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Abstract
Mask data file sizes are increasing as we move temhnology generation to generation. The histbB6&6
linear shrink every 2-3 years that has been céledre’s Law, has driven a doubling of the transisiodget
and hence feature count. The transition from stepjmestep-and-scan tools has increased the arba ofiask
that needs to be patterned. At the 130nm node afmivb Optical Proximity Correction (OPC) has become
prevalent, and the edge fragmentation requirednpldment OPC leads to an increase in the number of
polygons required to define the layout. Furtherm@&esolution Enhancement Techniques (RETSs) su&ubs
Resolution Assist Features (SRAFs) or tri-tone Bhakift Masks (PSM) require additional featuresb&o
defined on the mask which do not resolve on theewdtirther increasing masks volumes. In this paper
review historical data on mask file sizes for mpnaxessor, DRAM and Flash memory designs. We censid
the consequences of this increase in file size askvData Prep (MDP) activities, both within theefpated
Device Manufacturer (IDM) and Mask Shop, namelympater resources, storage and networks (for file
transfer). The impact of larger file sizes on masking times is also reviewed. Finally we consideased on
the trends that have been observed over the lasttnology nodes, what will be required to maintain
reasonable MDP and mask manufacturing cycle times.
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1.0 Introduction

Optical lithography continues to be used for legedge IC mass-production. Table 1 shows a typezlure
size roadmap for microprocessor technology. Wite ttevelopment of immersion lithography, and the
anticipated development of higher-index fluidssiexpected that the 32nm node will be achievexdgus®3nm
lithography. To mitigate the small Depth of FocOF) implied by the larger Numerical Apertures (NAs
RETs such as Off Axis lllumination (OAl), SRAFs aR&Ms have been employed. In addition to advances i
stepper and resist design, we have steadily redhedd factor moving closer and closer to the theoreticait

of 0.25. To correct for the increasingly largeteysatic biases inherent in a low{srocess, OPC is required.
Initially, OPC amounted to a few simple rules toreot biases between 1-D features. These couldtekiorm

of either Rule Based OPC or Table Based OPC. &atsife sizes decrease and 2-D patterns requirections,
the OPC rules became increasingly complex. Arolned1f30-90nm technology nodes a switch was made to
model-based OPCwhere a calibrated process model is used torditerthe ideal edge movement required to
print the original design target.

Year of | Technology Field Size

Production Node Wavelengthl NA| (Mmxmm) | = OPC

1998 250 248 0.57| 22x22 0.712 Target Sizing
2000 180 248 0.7 22 X 22 0.64 Rule Based
2002 130 248 0.8 22X 22 0.52 | Rule & Model

26 x 33 based

2004 90 193 0.75 26 x33 0.44 Model based
2006 65 193 0.93 26 x 33 0.39 Model based
2008 45 193 1.2 26 X 33 0.35 Model based
2010 32 193 1.5 26 x 33 0.31 Model based

Table 1: Technology Roadmap for Optical LithografdryMicroprocessors
* k1 (logic) is defined for the half pitch of the mefalayer, i.e. 1.25*node*(NA/)



The pervasive use of OPC has lead to a dramatiedse in the complexity of the MDP process. The MDP
resources have transformed from single-workstatiortsigh-performance computing clusters. 64-bitrapieg
systems are required to handle the multi-GB filesicreated. Large disk arrays are required te $har data
and fibre-optic data networks are needed to prowidequate file transfer rates. The ITRfs started to
include mask file sizes (defined as “The maximufe Bize for uncompressed data for a single layer as
presented to a raster tool”) as part of their ragolnmin this paper we present actual file sizes fidkiD
microprocessor and Flash designs as well as InfiftfAM designs to evaluate whether the ITRS préatist

are accurate.

