Downloaded-18-Jan-2001--t0-128.175.194.10.--Redistribution-subject-to-AlP-copyright,~see-http://ojps.aip.org/aplo/aplcpyrts.html.



150 . — .
[ : o-ALO
125F : peak poZit:ons 1
100 ]
z 1
= T5F : ]
=) |
e z
Qo 50k MW b
0 1 1 ‘ 1
35 40 45 50
20 (deg)

) . ) FIG. 3. AFM scan showing a birds-eye view of a 10004900 nm sur-
FIG. 2. X-ray diffraction spectrum of AIO:N oxidésample No. 81705  face region of AIO:N oxidelsample No. 90106 having a height range of

with two peaks at 37.8°, and 43.3° in the diffraction angle, which corre- 12 6 nm. The average height was 5.9 nm and the rms roughness was 1.2 nm.
spond to the respective peaks of {140 and (113 planes ofa-Al,Os.

SiO,. At large negative voltages, the capacitance saturated,
interface, which may or may not be desirable for optimumindicating accumulation. Near 0 V, the capacitance de-
device properties. The use of substrates other than Si mayeased, indicating depletion. Similar behavior had been pre-
also affect the oxide thickness. The RBS thickness error wagiously observed by Schubeet al® with oxidized AlAs. To
estimated by curve fitting usingump software® Analysis  calculate the dielectric properties, the capacitance per unit
suggested an upper limit of 7% for N in the AIO:N. The AES area at the maximurtaccumulatioi C .., and the minimum
and EDAX compositions, calibrated using polycrystalline (inversion C;,,, were analyzed using the following equa-
Al,O; gauge standards, showed a 2:3 composition ratio fotions:

Al and O in the AIO:N layer, implying AIO; with a trace of 1
N (<10%), in agreement with RBS. Most of the N from the Cox iy St"x Wde‘ﬂ '

Cac= t
ox ox €s

AIN escaped during oxidation.
XRD measurements were performed at room temperayhereW,,,~ (2¢E,/€?N,) 2 ande,, ande; are the electric
ture using a Phillipsg/26 powder diffractometer with Cu  permittivities of the oxide and the semiconducteris the
K« radiation. Some AIO:N films had broad, featureless X'raymagnitude of the electron Char@g is the band gap of S|’
spectra and were considered microcrystalline or amorphougndN,=5x 10'° cm™3 is the Si substrate acceptor concen-
whereas some had peaks in the 30°-6Q6) range, as tration (from four-point-probe resistivity measurementsor
shown in Fig. 2, corresponding to tabulated values forsamples in which the total oxide layer comprised a bilayered
a-Al;0;, and these films were considered polycrystalline.strycture of AIO:N and a thin layer of St the interface,
One AIO:N sample showed a broad, low intens®92) peak e modeled the structure as two dielectrics in series. The

at 20:45760, with grain diameter of 3 nm estimated us- sample of F|g 4 having a totdcombined AIO:N and
ing Scherrer's formuld, and another with different AIN

deposition conditions had two x-ray diffraction peaks, as in
Fig. 2, with ~40 nm grains. The AIO:N structure depended

on the structure of the as-grown AIN films: microcrystalline 10+ 1
AIN oxidized into amorphous AlO:N layers, and AIN having CQ ’Tl
stronger XRD peaks oxidized into polycrystalline AIO:N. 2 9r AIOIN i
Figure 3 shows an AFM scan of the AIO:N surface in 3 —

. . . ) = 8 5i0, .
air, performed using a Topometrix Explorer instrument. The = -
rms roughness was-1.2 nm, smaller than that of the as- 5 71 Si substrate
grown AIN (rms ~4 nm). Oxidation caused distinct changes a
in the morphology: the as-grown AIN surface appeared 8 6f ]
granular, with grain diameters of 68 nm; the oxidized sur-
face appeared featureless, with small undulations perhaps St , , , , . , |
caused by expansion of the surface with incorporation of O 30 20 -10 O 10 20 30
during oxidatiorf Gate Voltage

To assess the densities of the defect states and the
charges in the composite AIO:N/Sj@xide system, room- FiG. 4. Capacitance—voltage characteristic of Al/oxide/Si strudsaeple
temperature capacitance versus voltagg-Y) measure- No. 90106 with flatband voltageVeg=—2.723 V, threshold voltage
ments were performed at a frequency of 1 MHz using 329/T_=—0.783 V oxide capacitanc€,.~9.38 pF, and insulator/depletion
um diam Al metal contacts 300 nm thick. Figure 4 shows theserles capacitanc€;,,=5.04 pF. Measur_ements were performed at room
; . . . temperature at a frequency of®1Blz. The inset shows the layered structure
C-V curve for an Al/oxide/Si structure having oxide sub- ;seq for measurements. The oxide layer comprised AIO:N ang Siflay-

layer thicknesses of 455 nm for thex@k and 170 nm for the  ers of thicknesses.
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