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Abstract --This paper presents a 16-bit AES architecture for 

low power and high bit rate applications. The novelty is in 
breaking the original 32-bit boundary based AES algorithm into 
a scalable architecture to work with 8-bit and 16-bit data set. 8-
bit architecture is already developed. This new work offers a 
choice to the designer to use 8-bit or 16-bit algorithm for area 
and power efficient FPGA implementation. The novelty of the 
new development is still around the mix-column design. The 
complex matrix multiplication component and standard 
transformations of the 32-bit AES algorithm are transformed 
now to support 16-bit operations as well, simultaneously 
qualifying for applications requiring high data rates. The design 
has been further embellished by a memory based micro-
programmed controller, which simplifies the control process of 
the algorithm and makes the FPGA platform viable for effective 
hardware utilization. The proposed architecture technique reuses 
same hardware resources for both key expansion and encryption 
 

Index Terms— AES, Encryption, Area Efficient, Low Power, 
Rijndael, Security 
 

I. INTRODUCTION 

 
HE need for a low power, lesser area digital design is 
found in almost every application these days. As the 
number of components on a single chip increased 

exponentially, so did the need of compact and handheld 
devices. This led engineers to think on shrinking the size of 
the technology used in such devices and design practices.  

Data path width plays significant role in any digital system 
design. The impact of data-path width is directly reflected on 
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internal buses, their word-lengths and memories used in the 
design and hence the area required. In our earlier work, the 
32-bit AES algorithm was modified to work on 8-bit 
architecture. The design was implemented in a 2Mbit 
telemetry modem. We wanted to design architecture to work 
with our new communication receiver design with more 
stringent data rate requirements. The design has been modified 
to fit on a 16-bit architecture to cater for the applications 
requiring high data rates consuming low area and power. 

This paper is organized as follows: Section II briefly 
describes the 32-bit AES algorithm, section III, IV and V 
discuss the extended 16-bit AES architecture. Results and 
comparisons are drawn in section VI. Finally, the concluding 
remarks are presented in section VII. Section VIII lists the 
references. 

II. AES 32-BIT ALGORITHM 
 

AES is a 32-bit, iterative symmetric block cipher and works 
on a fixed block size of 16 bytes (128 bits) as explained in 
[1,2]. The standard has the provision to work with variable 
key sizes of 128, 192 and 256 bits. Since it is an iterative 
block cipher, the same operations are performed many times 
on a fixed number of bytes. These operations can be 
categorized as Add Round Key (ARK), Byte Substitution 
(BS), Shift Rows (SR) and Mix Columns (MC) as shown in 
Figure 1. The data-path is 32-bit wide throughout the 
architecture. For more details on AES Algorithm 
specifications, refer to [3]. 
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Figure 1   AES algorithm flow graph (32-Bit) 
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III. CUTTING THE ALGORTIHM DOWN TO 16-BIT  
 

The 32-bit algorithm is studied to make it work for 16-bit 
architecture. As this is an extension to our earlier work [4], the 
design of the 8-bit AES processor was kept in mind. We 
concluded that the design can be transformed to work with 16-
bit numbers.  The modifications require similar changes in the 
existing 32-bit AES architecture as were done in 8-bit design. 
The proposed design works by eliminating the SR 
transformation from all round sequences. The original 32-bit 
AES algorithm requires 4 S-boxes implementation, however 
the design reduces it to 2 S-boxes. Instead of implementing 
the control logic in FPGA hardware resources (LUTs, FFs, 
MUXs), the controller is mapped as microprogrammed state 
machine on the available Block SelectRAMTM in FPGAs. 
Figure 2 presents the theoretical design flow of the proposed 
AES design. 
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Figure 2   AES flow graph (16-Bit) 

 
The data and key memories are dual ported memories. 

