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ABSTRACT

The critical layer masks for 14 nm and 10 nm logic nodes are typically bright field, and the key 
features are opaque structures on the mask. In order to meet the tight critical dimension (CD) 
requirements on these opaque features the use of a high quality negative tone chemically ampli-
fied e-beam resist (NCAR) is required. Until very recently the only negative tone e-beam resists 
available for use by the mask industry were the traditional cross linking type in which ebeam 
exposure cross links the material and makes it insoluble in developer. In this paper we will de-
scribe the performance of a new polarity switching type of NCAR resist that works by changing 
the solubility of the exposed resist without cross linking. This has the advantage of significantly 
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Rich Larson, an original 
Maskmaker
By John Whittey and Greg Easley

 
Richard Ole Larson, 68 of Manteca 
passed away Monday, January 19th at his 
residence due to complications resulting 
from his fight with cancer. He is survived 
by his wife Sandra Larson and his three 
children Tristel, Brandon and Garrett.

Rich was the recipient of the 2012 SPIE 
BACUS Lifetime Achievement Award for 
his exemplary service to the photomask 
making community. Fresh off his third tour 
of duty as a US Navy Aviator he began 
his career at MicroMask in 1973 working 
for Ron Tredway, Bob Whiteside and Joe 

Ross. Even though Rich was an English Literature major, operations 
management was his forté. Rich’s career path took him on to Ultratech 
Photomask, Photronics, and DuPont/Toppan where he successfully led 
Operations to record breaking performances at each company. Rich 
liked to simplify challenging tasks, claiming it was the way he was 
taught to do things back on the farm in Minnesota, one thing at a time. 

Mr. Larson was running operations back in the early 1980’s at Ultra-
tech Photomask when they became the first photomask manufacturer 
to ship $1,000,000 worth of production in a single month, a milestone 
at the time. He also led DuPont/Toppan to exceed 100 direct write 
photomasks shipped per day in his last photomask tour of duty. Rich 
retired from Toppan as the Santa Clara site manager in 2008. 

Probably the best description of Rich and his career was that he was 
an original Maskmaker. Helping to develop processes and systems 
currently deployed across the industry. It is hard to imagine how many 
sets of masks Rich was responsible for manufacturing and shipping 
in 35 years. He accomplished this by leading by example, inspiring 
tremendous loyalty and admiration among his subordinates. Rich was 
a mentor to many of our industry’s current and former managers in his 
various positions. It is hard to put into a few words Rich’s best traits, 
but integrity, loyalty, honesty, perseverance, hardworking, and atten-
tion to details of all kinds (work and family), are just a few of them. He 
will be sorely missed!!

An obituary with more about Rich Larson is at http://goo.gl/KkOCAe



reduced swelling and scumming and resulted in major improve-
ments in the resolution of heavily nested features and small clear 
features on the mask. Additional detailed characterization results 
will be described.

1. Introduction

Negative-tone resists are required for bright field masks to retain 
low e-beam write times. Conventional crosslinking negative-tone 
chemically amplified resists (NCAR), though, often suffer from 
micro-bridging, swelling and higher line edge roughness (LER) 

than positive-tone chemically amplified resists (PCAR). We previ-
ously presented our results using an alternative approach for a 
negative-tone resist via polarity switching.1 Polarity switching is 
the mechanism used for PCAR development. By implementing 
this in a negative-tone image, we hoped to remove the common 
drawbacks of conventional crosslinking negative-tone resists.

The initial polarity switching resist had higher resolution than 
the process of record crosslinking resist but, unfortunately, a high 
number of defects (previously named “blobs”). We discovered 
that the acid generated from the photoacid generator (PAG) was 
outgassing which caused the unexposed areas to become partially 

Figure 1. SEM comparison of minimum feature size performance of traditional cross linking NCAR resist A1 versus polarity switching NCAR resist C. 
All SEM images are of developed resist images.

Figure 2. a). Example of blob defects residual resist found in unexposed developed areas seen with original formulation  
polarity switching resist C. b). Confirmation of no blob defects and no residual resist seen in unexposed developed areas for 
re-formulated polarity switching resist B.
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insoluble in the developer solution. The result was redeposition of 
the resist onto the developed area which subsequently blocked 
etch and left a defective area on the mask. Making changes to 
both the polymer structure and the PAG yielded a high resolution 
negative-tone resist without the “blob” defects. This paper will 
compare this new polarity switching negative-tone resist with 
conventional crosslinking e-beam NCAR resists.

