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ABSTRACT
The lithography challenges posed by the 22 nm node continue to place stringent requirements 
on photomasks. The dimensions of the mask features continue to shrink more deeply into the 
sub-wavelength scale. In this regime residual mask electromagnetic fi eld (EMF) effects due to 
mask topography can degrade the imaging performance of critical mask patterns by degrading 
the common lithography process window and by magnifying the impact of mask errors or MEEF. 
Based on this, an effort to reduce the mask topography effect by decreasing the thickness of the 
mask absorber was conducted. In this paper, we will describe the results of our effort to develop 
and characterize a binary mask substrate with an absorber that is approximately 20-25% thinner 
than the absorber on the current Opaque MoSi on Glass (OMOG) binary mask substrate.

For expediency, the thin absorber development effort focused on using existing absorber 
materials and deposition methods. It was found that signifi cant changes in fi lm composition and 

Continues on page 3.

Figure 1. a. Process of Record OMOG mask blank with 5 nm chrome hard mask and 60 nm 
thick MoSi absorber. b. New thin OMOG blank with 5 nm chrome hard mask and 47 nm thick 
MoSi Absorber.
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EDITORIAL

Controlling the Expansion
Paul W. Ackmann, GLOBALFOUNDRIES Inc.
We have entered another time period when we must narrow the options among litho-
graphic approaches to use on sub-22 nm half pitch designs. The use of single patterning 
for advanced 193 nm immersion ends or ended at 44 nm DRAM pitch or 40 nm Logic. 
The use of spacers and other technology has extended 193 nm immersion lithography a 
few nodes, but in this editorial I want to discuss other options that could be considered 
as disruptive alternatives. The costs of lithography and reticles have increased as the 
design rules have gone from a few pages to a few ‘volumes’. All of these factors drive 
the need to discuss how we can use new technologies to reduce the disruption to the 
market.  We must increase the value to the customer to get more products to use the 
new nodes below 20 nm half pitch.  

In the most recent Bacus Symposium, the extension of 193 nm, Direct Write, Nano Im-
print, and EUV were all discussed as the possible replacements for advanced lithography. 
The introduction of a full replacement method will be diffi cult and take many years—for 
this reason I would like to look at these technologies as a constructive or destructive 
event to keep this in lithographic terms.

To understand the trends, we must go back in history and review how we have gotten 
here. Early on, lithography changed from contact printing to the fi rst scanner. Perkin – 
Elmer and others allowed the industry to use 1X Masks to build small to 150 mm wafers. 
The use of 1X scanners for lithography represented the fi rst major change in wafer lithog-
raphy. Mask defectivity could be easily tracked, improved, and fi nally driven to near-zero. 
Pellicles provided the way to keep the mask defectivity down. Many companies and 
many small mask shops dominated the technology in this period.

The next disruption was the move to reduction steppers. David W. Mann / GCA started 
with 10X reduction steppers using 436 nm (G-line) exposures in the early 1980s. The 
reduction stepper was the greatest thing since sliced bread. Reticle defects could now 
repeat but CD control, overlay and wafer signatures could be addressed in a straight-
forward manner. The next transition was lowering the wavelength from 436 nm to 365 
nm (or I-line). The I-Line stepper was adopted by some but others stayed with G-Line.  

The invention of the MicraScan introduced the next disruption. The tool needed to be 
fast. The light source was still a big bulb. To get the throughput up, only a few millijoules 
could be used to expose the wafers. Solution: chemical amplifi cation of the resist at 248 
nm exposure—it was a big switch. The novalak family of resists we had learned to love 
would soon be replaced. Regardless of the cause, this was the step that allowed the 
rethinking of k1 factor resolution and move to k1s in the previously unreachable 0.3 range 
for manufacturing. The cost of reticles had increased, but much of the cost of enhanced 
reticles was won back with higher throughput, large wafer volumes, and smaller features.  

