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ABSTRACT

Future lithography systems must produce chips witialler feature sizes, while maintaining throughparmparable to
today’s optical lithography systems. This placegsgent data handling requirements on the desigangfdirect-write
maskless system. To achieve the throughput of caferwayer per minute with a direct-write masklégsography
system, using 22 nm pixels for 45 nm technologylata rate of 12 Tb/s is required. In our past netgave have
developed a datapath architecture for direct-vitiegraphy systems, and have shown that losslesgression plays a
key role in reducing throughput requirements ofhssgstems. Our approach integrates a low compléatylware-
based decoder with the writers, in order to de@dempressed data layer in real time on the fliddimg so, we have
developed a spectrum of lossless compression #igwifor integrated circuit rasterized layout dedaprovide a
tradeoff between compression efficiency and hardwamplexity, the most promising of which is Blo&olomb
Context Copy Coding (Block GC3). In this paper, present the synthesis results of the Block GC3 diexctor both
FPGA and ASIC implementations. For one Block GC8odier, 3233 slice flip-flops and 3086 4-input LUAre utilized
in a Xilinx Virtex Il Pro 70 FPGA, which corresposido 4% of its resources, along with 1.7 KB of intd memory.
The system runs at 100 MHz clock rate, with theral®utput rate of 495 Mb/s for a single decoddre corresponding
ASIC implementation results in a 0.07 fesign with the maximum output rate of 2.47 Gliisaddition to the
decoder implementation results, we discuss othedwsre implementation issues for the writer systdata path,
including on-chip input/output buffering, error prmgation control, and input data stream packadihg hardware data
path implementation is independent of the writestegns or data link types, and can be integrateld avititrary direct-
write lithography systems.
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1. INTRODUCTION

Future lithography systems must produce chips witialler feature sizes, while maintaining throughgarmparable to
today’s optical lithography systems. This placegmgent data handling requirements on the desigangfdirect-write
maskless system. Optical projection systems usask o project the entire chip pattern in one flafsh entire wafer
can then be written in a few thousands of sucthfiasTo be competitive with today’s optical lithaghy systems,
direct-write maskless lithography needs to achitéveughput of one wafer layer per minute. In addifito achieve the
required 1nm edge placement with 22 nm pixels imabtechnology, a 5-bit per pixel data represemtats needed.
Combining these together, the data rate requirefoert maskless lithography system is about 12.Thdsachieve such
a data rate, we have proposed a data path archm#geshown in Fig. 1[1]. In this architecture, ragted, flattened
layouts of an integrated circuit (IC) are compresaad stored in a mass storage system. The coregrésgouts are
then transferred to the processor board with enooggmory to store one layer at a time. This boaitttien transfer the
compressed layout to the writer chip, composed lafge number of decoders and actual writing elémérhe outputs
of the decoders correspond to uncompressed laydat dnd are fed into D/A converters driving théting elements
such as a micro-mirror array or E-beam writers.
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Fig. 1 The data-delivery path of the direct-wrigstems.

In the proposed data-delivery path, compressioreéded to minimize the transfer rate between thegssor board and
the writer chip, and also to minimize the requitésk space to store the layout data. Since thexedarge number of
decoders operating in parallel on the writer cli@thieve the projected output data rate, an immpbrequirement for
any compression algorithm is to have an extremaly decode complexity. To this end, we have propasesdries of
lossless layout compression algorithms for flattemasterized data. In particular, Block Golomb t@ah Copy Coding
(Block GC3) has been shown to outperform all emgtiechniques such as BZIP2, 2D-LZ, and LZ77 imterof
compression efficiency, especially under limitedatder buffer size and hardware complexity, as reguior hardware
implementation[2][3].