2. Experimental

2.1  Materials
The polarity switching resist is the first of its kind to be evaluated as 
not only an e-beam resist but also for mask making. It was apparent 
early on that it had the potential to surpass current e-beam resists 
in many performance areas. Table 1 illustrates the matrix of resists 
that were assessed in this paper. Resist C in table 1 represents the 
original formulation of the polarity switching resist. Figure 1 gives 
an example of the improved minimum feature size performance 
that was observed with resist C versus traditional cross linking 

Figure 3. Line Edge Roughness (LER) and Local CD uniformity performance for 
different NCAR resists. Dose values are for nested line/space structures.

Figure 4. Resist cross-section SEM images of crosslinking resist A2 and polarity switching resist B1. Resist thickness is 125 nm on a PSM substrate.
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resist A1. As mentioned above, resist C had a high number of 
blob defects as shown in figure 2a. After much experimentation it 
was discovered that the blobs were caused by outgassing of the 
acid generated from the photoacid generator (PAG) which caused 
the unexposed areas to become insoluble and resulted in the re-
deposition of resist onto the developed area. This understanding 
led to development of improved polarity switching resist materials 
B1 and B2 (see table 1) which had changes to both the polymer 
and PAG and showed no evidence of blob defects as shown in 
figure 2b. The remainder of this paper focuses on comparing the 
performance of the improved polarity switching resists B1 and B2 
versus crosslinking resists A1 and A2 listed in table 1.

3. Resist Sensitivity Considerations 

One of the biggest challenges for 14 nm and 10 nm optical masks 
is to meet tight critical dimension uniformity (CDU) requirements. 

As shown in figure 3 and also by other authors,2,3,4 the line edge 
roughness (LER) and local CDU measured over a 500 um x 500 
um area strongly depends on exposure dose applied to each resist 
system. By assessing the resist sensitivity impact on local CDU 
for the new resist system, the proper sensitivity can be selected 
that will meet 14 nm and 10 nm CDU requirements. As the figure 
indicates, the local CD uniformity and line edge roughness both 
improve with increasing dose due to a reduction in the e-beam 
shot noise, an increase in the number of exposure passes (aver-
ages errors), and by a reduction of chemical diffusion effects in the 
resist. The drawback to using lower sensitivity resists is that the 
higher exposure doses require 4 to 8 exposure passes on a typical 
50keV e-beam writer which leads to a large increase in mask write 
times and low e-beam tool throughput. Based on these results 
and given the tight CDU mask specifications for 14 nm and 10 
nm masks, the decision was made to pursue implementation of 

Figure 5. Mask corner rounding radius plotted with various changes in resist sensitivity and blank type at 
200 nm feature size.

Figure 6. Mask SEMs for 800 and 100 nm square features.
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the lower sensitivity 4 pass version of the polarity switching resist 
B2 which was a reasonable tradeoff between lower e-beam tool 
throughput and better local CD variation.

4. Evaluation of Basic Properties of Polarity Switching Resist

4.1  Minimum Feature Size
A first look at resolution performance was obtained by taking 
resist cross section SEM images. The images provide a glimpse 
at the resist profile quality and image resolution for isolated line, 
nested line, isolated space, and dot feature types. In Figure 4, new 
Resist B1 and traditional crosslinking Resist A2 feature profiles are 
compared at 125 nm resist thickness on an attenuated PSM blank. 
The isolated line and dot features of Resist A2 are slightly larger 
near the top and tend to collapse and delaminate, while Resist B1 
remains intact for at least an additional 10 nm. The nested Resist 
A2 and Resist B1 features both have some footing although Resist 
A2 is more significantly underprocessed, where the spaces are 
not resolving to the same degree as Resist B1. Lastly, Resist A2 
isolated spaces have some t-topping, but the amount of footing 
and resolution is similar between the two resists. In general, new 
Resist B1 has superior overall resolution performance over tra-
ditional crosslinking Resist A2 for which the features have some 
t-topping and delaminate from the surface more readily.

