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hResrE:
@ i Xilinx Artix-7 XC7A35Tith F
® [ic & /7:: USB-ITAG/SPI Flash
® 51X 100MHz [1) P 350 s b ok
o [7f#2%: 2Mbit SRAM
N25Q032A SPI Flash
® i H10: Switch: x8. LED: x16. Button: x5. DIP: x8
® AP REI0: 32pin
R IAT Y
7B . X8
VGARL Sty 42 11
Audio 5 A K
@ E{S#EI: UART: USBHZUART. Bluetooth: Wi f itk
@ L. DAC: 8-bit/)HEH . XADC: 2#12bit 1Msps ADC

fi. KBRPE

1. A4E7E VIVADO M3 R [ 4mfE T K i fE
(1) JA3I VIVADO. & 1.1 i

ocs  fecon iy

VIVADO? £ XILINX

K 1.1. VIVADO % I Fiif

RITRRHE 2 Xilinx £ERE 1Ak HE
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2 MA@SE , BX—NMHTE.
® 7ENew Project3% 8 1 S Nexto

o HEHEMENEMIESR, MXBENIRES : lod, TEFENE :
E:\SC_Vivado\list_Vivado , #A/G R iNexto 127 7R :

Project Name

Enter a name for your project and specify a directory where the project data files will be stored ‘
Project name led
Project location: | EX/SC_Vivado/list_Vivado El

| Create project subdirectory

Project will be created at: E/SC_Vivado/list_Vivado/led

1.2, VIVADO I B &#r, BEREEAQ

® EIFEBIZERTL Project , Ai%Do not specify source at this time, Bk RN T IR |
ERERERTENextEFAT—F, B 1.3 7R :

Project Type

Specify the type of project to create ‘

» RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis

+| Do not specify sources atthis time

Post-synthesis Project You will be able to add sources, view device resources, run design analysis, planning and
implementation

1O Planning Project —
Do not specify design sum@ggﬁ%ﬁﬁ% able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File

Example Project
Create a new Yivado project from a predefined template

@)
.
T
L
o
=4
g

Cancel

KRR 3 Xilinx £xERE1EAkLE

www.e-elements.com
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1.3, MBEH

o FHMERERMNERFEAWEMHMEXN , BREFEBAIN EGO1 ERF X
R, SEHAMR xc7a35tcsg324-1 VES 4 , TREIBN A , B 1.4 F

N
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘
Select {8 Parts [ Boards
~ Filter
Produgt category. Al v Speed grade: | -1 v
Family: Artix-T w Temp grade: All Remaining
Package: csg324 ~
Search: -
0 Pin  Available LUT Block  Ultra Gb GTPE2
Part Count  |0Bs Elements FlipFlops RAMs  RAMs DsPe Transceivers ~ Transceivers
8} xc7a15tcsg324-1 324 210 10400 20800 25 0 45 0 0
{8} xc7a35tcsg324-1 324 210 20800 41800 50 0 a0 0 0
8} xc7a50tcsg324-1 324 210 32600 65200 75 0 120 0 0
{8} xc7a75tc8 03241 324 210 47200 94400 105 0 180 0 0
{8} xc73100tcs0324-1 324 210 63400 126800 135 0 240 0 0
< >

1.4, VIVADO HFEs{F&EEN

® 7ENew Project Summary REREMEBENRITHBERERFESRNER , BIAL
x/5 , RiEFinishTeA. WA 1.5 AR :

IR FHL 4 Xilinx EERAAELHE

www.e-elements.com
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New Preject Summary

VIVADO!

HLx Editions © AnewRTL project named 1ed will be created.

o The default part and product family for the new project:
Default Part: xc7a35tcsgl24-1
Product: Artix-7
Family: Artix-7
Package: csg324
Speed Grade: -1

£ XILINX

To create the project, click Finish

/

15, MBRITABTTKEN

® SiFFinshEGEZI#ACIETERNZAIRE, R16FIR :
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ssssssss
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ncramerts c

DRC violations ening

LEweNT

trazston pomer

S WHS THS TPWS ToulPows FaedRodes LUT FF B

16, ZAIREM
® VIVADO FEEZTEM N ARBRESF ( Text Editor ) , FELLA Verilog
HDL RERERERF. FE—1 Verilog HDL 34 , ATLLEE A 5 Design
sourse 1%3¥¥ Add Sourse , W@ 1.7 FI7R :

IR FHL 5 Xilinx 2EREAEIRAE
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Edt Flow Tos ymdow Luea Yew Hep

&, " > B oo X *
R o« - -
= ] [
© semings
Q ¥ °
.k = T e
O Refesh Hisrarchy Producniy ocid
e e Edt Consraints Sets.
e
+ Ada Sowees. o
¥ RILAALYSS Pat wcTadicsgIze 1 Patt cTadicsgize
> Run Synihesis ‘DRC Violations -
E—
P Runimgiementation Uieston: Power
Q = ¢ %
e iR T A T T
e Mshattn ynin_1 consts 1 Notstarded Vicade Syhests Defaults (Viaco Synihesis 2017) ATIINSGI241  Vhado Syresis Defay

1.7, AIGRIX

o EEBE—/EDI, MB 18 FIR :

¢ Add Sources

e — § W e— —

Add Sources

VIVADO/

This guides you through the process of adding and creating sources for your project
HLx Editions

Add or create constraints
» Add or create design sources

Add or create simulation sources

& XILINX

ALL PROGRAMMARLE.

@

Finish

1.8, EEIHRE

RITERRHY 6

www.e-elements.com
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® %EFECreate Filesfii Aled , RTHOK , BWikled.viR B LG | iEFFinishEKIR T
XA, WE19FR

4 Add Sources

o . — — E]

Add or Create Design Sources

Specify HOL, netiist, Block Design, and IP files, or directories containing those file types ta add to your project. Create a new source fils on ¢y
disk and add it to your project

+

Use Add Files, Add Directories or Create File buttons belov

Add Files | ‘ Add Directories ‘ | Create File

®
¢ Create Source File &J

Create a new source file and add it to your

project ‘
File type: w8 Verilog w
File name: | led |
File location: | &0 <Loci 7t ict= o

,,
rd
©

1.9, BIEXH#
o BIEFER AT Finish , A 1.10 AR :

4 Add Sources

— P e c— —— =]

Add or Create Design Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on ‘
disk and add it to your project

+
Index MName Library Location
@ 1 ledv xil_defaultib  <Local to Project=
Add Files || Add Directories H Create File

®

‘ Einish ‘ | Cancel

1.10, BIE5TMR
o EERREMMFEA , MIE 111 AR

IR FHL 7 Xilinx 2EREAEIRAE

www.e-elements.com
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¢ Define Module — ﬁ

Define a module and specify IO Ports to add to your source file,

For each port specified:
M5B and L3B values will be ignored unless its Bus column is checked. ‘
Puorts with blank names will not be written.

N |
Module Definition
|| ]
Module name: led
1] |
N '0 Port Definitions
N + | ]
N
PortMame  Direction Bus MSB LSB 1
CLK input  ~ -~ 1
led_out autput  w | 1 0
i input - |
(?) Cancel
o ]

1.11, Define Module O
(1) Verilog HDL F2FHi Ao

ERAFX Verilog HDL X 4B O ARER , REN X4 EEEZEBRE -
WEL12FR

IR FHL 8 Xilinx 2EREAEIRAE
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PROJECT MANAGER - led
Sources 2 _ 00 % Project Summary w ledv *
Q| x|s |+ & |Q Q
+ - Design Sources (1) 17
18
wid led (ledv) _
19
> Constraints (1) D N SIS TA TSI SIS IA AL TA TSI TT TSI TA AL IS S
» Simulation Sources (1) 21 : module led(
22 input CLE,
23 output regl[11:0] led_out
24 )
25 E reg [32:0]count=0;
26 ' reg [32:0]n=0;
27 . parameter T1MS=10000000;
Inoasssrns S oot ST TTTTTTTTTTommoTo T 28 always@(posedge CLE)
Hierarchy = Libraries Compile Order T i
29 begin
30 count <=count+1 ;
Source File Properties ? 00 X 31 if (count==T1NS)
§ 32 : begin
W ledy s
hl 33 count<=0;
- 34 led_out<=12"b111111111111<<n;
+ Enabled .
35 né=nt+l;
Location: E:/SC_Vivadollist_Vivado/lab1/projectiexpe/led 36 if (n==13)
37 begin
Type: Verilog IZ‘ 38 . né=0:
39 [ end
Library: il_defaultlip IZ‘ o
40 - end
Sire- nakA ~ 41 end
(G ' 42 endmodule
General  Properties :

<
1.12, Verilog RIB4REBE O

REBABIUT
module led(
input CLK,
output reg[11:0] led_out
);
reg [32:0]count=0;
reg [32:0]n=0;
parameter TLMS=10000000;
always@(posedge CLK)
begin
count<=count+1;
if(count==T1MS)
begin
count<=0;
led out<=12'p111111111111<<n;
n<=n+1;
if(n==13)
begin
n<=0;
end
end
end
endmodule

(4) VIVADO BF4miF.
WL E R 9 Xilinx 4Bk & 1E th pE

www.e-elements.com
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® STiK Synthesize RS HmIF, WA 1.13 FI7R -

* Dpen Elaborated Design

¥ SYMNTHESIS

P Run Synthesis

» Open Synthesized Design

~ IMPFLEMEMTATION

1.13, Verilog % Synthesize R & 4¥m1F

[ied - (£/5C, Va3

® RIFRKINEMNiE Schematic ATLAEE RTL REBEHEE, ME 1.14 FiR :

Ble EGt Flow Tools Mindow Lawu View Help

wiite_bitsream Compiete

s [c] X &> BHME Bz 3 5 Detaut Layout v
AAsoRATD B e 1 =
PROJECT MANAGER Netist oo Proj ummary x erm x Schematic (2)  x SN
& semngs - T .
c ) | & Qaa il x o C  #5ce o
Ada Sources
tea
Language Templates Nets
@ wcatiog LeafCetis
¥ IPINTEGRATOR
Create Biock Design
v SmMULATION :
Run Simulation ax
Source File Properties » _OBX
¥ RTLANALYSIS
* Open Elaborated Design || | @ 160 d
) Report Memmodology /| Enadied
Report DRC Location: E/SC_VivadoMst_Vivadolad 1iprojectiexpe edfle:
Repod toise = v [=]
%4 schomatic
[ Libear @ detauttiv
v SYNTHESIS Gamoral | Properties
P Run Synthesis
Tel Cor Design Runs
> Opsn Sinthesasd Desig -
Q = 2 + %
BT Name Consvaints  Status WNS TNS WHS THS TPWS ToalPower FaledRoues LUT FF ERAMs URMM DSP Stat Eiapsed  Run Stategy Report Srateqy
E—— v Vonhi  constst  smin_dssion Compists! 2 78 000 0 0 4MGNBIZ13PM 00002 VwadoSyihesis Dsfauls (Vvado Shesis 2017) Vivado Syminess Defautt Re
Jimpl_1  consws_1 write_btstream Complete! NA NA NA NA  NA 0253 0 % T 000 0 0 4N9MB1216PM 000057 Vwado Defauts ( 2017)  Vivado Imgl

> Openimplemented Desi

¥ PROGRAM AND DEBUG
¥ Generate Bitstream

> Open Hargware Manage:

(5) oELSIRD,
0 LHHARFBERTIXHRK , #%$F Add Sourse... , 2NE 1.15 F7R -

1.14,

RTL REBEEE

Sources x Netlist 2 _ 0O
Q = = + &
~ Design Sources (1)
@& led (ledv)
~ Constraints (1)
» cor

Constraint Set Properties Ctrl+E
> Simula

Hierarchy Update 3

& Refresh Hierarchy
IP Hierarchy »
____________ Edit Constraints Sets

Hierarchy Edit Simulation Sets...

