4% HSW AMERZS5BEFEREFER Vol.14,No.5

2016 4F 10 A Journal of Terahertz Science and Electronic Information Technology Oct. ,2016

XEHES: 2095-4980(2016)05-0712-05

—fhEF NAND FLASH Ew#HIERFERNIZITE LW

K OF, BERG, & %, NEE
(LM R FH AR, L 201109)

B OB A TEREL AT REENRENER, #E T X TFFPCGAE 4| By NAND FLASH
MRk E, METHZF FWEEMRENEITE A, SNAND FLASH# . 5 | RN BERF
HAT T % . % P FLASH® % 3% 33 % 7 3250 Mbps, # # i % F FLASH B 347 5 BU3K 2] 5 & 8
EHRAR, RPEH, BT ELANTERELRAAEFT R FEENETUAREN T ERE L R
G EWRBEENE, HETLEREL2ZEMNRNER,

K. BWEDFE,; FHE; BAETRE; AFTREITE

FESES: TN914.42 X HERARIRAD . A doi: 10.11805/TKYDA201605.0712

Design and implementation of data simulator based on NAND FLASH

ZHANG Zhuo, REN Jiayu, AN Ran, SUN Beibei
(Shanghai Aerospace Electronic Technology Institute, Shanghai 201109, China)

Abstract: Aimed at the requirements of the baseband data simulator in satellite data transmission
system, a NAND FLASH solution is put forward based on Field Programmable Gate Array(FPGA) control.
The hardware and software designs and implementation of the NAND FLASH solution are described, and
the operation sequences of reading, writing and erasure in NAND FLASH are studied. The highest rate of
single chip FLASH reading can reach up to 250 Mbps. Multiple FLASH chips reading in parallel can
achieve a higher reading rate. The experimental results show that the proposed scheme can effectively
simulate the data source in satellite data transmission system, and meet the requirements of system test.
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1.3 HHE FESAEBFRITNAE

FR AR 25 0 LA N A AT L B 00, PR AEAT A I PR A [ B R 42 % 25 51 2 (Consultative Committee for Space
Data Systems, CCSDS)#5 &5 2% 1 #1 & % (Advanced Orbiting Systems, AOS)PrS {5 18 £7 BUEU i 2. 5T (Channel
Access Data Unit, CADU)Ks X Edls; BB ™ A £F & & 70 #F 1 K8 /& fi (High Resolution Picture Transmission,
HRPT). 32 [E 14 1% % (Moderate Resolution Picture Transmission, MPT )%k B 1% i (9 20 52505 LA K AH VS I 0 42 11 5
RENS = AL 47 A B A D AR A L B e SR B

2 WHEItELH

BARBEIR RS ILE 1, EZH USBE O . WHA REBRES W& HE FPGA, i FLASH 171
WL RS-422 W& B . LVDS W& B ANER R 2 B R B A AR (FPGA T2 6 1 USB B 4 75 7 ) A1 i 45 20 % .

—| FLASH module

crystal oscillator
FLASH write FLASH erasure FLASH read
v module module module
—» RS-422 circuit T 4
B chi -
computer (» USB chip P FIFO | FPGA| FIFO pre-FIFO USB 2.0
— VDS circuit communication A
l T FPGA module | post FIFO
FLASH chipset | computer I | 422,LVDS I
Fig.1 Block diagram of data simulator Fig.2 Block diagram of FPGA function
&1 BRI IR 2R GeAE 5] &l 2 FPGA HIfEHER]

2.1 FPGA #&h

FPGA #E/H XILINX A ] Virtex-11 &% 1) XC2C1000%, FPGA HHr A B& 5 1 12 48 AN B Ui A 100U (A% 0>
REEA RGARPEET F RS . USB ] . FLASH 35 #1l . FIFO 325 45l LA ) RS422,LVDS #di i & %5 . 7
R, BRI 2 S L o USB2.0 38 R i B ki BT ILEUHE & 1% & FPGA, FPGA ¥l FLASH %5,
BBl 5 A FLASH vy Y55 B2 1) AR IR & 26 BESLBCE I, L FLASH iz i Bl FPGA EZ S sl I fiE WL 18] 2.