In this paper, we present FPGA implementation ef Block GC3 decoder. In Section 2, we review of BI&GC3

algorithm. In Section 3, we present implementatssues related to Block GC3 decoder, modificatiofithe algorithm
to reduce complexity, and its FPGA and ASIC synthessults. In Section 4, we discuss integratiothefdecoder into
the writing system, data buffering, error propagatcontrol, and data packaging. Conclusions andréutvork are
presented in Section 5.

2. OVERVIEW OF BLOCK GC3

There are two prominent characteristics for rasteti flatten layout images: Manhattan shape ofperns, and
repetitiveness of the patterns. To compress thegés efficiently, we must utilize both charactérsstby either
predicting the pixel value from its neighborhoodpteserve the horizontal and vertical edges opttéerns, or copying
the patterns directly from the buffer to exploiethepetition of the data. The family of Context €dpombinatorial
Code (C4) compression algorithms combines thosetéwbniques to achieve lossless compression forasierized
layout images. Among those algorithms, Block GC3% Heeen shown to be a suitable candidate for haedwar
implementation [1]-[3].

Fig. 2 shows a high-level block diagram of the BI&8C3 encoder and decoder for flattened, rastergrag-level

layout images. The detailed description of the @ilgm can be found in [3]. First, "Find best coggtdnce" block finds
the best matching pattern in the buffer for dirempying on the macroblock basis. Then, for eachrofdack, the

copied pattern is compared with the 3-pixel basesdlipt pattern, and the one with fewest mismatckeigcted. This
generates a segmentation map, indicating for eaarahlock, whether copy or predict technique isliadpand where
to copy the pattern from. Based on the segmentatiap, the result is compared to the actual valuherayout image.
Correct pixel values are assigned a "0" and incbwelues are assigned a "1". The pixel error iooais compressed
losslessly by the Golomb run-length code, and titeesponding pixel error value is compressed byHt#man code.
These compressed bit streams are transmitted tetteder, along with the segmentation map.

The decoder mirrors the encoder, but skips the &arocess necessary to determine the segmentatipn obtained
from the encoder. The Golomb run-length decodepihgeesses the error location bits from the encollerspecified

by the segmentation map, the Predict/Copy blocknasés each pixel value, either by copying or bgdgtion. If the

error location bit is "0", the pixel value is coetpotherwise, it is incorrect, and must be reptabg the actual pixel
value decoded from Huffman decoder. There is nansegation performed in the Block GC3 decoder, sas it
considerably simpler to implement than the encolitepractice, the encoding process is done offlare] the resulting
compressed data is stored for writing process, @dwthe decompression is done on-the-fly in harelwaregrated with
the writer system. Therefore, the decoder must tawecomplexity implementation; Block GC3 decodatisfies this

criterion.



Find Best

!
] ]
' Layout ”| Copy Distance '
] ]
! * Segmentation Seg. error !
! : values Region ™ » Golomb RLE | Encod
! » Predict/Copy > Encoder : ncoder
|
v | Golomb RLE !
! > Compare imageerror map " !
| I ]
t image error valuey, Huffman Encoder )
N seg. error values /
S Y e o L IR
1 .
| p  Predict/Copy |« Region map Golomb RLD 14 |
! Decoder !
' + | Decoder
| P Huffman Decoder |¢ |
i | Layout/ Merge = fmage error values !
] l ]
: Buffer < - Golomb RLD |4 |
‘ image error map < !

________________________________________________________________________

Fig. 2 The encoder/decoder architecture of BloclBGC

3. HARDWARE IMPLEMENTATION OF BLOCK GC3 DECODER

For the decoder to be used in a maskless lithogrdpta path, it must be implemented as a custoitadligrcuit and
included on the same chip with the writer array.atidition, to achieve a system with high level afgllelism, the
decoder must have the data-flow architecture agh thiroughput. By analyzing the functional blockshe Block GC3
algorithms, we devise the data-flow architecturetfie decoder.
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Fig. 3 Functional block diagram of Block GC3 deaode