< AddSources.. Alt+A

Manctraint ¢ mors s

IR FHL 10

www.e-elements.com
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B 1.15, A5k B X4
® 1%£#FZE —IN Add or create constraints, & i Next
® EFR CreateFile. B HTHMNWED , EEYRXHHXHE led, 11H 1.16

iR
¢ Create Constraints File @
Create a new constraints file and add it to your
project ‘
File type: g5 XDC w
File name: Ied|
File location: | & =Local to Project= ~
'i_'?_:' Cancel
1.16, BIELIRXHF
NARIHWMT :

set_property PACKAGE_PIN P17 [get_ports CLK]

set_property PACKAGE_PIN K3 [get_ports {led_out[0]}]
set_property PACKAGE_PIN M1 [get_ports {led_out[1]}]
set_property PACKAGE_PIN L1 [get_ports {led_out[2]}]
set_property PACKAGE_PIN K6 [get_ports {led_out[3]}]
set_property PACKAGE_PIN J5 [get_ports {led_out[4]}]
set_property PACKAGE_PIN H5 [get_ports {led_out[5]}]
set_property PACKAGE_PIN H6 [get_ports {led_out[6]}]
set_property PACKAGE_PIN K1 [get_ports {led_out[7]}]
set_property PACKAGE_PIN K2 [get_ports {led_out[8]}]
set_property PACKAGE_PIN J2 [get_ports {led_out[9]}]
set_property PACKAGE_PIN J3 [get_ports {led_out[10]}]
set_property PACKAGE_PIN H4 [get_ports {led_out[11]}]
set_property IOSTANDARD LVCMOS33 [get_ports CLK]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[3]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[4]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[5]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[6]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[7]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[8]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[9]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[10]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[11]}]

6) EREIMZE , 54&EMERE %R Open Implemented Design$T ST EHVIR 1T |, =
HZEE R thGenerate Bitstreamo, ME1.17FF 7 :

KRR 11 Xilinx £xERE1EAkLE

www.e-elements.com
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B 1.17. £ERZH X

® BitstreamXHFE R TESG |, 1£3FOpen Hardware Managero #0E1.18F7R :

Bitstream Generation Completed X

o Bitstream Generation successfully completed

Next
Open Implemented Design

View Reports

@ Open Hardware Manager |
o le

Dont show this dialog again

1.18, Hardware Manager

® HEGO15HINERES , R ifOpen Target->Auto Connect iEIEIRF., ME1.19F7

M 1.18, EFRR

KRR 12 Xilinx £xERE1EAkLE

www.e-elements.com
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® EERING , A FPGA 1% Program Deviceo, TNE 1.19 FI7R :

Eat

Flow Tools \ndow Laout Vew Help

L

2

© Tere are no debug cores. Progra

Dashboard ~

HARDWARE MANAGER - localnostidlin_cting1234-tulA

m device Retresh device

Hardware
Q = =
¥ SMULATION
Name
B Sovston ~ 1 focainost

¥ RTLANALYSIS

>

v Mo dinx Icm1234-uA
v @ xc73350

Open Elaborated Design @ x0C

v SYNTHESIS

TEHFERK oK ,

>

Run Syihesis
Open Synthesized Design
Constraints Waard
Edt Timing Constraints
# SetUpDebug
@ Report Timing Summar
Report Clock Networks
Report Clock Interactior
© Report Methodology
Report DRC
Repo Utization
& Report Powsr

A schematic
TclConsole  x I

FFRMREN A E R

topxdc  x led

o @ This Sle has been changed Reload
Stanss Q X 8B B / B Q
Concied set_property [OSTANDARD LVCMOS33 [get_ports (led_out[111}]
op set_property [OSTANDARD LVCMOS33 [get_ports (led_out[10])]
ey set_property [OSTANDARD LVCH0S33 [get_ports {led_out(9]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out(8]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out(7]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[6]}]
set_property [0STANDARD LVCMOS33 [get_ports {led_out
set_property IOSTANDARD LVCMOS33 [get_ports {led_out[4]}]
> set_property I0STANDARD LVCM0S33 [get_ports {led_out[31}]
Yy set_property IOSTANDARD LVCMOS33 [get_ports 1
set_property IOSTANDARD LVCMOS33 [get_ports ({led_out[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {led_out(0]}]
set_property IOSTANDARD LVCMOS33 [get_ports CLK]

set_property

PACKAGE_PIN P17 [get_ports CLK]

B 119, W RARERE

BETRNBUOAGEREFERE ROM B | IFEFREEETRER, KEK bin XH
K Settings , 1%&$F Bitstream , A% bin_file , K Apply , /i OKo

File  Edit Flow Tools Window Layout View Help Q- Quic
= - | I T - T Dashboard ~
Flow Navigator HARDWARE MANAGER - localhostsilinx_tef/Xilind1234-tuls
~ PROJECT MANAGER @ There are no debug cores. Program device Refresh device
-
4 Settings [
Hardware -
Add Sources Q = | Q
= Bitstream
Language Templates MErE Project Settings Specify various settings related to writing bitstream ‘
I 1P Catalog -~ § localhost (1 GEMBral oo
« Heo Min_temilin1234-tulA) Simulation (@ Note: Additional bitstream settings will be available once you open an implemented design
N Elaboration
~ IPINTEGRATOR - { I . _
@ xc7a3s 01 S ~ Write Bitstream (write_bitstream)
nthesis
Create Block Design & XADC (System Monif . tel.pre B
Implementation
Open Block Desigl tel post
T . =
Generate Block Design > P “raw_bitile
-mask_file
Tool Settings e e
¥ SIMULATION < = = ]
Project CT.o = | |
-bin_file*
Run Simulation 5 \P Defaults - |
Properties ~reaaback_e
Source File
“logic_location_file
¥ RTLAMALYSIS Display
-verbose
> Open Elaborated Design WebTalk
el More Optians
elp
v SYNTHESIS > TextEditor
» Run Synthesis 3rd Party Simulators
Select an object o see) s Colars
> 0 Synth d D
pen Syniestzeg Deston Selection Rules
Shorteuts
> IMPLEMENTATION > Strategies
> Windaw Behavior bin_file*
- |
PROGRAM AND DEBUG @ | sertll Write a binary bit file without header ( bin).
clConsole | Messages | Serif
¥ Generate Bitstream
|
~ Open Hardware Manager
Open Target @ ‘ oK. | | Cancel | | Apply ‘ | Restore.
Program Device

A 1.20 FIR

A 1.20. %M bin

B 5 Generate Bitstream,

X#

® i FPGA /& fiE#E Add Configuration Memory Deviceo ZNE 1.21 FF7R :

IR FHL

www.e-elements.com
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File  Edit Flow Tools Window  Layout View  Help Q- Quick Access

= * E > i O 3 )4 Dashboard -
F | F |
Flow Navigator - e A HARDWARE MANAGER - localhostixiling_tcfXiling1234-tul A
» PROJECT MANAGER - ﬂ There are no debug cores. Program device Refresh device
* Settings
Hardware ? _ 000G x led.v
Add Sources
Q| = | ¥ 4 Q
Language Templates )
Mame Status 17 Rewv:
T 1P Catalog ~ B localhost (1) Connected 18 Adds
19
~ @e xilinme_toftdiling234-tuls (1) Open o .
. 20
IP INTEGRATOR v @ xc7a3s

] Hardware Device Properies... Cirl+E
Create Block Design 5% XAD

) Program Device...
Open Block Design
Werify Device. .
Generate Block Design
(* Refresh Device

v SIMULATION g i Add Configuration Memaory Device...
Run Simulation | Boot from Configuration Memary Device
Hardware Device F
Program BER Key...
~ RTL ANALYSIS & xcTa3st o Clear BBR Key..
~ Open Elaborated Design Name: Program eFUSE Registers...
Report Methodology Part Exportto Spreadsheet. .

1.21, ROM EE

o EEflash S |, 1HE 1.22 FI7R:

- N
¢ Add Configuration Memory Device ﬂ

o Choose a configuration memary part. This can be changed later.

Device: {8 xc7a3st 0

Filter
Manufacturer | All - Type | All v

Density (Mb) | All v Width | All v

Reset All Filters

Select Configuration Memory Part

Search: | O~ n26g64 (2 matches)
Name Part Manufact..  Alias Family Type Density (.
T n25q64-1.8v-spi-x1_x2_x4 n25q64-1.8v Micron n25q spi 64

| 4 n25064-3.3v-5pi-x1_x2_x4 n25q64-3.3v Wicron n2s5q spi 64

4 >

@
RITE R 14 Xilinx 4EREVEAK L
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B1.22, EBRBSHES

o TES¥HAYE MIARRE B M0 BIHE 4 BAY.bin 3XH

4 Program Configuration Memory Device
- i

o]

Select a configuration file and set programming options.

Memuary Device:

Configuration file: ||

{8l n25064-3.3v-5pi-x1_x2_xd

PRM file: EI
1
State of non-config mem IO pins: | Pull-none w
| A
Program Operations
! Address Range: Configuration File Only w
<+ Erase
| Blank Check
F | Program
|
| Verify
Verify Checksum
SVF Options
Create SVF Only (no program operations)
@ [omer | [[oom |
[ - - =
4 SpecifyFile v - - J ' =
Lookin: | 4/ impl_1 - ] ﬁ, = ks DX ‘3 ] i=
i cache Recent Directories
v EJ/SC_Vivado/led/led.runs/impl_1 ~
¥8teatn)
File Preview
File: led.bin
Directory: E:/SC_Vivado/led/ed.runs/impl_1
Created: Today at 13:45 PM
Accessed: Today at 13.45 PM
Modified: Today at 13:45 PM
Size: 2.1 MB
Type: Bitstream file
‘Owner: BUILTINVAdministrators
File pame: led.bin
Files of type: Configuration Files (.mcs, bin) v

IR FHL

www.e-elements.com
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15

Xilinx £xERE1EAkLE




L€ e-ELEMENTS FPGA EGO1 JF & 5246 5

1R E X H TR RIS R OK , SERX Flash programmingo

£ HEZHEBIRIRIT

—. EZRHEH

1. 2£>] Verilog HDL FEATE:;
2. IN[E VIVADO 355 R Verilog HDL 2 A2 ¥ i B 27

—. EBRAR

1. SCBUAFALLBETRE: G /0N, A, A,

=, KRER

1. f£PC ML ESERARN IS PR B, X4 R AT i
2. SERCNEL AESERAR EXSREFPREATIRALE

M. sERPE
1. Zwhdas sl
DA EsIE T RS, B DA ML e i s . el g A A

X I — A E N2 A e — MG ST MDD as, B AR H AN
VRIE I 2 A L B RERAE 5s DUSedmid e st e x 3 — A aa e i 21
FOR e b s AN ST AR &, E AR D R MG S
[l A Rk

BLULGmnt 28 9, A 4EE @ gmhh 28 11 Verilog HDL 18 5 F2 /7 it. @, 4%
RIS A I AT S I 2.1 PR, BAERWE 2.1 Pon. AR iz
P& i) TAE Ry JmAdaRent DA NS 5 HEAT mbdafdE, RS AP AL — 2k il
(L7 i PN RSP (AR S o S S

WITHRRHY 16 Xilinx &ERA1ELK A
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4-2£%
o b

Q0
Lo

Kl 2.1, D% 2k gmhd s it L BR 75
2.1, W2 gmitds i HAE R
D3 | D2 | D1 | DO | Q1 | QO
0 1 1 1 1 1
1 0 1 1 1 0
1 1 0 1 0 1
1 1 1 0 0 0

BHRRFEIRENT .
(1 FIHBH S, @ NHIH, @ TREAN expe2.

(2) #HE— Verilog HDL XX, FHHINTERES

module encoder4_2(q,d);

input([3:0]d;

output[1:0] ¢;

reg[1:0] q;

always@(d) begin

case(d)
4'b0111:
4'b1011:
4'b1101:
4'b1110:
default:

endcase

end

endmodul

e

g<=2'b11;
g<=2'b10;
g<=2'b01;
g<=2'b00;
q<=2'bzz;

a. MR AT IR A T 9 %
b. X H AT IR

CE B3 B v 2 IR S IR 45 R 70D

c. SrECEE
d. T#.
2. R ERRISEE

B LA IR T, 38 AR P 2H k) AR P BB /N SR AT H A, BT

IR FHL

www.e-elements.com
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a>b. a=b H{a<b, X=MEHA FMENH. B HEEAT S 2.2,

KRR 18 Xilinx £xERE1EAkLE
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A AGTB
B t

ax] g [
RST [ [ALIB

K 2.2, ELass R AT 5

BE IV AL B: BN TAMES; CLK: WHEPRkeHI N RST: JERTEH.

AGTB : 4 A>B i, HAEN 1, BN o;
AEQB : 34 A=B I, HAH N 1, B[N 0;
ALTB: 4 A<B i, HAHEN 1, HBNA 0.

HRMEL AL R BEASA5 (0 SE DL, X EABER . ERTE 4 e EEN

comp.