Elimination of SR transformation is achieved through simple 
address translation which writes the plain text into memory in 
an already row shifted format. This address translation is 
shown in Figure 3. 
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Figure 3    Address translation 
 
The architecture proposed in this article implements AES 

algorithm for 128-bit cipher block and 256-bit cipher key. The 
proposed design has the ability to use the same encryption 
architecture for key expansion thus completely eliminating the 
need of a separate hardware unit for the same task. Memories, 
buses, registers and data-path are kept at the most, 16-bits 
wide. That is why the name, Crypto Processor-16 (CPR-16). 

IV. BUILDING BLOCK OF CPR-16 
 

CPR-16 mainly consists of the following major units: Dual 
ported 8-16 bit memories, 16-bit data-path and 
microprogrammed controller. The next section describes each 
unit in detail. 
 

A. CPR-16 Memories 
As stated earlier and as already employed in 8-bit AES 

architecture [4], CPR-16 uses dual ported Block 
SelectRAMTM (BRAMs) available in FPGAs. These BRAMs 
offer better access time and performance as compared to 
external onboard memories. For plain text and raw data, two 
dual ported BRAMs (BRAM1, BRAM2) are used. BRAM1 is 
16x8 bits (16 byte locations) from one port and 8x16 bits (8 
word locations) from the other port. BRAM2 is 8x16 bits from 
both the ports. The incoming plain text bytes are stored in 
BRAM1 after address translation. Once plain text is written 
into BRAM1, CPR-16 uses both BRAMs in a ping-pong 
fashion to process the data iteratively. Cipher and round keys 
are also stored and managed in two dual ported BRAMs 
(BRAM3, BRAM4). BRAM3 is 32x8 bits from one port and 
16x16 bits from the other port. BRAM4 is 104x16 bits from 
both the ports. Once the cipher key is written into BRAM3, 
CPR-16 takes over dual ported key memories for key 
expansion and stores generated round keys into BRAM4. 
BRAM5 is a 32x16 bits memory, which is used to store the 
encrypted data. Figure 4 shows block diagram of CPR-16 with 
its associated memories. 
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Figure 4   CPR-16 and memories 

 
In the first 8 cycles of encryption, plain text is read as 16-

bit words from BRAM1 into CPR-16 and is written back at 
the corresponding addresses of BRAM2 after completing first 
round. In the next 8 cycles, the partially processed data is read 
into CPR-16 from BRAM2 and written back to BRAM1 at the 
corresponding addresses at the end of second transformation. 
This process continues until all iterations are exhausted   
Round keys are also read as 16-bit words in the same manner 
from the key memory, which are then used in the ARK 
transformation. The key memory is divided into 15 pages, 
each page holding 8 words of round keys. For each iteration, a 
new page of round keys is read from the memory. Data 
memory (BRAM1, BRAM2) is initialized with round 
constants (RCONs) which are used in key expansion phase 
prior to any encryption request. Once the key expansion is 
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done, the data memory is available for storing plain text and 
cipher data processed through different round iterations. 

 

B. The Data Path   
The entire data path is kept 16-bits wide in CPR-16. The 

number of S-boxes has been cut down to two as compared to 
four in the original 32-bit AES. Figure 5 shows the complete 
data path section of CPR-16.  
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Figure 5   CPR-16 Data path 

Data path for ARK and BS is straightforward. The mix 
column data-path implements the matrix multiplication in a 
word systolic manner. The mix-column section can be treated 
as a hybrid of 8 and 16-bit data path whose input and output 
are 16 bits wide whereas internal operations are performed by 
splitting 16-bit data path into 8-bit buses. Mix Column stage is 
a linear transformation based on GF(28) multiplication with a 
modular polynomial x4+1 which can be implemented with 
XOR operations [3]. As shown in Figure 5, four partial results 
are computed by multiplying the resulting data, after parallel 
byte substitution, with the first and second column of the 
matrix [3], resulting in a word wide matrix multiplication. In 
the next cycle, same process continues for the next data word 
which is then multiplied with the third and fourth column of 
the matrix. 