The block diagram of Block GC3 decoder is showifrig. 3. There are three main inputs: segmentatompressed
error location, and compressed error value. Thensetation is fed into the Region Decoder, genegatisegmentation
map as needed by the decoding process. Using tps time decoded predict/copy property of each miaalbe used to
select between the predict value from Linear Ptadicand the copy value from History Buffer in tBentrol/Merge

stage by a multiplexer (MUX). The compressed petebr location is decoded by Golomb run-length diecpresulting

in an error location map, which indicates the lmoat of invalid predict/copy pixels. In the decodbis map contributes
to another control signal in the Control/Merge stag select the final output pixel value from eitpeedict/copy value
or the decompressed error value generated by Haoflegoder. The output data is written back to Hystuffer for

future usage, either for linear prediction or fopging, where the appropriate access positionenbiliffer is generated
by the Address Generator. All the decoding openatare combinations of basic logic and arithmepierations, such as
selection, addition, and subtraction. By applyihg tradeoffs described in [3], the total amouniaimory needed in a



single Block C4 decoder is about 1.7 KB; this canimaplemented using hardware memory, either on-8fRgM for
ASIC implementation or Block memory for FPGA.

In this section, we present the FPGA implementatibiBlock GC3 decoder. Before doing so, however,nged to
modify the algorithm in order to reduce its hardevaomplexity. In Section 3.1, the design of Golomb-length
decoder is refined. In Section 3.2, the Huffmanecasl modified to reduce the hardware complexitye THPGA
synthesis result is presented in Section 3.3, le@d\&IC synthesis and simulation results are dgsisn Section 3.4.

3.1 Selectable bucket size for Golomb run-length decoder

In previous work, we have discussed the hardwasggdeof Golomb run-length decoder. Due to varyintage error
rates of the layout images over different layens, hucket siz& of the Golomb run-length decoder needs to be #arie
from image to image in order to achieve the beshgression efficiency [3]. In terms of the hardwalesign, this
implies the width of the data bus has to matafy, B,,,. whereB,_, is the greatest bucket size, even thoBgh may

hardly be used. Fig. 4 shows the block diagranm@efGolomb run-length decoder, which reads in thepessed binary
Golomb code through a barrel shifter and genethisiecompressed binary stream of error locatigirgjuthe counter
and comparators with various bucket sizes. Witliabde bucket sizes, the arrows inside the dashedibdicating the
data buses inside the Golomb run-length decodeg tmbe the width ofog, B, to achieve the correct decoding. As a

result, in order to fit large bucket sizes, some Wires are allocated but seldom used, resultiraywaste of resources.
To minimize such a waste, we limit the bucket s@ée smaller than 64, which corresponds to thé @dia buses in
the hardware.
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Fig. 4 Block diagram of the Golomb run-length demod

Such a design choice adversely affects the compresdficiency by lowering its upper bound. For myde, the
compression ratio for a black image goes from 128B16.8, and other easily compressible imagesalgth suffer from
lower compression efficiencies. However, those iesagre not bottleneck of the data path; based ®mrdmpression
ratio distribution reported in [4], changing thengaression efficiency of those images does not fagmitly affect the
overall compression performance of Block GC3. Oa tither hand, by limiting the bucket size of theld&w run-
length decoder, the hardware resources can be,savedhe routing complexity of the extremely witida buses can be
reduced.

3.2 Fixed codeword for Huffman decoder

Similar to other entropy codes, Huffman code ad#aptsodeword according to the statistics of thguindata stream to
achieve the highest compression efficiency. In gan¢he codeword is either derived from the ingata itself, or by

the training data with the same statistics. In tsmdnarios, the code table in the Huffman decodsrtt be updated to
reflect the statistic changes of the input dateastr. For layout images, this corresponds to eitliféerent layers or

different parts of the layout. However, the updatiri the code table requires an additional datastrto be transmitted
from encoder to the decoder. Moreover, the updathe code table has to be done in the backgrouct that the

current decoding is not affected. Consequently,emioternal buffers are introduced, and additiorsthds transmitted
over the data path.

