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Noninvasive nature of corona charging on thermal Si/SiO - Structures
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The corona charging technique is widely utilized in commercial SijSi@miconductor device
reliability characterization tools and has been used in numerous electron spin res(aaRre
experiments, by several groups to study defect centers in Sj/Sj6tem. A recent ESR study
argued that the corona charging approaches are inherently unreliable and invasive. In this work we
show that this is not the case. We find that low-field corona biasing is essentially noninvasive and
thus can be utilized in both reliability characterization and fundamental studies of defect
structures. €2004 American Institute of PhysidOIl: 10.1063/1.1789576

Comparatively low-field corona biasing is an essentialprior to oxidation. Room temperature magnetic resonance
part of several widely utilized commercial device reliability measurements were madexaband with a commercial state-
characterization tools. Examples include the Quantox sysef-the-art ESR spectrometéBruker Instruments using a
tems of KLA-Tencot and the Corona Oxide Characteriza- TE;, double cavity and a weak pitch spin standard. Corona
tion of SemiconductofCOCQOS technology of Semiconduc- biasing followed the scheme described by Weinbasz!rgtl.12
tor Diagnosticg. In several early studies involving electron Low-field oxide bias was measured using a Kelvin probe. We
spin resonanc€ESR),> low-field corona biasing was uti- subjected devices to up to 20 h of corona biasing at various
lized to manipulate the position of the Fermi energy at theoxide potentials, periodically making ESR measurements of
Si/SiO, boundary, providing information about the density the oxide/silicon structures. The oxides were stressed with
of states of Si/SiQ@interface trapping centers. In all of these the Si surfacgn-type) in accumulation.
cases, the validity of the measurements requires that little or  Figure 1 illustrates ESR traces taken on the thick
no relevant damage occurs to the Si/SEystem as a result (634 A) oxides subjected to either high-field7 MV/cm)
of the biasing. Other early ESR studfebuytilizing quite high  or lower-field (+4 MV/cm) corona biasinga trace of an
field corona bias, demonstrated that high oxide field coronainstressed sample has been included for refejeridee
biasing can clearly generate both large densities of SiJSiOhigh-field stressed sample exhibited large numkerg.5
interface and oxide paramagnetic centers. X 10*/cn?) of P, andE’ centers. In the samples subjected

Recently, Stesmans and Afanas®have argued that co- to equal periods of lower field corona biasing, we observed
rona charging techniques are “inherently unreliable” andhear negligiblg <3 10'% cn?, about our sensitivity limit in
that, when applied to thin oxides on silicon, the technique ighis study numbers of paramagnetic centers. The low-field
invasive and “intolerably modifies the inherent properties ofstressing defect density is, within experimental error, the
the entity studied, leaving it quite disrupted in terms ofsame as that of the unstressed sample. In Fig. 2, we plot the
(ESR-active defects.” They argued that earlier ESR studieschange inP,, density (AP,) as a function of corona biasing
done at low-field™"** and the commercial device character- time for both high and lower values of corona bias on the
ization tools are unreliable. thick oxides.

In our study, we compare the response of oxide films to  In stressing thir{75 A) oxides we selected +6.5 MV/cm
both high and somewhat lower field corona bias for bothfor our high-field and +4 MV/cm as well as +1 MV/cm for
thick and thin film samples. Our results demonstrate quite
clearly that distinctions must be made between low- and
high-field corona charging. We find that low-field corona
charging appears to be relatively harmless, whereas high-
field corona-charging, as earlier studiéhave also shown,
is quite damaging. Our results clearly support both the use-
fulness of the corona biasing reliability tools and the validity
of earlier low-field corona ESR studies.

Our measurements utilized 75 and 634 A Sifims
thermally grown in dry oxygen on relatively high
(350-500€) cm) resistivity n-type silicon substrates with
(111) surface orientation. Thél1l) orientation was chosen ; ; . ‘ . .
to simplify the ESR analysis. All wafers received a postdepo- 3462 3466 3470 3474 3478 3482
sition anneal in forming gaé&\,/H,) at 400 °C for 30 min Magnetic Field (Gauss)

and were cleaned using a standard SC1/SC2/HF process

FIG. 1. Pre- and post-corona bias ESR trace on thé@d A) oxides with
unstressed trace as reference. The slight asymmetry in the high-field trace is
3Electronic mail: msd153@psu.edu due to weak generation &’ centers.
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5 defects, the somewhat Ilower field corona biasing
4l (<4 MV/cm) provides a relatively noninvasive means of

applying oxide bias. The results strongly indicate that the
3 much lower corona fieldé<2 MV/cm) utilized in reliability

& IMviem tools and in the earlier low-field corona biasing ESR

AP, Density (10'/cm?)

