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Performance Improvement of Asynchronous Mass Memory Module
Using Error Correction Code
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ABSTRACT

NAND flash memory is a non-volatile memory that retains stored data even without power supply. Internal

memory used as a data storage device and solid-state drive (SSD) is used in portable devices such as smartphones and

digital cameras. However, NAND flash memory carries the risk of electric shock, which can cause errors during

read/write operations, so use error correction codes to ensure reliability. It efficiently recovers bad block information,

which is a defect in NAND flash memory. BBT (Bad Block Table) is configured to manage data to increase stability,

and as a result of experimenting with the error correction code algorithm, the bit error rate per page unit of 4Mbytes

memory was on average Oppm, and 100ppm without error correction code. Through the error correction code

algorithm, data stability and reliability can be improved.
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Table

1. M 2

et = HFE AT 2704 SRAM (Static Random
Access Memory) ¥} DRAM(Dynamic Random Access Memory)->
FE glolHE AAss Rl wxetil] DRAM
< digkEo) 9 zulth 2EY iReflashyE 3 Fo]ofrt
W&ol FA =AY SRAME 2]&24] glol= 8ol
2| =] 7] wj&of] SRAMo| DRAM K.t} A+g-317] At
Aol Sick. shE B)27k Bpstel Aok W, gk
]k T0] %Ik PSRAMLS: SRAMZ} DRAMS] 7 o]

"E-mail: ohyang@cju.ac.kr

112

3 AEoZ DRAMS| Thest 729} 4] 7% 8l2s
A vmefolt). ALgALe] Zwol A Hil SRAM} 2
52E SHARE YA DRAM 55& she 12
sojolch EEF M F2 AL ZA] vz
= NOR® 3} NANDE 5 7H47} Qlek We SejA] vjm
e AU FFA Yok AYE olHE fA5H
]3] nonvolatle) v e]2A, T mupel Aol
st sheA Aol FASA AR ez
USB .21, SSD(solidstaediive)5- 2|4 4|21 k=)
A shulet Sol wol AMgEI Tkl AN We
oA wmel A7) 20| Hoksto] o]z AT ¢
727) 2wl 277} AR 4 Q7] whe] ofe]

fu rlo £ op



o2 &

Y HEF ol g3t vl

5718 W& vixe mEY 45 P 113

B4 3 T (emor comection code) S ARE5H0] AlFAL HASH
th4]. HlolElS o ZRE HE3817] 9J3 ECC dAtol=
LDPC(Low-Density ~ Parity-Check) F=, E{X(Turbo) FHE=,
BCH(Bose-Chaudhuri-Hocquenghem) 5 thofgh 7|HEo] &
AZreH5,6)
% =woA= WE ZA] W22l Bad BlockJ 2 E
L7402 1u)sl7] $sl BBT(bad block table)S 44|55
F—, H57]-8 & we ZEge HYo] OFF7L =H
PSRAM ] tjo]g| ¢} o|F AEZHE F3 o] By 3
EE dE ZgA wxeo] &tk oA HYE ON=H
He EgiA] W] deoleet o By A&E
PSRAMO 2 A =1L ofj2] B4 FE due|ES 011’-
sho] vlwsta o A, EE}“‘ 011317} G HEES
AAA FAdolE 2 BASH: dale|ES AAlske
718 mEe 2El A=y 9 O} S A

