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& — AR T T % A2 3% 8 11 % 5] (Field programmable gate array, FPGA) 4% 4] 45 SD3.0 iR & TF
Fe zu,a/ﬁ:xﬁ}ﬂﬁ’] PRARE B B I E F ik 9 SR Ak, Bat A AT e B R B R E R, 24 bit
L 5% 49 4 ¥ % 33 DDR3.FIFO .RAM . A A% A R & AENTE T4 . 58K S4BT BNBT F
FHEH , A PRM S LR ORI REFTHARERAGC T TERBIE REFT B L LA
A RTLABIES TEFM&X A £, FREREN, A L&iH 49 PCB & 35 T 42 4 SD3.0 il T &
# W, JE 4 3 e HHE B4R T AR %ﬂ%}i%#ﬂ%ﬁ%i £ RIEEZ 4 TF F ol X 69 ik E AL 60 MB/s, ¥k

AR R AR R VA AR A, BRI R ARG TR RET AT E,
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Storage Rate Optimization Design Based on FPGA+SD3.0 Protocol

XU Lu, LIU Zhengjun, CHEN Yiming

(School of Aerial Survey, Chinese Academy of Surveying and Mapping, Beijing 100036, China)

Abstract: The storage solutions in the market cannot meet the requirements for storage speed and device
volume with specific functional requirements. So, we design a SD3.0 version TF card controller based on
field programmable gate array (FPGA) control, aiming to achieve higher-speed data storage while
occupying the smallest volume. Through a self-designed small data acquisition card, the 24-bit-wide data
are finally stored into the TF card through DDR3, FIFO, RAM, and two-level buffer. This paper
introduces the scheme design from two aspects of hardware and software. The former mainly includes the
circuit technology, acquisition card index and board-level signal integrity verification; the latter mainly
includes the storage process, RTL-level verification and the TF card test. Experimental results show that
the proposed PCB circuit can provide the voltage conversion and data storage functions required by SD3.0
protocol, and the board has stable functions and high integration. The speed of TF cards exceeds 60 MB/s
with a long time. It has stable performance and good versatility. The experiment meets the design
requirements, and it can also provide a solution for miniaturized storage experiments.

Key words: filed programmable gate array(FPGA); SD3.0; signal integrity; two-level buffer; system
stability
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SD(Secure digital) R f& — R 5 T flash [N A7 19 & A7 A A, ROHOCAZ A & A sl R F8 3 R
R e ) W S P VA B =N 53 7 e o U LN R L W (EN i =i e 3 R U NCTTR S AR VST s
JR, TCE X AR A 2 R AL R 1 SR AR TR 4 PR SR AR AR A T T i 9 R X B X SD R Y AE
7 FIAE B o S 1k R S B0 Ok TR Bk

SD R 776k 32 5258 1h #0252 90, B TR T SD R #H 2 i oE © 2 BUS T — 26 iR . Seiik[ 3]
SR FET ARM AR H 28 19 )7 %, 80 Linux R4 H) AMBA B2 B0 ST 8L T SD3.0 £ il #% A 1531, 15
Z PR F ARM G R B B3 AT AL ER AR T A, S B 1) 7 it 3 2 AR IG5 STk [ 4 1R HI STM32 Bl il 5 55 8L SD &
(A7, FLIR 56 v 16 8 1) S SPT R G 20, 33 st 2 52 By 468 (EL A7 it R A, 38 & A 2 i R IE , 8
2 7 T 52 B B B R e A b s SCIRES SR T Altera NTOS 1T #4845 SD R 4511 2%, SE 8L T B 7] 40 7252
173 (Field programmable gate array, FPGA )& 111 SD R & il #5 19 SPI(1 bit) £ 2, 77 i 20 % [F] #
AN SCHRL6 ] BT RIS B T FPGA BBV IG IR Y- &5 N #4768 3R 48 DDR3 #28 il #% S A7 R 48 SD R
HAS G A TR R T £ X8 0E T 5 77208 R 09 28, (5 SD R R A A9 02 2.0 it A B i, B9
Y e AR E P AT 25 MIB /s, T SR N b 2 BEIG, T8 R B Y R A T SOk T IR T
— BT SD3.0 MR BLAY A3 A 28 RTL g 4541 8% , SR 8 6 TF R AFk B2, (H I 7 A7 AE 45 A A7 4 5 1]
AR IR [ 1 A e, O L o5 R T RRUAR K, Al A /N R R AR . HIEEILL BRI A
ARSI B T R, A SO — A I T FPGA S H A9 SDTF) R 2 i #% , i 13 SD3.0 PG 4bit 14 i B 5L,
Xt B TF R 92 IR X 5 5000 378, B AE i FH e /N PR ARG [ ) 30 3 482 78 B0His A0 77 i 80, S BB PR A 2
i A7t R