BEFNT :
module comp(CLK,RST,A,B,AGTB,ALTB,AEQB);
input CLK,RST;
input[1:0] A,B;
output AGTB,ALTB,AEQB; reg
AGTB,ALTB,AEQB;
always @(posedge CLK or negedge RST)
begin
if(IRST)
begin
AGTB<=0;
AEQB<=0;
ALTB<=0;
en
delse
begin
if(A>B)
begin
AGTB<=1;
AEQB<=0;
ALTB<=0;
end
else if(A==B)
begin
AGTB<=0;
AEQB<=1;
ALTB<=0;

KRR 19
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en
delse
begin
AGTB<=0;
AEQB<=0;
ALTB<=1;
en
d end
end
endmodul

3. A nEsn s
A hngs s R B B vk gs . — A ngs B IR AT S 2.3 fr
N, BEAERIME 2.2 Fis.

A
B | 4 BCDout
i Cout
Cin__| i

K] 2.3, &S ElAs &£
2.2, —IEhnssEER

EVIEZZ PN EyIE= i
A B Cin BCDout Cout
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

BARREDBRAT ——4 . XRNG H— A .
RZFAE

module ful_adder(cout,sum,a,b,cin);
input a,b;
input cin;
output sum;
output cout;
reg sum;
reg cout;
always @(aor b orcin)
WITHRRHY 20 Xilinx &ERA1ELK A
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{cout,sum}=a+b+cin;
end
endmodule
f. SERER
1. Zmhoss
EIHECI N £
TR A I 44 SE R I Al
DO N4 B IR swi
D1 M4 KRBT SW2
D2 R2 B sw3
D3 P2 sk swa
Qo K2 LED O
Q1 2 LED 1
SEEGEE R R K
sk L TIPAR S EhI R L TIPAR S L TIPAR S L TIPA S
1 1 1 ik 1 ik 1 1
0 1 1 1 = =
1 0 1 1 i3 =
1 1 0 1 = i3
1 1 1 0 i i3
EIE IR R
I adesk=1: B SE bR i B
CLK P17 4 Jy B A
A (D N4 B swi
A (0 M4 RENTFR SW2
B (1) R2 ¥ oC sw3
B (0) P2 B ITK swa
RST P15 258 BTNC
AGTB K2 LED O
AEQB 12 LED 1
ALTB 3 LED 2
TR 22 Xilinx ERAAEK AL
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SEIGEE R N K
TR K1 ek 1~4 B LED D1 LED D2 LED D3
% F X i i i
FFR[1-2] > FF5%[3-4] = i %
AT FFK[1-2] = FF5[3-4] i3 = i3
FFR[1-2] < FF5%[3-4] i3 % =
3. Ang
EIHECI £
e adask=1 B SE R/ I i i
A N4 B swi
B M4 KRBT R SW2
CIN R2 B sw3
SUM K2 LED O
couT 12 LED 1
SLIRSERAT -

X B 5E 2 3k sum=A+B+Cin. B4k, Cout NiEfr#H AL, iE5i%
M bdRia, BHORIGSLIE: RESIER.

AH UL B«
(1D ARSZIGHEEEHR T LED AT IEMANGERRH, %N & U,
LED =;

@ RENF AR AR AR S a1

WITHRRHY 23 Xilinx &ERA1ELK A
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SPIA — . S £ M3

LI = - NFREEERIRIT

—. SZRBEK

1. FRAAEfR 2R AN BES INE Sy, IR IR LLN] Fr 234411 Verilog HDL 15 5 27 1%
TRk

. LBRNE

1. fibk#s (DA
2. THEEs GEBE. D

1]

 SERER

1. {E VIVADO M55 Nt AT 7 K
2. SERCRER, ESZISAR EXHFRRSEATIOAE, DA EEIN A IR ST AT M8 .

M. sERPER

1. D fil kAL

TEF MR IR TR, MEFENMAGESETERZEMEEEZH,
ZH TN X F SR A ROk . tl, TEEH A IR REA
WRRTT, BRAEE— S SRR BT AR ol 25 . HHE F s A AT X
A7 A E, 7TRLH AR 79 D flkds. IK R #s. T k#8555, ©
BN TR D Bk ds, AR A 81 A R0 [R] 27 H S

FER L, D filUR 2% d M TRT B d ) — B R AR I R 12 4 e
B, B MR T IR RGN . RARR AR L3R FEARK) D Al A
[FIPEALH) D ik ds: P EAM D filk#; FEEAM/EZAM D ikt =
BN/ D il kA
NN EEA D il S BAR TR, N5 A H R ERIE P IR,
(1) FARK D il ks

WITHRRHY 24 Xilinx &ERA1ELK A
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TEHCZ R, — RN ETHE D il R #8185 I /5 WK 3.1 B,
HIhmeRWE 3.1 Fion.

AR NI A S MINRERAMETR 1, —MERN D AR 0 LAF R
e HEEE S I ETHEBRI, WA E D B RAL S L H Q R
o H Q. R, frdiam i Q A 0 Q BR TS AN,  HAdRR T A I
4.

3.1, DA SR ThiE R
d D cp Q Q
— 1D Q —— X 0 (i {4
clk PO qb X 1 (% {4k
0 | N fﬂ I| 0 1
a1 . HEERS 1 It I 0

g R AR R
a. MMEST, EX—-DHIH, TREXN expe3.

b. Hr&E—" Verilog HDL 34, FEHi ANVRFER

module async_rddf(clk, d,q,qb);

input clk, d;

output q,9b;

reg a,9b;

always @(posedge clk) begin
q<=d;
gb<=~d;

end

endmodul

e
. ONPVERE P AT VR A B R O
d. BHATH P05 E

fESimulation Source Ay, ESH AR iy Add Source,  FEFHI XS
THHET % Add or create simulaton sources, 1 3.2 fli7x:

KRR 25 Xilinx £xERE1EAkLE
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Flow Navigator
¥ PROJECT MANAGER
ﬂ Settings
Add Sources
Language Templates

ZF |p Catalog

¥ IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Dasign

~ SIMULATION

Run Simulation

4 Add Sources

¥/ PROJECT MANAGER - expe3
Sources ? 00X
Q = £ + B 0 &

~ [ Design Sources (1)
@8 async_rddf (expedy)
> Constraints
~  Simulation Soul""‘" o
~ sim_1(2)
v @a test (] Hierarchy Update 3
7 exp (& Refresh Hierarchy

@ async_| IP Hierarchy »

Edit Constraints Sets

Hierarchy  Librarie

Edit Simulation Sets -
SMiE FReiP fopetind = Add Sources... Alt+A b
]

VIVADO!

HLx Editions

Add Sources

This guides you through the process of adding and creating sources for your project

Add or create constraints
Add or create design sources

) Add of create simulation sources

& XILINX

ALL PROGRAMMABLE.

| ®

ASEMREHEHDLII B0E HOLHMER SFEIERITHE 5 - TEidE F R —FavEsr, SRS

P

¢ Create Source File

project.

@

Create a new source file and add it to your

Eile type: w8 Verilog w
File name: tesﬂ
File location: | & =Local to Project= w

MR

Cancel

3.2 B (7 AT

26 Xilinx Bk & 1E K FE
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SIS, WA EREFIT
module test;
//
Inputs
reg clk;
reg d;
//
Outputs
wire q;
wire gb;
// Instantiate the Unit Under Test (UUT)
async_rddf uut (
.clk(clk),
.d(d),
-a(a),
.ab(gb)
);
initial begin
// Initialize Inputs
clk=0;
d=0;
// Wait 100 ns for global reset to
finish #100;
// Add stimulus here
end
always #20 clk="clk;
always #30 d="d;

endmodule

N SER G A A2 M Run Simulation 3E4T15 B

Flow Navigator C2 e A PROJECT MANAGER - expe3
¥ PROJECT MANAGER
Sources ?_00CX
& Settings
a = & + B o

Add Sources
v Design Sources (1)
Language Templates @2 async_rddf (expe3 )
TF P Catalog > Constraints

~ [ Simulation Sources (2)

¥ IP INTEGRATOR ~ sim_1(2)

Create Block Design ~ @& test(testy) (1)

o Bl D % jexpe3 :xil_defaultiib.expe3
Open Block Design

@ async_rddf (exped.v)
Generate Block Design

Hierarchy = Libraries Compile Order

~ SIMULATION

Run Simulation

Source File Properties ?2_00 X
@ testy - o
¥ RTL ANALYSIS
~
> Open Elaborated Design ~/ Enabled

HInEHERHL 27 Xilinx ERAE LR
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i B & R anE s .
e. HCEM;
f. T#.

Untitied 1
Q W @ @ &+ 4 T o

I
»

Name Value

(2) [FPELIK D filk#s

FERCT RS, R IR AT [R5 AL i 10 _ETHAT D AU & 112 4
HLERAT 5 U018 3.3 Fros, ERZIAERINER 3.2 Prox. AR, RAAENMES
K ETHIE BRI F H A A2 il 1 15 S5 A R0, DA S A4 BT R ArRAE,  BIRE
fthm O Q RMEEOVIZHE 0, Mt 0 Q MEENZE 1.

#3272 DR IERThEERE

R D CP 0 Q
d 0 X - FHH ] I
ID Q - | X 0 L35 4
reset P 5 L 1 X i {4 L
R ! o | b | o |
3.3 D b 4 s 77 5 ! 1| bt : 0
VEREFPINE
module
sync_rddf(clk,reset,d,q,qb);
input clk,reset,d;
output q,qgb;
reg q,qb;
always @(posedge clk) begin
if(!reset) begin
q<=0;
gb<=1;
WICEREHE 28 Xilinx 4=EREAEIK A
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end

else begin

KRR 29 Xilinx £xERE1EAkLE
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q<=d;
gb<="d;
en
dend

endmodule
iRE R T

Q W @ a X « M T &

Untitled 2

(UESEEE SRR
BELE T reset Jymiit, [FEEAL D MRS SIEA D il S Prsc B DI fE
—

(3) FIELIHKID ik e

HOL A b BALE KR DR _ETHE D 8% IIE AR F AT S WA 3.4
FiR, ERITIRERWR 3.3 frs. AR, RERAEHRORES A% D il
KA SLRIHEAT A B E . AT, X B AL R SIS 5 R

#1312, DEREMIEER
R D cp Q Q
d 0 hi i 0 1
b oI+ -
ck | . | X 0 2 53 28
— (CP — gb o
resel E— I X | I‘H'IJ § + I
LR :
| 0 i 0 1
3.3, D KRBT ! ! LIk ! ¢
EYEIS Il
module async_rddf(clk,reset,d,q,qb);
input clk,reset,d;
RITE R 30 Xilinx &ERA1ELK A
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output q,qgb;
reg q,qb;
always @(posedge clk or negedge reset)
begin if(!reset) begin
q<=0;
gb<=1;
end
else begin
q<=d;
gb<="~d;
en
d end

endmodule

(UESEEE I

Q W @ @ X « I T L]

RS SULIE

MR AL D il ka5 7B E AL D il ks Bas R, HIXHE& RS
HH): IRAE BT A S HIAEIR, R EAL D K& reset (5509 0 I,
155 q BIREN, AR BHME SRR,
(4)  [FIDEL/ZLIH D filk 4

[F I A A B A R A S A 6w ) D Ak Ss 2 AN, FEEW
BA RSP R XRFAIS MRS EL/EALK D il & KIEFR A A
HER, HEERECANHPNEE QLI P BN/ RO D fil k4t

A [ A0 B/ A ) BT D Al @ B B AT 5t 3.5 T,
ERIRER WK 3.4 s, AMEFR L, REAENE S ETHERERIF H R
K/ AL D HE S AR, D k4 T AT B AL B B AL

WICEREHE 31 Xilinx ERAAEK AL
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set %34, Dk BN
s —
d D 0 q 5 R D Cl 0 0
Ik h ] 1 X A 51 | 0
Cclk . = 4 T
P Q— | 0 X LT 0 |
R [ | X 0 fi EEE
resel —J1 I 1 i [ i i I
M35, HEFTS ' ! ! b7 ! 0
WIREFWT:

module sync_rsddf(clk,reset,set,d,q,qb);
input clk,reset,set;
input d;
output g,qb;
reg q,qb;
always @(posedge clk) begin
if(!set && reset) begin

q<=1;
gb<=0;
end

else if(set && !reset) begin
q<=0;
gb<=1;

end

else begin
q<=d;
gb<=~d;

en

dend

endmodule
SR

Untitled 1

Q B @ @ X o T

Name

WICERHL 32
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2. THELER S
(D & 4ss

MBS EN R, BRI KIS S ok v ETHERS, TR R
B 1. LLEI 3.6 J9fl, ‘72 2bits itEds, PR 8 (B Qlao 4R
WIkZ0, 1, 2, 3, 0, 1., JAMEL.
1EH 3.6 ML EIEL, FEEE T LME R
i AP bit THEES, ERTRETEEVE R 073 (22-1) o [FEE, n bits AL
EPTRETHEUTE FELZ 0~2n -1,
i. 235l Q0. Q1 3 BIREIE AR R Bk 5 S ok 19 1/2. 1/4, TREIZH
ISk 5 51 clk SRR 20 Bk 40 G 3.6 SUH AR 4 THEE .
iii. B EBHBHET TR, nobits THEER RTINS 5 2 2R 2n 14

CP > I

il 0 I 2 | 3 | 0
Kl 3.6+ M HEES BIAE ST
BT T

module addcounter(clk,Q) ;
input clk ;

output[3:0]1 Q;

reg(3 :0] Q = 4'b0000;
always @(posedge clk)begin
Q<=Q+1;

end

endmodul

e
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iR RWT:

Q W @ a M o« I T &

(2) ik Has

WAL TR 0T 807 U2k 15, 14..0, BRORAGRFIINTETH A 14 AR 77 1A
A, Hesgae —#EN, B, EiEiT8ERn Verilog HDL i 5 ik, RAHE
R R ImE T R PP R VR B LB AT FEBEA 200,
B, ERESR
I I S AR A SR A AR R DUB IS IR LED AT -BBERAR RS
g R, ISR UEREAFFRE 5 IR mtE. P T — e PRE 15 5 A A,

P/ EAFB e e, WfE 5 R A NS REAT ¥ RiiE .

