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ABSTRACT

Microelectronics industry leaders consistently cite the cost and cycle time of mask technology and mask supply among
the top critical issues for lithography. A survey was designed by SEMATECH with input from semiconductor company
mask technologists and merchant mask suppliers to objectively assess the overall conditions of the mask industry. With
the continued support of the industry, this year’s assessment was the tenth in the current series of annual reports. This
year’s survey is basically the same as the 2005 through 2011 surveys. Questions are grouped into six categories: General
Business Profile Information, Data Processing, Yields and Yield Loss Mechanisms, Delivery Times, Returns, and
Services. Within each category is a multitude of questions that ultimately produce a detailed profile of both the business
and technical status of the critical mask industry. We received data from 11 companies this year, which was a record
high since the beginning of the series. The responding companies represented more than 96% of the volume shipped and
about 90% of the 2011 revenue for the photomask industry. These survey reports are often used as a baseline to gain
perspective on the technical and business status of the mask and microelectronics industries. They will continue to serve
as a valuable reference to identify strengths and opportunities. Results can also be used to guide future investments in
critical path issues.
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1. INTRODUCTION

SEMATECH reinitiated a survey of the mask industry in 2002, intending to enhance the level of understanding of the
unique and critical issues associated with the photomask industry." It planned to conduct the survey annually to provide a
substantial and valuable reference database. This database has been built over time to help identify past trends and
validate future projections. A similar survey had been done annually for seven years but was suspended after 1999 for
because of lack of financial support to conduct it. The results from those past surveys were published as SPIE papers
and presented at BACUS, where they were found to provide valuable insights for both mask makers and mask users.”*
From 2002 to 2011, the survey questions remained essentially constant™'>. Questions are grouped into six categories:
General Business Profile Information, Data Processing, Yields and Yield Loss Mechanisms, Delivery Time, Returns, and
Services. Within each category are multiple questions that provide a detailed profile of both the business and technical
status of the mask industry.

2. ASSESSMENT APPROACH

David Powell Consulting was the focal point for data collection. Participant identification markings were removed by
them to make the raw data anonymous before the data were forwarded to the author. Data were requested from survey
participants for the previous 12 months, from July 1 through June 30. The data were loaded into a spreadsheet and
summarized for lowest, highest, and average values. Respondents received an Excel file with complete summary data for
further analysis as an incentive for participation.
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The survey participants by years can be seen in the table below.

Table 1 — Participants by year

Participants 2002 | 2003 | 2004 | 2005 | 2006 | 2007 [2008| 2009 |2010| 2011
Advanced Mask Technology Center YES WiToppan | WiToppan YES YES | YES
Compugraphics International Ltd YES | YES | YES | YES | YES | YES |YES| YES |YES| YES
Dai Nippon Printing YES | YES | YES | YES | YES | YES | YES| YES | YES| YES
Toppan Photomasks Inc/DuPont Photomasks Inc YES | YES | YES |Wroppan | WiToppan | WiToppan |WiToppan| WiToppan |WiToppan| WiToppan
Hoya YES | YES | YES | YES | YES | YES| YES YES
Hynix YES | YES
IBM YES | YES YES
Intel Mask Operation YES | YES | YES | YES | YES | YES | YES| YES |YES| YES
Micron Technology Mask Shop YES
Photronics Inc YES | YES YES |YES| YES
Samsung YES
Semiconductor Manufacturing International Company (SMIC) YES | YES |YES| YES |YES| YES
Taiwan Mask Shop (TMC) YES | YES | YES | YES | YES | YES |YES| YES | YES
Toppan Printing YES | YES | YES | YES | YES |YES| YES |YES| YES
Taiwan Semiconductor Manufacturing Company, Ltd. (TSMC) YES | YES | YES | YES | YES | YES |YES| YES |YES| YES

Total Respondents 7 10 10 8 9 8 9 9 10 11

Description of survey sections:

1.