4.2  Mask Corner Rounding
Mask corner rounding radius was measured for differing resist sen-
sitivity and blank types to demonstrate example mask performance 
and trends. Corner rounding measurements were taken using an 
industry standard metrology tool using 200 nm feature outside and 
inside corners as depicted in Figure 5. The measurement includes 
establishing the region of interest around the corner, finding the 
bisecting line through the corner, and geometrically calculating the 
corner rounding radius as described in more detail previously.5 As 
shown in Figure 5, lower sensitivity Resist B2 has improved corner 
rounding performance over high sensitivity Resist A1. As described 
in Section 2, lower sensitivity resist usage reduces e-beam shot 
noise, increases averaging with multiple exposure passes, and re-
duces resist chemical diffusion effects for an overall pattern fidelity 
improvement. Corner rounding improvement of an average of 7 
nm was observed for inside and outside corners for both OMOG 
and attenuated PSM masks. It can be noted that the attenuated 
PSM inside corner rounding performance is worse than OMOG , 
which is most likely due to local etch loading effects and the longer 
etch process required for removing the thicker chrome hard mask 
and thicker attenuated PSM absorber. In Figure 6, SEM images 
of representative dot features with Resists A1 and B2 are shown 
for 100 and 800 nm design sizes. The corner rounding improve-
ments are subtle in the SEM images but consistently measurable.

Figure 7. Post coat delay of Resist B1. 

Figure 8. Post exposure delay in vacuum for Resist B2.

Figure 9. Post exposure delay in air for Resist B2.

Figure10. Dose and post exposure bake latitude for Resist B1.
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4.3  Resist Stability
With control of image size moving to +/- 2nm and tighter,6 resist 
stability is critical. Resist stability post coat, post exposure in 
vacuum, and post exposure in air were measured for polarity 
switching resists B1 and B2. Figure 7 shows resist B1 stability with 
delay post coat prior to writing, and the influence is less than 2 nm 
over 60 days. Figure 8 is the CD stability of resist B2 with delay 
post exposure in vacuum which simulates the delay while writing 
a mask within the e-beam system. The change in critical dimen-
sion is less than 3 nm over 20 hours. Figure 9 demonstrates the 
stability of resist B2 post exposure in air to simulate CD change 
as the written mask is moved from the write chamber to post ex-
posure bake. The CD change is less than 2nm over 2 hours. This 
result confirms that controls are needed to execute post exposure 
bake consistently and immediately after exposure to meet CD 
requirements as is similar with other chemically amplified resists. 
In general, the stability of the polarity switching resist is accept-
able for manufacturing.

4.4  Process Window
CD control through post exposure bake condition and dose was 
also evaluated to examine the new resist material process window. 
Three post exposure bake temperatures were evaluated: 120°, 
130°, and 140°C, where the process of record operating tempera-
ture is 130°C. As shown in Figure 10, the differences among the 
three tested temperatures are minimal with less than 0.2 nm per 
degree Celsius. At any of the three temperatures, the dose latitude 
is manageable at 0.5 nm/% dose.

5. Dry Etching Properties 

The dry etch characteristics of COG, PSM and OMOG films were 
compared using the different NCAR resists. The test pattern used 
for critical dimension (CD) uniformity and CD linearity studies is 
shown in Figure 11. The test pattern has a 1% e-beam written pat-
tern density (i.e. 99% of surface area of the mask ends up being 
etched). Across mask CD is measured using an 11 x 11 array of 
measurement structures covering a 132 x 132-mm2 area. Figure 
12 shows the test mask design used to evaluate the dry etch 
global loading effect evaluation. One hundred CD measurement 
sites are placed across the different loading areas of the mask. 
Isolated opaque, nested opaque and isolated clear features were 
used for this global etch loading test. All test masks were printed 

using a 50 keV e-beam writer and were baked and developed 
using standard tools and processes common to the industry. All 
chrome films were etched in an inductively coupled plasma (ICP) 
etcher with chlorine-based chemistry. Next, the ebeam resist was 
stripped and the MoSi films were etched in an ICP etcher with 
fluorinated chemistry. The chrome hard mask was removed from 
the samples using industry-standard wet etching for expediency 
and to avoid introducing another source of variability.

