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Abstract. We used measurements of temperature and electric field dependencies of surface
photovoltage to study electronic properties of (100) n-silicon surface after its thermal and
chemical oxidation, as well as after oxide films removal in HF. Measurements of surface
photovoltage vs temperature curves revealed two peaks of the fast surface electron states (SES)
density. They lie in the gap in the region of Pyy- and Ppj-centers manifestation. The parameters
of SES systems that were determined from the surface photovoltage vs electric field curves
differ substantially from those determined from the temperature dependencies of surface
photovoltage. They depend on the silicon surface condition, material resistivity and tempera-
ture at which the measurements were made. This is because the SES systems in oxide films
(that exchange electrons with silicon via transport mechanisms) affect the measurements of

electric field dependence of surface photovoltage.
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1. Introduction

Thermally oxidized silicon surface is a basis for modern
semiconductor electronics. That is why there exist a lot
of works dealing with investigation of this surface, in
particular, at different conditions of its oxide film (see,
e.g., [1-4]).

To determine parameters of the surface electron states
(SES), most of authors measure some quantity (that char-
acterizes the near-surface region of semiconductor) —say,
capacitance, conductivity and surface photovoltage — as
a function of external electric field. It seems to us that in
this case not only the fast SES (located at the silicon-
oxide interface) are involved, but also (partially) the elec-
tronic states located in the oxide film. This occurs via
electron transport between the latter states and silicon.
Such situation hampers interpretation of experimental
results, as well as determination of SES parameters from
them.

The same flaw is inherent also to another technique
that is used to study the silicon-oxide interface, namely,
deep level transient spectroscopy (DLTS) [5-9]. Indeed,
in DLTS an electric field is applied to the silicon surface
to enrich the interfacial states with charge carriers. But
this field might charge not only the interfacial states but
also those located in the oxide film. Besides, if a low-

field version of DLTS is used, then one may obtain wrong
results. The reason is that the interfacial states are filled
only partially, because their trapping cross section de-
pends on temperature [9].

The authors of [10] have proposed another method to
determine SES spectra, namely, photoluminescence
spectroscopy of SES (PLS?). In this method no external
electric field is applied to the semiconductor surface.
However, when fitting the experimental results concern-
ing the photoluminescence intensity dependence on sili-
con illuminance from laser, a number of unknown pa-
rameters are used. Among them are cross sections of elec-
tron and hole trapping by SES, as well as their depend-
ence on SES energy. Therefore the above PLS? method
can be used for qualitative estimations only.

In this work we used two methods to obtain SES distri-
bution in the gap of n-silicon after its thermal or chemical
oxidation, as well as after oxide film removal in HF.
These are: (i) measurements of temperature dependence
of surface photovoltage (without external electric field
applied to the semiconductor surface) and (ii) measure-
ments of surface photovoltage as a function of the ap-
plied external electric field (at different fixed tempera-
tures). The result is that SES spectra obtained by using
the above two techniques are quite different. The first
technique (measurements of temperature dependence of
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surface photovoltage) gives two peaks of SES density for
both thermally and chemically oxidized n-silicon sur-
face. They lie in the 0.22-0.32 eV range over the midgap
E;. Another method (measurements of surface photo-
voltage as a function of the applied external electric field)
gives continuous SES spectra whose concentration is more
than an order of magnitude over that given by the first
method. In this case the SES energy distribution essen-
tially depends on condition of the silicon oxide film, as
well as temperature at which the measurements are made.
Such results evidence that the states in the oxide films
play a prominent role during measurements of the elec-
tric field dependence of surface photovoltage.

2. Experimental techniques

We investigated the (100) surface of n-Si samples whose
resistivity was 10 W?cm. Thermal oxide film (300 nm
thick) was grown at a temperature of 1150 °C using com-
bined three-step oxidation in dry (10 min.), moist (12 min.)
and dry (10 min.) oxygen. After studying a sample with
thermally oxidized surface, we investigated the same sam-
ple but with actual surface. To this end thermal oxide
layer was removed by etching in HF (48%) followed by a
short-term (10 s) washing in distilled water. The thick-
ness of a native oxide film on such an actual surface did
not exceed 0.45 nm [4].