Close examination of the statistics of input dataasn, namely, the image error values in Fig. 2eats that the update
can be avoided. Fig. 5 shows two layout images itsthmage error value histogram and a selectedoeusnof Huffman
codewords. The left side shows the poly layer dedright one the n-active layer. Although the laymnages seem
different, the histograms are somewhat similar, andare the codewords. More specifically, the lesgdf the
codewords for the same error value are almost icntexcept for those on the boundaries and thoite low
probability of occurrence. The similarity can bepkxned by the way we generate the error valueserAdopy and



predict techniques are applied, the error pixets raginly located at the edges of the features. Assalt, the error
values for different images are likely to have &miprobability distribution, even though the totaimber of error
values varies from image to image. Based on thégfation, we can use a fixed Huffman codewordtopress all the
images without losing too much compression efficierin exchange for no code table updating fordéeoder. Table 1
shows the comparison of the compression efficidretyveen the fixed Huffman code table and adaptivéirian code
table over several 1024024 5-bit gray-level images. The compression tdgbe fixed code table is less than 1%, and
is lower for the low compression ratio images. Bfere, in hardware implementation, we opt to udixed Huffman
code table to compress all the layout images.
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Fig. 5 Image error value statistics and Huffmaneseakd comparison, for (a) poly layer and (b) nactayer.

Table 1 Compression efficiency comparison betweterdnt Huffman code tables.

Layout image

Compression ratio Efficiency loss (%)

Adaptive Huffman code table

Fixed Huffman code ¢apl

Metal 1 13.06 12.97 0.70
Metal 2 29.81 29.59 0.74
N-active 38.12 38.01 0.28
Poly 9.89 9.87 0.17




3.3 FPGA emulation results

After applying the described modifications of tHgaaithm, we implement the Block GC3 decoder in &imk-based
design flow, then synthesize and map onto the FP@WA.use Xilinx Virtex 1l Pro 70 FPGA, part of theeBeley
Emulation Engine 2 (BEE2), as our test platform 5. 6(a) shows the photo of the BEE2 system,Rigd6(b) shows
the schematics of Block GC3 emulation architectBfeE2 system consists of five FPGAs and the peragha@rcuitry,

including Ethernet connections, which are usedhascommunication interface in our emulation. Silteck GC3

decoder is deliberately designed to be of low cexip}, only one FPGA is utilized. Inside this FPGAg design of
Block GC3 decoder is synthesized and mapped, anddmpressed layout data is stored into additiorahory. After
decoding, the decoded layout data is stored, andoeaaccessed by the user through the Power PCdeexben the
FPGA, under the BORPH operating system [6]. Ushig architecture, we can easily modify the desigd eerify its

functionality.
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Fig. 6 (@) The BEE2 system [7]. (b) FPGA emulatwoohitecture of Block GC3 decoder.
Table 2 shows the synthesis results of Block GG®der. Only 3233 slice flip flops and 3086 4-inhlTs are used,
which correspond to 4% of the overall FPGA resosirtie addition, 36 Block RAMs are utilized, mairtty implement

the 1.7 KB internal memory of Block GC3 decoder #@registers. The system is tested at 100 MHzkctate, which
accommodates the critical data path of the sysfeanthe synthesis.

Table 2 Synthesis summary of Block GC3 decoder

Device Xilinx Virtex Il Pro 70
Number of slice flip-flops 3,233 (4%)
Number of 4 input LUTs 3,086 (4%)
Number of block RAMs 36 (10%)

System clock rate 100 MHz
System throughput rate 0.99 (pixels/clock cycle)
System output data rate 495 Mb/s

In addition, through this empirical test, we firfietinternal buffer can be further reduced to 1 KBing the 2-row
search range, the vertical copy can be fully regdaay prediction to achieve the same performamcdoing so, the data
in the previous row is not needed, and the seacbe can be reduced to 1-row. This memory reductiay result in
lower compression efficiency if the image is extedyrhard to either predict or copy. However, for test images, this
never occurs.



