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INTRODUCTION

Metd/Oxide/Nitride/Oxide/Semiconductor
(MONOS) memories have been proposad because of
ther low program voltage and scdability [1]. The
posshility of usng a 0.1-um generaion MONOS
memory cdl has been demondrated [2]. In our
fabrication process of a MONOS nonvoletile memory,
we goply nitridetion trestment before the slicon nitride
film is formed. The treatment affects the dectricd
properties of the MONOS tranggor, i.e, the data erase
and the data retention times decrease, but the raio of
these times increase [3]. However, the mechanism is not
Clear yet.

In this paper, the dominant mechanism that decreases
the data erase time of MONOS nonvolatile memories
using the nitridetion trestment isinvestigated.

SAMPLE AND EXPERIMENT

Two kinds of trangstors were prepared: MOS, for
measuring the current through gate dioxide film, and
MONOS. The nitridetion treatment with various
conditions was gpplied after the gate slicon dioxide film
or the tunnel oxide film formed. To investigate nitrogen
concentration in tunnd oxide films Auger dectron
Soectrosoopy (AES) was used.

RESULTSAND DISCUSSION

Fgure 1 shows AES spectra of nitrogen concentration
inthe tunnd oxide film. Fgure 2 showsthe program and
data erase time of MONOS tranggors as a function of
nitrogen concentration in tunnd oxide films Data erase
time decreases exponentidly as  the nitrogen
concentration increases, neverthdess, program times do
not change. |-V separation experiments of the dectron
and hole currents through the gate silicon dioxide film of
MOS tranggors were caried out [4]. The dectron
currents were measured by usng Nch MOS tranastors
and hole currents were measured by usng Pch MOS
trangstors. The hole current was found to increase asthe
nitride concentration increases, but the dectron current
does not change. We dso measured the dectron and hole
currents through tunnd oxide film as a function of
temperature. The dectron current does not increase as
the temperature increases, but the hole current incresses
An activation energy of the hole current of 0.12-0.14eV
was obtained. These results suggest that nitrogen atoms
penetrate into the tunnd oxide film and generate hole
traps[5]. Data-erase phenomenaof MONOS nonvoldile
memories occur by a hole injection from the dlicon
substrate to dlicon nitride film through tunnd oxide film
by a direct tunnding mechanism [6]. Hole trgps make
the hole current through the tunne oxide film increase,
and therefore the dataerase time decresses.

CONCLUSIONS
Wefound that,

() The data ease time of MONOS nonvolaile
memories decreases exponentidly as nitrogen
concentration in tunnel oxidefilm incresses

(2) Hole current increases as nitrogen concentrationin it
increases, but dectron current does not change.

(3)The hole current increases as temperature increases,
but the dectron current does nat change.

(4The activation energy of the hole current in the
tunnel oxide of 0.12-0.14 eV isobtained.

These results suggest that, during nitridation-trestment,
nitrogen atoms penetrate into tunnd oxide film, and hole
trgps are generated in it. Thus, hole traps make the hole
current increase through the tunnd oxide film and,
therefore, meke the daa erase time of MONOS
nonvolatile memories decresse.
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