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We do inelastic electrical tunneling spectroscqiyTS) to provide information concerning the
vibrational and excitational modes present in silicon dioxide and phonon modes of the electrodes,
and of silicon dioxide in metal-oxide-silicon tunnel junction. We analyze the phonon spectra coming
from different parts of the metal-oxide-semicondudtdiOS) junction: the aluminum gate, the SjO
ultrathin film, and the silicon substrate. We compare the phonon modes f@d®d and (111)

silicon orientations. We show that IETS can reveal the modifications of Sji8t€rface induced by
electrical stresses. After a constant voltage stress, the silicon longitudinal phonon modes are
significantly shifted in energy, while the transversal phonon modes stay unaffected. Interface healing
after annealing is also observed by IETS. These features make IETS a useful tool for MOS
reliability studies. ©2004 American Institute of PhysiddDOI: 10.1063/1.1775299

I. INTRODUCTION with ultrathin oxides. In this paper, we focus on the identifi-

cation of phonon modes of both electrodes, silicon substrate
Tunneling transport plays a crucial role in ultrathin oxide and Al gate, in Al-SiQ-Si (n* or p*) structures. Th&100)

device, and the trap-assisted inelastic is often proposed ass#licon substrate orientation is compared to the previously

conduction mechanism of stress induced leakage curremeported(111) orientation” Phonon spectra of tunnel SjO

damagéT3The tunneling electrons can interact with molecu-barrier grown on(111) and (100) silicon are reported and

lar vibrations in the insulator and also with lattice vibrations compared with literature data. The energy level locations of

of the three partgsilicon, oxide, and gate electrodef the  the deconvoluted IETS peaks are discussed and compared to

metal-oxide-semiconductaiMOS) device. In the inelastic assignments reported in the well-established literature. We

electron tunneling spectroscoheTS) technique, these in- report for the(100) orientation, the most interesting in mi-

teractions are detected as peaks in the second derivative ofoelectronics, an amazing and interesting change in the lat-

current-voltage characteristics at low temperat(#e K). tice vibration spectra of the silicon phonon mode peaks after

Thirty years ago, IETS was used to probe the chemisorptiothe application of electrical stresses. We discuss these modi-

of organic molecules on thin amorphous films 0@} (Ref.  fications as regard of these electrical stresses.

4) and other insulatordThere has been much work applying

this technique to metal-insulator-mef@liM ) junction$™°  Il. SAMPLE PREPARATION AND IETS

since the first pioneering pap€rMore recently, IETS was MEASUREMENTS

employed to investigate Langmuir-Blodgett monolaﬂr’e‘ﬂs4

and for the direct observation of magnon excitatiShSThe  |ityt d’Electronique, de Microtechnologie et de Nanotech-

first application of7the IETS technique to MOS devices WaSnologie (IEMN) on highly doped silicon samplel, or Np
made by Bencuyé. Then, other authors have demonstratedi, ihe range of 1. 1018-4.7x 10" cm3 with, respectively.
the appgggtion of tun_neling spectroscopy to the silicon MOSy 01 and phosphorous impuritiesthe wafers were pro-
system.” " In a previous paper, we reported several resultsjjeq by Siltronix Company. Both th@00) and(111) orien-

about IETS on MOS_?GZ}QCGS in an extended energy range Uitions have been chosen for reason of comparison. Ultrathin
to 350 mV (2823 cm~).” We demonstrated that this tech- gjlicon oxide films were grown by thermal oxidation in dry

niqug may be an interesting diagnostic method for the charc)2 at 600 °C for 4 min(oxide thickness 2.1 nm as measured
acterization of the most recent manufactured MOS dewcegy ellipsometry followed by a postoxidation anneal in dry

N, at 600 °C for 30 min in the same oven. After thermal
JFAX: (333) 26.91.33.12; electronic mail: christian.petit@univ-reims.fr ~ oxidation, aluminum gates were depositedhickness

Al-SiO,-Si (n* or p*) capacitors were fabricated at the

0021-8979/2004/96(9)/5042/8/$22.00 5042 © 2004 American Institute of Physics
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FIG. 1. Full width half-maximum vs voltage modulation for the temperature
values 2, 4.2, and 77 K. FIG. 3. Full width half-maximum vs temperature for voltage modulation

values 0.5, 1, 2, and 5 mV.