After measurements the sample was chemically oxi-
dized in concentrated HNOj for 20 s to obtain a chemi-
cal oxide film 1.5 nm thick [11], and the measurements
were performed. After this the sample was again treated
in HF and washed in distilled water for a short time.
Then we studied it as a sample with actual surface ob-
tained after removal of chemical oxide.

We measured both temperature and electric field de-
pendencies of surface (capacitance) photovoltage at high
concentration of photo-generated electron-hole pairs in
silicon. In these conditions there was no band bending at
silicon surface [12]. This enabled us to determine the sur-
face potential ¢, of the studied silicon surface in dark-
ness (i.e., before illumination) at different temperatures
and external electric fields (¢, corresponds to the band
bending g¢, where ¢ is the electron charge.) To obtain ¢,
we multiplied the measured photovoltage by a calibrat-
ing coefficient of the measuring circuit. This coefficient
was determined using a test electric pulse. It should be
noted that at high level of charge carrier generation the
Dember photovoltage is not essential since the electron
and hole diffusion coefficients become equal due to elec-
tron-hole scattering [13].

The surface potential ¢, vs temperature curves were
taken in a cryostat (pressure of 104 Pa) at lowering tem-
perature from 300 down to 100 K. At a definite tempera-
ture an effect of photo-induced memory of the surface
potential appeared for all conditions of the silicon sur-
face. Therefore we measured @, with the first light pulse
and provided that the surface traps be emptied from the
trapped holes [14]. The surface potential @, vs external
electric field curves were taken at several fixed tempera-
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tures lying between 300 and 100 K. The ¢, values were
measured after applying an external voltage V across the
measuring capacitor. (This voltage changed within the
+ 400 + —400 V range.) In this case the measurements
were performed using the second light pulse in their train.
This enabled us to exclude effect of the photo-induced
memory due to traps filling with holes during condenser
illumination with the first light pulse. Besides, this served
to exclude non-equilibrium at voltages that depleted sili-
con of electrons. This fact is of significance at reduced
temperatures [15].

3. Experimental results and discussion

1. Shown in Fig. 1 are the surface potential ¢, vs tem-
perature curves taken for thermally (curve 1) and chemi-
cally (curve 2) oxidized silicon surfaces, as well as ac-
tual surfaces after removal of thermal (curve 3) and chemi-
cal (curve 4) oxide films with HF. One can see that the
surface potential ¢, is negative in all cases. As follows
from our calculations, this means that in the near-surface
regions of silicon there are layers depleted in electrons.
For the thermally oxidized surface this fact means that
there is no considerable built-in positive charge in the
oxide film [1]. This conclusion is supported by the fact
that ¢, values for curves 1 and 3 (the latter taken after
removal of the oxide film) are close.

For all curves the magnitude of ¢, grows when tem-
perature goes down. This is related to fast SES filling
with electrons due to Fermi level shifting towards con-
duction band. It should be noted that when temperature
decreases, then the electron equilibrium is established
between the silicon bulk and fast SES only (the latter are
located at the semiconductor-oxide interface). Contrary
to this, the slow SES (that are located in the oxide film)
do not manage to reach equilibrium with the semicon-
ductor bulk at cooling. The reasons for this are long-
term character of their charging (with spending of high
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Fig. 1. Surface potential @ vs temperature curves for thermally
(1) and chemically (2) oxidized silicon surface; 3 and 4, respec-
tively, the same after treatment of the above surfaces in HF.
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activation energy [16]) and depletion of silicon surface.
However, at room temperature the surface potential ¢, is
determined by the total charge in both fast and slow SES.
One can see from Fig. 1 that the biggest magnitude of
this total charge (it should be noted that it is negative) is
after treatment of the oxidized surface with HF.

A distinction between the slopes of ¢((7) curves is due
to different concentrations of fast SES at scanning by
Fermi level of different portions of silicon gap at differ-
ent oxide coatings of silicon surface. The minimal SES
concentration (and, accordingly, the most gentle sloping
of the ¢4(7T) curve) is observed for thermally oxidized sur-
face. And the most steeply sloping ¢,(7) curve is that for
the chemically oxidized silicon surface.

2. A charge in the silicon near-surface region that
corresponds to a definite value @, of surface potential is
defined by the following expression [2]:

Qs =2an LE’\“%XDB%B-@
0 T
1

+A @xpg— qk‘{’rs H—lD+ q¢s [A A‘l]g

Here L = (g€0k T/q*n ;) %, A = nylngy; ngy (n) is the elec-
tron concentration at a temperature 7'in the bulk of stud-
ied (intrinsic) material; k is the Boltzmann constant; €is
the silicon permittivity; & = 8.8500712 F/m.