General Mask Profile Information

This section seeks to establish a general description of the basic elements of the mask business: technology
groundrule categories; application types (logic, memory, microprocessors, etc.); mask types by glass size (PSM,
binary, OPC); magnification distribution; and distribution of fabrication methods used for patterning. The type of
pellicle is also included.

Data Processing

This section requests data on file size and data preparation time average, maximum, and 95" percentile of each
respondent’s distribution. For the fifth time, write time data were gathered. The 95™ percentile is requested to help
discern what file sizes and write times are truly representative of the norm without having extraordinarily large,
anomalous files over weighted in the analysis.

Yields and Yield Loss Mechanisms

Overall yield by glass size and mask type (binary, phase-shifting method) is given. Fifteen yield loss mechanisms
are offered to generate an industry Pareto chart. Binary and phase shift mask losses were separated since the 2007
survey.

Delivery Time

Data on average delivery time and time for the first three layers of a new mask set are collected by four different
mask type categories: binary, binary with moderate to aggressive optical proximity correction (OPC), attenuated,
and alternating phase shift masks Note: Attenuated phase shift masks are also known as embedded phase shift
masks or half-tone phase shift masks. Alternating phase shift masks are also known as strong phase shift masks or
hard shifted masks.

Mask Returns

This section collects data on mask returns according to nine categories.

Mask Service
“Mask maintenance” services are divided into eight service categories.
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NOTE: Comparisons among the surveys may not be totally accurate since the surveys represent a different cross-section
of the overall industry (as seen in Table 1). In addition, not all participants answered every question. Where possible and
appropriate, the results from the 2003 to 2011 surveys have been volume-weighted. All 2002 results are averaged by
respondents. Graphs with 2002* have data that are volume-weighted except for 2002. Charts with 2002 are simple

averages by response for all years.

1. General Mask Profile Information

3. DATA

encouraged many products and application innovations with the mature technology.

Mask volume for the < 45 nm nodes increased at an approximate growth rate of 70% from 2007 to 2011.
Despite the economic turmoil in 2008 and 2009, the high-end device makers continue their investments in node
advancement. There were also significant increases in mask volume for the > 250 nm node in 2010 and 2011,
indicating a number of relevant products at the mature nodes. The economic problem in 2008 and 2009
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100%

Logic designs are still driving the majority of the mask volume. The device landscape is changing, perhaps due
to our endless appetite for mobile applications. The memory percentage is now trending up after some recent
decline while the microprocessor suffered a significant decline in 2011. The RF/mixed signal and system-on-a-
chip (SOC) product percentages remained stable. More data points are needed to see whether the trends will be

80%

60% -

40% A

20% ~

0% -

2009
System on a chip 2% 0% 2% 3% 3% 8% 3% 5.40% 4.4% 7.4%
OMicroprocessor 3% 3% 4% 4% 3% 3% 6% 4.50% 6.2% 1.4%
m RF/mixed-signal 5% 3% 9% 12% 17% 13% 17% 17.30% | 17.2% | 16.6%
= Memory 9% 16% 9% 1% 10% 10% 7% 5.90% 5.6% 10.6%
OOther 14% 15% 22% 20% 14% 23% 23% 20.10% | 20.9% 7.7%
mLogic 69% 63% 54% 50% 53% 43% 44% | 46.90% | 45.8% | 56.3%
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More than 84% of photomasks are currently made on the 6025 format. Over the last five years, this percentage
has steadily increased. (Note: The question was asked differently in 2002; therefore, no comparative data are
available.) The mask volume for the 5X magnification is about the same as 4X for the first time in 2011. This
could be indicative that some older generation wafer steppers are beginning to be retired.