1.D fil#%
(1) HEARD ik ds
BB R
R E A SRR L]

d B16 ¥ J& Hexp_io[0]
clk P17 42 Jr B
q Al3 P& Nexp_io[2]
gb Al5 ¥ J& Hexp_io[1]

B 1IN BRI RO BDER), HEE MR DLE Qi XBEXFLHER
N T E5ETRAESNRBEAIERTTE. K55 R EREE B18, HFonas i
TE R 51 3 #E 2] F13 M1 B3, oy Nt B EAT WSS, LA

WICERHL 34 Xilinx EERAAELHE
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(2) [FB/[FEPEALL D filk s

BB R
T o 44 SRR A Ui B
D B16 " J& Cexp_io[0]
Clk P17 4= Ry B
RESET N4 RBNTFR SW1
Q B17 ¥ J& Hexp_io[16]
QB Al5 P J& Cexp_io[1]

P55 KA TR B18, KRk as P diE R 5| 483 F13 Al B13. X
W NFHE TS, .
(3) [FBEA/EAR D ks

B R R 2R
Ty o 44 SR Wi W]
D B16 ¥ J# Cexp_io[0]
Clk P17 4 i
RESET N4 PRBNTFR SW1
Q B17 ¥ & Cexp_io[16]
QB Al5 & Hexp_io[1]
SET Al6 ¥ J& Hexp_io[17]

s 5 kAR R B18, W ik 2R W EIE A5 43 ml %) F13 Al B13. X
ENSHBOEBH TSR, HER

(4) s
B EC AR R
&7 4 SR i B
Clk P17 4 Jey s
Qo B16 ¥ & Hexp_io[0]
Ql B17 I J& Mexp_io[16]
Q2 A15 ¥ FE Hexp_io[1]
Q3 Al6 ¥R Hexp_io[17]

— RS R AN EIE, P E RN TAME SRR, BT
WIRHAE: B i A PR 1 52 %3 B8 AT B2, MEX QO 22
clk BI04 SR FLLQo NZME, WEMEE Q1. Q2. Q3 5 Q0 HBSE.
PR
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SEXR Y - KA

—. LKA
1 XA BRAREHLFSMBAIE 1 -

. KBRNE

1. Gray Zmfi Al One-hot i P FIIR S AL
2. fil R ARy A G B 5 4 456 5 43 MRS L

=, SEREXR

1 R RS A RIZ 2L, 78 VIVADO R8T~ ZEAT I 2 15 55
2 FEELIGH, MR,

M. sERPER

A BRARS LA 1 2577 25 AN AL S B B sl i A I P g, FORES (R &
FAAR2AIN 1 A0 LA IRZS BT A i) A BRANIRES ) AT ReE A — I b Bh AR v i 1
DU A BEN—ARES e 0 5 —DIRES, e M —IRZSIE 2 B AR RS AME I
RFHANE, BT LR ERES . CXEEREKE Mealy B FRARA
Bl TIER Moore BYAT FROARZSHL 7T 76 54 1) W— IR A H LR T HEDIRAE . D

K41, =R E G0 bS pr SEBL RS B
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(#4111 KH Gray 4IRS
VEVEIaE
module ztj(clock,reset,a,g,f
);
input a,reset,clock;
output g,f;
reg gf;
reg[1:0] state;
parameter start=2'b00,
stop =2'b01,
clear=2'b10,
idle =2'b11;
always@(posedge clock)
begin
if(reset)
begin
state<=idle;
f<=0; g<=0;
end
else
begin
case(state)
start:if(!a)
state<=stop;
else
state<=start;
stop :if(a)
begin
state<=clear;
f<=1,;
end
els
€  state<=stop;
clear:if(!a)
begin
state<=idle;
f<=0; g<=1;

end

else state<=clear;
idle :if(a)
begin
RICHEFBHL
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state<=start;
g<=0;
end

els

€  state<=idle;

endcas
en ©
end @

endmodule

[%12] K One-hot Zwf IR ASHL
VEFE
module fsm (Clock, Reset, A, F, G);
input Clock, Reset, A; output F,G;
reg F,G;
reg [3:0] state ;
parameter Idle = 4'b1000,
Start = 4'b0100,
Stop =4'b0010,
Clear =4'b0001;
always @(posedge Clock)
begin
if (!Reset)
begin
state <= Idle; F<=0; G<=0;
end
else
begin
case (state)
Idle: begin
if (A) begin
state <= Start;
G<=0;
end
else state <= Idle;
end
Start: begin
if (IA) state <= Stop;
else state <= Start;
end
Stop: begin
if (A) begin
WICERFHE 38
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state <= Clear;
F<=1;

HInEFHL 39 Xilinx ERAE LR
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end
else state <= Stop;
end
Clear: begin
if (1A) begin
state <=lIdle;
F<=0; G<=1;
end
else state <= Clear;
end
default: state <=Idle;
endcase
en
d end

endmodule

Bil1 WK Gray 4w, {512 "R/ One-hot Zafifh. Tt 3K FHME—Fhémid i
L BAREITE. T H FPGA SKBLIA BRI BCK A One-hot 1, IAE
R One-hot Wi H T PN AR 2%, HETHAGHERAIE N2, s
PREE AP SEM A R, SRR TBOF RN, R T One-hot 4ihd )5
A7 ZRRE, A A BERRES, JNILE CASE EA) IR 5 7 28N
default 793300, PABTR 2 RARZSREI 2 1dle IRA

(41 3] H ARG S BIRKAT
JEAE P
module led(clk,data,sw);
input clk,sw; output[3:0]
data;
reg clkls;
parameter max=5000000;
reg[1:0] state=2'b00;
reg[30:0] n;
reg[3:0] data;
always @(posedge clk)begin
if(n==max)begin
if('clk1s)clkls<=1'b1;
else clk1s<=1'b0;
n<=0;
end
else n<=n+1;

WITHRRHY 40 Xilinx &ERA1ELK A
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always @(posedge clkls)begin
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case(state)
2'b00:begi
n
state<=2'b01;
if(sw)begin
data<=4'b1000;
end
else begin
data<=4'b0111;
en
dend
2'b01:begin
state<=2'b10;
if(sw)begin
data<=4'b0100;
end
else begin
data<=4'b1011;
en
dend
2'b10:begin
state<=2'b11;
if(sw)begin
data<=4'b0010;
end
else begin
data<=4'b1101;
en
dend
2'b11:begin
state<=2'b00;
if(sw)begin
data<=4'b0001;
end
else begin
data<=4'b1110;
end
end
endcas
e
end
endmodul

IR FHL
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A ;- HREER

—. SZRHEK
1 XJVerilog HDL [BEERAIZTHMWIZE T i
N b T R = R 5 W s 0

1 SRR SCAR R Y Al

=, ZREXR
1. AR PR SE T AR IR AR EBRAL T

M. sERPIR
LA AR
%Iﬂji}?ﬁ:

module mux1(a,b,c);
input a,b;

output c;

assign c=a&b;
endmodule
PP

module mux2(b,c,d);
input b,c;

output d;

assign d=c&b;
endmodule

R =
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module mux3(d,c,e);

input d,c;

output €;

assign e=c&d;

endmodule

DA b =AM P 2 e o] B AR P, R FRA T3 0 21 ) 7
TR FEER: (TR

module mux_top(a,b,e);

input a,b;

output e;

wire b;

wire c;

wire d;

[T AR Hrb muxd A TREERETR, mux_one AFETIZ S H1 5] IR 4
o

mux1 mux_one (.a(a),.b(b),.c(c));

//

mux2 mux_two (.b(b),.c(c),.d(d));

//
mux3 mux_three (.d(d),.c(c),.e(e));

endmodule

YA IS5 R

17857 T

2.3 709 5 R HURT R AR

3. BB AZBON TR ChHliseED
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expel - [B/SC_Vivado/list_Vivado/lab5/pro) exped,/exped xpr] - Vivado .

File  Edit Flow Tools Window  Layout View  Help Q- Quick Access

= + El Xr b & X b3
] r]
Flow Navigator o e A PROJECT MANAGER - expe5
~ PROJECT MANAGER
Sources 2 _ 00 % Project Summan
o Settings
Q = £ + : & ) _
Add Sources Settings  Edit

w Design Sources (1)

Language Templates Project name:

~ @8 mux_top (mux_top.v) (3}

¥ |p Catalog @& mux_one: mux Source Node Properties... Ctri+E

@ mui_two:mux2 (| @ OpenFile Alt+0

¥ IPINTEGRATOR W mux_three © mux3 Replace File
Create Block Design 4 Constraints
_ 3 Simulation Sources (1)
Open Block Design
Generate Block Design ¥ Remove File from Project... Delete
Hierarchy  Libraries Com
v SIMULATION Disable File Al S

Run Simulation Move to Simulation Sources

Source File Properties

W mux_topwv
¥ RTL ANALYSIS

Hierarchy Uipdate 3
» Open Elaborated Design /| Enabled C  Refresh Hierarchy
Laocation: EJSC_Vivad IP Hierarchy 3
v SYNTHESIS u
Type: Verilog ma SetasTop

P Run Synthesis
Set Global Include

» Open Synthesized Design Library: xil_defaultlib_

~ IMPLEMEMTATION General | Properties

Set Library... Alt+L
P Run Implementation
SetFile Type...
» OpenImplemented Design Tcl Console Messages L4
SetUsedln...
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¥ PROGRAM AMD DEBUG _ Edit Constraints Sets..
Mame Constraints
M . Edit Simulation Sets...
¥ Generate Bitstream v o synth_1 constrs_1
» Open Hardware Manager Limpl_1  constrs_1 4+ Add Sources... Alt+A,
> \X N
4.4 P
5.RTL FLIAL;
mux_three
mux_two |§| e OBUF _inst

mux_one £ = |[|> 2 (e
b d d

OBUF

a D a c c mux3

b[ > b mux2

mux1
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iy a b c d e f g dp(h)
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2. EhASHDE R
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K5.2f7 .
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BB E Son i R B ARl A, IR E RSN
SRJE — BURHE)Je el N —Aris to N, 4SBT IR AR U8 I3 AR B
R, S5REHEEI T, X BN O Ad, T AR
B & B R AIELS R T .