300 nm) by e"-beam evaporatiofusing an electron gun in a
1078 torr vacuum chambegthrough shadow masks to define show a typical IETS spectrurfsample Al-SiQ-Si (n*) of
square electrodes with areas 0k1072 and 3.6x 1073 cn?. IEMNT] for four amplitude modulations. In the insert, we give
The inelastic electron tunnelindET) spectra were ob- the experimental and calculated FWHM. We can observe
tained by the modulation technique using a lock-in amplifieran improvement of the FWHMSV when the amplitude
The experimental set up was described in a previous Fapermodulation decreases. Shen and*ldemonstrated that the
The resistance of tunnel junctions are in the range obptimum measurement condition for a good detection of
100-5000) corresponding to a well-adapted impedance inlETS peaks is aboukT/eV,=0.2. At 4.2 K (liquid helium
our derivative setting. By pumping the cryostat, above thégemperaturg the optimum measurement involves a modula-
helium liquid phase, it is possible to lower the bath temperation amplitude of 1.6 mV. In Fig. 3, we plot the FWHM
ture from 4.2 K down to 1.9 K. This improves the spectraversus temperature for four voltage modulations and, in Fig.
resolution. The effects of temperatufe@nd modulation volt- 4, the IET spectrum curve for the same sample as in Fig. 2
age amplitude/, on the peak width, intensity, and line shape and at two temperatures. Ti® resolution decreases when
were studied. If we consider only these two parameters, ththe sample temperature is lowered, buTifs very small, a
full width at half maximum(FWHM) on the line peak is drop in temperaturel produces insignificant decreases in

given by width 6V. At V,=0.8 mV, the optimum condition involves a
J temperature of 1.85 K. In the insert of Fig. 4, we show the
8V =1(5.4T)*+(1.22V,)?, experimental and calculated FWHBV. These experimental

. values are obtained after substraction of background and
wherek is the Boltzmann constant amdthe electron charge. 9

In Fig. 1, we plot the FWHM versus the modulation
voltage for three measured temperatures, and in Fig. 2 we v
: m=0.8m\il
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FIG. 2. IET spectra for the modulation voltage values 0.8, 1, 2, and 5 mV afFIG. 4. IET spectra for the modulation voltage value 0.8 at the temperature
the temperaturd=4.2 K for an Al-SiG-Si (n*) junction. values 2 and 4.2 K for an Al-Si £Si (n*) junction.
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FIG. 5. Aluminum phonons spectra Al-Sj&3i (p*) (100) at low energy. In
the insert, IET spectrum obtained by Klein with an Al@L-Al tunneling
junction (see Ref. 28

FIG. 6. Silicon phonons spectrum of an Al-SiSi (n*) junction for (100)
and(112) silicon orientation.

peak deconvolution. We can note the difference between thiéhe phonon spectrum for bulk Al as deduced from neutron
experimental and theoretical FWHM: the experimental linesscattering®® The peak at 7.5 meV is due to a zero bias
are much broader. Wamsley al®® explained this difference anomaly.
by attributing a natural widthbV,, to the vibration mode Now, let us consider the conductance change both in the
peak with a Gaussian profile. In our opinion, this intrinsic MIM and MOS devices. As previously noticed by one of the
line width is partly due to the difficulty to determine the present author¥, the conductance changir/ o due to the
accurate background of the line, and partly due to the naturddand structure is much more important in MOS than in MIM
peak line width resulting from the inelastic tunneling inter- systems. For the MIM systems, because of the flat band
action with the vibration mode€:>’ With this new parameter structure, the conductance change is very small and roughly
&Vnaw the full width at half maximum of the peak is given by constant with bias; whereas for the MOS systems, on the
] contrary, there is a larger band bending structure and the
NV =N(EAD? + (122V,)" + (Vna)”. conductance change is strongly dependent on the bias volt-
In our experiments, we have foundV,, of about 2 mV. age. The typical change in conductance due to onset of a
Wamsley et al?® have given a corresponding value of tunneling channel via the phonons is about (%ore accu-
1.504 mV, while recently Lauhon and Blchave reported an  rately 0.4% found by Klein and Legy in MIM junction. In
intrinsic width of 4+2 mV on single molecule vibrational contrary, the conductance change is strongly enhagatsalit
spectroscopy with scanning tunneling microscope. But, ad2%) in the MOS junction due to the very weak conductance
outlined by Bencuyd! usually theV,, modulation voltage is at this small bias. Consequently, as the MOS tunneling junc-
more serious limitation than the temperature one. tion conductances increases with increasing bias, it be-
comes more and more difficult to detect IETS peaks at high
energy levels. For this reason, we have focused our attention
on the phonon peaks at low energy in such silicon-based
A. Phonons of the aluminum gate junctions.

