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Vivado Options: Text Editor

« You can use your favorite text editor instead of Vivado text editor
(default).

« Select Tools, Options menu.
e Select Text Editor, then click Current Editor box.
« Select your favorite editor.

¢ Vivado Options @
i Text Editor
@ @ditor: Vivado Text Editor (default) - >
Genera |
“ivado Editor Options
(= "
*ﬁe’) Geperal | Font and Styles | Golors | Gode Gompletion
Cal . . )
5 [¥] Perform “on-the-fly" syntax checking
% Perfarm code folding
Selection Rules . .

Dizplay line numbers
Bl
ez Dizplay matches far the selected waord

Shortout:
7’-?"% o Maximum number of undo operations to allow: 100 (default) -
Qi Mumber of recent finds to list: 201
rateg Ie:

Skip blank lines when uzing line comments

[ Uze "Alt' key for column selection (default i 'Ctel)

Synchronize split view scrolling

= Tabz
Window Blehavior Always indent the line if there iz a selection
[ Lse tab character
Tab zize: 4
= 5] (omea ) [ o
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. Eﬁﬂfﬁ,ﬁﬂﬁzﬁ(:;éwﬁ)b%%é/ﬁw»%%t:%?@tfzu, FDRHEHROELREH
HOERERIBEUARTEMES. SEVYR(INARN BRI TT—3%EIE-ZIETS.
e UARTZHWAILET, FPGALOVEA— DB THOHEFELT—ABENTTEE.
o BIZIE, 'd ELVOSXFEEETHIEE, 'd (£ 8h61, 8b01100001 (RRXSAFMDASCII
TableZ#S M) DT, TRIOZAAZIV T TEEHETXDEHIEHT 5.
o« T—ANFEEINIETEERTXD £1£7 5.
9, FBRTRLED (CNEAEZ—FEYREIER) ZEETEHIET, T—2EIEDRIBZEHAE.
o RIZ, BB TRLFEITEEL-LT—4 8b01100001 DB FHEVFMSIESEIZEETS.
o FHBBIZ, FBTERLEI(CNFAMTE YRERER)ZXET 5.
o 1IEYIHFERETLS-ODOFMERIEEERMEZERMTRICL—FEFRANS. ChEFR—:
L—F (baud) &REAN.
e 9,600, 14,400 baud EMA—fEICALSBNS. ZOEE TIEEIZ 1,000,000 baudEALN5.

UART (Universal Asynchronous Receiver/Transmitter) 3%
3

Start
bit
TXD 1 B 1/0fofofof1[1[o]l]
Stop
- bit

]§;ra‘ Time
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Inside main05.xdc
e main.xdczmain0b.xdcDRNBELBELIIZANTS.

¢ Ew_txd (&, UARTOFPGAN LD T—REEDT=HIZHILD.
o OAVEI—EMBIZUARTDT—452%2{E (RXD) &755.

main®5. xdc

set_property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get_ports { w_clk }];
create_clock -add -name sys_clk -period 10.00 -waveform {0 5} [get_ports {w_clk}];

set_property -dict { PACKAGE_PIN D4 IOSTANDARD LVCMOS33} [get_ports { w_txd }];

4
- 2 JTAG «—+—p JTAG
- TXD ———» C4

Micro-USB CRXD «——— Da>
(J6) CTS<«— D3

RTS —» ES
FT2232 Artix-7

™

\
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Inside codeQ62.v

=)

DT ILBEICEDHFPGAN L DIEEEIRDBIZERT .

)T IVBIEDR—-L—b%Z 25Mbaud&d % GET ETHFRYERITITELY).

o FiaHn, 7AvIMNI00MHZIED T, 491V TIEYLEIEIET 5.

main.vaxcode062 vVODNBE LS ELSIZA AL, 3000nsec FToZal—ard 5.

code@62.v | module m_top ();

reg r_clk=0; initial forever #50 r_clk = ~r_clk;

reg r_we=0;

wire w_txd;

initial begin #130 r_we = 1; #100 r_we = 0; end

m_UartTx m_UartTx@(r_clk, 8'h6l, r_we, w_txd);

always@(posedge r_clk) $write("%4d %b %b %b¥n", $time, r_we, w_txd, m_UartTx@.r_data);
endmodule

module m_UartTx (w_clk, w_data, w_we, r_txd);

input wire w_clk, w_we;
input wire [7:0] w_data;;
output reg r_txd;

initial r_txd = 1;
reg [8:0] r_data =~0;
reg [7:0] r_wait = 0;
always@(posedge w_clk) begin
if (w_we) begin
r_data <= {w_data, 1'b@}; // add start bit
r_wait <= 0;
end else if (r_wait >= (4-1)) begin
r_txd <= r_data[@];
r_data <= {1'bl, r_data[8:1]};
r_wait <= 0;
end else begin
r_wait <= r_wait + 1;
end