T ERTRKEH

1. HhE SRt 373 .
(1) B S e p b
(2)  BE Bt
(3) Tk
® HUE B R BIUAD
/1S ip #%
module smg_ip_model(clk,data,sm_wei,sm_duan);
input clk;
input [15:0] data;
output [3:0] sm_wei;
output [7:0] sm_duan;
/1
117350
integer clk_cnt;
reg clk_400Hz;
always @(posedge clk)
if(clk_cnt==32'd100000)
begin clk_cnt <= 1'b0; clk_400Hz <= ~clk_400Hz;end
else
clk_cnt<=clk_cnt + 1'b1;
/1
/1B
reg [3:0]wei_ctrl=4'b1110;
always @(posedge clk_400Hz)
wei_ctrl <= {wei_ctrl[2:0],wei_ctrl[3]};
E skt
reg [3:0]duan_ctrl;

always @(wei_ctrl)
case(wei_ctrl)
4'b1110:duan_ctrl=data[3:0];
4'b1101:duan_ctrl=data[7:4];
4'b1011:duan_ctrl=data[11:8];

WITHRRHY 50 Xilinx &ERA1ELK A
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4'b0111:duan_ctrl=data[15:12];
default:duan_ctrl=4'hf;
endcase

/]
[/ RS
reg [7:0]duan;

always @(duan_ctrl)
case(duan_ctrl)
4'h0:duan=8'b0011_1111;//0
4'h1:duan=8'b0000_0110;//1
4'h2:duan=8'b0101_1011;//2
4'h3:duan=8'b0100_1111;//3
4'h4:duan=8'b0110_0110;//4
4'h5:duan=8'b0110_1101;//5
4'h6:duan=8'b0111_1101;//6
4'h7:duan=8'b0000_0111;//7
4'h8:duan=8'b0111_1111;//8
4'h9:duan=8'b0110_1111;//
9
4'ha:duan=8'b0111_0111;//
a
4'hb:duan=8'pb0111_1100;//
b
4'hc:duan=8'b0011_1001;//
c
4'hd:duan=8'pb0101_1110;//
d
4'he:duan=8'b0111_1000;//
e
4'hf:duan=8'b0111_0001;//

f

// 4'hf:duan=8'b1111_1111;// K.
7~default : duan =
8'b0011_1111;//0 endcase
/1

assign sm_wei =~wei_ctrl;

assign sm_duan = duan;
endmodule
® HUYE it ARk
/R EEE ip
module test(clk,data);
input clk;
WITHRRHY 51 Xilinx &ERA1ELK A
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output [15:0]data;
/]
/533 1Hz
reg clk_1Hz;

integer clk_1Hz_cnt;

always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)

begin clk_1Hz_cnt <= 1'b0; clk_1Hz <= ~clk_1Hz;end

else

TR 52 Xilinx 2EREVEAKAE
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clk_1Hz _cnt<=clk_1Hz cnt+ 1'b1;

//

/B2 7R 0-9

reg [39:0]disp=40'h1234567890;

reg [15:0]data;

always @(posedge clk_1Hz)

begin

disp <= {disp[35:0],disp[39:361};

data <= disp[39:24];

end
endmodul

e

® =R
/1 TEAE SR

module smg_ip(clk,sm_wei,sm_duan);

input clk;

output [3:0]sm_wei;

output [7:0]sm_duan;

/l

wire [15:0]data;

wire [3:0]sm_wei;

wire [7:0]sm_duan;

//

test UO (.clk(clk),.data(data));

smg_ip_model U1 (.clk(clk),.data(data),.sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule

2. B4 BN SLIG AORTLAL A .

ck[>—

clk

uo

Ny SERRER

- data[15:0]

clk

data[15:0]

test

smg_ip_model

U1 sm_duan(7:0]_OBUF _inst
2 : >sm_duan[7:0]
OBUF
sm_wei[3:0]_OBUF _inst
2 [ sm_weil3:0]

OBUF

VKIRF S, WREE ARSI CERARL FRTR), AR FRGT

AR O

IR FHL
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set_property PACKAGE_PIN P17 [get_ports clk] set_property
PACKAGE_PIN G2 [get_ports {sm_wei[0]}] set_property
PACKAGE_PIN C2 [get_ports {sm_wei[1]}] set_property
PACKAGE_PIN C1 [get_ports {sm_wei[2]}] set_property
PACKAGE_PIN H1 [get_ports {sm_wei[3]}] set_property
PACKAGE_PIN B4 [get_ports {sm_duan[0]}] set_property
PACKAGE_PIN A4 [get_ports {sm_duan[1]}] set_property
PACKAGE_PIN A3 [get_ports {sm_duan[2]}] set_property
PACKAGE_PIN B1 [get_ports {sm_duan[3]}] set_property
PACKAGE_PIN Al [get_ports {sm_duan[4]}] set_property
PACKAGE_PIN B3 [get_ports {sm_duan[5]}] set_property
PACKAGE_PIN B2 [get_ports {sm_duan[6]}] set_property
PACKAGE_PIN D5[get_ports {sm_duan[7]}]

set_property IOSTANDARD LVCMOS33 [get_ports clk] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[2]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[3]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[2]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[3]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[4]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[5]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[6]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[7]}]

2R T EREDT AR E, EHE RSB EE L. RAREE DI e &
PRESy, e
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U1

+
clk sm duan|7:0|

data|15:0| sm wei|3:0|

smg_Iip_model

K 7.0 KRS B AR RTL
2. FREFEH case 184), RYEALE Stage MMEME URTIRG, IMUPIT (FEFF
hREAN N ):
Stage=2'b00 UEFFALTT MG
Stage=2'b01 UFEAR VU7 A1 45/ 5%
Stage=2"b10 1R FE LT M SR XT 55 21 XT HATR] R 34T =
Stage=2'b11 A AR PU 77 [ S kT L 21K T AR ) B AT a2
KT 524 B [E] 2 208
AT LT B[R] 1085
FREFMT:

module test(clk,data,out_LED3_NS,out_LED3_WE);
input clk;

output [15:0]data;

output [2:0] out_LED3_NS,out_LED3_WE;

/539 1Hz

reg clk_1Hz;

integer clk_1Hz_cnt;

always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)

begin clk_1Hz_cnt <= 1'b0; clk_1Hz <= ~clk_1Hz;end
else

clk_1Hz cnt<=clk_1Hz_cnt+ 1'b1;

/1
[/EH 5K 0-9
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reg [15:0]data;
reg[2:0] out_LED3_NS,out_LED3_WE;
reg[3:0] Time_10=2'd2,Time_1=2'd0;
reg[1:0] Stage=2'b00;
always @(posedge clk_1Hz)
begin
case(Stage)
2'b00:
begin//NS pass
if((Time_10==0) & (Time_1==0)) begin
Stage<=2'b11;
Time_10<=4'd1;
Time_1 <=4'd0;
end
else
begin
if(Time_1==0)
begin
Time_1<=4'd9;
Time_10<=Time_10-1;
end
else
begin
Time_1<=Time_1-1;
end
end
data[15:8]<={Time_10,Time_1};
data[7:0]<={Time_10,Time_1};
out_LED3_NS<=3'b001;
out_LED3_WE<=3'b100;
end
2'b01:
begin//WE pass
if((Time_10==0) & (Time_1==0)) begin
Stage<=2'b10;
Time_10<=4'd1;
Time_1 <=4'd0;
end
els
begin
if(Time_1==0)
begin
WICERFHE 58
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Time_1<=4'd9;
Time_10<=Time_10-1;
end
else
begin
Time_1<=Time_1-1;
end €nd
data[15:8]<={Time_10,Time_1};
data[7:0]<={Time_10,Time_1};
out_LED3_WE<=3'b001;
out_LED3_NS<=3'b100;
end
2'b10:
begin//Yellow to NS pass
if((Time_10==0) & (Time_1==0))
begin
Stage<=2'b00;
Time_10<=4'd2;
Time_1<=4'd0;
end
els
begin
if(Time_1==0)
begin
Time_1<=4'd9;
Time_10<=Time_10-1;
end
else
begin
Time_1<=Time_1-1;
end
end
data[15:8]<={Time_10,Time_1};
data[7:0]<={Time_10,Time_1};
out_LED3_NS<=3'b010;
out_LED3_WE<=3'b010;
end
2'b11:
begin//Yellow to WE pass
if((Time_10==0) & (Time_1==0))
begin
Stage<=2'b01;
WITHRRHY 59 Xilinx &ERA1ELK A
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Time_10<=4'd2;
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Time_1 <=4'd0;
end
els
€ begin
if(Time_1==0)
begin
Time_1<=4'd9;
Time_10<=Time_10-1;
end
else
begin
Time_1<=Time_1-1;
end
end
data[15:8]<={Time_10,Time_1};
data[7:0]<={Time_10,Time_1};
out_LED3_NS<=3'b010;
out_LED3_WE<=3'b010;
end
default:
begin
Stage<=2'b00;
Time_10<=4'd2;
Time_1<=4'd0;
end
endcase
end
endmodul

e

3. TEXFHanT:

module smg(clk,sm_wei,sm_duan,out_LED3_NS,out_LED3_WE);
input clk;

output [3:0]sm_wei;

output [7:0]sm_duan;

output [2:0] out_LED3_NS,out_LED3_WE;

/1
wire [15:0]data;

wire [3:0]sm_wei;

wire [7:0]sm_duan;
wire [2:0] out_LED3_NS,out_LED3_WE;

/1
test UO (.clk(clk),.data(data),.out_LED3_NS(out_LED3_NS),.out_LED3_WE(out_LED3_WE));
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smg_ip_model U1 (.clk(clk),.data(data),.sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule
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4, MARBETHET RTLAR

out_LED3_NS[2:0] OBUF_inst
IN~_ O

[ out_LED3_Ns[2:0]

OBUF

out_LED3_WE[2:0]_OBUF_inst
S~_20

k[ ck

[ out_LED3_WE[2:0]

test

U1 OBUF

sm_duan[7:0]_OBUF_inst
S~_0

: > sm_duan(7:0]

data[15:0]

OBUF
sm_wei[3:0]_OBUF_inst
(o]

smg_ip_model

: > sm_wei[3:0]

T, KRER

1. ARSI AR AT SE96 i BRI, B Rcan R
set_property PACKAGE_PIN P17 [get_ports clk] set_property
PACKAGE_PIN G2 [get_ports {sm_wei[0]}] set_property
PACKAGE_PIN C2 [get_ports {sm_wei[1]}] set_property
PACKAGE_PIN C1 [get_ports {sm_wei[2]}] set_property
PACKAGE_PIN H1 [get_ports {sm_wei[3]}] set_property
PACKAGE_PIN B4 [get_ports {sm_duan[0]}] set_property
PACKAGE_PIN A4 [get_ports {sm_duan[1]}] set_property
PACKAGE_PIN A3 [get_ports {sm_duan[2]}] set_property
PACKAGE_PIN B1 [get_ports {sm_duan[3]}] set_property
PACKAGE_PIN A1 [get_ports {sm_duan[4]}] set_property
PACKAGE_PIN B3 [get_ports {sm_duan[5]}] set_property
PACKAGE_PIN B2 [get_ports {sm_duan[6]}] set_property
PACKAGE_PIN D5 [get_ports {sm_duan([7]}]

set_property PACKAGE_PIN K2 [get_ports {out_LED3_NS[2]}]
set_property PACKAGE_PIN J2 [get_ports {out_LED3_NS[1]}]
set_property PACKAGE_PIN J3 [get_ports {out_LED3_NS[0]}]
set_property PACKAGE_PIN H4 [get_ports {out_LED3_WE[2]}]
set_property PACKAGE_PIN J4 [get_ports {out_LED3_WE[1]}]
set_property PACKAGE_PIN G3 [get_ports{out_LED3_WE[O]}]
set_property IOSTANDARD LVCMOS33 [get_ports clk] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[2]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_wei[3]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports {sm_duan[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports{sm_duan[2]}]
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set_property IOSTANDARD LVCMOS33 [get_ports {sm_duan[3]}]
set_property IOSTANDARD LVCMOS33 [get_ports {sm_duan[4]}]
set_property IOSTANDARD LVCMOS33 [get_ports {sm_duan[5]}]
set_property IOSTANDARD LVCMOS33 [get_ports {sm_duan[6]}]
set_property IOSTANDARD LVCMOS33 [get_ports {sm_duan[7]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_NS[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_NS[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_NS[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_WE[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_WE[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {out_LED3_WE[0]}]

2.

.

