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FEVivado(EFEVSCode w4588 : c:\Users\catherine\Apppata\Local\Programs\Microsoft VS
Code\cCode.exe [file name] +[1ine number]

R ATBIEVSCode R, FEMERFVivado ZEi5ETHVSCode

108K E

1. BT A HERIER

LRI AR EISERZEDIP (Dual In-line Package, WFIESE) , A 1481016517
LA74LSO0FEN14BIDIPAMI, NG RERIHEBFEE: © IERLERCHBIRSIH (P14) El+vcc
B, ORBERGERTRESIH (P7) ZI-GNDiELFL

Top 4A 4B 4Y 3Y 3B 3A .

FARAMEAC T (843 E 80

! [ Gy
D

L2l BBl ] 7] LT 2T BT LT [T LeT 7]

1A 1B 1Y 2Y 2B 2A GND 1A 1B 1Y 2A 2B 2Y GND

1 004011 (&) 5 74LS00 (&) HiF5|mE

BhiEn/arE, H74LS161FEAN16/HIDIP: P8#EGND, P16#2VCC
2. AR

R EEBORISMELSL: ATLASIIMaHSMESAER (1M, 2M, 4M, 8M, 16M)
CLKFIRST : PRIMRIFHEFEER L, RTENEBFEE, HHEHETEE
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3. HIBERR

TSR CRADEIRIR . 1ZAR842188MAN, HUDERIT ERNIREF (0-9)

THFESRNCRERERR: BT EMCRENES

TREFL LMANSREF,

FR: FAARIAEFEY decoder. sv ST EHIFBEs SR ER, 1ELE]

STV ECRIE

i G )+ P SRR

module decoder (

input wire [3:0] sw,
output reg [6:0] seg

DE

always_comb begin

case (sw)
4'd0:
4'hl:
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:

end
endmodule

seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg
seg =

default:
endcase

4. TI4RIEIEIR (XC7A35)

7'b1111110;
7'b0110000;
7'b1101101;
7'b1111001;
7'b0110011;
7'b1011011;
7'b1011111;
7'b1110000;
7'b1111111;
7'b1110011;
7'b1110111;
7'b0011111;
7'b1001110;
7'b0111101;
7'b1001111;

7'b1000111;

seg = 7'b0;

AARES,
ZXXTU

. AT NESE
-i-iii-i-i-u- & a
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@ or .
-
' ¢
d dp
A IFARTERE N SRR
G A BB

IR TRIRIBIESEHFPGA, BIEXC7A35TFGGA484

TEGEEE: JTAGHI2X7 TEdERE, STLAEENIN FEER, 1§

th

V=LA
pEaN=]

JEBIBItstream 34 MPCii FEEIFPGA
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SRAMIG @ TEFPGAIA LT, BE9256K x 8bit; EAM—HERC —IRE D BIERER T N2
Control (nCE, noE, nwe) , ZUELE (D0 ~ pQ7 FOtttEk (A0 ~ Al7)

CLK : FITEEZINEREI AR £
100 : AT ERINIRANNEMNES

I,

A ! g
M
=)

2 TiasRIfE
1. RSB

@ TiERRKIEREE] Demo 2 i F L, TﬁT%%E’\J@””?—'ﬁ?ﬁ&%%qﬂl‘ﬂﬂ’\]ﬁtlﬁa“ﬁ?%ﬁﬁ
@ &N Aauto scale BB, EEAM @il =HRNMEENERES SERRLIIRIBEER—H

Hef1, pemo 2 inFHEIHAIRRIAMRES, BHRFEIIENT pemo FESERIZ IR F

2. FRBRABESRESR

BT REEE wave Gen iR, RIERE FAKMEREERSENNRE (ANENEIE: K. IR, 18
E) ; BARFZEFERAuto scaleiziE, BInfEREEBHES K


af://n30
af://n31
af://n35

3. RfhiEtR

FEIENR

4. Mg

BT mikeE LR cursors #2480, M x1. x2. vl. v2 UENRHITUE, FEESAN tis =4
MATLABEISIRER

tBATLAE Meas SEEZINE, (BAIGEEHET/EN

E, BURRANARES T RIENEAREE, IR ESERELATRR.
—AR(EM Auto Gen BIA],
o S IEERNE: BN NERE EFHEE SR FFEGRYZER
o HEEMSFHENS . HHEEEETIMER FAY10kEE, FBEBIY Horiz IHHN KTk B