2.2 USB # OB %

USB #iHe i 5t FPGA 5 LA HLAYIE 5 T4E, J& i A s L &35 4 1 sc ¥ i 18, izt 5 pli o USB 421 )
B AL IR RS . USB 2 1R R I Cypress 23 Rl #E Hi 19 CY7C68013 .85 A, CY7C68013 LEL5H T
f34% 11 8051 b FR %S . 1 M AE ER 1782 1 5] % (Serial Interface Engine, SIE). 1 4~ USB Y & #% . 16 KB A~ |- RAM .,
4 KB 153k 5 i (First Input First Output, FIFO)f7fif % LA & 1 />3 F] ] 4 F£4% [ (General Programmable Interface,
GPIF). USB #Z I Hi % WK 3,

crystal | PA bus
oscillator |~
D+ PB bus trol sianal
) - control signa FLASH_1O[7:0]  control signal FLASH_I0O[7:0]
< CY7C68013-128AC - _
infout | oG bus _— ———»
KOWAGO8U1A KOWAGO08U1A
2 GND GND GND GND
I‘c N PD bus ] i —]
Fig.3 USB interface circuit Fig.4 KOWAGO8U1A interface circuit
[l 3 USB $3 H Hi i Pl 4 KOWAGOBULA $ I Ha

2.3 FLASH #&th

KEGHEH =R/ 16 GB(2 G x 8 bit)& # 1) FLASH 15 B KOWAGO08U1AP! | fibri i iy 2.7 V~3.6 V;
A LA ARBCES 1K 10 J7 0k B (R A7 6 6] 1] 3K 10 4F oo 1 3k 21 28 G0 R A 08 4 s R L SR 2 B KOWAGO8ULA
ATk, JRHE LA 4,
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2.4 RS-422. LVDS % B %

TR R G R AR O, ARSI T RS422 R O 22 43 {5 % (Low-Voltage
Differential Signaling, LVDS)% [1HLI% . RS422 Wk 3 10 L {1 36 B B 2 SR A B A 422 432 1 ik A
DS26LV31TM F1 DS26LV32ATM . LVDS Wk # M HL % T NS 22\l 9 LVDS 4 H #4005 . DS90LVO032ATM
H1 DS90LVO31ATM,

3 BfFIr SRR
BCPF T T A0 4 USB 3 5 BB L J% FLASH i e "
Hell. USB i@ {ERi e LR PC K 3% 19484 DL Kk _mzp |
. FLASH B U9 BURCHE B0 D1 BR T B e
3.1 USB B =1tk '—':1’ _
USB i {5 B B ARG 3 #4r: LAHLN AR mxa
JF . USB ¥4 BESN B L% USB [ FF R IT . (L e ET
T BRI R G IRAE T — N R APLAS T 5, S FHGA O XMEA  HERA f— _ k|
Wi USB #: 0 S i &1l f5 , EET M T FLASH [k
G, O AR EEAT 5, KB e AR L IR R AT R Fig.5 Interface of application program

SEINEL. R Visual C++6.0 JF & 5RHE F i i & 15 TR SRl

FA&W), FTHULE 5,

Cypress 7 Al L T 523 A9 CY7C68013 UK 2 2 e JRAT | 44 il T A R 15 LA B [ {4 O HE R o P R 75 AT Al 16 i
sE B S R RT A, I A k.

USB [E {4 #2745 USB iU IN &8 8051 L 5 LBy ¥ il B 1y, R UIfRe & . S8 USB il 48 i BC & . WA 1k s
Pl USB it 5 F1 PC MLZ 8] A B di 1 5 s ¥ USB s i Fl FPGA Z 8] i B4 15 i o 18144 9T & SR I 81402 Keil
uVision2 fEMIT & ¥4, R CSLIETME ., C51 HA £ & A EREL, FRMKE I LMERE , BT RHMCE,

3.2 FLASH #=#i#& h

KOWAGOSU1A [t #: M4 hy 2 26 . — 2R 2 ilM5 5, 045 RE,WE,ALE,CLE fl CE; % —Z& 2 Mihk 2k | %k
P MR RN A B S 11O 11 il i B AR R ZR A 170 1 AT SE T KOWAGOSULA (45 A4 . FLASH 5 i
Bidh M FLASH 5 H KOWAGOSUILA Y[R . SRHe b B . 3 #4F FS B fE 2 el
3.2.1 G EAE

PERARAE R LA N AT AT 00, B Je i A SRS 4 60h, RIFE A 3T RIS HAE, A L 2 S R
iy AAEBR AR 4 DOh[S]o PR, RIBAGS MK, MRS MG ME; YEdl s A s RB e,
A TEBCIRZS 27 AE 25484 700 32U 07 1/00, THE 1/00 S I W42 B3 mG Bl Ly e J0) 300 B 482 60 2 e 488 6k B A i I
PRI 6.