-

SeRir FH, TNEFER R FPGA & .
3. MIEEsLIngE L,
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module time_counter(clk,key1,rst,data);

input clk;

input key1;

input rst;

output [15:0] data;

reg [15:0] data;

reg clk_1Hz;

integer clk_1Hz_cnt;
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always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)
begin clk_1Hz_cnt <= 1'b0;
clk_1Hz <= ~clk_1Hz;

end

else

clk_1Hz cnt<=clk_1Hz_cnt+ 1'b1;

reg[3:0] time_1=0,time_10=0,time_100=0,time_1000=0;
always@(posedge clk_1Hz)
begin
if(rst) begin
time_1<=0;
time_10<=0;
time_100<=0;
time_1000<=0;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
els
€ begin
if(keyl==0)
begin
if(time_1 < 4'b1001)
begin
time_1 <=time_1+1'b1;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else if(time_10 < 4'b1001)
begin
time_10 <=time_10+1'b1;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else if(time_100 < 4'b1001)
begin
time_100 <= time_100+1'b1;
time_10 <= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else if(time_1000 < 4'b1001)
begin
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time_100 <= 4'b0000;
time_10 <= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
els
begin
time_1000 <= 4'b0000;
time_100 <= 4'b0000;
time_10 <= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else end
begin
time_1000 <= time_1000;
time_100 <=time_100;
time_10 <=time_10;
time_1 <=time_];
data[15:0] <={time_1000,time_100,time_10,time_1};
end
en
end d
endmodule
® JiiEHk
module mb(clk,keyl,rst,sm_wei,sm_duan);
input clk;
input key1;
input rst;
output [3:0]sm_wei;
output [7:0]sm_duan;
//
wire [15:0]data;

wire [3:0]sm_wei;

wire [7:0]sm_duan;

//
time_counter UO (.clk(clk),.rst(rst),.keyl(key1),.data(data));

smg_ip_model U1 (.clk(clk),.data(data),.sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule

v SRR RTLARE AR
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U1 sm_duan([7:0]_OBUF _inst
2 : > sm_duan([7:0]

sm_wei[3:0]_OBUF _inst

e D sm_wei[3:0]

smg_ip_model

time_counter

T SERRER

1. KERFEL, sl Eaicm gl CERZE SR, RE R EE

B
set_property PACKAGE_PIN P17 [get_ports clk]
set_property PACKAGE_PIN R11 [get_ports keyl] set_property
PACKAGE_PIN P15 [get_ports rst] set_property PACKAGE_PIN G2
[get_ports {sm_wei[0]}] set_property PACKAGE_PIN C2
[get_ports {sm_wei[1]}] set_property PACKAGE_PIN C1
[get_ports {sm_wei[2]}] set_property PACKAGE_PIN H1
[get_ports {sm_wei[3]}] set_property PACKAGE_PIN B4
[get_ports {sm_duan[0]}] set_property PACKAGE_PIN A4
[get_ports {sm_duan[1]}] set_property PACKAGE_PIN A3
[get_ports {sm_duan[2]}] set_property PACKAGE_PIN B1
[get_ports {sm_duan[3]}] set_property PACKAGE_PIN Al
[get_ports {sm_duan[4]}] set_property PACKAGE_PIN B3
[get_ports {sm_duan[5]}] set_property PACKAGE_PIN B2
[get_ports {sm_duan[6]}] set_property PACKAGE_PIN D5
[get_ports {sm_duan[7]}]
set_property IOSTANDARD LVCMOS33 [get_ports clk] set_property
IOSTANDARD LVCMOS33 [get_ports keyl] set_property IOSTANDARD
LVCMOS33 [get_ports rst] set_property IOSTANDARD LVCMOS33
[get_ports {sm_wei[0]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_wei[1]}] set_property IOSTANDARD LVCMOQS33
[get_ports {sm_wei[2]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_wei[3]}] set_property IOSTANDARD LVCMOQS33
[get_ports {sm_duan[0]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[1]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[2]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[3]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[4]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[5]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan[6]}] set_property IOSTANDARD LVCMOS33
[get_ports {sm_duan([7]}]
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e S (Hz) CES $i# (Hz) S i (Hz)
k¥ 1 261.6 L 523. 3 Hrl 1046.5
k¥ 2 293.7 2 587.3 e 2 1174.7
fik¥ 3 329.6 $¥E 3 659. 3 3 1318.5
ik 4 349.2 4 698.5 Ea 4 1396.9
k¥ 5 392 HE 5 784 D 1568

k&6 440 hiE e 880 H 6 1760

k& 7 493.9 HET 987. 8 B T 1975.5

WITHRRHY 71 Xilinx &ERA1ELK A

www.e-elements.com



< e-eLEMENTS FPGA EGO1 JF R 9 5th 3 15
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module song(clk,reset,speaker);
input clk;

input reset;

output speaker;

//output[3:0] high,med,low;
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reg[3:0] high,med,low;
reg[13:0] divider,origin;
reg[7:0] counter;

reg[2:0] cnt;

reg[23:0] cntl;

reg speaker;

wire carry;

assign carry=(divider==16383);
reg clk_5MHZ;

always@(posedge clk or posedge reset)

begin
if(reset)
begin
cnt<=0;
clk_5MHZ<=0;
end
els
€ begin
if(cnt==4)
begin
cnt<=0;
clk_5MHZ<=~clk_5MHZ;
end
else

cnt<=cnt+1;

end

reg clk_4HZ;
always@(posedge clk or posedge reset)
begin
if(reset)
begin
cntl<=0;
clk_4HZ<=0;
end
els
begin
if(cnt1==6249999)
begin
cntl<=0;
WITHRRHY 73 Xilinx &ERA1ELK A

www.e-elements.com



FPGA EGO1 JT R SLU6 48 345

m A N T I =

~ —

N T & |

HInEFHL 74 Xilinx ERAE LR

www.e-elements.com



€ e-eLemeEnTS FPGA EGO1 JF & L1046 1

else
cntl<=cntl+1;

end

always @(posedge clk_5MHZ)
begin

if(carry) divider=origin;

else divider=divider+1;

end

always @(posedge carry)
begin

speaker="speaker;

end

always @(posedge clk_4HZ)

begin

case({high,med,low})

'b000000000011: origin=8798;

'b000000000101: origin=10005;

'b000000000110: origin=10701;

'b000000000111: origin=11321;

'b000000010000: origin=6826;

'b000000100000: origin=12126;

'b000000110000: origin=12591;

'b000001010000: origin=13194;

'b000001100000: origin=13542;

'b000100000000: origin=13994;

'b000000000000: origin=16383;

endcas

e end

always @(posedge clk_4HZ)

begin

if(counter==63) counter=0;

else counter=counter+1;

case(counter)

0: {high,med,low}='b000000000011,;

1: {high,med,low}="b000000000011;

2: {high,med,low}='b000000000011;
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3: {high,med,low}='b000000000011;
4: {high,med,low}='b000000000101;
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5: {high,med,low}='b000000000101;

6: {high,med,low}='b000000000101;

7: {high,med,low}='b000000000110;

8: {high,med,low}='b000000010000;

9: {high,med,low}='b000000010000;

10: {high,med,low}='b000000010000;
11: {high,med,low}='b000000100000;
12: {high,med,low}='b000000000110;
13: {high,med,low}='b000000010000;
14: {high,med,low}='b000000000101;
15: {high,med,low}='b000000000101;
16: {high,med,low}='b000001010000;
17: {high,med,low}='b000001010000;
18: {high,med,low}='b000001010000;
19: {high,med,low}='b000100000000;
20: {high,med,low}='"b000001100000;
21: {high,med,low}='b000001010000;
22: {high,med,low}='b000000110000;
23: {high,med,low}='b000001010000;
24: {high,med,low}='b000000100000;
25: {high,med,low}='b000000100000;
26: {high,med,low}='b000000100000;
27: {high,med,low}='b000000100000;
28: {high,med,low}='b000000100000;
29: {high,med,low}='b000000100000;
30: {high,med,low}="b000000100000;
31: {high,med,low}='b000000100000;
32: {high,med,low}='"b000000100000;
33: {high,med,low}='"b000000100000;
34: {high,med,low}='b000000100000;
35: {high,med,low}='b000000110000;
36: {high,med,low}='b000000000111;
37:{high,med,low}='b000000000111;
38: {high,med,low}='b000000000110;
39: {high,med,low}='b000000000110;
40: {high,med,low}='b000000000101;
41: {high,med,low}='b000000000101;
42: {high,med,low}='"b000000000101;
43: {high,med,low}='b000000000110;
44: {high,med,low}='"b000000010000;
45: {high,med,low}='b000000010000;
46: {high,med,low}='"b000000100000;
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47: {high,med,low}='b000000100000;
48: {high,med,low}='b000000000011;
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49: {high,med,low}='b000000000011;
50: {high,med,low}='"b000000010000;
51: {high,med,low}='b000000010000;
52: {high,med,low}='b000000000110;
53: {high,med,low}='b000000000101;
54: {high,med,low}='b000000000110;
55: {high,med,low}='"b000000010000;
56: {high,med,low}='b000000000101;
57: {high,med,low}='"b000000000101;
58: {high,med,low}='b000000000101;
59: {high,med,low}='b000000000101;
60: {high,med,low}='b000000000101;
61: {high,med,low}='b000000000101;
62: {high,med,low}="b000000000101;
63: {high,med,low}='b000000000101;
endcase

end

endmodul

e

T, SERER

1. RRFFET, GBIt 5 e CEPRIA R T FT %), 2R TR
JR 2O
set_property PACKAGE_PIN P17 [get_portsclk]

set_property PACKAGE_PIN P15 [get_portsrst]
set_property PACKAGE_PIN B16 [get_ports speaker]// #ME5V (] 40 4

set_property IOSTANDARD LVCMOS33 [get_ports clk]
set_property IOSTANDARD LVCMOS33 [get_ports rst]
set_property IOSTANDARD LVCMOS33 [get_ports speaker]

2. BREFF N EEDT AR L, EHJSUrENS Sk (T 5S0MHZ 7R - A
PR AR R, WERFEMY SMHZ WANELE, RN 7ETHR RS & /I 24 L
AN E B R DU TIN5, S E0E IR m IR BOSCR B, A7 FUBOR I 2R
H, BRI B
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LCD1602% 2 H13.3VAL R ). WAt ZVDD = 3.3V, XFERtS 5 ARt B A 2 1 i)
B, AL RS, M4vDD = 3.3VE, EonE AR E R4S 5 A0x38H,
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(1) H4E, EPHLCD1602/E & a5 WIREILMFPGA Az L+JEmt
PP EBIRSE BT, BT CAE XS FPGART B HEAT /3 ABR S, 53 T HE e
REDKZ] .

X HLSEEG SR T A TH A I A RE IR B, AR @ T s 2 I 13 H led _clk_en
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(i
® LRt EMode_Set: 8h38
® BRI/ K IehR1AE B Cursor_Set: 8’hOc
® ok B Address_Set: 8’h06
® 55F ¥ EClear Set: 8'h01

XEFEFERAEEA LARS =0, HFHE%EAE, ENTRIBELE.

(3) WEWTER)E, IETHES AN, B—1T¥ihIE: 8h8o; 2 _474]
gfiHhhl: 8’h80 + 8”h40 = 8'hc0. IXHRS=0, JfHE5EHlEE, ENTFREAERE.