S `0,c =  ({02}·S 0,c)     ({03}·S 1,c)                  S 2,c                    S 3,c

S `1,c =           S 0,c      ({02}·S 1,c)        ({03}·S 2,c)                  S 3,c

S `2,c =           S 0,c                S 1,c         ({02}·S 2,c )       ({03}·S 3,c)     

S `3,c =  ({03}·S 0,c)               S 1,c                   S 2,c          ({02}·S 3,c) 

++
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++
++
++
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++
++
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Figure 6   Equations resulting from GF(28)Matrix Multiplication [3] 

 
Since the same multiplier coefficients are repeated in the 

Mix Column stage therefore they have been re-used. After 
every two clock cycles, a complete matrix multiplication 
occurs. In the first cycle, section A of figure 6 is computed. In 
the second cycle, section B is computed which is then XORed 
with the circularly shifted partial products computed in the 
first cycle. The resulting words are dispatched for the next 
transformation through the dispatcher unit.  

Another feature of CPR-16, that makes it unique and a true 
candidate for a low area design is its microprogrammed 
controller implementation using BRAMs. A number of 
multiplexers are inserted at different data feeding points, 

which are controlled by the microprogrammed controller 
allowing both key expansion and encryption with the same 
hardware. Following sections describe how the same data-path 
is re-used for both key expansion and encryption. 

 
1) Data Path- Key Expansion 

After writing the initial 256-bits of cipher-key into the key 
memory, the key expansion takes place. The last four bytes of 
cipher key are read into CPR-16 as two 16-bit words while 
bypassing the ARK and BS stages. These last two words are 
directly fed into the MC stage, which rotates these words 
giving them a left circular shift of one byte. This rotated word 
is the output from the MC stage, which is fed back into Mux1 
for parallel byte wise substitution thus implementing the BS 
transformation. In the same cycle when the parallel byte 
substitution takes place, key[i- Nk] is also fetched and the two 
words are XORed together  in each cycle. Parameter Nk is the 
number of 32 bit words comprising the cipher key. The 
resulting word is then XORed with Rcon[i], which is made 
available from the data memory. This will result in two words 
of generated round keys, which are written back into the key 
memory. The same process continues for other iterations as 
per the AES algorithm [3]. The 60th iteration will give 120 
words of round keys written into the key memory.  

 
2) Data Path –Encryption 

Data encryption can only take place after key expansion. 
On receiving the encryption request, the cipher data and round 
keys are fetched from the memory word by word at every 
cycle. The two words (key, data) are XORed with each other 
for ARK transformation. Mux1 directs the resulting data to 
two Sbox ROMs. The lower 8-bits become the address to S-
box1 and higher 8-bits become the address to S-box2 and get 
substituted with the corresponding data bytes residing at those 
addresses.  After BS, the date is directed to MC stage for 
matrix multiplication as described in part B of section IV. This 
completes one round and the output of the mix column is 
written back into the data memory. At the end of 15 rounds, 
the fully encrypted data is available in the output memory. 

 

V. MICROPROGRAMMED CONTROLLER 
 

Micro programmed state machine based controller design 
provides further saving in area. Instead of implementing the 
state machine using valuable FPGA resources, the state 
machine is microprogrammed using two BRAMs (512x36 
bits) available in FPGA, cutting down the FPGA slices usage 
by 30%.  The microprogrammed controller drives CPR-16 
either in key expansion mode or data encryption mode by 
generating status/control signals for data transportation, key 
expansion, encryption and addresses for BRAMs for reading 
and writing the data from/into the memory. Figure 7 shows the 
microprogrammed state machine implementation [5]. 
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Figure 7    Microprogrammed Controller Implementation 

 
 

VI. RESULTS 
 

CPR-16 was synthesized using ISE 8.1i and simulated 
using Modelsim 5.7g. The target device selected was Virtex2 
XC2V1000-6 [11]. The operating speed achieved after place 
and route and strict timing constraints was far better as 
compared to many reported designs. The synthesis results 
show that the core utilizes only 228 slices. The CPR-16 core 
can be operated at frequencies up to 150 MHz yielding data 
rates in the range of 110 Mbps. A comparison of number of 
slices between different 32 bit, 8-bit and the proposed 16-bit 
AES architecture is shown in Table 1. 

