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ABSTRACT. P ion implantation gettering efficiency in MOS structures as a function of the pro-
cess sequence was investigated. Jt has becn found that a gettering performed after an oxidation
results in higher generation lifetime and lower surface generation velocity compared with the one
performed befare the oxidation. Jt is supposed that ion implantation process is a source of metallic
contamination. When the implantation is performed before the oxidation, the top wafer surface is
not protected and heavy metals penetrate easier into the bulk of silicon. This results in inferior
generation lifetime and surface generation velocity. The subsequent thermal annealing improves
these parameters, but cannot eliminate totally the effect of contamination.

RESUMEN. Se investigó la eficiencia de gettering por implantación iónica de fósforo como función
de la secuencia del proceso de fabricación. Se encontró que el gettering efectuado después de una
oxidación tiene mayor tiempo de vida de generación y menor velocidad de generación superficial,
comparada con uno hecho antes de la oxidación. Suponemos que la implantación es una fuente de
contaminación metálica. Cuando la implantación es efectuada antes de la oxidación, la superficie de
la oblea queda desprotegida y es más fácil que metales pesados penetren, dando por resultado un
tiempo de vida y una velocidad de generación superficial inferior. Tratamientos térmicos posteriores
pueden mejorar estos parámetros, pero no eliminan totalmente el efecto de la contaminación.

PACS: 73.40.Qv; 61.70.SK; 61.70.At

1. INTRODUCTION

Semiconductor devices are especially susceptible to contaminations during the fabrication
process. These contaminations affect directly the manufacturing yield, the performance
and the reliability of IC's. Principal sources of contamination are the people, facility,
tools, chemicals and materials used for clean room construction. There are diffcrcnt kind
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of contaminations such as organic, metallic, etc. A source of the organic contamination is
normal!y people and liquid chemicals [1]. Potential sources of the metallic contamination
are stainless steel gas lines [2,3] (due to the corrosion by a moisture introduced accidentally
to the HCl, TCA or TCE lines), the metallic tweezers and the metallic parts of sorne
equipments [3,41.

Among all kinds of contaminations this one due to the metallic impurities is the most
harmful because it affects oxide breakdown voltage and device leakage current.

To remove unwanted metallic impurities from the device active regio n of the wafers
various gcttering techniques are widely used [5,6,71. Taking into account that sorne process
steps can be responsible for the contamination as well as the peculiarities of the gettering
process, it is very important to program the gettering process at a specific point in the
process sequence.

One of the critical process steps in the fabrication of MOS lC's is the gate oxide growth.
This process influences the surface, as wel! the bulk properties of semiconductor devices.
That is why it is important to know the place of gettering in the process sequence and
specially with respect to the oxidation.

In the present work, the efficiency of the P ion implantation gettering performed before
and after the oxidation was investigated. The gettering efficiency was evaluated by the
generation lifetime and surface generation velocity measurements in MOS capacitors. It is
well known that the method of generation lifetime measurements is more sensitive to the
metal!ic impurities compared with the physical and chemical trace analysis methods [81.

2. SAMPLES PREPARATION AND MEASUREMENTS

N-type, (100) oriented, 2.5-5 ohm-cm sHicon wafers were used in this experimento All
wafers were cleaned and divided in two groups, A and B. The wafers form group A were
oxidized in dry O2+2% TCA (C2H3CI3) ambient at 1000 oC for 90 min and immediatly an-
ncaled at the same temperature in N2 for 30 min. The measured oxide thickness was 800 A.
After that a backside P ion implantation with adose of 1016 atoms/cm2 and 120 keV en-
ergy was performed through the back oxide. In order to prevent contamination, the wafers
were immersed for approximately 5 s in HF to remove part of the oxide. The different
wafers were annealed for different times (O, 30, 60, 90, 120 and 150 min) at 900 oC in N2.

Aluminium dots for MOS capacitors were deposited through a metal mask on the top
oxide. The backside oxide was striped and aluminium was evaporated to make a backside
contacto To reduce the density of fast surface states all wafers were sintered in a N2/H2
ambient at 425 oC for 30 min.

After the cleaning, on the backside of the wafers from group B, 800 A CVD oxide was
deposited. After that, the wafers from group B passed the same principal process steps,
and with the same process parameters, as the wafers from group A. The only difference
was that P ion implantation gettcring was performed just before thc oxidation. The flow
chart of the principal process steps for the wafers of both groups is shown in Fig. 1.

The generation lifetime, Tg was measured by the method of Zerbst [9) and surface
generation velocity, So, was measured at the depleted surface, as it was proposed by
Schroder et al. [10). The oxide thickness was measured by an ellipsometer.
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FIGURE1. Flow chart of the principal processsteps.

3. EXPERIMENTAL RESULTS AND DISCUSSION

It is known that for an eflicient gettering the metallic impurities must be released fram
their original sites, diffuse to the gettering region and be trapped there. At a constant
temperature the process of ion implantation gettering will depend on the annealing time.
As it is shown in Fig. 2, the generation lifetime in the samples of group A and B

initially increases with the annealing time up to about 90 mino This means that as the
annealing proceeds the metallic impurities gradually move toward the damaged region at
the backside of the wafers.
For annealing times greater than 90 min the generation lifetime in the wafers of both

graups decreases. There are two processes that can be responsible for the deterioration
of generation lifetime in this case. First, for a long annealing time the damage created
by the ion implantation can start to be annealed [11,121.The drivinf force for the get-
tering of metallic impurities is decreased in the damaged region and the metal impurity
concentration gradient causes impurities to diffuse back to the silicon bulk. Second, the
degradation of the generation lifetime for anneals greater than 90 min can also be due
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FIGURE2. Generation lifetimeas a funetion of annealing time in the samples of groups A and B.