(4) GAHbEE, BT LR R . (HFE2ERELCD16025 N ik B Hitik:
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fE48ho6a, bk MEEE, BAEn—K. M EZHPH, 4
SAEBNA BRIy, o el @ . — & B0 S0 i B 2 B R EE N AL
IMLCD16025 ANHibE 2 2 BRAHBIEFR £ N — 1. X ERS =1, JFHEEHIES, EN
R

(5) HTERWERIBER, FrOUBERERF . X8 TIRATKA 12
AR HIBAULCD1602 145 I /5, I DAME R e i m A 5, RS EBE RIS A
HHERES, DMEREATEhASRIE . XAMREZ, AR OAERYT, SR OREIE A
D o

fi. KRR

1. FiERF:
module Icd1602_driver(input clk, //100M
input rst_n,
output lcd_p, //Backlight Source +
output lcd_n, //Backlight Source -
output reg lcd_rs, //0:write order; 1:write data
output lcd_rw, //0:write data; 1:read
data output reg lcd_en, //negedge
output reg [7:0] lcd_data);
J B lcd1602 order
parameter Mode_Set = 8'h31,
Cursor_Set = 8'hQc,
Address_Set = 8'h06,
Clear_Set = 8'h01;

wire [7:0] data0,datal; //counter data
wire [7:0] addr;  //write address
// 1s counter
reg [31:0] cnt1;

reg [7:0] data_r0,data_r1;
always@(posedge clk or negedge rst_n)

begin
if(Irst_n)
begin
cntl <= 1'b0;
data_r0 <=1'b0;
WITHRRHY 84 Xilinx &ERA1ELK A
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data_r1 <=1'b0;

end
else if(cnt1==32'd50000000)
begin
if(data_r0==8'd9)
begin
data_r0 <=1'b0;
if(data_r1==8'd9)
data_r1<=1'b0;
els
€  data_rl<=data_rl1+1'bl;
en
else d
data_r0 <= data_r0 + 1'b1;
cntl <= 1'b0;
en
els d
e

cntl <=cntl + 1'b1;

end

assign data0 = 8'h30 + data_r0 ;
assign datal = 8'h30 + data_r1;

assign addr = 8'h80;

// lcd1602 clk_en---------------------
reg [31:0] cnt;

reg lcd_clk_en;

always @(posedge clk or negedge rst_n)
begin
if('rst_n)
begin
cnt <= 1'b0;
lcd_clk_en <=1'b0;
end
else if(cnt == 32'h24999)
//500u
s begin
lcd_clk_en<=1'bl;
WICERFHE 85
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cnt <= 1'b0;
end

else
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begin
cnt<=cnt + 1'b1;
lcd_clk_en <=1'b0;
end

end

// lcd1602 display state

reg [4:0] state;
always@(posedge clk or negedge rst_n)

begin
if(!rst_n)
begin
state <= 1'b0;
lcd_rs <= 1'b0;
lcd_en <=1'b0;

lcd_data <=1'b0;
end

else if(lcd_clk_en)

begin
case(state)

[ [ init_state

5'd0: begin
lcd_rs <=1'b0;
lcd_en <=1'b1;
lcd_data <= Mode_Set;
state <= state + 1'd1;
end

5'd1: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd2: begin
lcd_rs <=1'b0;
lcd_en<=1'bl;
lcd_data <= Cursor_Set;
state <= state + 1'd1;
end

5'd3: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd4: begin

WICERFHE 87
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lcd_rs <= 1'b0;
lcd_en<=1'bl;
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lcd_data <= Address_Set;

state <= state + 1'd1;

en
d 5'd5: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end
5'd6: begin
lcd_rs <= 1'b0;
lcd_en<=1'bl;

lcd_data <= Clear_Set;

state <= state + 1'd1;

end
5'd7: begin

lcd_en <= 1'b0;

state <= state + 1'd1;

end
[/ work state---------------m-m--
5'd8: begin

lcd_rs <=1'b0;

lcd_en<=1'bl;

lcd_data<=addr; //write
addr state <= state + 1'd1;

en
d 5'd9: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end
5'd10: begin
lcd_rs <=1'b1;
lcd_en <=1'b1;

lcd_data<="C"; //write

data state <= state + 1'd1;

en
d 5'd11: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end
5'd12: begin
lcd_rs <=1'bl;
lcd_en<=1'b1;
WICERFHE 89
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lcd_data<="n"; //write

data state <= state + 1'd1;
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en

d 5'd13: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd14: begin
lcd_rs <=1'b1;
lcd_en <=1'b1;

lcd_data<="t"; //write
data state <= state + 1'd1;

en

d 5'd15: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd16: begin
lcd_rs <=1'bl;
lcd_en<=1'bl;

lcd_data<=":"; //write

data state <= state + 1'd1;

en

d 5'd17: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd18: begin
lcd_rs <=1'bl;
lcd_en <=1'b1;

lcd_data <=datal; //write data: tens
digit state <= state + 1'd1;

en

d 5'd19: begin
lcd_en <= 1'b0;
state <= state + 1'd1;
end

5'd20: begin
lcd_rs <=1'b1;
lcd_en<=1'b1;

lcd_data <=data0; //write data: single
digit state <= state + 1'd1;
en
d 5'd21:
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lcd_en <=1'b0;
state <= 5'dS;
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end
default: state <= 5'bxxxxx;

endcase

end
assign lcd_rw =1'00;  //only write
assign lcd_n =1'b0;
assign lcd_p =1'b1;

endmodule

2. BRI RIRTLALIE

R
L
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1. FEFEL, wiEEd e aBc e CGE RIS, MR)E BRIk
N HOCA T

set_property PACKAGE_PIN P17 [get_ports clk]

set_property PACKAGE_PIN B16 [get_ports {lcd_data[7]}]
set_property PACKAGE_PIN B17 [get_ports {lcd_data[6]}]
set_property PACKAGE_PIN A15 [get_ports {lcd_data[5]}]
set_property PACKAGE_PIN A16 [get_ports {lcd_data[4]}]
set_property PACKAGE_PIN A13 [get_ports {lcd_data[3]}]
set_property PACKAGE_PIN A14 [get_ports {lcd_data[2]}]
set_property PACKAGE_PIN B18 [get_ports {lcd_data[1]}]
set_property PACKAGE_PIN A18 [get_ports {lcd_data[0]}]
set_property PACKAGE_PIN F13 [get_ports lcd_en] set_property
PACKAGE_PIN F14 [get_ports lcd_p] set_property PACKAGE_PIN
B13 [get_ports Icd_n] set_property PACKAGE_PIN B14 [get_ports
lcd_rw] set_property PACKAGE_PIN D14 [get_ports lcd_rs]
set_property PACKAGE_PIN P15 [get_ports rst_n]

set_property IOSTANDARD LVCMOS33 [get_ports clk] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[7]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[6]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[5]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[4]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[3]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[2]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {lcd_data[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports Icd_en] set_property IOSTANDARD
LVCMOS33 [get_ports Icd_p] set_property IOSTANDARD LVCMOS33
[get_ports lcd_n] set_property IOSTANDARD LVCMOS33 [get_ports
lcd_rw] set_property IOSTANDARD LVCMOS33 [get_ports lcd_rs]
set_property IOSTANDARD LVCMOS33 [get_ports rst_n]
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Sy : VGA

— KEHHE/K

1 THREVGA TN S JFEH# RN SEE 5 i
2. 4ffiHverilog 155 9mfVGA S s DR

—. ZEAE

1 HEIRVGA RonilfE A JF A ST
2. FRARYW I FIVGA & AR Ry W SE B E AN ]

=, ZREXR

1 AR THIFIIVGA FEFF, HRARHLOLI I BE B L HIVGA T i BIFE

/g, sEE AR

1. VGA M

VGA [R5 3 4 F5% /2 Video Graphic Array, BB RZ KIS, VGA SLFFE
640X480 7 HE3  [FIN WoR 1680 (0 82 8256 FiAK R, [AJIN ££320X240 73 #%
N LAE B RN 256 P . IR U KT e, BT LARME 7%
IR A ] . VGA BT RIFIIMERRRIE T IRRAT, | M99 &
VGA FEAl Ay 78, Wik B AR SR IM R S R 40 R 11800X600
5{1024X768, XL 7 AFR Z HVESA (Video Electronics Standards
Association, FIHLFARENRSY) ffSuper VGA 15K, TIFRSVGA, HILAEM) 2R A1
BRAEH S FESVGA B . AN JEVGA I FESVGA, I A £ L 155 HIRR K
ik, fERBIES
2.VGA M HE S

H AT R 2 HoH FAL S S R B g 2 T 02 8 i Bl VGA R, 5L
M LA O A R BB AE S, B R A T AR A e S A A R
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G. B=JRBE ST, BEMES, E5Ed S ERR SRS T. A,
VGA £ O 2 AnMENI15 £ 0, A HEANEOGES, k.

HS TREASS
Vs RS
R EANGARE]
G GfES
B Efs

111, VGA EIE 5 E XL

3. AT [EB AR 2

R TSI R I8 vy 5 i G B p— — IR RN, Ak v S B A i
IET . R NKeh 2 R e, VR BEIE Rk 43R E Ak, AT RREIK R
AR TATHN15.625KHZ, 47 A N64us. 7E AR Lledus 15 A A] BT,
LR £oR, Bl1H=64us. [A Bknp i sE T 850y50HZ, S A
20ms, BI312.5H. 47[AG K9 4. 7us ZiA7, 3100 ki 98 2.5~ 3H.
i ERTE

m EE, ERFA4 ARG S5 NMRHE S .

NG SN ck. switch. clk ENE{ES, switch REFEHEAES,
AN IR S B Ak ML A . FiE SAE EIC /Nl T, AR
FE PR :
module vga( clock, switch, disp_RGB, hsync, vsync );
input clock; // & Gt A\ £h 100MHz
input [1:0]switch;
output [2:0]disp_RGB; //VGA ¥4 H
output hsync; //VGA 1T[F3{E Foutput
vsync; //VGA [EID (55
reg [9:0] hcount; //VGA T4t ¥ ds
reg [9:0] vcount; //VGA 4T E 5%
reg [2:0] data;
reg [2:0] h_dat;
reg [2:0] v_dat;
reg flag;
reg [1:0]cnt;
wire hcount_ov;

wire vcount_ov;

wire dat_act;
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wire hsync;
wire vsyng;
reg vga_clk;
[INGA AT\ I fafiint P S8k
parameter hsync_end = 10'd95,
hdat_begin = 10'd143,
hdat_end =10'd783,
hpixel_end =10'd799,
vsync_end = 10'd1,
vdat_begin = 10'd34,
vdat_end =10'd514,
vline_end = 10'd524;
always @(posedge clock)
begin
if(cnt==3)

cnt<=0;

else

cnt<=cnt+1;

end

always @(posedge clock)

begin
if(cnt < 2)
vga_clk<=1;
else

vga_clk <=0;
end
//************************VGA E[Xijjgﬁﬁ‘*******************************//ﬁf?fl#ﬁ
always @(posedge vga_clk)
begin
if (hcount_ov)
hcount <= 10'd0;
else
hcount <= hcount + 10'd1;
end
assign hcount_ov = (hcount == hpixel_end);

VRZERE

always @(posedge vga_clk)
begin

if (hcount_ov)

begin

if (vcount_ov)

vcount <= 10'd0;

HInEFHL 97 Xilinx ERAE LR
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vcount <= vcount + 10'd1;

end

end

assign vcount_ov = (vcount == vline_end);

/18 RIS S

assign dat_act = ((hcount >= hdat_begin) && (hcount < hdat_end))
&& ((vcount >= vdat_begin) && (vcount < vdat_end));

assign hsync = (hcount > hsync_end);

assign vsync = (vcount > vsync_end); assign

disp_RGB = (dat_act) ? data : 3'h00;

always @(posedge vga_clk)
begin
case(switch[1:0])
2'd0: data <= h_dat; //iEFERE 2%
2'd1: data <=v_dat; //iE R %
2'd2: data <= (v_dat A h_dat); /7= A LA
2'd3: data <= (v_dat ~ h_dat); ///=E AL AL A%

endcase
end
always @(posedge vga_clk) //7=4 % ¥4
begin

if(hcount < 223)
v_dat<=3'h7;//H
else if(hcount < 303)
v_dat <= 3'h6; //34
else if(hcount < 383)
v_dat <= 3'h5; //#
else if(hcount < 463)
v_dat <= 3'h4; //%k
else if(hcount < 543)
v_dat <= 3'h3; // &
else if(hcount < 623)
v_dat <= 3'h2; //4L
else if(hcount < 703)
v_dat <= 3'h1; //#%

else
v_dat <=3'h0; // %
end
always @(posedge vga_clk) //F=4- 1 ¥ 2%
begin
if(vcount < 94)

h_dat <=3'h7; //H
else if(vcount < 154)
h_dat <= 3'h6; //#
else if(vcount < 214)
h_dat <= 3'h5; //&
else if(vcount < 274)
h_dat <= 3'h4; //%%
else if(vcount < 334)
h_dat <= 3'h3; //%
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else if(vcount < 394)
h_dat <= 3'h2; //4L

else if(vcount < 454)
h_dat <= 3'h1; //#

else
h_dat <= 3'h0; // &
end
endmodu

T, SEREER

1. KRS, RIS IR R IR, AR IR
JR B

set_property PACKAGE_PIN P17 [get_ports CLK]

set_property PACKAGE_PIN N4 [get_ports {switch[1]}]

set_property PACKAGE_PIN R1 [get_ports {switch[0]}]

set_property PACKAGE_PIN C7 [get_ports {disp_RGB[2]}]
set_property PACKAGE_PIN B6 [get_ports {disp_RGB[1]}]
set_property PACKAGE_PIN F5 [get_ports {disp_RGB[0]}]

set_property PACKAGE_PIN D7 [get_ports hsync] set_property
PACKAGE_PIN C4 [get_ports vsync]

set_property IOSTANDARD LVCMOS33 [get_ports CLK] set_property
IOSTANDARD LVCMOS33 [get_ports {switch[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {switch[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports {disp_RGB[2]}] set_property
IOSTANDARD LVCMOS33 [get_ports {disp_RGB[1]}] set_property
IOSTANDARD LVCMOS33 [get_ports {disp_RGB[0]}] set_property
IOSTANDARD LVCMOS33 [get_ports hsync] set_property IOSTANDARD
LVCMOS33 [get_ports vsync]

