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Abstract—The effects of injection current density and temper-
ature on time-dependent dielectric breakdown (TDDB) of low-
pressure thermally reoxidized-nitrided oxides (RNQ’s) and fluo-
rinated oxides (FO’s) with equivalent oxide thicknesses of 100
were examined. Time to breakdown for RNO was found to be
improved over that for thermal oxide while both the impact
jonization coefficient and the activation energy of lifetime are
comparable to those of control oxide. On the other hand, no
obvious TDDB improvement was observed for FO. This obser-
vation, in conjunction with the results for charge trapping
measurements at different temperatures, indicates that the life-
time improvement for RNO’s might be due to the reduced
charge traps in these films. I-V ramp tests have shown that
RNO has a comparable defect density to that of control oxide.

I. INTRODUCTION

HE RECENT finding that thermally reoxidized-nitrided

oxide (RNO) and fluorinated oxide (FO) films possess
improved high-field stability [1]-[4] has raised the interest in
using these films in future ULSI technology. However, there
is not much known about the reliability of RNO and FO
under variable stressing parameters, €.g., injection field
strength and temperature. In this work, the injection field and
temperature acceleration of time-dependent dielectric break-
down (TDDB) for low-pressure RNO and fluorinated oxide
were studied. It is found that both the field and temperature
dependences of TDDB lifetime for RNO and FO are compa-
rable to those of control oxide, though the lifetime for RNO’s
is increased by 3-6 times. [-V ramp measurements also
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suggest that there is no significant defect reduction for these
RNO and FO films.

II. EXPERIMENTAL

The devices used in this study were polysilicon-gate,
field-isolated MOS capacitors. The substrate material was
10 ~ 20 @ - cm {100) n-type Si. The 100-A oxide was grown
at 850 to 950°C in atmospheric-pressure 0,. Low-pressure
nitridation and reoxidation [2] were then performed to form
RNO films. Measured by Auger electron spectroscopy, the
concentration of nitrogen incorporated in the RNO films is
~ 5 atm% at the oxide surface and ~ 8 atm% at the oxide/Si
interface. Estimated by CV measurement, the equivalent
thickness of the RNO’s was increased by < 5% compared
with the control oxide. The fluorinated oxide was grown by
an HF-immersion process [4], [5] and the estimated F con-
centration incorporated through this process was about
10" Jem?. All samples were then annealed in N, for 20 min.
A polysilicon gate of 3000 A was deposited at 650°C and
in-situ phosphorus doped at 950°C. A post-poly annealing of
30 min at 450°C in forming gas completed the process.
Process conditions for the gate oxides have been listed in
Table 1. Note that since there were no substantial differences
for the control oxide grown at 850 and 900°C, only the data
for 850°C control oxide were presented. Unless specified,
the gate area used in this work is 100 m? and the constant
current injection technique was used for stressing the de-
vices. For all injection experiments, positive voltage was
applied to the gate.

11I. ResuLTS AND DIscuUsSION

In Fig. 1, charge to breakdown Q)4 is shown as a function
of both injection current density and reciprocal cathode elec-
tric field, 1/E. It can be seen that the Q, for RNO is higher
over the whole measured current density range than that of
FO and control oxide but the slopes of these curves are
similar. According to [6], the slope of the plot log(Qp4)
versus 1/E is proportional to the impact-ionization coeffi-
cient H and independent of injection current density and,
hence, independent of injection barrier height which may be
affected by nitridation /reoxidation procedures [3}, [7].
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TABLE 1
Process CoNDITIONS FOR GATE OXIDES
Oxidation Nitridation Nitridation Reoxidation Reoxidation