 

Table 1 Comparison Table 

Design  Process       Device   Slices         Speed(MHz)
[4]         CPR-8        Xilinx (XC2V1000)        337               110      
[6]           Encr Xilinx (XCV1000)   5302/10992    14.1/31.8
[7]           Encr          Xilinx (not specfied)    5673             --------
[8]           Decr Altera(EPF10K)          2885         41.5
[9]      Encr/Decr      Altera(APEX1K4001)  845LE          ---------
[10]      Encr/Decr      Xilinx (Virtex)              2902              25.9
CPR-16 Exp/ Enc    Xilinx(XC2V1000)       228               150  

 

VII. CONLCUSION 
 

The paper presented our work on designing 16-bit AES 
architecture. The algorithm is mapped to a 16-bit architecture 
for area and power efficient implementation. The technique of 
transforming non-linear algorithms like AES to digit serial 
architecture is a novel addition to the existing techniques of 
digital serial architectures and displays a promising 
methodology of designing area and power efficient 
architectures for this type of algorithms. The proposed 
architecture is best suited for applications requiring high data 
rates in ranges of ~ 110 Mbits/s. Future work includes 
mapping of AES algorithm on a run-time reconfigurable 
platform. 

 
 

VIII. REFERENCES 
 
[1] [1] J. Daemen, V.Rijmen “The Rijndael Block Cipher” AES proposal, 

First Candidate conference (AESI), August 20-22, 1998. 
[2] [2] Joan Daemen, Vincent Rijmen “ The Design of Rijndael, AES-The 

Advanced Encryption Standard” Springer-Verlag Berling Heidelberg 
New York 2002. 

[3] [3] “Announcing the Advanced Encryption Standard (AES)”, Federal 
Information Processing Standards Publication 197 November 26, 2001 

[4] [4] Sheikh Muhammad Farhan, Shoab A Khan, Habibullah Jamal, 
“Mapping of High-bit Algorithm to Low-bit for Optimized Hardware 
Implementation”, Proceedings of the 16th International Conference on 
Microelectronics, ICM 2004, December 6-8, 2004, Tunis, pp. 148 – 151, 
TUNISIA. 

[5] [5] Michael A Lynch,” Microprogrammed State Machine Design”, ISBN 
0849344646, CRC Press, January 1993. 

[6] [6] A.J. Elbirt, W. Yip, B. Chetwynd, and C. Paar, “An FPGA Based 
Performance Evaluation of the AES Block Cipher Candidate Algorithm 
Finalists”, Proc. Third Advanced Encryption Standard (AES) Candidate 
Conf., Apr. 2000. 

[7] [7] A. Dandalis, V.K. Prasanna, and J.D.P. Rolim, “A Comparative 
Study of Performance of AES Final Candidates Using FPGAs”, Proc. 
Third Advanced Encryption Standard (AES) Candidate Conf., Apr. 
2000. (This work has also been published in the Proc. CHES 2000, Aug. 
2000). 

[8] [8] P. Mroczkowski, “Implementation of the Block Cipher Rijndael 
Using Altera FPGA”,  http://csrc.nist.gov/encryption/aes/round2/ 
pubcmnts.htm, 2001. 

[9] [9] V. Fischer and M. Drutarovsky, “Two Methods of Rijndael 
Implementation in Reconfigurable Hardware”, Proc. CHES 2001, May 
2001. 

[10] [10] K. Gaj and P. Chodowiec, “Comparison of the Hardware 
Performance of the AES Candidates Using Reconfigurable Hardware”,  
Proc. Third Advanced Encryption Standard (AES) Candidate Conf., Apr. 
2000. 

[11] [11] Xilinx VirtexTM II Platform FPGAs. URL: www.xilinx.com, 
October 14, 2003 

 

189

The 18th International Confernece on Microelectronics (ICM) 2006 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Button2: 
	Button3: 


