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Large capacity FLASH video storage controller base on
blanking period of line and field signals
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Abstract: A FILASH video storage controller using the blanking period of line and field signals to control time
sequence was designed to overcome the disadvantages of complex timing design and large cache resource
requirements of traditional ones. The controller was designed based on the Field Programming Gate Array
(FPGA) and its reading and writing control commands were input FLASH by line and field signals on the
blanking period. In this way, the multistage pipeline could be implemented without cache resources, design
control timing was greatly simplified and cache resources were saved. Additionally, a three-stage pipeline was
designed based on the Verilog software describing language, which realizes the real-time storage and playback
of 2048 pixel X 1752 pixel/15 frames in high speed video data with the throughput rate as high as 120 MB/s,
Simulation and experiment results show that the system timing design is correct, and large capacity FLLASH
array reading and writing operation is right. The design can accomplish multifunction operations such as real-
time control, storage and the playback of high speed video data.
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Fig. 1 General structure of timing controller

B fof # & 4% 4 (Charge Coupled Device,
CCDY AR T 7 A= 1 43 BE S 5 LB A%

Xk 16bit YUV 155, B4 HE R 2 048 X
1 752,045 15 Hz/s, 3% 128 Camerlink, i i3
DS90CR286 fii #: %8 i A & FPGA,

FPGA i@ i$ Verilog T 4 i R 15 5 9a 2 X
i1, CCD ML R 4 1Y I8 050 54l 28 b i e 428 ) o
SRR AR A R 28 FLASH M5, 244210k 5]
Ml 4 B FPGA 32 A7 76 FLASH [ 41 iy
BIAg, OF 7= M N W AT 3 W 2 E 5, &
DS90CR285 17 #% J& il i Camerlink #2 1 #i
E LT R

H 5 A0 S A i A L K 12 V AL R
i DC-DC AR 8 g AN [m] (14 H P, A 45 HL F
it

A H 2 18R 704 475 455 1 45 1 &% S8 4 11 R Hor
. R ERGE I A 0 e e 2 4R R
Ay DL g HOE AT R AR IR 2 B 4R 55

3 FLASH # 4 2 k2%t

3.1 f£% FLASHZE o

KE5a FLASH B8R 35 4 1R H R /
bk RS R . X FLASH ##47
B ERAERT, B 5 L R 00 s g AT AR B
LH, A RHBEOE FLASH & R, 80 5 &8
J 4 Gb, Bl / ik 848 98 B o 8 47, ihik 3 40
7. 4% h AT Hb 4k CROW) #1351 H# 41k (COL),
FLASH % 5 i 765 IX K B2 2 048 Byte, 25 Ji X
KN 64 Byte,

2 %F FLASH #4752 5 #AE 8 78 E0F 4P clk
TR, RS S WE M RE, EEHES
PV AT FPGA 45 4% & 2% 5 il i & 5 1E
b it {5 B . FLASH Po ¥ il 25 222 0 31 % 25 35
A Ja XF N BB A At 23 [ R AT A N 9 32 5 B . B
A 2 i B FEIE 2(b) i,

M FLASH %5 J& 2 Al %0, FLASH #9332 i
55 AT EEREE L RS FLASH B AL &
UG EE 200 ps 1Y g B2 B ] 5 33 KK FEAR T #5419
BEE B 34, 75 S A R B A
HPEY T ERAESR 2 MG H/ET 4 20 10 > WE
5 JE L DRI L v OB 0 A A v i
iyt .



5 43

Wi 5 5 B T RUBUT 3 0 BB 0 R A B FLASH A7 il 1% il 4% 1155

a Mo uhng nn

WE] [ [ ] LT [ el

RD i H 1 1 i i

Bus' ! ! ! ! ! ! (i : Data
00H > COLI < COL2 * ROW1 < ROW2 < ROW3 »_30H ~ : < Readout

Ca) B HR AR I 17 14

(a) Read timing diagram

i nnhnnnh H - nhng

weE [ l | l I l"“_."_. 1G
' ' ). i : )

Bus : ! Data —

80H »_COLI1 *_ COL2 * ROWI1 < ROW2 = ROW3 > Write_in = 10H +ZZ

(b) GHEAERT
(b) Writing timing diagram
K 2 FLASH #:1E0f P E
Fig. 2 Timing diagrams of FLASH processing