1 AREE

FES F R FE b FPGAME N — Rl i B 5 A AR A A LAl n] A0 A, L e IR 2 &
TP AR 6 e T R L AR S 6 R Xilinx 28 ®) A Artix-7 2RI F L% R 56 T A B
A BRI T B MR RE (Y IDAE L A R IR B4R T DSP AL FREE J7 DL 2 AMS £ R, BT 840 SR X SD R 45
IV IR R AR PedE b, AR ST SR T AT A7 R B R A SD 3.0 MRSAE g SD R AR A% B L
Z UG i ER AT A Y A % — i A, ST SD R A0 Ui AL R A, H A 5 R A X T B R AR HE L T AL
PRIEAEA8 T35 104 MB/s'Y 3l A [ VRS, 06 R AR08 BOR . R4 kR bl g DDR3+
RAM +FIFO N AMEAf 52 I AR 45 A 79 7 206 24 bit 47 58 5508 7% % 4 bic 4z S50 3is 77 A TF K+ . DDR3
VRN B AT B #5 0 B ABBAE A5 B A7, SR b FPG A B R BTk 25 [ R L ARG . FIFO 5 RAMAH
GG, SEBE A B 1 A e s I A S

b 5B 0 R R A TR A

RS I 1R

2 R RILZEH R i

2.1 FEGHEEINEEIZIT 1.8 V533 V]| Artix-7 e
S R I 40 B B RS %ﬁfjg;

o L SR K B T R i e

GBI, RERHAA -1N9~24VH Bl REGz5E

WM AT, 2412 V Hii i, 5T Fig.1 System structure diagram
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K12 W, 50— LEDHE/RL ;5 VAI3.3 VTR TR R AT 4 — A4, B2 4 1 (GND) it 45 1
KA RARTE T4 KAty HFak SR rkd . 42 PCBA AT, 45 ) 8 i 8 1L
AL E AL B, P R G BT, SRR T K A 4 s T i B S A R A R P R T R B R 1
TR HETE T B B R B R E M S PERE . T SD3.0 BRI R A% R AT 1k 208 MHz, T LA TF R (19 E &
RS R A3, B S5 FPGA R A /Y B 85 A B it K,

Bl R AE RS B 2 BER o AR
ARM-+FPGA XUt i #5 il , FPGA i 37 K L5 45 3
HIFFif , ARM i 5% JoAt 3 4 A s 1, AR SCS2 86 R v I
ARM s B ¥l W48 . £ FPGA IS i JE Bl A 1R £
PR 5 LED AT, 324 5 H At 152 4 1) F 3¢ R H %
KA W ER . b J2: MDR26 4 11 11 3% 5 Camera
Link $2 11119 15 0 SR B2 15 45 AHE B R 5 31 19 808 5 1
Til5 5 20 5 i A A PR L% R 25 45 FPGA T3,
J4 J10 N AGE A Ah e e O, H TSI 5 EAEHL .
A I 22 R) A B0 38 {5 90 50 B0 8 i FPGA S

