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ABSTRACT
Key enabler of the successful introduction of EUV lithography into volume production is the EUV mask
infrastructure. For the production of defect free masks, actinic review of potential defect sites to decide on the need
for repair or compensation is required. Also, the repair or compensation with the ZEISS MERiT electron beam repair
tool needs actinic verification in a closed loop mask repair solution. For the realization of actinic mask review,
ZEISS and the SEMATECH EUVL Mask Infrastructure consortium started a development program for an EUV
aerial image metrology system, the AIMS™ EUV, with realization of a prototype tool.
The development and prototype realization of the AIMS™ EUV has entered the tool calibration and qualification
phase utilizing the achieved capabilities of EUV aerial image acquisition and EUV mask handling. In this paper, we
discuss the current status of the prototype qualification and show recent measurement results.
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1. INTRODUCTION
As EUV Lithography is intensively advancing towards its introduction into the semiconductor manufacturing
process, efforts are being made throughout industry to overcome the severe scientific and technological challenges
that this paradigm change brings with it. Challenges have recently been advocated to be compelling for the
realization of the full EUV infrastructure, among which EUV photomask defectivity is a top priority venture.
Regarding photomask defectivity qualification, the need for an actinic review and inspection tool is made necessary
by the very nature of EUV light and its reflection process onto EUV optics. While for 193 nm lithography the class
of defects can be fairly circumscribed to absorber defects on top of the refracting glass substrate, EUV lithography
extends the defect diversity, since the structure of the reflective multilayer mirror and the substrate can also strongly
affect defect printability 1, 2. As a result, only EUV actinic imaging can univocally determine defect printability:
AIMS™ EUV responds to this compelling necessity, completely fulfilling industry requirements in terms of
performance specifications and scanner matching 3. The development of an actinic AIMS™ EUV system has been
enabled by a collaboration between SEMATECH, ZEISS and the EMI consortium. Since more than twenty years the
AIMS™ systems have served as crucial tools for mask shops for defect disposition and repair verification, having
the great advantage of emulating the scanner mask illumination conditions.
In this work we report on the status of the AIMS™ EUV system development, focusing our discussion on the
different development phases and on the fundamental tool capabilities that have been achieved and are already
available for use on the tool. In section 2 the status of the prototype tool and of the first three customer tools is
presented, followed by an update on the tool capability status (e.g. mask handling, image acquisition). Next, the
current productivity (i.e. run rate) and performance (e.g. CD reproducibility and tool internal metrology
reproducibility) status will be discussed, with the focus on the actual results which have been achieved on the
prototype tool during the first measurement campaigns after the tool launch.

2.

PROJECT STATUS

The AIMS™ EUV project was started in the first half of 2011. In 2013 the completion of the hardware integration of
the EUV Metrology Core was achieved, which lead to the first important milestone of First Light in December 2013,
in which the first EUV aerial images were measured. This milestone was a great achievement in terms of risk
reduction and technology demonstration, and gave the go for the further integration of the entire system,
accomplished in the last quarter of 2014. Since then, effort and focus has been devoted towards bringing the tool into
operation. Figure 1 shows the time sequence of recent development steps carried out on the prototype tool: after final
integration was achieved and first measurements with hardware completely assembled delivered excellent results, the
component and module launch via low level software was executed, followed by the launch of basic tool capabilities
(e.g. mask and aperture handling, image acquisition sequence). The prototype tool was successfully launched in the
first quarter of 2015, with tool adjustments and calibrations being the main focus of the current phase. Parallel to the
tuning of all components, in April 2015 the EMI program participant access to the prototype tool was started, in
which participants of the EMI consortium is granted a measurement block per month. This program has been running
successfully since then, with the AIMSTM EUV system being capable already at this early stage of delivering very
good image quality.
The next project milestone is the achievement of the application automation. Once this is achieved the tool can be
operated (mask and aperture handling, image acquisition and analysis, etc.) via the high level Application software,
which provides a user customizable working environment typical of the ZEISS AIMS product line.