4>Erﬂ~o

BBT(Bad block table)Ad Aol thal A
712 til J8] 4124 wo|7] flgt oy B4 3= U4n

222 ANk olF BEol4 ANE Bg nE o
Delmel ARANE SoIge 3 ko] Shebia A

shanx gk

2. HIS718 8T H=2e 2=

N

1 HE BYA K22 FE
A Bl Rl nsley wWRe) 24
BEEA] W7 )4e] WAl wket A
A3 gtk Ao AR vgoR o
oh°4 HolE S AA3t= MLC (Multi-Level Cell), TLC
(Triple-Level Cell) HE ZeA] W7} Z-gka Qict 5}
uo] A o Zkz} 28| E, 3R EE AASta of8sF AR
AE ek ARt shuel A JHIES XV*OF
SLC (Single-Level Cell) = ZA] mEe]o] wsj w2 f
AT NHES HolZrl7) B ERolA AT W=
ZefA] ¥ 2 2] MicronAk2] SLC (Single-Level Cell)S A&
3t 1Gbytes, Page sizet= 2048bytes?] H|22] S AME-SHGIAL Fig
13} ot W&e] 3= Fig 29} o] HE SefjA] i
2] ofglo], Ho|E Ei= YER tlolHE AEstaL glo]
B A2 9 A HALEE S #HoA 7Rk 2+
= st HE ZefjA] mjme) ofglolE Ry itk

=

=

e

mlo HIJ i3

3 rlo rlo ofy
o Ob ol

2112 bytes
-

= o100
Cache Register ‘ 2008 o o
Data Register ‘ 2048 iea
‘ ‘ }EApages = 1block
1024 blocks 1 block (128K + 4K) bytes
1page (2K + 64) bytes

Tblock = (2K + 64) bytes x 64 pages
= (128K + 4K) bytes

1device = (2K +64) bytes x 64 pages
%1024 blocks
= 1056Mb

per device ‘ ‘

Fig. 1. NAND device and array organization.

ol#|gt HE S| WEe)e B R = Serial W2
Strh= 27} Page T2 ReadWiite S Slch= 7, 183
Bad Block& 7HA 1L Qlth= & ol otk W= EHA] o
29 A9 Bit Lines gHlo] FHol & dojg] 92 A
£l gt TS Paget}al FIT} SpareQ e HF HER
ol & 7|23}7] 3| AFLE ™, £3] Bad Blockg X &
o A F= AHHE 7|23t Bad BlockS Ak =
(Initial bad block)ol] ¥H¥3}7] %= 33l A8 = Z(Runime bad
block)o]] 2H85}7] = FHCHS).

I/Ox< Vo
( control

—N 1
| Address register
Status register k :

J

Command register

CE#
CLE
ALE
WE#
RE#
WpE

Column decode

Control
logic

NAND Flash
array
(2 planes)

‘ Data register
» Cache register [

Fig. 2. NAND flash block diagram.

bliddd

|
Row decode

RB#

o

2.2 e g A| oj=2]e] BBT(Bad block
table) A

%7 B E-2(Ealy Bad Blocks) WH=A| Az 34 A
o] oFE Qs WAs =52 54 Hxloﬂ 7155 Hj
T EE A2 27| €T EE ojR= whdsith AR
L% B ES(Later Bad Blocksy> lﬂ%zﬂqj 2 L-7] W 2
7] ke 2 O]ﬂ Ao} mpr = Qlsf s, A7)/
7] odAto] Aujal= AL E=& = = B20 2 s
ool A A= gloly -‘?—?“z"éé Q3| Hl= EZo] A}
$57 ke wgsts 7¥o] o) M= B
w7 e Hede 4Al A58l FTL(Flash translation
layer) 9 o} A AEIS] 1 BT E Fol7] 3 =1

Journal of KSDT Vol. 19, No. 3, 2020



114

©
B
)
o2

lo
)
HN
ox

zlol 2ZEY o] AZoA HlE BE2& w5t Welo]
A 2F=] 91 tH10]. BBT(Bad block table)-2- NAND2] Physical block
number®} H25}2)= Logical block numberS 943 =
HF4]o]t}. Bad block table 782 Folwrl &AWk Algj=2
&3} Random Access™! OPHAE A3 =olx A &
i mjee] #ee] agAo] St

