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A new version of acoustic deep-level transient spectroscopy (A-DLTS) is presented
to study the traps at the insulator-semiconductor interface. The A-DLTS uses an
acoustoelectric response signal produced by the MIS structure interface when a
longitudinal acoustic wave propagates through a structure. The acoustoelectric
response signal is extremely sensitive to external conditions of the structure and
reflects any changes in the charge distribution, connected also with charged traps.
In comparison with previous version of A-DLTS that closely coincides with the
principle of the original DLTS technique, the present technique is based on the
computer-evaluated isothermal transients and represents an improved, more effi-
cient and time saving technique. Many tests on the software used for calculation
as well as on experimental setup have been performed. The improved A-DLTS
method has been applied for the Si(p) MIS structures. The deep-level parameters
as activation energy and capture cross-section have been determined.

1. Introduction

Following the work of Lang [1], deep-level transient spectroscopy (DLTS) has become
most powerful technique commonly used for the characterization of semiconductor and
semiconductor structures because it reveals information about several characteristics of
electrically or optically active defects present in such materials. Several useful variants
of DLTS have been developed [2-5] and many attemps to improve the defect resolution
capabilities of DLTS introducing different types of transient analysis procedure have
been reported [6-11].

Recently two different acoustic modifications of transient spectroscopy were intro-
duced. The former, acoustoelectric deep—level transient spectroscopy (AE-DLTS) uses a
nonlinear acoustoelectric interaction between the surface acoustic wave (SAW) electric
field and the free carriers in semiconductor generating as the result of the interaction
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the transverse acoustoelectric voltage (TAV) across the semiconductor. Transient mea.
surements of the rise and fall times of the resulting TAV signal have been used to study
charged traps {12,13]. The latter acoustic technique, called acoustic deep-level tran-
stent spectroscopy {A-DLTS) uses an acoustoelectric response signal {ARS) observed at
the interface of the semiconductor structure when a longitudinal acoustic wave pulse
propagates through the structure. The ARS very sensitively reflects any changes in the
space charge distribution due to the trapped charge after an excitation pulse and its
transient has been used to characterize the deep levels {14,15].

In this paper we describe a new version of the A-DLTS technique, the principle
of which consists in the computer evaluation of isothermal ARS transients. The new
system of A-DLTS transient analysis represents a significant improvement over the
previous A-DLTS version and time saving due to the computer evaluation of isothermal
transients applying the data compression algorithm, that allows a single transient to
be sampled at different sample rates permiting several decades at time constants to
be observed in one thermal scan. We applied the improved technique to Si(p) MIS
structures and obtained results are discussed.

2. Experimental details

The basic principle of the present measurement procedure is the same as the previous
version of the A-DLTS technique and consists in the utilization of the ARS produced
by MIS structure when a high frequency acoustic wave traverses this. The ARS is
proportional as in the case of electromechanical capacitance transducer to the voltage
and relative change of capacitance induced by the acoustic wave and for the case of thin
planar structure [14] is given by

Qr Q@ p Qp i
CiK; CyKo CK &

where Cj;,C,, are the capacitances of insulator and space charge region, respectively, C
1s the total capacitance of the structure, Q is the accumulated charge, p is the acoustic
pressure and K is the elastic modulus assuming that elastic moduli of the structure
layers K; and K, are approximately equal. When a quiescent reverse bias voltage Ug
1s applied to the MIS structure so that the structure is in deep depletion then for a
short time a forward biased injection pulse is superimposed that results in filling of
the interface states with majority carriers. After the filling pulse a new non-equilibrium
depletion condition is established and due to the thermal empting of the interface states
the accumulated charge and simultaneously the capacitance of the structure is changed.
As the ARS is able to reflect changes in the charge distribution in the interface region
very sensitively the time development of the ARS after an injection bias pulse reflects
relaxation processes associated with the thermally activated emission of excited carriers.