The total charge in SES, Q,, is equal to the charge Q,
with opposite sign. As was stated earlier, Q; change with
temperature is equal to change of charge in the fast SES
only. One can pass from Qy(7) dependencies to Q({)
curves where ;= @, + @,. @, is measured, while ¢, can be
determined for any temperature value 7 from the follo-
wing expression: g = nexp(q@p/k T). g9y, (q ;) is the en-
ergy differences between the midgap E; and Fermi level
in the silicon bulk (at the silicon surface). From Q (y)
one can determine the fast SES density Nyat various g
using the following expression:

Ny (E)=[2Qs|/Alaws). 2)

Shown in Fig. 2 are the Ny/(E) curves for the surfaces
studied in the 0.1 to 0.4 eV energy range over E;. One can
see that the SES density is minimal at the thermally oxi-
dized surface (curve 1). There are two SES density peaks
there, at energies E; + 0.23 eV and E; + 0.32 eV; the corre-
sponding concentrations are 600'° and 3.400'° cm2@V-!.
The SES density also increases at £ > 0.36 eV. For chemi-
cally oxidized surface (curve 2) the SES density is maxi-
mal. In this case there are also two peaks lying at the
same (accuracy of 0.01 eV) energies as those for the ther-
mally oxidized surface. The corresponding concentra-
tions, however, are higher than in the previous case,
namely, 2.200'! and 1.800! cm2@V-1.

The fact that discrete SES lie at the same energies for
both thermally and chemically oxidized silicon surfaces
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Fig. 2. Density of fast SES vs energy curves above the midgap E;
for thermally (1) and chemically (2) oxidized silicon surface; 3
and 4, respectively, the same after treatment of the above sur-
faces in HF.

serves as evidence that defects responsible for their ap-
pearance on these surfaces are of the same nature. We
believe that these defects are Pyy- and Pyj-centers that
are registered on silicon (100) surface by electron para-
magnetic resonance (EPR) [17, 18]. A Pyy-center is a
trivalent silicon atom at the Si-SiO, interface. This atom
is linked to three silicon atoms in the bulk. It has a free
(dangling) orbital and is designated as Si3=Si*. Such a
center is similar to Py-center whose dangling orbital is
normal to the silicon (111) surface [6, 18]. The nature of
Py -center at the Si-SiO; interface has been discussed for
a long time [4, 18-20]. The result was that it is a Si3=Si*-
center too, but its dangling orbital is inclined by 20° to
the (011) axis [21].

The investigations of the dependence of EPR signal at
the silicon (100) surface on the external electric field (that
charges Py - and Py;-centers with electrons) have shown
that concentration peaks of these centers lie in the upper
half of the gap, 0.28 and 0.23 eV over E; [17, 18]. One
should expect that at such energies the SES levels pro-
duced by Py and Py, defects are to manifest themselves in
electrical measurements. Instead of this, however, den-
sity of states has a broad peak in this portion of the gap.
This result was obtained when studying the C-J curves.
The corresponding concentration is about twice as large
as the total concentration of the Pyy- and Py;-centers [17].
The explanation for this fact is as follows [18]. The inves-
tigation of the C-V curves detected not only the electronic
states produced by the Pyy- and Py;-centers located at the
Si-Si0, interface but also those in the oxide film. The
latter states also exchange electrons with semiconductor
at application of an external electric field. The states
from the oxide film (that bear no relation to the Pyy- and
Py -centers) screen manifestation of the states produced
by the above centers.

