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ABSTRACT
As the power of laser produced plasma sources has increased, EUV lens heating has become a 
major component of process variation. Differential lens heating can cause thermal aberrations 
which affect system drift during operation, therefore pupil plane characterization will play a 
critical role in process optimization for EUV lithography (EUVL). In-situ full pupil characteriza-
tion, which depicts the pupil in its in-use state, is essential for these tools. To this end we have 
developed Quick Inverse Pupil (QUIP)—a software suite developed for rapid characterization 
of pupil plane behavior based on images formed by that system. This algorithm is based on 
statistical modeling, which correlates image-space variation with known aberrations. Previously 
we have presented variations on this algorithm which can only measure third-order aberra-
tions and requires aerial image data. In this paper, we will present an approach to measure 
high order aberrations from images formed in resist. An inverse pupil solution will be obtained 
from CD-SEM image analysis. We will show that the additional degrees of freedom required 
to measure high-order aberrations can be achieved through using different pitches of the 
metrology targets. We will demonstrate that this technique can accurately determine third- 
and fifth-order aberrations with a retrieval error below 0.5 miliwaves in under one second. A 
combination of synthetic and experimental data will be presented.

1. Introduction
Over the past forty years’ lithographers have pushed Moore’s law forward by first decreasing the 
wavelength used in lithography systems, then by increasing the size of the lens NA (numerical 
aperture).1 Both of these allow lithographers to resolve smaller features, and therefore make 
smaller transistors. Aberrations must be sufficiently controlled for the resolution to actually 
increase when moving to a higher NA though.2,3 Additionally, the immense power dissipated 
through a lithography lens during HVM (high volume manufacturing) production has been 
shown to lead to thermal drift.4

In next-generation EUVL systems, measuring, and monitoring aberrations are more important 
than ever.3 Interferometric techniques are the de facto standard of measuring aberrations, 
however they do not reflect the tool in its in-use state.5–7 Less than 1% of the source energy 
makes it to the wafer in EUVL projection systems—the rest is dissipated as heat through the 
lens—therefore monitoring aberrations while in the tool is in use should be seen as critical to 
HVM insertion. Any aberration retrieval technique fit for HVM should also be able to measure 
high-order aberrations. Other techniques to measure high-order aberrations generally involve 
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Figure 1. Examples of the binary targets used for aberration extraction.
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Editorial 
Mask Maker Appreciation
Tom Faure, GLOBALFOUNDRIES Corporation
Historically, many chip makers have treated masks at the mature technology 
nodes as a readily available and cheap commodity, but recently the tables 
have turned. The value of this commodity has increased due to huge demand 
in more mature nodes, thanks to the Internet of Things as well as increased 
demand on the high end nodes due to heavy use of multi-patterning. Many 
forget the famous semiconductor industry inverted pyramid revenue chart 
which shows mask makers near the bottom of the pyramid, but a key neces-
sity for enabling the semiconductor and electronics industries. Recent data 
published by SEMI in May (see ‘Renaissance in the Photomask Market ?’) 
shows that mask making revenue grew by 13 percent and 8 percent in 2017 
and 2018 respectively, and the total worldwide photomask revenue in 2018 
reached a record high of $4 billion. This is further supported by data from 
the 2018 E-beam Initiative Mask maker survey which shows that the 10 mask 
makers participating in the survey shipped 27% more masks in 2018 versus 
2017. The biggest increases in shipments occurred in the more mature 65 
nm and older tech nodes. 

These strong increases in demand have caused mask makers to struggle 
to meet the higher volumes of masks being requested at the more mature 
nodes. But, the mask makers can’t simply add capacity because they are 
unable to buy new copies of the original capital equipment used to make 
these masks, as Franklin Kalk mentioned in his 2018 ebeam initiative talk titled 
‘Renew, Retire, Replace: How the mask equipment industry can transmform 
its products and become healthy again’. For example, low cost i-line laser 
writers are no longer available to purchase. In addition low cost 488 nm and 
365 nm die to die and die to database patterned mask defect inspection 
tools are no longer being manufactured. This high demand and inability 
to purchase ‘copy exact’ new equipment has created a thriving market for 
used mask making equipment, and prices of used equipment have increased 
dramatically. However, there is still not enough used equipment to keep up 
with the industry needs.

