R IF) 2 SDRAM-MIARE FP 245 #r
KA sdram BRI, BERL0, BB CHE

BHBy . FEAR B
Sdram M ELFE AP 7 AE AL, fifo BB, sdram FEH4%, uart-RS232 (&M,
Sdram il g He oy He = B, R, Ay REE,  EdEfL s b

HARRAL,

1. A4 EH FIFO BEHE? S Ko b %dE 5 SDRAM 51l # B2 R R ANIT L, 340
PP AR S FPGA ARG 4F (25MHz), 1fi SDRAM J& 100MHz; [AIFE, % SDRAM 1%k
Poad o A AR B AL, S — AR UL ) B, B LA S FIFO, b —A
5 FIFO, —/M% FIFO.

2. Sdram S HlgE IR E BT I, BRIET, E . A BHA ARSI, —
MRAIEARE, T TERE.

WA A VR
1. Sdram il R

WAGIA: . 5iEK,

oA SN%E GRIIEAS), BNE, TES GRYIEA T, #IiHRE, T
PERZS, vHEO Bl CH T SRR B, 5 HUR AL i S 3 5D

DAk B2 2t 22 N TR 280, it H ST — DS - IANSHCEAZ — A, BrDAS
it module endmodule k3 7~, ML PTA S 40 define KIT 4, HEHJGMwm 4N v L.
A A B HCLER TN “ 7. “define  end trp cent_clk_r= =TRP_CLK, I
ent_clk r S5FHIBE A ent clk r—3. GX A2 B m)

HIaEAISE FE 5 A 200us 2545, AT L-band TR L, 8 ANFilkilHr, BIXZFAAAEE .

//
/1 - HLUE 200us TEEF, U B[R] 21,00 done 200us=1
//
reg[14:0] cnt_200us;
always @ (posedge clk or negedge rst_n)

if(!rst_n) ent_200us <= 15'd0;

else if(cnt 200us < 15'd20_000) cnt 200us <= cnt 200us+1'b1; //11%k

assign done_200us = (cnt_200us == 15'd20_000);  //4Fili /20 done 200us=1, BtJj5—Fifx
R, PUOATHEES IR AR, XA TN ks 5

/I
//SDRAM [FR A ARV EAR AL
/I




FEI T AN IEAIS AR A VI X AN ) THRAR G T — AN G, AR CHNR
ent_rst n(fKHESFUHEER B AL) . TESECCHEY, “define end trp ent clk = =TRP_CLK
ent_clk r 7EJ I h— L6, 1A% TRP_CLK I, Wil/E end trp o7, S8ibr&, x
PFFK ent_rst_n.

always @ (posedge clk or negedge rst_n)

if(Irst_n) ent_clk_r <= 9'd0; VB AE 2 A
else if(!ent_rst n) ent_clk r<=9'd0; /A EAF28EHE
else cnt_clk r<=cnt_clk r+1'bl; A BT EURE I
I H s 8 i

always @ (init_state r or work state r or cnt_clk r) begin
case (init_state 1)
‘I NOP: cnt_rst n <= 1'b0;
‘I PRE: cnt rst n<=(TRP_CLK != 0);/Ti 78 HLIE I 1 B0 5
‘I TRP: cnt rst n<=(end trp) ? 1'60:1'b1; /T 78 L vFEE 4F & TRP_CLK,
TR, R

//
//15us T P2 A ERIEE K o /4 60ms 43HB 4096 47474k X BEAT— K E RGBT, 47 03T ]
& 15us, X HAEMER

11 (AR LR BB A RUORAT ] B2 64ms )

//
XEAGATRBAAWE? NAZELE 15us WIHEHT T — AT ks .

B EEAE 2> Wi AT CARD FTERBIHT Cself refresh,SR) AN A& Bl 7 775X, #8
AT BB AT H M A B, BN K& — A B3hEE. XF T AR, SDRAM Wi —
AT HEEAE SRy (YRR VS F R B 8 AR A AT R ik o el TR A2 B — AT B
HAFERIEAT, FTLAETH S0k, T RIB 2w L2 L-Bank, B, 7ERIBLRE S,

BT ) L-Bank #5518 TAE, (GH N (PC133 3 9) AW b sl il DLEAT 1E % 10 LAEIR A .