100%
80% -~
60% -+
40%
20% -+

0% -
° | 2003 [ 2004 [ 2005 [ 2006 | 2007 [ 2008 | 2009 [ 2010 | 2011

OOther 11.0 6.5 53 6.0 6.0 6.1 3.0 4.4 4.8
m5" glass| 25.6 303 26.9 23.6 24.0 19.5 18.8 16.3 11.1
o6" glass| 63.4 63.2 67.8 704 70.0 74.4 78.2 793 84.1

100% -

80%

60% -

40%

20% +

0%
® T2002* | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

m4Xx 258 37.4 294 | 431 41.2 32.7 358 | 34.1 35.7 | 43.6
B Other 3.0 3.8 2.9 3.0 3.9 2.9 2.2 2.7 2.4
B1Xx 17.9 13.5 12.0 8.5 9.3 10.0 9.1 13.9 8.4 12.6
05X 63.3 | 46.1 548 | 455 | 46.5 53.5 52.2 | 49.8 532 | 414

The production phase-shifting masks (PSMs) have been exclusively made on 6-inch masks. Alternating PSM
volume has remained very low. Attenuated mask type is stable ~10-12%. The participant mix could cause a
certain amount of year-to-year fluctuations.

100% -

95%
90% -
85%

80% -

75%

« 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
m Alternating| 0.4 0.4 0.1 1.0 0.2 0.8 0.2 0.1 0.7 0.2

m Attenuated| 2.2 4.1 6.2 13.1 | 116 | 7.3 10.0 | 13.1 | 12.5 | 9.7
O Binary 96.6 | 95.7 | 93.7 | 85.9 | 88.2 | 91.9 | 89.8 | 86.8 | 86.8 | ©0.1
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Aggressive optical proximity correction (OPC) was growing at a steady pace until a significant drop in 2011.
The no OPC category also had a significant jump in 2011 after stabilizing at ~70% in from 2007 to 2010. There
are two possible explanations: 1) year-to-year participants varied, and 2) according to ITRS 2011 edition, single
optical exposure has reached its limit at 40 nm half-pitch (hp)'®. Today, 32 nm hp flash devices are being
manufactured using double patterning as a way of extending the half-pitch while keeping the numerical aperture
and wavelength constant. Transition from single patterning to DP may temporarily provide relief from
aggressive OPC. More data points are needed to see whether the trends can be sustained.

100% -
80% -
60% -
40%
20%
0% 2002
. 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
mAggressive | 4.5 2.7 59 | 109 | 9.0 | 102 | 13.2 | 16.1 | 1564 | 10.1
OModerate 9.2 3.8 8.8 6.5 6.0 8.4 6.1 7.8 7.8 6.7
B Simple OPC| 6.7 5.7 8.3 5.8 84 | 122 | 6.7 6.4 6.4 6.0
mNo OPC 783 | 878 | 771 | 76.8 | 76.6 | 69.2 | 740 | 69.7 | 704 | 77.3

Pellicle usage seems to remain flat over the years with a two-year higher than normal usage in the “no pellicle”
category. This could be an artifact of the change in the mix of mask shops represented by the survey. There
seems to be upward trends for both DUV and I-line pellicle usage, which could directly result from > 250 nm
node volume increase.

100% -

80% -

60% -

40% +

20% -

0% -

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
| 193nm pellicle 00 | 33 | 67 | 42 | 70 | 6.8 | 45 | 6.1 7.3

@DUV pellicle | 159 | 18.1 | 26.5 | 32.9 | 35.6 | 33.7 | 32.0 | 26.9 | 29.0 | 34.8
Oi-Line pellicle | 70.5 | 59.4 | 58.0 | 41.4 | 421 | 419 | 413 | 41.6 | 40.1 | 451
m Other 9.8 | 35 66 | 8.0 70 | 104 | 56 | 48 | 4.2
aNo pellicle 17.7 | 128 | 88 | 134 | 101 | 104 | 96 | 214 | 201 | 8.6