MDP complexity in the IDM primarily concerns computresources. In the mask shop, in addition to data
manipulation, these files sizes have significarast on tool throughput, productivity and ultimgteh mask
cost. Mask patterning for critical layers for 130tenhnologies and below has shifted from Rastar schigh-

keV Variable Shaped Beam (VSB) tools. For any paldir tool, the write time is somewhat proportiotzathe
number of shots (rectangular or triangular) thad® be exposed. An accurate prediction of thé atant is
crucial for development of new VSB e-beam toold thidl deliver reasonable write times at an affdstéacost.

2.0 Mask Data Preparation

2.1 Increase in shot count due to OPC

To make MB-OPC accurate it is important to creatffident edge fragments to allow for proper coti@c.
Fragments are typically created near corners am dnds (intra-feature) and at locations whereettzee
nearby adjacent features (inter-feature). As thdastor decreases, more patterns fall within thdéicap
interaction radius of the lithography system/(NA) and consequently the amount of fragmentatimmdases.

Table 2 shows the shot count multiplier (for a JE@ittern generator) i.e., the ratio between drameh post-
OPC layout, for some different layers in a Micramssor and DRAM technologies at the 90nm nodehén t
case of the DRAM data, the estimate of the muéipié based on CFLT data. It is interesting to nib& for
production layers, the OPC multipliers for both DRANnd Logic lie in the range 1-2.2.

90nm Logic 90nm
90nm Logic | Aggressive DRAM*
Active 1.7 14.2 2.2
Poly 1.7 7.5 2
CT 1 5.8 1.1
Metal 2.2 4.7 14

Table 2: OPC Shot Count Multipliers
* Shot count multiplier based on CFLT data

As an exercise to see how large the OPC shot amuitipliers might become in future technologies, we
performed aggressive fragmentation on the 90nmapiocessor layouts by setting the maximum fragment
length to be ~30nm. This is denser than the “Nyquiiit” (A/4(1+0)NA for partially coherent imaging) so
hopefully represents an upper limit to the OPC ipligr for the edge-based OPC approaches currently
employed. There is still considerable room for Ogdthplexity to increase — in the aggressive caseskiot-
count-increase ranges from 4.5x to 14x the drawa. dagure 1 shows examples of the drawn, stan@&a

and aggressive OPC layout for 90nm metal 1 designs.

We have also looked at the impact of tiling and $RAIn dense layouts such as Active, Poly and Nldted

opportunity to place tiling and SRAFs is fairly ltled and so there tend to be much fewer of thegeds than
the drawn data. Since tiles and SRAFs typicallyndbget OPC we find that the impact on the fileesiz not

significant. For contacts the difference in the 8ize is significant (since each contact may aequie or more
SRAFs), but since the initial figure count is lovtieis is still manageable.



gl

Figure 1b: Standard OPC Figure 1c: Aggressive OPC

Figure la: Drawn Metal 1

2.2 Comparison of historical shot count and CFLAifad

Increase in OPC complexity is of course only onatmioutor to the increase in the data file sizet tisa
transferred to the mask shop. Decreasing feataeepsoduces significantly more complex designsageén in
current generation multi-core microprocessors aigdi®t DRAM chips. An additional factor is the neased
stepper field size that increases the number qisgbér reticle that need to be written on the letic

To study the increase in file size presented to sk shop, we have collected file size data for
microprocessor, DRAM and Flash Memory designs ftben250nm generation down to the 65nm generation.
Unfortunately we do not have shot count data foofahe data, so to make a consistent comparisowill use

the CLFT file size as a constant metric. CFLT igadtern file format most commonly used to transfersk
data to the mask shop. Our own studies (not puisindicate that, for microprocessors, the CFL& gize
correlates to the shot count reasonably well. Eifta shows the uncompressed CFLT file size fowiddal
product die per node. This data is representativihe file sized transferred between the custoaret the
mask shop. The data at each node is a combinatidifferent critical layers and different producihe SIA
roadmap maximum single layer CFLT file size is shdar comparison. It is clear that none of the vidlial
files is near to the ITRS prediction.