From the acoustoclectric investigation of the MIS structures [14] we can conclude
that the ARS follows the accumulated charge behavior over the capacitance one. By

g the MIS structure capacitance as the equivalent capacitance of the series-
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found in the form {3]

where ¢ is the electronic charge, w is the width of depletion region, N, is the total
concentration of the investigated centers and 7 is the relaxation time. Using the previous
relations (1) and {2) the ARS amplitude transient can be given by

()= Tt (3)

where p, is the acoustic pressure amplitude. Comparing with the previous version of
A-DLTS that uses the analysis of the acoustoelectric transient signal after an injection
pulse similarly as in the original DLTS developed for the capacitance transient [1,2] by
means of a set of emission rate windows, the present technique is based on the computer-
evaluated transients measured at fixed temperatures [16]. The measurement technique
allows a single transient to be sampled at up to 8 different sample rates permitting
3 to 4 decades of time constants to be observed in one thermal scan. Because it is
necessary to analyze only enough data to obtain the required information , specifically,
the time constants of the transient at each temperature, a data compression algorithm
was applied. For example if 32 767 data points are taken at a base sample rate 4 kHz,
one could store the first 256 points, then extract another 256 points from the same
transient by 128 averages of 2 points each, followed by extracting 512 points by 128
averages of 4 points each, etc. This storage scheme allows the transient to be observed
at 4 kHz for 64 ms, 2 kHz for 128 ms, 1 kHz for 256 ms etc. up to 31.25 Hz for
8.192 s. Thus many decades of time can be sampled from the same transient without
permanently storing or processing redundant data. Sixteen transients were averaged
per temperature. The temeperature is then decreased to next temperature and the
process is repeated. Additionally,the hard disk memory required to store such data
does not need exceed 2.3 kbytes per temperature comparing with 64 kbytes without
data compression.

The software for the calculation has been thoroughly checked by performing a séries
of evaluations on computer-generated simulated transients. The purpose of this was to
test the capability of the program to properly reveal the emission rates of the transients
and the resolution of the method. The computer-evaluation of the observed isothermal
ARS transients could be provided by both using Lang’s original scheme [15] and cor-
relation procedure with higher order on-line filters and rectangular weighting function
[7]. Using the well known relation expressing the temperature dependence of the relax-
ation time characterizing the acoustoelectric transient [14] the activation energies and
corresponding capture cross-sections could be determined.

The block diagram of the experimental setup is shown in Fig. 1. The computer with
analog-digital converter (ADC) and digital-analog converter (DAC) was used to trigger
the system, to generate the injection bias voltage pulses as well as to record the isother-
mal transients of the ARS. The both quiescent bias voltage Ug and the pulse voltage
—U g with pulse width of 100 ms filling traps completely applied to the structures were
generaled by computer and ADC. A longitudina

rasonic wave of {requency 13.2 MHz
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Fig.1. Experimental arrange-
ment of A-DLTS measurements
in block diagram

was generated by LiNbOj transducer acoustically bonded to the quartz rod buffer on
the other side of which the investigated MIS structure was bonded. The MIS structure
worked as a receiver transducer. The ARS produced by the structure after detection
in the receiver was selected by the box-car integrator and consequently registered and
stored by computer and DAC using the above described procedure. The schematic

illustration of the time arrangement of some experimental parameters corresponding to
the isothermal transients scanning process is given in Fig.2.

3. Experimental results

The above described procedure of the new A-DLTS version was applied to well-
know Si MIS structures. The investigated Al-SiO,-Si MIS capacitors were fabricated
on p-type Si substrates with (100} surface orientation and 8.3 to 8.7 Qem resistivity.
The oxide layers were grown by CVD technique to the thickness of 80 nm on which
aluminium was deposited using a vacuum evaporation. The detailed capacitor configu-
ration is illustrated in Fig.1.

Fig.3 shows typical ARS transients measured at various temperatures and the same
bias voltage conditions. These transients contain only one exponential component cor-
responding to 0.3 eV trap. Fig.4 represents a series of A-DLTS signals calculated from
the isothermal ARS transients for various time constants (sampling times) using the
correlation analysis with first order filter. Fig.5 shows the series of A-DLTS spectra for
different bias voltages applied to the Si MIS structure and the same time constant .
As indicated both by the €' — U and Uase — U measurements by increasing U towards
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Fig.5. A-DLTS spectra obtained from ARS
transients as a function of bias voltage ap-
plied to gate of the MIS structure for T =
0.2945s