Later the electronic states (identified with the Pp-
and Py;-centers) in the Si-SiO; systems were studied us-
ing various electric methods. Among them were DLTS,
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measurements of C-V curves, measurements of MOS struc-
tures conductivity at alternating current — G- ¥(w). These
methods were used immediately after MOS structure fab-
rication, as well as after the concentration of electronic
states has been changed by radiation, strong electric fields,
atomic hydrogen, annealing [7-9, 22-24]. For instance,
in [24] a broad peak of the density of states was observed
by measurements of C-V curves for a MOS structure ex-
posed to x-radiation. It lay in the region 0.2 to 0.3 eV
over E;. The method of G- V(w) measurements revealed a
peak lying at E; + 0.32 V. In addition, a trend for peak
appearance nearer to E; was found. The authors of [8]
applied to MOS structures high voltages resulting in ap-
pearance of SES. Using DLTS technique, they revealed
a single peak of the SES density at E; + 0.23 eV. Nitra-
tion of oxide led to replacement of this single peak by
another one lying at E; + 0.35 eV. In [23] it was stressed
that whatever the method of defect production in MOS
structures, Py-centers are responsible for only a fraction
of the density of states determined by electrical measure-
ments. A considerable fraction of fast SES is located in
the transition layer near the Si-SiO, interface.

The results obtained in [7] stand apart from the above.
In this work the energy levels lying at E; + 0.35and E; +
0.15 eV are ascribed to the Pyy- and Py;-centers, respec-
tively. The energy values were determined (immediately
after MOS structure fabrication) with DLTS using small
voltage pulses. These results do not agree with those ob-
tained by all other authors. In particular, they predict no
proximity (found in [17, 18]) in location of the Pyy- and
Py -centers. It should be also noted that the energy posi-
tion of the Py-centers on the (111) surface obtained in [7]
differs from that found in [6] (using the same DLTS tech-
nique). Such a feature of the results obtained in [7] might
stem from not quite correct processing of the DLTS re-
sults. Indeed, it was shown in [9] where the energy spec-
trum of MOS structure on the (100) surface of p-Si was
investigated with three methods (C-V curves, G-V (w)
curves and DLTS using small voltage pulses) that the
results obtained with DLTS have to be corrected due to
both the temperature dependence of charge carrier trap-
ping cross section and incomplete filling of the states
during their charging.

Thus all the methods using external electric field could
not separate two close electronic states in the energy
range from 0.2 to 0.3 eV over E;. In this range the Py -
and Py;-centers manifest themselves in EPR studies. We
think that we could separate the above states in this work
using a technique without electric field. Indeed, we re-
vealed discrete levels lying 0.23 and 0.32 eV over E;.
They are related to the Py - and Pyy-centers, respectively.

One can see from Fig. 2 that after treatment in HF the
SES density increases for the thermally oxidized surface
(curve 3) and decreases for chemically oxidized surface
(curve 4). The energy position of the SES density peaks
also changes in this case. This seems to be due to the fact
that after treatment in HF and short-term washing in water
thin oxide films are formed. They have Si-H, Si-F and Si-
OH bonds in large quantities [25, 26]. H and F atoms
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and OH-groups located near trivalent silicon atoms may
lead to change in energy levels produced by defects [27].

3. The above analysis has shown that when techniques
using electric fields (even of low voltage) are applied,
then charge carriers are partially trapped at the states in
oxide films. This trapping becomes considerably more
intense if one studies (at a definite temperature) depend-
ence of the surface photovoltage on the voltage V applied
across the measuring capacitor whose specific capaci-
tance is C,. To obtain SES density distribution, one should
use the surface potential vs voltage curves, j(V). From
them the SES density was calculated at different j; ac-
cording to the following expression:

_u av dQ_svD
Nops)= [Cact- 1 ®

One can pass from the Ny(¢,) curves obtained at a
definite temperature to the Ny({) curves (or, what is the
same, to the Ny(E) curves), just as it was made earlier.

Shown in Figs 3 and 4, 5 and 6 are the Ny(E) curves for
the thermally oxidized and then treated in HF surfaces,
as well as chemically oxidized and then treated in HF
surfaces, respectively, at temperatures 290-130 K. One
can see from Fig. 3 that for thermally oxidized surface
the SES concentration in the energy range from — 0.2 to +
+0.2 eV (relative to E;) does not depend on the temperature
of measurement and lies within the (2-4)10! cm2@V-!. But
in the region from 0.2 to 0.5 eV over E; the SES concen-
tration depends on the temperature of measurement. An
abrupt rise in the SES concentration at higher tempera-
tures begins at lower E (or Y, = ¢, + ¢,). This increase of
concentration N, occurs when electric fields are applied
to the silicon surface that enrich the near-surface region

