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The key issues in reticle manufacturing are cost and delivery timey both of which are 
dependent upon the yield of the process line. To estimate the cost and delivery time for 
EUVL reticles in commercial manufacturingy we have developed the first model for an 
E W  reticle factory which includes all the tools required for a presumed EUVL reticle 
fabrication process. n i s  model includes the building, support tools and suilicient “in- 
line” process tools for the manufacture of (more thap) 2500 reticles per year. Industry 
specifications for the tool performance are used to determine the number of tools 
required per process step and the average number of reticles fabricated per year. Building 
and capital equipment depreciation costs, tool installation costs, tool maintenance costs, 
labor, clean room costs, process times and process yields are estimated and used to 
calculate the yearly operating cost of the reticle factory and the average reticle fabrication 
cost. We estimate the sales price of an EUV reticle to be $60K for non-critical levels and 
$120K for “leading-edge. The average reticle fabrication time is calculated for three 
different process-line yields. 

Introduction 

Recently, significant attention has been 
paid to the wafer exposure cost for 
future candidate lithographies and a cost 
of ownership (COO) analysis is now 
considered a mandatory element of any 

technology evaluation. There have been 
several COO analyses of EWL’” which 
have used presumed reticle costs but to 
date, there has not been an EUVL reticle 
cost estimate based upon a detailed 
calculation. In this paper, we attempt to 
derive such an estimate by developing a 



reticle factory model (i.e., “a mask 
shop”) that is designed to manufacture 
and sell EUVL reticles commercially. We 
assume a specific EUVL reticle 
fabrication process and industrial tool 
specifications, which include the tool’s 
throughput, yield, capital and 
’maintenance costs, clean- room 
requirements and labor requirements. 
The model .is consistent with the 
intended EUV product: reticles will have 
a minimum feature size-of 400 nm on 
300 mm silicon wafers for fabricating 
structures with a 100 nm minimum 
feature size. The model includes a 
“support faciJity” which contains tools 
for process development, quality control 
and failure analysis and are not included 
in the “in-line” process flow. SuEcient 
tools at each process step are identified 
to maintain adequate throughput to 
deliver more than 2500 defect-free 
reticles per year. 

The 3mTVLReticle Factory Model 

The factory model is dependent upon 
the specifics of the reticle fabrication 
process and the final product. A factory 
producing leading edge products will 
incur greater losses (i.e., have lower 
yields) than a factory producing mature 
products (which generally have higher 
yields). Therefore, we parameterize the 
factory model as a function of process 
yield: low yield for leading edge 
products, high yield for mature products 
and a thiid yieldwdue in between for 
“average” products. We presume that the 
factory is producing only one product 

@e., the factory produces all “leading 
edge” or all “mature technology” 
products) and we facilitize the factory 
with sufficient tools at each process step 
to produce at least 2500 delivered 
products per year. 

Our model presumes a building with 
approximately 25,000 ft2 of class 100 
and class 1 clean room space, each. This 
is sufficient to accommodate the clean 
room requirements for all the tools in the 
support facility and the process line for 
all yield conditioris. (Note that the 
higher yielding “mature technology” 
factory will require fewer tools and 
hence, less clean room space, then the 
“leading edge” factory. However,. the 
difference in infrastructure cost is not 
significant and we therefore use a 
constant factory building size and cost 
for all factories.) The presumed cost of 
this building is $50 My which is 
sufficient to cover the cost of the mask 
shop, associated office space (for 
management, sales sm, etc.) and the 
cost of additional facilities (such as a gas 
handling facility). 

The support facility has a variety of 
tools that are used for process 
development, quality control and failure 
analysis. None of the tools in the 
support facility are directly involved 
with reticle manufacturing; the “process- 
line” tools are separate fiom the support 
facility. The support facility tools and 
their specifications are listed in Table 1. 
Since the E W  reticle substrate is a 
silicon wafer, all tools are assumed to be 
consistent with 300 mm silicon wafers. 



Table 1: The Support Facility Tool Set 

Cleaning Stations 2 1500 I 300 I 150 100 100 

I 
-__ CD SEM . - - 1 I 1500 J 300 I ‘150 1 250 

Optical CD Tool 1 500 100 50 250 

AFM 1 750 150 75 

The process line tools are determined by 
the E W L  reticle fabrication process. We 
assume the following process flow: 

1) Defect-Free Reticle Blank 
Fabrication: 

a) Wet Cleaning Station 
b) Multilayer Deposition 
c) “d-spacing” Inspection 
d) Multilayer Defect 

e) Metal Deposition 
f) Metal Defect Inspection 

2) Pattern Writing and Pattern 
Transfer: 
a) Wet Cleaning Station 
b) Track for e-beam Writer 
c) e-beam Writer 
d) Pattern Development (on 

Inspection 

Track) 
. e) MetalEtch 

3) Pattern Inspection 
a) Coordinate Inspection 
b) CD Inspection 
c) Flatness Inspection . 