IIl. PHONONS OF THE ELECTRODES

In Fig. 5, we show an IET spectrum of an
Al-SiO,-Si (p*) (100) tunneling junction. This second de-
rivative of thel-V characteristics has been obtained at liquid
helium temperatur€T=4.2 K) with a modulation magnitude
of 2 mV (4 mV peak to peak A strong structure appears in
the low voltage region from 20 to 40 meV. This corre- The IET phonon spectrum of the Al-Sj&Bi (n*) in the
sponds to a large relative conductance change in the firdtias range of 30—70 meV and the structure relative to lattice
derivative (about 12%. The 0—-50 meV region of Fig. 5 is vibrations of the crystalline silicon are clearly visible for
compared with the Al-AIO5-Al spectrum obtained by Klein  both the(100) and(111) silicon orientations. These two spec-
(see the inse)rl28 This last spectrum was observed by Klein tra are shown, Fig. 6, in the extended range of 20—140 meV.
and Lege? and attributed to phonon structure in granularFirst, we can check that the intensity of peaks due to silicon
aluminum. Two peak$25.6 meV, 34.6 meY, superimposed phonons in the expected bias rai®—70 meV are clearly
on a general background, were attributed to acousticadtronger than other peaks at higher Hia8—140 meV. Sec-
phonong(transverse, longitudingin the aluminum by these ond, the two phonon spectra are not identical. The deconvo-
authors. The peak positions in our case are very closttions of these spectra were performed with the use of a
(25.6 meV, 34.6 meyand they are in good agreement with special data analysis softwafeeAkFIT).>?

B. Phonons of the silicon substrate
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8 pre - S TABLE I. Characteristic energy of silicon phonons for {i41) orientation.
o
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7 V= 2my [ r L point X point
o = em
B T=42K A TO mode LA mode LO mode TO mode
® . |
: 5 I b 65.2 mV 47.5 mV 53.7 mV 59.6 mV
Ei - 0 s | ©
o | ! | |
> 4 (7 '
> Lol _
=3 | 1 // \\ at points about 85% of the way to the zone boundary.
T, | ﬂ\ 7 Strong electron-phonon interactions can be expected in these
N Y !\{\ bulk silicon band conduction minima. The IET phonon spec-
1 \JS \\\__/\/\_\ trum for the.(100) silicon 'orientatic.)n has been dgconvoluted
0 N VAT af_ter removing the elastic tunne_‘lmg backgroutig. 8a)].
30 40 50 60 70 80 90 Six peaks appear clearly. This figure must be brought closer

together with the one in the paper by Lye and co-workers.

Vg (MV) Their deconvolutionFig. 2 in Ref. 39 is very near to our
FIG. 7. Deconvolution of silicon phonon modes for an Al-$iSi (n*) Fig. 8@a) and leads to six separatf modes. Th? most intense
doped with phosphorusilicon orientation(111)]. mode located at 60.1 meM84 cm™) (59.4 meV in Ref. 39
is due to the TO phonon mode associated with conduction
1. (111) silicon orientation band minima in thg100) direction. This strong mode was

B also reported at 56.6 me57 cn?) by Kulda et al.*% In-

The IET spectrum of thgl1l) silicon phonon was al-  fareq absorption measurement performed by Balkanski and
ready investigated in the previous paﬁ?ethese firstresults  Nazarewic2! identifies this mode at 60.3 mel4s6 cnrl).
Wgre raths:r involved and maccur:?\te due to a too Iargg rnOdl%\gain, the comparison with neutron scattering data shows a
lation (V,,=5 mV). We have seen in Part I that the optimum ¢,,4 agreemenwithin the error bars of the neutron data,

voltage modulation aff=4.2 K is 1.6 mV. In the prt_asent %ypically a few meV(Ref. 40]. The two peaks on Fig.(8),
work, the spectrum may be deconvoluted as shown in Fig.

in essentially five peaks: the most intense at exactly
65.3 meV(527 cn?) is due to an interaction of the tunnel- 2 o
ing electron and thé&k=0 longitudinal optical phonons of 3 Tam f
silicon®® (I' point), as is seen in metal-insulator-
semiconduntor tunnel junctions fabricated wiktype sili-
con, though the conduction mechanism is not the same. In it
pioneering work omp-type silicon, Wolf***has reported this
main peak at 64.9 meV.