This makes securing high quality and timely mask supply in such environ-
ment of very high mask demand in the mature nodes a challenge for chip 
makers. They will need to give in on price as the number one determiner 
of which merchant mask maker gets their business. They would be wise to 
establish more truly collaborative relationships and treat their mask sup-
pliers as partners instead of a supplier of a low tech commodity that can 
be sourced from other merchant masks shops. As part of this collaborative 
relationship, chip makers will need to be more flexible and work with mask 
makers to qualify new/different mask writers and inspection equipment for 
use in building masks for the mature nodes to help increase mask fabrica-
tion options and capacity. In some cases, this may require updates to OPC 
models due to a significant change in mask writer (for example from laser 
to ebeam). Failure to be more flexible and collaborative with mask makers 
at the mature nodes will leave chip makers at risk being shut out during 
periods of high mask demand.  

This new demand dynamic and aging/obsolescence of the mask making 
equipment used for manufacturing masks at the mature node only improves 
the case for chip makers to show increased appreciation of their mask mak-
ers. Mask makers continue to bail out chip makers in the form of rapid TAT 
on emergency re-designs, last minute OPC fixes, and numerous re-pells. So, 
chip makers, I would encourage you to take the time to show some appre-
ciation to your mask makers and treat them with the respect they deserve. 
They are more valuable than ever. 



using different types of illumination (eg. ARTEMIS, TAMIS), 
but this is not desired for EUVL due to the decrease in wafer 
throughput and increase in production costs.8–10

In previous reports we have demonstrated techniques to 
extract the aberrations of EUV imaging systems both from 
wafer CD measurements and from aerial images.11–13 These mea-
surements were of purely low-order aberrations and lumped 
the effects of high-order terms into one single effective term. 
In this paper we show a CD-based technique for measuring 
both low- and high-order aberrations. This technique is based 
on previous work using eigenfunctions derived from principal 
component analysis. Using this technique, combined with pre-
built models, aberrations can be extracted in under one second.

2. Background

2.1 A naïve example
The goal of this work is to measure both the low- and high-order 
aberrations of an imaging system from images formed by that 
system. To that end, we will first consider the effects of these 
terms in the wafer plane. Consider an imaging system in the 
coherent limit with a 1D slit pupil with a pupil function given by,

				        (1) 

A line-space array with pitch P will be imaged in the wafer 
plane as,

(2)

where p1 is defined to be the spatial frequency, or 1/P. Suppose 
the pupil function is given by an ideal top-hat transmission with 
some combination of, for example, third-order and fifth-order 
coma aberration. This can be given as,

(3)

where A is the amount of third-order coma, and B is the amount 
of fifth-order coma. Coma is an odd-parity aberration, therefore 
the pupil function has the property,

                               (4)

Figure 2. Examples of a ΔCD eigenfunction (left) and the projection curve (right) for (a) astigmatism, (b) coma, (c) spherical aberration, and 
(d) trefoil. Astigmatism is interrogated by the CD difference between orthogonal lines and spaces. Coma is interrogated by the CD difference 
between the outer two bars of a five bar structure. Spherical is interrogated by a heuristic computed from a constant CD line at pitches 1:1, 1:2, 
and 1:4. Trefoil is interrogated by the CD difference between orthogonal lines and spaces.
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and in this specific case,

					         
(5)

The image can then be given by,
(6)

Both sinusoidal terms have the same phase shift given by W(p1). 
The spatial frequency p1 is known and we can measure the aerial 
image I(x). The phase shift can be fit to an experimental aerial 
image with, for example, non-linear least squares. Therefore, the 
value of the pupil function at p1 can be determined experimen-
tally from the aerial image. However, the amount of third-order 
coma can be written as,

		      (7)

Therefore, there are multiple combinations of A and B that can 
lead to the same aberrated aerial image. Measuring the image 
at one pitch is not sufficient to determine both low and high 
order aberrations. A single binary target that can measure both 
low and high order aberrations from the same image does not 
exist because there is not enough information in the image. If we 
also measure the image at another pitch with spatial frequency 
p2 then we have an equation analogous to Equation (7), but 
with p2 instead of p1. Combining and simplifying we find that 
the amount of fifth-order coma can be given as,

	
						          (8)
If instead the pupil function were even-parity it would have 
the property, 

					         (9)

Equation (6) therefore becomes,

  (10)

The sinusoidal term involving the pupil function acts as a phase 
shift and can also be experimentally determined from an aerial 
image. Therefore, for either even- or odd-parity aberrations, if 
we have images from two different pitches we can determine 
both the low- and high-order aberrations from experimentally 
measured quantities.