All the files in figure 2a are for multi-die retéd, to calculate the worst case single die retwelanultiplied the
file sizes in figure 2a by the number of dice andled to the largest exposure field available. Tamesents
the size of the file that will be presented to fadtern generator. The results of this calculatiom shown in
figure 2b. By this metric we see that although IfRRS estimate was much too large for 250nm teclgylo
node that by the 90nm node the Full Field dataisintose to the ITRS maximum file estimate (Weestgghe
65nm data to get much closer to the ITRS predic®more designs are released). The rate of file@se for
actual data is faster than predicted by the ITR®)ying a crossover around the 45nm

File Size (CFLT - GB)

10000
1000
100
10

0.1
0.01

0.001

Single Die FileSize

o

T T T T T
50 100 150 200 250
Technology Node (nm)

‘ < Microprocessor @ DRAM A FLASH +rrRS‘

300

Files Size (CFLT GB)

10000

1000 -

100

10 4

0.1

0.01

0.001

Full reticle file size

.y

°H

50 100 150 200 250
Technology Node

‘ <& Microprocessor @ DRAM A FLASH +ITRS‘

300

Figure 2a: Individual file size by node

gtiie 2b: Full field file size by node




2.3 MDP Runtimes

2.3.1 OPC Runtimes

The complexity of the OPC calculations createsi@amt computational demands. The charts beloig. (Ba
and Fig. 3b) demonstrate the trend for both the tieze and cpu time for two key layers across five
microprocessor technology generations. The 90nr@ ©d&culations were the first to require multi-tued
processing. As the scope of 65nm OPC was compdelderit became clear that more cpus needed to be
deployed and required a migration from multi-theddapplications to a distributed system. It is not
uncommon to use from 100 to 200 nodes/cpus foriteadrlayer 65nm OPC calculations. Because of the
availability of affordable high performance 64-k86 systems, such as AMD Opteron™, the cost oflénge
increase in compute time has been negligible. Gingard it is anticipated that similar cost redons can
not be achieved if 20-fold increases in computagiower are required. Consequently, strong effaaigeo be
made to manage OPC run time by managing OPC coitypnd though OPC algorithm enhancements.
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Figure 3a: OPC Run Time, Metall Figure 3b: ORM@ Rime, Poly

2.3.2 File Transfer from IDM to Mask Shop

The conclusion of section 2.2 is that if we folltve current trend, a 1 TB full-fieldncompresse@FLAT? file

is likely at the 45nm node and that individual chipes of >100GB will be seen. There are sevemajpression
techniques that can reduce the data volume: fromerge gzip to application specific compression to
hierarchical forms of data , such as CREEach of these options has to be examined tordiete which offers
the best ROI as each has trade-offs in cost aradptap cycle time. A distinct possibility thatbeginning to
be utilized is the new OASfSormat for stream data. A likely flow would uzé OASIS data as the format to
hand-off to the mask shop. With typical reductiamdile size of 10-30x (for GDS data), it appe#nat an
OASIS-based flow would prevent data file size issdem being a significant problem for another 2
technology nodes. This flow, however, requires gration from a fracture format data, like CFLAT, &
polygon based-data format.

With these large data sets, the transfer to th& stasp has become challenging. Dedicated T1 liek& been
the standard for secure reliable transfers utijzsnmple FTP. The increase in data volume as aglthe
sporadic nature of mask data transfers meanshbatide of dedicated, high-bandwidth circuits istlgcesnd

ineffective. The current trend is to use dedicaté®N tunnels over existing public circuits to actde
acceptable performance. Throughput for these gordtions is reasonable using single threaded feems
while maximum performance can be achieved usingiftiubaded transfers. In regards to internal sfens,

there is obviously a need for high bandwidth, l@atehcy connectivity for effective collaboration ghobal

companies. Despite the caveats mentioned, we arfiddent that data volumes and file transfer wilinggn

