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ABSTRACT  

Significant effort has been directed in recent years towards the realization of immersion lithography at 193nm 
wavelength. Immersion lithography is likely a key enabling technology for the production of critical layers for 45nm and 
32nm design rule (DR) devices. In spite of the significant progress in immersion lithography technology, there remain 
several key technology issues, with a critical issue of immersion lithography process induced defects. The benefits of the 
optical resolution and depth of focus, made possible by immersion lithography, are well understood. Yet, these benefits 
cannot come at the expense of increased defect counts and decreased production yield. Understanding the impact of the 
immersion lithography process parameters on wafer defects formation and defect counts, together with the ability to 
monitor, control and minimize the defect counts down to acceptable levels is imperative for successful introduction of 
immersion lithography for production of advanced DR�s. In this report, we present experimental results of immersion 
lithography defectivity analysis focused on topcoat layer thickness parameters and resist bake temperatures. Wafers were 
exposed on the 1150i-�-immersion scanner and 1200B Scanner (ASML), defect inspection was performed using a DUV 
inspection tool (UVisionTM, Applied Materials). Higher sensitivity was demonstrated at DUV through detection of small 
defects not detected at the visible wavelength, indicating on the potential high sensitivity benefits of DUV inspection for 
this layer. The analysis indicates that certain types of defects are associated with different immersion process parameters. 
This type of analysis at DUV wavelengths would enable the optimization of immersion lithography processes, thus 
enabling the qualification of immersion processes for volume production.  
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1. INTRODUCTION  

Lithography has been traditionally at the forefront of wafer manufacturing technology. In the sub-wavelength era, where 
the smallest printed features are smaller than the illuminating wavelength, lithography is facing increasingly complex 
challenges arising from design rule (DR) shrinkage, the introduction of new processes and the tightening of the process 
windows. Design rule shrinkage leads to smaller killer defects, and the introduction of new processes leads to the 
formation of new defect types, most recently immersion related defects. The significant progress in lithography 
technology has been made through increase of the scanner projection lens numerical aperture (NA), and the use of 
shorter illumination wavelengths, ranging from 365nm (Hg i-line) through 248nm (KrF) and down to 193nm (ArF) [1]. 
The significant progress in lithography technology has also introduced new challenges associated with production yield, 
as defects as small as half of the DR can have a strong impact the yield. Consequently, lithography steps are followed by 
critical monitoring for pattern registration, critical dimension measurements, and defect inspection, to carefully monitor 
the production process and to minimize the deleterious impact on the yield. When excursions are identified, the resist 
layer may be stripped and lithography be reworked to avoid yield loss. It is for these reasons that lithography defect 
inspection is becoming critical for yield.  

Significant effort has been made in recent years towards realization of immersion lithography to enable extending optics 
lithography down to the 32nm node [2-3]. While significant progress in immersion lithography has been made, several 



key technology issues must be addressed, including the critical issue of immersion lithography process induced defects. 
Clearly, the benefits of the immersion lithography, such as optical resolution and depth of focus, cannot be traded with 
increased defect counts and decreased production yield. Hence, it will be necessary to monitor and control, as well as to 
minimize, immersion lithography defects counts down to acceptable levels. Understanding the role of immersion 
lithography parameters on defects formation, types and counts is essential. This in turn presents new challenges for 
inspection tools for lithography immersion layers. In particular, high sensitivity detection schemes would be required to 
detect small, low contrast, immersion lithography defects.  

By and large, optical inspection systems are divided into bright field (BF) and scattered light or off-axis collection (3D) 
schemes. For a BF scheme the detection sensitivity generally depends on the optical resolution that is proportional to 
�/NA, where � is the illuminating wavelength. It follows that in general, a DUV tool will have higher resolution than a 
UV or visible wavelengths tools with similar NA’s. Scattered light schemes are generally used for inspection of memory 
arrays, often combined with spatial filtering techniques. Here, larger defect scattering cross-section is generally observed 
at DUV compared with UV or visible wavelengths. It is for these reasons that advanced inspection tools are introducing 
shorter wavelengths, following the wavelength trends of lithography tools. Further, it is advantageous that optical 
inspection systems will combine both BF and 3D schemes, to provide high detection sensitivity for a variety of defect 
types and patterns.  

In this paper we report on the role of immersion lithography parameters on defects types and counts as detected at the 
DUV wavelength (266nm), with the objectives of a) characterizing the benefits of DUV inspection on immersion 
lithography layers, and b) characterizing the immersion defectivity of lithography layers as a function of the photoresist 
type, with and without topcoat, post apply bake (PAB) temperatures and wet vs. dry exposures. This paper is organized 
as follows: Section 2 describes the work methodology; results are presented in Section 3 and discussed in Section 4.  

2. METHODOLOGY  

2.1 Test Wafers Preparation  

A set of 25 test wafers was prepared at Albany Nanotech complex for the tests. The immersion wafers were exposed 
using the 1150i-� immersion scanner (ASML). The dry wafers were exposed using the 1200B dry scanner (ASML). The 
printed pattern consisted of a dense lines/spaces structure with 110nm half pitch, which was prepared using two different 
types of photoresist, with and without TC, and processed at three PAB temperatures, as shown schematically Fig. 1:  

Table. 1. Test wafer parameters used for the tests.   

 

The immersion and dry scanner parameters and test wafer parameters are presented in Table 1:  