3.2 mAK&KSHITIET

YT FLASH B35 T 240K 1% 4 A% o 8] F0
6 4SRRI E] , AR SCB1 A K M I AT & 7 2
KEEm BRI R, BT 5 AR 6 2
FLASH Bl fr it R K H R, K5 F 5 WE
BB T. TR E N m Byte, BESEE N
Byte, i B2 8] K7 ¢, » B 70 25 A 2 T80 A 50k
r PR A FLASH B E ABHE v 8.

mn

Tt Ty,
AR SR i S EG I m=2K, n=1,
e =200 ps, T=40 ns, r=7, r<m, A] ZW& A,
B EZHARA AKX (D AT 1533
v=7.26 MB/s , 2)
171 AR BIL B4 800 i ) T ween N

_2048X1 752X2X15
wen 1024X1 024

QY

=103 MB/s .

(3

R I R T 8 H FLASH 0 508 77 it 3
AR AT I K K BRI I FLASH 1Y
BEME ., @ TEAN Z R FLASH 3174
PP RBLTEE, R mIEEHEE, I T AL
184 FLASH & F2 8 8] Ct,, ) — BB, A K
(DAL, SRR YR n 5, 5 A H R R K
ZIFORM . T B g AR B R] 9 52 e, 58 5 it
KL HARTEA Y FLASH % £ i 8] P9 347 F 2%

FLASH W5 #:4E, W B sLR K T/E 7 20, K
2R JE R ANIE 3 TR,

Line 1 Data Programing ‘l?ﬁlt% Programing

write | S Dl
ine 4 b 1 3 1
Line 2 write | | I:(;fgrgmmg w?lle ]l_)rogr_ammg
Line 3 \\'rdll((l: Programing “gtlg Programing

Data | Data  Data | Data Data | Data Data
write  write | write  write | write  write

time -

K3 KSR B R

Fig. 3 Principle diagram of water pipeline

Ak 8 K 48, FLASH 5 A B B ¥ i 2
P, LAAL 3 5 3 G /K £k (Line3) 1Y 4 2 4 72
(Programing) 58 N /K & 1Y 1 A [a] J& 4 . 3%
JAT K2 Linel 5804 1. 5 EUR S AL i
JKZ Line2 58 1 AR S A CR & KR#FITH A
SR IEE 2 WAHE) L K2k Line3 581 1 &4
EP NN AN ODI P NE PN i /T = il
2.06 1%,

RGBS N 103 MB/s. i T
HAT B E K, 75 W 23 BUE 5 R E2E Th
IKE GBI F 3ok K B R A o 2 . &l
ZWEL AR 8 i FLASH J147 .3 4 /K
Ay TAE D 2, HAEHI RS AR vonwa H -

Vool = 7. 26 X 2. 06 X 8 MB/s2120 MB/s .
€Y
2R R TR
3.3 ETFITiHE RSt

FLASH BB #AETES AR i K 50A 2L
BRI EAREHRASMA L B RKAFHEZE 10
NEGES WE JE W], a0 5 0% B i (8] OR 4b 2, 25 5%
M KRBT, LA S A#RAE R 6, 15 50 K
7 FLASH i35 B ¥ 45 il B H R0 B K
LB S # AT FIFO S 1%, 1 8 4% FIFO T.1k
WIES A S 54 W/R Cmd., i% ¥ B8 0% {4 91F 4
REAT FIFO 5l )5 vl 57 B 50 5 A 0T bk =3
], DI 58 R K ZR 32 47, W 4 TR . %k
R SR IN T AE R X FPGA B M BE 42
T e BEOR, HLB P 4 i 2 4 R R AR

WARAT 5 [7) 2545 5 AE A — B sk 1] (1441 i ~F- 3
Bl AETE BB B R o e A A1 3R B
FESCBRBETE o, i B s 0] A A VR R SR FR ). il
TATES Hs B — M KT 200 ps, AiRiHH
ROR 13X B sk 1] 18] B, oK B 01 (4 352 5 i 2 78 1%



G TR

5 23 &

NI
1156 P
Line 1 [ FiFo | [FIFO |
ane 1 ¥ - st :
_‘|:r1 Data[ Programing E\"%Pg"t Programing
Line 2 [ FIFO [FIFo |
Jine 2 e . el E— .
Cnante] Programing | 7R DAG[ Programing
Line 3 [ FIFo FIFO |
T e
Data | FIFO | FIFO | FIFO |_ FIFO | FIFO | FIFO |
time