Table 1. NAND flash memory map

23 HS7|18 g Hza 2EQ 7=

NVSRAM HEO| Ao RE Fg 33 Zth STARY]
Cortex-M7 STM32H750 MPUS} ISSIAHS] 4MbytesH] 2 2] Q1
PSRAM, MicronA}€] 1Gbytes-§52] WE ZA] jxz|&
FaEe] Stk BES HAEE 3 HAE HEd:=
STAL] Cortex-M7 STM32F746 MCU$} 95 #¢1-e #eks}
+ Voltage Regulator= %o} Qick Aelo] & =
PSRAMO]| Datas #1gstal, g9 o] AXA =W

FHAWAEE S8 H= SefA] vz e]of] A7t

Address Bus

Command

(A0 ~ A21) -
I
L 3 +
cPU NANDIFIash| <00
Software iGbyie . 7° | potteE  4f—cs

—

Block W% Page Kind Sub Kind Total Byte
Bad _block_table[0]
Bad block teble |Bad-block table[l]
1024byte
(Total 1024block) =
Bad _block_table
o [1023]
g CRC32's LL
(1032byte) | Bad block table's 2
o= CRC3z's LH Abyte
CRC32's HL
cac CRC32's HH
FeRae Sy
- s
3 -
AMbyteo] ofE Rl 4byte
o e CRC3z s HH
(64pase)
(64+2048byte)
(512byte) 200
= =A & Block 201
(128word)
227
B A WAz olAlE 0%12345678 4byte
N CRC Data
(32,768byte
& (Pt 0XABCDEFO1
=16page)
=32Kbyte)
5 = 9 Z=ol==d 0%B765431 dbyte
N CRC Data -
(32,768byte
16 | (128x64x4byte -~
=16pase)
5 e 0x11223344
200 Tst RAM 0X6000_0000
201 0X6000_0001
202 PSRAM 0X6000_0002 AMbyte
OXBO7E_EEEE.

2 =7 AFEE WE EA] w2 2] 9] BBT(Bad block
table)&] %= A= Table 13+ 2l WA Pageol:= Bad
block table-2- 1024bytes 2 <-4 E]©] 131, Bad block table©| T
31 CRC32(cyclic redundancy check) 4bytes, PSRAMo]| tf gt CRC
dbytes 2 A E]o] Gt} FHA Page= AHA -7 Block
9 tlojd, FRA §3& Block H|o]E|€} 717} Page' CRC
dlolele 23t FoQlth 7]& WAL BEl] HYE 11
Al =W PSRAMS] HloJE|E WE ZEA] Hime]o] f&
Blockel AAstal, HHS 714 =W PSRAMe| A= o]
A= HolEE $Al H=tl oluf Hlo]Ele] CRCE &4l
gto] A CRCe HlolHE L H]84 CRC= Enors
=] 71 o] 9] tiFo] glrh

2 =EoAE 7]& CRCE I35 Emor7} A5G
S PAY 4 e FEE oy BAY Z=E ARG
dae|ES o]gste] oy B A=
7F s HAE o] tlojElE AdH R oS 4 Q)

Al e

WA AEE0)7]&8te]A] A9 ABE, 2020

Detect
1 PSRAM
N, [ ibrte 1o Data
Busy ==  Strore/Recall Recall 4=t Conttol 4=—fem Bus
- Control (8Bit)
Save_REQ I I
Control
VCAP mafy | POWEE Logic =718
Caokel I NVSRAM
1
vCC I Control ¥
Bus
Voltage Test board
Regulator cPU

Fig. 3. NVSRAM module block diagram.

3. 02 X

ac ¢ng|

il
rek

__I.L

ofg] B It HE ZdA Wrele Yy AEE
2ol ZAJ3h= Onchip ECCo} HE ZefA] Hme| o] o)+
AEEYE ARE-sh= Offchip ECCE g = ¢lh Offchip
ECCE HE oA A4S A7) $all AME-E I, On-
chip ECCi= MLCY TLCol|A] w&&] 2px2] Al=]4 gha
£ I8l A ARSETHI2] 2 =oll A AREE ol
HA FT X Offchip ECCO| Wt ZejA] vjmel S AMg3}
QI Yol oy B = glo] CPU W9 o8 B3
A5 A3

Write operation Read operation

Fig. 5
Algorithm

N @
/'\\

I
I
Page Data | ECC ‘ } | Page Data | ECC ‘

Fig. 4. ECC processing method of write and read operation.