5.1  Dry etch durability
The dry etch durability of resist B2 was calculated using the resist 
thickness post develop and the resist thickness post Cr etch. The 
resist thickness was measured by ellipsometry. Two kinds of etch 
recipes were studied: an OMOG etch recipe and an attenuated 
PSM etch recipe. A comparison of the resist etching rates of resist 
A1 and B2 for both the OMOG recipe and attenuated PSM recipe 
is shown in Figure 13. As indicated in the figure the dry etch du-
rability of resist B2 with the OMOG recipe is 7% better than resist 
A1, and the dry etch durability of resist B2 with the attenuated. 
PSM recipe is 18% better than resist A1. The improved dry etch 
durability of the polarity switching resist B2 is expected based 
on the fact that it has a lower Ohnishi number7 than cross linking 
resist A1. The lower Ohnishi number for resist B2 means that there 
is more carbon and less oxygen in the polymer versus resist A1, 
and this has been shown to correlate directly to improved dry etch 
resistance. In the case of the polarity switching resist B2, the polar 
OH group is reduced after e-beam exposure and post expose 
bake which makes the resist switch to negative tone and simul-
taneously achieve a lower Ohnishi number than the conventional 
cross linking resist A1. The better dry etch resistance for polarity 
switching resist B2 enables the use of a thinner resist than resist 
A1 which is helpful for improving the resolution of small features 
on the mask. For etching PSM masks it was found that resist B2 
could be 250 angstroms thinner than resist A1.

5.2  CD Linearity
The two circled regions on figure 11 indicate the locations where 
the linearity measurements were taken on the mask. At each of 
the two locations X and Y measurements of linearity were taken, 
and a total of four CD data were averaged to generate the data 
used on the linearity curves shown in figure 14 below. Figure 14 
compares the dry etch contribution to CD linearity for resists A1 
and B2 for attenuated PSM masks. A comparison of the etch 
contribution range for attenuated PSM is shown in Figure 15. 

Figure 11. Dry Etch Test 
Patterns: CD uniformity and 
linearity test mask.

Figure 12. Dry Etch Test Patterns: Global etch loading test pattern.
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The feature size range studied was 60 nm to 1000 nm for isolated 
opaque, isolated clear and nested opaque structures. For opaque 
contact dot structures, the feature size range studied was 100 nm 
to 1000 nm. The data for attenuated PSM indicates that the etch 
CD linearity performance of polarity switching resist B2 is clearly 
better than cross linking resist A1. This is most likely due to the 
higher dry etch resistance of resist B2 which enabled use of a 
250 angstrom thinner resist thickness than resist A1 and helped 
reduce resist consumption due to faceting of resist during the etch 
on the smallest isolated opaque line and contact dot features. A 
comparison of the CD linearity range in final MoSi for both OMOG 
and attenuated PSM masks is shown in Figure 16. The data for 
both OMOG and attenuated PSM indicates that the CD linearity 
performance of resist B2 is better than resist A1 and A2.

The improved final MoSi linearity performance of polarity switch 
resist B2 is due to the improved resolution of smaller feature sizes, 
less swelling and scumming in clear features, and improved dry 
etch resistance.

5.3  CD Uniformity and Etch Bias of Dry Etch
The etch contribution to across mask global CD uniformity perfor-
mance was calculated using a point-by-point subtraction of final 

CD data and resist CD data for a 200 nm isolated feature. Figures 
17 and 18 show the etch CD uniformity in bubble plot form for 
OMOG and attenuated PSM respectively. Figure 17 indicates the 
etch contribution to global CD performance of resist B2 is better 
than other resists. Figure 18 shows the etch contribution to global 
CD performance of resist B2 is similar with resist A1. A comparison 
of the etch bias performance of the different resists for OMOG and 
PSM masks is shown in Figure 19. By definition etch bias means 
the subtraction between resist CD and final MoSi CD. These etch 
bias values came from the average of 121 measurements of 200 
nm isolated opaque features across the mask. In general there 
were only small differences (2-3 nm) in etch bias measured for 
masks processed using the different NCAR resists with resist B2 
tending to have slightly lower etch bias versus resist A1 and A2.

5.4  Global Etch loading effect
An assessment of the global etch loading effect for resist A1 and 
resist B2 was conducted by measuring the etch bias of 300nm iso-
lated opaque features and 300nm nested opaque features across 
the 100% to 0% loading test pattern shown in the bottom half of 
figure 12. Generally, attenuated PSM masks have a stronger etch 
loading effect due to the use of a much thicker Cr hard mask film 

Figure 13. Dry etch durability.

