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Abstract Crystallographic characteristics and interfacial structures of Al;O3 and ZrO; dielectric films prepared
by atomic layer chemical vapor deposition (ALCVD) were investigated at atomic scale by high-resolution
transmission electron microscopy (HRTEM) and energy dispersive X-ray spectroscopy (EDS)/electron energy-loss
spectroscopy (EELS) coupled with a field-emission transmission electron microscope. The results obtained from
cross-sectional and plan-view specimens showed that the Al,O; film was crystallized by annealing at a high
temperature and its crystal system might be evaluated as either cubic or tetragonal phase. Whereas the ZrO,
film crystallized during deposition at a low temperature of ~300°C was composed of both tetragonal and
monoclinic phase. The interfacial thickness in both films was increased with the increased annealing
temperature. Further, the interfacial structures of Al,O; and ZrO, films were discussed through analyses of
EDS elemental maps and EELS spectra obtained from the annealed films, respectively.

Key words crystallographic characteristic, interfacial structure, Al;O3 and ZrOy dielectric films, atomic layer chemical vapor
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Fig. 1. Cross-sectional HRTEM images of Al,O5 dielectric
films deposited by ALCVD on the Si substrate. (a), (b) and (c)
correspond to the specimens as-deposited, annealed at 600°C
and annealed at 800°C, respectively.

AR Sio, B 2 Y 9o Bk e &

o] 3= AL O A= doivt Exe7t 28
XE3 SIS FAAEH A ALO; ¥

FAT AWE o]FE FoE FHHG

AW 23 ehALOyYSE AlH)e] 38ty 24 ¥ &

TE v} AsA Hriekr] Slste] 800°C A2 Al

&9 EDS ¥ #4138 A#E Fig. 29 JeERAAT Fig.

2(a)9] STEM AellA & & Qe uvheh o] AW 4ts}

e 125 2359 F T

A-B 494 tiste] EDS ©

offl

A% o

!
aQ
~
=
&~
2
tljo
i}
oy
e
[o
o
o
o
F
-
ox
of ot T

o] gko] ®om 0.3
7bek AdlEo s Alg]
LS, g3t g AAge 9
nm 54 Si0Z (2-3 9D 82
B34 F A AR AWEY (12 d9H)er FEES
AATE A, ALO, B YHof A Koz Al
F 09 FE7F 4AF S AT Sie ool Ay



Si 7ol AlE sl 1) SEReE AR ALO,

Al

80
60
40

ZOA

Concentration (at.%)

10 15

Distance (nm)

Fig. 2. (a) EDS elemental maps of Al, O and Si obtained from
the same thermally treated specimen as Fig. 1(c). 1, 2 and 3
marked in the STEM image of Fig. 2(a) correspond to the
interfacial layers indicated by 1, 2 and 3 in the concentration
profile of Fig. 2(b), respectively.
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Fig. 3. (a) XRD grazing incident angle diffraction spectra
obtained from Al,O; dielectric films. In spectra of Fig. 3(a),
the peaks between 50°~60° are attributed to multiple
diffraction of Si. (b) Electron diffraction pattern obtained from
the plan-view specimen annealed at 800°C. (c) Cross-sectional
HRTEM image obtained from the specimen annealed at
800°C. In Fig. 3(c), the digital diffractograms were obtained
by Fouier transforming the regions indicated by square lines.
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Table 1. Plane spacings of Al;O; lattices measured from
HRTEM images and the diffraction pattern of a plan-view
TEM specimen.

HRTEM Image

Diffraction Pattern

d (A) counts d (A)
4.6 9 -
4.5 13 -
44 5 -
29 7 -
2.8 5 2.8
24 7 2.4
2.0 4 2.0

- - 1.4
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Fig. 4. Cross-sectional HRTEM images of ZrO, dielectric films
deposited by ALCVD on the Si substrate. (a), (b) and (c)
correspond to the specimens as-deposited, annealed at 600°C
and annealed at 800°C, respectively.
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Fig. 5. HAADF image obtained from the same thermally
treated specimen as Fig. 4(c), and series of Zr-Mys and O-K
edge EELS spectra taken along the white line marked in the
HAADF image.
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Fig. 6. (a) XRD grazing incident angle diffraction spectra obtained from ZrO, dielectric films. (b) and (d) Electron diffraction
pattern and TEM image obtained from the plan-view specimen anncaled at 800°C. The plan-view TEM image of Fig. 6(c) was

obtained from the as-deposited specimen.
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