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1 RFAFM 1.1 FMANE

1.1 FRAE
AR T B 0 25 PHDL i XU 2R S 10 HDL RS9, & ¢
AP B 5 25 HDL Sl MU RIS S8, 36 PP 80t e migit
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2 Buffer Zmig e 2.1 IBUF

2 Buffer ZmfSiRa

Buffer, ZZfds, BHAZFIIRE. WRIBAFEIIEE, A4 NG buffer. 15
1 LVDS (ELVDS) FI1H LVDS (TLVDS). %4l LVDS flH. LVDS [{] 5 iE s
LT ISIAR N ) JE Y E L o, R sk 7 Rm it o

2.1 IBUF
IBUF(Input Buffer), i AZrhas. HgmiEaUn kAT 2 Fi77 X:
UEWE
module ibuf (o, i);
input i ;
output o ;
assigno =1i;
endmodule
77 2:
module ibuf (o, i);
input i ;
output o ;
buf IB (o, i);
endmodule

2.2 TLVDS_IBUF
TLVDS_IBUF(True LVDS Input Buffer), EZE/HINZEMN 2. ZJEIER
SEIL T B INE IR LR, Hgwmbd I AT a0 s pros
module tlvds_ibuf test(inl_p, in1_n, out);
input in1_p/* synthesis syn_tlvds_io = 1*/;
input in1_n/* synthesis syn_tlvds_io = 1*/;
output reg out;
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2 Buffer il i

2.3 ELVDS_IBUF

always@(in1_p or in1l_n) begin
if (in1_p !=inl_n) begin
out =inl_p;
end
end
endmodule

2.3 ELVDS_IBUF

2.4 OBUF

SUG949-1.2

ELVDS_IBUF(Emulated LVDS Input Buffer), fflZ/ 4 NZEmes. %
JRAE R SEIL R E RIS R R, Fegmtd e T an s pros
module elvds_ibuf_test (in1_p, in1_n, out);
input in1_p/* synthesis syn_elvds_io = 1*/;
input in1_n/* synthesis syn_elvds_io = 1*/;
output reg out;
always@(in1_p or in1_n)begin
if (in1_p !=inl_n) begin
out =inl_p;
end
end
endmodule

OBUF(Output Buffer), #iihiZzhas. HomdaUn kAW~ 2 #7 .
77 1

module obuf (o, i);
inputi;

output o ;
assigno =i;
endmodule

J7i%: 2:

module obuf (o, i);
inputi;

output o ;

buf OB (o, i);
endmodule

4(65)




2 Buffer il i

2.5 TLVDS_OBUF

2.5 TLVDS_OBUF

TLVDS_OBUF(True LVDS Output Buffer), EZ/ i mds. 1%J71E

FISCEL R BB VELI AR, gl i~ s -

module tlvds_obuf _test(in,outl,out2);
input in;

output outl/* synthesis syn_tlvds_io = 1%/,
output out2/* synthesis syn_tlvds_io = 1%/,
assignoutl =in;

assign out2 = ~outl;

endmodule

2.6 ELVDS_OBUF

2.7 TBUF

SUG949-1.2

ELVDS_OBUF(Emulated LVDS Output Buffer), #4822 /3%t 2% vh 25 .

AR ST R PE L0, LGRS B AT AT F

module elvds_obuf _test(in,outl,out?2);
input in;

output outl/* synthesis syn_elvds_io = 1*/;
output out2/* synthesis syn_elvds_io = 1*/;
assign outl=in;

assign out2 = ~outl;

endmodule

TBUF(Output Buffer with Tri-state Control), =Z&ZE s, ik H P fE.

Hgd e AR 2 For 3K

L

module tbuf (in, oen, out);
input in, oen;

output out;

assign out= ~oen ? in :1'bz;
endmodule

775 2:

module tbuf (out, in, oen);
input in, oen;

output out;
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2 Buffer Zmig e 2.8 TLVDS TBUF

bufif0 TB (out, in, oen);
endmodule

28 TLVDS_TBUF

TLVDS_TBUF(True LVDS Tristate Buffer), FL7Z/7r =& 2%, {KHLF
e, ISR ER IR IEL R, Hgw I 2mT 4T s

module tlvds_tbuf _test(in, oen, outl,out2);

input in;

input oen;

output outl/* synthesis syn_tlvds_io = 1%/,

output out2/* synthesis syn_tlvds_io = 1%/,

assign outl = ~oen ? in : 1'bz;

assign out2 = ~oen ? ~in : 1'bz;

endmodule

2.9 ELVDS _TBUF

ELVDS_TBUF(Emulated LVDS Tristate Buffer), 25> =& 8%,
RSP RE . ZFE R SEI R SR I E R, gt e T 4 s B :

module elvds_tbuf_test(in, oen, outl,out2);
input in, oen;

output outl/* synthesis syn_elvds_io = 1*/;
output out2/* synthesis syn_elvds_io = 1*/;
assign outl = ~oen ? in : 1'bz;

assign out2 = ~oen ? ~in : 1'bz;

endmodule

2.10 IOBUF

IOBUF(Bi-Directional Buffer), X{[AZ#%. 24 OEN N R, 1EN
NGRS . OEN IR AT, 1 i th s . ORIy il R 4 2
7 2

EWE

module iobuf (in, oen, o, out);

input in,oen;

output out;

inout io;

assign io= ~oen ? in :1'bz;

SUG949-1.2 6(65)




2 Buffer il i

2.11 TLVDS_IOBUF

assign out = io;

endmodule

73 2:

module iobuf (out, io, i, oen);
input i,oen;

output out;

inout io;

buf OB (out, io);

bufifO IB (io,i,oen);
endmodule

2,11 TLVDS_IOBUF

TLVDS_IOBUF(True LVDS Bi-Directional Buffer), H 77 X [r] 22145,

= OEN Jyi i P, MV EZE DM A G M %s; OEN NG TIY, {FARE
gt Ay . ZETE RS EIRINE TR LA, A% R a0 R B

module tlvds_iobuf(o, io, iob, i, oen);
output reg o;
inout io /* synthesis syn_tlvds_io =1 */;
inout iob /* synthesis syn_tlvds_io =1 */;
input i, oen;
bufifO ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin

if (io != iob)begin

0 <=io;

end
end
endmodule

212 ELVDS _IOBUF

SUG949-1.2

ELVDS_IOBUF(Emulated LVDS Bi-Directional Buffer), %5 X ]

ZEAR, 29 OEN My P, VBN 22 70 B N2 4% s OEN MK HESFH
VE IR ZE it 22 b 8% o 1ZJRAB ) SEEL TR BB e, Hegmid e nT
W Frs:

module elvds_iobuf(o, io, iob, i, oen);
output o;

7(65)




2 Buffer 4gfd iR

2.12 ELVDS _IOBUF

SUG949-1.2

inout io /* synthesis syn_elvds_io =1 */;
inout iob /* synthesis syn_elvds_io =1 */;
input i, oen;
reg o;
bufifO ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin

if (io !=iob)begin

0 <=io;

end
end
endmodule

8(65)




3 CLU 4w #iyE 3.1 LUT

3 CLU $whe#iya

Al fit B 1% %5 ¥ 55 CLU(Configurable Logic Unit) /2 FPGA 77 i it 3
AT, CLU BEHA] sZEl MUX/LUT/ALU/FF/LATCH 28 H it ThRE .