Figure 14. CD Linearity etch contribution for Attenuated. PSM (Left: isolated opaque, 
center: isolated clear, right: nested opaque, Lower left: opaque contact dot).
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(45nm -55 nm) compared to OMOG masks which only use a 4-5 
nm thick Cr hard mask. Figure 20 compares the global loading 
performance of the etching components (final MoSi minus resist) 
for PSM masks built with resist A1 and resist B2. The results in 
the figure show that the global loading performance of the etching 
components of resist B2 is significantly better than resist A1. The 
improved etch loading performance of resist

B2 for PSM masks is most likely due to a combination of having 
better dry etch durability, thinner resist thickness, and potentially 
less resist and final MoSi sidewall variation as a function of pattern 
density versus resist A1.

6. Global CD Uniformity Results 

After completing optimization of the ebeam exposure, develop, 
and dry etch processing conditions for the new 4 pass polarity 
switching resist B2, a comparison of the final etched MoSi across 
mask CD uniformity performance was done versus masks built 
with other traditional cross linking resists for several different 14 
nm logic critical layers. As figure 21 below shows, the final mask 
CD uniformity was better in all cases with resist B2 with the most 

improvement being achieved on the 14 nm PSM V0 (via) level 
mask. The improved final mask CD uniformity of resist B2 is due 
to the better local CD uniformity shown in section 2 as well as the 
reduced etch loading effect shown in section 4.4 and optimized 
e-beam corrections for CD errors. Figure 22 shows a more detailed 
analysis of the across mask CD uniformity performance of the 14 
nm V0 PSM mask. As indicated by the figure, the post develop CD 
uniformity of resist B2 was 1.5 nm (3 sigma), and the final MoSi CD 
uniformity was also 1.5 nm (3 sigma). In this case the measured 
structure on the mask was a 296 nm x 304 nm opaque via dot. 
The CD uniformity was calculated as the 3 sigma of the square 
root of the area for 194 via dots measured across the mask over 
a 103 mm x 132 mm area. The final CD uniformity of the V0 mask 
is further reduced to 1.08 nm (3 sigma) if multi-dot averaging of 
the CD’s of 4 individual dots at each of the 194 measurement 
locations is performed.

7. Manufacturable Minimum Feature Size Performance 

7.1  Experimental
Resolution in this section and in previous work2 is determined by 

Figure 15. The etch contribution range comparison: Att. PSM.

Figure 16. Comparison of the final MoSi CD linearity range for PSM and OMOG 
masks built with resist A1, A2, and B2..
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the size of sub resolution assist features (SRAFs) in final mask 
MoSi that pass defect inspection using a 193nm die to database 
defect inspection system, which we refer to as the manufacturable 
resolution. The SRAFs vary in length and width systematically as 
shown in figure 23. For each feature size roughly 1 million SRAFs 
are inspected, which in Tables 2 and 3 is described by one cell. 
The tables show results from a manufacturable resolution test with 

design feature width listed in the column headings and design 
feature length indicated in the row headings. The cells are color 
coded to represent the quality of the SRAFs for geometry.

White cells correspond to geometries with no SRAF fails found 
at inspection, and light solid color (pink) cells represent the on-
set of assist feature fails transitioning to dark colored (red) cells 
where the feature size is not manufacturable. Cells listed as N/A 

Figure 17. The Etch CD uniformity comparison of resist A1, resist B2 and resist A2 with OMOG.

Figure 18. Etch CD uniformity comparison between Resist A1 and Resist B2 with Att.PSM.
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were not inspected due to expected high counts of SRAF fails. 
The definition of an assist feature fail includes missing, broken, or 
shortened SRAFs. Although resist cross-sections still have a place 
for resist profile understanding and resist screening, manufactur-
able resolution provides much more detailed description of the 
overall resolution performance.

7.2  Minimum feature size performance of OMOG and 
Attenuated PSM

Tables 2 and 3 compare the manufacturable minimum feature size 
results for both OMOG and attenuated PSM masks created using 
several NCAR materials. For OMOG masks, the opaque resolu-
tion of resist B2 is the same or slightly worse than resist A1, but 
the clear resolution of resist B2 is much better than resist A1. The 
improved clear feature resolution of resist B2 is due to less resist 
scum and swelling of polarity switching resists relative to traditional 
crosslinking resists. For attenuated PSM masks, both the opaque 
and clear resolution of resist B2 is better than resist A1. As Table 3 

indicates, the minimum opaque SRAF resolution is improved by 10 
nm with a minimum opaque SRAF size of 44 nm being achieved 
with resist B2 versus a minimum opaque SRAF size of 54 nm with 
resist A1. In this case the polarity switching resist does a better 
job of resolving small features in the thicker resist required for use 
on PSM masks. Another way of analyzing the data in tables 2 and 
3 is to plot the total resolution performance of the different NCAR 
resists as shown in figure 24, which is a valuable way to compare 
resist materials considering print and process conditions can alter 
the balance between opaque and clear resolution. In this figure, 
the y-axis shows the total resolution performance of each resist 
as the sum of opaque and clear SRAF resolution performance. As 
the figure indicates, resist B2 clearly gives the best total resolution 
performance for both OMOG and attenuated PSM masks.