& mrd HE9 A &Y 115

2 =RoAs 71& dioldy o/E gAs] $gt
2% Bx] =& CRC(Cyclic Redundancy Check)H2]-S- A}
BFAANE AT WAL Erort HAE QS o) T}
E7Hs sithe S HbskUTHI3) ARSH o] B4 2
E dueE2 Fig 49t o] HEY] HYS & 1 PSRAM
of &= dlolE|2t MPUSIA AR o] BA A=9} 3
WE ZajA] fEajo] 24 =1, BEe] A4S
°P7ﬂ =d W A wl2e]e golEet oy =2
£ PSRAMC & 97 ==t ojnff 2l ¢S o oy

o=

é

§ F=E vjashy, HE EA] v Ko 2048bytes 2]
EﬂolEﬁ} 4oytes®] ofl2] HA FEE AR o2 B

A Z= S Fig 59 o] 21/¢S uf WAt
o8] A IEE u|msle] of|g7} 2rAE Ermor bitsS
Z31, 22 Error bitE o8] B4 ZE= L& o3

7 HlolH 2 HASHA ot

—ramfurc void ECC_data_recover( dword Result_ ECC, dword rd_buf[])

#0~31
#0-511

(dword i3 31)
i bit O of exror position | Mex position is 31 (=0x1F) ]

byte error_bit = 0
word error_ling = 0;

/&/f&’//////g{[/ Error bvf searchi

error_bit = (x 0
if( Heqult].Elc_C thgxﬂﬂ) A bit | of exror posifion
ift Hesu _'IEICCEISI]?)(ZD )] A bit 2 of exror position
it [= 3

if( Hesu ]_ECC & (80 ) A bit 3 of error position
error.bit | = 008

if{ Resul ._ECC & UXZUU ) A bit & of error position
error_bit | =

I Error line searchi

if( BsLIJIt _EC nfDQXEIUU ) A bit O of error line | Max fine is 511 (=0xJFF) ]
arror_line =

if( HEsLIIt.EClc ﬁ 0x2000) A7 bit | of error line

if( HesLIIll EC|C & D}(HUI]U ) Y bit 2 of error fine

i Result ECC & D:00000) /4444 it  of o fne
error_line |= 0x08;

if( Hesull.ECC & 0xB0000) /444407 bit & of error line

if( Hesult.EClc & UXZUUDUIJ ) B it 5 of error line

ifl Aesult_ECC & D}(HUDDDD ) A bit 6 of error fine

error_line |=
if Aesult_ECC & BXEEIIJDUI]D ) A bie 7 of exror line

error_line |= Ox
if( Hesult.EClc & UXBUUUUUU ) A bit 8 of exror fine

error_line | = 0x 10|
/Read date 2F
error_line &= leFF Hmax 512
error..bit =D 1F; Simax 3F

rd_buf(error_line] *= (1<<error_bit);

Fig. 5. ECC algorithm for error correction code.

4. M8 Zn

Hl57]-8 6% vlne] ©ES Fig 63 o] AASA
Om, ARG v|RE]= 4Mbytes PSRAM} 1Gbytes HE &
A w22 7F ARGE ATk HE S A] HE = ol
Aol By SIS AEE & 4 glaL, oF MPUS &
3 o2 Y =5 AEE sIGih EJF HEe] o]
ARE T AEe FASHES SVOATFQ 373 A B &
A&t

Fig. 6. Prototype for testing the ECC algorithm of NVSRAM

2ES B3| HE Zg4 UﬂEE]_J Bad block table2 A

e

[ExT_vec 1—>“
0.45s ‘
I Veap : |

.

