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l. Introduction
Gate dielectric strength is becoming more critical in

advanced semiconductor devices; for example, flash
memory functioning at high gate bias and highly
integrated Metal Oxide Semiconductor (MOS) Random
Access Memories (RAMs) requiring thinner gate oxide.
For these devices, failure analysis of the origins of MOS
breakdown is very important to clarify the relation
between defects and MOS parameters such as gate
materials, oxide thickness, and oxide quality Il]. Recently,
grown-in crystal defects in Czochralski (CZ) silicon wafer
have been widely reported. Crystal Originated Particles
(COPs) [2], Flow Pattern Defects (FPDs) [3] and Laser
Scattering Tomography Defecrs (LSTDs) [4] are typical
grown-in defects detected in standard CZ silicon crystals
grown at higher rate than -1.0 mm/min. Although strong
attention has been paid to these defects because of their
correlation to Gate Oxide Integrity (GOI), the mechanism
of oxide degradation is still not clear. This paper focuses
on i) analyzing the local tunneling current flow
mechanism at the defect site, ii) developing a procedure for
characterizing the oxide defect after non-catastrophic
breakdown, and iii) providing a model to clarify the origin
and mechanism of medium field i.e. "B-mode" breakdown
due to CZ crystal originated defects.

2. Experimental
The substrates used were six inch diameter tl00]

oriented boron doped CZ silicon wafers which are grown
at regular rate of -1.2 mm/min. Oxygen concentration
was around 12 ppma (ASTM'8O) and carbon concentration
was below 0.05 ppma (ASTM'75). Thermal oxide was
grown on the substrates in dry oxygen ambient at 900'C
to 25nm thickness. Around 300 nm thickness poly-Si
gate film was deposited and patterned to fabricate over
several hundred capacitor iurays. One hundred 20mm2 area
capacitors were examined on each wafer with an Hewlett
Packard device tester. The breakdown voltage was defined
as the applied negative gate bias voltage for which the
leakage current abruptly goes up over l0mA. Following a
statistical evaluation of the breakdown voltage
distribution, some of 4 mm2 area capacitors were selected
as candidates for non-catastrophic breakdown test under
160 or 800 pA in order to insure with a minimum
delineation induced damage. A High Resolution Scanning
Elecffon Microscope / MOS / Electron Beam Induced
Current (HRSEMA4OS/EBIC) imaging and a precise
Carbon Whisker (CW) marking of the breakdown site in a
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JEOL JSM 6400F was followed by a Specific Area cross
section Transmission Electron Microscopy (SAXTEM)
sample preparation for a Topcon EM-002B using a
Focused Ion Beam (FTB) (fei model 610) and dicing saw.
Thus, a one-to-one identification of the morphology of the
source of B-mode breakdown under sub-nano ampere
current was possible.

3. Results and Discussion
The B-mode breakdown ratio of 20 mm2 area capacitor

was - 60 Vo corresponding oxide defects area density of 5
cm-2. Local tunneling current was clearly observed in
smaller 4 mm2 area capacitors at the similar area density
as shown in Fig. l. The local effective oxide thinning
(Atoil and effective current emission area (Apry) could be
calculated assuming that the origin is local oxide thinning
induced Fowler-Nordheim (F-N) tunneling current.
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Fig. 1 Local tunneling on defective 4 mm2 area capacitor

Cross sectional TEM structural observation following a
specific defect site localization and sample preparation
technique is a powerful tool for analyzing low density
oxide defects. So called copper decoration t51 and
MOSIEBIC t6] method are commonly used for the
delineation of grown-in oxide defects. In this study, high
precision CW marking rechnique in HRSEMA{OS/EBIC
was developed. A -0.21tm size HRSEMA{OS/EBIC
defect image on a 4 mm2 area capacitor which was broken
down at 160 pA stress current was clearly seen without
any surface feature on the gate film surface at the same
position in SEM.mode, see Fig.2.
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Fig.2 HRSEM/EBIC leakage site image

A CW mark was grown within a few minute by
focusing an electron beam on the EBIC image site at high
magnification. This CW mark was easily visible in FIB
milling machine with the navigation scratch mark putted

by EBIC probe, see Fig. 3. This procedure provide J 0.1
pm precision of detecting the oxide defects in a SAXTEM
sample.

Fig. 3 CW mark observed in FIB

There are many mechanism for explaining breakdown

mechanism due to grown-in oxide defects. They are a)

local oxide thinning, b) barrier height lowering c) charge

trap in the oxide due to contamination, and 0
morphological emission efficiency increase (shape effect).

From a direct TEM observation of a grown-in oxide defect

which broken down by 800 pA stress, where the

breakdown induced damage is much more limited than in
typical breakdown test, see Fig. 4. Although the defect

was partially damaged by charge dispersion energy,

especially at the top and bottom side corners, an octahedral

defect was clearly seen as the origin of oxide breakdown.

Further TEM analysis including lower 160 pA stress

current samples could clarify the oxide breakdown

mechanism due to grown-in oxide defects.

Fig. 4 X-TEM image of broken down grown-in oxide

defect

4. Conclusions
It has been shown that local tunneling current followed

by B-mode breakdown was clearly observed in a 4 mm2

area capacitor at a typical area density for as-grown CZ
wafers. The breakdown site, even using currents as low as

160 pA, is clearly visible at -0.2 pm size in the

HRSEMA4OS/EBIC imaging mode. These sites were

precisely marked by growing a carbon-whisker in HRSEM
and SAXTEM sample preparation was done by FIB and

dicing saw. It was found that the origin of B-mode
breakdown on as-grown CZ wafers is the same octatredral

type defect which was observed by Itsumi, et al (5).
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