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Abstract

The multi-dielectric layer Si02/SisN4/SiO2 (ONO) is used to improve charge retention and to scale
down the memory device. The nitride layer of MNOS device is oxidize to form ONO system.
During the oxidation of the nitride layer, the change of thickness of nitride layer and generation of
interface state between nitride layer and top oxide layer occur.

In this paper, effects of oxidation of the nitride layer is studied. The decreases of the nitride layer
due to oxidation and trapping characteristics of interface state of multi-layer dielectric film are
investigated through the C-V measurement and F-N tunneling injection experiment using SONOS

capacitor structure.

Based on the experimental results, carrier trapping model for maximum flatband voltage shift of
multi-layer dielectric film is proposed and compared with experimental data. As a results of
curve-fitting, interface trap density between the top oxide and layer is determined as being 5x 10"

~2x10%eV 'em?l.
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Fig. 1 Top-oxide thickness vs oxidation time.

(The oxidation was carried out at 900
T).
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Fig. 2 Relation of top oxide and nitride thickn-
ess converted by oxidation.
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Fig. 4 Experimental data for measurement of
final nitride thickness after top oxid-

ation.
Aztato g WslgEch o2 A8 yEFistud A
3ot Adele Be o AVEH] YAHT l
= ex3& 2231 SONOS 7z dAlEz EY
A& sA "k

gagdnd Aol EdYe Astnel =3
3 43 ases Ay Ad Edtop SOy
SiNgI M FEHOZ Yoz F2¥ SONOS
z& s T} FAFAE BT vE
3 53E AAE Ro2 v,
Asietg szl A3 dyh Ases
wgn sz Qe wdd A% 27 AAS

o W@ Rue BE y sn WD AFH
A Asae] Bue HE gt 3 gyl 4
ga

"—57 2

A% Aztz ao] BE
a9 % 158 2AY & Aok
Azt EFA AHeIEel Hul] n=2A F
zsn ARERY EJL AdoEcl ’54_5}‘31-4
Az aste Ale] AW REddi shYsd A
stota Az arsivle] slgle] EXE 19 5% #

=2

a9 5414 Q1L F&Arsiutsn Fawt peld)
Agd EHH 7}1310101“‘1 Q2 Azl EYH
Aelololn Q3E t&Absiutzt Azt Apols} A
Hel EJ¢ 7H\’4°1 °l‘3}. F-N #¢28 93323

7 24¢ BA

A7) AR EEEA Vol 7. No. 3, May 1994

o] nE EPEo] AFHUE #W Ao flatband
voltage shift( A Vepma)E TH& 422 FAHC
AV EBmax =
Bt0x1+qu(l‘ Y )
taltoa + (1= 7 )tx/2} + NoonGEz 8
{tox1 + (1-7)tx}]
= 1 [NuatsEsa 87+ Na(l-7)
tal @ ytn + (1-7)t/2) +
NoonGQtaEe{ @ 8 7 + (1-7)1] (3)
le- {ox2 N |
oyl
N {
' 1
fe—— Q3 . X
' l
] Ql
2 "
Q : 3
! 1

T X3

b 07ty ——fe— o —]
a3 5 gsan Az =38 Aste ¥
%

Fig. 5 Distribution of carriers trapped at nitride
and top oxide interface trap.

4714

ty : nitride thickness
texi - top oxide thickness
&~ . nitride permittivity
@ the volume ratio of the oxide to the
nitride converted by oxidation
y the fraction of nitride converted by
oxidation
8  the ratio of dielectric constant of the
nitride to that of the oxide
N, : the concentration of the traps assum-
ed to be uniformly distributed in the
thin nitride
No, : the density of the traps assumed to
be created at the top-oxide-nitride
interface



Nbon : the density of the traps assumed to
be created at the bottom-oxide-
nitride interface

q . electric charge

Eg : energy band gap of nitride
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Flg 6 Maximum flatband voltage shift as a
function of 7 .(The initial nitride thic-
kness 45A).
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Fig. 7 Maximum flatband voltage shift as a
function of 7 .(The initial nitride thic-
kness 55A).
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Fig. 8 Maximum flatband voltage shift as a
function of 7. (The initial nitride thic-
kness 63A).
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