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ABSTRACT

The interfaces of MOS (metal-oxide—semiconducttjctsires with ultrathin silicon dioxide (SHD layers formed on Si
substrate with nitric acid have been investigatethgidoth acoustic deep-level transient spectroscGPLTS) and W (V)
dependences to characterize the interface states.nfethods are based on the acoustoelectric respsigaal (ARS) observed on
the interface when hf longitudinal wave propagatesugh the structures. The ARS is extremely seegitiexternal conditions and
reflects any changes in the charge distributionremied also with charged traps. The MOS structure® wevestigated using
acoustic techniques to find the interface states their distribution after post-oxidation annealifigOA) and/or post-metallization
annealing (PMA) treatment on the interface-stateunence and distribution. The evident decreasestefface states and shift of
their activation energies in the structures with PiMéatment in comparison with POA treatment wereeoled in the investigated
structures. The activation energies and some githesmmeters of traps at the insulator — semiconduictizrface were determined.
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1. INTRODUCTION interface when a high frequency acoustic longitatin
wave traverses the structure. The amplitude of the
The interface states in metal — oxide — semicormtuchcoustoelectric response can be written in the form
(MOS) structures have been investigated for moem th
thirty years using many useful experimental techesy u°wv,)=KQ(g,Vs)) - (1)
The A-DLTS version is high-frequency ultrasonic huat

based on analysis of acoustoelectric response IsigRBereK is the experimental consta,is the density of
(ARS) produced by MOS structure after bias volts®s the accumulated charge, is the surface potential across
is applied to the structure at various temperath@s ihe semiconductor and; is gate bias voltage.

reflects relaxation processes in both semiconduatat After an injection pulse has been applied to the
interface layer. It was namely found, that the ARSsmiconductor structure the amplitude of ARS foliahe
strongly depends on the bias voltage applied to thecumulated charge behaviour over the capacitse,

structure and reflects any changes in the spaceg€hgnai the ARS is proportion to the nonequilibriuntriza
distribution due to the external condition chanjdsThe densityn [6]

measurement of ARS as a function of the gate lwdage

can be useful method determining the energy digioh t 5

through the energy band gap [2]. An(t)=2n, EXF{‘ ;]’ @)
Using the chemical SiQlayers formed in HN@

(nitrid acid oxidation of Si - NAOS), the formatioof \yhere 4n, represents the variation in trap occupancy
ultrathin SiQ layers with a leakage current density muci,e to the acoustoelectric effect anik the time
lower than those of thermally grown Si@yers, or layers ¢onstant associated with the release of the cafiien
prepared by a different chemical oxidation proceduith deep centers (relaxation time).

the same thickness [3], can be performed. The gmka The measured acoustoelectric response signal

current density and consequently the_ int_erfac_eest%tmp”tude for the discrete level can be then given
density can be decreased by a post oxidation a@ngeal

(POA) treatment in a nitrogen atmosphere [4] andlor t 3)
post-metallization annealing (PMA) treatment in ePae“FerxV{‘;j'

hydrogen atmosphere [5]. The POA and PMA treatment

can also eliminate interface states and decrease th Tne reciprocal value afgives the emission rate which

level transient spectroscopy (A-DLTS) as welllag(Ve)

characteristics are used in present contribution tife [{

study of ultrathin NAOS Si@Si interfaces to clarify the 77 =y,0,T”ex
role of annealing treatment on the interface states
occurrence and distribution.

_E j (4)

kT

were J,is constantg, is the capture cross sectidf), = E.
2 THEORETICAL PRINCIPLES - Er is the trap activation energy related to the botuaf
conduction band is Boltzman’s constant.

The basic principle of A-DLTS technique consists in Using the A-DLTS technique based on computer-
utilization of the ARS produced by MOS structur€valuated isothermal transients and correlatiorqutore
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with higher order on-line filters and rectangulagighting
function [6], the activation energi€s and corresponding

The energy levelE in the band gap of the

capture cross-sectiog, of traps can be determined fronfrom the equation

Arrhenius type dependence 4T ima?’) Versusl/Tpa.
The dependence of ARS amplitude on the gate b

voltage Vg applied to the ideal MOS structure can be

described by Eqg. 1. In general, gate bias voltageelates
to the surface potential as in the following equation

_Q(¢.)

C

Vo ~Veg = g (5)

%

where Vi is the flat band voltageC,, is the oxide
capacitance.

To determine the energy distribution of interfa$
it is necessary to know the dependence of surfatenpal
on the gate bias voltages = f(Vg) for the ideal MOS

semiconductor, corresponding Dg(E), can be calculated
D, A

N
.
where E, is the maximum of the semiconductor valence
band, Ey is the semiconductor band gafpa is the
concentration of donors or acceptors, the plus &gim
the Eq. 10 for the n-MOS and the minus sign for the
MOS structure.

Another method for determining the basic parameters
of traps at the insulator — semiconductor interfescéhe
modelling of measured spectra [7]. For discretelewe
can model the measured A-DLTS spectra for the uario
rate windowsAt and the activation energi&s determined

igs E,

ZE, +—+ag, £KThn (10)

structure. This dependence can be obtained by neahersom this modelled spectra expressed by the refatio

solution of the Eq. 5 using model which sugges#t the
density of the accumulated charge in the Eqg. 5 lman
written for the n-MOS structure as

- af., b, . N A, 9P, 6
Q(¢s)—A\/EXD(kT) &I ERe D (6)
where
:tZKT‘EOES (7)

qL,

andT is the thermodynamic temperatuggjs the vacuum
permittivity, & is the dielectric constant
semiconductorg is the elementary charge is Debye’s
length, Np is the concentration of the donors,is the
intrinsic concentration in the semiconductor, tlgplus
is in the Eq. 7 for the depletion or inversion stahd the
sign minus for the accumulation state.