The second peak at 47.5 mg883 cm!) and the third
at 53.7 meV (434 cmi') are assigned, respectively, to the 1
longitudinal acousticalLA) and longitudinal optical(LO) /
phonons of a wave vectdrat the Brillouin zone boundary in /\
the (111) direction (L point). In addition, there is a fourth 0 e
mode, not detected in our previous woflbecause it was 15 20 25 30 35 40 45 50 55 60 65 70 75
embedded in the whole band vibration. This small peak ap- Vg (mV)
pearing at 59.6 meM481 cm?t) may be assigned to the
transversal opticalTO) phonon mode in th€100) direction 4.0
(X point). It may appear surprising to detec{E0) silicon b)
mode phonon on thel1]) silicon interface corresponding to 35
the no-specular transmission of electronic wave vector. This - 3.0
is an indication that the interaction of tunneling electrons ©
with the electrode phonon may occur farther in the electrode <
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minima occur at the Brillouin zone boundaries, the situation

is a little more cqmplicated in th(5100) direction. In tha_t ~ FIG. 8. Deconvolution of silicon phonon modgsilicon orientation(100)]
case, the conduction band has six symmetry-related minimsar an Al-SiO,-Si (n*) (a) doped with phosphorugb) doped with arsenic.

2. (100) silicon orientation
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TABLE II. Characteristic energyin mV) of silicon phonons for th¢100) orientation.

This work Peppér Lye” Bencuyd
Author Si:P Si:As Si:P Si:As Si:P Si:P Asché
As TA mode inX point 20.2 18.3 17.9 18.8 19 18 18.4
3,3 acoustic phonon t& point 27.1 27.4 315 30.5 36.8
3', or A; LA mode in X point 43.2 48.4 48.5 48.5 43.6 48.0 46.3
A', LO mode towardX point 51.5 51.6 51.8 51.0 53.6 56.2 54.5
3, or 3, TO mode towardX point 60.1 59.6 60.4 60.0 59.4 59.1 57.8

“Reference 42.
PReference 18.
‘Reference 17.
9Reference 43.

flanking the main silicon mode and situated at 64.8 meV andhan this range. Then, evolutions and changes in the IET
55.2 meV(63.4 meV and 53.6 meV in Ref. 3@re assigned spectrum of SiQ phonons are expected under electrical
to two low energy phonon modes of SiOrhe main vibra-  stresses due to changes in the structural organizédifiect,

tion modes of SiQ are at higher energyl30—170 meY  charge trapping,..) of the SiQ. An IETS spectrum obtained
(see Sec. IY. The fourth peak located at 43.2 meV at 4 K on an Al-SiQ-Si (100 (n*) sample is shown in Fig.
(348.5 cm?) (43.6 meV in Ref. 40, but 46.3 meV in Table | 9, focusing on the range of silicon dioxide phonons. It is
of Ref. 30 is attributed toX; or &; LA phonon mode. The compared with previous spectra obtained @il silicon

low energy isolated peak occurring at 20.2 me\3 cni?) tunnel junction(Fig. 10.%° The deconvolution and analysis
is ascribed to & transversal acousticéT’A) mode towards for the (111) Si device was already presented in the preced-
X point at the conduction band minimum. Finally, alwaysing papef*® The deconvolution of the SiQvibration band
towards X point, there is a phonon mode at 51.5 meV for the S{100) junction is shown in Fig. 9. The peaks exhibit
(415 cnmt) which is assigned to thé’, LO mode. We can- the same energy position as those for the Hl) device re-

not assign the peak occurring at 48.1 me88 cn). The  ported in our previous pap?r.The main discrepancy be-
mode at 27.1 meM218 cm!) may be attributed to a TA tween the two orientations comes from the mode magnitude.
phonon at point witi®; symmetry. This last modghe only ~ For instance, the asymmetric stretch TO4 mode assigned
one which is not in thg100) directior], according to the theoretically at 148.8 meV1200 cm?) according to Kirk’s
Pepper’s work? is small for phosphorous doping, and very work*’ appears as a strong peak at 149.0 ni&®02 cm?)
strong for arsenic doping as we can see in Fi@n).8The in the S(111) junction, but it appears as a weak peak in the
assignments of all these phonon modes, and their energyt00) orientation, slightly shifted at 149.9 mef210 cm™.
position measurements compared with literature data, ark is curious that the TO4 and LO4 modes have the same

summarized in Table II. intensity in the Si@ thermally grown on $il11) and differ-
ent intensities on $100. Following the first theoretical
IV. IETS SPECTRUM OF SiO, PHONONS investigatioﬁg of vibrational mode intensities in IETS, the