Bl 4 fL4 FLASH ik U5 AR R
Fig. 4 Writing principle diagram of water pipeline for

traditional FLASH page

NN E RGP A ER= o = R G i VAl
AABRRZER N LS A, AR e BT
WL gL ES Vs A 17 R {E S Hs
AR SRR T AR I 1L B A S e
W/R Cmd; 417 [ 255 Hs i Vw7811
FAS I BCT AR NS ARG SR . E
T — U5 A G B2 45 R B 18], OFAE R — A A7 IR 2P
T Hs B B A R AT K 2 i U 46 i S
HHEE G T — R KL BRAEIE . ZIT 5
MEB AL P 2RI hiEEmeE AW/
R Cmd) fI¥ 3 5 A (Data Write) B E 2 L1 %%
AL W ORI AR IR . WA 5 FR

. Counter
Vs | Clear |
*

a L L L
Line 1 t‘“?ﬁ Data write Programing e | 2R g write Programing Ml
Line 2 R Data wite|  Programing e WK Duwrite|  programing

ine 3 Wk . - T . |WR e
Line 3 oy D write Programing Mle S Data write

Data Diata wrise Diata write Dhata i, o Dila write Dhla write Data write

time

K5 ASCHK IS AT
Fig. 5 Writing timing diagram of new page using

water pipeline

M5 AT LALE % it B FIFO 24, Bif
J 4 8 B A ORI R T AT R B S A T
B Bsf [ [R] B L #E 3% B D[R] BR 5 A FLASH 5
4 W/R Cmd. 5340, T4 T HKZLBE,
TG K] B 28 A — BE s R ] Tdle,
AT 8 1 I K R ik R e e

T HRAE NS A7 A 1 A B 5 L O 3 D Oy
AT LAE S . T AR g R B ) 4%
Jid . — N 20 ps, TK LRI BETT R ) B, ik HLUR
FHR . N H WKL TUE AR A LR, A< SC IR
FER A 3 ik 4 Uik th 5 20 44 325 A 4 B )

B G B I 8] AT RCHE AT AT 3 W) 25 45 5 00 9 Be it
V), JC 75 45 A1 1 T e S5 5 B 80 L B2 080 T I K R R L
R, %EF 8 K FLASH 47, M & M4 £ (16
bit) B A I AT A FLASH 20 i, 55 9% 0 K £ fig
[A] B 4b 3 4 pixel, BT LAY 8 v FLASH JfA7 4 1%
— G KL, I K Z I B M hE 5T 3 B A i
AR 4 AT EE (BRI BR L K6 b UL 2 17K
B, TERE RGO K 4 AT A B I T A
AT IH B S5 R F ) S AT 08 1 43 5, AR B A7
HEO= AR BAE S Vs, TAKSEERVER P 6

Ji R .

Line | [#% Toe Dot 110 oni

Line 2 Cond | romds | 1o |

Line 3 Wik [Pr Dt | 1d| Dam

Cmd readS | lo | readt

Data i) radh || et s | | o
L I I I UL
Vs

time -

B 6 AR SCHK I BT

Fig. 6 Reading timing diagram of new page usin
g g g g pag g

water pipeline

4 FPGA &t %I

4.1 FPGA B Fi%it

FPGA B P32 R Gt iy Q5 , 21
A€ s NS B ¢ e oY v 6 I A o 5 DA B
) 1 5 o QP 7 N [ £ ol 1 N O e o AN [
FLASH #/E. Wi 528 FLASH %5 g .

FPGA B PR T 45 SR i He 82 B A
Yo B FLASH 7625 ARG A0 #F 1748 B, HER
MEEWME 7 R,

HEBIAW, RS R EEGENSHE
5 WE iy BT R R R E a2 BT L 5 5 #
PEAE Bl 20, A SC R A ) 3 5 A e AR 2 A B 1Y
FPGA B} 751 i /K &b 21,

FLASH il #% 3 5 B J¥ 5 T Verilog HDL
TR 18 35 A T i 2 v 3 B L CLPMD) , BV FH B
WARBEATIRS & . 325 A AR 48 Sh e 2
PRE HEAT LA I R B AR, JF R sh &R P 1AL
FITT B T8, 78 T B A2 B B 0 HE AT B
BeAE. RSP IS PR R T B AR T B AR AN TR



Wi 5 5 B T RUBUT 3 0 BB 0 R A B FLASH A7 il 1% il 4% 1157

Yes

Read b]uck!