Sample Temp. Temp/Time NH3 Pressure Temp. /Time O, Pressure

RNO1 850°C 850°C /60 min 0.1 atm 850°C/180 min 1 atm

RNO2 950°C 950°C/60 min 0.01 atm 950°C /180 min 0.1 atm

FO 900°C (rinsed in 2% HF for 5 min before oxidation)
Control Oxide 850/950°C
Therefore, the data in Fig. 1 suggest that the impact-ioniza- 1/E (cm/MV)
tion coefficient is not changed appreciably by the reoxida- 3008 008 007 006  0.05
tion/nitridation process. On the other hand, Q,, for FO is & r 72203 K
: : E " +Vg Injection
increased by 20-70% over that of the control oxide. A best o T 9
. . . o &
fit of the Q,, versus 1/E data gives the H values listed in e P
Fig. 1. It can be seen that these values are within the error H 102 b - T S\g
limit of previously reported data for thermal oxides (70-80 é ! &}o\; BEA !
MV /cm) [6], [8]. s % ‘z}\%%\: o
The effects of temperature on TDDB are illustrated in Fig. o o] ; \E\ﬁg\ e
2 where f,, is plotted against the reciprocal of absolute 8 L RROIL 76 Whicm SR
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temperature, 1/ 7. Two distinct temperature regimes which 3 "+ FO, Ha74 MV/cm %
have been previously observed for conventional oxide [8] can ] | = Control Oxide, H=74 MV/cm
also be identified in RNO and FO. In each regime, the O o0
activation energy of the lifetime E, can be extracted from the 102 1w w0 102

slope of the plot log(¢,,) ~ 1/T. It can be seen that the
RNO and FO have similar E, values (0.18 eV, 0.26 eV) to
those of control oxide (0.18 eV, 0.24 eV) in both tempera-
ture regimes. As a result, both RNO and FO maintain
improvement in ¢, over that of control oxide at ail tempera-
tures studied.

It has been previously reported that at room temperature
and an injection level of 10-20 mA/cm?, the improved
TDDB for RNO is accompanied by reduced charge trapping
[1]-[3]. To examine the effects of charge trapping on the
acceleration of TDDB, the gate voltage shift (AV;) is shown
in Fig. 3 as a function of injected charge at two elevated
temperatures. It can be seen that both the rate of change and
the amplitude of AV, for RNO2 are lower than for control
oxide, which suggests less electron trapping in RNO2. This
observation agrees with previous observations at room tem-
perature [1], [2]. For sample FO, the charge trapping rate is
almost identical to that in the control oxide. This is expected
based on Fig. 2. The fact that at higher temperature the
electron trapping will increase agrees with the results of the
temperature acceleration of TDDB, i.e., the stronger the
electron trapping, the shorter the lifetime will be. It has been
shown that the RNO films have very little positive charge
trapping [13]. The well-known fact that both the shift and the
distortion of the quasi-static CV curve for RNO are much
smaller than those of the control oxide also confirms that the
initial negative AV, for RNO is not due to stronger hole
trapping but is due to weaker electron trapping since hole
trapping will increase interface state density [3].

Defect density was evaluated by the cumulative failure
rate-ramping voltage technique [12] and is shown in Fig. 4.
Since there are no appreciable differences between the two
types of RNO samples, only the data for RNOI are pre-
sented. No significant defect density reduction is observed for
the RNO, although nitridation has been reported to reduce

Injection Current Density (A/cmz)

Fig. 1. Charge to breakdown Q,, as a function of injection current density
and reciprocal cathode electric field at 293 K. Each data point is an average
of several measurements. The straight lines are fitted by Q4 =
Qpao €Xp(H/E) [6], where H is the impact ionization coefficient. Note that
Qpy versus 1/E and Q,, versus log J can be expressed by the same curve
since axis 1/E is approximately proportional to axis log J [6], [8].
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Fig. 2. The effect of temperature acceleration on time to breakdown ;.
The temperature is from 300 to 565 K. Activation energy of lifetime E, is
also given by calculating the slope of the ¢,, versus 1/T. The injection
current density is 200 mA /cm? and the relevant cathode field is about 12.5
MV /cm.

defect density [3], [11]. This contradiction may be due to the
fact that a much lower nitridation level has been used in this
study and only ~ 5-atm% nitrogen is incorporated into the
oxide [2]. On the other hand, the defect density for sample
FO is reduced by a factor of 2-3. Such a small defect density
reduction is within the error limit of defect density for
conventional oxide [12] and needs to be further investigated.
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Fig. 3. Gate voltage shift versus injected charge at 150 and 250°C. The
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Fig. 4. Cumulative failure rate under ramping gate voltage at 293 K. The
ramping rate is 1 V/s and a positive gate voltage was applied.

In conclusion, the TDDB characteristics for RNO and FO
films have field and temperature dependences similar to those
of control oxide, although RNO has a longer lifetime than

Electric Field (MV/cm)
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conventional oxide. Therefore, one may use the same accel-
eration factor as for conventional oxide to predict the life-
times of RNO and FO films. Typically, at a stressing condi-
tion of 125°C and 10 MV /cm, the lifetime for sample RNO
is 3-5 times longer than that of control oxide. The charge
trapping reduction may be responsible for the increased
lifetime of the RNO films. Also, nitridation/reoxidation does
not have significant impact on oxide defects responsible for
early breakdown.
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