











3.3 Collection Efficiency

High collection efficiency is achieved using a large, high reflectivity, high collection angle ellipsoidal mirror. The mirror
comprises many silicon-molybdenum multilayers, similar to the scanner optics mirrors, which reflect a small band
around the target wavelength. Two key differences for the collector mirror are the use of a graded multilayer spacing
from center to edge of the mirror, to compensate for changing incidence angles, and a novel multilayer design to resist
interdiffusion (and loss of reflectivity) at the high temperatures likely to be experienced in the source chamber °. Sub-
aperture (320mm diameter) mirrors have been fabricated with low surface roughness and when coated show excellent
center to edge reflectivity uniformity. The production systems will use larger mirrors of about 600mm diameter, with 5
steradian collection angle. The first 5sr mirrors are shown in Figure 6.

Fig. 6. First two 5 steradian collector mirrors after polishing (left) and coating (right).

A key challenge is to maintain the high collection efficiency, and stable power output, over long periods of time, in order
to meet Cost of Ownership targets. The proximity of the collector optic to the high temperature plasma exposes it to high
energy ions, neutral atoms and other debris which can damage the coating and reduce reflectivity. The three main
degradation mechanisms are deposition of tin particle debris from the droplets, erosion of the mirror by high energy ions
and neutral atoms and deposition of tin vapor. The use of small droplets is arguably the most important debris mitigation
technique and is necessary to reduce the load on the individual debris mitigation subsystems responsible for eliminating
each degradation mechanism. Droplet sizes as small as 30um diameter have been demonstrated for extended run times
and are now routinely used in LPP systems for integrated testing. Droplets of this size provide the added advantage of
reducing the annual tin consumption, which minimizes tin material costs.

One debris mitigation subsystem addresses multilayer erosion by significantly reducing the ion flux incident at the mirror
surface by up to four orders of magnitude, and the ion energy by about an order of magnitude. Erosion can also be
addressed by adding sacrificial multilayers during the coating step of collector fabrication. A second debris mitigation
subsystem eliminates tin deposition, which is critical because only about a Inm layer of tin results in unacceptable
reflectivity loss. When all mitigation schemes are active, it has recently been shown that the source can be operated for 8
hours without degradation of collection efficiency, as shown in Figure 7.

3.4 Power

The initial power requirement for EUV pilot production sources is about 100W (in-band at IF). In-band conversion
efficiency of 3%, using an 11kW laser, is required to achieve this power level and was demonstrated using droplet
targets in 2007 *. Stable power output requires highly repeatable droplet position and spacing, with a closed loop laser
targeting control system which ensures that each laser pulse is optimally focused and accurately targeted on the
corresponding droplet. Currently, thermal control of the beam delivery and focusing optics is under continual
improvement to extend continuous operation performance to higher power levels. Initial firing patterns using Imsec
bursts and 8% duty cycle demonstrated 100W power output. The firing pattern has recently been extended to 400msec
bursts and 80% duty cycle, which is typical of scanner operating conditions. Under these conditions, 20W exposure
power output has been achieved for up tol8 hours of continuous running time, and is shown in Figure 8. For these
results, power is measured by an EUV monitor consisting of a photodiode, a 2% bandwidth mirror and Zr foil looking at
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the plasma, and calculated at IF using the standard assumptions of Ssr collection, 50% average reflectivity and 90%
transmission. A useful source performance metric is total dose per day. As shown in Figure 9, more than one MegalJoule
(M1J) was produced during this 18 hour test. One MJ of EUV energy at IF is enough to process approximately 250
wafers of 300mm diameter.

2 hours 4 hours 8 hours
Fig. 7. Fluorescence screen images at IF over 8 hours of operation with active debris mitigation showing no change in
reflectivity.
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Fig. 8. Demonstrated power output of 20W for up to 18 hours at 80% duty cycle.
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Fig 9. Accumulated dose over 18 hours run time at 20W
3.5 Roadmap

Cymer’s LPP source development and product roadmap is closely aligned with the scanner manufacturers’ roadmaps,
and is shown in Table 1. Several first generation pilot EUV sources are planned to be delivered during 2009. During this
time, the technology will continue to be improved before the integrated exposure systems are delivered to chipmakers in
2010 for process development of next generation devices. By the time EUVL is introduced into production, it is expected
that the technology will meet all of the requirements of the commercial semiconductor capital equipment industry.
Additionally, later systems for high volume production are expected to operate at higher power than these initial pilots.
Further development and engineering of EUV sources is planned for many years to come, with progressively higher
power and lower cost of operation systems being delivered to support the roadmaps of both the scanner manufacturers
and chipmakers through the next several device nodes.

Table. 1. Cymer LPP EUV source power roadmap.

EUV Source Power Roadmap

Pilot HVM | HVM I
Drive laser power (kW) 11 19 >20
In-band CE (%) 3.0 3.5 4.0
Collection Efficiency (sr) 5 5.2 5.5
Collector Reflectivity (%) >60 >60 >60
Optical Transmission (%) 80 85 90
Total EUV power at IF (W) >100 >200 >400

4. CONCLUSIONS

Light source developments have contributed significantly to lithography resolution and productivity improvements.
Recent changes to the excimer laser light source architecture have also provided a new level of stability and durability at
higher power levels that will be critical for Double Patterning applications. This platform will allow further extendibility
until EUVL is ready for manufacturing introduction. There has been significant progress in the development of high
efficiency LPP light sources for pilot EUVL exposure tools. The first systems have been integrated and several units will
be delivered during 2009. Continuous improvements in power output, collector lifetime and operating time are planned
and will enable a roadmap that supports the first two generations of High Volume Manufacturing tools.
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