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WAFER CLEANING

COVER ARTICLE

Better wet bench productivity via a new

method of rinse optimization -

DE AL Conventional wet chemistry processing in semiconductor

manufacturing is virtually under attack to reduce chemical volumes,
water consumption, system footprint, and overall cost; the needs are
even more severe when you consider 300mm wafer processing. In devel-
oping new capability to meet these demands, a group of engineers have
come up with a novel method of monitoring rinse efficiency. The method

itself attacks conventional wisdom about rinse efficiency.
insing is a ubiquitous step in wet chemistry
wafer cleaning. It affects many aspects of
wafer processing, including process per-
formance, cycle time, footprint, and water
consumption.

In conventional wet bench immersion systems,
dedicated rinse tanks are required — quick dump
rinsers (QDRs) for rinsing hydrophilic surfaces and
overflow rinsers (OFRs) for hydrophobic sur-
faces. Typical process time in each rinse tank is 5-10
min. A conventional immersion system configured
for an RCA clean typically includes two QDR tanks
and one OFR tank. In such a system, rinsing constitutes
~30% of the process time, >40% of the process-mod-
ule footprint, and ~65% of the total water usage.

The trend with 300mm equipment development is for faster
cycle time, lower water consumption, and smaller footprint. For
example, in the transition from the 100nm to the 65nm technol-
ogy node, the 2001 International Technology Roadmap for Semi-
conductors calls for 20% reduction in steady-state cycle time and
water consumption, while maintaining footprint effectiveness.

One approach to meeting these goals is to minimize the rins-
ing component of immersion processing; several equipment sup-
pliers have introduced 300mm tools based on this approach.
However, it is difficult to optimize an improved immersion system
without a reliable, accurate method of rinse optimization. Too
little rinsing results in residual chemicals that can also lead to etch
nonuniformity and high particle counts. Rinsing too long can result
in undesired surface reoxidation, excess water usage, and possible
surface recontamination.

Traditional methods
With the traditional rinse-to-resistivity method of monitoring rinse
efficiency, fresh water is fed from the bottom of a tank and over-
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flows to
drain until the
measured resistivity
of the overflow is ~14MQ. The

problem with this method is that it is not representative of what is
happening at the surface of the wafer and is subject to other effects,
such as CO, dissolution from the atmosphere, which cause a low-
ering of the water resistivity [1].

There have been previous studies to better understand rinsing
near the surface of the wafers or between wafers. In 1995, a method
was presented in which two wafers in a cassette were attached to
electrical leads, and the resistivity between the two wafers was mea-
sured during the rinsing process [2]. More recently, a research group
at the University of Arizona introduced a method in which a
deep oxide trench with a buried polysilicon layer was monitored
electrically during the rinsing process, using a special circuit on
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layer, the thickness of the layer could be cal-
culated. Over several tests, we found the thick-
ness to be repeatable to 0.2um. Very high pull
rates >30mm/sec have to be avoided to pre-
clude a large drop forming on the bottom of
the wafer, which may or may not fall off
during transfer. For our tests, we adopted a
17.4mm/sec pull rate and 8.9um carryover
layer thickness.

Overflow
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Rinse time (min)

Figure 1. Comparing pH values of overflow and carryover-layer measurements fo an ideal CSTR rinse for @) Design A

and b) Design B.

the wafer to measure the efficiency of the rinse from the surface
and from topography [3, 4].

Both of these approaches provided insight into the rinsing
process, but had limitations, especially in terms of practical
application for automated integrated processing in a production
tool. Both studies required specialized test wafers and instrumen-
tation in the bath, and, additionally, the second study cited was only
carried out in a small rinse fixture and may be difficult to scale
up for a full-size rinse tank.

A novel method
We have developed a new method for rinse optimization — the
carryover layer method — that is repeatable and accurate, with
an ease of implementation ideal for production use on hydropho-
bic wafer surfaces. This method does not require electrical con-
nection to wafers during rinsing, allowing for in situ chemical
processing to be

done in the rinse 100
tank prior to final
rinsing. It also allows
test wafers to be
placed anywhere
within a batch of
wafers.

The new method
measures the pH of a
carryover layer — the
water film immedi-

Overflow resistivity (MQ)

Rinse time (min)

ately on the wafer
surface. The wafer to
be measured is
removed from the
tank at a controlled rate to yield a specific carryover layer thickness,
and is then transferred and completely submerged in a bath con-
taining 200 ml of 18MQ DI water; the DI water is swirled, using
an orbital shaker, for 10 min under a nitrogen blanket to ensure
complete mixing of the chemical from the wafer into the water. The
resulting pH of the 200-ml bath is then measured and used to cal-
culate the concentration of cleaning chemicals that were in the car-
ryover layer.