-.- d) Die to Die Inspection 
e) Die to Data Inspection 

inspection: 
a) Repair using Laser Tool 
b) Repair using Ion-Beam 

c) Die to Die Re-inspection 
5) Pelliclization and “at-h” 

Qualification 
a) Silicon Deposition 
b) “at-h” print 
c) Printed Wafer Inspection 

(Die to Die) 

4) Pattern Repair and Re- 

Tool 

We should point out that the “flatness 
inspection” and the “at-h” print and its 
subsequent inspection are not performed 
in current mask shops and may not be 
required for EUVL. We include these 
qualification steps as a precaution. 

The number of tools required for each 
individual process step is ultimately 
determined by the throughput per tool 



and the process yield; unfortunately, it is 
difficult to estimate these values for 
tools that are not expected to be in 
production for several years. We used 
industry specifications for the tool 
performance (guidelines provided by 
SEMATECH). As with the support 
tools, the “in-process” , tools are 
consistent with 300 mm silicon wafers. 
Tables 2 through 6 summarize the 
performance specifications for all the 

process tools used in this model. Process 
yield estimates cover a range of values 
ranging from “low yield” conditions 
(which are consistent with “leading edge” 
technologies) to “high yield” conditions 
(which are consistent with “matureyy 
technologies in mass production). When 
calculating the required number of tools 
per process step, we assume that each 

Table 2: Process Tool Specifications for Reticle Blanks 

ProcessYield - 
Mature 

Tool Capital Throughput Class I Class 100 Operators 

. 1 cost per (hourslreticle space (ft2) space (ftq Leading 
tool (K) per toot) Edge TechnoloaV 

Yield goals for a technology in mass production 

Table 3: Process Tool Specifications for Pattern Writing and Pattern Transfer 

3 Tool Capital cost Throughput Class I Class I 0 0  Operators Process Yield 1 -pertool (K) 1 (h;:z:;p 1 S/$$? 1 space (W) 1 Per tool 1 Leading Mature 
Edge Technologlr 4 

Yield goals for a technology In mass production 

. .. 



Table 4: Process Tools, for Inspection Specifications 

Registration 

CD Metrology 

Flatness Measurements 

Die to Die, 

I Capital cost Throughput 1 Class I I Class I 00  I Operators I 
pertool IK) 1 (hounlreticle ppace (W space (ffz) pertool 

ProcessYield Tool 

3000 2 250 250 I 90% 1 95% I 98% 

1500 2 250 250 I 85% 90% 

100 0.1 250 250 0.5 95% 1 .  98% 

8000 3 500 500 I I 7!j% I 80% 85% 

I pertool' I I 

Capital cost 
per tool (K) 

Leading I Edge 

Throughput Class 1 Class 100 
(houd space (ftq space (ftq reticle 
per tool) 

Mature 
Technology" 

Operators 
per tool 

Process Yleld 

Leading Mature 
Edge Technoloy' 

I Die to Data I I0000 I 6 I 500 I 500 I I I 90% 1 95% I 98% 11 

Weld goals fora technology In mass production 

Table 5: Process Tools Specifications for Repair and Re-inspect 

Tool 

Opaque repairs I Clear repairs 
Post-repalr inspect 1 Total 

I . r  . , _  .,, .-, ,.-. "_ a 
* Weld goals for technology In I 

~~ ~ 

250 250 I 90% 95"h 98% 
250 250 1 90% 95% 98% 

500 500 I 9U'h 95% 98% -- 
73% 86% 94% 

_. - .  , . 
ass production 

Table 6: Process Tool Specifications for Qualifications and Packaging 

Tool 

DeDOSitiOn tool 

"at-wavelength" imaging 2000 I 1 11; I 250 

10000 500 

Printedwaferinspection I 8000 I 3 I 500 I 500 

Total 

Weld goals fora tcchnology in mass production 
L' YI. - -- 

Operators Process Yield per tool 

tool will have a 70% availability (i.e., the 
time averaged throughput of the tool is 
actually 70% of the ideal throughput). In 
addition, sufficient tools are added so 
that each process step has 20% greater 
capacity than the minimum requirement. 