Now, we have moved to the end of 193 immersion lithography at 1.35 NA. It does 
not appear that a higher NA will be developed. The improvements are driven by more 
content on the reticle with complex and complementary illuminators.  At some point we 
will have triple and quadruple patterning to reduce pitch and resolution.  The technology 
may have slowed but the innovation with 193 nm optics continues.  Moore’s law has been 
at work for all these many years. As I look at wafer volumes of a given design, many of 
the non-leading edge customers can run signifi cantly fewer wafers than the DRAM or 
MPU producers. It has been reported by others that the volumes can go from 100,000s 
wafer to 100s of wafers. While the technology has scaled in keeping with Moore’s law, 
the wafer volumes may not support the cost reduction due to the high cost of introduc-
tion which causes a bifurcation of the industry into VERY high volume and NOT high 
volume products.

The introduction of  EUV, Direct Write and Nano Imprint all have an opportunity to 
restore some cost balance at the introduction of new technologies without displacing 
the primary work horse. The more players we have at the advanced nodes, the better it 
is for the industry and ultimately the consumer. As we move forward I would like to see 
the new technologies show how they can help expand the pie and not drive a disruptive 
event but a constructive event. The more (solutions), the merrier we shall be.

The dialogue is critical and success is the only option. As Edison said, “Genius is 1% 
inspiration, and 99% perspiration.” We got the 1% done for all the new technologies. We 
now have many working on the sweat equity portion to complete the 99% requirement 
and drive the technology insertion for each.

Good luck and God Speed.



structure were needed to obtain a substantially thinner blank while 
maintaining an optical density of 3.0 at 193 nm. Consequently, 
numerous studies to assess the mask making performance of 
the thinner absorber material were required and will be described. 
During these studies several signifi cant mask making advantages 
of the thin absorber were discovered. The lower fi lm stress and 
thickness of the new absorber resulted in improved mask fl atness 
and up to a 60% reduction in process-induced mask pattern 
placement change. Improved cleaning durability was another 
benefi t. Furthermore, the improved EMF performance of the thin-
ner absorber1 was found to have the potential to relieve mask 
manufacturing constraints on minimum opaque assist feature size 
and opaque corner to corner gap.

Based on the results of evaluations performed to date, the thin-
ner absorber has been found to be suitable for use for fabricating 
masks for the 22 nm node and beyond.

1. Introduction
During early development of optical lithography for the 22 nm node, 
it was found that residual mask electromagnetic fi eld (EMF) effects 
due to mask topography were causing a signifi cant degradation in 
the common lithography process window. Based on this, the IBM 
and Toppan mask development program was asked to investigate 
the potential for reducing these damaging mask topography effects 
by further reducing the fi lm thickness of the mask absorber used on 
the Opaque MoSi on Glass (OMOG) binary mask blank. As shown 

in fi gure 1a the MoSi absorber thickness on the process of record 
OMOG mask blank is 60 nm. For expediency, it was decided to 
pursue further thinning of this MoSi absorber to reduce EMF ef-
fects. After much discussion with the 22 nm lithography and OPC 
teams it was determined that a thinner binary mask absorber would 
need to have the same optical density of 3.0 as the existing OMOG 
absorber. Based on this, a large development effort to fabricate 
a thinner binary MoSi absorber with signifi cantly improved EMF 
performance and an optical density of 3.0 was initiated. In order 
to have a thinner MoSi absorber and maintain an optical density 
of 3.0, changes to the current OMOG MoSi fi lm composition were 
required. Fundamentally, the thinner MoSi absorber needed to have 
increased amounts of molybdenum and silicon which also had the 
effect of increasing the refl ectivity of the mask blank. Optimiza-
tion work on the fi lm stack was performed to keep both the front 
side and backside refl ectivity within acceptable limits.1 Numerous 
fi lm samples were created and evaluated for EMF and optical 
lithography performance as well as mask making performance. 
Figure 1b shows the fi nal optimized version of a thinner OMOG 
mask blank that is a result of this work. As the fi gure indicates 
the MoSi absorber thickness is 47 nm which is about 22% thinner 
than the process of record (POR) OMOG absorber shown in fi gure 
1a. Furthermore, the thinner OMOG mask blank uses the same 5 
nm chrome hard mask as the thicker OMOG blank. The results of 
detailed studies of the mask making performance of the new thin 
OMOG blank and its suitability for use for building 22 nm node 

Figure 2. a. Flatness comparison of OMOG and thin OMOG after removal of each fi lm on the substrate. b. Film stress comparison of 
OMOG and thin OMOG.

