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Effect of Metal Contamination on Characteristics
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Abstract: The purpose of this work relates to study on the characteristics of ultra-thin gate oxide (2.5nm

thickness) and the effect of metal Al, Zr, and Ta contamination on GOI. T he controlled metallic contamination ex—

periments are carried out by depositing a few ppm contaminated metal and low pH solutions on the wafers. T he

. . . 12 -2 . . . .
maximum metal surface concentration is controlled at about 107em™ ~ level in order to simulate metal contamination

during ultra-clean processing. A ramped current stress for intrinsic chargeto-breakdown measurements with gate

injection mode is used to examine the characteristics of these ultra-thin gate oxides and the effect of metal contami-

nation on GOL Tt is the first time to investigate the influence of metal Zr and Ta contamination on 2. Snm ultra-thin

gate oxide. It is demonstrated that there is little effect of Al contamination on GOL, while Zr contamination is the

most detrimental to GOI, and early breakdown has happened to wafers contaminated by Ta.
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1 Introduction

It is well known that gate oxide integrity
(GOI) is closely related to the lifetime of devices.
It was reported that GOI depends strongly on the
wafer cleanness before gate oxidation'"”. Different
contaminants have different influences on the per-
formance, yield, and reliability of the devices. M etal
contamination, for example, will cause a low break-
down field and a high junction leakage current and
an increased oxide trap. which leads to a reduced

minority carrier lifetime, a shifted threshold volt-
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age and hot carrier degradation. However, little has
been investigated about the effect of metal contam-
ination on the properties of ultra-thin gate oxide
(2.5nm). For thicker gate oxide (4.5~ 12nm), it
was reported that these contaminants could be
cleaned using various cleaning processes. It is
found that all group II elements will cause a high
defect density'”. It has been demonstrated that a
great influence of the transition metal-contami-
nants, V, Ni, and Co on the GOI, while Mn or Zn
does not have such a large impact'”. No significant
difference was observed on breakdown of thin gate

oxide from the influence of Al contamination'”
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However, little has been investigated about the ef-
fect of some metals such as Zr and Ta. which will
be used for high-% materials, on the properties of
ultra-thin gate oxide.

[t is the first time to investigate the influence
of metal Zr and Ta contamination on ultra-thin
gate oxide of 2. Snm. T hree kinds of metals, Al, Zr,
and Ta, in this paper, are used respectively to con-
surfaces before oxidation

taminate the wafer

through controlled metal contamination proce-
dure'”’. This paper focuses on evaluation of IMEC—
clean'" performance and the effect of metal con-
tamination on ultra-thin gate oxide breakdown

characteristics.

2 Experiment

2.1 Metal contamination and measurement

200mm n—ype (100) Si wafers were employed
in this experiment. The wafer surface solutions
contaminated by metal were used to spin (Al Zr,
and Ta) from standard stocks for atom absorptance
spectrum ( AAS) or inductively coupled plasma
(ICP), respectively.

The controlled metallic contamination experi—
ments were carried out by depositing contaminated
lw-ppm metal, low pH solutions on the wafers, ex—
posure time: 120s, followed by high speed rotation
drying. Wafers contaminated by Al were measured
by AAS. Al metal concentration on the wafer sur—
faces was performed by VPD-DC technique, which
is fully automated in the wafer surface preparation
system (WSPS) tool'”. The standard analysis so—
lution containing 30ppb Al droplet solution etching
(DSE) was used to calibrate the background of
AAS tool, which is the model 4110 ZL. AAS
( Perkin Elmer). Metal concentration on the wafer
surfaces was determined directly by TXRF for
wafers contaminated by Zr, Ta, and blank wafers,
respectively. T XRF measurements were performed

with the Atomika model 8300W.

2.2 Device fabrication

All wafers were cleaned using IM EC—clean'"

( reference) or contaminated with desired metals.
Then all wafers were immediately transfered into
gate oxidation furnace (ASM A400), followed by
deposition of 250nm amorphous-silicon gate. Gate
oxidation was carried out by dry 02+ NO at 800°C,
thickness of 2. 5nm nitrided oxide. M OS capacitors

were made with different areas.
2.3 Electrical measurements

M anual measurements were done on Cascade
with a HP4156A or

Analyser by means of a

Summit Probe Stations
HP4156B Parameter
ramped current stress (RCS), gate injection mode,
with 10 points/decade. T he delay time was 100ms.
The IV curves were taken on at least three differ—
ent positions on the wafer for different capacitor
areas: E= F= G=MOS capacitors, 2. 55X 10 4,5.03
X 10" and 1.26 X 10" em’, respectively. At least

30 MOS capacitors were used to measure IV for

each kind of capacitor area.
3 Results and discussion

3.1 Contamination level before and after oxida—
tion

Figure I presents the measured concentrations

of surface contaminants. It can be seen that for

clean wafers, metal surface concentrations are

10°cm™°

proaching the limited detection of T XRF tool. T his

about before and after oxidation, ap-
means that metal removal efficiency is very high
using IM EC-clean.

For the contaminated wafers, the Al surface
concentration was about 4.7X10%em™” and 3.9 X
10" cm™* before and after gate oxidation by AAS
measurement. Zr surface concentration was about
5.4X10%em™ * and 3.8 X 10"em™ % for Ta about
4.2X10%m” " and 4.4X10"cm™ ’ before and after
oxidation by TXRF tool, respectively. It has been

found that for all three metals, contamination loss
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IV characteristics are shown in Fig. 2(a) for n
the clean wafers with three areas of capacitors. One 4 . 0
can see that /¥ curves are repeated well for each Gm:'{C-[mfz)

area of capacitors. Figure 2(b) shows Weibull plots
of the Qwo distribution of MOS capacitor structures
of the clean wafers. It is found that the Weibull
slope, the 63% —value of the breakdown distribution
becomes area almost independent on 2. Snm ultra-
thin gate oxide and tightly grouped. But it is obvi-
ous that the plot is smaller shifted to left with an
increase of capacitor area. This suggests that the
Qe values of the distribution decrease very little
with the increase of area.

