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Fig. 4. On-current and off-current changes in the SA ESDG device under
different BG biases.

IV. SUMMARY

An SA ESDG transistor fabrication process has been demonstrated.
The successful implementation of the SA ESDG structure in the fabri-
cated device has been verified by the SEM photograph. The fabricated
devices have shown the reasonably good performances. Moreover, the
measured dynamic threshold voltage effects have been found to be con-
sistent with that calculated by theoretical formula.
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Simultaneous Quality Improvement of Tunneling- and
Interpoly-Oxides of Nonvolatile Memory Devices by NH

and N O Nitridation

Tien Sheng Chao and Tsung Hsien Chang

Abstract—This brief presents a new nitridation process on floating
poly-Si gate to improve the quality of both tunneling oxide and inter-
poly-oxide of nonvolatile memories. Three types of poly-Si for a floating
gate have been investigated. We foundin-situ doped poly-Si shows the best
performance in terms of breakdown field, charge-to-breakdown( )
and trapping rate. The of interpoly-oxide can be reached as high as
35 C/cm . This scheme is very promising for nonvolatile memory devices.

Index Terms—Interpoly-oxide, N O, NH , nitridation, nonvolatile
memory, tunneling oxide.

I. INTRODUCTION

With the scaling down of thickness of the tunneling oxide and
interpoly-dielectrics, the quality of dielectric becomes very critical
for EEPROM and Flash nonvolatile memories. Low leakage of the
dielectric means long data retention time. Recently, N2O-grown
polyoxide film has been shown excellent electrical properties due to
its incorporation of nitrogen at the interface of polyoxide/floating
poly-Si gate [1]. However, rough interface, resulting from the thermal
oxidation of rough poly-Si surface, degrades the integrity of inter-
poly-oxide. It has been reported that chemical vapor deposition (CVD)
oxide instead of using thermal oxidation exhibits smooth interface
due to no consumption of poly-Si [2], [3]. In addition,in-situ doped
poly-Si and with an additional N2O rapid thermal annealing (RTA)
treatment can significantly improve the quality of interpoly-oxide.
High quality stack nitride/oxide gate dielectrics prepared byin-situ
rapid thermal N2O oxidation of NH3-nitrided Si has been proposed
by Songet al., [4]. Previously, we have extended this NH3 nitridation
process on poly-Si in elsewhere [5]. With an additional N2O treatment,
this scheme improves the quality of interpoly-oxide further. A very
high QBD (20 C/cm2) can be obtained for interpoly-oxide under
constant current stressing. Among these reports, there is no detailed
study focusing on the impact of the quality of the bottom tunneling
oxide which undergoes a nitridation process on the floating poly-Si
gate during growth of the interpoly-oxide. Therefore, in this brief,
the effect of nitridation of floating poly-Si on the tunneling oxide
is investigated. Based on the optimized nitridation scheme reported
in [5], three-type of floating poly-Si gates are investigated and the
impact of this nitridation on the bottom tunneling oxide integrity is
investigated at the same time. Using N2O oxidation on NH3-nitrided
poly-Si, we foundin-situ doped poly-Si shows the best performance
in terms of breakdown filed, charge-to-breakdown(QBD) and trapping
rate. TheQBD of interpoly-oxide can be reached as high as 35 C/cm2.
Besides, the integrity of tunneling oxide has also been significantly
improved for this nitridation scheme. This optimized scheme is very
promising for nonvolatile memory devices.
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Fig. 1. Cross section of the device.

II. DEVICE FABRICATION

Fig. 1 shows the cross section of devices. After local oxidation of sil-
icon (LOCOS) isolation, tunneling oxide of 7 nm was thermally grown
in dry O2 at 900�C. The floating poly-Si gate (poly-Si-I) with a thick-
ness of 300 nm was deposited and doped by three different methods,
including in-situ N+-doped (namelyin-situ), POCl3-doped (namely
POCl3, 900�C, 30 min), and N+-implanted (namely Implant,P31, 50
keV, 5 � 1015 ion/cm2). An ultrathin nitride film was grown on this
poly-Si-I by NH3 nitridation in a LPCVD system at 800�C for 2-h.
The flow rate was set at 105 sccm and the pressure was 500 m torr.
All samples were immediately RTA-annealed in N2O at 800�C for 20
s to reduce the hydrogen incorporation. The interpoly-oxide was de-
posited using TEOS in an LPCVD system and then annealed again in
an RTA N2O ambient at 800�C for 20 s to condense this CVD dielec-
tric to thickness about 8.5 nm. After that, poly-Si-II of 300 nm was
deposited and doped by POCl3 to a resistivity of 30–40
= . After
gate definition and etching, N+-doped source and drain were formed
by As implantation, at 20 keV to a dose of5 � 1015 ions/cm2. Then,
a passivation oxide of 550 nm was deposited. Contact holes were then
open and standard four-layer metal (Ti/TiN/Al/TiN) was sputtered and
defined, followed by a sintering process at 400�C for 30 min.