manageable problems for the next 2 technology nodes



2.3.3 Mask Shop Data Prep Issues

Typically, most mask shops do not perform OPC, hawvehe number of data manipulations performedén t
mask shop is increasing. Traditional activitieshsas tone reversal, biasing and conversion to tmeect
pattern generator format are all impacted by tloeeimsing post-OPC file size. Newer activities, sastiMask
Manufacturability Rule Checks (MRCsjre also driving increasing computation requireisién the mask
shop Luckily, while Moore’s Law drives the increasalata complexity it also makes possible fastenputers
at lower cost. Even with the introduction of distried parallel processing schemes, the hardwaretcos
maintain a constant 4-hour cycle time has decreaseshown in figure 4a. Unfortunately the samenoabe
said for MDP software costs, which, while constantleclining up to 2002 have begun to climb sigaifitly
as shown in figure 4b.
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2.4 Comments on Microprocessor vs Memory designs

[Comment: | would really like to have the shot couhdata for DRAM here so we can say with confidence
whether the CFLAT data is preserving hierarchy andwhether the comparison of CFLAT data between
Logic and Memory predicts the shot count.]

The data presented in this paper from Microprogedesigns is probably a reasonable predictor foerlogic
designs such as ASICs, GPUs, Chipsets and even £PBRAM and FLASH memory have also been
included. Looking at the post-OPC file sizes for AR and FLASH files, we find that in both cases the
CFLAT file size and shot counts are significantipadler than for logic parts made at the same telogyo
node. (despite the fact that the minimum pitchgonm DRAM is ~180nm, versus 240nm -280nm for 90nm
Logic. The post-OPC (CFLT) data for memory designsmaller than microprocessor designs because they
have very hierarchical layout, and a significantoant of the hierarchy is maintained after OPC. Fhet
count, however, represents fully flattened dataer&rare a couple of factors specific to memorygiesivhich
keep the shot count acceptable: i) the layout ef BIRAM® and FLASH bitcells comprises mostly of long
straight lines (figures 5a and b), as such the @RGiplier for the core is ~1 and ii) with a maximushot size

of ~ Jum? it is possible to define multiple bitcell elementish a single exposure shot.
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3.0 Impact of file size on write time

3.1 Historical Write time data

Prior to the 130nm node, AMD used laser patterregiors exclusively for mask writing. These tooe @
raster-beam strategy and address every pixel om#s& during the write process. As a consequemiessithe
data is very dense and the data transfer ratenaltén the write tool becomes the rate limitingpstiéne write
times for these tools are tightly distributed amartypical, 120 minute, write time.

Beginning at the 130nm node AMD adopted a stratégysing both VSB e-beam and laser pattern genarato
Write times for VSB masks written by AMD (micropessor layouts) and Toppan Photomasks Inc. (many
kinds of layouts including DRAM and Logic) over ayBar period are shown in figure 5a and 5b. Wecnoti
that in both cases the average write time has redaiemarkably constant over time. The median vidue
Toppan Photomasks Inc. is somewhat higher thai\fdD (500 vs 400 minutes). The percentage of masks
with write times > 1000 minutes is 5% and 2% retipely.
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Figure 5a: Toppan Photomask Write Times Fidar: AMD Write Times

3.2 Variable Shaped Beam (VSB) Writers

All leading edge masks are made on Variable Sh&gean (VSB) e-beam writers. There are two main agiti

strategies.

1) Stepping Stage: In this arrangement, the pattedivided into square fields. The patterns withicleield
are composed of a multitude of rectangular (orame cases 45° triangular) shots. The stage is estlepp
from field to field and the beam is deflected witleiach field to expose each shot serially.

2) Scanning Stage: In this arrangement, the pattedivided into rectangular stripes. The patternshimit
each field are composed of a multitude of rectaang(dr in some cases 45° triangular) shots. Séagas
each stripe and retraces, the shots are exposetiédly”. Stage speed is determined by local sleotsity




Complex write time estimation models can be madetHese two writing strategied-or the stepping stage
approach it is necessary to know the stage movesettie time, field size and pattern extents tawate the
time to step across the full extent of the retifléthin each field it is necessary to know the nembf shots,
the time to expose each shot and the deflectde gette and other overheads. For the scanning sthgeshot
exposure time, based on beam intensity and resistsitivity, and local shot density determine stageed.
Knowing the scan height, pattern extents and steigace time, the write time can be calculated.