-_"- Elmm —mre,nu!!! it

F3ieic) [T [ [

Fiampi(CT) Pampi(CT)
2073V 2073w 1403271 k2
v v a

(2) NVSRAM module at Power ON

.
eave] T\ - s oy

&l B u T
. 1

Piamplicty Prampic) Paisalca)
v 2479V a10Hz

108264 5
2= 1281605 s 02367 mHe

(b) NVSRAM module at Power OFF
Fig. 7. Time of power ON/OFF.

Fig 7¢ 250 A9 ONHS 1 W S24) vjme]
ol PSRAMO.Z 1€ ] oF 04527} Z2]u] 2048bytes?]
dlo]Efo} dbytese] o] 1A TE=E 97 Hrk 1w w

5o AL OFFge Ago] vk A gkl 57
A Elo] ola) PSRAMO|A W= ZajA] wjize) dlo]e]

Journal of KSDT Vol. 19, No. 3, 2020



116 oL -

oS
lo
)
HN
ox

£ HUA = oF 1.8%27F AoE ek ¢ wjet ol
2048bytes©] H|o ]2} dbytes®] o] HA A=F A H
ot 931 & wjo] o8y A FT=F H|uste] HE oy
&2 Zsiglon, o By FE ¢ =

RIS 1) F3W U A} paettST BE 100ppme]
oflel&ol Lhgith. ofe] B4 TE YmeES ABHAL
0= page™ S Fat Oppm&] of2}&o] Lhe A EHHA |
7] AL £33 glo]g] &ilo] EolE AL FHelsH

= A2 T uUa
ATk

4 I
32

5.2 =
WE EdiA] vlnels 2714 SH st ¢7)/27]
A =% 077 BT 4 7] g o] HEEt dlolE
= **’%Vl AeiA = odBE dEse BF0] 4
2 ke ojof Fhei{14] T4 ofe] BAY ZES AR
’5}04 AEgE AR 7]E0] AMSHE HlolE ofe
AAFY] 79l CRC(cyclic redundancy check)S ARE-5HA| Tk
Eror7} S 3¢ A7 E7Fs stk A& 7Adst
7] fl3) olz] BA AEE o835t dae|ES A
oo 24 3 dueEe doly /= Qg ECC
7} YRS T BCCE MAgsto] 0 RE Fol1 Al#4e
E AMEE 2E2 WE FHA] #zejet PSRAMS
ARERE B 578 d8F v Ee] BEou, Y HEEO]
A = WE A HEEE ARESte] 9F MPUS
olg3 FES =4S AAsloick ET WS ZaA v
2219 £l Bad BlockARE a&%o=2 Hsh] ¢
2] BBT(bad block table)7-/d3}0] Hg/d& &=3itt ole] B
e daeEE AAste] R0l AR AL w, =
H7V27] 2 5 AL 5= Y olEE F235t of
2] B A& dueEE ol&d AF g Ax} 4Mbytes
| 28] 9] pageH9 HIE of|2{&-2 ot Oppme| A}
ugton, ozl HA IFEE o]&5HA AU Al
100ppm 2] H|E o2& vjwstH AL Sk HolE
ol o A]QE =712 3ols}
A3} vmetel ol A7 23
olE] Aol et 234t 412l E S S g
= ZHo] 9ith

T o

¢

3o
(i .L
~
@)
A
ol

s
4 32 iy
>
==
n)

aAel =

T 220U e HRustn IEAsH 2l
71?3-‘%«] “iFstel  Collbo R&D  of|H]SITLAFIRED,
$2809935) © & 2| 2Utol eyl A ATRIL ck

A o) AZHo)7|wEk3| A A19H ABE, 2020

o2
rar

s

1. Jungwon Kim, Seungkyun Kim, Jeajin Lee, Changhee
Jung, Duk-Kyun Woo, “Memory Hierarchy
Optimization in Embedded Systems using On-Chip
SRAM”, Journal of KIISE: Computer Systems and
Theory 36(2), pp. 102-110, 2009.4.