= =V end
@ endmodule

\

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

50
150
250
350
450
550
650
750
850
950

1050
1150
1250
1350
1450
1550
1650
1750
1850
1950
2050
2150
2250
2350
2450
2550
2650
2750
2850
2950

OO0 OO0 OOOOONONOILOLOOOOOOR OO

PP OO PP PO OO OO OO RRRPRROOOORRRRRLR

111111111
111111111
011000010
011000010
011000010
011000010
101100001
101100001
101100001
101100001
110110000
110110000
110110000
110110000
111011000
111011000
111011000
111011000
111101100
111101100
111101100
111101100
111110110
111110110
111110110
111110110
111111011
111111011
111111011
111111011




Inside code063.v

o« JUYTFILBEEIZKBFPGANLDEIERIBDHIZETRT.

o LT ILBIEDHR—-L—L% 1,000,000 baud (1IMbaud) &9 5.
e FhHE, /AYvIHI00MHZIZD T, 1004V ILTIEVREEET 5.

* mainvxcode063.vVONABLELEALIIZANL, Bk, AV T4FaL—3ard 5.
¢« FPGATR—FDRXEEMNT-LEDN—ERRETHIET 5.

code063.v code@63.v
module m_main(w_clk, w_txd); module m_UartTx (w_clk, w_data, w_we, r_txd);
input wire w_clk; input wire w_clk, w_we;
output wire w_txd; input wire [7:0] w_data;;
reg r_we; output reg r_txd;
reg [31:0] r_cnt = 1; initial r_txd = 1;
always@(posedge w_clk) r_cnt <= (r_cnt>50000000) ? @ : r_cnt + 1; reg [8:0] r_data =~0;
always@(posedge w_clk) r_we <= (r_cnt==0); reg [7:0] r_wait = 0;
m_UartTx m_UartTx0(w_clk, 8'h61l, r_we, w_txd); always@(posedge w_clk) begin
endmodule if (w_we) begin
r_data <= {w_data, 1'b@}; // add start bit

r_wait <= 0;
end else if (r_wait >= (100-1)) begin
r_txd <= r_data[@];
r_data <= {1'bl, r_data[8:1]};
r wait <= 0;

4
h 2 JTAG
] <+——» JTAG
XD

=

Micro-USB

(J6) CT D3 X
RTS — E5 end else begin
FT2232 Artix-7 r_walt <= r_wailt + 1;
end
I SRR CGND@ :L X end
N 4 N 5 endmodule
= N = £X
~@ s ILINX.

N
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Inside code063.v

\
e mainvxcodeO63.VODRABELEDEIIZAAL, &, OV I74FXaL—23>F 5. \
e« Tera Term Z#i2&19 5.

¢ VUTAR—PERR. EHOR—SERTEDBACERLREVESEER.
Bt MEEIRL, H—

e HTE, YT ILR— -L—KZ 1000000 #A 1
e« Tera Term [ZT—FEDEMRET a DXEFELRIRINS.

Tera Term: FLLEE Bal|  [Teatem summ—r = == 4 COM13:1000000baud - Tera Te...[ = |[ @ [ 23 |
J7-fILF) |E(E) = T2 O—4L(0
O TCR/P anuahaze A—F(P) ooruna : ' === .l EE(S) (0)
D42 Bo(W) A~ (H)
B2k a) A—-L—kB) 1000000 ~ . _
22 -
Telnet T—=(D) 8 hit T ElElElElD
@ s8H SsH2 FEUF (A none -
Toft UNSPEC Ab-wHs): 1 bit - [/\“fjv(H)]
20 —HIHF):
@ /170 B—R) |COMI3: USB Serial P ﬁ(Cm
Q | i ——— H S
[ ™ l [jﬁ,jtjlj] l/\“’j(H)l 0 IR 0 2URATILD
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P (CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH




Inside main06.xdc

e main.xdczmain06 . xdcDRNBELBEIIZANTS.
e EFrw_rxdIlE, FPGADT—4ZE. OV 1—4ahLIET—4%(E (TXD) &5,

main@6.xdc

set _property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get ports { w_clk }];
create_clock -add -name sys clk -period 10.00 -waveform {© 5} [get_ports {w_clk}];

set_property -dict { PACKAGE_PIN C4 IOSTANDARD LVCMOS33} [get_ports { w_rxd }];

set_property -dict
set_property -dict
set property -dict
set _property -dict
set_property -dict
set _property -dict
set property -dict
set _property -dict

PACKAGE_PIN H17 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN K15 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN J13 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN N14 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN R18 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN V17 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN U17 IOSTANDARD LVCMOS33} [get ports
PACKAGE_PIN U16 IOSTANDARD LVCMOS33} [get ports

w_led[O] }1;
w_led[1] }];
w_led[2] }1;
w_led[3] }1;
w_led[4] }1;
w_led[5] }1;
w_led[6] }1;
w_led[7] }1;

B N s W e W WY S S
P Y s e W WP S S

N 4

) £ JTAG T

K o—p—p JTAG

e X0 ——» Cd

Micro-USB RXD ¢#— D4

(J6) CTS «— D3

RTS——» ES

. L= FT2232 Artix-7

S;A~ 8
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Inside code064.v

e JTILBIEZRAWV-FPGARIDZ{ERBDOHZETRT.
o JTILBEDR—L—FE25M baud&d 5. 789 H100MHZEED T 4514V TIEVRES(E.
e mainvxcode0b4. vDIRABRLLEAHEIIZA AL, 5000nsec #2aL— 39 5.

e co0de063.v®D m_UartTx LIHE.

code@64.v

code@6b4.v

module m_top ();
reg r_clk=0; initial forever #50 r_clk = ~r_clk;
reg r_we=0;
wire w_txd;
initial begin #130 r_we = 1; #1060 r_we = 9; end
m_UartTx m_UartTx0(r_clk, 8'h61l, r_we, w_txd);
wire [7:0] w_data;
wire w_en;
m_UartRx m_UartRx0(r_clk, w_txd, w_data, w_en);

always@(posedge r_clk) begin
$write("%4d %b %b", $time, r_we, w_txd);
$write(" %b -> ", m_UartTx@.r_data);
$write("%b %b¥n", w_data, w_en);
end
endmodule

=)

Asreil‘

module m_UartRx(w_clk, w_rxd, r_data, r_en);
input wire w_clk, w_rxd;
output reg [7:0] r_data;
output reg r_en;
initial begin r_data = @; r_en = 0; end
reg [5:0] r_detect = 0;
always @(posedge w_clk) r_detect <= (w_rxd) ? © : r_detect + 1;

reg r_recv = 0;
reg [6:0] r_wait = 0;
reg [3:0] r cnt = 0;

always@(posedge w_clk) begin
if (r_recv==0) begin
if(r_detect>1) begin r_recv <= 1; r_data<= 9; end
r_cnt <= 8;
r_wait <= 0;
r_en <= 0;
end else begin
if (r_wait >= (4-1)) begin
r_cnt <= r_cnt - 1;
r_data <= (r_cnt==0) ? r_data : {w_rxd, r_data[7:1]};
r_wait <= 0;
if (r_cnt == @) begin r_en <= 1; r_recv <= 0; end
end else begin
r_wait <= r_wait + 1;
end
end
end
endmodule
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Inside code064.v

Waveform window
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Inside code065.v

o« VUTFILBEZRW-FPCARIDZERBDHIZRT.
o JUTFILBEDR—L—kr% 1,000,000 baud (IMbaud) &9 %.

o JhabHn, /AvIMNI00MHZIED T, 10094V TIEVLERZIET 5.

e mainvZxcodeO6B.VORBELEDBESICAAL, &Rk, OV T4FaL—3ar T 5.

e Tera Term NoMDANT, LEDD RikEwEDR.

code@65.v

code®65.Vv

module m_main(w_clk, w_rxd, w_led);
input wire w_clk;
input wire w_rxd;
output wire [7:0] w_led;

wire w_en;
m_UartRx m_UartRx@ (w_clk, w_rxd, w_led, w_en);
endmodule

-8 f —=
ncLR
E T B
GND
PGD
PGC

il %
& XILINX.