. o ratio of intensities should be different for different orienta-
For very thin SiQ layers(1-5 nm used in microelec-  tjons of the molecular dipoles in the tunnel oxide barrier. We

tronic devices, ballistic transport is observéd®From these  think that the SiQ tetrahedrons may be stacked in different
ballistic transport studies, mean free paths in the range from

7 to 15 A are deduced. The oxide thickness is barely larger "
Wave number (cm™)
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FIG. 9. Deconvolution in separated modes of Siibration band or{100) FIG. 10. Deconvolution in separated modes of Siration band or{111)
silicon orientation for an Al-Si@Si (n*). silicon orientation for an Al-Si@Si (n*).
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TABLE IIl. Characteristics energy of Siphonons.

LO1 62.8 mV 64.8 mV

n+ <100>

Silicon orientation "M v =2mv

T=42K
(100 (111 (8)
Authors Kirk?® Lye®  This work Previous work o
Modes e
Rocking TO1 56.7 mV 55.2 mV T~

Asymmetrical TO3 133.4mV 131.6 mV 1324mV 1333 mV . e : P
stretching LO4 143.8mV 143.3mV 1442mV  141.7 mV ; i : :
TO4 1488 mV 147.4mV 149.9mV  149.0 mV
LO3 155.7mV 154.8mV 1542mV  157.6 mV

5 ®

*Reference 47.
PReference 18.
‘Reference 22.

ways depending on the silicon orientation. The other assign-
ments of the detected vibration modes are recapitulated in
Table Il and compared with literature. Our analysis is con-
sistent with the first deconvolution published by Lgeal3® . e after and before |

; ; FIG. 11. IET spectra of phonon modes after and before electrical stresses.
(see Ta.ble il for comparl_sQn It could be emph_a3|ze_d that The curves labeled are: 1, initial; 2, after CVS, +0.8 V, 10 min; 3, after CVS
the assignments of t.he Si(phonon modes are |de2gt|cal 0N _2 v, 10 min; 4, after warm-up, 24 h; 5, 19 h later; 6, after CVS, +2 V,
both silicon orientationg100) (Ref. 39 and (111).“° The 10 min; 7, after CVS, +2.5 V, 5 min; 8, after CVS, +3 V, 5 min. The stress
conductance Change rathor/ o due to inelastic Si@phonon and measurements shown are on the same sample with the electrical stress
effect is very weak0.42%—-0.8%, making detection of [ET  Peng cumulative.
peaks difficult, especially for the case of Bi0) tunnel junc-

Vg (mV)

tion. (4) 19 h later at liquid helium temperatueurve 5.
(5 CVS atVy=+2.0 V (or F=+10 MV/cm) during 10 min
V. EFFECTS OF ELECTRICAL STRESSES ON SiO , (curve §. , _
PHONON IET SPECTRUM (6) CVS atVy=+2.5V (or F=+12.5 MV/cm during 5 min
(curve .
Gate oxide degradations induced by high electrical7) cvs atVy=+3.0 V (or F=+15 MV/cm) during 5 min
stresses are intensely investigated in microelectrdiics. (curve 8.

Defects, traps, and positive or negative oxide charges are

usually detected after having applied a constant volt- The IETS spectra taken after each electrical stress are
ag&CVs) or current stres¥ >*Any modification of the Si@  shown in Fig. 11, and the change in energy of the five main
atomic structurgbond breaking, bond deformation, trapped phonon modes, measured from the IET spectrum of the Fig.
changes,..) is supposed to influence the vibrational modesl1, are shown in Fig. 12. First, we note that the most impor-
of the SiG film. Thus, IETS could be an interesting tech-

nique to probe the reliability of ultrathin gate electric 80
(<3 nm), a thickness range where other standard methods &
(C-V, I-V, charge pumping,..) become more and more dif- ° . &4 4 410 mode
ficult to use and to interpret. To prove the influence of IETS  e0 Ty or I'; TO mode
as a tool for reliability study, we have performed a series of = O —NL 5. | -] &yLOmode
IETS measurements after applying several and different elec, *° > v ;‘\ /,/ Ty or &y LA mode
trical stresses. For an Al-Si€si (n*), we have applied the = 4 B 3, acoustic and
following sequence of electrical stresses on the same sampl - “H~¢—7 7] 2 oplical mades
at liquid helium temperature and measured the IET spectrunr 30 foward fhe € pornt
(Si phonon range on)yafter each stress. 20
(1) CVS atVy=+0.8V (or F=4 MV/cm) during 10 min d1/dv? ua) ° 13 é Z ¢ g .g ; :