This allows the timely- reduction of 
backlogs that result fiom fluctuations in 
order volume. In addition, it is assumed 
that only half of the reticles will undergo 
repair and re-inspection, which is 



consistent with the present state of the 
industry. 

In our model, the installation cost for all 
capital equipment is assumed to be 20% 
of the initial capital equipment and the 
capital equipment cost specifications 
were provided by SEMATECH. Both 
capital equipment and installation costs 
are depreciated over 5 years. The 
building cost is assumed to depreciate 
over 20 years. Maintenance-costs per 
year are assumed to be 10% of the initial 
capital equipment cost. 

Tool Requirements and Reticle Cost 
Estimates 

Table 7 lists the integrated yield for the 
EUVL reticle fabrication process at the 
three process yield assumptions. 
Conventional reticle factories currently 
store a supply of reticle blanks and are 
concerned with the “post-blank” yield, 
which is calculated in this table. For 
l eadq  edge technologies, post-blank 
process yields are estimated to be only 
24%, whereas, process yields for a 
mature technology are estimated to be 
67%. 
These estimates . are consistent with 
yields for similar products in current 
mask shops. Table 8 lists all the “in- 
process” tools that are needed when the 
factory is operating at the yield goal 
consistent with a mature technology. 
Lower yielding factories will require a 
greater number of tools, primarily e- 

beam writers and inspection tools, both 
of which are very costly. As a result, 
the reticle cost is strongly dependent 
upon the process l i e  yield. This is 
illustrated in Table 9, which itemizes the 
individual cost centers for the three 
different yield models. Notice that for 
all yield models, the primary cost centers 
are the e-beam writers and the inspection 
tools. The average cost per reticle is 
calculated fiom the estimated number of 
reticles fabricated per year and the 
yearly cost to operate the factory. The 
sales price is 35% over the cost to 
fabricate the reticle. 

From the individual cost centers in Table 
9, we determine that most of the 
fabrication cost for EUVL reticles will 
also be incurred by other reticle 
fabrication technologies. All reticles will 
undergo pattern writing and pattern 
inspection, which are the highest cost 
centers. If we define “EUV-specific” 
costs as the cost of the EUV reticle blank 
and the E W  “at-h” qualification, then 
these “EW-specific” costs account for 
only 25% of the total reticle cost. 
Therefore, we conclude that EUV reticles 
will not be significantly more costly than 
reticles for other technologies. 

The calculated EUVL reticle cost for 
leadhg-edge products is $120K. The 
reticle cost for mature technology 
products is $63. A mask-set consisting 
of 22 levels will likely cost over $lM. 

.. - .  ’ :... - ~. .. 



Tools Capital cost Installation 
of tools per tool (K) cost per tool (K) 

d-spacing measurement 

Surface inspection tools 
Track 

I 1,000 200 

2 500 I00  

I 2,500 500 

Metal etch tool 
Die to Die inspection 

Die to  Data inspection . 
Interferometer . 

I 3,100 620 

8 8,000 1600 

5 10,000 2,000 

1 100 20 

Pattern repair by laser 

Pattern repair by ion beam 

2 3,000 600 

2 6.000 1200 

Sputter deposition tool 

Total 

2 ZOO0 400 

f253M $50M 

Table 7: Integrated Yield 

Process Process Yield 

Mature Technology* Leading 
Edge 

Pattern write and transfer .- 92% 97% j 99% 

Pattern inspection 49% 63% i 78% 
i 

Repair 73% 86% I 94% 

- .  

'Yield goal for a technology in mass production 

Table 8: Summary of Process Tools and Costs 

Class I Class I 0 0  
space 
per tool 

space 
pertool I Yearly 

Maintenance 
pertool (K) 

1 I $1,500 I $300 
Multiiayerdeposition tool I 1 1  5,000 I000 
Wet Cleaning Stations SI50 I 0 0  I I 0 0  

500 

I 00  

50 
250 

1,400 e-beam writers I 6 I 14,000 I 2,800 500 500 

250 250 310 

800 

1,000 

I O  -y-+ 
250 

300 

600 

"at-waveiength"imager I I I 10,ooo I 2000 1,000 

300 
~~ 

Coodinatemeasurements I 2 I- 3.000 I- 600 . 
CD metrology I 2 I 1,500 I 300 150 

200 

$25M 
'. . . " .  , ,. . ., ~ 



Table 9: Cost Centers vs. Process Yield 

Infrastructure (building plus support facility) 