module m_UartRx(w_clk, w_rxd, r_data, r_en);
input wire w_clk, w_rxd;
output reg [7:0] r_data;
output reg r_en;
initial begin r_data = @; r_en = 0; end
reg [5:0] r_detect = 0;
always @(posedge w_clk) r_detect <= (w_rxd) ? 0 :
reg r_recv = 0;
reg [6:0] r_wait = 0;
reg [3:0] r_cnt 0;
always@(posedge w_clk) begin
if (r_recv==0) begin
if(r_detect>10) begin r_recv <= 1; r_data<= 0; end
r_cnt <= 8;
r_wait <= 0;
r_en <= 0;
end else begin
if (r_wait >= (100-1)) begin
r_cnt <= r_cnt - 1;
r_data <= (r_cnt==0) ? r _data :
r_wait <= 0;
if (r_cnt == @) begin r_en <= 1; r_recv <= 0; end
end else begin
r_wait <= r_wait + 1;
end
end
end
endmodule

r_detect + 1;

{w_rxd, r_data[7:1]};
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Inside codeQ71.v

\
. HIEBORRHIERS

e AHNZIRT, EELTULVEGIMEE M_s ZALVTLS. EELTLVEMESEFESLIE Y Dwire&L THK
Hid. EELTWVRIMERE[HESETIS—ETBITIEY—RO—FDHHIC " default_nettype none &
EBMTHIERL.

e c0de072v TIFEIF—L%5. £THY—RI—FDFEEIZ " default_nettype none #ENT 5 L.

code@71.v code@72.v
“default_nettype none
module m_top (); 90 ->0z
reg r_a, r_b; 01->0z module m_top ();
wire w c, w_s; 10 ->01z reg . P oo
initial begin 11->1z wire w e w s
-y N_2»
#10 r_a <= 6; r_b <= 0; initial begin
#10 r_a <= 0; r_b <= 1; #10 r_a <= 0; r b <= 0;
#10 r_a <= 1; r_ b <= 0; #10 r.a <= 0; r b <= 1;
#10 r_a <= 1; r_b <= 1; #10 r.a <= 1; r b <= 0;
end #10 r_a <= 1; r_b <= 1;
always@(*) #1 end - a
$write("%d %d -> %b %b¥n", r_a, r b, w c, w s); always@(*) #1
m_HA m_HA@ (r_a, r_b, w_c, w_s); $write("%d %d -> %b %b¥n", r_a, r_b, w c, w_s);
endmodule m_HA m_HA® (r_a, r_b, w c, w_s);
endmodule
module m_HA (w_a, w b, w c, w_s);
input wire w_a, w_b; module m HA (w_a, w b, w c, w_s);
output wire w_c, w_s; input wire w_a, w_b;
cloenn VG S L] % w_b; output wire w_c, w_s;
35518; Ms =w.a " wb; assign w_c = w_a & w_b;
endmodule assign M_s = w_a ™ w_b;
endmodule

Aiieii‘
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Inside codeQ73.v : Half Adder

e Half Adder, HA (F#MEZR)DEIBEZDERDHIZERT .
e IEYFD AN a, b DMEEZHIESEE.
« AJa, b, H7 c(carryout), s (sum) &9 Struth table(BE¥E{EZR)% table073 IZ/RT .

tableo73 code@73.v

ab sc “default_nettype none 11: 9 0 -> 0 ©

©0 00 21: 01 -> 0 1

1 10 module m_top (); 31: 10 ->0 1

10 10 reg r_a, r_b; 41: 11 ->1 0
wire w_c, w_s;

11 o1 initial begin

always@(*) #1
$write("%2d: %d %d -> %b %b¥n", $time, r_a, r_b, w c, w_s);
m HA m_HA® (r_a, r b, w.s, wc);
endmodule

#10 r_a <= 0; r_b <= 0;

Q — #10 r_a <= 0; r_b <= 1;
ws #10 r_a <= 1; r_b <= 0;

#10 r_a <= 1; r b <= 1;

a — — S module m HA (w_a, w b, w s, w c);
input wire w_a, w_b;

HA output wire w_s, w_c;

w_a & w_b;

w.a " wb;

b —s - assign w_c

assign w_s
;\9‘
N

endmodule
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Inside codeO074.v : Full Adder

Full Adder, FA (£M&EzF)DEIREZDEERDHIZERT . \
« 1IEYrDAA aq,b, cin DIMEZHZHESEEE.
« AZJlaq,b,cin(carryin), H7A cout (carry out), s (sum) &9 Struth tableZ table074 2R 7.