(curve 2 in Fig. 11 285 5288
(2) CVS atV,=-2.0 V (or F=-10 MV/cm) during 10 min § 23 §E§§ 23

(curve 3.
3 Wa”_n'Up the sample to room temperature for 2éah-  Fi. 12. modification of phonon mode energy positions induced by electri-
nealing (curve 4. cal stresses.
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tant mode located at 60 meV remains unaffected. This latticavith semiconductors and gate electrodes are always critical
vibration excited by the electrons belonging to an ellipsoid oftopics to the semiconductor microelectronics industry. In the
revolutiort® along a(100) cube axis corresponds, in the spec-past, IETS was demonstrated as iansitu nondestructive
trum, to the smalledt wave vector, consequently to the larg- spectroscopy technique, for MIM tunnel junctions. Nowa-
est wave length. We can understand that the Si,Si@er-  days, in state-of-the-art MOS devices, the gate oxide has
face modification induced by the electrical stress is onlyreached thickness below 3 nm so that tunnel phenomena take
altered in the first silicon monolayer. On the contrary, the twoplace. Thus, the IETS technique can now be applied in these
peaks located at 44.3 meV and 52.5 meV and assigned to tluevices. We have analyzed the phonon IET spectrum of each
>, or A; LA mode andA’, LO mode are the most affected of the three parts constituting the tunnel silicon MOS junc-
by this electrical stress sequence. Longitudinal lattice vibration.
tions seem to be more affected at the silicon interface than (a) Aluminium gate: Phonons of Al gate were compared
transversal modes. to the MIM results and the aluminium qualified as granular.
It is well known that electrical stresses can perturb the  (b) SiO, tunnel barrier: Phonons of SjCbarrier were
Si-SiG, interface, breaking some bonds or changing the bonadbserved for both(111) and (100) silicon substrates. The
length of the Si atoms with gate oxide S,!iCMassoucr]4 has analysis of the vibrational modes of Si@rown on (111
emphasized the existence of one dipole moment of theilicon is very near to the analysis by Ly al® of Sio,
Si-SiG, interface. According to this author, the charge trans-grown on(100) orientation. The main difference between the
fer is not limited to the interface bond only; it also takes phonon spectra for SiOgrown on(111) or (100) Si comes
place in bonds beyond the interface both in the silicon subfrom the respective amplitudes of the peaks. This may be
strate and the silicon dioxide layer. The interface dipole po-ascribed to local change in the orientation of the molecular
larity is located along the silicon atom arrays, and the appliedlipoles in these oxides.
electrical stresses may change the bond length of the Si at- (c) Silicon substrate: The IET lattice vibration spectra of
oms with gate oxide, affecting the longitudinal force constantilicon substrate were obtained for bgt00) and(111) ori-
B, and slightly modifying the frequency=+ 8, /mg; where  entations. Phonon vibration bands were deconvoluted in
mg; is the silicon atom mass. It would be necessary to perseparate modes and these modes were assigned in energy in
form EXAFS, SEXAFS, and ELFS techniques in order togood agreement with literature.
confirm or invalidate this explanation. An interesting energy shift induced by electrical stresses
This effect is not analyzed in more detail here, furtheris reported and in the most part explained. This may consti-
works are in progress. The second feature is the reversibilittute a new interface characterization in MOS devices. We
of the degradation probed by IETS. After a 24 h warmup atshow that IETS can reveal changes in the Si-Si@erface
room temperature, previously shifted peaks have actualljnduced by electrical stresses. The Si longitudinal phonon
gone back to lower voltage than initial curve and the IETpeaks are shifted by constant voltage strgesformed at
spectrum has recovered almost its initial characteristic. Sub4.2 K), while transversal phonon modes remain unaffected.
sequent CVSincreasing stress fielghows again the signifi- Further studies are in progress to deeply analyze these fea-
cant energy shift of th&’; or A; LA mode (while theA’,  tures.
LO mode seems less affected than during the first CVS se-
guencg. The peak at 70 meV is also affected by electricalA\ckNOWLEDGMENTS
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