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Abstract—In this paper, we discuss a new technology imple-
mented with all, single-wafer processing for a 300-mm fab. Newly
developed equipment and chemicals reduce the process time
and provide cost savings. The combination of fully automated
systems and single-wafer processing significantly reduces queuing
time. The process has been re-integrated to eliminate long time
processes and make it suitable for single-wafer technologies. As
a result, a very aggressive cycle time (0.25 days/layer) with high
yield, in double-polysilicon, sextuple-metal, 0.18-m LOGIC
process has been demonstrated. High-performance devices with
excellent reliability are also obtained. A new methodology for
detecting parametric errors effectively in the early stages of
production is implemented for quick yield ramp up.

Index Terms—Cycle time reduction, failure analysis, manufac-
turing automation, single-wafer process, yield optimization.

I. INTRODUCTION

SCALING is one of the main streams to achieve higher per-
formance/higher density. Yield improvement is the key to

reducing costs. To keep up with the strong requirements for cost
reduction, the semiconductor industry is in the process of in-
creasing wafer size from 200 to 300 mm. However, this transi-
tion is complicated because the process flow in semiconductor
manufacturing continues to increase and become more sophisti-
cated. The increase in the number of process steps and number
of lots in work-in-process (WIP) increase cycle time and raise
inventory asset costs. In order to avoid inventory waste due to
changing market requirements (such as customer’s orders/de-
sign changes), to enable the fast ramp up of new lines/new prod-
ucts, or to quickly recover from unexpected problems, quick
turn around time is essential in the integrated circuit (IC) in-
dustry today [1]–[4]. We proposed a new scheme integrating
an all single-wafer process (SWP) in a 300-mm fab to achieve
short cycle time manufacturing [5]. In the early stages of pro-
duction, the main yield killer is systematic defects caused by
parametric problems. Engineering Data Analysis (EDA) sup-
ported by commercial yield analysis systems is widely used for
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TABLE I
COMPARISON OF THECONVENTIONAL BATCH PROCESS ANDSWP

IN THIS WORK

detecting these kinds of defects. However, the smaller number of
data points makes early detection of parametric errors difficult.
An advanced EDA is proposed to improve the yield in a short
time during the early stages of production. In this paper, we de-
scribe new technologies integrated with SWP to achieve drastic
cycle time reduction with high performance devices having ex-
cellent reliability.

II. SINGLE-WAFER PROCESSING

The comparison of conventional process and SWP in this
work is shown in Table I. All steps have been changed to SWP
including wet clean, CVD, and anneal/oxidation—major cycle
time bottlenecks in conventional batch lines. Cycle time killers
in batch processing are process time and queuing time. One of
the advantages of SWP is that it does not require queuing time to
facilitate batch processing. Thus, process time has a greater im-
pact on cycle time than on the batch process [6], [7]. The key to
reduced process time is process optimization and development
of new equipment capabilities. As a result of these newly devel-
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Fig. 1. Watermark probability dependence on wafer rotation speed and
chamber design of newly developed single-wafer cleaning system.

oped equipment and processes, SWPs have better productivity
and process capability than equivalent batch processes.