SR 3= ] T ARIRA AR D FEIR AN F 8 Or A, 305 i dee 3% 44 W HI 2 STR (Suspend
to RAM, RHIREER TAFF). EKH AR A2, K CKE & T EBCRE, BN T SR i,
PRI AN FRARFE R GEIN B AT, 1o MR A P9 B R0 I RS AT BB R 4. 42 SR JIA]BR T CKE 2
SMRBTAT AR S O TSR CEFRAh s bl Br 154, HAEF i CKE A0 RER 1 A
JRB O FRE N TE H R AR

AR 55 SR G, SMERDL: FIBNET CKE SR REFATR CREFD, T BRI CKE i
A JE e M - 7 F I (1 Z R
CPU HLHLRIH MATER, R SDRAM A5t [ BB, R B CUP SRALRIHT (01 6

WX} [ — L-Bank )75 —47 BT S0k, SUERRE ISR TAERIAT R M, E8 R IEAT/5 Hiuhik,
L-Bank XA 1) TAEAT, HERFTIFHATHIERAESUE M8 L (precharge ). Tl 78 FEL AT LU I
A (FFEEAE L-Bank [HbHE), o] DUBIE & E A10 CE R SKilbh h fER R 54



YEZ Jn B AT HE R .

ERDHr 5 P7e LI 30 2 B RDE X B A K947, 10 HAN TG 2R T k5 B . BE i Xt is
SEMAT CTARMAT, TARMZD 347, RO

n n n T8 ] ] " Ll

ﬂ*l‘%ill:)lflll;—lp.ﬁ?—.q—.;—l

L CASH{IN s

reg[10:0] ent_15us; /11 B %17 %%
always @ (posedge clk or negedge rst_n)

if(!Irst_n) ent_15us <= 11'd0;

else if(cnt_15us < 11'd1499) cnt_15us <= cnt_15us+1'b1; // 60ms(64ms)/4096=15us ff I
TG XA E S, e R AN

else cnt_15us <= 11'd0;

/1BE 15us BP=42—> BRBHIK, sdram ref ack #& Bl TAEFR 7~
always @ (posedge clk or negedge rst n)
if(Irst_n) sdram_ref req <= 1'b0;
else if(cnt_15us = 11'd1498) sdram_ref req <= 1'b1; /7= H B HTE K

else if(sdram_ref ack) sdram_ref req <= 1'b0; ASN T)SAEVHIE
assign sdram_ref ack = (work_state r =="W_AR); // SDRAM H Jpll i W 2515 5
//
//[SDRAM HJEEE LA K H SRl AR HL
//

PG PG 5 A 5E A S AT I, BRUET S B 3 A —FE, E%?iﬁﬁéf’ﬁ(-
. 0w SR, RERE 15us PR ARUBTER,  EURUBTL 6 SR T
1, ARG B, EOEEIXANE], (F RS BR. E RS RIT AN, R4
BHTES o W25 JE AR — AN IN TR B AT P78 L LUME AT R — R S 3 . WA AX BB
Tl e AR AR 2 X A2 PR AR P I K 2 Bl Pl za L (A0 B mp), PrRLx Bt X
ERRAT

reg[3:0] work_state 1; // SDRAM BEARES

reg Sys_r_wn; // SDRAM 1/ 5 #51il {5 5



case (work_state r)
'W_RD: work_state r<= (‘end tread) 2 "W _RWAIT:'"W _RD; // J5 If] 7 %2
A IN— A58 U S AR A
"W_RWAIT: work state r<= (‘end_trwait) ? "W _IDLE:"W_RWAIT;
// SDRAM ‘B ¥R
'W_WRITE: work_state r<="W_WD;
'W_WD: work state r<= (‘end twrite) ? "W _TDAL:"W_WD;