3.1 LUT

BANEHRE LUT, #HE LUT 45#494 LUTL1. LUT2. LUT3. LUT4, X
X IAE T A3 R NAL % AN, HszI 5 =0n] R R J LA

3.1.1 ERFTER

module rtl_LUT4 (f, i0, i1,i2,i3);
parameter INIT = 16'h2345;
input io, i1, i2,i3;

output f;

assign f=INIT[{i3,i2,i1,i0}];
endmodule

3.1.2 & HFEHBER

module rtl_LUT3 (f,a,b,sel);
input a,b,sel;

output f;

assign f=sel?a:b;
endmodule

3.1.3 ZEFEHEN

module top(a,b,c,d,out);
input [3:0]a,b,c,d;
output [3:0]out;

SUG949-1.2 9(65)




3 CLU #wfid i 3.2 ALU
assign out=a&bé&c|d,;
endmodule

3.2 ALU
ALU(2-input Arithmetic Logic Unit)2 # N ARZ# T, 454 THATLL

2z
L

3.2.1 ADD IhgE

44 ADD/SUB/ADDSUB/NE Z5I/R¢ .,

DL 4 R4 hnas Al 4 A7 A48 ALU |/ ADD Bhgg:

4 (L2 nes

4 fr 4 ines Hgwm b i 2R an ks fros
module add(a,b,cin,sum,cout);
input [3:0] a,b;

input cin;

output [3:0] sum;

output cout;

assign {cout,sum}=a+b+cin;
endmodule

4 (L nas

3.2.2 SUB Ih&E

SUG949-1.2

A (2N g I AT a0 pos
module add(a,b,sum,cout);

input [3:0] a,b;

output [3:0] sum;

output cout;

assign {cout,sum}=a+b;
endmodule

module sub(a,b,sub);
input [3:0] a,b;
output [3:0] sub;
assign sub=a-b;
endmodule

10(65)




3 CLU 4w #iyE 3.3FF

3.2.3 ADDSUB Iiigg

module addsub(a,b,c,sum);
input [3:0] a,b;

input c;

output [3:0] sum;

assign sum=c?(a-b):(a+b);
endmodule

3.2.4 NE Ih&E

module ne(a, b, cin, cout);

input [11:0] a, b;

input cin;

output cout;

assign cout =(a'!'=b) ? 1'bl: 1'b0;
endmodule

3.3 FF

fid 2 A% A2 I B PR BB T, FPGA N B I i 4 AR vl i ik
FF 54523, % P FF 4 DFF. DFFE. DFFS. DFFSE %, HXAIET
"7 ik &, A7) DFFSE. DFFRE. DFFPE. DFFCE
RN AT F A SEI,  FoAh 25 7 88 R B ) SEBL AT S5 X T LR Z A7 2%
i e X reg {550, EURNINWIGE, AR FABAVIGETSH
UG288, Gowin 7/ & 2)554# si(CEU) 7 /7 15/ »

3.3.1 DFFSE

module dffse_initl (clk, d, ce, set, q);
input clk, d, ce, set;
output reg g=1'bl,
always @(posedge clk)begin
if (set)begin
g <=1'bl;
end
else begin
if (ce)begin
q<=d;

SUG949-1.2 11(65)
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3 CLU 4w #iyE

3.3FF

end
end
end
endmodule

3.3.2 DFFRE

module dffre_initl (clk, d, ce, rst, q);
input clk, d, ce, rst;
output reg g= 1'b0;
always @(posedge clk)begin
if (rst)begin
g <=1'b0;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule

3.3.3 DFFPE

module dffpe_test (clk, d, ce, preset, q);
input clk, d, ce, preset;
output reg g=1'bl,;
always @(posedge clk or posedge preset )begin
if (preset)begin
g <=1'bl;
end
else begin
if (ce)begin
q<=d;
end
end

end
SUG949-1.2
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3 CLU 4w #iyE 3.4 LATCH

endmodule

3.3.4 DFFCE

module dffce_test (clk, d, ce, clear, q);
input clk, d, ce, clear;
output reg g= 1'b0;
always @ (posedge clk or posedge clear )begin
if (clear)begin
g <= 1'b0;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule

3.4 LATCH
AT 28 2 — 0T B P Al A s oo FEL G, T ERr e NS PAER T
MARIRAS . AT PL DLCE. DLPE NI/ Apiffas B S2B, HAhBiffas 257
JFAE RSB S5 X J LIRS . mide X reqg E50, ERRINIYIMEE,
REIZR BV AE S IR E ] S 2% UG288, Gowin 7/ & 1554 0 (CEU) 4 /7
15

3.4.1 DLCE

module rtl_DLCE (Q, D, G, CE, CLEAR);
input D, G, CLEAR, CE;
output reg Q=1'b0;
always @(D or G or CLEAR or CE ) begin
if (CLEAR)begin
Q <=1'b0;
end
else begin
if (G && CE)begin
Q <=D;

SUG949-1.2 13(65)
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3 CLU 4w #iyE

3.4 LATCH

end
end
end
endmodule

3.4.2 DLPE

module rtl_DLPE (Q, D, G, CE, PRESET);
input D, G, PRESET, CE;
output reg Q= 1'b1;
always @(D or G or PRESET or CE ) begin
If(PRESET)begin
Q <=1b1;
end
else begin
if (G && CE)begin
Q<=D;
end
end
end
endmodule

SUG949-1.2
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4 BSRAM Zw g #ive 4.1 DPB/DPX9B

4: BSRAM ZmiZ#Hi7E

BSRAM—BUIRIE A BN it %, HA RS I RE . RAE G B, w)
73 i S (SPISPX9). Wi I3 (DPB/DPX9B). DX -
(SDPB/SDPX9B) FIH L (pPROM/PROMX9).

4.1 DPB/DPX9B
DPB/DPX9B 17t 2= [ 43 514 16K bit/18K bit, T T/ 2 X 11
B, A LG B YR 4 BIRST SE LS S AR, RIS 2 AR
(bypass 1 F1 pipeline £ 1 3 FE#ix{ (normal Bz, write-through
B read-before-write 100 AT Lzl 2 5 20 register. HIE 3EH
S5 77 AT SEIL A 6

4.1.1 ERBIL 5T register

B bl 23 register i, S Brisz bk register To4% #4542 1 -
PL write-through . bypass. [ &) DPB AFIN AL, Hymil
AT W R s

module normal(data_outa, data_ina, addra, clka,cea, wrea,data_outb,
data_inb, addrb, clkb,ceb, wreb);

output [7:0]data_outa,data_outb;
input [7:0]data_ina,data_inb;
input [10:0]addra,addrb;

input clka,wrea,cea,;

input clkb,wreb,ceb;

reg [7:0] mem [2047:0];

reg [10:0]addra_reg,addrb_reg;

always@ (posedge clka)begin
addra_reg<=addra;
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4 BSRAM Zw g #i e

4.1 DPB/DPX9B

end
always @ (posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end
assign data_outa = mem[addra_req];

always@ (posedge clkb)begin
addrb_reg<=addrb;
end

always @(posedge clkb)begin
if (ceb & wreb) begin
mem[addrb] <= data_inb;
end
end
assign data_outb = mem[addrb_req];
endmodule

4.1.2 {EHBIE AR 5T Register, HitH42iT Register

SUG949-1.2

BLHbhEA 2T register B, i 2620425 register, 43t —2K register K
N bypass R ; £t # 2% register I A pipeline #<2X.. LA normal. pipeline.
[F2 2 A DPB NI/ H S, Hogmbs T Xm0 F s :

module normal(data_outa, data_ina, addra, clka, cea, ocea, wrea, rsta,
data_outb, data_inb, addrb, clkb, ceb, oceb, wreb, rstb);

output reg [15:0]data_outa,data_outb;
input reg [15:0]data_ina,data_inb;
input [9:0]addra,addrb;

input clka,wrea,cea,ocea,rsta;

input clkb,wreb,ceb,oceb,rstb;

reg [15:0] mem [1023:0];

reg [15:0] data_outa_reg=16'h0000;
reg [15:0] data_outb reg=16'n0000;
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4 BSRAM Zw g #i e 4.1 DPB/DPX9B

always@(posedge clka)begin
if(rsta)begin
data_outa <= 0;
end
else begin
if (ocea)begin
data_outa <= data_outa_reg;
end
end
end
always@ (posedge clka)begin
if(rsta)begin
data_outa_reg <= 0;
end
else begin
if(cea & 'wrea)begin
data_outa_reg <= mem[addra];
end
end
end
always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

always@ (posedge clkb )begin
if(rstb)begin
data_outb <= 0;
end
else begin
if (oceb)begin
data_outb <= data_outb_reg;
end

SUG949-1.2 17(65)
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end
end
always@(posedge clkb )begin
if(rstb)begin
data_outb_reg <= 0;
end
else begin
if(ceb & 'wreb)begin
data_outb_reg <= mem[addrb];
end
end
end

always @(posedge clkb)begin
if (ceb & wreb) begin
mem[addrb] <= data_inb;
end
end
endmodule

4.1.3 memory E X FIIRK#{E

memory & XN IR ¥EI GowinSynthesis®% #F, H. Verilog language
F 1k system Verilog. LA read-before-write. bypass. [7 &A% ) DPB
RN HFLSEEL, gt i T a0 fr s

module normal(data_outa, data_ina, addra, clka,cea,
wrea,rsta,data_outb, data_inb, addrb, clkb,ceb, wreb,rstb);

output [3:0]data_outa,data_outb;

input [3:0]data_ina,data_inb;

input [2:0]addra,addrb;

input clka,wrea,cea,rsta;

input clkb,wreb,ceb,rstb;

reg [3:0] mem [7:0]={4'h1,4'h2,4'h3,4'h4,4'h5,4'h6,4'h7,4'h8},

reg [3:0] data_outa=4'h0;
reg [3:0] data_outb=4'h0;
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4.1 DPB/DPX9B