To determine the ideal wafer removal rate, we soaked wafers in
a 0.05-molar HCl solution with a pH of 1.3. These wafers were then
removed at various rates. Based on the known pH of the carryover

Figure 2. Comparison of rinse efficiency for Designs A and
B using pH measurements in the overflow, shown in terms
of resistivity calculated from pH.

Rinse time (min)

Application to rinse optimization
Using the carryover method, we compared
two new designs under consideration for
300mm rinse hardware:

+ Design A, where the rinse mechanism brings water into the

bottom of the tank in a diffused manner; and

+ Design B, where rinse water enters the tank in an agitated

manner.

Unlike traditional immersion systems where chemical treat-
ment and rinsing occur in separate, discrete tanks, these rinse tank
designs support in situ chemical processing, such as dilute HF etch-
ing, thus enabling a reduction in footprint, cycle time, and water
consumption. For such an approach, well-controlled rinsing is crit-
ical for process performance.

In a perfectly mixed tank, it is assumed that the concentration
everywhere is always the same (i.e., fresh rinse water is instanta-
neously distributed to the entire tank); this is called the continu-
ous stirred tank reactor (CSTR) model. We evaluated our two
alternative rinsing hardware designs against this ideal model.

For our measurements, we begin with a known 0.05-molar HCI

Figure 3. Etch uniformity comparison of rinse hardware Designs A and B following in situ
thermal oxide etch with 200:1 dilute HF in the rinse tank, measured in 49 points with spec-
froscopic ellipsometry. a) Design A: 48.2A etched, 7.84 1, 33.64 range; b) Design B:
55.6A efched, 1.24 10, 4.4A range.

solution in the tank. At time zero, we introduce 18MQ DI rinse water
at 40 liters/min. We apply the carryover method to both designs
and also use the traditional “pH of the overflow water” method.
We gathered data for Design A and compared it to an ideal
CSTR situation; this data revealed that the overflow pH meas-
urements indicated a 92% rinsing efficiency, while our carryover
method indicated only a 69% rinsing efficiency (Fig. 1a). Simi-
larly, for Design B, we observed 94% efficiency from overflow
water measurements and 89% efficiency at the wafer surface (Fig.
1b). This showed us that Design B was significantly more
efficient (20%) based on the data from our new carryover-
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layer method. Furthermore, these results again confirmed that
overflow resistivity is not representative of rinsing near the
wafer surface.

To further show the traditional rinse-to-resistivity method’s
inability to distinguish between Designs A and B, we calcu-
lated overflow resistivity as a function of rinse time when
starting with 200:1 HF in the respective rinse tanks (Fig. 2).
This shows that the traditional rinse-to-resistivity measure-
ments taken in the overflow fluid are not representative of
the wafer surface and do not provide sufficient sensitivity for
the optimization of advanced rinsing techniques.

Finally, when we calculated the water consumption of the
alternative rinse hardware designs — based on flow rates and
rinse times required to reach the desired pH — the carryover
layer method revealed that Design B is superior, requiring
10-25% less water to achieve the same pH levels. For exam-
ple, to reach pH 3, hardware Design B required only 200 liters
of water compared to 220 liters for Design A.

Overall, our new carryover-layer method of monitoring rinse
efficiency helped us to determine the best approach to optimizing
etch uniformity and rinse efficiency using a new, single, wet chemisty
immersion tank for in situ HF etch in the final rinse (Fig. 3).

While the new method is seemingly straightforward and funda-
mental to implement, its impact is significant for developing wet
chemistry systems for advanced 300mm processing and future ITRS
nodes. Specifically, in this work, directly through the use of this
method, we were able determine that for a 30A oxide etch using 200:1
HF chemistry, a short 3-min rinse is optimal for minimizing etch
nonuniformity and reducing particles with a minimum size of 90nm.

By optimizing rinse hardware in this way, we have reduced the
number of tanks, and, as a result, system footprint (>50% less);
we have been able to replace a conventional 7-tank RCA clean sys-
tem with a 2-tank configuration. Further, we have reduced rinse
water consumption by ~90% and cycle time for this process ~50%
(see table). n
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Productivity metrics for a conventional immersion

system vs. an improved immersion system*

Traditional Dilute in situ
Post HF DI rinse water  ~600 liters/run 120 liters/run
(15 min, 40 liters/min) (3 min, 40 liters/min)
Post SC1-SC2 ~1300 liters/run 115 liters/run
DI rinse water (5 QDRs) (2 QDRs)
No. of tanks 7 2
Footprint 15 m2 7 m2
Process cycle time 50-60 min 24 min
Tact time 11 min <12 min
Throughput 272 wph 250 wph

*Based on an optimized rinse. Traditional = SC1, rinse, SC2, rinse, HF, rinse, dry (seven separate
tanks); dilute in situ = dSC1-rinse (tank one), HF-HCHinse-dry (tank two); tact time = how often a
completed load finishes processing and comes out of a fool in continuous operation.
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