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ABSTRACT

A future maskless lithography system that replaces traditional masks with an array of electro-mechanical mirrors relies
on a very high rate data interface to achieve the wafer throughputs comparable to today’s optical lithography systems. In
order to write one layer per minute in 45nm technology node, a throughput of 12Tb/s using 5-bit grayscale data is
needed. With EUV light source flash rates limited to below 10kHz, 240 million 1pm x 1pm micromirrors have to be
integrated on the writer chip, each driven with 32 possible voltage levels.

This paper explores the system design for various wafer throughputs, with or without data compression. In particular,
the design tradeoffs for the mirror interface datapath, implemented on the same silicon die with the writers are discussed.
The design of the digital-to-analog converters (DACs) that compensate for the nonlinearity of the mirror transfer
function and fit into the required datapath pitch is presented. Extrapolated data from the designs in 0.13pum CMOS
technology indicate that DACs will likely limit the throughput to about 30 wafers per hour in 45 nm node.
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1. INTRODUCTION

Mask costs have been rising at an increasing rate. As lithography advances and feature sizes continue to shrink, mask
costs will become a major impediment for low-volume ASIC production. In the future, extreme-ultraviolet (EUV) will
probably displace optical lithography and further increase mask costs. To tackle this problem, a maskless system has
been proposed that can replace masks with an array of individually-controlled micron-scale mirrors [1]. The mirrors are
electrostatically tilted to form a pattern and an EUV source reflects the mirror pattern onto the wafer. To completely
expose the wafer, new patterns are electronically transferred to the mirror array as the wafer is mechanically scanned
under the focused pattern.

The key constraint in the micromirror-array-based EUV lithography system is the achievable light source flash rate.
Physical limitations will constrain the flash rate to be below 10kHz in the foreseeable future. High-density layouts
require accurate edge positioning, where the features can be placed on a much finer grid than one defined by the
lithography. To achieve a 1nm edge placement in the 45nm technology node, the data have to be represented as 5-bit
values [2]. Limited EUV source frequency requires analog control of the mirror array, where 32 different analog voltage
levels would be used to position the mirrors.

This paper explores the design of the mixed signal interface necessary for the analog control of the mirrors. The systems
that are suitable for low-volume and high-volume production are compared, with and without data compression.

2. SYSTEM REQUIREMENTS

With the EUV flash frequency limited to below 10kHz, the system throughput is dictated by the total number of mirrors
that can be integrated on the chip and by the speed of the interface electronics. Today’s high-volume mask-based
systems expose 60 wafers/hour. However, the total volume of a large number of IC designs is only one or a very few
wafers, as in the case of prototyping, or in low-volume ASICs. Lower throughputs would be acceptable for
manufacturing these products, of the order of 1-6 wafers/hour. We are considering two types of designs in this paper: a
high throughput (30-60 wafer/hour) system and a low volume (1-6 wafer/hour) system.
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The required data throughput for the 60 wafer/hour system is given by:
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Similarly, the 6 wafer/hour system has a throughput of 1.2Tb/s and the 1 wafer/hour system has a throughput of
200Gb/s. The EUV flash rate dictates the number of pixels that have to be exposed in each flash. As there are 144
trillion pixels in a 300-mm wafer, to achieve the throughput of 60 wafers per hour, each flash should expose 240 million
pixels. The requirements are summarized in Table 1.

The required throughputs can be met with a combination of several techniques. High-speed 1/O can deliver data at
several hundred gigabits per second onto a chip. If the I/O speed is the limitation, it can be overcome by compressing
the layout data off-chip. The data is then restored by on-chip decompression circuitry. Digital-to-analog converters
convert 5-bit grayscale values to analog signals and load them in parallel to the mirrors. The mirrors can take 31
different deflections resulting in different illuminations on the wafer.

The mirrors will be fabricated over the control chip with low-temperature processing techniques that do not harm the
CMOS circuitry. Analog memory cells will be electrically connected to the mirrors to enable charge storage. The
mirrors have been designed to be around 1pum square. Integrating mirrors on the single chip dictates the structure of the
mirror array. To integrate 240 million 1um x 1pm mirrors on a single chip, an array of approximately 24,000 x 10,000
mirrors, of 2.4cm x lcm in size has to be formed. The mirror control circuitry would be placed underneath the mirrors
and the data would be loaded from two sides of the array. This array would have to be fully loaded with 5-bit analog
values in between the EUV light flashes, each separated by about 100ps.

An all-digital system avoids the digital-to-analog conversion, and is therefore much simpler. The mirrors take only two
extreme positions, where they either fully expose the wafer spot or fully deflect the light. The interface only handles the
digital values. To modulate the edge positions, the same pixel on the wafer has to be exposed up to 31 times. With EUV
source flash rate and the minimum size of the mirrors being the key limitations, this approach trades off the simplicity
for a reduced throughput (less than 4 wafers/hr with 10kHz flash rate and minimum-sized mirrors). The digital system
has a simple mirror interface, consisting only of the binary memories, such as standard SRAM, and provides more
opportunities for implementation of redundancy.

To expose even more pixels per flash, or in order to use larger mirrors, multiple writer chips have to be built. Multi-chip
solutions are possible, but require very precise mechanical alignment and require large interconnect complexity. The
throughput requirements for these systems stay the same as in the single-chip systems.

3. SYSTEM IMPLEMENTATION
3.1. Conceptual System

The chip input bandwidth of approximately 800Gb/s is feasible in the next generation of CMOS technology [3]. This can
meet the requirements of the low speed mixed signal system, up to 4 wafers/s excluding any redundancy in the data. The
other designs require compression of the layout data off-chip and decompression on-chip [2].

Table 1: Number of pixels exposed in each source flash and required data throughputs for desired wafer throughputs at 10kHz
exposure rate with 5-bit pixels.

Wafer throughput 60 wafers/hr 6 wafers/hr 1 wafer/hr
Pixels per exposure 240 x 10° 24 x 10° 4x10°
Data rate 12Tb/s 1.2Tb/s 200Gb/s
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