This example serves two purposes: 1) to illustrate the most 
basic form of the inverse problem we are solving, and 2) to 
show that there is not enough information in a single image to 
measure high-order aberrations. In practice aberrations are not 
correlated with sinusoidal phase shifts to measure aberrations 
in lithography systems. This is because lithographers gener-
ally cannot directly measure the aerial image and because this 
method could be extremely sensitive to noise. All aberration 
measurements do correlate an image-domain quantity with 
aberrations though.

2.2 ΔCD Eigenfunctions
In previous reports we have shown an iterative algorithm to 
measure pupil variation from wafer CD measurements.11,14 This 
technique uses the targets show in Figure 1. CDs are measured 
at the locations marked by the red line, then a ΔCD function is 
computed either through focus (for even-parity aberrations) or 
through dose (for odd-parity aberrations). This ΔCD function 
is correlated with the amount of aberration, and a full inverse 
pupil solution is obtained through iteration. This technique has 
the disadvantage that aerial image simulations occur within 
the iterative loop. Simulations are therefore run redundantly 
which in turn causes a significant reduction in turnaround time.

We have also previously shown that aberrations can be 
measured by projecting an aberrated aerial image onto an 
eigenfunction and correlating the projection coefficient with 
the amount of aberration.13 These eigenfunctions are specific 
to the set of metrology targets and the imaging system and 
describe the action of each aberration in the image domain We 
have shown that the eigenfunctions can be computed either 

Figure 3. Comatic eigenfunction with varying amounts of trefoil. There are five lines plotted, despite only three being visible. This is because 
two are on top of each other because the eigenfunction is even in the Z10 axis.
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directly from eigenvector decomposition of the TCC (trans-
mission cross coefficient) function, similar to SOCS (sum of 
coherent systems) decomposition, or by principal component 
analysis (PCA). One could calculate the eigenfunctions using 
either method and obtain identical eigenfunctions.

It is advantageous to consider the CD analogue to aerial 
image aberration eigenfunctions because the aerial image is 
difficult to measure directly from a production scanner. While 
it is always possible to compute aerial images from a TCC, it is 
not possible in general to analytically find CDs from an aerial 
image. For the simplest of cases an analytic CD function may 
be possible, but in practice root-finding algorithms are the saf-
est approach. This property means that while the aerial image 
aberration eigenfunctions could be computed directly, there is 
no such CD eigenfunction that can be computed directly from 
either the aerial image or aerial image eigenfunction.

Because we cannot analytically compute a ΔCD function 
from the TCC, we must instead use PCA to compute the ei-
genfunctions. Examples of the resulting eigenfunctions and 
the projection curves are given in Figure 2 for astigmatism, 
coma, spherical aberration, and trefoil. To compute these the 
ΔCD function is computed as in Figure 1, then PCA is used to 
find the eigenfunction representing the variation due to aber-
rations. The projection of ΔCD functions onto their respective 
eigenfunctions is also shown. Each of the curves is invertible into 
a single-valued function and can therefore be used to measure 
aberrations from experimental CD measurements. It is notable 
that the projection curve for spherical aberration appears to be 
approaching an extremum in the negative aberration direction. 
It is possible that degeneracy may exist for aberrations greater 
than 0.1 ml, but this is above the aberration levels of state of 
the art EUVL scanners.

Because the effects of certain aberration terms are confound-
ed in the image domain, the eigenfunction can be interpreted 
as being a function of multiple aberration terms. For example, 
the eigenfunction corresponding to coma is shown in Figure 
3 for varying amounts of trefoil. There are five lines plotted in 
Figure 3, despite it appearing that there are only three, because 
the eigenfunction variation is even-parity in the Z10 axis. How-
ever, the projection coefficient onto the correct eigenfunction 
is unique for coma given varying amounts of trefoil, as seen 

in Figure 4. The amount of coma in the presence of trefoil can 
therefore be determined because each (Z7, Z10) point maps to 
a unique projection coefficient.

