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INVESTIGATION OF ACOUSTOELECTRIC RESPONSE
OF Si MOS STRUCTURES"

BURY, P.? DURCEK, J..? Zilina, MIKUS, O.." Piestany

The acoustoelectric response of MOS structures reflects the potential distribution
condition inside the structure. In this paper the acoustoelectric response of Si MOS
structures as a function of external bias voltage and temperature is studied. The role
of space charge in a semiconductor, surface potential and insulator capacity are
discussed.

L. INTRODUCTION

In our previous work [1, 2] we have studied the question of the piezoactivity
of the SiO,—Si structure discussed earlier in connection with the mechanical
vibrations by Misawa, Moritani and Nakai [3. 4] and theoretically
analysed by Grendel [5]. We have found that the structure shows piezoac-
tivity also for high frequency longitudinal acoustic waves and acoustoelectric
response is linearly dependent on the external bias voltage applied to the
structure. We have also shown an interesting time development of the acous-
toelectric response signal after a rapid change of the bias voltage. Because it was
evident that this time development reflects the changes inside the structure we
have investigated it further.

Il. EXPERIMENTAL METHOD AND RESULTS

To investigate the MOS structures we used a simple arrangement with time
recording of the acoustoelectric signal development after the bias voltage step
had been applied (Fig. 1). The investigated structure was acoustically bonded to
the quartz buffer rod and the longitudinal acoustic wave of frequency 4.6 MHz
was excited by LiNbO, transducers driven by a Matec Attennation Comparator
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(4a). The SiO,-Si structure worked as a receiver transducer, the signal of which
after detection in the receiver (4b) was averaged by the box car integrator and
recorder as a time function. The repetition frequency of the pulses was | kHz
and the integrator time constant was 0.1s. The external bias voltage could be
applied to the investigated structures.
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Fig. 1. Experimental arrangements. l—investigated structure. 2—buffer. 3—transducer. 4—Matec
Attenuation Comparator, 5—box car integrator, 6—recorder, 7—bias voltage supply. 8—oscillo-

scope.

The dependence of the acoustoelectric response of the structure on the
external bias voltage measured immediately after its application is schematically
illustrated in Fig. 2. The amplitude of theacoustoelectric signal 6U, at constant
acoustic power is a linear function of the applied voltage but at a certain value
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Fig. 2. Schematic diagram of acoustoelectric response signal dependence of a Si MOS structure on
external bias voltage.
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U,,. which we shall call the compensating voltage. the acoustoelectric signal
vanishes. When a bias voltage step AU, (1) which 1s smaller than U, is applied,
the acoustoelectric signal 6U (0) drops practically immediately to the value
SU (1) and then gradually returns to the now equilibrium state that is close to
the state corresponding to U, = 0. After removal of the bias voltage step AU,(1)
the acoustoelectric response is equivalent to the situation when the same bias
voltage step but of a different polarity is applied, thus the acoustoelectric signal
increases rapidly to SU(1) value. This proress is illustrated in Fig. 3 for a
Si0,-Si structure with an oxide layer 1.35 um thick prepared by thermal oxida-
tion on the 400 Q cm n-type silicon substrate. The applied bias voltage step was
AU(1) = 0.8V with the positive polarity on the Si side and the measurement
was made at room temperature.

If the bias voltage step AU(2) is higher, than the compensating voltage U,
the signal is developed in a quite different way. The acoustoelectric signal after
the achievement of the 86U (2) value (see Fig. 2) first decreases to the value
corresponding to U, and then increases to the equilibrium state again close to
that corresponding to U, = 0. Such a situation is illustrated for the same sample
and bias voltage step AU,(2) = 2.0V in Fig. 4.

After an interruption of this developing process at any time the acousto-
electric signal increases as if the external bias voltage U, of an opposite polarity
were applied.
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Fig. 3. Time development of acoustoelectric re-  Fig. 4. Time development of acoustoelectric re-
sponse after bias voltage step AU,(1) =0.8V  sponse after bias voltage step AU,(2) =20V
has been applied and after its removal. has been applied and after its removal.
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111. DISCUSSION

In case of one kind of traps with density N, and occupancy distribution
function f, the generation and time development of the high frequency acous-
toelectric signal can be explained using the equation for bias voltage in the form

Qs” ]_”Qz..*!m.zm\.._\m.cx_!sq.*‘s:: Agv

where @, is the contact potential difference between metal and semiconductor,
@, is the surface potential, Q. is the space charge in the semiconductor and C,
is insulator capacity.

The contribution to the acoustoelectric signal dU, is represented by the
changes in C;, Q, and ¢, due to the mechanical deformation caused by the
acoustic wave. While the acoustoelectric signal measured immediately after the
superposition of the external bias voltage is proportional to the U, value (Fig.
2), in the steady state the signal achieves practically the same value independent
of U, (Fig. 3 and Fig. 4) because of the screening. After the rapid U, change the
screening field development is shifted in time and the acoustoelectric response
is proportional to the superposition of a new external field and the previous
screening field. Using the appropriate external field a zero response can be
achieved. The zero response can occur also during the screening field develop-
ment so that the time development of the acoustoelectric response after the bias
voltage step AU, has been applied depends on the internal field development.