J4:STMHITTLE O 12:MDR26

JG:STM FH I
J7:STMHISDF

FPGAfiprogram%#

| S— SV HIFIRRAT
FPGAIIBAMR/RIT

S9:FPGAE B )y ik 3%

B AL JBA AP OB A B R R AR T e

R, AT SD3.0 B XU R SD F L % »—mimvnms , »=mavnsn
| 5 FPGA 5 A A 5 66 3.3 V5 1.8 V I e il hnsmovninn
RLPE S, I . ) B et R MR S PR R P2 R g R S

WG SES, k B CMD11 454 2 5 ¥ h L H SE 5 Fig.2 Physical image of data acquisition card

JED | B e v FL P 5 | D SR 28 SR TF R 5| R S 19 90 48
SRR Z LR AT R S e, R R S B R i A DR T, B R R R A e 5 U1
JFPGA RPN 1, 155 5 PCHHE , FH TRF BB J1A 5 J1B 5484 9~24 VL&, A
UL IR R R

O F B R I FPGA A BY B 40 48 #8050 TR & 85 o i 40 4 B 48 (Mixed-mode clock manager,
MMCM) MIG7 # il #% .\RAM IP # \FIFO IP & 5 LUT %W S LIS K B 55 Emite. 154
TR A HL G T TF RS RIBLT 184 105 & Fn 2% 28 16 40 W7, 230808 i B RS HL 17 5 X5 FIFO M CRC16
T2 6 A e R A7 4 ) ) BRHR DA B A AR CRC A B B JF U S5 455 0k o I L o8 B FH 55 20 77 il 2 2 B i
3 3 R 1 B i A 2 A LA R B s e SR ) e 4 o O

FPGA & B 4 100 MHz 8 0y % A4S0 F 2 4t it
B AR 100 MHz B 3% A B N B, 3 i MMCM
A% 51 5 45 5 B AE | B 200,20 F1 166.667 MHz 1 3 4%
b2, 200 MHz I i et — 4> 230 B0 50 2% 14 i — A4 B

F1 SD3.0EXSHIEHR
Table 1 Parameter index of SD3. 0 mode

HUR/ BRAEER/ s/

% (MBes 1) MHz

A3 400 kHz A9 B b . 3X 4 B RFah T TF R 2U 5% e B EE 33 120 P
Bodlt ik (DDR3 S A B S %5 0 Bl 4GS R 53 95 -
R SDR12 3.3+18 12.5 25
2.2 SD3.0ihiXE N SDR25 3.3+18 25 50
SD3.0 B s S F5 W5 R e FE A9 T/ERE 2, Bfk s 1 SDRS0 3.3+1.8 50 100
IR o SZI v SR FH BEAR R R P SDR104 B X S8 TE DDR50 3.3+1.8 50 100

RHYEE S A O A A o b 00 5 | R0 PR T A 5 48 SDR104 33118 L 208
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SD3.0 Pris 1 28 PR R IR BB R s AL f i =X 33 ar Ll . ik CMD8 48 4 i Ia] TF K 32 #F
B HEL R R 5 R ZEOR YR B CMID11 4R 4 J5 47 HL R U148 ; CMID6 1 3¢ TF - AR 2 5 6 5 T 8 DI 46 1E
Joi B B R & % CMID19 48 4 HEAT I b I8 ) AR UE7E i IR S T ah A RS E k. & ik CMD25 45 4 iF
ABUHEAL R S0 B TF RS2 5 BE B 45 5 & 3% CMD12 38 4 5t 1 28 i X P9 (18 B0 20 17 2 72

X 3% 48 A FVECHE (Y BRI T, 7R H R B 4 2R, B8PSR 100~400 kHz, MR 4 2 5 #E A
SDR12 452 HE 1715 i1 , 5 i 40 5% 4 25 MHz, 243200 5] CMD6 4§ 4 A9 3R [BIE 8 A~ At #h B I 2 J5 , TF K B
Al E A AR (SDR104) |, f i 450% 1] F 2l 208 MHz, A 5255 vk A 200 MHz.

