








Fig.7. Computed ILT mask patterns and SEM images for random logic patterns with varying degrees of complexity 

The DOF and e-beam shot-count performance for each of the ILT masks  

C0-C4 are shown in Fig. 9. Also included are the same metrics for the  

competitor OPC-A mask shown in Fig. 7. The DOF values have been  

measured on 5 critical (DOF-limiting) contacts within the layout, with the  

lowest among them representing the common DOF.  

Fig. 8. Locations of critical contacts in 
logic clip where DOF was measured 
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Fig.9. DOF and mask e-beam shot-count performance for the random logic contact layout with varying degrees of 
complexity 

As can be seen from Fig. 9, within the ILT mask solutions, the DOF performance of C1 is almost identical to the nearly-
ideal C0 mask but the # of shot-counts is half as much. Comparing the ILT mask solutions to OPC-A, the C4 mask with 
similar # of e-beam shot-counts to OPC-A, provides 13% better common DOF performance than OPC-A. Both the C0 
and C1 provide 24% better common DOF performance than OPC-A, but come with trade-offs to mask write-time as will 
be shown subsequently in more detail.  

3C) Mask Inspection Results and Analysis 

A Binary COG mask consisting of the ILT through-pitch and random-logic layouts with different complexities was 
patterned over a 100cm2 area as shown in Fig. 10. The mask was written, processed, and inspected using standard tools 
in the mask shop.  

Fig. 10. Mask layout of the ILT through-pitch and random logic patterns 

Hard-defect mask inspections were performed on the KLA5XX and AERA2 tools with slight setup modifications. 
Shown below are the inspection results.  
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Fig. 11. KLA 5XX transmitted-light inspection results 

For the KLA5XX die-to-die (D:D) inspection, no real pattern defects were detected on the ILT patterns at both 90nm and 
72nm pixel inspections. Similar results were found for the AERA2 die-to-die inspection (Fig. 12). For the C0 mask 
however, 121 false defects were detected on AERA2. For the C1, C2, and C3 masks, there were 2-3 false defects and 
none for the C4 mask. In summary, ILT masks, especially of C1 and lower complexity, do not show any major 
inspection issues. The same needs to be confirmed on fullchip ILT device masks next.  

P72 DDT (95/95) P90 DDT (100/100)
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Fig. 12. AERA2 inspection results 

3D) Mask Writing Results and Analysis 

Using the actual write-time and shot-density of the logic clip, fullchip write-times were estimated for each of the ILT and 
OPC-A masks for a 100cm2 patterned area. Below is a summary for the standard writing mode and a higher current 
density and higher dose e-beam  mode: 

Standard write-mode: 
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Table 1. Write-time estimates in standard write-mode 

High Current Density and High Dose e-Beam mode: 

Table 2. Write-time estimates in high current density and high dose e-beam mode 

As can be seen from Tables 1 & 2, the higher current density and higher dose e-beam mode reduces the write-time of 
ILT masks by ~1/3 over the standard write-mode. Furthermore, compared to OPC-A, write-times for C1 mask is 3X and 
C0 mask is 6X longer. However, in terms of shot-counts, these ratio are C1:OPC-A = 5X, and C0:OPC-A = 12X 
respectively. Hence, as mentioned earlier, the write-time:shot-count ratio is ~2:1 and not 1:1 as would be usually 
expected.   

4. SUMMARY
In summary, comparing the common DOF and estimated e-beam write-times with respect to the OPC-A mask, Table 3 
summarizes the key mask performance metrics: 

Table 3. Summary of comparison of common DOF and write-time estimates between ILT C0, C1, C4 and OPC-
A masks 

It can be seen that the most complicated C0 mask gives the best litho performance for both logic and through-pitch 
patterns. But it also comes as a substantial increase in write-time. The ILT C4 solution is a lot more manufacturable 
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today with almost the same write time as OPC-A while still providing a minimum of 13% improvement in DOF. The C1 
mask, with nearly ideal mask DOF performance, would be the preferred ILT solution if its write-time could be reduced.  

5. CONCLUSIONS AND NEXT STEPS 
In conclusion, this paper describes the study of trade-offs between improved litho performance provided by use of ILT 
and e-beam shot counts of such masks based on their varying degrees of complexity. The ILT-C1 type mask provides the 
best trade-off with nearly ideal mask process window performance at a ~3X increase in write-time over the OPC-A mask. 
Further improvements can reduce the C1 write time including enhancements to mask fracturing, aligning manhattan jogs, 
simplifying MRC rule-deck for ILT masks and evaluating the use of smaller corner-to-corner mask constraints. Other 
than mask write-time, no other process or inspection issues were found while manufacturing the ILT mask, and the SEM 
images showed good pattern fidelity, reflecting the improved processing capabilities within the mask shop. In the near 
future, fullchip device ILT masks will be processed and their litho and mask performance evaluated.   
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