Figure 3. Scale factor of process-induced distortion computed by vector subtraction of resist 
and fi nal MoSi image placement. 
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critical level masks will be shown in this paper.

2. Film Stress, Flatness, and Image Placement
One signifi cant advantage of the new thin OMOG MoSi fi lm is that 
it has lower fi lm stress and less fl atness change than the current 
thicker OMOG absorber. An assessment of the fi lm stress of each 
layer on the mask blank was performed by measuring mask blank 
fl atness before and after removal of each individual fi lm layer on 
the blank as shown in Figure 2a. In the case of the current thicker 
OMOG fi lm, the fl atness gets worse after each fi lm is removed. 
However, thin OMOG shows almost no change in fl atness after 
each fi lm is removed. Figure 2b shows the point by point differ-
ence in fl atness that occurs due to each fi lm removal step and is 
a measure of fi lm stress. In this fi gure a positive TIR means tensile 
stress, and a negative TIR means compressive stress. As the fi gure 
indicates, the chrome hard mask fi lm used on these mask blanks 
has a tensile stress, and the MoSi fi lms tend to have compressive 
stress. However, it is clear from the fi gure that the MoSi stress of 
the thin OMOG blank is much smaller than the current thick OMOG. 
The Total effect of both the chrome and MoSi fi lm stresses shown 
in the fi gure represents the combination of the stress of both the 
OMOG blank data shows much better performance.

An assessment of the effect of the lower fi lm stress and thick-
ness of thin OMOG on mask image placement was performed by 
measuring the process-induced in-plane distortion performance. 
This technique has been used previously to study stress-induced 
pattern placement effects on X-ray masks.2 A laser metrology 
system was used to measure mask pattern placement. For this 
study, the mask pattern placement was measured in resist (im-
mediately after the develop step) and on the fi nished mask in the 
fully patterned MoSi absorber fi lm. The process-induced distortion 
was computed by vector subtraction, point by point, of the resist 
pattern placement and fi nal MoSi pattern placement data. The 3 
sigma residual of the difference is given as the process-induced 
distortion value. Figure 3 shows a summary of the scale factor of 
the process-induced distortion for thin and thick OMOG for three 
different bright fi eld mask patterns. Each test mask was built using 
negative tone chemically amplifi ed e-beam resist (NCAR). Figure 
4 is an example of a vector plot of the process-induced image 
placement change on the 4-window test mask pattern for both 
thin and thick OMOG. The data in fi gures 3 and 4 clearly show the 
benefi cial effect of thin OMOG’s low fi lm stress on image place-
ment. The scale factor change on thin OMOG is improved by 60 
-80% versus thick OMOG.

Figure 4. Vector plots of process-induced image placement change for thin OMOG and current OMOG for a 4-window 
test pattern built with NCAR resist.

Figure 5. Example of the 4-window test mask pattern used for studying the local 
pattern density effect on image placement.
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In addition to studying the effect of the lower fi lm stress and 
thickness of the new thin OMOG blank on the global image place-
ment performance, an assessment of the difference in local image 
placement scale factor for two different types of pattern density 
regions within a mask was performed. The local pattern density 
study was done using a 4-window test pattern which has four dif-
ferent density areas on the mask as shown in Figure 5. The scale 
factor change on the 100% pattern density region and the 35% 
pattern density region was measured, and the results are shown 
in Figure 6. In this case the thick OMOG mask shows a different 
scale factor in each density region. The low open area region 
(35% density) shows smaller scale than the large open area region 
(100% density). On the other hand, the new thin OMOG blank 
shows much less scale factor difference between the two pattern 
density regions on the mask. This result shows another benefi t of 
the lower fi lm stress and thickness of thin OMOG.