Ns, 10%cm%ev ™

Fig. 3. Effective density of SES vs energy curves for thermally
oxidized silicon surface at temperatures 290 (1), 270 (2), 255
(3), 230 (4), 205 (5), 185 (6), 150 (7) and 130 K (8).
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Fig. 4. Effective density of SES vs energy curves for thermally oxi-
dized and treated in HF silicon surface at temperatures 290 (1),
270 (2), 255 (3), 230 (4), 205 (5), 185 (6), 150 (7) and 130 K (8).

with electrons and increase @,. The @, values at which N,
abruptly increases are about the same at different tem-
peratures. And shifting of the N, growth beginning to-
wards higher £ when temperature goes down is due to ¢,
increase from 0.28 eV (at 290 K) to 0.47 eV (at 130 K).

From comparison between the Ny/(E) and N(E) de-
pendencies (see Figs 2 and 3) obtained with two different
methods for the thermally oxidized surface one can see
the following. First, the above two curves have different
SES distribution characters. The N(E) dependence is
discrete, while the N (E) one gives continuous SES distri-
bution. Second, the SES concentration Ny determined
from the ¢((7) curves is by more than an order of magni-
tude below than the concentration N determined from
the ¢,(V) curves at different temperatures. The reason for

Ns, 10%cm eV
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Fig. 5. The same as in Fig. 3 but for chemically oxidized silicon
surface.
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Fig. 6. The same as in Fig. 4 but for chemically oxidized and
treated in HF silicon surface.

this is that Nz, being determined in the absence of exter-
nal electric fields, gives concentration of true fast SES
only (they are at the Si-Si0O, interface). But if one applies
a technique that uses electric fields to determine Ny, then
additional SES manifest themselves whose concentration
is much over Ny They are located in the oxide film be-
cause there exist a considerably high electric field there
that serves to transfer electrons between silicon and SES
in oxide.

The electric field in the oxide film, &, at inducing a
charge Q;,q on silicon is given by the following expres-
sion (at the initial instant before a charge in SES begins
to change):

&= Qind / €4€0 :[QSV(¢SO)_QSV(¢S)]/£C1£0' “

Here ¢4 (¢,) is the silicon surface potential before (after)
the external electric field is applied; &, is the permittivity
of silicon oxide. The charge @, is negative (positive) when
¢,> 0 (¢,< 0). According to expressions (1) and (4), if a
voltage is applied to silicon that serves to deplete it of
electrons, then the electric field &, in the oxide film is
proportional to | g@/k T|"2. In our experiments &, was as
high as 30* V/cm. When the applied voltage serves to
enrich silicon with electrons, then the electric field in-
creases more abruptly: & O exp(q@/kT). It follows from
expressions (1) and (4) that an abrupt increase of &, oc-
curs at lower temperatures and higher £ = = g¢; [29].
Thus a correlation exists between the curves &(E) and
N(E) in the enrichment region: at higher electric fields
in the oxide film one obtains bigger determined effective
SES density (that depends on the temperature of meas-
urement).

There exist several different mechanisms for electron
transfer between the semiconductor and SES in oxide 1,
2]. One of them is the tunnel mechanism for electron trans-
fer from the silicon conduction band to the oxide elec-
tronic states at the Si-SiO, interface. Its role may be cru-
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cial when one applies voltages serving to enrich silicon
with electrons. Indeed, just after the electric field is ap-
plied, the rate of electrons trapping (via tunneling) at
some oxide states whose concentration is N is (ignoring
backward tunneling from oxide to semiconductor)

d
% O DCnO(NtO - ntO)Vsns : ®)

Here ¢, is the effective cross section of electron trapping
by oxide states; ny is the concentration of electrons in
these states; n, = ny exp(q@,/kT) is the concentration of
electrons in conduction band near the semiconductor sur-
face; v, is the electron thermal velocity; D is the transpar-
ency coefficient for electrons tunneling from semiconduc-
tor to the oxide states. It is determined by the following
expression:

44/2m

D = Doexp{ - 7 [(U~- En)3/2_
—(U-qéd—E,)q#}. (6)

Here Dy = 1; Uis height of the potential barrier at the
semiconductor-oxide interface; E), is the tunneling elec-
tron energy; d is the spacing between the oxide states and
semiconductor surface; m is the electron effective mass in
oxide; /4 is Planck’s constant divided by 27T

According to expressions (5) and (6), application of
voltages serving to silicon enrichment with electrons to
the field electrode results in a considerable intensifica-
tion of electron tunneling from the oxide SES. This is due
to both growth of the transparency coefficient and in-
crease of the electron concentration 7, near the silicon
surface. The calculations show that the latter factor is of
crucial importance since n, grows exponentially with the
surface potential ¢;.