SUG949-1.2

always@(posedge clka)begin
if(rsta)begin
data_outa <= 0;
end
else begin
if(cea)begin
data_outa <= mem[addra];
end
end
end

always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

always@ (posedge clkb)begin
if(rstb)begin
data_outb <= 0;
end
else begin
if(ceb)begin
data_outb <= mem[addrb];
end
end
end

always @ (posedge clkb)begin
if (ceb & wreb) begin
mem[addrb] <= data_inb;
end
end
endmodule
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4.1.4 readmemb/readmemh 75\ R #){E

readmemb/ readmemh 77 R AE 7L AT I FvERBAA B E, 15U
‘TVENRIZ S BEFT . L read-before-write. bypass. [ & AR ) DPB Ay
(bl Qﬁﬁb& 0, Hgmtd e nT R Fros:

module normal(data_outa, data_ina, addra, clka,cea,
wrea,rsta,data_outb, data_inb, addrb, clkb,ceb, wreb,rstb);

output [3:0]data_outa,data_outb;
input [3:0]data_ina,data_inb;
input [2:0]addra,addrb;

input clka,wrea,cea,rsta;

input clkb,wreb,ceb,rstb;

reg [3:0] mem [7:0];

reg [3:0] data_outa=4'h0;

reg [3:0] data_outb=4'h0;

initial begin
$readmemb ("E:/dpb.mi", mem);
end

always@ (posedge clka)begin
if(rsta)begin
data_outa <= 0;
end
else begin
if(cea)begin
data_outa <= mem[addra];
end
end
end

always @ (posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
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end

always@ (posedge clkb)begin
if(rstb)begin
data_outb <= 0;
end
else begin
if(ceb)begin
data_outb <= mem[addrb];
end
end
end

always @(posedge clkb)begin
if (ceb & wreb) begin
mem[addrb] <= data_inb;
end
end
endmodule

dpb.mi 5L s
0001
0010
0011
0100
0101
0110
0111
1000
!
WER LA windows RS SCHEIEBRAT /M RRAT ', FREINE ST, W E:\\dpb.mi.
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4.2 SP/SPX9

SP/SPX9 17f# 25 [f] A 16K bit/18K bit, FL T/EH M B I, h—
A ) B 1 AR S 44, AT SRR 2 P sl (bypass 12U pipeline
B A1 3R BRI (normal B, write-through XA read-before-write
R . £gEa it SPISPX9, memory 5 & 2B/ 2 Fid &tz —:

1. B e LR E>1024
2. f#f syn_ramstyle = "block_ram".
A DL IR R 7S 25 register. AR BSEER &5y T HEAT SEELUE .
4.2.1 EHIUEEZIT register

Beh bt at register B, A SZ RREHBAE register TodEHiME 545 H R G,
ZRIE A LA H write-through 1) SP. Dl A1 register Ao
AL, Hgmid T W R s

module normal(data_out, data_in, addr, clk,ce, wre);
output [9:0]data_out;

input [9:0]data_in;

input [9:0]addr;

input clk,wre,ce;

reg [9:0] mem [1023:0];

reg [9:0]addr_reg=10'h000;

always@(posedge clk)begin
addr_reg<=addr;
end
always @ (posedge clk)begin
if (ce & wre) begin
mem[addr] <= data_in;
end
end
assign data_out = mem[addr_req];
endmodule

4.2.2 {FEHBIE AR 25T Register, HitH4iT Register

B hEAZ T register B, HiH A& T register, Zid— 2 register )

N bypass #; £id B2 register A pipeline #=.. LA write-through.
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4.2 SP/SPX9

bypass. [FIZE NN SPXO MBI HIL LI, Haw 2l 4 s

module wt(data_out, data_in, addr, clk,ce, wre,rst);

output reg [17:0]data_out=18'h00000;
input [17:0]data_in;
input [9:0]addr;
input clk,wre,ce,rst;
reg [17:0] mem [1023:0];
always@(posedge clk )begin
if(rst)begin
data_out <= 0;
end
else begin
if(ce & wre)begin
data_out <= data_in;
end
else begin
if (ce & 'wre)begin
data_out <= mem[addr];
end
end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
endmodule

4.2.3 memory E X FIIR#¥E

memory 5 I IRA{E 7 Verilog language %% system Verilog. Ll
read-before-write. bypass. [FIPREAALAN SP B/ AHLL, Homhd

AT QR fros -

module rbw(data_out, data_in, addr, clk,ce, wre,rst) /*synthesis

syn_ramstyle="block_ram"*/;
SUG949-1.2
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output [15:0]data_out;
input [15:0]data_in;
input [2:0]addr;

input clk,wre,ce,rst;

reg [15:0] mem [7:0]={16'h0123,16'h4567,16'h89ab,16'hcdef,
16'h0147,16'h0258,16'h789a,16'h5678};

reg [15:0] data_out=16'h0000;
always@ (posedge clk )begin
if(rst)begin
data out <=0;
end
else begin
if(ce)begin
data_out <= mem[addr];
end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
endmodule

4.2.4 readmemb/readmemh 75 R IE¥]{E

readmemb/ readmemh 77 =R AEL {8 FH I FvE =R B, ELUIEN
A2 TF. LA normal. pipeline. [25 E AT SP ABI 24 HSLH,
Hgmhd AT Wl R A s

module normal(data_out, data_in, addr, clk, ce, oce, wre,
rst)/*synthesis syn_ramstyle="block_ram"*/;

output reg [7:0]data_out=8'h00;
input [7:0]data_in;

input [2:0]addr;

input clk,wre,ce,oce,rst;

reg [7:0] mem [7:0];
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reg [7:0] data_out_reg=8'n00;
initial begin

$readmemh ("E:/sp.mi", mem);
end

always@(posedge clk )begin
if(rst)begin
data out <=0;
end
else begin
if(oce)begin
data_out <= data_out_reg;
end
end
end
always@(posedge clk)begin
if(rst)begin
data_out_reg <=0;
end
else begin
if(ce & wre)begin
data_out_reg <= mem[addr];
end
end
end
always @(posedge clk)begin
if (ce & wre) begin
mem[addr] <= data_in;
end
end
endmodule

sp.mi PE A F
12
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4 BSRAM Zw g #i e

4.2 SP/SPX9

34
56
78
9a
bc
de
ff

4.2.5 B FFREA

SUG949-1.2

WA e T eG4t SPISPX9 Fii /e UL F &k —
memory R%>=3 H memory R #E AL %>256, H memory {RE=2
B n IR J5+1;

gL syn_sristyle= "block_ram”, H. memory E=2 [ n X5
+1O

LA read-before-write . bypass. [A2 2 A1) SPX9 Jyfi /48 H S,

4 2T R

module p_segshift(clk, we, din, dout);
parameter width=18;

parameter depth=17;

input clk, we;

input [width-1:0] din;

output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @(posedge clk) begin
if (we) begin
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule
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4.2 SP/SPX9

4.2.6 Decoder FER\,

SUG949-1.2

LA read-before-write. bypass. [F2E AU SP I/ A H 5L,

Hgw 2 nT a0 s o -

module top (data_out, data_in, addr, clk,wre,rst)/*synthesis
syn_ramstyle="block ram™*/,

parameter init0 = 16'h1234;
parameter initl = 16'h5678;
parameter init2 = 16'h9abc;
parameter init3 = 16'h0147;

output reg[3:0]data_out;
input [3:0]data_in;

input [3:0]addr;

input clk,wre,rst;

reg [15:0] memO=init0;
reg [15:0] mem1=initl;
reg [15:0] mem2=init2;
reg [15:0] mem3=init3;

always @(posedge clk)begin
if (wre) begin
memO[addr] <= data_in[0];
mem1[addr] <= data_in[1];
mem2[addr] <= data_in[2];
mem3[addr] <= data_in[3];
end
end
always @ (posedge clk)begin
if(rst)begin
data_out<=16'h00;
end
else begin

data_out[0] <= memO[addr];
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data_out[1] <= mem1[addr];
data_out[2] <= mem2[addr];
data_out[3] <= mem3[addr];
end
end
endmodule