table074

cin > > S

HA

[
>
S N
©)
c
t
wn

b —

d e
b S
cin cln

a — f FA —s
b — | cout b —-

A—\g‘ Cin cout
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Inside codeO074.v : Full Adder

« Full Adder, FA (2MEZF)DEIKEZDEEBRDHZETRT .
*  mainvzcode074.vDRARLGDHELIICAALT, 2al—23arTd 5.
tabled74
code@74.v | module m_top ();
a b cin Cout s reg r_a, r_b, r_cin;
9 0 0 ) 9 wire w_s, w_cout;
initial begin
901 0 1 #10 r_a <= 0; r b 0; r_cin 0;
O 1 0 0 1 #10 r_a <= 0; r_b @; r_cin 1;
911 1 0 #10 r a <= 0; r b 1; r_cin 0;
#10 r_a <= 0; r_b 1; r_cin 1;
100 0 1 #10 r_a <= 1; r_b 9; r_cin 0;
101 1 0 #10 r_a <= 1; r b 9; r_cin 1;
110 1 0 #10 r_a <= 1; r_b 1; r_cin 0;
#10 r_a <= 1; r_b 1; r_cin 1;
111 1 1 end
always@(*) #1 $write("%d %d %d -> %b %b¥n",
r_a, r_b, r_cin, w_cout, w_s);
cin . . s m_FA m_FA® (r_a, r_b, r_cin, w_s, w_cout);
endmodule
e HA1 g module m_FA (w_a, w_b, w_cin, w_s, w_cout);
a —™ > input wire w_a, w_b, w_cin;
iD_’ cout output wire w_s, w_cout;
HA@ wire w e, w_f, w_g;
b — f m_HA m_HA® (w_a, w_b, w_e, w_f);
m_HA m_HA1l (w_cin, w_e, w_s, w_g);
assign w cout = w g | w_f;
= endmodule

49‘
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c:'in
a—b
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Inside codeQ7b5.v: 4-bit Adder

e 4-bit AdderD[EIFEEZDEERDHIZTRT .
C DR OMERFIERHTEIFNESE Ripple Carry Adder) £FEENS.

e mainvxcodeO7B.vVONBLELGSHELIIZANLT, 2aL—2309 5. m_FA, m_HA OidinE.

lcin[@] code@75.v

a[e]— module m_top (); 3 4 -> 7
FAQ —s[0] reg [3:0] r_a, 9 -> 10
wire [3:0] w_s;
b[6]— initial begin 8 9 -> 1
. #10 r_a <= 3;
Cln[l] #10 r_a <= 1;
a[l]— #10 r_a <= 8;
FAL |+ s[1] end
br1 S always@(*) #1 $write("%2d %2d -> %2d¥n", r_a, r_b, w_s);
[ ]_> m_4ADDER m_4ADDER® (r_a, r_ b, w_s);

cin[2] endmodule

a[2]—’ module m_4ADDER (w_a, w_b, w_s);
input wire [3:0] w_a, w_b;
FA2 —*S[Z] output wire [3:0] w_s;
b[2]— wire [4:0] w_cin;
K assign w_cin[@] = 0;
cin[3] m_FA m_FA@ (w_a[@], w_b[@], w cin[@], w_s[0], w_cin[1]);
m_FA m_FAl (w_a[1], w_b[1], w_cin[1], w_s[1], w_cin[2]);

I_S
(ep
e

=

. e

] I'S ]

C ©C O

AN AN AN

nm

[(o I Vo i~
-

e

\i

a[?’]_> m_FA m_FA2 (w_a[2], w_b[2], w_cin[2], w_s[2], w_cin[3]);
FA3 —>S[3] m_FA m _FA3 (w_a[3], w b[3], w cin[3], w_s[3], w_cin[4]);
b[3]—> endmodule

~@9- 1cin[4]
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Inside codeQ76.v: 32-bit Adder

e 32-bit AdderM i DHIZETRT .

« generate ZEIET, IL—TITEHEHED 21— ILDAVRAZD AL PN TES.