One of the examples we developed for this concept is an in-
novative single-wafer wet cleaning system that is used to re-
place the conventional batch cleaning system. Chamber struc-
ture is shown in Fig. 1. Newly developed cleaning chemicals
remove particles and contamination effectively even at room
temperature and shorten process time [8]. It is well known that
higher temperature gives higher efficiency of particle reduction
in cleaning because of higher etching ratios, but the required
preheat time results in longer process time. Room temperature
operation is essential because maintaining cleaning solutions at
high temperature on the wafer is very difficult for SWP without
wafer preheat prior to cleaning. Inorganic materials are added
into conventional RCA solutions to reduce activation energy
and increase etching rates at room temperature and to realize
shorter cleaning time as shown in Fig. 2. Another key point, con-
trolling Z potential by pH control [9], is essential to eliminate
re-attachment of particles. Metal contamination is effectively
removed by chemical redox potential control [10]. The new
system achieves a 100% cleaning efficiency within 15 s/wafer
at room temperature compared to the conventional RCA batch
cleaning requiring 10 min/cassette in 80C to achieve the same
efficiency. Since nitrogen flows in the narrow gap between the
wafer and seal plate, and the wafer rotates at high speed during
the drying sequence, seal-plate design is the key to eliminating
watermarks. Moreover, we found that the number of watermarks
strongly depends on the rotation speed during the dry process. A
rotation speed of over 1750 rpm during the dry spin step elim-
inates watermarks effectively, as shown in Fig. 1. As a result,
the new cleaning system, with single-wafer treatment at room
temperature, makes easier to remove particles and contamina-
tion than batch processes at 80C. Because no preheat time is
required, we are able to achieve a suitable process in one-tenth
of the time used for conventional batch RCA cleaning at 80C.
This accomplishment helps us achieve both cycle time reduc-
tion and chemical and waste disposal savings.

Throughout our 300-mm process development work, we were
aware that a reduction in the process time sometimes results

Fig. 2. Particle removal efficiency dependence on the cleaning temperature
compared with batch and single wet clean processes.

in a loss of film uniformity in CVD processes. So, one of our
priorities was to achieve good film uniformity simultaneously
with shorter process times. One of the most sensitive CVD pro-
cesses to device performance is spacer film deposition. Thick-
ness variation causes spacer width differences that affect both
device performance and reliability. We found that the thickness
variation of RT SiN strongly depends on the concentration of
SiH formed during an intermediate reaction, which could be
reduced by optimizing pressure, gas flow ratio, and deposition
temperature. With the optimized process, good step coverage
and good uniformity were achieved with the RT spacer film de-
position system.

III. FAB AUTOMATION

As decreasing transfer time becomes more important for
shorter processing times, we have addressed lot transfer with a
newly developed high-speed run and transfer rail guided vehicle
(RGV) used for intra-bay transportation. Interbay lot transfer
is handled with an overhead shuttle (OHS) system combined
with fast-access bay stations. Bay stations are conceptually
different from stockers because they have been designed to
minimize lot stay time between interbay and intrabay transport
and are not used to stock lots. The combined effects of these
newly developed transportation systems yield a total transfer
time one-third that available with current commercial-based
systems. The key to achieving this high-speed transportation
is the use of the front opening unified pod (FOUP), which has
been standardized by collaboration work in the international
community. Wafers are fixed firmly inside the FOUP and do
not vibrate under rapid acceleration. Therefore, wafers are
not damaged and particles are not generated by high-speed
transportation. In the conventional carrier case, the wafers
might be subject to cracks due to this high-speed transfer. RGV
itself has the advantage of reduced vibration during high-speed
operation compared with automated guided vehicle (AGV)
making it easier to increase the speed of the RGV. In order
to fully utilize the RGV’s high-speed performance, flexible
and quick access to bay stations is indispensable. High-speed
RGV areas are completely segregated by partitions for safety
reasons. Images of RGV and OHS are shown in Fig. 3.
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(a)

(b)

Fig. 3. Images of (a) RGV and (b) OHS used for quick wafer transportation.

Lot size in SWP is flexible, but with careful calculation
we found that thirteen wafers per lot achieves the highest
productivity while maintaining quick turn around time. Total
process time including program load, wafer load/unload, wafer
processing is 10.85 days and total wafer transfer time is 1.40
days for 13 wafers, 35 masks with sextuple metal 0.18-m
LOGIC. Total time without queuing time is 12.25 days (0.35
days per layer). Queuing time increases with WIP and unsched-
uled down time of equipment and other unexpected trouble,
however, total cycle time of the SWP is much shorter than that
of conventional batch process. Since the process time of SWP is
proportional to the number of wafers in a lot, we use a smaller
lot size (three wafers a lot, for example) for super cycle time
reduction. We demonstrated 0.25 days per layer (6 h per layer)
in a 0.18 m LOGIC product in a three-wafer lot. This quick
turn around time is very effective for development, device
tuning for sophisticated LSI products, and yield enhancement

Fig. 4. Cycle time and process step reduction of well formation. Chain ion
implantation is used instead of conventional three-step ion implantation.

efforts. Other large volume products, DRAM, flash also gain
advantage from the SWP in the reduction of investment and
elimination of risk.