Figure 1. AIMSTM EUV prototype tool development path to final specification

As already presented in other works 4, four AIMSTM EUV tools are currently being developed and assembled at
ZEISS SMT in Oberkochen (Germany). Figure 2 shows recent pictures of the prototype tool and the first three
customer tools in sequence, in which it is possible to visualize the development path described above. The hardware
of all tools, prototype and three customer tools, has been fully integrated (thermal acustic enclosures are not
completely assembled on all tools yet to allow easier access to service activities which might be required. The last in
the line tool (Customer 3) is currently in the component and module launch phase; the Customer 2 tool recently
delivered the first EUV measured aerial images (First Light) and is now in the base tool capability launch, whereas
the Customer 1 tool development is running almost parallel to the prototype, with image acquisition, adjustments and
calibrations being the currently ongoing activities.

Figure 2. From left to right: recent pictures of the prototype and three customer tools
In the Table underneath (Figure 3) the performance specifications for the AIMSTM EUV tool is shown. The
technology target node is 7 nm logic, corresponding to structures with 16 nm half-pitch, with CD reproducibility
≤1.5nm (3σ value at mask level). AIMSTM EUV was designed to perform the full emulation of the scanner imaging
of the mask onto the wafer (CCD camera on AIMSTM): the scanner generations targeted are the NXE:3100 and
NXE:3x00, with NA settings from 0.25 up to 0.33. The run rate (number of defect sites on the mask that can be
imaged per unit of time) is illumination dependent (pupil fill): for focus stacks consisting of best focus plane ±3
defocus planes a run rate of ≥27.5 sites per hour for a dipole sigma aperture and ≥51 sites per hour for an annular
sigma aperture will be achievable. A larger run rate can be achieved in a higher throughput mode with a reduced CD
reproducibility performance (specified to 1.8nm 3σ value at mask level).

Figure 3. Overview of the top level specifications for AIMS™ EUV.

3. CAPABILITY STATUS
Key operational capabilities for the AIMSTM EUV mask defect inspection and review tool are the once that enable
the full emulation of the scanner imaging process, e.g. automated mask handling and aerial image through focus
stack acquisition for the full review of the structure / defect printing behaviour. Figure 4 shows an example of
through focus stack of aerial images acquired with the AIMSTM EUV prototype tool during the most recent
calibration and tuning phase. Imaging target are programmed defects with variable size within a semi-isolated lines
and spaces periodic pattern: the central panel shows the best focus (BF) plane, whereas the left and right panels
represent the -2um and +2um defocus planes respectively. Clearly evident in the images are the programmed defects
in size of 45 nm (central image) and 45±5 nm at the right and left side respectively. The excellent capabilities of
EUV through focus imaging of programmed defects on the AIMSTM EUV tool has also been demonstrated and
reported in previous works4.

Figure 4. Best focus plane (center) and defocus planes (sides) of an aerial image through focus stack as
measured on the AIMSTM EUV prototype calibration mask.

The fundamental capabilities achieved in the last development phase are the automatic initial focus search and clear
normalization: the focus search can be executed at each site on the mask or rather only at the beginning of a review
job where lots of sites are to be imaged, and it is fundamental in order to obtain a symmetric contrast curve, which in
turn allows to derive full information on the imaging process in the form of Bossung curves, NILS diagram and
process window. Secondly, the clear normalization capability is of key importance for the compensation of any
variability or non-uniformity of the intensity distribution of the EUV plasma source.
Together with the afore mentioned imaging capabilities, the AIMSTM EUV tool emulates the chief ray angle
illumination which is caracteristics of the EUV scanner imaging: in the NXE:3100 and NXE:3x00 tools, the mask is
illuminated through an arc shaped slit which introduces an azimuthal component to the propagation of the EUV
photons to and from the mask. Among the most significant consequences of this imaging design is the formation of
pattern and position dependent shadows which have to be taken into account during mask design, wafer printing and
defect repair 5. AIMSTM EUV is fully capable of emulating the shape of the scanner illumination at a certain (X,Y)
position on the mask by the synchronous motion of the NA and sigma aperture (see top panel of Figure 5), the
position of which is univocally determined by the X coordinate on the mask 6.

Figure 5. Sketch of chief ray angle emulation NA and sigma settings across the X coordinate of the mask with
actual pupil images acquired at the tool .
In Figure 5, a schematic drawing of the chief ray angle emulation is provided along with actual pupil images
measured on the AIMSTM EUV prototype tool for the central position (x=0 mm) and the two outmost positions
(x=±52 mm): to notice is the shifting position of the bright area of the pupil image with respect to its dark
background. As requested by the industry, AIMSTM EUV provides several design schemes for the EUV illumination
of the mask (see Figure 6): differently to the older AIMSTM tools, in which different illumination schemes can be
selected within one single sigma stick to be manually inserted within the beam path, on the AIMSTM EUV one
illumination scheme is provided with each aperture support. Figure 6 shows the pupil images acquired during the
EMI consortium members access program with the imaging settings currently available on the prototype tool.