2.3 Obtaining inverse pupil solutions
Aberrations can be extracted using the quick inverse pupil 
(QUIP) algorithm as follows: 1) the appropriate eigenfunctions 
are determined, 2) the projection functions are determined for 
each eigenfunction, 3) experimental data is projected onto the 
eigenfunctions with a guess for interacting terms, 4) the model 
is inverted, 5) the process is repeated iteratively. This process 
is shown as a flowchart in Figure 5 and is explained in more 
detail in the rest of this section.

First the targets and source shape are chosen. The eigen-
functions can be pre-computed via computation of the TCC if 
aerial image data is used. Otherwise, the basis will need to be 
computed via PCA. Next, a simulated full factorial experiment 
is run. Using aerial image data this results in a set of intensity 
volumes, and results in a set of ΔCD functions if using CD data. 
Each simulated function (intensity volume or ΔCD) is projected 
onto the eigenfunctions and a model is constructed between 
the treatment combinations and projection coefficients. Each 
model consists of a system of polynomial equations fit to the 
projection coefficients via non-linear least squares. If the rela-
tionship is linear the model can be formalized as,

				       (11)

where C(n) is the projection of each intensity volume onto the 
nth eigenvolume, b(n) represents the model coefficients, and 
C-(n) represents the mean projection coefficient onto the nth 
eigenvolume. In the linear case this could be formed into a 
matrix equation as.

	
						         

(12)

Finally, an experimental intensity volume can be projected onto 
the eigenvolumes and the model can be inverted as,

Figure 4. Projection coefficient for coma ΔCD functions onto the appropriate eigenfunction with different amounts of trefoil.
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				       (13)

where C ˆ is the projection of an experimental intensity volume 
onto the model eigenfunctions. In reality, the relationship 
between treatment combinations and projection coefficients 
is rarely linear, and the effects of interacting terms must be 
considered, as seen in Figure 4. The techniques outlined in 
Equations 13-15 can be easily adapted to higher-order polyno-
mials, or the projection function can be interpolated through 
known points. For example, in a four-dimensional space with 
only spherical aberration the forward model is generalized with 
an n-degree polynomial as.

	    (14)

In the non-linear case the model cannot be written in a matrix 
form and must be inverted by solving the system of equations 
numerically.

If the eigenfunctions include interacting terms, then an initial 
guess must be given to project the function into a single dimen-
sion in aberration space. For example, when fitting coma in the 
presence of trefoil a guess must be given for trefoil. Similarly, 
when fitting trefoil in the presence of coma a guess must be 
given for coma. This process can be repeated to refine both 
terms.

A set of points randomly distributed within the parameter 
space can be used to verify a model. Fitting aberrations to 
ΔCD eigenfunctions can have errors below 0.25 ml (3.4 pm 
for l = 13.5 nm) with only a small number of simulations. 25 
random points were used to verify a model trained with only 
seven aberration treatment combinations to obtain an RMSE 
of 0.12 ml. Similarly, coma in the presence of trefoil achieves 
an RMSE of 0.22 ml using a model generated from a 72 full 
factorial experiment.

These models only need to be built once, as compared to the 
purely iterative algorithm where many of the same simulations 
would need to be repeated with each iteration. An example of 
an iterative solution is shown in Figure 6 for both thirdorder 
coma and trefoil. This requires two models be built: 1) coma in 
the presence of trefoil and 2) trefoil in the presence of coma. 
Because the models have already been built, each iteration is 
very fast—100 iterations can run in under one second.

2.4 Measuring high-order aberrations
Pure low order Zernike aberrations do not exist in real lithog-
raphy systems. The aberrated wavefront is most accurately 
described by a combination of low- and high- order terms. 
However, as we have seen, while these terms may be orthogonal 
in the frequency domain, they are confounded in the image 
plane. Therefore, targets which are sensitive to one will be 

Figure 6. An iterative solution for both coma and trefoil obtained via the QUIP eigenfunction algorithm.

Figure 5. A flowchart for the aberration separable basis algorithm of image-based pupil characterization.
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sensitive to the other. This problem is similar to differentiating 
coma from trefoil.

While trefoil is not a high-order comatic term, patterns that 
are sensitive to coma will be sensitive to trefoil and vice-versa. 
Therefore, measuring high-order terms can be approached simi-
larly to measuring coma and trefoil together. The models must 
include all confounded terms and must be solved iteratively.