Yes

B 7 FPGA RBFHEEHAE
Fig. 7 FPGA program flow chart

WHMEWTINT TE, ESH#IER, FPGA &H#
Fe ALK 3 BS 1R K i 8 Pelk AT RIS Hs
MY Vs 742 FLASH B #6155,
WE.RE.ALE % ; 75 £ #: E i) . FPGA £ 1% )7 51
BLA I 135 28 Gt st 9 DA e i e 4 O 5 3K B b
Pelk, KUK HC FLASH [ 51 47 it #5% P9 5 , 3 1
TR T 38 SR A B U B A7 R 2515 5 Hs
MGFEEAET Vs, BHPHEEI A 8 iR .

Next level of pipeline operation

Write
program
waiting

Pipeline
switch

Counter
Pelk Hs Vs clear
LPM counter ':
Pclk Hs Vs Counter

clear

Pipeline
switch

N
Read
data

operation

Read Read
ready program

I waiting

Mext level of pipeli

P8 I e it ]

Fig. 8 Schematic diagram of timing module

BRI 5 M £ (Write ready) 5 £
(Write data). 5 % f %5 ff ( Write program
waiting) i 7K £k Y # (Pipeline switch) 4 1%,
B A R GR S 1R A 15 2 S b bk (R 35 47 ik
AN HHE S %5 72 E HE A 1R AE 5 . B Bl IR 5 13

FWEh Pelk ATRIPAE S Hs MG EEES Vs i)
7 BRI 0 A OB RS E 5 WE 1Y
FFHES A FLASH N #8456 2% 09 22 17 h Qi i
KRB AL X)) B gt S 15 e S s )5 Ak
PSR ARk a1k FLASH P30 45 i %5 o6 H:
ZAFH B S AL X b i 3EAT K 26 )
BB KRGS ET — R AKED
FLASH s k4l (5 8 i+ FLASH 8 i d 34714
I — G K ZO IR B B E % T — 2
5 BAE .

PR 5 5 R AE B R, b v
(Read ready). i 4% & % £F (Read program
waiting) . 3£ B & (Read data) F1 i 7K £k ¥ #&
(Pipeline switch) 41 A%, 3 i 25 B & 2% B2 VR 48
A e b hE CELHE A7 M ik 08 db hE 55 55 5 AR
PR R 0 2 58 g AR S5 FR 7R iR Ml 2 e D R
WEE 4 B2 55 RE I E] . W), FLASH Py 3 4% il
B it DX B N R A 5 S BRI A 5 O
FEAERRO ]S, 7E B 42 5 % RE B9 N Bk 22
FER I ECE e . T B Y I OB 1 i
FEER = AR Z ik Pelk TR H S Hs Mg
W5 5 Vs, PROTE 132 58 R 1847 18 3 2
(2048) MBI Je » N 4 A — B F T 1) 11 550 4 4t
B T8 AT I B9 5 ] BRAE 4 345 R B0 1 s )
(2048 X1752) s N A4 A — B (6] (3 088 B 1
TE M TE bR . B e PEAT I K 2 U0 e B AR L R 45
Tl = U4 240 T F — /K4 ny FLASH it i
L IF X TR B T L HEAT R — A
4.2 HEHESH

Sk 0 IE B PP 1A 1T 9 IE B L i 3 ISE )4
T B AT 5 B L O 50
MHz,

hy B G 1l R R T K B R AR LR R E
B4 4y HE 245 1 16 X 30, BN AT IR E 50 R 16
A LEAMR R K 16 bit, FLASH #2016
Byte, R 8 HI47.3 Him KL X, XFERAT
BREIEE B A HRFKLN 4 D5 bk,
BRPAKLN 1 TUREHE A7 fiE 4 AT IR R A, &1 9
(a) J& LK 4R 5 AR (1 7 FL 25 HL AR ROR 18], D]
9P LAE .3 i KL iEminr i, & 9
(b)) 2K 9(a) T /KZ Linel BB &, K 9
(O AT PVE W FEAT R E 5 HIRE ARIRE AE
BAEMER TR 2 YT I R S A m i, BT S