4.3 SDPB/SDPX9B

SDPB/SDPX9B 174 4% 1f] 73 5l 9 16K bit/18K bit, T AEREZ A Dl B 1
B, W] S RF 2 B 2 (bypass £ A pipeline £ A1 1 # 5 #{(normal
R . 441 SDPB/SDPX9B, memory FHi & Nk &bz —:

1. BEAL i 2 i bk R FE>1024;
2. f#iffl syn_ramstyle = "block_ram".

4.3.1 memory FTo¥ME

LL bypass. [FBE A SDPB NEI LI, Hegmin I Anl i
MR

module normal(dout, din, ada, adb, clka, cea, clkb, ceb, resetb);

output reg[15:0]dout=16'h0000;

input [15:0]din;

input [9:0]ada, adb;

input clka, cea,clkb, ceb, resetb;

reg [15:0] mem [1023:0];

always @(posedge clka)begin
if (cea )begin
mem[ada] <= din;
end
end

always@ (posedge clkb)begin
if(resetb)begin
dout <= 0;
end
else if(ceb)begin
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dout <= meml[adb];

end
end
endmodule
4.3.2 memory E X RIR¥]E
L pipeline. 55 B AT SDPB AHIA A SLBIER, HAEmiLER
AT B

module normal(data_out, data_in, addra, addrb, clka, cea, clkb,
ceb,oce, rstb)/*synthesis syn_ramstyle="block_ram"*/;

output reg[15:0]data_out=16'h0000;
input [15:0]data_in;

input [2:0]addra, addrb;

input clka, cea, clkb, ceb, rstb,oce;

reg [15:0] mem [7:0]={16'h0123,16'h4567,16'h89ab,16'hcdef,
16'h0147, 16'h0258,16'h789a,16'nh5678};

reg [15:0] data_out _reg=16'h0000;

always @(posedge clka)begin
if (cea )begin
mem[addra] <= data_in;
end
end

always@ (posedge clkb or posedge rstb)begin
if(rstb)begin
data_out_reg <= 0;
end
else if(ceb)begin
data_out_reg<= mem[addrb];
end
end
always@ (posedge clkb or posedge rstb)begin
if(rstb)begin
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data_out <= 0;
end
else if(oce)begin
data_out<= data_out_reg;
end
end
endmodule

4.3.3 readmemb/readmemh 75\ R #]{E

readmemb/ readmemh 75 ZXURAEESEA T N iR BAENBE, iELL
‘TYERNEAZ D BEST. LA bypass. S5 B A ) SDPB J| /4 HszBl, H
gt T AT 40 R s

module normal(dout, din, ada, adb, clka, cea, clkb, ceb,
resetb)/*synthesis syn_ramstyle="block_ram"*/;

output reg[7:0]dout=8'h00;
input [7:0]din;
input [2:0]ada, adb;
input clka, cea,clkb, ceb, resetb;
reg [7:0] mem [7:0];
initial begin
$readmembh ("E:/sdpb.mi", mem);
end

always @ (posedge clka)begin
if (cea )begin
mem[ada] <= din;
end
end

always@ (posedge clkb or posedge resetb)begin
if(resetb)begin
dout <= 0;
end
else if(ceb)begin
dout <= mem[adb];
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end
end

endmodule

sdpb.mi PBE#UT:
12

34

56

78

9a

bc

de

ff

434 BUFEFREA

A fEas T 4 BSRAM Fili 2 Fik&&1E2 —:
1. memory &f%>=3 H memory RE* 51 % >256, H memory ¥R ! =2

1 n k7 +1;
2. W@ LR syn_sristyle="block_ram", H memory J&E! =2 I n X
Ji+1.
Pl bypass. [F:E A SDPXIB /M 4F Hseil, HgmfmR el
iR

module p_segshift(clk, we, din, dout);
parameter width=18;

parameter depth=16;

input clk, we;

input [width-1:0] din;

output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @(posedge clk) begin
if (we) begin
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regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule

4.3.5 AHFRAEHY

AKFRER A H SDPB, i@ £ syn_ramstyle =
"no_rw_check". Ul bypass. [FZE A1) SDPB Jfil /i 4RI ST, How
F AT U T s :

module normal(dout, din, ada, clka, cea, adb, clkb, ceb,
rstb,oce)/*synthesis syn_ramstyle = "no_rw_check™/,

parameter adawidth = 8;
parameter diwidth = 6;

parameter adbwidth = 7;
parameter dowidth = 12;

output [dowidth-1:0]dout;

input [diwidth-1:0]din;

input [adawidth-1:0]ada;

input [adbwidth-1:0]adb;

input clka,cea,clkb,ceb,rstb,oce;

reg [diwidth-1:0Jmem [2**adawidth-1:0];
reg [dowidth-1:0]dout_reg;

localparam b = 2**adawidth/2**adbwidth ;
integer j ;

always @ (posedge clka)begin
if (cea)begin
mem[ada] <= din;
end
end
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always@(posedge clkb )begin
if(rstb)begin
dout_reg <= 0;
end
else begin
if(ceb)begin
for(j = 0 < b;j = j+1)
dout_reg[((j+1)*diwidth-1)-: diwidth]<=
mem[adb*b+i];
end
end
end
assign dout = dout_reg;
endmodule

4.3.6 Decoder £\

L bypass. R E AR K SDPB NI AL, Hgmfd ]
THR:

module top (data_out, data_in, wad, rad,rst, clk,wre)/*synthesis
syn_ramstyle="block _ram"*/;;

parameter init0 = 16'h1234;
parameter initl = 16'h5678;
parameter init2 = 16'h9abc;
parameter init3 = 16'h0147;

output reg[3:0] data_out;
input [3:0]data_in;

input [3:0]wad,rad;

input clk,wre,rst;

reg [15:0] memO=initO;
reg [15:0] meml=initl;
reg [15:0] mem2=init2;
reg [15:0] mema3=init3;
always @(posedge clk)begin
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if (wre) begin
memO[wad] <= data_in[0];
meml[wad] <= data_in[1];
mem2[wad] <= data_in[2];
mem3[wad] <= data_in[3];
end
end
always @(posedge clk)begin
if(rst)begin
data_out<=16'h00;
end
else begin
data_out[0] <= memO[rad];
data_out[1] <= mem1[rad];
data_out[2] <= mem2[rad];
data_out[3] <= mem3[rad];
end
end
endmodule

4.4 pROM/pROMX9

PROM/pROMX9(16K/18K Block ROM), 16K/18K Hufk Hikfitf7as. H
TARRE AN R, AI sy 2 M (bypass #i:0A1 pipeline 130
PROM/pROMX9 IR{E 77 A case 1E4]. readmemb/readmemh. memory
S X TRAE 27 B . #5254 H pROM, & &/l & Tk k2 —:

1. BdEA e bR >1024

2. f#HH syn_romstyle = "block_rom"

4.4.1 case FEAIRFE
L bypass. [F2ZEAAEI K pROM JBl /48 Hszl, Hgmbd = n] 4n
THiR:

module normal (clk,rst,ce,addr,dout)/*synthesis
syn_romstyle="block_rom™"*/ ;

input clk;
input rst,ce;

input [4:0] addr;
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output reg [31:0] dout=32'h00000000;

always @(posedge clk )begin
if (rst) begin
dout <= 0;
end
else begin
if(ce)begin
case(addr)
5'h00: dout <= 32'h52853fd5;

5'h01: dout <= 32'h38581bd2;
5'h02: dout <= 32'h040d53e4;
5'h03: dout <= 32'h22ce7d00;
5'h04: dout <= 32'h73d90e02;
5'h05: dout <= 32'hcOb4bflc;
5'h06: dout <= 32'hec45e626;
5'h07: dout <= 32'hd9d000d9;
5'h08: dout <= 32'haacf8574;
5'h09: dout <= 32'hb655bf16;
5'h0a: dout <= 32'h8c565693;
5'h0b: dout <= 32'hb19808d0;
5'h0c: dout <= 32'he073036e;
5'h0d: dout <= 32'h41b923f6;
5'h0e: dout <= 32'hdce89022;
5'h0f: dout <= 32'hbal7fcel;
5'n10: dout <= 32'hd4dec5de;
5'h11: dout <= 32'hal8ad699;
5'h12: dout <= 32'h4a734008;
5'n13: dout <= 32'h5c32ac0e;
5'h14: dout <= 32'h8f26bdd4;
5'n15: dout <= 32'hb8d4aab6;
5'h16: dout <= 32'hf55e3c77;
5'n17: dout <= 32'h41a5d418;
5'h18: dout <= 32'hbal72648;
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5'n19: dout <= 32'h5¢c651d69;
5'hla: dout <= 32'h445469c3;
5'h1b: dout <= 32'h2e49668b;
5'hlc: dout <= 32'hdclaa0l5b;
5'h1d: dout <= 32'hcebfe4cd,;
5'hle: dout <= 32'hlelfOfle;
5'h1f: dout <= 32'h86fd31ef;
default: dout <= 32'h8e9008a6;
endcase
end
end
end
endmodule

