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A B S T R A C T

In the lithography process, overlay describes the position errors of placing one mask layer pattern
over an existing pattern on the wafer, and overlay metrology is one of the key challenges in
semiconductor manufacturing. With the increase of process complexity especially for multiple
patterning technologies in advanced nodes, the demand for accuracy, precision and process ro-
bustness in overlay metrology continues to tighten. In this paper, we have proposed and de-
monstrated a novel overlay metrology method with high process robustness. A straightforward
theory called interference of diffraction light is developed for explanations why this method
works for single layer overlay metrology. The overlay signals with continuous wavelengths and
angles are simultaneously acquired in the pupil plane. Therefore, compared with the current
monochrome measurement technology, this work can gather and utilize as much overlay in-
formation as possible for measurements. Experiments illustrate that this technique can achieve
better measurement repeatability, faster measurement speed and better process robustness than
current monochrome method, and thus this method has great potential to meet the higher node
requirements for measurement accuracy. What’ more, our work provides a novel idea for scat-
terometry technology in the field of micro-nano measurement.

1. Introduction

Historically, lithography engineering in semiconductor industry has focused on two keys, complimentary aspects of lithographic
quality: overlay performance and critical dimension (CD) control. Overlay is the horizontal positional errors in placing one mask
layer pattern over an existing pattern on the wafer. When optical lithography advances to 45 nm technology node and beyond,
multiple patterning technologies has emerged as an attractive and feasible solution to circumvent the fundamental optical limitations
before until extreme ultraviolet (EUV) lithography becomes commercialized [1].

Overlay control is essential to producing high yielding and high-performing semiconductor devices [2]. Meanwhile, multiple
pattern technology poses unique demands on overlay control, thus making metrology even more challenging. With the shrink of
device node and multi-patterning approach overlay metrology continues to be one of the key challenges for lithography in semi-
conductor manufacturing [3,4].

Scatterometry based overlay or in another name of Diffraction-Based overlay (DBO) metrology method is currently main stream to
the nanolithography process control for producing advanced semiconductor fabrication nodes. Gratings printed on various layers are
used as the overlay marks for the measurement of the horizontal positional error. The asymmetry of diffraction intensity between the
+1st and −1st light from the overlay marks is used to derive the value of the overlay [5].
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In order to optimize overlay measurement technology, engineers have developed a variety of solutions at present such as different
hardware principles (DBO or IBO (Image Based Overlay), different target sizes, and even different overlay mark types. All of these
efforts aimed at solving the problem of measurement robustness caused by process variations [6]. Process robustness over production
process variation is one of the most important components for the accuracy. Accuracy will never be guaranteed only when the process
robustness meets the requirements [7].

Our work investigates a novel overlay metrology method by using pupil plane based continuous wavelengths and angles scat-
terometry for multi-patterning technology. In order to make a comparison, we implement experiments by both this work and tra-
ditional monochromatic method. The result shows that the precision of overlay measurement by this method is only about 0.17 nm,
which is superior to 0.52 nm precision results from the traditional monochromatic light method. The simulation experiment proves
that our method has better process robustness.

2. Principle and experimental considerations

2.1. Basic principles of DBO technology based on angular resolved scatterometry

DBO technology based on angular resolved scatterometry is the mainstream technology route in the industry, and DBO technology
based on this principle has already been widely used in the semiconductor industry. From the perspective of optical measurements,
the basic principle of diffraction based overlay metrology is a measurement implemented by using two overlapping optical gratings
located in two different layers of the product stack with different materials; the two gratings are separated by other materials [8].

As shown in Fig. 1 below, we can find the overlay mark is actually two layer gratings. When the grating is illuminated by a light
beam, the diffracted signal from the grating will be captured by the sensors. When there is no offset between the two gratings, in other
words, the overlay is zero. Then the two gratings are symmetrical, we can easily understand the symmetrical two layer gratings as
classical single grating. The intensity of the diffracted non-zero light will be equal. When an offset is added between the two gratings
(overlay is not zero), then the two gratings are asymmetrical. We can simply understand that the asymmetrical is induced by overlay.
The diffraction intensity of the non-zero orders light will not be equal (see Fig. 1).

As overlay will induce the intensity asymmetry of the non-zero order light, the relationship between the asymmetry and overlay
can be used for overlay metrology. When the offset between the two layers is close to zero, the intensity asymmetry varies as a linear

Fig. 1. Overlay will induce non-zero order intensity asymmetry.

Fig. 2. DBO principle: From asymmetry to overlay.
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