« for DERED : Gen T, {1V RAVARE% Gen IZIEET 5.

o ZOPHITIX, Gen[0].mFAO, Gen[1].mFAOQ, Gen[2].mFAOQ, ... £755.
mainvxcodeQ76 VORI B ELAHEIZAALT, 2aLb—23>9 5. m_FA, m_HA Ditidd i E.

code@76.v
module m_top (); 321 4444 -> 4765
reg [31:0] r_a, r_b; 1024 2048 -> 3072

wire [31:0] w_s;
initial begin
#10 r_a <= 321; r_b <= 4444;
#10 r_a <= 1024; r_b <= 2048;
end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r b, w_s);
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER (w_a, w_b, w_s);

input wire [31:0] w_a, w_b;

output wire [31:0] w_s;

wire [32:0] w_cin;

assign w_cin[@] = ©;

generate genvar g;
for (g =0; g < 32; g =g + 1) begin : Gen

m_FA m_FA@(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]);

end

endgenerate
H=01 endmodule

I CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH




Inside codeO77.v: n-bit Adder

* n-bit Adder® i DHIERT .
o define ZRAWLV=EHRDE. D_N DEZEE T LT, MEFRDEVMEEZEEETES.
« CZOEETIE definelZlUERINATEHDARIEL D_ M oinFzdEDET 5.
«  mainvZcodeQ77. vVORNBRLELDEIITIHRELT, 02aL—3>9 5. m_FA, m_HA OEBELHE.

code@77.v
“define D N 5 1 28 -> 29

module m_top ();
reg [ D N-1:0] r_a, r_b;
wire ['D_N-1:0] w_s;
initial begin
#10 r_a <= 321; r_b <= 4444,
#10 r_a <= 1024; r_b <= 2048;
end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_b, w_s);
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER (w_a, w_b, w_s);
input wire ['D_N-1:0] w_a, w_b;
output wire ['D_N-1:0] w_s;
wire ['D_N:0] w_cin;
assign w_cin[@] = O;
generate genvar g;
for (g =0; g < DN; g =g+ 1) begin : Gen
m_FA m_FAO(w_a[g], w b[g], w cin[g], w_s[g], w cin[g+1]);
end
endgenerate

;gﬁﬁ;n endmodule
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Inside code0Q78.v : n-bit Adder

100MHz D ENMERE IR THIFIZ =9 n-bit Adder DERKXD nZKRDH5.
e EVF:D_N48,56 LLTENENDERIEREZHIRELTHS.
*  main.vhicode078.v&7EHEDICANIL, &Y H(Run Implementation) . Bitstreaml|dA L L7ZELY.
« D_NODEZZILESETER. Failed Timing! & AN EFIFIZRm-LTLVEL. RRSA+SE.
« D_NOfEZE/NSKLTER. Implementation Complete D&M ASNI-BFIEHIFIZERmI=LTLS.

code@78.V | yefine D N 32

=)

module m_main (w_clk, w_a, w_b, w_dout);
input wire w_clk, w_a, w_b;
output wire w_dout;
reg [ D_N-1:0] r_a=0, r_b=0, r_s=0;
wire ['D_N-1:0] w_s;
assign w_dout = ~r_s;
always@(posedge w_clk) begin
r_a <= {w_a, r_a[ D_N-1:1]};
r b <= {w_b, r_b[ D_N-1:1]};
r_s <= W_S;
end
m_ADDER m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER (w_a, w_b, w_s);
input wire ['D_N-1:0] w_a, w_b;
output wire ['D_N-1:0] w_s;
wire ['D_N:0] w_cin;
assign w_cin[0@] = O;
generate genvar g;
for (g = 0; g < DN; g =g+ 1) begin : Gen
m_FA m_FAO(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]);
end
endgenerate

Xal—=
‘“@ endmodule
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Worst Negative Slack (WNS) & Critical Path

« From Vivado menu, select Run Implementation, Open Implemented Design

 Design Timing Summary 4>k HARREIND.

« WNS AEDETHNIE, ERSN-EIRIEHIZFE LTS, T, EBICEZED
ELITORB(slack)hHrdEFTRT.

o EROFITIE, BV EKEEA 100MHz T 10 ns O FFIICx LT WNG (&
0.982 ns £75>THY 0.982 ns DREMNHAH_EZTRT. DFYFHIFIZ @=L TL
5. COEIBDI)T14HIL/NX[E 10 - 0.982 = 9.018 ns &755.

« ARIDHITIE, WNG (& -2.262 THY, Hlivzim=LTLVELY. TOREED )T
AILINA(E 10 + 2.262 = 12.262 ns E755.