1158 i K Y i % 03 %

GiEdary  SdEwaG Y G

(a) YKL H e fy R AR RICR 1A

(a) Whole view of writing simulation using water pipeline

(RS HAL

(b) T /KLE BRAE 0T B R AR &
(b) Part view of writing simulation using water pipeline
9 VKLE A AR

Fig. 9 Writing simulation using water pipeline

Ak, LHFHAT FIFO AT,

KRR NS B AR L EA AT
YRR S . YRR RS w45  FLASH
M FE NG5 r_b_ref &b FAKHL L XA B[] 4
LG B SRR I ], — O LR Z 5 b _ref
PRI Ry e LT o A BCBCHE I I . R TR AR
AR K r_b_ref BYARHLF B H] 5 E H 200 ns, B
TTREBH 1024 4, B 10Ca) J& i K & i
W%ﬁﬁ%%WWﬁ%@MﬁHmwTUﬁm,

Wit 3 FWMAKLIKKKE T FEEES. K
10(b) 2 10(a) BYTKEZE Linel B JREB KA .
M 10Ch) AT LA i, 5 A BE R AF 4 o 2 5
FLASH W48 78 155 r_b_rel F N KH T, 24t
ERBEERRES v _b_ref ¥ oh & %—T'Fﬂﬁxﬁl%ﬁ
P IF b i AT FEE ST R A,

M 9 B 10 A] LLE L F AT 5 R 2B 15 5
HEIA A RS A S A W4, JC 7% &5
TH FE I ] B2 35, 3B B 17 R T 92 A7 T 52 B0 A i 7K £k
wit.

e i

(a) LK 2k i3 A 1 BB (A RICR:

(a) Whole view of reading simulation using water pipeline

it A

i # 4 r b ref Fr

(b) U7k LR 5 A1 D ) 3 AR
(b) Part view reading simulation using water pipeline
P10 WK LR RAE 07 HBOCR

Fig. 10 Reading simulation using water pipeline

4.3 MWX5xE

J UG AE K B FLASH EMSAF it 5 il 2 %11
(1% 1E A P R0 AT S A DL AT R SE R T 8
AT .3 G KL FLASH [ 50 i Fe 42 i) 2% L 3
AR Rk 120 MB/s, 58 7 103 MB/s
S SRR I KA B A7 A A I R, 3 R R
PERNGE 43 A S0 AT T LA 038, 0 7 52 9 IR 4
B 11 s, B 11 Ca) hy H B AR TE T, 18] 11(h) Sy He,

(a) HE AR IE M

(b) H M 1]
(a) Front side of circuit board (b) Back side of circuit board

P 11 FLASH I F §5 fil o 6 5 5 1) Pl
Fig. 11 Physical map of FLASH timing controller



%4

Wi 5 5 B T RUBUT 3 0 BB 0 R A B FLASH A7 il 1% il 4% 1159

B MR T A BT IR 4 KR LB R T
o3 4,

A 52 B AH ML HE AL AH BL 43 BE ROl 2048 X
1752, W80 A 15 frame/s, 5% A — BEA 8] #9905,

FER AR 2 7 B AL s, i 12 Ca) BT
. K 12(b) R il Camerlink R %+ J5 765
B B4 S 1 D IR A0SR, T DU B 3 —
L UEWI B IE R .

Ca) 2 i 1) T AL A3

(a) Playback video of controller

(b) J5 I At
(b) Original video

P12 e g il e S e X

Fig. 12 Test of timing controller

5 & #®

AT T HT FPGA K% FLASH
A A 1 2, R AR ARA T 3 W) 2615 5 70 e b st
[B5 A FLASH M2 th 15 A 45 6l fy 4, AT G
T R IR T S 2 K R T, 7E SRR

SE Lk

[1] KAUFMAN B. Solid state recorders deliver new
levels of performance and features for recce
applications[C]. Proc SPIE,1997,3128:149 -152.

[2] CODINO A. A transient reorder circuit for sub
nanosecond signals from signals from Solid state
stirp detectors [ J]. Nuclear Instruments and
Methods in Physics Research A , 461(2001) :489 -
491.

(3] Z&, 2@, FH. PIRHEHRIKLBHRE RS
PriC sk A M B HIL)]. AR & v 5 & £, 2006, 27
(1) .7-12.