IV. PROCESSINTEGRATION

All process conditions were modified to fit SWP [11]. More-
over, we addressed cycle time reductions eliminating or modi-
fying some process steps. One of the examples for process time
reduction is well chain ion implantation, as shown in Fig. 4.
We were successful in replacing conventional multistep high en-
ergy ion implantation, which required at least three lot transfers
on a batch implanter, with a multi-step ion chain implantation
process that required only one transfer step. Chain ion implan-
tation, which is the only process that uses batch equipment in
our fab, realizes triple well structure without high temperature
and long-time anneal. All of the long time anneal processes are
eliminated or replaced by RTA. One of the critical process steps
is densification anneal of the STI filling oxide at around 1000C
for 10 to 20 min in a conventional batch fab. Longer anneal gives
us better film quality, better tolerance for HF, and less recess. We
combined single-wafer HDP CVD oxide and RT anneal at 1000
C for 20 s. The liner oxide condition is the key to eliminating

damage from HDP CVD on gate oxide. This process change
resulted in very good STI profiles without recesses or voids as
shown in Fig. 5.

One potential drawback to a SWP is higher sensitivity to
plasma damage. Backside films electrically float the wafer
during plasma processing and reduce plasma damage. How-
ever, no films are deposited on the backside of the wafers in
SWPs. Fig. 6 shows the gate leakage current dependence on
HDP CVD film deposition temperature. We found that plasma
damage is drastically reduced by using a lower deposition
temperature, resulting in higher (charge to breakdown) of
the gate oxide film. All plasma processes—dry etching, other
plasma CVD, sputter, and ashing—are carefully optimized
to eliminate plasma damage. As a result, highly reliable gate
oxide quality is obtained.
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Fig. 5. Cross-sectional view of STI.

Fig. 6. Gate leakage current dependence on HDP deposition temperature
measured on TEG with 10 k antenna ratio.

The absence of backside films makes mechanical stress
control easier. Residual stress in backside films causes wafer
warpage—a bigger problem in larger diameter wafers. Fig. 7
shows wafer warpage at each process step in this work. One of
the most problematic types of film is CVD-W, which is subject
to large compressive stresses. Mechanical stress is controlled

Fig. 7. Bending height of product wafer in each process step. Mechanical
stress of each film is controlled to minimize wafer bending.

Fig. 8. Transconductance (left) and charge to breakdown (right) improvement
by RT gate oxide compared with conventional furnace oxide.

by designing film deposition conditions so as to ensure mutual
stress compensation and minimize wafer warpage. A combi-
nation of tensile and compressive films solved wafer warpage
easily because of the absence of stress from backside films.

V. DEVICE CHARACTERISTICS

We used various rapid thermal processes to replace con-
ventional furnace steps. A high-temperature single-wafer
oxide system was introduced to replace the conventional batch
type oxidation for gate oxide. Higher temperature oxidation is
known to provide higher activation energy, which makes shorter
process times possible and results in defect-free oxidation and
a smoother surface finish. We combined higher temperature RT
oxide and H bake to get higher trans-conductance and better
oxide integrity. As shown in Fig. 8, RT oxide showed better
Gm and characteristics compared with furnace oxidation.
As N–Si bonding is stronger for higher temperature nitridation,
our process improves hot carrier lifetime about one order of
magnitude compared to lower temperature furnace process,
as shown in Fig. 9. We use RT-polysilicon as a gate electrode
since this film has fine and uniform grain, which is essential
in order to suppress threshold voltage variation, especially in
small size MOSFETs [12], [13]. RT-nitride spacers with a much
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Fig. 9. Hot carrier lifetime comparison between RT gate oxide and
conventional furnace oxide.

