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BTRAMLRIZKBIESEDNZEILIZIX, PBTENBTD B A TENENIFHMMTENARDS
NhBPBTARLADGZEX, BEILEDOY U TILTHERIZHEDIZONESRIESDE A IE
EThHol=Fl, OV UTNICEVWTEBRIELEZEDO YU TILIEETIEBEVLWHSESRES £
FRLRBENHMNBIZONE D LI —ANBTRNLADBA, ETHOHUTILIZENT
B MMESDEBIERONGENSI-.CCTESRIEEENIEFEILE, REXRMODIK
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SEMLEDRFEIRADIENTES,
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We have evaluated paramagnetic defect activities and leakage current shifts of BT

stressed oxidized/nitrided/reoxidized SiO,/n(100)Si1 interfaces. We applied models of

band diagram and ESR-active/inactive signal change in the PBT/NBT stresses. In case

of PBT stress, all samples showed that ESR signal quantity decreased with temperature,

and injected electrons were thought to force out of unpaired electron in the Si DB,

considering voltage shift in leakage current. In case of NBT stress, featureless

change in ESR signal quantity were observed, and it can be considered that minority

carrier of hole is captured at the mixture of H:Si=Si3 and the + Si=Sis.
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Nitrogen is introduced to the interface of metal-oxide-silicon (MOS) structures in
order to improve the device performance.'® Bias-Temperature (BT) instability has
come to the forefront of critical reliability phenomena in advanced CMOS
technologies.” The physical and chemical natures of several defects involved in MOS
devices instabilities have become fairly well understood through studies using electron
spin resonance (ESR).° However,  in spite of its usefulness, BT stressed MOS diode
samples have not been evaluated with ESR technologies. In this work, we have
overcome the difficult sample-preparation technique’ and studied various behaviors of
BT stressed oxide-silicon interface. We have evaluated paramagnetic defect activities
and leakage current shifts of BT stressed oxidized/nitrided/reoxidized SiO,/n(100)Si
interfaces. We have tried to apply the positive/negative bias temperature (PBT/NBT")
stresses to the ESR samples. From the data, we have discussed the charge trapping

phenomena at the BT stressed MOS interfaces.

Experimental
As i1s shown in Fig. 1, oxidized/nitrided/reoxidized-n(100)Si substrate were
prepared, of which film thicknesses were 8 nm and substrate resistivity was 10-30

ohm-cm for ESR measurement.” Samples were biased with +8 Volt for PBT/NBT
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stress in the temperature range between RT and 200°C.  As for the electrode formation
of the oxide-Si substrate structure, Cu-plate electrodes via organic-conduction bonding
tape on both sides of the oxide and the Si substrate. After the electrodes were removed,
the ESR measurements were performed at room temperature using an X-band
spectrometer (JES-RE2X). The external magnetic field was modulated by 0.2 mT at a
frequency of 100 kHz. The microwave power was selected to be 1 mW to avoid
carefully absorption saturation. It required two days for each sample to actualize an
interface defect ESR signal from noise. Current-voltage (I-V) characteristics were
measured between RT and 200°C on the electric heater, with an Agilent 4145A
semiconductor parameter analyzer. In this case, Ag-paste electrodes were formed on

both sides of the oxide and the Si substrate.

Results and Discussion
Figure 2 (a) and (b) shows the results of ESR measurements in cases of PBT and
NBT stresses to each oxidized/nitrided/reoxidized Si0,/n(100)Si samples, respectively.
The ESR waveform shows the paramagnetic interface defects, which is named P,
centers.® Those can be separated precisely to two components of Pygand Py centers

because normal (100)Si was parallel to ESR magnetic field. We adopt g value 2.0062
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and half width 0.42 mT for Py center and 2.0038 and 0.28 mT for Py; center to all ESR
waveforms fitted with Gaussian function. Then, we derived the quantity of the
actualized ESR signals. We think the accuracy of data fitting was sufficient to present
the tendency of signal quantity change with BT stress.