3. Dry Etching Performance

Initial Results
A comparison of the dry etching characteristics of the new thin 
OMOG blank and the current OMOG blank was performed. Initial 
dry etching tests were conducted using identical chrome and MoSi 
dry etching conditions on test masks patterned with both 150 
nm thick positive chemically amplifi ed resist (PCAR) and NCAR 
e-beam resist exposed using a 50 keV e-beam writer. Figure 7 
below shows a comparison of the across-mask CD uniformity 

results achieved on a 4-window test pattern built with NCAR 
resist. This test pattern is described in fi gure 5 above. A 200 nm 
isolated opaque feature was measured. As the fi gure indicates the 
fi nal MoSi across mask CD uniformity map of the thin OMOG is 
nearly identical to the CD map of the current OMOG blank. This 
indicates that there was no signifi cant thin OMOG blank when 
it was processed under identical dry etching conditions as the 
current OMOG blank. In addition, the CD mean-to-target for thin 
OMOG was only 2 nm different than the current OMOG blank. This 
is due to the shorter MoSi etching time required for thin OMOG 
which reduces the etching bias.

During these studies, MoSi etching was performed using a 
fl uorinated chemistry in a conventional inductively coupled plasma 
(ICP) etch chamber. It was observed that the same etch processes 
used for phase shift mask (PSM) and conventional OMOG fi lms 
were effective for etching thin OMOG with good results for CD 
uniformity, etch bias, linearity, and thru-pitch. The thin OMOG 
MoSi fi lm etched at a signifi cantly lower rate than PSM and at a 
slightly higher rate than OMOG as shown in fi gure 8a. thin OMOG 
MoSi fi lms are shown in fi gure 8b. The TEM cross sections in 
fi gure 9 show that the thin OMOG MoSi sidewall profi le is similar 
to conventional OMOG.

Results After Optimization
Work to further improve the dry etching performance of the thin 
OMOG blank by optimizing both the chrome and MoSi dry etching 
conditions was conducted. This work was focused on developing 

Figure 8. a. MoSi etch rate comparison between PSM, thin OMOG and current OMOG. b MoSi etch endpoint time 
comparison for PSM and thin OMOG.

Figure 6. Scale factor comparison between thin OMOG and current OMOG 
for changes in across-mask pattern density.

Figure 7. Comparison of the fi nal MoSi CD maps of OMOG and thin OMOG 
for a 4-window test pattern built with 150 nm thick NCAR resist.
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Figure 11. Comparison of resist erosion at different chrome etch 
conditions.

etch suitable for use with 100 nm thick NCAR and PCAR resist with 
the goal of obtaining processes that would meet the CD uniformity 
and minimum feature size requirements of 22 nm node. Our previ-
ous work indicated that use of the current OMOG material with 
thinner resists and a thinner chrome hard mask and an optimized 
chrome etching process showed good CD performance for 32 
nm node and early 22 nm node masks.3 During etch optimization 
work for the new thin OMOG blank it was discovered that the thin 
OMOG MoSi fi lm had a higher etching rate in the chlorine/oxygen 
chemistry used for chrome etching than the current OMOG fi lm. 
This is due to the higher metallic composition of the thin OMOG 
MoSi fi lm and had the effect of causing a signifi cant amount of 
MoSi etching to occur during the over etch step of the chrome 
hard mask etching process. Based on this result, work to reduce 
the amount of thin OMOG MoSi etching during the chrome hard 
mask etch process was conducted.