Figure 6. Pupil images acquired on the AIMSTM EUV prototype with the currently available sigma settings.

4. PRODUCTIVITY QUALIFICATION STATUS
Immediately after the successful tool launch in the first quarter of 2015, in April 2015 the EMI program participant
access to the AIMSTM EUV started, in which participating companies deliver EUV masks to ZEISS to be loaded and
measured onto the tool. To date, 5 measurement campaigns have been successfully carried out, in which more than a
thousand focus stacks were already delivered by the ZEISS AIMS EUV team to the EMI participant companies. The
program has the double advantage and importance to provide early access (tool has not yet fully reached the final
specifications) to an EUV actinic review tool to the EMI participants, as well as providing application learning
experience for the ZEISS team along the development path towards the achievement of final specifications of
AIMSTM EUV platform.

Figure 7. Productivity qualification status: run rate and total number of focus stacks acquired during EMI
participant companies access measurements.
Figure 7 shows the actual results in terms of total number of stacks acquired (histogram) and productivity run rate
(green line) achieved by the AIMSTM EUV prototype tool during the first five customer measurement blocks (block 4
and 5 combined): these results are based on a mix of low and high pupil fill measurements, therefore a direct
comparison with the specification Table provided in Figure 3 cannot be made.
The statistics reported in Figure 7 shows a continuous improvement on stack acquisition run-rate, which was
achieved through software development process and tool sequences optimization. The current status does not fulfil
the final productivity requirement yet, but it already provides sufficient throughput performance for optimizations of
CD reproducibility during the ongoing calibration and tuning phase.

5. PERFORMANCE QUALIFICATION STATUS
Some calibration measurements as well as information derived from the customer access data allow to draw
preliminary conclusions on the status of the performance qualification with respect to key deliverables, e.g. CD
reproducibility and EUV optics performance.
Figure 8 shows the CD reproducibility results from a champion dataset measured during one of the measurement
blocks opened to the EMI members. An horizontal lines and spaces array as illustrated in the left panel of Figure 8
was measured for ten times on a customer test mask, from which 25 Regions of Interest (ROIs) were subsequently
analyzed for CD measurements. The right panel of the same Figure shows the CD Reproducibility values (in terms of
3 times the standard deviation of the 10 measurements) for the ROIs 1 to 25, in which the highest value was found to
be lower than the specification boundary of 1.5 nm. This champion dataset, as well as other champion datasets of 20
repeats, clearly indicate the potential to reach in-spec performance. Within the running calibration and tuning phase
the continuous stabilization of current champion performance will be of focus.

Figure 8. CD Reproducibility champion results from EMI access measurements.
Besides run rate and CD reproducibility, the quality of the EUV optics has also been measured. The first tool internal
aberrations metrology has been tested, with the metrology reproducibility measured to be about 10 times smaller than
the tool aberration specification level (RMS for the wavefront error measured through the extraction of the Zernikes
values Z5-Z37, see Figure 9).
Therefore, it can be safely stated that the metrology capability for optics tuning has been successfully achieved. Also
the first results on the tool aberration level (not shown in Figure 9) indicate safe initial in-spec tool aberration
performance.

Figure 9. Metrology capability results of the AIMSTM EUV prototype system.

6. STATUS AND SUMMARY
In this work, the progress of the AIMS™ EUV project has been reported, and the status of the prototype tool as well
as the first three customer tools shown. Tool adjustments and calibrations, as well as first tool qualifications are at
this date being carried out on the AIMS™ EUV prototype tool, for which the fundamental mask imaging and
handling capabilities have been successfully achieved. This current phase will lead towards the automation milestone
(see Figure 1), from which further fine tuning and stabilization will bring the tool to meet final specification.
From April 2015 the EMI program participants access phase is successfully running on the AIMS™ EUV prototype
parallel to other development activities. From internal qualification and customer measurements some first key tests
could be performed: the first productivity results on the run-rate indicate sufficient current performance to continue
in optimization for CD reproducibility. In addition, the first CD reproducibility champion data show potential for
reaching specification performance. Besides, the initial optics qualification has been carried out and the tool internal
aberration metrology capability verified.
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