Figure 25 shows examples of SEM top view images of small 
clear and opaque SRAF features in final MoSi for the different 
resist systems achieved on OMOG test masks. Design CD sizes 

Figure 19. Etch bias (200nm opaque). 

Figure 20. Comparison of etch loading performance of resist A1 and resist B2 for PSM 
masks. Etch bias of a 300nm opaque feature was measured across different large area 
pattern densities ranging from 0% to 100% to determine the global loading effect.
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Figure 21. Comparison of across mask global CD uniformity of different NCAR resists using 14 nm logic product designs.

Figure 22. Comparison of across mask global CD uniformity achieved in resist and in final MoSi for a 14 nm via level 
attenuated PSM mask using resist B2.

Figure 23. Resolution performance test patterns.
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Table 2. Example of manufacturable resolution data for opaque feature (top) and clear features (bottom). Left: Resist A1 on OMOG, Center: 
Resist A2 on OMOG, Right: Resist B2 on OMOG.

Table 3. Example of manufacturable resolution data for opaque SRAF features (top) and clear features (bottom). Left: Resist A1 on Att. PSM, 
Right: Resist B2 on Att. PSM.
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for the top down SEMs were chosen based on 
the resolution limit of the resists, where opaque 
SRAF size 44 nm x 120 nm was chosen based 
on the resolution limit of resist B2 and clear 
SRAF size 86 nm x100nm was chosen based 
on the resolution limit of resist A2. As the SEMs 
indicate the opaque image quality is very simi-
lar, but resist A2 shows smaller actual size and 
worse corner rounding/line end shortening than 
the other resists. In addition, the image quality 
of resist B2 clear SRAF features is much better 

Figure 24. Total resolution performance for NCAR A1, 
A2, and B2.

Figure 25. SEM top view SRAF image quality comparison in final MoSi (OMOG type) for resists A1, 
A2, and B2.

performance advantages compared to the traditional crosslinking 
NCAR materials that are currently used by the photomask industry. 
The major advantages of the new polarity switching NCAR are im-
proved minimum feature size, better dry etch resistance, reduced 
etch loading effect, and improved CD uniformity. In addition, it 
was verified that the new polarity switching NCAR has accept-
able stability with a very reasonable process window as well as 
acceptable defect density performance. Figure 28 shows examples 
of the excellent pattern fidelity achieved on a 14 nm logic node 
attenuated phase shift via level mask. Based on the performance 
results described in this paper the polarity switching NCAR resist 
has demonstrated the capability to meet the CD and minimum 
feature size requirements of 14 nm and 10 nm node logic masks.
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than resist A1.
Figure 26 compares the top down SEM image quality of small 

opaque and clear SRAFs on attenuated PSM test masks built us-
ing resist B2 and resist A1. As indicated in the figure, the 46 nm 
opaque SRAFs built with resist A1 have more line end shortening 
and image quality variation than similar opaque SRAFs built with 
resist B2. In addition, the 104 nm clear SRAF features imaged us-
ing resist A1 show more line end shortening and corner rounding 
than clear SRAF features imaged using resist B2.

These SRAF resolution results are consistent with the benefits 
of using lower sensitivity polarity switching resist B2 which has 
better pattern fidelity on opaque features and less scumming in 
clear features.

7.3  Opaque Dot resolution performance of Attenuated PSM
Figure 27 compares the manufacturable opaque square SRAF dot 
resolution performance for resists A1 and B2 for attenuated PSM 
masks. As shown in Figure 28(b), the dots are designed to use the 
same length and width and have a fixed pitch at 1:4. Square SRAFs 
of a similar nature are commonly used as part the OPC solution 
for 14 nm and 10 nm node via level masks. Figure 27 shows that 
the dot resolution of resist B2 is about 10nm better than resist A1. 
This result is consistent with the improvement seen in rectangular 
opaque SRAF resolution for resist B2 on attenuated PSM masks 
described in the previous section.