By decompressing the actual layout images, we meathe actual throughput of the system. Unlike pinevious
estimate in [3], the actual system throughput @ (ixels/clock cycle. The system only stalls ie thansition from a
copy region to a predict region, and in the prattacenarios, this only happens 1% of the time. omg the 100
MHz clock rate, 0.99 system throughput, and 5 bigpoutput data type, the system output rate iS #b/s. By
switching the implementation platform from FPGAABIC, the clock rate can be further improved, reésglin a higher
output data rate for each decoder.

3.4 ASIC synthesisand simulation results

To improve the performance of Block GC3 decoder nstudy its integration with the writer chip, wgnthesize the
decoder design using logic synthesis tools in aeggpurpose 65 nm bulk CMOS technology for ASIC
implementations. The design is synthesized on i, gypical, and fast corners of the standard Gltary, with the
target clock rates of 220, 330, and 500 MHz respelgt The synthesized gate-level decoder has beefied for its
functionality and accurate power estimates have bobtained.

Table 3 ASIC synthesis results of Block GC3 decoder

Slow corner, 125 °C Typical corner, 25 °C Fasheor125 °C

Block Area (um) | Power (mW)| Area (unf) | Power (mW) | Area (ufa | Power (mW)
Address 358.4 0.015 361.9 0.036 358.8 0.0356
Control 873.6 0.11 748.8 0.215 749.3 0.221
Golomb RLD 1146.1 0.086 1135.7 0.201 1137.8 0.219
History 36977.7 5.08 36954.3 8.802 36954.3 10.342
Huffman 850.2 0.092 848.1 0.207 848.1 0.223
Linear 593.32 0.098 455.0 0.155 500.8 0.197
Predictor

FIFO 10075.7 2.54 10005.5 4.47 10011.7 5.137
Region 18380.5 4.09 18370.1 7.26 18371.7 8.054
Decoder

Total 69668.3 12.2 69288.2 21.482 69342.8 24,573

The synthesis results are shown in Table 3, withattea and power broken down by blocks for anajfysiposes. Under
the three synthesis environment settings, the @fraasingle Block GC3 decoder remains approximatiedysame, with
85% of the area devoted to the memory part of dségm, i. e., 2 KB dual-port SRAM for the historyffer, 192 B dual-
port SRAM for the internal FIFO, and 512 B singl@4pSRAM for the region decoder. The logic andhamietic parts of
the system which have been optimized at the athite level, contribute to 15% of the area. Notlee memory size is
greater than the designed 1.7 KB because we clibeseemory blocks from the library with the closéshensions. If
custom-designed memory blocks were used, the dnba decoder could have been further reduced.

The memory blocks also contribute to the criticathpof the system. Specifically, it is the pathidtory buffer—linear

predictor—control—history buffer shown in Fig. 3in€e this path involves both the read and writecpsses of the
dual-port memory, the access time of both operatia@s to be considered, along with the propagatédelys from other
logic and arithmetic operations. This results irekatively slow clock rate for the 65 nm technolpggvertheless, the
impact may also be alleviated by applying custosigieed memory blocks.

The power consumption in Table 3 is estimated byodmg a poly layer layout image and recording shétching
activities of the decoder during the process. tivtely, a faster clock rate results in a higher tetviactivity; this
phenomenon is reflected in the power consumptisrtha fast corner design consumes more power tepther two
designs. However, this number may vary from imagamage, since for the sparse layouts or non-afiliyers of the
layouts, the switching activity may be much lowkan that of the poly layer. In fact, if we use arerage 25%
switching activity factor to estimate the poweg thifference can be up to 75%.