In addition, high-order terms require the use of multiple 
pitches of the same type of target. This gives enough informa-
tion to distinguish between low- and high-order terms in the 
image domain. Using the QUIP algorithm, high-order terms are 
fit by creating a model for the low-order term in the presence 
of the high-order term, and vice versa. Then the algorithm 
proceeds as above for coma and trefoil.

Any algorithm that measures high-order aberrations must 
perform accurately under three types of situations: a wavefront 
composed from only third-order aberrations, one composed 
from only fifth-order aberrations, and one composed from a 
mixture of both third- and fifth-order aberrations. These three 
test cases assure that the algorithm is not changing the low-
order terms and is correctly fitting the high-order terms.

Examples of these three test cases are shown in Figures 7 
and 8, where the solved value of each aberrations is shown at 
the end of each iteration. In the case of Figures 7a and 7b, it 
can be seen that the value of fifth- and third- order astigmatism 
(respectively) is zero. Similarly, it can be seen in Figure 8 that 
the iterative solution seems to oscillate between two values 
while converging. This is expected because the two terms are 
confounded. We begin by assuming no aberrations, and so the 
algorithm tried to correct phase errors with both terms. These 
sum into one term that is effectively double what it should be. 

In response, both terms will decrease due to the initial over-
compensation. Both terms will in turn increase due to an under 
compensation, ad infinitum.

An additional 24 trials of each case were run (25 total for each 
case). In each case the mean error was below 0.001 l. This er-
ror is slightly higher than can be achieved with synthetic data 
composed of purely third-order aberrations. However, it is still 
a very acceptable level of error.

3. Experimental Aberration Extraction
The NXE:3300 is a state-of-the-art production EUV lithography 
tool produced by ASML. It uses a full-filed catoptric lens with 
0.33 NA. An approximate wavefront was extracted from the 
IMEC NXE:3300 exposure system using the RIT image-based 
method and the QUIP algorithm. The tool is capable of free-form 
sources through the use of the FlexPupil illumination system, 
but all exposures presented here were completed with an an-
nular source. This was chosen to not bias any pupil direction. 
CD measurements from micrographs of resist images were fit 
to pupil wavefront error via aerial image simulations.

Third- and fifth-order terms were extracted from CD data 
from images formed by the IMEC NXE:3300 system in resist. 
The target CDs of the structures used for this experiment 
are given in Table 1. These values were determined using an 
optimization procedure that balances aberration sensitivity 
and target printability. Six exposures were completed on the 
IMEC NXE:3300 system. All exposures were completed using 
an annular source with 0.702σi – 0.894σo. The first two wafers 
were used to center the process window for the remaining four 
wafers used for wavefront extraction.

Figure 7. An example of measuring a synthetic wavefront composed from only (a) third-order astigmatism and (b) only fifth-order astigmatism 
using the QUIP algorithm.

Table 1. CDs of the metrology targets used for pupil function extraction on NXE3300.
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The QUIP models converged in 25 iterations, and the results 
are given in Table 2 and plotted in Figure 9. The extracted 
wavefront had an RMS of 25.30 ml (0.34 nm). In past experi-
ments only third-order terms were extracted, which represents a 
lumped contribution of high-order terms into a single low-order 
term. The RMS and relative contributions of each aberration are 
similar to previous experiments. When third- and fifth- order 
terms are extracted the high-order contribution is lumped into 
the fifth-order terms. Four-foil was not extracted in this analysis 
due to the requirement of a third pitch of the astigmatism target.

4. Conclusions
Aberration measurement and monitoring is critical as EUVL 
nears insertion into HVM. These systems will have dynamic 
aberrations caused by differential heating of the catoptric lens 
elements. Therefore, aberration measurements must accurately 
represent the tool in its in-use state. Interferometric techniques 
require additional optics and do not represent that tools while it 
is in use. Image -based techniques do accurately represent the 
wavefront while the tool is in use. These techniques generally 
require repeating the same experiment using multiple sources 
to measure high-order aberrations. This is non-ideal in EUVL 
manufacturing lines where each processed wafer is costly.