8. Summary and Conclusions

A new NCAR e-beam resist has been successfully developed for 
mask making that uses a novel polarity switching chemistry. De-
tailed characterization of the resist revealed that it has several key 
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Figure 26. SEM top view SRAF image quality comparison in final MoSi(Att. PSM type)for 
resist A1 and B2

Figure 27. (a) Square opaque SRAF dot resolution 
comparison achieved using resist A1 and resist B2 for 
attnPSM masks. (b) Square opaque dot test pattern 
design with 1:4 fixed pitch

Figure 28. Examples of resist B2 pattern fidelity 
on 14 nm logic node attenuated PSM via mask: (a) 
aggressive notch/nub OPC and (b) small opaque 
SRAFs and clear spaces.
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■ ZEISS AutoAnalysis: New Software Solution 

JENA/Germany
The new software solution from Zeiss provides fully automated analysis of ZEISS AIMS 
aerial images in parallel to the measurements as they are being captured. Manual 
interaction is no longer required, thus eliminating human error, but still available. 
Results are automatically entered into customized report layouts. ZEISS AutoAnalysis 
communicates directly with the ZEISS AIMS tools and has been in use at one customer 
site for several months. Two more installations will follow in February. 
 The software was developed by ZEISS in close cooperation with customers. Anthony 
Garetto, Product Manager at ZEISS says, “For us as a tool supplier, the motivation to 
enable our customers to shorten turn-around times, improve reliability and save time and 
manpower was a strong driver to face the challenge of developing a software solution. 
With our knowledge as the experts in aerial imaging technology and the expertise of 
our development partners, together we could now release a comprehensive software 
solution that fits the demands of the mask makers.” 

■ SUSS MicroTec and NuFlare Technology Agree on 
Collaboration

http://goo.gl/FFlDb3 (SUSS MicroTec)
NuFlare Technology, the market leader in electron-beam mask writers and SUSS MicroTec 
announced a cooperation to combine their expertise in Photomask Equipment and 
process solutions. NuFlare will install a SUSS MicroTec MaskTrack Pro bake and develop 
system into their main manufacturing fab, in Yokohama, in early 2015. The MaskTrack 
Pro system is designed and manufactured to meet the most demanding requirements for 
masks used in Next Generation Lithography, such as EUVL, 193i extension and Nano-
Imprint. Since its release in 2010, more than 30 systems have been shipped to customers 
worldwide. NuFlare Technology and SUSS MicroTec will jointly work on advanced process 
solutions, closely integrating the latest NuFlare EB-writer, EBM-9000 and MaskTrack Pro.
 “In the semiconductor industry, equipment suppliers are responsible for a smooth 
and fast start-up of their systems into production,” says Yuta Nagai, General Manager 
of SUSS MicroTec Photomask Equipment. “Our valuable partnership with NuFlare allows 
both companies to provide solid turn-key equipment and technology solutions to mask 
makers worldwide.”
 “Integration between mask writer and develop system is indispensable to accommodate 
a tighter accuracy request from our high-end customers. I believe the collaboration 
between SUSS MicroTec and NuFlare will allow us to give them the solution,” confirms 
Fumiaki Shigemitsu, President of NuFlare Technology, Inc. 

■ EUVL – Remaining Challenges and Preview of Topics for the 
2015 SPIE EUVL Conference

Vivek Bakshi, EUV Litho, Inc.
With the 2015 SPIE Advanced Lithography (AL) conference around the corner, people 
have asked what remaining EUVL challenges need to be addressed to ensure it will be 
ready for mass production later this year or next.  The short answer is that we need to 
see a continued increase in reliable EUV source power in field and address the lack of 
readiness of EUV mask infrastructure in order for EUVL to be production-worthy in 2016. 
The long-awaited breakthrough in source power was announced in summer 2014. The 
availability of 50 W source was a major announcement and morale booster for the EUVL 
community. One may expect 100 W sources in labs soon and reliable 100 W+ later in 2015. 
 Delay in the readiness of EUV Mask infrastructure is now the focus of chipmakers. 
As there is only a single supplier of mask blank deposition tools, progress in defect 
reduction may come from mask repairs and by avoiding the addition of defects during 
manufacturing with the help of pellicles and mask cleans. Lack of readiness of actinic 
mask inspection tools remains a big gap. In the near term, EUVL extension may come 
via multiple patterning and not via high NA options (which comes combined with a need 
to go to larger 9“masks).
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