The combined volumes for the raster spot e-beam tools and the < 50kV shaped e-beam tools have been steadily
declining in favor of the high voltage shaped e-beam tools. Increase in the usage of laser patterning tools is
related to the increase in > 250 nm products.
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100% -
80% -
60% -
40% -
20% -

0% 1
2002 | 5003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
W>50KV Shaped e-beam| 11 | 12 | 11 | 24 | 23 | 21 | 26 | 283 | 274 | 240
mOther 0 0 2 1 1 2 2 | 00 | 00 | 00
O<50kV Spotebeam | 23 | 17 | 16 | 11 | 13 | 13 | 7 | 80 | 42 | 22
m<50kV Shaped e-beam| 20 27 20 16 20 21 16 142 | 140 | 135
mLaser patterned 49 43 52 49 43 43 50 485 | 526 | 60.3

=  The volume percentages for optical metrology tools using < 300 nm wavelength were stable from 2006 through
2010. The reason for the significant increase in 2011 is not clear. Innovative optical means could be deployed to
replace SEM measurements. More data points are needed to see whether we have a real trend. We may
subsequently need to have a better breakdown in this category.

100% -
90% -
80% -
70% -
60% -
50% -
40% 2002
7% | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
mNone 26 | 32 | 60 | 38 | 32 | 39 | 34 | 42 | 45 | 67
BmSEM 24 | 16 | 46 | 93 | 81 | 118 | 128 | 221 | 214 | 119
OOptical <300nm| 3.3 | 18 | 87 | 185 | 75 | 125 | 80 | 124 | 114 | 247
@ Optical >300nm| 88.4 | 93.4 | 80.7 | 685 | 813 | 71.9 | 75.9 | 60.1 | 61.3 | 62.9

= The percentages of die:database and die:die were essentially the same from 2006 through 2010. The die:database
increased dramatically in 2011, perhaps due to the increase in multi devices/shuttle in wafer lots.
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80%

60% -

40% -

20% -+

0%

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
mNo inspection 3.0 1.5 2.7 2.5 2.3 2.2 52 4.7 1.7
mBoth die:die & die:data| 0.2 28.7 | 240 | 30.8 | 241 | 279 | 302 | 272 | 28.8 | 20.0
mDie: database 494 | 428 | 410 | 374 | 37.3 | 336 | 345 | 323 | 33.0 | 50.5
ODie:die 30.9 | 255 | 335 | 291 | 36.0 | 36.2 | 331 | 3563 | 334 | 27.8

=  The no repair percentage had been stable from ~35% to ~40% with a big jump in 2011. This could be the result
of record yield (see below) and the mature technology volume increase in 2011. The use of e-beam repair
steadily increased from 2007 to 2010 and then declined slightly in 2011. This is more likely due to the
disproportionate increase in mature technology volume than in high-end volume. More data points are needed to
better see the trend.

100% -
80% -+
60% -
40% -~
20% -+
0% 2002
A 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
H e-beam repair 0.0 1.5 1.3 5.5 3.3
EFIB 147 | 23.1 | 16.7 | 21.6 | 231 | 231 | 194 | 19.9 | 21.1 | 10.8
® Mechanical 0.0 0.0 1.1 15 | 24 | 27 | 25 | 43 | 41 1.2
O No repair 418 | 34.7 | 423 | 39.8 | 359 | 359 | 40.7 | 38.2 | 34.5 | 56.9
O Laser 473 | 421399 | 37.0 | 385 | 376 | 36.0 | 36.4 | 34.8 | 27.9

= Design data file size averages and 95" percentiles are increasing at a steady pace of 1.4X per year over the ten
years of the survey. This represents a growth of over 3X over the last four years.
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1000.0

a
A
a &
100.0
10.0
1.0
0.1 2002 | 2003 | 2004 2005 | 2008 | 2007 | 2008 2009 2010
}—-—Average 08 | 15 | 15 32 | 27 | 37 | 49 83 137
-=S5th percentiie; 29 | 62 | 66 85 | 146 | 16.5 | 196 559 476
|=-Ave Maximum | 3.40 | 29 61 98 95 176 | 203 419.0 2795

Patterning write time has been gathered since 2007. The average is dominated by the laser patterning tool while
the 95" percentile represents the e-beam patterning write time. Even though the data volumes have been
increasing consistently since 2002, 2010 was the first year when the 95™ percentiles write time increased
significantly (44%). This might imply that e-beam mask writers were not able to keep up with the increasing
data volume in 2010. Such a challenge may have subsequently been resolved as the 95™ percentile write time in
2011 did not increase.