B, R R A xy, IKERBAMERISENE (AhBE2 (MHBE) ENTEET @A
FEE) RIRERR)
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3 hnixss
3.1 HEZiER IR

#EETRIE (Two's complement) @ IEEAVMIFEEER,; REFIHMEREEIHERBIRAER 1
(TSR ERIEMARIYIE) ;| S 0AKIEL, LRFRE

WMIFRTERNFLL: @ BRTENESEFR T, @ BINFIMEEER —ZHERRGRIRHT, HIRT
FFSAAYFIRLLIE

[RIBEA: BMEXHERI S+ TS
LA ARG —BEHIEAY *ME- RS BB

0 O O I IR <9 (O
Cc 0O O o cC O (o]
o 3R o 20N O IRE o 0o |
o | 0] 2 c | ©
oI |3 o 1 |
] 0 Hded—t1 "y |
ey, L ol&xyrr W o
I N N Y 7

1. A2 NES
MNFENENELA 1 Ao (HIC 1) UUKRB1B), BHIGEERY: Y LARHERC,

@ BEEH—(u£iiss (Fiiss, BN THSIEREN, FE— M IEMN— D )
Q@ HEN—RILMEEETRARILINES
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2. WMBLERRERS

N NFARIEAL Ay GB#IC 1) LARB1By, WHREERF FlRBEMERC,
B BZEUER. £MesFEiC_ ZBRIBARMENEE, SRGHNHERCBURAIRT
3. RIBGERRE=R
ETHMBERRERS, 1SR WEIRARRSRAE]

3.2 FPGASLCI
1. 302§ (Half Adder) : AEERBEMIAMMES, HEAS1bitARINEENNEL, B ML
(AABFILAR [E— R IAYEHAL)
2. 20N (Full Adder) : BABINEL. MELARE—CEREGHAL, W ARMRIFIRAE—ARY
Bz
o FEX#INNEEE (Ripple Adder) : FIFAESMNESMREXRILAKIRLZ (A —HHINNEES
o FBEHIINEES (Carry Look-Ahead Adder)

C =X +Y+XIC, =P +6GC,
C, =X, + 1+ LU, + 1)+ LEXFEC, = B, + GP, + G,6C,
C, =X, + 1, + LYW, + 5) + LEEY + F) + XY X LXEC,
C, =1,

37272

+ 1+ X+ F) + KXY, + 5) + XY XL + X)) + K XE LYY EC,

4

E;n Ay ALY, XYy XYy
e P L

G| P, |[G] P, |TG| TP [Gla

o1 Tt T
T aRE ias Hill
’_+__| ‘[ I+[1‘ I I+III ( I+l [ 1]
&) @ &) [S)]
C C C C
6] : - |
-"‘71 n“": I FIJ Cy
o CERB#HHERAE: A28 FEAANAIR J

“include "Decoder.sv"
module Adder_sv(
input wire [3:0] A,
input wire [3:0] B,
input wire Cin,
output reg [3:0] seg,
output reg [3:0] seg2
);
wire [4:0] F;
wire Cout;
assign {Cout, F} = A + B + Cin; // Cout useless here

Decoder decoder (
.SW(F),
.seg(seg),
.seg2(seg2)

)3
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endmodule

module Decoder (
input wire [4:0] sw, //#aliJFrimA
output reg [3:0] seg, //WBHGSE L (HHEIED
output reg [3:0] seg2
D
always_comb begin
if (sw < 10) begin
seg = sw;
seg2 = 0;
end
else if (sw < 20) begin
seg = sw - 10;
seg?2 = 1;
end
else if (sw < 30) begin
seg = sw - 20;
seg2 = 2;
end
else begin
seg = sw - 30;
seg2 = 3;
end
end
endmodule

4 VivadoF &%z
1. VivadoAXFHHPNEHR, FUAELMBENEIFXERTER! | SNSEFEART! !
2. MBS xc7a35tfgg484-2

gitr (synthesis) — W (implementation) — ARILERL (bitstream)
LUTHFF g — ot E N iELmil — Tk s F PG A Ef AR

Heh, implementationBYER D FEE TR ERIFBECONstraints
B TEEREE(SE (simulation)
* FE
SERAA GRS, BREMESTIFEGRA, W assign #5 z1 = ~a (FERESNs)

'timescale 1ns/lps

f§5FH Test Bench H{T{HE: BILAAVerilog HDLAYER ANERES, 4 $display , $monitor F[
$readmemh ZEEAT AL,
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5 System Verilog i5}