If estimating the write time to within 25% accurasysufficient, however, it appears that a simpiedr model
may be sufficient. Figure 6 shows linear fits te thrite time versus shot count data for two gei@matof VSB
tool (from 2 different manufacturers).Particulaftyr patterns of equal extents, shot count is aomasy
accurate predictor of relative write time.
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Figure 6: Write Time as a function of Shot Count

4.0 Discussion

4.1 Expected OPC multipliers

We consider two different approaches to calculageeixpected shot count density for future technoluades
(using only microprocessor data). In the first metho estimate the OPC multiplier we consider the &T
density perum?. Figure 7 shows the data from figures 2a and tlatted in this manner. Based on the fit to
the data we predict ~2.15x increase in featureityepsr generation (versus 2x implied by Moorew)a
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A second estimate of OPC multiplier can be madagusiie data in table 1. Simple scaling tells ug tha
figure count will increase as (pitch) The OPC interaction radius (i.e. the distancer avieich a particular
geometry may influence, optically, another) is mnajpnal to k™. Combining the feature size and data in
table 1 we calculate a shot count multiplicatieent shown in figure 8. Based on this data a 2.6xease in
overall figure count per generation is expected.
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Figure 8: Estimated Figure Count Multiplier frombla 1.

4.2 Expected shot counts

Since the field size for scanners is limited by thmices of 4x magnification and 6" reticle subtssato
26mmx 33mm on the wafer we do not anticipate amyeiase in the reticle written are to occur at theod
32nm nodes. Furthermore, we do not anticipate adical change in the model based OPC approackes. i.
although the fragmentation may increase modestiy fnode to node we do not expect a change to passd
masks. Extrapolating current trends indicates Myuist sampling will be achieved for some levejstbe
32nm node. Consequently, a worst case scenaricdvpoatlict figure counts per node to increase kyctof of
~2.15 - 2.5, based on the analysis in sectionvefs(s the doubling implied by Moore’s law).



4.3 Anticipated write tool improvements

Will e-beam writers be able to keep up with theéase in shot count? Current data shows that iergkethe
VSB tools have done a good job of improving perfance to keep the average write time a constant (see
figures 5a and 5b).

To explore the potential of VSB tools to accommediie expected increase in shot count from nodede

we generated a simple write time model for a stépgtage VSB tool similar to the JEOL 9000MVII and
3030MV tools currently in use at Toppan PhotomaSksee components of write time are consideredot sh
exposure time (resist exposure), stage movemeet (fiositioning the stage under the electron bedomuy
and shot overhead (deflection electronics stahiiie constant). Shot exposure time is simply #®st dose
expressed C/ctrdivided by the beam current density (AR multiplied by the shot count. Stage movement
time is equal to the area of the mask pattern dividy the area of a field multiplied by the humbéstage
passes. Beam overhead is the summation of sewsrdiead constants multiplied by the shot countlanthe
number of passes. The write conditions for a hygtathl 90-nm pP metal-1 layer were used as a Inastdi
study the impact of increasing shot count from nmdeode. With a pattern area equal to the sizz sfanner
field (104 x 132 mm at mask scale) and a shot cofirit5 billion shots the total predicted write tirne a
JEOL-9000 is 14.3 hours of which 19% is stage ma@rnime, 52% is shot exposure time, and 29% i$ sho
overhead. Given the limitations on increasing tkgosure area based on scanner field size, the priohange
from node to node will be an increase in shot cobigure 9 illustrates the projected increase iitemime,
assuming only a 2x increase in shot count per telcgy node Stage motion time remains constant since the
pattern extents haven't changed. Shot exposureammdeshot overhead increase linearly with shot tdenom
this example it becomes clear that reducing thé time and shot overhead are key to maintaininguginput

as shot count increases.
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To reduce exposure time it is necessary to eitbéuge the dose required to expose the resist dsereesist
sensitivity) or increase the current density of bleam. Increasing the resist sensitivity might bssgble, but
there are no known solutions at this time. In addjtshot noise has been suggested as a fundartieritation

of sensitivity that may reduce the value of highensitivity resisfs Increasing current density is possible and
current generation VSB tools employ up to 50 A/dream currents compared to earlier generationsutet