Electron tunneling to the oxide states results in a con-
siderable growth of the SES effective density N, (deter-
mined from the surface photovoltage measurements us-
ing electric fields) in the energy range from 0.2 to 0.5 eV
over E; (see Fig. 3). The true density Nyof fast SES at the
silicon -oxide interface (that is determined from the tem-
perature dependencies of surface photovoltage in the en-
ergy range from 0.2 to 0.4 eV over E)) is less than N, by
more than an order of magnitude (see Fig. 2). It should
be noted that during temperature measurements the sili-
con gap is studied in the mode of surface depletion of
electrons. In this case electrons do not tunnel from sili-
con to the oxide SES, because there is no electric field in
oxide (that could favor tunneling) and the ng value is low.

After the thermal oxide film is etched away in HF, the
character of Ny(E) curves remains principally the same
(Fig. 4). In the region E < E; + 0.2 eV (that is studied at
depleting voltages) the N, value does not depend on the
temperature of measurement. At E < E; + 0.2 ¢V (this
energy region is studied at enriching voltages) the N, value
strongly depends on both E and the temperature of meas-
urement. A thin actual oxide film, however, is structur-
ally more imperfect than the thermal one. It has bigger
number of electron states at a distance that electron can
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overcome by tunneling. Therefore the effective SES den-
sity N on an actual surface (Fig. 4) is higher (at the same
E and temperature) than that on chemically oxidized sur-
face (Fig. 3).

After chemical oxidation of actual silicon surface the
effective SES density considerably grows (Fig. 5). This is
related to a thickness increase for the oxide film that con-
tains a great number of defects. The latter trap charge
from silicon when an external electric field is applied to
it. One can see from Fig. 5 that the N, value on chemi-
cally oxidized surface increases abruptly at enriching
voltages due to electron tunneling from the conduction
band to the oxide states. Besides, the N, value consider-
ably grows (as compared to the cases of thermally oxi-
dized and actual surfaces) in the region of depleting
voltages. This is evidence that electron transport between
the oxide film and silicon occurs even at depleting elec-
tric fields due to various mechanisms [1, 2].

Subsequent treatment of chemically oxidized film in
HF can serve to demonstrate a considerable contribution
from defects in the oxide film to the determined N, value.
The N(E) curves obtained at different temperatures after
treatment in HF (Fig. 6) are about the same as those ob-
tained after thermal film removal wit etching in HF. This
means that removal of chemical oxide film considerably
lowers the N, values for definite £ and 7 values.

Conclusions

It follows from our work that SES parameters determined
for the (100) surface of n-Si by two different methods of
surface photovoltage measurements essentially depend
on the character of its oxide coating.

The method of temperature dependence of photo-
voltage (when only fast SES at the silicon-oxide interface
are studied) revealed two closely lying discrete SES lev-
els. Their energy positions on thermally and chemically
oxidized surfaces are the same, while concentrations dif-
fer (those on chemically oxidized surface are several times
bigger). The origin of these states at the Si-SiO, interface
seems to be related to the Pyy- and Py;-centers. On actual
silicon surfaces (obtained after removal of thermal and
chemical oxide in HF) the SES concentration grows and
drops, respectively, and the level energy positions shift.

The method of electric field dependence of photo-
voltage gave a continuous distribution of SES in the gap.
Their effective concentration was an order of magnitude
higher than that obtained by the first method. This is due
to the fact that the second technique involves also the
states of electrons in oxide films. A particularly abrupt
increase of the SES effective concentration at enriching
electric fields is related to realization of the tunneling
mechanism for electron transport from the conduction
band to silicon oxide states. The tunneling process de-
pends on a number of parameters (in particular, ¢, and
&,) of both semiconductor and oxide. Therefore the de-
termined effective concentration of SES essentially de-
pends on the semiconductor resistivity, temperature of
measurements and oxide film condition. Of course, these
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features of the determined effective parameters of SES
exist not only at studies of the surface photovoltage de-
pendence on electric field but also when studying other
surface phenomena by the same method.
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