LI CH, WU SH T, DENG L. Research of big
capacitance data recorder used in air-drop
experiment [ J]. Space Craft Recovery & Remote

Sensing, 2006, 27(1):7-12. (in Chinese)

(4] EA#, ERL, KRB, 4F. &E 28 HE R

Wit v, 3 T Verilog 8 4§ i 8 7 Wit T
FLASH 135 2 i i J3 L8 B e k% w35 120
MB/s, F- 3 THRE {4 L I, 58 B T H BB 1) A R AT
. U5 AL R, AR SCR T ER, KRG TAE
FasE e T 2 048X 1 752/15 Wi 5 o 40450 B4R 1Y)
FEAE 5 I v T S BR i TR SE e

RMARGEELIT]. % 4% T4,2013,21(1D):
158-166.
XIA Q Q, WANG D W, ZhANG L G, et al..
Realization of fast-view system for high-speed multi-
channel remote sensing cameralJ]. Opt. Precision
Eng., 2013,21(1):158-166. (in Chinese)

(5] #handh Fhmmp, & oF . 0 OL/Z0AM WU BT =5 i
TEAHBL R AL BREE 4 m S AF R E R[] ). R b B
, 2013,28(6):895-900.
HAN S W, SUN L N, MENG ZH, et al.. Image

A=A
iy

data hard disk high-speed storage technology of
visible/Infrared dual-band aerial remote sensing
cameral J]. Chinese Jouwrnal of Liquid Crystals
and Displays» 2013,28(6) :895 -900. (in Chinese)

(6] &&. MR.FHLE. JT NAND & FLASH il
AR A B S S BT ] mldE R AR, 2007, 26:
196-198.

LET L, XIE M, LI X CH. Design and



1160

Pl

G TR

5 23 &

7]

(8]

(9]

implementation of huge capacity board based on
NAND FLASH [J]. Measurement and Conirol
Technology, 2007, 26:196 -198. (in Chinese)
Micron Technology. MT29F4G08 flash memory
data sheet Rev D[ Z]. Micron Data Sheets, 2010:
71-73.

MR G led AL L T R G = Y
G FER RG] st 5%k T4, 2012, 41
(7):1792-1797.

YANG ] B, CAO Y N, FAN ST, et al.. Hundred
ps level timing control system in 3D range-gated
Infrared And Laser Engineering,
2012,41(7):1792-1797. (in Chinese)

Hib e, AR, B, F. E R R LB
RERG]] A F 4% T4.2014,22(4):837-
843.

PENG J Y, JIN H Q,

imaging [J].

SHI J H,
high speed
camera [ J]. Opt. Precision Eng. ., 2014,22 (4).
837-843. (in Chinese)

et al.. Data

acquisition system for single-pixel

[10] 3$hec i, 7ML, & 348, JLF FPGA ML SMAA ML

FHER]]. &85 8 7,2014,29(3):370-
376.
HAN H X, SUN H, CAO L H.

IR camera

EER N

WM& E (1987 —), B, ZHAZ KN, W
+ L TR, 2012 4R b [ RE A B B
FUAE BE AR T2 2 L, O
HESS5HERAHE MR, E
mail : yangjinbao20054723(@126. com.

[11]

[12]

[13]

sequence construction design based on FPGA[]].
of
Displays, 2014,29(3):370-376. (in Chinese)
ERehk, MEM KAERBSICRMSGEAR] £
% TA, 2001, 9(4):396-400.

WANG X D, HAO ZH H. Mass solid state
recorder technology [J]. Opt.
2001, 9(4):396-400. (in Chinese)

B &Rk, X% F. BT FPGA i K9F4GOo8
Flash #4553+ (1], % & & % = A . 2010(5)
57-59.

TANG L, ZHOU X, WU Y, et al.. Design of
K9F4G08 Flash controller based on FPGA[]].
Application of Integrated Circuits,2010(5) ;57 -
59. (in Chinese)

Mg, B EAATKEP. T Flash g9 CCD AL
R BEA AR YOT] KAZ I X FHk.
B RFF R, 2009, 32(1):31-34.

YANG L H,MAO Y J,XING ZH Y. Design of
high data speed memory system of CCD camera
based on Flash [ J .
University of Science and Technology: Natural

Science Edition, 2009, 32(1):31-34. (in Chinese)

Chinese  Journal Liquid Crystals and

Precision Eng. .

Journal of Changchun

(RRIERE REWWT FEEH)