To this end, we have shown that the additional degrees of 
freedom required to measure high-order aberrations can come 
from using multiple pitches of the same types of targets. We 

adapted a previously reported algorithm both to work using 
CD data and to measure high-order terms. This algorithm is 
based on a statistical technique called principal component 
analysis. The projection of ΔCD functions onto a characteristic 
eigenfunction is correlated with the amount of the aberration. 
This eigenfunction can be determined directly from the TCC for 
aerial image data, but must be computed using PCA for CD data. 
This technique was demonstrated successfully experimentally 
using the IMEC NXE:3300 exposure system. The repeatability 
of this technique has yet to be quantified, but this can be done 
in future work along with characterizing cross-slit behavior.
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■	 Semicon West Sluggish with Hopes of 2020 Recovery

The semiconductor industry is cyclical, and it appears to be entering a mild 
down cycle. Companies are still profitable and in relatively good shape despite 
extended holiday shutdowns. The recovery is likely to balance memory and logic, 
include an emphasis on EUV as it enters manufacturing and probably shift away 
from US suppliers towards China. https://semiwiki.com/semiconductor-services/
semiconductor-advisors/273576-semicon-west-was-sluggish-with-hopes-of-
2020-recovery/

■	 Huawei Ban Could Come Back to Bite U.S.

The short-term impact of cutting Huawei’s supply of US chips and components 
will be severe. Longer-term, the ban will likely encourage China to become self-
reliant. The Chinese government already supports its domestic semiconductor 
production and is planning to invest over $160 billion in the next 10 years. In 
five years, China could be completely independent of US chips as long as it can 
order from the major foundries TSMC and Samsung. https://www.eetimes.com/
document.asp?doc_id=1334795

■	 Japan: ASML and Mitsui Chemicals Sign License 
Agreement for EUV Pellicle Business

ASML developed EUV pellicles for commercial use in its EUV lithography systems. 
Mitsui Chemicals concluded a license agreement for this EUV pellicle business 
with ASML. The license agreement will add EUV capability to the business Mitsui 
launched in 1984. Mitsui Chemicals will build an EUV pellicle assembly factory at 
Iwakuni Otake Works. Sales of EUV pellicle to customers is anticipated in 2021. 
https://www.marketwatch.com/press-release/japan-asml-and-mitsui-chemicals-
sign-license-agreement-for-euv-pellicle-business-2019-05-31

■	 Debate Over Health Of Moore’s Law Continues

Support for Moore’s law continues at Semicon West, though a slower pace is 
acknowledged. Some perspectives are slightly different now. The technical 
and cost challenges of scaling persist. Cost matters, and can slow the rate of 
technology introduction, but the application domain is expanding. For example, 
machine learning and other data analytics are based on faster computation, 
more memory, and more data. This will lead to vertical packaging – consolidating 
more capability into one chip. https://semiengineering.com/debate-over-
health-of-moores-law-continues/

■	 ASML on the Up Despite Wider Semi Slowdown

While there is an expected drop in the semiconductor equipment market this 
year, ASML is executing an “up” year for its sales. Second quarter earnings 
were very strong, and the second half will be as well based on bookings. While 
memory volumes may be down, there is a continued strong demand for logic 
using EUV scanners. http://optics.org/news/10/7/29

■	 200mm Cools Off, But Not For Long

200mm fabs are older facilities with more mature processes and they produce 
a tremendous volume of critical chips: analog, MEMS, RF and others. From 2016 
to 2018 there were shortages of both 200mm fab capacity and equipment in 
the market. In 2019. Demand slowed with the IC industry, but in the future the 
demand will recover and 200mm capacity will again be limited. 200mm is not 
leading edge processing, but is good business and some critical investments 
are needed. https://semiengineering.com/200mm-cools-off-but-not-for-long/
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 About the BACUS Group
Founded in 1980 by a group of chrome blank users wanting a single voice to interact with suppliers, BACUS has grown 
to become the largest and most widely known forum for the exchange of technical information of interest to photomask 
and reticle makers. BACUS joined SPIE in January of 1991 to expand the exchange of information with mask makers 
around the world.

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 Benefits 
include:
■	 Subscription to BACUS News (monthly)
■	 Eligibility to hold office on BACUS Steering Committee

spie.org/bacushome

You are invited to submit events of interest for this  
calendar. Please send to lindad@spie.org.
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