In order to minimize thin OMOG MoSi erosion during chrome 
etching, the effect of several etching parameters was studied, 
and two types of etching conditions were selected and tested. 
Resist erosion and MoSi erosion were measured by atomic force 
microscopy (AFM) before chrome etching, after chrome etching 
and after resist strip. Figure 10 shows the MoSi erosion comparison 
of each chrome etch condition. By using condition 1 and condition 
2, MoSi erosion during the chrome etch process was reduced by 
about 50%. Using condition 1, resist erosion was improved about 
5%, but by using condition 2, resist erosion was 5 % worse than 
POR as shown in fi gure 11. Based on these results, chrome etch 
condition 1 was selected as the best process for use with the thin 
OMOG mask blank.

After chrome and MoSi etch process optimization work for 
the thin OMOG mask blank was completed, an assessment of 
the across mask CD uniformity that could be achieved using the 
thinner mask blank and 100 nm thick NCAR and PCAR resists 
was performed. The test patterns used for this a 12. As the fi gure 
indicates two basic test pattern types were used. The fi rst test 
pattern contained bands of varying pattern density across the 
mask. The second test pattern consisted of an array of 12 chips. 
For the case of PCAR resist the product chips were a typical metal 
level design. In the case of NCAR resist the product chips were a 
typical gate level design. Figure 13 shows the fi nal MoSi across 
mask CD uniformity results achieved on these patterns. In all four 
cases the CD uniformity is less than 2 nm (3 sigma) and clearly 
demonstrates the capability for meeting the 22 nm node mask CD 
uniformity requirements.

4. Minimum Feature Size 
The importance of improving mask minimum feature size is in-
creasing with each technology generation. It is especially crucial for 
critical level masks for 22 nm due to the increased use of Source 
Mask Optimization (SMO) and Inverse Lithography techniques 
(ILT). The ability to pattern both 60 nm (4x) clear and opaque 
features on the mask is crucial. Previous papers have shown that 
improved resolution can be achieved with OMOG binary mask 
blank materials compared to PSM blank materials because the 
OMOG blank allows for low process bias and the use of thinner 
e-beam resist fi lms.4 The resolution performance of the new thin 
OMOG mask blank for simple space and line features for positive 
tone and negative tone resist processing is shown in fi gure 14. Us-
ing a 100 nm thick positive tone resist fi lm, 48 nm nested clear, 47 
nm isolated clear, and 94 nm nested contact features in fi nal MoSi 
are resolved (fi gure 14A). Using a 100 nm negative tone resist fi lm, 
55 nm nested opaque and 32 nm isolated opaque features in fi nal 
MoSi are resolved (fi gure 14B). Beyond simple native tone struc-
tures, source mask optimization (SMO) designs demand pattern 
fi delity of complex feature structures along with dual tone (clear 

Figure 9. TEM sidewall comparison of OMOG and thin OMOG on a 100 nm 
feature.

Figure 10. Comparison of MoSi fi lm erosion during chrome etching at 
different etch conditions.
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and opaque) assist features. Figure 15 demonstrates thin OMOG 
pattern fi delity of more complex SMO structures and shows suc-
cessful resolution of 62 nm assist feature holes. In Figure 16, dual 
tone assist features are shown for a positive tone resist process. As 
the fi gure indicates, 43 nm clear assist features are formed (fi gure 
16B and 16C), and also the more challenging non-native tone 60 
nm opaque assist features are resolved (fi gure 16A). These results 
clearly demonstrate that the new thin OMOG blank and 100 nm 
thick e-beam resists are capable of achieving minimum feature 
size performance that meets 22 nm requirements. It is expected 
that additional resolution improvements can be achieved by further 
optimization of the e-beam resist and dry etch processes.

5. Cleaning
Although continued development of more gentle cleans that 
remove less fi lm and damage fewer features is an ongoing proj-
ect in mask manufacturing, a material’s ability to withstand the 
challenges of cleaning chemistries and processes is a necessary 
property that must be assessed before it can be released to manu-
facturing. Because each mask is cleaned multiple times during 
its manufacturing history, the absorber fi lm must be particularly 
resilient to the cleaning process. Properties such as CD loss and 
assist feature damage are important parameters that must be veri-
fi ed. Aqueous ozone and dilute SC-1 with megasonics were the 
primary chemistries and processes used for these experiments. In 
addition, some tests were run using a binary spray nozzle without 
the use of megasonics.