4.4.2 memory E X FIR{1{E

memory & X I IR#){E 7 Verilog language % system Verilog. LA
bypass. [FF &A1) pROM AN AHSLHIE L, Hgbd e nT a0 T o
7N

module prom_inference ( clk, addr,rst, data_out)/* synthesis
syn_romstyle = "block_rom" */;

input clk;

input rst;

input [3:0] addr;

output reg[3:0] data_out;

reg [3:0] mem [15:0]={4'h1,4'h2,4'h3,4'h4,4'h5,4'h6,4'h7,4'h8,4'h9,4'ha,
4'hb, 4'hc,4'hd,4'he,4'hf,4'hd};

always @(posedge clk)begin

if (rst) begin

data_out <=0;
end
else begin
data_out <= meml[addr];;

end

end
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endmodule

4.4.3 readmemb/readmemh 75 R #]{E

readmemb/ readmemh 75 sURE 7E HEAT (6 I N 0 S Eg A2 155, 35 A
THENERAE BT . L pipeline. 58 AL LK) pROM Jyfiil /43 FLS23,
g I mT an s s :

module rom_inference ( clk, addr, rst,oce,data_out);

input clk;

input rst,oce;

input [4:0] addr;

output reg [31:0] data_ourt;

reg [31:0] mem [31:0] /* synthesis syn_romstyle = "block_rom" */;

reg [31:0] data_out_reg;

initial begin

$readmembh ("E:/prom.ini", mem);
end
always @(posedge clk or posedge rst)begin
if(rst)begin
data_out_reg <=0;
end
else begin
data_out_reg <= mem[addr];
end
end

always @ (posedge clk or posedge rst)begin
if(rst)begin
data_out <=0;
end
else begin
data_out <= data_out_reg;
end
end
endmodule
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prom.ini 540 :
11001100
11001100
11001100
11001100
17001100
11001100
16001100
1f001100
11111100
11111100
11001110
11000111
11000111
11001110
11011100
11001110
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5 SSRAM ZmiZHETE

SSRAM 72 73 A1 SNBSS BEH LAl 4%, 7T e B R s IR, O X 1A
R H B 2

5.1 RAM16S 28!

RAM16S 2571414 RAM16S1. RAM16S2. RAM16S4, H X HI#E T4
WAL TE 95 . RAM16S 287 A] LI ] Decoder. Memory. #2407 %5 47 8 25 F
KT PEE, HaH RAM16S, memory 75 2 LR Hidr— AN &4
1. bR ASE L register, bR EEEE A7 55 >=8;

2. K&l register, 8<=Huhh iR E*HE AL 55 <=1024;
3. ffJE LR syn_ramstyle="distributed_ram".

5.1.1 Decoder 25\,

LA RAM16S4 i, /-4 Decoder & 3 5B, Hogm b 2 20 mT n F Fios :
module top (data_out, data_in, addr, clk,wre);

parameter init0 = 16'h1234;

parameter initl = 16'h5678;

parameter init2 = 16'h9abc;

parameter init3 = 16'h0147;

output [3:0]data_ourt;
input [3:0]data_in;
input [3:0]addr;

input clk,wre;

reg [15:0] memO=init0;
reg [15:0] mem1=initl;
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5.1 RAM16S 2%

reg [15:0] mem2=init2;
reg [15:0] mem3=init3;

always @ (posedge clk)begin
if (wre) begin
memO[addr] <= data_in[0];
meml[addr] <= data_in[1];
mem2[addr] <= data_in[2];
mem3[addr] <= data_in[3];
end
end

assign data_out[0] = memO[addr];
assign data_out[1] = mem1[addr];
assign data_out[2] = mem2[addr];
assign data_out[3] = mem3[addr];
endmodule

5.1.2 Memory 3\

SUG949-1.2

memory JE AR EWIE T X7 8 memory LHMETEZ . memory & X
i It )8 LA & readmemh/readmemb £, memory & S TRAIE L K&
readmemh/readmemb JEX1ES% 4.1.4, KA FHIEKR.

A RAM16S4 9%, /44 memory TLHMETE S, Hgwmbd T = mT 4
PR

module normal(data_out, data_in, addr, clk, wre);
output [3:0]data_out;
input [3:0]data_in;
input [3:0]addr;
input clk,wre;
reg [3:0] mem [15:0];
always @(posedge clk)begin

if (wre) begin

mem[addr] <= data_in;
end

end
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assign data_out = mem[addr];
endmodule

5.1.3 BIUFFHRER

i 2 LR At 2 —

1. memory {XEE>=4 H memory IR {7 %<=256, H memory i ¥
=2 1 n kK7

2. WINEMZIH syn_sristyle= " distributed_ram", H. memory iX/%=2
) n RJ7

Pl GowinSynthesis 254 H RAM16S4 96, /B hr 247 28 T R ) 52

W, HIm A I AT T s

module p_segshift(clk, we, din, dout);

parameter width=18;

parameter depth=4;

input clk, we;

input [width-1:0] din;

output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @(posedge clk) begin
if (we) begin
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule

5.2 RAM16SDP 3!

RAM16SDP 244 RAM16SDP1. RAM16SDP2. RAM16SDP4,
H X BIAE T4 A7 98 %5 FF . RAM16SDP 28 A7) L% ] Decoder. Memory.
B AaEE T Bs, %4 RAM16SDP, memory 75 & LA N 3
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1. BRHbhEAH AL T register,  HudikIR IR A7 95 >=8;
2. bl A0 register, 8<=HbbiEIR AR A7 55 <=1024;
3. fHRAEYEL K syn_ramstyle="distributed_ram".

5.2.1 Decoder 43\

LA RAM16SDP4 A5, /44 Decoder 0L, Hgmid A n 4~
F7:

module top (data_out, data_in, wad, rad, clk,wre);

parameter init0 = 16'h1234;

parameter initl = 16'h5678;

parameter init2 = 16'h9abc;

parameter init3 = 16'h0147;

output [3:0]data_out;
input [3:0]data_in;
input [3:0]wad,rad;
input clk,wre;

reg [15:0] memO=initO;
reg [15:0] mem1=initl;
reg [15:0] mem2=init2;
reg [15:0] mem3=init3;

always @(posedge clk)begin
if (wre) begin
memO[wad] <= data_in[0];
mem1[wad] <= data_in[1];
mem2[wad] <= data_in[2];
mem3[wad] <= data_in[3];
end
end

assign data_out[0] = memO[rad];
assign data_out[1] = meml[rad];
assign data_out[2] = mem2[rad];
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assign data_out[3] = mem3[rad];
endmodule

5.2.2 Memory 3\

memory J& X AT M IEHIME T 2850~ memory TEHMEE . memory & X
I I A48 LA X2 readmemh/readmemb 3. memory i€ S IR A1 PA A
readmemh/readmemb JEXiES % 4.1.4, AT AHEKR,

L RAM16SDP4 A, /43 Memory JEZR I SEE, Hgmd X nl iR At

7N
module normal(data_out, data_in, addra, clk, wre, addrb);
output [3:0]data_out;
input [3:0]data_in;
input [3:0] addra ,addrb;
input clk,wre;

reg [3:0] mem [15:0];

always @ (posedge clk)begin
if (wre)begin
mem[addra] <= data_in;
end
end

assign data_out = mem[addrb];

endmodule

5.2.3 B FFRER

ML 2 A7 245 256 0 RAM16SDP K%Y, i 2 UL &k ff 2 —:

1.memory V&fE>=4 H memory &£z %<=256, H memory %

FEI=2 f) n IR 5

2.7 @ 43 syn_sristyle= " distributed_ram”, H. memory i#E=2

[ n 7

PL GowinSynthesis %4 RAM16SDP4 Jyfil, /43t %17 e T2
S, Hegm s AT A s
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5.3 ROM16

module p_segshift(clk, we, din, dout);
parameter width=18;

parameter depth=7;

input clk, we;

input [width-1:0] din;

output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @ (posedge clk) begin
if (we) begin
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule

ROM16 Z bRy 16, HHEAITE N 1 F R B ffias, FifasfINE

I INIT #H7814616, ROM16 7T LR H Memory. Decoder %5047 15
5, ROM16 MZx6 R Zi @ 421K syn_romstyle ="distributed_rom".