Degien Timing Summary Design Timing Summary

Setup Hold Fi Setup Hald
Wiorst Mezative Slack DWNSY: 0982 ns Wiarst Hold Slack (WHS: 1123 ns Waorst Megative Slack (WNS): —2.262 ne Warst Hold Sl
Total Megative Slack (THS): 0000 ne Tatal Hold Slack (THS}: 0.000 ng Tatal Megative Slack (TMS):  -20.196 n= Total Hold Sl
Mumber of Failing Endpoints: 1 Mumber of Failing Endpoints: 1 Mumber of Failing Endpoints: 18 Mumber of Fa
Total Humber of Endpointz: 94 Total Humber of Endpointz: 94 Total Number of Endpoints: 180 Total Mumber

All uzer specified timing conztraints are met. Timing constraints are not met.

D N 32 ELF-EDOMERDERER DN 64 EL-FFDMEZDERER

;\9‘
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Inside code078.v : n-bit Ripple Carry Adder

« 100MHzDENMEEIRZ THIFIZ#T=9 n-bit Adder DEKD n ZKR&H 5.

Eh: D_N48,56 ELTENFNDERIERERE

=7

R

LTH%.

nEZILSE TWNSEROHT-#ER%ERT . Critical Path, Max Freq. ERTELY.

The carry out signal takes two gate delays per bit.

n WNS Critical Path (ns)| Max Freq. (MHz)
8 6.858 3.142 318.27

16 4.056 5.944 168.24

24 2.266 7.734 129.30

32 0.982 9.018 110.89

40 0.997 9.003 111.07

48 0.479 9.521 105.03

56 -0.165 10.165 98.38

64 -2.262 12.262 81.55

d — 5

b —

e —

cine—— |

.F
| cout
Bae
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Inside code079.v : n-bit Adder

o« INTA—ARZEFRL V= n-bit Adder Dt FHlETRT .

e c0de077.v & code079.v [ZRILMAIKZEEIRLTLVS. code079.vTIL, EVaA—ILREEBEDREIC
parameter [CEY/NFGA—FLEZTEET D. COBITIE, /AFA—5 P_N Z{E8LLTERLTLS.

o EVIA—IEAVRRAVAILTBRIC, EERL/INTA—E2DEEZLEETES. code079.v TlX, #(5) 2L
L, EVa—I)L m_ADDER M/\TA—42 P_N DEZSTLEEZLTLVA.

code@77.v code@79.v
“define D_N 5
module m_top (); module m_top ();
reg [ D_N-1:0] r_a, r_b; reg [4:0] r_a, r_b;
wire ['D_N-1:0] w_s; wire [4:0] w_s;
initial begin initial begin
#10 r_a <= 321; r_b <= 4444; #10 r_a <= 321; r_b <= 4444;
#10 r_a <= 1024; r_b <= 2048; #10 r_a <= 1024; r_b <= 2048;
end end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_b, w_s); always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_b, w_s);
m_ADDER m_ADDER® (r_a, r_b, w_s); m_ADDER #(5) m_ADDER® (r_a, r_b, w_s);
endmodule endmodule
module m_ADDER (w_a, w_b, w_s); module m_ADDER #(parameter P_N=8) (w_a, w_b, w_s);
input wire ['D_N-1:0] w_a, w_b; input wire [P_N-1:0] w_a, w_b;
output wire ['D_N-1:0] w_s; output wire [P_N-1:0] w_s;
wire ['D_N:0] w_cin; wire [P_N:0] w_cin;
assign w_cin[0@] = O; assign w_cin[0@] = O;
generate genvar g; generate genvar g;
for (g = 0; g < DN; g =g+ 1) begin : Gen for (g =90; g < PN; g =g + 1) begin : Gen
m_FA m_FAO(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]); m_FA m_FAQ(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+l]);
end end
endgenerate endgenerate
endmodule endmodule
=

~ ="
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Inside code080.v : n-bit Adder

™

Asraiﬂ‘

INSA—ARZFALV= n-bit Adder D RIDEE R HIZERT .

e co0deQ79.v & code080.v (ZEILEIEESERL TLVAS.

