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I NTRODUCTION
Although DLTS [1] is a wide-spread characterization
technique and has been studied quite extensively, its
key properties have to be reconsidered when facing the
characterization of extended defects which are often
observed in todays CMOS processes. In most cases
the characterized samples contain more than one defect level. Hence, the measured capacitance transients
are not single time constant exponential functions but
superpositions
different decay processes in the form
of
n
−ei t where n is the number
of C(t) =
i=1 Ci (0)e
of different species and ei is the emission rate containing the most important physical parameters of the
defect. Furthermore, the spatial defect distributions in
general cannot be assumed homogeneous, e.g. in the
case of end-of-range (EOR) defects introduced during
amorphising implants. This renders the use and ﬁtting
of analytical expressions to measured DLTS signals not
applicable.
M ETHODOLOGY
Experiments on dedicated samples for the study of
extended defects exhibit a multitude of different defect
species some of which appear to be strongly broadened.
In the majority of available literature DLTS peaks are
compared to the analytical expression
−eν (T,ET ,σν )t1

S(T ) = CTrap (e

−eν (T,ET ,σν )t2

−e

) , (1)

where CTrap denotes the capacitance difference between
ﬁlled and empty defects and eν with ν ∈ {n, p}is the
emission rate which couples the defect levels to the
corresponding carrier band. This signal as it results from
the original box car DLTS method introduced by Lang
[1] as well as many other approaches using different
correlation functions ζ(t) to obtain a temperature dependent signal
Ŝ =

 tS
0

dt e−eν (T,ET ,σν )t ζ(t)

(2)

are all based on simplifying assumptions which limit
the usability of the analytical expression [2]–[5]. These
limitations are easily overcome when the DLTS simulations are obtained with an advanced device simulation
tool [6]. The transient relaxation of a device after an
abrupt change in the applied bias is simulated which
has the following advantages:
1) Instead of only thermal emission into one band eν
all coupling processes (en , ep , cn , cp ) of the trap
to all bands are evaluated.

2) Instead of homogeneous distributions an actual
process-related and spatially resolved defect proﬁle is used.
3) The occupation of defect levels is computed consistently with the position of the Fermi level.
In order to explain the broadening of DLTS spectra
a coupling of different energy levels is implemented
instead of just integrating over a distribution of independent energy levels,
dni
dt

= ep,i (Ni − ni ) − en,i ni

(3)

+ c12,i (Ni − ni )ni+1 − e12,i (Ni+1 − ni+1 )ni
− c12,i−1 (Ni−1 − ni−1 )ni
+ e12,i−1 (Ni − ni )ni−1 .

The set of coupled differential equations (3) resulting
from the model in Fig. 1 is integrated numerically with
a symplectic integrator to directly obtain a DLTS signal.
This formalism is easily extended to N levels where
only the neighboring levels are coupled to each other.
Corresponding results of this numerical integration are
compared in Figs. 4 and 5.
R ESULTS
The solution of the system (3) yields a substantial
broadening of the DLTS signal as can be seen from
Fig. 4 and, therefore, seems to represent a suitable
model to explain very broad DLTS peaks. It differs from
the S-Device simulation result where a uniform distribution of independent defect levels within an energy
interval E = EC − 0.35eV ± 0.15eV was assumed. The
low-temperature tail of this peak was neither reproduced
by the numerically integrated result nor by the S-Device
simulation of the DLTS signal. This is probably because
another level is present in the sample which cannot
be resolved as a distinct peak in the DLTS measurement. Despite the use of simulated defect proﬁles, the
amplitude of the DLTS peak, which is (beside other
dependencies) directly proportional to the concentration
of electrically active defects, is still a ﬁtting parameter.
It is not possible to predict the extent of decoration of
the dislocation loops with other point-like impurities [8].
Hence, the concentration of peripheral interstitials in the
dislocation loops can be deemed as an approximation
to the maximum concentration of active defects. (see
Fig. 3).
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Fig. 3. Schematic visualization of the model for electrically active
defects (red) in a dislocation loop.
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Fig. 1. Schematic representation of two defect levels (Et1 and
Et2 ) in the band gap. Each defect level couples to conduction and
valence band. Furthermore, an inter-level coupling is represented by
the coupling constants c12 and e12 . This model of the coupling of
two defect levels from [7] is available in the commercial device
simulator S-Device.

Fig. 4. Comparison of measured DLTS signal (red curve) [9] with
numerically integrated signals for the single defect level (blue curve)
and an ensemble of defect levels distributed over an interval of
±0.15eV around the energy value E0 = EC −0.35eV. (green curve)
This energy interval is descretized into 15 smaller intervals and
each of them is assigned to a normalized trap population. Energetic
neighbouring populations are coupled to each other as demonstrated
in Eq. (3).
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Fig. 2. Relation between voltage pulse conﬁguration V (t) and
measured capacitance transient signal C(t). A thorough description
and analysis of the experimental setup can be found in [1]. Here
td depicts the typical downtime of the instrumentation after the
abrupt voltage change which leads to an overshoot in the detection
hardware and hence a downtime which offsets the ﬁrst measured
point relative to the actual zero point of the switching process. For
the device simulation C(t) curves are simulated for every temperature
point. Script-based extraction of the necessary information from the
simulation ﬁles is conducted to construct a DLTS signal.
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Fig. 5. Measured DLTS signal (red curve), numerically computed
DLTS signal with parameters identical to those listed in the caption
of Fig. 4. The blue line shows the S-Device simulation with the same
energy distribution as used for the numerical solution. The defect
levels in this device simulation are assumed to be independent.
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