5.3.1 Decoder 3\

module test (addr,dataout)/*synthesis

syn_romstyle="distributed_rom™*/ ;

SUG949-1.2

input [3:0] addr;

output reg dataout=1'h0;

always @ (*)begin

case(addr)

4'h0: dataout <= 1'h0;
4'hl: dataout <= 1'h0;
4'h2: dataout <= 1'h1;
4'h3: dataout <= 1'h0;
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4'h4: dataout <= 1'h1;
4'h5: dataout <= 1'h1;
4'h6: dataout <= 1'h0;
4'h7: dataout <= 1'h0;
4'h8: dataout <= 1'h0;
4'h9: dataout <= 1'h1;
4'ha: dataout <= 1'h0;
4'hb: dataout <= 1'h0;
4'hc: dataout <= 1'h1;
4'hd: dataout <= 1'h0;
4'he: dataout <= 1'h0;
4'hf: dataout <= 1'h0;
default: dataout <= 1'h0;
endcase
end
endmodule

5.3.2 Memory 3\

memory &2 A HR 4 9115 1 35 memory E¥MEE . memory & X
I IR )48 LA M2 readmemh/readmemb £, memory & S TRAI{E LA K
readmemh/readmemb X RiES% 4.1.4, KW AHER.

module top (addr,dataout)/*synthesis
syn_romstyle="distributed_rom"*/,

input [3:0] addr;
output reg dataout=1'b0;

parameter init0 = 16'h117a;
reg [15:0] memO=initO;
always @ (*)begin
dataout <= memO[addr];
end
endmodule
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6.1 Pre-adder

6.1 Pre-adder

6 DSP Zmhd#ie

DSP(Digital Signal Processing) 2375548, W& HnE
(Pre-Adder), ke (MULT) 154 (5 ARZH#H50 (ALUS4D).,

Pre-adder s& Tihngs, SLELHON.

Vi AL T EE . Pre-adder 31847 5%

SRR, 4yl 9 £ % i PADD9 Al 18 £ %% ) PADD18. Pre-adder 75
Multiplier AHEC & 74 AT HERT H >k .

6.1.1 TAMIhEE

SUG949-1.2

LL AREG. BREG. [[:2 &A1) PADD9-MULTIX9 A4 PADD
TONThEER) SEEl, HImb e T s prs:

module top(a0, b0, b1, dout, rst, clk, ce);

input [7:0] a0;

input [7:0] bO;

input [7:0] b1;

input rst, clk, ce;

output [17:0] dout;

reg [8:0] p_add_reg=9'h000;
reg [7:0] a0_reg=8'h00;

reg [7:0] bO_reg=8'h00;

reg [7:0] b1_reg=8'h00;

reg [17:0] pipe_reg=18'h00000;

reg [17:0] s_reg=18'h00000;

always @(posedge clk)begin
if(rst)begin
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a0 _reg <=0;
b0 reg <=0;
bl reg <=0;
end else begin
if(ce)begin
a0_reg <= a0;
b0 _reg <= b0;
bl reg <=bl;
end
end
end
always @(posedge clk)begin
if(rst)begin
p_add_reg <= 0;
end else begin
if(ce)begin
p_add_reg <=b0_reg+bl reg;
end
end
end

always @(posedge clk)
begin
if(rst)begin
pipe_reg <= 0;
end else begin
if(ce) begin
pipe_reg <= al_reg*p_add_regq;
end
end
end
always @ (posedge clk)
begin
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6.1 Pre-adder

6.1.2 TR TN &E

TR Re I SE B, Hegw A I8 2CRT 4 T o
module top(a0, b0, b1, dout, rst, clk, ce);

SUG949-1.2

if(rst)begin
s_reg <=0;

end else begin
if(ce) begin

S_reg <= pipe_reg;

end

end

end

assign dout = s_reg;

endmodule

PL AREG. BREG. [f6 & i1 PADD9-MULTO9X9 Ml /-48 PADD

input [7:0] a0;

input [7:0] bO;

input [7:0] b1;

input rst, clk, ce;

output [17:0] dout;

reg [8:0] p_add_reg=9'h000;
reg [7:0] a0_reg=8'h00;

reg [7:0] bO_reg=8'h00;

reg [7:0] b1_reg=8'h00;

reg [17:0] pipe_reg=18'h00000;
reg [17:0] s_reg=18'h00000;

always @ (posedge clk)begin
if(rst)begin
a0 _reg <=0;
b0 _reg <=0;
bl reg <=0;
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end else begin

if(ce)begin
a0_reg <= a0;
b0 reg <= b0;
bl reg <=bl;
end
end
end

always @(posedge clk)begin
if(rst)begin
p_add_reg <= 0;
end else begin
if(ce)begin
p_add _reg <=b0_reg-bl reg;
end
end
end

always @ (posedge clk)
begin
if(rst)begin
pipe_reg <= 0;
end else begin
if(ce) begin
pipe_reg <= a0_reg*p_add_regq;
end
end
end
always @ (posedge clk)
begin
if(rst)begin
s_reg <=0;
end else begin
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if(ce) begin
S_reg <= pipe_reg;
end
end
end

assign dout = s_reg;

endmodule

6.1.3 BLINEE

UL AREG. BREG. F& &) PADD18-MULT18X18 /43 PADD
MALD eI SEBL,  Hgw A I 20RT a1 T fros -

module top(a0, al, b0, b1, p0, p1, clk, ce, reset);

parameter a_width=18;

parameter b_width=18;

parameter p_width=36;

input [a_width-1:0] a0, ail;

input [b_width-1:0] b0, b1;

input clk, ce, reset;

output [p_width-1:0] pO, p1;

wire [b_width-1:0] bO_padd, bl _padd;

reg [b_width-1:0] bO_reg=18'nh00000;

reg [b_width-1:0] b1 _reg=18'h00000;

reg [b_width-1:0] bX1=18'h00000;

reg [b_width-1:0] bY1=18'h00000;

always @(posedge clk or posedge reset)
begin
if(reset)begin
b0 _reg <=0;
bl reg <=0;
bX1 <=0;
bY1l <=0;
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end else begin
if(ce)begin
b0 _reg <= b0;
bl reg <=bl;
bX1 <=Db0_reg;
bY1l <=Dbl reg;
end
end
end
assign bO_padd = bX1 + bl reg;
assign bl _padd=b0_reg + bY1;

assign p0 = a0 * b0_padd;
assign pl =al * bl _padd,

endmodule

6.2 Multiplier

Multiplier & DSP HJ3fiEa 570, Feikas KR A\ 15 5 € XN MDIA
A MDIB, Fefik {5 5w X o8 MOUT, HscBigfikiafi: DOUT=A*B.

Multiplier R4 B 7 5% AT e B A 9x9, 18x18, 36x36 Z5afeikat, 4l
XF R R TE MULT9X9, MULT18X18, MULT36X36. L AREG. BREG.
OUT_REG. PIPE_REG. & E AN MULT18X18 il /28 H 5,
Hegmpd e T R s

module top(a,b,c,clock,reset,ce);

input signed [17:0] a;

input signed [17:0] b;

input clock;

input reset;

input ce;

output signed [35:0] c;

reg signed [17:0] ina=18'h00000;
reg signed [17:0] inb=18'nh00000;
reg signed [35:0] pp_reg=36'h000000000;
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6.2 Multiplier

reg signed [35:0] out_reg=36'h000000000;
wire signed [35:0] mult_out;

always @ (posedge clock or posedge reset)begin
if(reset)begin
ina<=0;
inb<=0;
end else begin
if(ce)begin
ina<=a;
inb<=b;
end
end
end
assign mult_out=ina*inb;
always @(posedge clock or posedge reset)begin
if(reset)begin
pp_reg<=0;
end else begin
if(ce)begin
pp_reg<=mult_out;
end
end
end

always @ (posedge clock or posedge reset)begin
if(reset)begin
out_reg<=0;
end else begin
if(ce)begin
out_reg<=pp_reg;
end
end
end

SUG949-1.2
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assign c=out_reg;
endmodule