10 Alcnt. It is expected that beam current densities abup00 A/cni may be possible although resist heating
effects may limit the maximum current density pbsiwithout impacting CD performaride The traditional
method to compensate for heating effects is toeeme the number of passes, thereby dividing theénigea
impact into multiple exposures separated by tintgs Tncreases both the stage movement time andhbie
overhead time and reduces the value of lower expdsue. Figure 10 illustrates the impact of inciag beam
current from 10 A/crhto 100 A/cnf on total write time. Because shot exposure tinueaats for only ~50% of
the total time, increasing beam current alone baolys us about a single technology node write tingures 11
and 12 show similar analyses for reducing stageement time and shot settling time, a major compbnén



shot overhead. Reducing stage movement from 350on®0 ms only improves write time by 15-20%.
Reducing shot settling time from 350 ns to 10 rig bays us 25% improvement in write time.
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What if we were able to build a hypothetical tdwhttincorporated all of the potential improvematitssussed
into one tool? Figures 13a and 13b explore thisipdgy. We plot the predicted write time from ti®&®-nm
node through the 32-nm node for a 90-nm write tadd5-nm write tool, and the hypothetical futurelidhe
90-nm tool model is similar to the JEOL 9000MVlidathe 65-nm tool model is similar to the JEOL 3030M
Note that the 65-nm tool model suggests managksdp pace with the increase in shot count, andighosir
practical experience as well. In figure 13a wevahthe write times assuming only a 2x increasehot sount
per technology node. In figure 13b we indicatewinige times for a 2.5x increase in shot count &sljoted by
historical data in sections 4.1 and 4.1. The hygtithl future tool also seems to support sub-2Qftevtimes if
introduced by the 32-nm node and strong effortsnaade to limit shot count increases to 2x per ndidere
13a), however if 2.5x shot count increases per @odexpected then write time will be nearer 48@member
that this tool may require measures to reducetriesiing effects. Methods that use multiple passiseduce
the throughput by on the order of an additional 5@% shown by the “Future Tool 4-pass” model inurfegs
13a and 13b). Other methods like shot ordering ausersely affect throughput
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4.4 Inverse Image Mask€omment — Should we remove this section?]

Our prediction is that there will not be any majbange in the way OPC is performed down to the 32ade.
However, in pursuit of the optimum image many dueatschemes are being proposed. One of particular
interest to the mask maker is the inverse imagimgkmProposed many years ago by Wang and’Rié



concept is to consider the mask as a continuouseftnansmission object, find the best mask solutfiat
optimized edge placement and image contrast metridshen discretize the final object to a limiteanber of
phases and transmissions. An example of such a (aksig with the original design) is shown in figarl4 a
and b below. In this case (particularly becausthefuse of arbitrarily angled lines to define tlatgrns) the
OPC multiplier is ~ 500! Simplification of this mags possible. As a practical guideline, if theafishot count
can be less than that for a metal 1 mask thenllibeipossible to write the mask based on our ttethmeans
that the figure count multiplier for the contactidéevel must be 5-6, about 100x less than theeotiesign.
(Inspection of the final mask is another issue taicannot consider in this paper).
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Figure 14a: Original Design Figure 14b: Invensmge Mask

5.0 Conclusions

We have studied the historic trends of file size feask data. We have presented data from leadigg ed
microprocessor and memory designs and observethbatiata-processing issues and mask shot counts are
primarily driven by random logic designs with modalsed OPC. We have seen that despite the intioduaft

OPC and RETs which result in additional (non-prig}i mask geometries, shot counts have increased mor
slowly than we had expected; by only ~2.5x perenfddoore’s Law alone would predict 2x). Additionalho

“step function” in data volumes for microprocessmas seen over the 5 technology nodes studiedoéd

the computational and data storage resources eghtgarsupport this have gone up significantly,ittoeease in
semiconductor component and system performancdeshbi Moore’s law has supported this and even fead
lower hardware costs, although the same cannatileo§ software costs.