to a metallie eontamination from the furnaee [131. \Ve believe that at our experimental
eonditions, both proeesses eontribute to deterioration of the generation lifetime for long
annealing time.
The most important faet in the present case is that the gettering performed after the

oxidation (samples from group A) is more eflicient than the gettering performed before
oxidation (samples from group B). \Ve suppose that this lies in the faet that during
the ion implantation, the wafers with bare top surfaee (group B), are more easily con.
taminated with metallie impurities. It is well known that ion implantation eontaminates
wafers with metallie impurities and this contamination is dose dependent [141. This also
explains the higher surface generation velocity in the samples of group B compared to
the one of group A, as can be seen in Fig. 3. From the same figure, it can be conduded
that metallic impurities, as well as the gettering, alfeet the interface properties of MOS
devices.

However, the results corresponding to zero annealing time, presented in Figs. 2 and 3,
contradict the condusions given aboye and need to be explained. For zero annealing time
the lowest generation lifetime is in the samples of group A. The highest generation lifetime
corresponds to the samples of group B, while this one in the samples without gettering
has intermediate value. The highest value of the generation lifetime in the samples of
group B can be explained with the elfect of oxidation, which followed immediately after
the implantation (see Fig. 1). The oxidation supplied the termal energy neeessary for the
release and dilfusion of the metallic impurities toward the backside damaged region, i. e.,
it performed the role of segregation annealing. 1t is interesting to note that in spite of the
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FIGURE3. Suríace generation velocityas a íunction oí annealing time in the samples oí groups A
and B.

fact that the oxidation time was 90 min, the generation lifetime is much lower than this
one for 90 min anneal in Nz (see Fig. 2). This is in accordance with the segregation [15)
and segregation-extended defect [16] models of the gettering. These models are based
on the existence of a segregation coefficient of heavy metals between the gettering site
and the silieon matrix. According lo lhese models the segregation temperature should
be as low as possible for high segregation coefficienl. On the other hand the segregation
annealing temperature should be sufficiently high for the release and diffusion oí the
metallic impurities toward lhe backside damaged region.

Clearly there exists an optimum annealing temperature for an efficient gettering. It has
been shown that the optimum annealing temperature for the ion implantation gettering
is approximately 900 oC [17]. Thus, evidently the oxidation at 1000 oC for 90 min will be
less efficient as a post implantation annealing compared with the 90 min anneal al 900 oC
in Nz.

It is also evident that for a given temperature and experimental conditions, there
exists an optimum annealing time. According to the segregation-extended defect model
of gettering [17] for longer annealing time the damaged region can be annealed. In our
case, according to Figs. 2 and 3, the oplimum annealing time is 90 min.
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The lowest value of the generation lifetime in the samples without annealing in group
A is due to the fact that in this case there was not a supply of thermal energy necessary
for the impurities to be released and dilfuse to the damaged region.

The same considerations can be applied to explain the results for zero annealing time
presented in Fig. 3.

Gettering experiments using isothermal segregation annealing olfer the possibility to
get sorne idea about the type of impurities.

Looking at Fig. 2, it can be seen that the Tg vs. tan curve for the samples of group A,
after 30 min anneal, changes notably its slope. It could be supposed that one type of fast
dilfusing impurities determines the slope of this part of the curve. lf it is assumed that
approximately 30 min annealing is necessary for this type of impurity to be gettered, it
is possible to calculate its dilfusion coefficient using the relation

d2
D=-

tan

where D is the impurity dilfusion coefficient, d is the wafer thickness and tan is the
annealing time. For d = 300 /lm and tan = 30 min we obtained D = 5.00 X 10-7 cm2/s.
The slope of the Tg vs. tan dependence among 30 and 90 min has smaller slope. It can be
supposed that another type of impurity with slower dilfusivity is responsible for the change
of the slope. Performing the calculations for this case, we obtained D = 1.7 X 10-7 cm2/s.

Dilfusion coefficients of sorne fast dilfusers in silicon as a function of temperature are
presented in Figs. 4 and 5 [18]. In the case of gold, experimentally, much of the reported
data has followed one of the three lower curves (Fig. 5). Curve 1 corresponds to interstitial-
substitution dilfusion with unlimited vacancy supply through dislocations and curve TI
corresponds to vacancy-limited interstitial-substitution dilfusion mechanism.

Sorne of these impurities introduce deep energy levels in the Si band gap and alfect
carrier lifetime [19].

Comparing experimentally determined dilfusion coefficients with these ones from Figs. 4
and 5 at 900 oC, Cr and Au (curve 1, Fig. 5) can be identified as the impurities that alfect
the generation lifetime.

A source of the Cr contamination is normally the metallic parts of the implanter [13]'
while Au very often exists in the starting materia!.

The same analysis can be performed for the Tg vs. tan curve corresponding to the wafers
of group 13, but taking into account the dilference in the process sequence.

4. CONCLUSIONS

It has been shown that the ion implantation can introduce contamination that alfects gen-
eration lifetime and surface generation velocity. The elfect of this contamination is more
pronounced when the implantation is performed before the oxidation. The subsequent
gettering can not eliminate tOlally lhe elfect of this contaminalion.

A simple method to idcntify thc impllritics involvcd in thc ion implantation geUering
and responsible for the impro\'Cment of generation lifelime is proposed. Cr anJ Au were
identified as principal impurities gettered.
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FIGURE4. Diffusion coefficients oC sorne fast diffusers in silicon.
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FIGURE5. Diffusion coefficients oC gold in silicon.
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