6.3 ALU54D

ALU54D (54-bit Arithmetic Logic Unit) /& 54 (7 E AR Z T, Sl
54 KL HEARZHIZH . #4544 H ALUSD, S 47 %6 width 75 7£[48,54] X [],
BN FERMBELI R syn_dspstyle="dsp". L AREG. BREG. OUT_REG.
Fb B ALUSAD N Hseil, gt e T an s pros

module top(a, b, s, accload, clk, ce, reset);

parameter width=54;

input signed [width-1:0] a, b;

input accload, clk, ce, reset;

output signed [width-1:0] s;

wire signed [width-1:0] s_sel,

reg [width-1:0] a_reg=54'h00000000000000;

reg [width-1:0] b_reg=54'h00000000000000;

reg [width-1:0] s_reg=54'h00000000000000;

reg acc_reg=1'b0;

always @ (posedge clk or posedge reset)
begin
if(reset)begin
a_reg <=0;
b reg <=0;
end else begin
if(ce)begin
a_reg <= a;
b reg <=b;
end
end
end
always @ (posedge clk)
begin
if(ce)begin
acc_reg <= accload;
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end
end

assigns_sel =(acc_reg==1) ?s:0;
always @ (posedge clk or posedge reset)
begin
if(reset)begin
s_reg <=0;
end else begin
if(ce)begin
S reg<=s_sel+a reg+b_reg;
end
end
end
assign s =s_reg;
endmodule

6.4 MULTALU

MULTALU # S — A ek defin i &l 54-bit ALU 185,
MULTALU36X18 1 MULTALU18X18, 1 MULTALU18X18 1 3 s f1k,
TE. MULTALU36X18 5 —Fliz H IIfE: DOUT=A*B+C. DOUT=} (A*B).
DOUT=A*B+CASI.

6.4.1 A*B+C ThgE

L AREG. BREG. CREG. PIPE_REG. OUT REG. F#E k=
] MULTALU36X18 /44 DOUT=A*B+C IhAERI B, Hgmhd e nlan T~ fr
TN

module top(ao0, bo, c,s, reset, ce, clock);
parameter a_width=36;
parameter b_width=18;
parameter s_width=54;
input signed [a_width-1:0] a0;
input signed [b_width-1:0] bO;
input signed [s_width-2:0] c;
input reset, ce, clock;
output signed [s_width-1:0] s;
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wire signed [s_width-1:0] pO;
reg signed [a_width-1:0] a0_reg=36'h000000000;
reg signed [b_width-1:0] bO_reg=18'h00000;
reg signed [s_width-1:0] pO_reg=54'h00000000000000;
reg signed [s_width-1:0] o0_reg=54'h00000000000000;
reg signed [s_width-2:0] ¢_reg=54'h00000000000000;
always @ (posedge clock or posedge reset)begin
if(reset)begin
a0 _reg <=0;
b0 reg <=0;
c_reg <=0;
end else begin
if(ce)begin
a0_reg <= a0;
b0 _reg <= b0;
C_reg <=g;
end
end
end

assign p0 = a0_reg * b0_reg;
always @ (posedge clock or posedge reset)begin
if(reset)begin
pO_reg <= 0;
00 _reg <=0;
end else begin
if(ce)begin
pO_reg <= p0;
00_reg <= p0_reg+c_req;
end
end
end

assign s = 00_regq;

SUG949-1.2
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6.4 MULTALU

endmodule

6.4.2 Y (A*B)ThEE

SUG949-1.2

Pl PIPE_REG. OUT_REG. Rm#EA#f) MULTALU36X18 /14

DOUT=¥ (A*B)IhAEIISEI, FCAh b al i F s

module top(a,b,c,clock,reset,ce);
parameter a_width = 36;
parameter b_width = 18;
parameter c_width = 54;

input signed [a_width-1:0] a;
input signed [b_width-1:0] b;
input clock;

input reset,ce;

output signed [c_width-1:0] c;

reg signed [c_width-1:0] pp_reg=54'h00000000000000;
reg signed [c_width-1:0] out_reg=54'h00000000000000;
wire signed [c_width-1:0] mult_out,c_sel,

reg acc_reg0=1'b0;

reg acc_regl=1'b0;

assign mult_out=a*b;
always @ (posedge clock or posedge reset) begin
if(reset)begin
pp_reg<=0;
end else begin
if(ce)begin
pp_reg<=mult_out;
end
end
end

always @ (posedge clock or posedge reset)
begin
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if(reset) begin
out_reg <= 0;
end else if(ce) begin
out_reg <=c + pp_reg;
end
end

assign c=out_reg;
endmodule

6.4.3 A*B+CASI IhgE

SUG949-1.2

Pl PIPE_REG. OUT_REG. ®#Ef#{{) MULTALU36X18 /141

DOUT=A*B+CASI THAEHISEHL, HARRLIL R il F 77

module top(ao0, al, a2, b0, b1, b2, s, reset, ce, clock);

parameter a_width=36;

parameter b_width=18;

parameter s_width=54;

input signed [a_width-1:0] a0, al, az;

input signed [b_width-1:0] b0, b1, b2;

input reset, ce, clock;

output signed [s_width-1:0] s;

wire signed [s_width-1:0] p0, p1, p2, s0, s1;

reg signed [s_width-1:0] pO_reg=54'h00000000000000;
reg signed [s_width-1:0] p1_reg=54'h00000000000000;
reg signed [s_width-1:0] p2_reg=54'h00000000000000;
reg signed [s_width-1:0] sO_reg=54'h00000000000000;
reg signed [s_width-1:0] s1_reg=54'h00000000000000;
reg signed [s_width-1:0] 00_reg=54'h00000000000000;

assign p0 = a0 * bO;

assign pl =al * bl;

assign p2 = a2 * b2;

always @ (posedge clock or posedge reset)
begin
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if(reset)begin
pO_reg <= 0;
pl reg <=0;
p2_reg <= 0;
00_reg <=0;
end else begin
if(ce)begin
pO0_reg <= p0;
pl_reg <=pl;
p2_reg <= p2;
00_reg <= p0_reg;
end
end
end

assign sO = 00_reg + pl_req;
always @ (posedge clock or posedge reset)
begin
if(reset)begin
sO_reg <=0;
end else begin
if(ce)begin
s0_reg <= s0;
end
end
end

assign s1 =s0_reg + p2_reg;
always @ (posedge clock or posedge reset)
begin
if(reset)begin
sl reg <=0;
end else begin
if(ce)begin

SUG949-1.2
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sl reg <=sl;
end
end
end
assign s=sl1 _reg;
endmodule

6.5 MULTADDALU

MULTADDALU (The Sum of Two Multipliers with ALU) 77 ALU Zh#g
[Fafengs, SEELARER A G 2 NEL reload B85, X RN JEE N
MULTADDALU18X18. f —FlizH I)fE: DOUT=A0*BO+A1*B1+C.
DOUT=Y (A0*B0+A1*B1). DOUT=A0*B0+A1*B1+CASI.

6.5.1 A0*B0+tA1*B1+C IhgE

LA AOREG. A1REG. BOREG. B1IREG. PIPEO_REG. PIPE1_REG.
OUT_REG. F#HE M1 MULTADDALU18X18 /4 DOUT= A0*BO =+
A1*B1+C DJReHISEIL, Hgwmhd i sUrTan s fros .

module top(a0, al, b0, b1, c,s, reset, clock, ce);

parameter a0_width=18;

parameter al_width=18;

parameter bO_width=18;

parameter bl width=18;

parameter s_width=54;

input signed [a0_width-1:0] a0;

input signed [al_width-1:0] al;

input signed [bO_width-1:0] bO;

input signed [b1_width-1:0] b1;

input [53:0] c;

input reset, clock, ce;

output signed [s_width-1:0] s;

wire signed [s_width-1:0] pO, p1, p;

reg signed [a0_width-1:0] a0_reg=18'h00000;

reg signed [al_width-1:0] al_reg=18'h00000;

reg signed [bO_width-1:0] bO_reg=18'h00000;

reg signed [b1_width-1:0] b1 _reg=18'h00000;

reg signed [s_width-1:0] pO_reg=54'h00000000000000;
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reg signed [s_width-1:0] p1_reg=54'h00000000000000;
reg signed [s_width-1:0] s_reg=54'h00000000000000;

always @ (posedge clock)begin
if(reset)begin
a0 _reg <=0;
al reg <=0;
b0 reg <=0;
bl reg <=0;
end
else begin
if(ce)begin
a0_reg <= a0;
al reg <=al;

b0 _reg <= b0;
bl reg <=bl;
end
end
end

assign p0 = a0_reg*b0_reg;
assign pl = al_reg*bl reg;