Fig. 10. Threshold voltage variation of SWP and batch process.

shorter deposition time gives shallower junction extensions and
improves rolloff, resulting in better uniformity of threshold
voltage, as shown in Fig. 10. Better process control is achiev-
able in SWPs because SWP enables process control feedback
on a wafer by wafer basis. Overall, we demonstrated that our
all SWP provided better device performance because of lower
thermal budget and better control of device parameters. As we
described, we obtained smaller variation in device performance
with higher reliability, compared with the device obtained in a
conventional fab.

VI. Y IELD MANAGEMENT

A. Quick Ramp Up With Systematic Defect Analysis

Defects that cause yield loss (at die-functionality testing) can
be categorized as either systematic or random. Systematic de-
fects are usually induced by conflict between product-design
requirements and wafer-processing accuracy (usually the result
of setting inadequate process windows), whereas random de-
fects are often induced by particles and pattern defects. Since
a process is not mature at the beginning of production, sys-
tematic defects can greatly influence yield improvement. The
most important activity for shortening the time required for yield
ramping is to quickly optimize “inline process parameters” (for

Fig. 11. Flow for detecting causes of yield loss related to marginal problems.

example, lithography critical-dimensions and film thickness).
Conventionally, the relationship between “bin-data” (measured
during die-functionality or die-yield testing) and inline process
parameters is directly studied using statistical correlation anal-
ysis to identify the most critical inline process parameters for
optimization, as shown on the left in Fig. 11. However, the
volume of products in the early stages of production is limited,
and inline process parameters usually are monitored with rel-
atively low sampling frequency. This situation makes effective
statistical analysis extremely difficult due to insufficient data.

To solve this problem, we applied the method illustrated in
Fig. 11 (right side) and Fig. 12 [14]. The systematic yield is af-
fected by several “e-test parameters” (basic electrical test-struc-
ture measurements taken at the end of the wafer fabrication
process). To find the root cause of yield loss induced by sys-
tematic problems, we must first identify the yield impact of al-
tering each e-test parameter. The first step in our method is to
perform correlation analysis between bin data and e-test param-
eters to calculate the yield impact of each e-test parameter. We
used “zone analysis,” illustrated in Fig. 12, so as to effectively
obtain more bin data from each wafer. In this analysis, the bin
data is categorized into zones that correspond to the measure-
ment points of the e-test. Bin data for each zone, rather than
the average value of a wafer, is used for correlation analysis.
This method enables us to obtain many more data points from
a wafer, resulting in effective statistical analysis. As a 300-mm
wafer has more die than a 200-mm wafer, zone analysis is much
more effective for 300-mm wafers. Moreover, since the e-test
is performed at several points on each wafer, the correlation
between these two data types provides us with sufficient data
points. Once critical e-test parameters are identified, correlation
analysis between those e-test parameters and inline process pa-
rameters is performed to identify the inline process parameters
to be modified.

B. Validation of Proposed Methodology

To evaluate the efficiency of our proposed systematic defect
reduction method, we applied it to actual 300-mm wafer fabri-
cation. In the pilot run of 0.18m Low-power SRAM, the main
failure was large stand-by current. It is one of the typical sys-
tematic problems of SRAM and was observed in the wafer edge
area. A composite map of standby current failure of one lot (13
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Fig. 12. Proposed Approach: Upper: Zone analysis; Lower: Results of implementing the proposed method.