PLD (FI4wiZiBiE88M4) : Programmable Logic Device
CPLD (SZYFFESLiFiBIE4EE)  Complex Programmable Logic Device
FPGA (I7RI4wAZEI IP%%!) : Field-Programmable Gate Array

1. EF&EHE (Look-Up-Table / LUT) HIRIRSLEH
AREEMZE—PRAM, GBIt EZEREBITERETSEARAM
BMANESHTEEEEMS TR TER, KHBINNES, ARREEE

2. %88 (Flip-Flop/ FF) 453 (F1788)

5.1 BFiEE

1. M{EREEE

0 (BEOEMR) . 1 (BEIHE) , xHx GRH) , zZz (BED)
2. BEHIERTTE

FH'd, 'h, 'b, "oFrt. +75 . JUHH
0 4'b1011 2E—Mbit#E, 32'h3022_c0de 2—32bitE

3. EiEen

wire (netf) : FEABATTZENWIREL, WAHR—RA: @ assign #HTIFEIRE, @ &EE—
AmodulefYi NI Him

reg (variable®l) : RRFEEIT, (FISHIERENEEZMHNS; always, initial HIER
AHRRENESVRENX lt3variabled!

logic : BEME wire fl reg, %System VeriloghR4SEa Xz, HUC++5AY auto
parameter : BJLAIREMRAC+H+HE] define REN, HARIEFRHFME=SIE

4. {ERFEHE
AN A— £ in=s9mp:

module full_adder(A, B, Cin, F, Cout);
input wire A, B, Cin;
output wire F, Cout;

assign F = A A B A Cin;

assign Cout = (A & B) | (Cin & (A A B));
endmodule

5. BHEFREMNKEER

&R system verilog\[] (=) .pdf, page8-12
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5.2 iEiZiH M
1. BEBIESESIRHE assign

assign LHS_target = RHS_expression;

LHS_target MWE— MrESE LT NE, MAREE reg 8
RHS_expression fUEELGEER, AJLARIRERE&ESFRRE, ol 2REEH

HE RHs_expression FRANAHEZAL, RHS_expression SN AEFHITE, FNMEELZS
LHS_target
2. [318i84 always, initial
always IBEOARMERESHIT, initial BT —R, FETF{HEDRIIEKL
always , initial SSERAEHERNSSVEN I variable B (FEESER wire #8Y)
e initial: S{HEARHZET initial WHE!
o always [ IF2HR: LHBFIRDISEHRER, BOHHRIT

always @ (sensitivity 1list)
statement;

o ETFfASARIFZEE: always_ff @ (posedge cl1k)
s HTFIFZIER always BRI AER assign i5G

= always IBAHRAKFIEBEZEWRE <= (non-blocking) : B MIFRREREA TSMEE
BE
STEYBRZEERRE = (blocking) : 1BAIESRATZBPTSRIR{ERE
——MFZiEERIREEEE, ASZiEEAEEWRE
FEZEMREFIEEER ERAREFFX BN E6i#H system verilog A1 (=) .pdf,

page12, 16
FEZEMERE F— always IRPHISMEEWME BB, WHHEBNIFR
BE

o HEPEE: always_comb
HEBE F AT LAFERIESREIES assign

REGICIZ NI ASE: always @ (inv, data) (fEinvildataEBE{LAdfitA) , HHH
F always_comb , tHFEINER always_comb

o AAWEARMalwaysiTiERBPSHBISSHE
o AILIBZEA always idFEHR
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module example (input clk,
input [3:0] d,
output reg [3:0] q);

wire [3:0] normal; // standard wire
reg [3:0] special; // assigned in always

always_ff @ (posedge clk)
special <= d; // first FF array

assign normal = ~special; // simple assignment

always_ff @ (posedge clk)
g <= normal; // second FF array
endmodule

UNER special AK20 (normal 21, q21) , dARKER0, AEE— % d KT
1, BRATEREENRTIP LG special 3pk1, q#4EF1, normal 3EpK0, PAIRTET—
“Mposedge clk, qZ=ZRK0

X—IIRER: cdk EFHEZSR => SESMEDR => HEBIEITEE => SEET—EA
HEFTER => cdk EFHEZISE, HPRIg J @idititi A HEBEENMTE
EXNMIFE, #E: cdk EFHREER => speical AR dA{E, qFFHAME normal {H =>
d 8¥f => special SEEEHA d BUER (FRIk—EHMEH) => BEPAIck EFHERIE
=> special EFrHFT d{E, normal EHTAF special {8, q{B%AKIER normal (B, {B5SHL
T#rnormal BUES