« code079.v TicutL7=Ripple Carry Adder (IER#TLITINERR) LYUH, code080.v MDERik

DANETHERZEBEFH_ENTED.

o HrLITHRMESR (Carry Lookahead Adder) IZDWTHRARTH 5.

code@79.v

code080.v

module m_top ();
reg [4:0] r_a, r_b;
wire [4:0] w_s;
initial begin
#10 r_a <= 321; r_b <= 4444,
#10 r_a <= 1024; r_b <= 2048;
end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_b, w_s);
m_ADDER #(5) m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER #(parameter P_N=8) (w_a, w_b, w_s);
input wire [P_N-1:0] w_a, w_b;
output wire [P_N-1:0] w_s;
wire [P_N:0] w_cin;
assign w_cin[@] = 0;
generate genvar g;
for (g =0; g < PN; g =g + 1) begin : Gen
m_FA m_FA@Q(w_a[g], w_b[g], w_cin[g], w_s[g], w_cin[g+1]);
end
endgenerate
endmodule

module m_top ();
reg [4:0] r_a, r_b;
wire [4:0] w_s;
initial begin
#10 r_a <= 321; r_b <= 4444;
#10 r_a <= 1024; r_b <= 2048;
end
always@(*) #1 $write("%4d %4d -> %4d¥n", r_a, r_b, w_s);
m_ADDER #(5) m_ADDER® (r_a, r_b, w_s);
endmodule

module m_ADDER #(parameter P_N=8) (w_a, w_b, w_s);
input wire [P_N-1:0] w_a, w_b;
output wire [P_N-1:0] w_s;
assign w_s = w_a + w_b;

endmodule
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FPGA (Field Programmable Gate Array)

« Artix-7 FPGA (xc7a100tcsg324-1)
« Vivado, select Layout Menu, then I/0 planning

<

16 x 16 = 324 pins, max user pins of 300

FHER ST EL2R2 ¥t

FPGA chip photo

set_property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get_ports { w_clk }];
set _property -dict { PACKAGE_PIN D4 TIOSTANDARD LVCMOS33} [get ports { w_txd }];
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FPGA (Field Programmable Gate Array)

* Artix-7 FPGA (xc7al100tcsg324-1)
» CLB(Configurable Logic Block), Slice, LUT(lookup Table), FF

% 4: Artix-7 FPGA O#fe—%

AT 4 F¥ ST L . .
. Jov % (CLB) DSP4gE1 | 7B v Y RAM 7oy 5 YADC 88X
— s oowa = CcMT@) | pclel®) | TP #1110 e
T4 R L 1?41 © Jaws 4@ | L ?:
) AT f]I'Rﬁ =T 2) 18Kb 36Kb =X 7 SN 1/Ol7)
(1) RAM (Kb) (Kb)
XCTAIZT 12,800 2,000 171 40 40 20 720 3 1 2 1 3 150
XCTAIST 16,640 2,600 200 45 50 25 900 5 1 4 1 5 250
XCTA25T 23,360 3,650 313 80 90 45 1,620 3 1 4 1 3 150
XCTA3ST 33,280 5,200 400 90 100 50 1,800 5 1 4 1 5 250
XCTAS0T 52,160 8,150 600 120 150 75 2,700 5 1 4 1 5 250
XCTATST 75,520 11,800 892 180 210 105 3,780 6 1 8 1 6 300
XCTAL00T 101,440 15,850 1,188 240 270 135 4,860 i} 1 8 1 i} 300
XCTA200T 215,360 33,650 2,888 740 730 365 13,140 10 1 16 1 10 500
e

7 U—ZXFPGA MEAT A AT, 420D LUT L 8207V 770w 7HEEh, —HOAT A 2AT04LUT #4498 RAM £/ SRL * L CEHTE £+,
& DSP AT A AIZIX 25 < 18 F£HaE, MESR, THFx=2AL—FR 1 oTFogEhEzET,

Ty RAM [ZEFERIZ 36K T4, 2 2mMr L 1IBKb 7o » 7 L L TH{EHRTE £,

# CMT i1 MMCM & PLL #8 1 »F2FFh 4,

Artix-7 FPGA @ PCl Express Bl f > #—7 = f 2 70 o 7 |38 x4 Gen 2 #4H—F L £+,

2T 4 Fal—ar ArZ 0 REEhEEA,

M OHEIZ GTP F T ir—r—GEEFh i,

b A S o
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FPGA (Field Programmable Gate Array)

3
* Artix-7 FPGA (xc7a100tcsg324-1) 3%

_ = CLB(Configurable Logic Block),
i De:' xc7a100tcsg324-1 FPGA die
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