When considering the progress in write time of Vi&Beam tools we observe that the write time faticeti
plates has remained remarkably constant over giclgears. We speculate, based on reasonableatesiof
beam current and beam settle time improvementsnthaks for the 32nm node may still be written owgla
beam VSB tools. However, for this to occur it viiét necessary for OPC engineers to be more awdne shot
count of their OPC layout as any significant daeiafrom a 2x per generation shot count increadeledd to
significant increases in write time. Novel RETS sti# being proposed, but however the final outmay look,
it is not possible for these masks to significamtkgeed the shot count of today’s masks with threeati VSB
tools. Consequently there will be a premium on wative schemes to simplify such designs withoutifeing
performance. Finally we would like to recommendt thlaot count data be more widely available, botlaras
estimate generated when the OPC run is comple@éafeedback from the mask shop when the actust ma
has been written.



6.0 Acknowledgements

The authors would like to acknowledge the assistamic Travis Lewis of AMD for assistance with file
transfers. The authors would also like to thank sy Shang and Yuri Granik of Mentor Graphics for
providing the inverse image masks design.

7.0 References

1. N Cobb, A Zakhor and E Miloslavsky “MathematicadaBAD framework for proximity correction” Proc
SPIE Vol 2726 (1996) pp. 208-222

2. http://www.itrs.net/Common/2004Update/2004Updata.ht

3. Add CFLT and Oasis references

4. R. Gladhill, et al., “Advanced manufacturing ruleeeck (MRC) for fully-automated assessment of
complex reticle designs”, 25th Annual BACUS Sympasi SPIE Vol 5992, 2005.

5. J. Amon et al“A highly manufacturable deep trench based DRAM legibut with a planar array device
in a 70nm technologylEDM Tech. Dig, pp 73 - 76, 2004.

6. Fabian Pease et al., “Charged Particle Masklesegiaphy”, ISMT Meeting on Charged Particle
Maskless Lithography, January 18, 2005

7. N. Kuwahara, et al., “Preliminary evaluation of xiroity and resist heating effects observed in high
acceleration voltage e-beam writing for 180-nm-aegiend rule reticle fabrication”, SPIE Symposium on
Photomask and X-ray Mask Technology VI, SPIE Vol&7pp 115-125, 1999.

8. H. Sakurai, “Resist Heating Effect on 50 keV EB Ka&griting”, SPIE Symposium on Photomask and X-
ray Mask Technology VI, SPIE Vol 3748, pp 126-13899.

9. S. Babin, et al., “Resist Heating Dependence onftalith Scheduling in 50 keV Electron Beam
Maskmaking”, Photomask and Next-Generation LithpgyeMask Technology X, SPIE Vol. 5130, pp
718-726, 2003.

10. Y-T Wang, Y.C. Pati, H Watanabe and T Kailath, P®IE Vol. 2440 pp. 290-301 (1995)

# This paper is largely derived from a previous pafddask Data Volume — Explosion or Damp Squib?”

Presented at the 2005 BACUS Photomask Symposiunfe (8#. 5922 in press). The major changes in this
paper are the inclusion of DRAM and FLASH memorjadand some changes of wording for clarificatiod an

to make the conclusions clearer.

For correspondence regarding this paper pleasadont

*Chris Spence, 1 AMD Place, Mailstop 78, Sunnyvala, 94088-3453,
email:christopher.spence@amd.com

“Peter Buck, 23932 NE Glisan StreGtesham, OR 97030
email:peter.buck@photomask.com