. SRS

o SR (FER)

module mux2(input wire de, di, do d1
input wire s,
output wire y);

wire ns, yi, y2;
y1 y2
not gl (ns, s);
and g2 (y1, do, ns);
and g3 (y2, di, s);
or g4 (y, yl, y2);

endmodule

AREI AN ETH system verilog ] (—) .pdf, page25-27
o iTHHIR: REM
always_comb begin
if (Is) y = dO;

else y = di;
end

o HUBHHHAR: assign y =d0 & !s | s1 & s
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5.3 BIFFIZigFB BRI
1. ASEHSREE(

s RIS
SMESHIRHIR TR, BEERSLTN:

always_ff @ (posedge clk, negedge rst) begin
if (rst == 0) q <= 0; // when reset, reg q
else q <= d; // when clk

end

SEVESEENTREHTREN, SMMZE BB RAAERE, LEERTHAGREM
T™hIR, SMRERT EFRRE:

always_ff @ (posedge clk) begin
if (rst == 0) q <= 0; // when reset, reg q
else q <= d; // when clk

end

2. HifFEEIARR latch

—aNEIRMREIFES . EEREIN AR (XMMER TIRETEEREITE else MBEGSRENITERS (11544
&%) ) , BMAEZERE AR else MHKIBIHE T HIFZ4E hold At ——IXTER RIS ZB o TES
FRABRM

always @ (clk, d)

if (clk) q <= d;
// WEEE R
always_Tlatch

if (clk) q <= d;

LI MERSWE kTS (F/ always )

o HEBLE (always_comb ) HifiEGEHE else, THE case WRHAREBTLYIZERIRE
default, & if# case PAVMIHTEREBELBD——SHRWarning
RIS BREFFIRLb eI H AT 245 HEREIRE
5REFIEARE, SESETAFEINEE, BEENAGSnBRENZIEREGTM, AEEGRESE
B EE R e 3.

o HAGFBIEAT always @ O 189, BHEHAVFIE i f TEATEsensitivity listEBHE
always @ (data) begin if (enable)... end
fBRTTL: Bk always_comb , AEEESHREER (HBHLFRE always , EEABITFEEAIRHZ
£RWarning)

System Verilogi& always fl{t5% 7 always_comb , always_latch #]always_ff, {FERIE_EMNE
HINR SRS R B FEARHRS R Warning, 1B7x&8, B> T ShRklatchfYa]ag
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5.4 ERIHE

=l

PSS (B/RERFERS) ROBMISSEXMHMENTG (BBoMs), ETEn L8R

#CLK input
set_property
#CLKEAR AL

#RST input
set_property
#TOOFEAH 1L

# Code input
set_property
#IOLHEHHAL
set_property
#IO2 A 1L
set_property
#IO3 AL
set_property
#IOATEHHAL
set_property
#TOSFARFL

set_property
#IO6FAHFL
set_property
#IO7HATAL
set_property
#ITO81EAAL

# Mode input
set_property
#TO11846 7L
set_property
#TO01244 7L
set_property
#T013 4467

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

-dict

# dmorse output

set_property
#T01444GfL
set_property

-dict

-dict

#TO1584d 7L

set_property

-dict

#IOL6#EAfL

set_property

-dict

#I017 454 fL

set_property

-dict

#T0184:4d 7L

set_property

-dict

#T0198:4F 1L

set_property

-dict

#T0204% 4 4L

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

J19

K18

mM21

N20

N22

P21

P22

T21

u21

R21

w21

w22

Y22

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

IOSTANDARD

TIOSTANDARD

TIOSTANDARD

IOSTANDARD

IOSTANDARD

IOSTANDARD

TIOSTANDARD

IOSTANDARD

TIOSTANDARD

TOSTANDARD

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

Y21 IOSTANDARD LVCMOS33

AB22 TIOSTANDARD LVCMOS33

AA18

AB18

AA20

AB21

AA21

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports

get_ports dmorse[6

get_ports dmorse[5

get_ports

get_ports

get_ports

get_ports

get_ports

CLK];

RST];