Figure 17 shows the effect of the basic clean on the CD of 
standard OMOG, thin OMOG, and attenuated PSM absorbers. 
The clean used in this evaluation was simply a short exposure to 
aqueous ozone to condition the surface followed by dilute SC-1 
with megasonics and subsequent rinses. The thin OMOG shows 
a 21 percent improvement over the standard OMOG blank in this 
basic cleaning chemistry, which is very benefi cial for mask manu-
facturing. In addition, both OMOG and thin OMOG show much 
less CD change versus the PSM absorber.

As technology nodes progress and the feature sizes continue 
to shrink, feature damage becomes increasingly important. Even 
though new cleans are being developed to be more gentle, they are 
still not widely implemented, and in most cases, cleaning effi ciency 
is sacrifi ced in order to prevent damage on small features. It is 
very desirable for any new fi lm that is developed to show improved 
resiliency to feature damage with existing cleaning technology. 
Our standard cleaning process was used to test the feature dam-
age resiliency of the thin OMOG. The fi rst process tested was the 
binary spray process, followed by an array of SC-1/megasonics 
tests with increasing megasonics power (i.e. MEG 1<MEG 2<MEG 
3). The frequency of the megasonics process was 1.0 MHz. Figure 
18 shows the results from the damage tests for 65 nm opaque 
sub resolution assist features (SRAF). For the binary spray and 
lower megasonics power processes, the feature damage is zero, 
but as the megasonics power increases, the SRAF damage like-
wise increases for both standard and thin OMOG. As the fi gure 
indicates, the thin OMOG is more resilient at higher megasonics 
power cleans. It appears that the thinner OMOG fi lm experiences 
less damage because the assist features have a smaller aspect 
ratio OMOG. In addition, the unique thin OMOG fi lm composition 
could be another factor that contributes to better feature damage 
performance.

6. Defect Inspection
The e-beam exposure, resist, and dry etch processes currently 
used in mask making produce some very small and subtle differ-
ences between the actual fi nal mask pattern and the ideal database 
reference pattern used by the die to database defect inspection 

Figure 12. Test patterns used for across mask CD uniformity evaluations.

Figure 13. Thin OMOG fi nal MoSi CD uniformity results achieved on four 
different test masks using 100 nm thick PCAR and NCAR resists.

Figure 14. Resolution performance (post MoSi etch) of thin OMOG of (A) 
spaces built with 100 nm thick positive tone resist and (B) lines built with 100 
nm negative tone resist.
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tool. Differences in line edge roughness, corner rounding, and line 
end shortening are examples of very small non-critical errors that 
can be detected as nuisance defects. Figure 19 is a comparison 
of the visual edge quality of the same defect test mask design 
built in standard OMOG and thin OMOG. As the fi gure illustrates, 
the image quality of the thin OMOG mask is comparable to the 
image quality of the thicker standard OMOG mask with no obvious 
differences in corner rounding, line end shortening or line edge 
roughness performance.

Failure to compensate for minor image quality differences dur-
ing mask inspection, will result in residual noise and excessive 
nuisance detections. One approach to reducing high-residual 
nuisance detections is to consciously desensitize the inspection 
tool. The obvious consequence of this is the inability to meet 
required defect sensitivity for the mask. Another approach is for 
the tooling suppliers to carefully model all of these small image 
quality non-uniformities into the input database. This would require 
the creation of very sophisticated and complex models and would 
use an extensive amount of computing power and cycle time. This 
approach would result in a very expensive and slow inspection 
system with reduced productivity. None of these are attractive 
choices for the mask maker.