Fig. 13. Composite map of standby current failures (left) and templates used
for zone analysis (right).

wafers) is illustrated in Fig. 13. We applied the zone templates
shown in the figure. Then we examined the correlation anal-
ysis between the failure ratio and all of the e-test parameters.
Ids of short channel MOSFET was identified as the most crit-
ical e-test parameter affecting standby current failure ratio. We
then examined the relationship between this e-test parameter,
short-channel Ids, and all of the inline parameters. The most
significant inline parameter was found to be the gate oxide film
thickness as shown in Fig. 14. These data points are obtained in
the first lot containing 13 wafers. We can take quick action to
improve the yield. Correlation between gate oxide thickness and
standby current failure, obtained by the conventional approach,
is also shown at the right-hand side of Fig. 14. The correlation
coefficient is 0.33, which is much smaller than that with the pro-
posed method. The conventional approach cannot detect the gate
oxide film thickness as a significant parameter. We successfully

Fig. 14. Correlations between ratio of standby current failure and gate oxide
thickness obtained by newly proposed method and conventional method. Top
right: Table of Correlation coefficient (r) between failure mode and e-test
parameter. Top left: Correlation between ratio of standby current failure and
Ids, that has the highest correlation coefficient with the failure. Bottom left:
Correlation between Ids and gate oxide thickness. Bottom right: Correlation
between ratio of standby current failure and gate oxide thickness.

found the root cause of the systematic error, reduced yield sig-
nificantly in pilot lot, only in one lot containing 13 wafers. As
a result of actually applying this method to 300-mm wafer fab-
rication, we reduced the systematic defects in the early stages
of production resulting in improved yield ramp up. The method
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Fig. 15. Possible defect maps on 200- and 300-mm wafers.

Fig. 16. Particle inspection results after wet clean. Batch wet clean (top).
Single wet clean (bottom).

was proven to be useful for reducing yield loss due to system-
atic defects even in small-volume production.

C. Advantage of Yield Improvement on 300-mm SWP

We found out that a larger wafer size has the advantage with
respect random defects. Some random defects might be propor-
tional to the area, however, other defects, like scratch and clus-
tered defects, have smaller impact for yield loss in larger di-
ameter wafers as easily understood in the example depicted in
Fig. 15. Thus, lower average defect density and higher yield are
achieved in mass production.

SWP also has advantages in lower defect density. One of the
well-known particle sources is the backside of the wafers. In
CVD film deposition, oxidation, wet clean and other batch pro-
cesses, wafers may be subject to contamination from the back-
side of adjacent wafers. However, SWP is not affected by the
other wafers and has the benefit of particle or contamination
reduction. Fig. 16 shows particle inspection results just after
cleaning compared with batch and single wet process. Particles
are inspected on one wafer per lot. Typical particle maps are also

shown in Fig. 16. The average number of particles in the batch
wet-process is higher than that of the single wet process with
one of the sources being backside particles. The particles on the
backside of the wafer are easily removed during the cleaning
process but are re-attached on the surface of the adjacent wafer.
On the other hand, in single wet processing there are no parti-
cles from the backside. In the particle map of the batch process,
we can see a large number of particles from bottom left of the
wafer. That is a typical example of the particles from the boat
coming into contact with the edge of the wafer. These abnormal
particles are suppressed in SWP. As the result, the number of
particles on the wafer after cleaning is much smaller than that
for the batch process. Thus, the SWP with 300-mm wafers pro-
vide a big advantage with respect to particle reduction.

VII. CONCLUSION

Production volume enhancement has been achieved through
device scaling and increased wafer size. A new approach to
cycle time reduction with SWP has been demonstrated, to de-
velop a new strategy for future semiconductor manufacturing
operations. A new EDA approach, increasing data points and
detecting parametric error easily in early stage of production,
has been implemented for a quicker yield ramp up. Fully inte-
grated 0.18-m technology with an all SWP in a 300-mm wafer
fab provides drastic cycle time reduction. It also provides higher
performance, higher reliability devices and lower defect density.
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