always @ (posedge clock)begin
if(reset)begin
pO_reg <= 0;
pl reg <=0;
end
else begin
if(ce)begin
pO_reg <= p0;
pl_reg <= pl;
end
end
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end
assign p = p0_reg + pl_reg+c;

always @ (posedge clock)begin
if(reset)begin
s _reg <=0;
end
else begin
if(ce) begin
S_reg <=p;
end
end
end

assign s =s_reg;
endmodule

6.5.2 Y (A0*B0+A1*B1)IhgE

Pl PIPEO_REG. PIPE1_REG. OUT_REG. - E ML
MULTADDALU18X18 /44 DOUT= 5 (A0*BO+A1*B1)Ih AL (I S2Hl, H i
A AT Fios:

module acc(a0, al, b0, b1, s, accload, ce, reset, clk);
parameter a_width=18;

parameter b_width=18;

parameter s_width=54;

input unsigned [a_width-1:0] a0, al;

input unsigned [b_width-1:0] b0, b1;

input accload, ce, reset, clk;

output unsigned [s_width-1:0] s;

wire unsigned [s_width-1:0] s_sel;

wire unsigned [s_width-1:0] pO, p1;

reg unsigned [s_width-1:0] pO_reg=54'h00000000000000;
reg unsigned [s_width-1:0] p1_reg=54'h00000000000000;

reg unsigned [s_width-1:0] s=54'h00000000000000;
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reg acc_reg0=1'b0;
reg acc_regl=1'b0;

assign p0 = a0*b0;
assign pl = al*b1;
always @(posedge clk or posedge reset)begin
if(reset) begin
pO_reg <= 0;
pl reg <=0;
end else if(ce) begin
pO_reg <= pO;
pl reg <=pl,;
end
end
always @(posedge clk)begin
if(ce) begin
acc_reg0 <= accload;
acc_regl <= acc_reg0;
end
end
assigns_sel =(acc_regl==1)?s:0;
always @ (posedge clk or posedge reset)begin
if(reset) begin
s<=0;
end else if(ce) begin
s<=s_sel +p0_reqg - pl_regq;
end
end
endmodule

6.5.3 A0*B0+A1*B1+CASI IhgE

Pl PIPEO_REG. PIPE1_REG. OUT_REG. H#E ML
MULTADDALU18X18 /4% DOUT= A0*B0+A1*B1+CASI Ihfemscil, Hw
AT an s frs

module top(a0, al, a2, b0, bl, b2, a3, b3, s, clock, ce, reset);
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parameter a_width=18;
parameter b_width=18;
parameter s_width=54;
input signed [a_width-1:0] a0, al, a2, b0, b1, b2, a3, b3;
input clock, ce, reset;
output signed [s_width-1:0] s;
wire signed [s_width-1:0] pO, p1, p2, p3, sO, s1;
reg signed [s_width-1:0] pO_reg=54'h00000000000000;
reg signed [s_width-1:0] p1_reg=54'h00000000000000;
reg signed [s_width-1:0] p2_reg=54'h00000000000000;
reg signed [s_width-1:0] p3_reg=54'h00000000000000;
reg signed [s_width-1:0] sO_reg=54'h00000000000000;
reg signed [s_width-1:0] s1_reg=54'h00000000000000;
reg signed [a_width-1:0] a0_reg=18'h00000;
reg signed [a_width-1:0] al_reg=18'h00000;
reg signed [a_width-1:0] a2_reg=18'h00000;
reg signed [a_width-1:0] a3_reg=18'h00000;
reg signed [a_width-1:0] bO_reg=18'h00000;
reg signed [a_width-1:0] b1 reg=18'h00000;
reg signed [a_width-1:0] b2_reg=18'h00000;
reg signed [a_width-1:0] b3_reg=18'h00000;
always @ (posedge clock or posedge reset)begin
if(reset)begin

a0 _reg <=0;

al reg<=0;

a2 _reg <=0;

a3 reg <=0;

b0 _reg <= 0;

bl reg <=0;

b2 reg <=0;

b3 reg <=0;

end else begin
if(ce)begin
a0_reg <= a0;
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al _reg <= al;
a2 _reg <= az;
a3 _reg <= ag3j;

b0 reg <= b0;
bl reg <=bl;
b2 reg <= b2;
b3_reg <= b3;
end
end
end

assign p0 = a0_reg*b0_reg;
assign pl = al_reg*bl reg;
assign p2 = a2_reg*b2_reg;
assign p3 = a3_reg*b3 _reg;

always @ (posedge clock or posedge reset)begin
if(reset)begin
pO_reg <= 0;
pl_reg <= 0;
p2_reg <=0;
p3_reg <=0;
end else begin
if(ce)begin
p0_reg <= p0;
pl_reg <=pl;
p2_reg <= p2;
p3_reg <= p3;
end
end
end

assign sO = p0_reg + pl_req;
always @ (posedge clock or posedge reset)begin
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if(reset)begin
sO_reg <=0;
end else begin
if(ce)begin
sO_reg <= s0;
end
end
end
assign s1 =s0_reg + p2_reg - p3_reg;
always @ (posedge clock or posedge reset)begin
if(reset)begin
sl reg <=0;
end else begin
if(ce)begin
sl reg <=sl,
end
end
end
assign s=sl_reg;
endmodule

SUG949-1.2 65(65)




GOWINBZE

ERER TR RX




	免责声明
	版本信息
	目录
	表目录
	1 关于本手册
	1.1 手册内容
	1.2 相关文档
	1.3 术语、缩略语
	1.4 技术支持与反馈

	2 Buffer编码规范
	2.1 IBUF
	2.2 TLVDS_IBUF
	2.3 ELVDS_IBUF
	2.4 OBUF
	2.5 TLVDS_OBUF
	2.6 ELVDS_OBUF
	2.7 TBUF
	2.8 TLVDS_TBUF
	2.9 ELVDS _TBUF
	2.10 IOBUF
	2.11 TLVDS_IOBUF
	2.12 ELVDS _IOBUF

	3 CLU编码规范
	3.1 LUT
	3.1.1 查找表形式
	3.1.2 选择器形式
	3.1.3 逻辑运算形式

	3.2 ALU
	3.2.1 ADD功能
	4位全加器
	4位半加器

	3.2.2 SUB功能
	3.2.3 ADDSUB功能
	3.2.4 NE功能

	3.3 FF
	3.3.1 DFFSE
	3.3.2 DFFRE
	3.3.3 DFFPE
	3.3.4 DFFCE

	3.4 LATCH
	3.4.1 DLCE
	3.4.2 DLPE


	4 BSRAM编码规范
	4.1 DPB/DPX9B
	4.1.1 读地址经过register
	4.1.2 读地址不经过Register，输出经过Register
	4.1.3 memory定义时赋初值
	4.1.4 readmemb/readmemh方式赋初值

	4.2 SP/SPX9
	4.2.1 读地址经过register
	4.2.2 读地址不经过Register，输出经过Register
	4.2.3 memory定义时赋初值
	4.2.4 readmemb/readmemh方式赋初值
	4.2.5 移位寄存器形式
	4.2.6 Decoder形式

	4.3 SDPB/SDPX9B
	4.3.1 memory无初值
	4.3.2 memory定义时赋初值
	4.3.3 readmemb/readmemh方式赋初值
	4.3.4 移位寄存器形式
	4.3.5 不对称类型
	4.3.6 Decoder形式

	4.4 pROM/pROMX9
	4.4.1 case语句赋初值
	4.4.2 memory定义时赋初值
	4.4.3 readmemb/readmemh方式赋初值


	5 SSRAM编码规范
	5.1 RAM16S类型
	5.1.1 Decoder形式
	5.1.2 Memory形式
	5.1.3 移位寄存器形式

	5.2 RAM16SDP类型
	5.2.1 Decoder形式
	5.2.2 Memory形式
	5.2.3 移位寄存器形式

	5.3 ROM16
	5.3.1 Decoder形式
	5.3.2 Memory形式


	6 DSP编码规范
	6.1 Pre-adder
	6.1.1 预加功能
	6.1.2 预减功能
	6.1.3 移位功能

	6.2 Multiplier
	6.3 ALU54D
	6.4 MULTALU
	6.4.1 A*B±C功能
	6.4.2 ∑(A*B)功能
	6.4.3 A*B+CASI功能

	6.5 MULTADDALU
	6.5.1 A0*B0±A1*B1±C功能
	6.5.2 ∑(A0*B0±A1*B1)功能
	6.5.3 A0*B0±A1*B1+CASI功能