The use of the new thin OMOG absorber was found to reduce 
the impact of residual image quality nonuniformities and eliminate 
the need for complex and time-intensive modeling during mask 
inspection. This is due to the fact that thinner absorber fi lms tend 
to have fewer errors in the modeling than thicker absorber fi lms. 
Fewer modeling errors results in lower residual noise. Lower 
residual noise leads to the ability to inspect the mask at higher 

Figure 18. Cleans Effect on 65 nm SRAF Damage. 
CD for Standard and Thin OMOG.

Figure 15. Examples of small features on an SMO mask achieved with the 
thin OMOG substrate.

Figure 16. Examples of dual tone assist features in thin 
OMOG built with positive tone resist. A) 60 nm opaque 
assists, B) 43 nm clear assists, C) 43 nm clear assists.

Figure 17. Mask cleaning process effect on fi nal mask. 
CD for Standard OMOG, Thin OMOG, and PSM

sensitivity settings without the penalty of complex modeling algo-
rithms and excessive cycle time. Figure 20 depicts a comparison of 
residual noise between standard OMOG and thin OMOG at a 193 
nm inspection wavelength. The fi gure clearly shows a signifi cant 
reduction in noise in the refl ected light residual inspection image 
for the thinner OMOG fi lm.

Having established that the thin OMOG substrate provides im-
proved mask inspectability through superior database modeling, 
defect sensitivity tests were conducted on a programmed defect 
test mask (PDM) built with the thin OMOG absorber. The base de-
signs of this PDM represent both conventional and SMO patterns. 
The target sensitivity is 12 nm CD errors and 32 nm edge defects 
as dictated by the ITRS roadmap. The test mask was inspected 
at both 257 nm and 193 nm wavelengths, and the results of the 
sensitivity tests are shown in fi gure 21. At the 257 nm wavelength 
adequate defect sensitivity was not achieved. However, at the 193 
nm inspection wavelength, edge defect detection was between 24 
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nm and 32 nm, meeting the 32 nm target. For CD 
errors, the 193 nm inspection results far exceeded 
the target spec of 12 nm with actual performance 
in the 7 nm to 9 nm range.

Overall, the transition to the thin OMOG absorber 
at mask inspection was relatively seamless. As 
noted above, at the 193 nm inspection wavelength, 
use of the thinner fi lm results in improved model-
ing and lower residual values, specifi cally in the 
refl ected light image. Consequently, inspectability 
is improved. Finally, defect sensitivity on a thin 
OMOG conventional and SMO programmed defect 
test mask is more than adequate to meet the ITRS 
roadmap targets of 32 nm edge defects and 12 
nm CD errors.

7. Summary and Conclusions
A new thinner absorber version of the OMOG binary 
blank has been successfully developed for use for 
the 22 nm and 20 nm logic nodes and beyond. 
Detailed mask making evaluations comparing the 
thinner OMOG and regular OMOG showed that 
the new thin OMOG substrate was compatible 
with existing mask making processes without 
major modifi cation. The thinner OMOG absorber 
demonstrated improved fi lm stress, fl atness, im-
age placement, and cleaning durability versus the 
standard OMOG. In addition, it was demonstrated 
that use of 100 nm thick PCAR and NCAR e-beam 
resists in conjunction with the thin OMOG blank 
could meet the CD uniformity and minimum feature 
size requirements for 22 nm and 20 nm node critical 
level masks. Finally, the thin OMOG blank was found 
to have signifi cant mask defect inspection benefi ts.
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Figure 19. Visual edge quality comparison between standard and thin OMOG images.