2. Myeong Kyun Kim, Oh Yang, Won Sup Chung,
“Implementation of the FAT32 File System using PLC
and CF Memory”, Journal of the Semiconductor &
Display Technology, Vol. 11, No. 2. June 2012.

3. Lee Ki-jun, Lee Myung-Kyu, Shin Bum-kyu, Gong
Joon-jin, “NAND flash memory storage device Error
control code application”, The Journal of The Korean
Institute of Communication Sciences 32(6), pp. 16-22,
2015.05.

4. Dong-Hwan Lee, Kwang-Hee Phark, Shao-hu Peng,
Deok-Hwan Kim, “IRAW ECC for ensuring ECC
Integrity of Flash memory”, The Journal of The Korean
Institute of Communication Sciences 35(2B), pp. 451-
454,2008.10.

5. Jisu Kwon, Daejin Park, “Acceleration of ECC
Computation for Robust Massive Data Reception under
GPU-based Embedded Systems”, Journal of the Korea
Institute  of Information and Communication
Engineering 24(7), pp. 956-962, 2020.7.

6. Jae-bin Lee, Geon-Myung Kim, Yi-Hyun Park, Seung-
Ho Lim, “NAND Flash Memory Storage with Rate-
Compatible LDPC”, Journal of Academic Presentation
of the Korean Society of Information Sciences, pp.
1519-1521, 2019.06.

7. Yongju Song, Young Ik Eom, “Analysis of Hot/Cold
Data Separation Scheme for Data Retention Error on
NAND Flash Memory”, Journal of Academic
Presentation of the Korean Society of Information
Sciences, pp. 1395-1397, 2017.06.

8. Seong Ryeol Kim, “The Proposed of the Encryption
Method and Designed of the Secure Key Using Initial
Bad Block Information Physical Address of NAND
Flash Memory”, Journal of the Korea Institute of
Information and Communication Engineering 20(12), pp.
2282-2288,2016.12.

9. Hongseok Kim, Ki Jun Kim, Sang Lyul Min, “Fast
address translation of bad block management scheme in
flash memory storage devices using bloom filters”,
Journal of Academic Presentation of the Korean Society
of Information Sciences, pp. 1053-1055, 2014.12.

10. Hongseok Kim, Eyee Hyun Nam, “Design and
implementation of bad block management layer for high
performance flash memory-based storage devices”,
Journal of Academic Presentation of the Korean Society
of Information Sciences 39(2A), pp. 90-92, 2012.11.

11. Stefano Gregori, Alessandro Cabrini, Osama Khouri,



o2l B IEF o] &3 HE7| & &F v RE Jv T 117

12.

13.

Guido Torelli, “On-chip error correction techniques for
new-generation flash memories,” Proc. of IEEE, Vol.91,
No.4, pp. 602-616, 2003.

Wei Liu, Junrye Rho, Wonyong Sung, “Low-power
high-throughput BCH error correction VLSI design for
multi-level cell NAND flash memories,” IEEE
Workshop on Signal Processing Systems (SIPS), pp.
248-253, 2006.

Namgi Kim, “Variable CRC Scheme for Efficient Data
Transmission Control for IEEE 802.16e Wireless
Network”, The Journal of Korean Institute of

Information Technology 7(3), pp. 109-115, 2009.6.

14. Oh Yang, Seungkyu Ock, “The Design of Multi-channel
Synchronous Communication IC Using FPGA”, Journal
of the Semiconductor & Display Technology, Vol. 10,
No. 3. September 2011.

H4:91: 20204 99 179, AAbL: 20204 99 229,
AR 2: 20201 9 23

Journal of KSDT Vol. 19, No. 3, 2020




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