CLE 1| 1| ]

CE1 o| o

WE i WL L L
ALE of of LT 1

RE T [
DAT_BUF Do [DO| 160 ¥40%76%03 DO 70
RB1 ol ol 7T 1 —

Fig.6 Erase operation sequence
6 {EBRERIEN
3.2.2 GHAE
HHAERUTCH AT, BARM ASIES 80h, RJG5E A 5 AT 1 IUAF i B0 i bl s 45 4 b bk
PG SR, KA A 1 R s RIGRMASHING S 10h, JHAS#ME. — BS5#REIF AT, FLASH
¥ RIB {5 S PRI RS ARG ; YEEMEEHG, RIBIES M ; Byfl s 2 R/IB A i, fr A BECKR A&
T AR 4 T0h EECIRA 1700, 4R 1700 SR G A 2y, S W BE BT S B4R M, BB F TR ILIE 7.
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CLE of o I

CE1 0| o

WE 1| 1| TLI LI L
ALE ol of ||

RE of of | LT
DAT_BUF 70| 70| [_¥80[ 10 70

RB1 1| 1 1

Fig.7 Write operation sequence
K7 SR F

3.2.3 LHRAE

PEPRAE R T OO AR, 4 2 MRS AL 132 O ORI % S e OB =X o B AL 13 BRSO HO= DO BE AL I,
YR IUHS i B R 1K 13 I & R R B il B ORI s 3 S i OB 5 AT LA [] — Rorp e 2 g R 2 i, 3 R R
B e N TR B IPCHE AR ER R i R O A

L ICERERT, B 110 05 A4 00h, BIEES A 5 NF 1 i ih bk, SR 5 &k Ak
WiikE % 30h. 4 R/B {5 5 MR 1), LU FLASH RIS ;. 24 R/B 5 5 B8 i g, n] DAFE (0
AEMH 5 RE 9 BT B2 OB o 3% SRR OO #AE I 3 3 DL 1K) 8.

CLE ol| ol[ ) e | E N |
CE1l of o
WE o |0
ALE of of LI 1
RE 1 1
DAT_BUF 30(30 00 BDi63 400
RB1 1] 1
Fig.8 Operation sequence of continuous read page
(&1 8 L TR 7
4 IRPREIE

FLASH (S R e ) e siAFAE R B, JF HAEE A R v i T B WS AR 1E , T e &= 2B B IR e,
WY TC AT ERAE B o AR FE B2 bk 19 3 S B AR R A IR AEAE R AT e, XS & R BOBUIE I R A5 DR R
IR B AT A BT,

AJTEFIH FPGA HAT I RAM FEUR S bl , A4 th T SRR 7= A IR E . 5, @ USB B IRk
KikZ PCHLME, (RIEABERIMGEEARNEKR; RF, Bk EhJG#E T USB ¥kt FR Kk E FPGA A4 RAM,
FETEE B AVE BT DU B BR B 2 Bk ok AH B SR B

5 XIEIIE

TR R IR AL IR Y B s I AR P DL P 90 B, ol BRI T S AL A KR 2 A S R B B R AT o
A% 30BN i 28 B T2 AR A DR B A s T R AU R o i IR S B S R A R B O B L O 2 B
S SR SRR ) i T R i R A S s S S RS A S S AL T e, X TR R AR 8 R AT 5 B
A5 Ak B -9 o) B BT SR A B B, i SR S BT AR MRS 5 T AR MRAS S BURRUAS S B R R AR e, O Rk
20 I A T P S A PR A o BRI TR R R TR BL o RGBT AR, OB R 0K | 56Uk R

T AT EE IR R
baseband signal RF signal IF signal
e} e
Fig.9 Connection in test
&1 9 o HEAE 5]
6 it

A SCUETH I TR UL 7 2 G R B B AR 2 i e W BR R IE , B FLASH  fi K 5K P s HiGH 5 m] LA 1)
250 Mbps, % Z I i BGE R, AT LG 2 8 FLASH G5 R A7 3. %8 T 2 4 i d i T AE 25 1 0 3t 3 4
o, B T IR A BE AR . ThRESE R, PERERE, B T ROTRYA IR, B —E myal k.
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