Code[4

Code[3

Code|[?2

Code[1

Code[0

gear|2

gear|[1l

gear[0

Mode|[ 2

Mode[1

Mode [0

dmorse

dmorse

dmorse

dmorse

dmorse
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# required if touch button used as manual clock source
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets CLK_IBUF]

set_property CFGBVS VCCO [current_design]
set_property CONFIG_VOLTAGE 3.3 [current_design]

Hep, &5 mgmfebite B9 il (58, FLMSEIFPGARKRRIERITEESR

6 BRRSH
1. PR T
A (CS) ZiE:
always_ff @(posedge CLK, posedge RST) begin
if (RST) state <= SO;

else state <= next_state;
end

AR (NS) 248!

always_comb begin

case(state)
SO:
if (x) next_state <= S1;
else next_state <= SO;
// ...
defaut: next_state <= SO;
endcase

end

ke (OL) Z5E:

always_comb begin

case(state)
S3:
out = 1'b1;
default: out = 1'b0;
endcase

end
// or simply: assign out = (state == S3);

o ZIUREMEA: I (CS) +IRE& (NS) +@tH®4E (OL) ZFA—alwaysiTigHik
o YUdREREIA: (CS+NS) +OL, —PMNIEMRISIIRSHIIFEY, B— M MEdEHiEE
o YUdFEHEIA: CS+ (NS+OL) , —NIRERKMEANT, B—MERRSHEHERE

A BAE— always ISFEPH{THIA

1
[
HO
L
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2. KSR

RF4ES (binary code) , —(#W3 (one-hot code) , #8EERS (gray code) ...

State Variables

State One-Hot Code Binary Code Gray Code
SO 00001 000 000
S1 00010 001 001
S2 00100 010 011
S3 01000 011 010
S4 10000 100 110

Table 1: An example of state Encoding for a 4 state Machine

7 iHEEEsEE
1. WSh9SR

FRRS$PIEER=4E v RS, WHEDIREIRKES LB

module FenPin( // flAIHEFRIRAHLILIL
input wire CLK,
input wire RST,
output reg result
DN

reg [4:0] count; // better: use integer! at Teast NOT REG, but REG [4:0]

always_ff @(posedge CLK or posedge RST) begin // Fb5EAr, JNE [ b e il vk
AR
if (RST) begin
result <= 0;
count <= 0; // IMPORTANT!
end
else begin
if (count == 4) begin // 4 =10/ 2 - 1
count <= 0;
result <= ~result;
end else count <= count + 1;
end
end

endmodule

=08 A= MHEEY, BHYASHEF

CLk/ \_/ ./ /S __/ \
Y /7 \ /T
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module divideby3FsM (input clk, input reset, output q); // {f/H =i FRRASNLSZI
reg [1:0] state, nextstate;
parameter SO = 2'b00; parameter S1 = 2'b01; parameter S2 = 2'b10;

always_ff @ (posedge clk, posedge reset) // state register, CS
if (reset) state <= SO;
else state <= nextstate;

always_comb // next state logic, NS
case (state)

SO: nextstate = S1;

S1: nextstate = S2;

S2: nextstate = SO;

default: nextstate = SO;
endcase

assign q = (state == s0); // output logic, OL
endmodule

2. AJLAERIEa AN E SR EER
EARHTORE + RIFMER DR + FRIEGIE / &iF

always_ff @(posedge CLK) begin // EmXH! | HEEFRDEL, RREFAEAL, X EA YT IREA
H: cnt <= STOP == 0 ? 0 : cnt (RSTLFF#FFEMIRE A e il Bl s e w8, Afegif
RKi—m S N EEED , WRESZEP S T ERNEHE, T2 SE0atchAdm, SGaHRtah

N
o

if (STOP == 0) begin
if (RST) begin

cnt_H <= 0;
cnt_L <= 0;
cnt <= 0;

end else begin
if (cnt == 1000000) begin
cnt <= 0;
// counter++
if (cnt_L == 9) begin
if(cnt_H == 5) begin
cnt_H <= 0;
cnt_L <= 0;
end else begin
cnt_H <= cnt_H + 1;
cnt_L <= 0;
end
end else begin
cnt_L <= cnt_L + 1;
end
end else cnt <= cnt + 1;
end
end
end
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8 BHIBSEIE (IRTEHN)

RI—OA 16 HEEBRTEREFEZEH, HEATIEENT:
(1) REZS: BFASRTIRENM 16 HEIZD,
(2) WIEZR: AFSBITRAED, IEEFEURSETIT, EAFENRSERT,

REEX:

(1) ZEME: HNEERCEDREBUSEE.

