Va2 TR 224 Journal of Xi’an University of Technology (2016) Vol. 32 No. 4 455

DOI: 10.19322/j. cnki. issn. 1006-4710. 2016. 04. 014

PR R AL P & 5t b SDRAM i g 1Y FPGA S8

P, X’
P 0T BB S5 R 3 LB TR BT % 710048)

WE: AFAMAABRLEZLZATEHERREN EHALE ERAXEZTHEH4E TRKELEEL L
RT Vo — AT N, 42 SDRAM # T 45 R 32 B A /545 M, L3R i — 4P & FPGA G B LA
SDRAM #4865 %, RBET AL BB Mk FH LR, SDRAM t§ R XBE AL A X
K ik B R A FH R AR EANRERATE SRR S ARSI, AR RA
Verilog 2 8,, EFHEREN . ZEHBZENRBABRLEZLZATERAT AR EOREZREH
BT AA LT AEZ A2h WL AR S

XKiE: SDRAM 454 % ; #IEL% 4 FPGA; #3kit; KA

hESFES. TN79; TP274 XHEFRERD: A XEHE: 1006-4710(2016)04-0455-07

Implementation of SDRAM controller based on FPGA in video image processing system
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(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: In order to achieve real-time processing of image data in video image processing, using
the large capacity memory to complete the data cache is one essential step. It presents a SDRAM
controller solution to FPGA chip in the realization of image data cache during video image pro-
cessing in view of the working principles and time sequence characteristics of SDRAM. According
to the requirement for real-time image data transmission rate, the operation mode is configured as
full-page burst read and write and auto-refresh, with each operation modularization made and
controlled by a total state machine. The design is implemented with Verilog. The result show
that the controller is used to complete image data cache in the video image processing successful-
ly, and that it has advantages of high READ/WRITE rate, simple control and low price and

SO On.
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f# 25K 512Mbit(8M X 4Banks X 16Bit)[*
1.1 SDRAM WFEiREG<S

SDRAM ts i & G 5 53 = Fh B HIE 5 .
S| =N o = AR - N O R = O
WE_N(E ffifig) . CAS_N (%] 4 i 7 %) . RAS_N
(AT b3k A 20 CCSUNCH %) 5 M hik 5 5 6 45 . 47
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Tab.1 Truth table of command
24 FR CS_N RAS_N CAS_N WE_N
COMMAND INHIBT(INH) H X X X
NO OPERATION(NOP) L H H H
ACTIVECACT) L L H H
READ(RD) L H L H
WRITE(WR) L H I 1
PRECHARGE(PRE) 1 I H 1
AUTO REFRESH(AREF) or SELF REFRESH(SREF) I [ [ H
LOAD MODE REGISTER(LMR) L L I L

LMR BB 2F A7 28 1% B w2 2 Xk i i s
RKRKFEEBL) (R LR (BT JEEER I (CL) %
SRGHITIEE .

ACT B i 4 2 W00 — A )5 224% U7 7] 19
bank H1f{)—47,BAO~BATL B{E N bank Hihk . ik
MR AO~AL2 AT HNE . X — 4T B U5 ) B E —
AT 78 L A A fE UG bank BT,

PRE B il 5t H, iy 4 J& O& ] — 4> bank =} fif &
bank T JF 19 17, A10 $h € & — 1 bank if 52 FF 7
bank # i 7¢ Hi , bank 7E $0 47 11 7T L Ay £ 280 B 5E
B[] 22 Ji5 P I 27 1)

REF RVl fii 4 2 o0 D 10 B8 A7 20 B 43 4
H Sl A RET A SR AT A ) ET X A4
SEARRE A Y B R B 0 250 AE B E B R P AT
—

WR/RD RS54 & X — AN 06 AT A7 58 &
PEEEAE S B BE  DQ B4 EiEdE, DQM 5
S E i A\ B RO AR U DQM TR A L T
A SR IS A 80 5 NI DS B AR
1.2 SDRAM T {2

SDRAM ) £ L TAEW B AT LL4r LT =K
197 8

1) SDRAM IE# TAEZ 0. 1 767 2 L ) ih
fE#EAE . SDRAM 5 F N34 — A~ 12 55 45 i 2
TG » B2 35 A7 2% Ry LA A4 ) S 800 OB O LR

Xt H AT R AR A L FL rp i O B 2D PRt R A ST A AR
o HE A

2) SDRAM P ¥ e iod v 75 A7 filf B0 - T DA
B RE I R ik AR A DA S B 5Ok . BB o A
B ST T R S TR BROR S TR B
A PRAT R SR Sl B . A Rl B oo A v e e
A L-bank 7 245 18 T AR AERE 9 A0 40 8 9 2 )
HEAGE R TARRES .

3) SRR M SDRAM T E 250 5 1 56
AR BT XTI R B B QI R A AR S T A
PR A TR U R T A4 B S i
i A 2 i 6 i A7 A BT A9 A ik R AT IO
P A 4 5 5 Mk R i A L LR R A A
RH.
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Fig. 1 Block diagram of SDRAM controller system 2)5E 10 001 NEtap I HY . in 2~ PRE;
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Fig. 2 Sequence diagram of SDRAM initialization
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Fig. 3 Mode register definition
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Fig. 4 Sequence diagram of SDRAM refreshing

if(rst)
begin
nop;
refresh_finish <<= 0;
end
else

case(time_count)

‘ctREF_START: precharge_all;

‘ctREF_REF. refresh;
ctREF_FINISH: ref_finish <<= 1;
default . nop;

endcase
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case(time_count)

‘ctRD_START. active;
‘ctRD_READ:. read_ap;
ctRD_GETDATAL: cap_l <= 1;

ctRD_GETDATAZ2:
begin

i

%
S
1
i
%
5, N,
3

i 2
@At !

SDRAM 5 # J7 &
Sequence diagram of SDRAM read/write

cap_1 <<= 0;
cap_h <= 1;
end
ctRD_FINISH .
begin
read_finish <<= 1;
cap_h <<= 0;
end
endcase
2.4 BREMER
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if(local rd req==1)

if(init_finish==0)

POW ERUP .

1f(g10b rst==1 )

if(local wr req==1)

/ if(re finish==1)

1f(g10b rst==1)

if(rd finish==1)
if(glob rst==1)

if(glob rst==1)

Fig. 6 Diagram of state transition
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Fig. 7 Simulation result of initialization

{1 Transcript

_ S G— —
Eile Edit View Bookmarks Window Help

| Trasnscript:

|D-ZE=S| L RBD>|O-ME

# run 1 ms

# sdram_init_lsm_tb.u2:at time 100535.0 ns AREF : Auto Refresh

# sdram_init” lsm_tb.u2:at time 100605.0 ns AREF : Auto Refresh

# sdram_init lsm tb.u2:at time 100675.0 ns LMR :Load Mode Register

# sdram_init lsm tb.u2: CAS Latency =32

# sdram_init lsm tb.u2: Burst Length =4

# sdram_init” lsm_tb.u2: Burst Type = Sequential

# sdram_init”lsm_tb.u2: Write Burst Mode = Programmed Burst Length

Bl 8 MAFAREITOER
Fig. 8 Information of MR
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Fig. 9  Simulation result of refreshing
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Fig. 10 Simulation result of read and write
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