2007 2008 | 2009 | 2010 | 2011
lave Write Time, Hr. | 2.8 3.1 2.8 3.7 3.3
bsth Percent 5.6 5.5 ] 7.2 7.6
Max Wrlte Time 25.4 22.9 28.2 6.8 | 332

Data preparation CPU processing times are starting to increase again, but more data points are needed in future
years.

1000

Hours

DOAverge 1.6 65 59 82 9.1 6 8.0 8.8 8.6 9.6
m95th percentile| 19.3 | 19.9 | 182 | 144 | 143 | 144 | 193 | 17.7 | 180 | 19.7
u Maximum 500 | 360 | 240 150 | 247 160 | 183.0 | 204.0 | 391.8 | 73.0

The average yield for binary masks was at a record high of 97.6% in 2011. Yields have been slowly increasing
over the last six years.
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*Represents survey years (July to June). The 1995 to 1999 data are any data available in the calendar year reported in the 1999 BACUS survey
paper by Brian Grenon.

= The 6-inch PSM yields have generally increased over the last four years. Record yields were achieved for all
three mask categories in 2011.
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= The major process-related yield loss mechanisms are essentially constant from year to year. Hard defects
account for more than half of the yield loss. Human errors (administrative and manufacturing errors) are stable
at about 15%. Critical dimension (CD) mean-to-target is always higher than uniformity and could perhaps
benefit from the feed backward/forward protocols often used in wafer fabs. The chart below combines binary
and PSM losses.
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<D
|
1

Hard def Mifg error Admin error CD mean CD uniformity Registration Soft def Mount Soft def

2002 49.1 12.8 5.7 12.6 3.1 7.2 3.6 5.2
32003 58.0 16.6 29 104 24 2.7 36 2.6
02004 41.7 219 8.4 13.2 23 4.4 5.7 23
02005 484 149 1.6 12.0 32 52 10.1 44
W2006 49.1 15.6 6.6 12.0 1.5 2.1 5.1 23
232007 57.5 154 5.2 10.5 4.8 3.2 1.4 1.9
w2008 569 8.2 5.1 11.6 2.1 53 4.6 3.8
02009 57.5 10.2 4.5 10.7 3.8 4.5 4.6 21
W2010 522 13.9 43 9.1 4.3 3.3 6.5 4.7

2011 57.5 13.2 44 145 1.9 32 5.1 0.1

Delivery times vary significantly by the types of masks. Experience anticipates this as the yields are the major
driver for delivery times. OPC masks take longer to manufacture due to their increased complexity and write
times. Both attenuated and alternating PSMs take longer because of additional lithography and processing steps
as compared to binary masks. In general, delivery times have been stable even though the content and

complexity are increasing.

Delivery Times for First Three Layers

Days
(o))

(8}
L

Binary OPC Att PSM Alt PSM

02002 2.6 5.3 10.4 4.4
@m 2003 2.7 4.5 7.3 10.0
m 2004 3.3 3.3 5.9 7.3
02005 2.9 4.2 5.2 5.5
m 2006 2.6 3.0 5.5 10.0
= 2007 2.3 2.7 4.4 10.0
m 2008 2.5 3.0 4.9 10.0
02009 2.0 2.7 4.6 8.6
m 2010 2.2 2.8 5.1 7.0

