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Abstract Thermally induced defects in heat treated and
then quenched in water n-silicon samples have been stud-
ied using deep level transient spectroscopy. Two deep
levels at energies E.-0.55 eV, and E.-0.23 eV are observed
in high concentration. The emission rate signature and
annealing characteristics of energy state E.-0.55eV
identify it as Au(A). During annealing a level emerges at
energy position E.-0.35 eV. This level has been identified
as Au-Fe complex. Au(A) and Au-Fe showed an inter-
esting reversible reaction in temperature range 175 °C-
325 °C which follows the following theoretical relation
that adds a new parameter in identifying Au(A) and Au-Fe
complex.

y = yo £ QAIM)[W/H{4(x — x)* + W?}1.

It is also noted that E.-0.55 eV and E.-0.23 eV contribute
to the formation of Au-Fe complex.

Introduction

Though a lot of work has been done on iron in silicon yet it
has not lost its attraction. Iron in silicon is a most promi-
nent contaminant and its presence in silicon as an unwanted
impurity that changes the electrical properties drastically is
an active area of research [1-6]. The role of iron in silicon-
based-integrated-circuit- technology is crucial as number
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of transistors per chip increases yield is becoming ever
more sensitive to the iron contamination. The Roadmap [7]
of Semiconductor Industry Association (SIA) International
Technology’s requires the decrease of allowable iron sur-
face contamination down from 1.4 x 10'° to 5 x 10° atoms
cm ™ of iron [8]. Due to high diffusivity of iron a number of
defects like interstitial iron, complexes of iron (at least 30)
[8] and precipitates are reported in silicon [9, 10]. Among
these defects iron and its complex with gold always
attracted the attention of researchers. The reaction of iron
and iron gold complex is one of the most important reac-
tions yet to be understood properly. We report here theo-
retical relation which governs the chemical reaction of
these two defects that adds a new parameter for identifi-
cation of Au-Fe complex.

Samples and measurements

p*n junctions fabricated upon n- type vapor phase epitaxial
silicon grown on n* substrate are used in this work. p* top
layer was obtained by boron implantation. The p*n junc-
tions of silicon after standard etching and cleaning are
encapsulated in quartz tubes filled with Argon gas at
atmospheric pressure. These capsules along with samples
are heat treated at 950 °C for 2 h and quenched to room
temperature by dropping in water. Virgin samples are
named as D1 and quenched samples as D3. Measurements
on D2 samples which are prepared under different condi-
tions will be reported elsewhere. Silicon used for this
experiment was phosphorus doped having shallow doping
concentration 10'* cm™. The effect of this heat treatment
and quenching has been noted against as grown virgin
samples.
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Deep Level Transient Spectroscopic Technique (DLTS)
has been employed to study the defects induced by
quenching using sensitive detection system based on lock-
in principle described elsewhere [11].

The measurements are carried out from 77 K to room
temperature. Typical DLTS scans S1 and S3 of virgin
samples (D1) and water quenched samples (D3) are shown
in Fig. 1, respectively.

DLTS spectrum S1 for virgin samples D1 does not show
any prominent DLTS signal coming from any defect hav-
ing significant concentration. However DLTS measure-
ments (scan S3) carried on diodes D3 from 77 K to room
temperature shown in Fig. 1 shows two dominating peaks
B and C. Peak heights indicate that the concentration of
these two defects are roughly equal. Emission rates of B
and C (shown in Fig. 2) were measured and activation
energy was calculated from 1/7° corrected Arrhenius plots.
Energy of the defects corresponding level B and C were
found to be E.-0.55eV and E.-0.23 eV, respectively.
Peaks A and D are too small for further measurements.