(2) BFEIRE: FHDRKWERSIRENT, AUNEERH, RERANEERENA M, 7
IR,

FPGA
SibiESe cLK Unlock—P & —iRE
S{IFFERST RST \ /
iﬁ\\\‘h
‘ ZhEgHLocker

EEE?B:FS‘ECode COde—j \

Err—» B
PeahFxMode Mode r BHRTIRE

“timescale 1ns / 1ps

module Locker(
input wire[3:0] Code,
input wire Mode,
input wire CLK,
input wire RST,
output reg Unlock, // always H#5AE—x E & reg kA G Ewire
output reg Err,
output reg warning
);

reg [15:0] token;

reg [15:0] user_password; // set by user

parameter SO = 0, S1 =1, S2 =2, S3 =3, sS4 = 4; // 4 stages
parameter admin_password = 16'hffff; // administrator's password

reg [2:0] state, next_state;
reg [1:0] cnt_failed = 0;

always_ff @(posedge CLK or posedge RST)

begin
if (RST) begin
state <= SO;
end else begin
case(state)

SO: token[3:0] <= Code;
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S1: token[7:4] <= Code;
S2: token[11:8] <= Code;
S3: token[15:12] <= Code;
default: ;

endcase

state <= next_state;

if (Err == 1) begin
if (cnt_failed == 2'b00) cnt_failed <= 2'b01;
else if (cnt_failed == 2'b01) cnt_failed <= 2'b10;
else if (cnt_failed == 2'b10) cnt_failed <= 2'bll;
if (cnt_failed == 2'bl1ll) begin

warning <= 1; // password Tocked

end

end

if (Unlock == 1) begin
cnt_failed <= 2'b00;
warning <= 0;

end

end
end

always_comb begin
case(state)
SO: next_state<=S1;
S1: next_state<=S2;
S2: next_state<=S3;
S3: next_state<=S4;
S4: next_state<=S4;
default: next_state<=S0;
endcase
end

always_comb begin
// the following three statements eliminate Tatch
Unlock = 0;
Err = 0;
real_password = 0;
if (Mode == 1) begin // validate password
if (state == S4 ) begin

if (token == real_password || token == master_password) begin
Unlock = 1;
Err = 0;

end

else begin
Unlock = 0;
Err = 1;
end
end
end else if (Mode == 0) begin // set password
if (state == S4) begin
Unlock = 1;
Err = 1; // indicates that the password has been set
real_password = token;
end
end
end



endmodule

B 8RiE vode BINIRHR, EEFNIR T RST KRIDZIEEH, B85 E0LIBIERE
Mode BIRHEHIT RST 1B?
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B ER—MEE, SIRHES (WRMode ) NOTRIZIE, RIEFSEFINEE, ERIHZIRE
FEO(ERRF

input wire btn,
reg prev_btn;

always_ff @(posedge clk) begin
prev_btn <= btn;
end

reg signal_w, signal_r;

// HERE
always_comb begin
if (prev_btn == 1'b0 & btn == 1'bl) begin
signal_w = 1;
end else begin
signal_w = 0;
end
end

// B
always_ff @(posedge clk) begin
if (prev_btn == 1'b0 & btn == 1'bl) begin
signal_r <= 1;
end else begin
signal_r <= 0;
end
end

btn [/ L
signal w J
signal_r / \
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// counter
module counter(
input wire clk, // input from 1M timer
input wire press, // input from user
output reg [1:0] led // display whether Tong press or short press
Dt

reg [31:0] count;
reg prev_btn;
reg signal; // when press down the btn
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initial begin

end

count <= 32'b0;
prev_btn <= 1'b0;
signal <= 1'b0;

always_ff @(posedge clk) begin

end

prev_btn <= press;

always_comb begin

end

if (prev_btn == 1'b0 && press == 1'bl) signal <= 1'bl;
else signal <= 1'b0;

always_ff @(posedge clk) begin

end

if (signal) begin

led <= 2'b00;
count <= 32'b0;
end
else begin

count <= count + 1;
if (press &% count >= 32'd1500000) led <= 2'bll; // Tong press
else if (press) led <= 2'b01; // short press
else led <= 2'b00; // not pressing
end

endmodule

“timescale 1ns / 1ps

module smart_morse(

input wire clk, // input from 1M timer

input wire rst,

input wire press,

output reg [1:0] led, // whether long press(11l) or short press(0l)
output reg error, // indicating whether the input is Tegal

output reg done, // indicating the end of the whole morse

output reg [6:0] dmorse // displaying numbers

DE

reg
reg
reg

reg
reg
reg
reg

[3:0] number;
signal; // indicating the end of pressing
prev_btn;

cur_input;