"W_TDAL: work _state r <= ("end tdal) ? "W _IDLE:"W_TDAL,;
// SDRAM H Bl FIHT R 2
"W_AR: work state r<= (TRFC_CLK =10)? "W _IDLE:"W_TRFC,;

'W_TRFC:  work _state r<= ("end trfc) ? "W _IDLE:"W_TRFC;
default: work state r<="W_IDLE;
endcase

end

assign sdram_busy = (sdram_init done && work state r=="W IDLE)? 1'b0:1'b1;// SDRAM "
PREAL, EHATHIIR R TARR)— 50 .

//"define end_twrite ent_clk r==TWRITE CLK-2 (4 6), IXulf B fE | [fix Le 57

REBAK, WS BRI R S .

assign sdram_wr_ack = ((work_state == "W_TRCD) & ~sys_r_wn) | (work_state =="W_WRITE)
| ((work_state =="W_ WD) & (cnt_clk_r < 9'd6)); //'5 SDRAM

Wi WA 5 AE A wrFIFO [R% A 2505

//'define end tread ent_clk_r==TREAD_ CLK+2(4 10)

assign sdram_rd_ack = (work state r=="W_RD) & (cnt_clk r>9'd1) & (cent_clk_r < 9'd10);
/I SDRAM Wil A 5

assign sys_dout rdy = (work state r=="W RD && ‘end tread); // SDRAM HHitan H 5¢

JEAR

2. Sdram iy & $a il B
XA Ee R, FURRI S VEE A LRI I Bl CKE ek (A7
0), H'edr4d CKE B8 LEM AR E (MRS I, WERRKKEN 8, AE Kk
Y5 5E 8Words.
assign {sdram_cke,sdram cs n,sdram_ras n,sdram_cas n,sdram_we n} = sdram_cmd r;
//[SDRAM FE {5 5 i %

“define CMD INIT  5'b01111 /L e)ah Ay 4 i 11
“define CMD_NOP 5610111  //NOP COMMAND
“define CMD ACTIVE 510011  //ACTIVE COMMAND
“define CMD READ 510101  // READ COMMADN
“define CMD_ WRITE 5510100  // WRITE COMMAND
“define CMD B _STOP 5610110  /BURST  STOP
“define CMD PRGE 5110010  // PRECHARGE

*define CMD_A REF 5b10001  // AOTO REFRESH,CKE=1 15/l



“define CMD_LMR 5'b10000 // LODE MODE REGISTER

(e a (D) cst# [rass[case| wee [pom[ HEHEEE | Das
5B (NOP) H | x | x | x| x X X
| FCIRFE (NOP) ) L u v K] x X P
(BR/E# (EIRELBankPEMEEITAA)| ¢ | L | H | H | x |ssakdT | X
RRR (AEEL-BankPRHEEPIFSIRMAE) | v | W [ L | B Jud [eaekP] | x
B (MREL-BankpEiRERFASAGE) | o [ w [ v | o [un | e [HHL
TR fEbisE L [w| vl L] x X mE
fwE (=FETHEA-Bankd@)TIETY o« | L | v | v | x [HESE x
HERINER (FESAGRIEAY L | L LMK ® X
EAFERNE (SN Cl e e e ox [BER] < |
B /B IF - -1 -1 - &%
| ST/AGHRAE (High-2) - -l -1-]mH L

3. Sdram E i fE H AL
M S AE T sdram_datar [9H]. H1T sdram_data J& XA ), 8MOEAT A7 RN,
MV NN, E ke B, FBE, SR D, NG R

I1¥E 5 5 N K% 1) SDRAM £ i 2% 1
always @ (posedge clk or negedge rst_n)
if(!rst_n) sdr_dlink <= 1'b0;
else if((work_state =="W_WRITE) | (work_state == "W_WD)) sdr_dlink <= 1'b1;
else sdr_dlink <= 1'b0;

assign sdram_data = sdr_dlink ? sdr_din:16'hzzzz; /IR ki N
ANATBEFFIRIFE g > sdr_dlink_out, #RJ5fFH] assign WEAJMRE, XFEAXRTI, AGEXS R —
AME S HEAT P IR