Results and discussion

Silicon crystal contains many impurities and most of them
are electrically inactive by nature or in precipitates due to
their low solubility and relatively high mobility at low
temperatures. In principle these impurities can become
active if the sample is heated to an elevated temperature,
allowing them to be dispersed into the crystal, and then
quenched to room temperature, preventing the precipita-
tion. Assuming impurities like iron, copper, gold etc are
present in substrate material as contaminants and can be
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Fig. 1 DLTS scans of D1 and D3 samples. Inset shows the peak
position of level Y (Au—Fe complex)
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activated on heat treatment [1, 5]. To study such process of
activation the samples are heat treated and quenched as
described above and DLTS measurements were carried out
on as grown and heat treated samples to study such effect.
For identification of such electrically active defects the
ionization energies and emission rates are compared with
the published data. The emission rate signatures of level B,
at energy position E.-0.55 eV has been compared with the
published data for gold acceptor Au(A). The comparison
(Fig. 2) with published data reveals that emission rates of
level E.-0.55 eV are very close to the data published by Ali
et al. [12] and Brotherton et al. [13] for Au(A).

Isochronal annealing of the defects assigned to peaks
B and C has been performed in the nitrogen ambient
from room temperature to higher temperature ~450 °C.
Samples were heated at a fix temperature for ~25 min
each time under a continuous flow of nitrogen. The re-
sponse to annealing temperature of levels B and C
appearing in DLTS spectrum S3 has been shown below
in Fig. 3.

It has been observed that the concentration of level B
(Au (A)) at energy position E.-0.55 eV decreases at slower
rate up to 175 °C and with faster rate approaches to minima
at 230 °C. Beyond 230 °C its concentration increases with
faster rate up to ~325 °C, gains original value of concen-
tration at 325 °C and then increases with very slow rate up
to the final annealing temperature. A new level (Y) appears
at energy position E.-0.37 eV. Emission rates of this level
are shown in Fig. 2. Level Y appears at 175 °C, increase
rapidly in concentration up maximum at 230 °C. After
passing through the maxima its concentration decreases
rapidly up to 325 °C. Beyond this temperature concentra-
tion decreases at slower rate. It is noted that Au (A) and
level Y show complementary behavior in concentration
which represents an interesting reaction of dissociation of
one level and association of the other. This type of
behavior has also been noted for Au (A) and Au-Fe
complex by Brotherton et al. [14] in iron and gold doped
samples. Emission rate data (Fig. 2) and annealing char-
acteristics of this defect Y (Fig. 3) are very close to the data
reported by Brotherton et al. [14] and allow us to identify
this level as Au—Fe complex. In the temperature range of
faster rates (either decreasing or increasing) curves are
fitted theoretically and shown in Fig. 4.

It has been noted that the following two equations
govern this complementary reaction.

y=y0— RAIM)[WI{4(x —x.)* + W*}]for Au(A) and
y=yo+ QA/T)[WI{4(x — x.)* + W?}]for Au— Fe complex.

where yg, x., W and A are offset, center, width and area,
respectively.
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Fig. 4 Theoretically fitted curves for Au(A) and Au-Fe complex

The values of constants are given in the following table.
It is astonishing to note that both the theoretical curves
show best fit (175 °C-325 °C) with same values of con-
stants. The theoretical fit guarantees the complementary
behavior of these two levels Au (A) and Au—Fe and gives a
new parameter for the identification of these two levels
(Table 1).

complex. When concentrations of Au (A), Au-Fe and C are
added as shown in Fig. 3 the sum interestingly found
constant throughout the temperature range of measurement.
This clearly shows that reaction involves three components
instead of two which adds new information to the pub-
lished data. It has been further noted that concentration of
Au-Fe complex reported in doped samples [14] and our
un-doped samples is of the same order which gives a clue
of maximum saturation value of Au-Fe is of the order of
10" cm™.

The complementary annealing reaction of Au-Fe
complex and equation governing this reaction is very
important for identification of defects corresponding Au,
Fe, and Au-Fe complex and in finding solution for their
compensation in silicon technology working at low
dimensions. It will help to enhance the efficiency of the
device even if the number of transistors per chip has
increased.

Conclusions

The defects assigned to peaks B and Y are Au(A) and Au—
Fe complex, respectively.
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The annealing kinetics of Au(A) and Au-Fe complex
complement each other which follows the following rela-
tion.

y =0 £ QAIMI(WI{ 4(x — xo)* + W} ]

Defect assigned to energy state E.-0.23 eV is stable up
to 450 °C.

Au-Fe complex reaction involves at least two defects
corresponding to energy levels E.-0.55 eV and E.-0.23 eV
to the formation of Au-Fe complex.
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