Figure 3 (a) and (b) shows the relation of the total interface defects (Pyoand Py,
centers) and temperature (pre to 200°C). The interface defect quantities of the
reoxidized sample were two times larger than those of oxidized and nitrided samples.
We consider that the paramagnetic interface defects increased with nitrogen
redistribution in the neighborhood of the SiO,/ Si interface after reoxidation.”? In case
of PBT stress, all samples showed that the signal quantity decreased with temperature.
On the contrary, in case of NBT stress, signal quantity after BT stress was not so
much changed and systematical tendencies were not observed. The change of the ESR
signal quantity reflects the in-and-out of charges at interface defects. In each case,
we consider what happens at the interface.

Figure 4 shows the models of the band diagram and the ESR-active/inactive signal
change in the PBT/NBT stresses.” *'® An ESR-active means that the silicon dangling
bonds (Si DBs) have an unpaired electron. To the contrary, an ESR-inactive means

the three cases such as the hydrogen terminated Si DBs (H:Si=Si3), Si DBs with paired
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electrons, and Si DBs with no electron.

In case of PBT stress; an accumulation layer is formed with majority carrier of

electrons because of n-type Si substrate, and the electrons are injected into the oxide

with the strong insulator electric field. As for the change of ESR inactive to active,

the injected electron with high energy may be thought to force out one electron of the

hydrogen covalent bond in the H:Si=Si;. Thus the ESR-active Si DB generates. As

for the change of ESR active to inactive, the injected electron forces out of unpaired

electron in the Si DB,  or the injected electron is possible to be trapped in the Si DB.

In case of NBT stress; a depletion layer is formed with minority carrier of holes,

and the holes are accelerated in the depletion layer and injected into the oxide. As for

the change of ESR inactive to active, the injected holes may be thought to be captured

in the H:Si=Si;. Thus the ESR-active Si DB generates. As for the change of ESR

active to inactive, the injected holes captured at the Si DBs, thatis, the unpaired

electron releases to the Si substrate side.

According to the Si DB model explained in Fig. 4, the decrement of ESR signal in

PBT stress as shown in Fig. 3 (a) can be considered to attack to * Si=Si; but can not be

distinguished whether Si DB has no or paired electrons. Moreover, the featureless

change of ESR signal in NBT stress as shown in Fig. 3 (b) can be considered that the
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minority carrier of holes are captured moodily at the mixture of H:Si=Si; and the - Si

ESi3.

In order to distinguish the state of the Si DB between empty or paired electrons, we

tried to observe the shift in I-V characteristics of the reoxidized sample as is shown in

Fig. 5, because it reflects the electric charge of interface. The shift toward the minus

voltage with temperature elevation was observed. This means that the interface

becomes charged positively and specifically the Si DBs lose unpaired electrons.

Therefore, we can judge that the change from ESR active to inactive in PBT stress is

due to the electron-empty Pb center.

Conclusion

We have evaluated paramagnetic defect activities and leakage current shifts of BT

stressed oxidized/nitrided/reoxidized SiO,/n(100)Si interfaces. We have found that the

interface defect quantities of the reoxidized sample were two times larger than those of

oxidized and nitrided samples. We applied the models of band diagram and

ESR-active/inactive signal change in the PBT/NBT stresses. In case of PBT stress,

all samples showed that the signal quantity decreased with temperature, and the

injected electrons were thought to force out of unpaired electron in the Si DB,
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considering the voltage shift in leakage current. In case of NBT stress, featureless

change in signal quantity after BT stress were observed, and it can be considered that

the minority carrier of holes is captured moodily at the mixture of H:Si=Si3 and the - Si

ESi3.
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Figure captions

Fig. 1 Sample fabrication flow (a) and bias temperature (BT) stress schema (b).

Fig. 2 ESR waveforms of the Pyyand Py, centers in cases of PBT and NBT stresses to
the oxidized/nitrided/reoxidized SiO,/n(100)Si substrates.

Fig. 3 The relation of total interface defects (Pyoand Py, centers) and the temperature
in case of PBT(a) and NBT (b) stresses.

Fig. 4 The proposed models of the band diagram and the ESR-active/inactive silicon
dangling bonds in the PBT/NBT stresses.

Fig. 5 Current-voltage (I-V) characteristics of reoxidized Si0,/n(100)Si sample .
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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