With the current synthesis results shown in Tahléh® ASIC implementation of a single Block GC3 aléer can

achieve the output data rate of up to 2.47 Gh/s.2B6 decoders running in parallel, resulting ia thtal output data
rate of 500 Gb/s, or 3 wafer layers per hour, tguired area and power are 14 fnamd 5.4 W respectively. As
compared to the direct-write method, this resulta power saving of 24% with a minimal amount afdeare overhead.

4. BLOCK GC3 DECODER DATAPATH

In order to integrate the Block GC3 decoder with riter system, we also have to consider the d#ttalpetween the
decoder and the rest of the system. This includéfering the data from the 1/O interface to the a#er, buffering the
output of the decoder before it is fed into thetewriand packaging the input data stream so thdtipteuinput data
streams can share the same 1/O interface. In addgince the Block GC3 uses previous output datither predict or
generate the current pixel value, proper errorrobig needed to avoid the error propagation. Thesges are discussed
in this section.

4.1 Input/Output data buffering

In Block GC3 decoder, one bit in the input dateatn can be decoded into multiple output pixel v@lagepending on
the compression efficiency. In other words, theuingata rate is potentially lower than the outpatiadrate by the same
compression ratio, resulting in a fewer numbemefi data links and lower power consumption bylt@einterface. In
practice, this lower input data rate can only bki@aed by buffering the input data on-chip befdrésiread by the
decoder. However, this also implies additionalrimé buffers of the writer chip, which is what wedrying to avoid in
the first place. In previous work, we have propotedon-chip buffer to be of the size

buffer sizeM Q)
comprssion ratic

which suggests the entire 168424 compressed layout image to be stored in thmanebefore being decoded [4].
Assuming the compression ratio of 10, this corresigoto 64 KB of internal buffer. Even though thismber is not
substantial, considering hundreds of decoders ngnim parallel to achieve the projected output data, the scaled
buffer size may not be affordable. In additions thuffer size may be an overestimate since thi&ensystem reads and
writes the buffer simultaneously, in a first-indfirout fashion. In this case, the buffer may ordycbmpletely full at the
very beginning of the decoding process, resulting waste of the resources.

To circumvent the above problem, we propose tocediue size of the input data buffer to

. . . 1 1
buffer size=ax image si - —— (2)
compression ratio input data rat

Unlike (1), the buffer size in (2) is a function ledth the input and output rate of the FIFO, areldize is reduced by
taking the update speed into account. The constanhich is slightly greater than 1, is introducedensure the FIFO
will not be empty. For high compression ratio imagdis buffer will always be almost full, sinceetmput data rate is
higher than the compression ratio, which correspdndhe output data rate. In this case, the idata link is on only

when the FIFO is not full. On the other hand, fawlcompression ratio images, the FIFO is slowlyirdrd to be empty;

this is because its output data rate is higher ifsainput data rate, while the input data linkal&zays on, running at the
designed input data rate. In this architecturerafecomposing the rasterized layout into a sefi@mages, we need to
arrange the layout images so that not all low ca@®gion ratio images are clustered together, raguiltian empty input
FIFO. The arrangement strategy for layout images pvasented in [4], and can be performed at theding stage.

After decoding, output pixel values will be readthg writer devices. Depending on the writer systeoutput data rate
of Block GC3 may not be the same as the speedeofvtiter. Therefore, output buffer is also needéghlike input
buffer, the size of the output buffer is determingd how many pixels the writer prints at the sanmeet Besides
buffering output data of the decoder, the outpifdoican also be used to synchronize multiple dec®¢h the data path.
Even though each decoder outputs the data at latlglidifferent pace depending on the decomprespioeess, once
their output is buffered and read by the writethat same time, the data from different decodesgrishronized properly.



4.2 Control of Error Propagation

In Block GC3 algorithm, both copy and predict sckenuse the previous pixel values stored in theotyigbuffer to
generate the current pixel value. If the storealpwalue is altered during the read/write procddb@ history buffer, the
error propagates to the remaining part of the imagesolve this problem, we have to consider ecomtrol strategies.