[0:4] morse;

[2:0] state; // counter of input
[31:0] count; // counter of time

decoder mydecoder (

)3

.sw(number),
.seg(dmorse)



counter mycounter (
.clk(clk),
.press(press),
.led(Ted)

)3

initial begin
number <= 0;
error <= 0;
prev_btn <= 0;
state <= 0;
end

// these two blocks are use to derive signal

always_ff @(posedge clk) begin
prev_btn <= press;

end

always_comb begin
if (prev_btn == 1'bl & press == 1'b0) signal <= 1'bl;
else signal <= 1'b0;

end

// don't use latch
always_ff @(posedge clk) begin
if (led != 0) begin
case (led)
2'b11: cur_input = 1;

2'b01: cur_input ©@¢

endcase
end
end

// judge input stage (including judge an end): state, done, count
always_ff @(posedge clk) begin
if (rst) begin
state <= 0;
done <= 0;
count <= 0;
end
else if (signal) begin // if just finish inputing one word
morse[state] <= cur_input;
state <= state + 1;
end
else begin
if (press) count <= 0; // 'count' here used for counting blank time

interval between input

else count <= count + 1;
if (!press &% count >= 32'd4000000) done <= 1'bl; // doing nothing

for 4s => done

else done <= 1'b0;
end
end

// assign value to input: error, number
always_comb begin



error = 0;
number = 0;
if (done) begin
if (state == 0 || state > 5) error = 1;
else begin
case (state)
1: begin
if (morse[0] == 0) number = 4'hE;
else error = 1;

end
2: begin
if (morse[0] == 0 & morse[1l] == 1) number = 4'hA;
else error = 1;
end
3: begin
if (morse[0] == 1 &% morse[l] == 0 && morse[2] == 0)
number = 4'hD;
else error = 1;
end
4: begin
if (morse[0] == && morse[l] == && morse[2] == &&
morse[3] == 0) number = 4'hB;

else if (morse[0] == 1 & morse[l] == 0 & morse[2] ==
&& morse[3] == 0) number = 4'hC;

else if (morse[0] == 0 &% morse[l] == 0 & & morse[2] ==
&& morse[3] == 0) number = 4'hF;

else error = 1;

end
5: begin
case (morse)
5'p11111: number = 4'h0;
5'b01111: number = 4'h1;
5'b00111: number = 4'h2;
5'b00011: number = 4'h3;
5'b00001: number = 4'h4;
5'b00000: number = 4'h5;
5'h10000: number = 4'h6;
5'p11000: number = 4'h7;
5'b11100: number = 4'h8;
5'p11110: number = 4'h9;
default: error = 1;
endcase
end

default: error = 1;
endcase
end
end
end
endmodule
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# clk input
set_property -dict {PACKAGE_PIN J19 IOSTANDARD LVCMO0S33} [get_ports clk];
#C T kIZEATAL



# rst input
set_property -dict
#TO0HAA AL

# press input
set_property -dict
#IOB8FATAL

# error output
set_property -dict
#TO11H4dGFL

# done output
set_property -dict
#T012446 7L

# led output
set_property -dict
#IOATEAAL
set_property -dict
#IOSFARFL

# dmorse output
set_property -dict
#T01444GFL
set_property -dict
#T01584HTL
set_property -dict
#IOL6FAH L
set_property -dict
#TO174:4G 4L
set_property -dict
#I018E:4 L
set_property -dict
#IOL9EAH L
set_property -dict
#I02044 7L

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

PACKAGE_PIN

# required if touch button used
set_property CLOCK_DEDICATED_ROUTE FALSE |get_nets CLK_IBUF

set_property CFGBVS VCCO

set_property CONFIG_VOLTAGE 3.3

K18

R21

w21

mM21

P21

P22

Y21

AB22

AA18

AB18

AA20

AB21

AA21

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

IOSTANDARD

TIOSTANDARD

IOSTANDARD

TIOSTANDARD

TIOSTANDARD

TIOSTANDARD

TOSTANDARD

TIOSTANDARD

TIOSTANDARD

TOSTANDARD

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LvVCMOS33

LVCMOS33

LvVCMOS33

LVCMOS33

LvVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

LVCMOS33

as manual clock source

cur

current_design

rent_design

10 FEEEHMIEISSE (2022 {RE3URR)

“timescale 1lns / 1lps

module car

input wire mode, // 0: manual, 1:

auto

get_ports rst];

get_ports press];

get_ports error];

get_ports done];

get_ports led[1]];
get_ports led[0]];
get_ports dmorse[6
get_ports dmorse
get_ports dmorse
get_ports dmorse
get_ports dmorse
dmorse

get_ports

get_ports dmorse
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input wire clk,

input wire rst,

input wire manualgear,

input wire brake, // &%
output reg [3:0] gear, // Hifi
output reg [3:0] speed // ##JiF
)H

reg [31:0] time_cnt;
reg prev_btn;
reg signal;

always_ff @(posedge clk) begin
prev_btn <= manualgear;

end

always_comb begin

if (prev_btn == 1'b0 && manualgear ==

else signal <= 1'b0;
end

always_ff @(posedge clk) begin // speed up

if (rst) begin
speed <= 4'b0000;
time_cnt <= 32'd0;
end
else begin

if (time_cnt == 32'd1000000) begin

time_cnt <= 32'd0;

if (brake) begin
if (mode == 1
else if (mode

end

else begin
if (mode ==
else if (mode

end
end

&&

&&

1'b1l) signal <= 1'bl;

speed !'= 4'd0) speed <= speed - 1;

0 && speed > gear *

2 - 2) speed <= speed -

speed != 4'd9) speed <= speed + 1;

0 && speed < gear *

else time_cnt <= time_cnt + 1;

end
end

always_ff @(posedge clk) begin
if (rst) begin
gear <= 4'b0001;
end

else if (mode == 0 && signal) begin
if (gear != 4'd5) gear <= gear + 1;

end
else if (mode == 1) begin
case (speed)

4'd0: gear <= 4'b0001;
4'd1l: gear <= 4'b0001;
4'd2: gear <= 4'b0010;

2 - 1) speed <= speed +



4'd3: gear <= 4'b0010;

4'd4: gear <= 4'b0011;

4'd5: gear <= 4'b0011;

4'd6: gear <= 4'b0100;

4'd7: gear <= 4'b0100;

4'd8: gear <= 4'b0101;

4'd9: gear <= 4'b0101;

endcase
end
end

endmodule
# CLK input
set_property -dict {PACKAGE_PIN J19 IOSTANDARD LVCMOS33} [get_ports clk];
#CLKFATAL
# RST input
set_property -dict {PACKAGE_PIN K18 IOSTANDARD LVCMOS33} [get_ports rst];
#IO0HAT AL
# mode input
set_property -dict {PACKAGE_PIN Y21 IOSTANDARD LVCMOS33 get_ports mode] ;

#I0148:4 7L

# manualgear input
set_property -dict
#I02044G 7L

# brake input
set_property -dict

#TO18# AL

# speed output

PACKAGE_PIN

PACKAGE_PIN

AA21 TOSTANDARD LVCMOS33

AA20 IOSTANDARD LVCMOS33

get_ports manualgear];

get_ports brake];

set_property -dict {PACKAGE_PIN M21 IOSTANDARD LVCMOS33 get_ports speed[3]];
#TOLFAHFL

set_property -dict {PACKAGE_PIN N20 IOSTANDARD LVCMOS33} [get_ports speed[2]];
#I02F4F AL

set_property -dict {PACKAGE_PIN N22 IOSTANDARD LVCMOS33 get_ports speed[1]];
#I03 1AL

set_property -dict {PACKAGE_PIN P21 IOSTANDARD LVCMOS33 get_ports speed[0]];
#IOAFLAHLL

# gear output

set_property -dict {PACKAGE_PIN P22 IOSTANDARD LVCMOS33 get_ports gear|3

#IO5HEAAL

set_property -dict {PACKAGE_PIN T21 IOSTANDARD LVCMOS33 get_ports gear|2

#IO6FAHFL

set_property -dict {PACKAGE_PIN U21 IOSTANDARD LVCMOS33} [get_ports gear[1l

#IO7 AT AL

set_property -dict {PACKAGE_PIN R21 IOSTANDARD LVCMOS33} [get_ports gear[0

#TO8 LA FL

# required if touch button used as manual clock source
set_property CLOCK_DEDICATED_ROUTE FALSE [get_nets CLK_IBUF



set_property CFGBVS VCCO [current_design
set_property CONFIG_VOLTAGE 3.3 [current_design
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