If we substitute on the right side of the Eq. 1 th
dependence®) = f(ps(Vs)) using considered model, wey
can obtain the dependence of the ARS on the gate ta

voltage for an ideal MOS structure. Now, when wewn
the both ideal and real voltage dependence of RE Af
the investigated MOS structure, we can determire t
energy distribution of the interface traps. The$r@ause
the shift of the measured curve against the idealechy
the valueAVg (ps) that is the function of the surface
potential. Following the knowledge of the dependen
AVs (pg) the density of charge of interface traps can |
calculated
Qi (#:) =Co Vs (¢,) - €
This dependence is very important for determinatic
of the energy distribution of interface traps. Tdwergy
distribution of the interface traps can be exprésssing
the equation

_1
K

0Q: (#:)
09,

(9)

. )
it

whereD;, is the interface traps density.

of the

t,

d

11)

1

Augc(r):ium[ex;{ t]—ex;{—
j=1 Tj
can be compared with the activation energies catedl
from Arrhenius plots.

3. EXPERIMENTAL

A block diagram of the experimental arrangement of
the A-DLTS technique is shown in Fig. 1. The congput
system was used to trigger the apparatus - Pulse
Modulator and Receiver - MATEC 7700, to generate
excitation bias pulses as well as to record antliatathe
isothermal transient of the ARS. A longitudinal astic
wave of frequency 13.2 MHz was generated using a
LiNbO; transducer in the arrangement illustrated in the A
detail. The ARS produced by the MOS structure,rafte
detection in the SRS Gated Integrator and Box-car
/gverager, was then recorded and stored by compUier.
a(Vc) dependences were measured under the linear rise

t the external voltagé.

Box-car
integrator

HF pulse
generator

[.

-

A - detail -

,* " Transducer

’
.
'
'
\
\

Buffer

Fig. 1 Block diagram of the experimental setup for A-DLTS
measurement. The sample configuration is illustk&ieA-detail
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Investigated Si MOS structures were fabricated froi

phosphorus doped Si (100) wafers with X0cm
resistivity. After cleaning the wafers and etchingth
dilute hydrofluoric acid they were immersed in driai
acid aqueous solution of various concentrationar{ging

from 53% to 68%) at temperatures (110-120°C) fc
different reaction times (changing from 3.5 up t6 1
hours). The MOS structures of different oxide laye

thickness (2.7 — 9.2 nm) were prepared by this @y
After rinsing with ultrapure water the wafers weligided
into several parts. One part of the wafers wagdceay

POA in nitrogen at 250°C for 1 h. Then aluminium)(A
dots of 0.15 and 0.30 mm diameter were formed on :

parts of prepared wafers, resulting in Al/gi® MOS
diodes. For other wafers, PMA treatment occurréer &l
electrodes were evaporated at 250°C
atmosphere for 1h.

4. RESULTS

Fig. 2 shows the representative A-DLTS spectra (
two MOS structures, sample No. 5 exposed to botA PC

and PMA treatments. The illustrated spectra thataio
only one peak, corresponding to one interface stegee
measured at reverse bidg = —0.5 V with pulse voltage

AVg = 1.2 V and the same time constant. The activatic
energies and the corresponding capture cross-gectis

were determined from the Arrhenius plots constiidte
individual peaks. The obtained activation enerdstesl to
the bottom of conduction barg, = E. — B = 0.42 eV
with the cross sectio#.52x10' cnf for sample POA and
E, = 0.75 eV with the cross sectiod.8x10° cnf for
sample PMA (Fig. 3). Using the Eqg. 11 for the diser
level we simulated the main peak of measured spextr
the sample POA (Fig. 2) for the point= 15 ms and, =
30 ms. We found the energy le\e] = 0.44 eV(Fig. 4),
which is very close to the activation energy calted
from Arrhenius plot (Fig. 3).
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Fig. 2 A-DLTS spectra of the samples $iSi structures POA
and PMA treated (3.8 nm Sj{for the same relaxation time%
43.6 ms) aV/g=-0.5V andAVg=1.2V
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in hydrogeig. 3 Arrhenius plot constructed from the positionsha peak

maxima of the A-DLTS spectra illustrated in Fig. 2
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Fig. 4 The simulation peak of A-DLTS spectra of sampleAPO
obtained for the relaxation time 43.6 ms

The A-DLTS spectra of PMA structure definitely
indicate the lower concentration of interface sate
compared with POA structure represented by smalter
even an undetected A-DLTS peak. Except for a lower
concentration of interface states in the structunéth
PMA compared with POA structures, the shift of thei
activation energies above or below the midgap was
observed.

This indicates that the same interaction of Si dagg
bonds with hydrogen, Si, or oxygen atoms in the,SiO
layer can occur during the PMA treatment, as welthe
reaction between the Al atoms and gi@roducing the
Al O3 layer.

The measured and ideal curves of the ARS dependence
on the gate bias voltage for representative sampl& are
illustrated in Fig. 5. The corresponding energyribistion
is illustrated in Fig. 6.
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