2011 2.6 3.1 5.8 11.6

As expected, the delivery times for the first three layers are better than the average delivery times.
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Average Delivery Times

30 -
25
20 ~
2 15 -
)
10 s
0 Binary OPC Att PSM Alt PSM

02002 6.4 8.7 13.8 29.5
@2003 5.5 7.2 111 234
m2004 6.1 75 10.2 16.9
02006 5.8 7.1 9.2 20.4
@2006 4.8 5.6 8.9 15.1
@2007 4.0 5.1 6.3 105
m2008 4.0 45 7.7 10.6
02009 3.8 4.2 6.8 11.3
m2010 36 4.1 7.4 11.1
2011 35 38 7.6 20.1

Mask maintenance service was required most often for replacing damaged pellicles. Retraining of in-fab reticle
handling procedures may be needed. The “other” category is growing at a significant pace and needs to be
refined as new categories in future year’s surveys.

60

0 T
A i
-
i
|
10
!
H =
pdEEilE — =
= L 8 i = - _
W | [ Il o | 5 [ ] [ ]
W | [ IL =l i [ | [ |
20 Hl | FEE i HE T B -
W | WS ] e ] I | [ | [ |
W | e W] 0| H n-0 [ |
o LM | W W W TR 0| _ = [1HR - [ |
W | T | ET R [Th —~ - run Il | |
o7 - 193um [ Z4snm 365am
Damaged Non-removable Particles under ) - N o
vellicle sarticles Other vellicle Damaged Mask Exposure Exposure Exposure
P G F degradation degradation degradation
@2002 50.1 29.0 9.8 12 38 0.0 0.0
m2003 347 216 19.1 56 6.7 6.7 35
02004 39.0 19.0 17.1 6.2 7.9 5.9 5.0
02005 475 126 17.0 08 0.0 21 25
02006 27.1 227 13.9 10.0 44 15.2 10.9 0.1
22007 31.0 17.8 276 2.6 3.0 34 27 0.0
m2008 257 248 19.4 39 4.9 13.6 4.1 3.7
2009 206 29.5 214 3.7 7.5 129 6.1 1.3
m2010 142 15 14 6.7 11.7 339 39 26.7
2011 234 23.3 26.9 44 3.6 187 6.1 0.7
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= When the 2011 photo-induced degradation service rates are normalized with the percentage of masks shipped,
there is a strong dependence on exposure wavelengths. The normalized damage rate for 193 nm is 9X that of
248 nm and 100X of 365 nm.

100 0%

0.0%

| W Normalize % 0.9% 9.7% 89.4%

4. CONCLUSIONS

We received survey data from 11 companies this year, which was a record high since the beginning of the series. The
responding companies represented more than 96% of the mask volume shipped and about 90% of the 2011 revenue for
the photomask industry. This database provided a good understanding of the state of the photomask industry.

The economic downturn from 2008 to 2009 and our unsatiated appetite for mobile applications have a lasting impact on
the landscape of the photomask industry. Mask volume increased significantly for the > 250 nm nodes in 2010 and 2011,
indicating a number of relevant and innovative products using the mature nodes. The high-end device makers continue
their investments in shrinking feature sizes. The mask volume for the < 45 nm nodes continued to increase at an
approximate growth rate of 70% from 2007 to 2011. While Logic designs are still driving the majority of the mask
volume, the memory percentage is now trending up and microprocessors trending downward. The percentage of
RF/mixed signal and SOC products remains stable. More data points are needed to see whether such trends can be
sustained.

Mask yields for binary, EAPSM, and AAPSM are at an all-time high. Hard defects continue to be the major factor in
yield loss, cost, and delivery time. Data file sizes continue to increase with the 95™ percentile at a growth rate of
1.4X/year. The productivity of e-beam writers must continuously be improved to maintain the current level of write time
and keep pace with growing file sizes. Data preparation times vary among respondents, which may reflect the different
industry segments addressed by each mask maker.
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