2.3 SD3.01hi A RTL K}

PR 7 5 rb, P T L R 400 1T A 4 o e B A R B L AR S PR FPGA S SD3.0 MY R b,
KB 7 o FE T SD2.0 W ™ 5l 2k 45 H3 17 4% 3% 1 (Serial peripheral interface, SPT) #2752 B
BRI A7 A% o X Rl 28 00 B A7 if o BE S AUARAR, R 25 MB/s, SEBR I A AE i 80R 1A SD X
[ 25 %% , 36 16 35 AN 2 PR BHE 77 6 A0 6 A oKk o SCRik[ 16 ] VE ik 8 SD3.0 B3t T —Fl 3 F FP-
GA 1 SD R 2%, 8 2 0 i 35 W, SR FH T2 BB T+ S5 A PR 3 00 s b T — 3 S S
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BRI L M CR SHER T . A SCIR I 3R T E

(1) R A5 CRC KB (8 5 & 26 8048 (149 7 X, vl DUGR UE S0 % 26 i e vk o Rk r R & TF
R R A R KEEAC ., e T 5 — i A2 560 (B & 2% 8500 A 24 T X AR 4L 800 AT T PR B AT A, 53K
SR A AR AL 5096, 78 52 B i ik B o A% i R 45 S K29 30 MB/s, 530k [ 16 145 - AH 22 AN K

(2) B4 B R 36 44058 T & 26 B0 508 L B CRC16 118 Le & 26 5040 28 /0 A 5% — /> I 4 Jo 30, e B3
T T A T AL R Y B AE B R, — AL DR R e AT R T 5, O — dHL A R E D — A R AT RO
ik BRI K 2% 50 HE IR 00 45 L I BB I 0 ST . 3 A O VR A X — R R R K 1 i, 4K
it 1) A% i 3 Al KR - T, R B 50 MB/ s

(3)E 3 PR K FIFO i H 50808 52 20k AR ] B0 9 3%, — B A 31— SR A7 14 ) Pt 25 — ¢ [ 48 b
17 CRC16 £ 5, 3% B 1] DL IIE CRC A2 56 45 21 19 25 5 — G A7 10 75 K 36 B0R IR P L L . K 8dis 5
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MIG7) |\ 225
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Fig.3 Schematic diagram of storage process of Scheme 3
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CRC B0 45 SR PF 5 I AT 36 A R AT , X R IR A7 A b B 7 325 B R 25 oy FHAR KRG Bkt e (1 3 —
AN R B L $2 s T B AR AT R L TEBUIE th B R L TF R Y R b — 2 G A AT [ )
TEE A S CRC K B EAE K Hp AT A0 A 5 72 W) 25 647 . 45 TF R IE 8 A9 3R [ — A 1E Pk #h <0107,
DUISIE B % 26 B0 d HE W, — SR B A7 P I RO B b 6 A A7 P IR IR A A . I T B TR
LR 36, i L 224 B0 306 At 15 N AT R e % oA i B O o T

B 4N TF iR (8] IE 5 0 5 A9 R 8 B A 20 B O TF R B R A5 5 (— 072 46 2 “0™ , 1F ik o
“0107, —M &AM 17) . X4 TF RiR B S5 IE A gE S A TF K& b X, SR o

PR PRAR [ PR ER PO P9 A R PR P e
00 )C)OODOCX@ XX of X 12
e
\ ,
| [ | | [ 1 | [
f 1 f ‘T_ @ i i

K4 TF RWRN(ES
Fig.4 TF card response signal
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3.1 REFRERIH

A B G R R GE T ol Mgt e, B —E nE k. (E3 5 R R R RS KL 4
JSLRE R (R, TCR T R /N RLAE A SR AT SR TR R R E T RE T SR o WG AR SCak R A AT IR
KA RSN TS UG RE RIS HOLER 2, F 2P, SDRE R R MZE SDHC # M,
BARR BRI B A 25 1 @, A A BE IR, JC U 1 R 5080 1Y i A7 A 7 %8 5 Rl Camera Link/HD-
MI+PCl-e i EGCR 4R R 75 BEAME AR B 55, B2 OB BAIR, 52 B 1o FH A Ok o7 AR R R, AN R T S 3/
TIAEAEAS 3 2 SCIETHIY R AE R 8 S RF SD3.0 UM /N TF RAEGE A B2 BT AR b, TF R RSFHAS
915 mm X 11 mm X1 mm, /N Fiidg b EROAER S T RA MU & T RS R £ L
BE AR A e O R e T AR A 258 2 T RN RSB R RN BT B Y e A
B, e — s S R B R T