6V, respectively, confirms the energy distribution of the interface states that is in a
reasonable agreement with the many results found by DLTS and other techniques. The
O.h%m peaks above the valence band have been observed in many samples :5.%\ at
n_:«m_.m:.a mmaw electrodes and with different oxidation conditions or irradiated and the
energetic positions of the interface states beginning at 0.25 eV above the valence band
edge agree well with the values obtained by those techniques and are attributed to
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various defects [16-23]. The measurement in the inversion state (U, = 9 V) showed the
energy level 0.60 eV with corresponding capture cross-section 4.8x10~Bcm?. As the
A-DLTS signal originates from the capture of electrons from the valence band into the
trap level (hole emission process) it appears as the negative signal in A-DLTS spectra
[14], we believe that observed levels are deep acceptor levels.

4. Conclusions

The newly improved A-DLTS technique based on the computer-evaluation of the
transients of the acoustoelectric response signal measured at fixed temperatures apply-
ing the data compression algorithmus presented here has been proved an effective and
succesful method for the investigation of deep levels in MIS structures. The physical
parameters of the interface states in Si(p) MIS structures have been determined using
the new version of the A-DLTS technique. The evidence of the energy distribution
of deep states at SiO2 — Si interface has been obtained. Future work should involve
demonstrating the technique’s ability to minimize the errors associated with transient
analysis and explore trap defects at higher resolutions yet to be obtained by previous
technique.

Acknowledgement The authors would like to thank Dr. O. Mikus for providing samples
and Mr. T. Cernobila for technical assistance. This work was supported by the Grant
of Slovak Ministry of Education and Sciences, No. 1/1310/95.

References

[1] D.V. Lang: J. Appl. Phys. 45 (1974) 3023

2] K. Yamasaki, M. Yoshida, T. Sugano: Japan. J. Appl. Phys. 18 (1979) 113

3] K.I. Kirov, K.B. Radev: Phys. Stat. Sol. (a) 63 (1981) 711

] V.L Turchanikov, V.S. Lysenko, V.A. Gusev: Phys. Stat. Sol. (a) 95 (1986) 283
5] M. Schulz, N.M. Johnson: Appl. Phys. Letters 31 (1977) 622



P Bury, 1. Jamnicky

W.A. Doolittle, A. Rohatgi: Rev. Sci. Instrum. 63 (1992) 5733

C.R. Crowell, S. Alipanahi: Solid St. Electron. 24 (1981) 25

C.W. Wang, C.H. Wu, B.L. Boone: J. Appl. Phys. 73 (1993) 760

L. Dobaczewski, P. Kaczor, 1.D. Hawkins, A.R. Peaker: Appl. Phys. 76 (1994) 194
K. Dmowski: Solid State Electronics 38 (1995) 1051

I. Thurzo, K. Gmucové: Rev. Sci. Instrum 65 (1994) 2244

M. Tabib-Azar, F. Hajjar: IEEE Transactions on Electron Devices 36 {1189) 1189

A. Abbate, K.J. Man, 1.V. Ostrovskij, P.Das: Solid State Electronics 36 (1993) 697
P. Bury, L. Jamnicky, J. Durgek: Phys. Stat. Sol. (a) 126 (1991) 151

L. Jamnicky, P. Bury: Phys. Stat. Sol. (a) 139 (1993) K35

E. Kamieniecki, R. Nitecki: Proc. Internat. Topical Conf. The Physics of SiO; and Its
Interface Yorktown Heights (N.Y.) 1978 (p.417).

K.K. Hung, Z.C. Cheng: J. Appl. Phys. 62 (1987) 4204

F. Hofman, W.H. Krautschneider: J. Appl. Phys. 63 (1989) 1358

K. Pater: Appl. Phys. A 44 (1987) 191

S. Kar, R.L. Narasimhan: J. Appl. Phys. 61 (1987) 5353

C. Sheng, D. Gong, X. Wei, F. Lu, Q. Wang: Jpn. J. Appl. Phys. 33 {1994) 2276
Z. Dai: Solid State Electronics 32 (1989) 439

P. K. McLarty, J. W. Cole, K. F. Galloway, D. E. lounnou, S. E. Bernacki: Appl. Phys.
Letters 51 (1989) 1087