First, the history buffer has to be refreshed feerg new image. Although Block GC3 algorithm istable for stream

coding, i.e., using the history buffer of the praig image to code the current one, the error canmbpagate from the
previous image in the same fashion. Thereforegsafng of the history buffer would confine the erto the image

boundaries. By doing so, there would be some engoalverhead at the beginning of the images, andd@ampression
efficiency as compared to stream coding. Howevensitlering the 1-row and 2-row buffer cases, therlowad and

compression efficiency loss are negligible.

Besides setting up the boundaries of the imagesandurther reduce error by applying error contade (ECC) to the
history buffer. Hamming (7, 4) code is a simpleoercontrol code, and has been implemented in haelathe
literature [8][9]. In this code, 4 bits of data am@ded with 3 extra parity bits to construct a 7daide. While decoding
the Hamming code, one bit error in the code camdbetified and corrected, and two bits error cardbtected by the
decoder. In the history buffer of Block GC3, we @ply the Hamming (7, 4) code to encode the foastrsignificant
bits of the 5-bit pixel value, resulting in a 8-bitde for every pixel, which can be stored intgy@idal memory design
without wasting resources. While reading the puadlie from the history buffer, the single-bit eroan be corrected. A
schematic of possible history buffer design is smawFig. 7. Depending on the retention abilitytbé memory, this
may effectively reduce the error propagation.
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Fig. 7 The block diagram of the history buffer wilCC.
4.3 Data packing

In our FPGA implementation, all the compressed d&teams are stored separately and sent to thenrelgicoder,
Golomb run-length decoder, and Huffman decoder lotiBGC3 decoder simultaneously in order to denratstthe

data-flow type of decoding process, as shown in Bign order to reduce the number of input datédj these data
streams can be combined into one. However, nothalldata streams are read at the same rate; fonpdxathe

segmentation information is needed at most peri%&s whereas the compressed error location i atanost every 2
pixels. Therefore, in order to pack the input dataam, the Block GC3 encoder has to mimic the diegoprocess and
arrange the data stream accordingly. This maydnoite extra encoding overhead; however, since tbedileg process
is two to three orders of magnitude faster thaneheoding, the impact is marginal. In addition,tle Block GC3

decoder, the input data stream for each block ddsetfurther buffered to balance the data requesisng different
blocks, in case they send out the read requestBeasame time. This extra buffer can be only séveytes and

implemented in FIFO, but it is essential for eaelsatling block to unpack the input data stream i dhchitecture, as
shown in Fig. 8.
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Fig. 8 Data distribution architecture of Block G@&coder.

5. CONCLUSIONSAND FUTURE WORK

In this paper, we have presented the FPGA syntla@siemulation result for Block GC3 decoder. A Eriglock GC3

decoder only utilizes 4% of the resources of anXilirtex Pro Il 70 FPGA. The system can run at Mi8z, resulting

in an output data rate of 495 Mb/s. We have alssgmted the ASIC synthesis results of the desigihen65 nm

technology, which result in an area of 0.07 frwith the maximum output data rate of 2.47 Gb/s&aingle decoder.
With these synthesis results and data-flow architecof the decoder, it is potentially feasiblerom hundreds Block
GC3 decoders in parallel to achieve the high-thhpud needed for direct-write lithography systems.order to

integrate the decoder in the path, we also propasember of data handling strategies in this paper.

These implementations are the first step towartegmating the Block GC3 decoder into the directtaviithography
systems. For future work, we plan to explore thaladility and multi-thread data handling challengéghe parallel
decoding systems, in both performance and desigects In addition, since Block GC3 is a generissless
compression algorithm for direct-write lithograpsystems, we may have to modify the algorithm tameagnodate the
specifics of different writer technologies and layyanages while keeping the decoder complexity low.
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