The conclusion is made according to the re—
sults above: (1) the Qw value of distribution in-
creases very small with decreasing capacitor area.
(2) the Weibull slope (which is a measure of the
spread of the distribution) is independent on capac—
itor area under investigation. This means that the
quality of ultra-thin gate oxide of 2. 5nm is perfect
using IMEC-clean recipe and defined as a refer—

ence.
3.3 Effect of metal contamination on GOI

The following will be discussed that the effect

Fig. 2 IV curves (a) and Weibull plots (b) of the
Quo distribution of MOS capacitors of the clean

wafers for E= F= G-capacitors

of each metal contamination on GOI in details, re-
spectively.

[t can be found for the wafer contaminated by
Al that I-V curves are plotted in Fig. 3(a) while
they are also agreed well for each area of capacitors
and reproducible well. Compared to the reference
wafer, Qu—distributions of wafer contaminated by
Al, are greatly similar to these of the references.

For the wafer contaminated by Zr, IV curves
are plotted in Fig. 4(a) with three area capacitors.
[t is found that /- curves are also agreed well for
each area of capacitors and reproducible well. How -
ever, it can be observed clearly in Fig. 4(b) that the
Weibull slope, the 63% —value of the breakdown
distribution decreases significantly with the capaci-
tor area contaminated by Zr. Compared to the ref-
erence wafer, Quo—distributions of capacitors con-

taminated by Zr is greatly far away.



510 Wang Liukun et al. :

Effect of Metal Contamination on Characteristics of *** 505

For Ta contamination, it can be seen that IV

curves plotted in Fig. 5 are not good while early

A

breakdown has happened to each area of capaci-

tors.
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Fig.3 (a) IV curves of MOS capacitors contaminated by Al: (b) Weibull plot of the Quw distribution of

comparison of wafer contaminated with reference wafer.
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Fig.4 (a) IV curves of MOS capacitors contaminated by Zr; (b) Weibull plot of the Quo distribution.
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Fig. 5 [I-V curves of MOS capacitors of wafers con-
taminated by Ta: E= F= G-Cap.

It is well known that a redistribution of metal
surface concentration upon thermal oxidation is
much different between metals due to vapor pres—
sure, or diffusivity or solubility in silicon at some
temperature. Metal can diffuse into silicon sub-
strate due to its solubility and diffusion constant in
the silicon at the oxidation temperature. T he diffu-
sivity and solubility of some metals in silicon and
vapor pressure of metals at 800°C is shown in
Table 1 from Ref.[1].

It can be seen in Table 1 that, for Al contami-
nation, vapor pressure is the largest about 6.44 X
10" °Pa. The most Al is gone out into gas phase so
that Al contaminantion can be purged out of the

furnace. Our results agree well with one in Ref.
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[ 3]. It was found that Al exists in the top surface
of the oxide and its concentration decreases as the
Si02/Si interface draws near. They suggest that the
presence of Al in the top layer of the oxide film
minimizes the degradation of device characteristics.
[t is very consistent with the fact that the Weibull
slope is almost similar to the reference ( clean
wafer), and Quo—distributions of E-capacitor were
made very little shift to left in comparison with the

reference wafer in this work.

Table 1 Diffusivity, solubility of metals in silicon and
vapour pressure of metals
Diffusivity Solubility
Mass Vapor pressure

Element at 800°C/ at 800°C

Ja.m.u , . , at 800°C/Pa
(em” *s™ ") Sem”

Zr 91.224 | 1.80x10° "
Ta 180.948 |< 1.0X 10" < 3. 0010 3.44x10" ¥
Al 26.98 | 3.9x10°'" | 1.19x10" 6. 44 %107

However, for Zr, vapor pressure is very low at
about 1.80X 10" "Pa and it is not known about dif-
fusivity and solubility of Zr. We can see in Fig. 4
(b) that Weibull slope decreases significantly, com-
pared to reference wafer, Qu~distributions of wafer
contaminated by Zr, it is also greatly changed
though the data of TXRF told us the Zr surface
concentration was 3.8 X 10" atoms/cm” after gate
oxidation. T his means that it is very serious of the
effect of Zr contamination on the characteristics of
the ultra-thin gate oxide.

Ta contamination gives no good results. One
of possibilities could be due to the Ta standard
stock containing HF. Ta metal solution consists of
1000 pg/ml in 0.5% HF for ICP standard. And
then spinning solution contains lw-ppm Ta while
concentration of HF is 5X 10" °(v/v). This means

that for these wafers. the surfaces were etched

slowly by HF solution due to evaporation so that
the roughness of wafer surface could seriously in-
fluence the quality of ultra-thin gate oxide of
2.5nm ”. This suggests that other Ta standard
stocks will be used when Ta contamination experi-

ment is carried out.

4 Conclusion

[n this work we have investigated the charac—
teristics of ultra-thin gate oxide (2. 5Snm thickness)
and the effect of metal contamination on GOI. In
conclusion, it could be found as follows: (1) The
quality of ultra-thin gate oxide of 2. 5nm is perfect
for cleaning wafers using IM EC~lean according to
the Quo value of distribution and Weibull slope in-
dependent on capacitor area under investigation
condition. (2) It was not observed about the effect
of Al contamination on GOI.(3) It was found early
breakdown had happened for wafers contaminated
by Ta. It is assumed that one of possibilities could
be due to the Ta standard stock containing HF. It

needs to be proved.
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