Figure 20. Comparison of noise in the rendered inspection image for standard OMOG and thin 
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Figure 21. Comparison of 257 nm vs. 193 nm inspection wavelength sensitivity for a 
programmed defect test mask built on the Thin-OMOG attenuator.
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■ Zero growth seen for mask business
“2010 will go down in history as a year when a 25 percent growth in the 
semiconductor photomask business in the fi rst half of the year will be followed 
by minus 25 perent growth in the second half of the year,” said Robert Castellano, 
President of The Information Network, in a statement. “We anticipate 0 percent 
growth for the global market for all of 2010.” Merchant photomask sales for 
2010 will exhibit revenues of $1.6 billion and $900 million for captive photomask 
sales, according to the fi rm. “Most designs for state-of-the-art semiconductors 
were done in 2009 and mask sets were made in the fi rst half of 2010. Without 
a bright macroeconomic outlook, we won’t see much capacity expansion in 
2011. We’ve already reported that our leading indicators, which correlate with 
semiconductor revenues, have moderated,” added  Castellano. “The bright 
spot is that designs for the next technology node, 28-nm, is underway, which 
will lead to growth in 2011 for the semiconductor photomask industry. A 65-
nm mask set is comprised of 40 photomask layers, fi ve of which are critical 
(45-nm design rule) and 15 subcritical (90-nm design rule). A 65-nnm mask 
set can cost 1.8 times that of a 90-nm set, while a 45-nm mask set can cost 
2.2 times that of a 65-nm set. Hence, there was rampant revenue growth in 
the fi rst half of 2010 on high demand for high-priced photomasks.

■ The horror of 80-hour photomask write times
If you think photomask write times are excessive now, just wait until the 20/22-
nm node. At that point, the complexity of reticle enhancement techniques 
needed to make 193-nm wavelength lithography scanners write 22- or 20-
nm features will require something like an 8X increase in write times from the 
32-nm node for complex masks, according to Aki Fujimura, CEO of D2S Inc. 
Fujimura’s company, D2S, is the managing sponsor of the eBeam Initiative, 
a multi-company effort pushing a design-to-manufacturing approach known 
as design for e-beam (DFEB). D2S (San Jose, Calif.) offers a computational 
design platform that maximizes e-beam technology to reduce mask costs for 
low- and high-volume applications. According to Fujimura, DFEB technology 
can help to solve the “80 hour mask” problem by using overlapping variable 
shaped beam (VSB) and circular shots to cut the number of ebeam shots 
needed to image a mask dramatically. At the BACUS photomask symposium 
last week in Monterey, Calif., members of the initiative presented data 
that validates DFEB’s concepts for overlapping VSB shots and model-
based mask design preparation, according to Fujimura. With EUV delayed, 
leading-edge chip makers are hoping to extend 193-nm immersion as far as 
possible through double patterning and other techniques. Meanwhile, several 
private companies and consortium are pursing various e-beam direct-write 
technologies for prototyping and low-volume production, but tools appear to 
be several years away. E-beam direct-write lithography tools will be available 
no sooner than 2015, according to Kurt Ronse, lithography department director 
at nanoelectronics research center IMEC. Fujimura said the eBeam Initiative 
continues to make progress toward making DFEB technology commercially 
viable. The group now boasts 34 members with the additions last week of 
Synopsys Inc., Abeam Technologies Inc., EQUIcon Software GmbH Jena and 
Tool Corp. During a panel discussion at BACUS last week, now available online, 
Fujimura and others stressed that EUV and direct-write are complimentary, not 
competing, technologies. Fujimura declined to say which of the competing 
direct-write technologies had the best chance of making an impact. But he 
said funding would be the key.  
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The group sponsors an informative monthly meeting and newsletter, BACUS News. The BACUS annual Photomask 
Technology Symposium covers photomask technology, photomask processes, lithography, materials and resists, 
phase shift masks, inspection and repair, metrology, and quality and manufacturing management. 

Individual Membership Benefi ts include:
■ Subscription to BACUS News (monthly)

■ Complimentary Subscription Semiconductor International 
magazine

■ Eligibility to hold offi ce on BACUS Steering Committee

spie.org/bacushome

You are invited to submit events of interest 
for this calendar. Please send to 

lindad@spie.org; alternatively, email or fax to SPIE.❈

❈

Join the premier professional organization 
for mask makers and mask users!

Volume 26, Issue 11                       Page 11

N • E • W • S



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


