho ut addi ti onal exp erimenta l
e˜o rt.
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TABLE

Rep orted (chronological ly ordered) room- temp erature (R. T .) lattice parameters and
axial ratio for A l N . T he follow ing radiation was applied in the rep orted studies: C r K ˜

[3], C u K ˜ [11, 13{16] , synchrotron radiatio n (this w ork).

a R T [ ¡A ] c R T [ ¡A ] c =a T [K ] Exp erimental details Ref erences

3.1129 4.9819 1.6004 298 [12]

3.1105(5) 4.9788(8) 1.6006(5) 297 oxygen impurity < 1 % [1]

3.1115 4.9798 1.6004 291 [13]

3.1114(1) 4.9792(2) 1.6003 298 [14]

3.1106 4.9795 1.6008 R. T . single crystal, oxygen impu-
rity 800 ppm

[15]

3.1111 4.9751 1.5991 300 sample stabili zed by addi-
tion of Y 2 O 3

[3]

3.1122(7) 4.978(2) 1.600(1) R. T . [16]

3.1111 4.9788 1.6003 R. T . [17]

3.1115(1) 4.9810(2) 1.6008(1) 299 [11]

3.1112(1) 4.9810(2) 1.6010(1) 291 this work
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