2 = AMviem studie§ "™ had no damaging effect. More precisely, with

11 sensitivity threshold of about 810 paramagnetic
= defects/crmy, we observe no defect generation in samples

0 h 5 1'0 ﬂw —20 stressed at low-field corona bias. Since this baseline is below

the sensitivit;/ limit of the earlier low-field corona biasing
ESR studie§” and the same order of magnitude as the defect
FIG. 2. Comparison of higki+7 MV/cm) and lower(+4 MV/cm) corona  density level in device quality interfaces, we conclude that
biasing time vs defect generation on thi@34 A) oxides. Note: near neg- little or no relevantdamage occurs to the Si/Si@ystem as
ligible P, center generation occurs in the lower corona bias samples. a result of this low-field corona biasingt should probably

be noted that our results may or may not be relevaréxto
our low-field corona biasing. As was the case for thickertremelythin oxides since our investigation involved oxides
oxides, the high-field stressed sample exhibited generation afo thinner than 75 A
very large densitieé~2.1x 10'?/cn¥) of P, andE’ centers Additionally we find that the overall response to corona
whereas the low-field stressed samples showed negligibleias is essentially the same in both our thick and thin oxides:
generation of centergre- and post-stressed samples bothhigh fields are damaging and low fields are not. Our results
exhibited~2 x 10'* spins/cm). Figure 3 depicts the change also support earlier stud%e%which showed that high electric
in Py density in thin samples as a function of stressing timefields generated by corona ions are similar to high electric
Note that the oscillatory pattern is not experimental error andields generated by more conventional means, in that both
indicates competition between tiRg andE’ centers. This is damage the oxides. In fact, as earlier studies have afjlied,
consistent with the model proposed by Lenahan andigh-field stressing via corona biasing may be at least very
Conley,**®which involves the minimization of Gibbs free roughly equivalent to high-field stressing via conventional
energy of two systems of silicon dangling bonds with hydro-gate biasing. However, at lower fields, corona biasing, as
gen passivation. The creation of oxide silicon dangling bonctonventional biasing causes negligible damage. Thus a dis-
defects,E’ centers, unpassivated by hydrogen, in the prestinction must be made between high- and low-field corona
ence of a high density of Si/Sinterface silicon dangling biasing.
bonds, passivated by hydrogen, creates a situation in which we find that whereas high-field corona bias induces large
the system’s Gibbs free energy may be lowered by transfeidensities of paramagnetic centers, lower-field corona biasing
ring hydrogen from one type of sitéydrogen pasls?jv1a6telab generates virtually none. Our results thus support the validity
centers to anotherunpassivated oxide’ centers. ™ "De-  of the earlier low-field corona bias work. Our results also
pending upon the balance between the passivateahdP,  indicate that commercial oxide characterization tools based
centers, the reaction may be driven either way, to3v_vl%rd MOrBn the corona principle are not compromised by shortcom-
passivated®, centers or more passivatéd centers. _ings inherent in the technique. We find that corona biasing,
~Additional wider magnetic field ESR scans of our high 55 goes conventional gate biasing, causes negligible damage
field (6.5 MV/cm) thin oxide(not shown also indicate sev- ¢ |0y fields, but generates numerous defects at high fields.
eral defect centers including the generationf Py, and
possibly the nonbridging oxygen defect. IKLA-Tencor (Milpitas, CA 95035 manufactures an in-line monitoring

Our results clearly demonstrate that, whereas the higherand characterization tool called Quantox ¥®tp://www.kla-tencor.com/

field corona biag6.5 MV/cm) generates large numbers of M. Wilson, J. Lagowski, A. Savtchouk, L. Jastrzebski, and J. D’Amico,
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