>

x2 REFSH
Table 2 Acquisition card parameters
TSR KRR HVSOSI)‘%EfJF Imperx Camera Link R4 R
SD R4 FR

o Camera Link+SDXC+UART GPIO+SDHC  Camera Link/HDMI+PClI-e

AL/ (mm X mm X mm) 105X 73% 12 38X 38X 20 11834 21

IR EE/(MBes ) 104 25 320
HFREE /it 8/10/12/16 8/14 8/10/12/16
{83247 /GB 2048 32 =500

3.2 BHRFAEESHT
PCB {555 58 M 32 2 A0 48 BT A VEC 51 A A 1355 ol AN T IO 46 22 1) 5 5 1) 1355 o I A% i
T T A5 AR TR B AR 5 W IR AL A, 2 3 A R DR 1R, R RS A R Oy PR AR R RE R
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PERERR E Mg 8 B & B R B b, 7R STl A Mentor Graphics 28 /] 19 EDA % F HyperLynx i A i b 2%
155 B HAHT .
3.2.1 A5k

55T R AR R AR S A — A 0 (i H R B A R R 3 (L, U AR S e, AR S A b g R
PR RN 23 77 A ™ B HL G T4 (Electro-magnetic interference, EMI) o 7 Az 2o i) 3 2 Ji [A 2 4% i 2 BH
PUASVE FC 38 BUAR 5 2 R B0 Ay b A5 5 3t oty SR bl R 5 3l L 7 AR XM 5 B A 15 40, AR S
kAo O P A S LT A 42 BEL B 45 O v L e /MRS RO L /N PCB 58 568 &% 5 00 H %A
14 FRL B e 25 e

W 5(a) (TR A5 5 et vh , 26 da 6 S5 8 P 40 T, R 90 2 i 422 BELE S DG L 7 251 262 17 4R 48 3800,
X AT R 2 53O0 A R 22 OO T A A PR S A (E R R A B R G B R A O s AR P R TAE T
ANIEH IR 52 0 L B R IR T RE M SE . N BGE RS IR S e TF R A7 A I 465 8 2K W4 3 45 i AC
50 € L BEL 52 B v 42 BB VE i, ol e A5 20 181 5(b) FTR 803R o IR AT LUt R 800 75 21 T B 18 ks
TC 22 WA S 18 50 0 B, DR E T H 15 55 A AR e Pk 5 I 1 4 ) 5 SR 1 o o 12

Vertical:1 V/div offset: -2.0 V Vertical:1 V/div offset: -2.0 V
6 | Horizontal:1 ns/diy delay: 0.000 ns 6} Horizontal:1 ns/diy delay:0.000 ns
5 e 5 ‘
4 Y Rl 4 Vi ) //\U
TN TN N 0y
AR NN /. 2 L \\
/s \ve e \Y N /8 /i
/// 4 \ Ql W)
0 ) B \/ 0 ; K"
it -1
~2 =2
-3 -3
0 2 4 6 8 10 0 2 4 6 8 10
t/ns t/ns
(a) Signal improvement before overshoot (b) Signal improvement after overshoot

K5 At h BG4

Fig.5 Signal overshoot verification results

3.2.2 A5 #HmX

A3 P 22 A AN [ I 4 [0 (9 A LI, JEPLBIUR A2 4k 2 ) (9 A PE R ERS & o A TERR & 77 B &
LI, MRE RS & 51 i U T, PCBARUZ 9 2 8 AR 5 LR IR1 B | 0K 3l s 1142 i i ) oL R 28 B A i 4
J7 A PR A — E R R o S TR B P A T TR (G2 5 v v