The acoustoelectric signal creation can also be explained by using an equi-
valent capacity scheme of the structure, which is usually used in electronics. This
scheme is based on equivalent capacities of the semiconductor and the insulator,
respectively. The frequency dependence of the MOS structure capacity is caused
by the same mechanism and we can obtain the same description of the signal
time development.

The time development of the signal after the U, change depends upon the
speed at which the potential ¢, and the charge Q, change. These changes are
connected with the kinetic equation for the distribution function f that can be

written after Grendel [6] near the thermodynamic equilibrium in the fol-
lowing form

@N.”
ar

—(Cne™" + cpe’ + e, + e)f +cne +e, 2)
where ¢ is time, e,, c,, n, and ¢,, c,, p, are the emission rate, the capture coefficient
and the equilibrium bulk density of electrons and holes, respectively, v = e /kT.

Grendel has shown that after a small bias voltage step AU, is applied,
the current and consequently also the voltage on the capacity C, develop
exponentially and this can be used also to explain the acoustoelectric response
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signal behaviour. However, the introduced equation suppose one kind Om_ :mmm
and a perfect dielectric layer. In the case of several trap levels the mno:mﬁo.m .aoq_w
response, generally non-exponential, can cn.qncqnmmz.aa by the superposition o

several exponential functions. Of course, in the Si0O, Eﬁﬁ. mrmno can occur
polarization processes [9] that can also cause a gradual transition of the inves-
tigated system to the equilibrium state.
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Fig. 5. In{{sU(0) — 8U(0)]/6U(0)} plotted

against time for U, (1) =08V (full lines) and 15 A _ i Mv”
. . - - =
Uy 2) =20V (dotted lines) at various iem 0 5 e

peratures.

Layer polarization by light ions, such as Na* or w&nnﬁnn m_ao:,osm,r which nmmnm
be captured by the traps present in the _m.v&ﬂ are often nosmaoqn.a. Suc mno,o_ww
are intensively investigated in connection with memory devices Gw } an
processes usually have relaxation times of hundreds to .Eocmm:aw of mooom M

To be able to make some assumptions about the micro-mechanism .o .m e
exponential development we have plotted the Bmmmwnma mncosan.znom. at various
temperatures and bias voltages using an exponential scale considering

In {[6U(0) — 8U0))/8UL0)}

time function. . o
® w—;rmﬂmvasam:omm for AU, = 0.8V are plotted in Fig. 5 (full lines). It can be

seen that relatively small temperature changes cause very wQ.ozm changes of EM
time constant. We must note that the internal circuit has a time constant muc

larger so that it cannot influence the measurement.
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The occurrence of the strong temperature dependence indicates that the
dominant influence on the time development of the accoustoelectric signal s
probably the semiconductor properties. Since we plot the same dependences for
the bias voltage step AU, = 2.0 as illustrated in Fig. 5 (dotted lines), we can see
the various process kinetics for AU, larger than U, , near U, and for AU, smaller
than U, . This fact also could support the supposition about the role of the
surface potential because it is known from the capacity measurements that the
dependence @, on U, changes their slope near U, = ¢,. It means that if the
acoustoelectric signal time development is controlled by the change in the
surface potential, then its progress and slope change can be explained.

1IV. CONCLUSION

In spite of the fact that we cannot exactly determine the reason for the
dynamic changes in the structure from the present state of our investigation, it
is evident that the acoustoelectric investigation can provide valuable informa-
tion about the kinetics of the processes in the MOS type semiconductor struc-
tures.

In a further investigation the influence of the surface potential ¢, and the
space charge Q, on the acoustoelectric response signal will be verified by other
independent methods and the observed results will be compared.
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NCCIAEIJOBAHUE JEKTPOAKYCTHYECKOTO OTKJIUKA
KPEMHMEBbBIX MOIL-CTPYKTYP

DNEKTPOAKYCTHYECKHIT OTKANK MOTT-cTpyxTyp oTpakaer cocrosne pacrpeeicHHa NoTeH-
uuana B cTpyktype. B naunoii paborte uaywaercs WIEKTPOAKYCTUHECKHH OTKIIMK KPEMHHEBBIX
MOTI-cTpykryp kak (yHKUMS BHEWHEr O HaNpKEHNA ¥ Temniepatypsl. O6cyxaaercs Takxe
M0JIb NPOCTPAHCTBEHHOTO 34PA/IA B NOJYNIPOBOAHHKE, NIOBEPXHOCTHOrO NMOTEHUMANA W EMKOCTH
M30JIAUMOHHOIO MaTepHaa.
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