Reticle blank fabrication Process 

Yield 
Leading Mature 

Edge Technology 

7.7M 
* .. 7.7M 7.7M 

26.7M 19AM 15.8M 

6 Silicon 

Pattern writing and pattern transfer 

Pattern lnsoection 

I $23.5M $11.8M . 5.9M 

70.5M 49.61111 34M 

74.7M 561M 37M 
I 

24.7M 1 7.7M Pattern Repair and re-inspection 28.5M 

Average Process Time and 
“Guaranteed Delivery Time” 

The minimum post-blank process time 
occurs for a perfect reticle that does not 
require any repair and assumes perfect 
queuing between machines @e., no 
waiting time between machines). This is 
25 hours. The calculated average reticle 
fabrication time is significantly longer 
and is illustrated in figure 1. Notice that 
at 100% yields, the average process time 
is longer than the minimum time; this is 
because 50% of the reticles are assumed 
to require repair and re-inspection. 
Again, we assume perfect queuing 
between machines in these calculations. 

In our model, we assume that a second 
copy of a particular reticle is not 
initiated until the first reticle fails an 
inspection. To calculate the average 
fabrication time per reticle, it is 

necessary to calculate the probability of 
failure (and the amount of time in 
fabrication up to that failure) at all 22 
fabrication steps outlined above. To 
simplify the analysis, we assumed that 
the reticle factory will maintain a supply 
of reticle blanks and the fabrication of 
replacement reticles will begin at the 
“Pattern Writingy7 step. Furthermore, we 
combined the steps into four general 
steps: 

1) Pattern Writing and Pattern 

2) Pattern Inspection 
3) Pattern Repair and Re- 

4) Pelliclization and “at-I” 

Transfer 

inspection 

Qualification. 

With these four general process steps, 
we can now calculate the probability of 
failure (and the total time spent in 
fabrication) for only 16 possibilities. The 



process yields for these general steps are 
listed in Table 7 fiom which we 
calculate the average time to fabricate an 
EUVL reticle as a function of process 
yield, figure 1. For a factory fabricating 
“mature technology” products, the 
average process time is 30 hours. 
However, notice that large increases ih 
the average process time occur for lower - 
yielding factories; a leading edge factory 
requires an average of nearly 90 hours to 
fabricate a single reticle. Since most of 
the fabrication time is associated with 
processes that are not specific to EUV 
reticles, it can safely be assumed that the 
average fabrication time for the reticles 
for other technologies will be similar. 

In a commercial reticle factory, an 
important factor is the “guaranteed 

delivery time”, which we define as the 
time required by the factory to have a 
97% certainty of delivery. In figure 2 
we illustrate the guaranteed delivery time 
for the three different yield modeIs 
analyzed. Notice that for the lower 
yields, the guaranteed delivery time 
becomes exceptionally long: in excess of 
10 days. While this may be acceptable 
for certain products, the .majority of the 
reticles fabricated today are for ASIC 
applications, where the customers 
generally require delivery of a reticle 

. within 48 hours. Fortunately, ASIC 
applications are usually consistent with 
‘‘mature techn~logy’~ products, wKch 
will have a more reasonable delivery time 
of 3 days. 
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Figure I: The average fabrication time per reticle vs. process line yield. 
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Figure2: The time required to guarantee the delivery of a reticle (with 97% probability ) 
vs. process yield 

Conclusions 

We have presented the first model for an 
EUVL reticle factory. Our model 
contains sufficient tools to fabricate 
more than 2500 EUVL reticles per year 
for three different products: leading edge, 
average and mature products. Tool 
specifications for capital equipment cost, 
maintenance cost, throughput, yield, etc., 
are used to determine the yearly 
operating cost for the factory. From this 
model, we estimate’ the cost of EUVL 
reticles, the average time to manufacture 
these reticles and Ithe time for 
“guaranteed delivery”. The cost of 
E W L  reticles will be strongly related to 
the process line yield. We estimate that 
“leading edge’’ EUVL reticles will cost 
approximately $120K, whereas less 
stressing reticles may cost 

approximately half that value. We have 
also determined that the “EW-specific” 
component of the price is 
approximately 25% of the total cost. 
Therefore, we conclude that EUV reticles 
will not be significantly more costly than 
reticles for other technologies and will 
require similar time to fabricate. 
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