59 5 ) I 4 X TF R A7 B R4 S (8] | Horvon | sl ey 0000
Pl 6 77 AR5 L, R TR £ 5 A T B AT s ﬂ’?\%ﬁ 7
WILE TF A7 B0 T 25 b, A k4 50 e (i Sk i e, AT TR ) ‘%v
AT 5 1 1B 0P FE o IS £ B, S SOV TW TR
BBk TR (R S R, SRR S WO T 1)*/ l\ / \*
28T LIRS 5555 OB WG & (AR BARR B N7 N
U S o LB B 7 2 4 O A 7 5 Y X
3.2.3 fHH A ¢ 2 st OO0
H % 3 %% (Electro-magnetic compatibility, EMC) {5 = $2 {1t T — B 6 ERL I A R

AT SR — TR Bl R0 45 00 A IR OO, AL R R Y R g R A Fig.6 Crosstalk test results
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Y B E R B PCB K ¥ 3 m, 188 DATAO M4y g 10
2

RS/ IE ] PCB #0378 200 MHz #50R F ] 32 445 i 4t 0 —— 15
L QT P (a) Display of oscilloscope minimization
3.3 REMRERSH s
52 8% 5% Al Xilinx 2 # 7 F] EDA T. & Vivado 2018.3,PC %
5 FPGA T Al it QSPIAR 28 B B X 414 1P 4% 4 il 3% 48 7 i =)
¥ (Integrated logic analyzer, ILA) BEATULEE , M LR S
TR R o
3.3.1 Ak E AT =
0 P B S5 A B K FE2E 5 min, 33 Winhex §cfF B e i

ML LR E ARG — X, SR IXZZENT 7 DATAO RS 48 57 2045
BB DX e 1 T R R R I AP R Fig.7 Radiation simulation test results of
i DiskMark #/F L TF R 895 A 585 30 9 801 1 DATAO network
BN, RS TF R 5B MR
B IUE TF R EG 8% B0 R0 BA ) 238 HIE, BE A 0 2 52 BRfs R, HAR TINS5 3 3% 3.

*

H3HIT R TR R R

T R B B0 A FHEA Table 3 Writing speed record table

R, T SR Z PR, S B R —
BRI LSy B R AL SebR i 5 T Rl RAWREA WS A
fif 0 3 55 FRAD A7 B0 % 104 MB/s gy TER@E P/ (MBes) T4 /(MBes—1)
AARKZEW . i WA TP 4% ILA Kingston 128 - o7

i iU (5 AR 2 CMD25 48 Biaze 64 59.3 53.6

) “BUSY "k 25, B data0O B2k I 3% [A] EAGET 64 54.7 50.2

LS00 0 165 L 0 D 8 0 O 4
B Bk — ARG R A, 1 TF 05 AL T, 5 A0SR 77 76 TF - 2 o X X ey, % 51
G K G A 2 UCHE S A X P 53K B B b SO Tk T AT e 7 1L 52 B 77 ko 5 2

WA —E 22 .

o- LLiigrernttll ) | LLLL e ey
wy_.|staren IO YOO OO OO isTaTELL CEORCAREAERAGREDREEDHBS
K8 TFkBUSYIREREK
Fig.8 Schematic diagram of BUSY state in TF card

O3 MR 55 R ) - 2 0 3 R S B, R A B 0O 2 A B R b N v T AR
EE A, UL S e X RS R IR R T TF KB AR, 155 A S
BE ;3 H#B4> TF R 0y5 A8 ol #@ ot 60 MB/s, 5 T 0 A 1Y —26 SD < HHl 28 ik it 5 & .
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3.3.2 HIETHEMWHAHN