/¥ 5545 N SDRAM 52 Hy
always @ (posedge clk or negedge rst n)
if(!rst_n) sdr_dout <= 16'd0; //5 K HHG 5L % A ay RA
else if((work_state == "W_RD) & (cnt_clk > 9'd0) & (ent_clk < 9'd10))

sdr_dout <= sdram_data; /SRR ORR

assign sys_data out =sdr_dout;

4. rdfifo Bk (G2 ANHE D

Ay 24 SDRAM #isk 25, T2 —A rdfifo, FeATRIHT5E sdram,, 3245 50 H7 rdfifo
XFELF PRt . LS4 SDRAM s i, 24t W30S N3 rdfifo 1 2:, W5 I #h
2 sdram (1) TAESER, B2 100MHz, . [N I aer

LT — IR B ANTE 7, XA R 24 SDRAM H i, e H ) 205 A 2
rdfifo 125, Y sdram 1IE/EEZH B, BIXAME S E 3 rdfifo Sk, —HE

ER B AN sdram_rd_req 1EN GG S ? AUE & — &, JE&EZ— ke,
HORFE— AN & . (AN 1?2 2 )

BN EEEN M S M E (wusedw) S EHAIWEERES (XEH
full,empty #5155 ), MAEH rdusedw. X PN A2 R I 2 X 7E T wusedw 7R i



fifo LM AH T 2% /> word(lt /& IR ), 1M rdusedw 278 24 11 fifo I8 2% /b word ] ALz B (4f
BIE— R, MRS 2 A SR RIER I E RN, JRAE R O EAT
DRI BN, FE S SR
KT wrusedw 5 rdusedw P2 ¥F— 5, FRATHLLA—AN 7ok UF, B, W& fifo H 16
A word, B IAE XL EANEE, 2 wrusedw 55 15 I, fifo D5, i35 4k 2825 AN 5ds,
W wrusedw 75— AN 2 BAVE BRI, wrused 2555T 0,, AN LRER 15 4332, Rdused
WM, 4 0 AT, N —NMNZ rdusedw R 15, A OREF 0 AL,
rdfifo uut_rdfifo(
.data(sys_data_out),
rdclk(clk_25m),
rdreq(rdf rdreq),
wrelk(clk _100m),
wrreq(sdram_rd_ack),
.q(rdf dout),

wrusedw(rdf use)

|

assign sdram_rd req = ((rdf use <= 9'd256) & syswr done);  //sdram 5 X\ 5¢ /& H. FIFO ¥
7% (256 A 16bit 2> BIR H: SDRAM 5K {5 5 CXFFELRES T)

A1 HANE S syswr_done 52 . Wrusedw JFUA4 0, 53 3l sdram 1321k, Sdram
5 EE NEERRAS, B30 ddfifo M55SR, 8 ANk BEEEEA rdfifo T (sdram 58 K13 K &
H8), Mrdfifo 5 ANKT 256 I, sdram BEANE: T, BfJ5E rdfifo tHAS T .

Rdfifo "R RAG 5K A T 5 DR IEBIEL N £ifo232 rdreq, | A TT 46 B 5 )E 3
fifo232_rdreq, XA TAEEAT L0, B EFHY), BUE3) rdfifo 508K . (&) S PR AR 2
HOURIEHER I T, BidT I rdfido HIBEERAE

5. wrfifo ik
SHTTE T rdfifo, J3AT wrfifo Bt LA T, sdram ZAEERAEN, )5 8) wrfifo [
K, A8 wrfifo %A £ sdram
wrfifo uut_wrfifo(
.data(wrf _din),
rdelk(clk _100m),
rdreq(sdram_wr_ack),
wrelk(clk _25m),
wrreq(wrf_wrreq),
.q(sys_data_in),
wrusedw(wrf use)
);
assign sdram_wr_req = ((wrf_use >= 9'd8) & ~syswr_done);  //FIFO (8 A~ 16bit £ 4 ) E[l
& 5 SDRAM i k{5 5

