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ABSTRACT

Double Patterning Technology (DPT) is considered the most acceptable solution for 32nm node lithography. Apart from 
the obvious drawbacks of additional exposure and processing steps and therefore reduced throughput, DPT possesses a 
number of additional technical challenges. This relates to exposure tool capability, the actual applied process in the 
wafer fab but also to mask performance. This paper will focus on the latter.

We will report on the performance of a two-reticle set based on a design developed to study the impact of mask global 
and local placement errors on a DPT dual line process.  For 32 nm node lithography using DPT a reticle to reticle 
overlay contribution target of  1.5nm has been proposed [1]. Reticle based measurements have shown [2] that this 
proposed target can be met for standard overlay features and dedicated DPT features. In this paper we will present 
experimental intra field overlay wafer data resulting from the earlier mentioned reticle set. 

The reticles contain a 13x19 array of modules comprising various standard overlay features such as ASML overlay 
gratings and bar-in-bar overlay targets. Furthermore the modules contain split 40nm half pitch DPT features. The 
reticles have been exposed on an ASML XT:1700i on several wafers in multiple fields. Reticle to reticle overlay 
contribution has been studied in resist (double exposure) and using the IMEC dual line process [1] (DPT). We will show 
that the reticle to reticle overlay contribution on the wafer is smaller than 1.5nm (1x). We will compare the wafer data 
with the reticle data, study the correlation and show that reticle to reticle overlay contribution based single mask 
registration measurements can be used to qualify the reticle to reticle overlay contribution on wafer.
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1. INTRODUCTION 

Printing 32nm half pitch using a state of the art 193nm exposure tool having an NA of 1.35 requires a k1 of 0.238
whereas the minimum achievable k1 value is 0.25. The minimum printable half pitch (line space ratio is 1) can be 
calculated using the Rayleigh formula and is determined by the process parameter k1, the wavelength of the exposure 
light and the NA of the projection lens:

NA
kHP 
1min  .                                                                          (1)

For the mentioned state of the art exposure tool the minimum printable half pitch is ~36nm. There are however several 
ways that will lead to our lithographic Rome. One can place the burden either on the wavelength by, for example,
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3 [nm] reg L1 reg L2 overlay L1-L2
BiB X 1.3 1.3 1.0
BiB Y 1.5 1.3 1.5
DPT X 1.4 1.4 1.1
DTP Y 1.4 1.3 1.4
OV X 1.2 1.3 1.7
OV Y 1.5 1.0 1.6

Figure 5: BiB, DPT and OV grating results (1x) from layer 1 and layer 2

Reticle to reticle overlay measured on the same structures on both masks was found to be smaller or equal to 1.5 nm 3. 
The recently proposed target1 of a reticle to reticle induced overlay of 1.5nm, 3 for the 32nm node was met by the 
reticle set investigated in this paper. The distance between the locations of targets has an impact on the obtained overlay. 
Therefore a reticle to reticle overlay measurement should be performed on the same locations on both plates. The OV 
gratings are 4mm (reticle level) apart. As such the OV gratings do not represent double patterning features. The large 
distance between the marks account for the larger reticle overlay observed for the OV gratings. 
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