I3 TR h 24 07 SEINIE AR AR, B FPGATHELSE I . 28 — Ul /& 24 42 0x0000017 , & 5 — 4>
S 24032 0x00003ff” , — ZH £ 45 1 1 024 2H 16 #F il A8 4 1. 3d b 5 A 2 0004 S 36 54 ml Oy i S 29 3 ik
RRATEREL GRS ZR, BARSIR WA 9 R . BIRE %~ MERG, S A —4"“Oxaabbeeddeeff” Y
e iR, 75 18 X BHke 0 b L S A 4k
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00000000528 00 06 00 00 07 00 00 08 00 00 0S 00 00 OA 00 00 00000003200 00 03 81 00 03 82 00 03 83 00 03 84 00 03 85 00
00000000544 OB 00 00 OC 00 00 OD 00 00 OE 00 00 OF 00 00 10 00000003216/ 03 86 00 03 87 00 03 88 00 03 89 00 03 8A 00 03
00000000560/ 00 00 11 00 00 12 00 00 13 00 00 14 00 00 15 0o 00000003232/ 88 00 03 8C 00 03 8D 00 03 8E 00 03 8F 00 03 90
00000000576 00 16 00 00 17 00 00 18 00 00 19 00 00 1a 00 00 00000003248/ 00 03 S1 00 03 92 00 03 93 00 03 94 00 03 95 00
00000000592 18 00 00 1C 00 00 1D 00 00 1E 00 00 1 00 00 2 00000003264 03 96 00 03 97 00 03 98 00 03 99 00 03 9A 00 03
oobatoaGEss| G0 0o 21 o' GG 23 00 00 23 00 60 34 00 G0 25 go 9900000328098 00 03 5S¢ 00! 0396 00 03 9K GO 3 B 00 03 A0
00000000624|00 26 00 00 27 00 00 28 00 00 29 00 00 2A 00 00 00000003255 00 03 A% 09 03 A2 08 93 A3 99 03 A4 09 03 A5 09
00000000640/ 2B 00 00 2C 00 00 2D 00 00 2E 00 00 2F 00 00 30

00000003328 AB 00 03 AC 00 03 AD 00 03 AE 00 03 AF 00 03 BO
00000000656/ 00 00 31 00 00 32 00 00 33 00 00 34 00 00 35 00 545500003344/ 00 03 B1 00 03 B2 00 03 B3 00 03 B4 00 03 BS 00

00000000672/ 00 36 00 00 37 00 00 38 00 00 33 00 00 3A 00 00 44400003360 03 B6 00 03 B7 00 03 BE 00 03 B9 00 03 BA 00 03
00000000688| 38 00 00 3C 00 00 3D 00 00 3E 00 00 3F 00 00 40 (0000003376 BB 00 03 BC 00 03 BD 00 03 BE 00 03 BE 00 03 CO
00000000704/ 00 00 41 00 00 42 00 00 43 00 00 44 00 00 45 00 00000003392 00 03 CL 00 03 C2 00 03 C3 00 03 C4 00 03 C5 00
00000000720 00 46 00 00 47 00 00 48 00 00 49 00 00 4A 00 00 00000003408 03 C6 00 03 C7 00 03 C8 00 03 C9 00 03 CA 00 03
00000000736/ 4B 00 00 4C 00 00 4D 00 00 4E 00 00 4F 00 00 50 00000003424 CB 00 03 cC 00 03 cD 00 03 CE 00 03 CF 00 03 DO
00000000752 00 00 51 00 00 52 00 00 53 00 00 54 00 00 55 00 00000003440 00 03 D1 00 03 D2 00 03 D3 00 03 D4 00 03 DS 00
00000000768/ 00 56 00 00 57 00 00 58 00 00 59 00 00 5A 00 00 00000003456 03 D6 00 03 D7 00 03 D8 00 03 D9 00 03 DA 00 03
00000000784|5B 00 00 5C 00 00 5D 00 00 SE 00 00 5F 00 00 €0 00000003472 DB 00 03 DC 00 03 DD 00 03 DE 00 03 DF 00 03 EO
00000000800 00 00 61 00 00 62 00 00 63 00 00 64 00 00 65 0O 00000003488 00 03 E1 00 03 E2 00 03 E3 00 03 E4 00 03 E5 00
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Fig.9 Test data results
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