Wififo 1515315 52K B T-4d 7 4 datagene BEER ) wrf wrreq



6. HhEi= Mt
- o st bl AT
O R 1 v firo v

input sdram_rd_ack; /1245 SDRAM Wil A5 = /E 4 rdFIFO W4 S A %5 51X
U E B B AR e ik B AR S AL

reg sdr_rdackrl,sdr_rdackr2;
//

/13K sdram_rd ack FFEATHR &AL
always @(posedge clk or negedge rst_n)

if(Irst_n) begin
sdr_rdackrl <= 1'b0;
sdr_rdackr2 <= 1'b0;
end
else begin
sdr_rdackrl <= sdram_rd _ack;
sdr_rdackr2 <= sdr rdackrl;
end

wire neg_rdack = ~sdr rdackrl & sdr rdackr2;
/!

//_LHL 500us FERTSERF sdram B4
reg[13:0] delay;  //500us ZEH 11 % 2%

always @(posedge clk or negedge rst_n)
if(Irst_n) delay <= 14'd0;
else if(delay < 14'd12500) delay <= delay+1'b1;/J5 K — HARFF 12500 A4%

wire delay_done = (delay == 14'd12500);  //500us #EH} 25 5. 25MHz

//
//%E 640ns B N 8 4 16bit %4 2| sdram? sdram — X 5 i Kt 53 8words, Hihik: H 5 1 i
/1 bW BT Mk 5 ON 58 BRI [A) 75 AN 2 360ms I [7] 22419*640ns=336ms

reg[5:0] entwr; /5 sdram JEHI T ELES

always @(posedge clk or negedge rst_n)
if(!rst_n) cntwr <= 6'd0;
else if(delay done) cntwr <= cntwr+1'b1;
//
always @(posedge clk or negedge rst_n)
if(!rst_n) addr <= 19'd0;




else if(!wr _done && cntwr == 6'h3f) addr <= addr+1'b1;/ ‘5 Hhu #ik 4 4> 7= 42 B 6] K

IS, i v 4l T delay doney JBkui{E S, ISR AT 0.5us
AGHT, kBT, Fr sz iy e

else if(wr_done && neg_rdack) addr <= addr+1'b1;  //i2Hbdik =4

MMkl ok 1971, N — B8R EER] wr done=1, ANHEATHuEIN 1, BEFN4EF] sdram (FAEE: (B
B, Hihbhn 1 FEHNIRIE T, RJEEEHL R R IR

always @(posedge clk or negedge rst_n)
if(!rst_n) wr_done <= 1'b0;
else if(addr == 19'h7ffff) wr_done <= 1'b1;

assign syswr_done = wr_done;

/1
/15 sdram i RAG 5774, B wrfifo 5 A1 305 5

5 MBI T REA A 64% 10ms, T 5 N\ (K 500 SR 55 SOns~120 2 1
always @(posedge clk or negedge rst_n)

if(!rst_n) wrf_wrreqr <= 1'b0;
else if('!wr_done) begin //_-Hi 0.5ms ZER5E K
if(cntwr == 6'h05) wrf wrreqr <= 1'b1; //'5i5KAE T 724
else if(cntwr = 6'h0d) wrf_wrreqr <= 1'b0; /i K15 5 Y 8
end

always @(posedge clk or negedge rst_n)
if(!rst_n) wrf _dinr <= 16'd0;
else if(!lwr_done && ((cntwr > 6'h05) && (cntwr <= 6'h0d))) begin //_L-Hi, 0.5ms ZEH} 5%
wrf_dinr <= wrf _dinr+1'bl; /5 NEHE 6N, HIDREHh =4 14, B
21

end

FEVURRSr s B P bT X s wfe s
ABIFELE Quarters9.0 HHIZATHS, HILANHE L I 7,