III. RESULTS AND DISCUSSION

A. Interpoly-Oxide Integrity

It is well known that the quality of the interpoly-oxide depends on the
roughness of the poly-Si gate. Rough interface degrades the integrity of
interpoly-oxide. Surfaces of the three floating poly-Si gates were first
measured by atomic force microscopic (AFM). Resultant roughness
was 1.2, 3.8, and 4.8 nm, respectively, forin-situ, POCl3, and Implant
samples, respectively. Thein-situsample shows the smoothest surface
among these samples. The gate voltage shifts(�Vg) under constant
current stressing at 10 mA/cm2 (not shown). Electron trapping rate is
the largest for the Implant sample, the second is the POCl3 sample, and
the smallest one is thein-situsample. Resultant charge-to-breakdown,
QBD, for these samples are shown in Fig. 2. It is found that the Implant
sample exhibits the lowestQBD (12 C/cm2 at a 50% failure rate) due to
the rougher surface, the POCl3 sample is the second (12.5 C/cm2) and
the in-situ sample is the largest one among these three samples. The
QBD for in-situ can be increased as high as 35 C/cm2. Based on the
result, we found thatin-situdoped poly-Si is the best choice to obtain a
high integrity of interpoly-oxide. The nitridation scheme can also im-
prove the integrity further. By using this combination,QBD increases
from 20 C/cm2 in [5] to a record a high 35 C/cm2 in this brief.

B. Tunneling Oxide Integrity

1) B-1 MOS Capacitors:As we mentioned in part A, using nitri-
dation step on poly-Si-I shows improved performance. In this section,

Fig. 2. Cumulative failures plot of charge-to-breakdown.

Fig. 3. Current density versus electric field of poly-oxide forin-situ sample.

Fig. 4. Shift of gate voltage under constant current stressing at 100 mA/cm
of in-situ sample.

the tunneling oxide integrity with or without (control sample) nitrida-
tion of poly-Si-I will be investigated. Since the trend of improvement is
similar to Implant and POCl3 samples, the following only shows the re-
sult of thein-situsample. Fig. 3 show theJ–Ecurves with (N)/without
(W/O) nitridation forin-situsamples. We found all samples underwent
nitridation on the poly-Si-I show an improved breakdown field, and
lower leakage in the low field. Improvement of the gate voltage shift
under constant current stressing (100 mA/cm2) of the in-situ sample
is shown in Fig. 4. It is found that the electron trapping rate decreases
significantly after the nitridation.QBD at 100 mA/cm2 stressing for
the three samples are also exhibited the same trend, but only thein-situ
sample is shown in Fig. 5. It is seen that theQBD is significantly im-
proved with nitridation. Leakage current of the gated diode for these
samples were measured and shown in Fig. 6. We found the nitrogen
from nitridation of poly-Si-I decreases the interface density states.
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Fig. 5. Cumulative plot of charge-to-breakdown ofin-situ sample.

Fig. 6. Measured leakage current of gated diode as a function ofVg for in-situ
sample.

Fig. 7. Degradation ofGM(max)under stress atISUB(max)for in-situsample
for 1000 s.

C. B-2 MOSFETs

Hot carrier stressing on MOSFETs with the tunneling oxide with or
without nitridation from poly-Si-I are investigated underVD = 4 V,
Vg = 2:2 V for 1000 sec. Fig. 7 shows the degradation ofGM of the
in-situ sample. We found thatGM degradation can be improved with
nitridation. Degradations of driving current is shown in Fig. 8. Devices
with nitridation also show improved performance. It is consistent that
all the electrical properties of MOSFET with the tunneling oxide can
be improved with the nitridation on the floating poly-Si gate.

It is well known that nitridation of dielectrics improves the electrical
properties significantly due to creation of Si-N bonds at the interface
that have a higher bond energy than Si-H bonds. The other reason is

Fig. 8. Degradation of driving current of MOSFETs within-situdoped poly-Si
under stressing.

the stress relaxation when nitrogen is introduced at the interface [6].
In addition, reliability of MOSFETs can be improved by N2O reoxi-
dation on poly-Si gate [2]. It was found that nitrogen diffuses quickly
through the poly-Si gate and piles up at both oxide interfaces, resulting
in superior reliability properties [7]. Consequently, to fabricate non-
volatile memory with stacked structure, we can use nitridation on the
poly-Si-I, resulting in the diffusion of nitrogen through the poly-Si-I
and piles up at the interface at the tunneling oxide during the nitri-
dation process. Hence, integrity of both interpoly-oxide and tunneling
oxide can be improved simultaneously. By using this scheme, theQBD

of interpoly-oxide can be reached to a record high of 35 C/cm2. And
the reliability of MOSFETs of the tunnel oxide is also significantly im-
proved.

IV. CONCLUSION

In this brief, we proposed a new nitridation scheme on the dielectrics
for nonvolatile memories. Nitridation on the floating gate results in
diffusion of nitrogen through the poly-Si to bottom tunneling oxide
that improves the integrity of the tunneling oxide and hot-carrier re-
sistance of MOSFETs at the same time. Hence, this process appears a
very promising scheme to fabricate nonvolatile memory.
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