2R FEFE RSN b, EIFVGA £, M EIR N
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SLiE+ : ps/2 HEO¥E

— KEHHE/K

1. T fERPS/2B R M) TAE 3
2. oxffiflverilog 1 5 il PS/2 4% 4B HIFE ST -

—. ZEAE

1 JEid VerilogZm P2 SEBLEEGOLTT A AR b b B A 42 L i), ok A A N SE2 TR0
LEDR/KAT 2 il (4% FWH, LEDIAIAG F i, % FXH, LEDMZE5FHL, #% T ctrlff
Te AT AE 4R

2 PRSI PS/ 245 N R 7 I S BT AN

=, SEREXR

1. EECYHITFMIPS/2FET, WRIBFRALA B B 3 4uth|PS/2% NELCDE# VAG
T REIREBIFE

0. SERE SRR

1. PS/2¥p s AN At 41 i AL

(1) PS/28EALJEAT — A XU [F) 28 B AT P ) i Tl A B 4 B AR —
R, JF HARFER B R — MKt N, SR AT DUAE B B L,
WA AT DAROE B B8 . (A NGRS EAIAL, & n] DAEAT AT g4
KETHARIEE, REU AR
A S 5 — /N RE S ILPS /23 1 D) B B VerilogFe /7 o 1 6 3RATE T f#PS/235 [
astg 5E IR E X, NFR12.1AF7R.
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2 12.11 PS/2 ¥iit 14546 Jo & 58 L

Uit 1 454 e X
1 K45
2 KL, R
3 FH 5 b
4 YR, +5V
5 e
sk J 6 FzEl, R

ALVER], P28 RA — s I, HED PR 2 B s R
i #e )5 BERLIAL BEASTE AR 2 (R TR R H B MR SRR P . A R E R
PEAL N, RS, R RIARS IS S AR, PS/2 I 3

CLOCK | | | I | I | | I
DATA

LHVIS
oviva
Tviva
viva
£v1va
pV1iva
Sv1va
9v.iva
£v1va
ALTdvd
dol1S

I3 PS/2Itf 1]
MPS/2 V5 T BAL AR I, S AEPS/21E (CLOCK) I ZE — A B BV ik

PS/2HHE 4 (DATA), FRox—WiPS/ 28R4 a6 . A S8 Ml for (2
TERTER I T BRI A R0, RGN, HaafFIEAL Rl FHESRE
W58 — i o, 7 EEAR R B R AT B R AT B, XU PS/ 2B A
ESETTLR
(2) PS/28EL ARG A I MAFIIZEAL: #iY(make code) FTHT 15 (break
code)o LML L T EURREARANT, SRS ROR B I IEAD: TG — AR
JRUR B S ROR B TR o AR S A A B R ) AN [, AR B 4y 3K
® SRR EAYA—AFE, WS NoxFoHERL . Ak, Ham g
0x1C; kit yOxFO Ox1C.
® E2Yid. JBAL PN TTTOXEO+OXXXIE T, WL AHOXE0+OXFO+OXXXFE R . 1

Right Ctrl%g, @AY NOXEO 0x14; WAL }JOXEO OXFO Ox14.
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® E3LAFRRILEE: AP, Print Screenf, JLIBf%AOXEO 0x12 OXEO OX7C;
Wrfi% HOXEO OXFO 0x7C OXEO OxFO Ox12. Pausef, FLi@H5 NOxE1 O0x14 0x77
OXE1 OxFO Oxl4 OxFO 0x77; Wi =4,
A RENENTE AR 7RSS, KR TR A B O o 42 B i
T
:ii? lﬂﬂﬂﬂ. s =
llnnmmlnn

ﬂ.

'
< >, /? \

-.E.. o

a-:'

B 1 SR Y

(3) 155 WAL PS/ 23 1 I HHE A NS FE . o Se s 2R
BRI B LR GH AE, RATENHATERIPREA UL SHE . AR
R N EARE B E S R CAR BN RARENTD A 52
A A A A — P AL S 1L AL R AT B R IA L, RN 0”;
BNk AR AL, HFFIRY 2 A s BRI A AR AL B RA R
fr, HE N1,

2. PS/25R ARG
(1) PS/2BEAE 1w B FE 4 el 6 -

- KPS /24l sE R

BEEHE S b

ST N RS

AL e

AR

K 6 PS/2 B4 A SRR
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AR NI, PS/ 2B BIRSER FBIE IS R AE, SRR — AR BT,
BRSBTS, BRI — B A . 5, IR T RS O UE
R AONASCIES, FF= A MEHHIHME S, FRHADEELEE.

T EHRTTRKEH:

FEFP R Bt 3L 7 3R
® PS/2 FZINE ik
module
ps2 (
CLK,
RSTn,
iCe,
pclk,
pdata,
scan_code,

rdy

input CLK; //100M K855
input RSTn; /B AIfE 5

input pclk; //PS2 F%& I &0 {5 5
input pdata; //PS2 B:IIEIE(ES
input iCe;

wire wGatedClk;

reg rCe;

output reg[15:0] scan_code; // 1byte #E{E, H & B fe B4

wire oPsState; [/EERMEDIRES, ps2_state=1 R ML T
//

reg rPsCIkO,rPsClk1,rPsClk2; //ps2k_clk IR B 1728

//wire pos_ps2k_clk; // ps2k_clk Tt bR &AL
wire neg_ps2k_clk; // ps2k_clk T FHE bR EAT

always @ (posedge CLK)
begin

rCe <=iCe;
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end
assign wGatedClk = rCe & CLK;

always @ (posedge wGatedClk or negedge RSTn) begin
if('RSTn) begin
rPsClk0 <= 1'bO0;
rPsClk1l <= 1'bO;
rPsClk2 <= 1'b0;

end
else begin [/BAERES, #HATIE
P rPsCIk0 <= pclk;
rPsClk1 <= rPsClkO;
rPsClk2 <= rPsClk1;
end

end

assign neg_ps2k_clk = ~rPsClk1 & rPsCIk2;  // &

//
reg[7:0] ps2_byte_r; //PC B K E PS2 H— N Wi A7k 2%
reg[7:0] temp_data; VTR e/ e

Z&reg[3:0] num; [P A2

output rdy;
reg rdy;
always @ (posedge wGatedClk or negedge RSTn) begin
if('RSTn) begin
num <= 4'd0;

temp_data <= 8'd0;

end
else if(neg_ps2k_clk) begin /%6 3 ps2k_clk BT B
case (hum)

4'd0: num <= num+1'b1;

4'd1: begin
num <= num+1'b1;
temp_data[0] <= pdata;
//bit0 end

4'd2: begin
num <= num+1'b1;
temp_data[1] <= pdata;
//bitl end

4'd3: begin
num <= num+1'b1;

WITHRRHY 10 Xilinx &ERA1ELK A

www.e-elements.com



@ E—ELEMENTS FPGA EGO1 JF & 2t 5 5

temp_data[2] <= pdata;
//bit2

KRR 10 Xilinx £xERE1EAkLE
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4'd4.

4'd5:

4'de6:

4'd7:

4'ds:

4'd9:
£, At

4'd10:
begin

default: ;

end endcase

end

always @ (posedge wGatedClk or negedge RSTn)
begin
if(IRSTnN)
begin

rdy <= 1'b0;
end

IR FHL 10

www.e-elements.com

end

begin
num <= num+1'b1;
temp_data[3] <= pdata;
//bit3 end

begin
num <= num+1'b1;
temp_data[4] <= pdata;
//bit4 end

begin
num <= num+1'b1;
temp_data[5] <= pdata;
//bit5 end

begin
num <= num+1'b1;
temp_data[6] <= pdata;
//bit6 end

begin
num <= num+1'b1;

temp_data[7] <= pdata;

7 end
begin

//bit

num <= num+1'bl; //&E1ERE

end

num<=4'd0; //numijg=E

end

Xilinx £ERE 1Ak HE

end



€€ ==L enmenTs
FPGA EGO1 JF A Sl & 15

else if(num ==
4'd10)

HInEFHL 10 Xilinx ERAE LR
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regkey_f0;  //FABEAREAL, B 1 FOREILEIEGE 8'hfo, FHERIEI T — MR EEE
reg ps2_state_r; //HERE 4 AINIRES, ps2_state_r=1 FKonA ML T
reg[20:0] k;
always @ (posedge wGatedClk or negedge RSTn) begin  //3ZWEIRFIAHN ALHE, XER
*F1byte FEEAE AT b2
if('RSTn) begin
key f0<=1'b0;
ps2_state r <= 1'b0;
end
else if(num==4'd9) begin  //RIfEIETE T T4l
if(temp_data == 8'hf0) key_f0 <= 1'b1;
else begin
if(lkey_f0) begin  //1i A £ 1%
Nif(k>=4000)
begin
ps2_state r<=1'bl;
ps2_byte_r <= temp_data;
end //BF 2 HTHE
else
k<=k+1'b1;
end
else if(key_f0) begin
ps2_state_r <= 1'b0;
key_f0 <= 1'b0;
k<=0;
end
end
end
end
reg[15:0] ps2_asci; //HMEEIIAHRL ASCII A
always @ (ps2_byte_r)
begin
/*case (ps2_byte_r) //BEAE e NASCH T, X BRI, HAbE R
8'h5a: ps2_asci <= 16'hfffe;
8'h71: ps2_asci <= 16'hfffd;
8'h70: ps2_asci <= 16'hfffb;
8'h66: ps2_asci <= 16'hfff7;
8'h79: ps2_asci <= 16'hffef;
8'h7a: ps2_asci <= 16'hffdf;
8'h72: ps2_asci <= 16'hffbf;
8'h69: ps2_asci <= 16'hff7f;

WITHRRHY 10 Xilinx &ERA1ELK A
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8'h74: ps2_asci <= 16'hfeff;
8'h73: ps2_asci <= 16'hfdff;

HInEFHL 1 Xilinx ERAE LR
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8'h6b: ps2_asci <= 16'hfbff;
8'h7d: ps2_asci <= 16'hf7ff;
8'h75: ps2_asci <= 16'hefff;
8'h6c: ps2_asci <= 16'hdfff;
8'h7b: ps2_asci <= 16'hbfff;
8'h7c: ps2_asci <= 16'h7fff;
default:ps2_asci<=16'hffff ;
endcase*/
ps2_asci <= {8'hff,ps2_byte r[7:0]};

end

assign oPsState = ps2_state_r;

//assign scan_code = ps2_asci;

always@(posedge wGatedClk)

begin
if(oPsState==1)
scan_code <= ps2_asci;
else
scan_code <=16'hffff;

end

endmodule

® i IARE L
module

cmd_control_module (
CLK, RSTn,
PS2_Done_Sig, PS2_Data,
Data_Out

input CLK;
input RSTn;
input PS2_Done_Sig;
input [7:0]PS2_Data;
output [3:0]Data_Out;

/*****************************

/ reg [3:0]rData;

always @ ( posedge CLK or negedge RSTn )
if( IRSTn)
begin
rData <= 4'b0001;

o

else if( PS2_Done_Sig)

WITHRRHY 11 Xilinx &ERA1ELK A
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case( PS2_Data)
8'hid:
rData <= { rData[2:0], rData[3] };

8'h22:
rData <= { rData[0], rData[3:1] };

8'h14:
rData <= { rData[0], rData[1], rData[2], rData[3] };

endcase

/***********************************

/ assign Data_Out = rData;

/***********************************

/ endmodule

® =MLk

module top(
pclk,
pdata,
CLK,
RSTn,
LED
);
input CLK, RSTn;
input pclk; // PS_2 clock input
input pdata; // PS_2 pdata
input wire[7:0] scan_code; // Scan_code
output wire rdy; //  pdata ready
output
ps2 P(
.CLK(CLK),
.RSTn(RSTn),
.iCe(1'b1),
.pclk(pclk),
.pdata(pdata),

.scan_code(scan_code),
.rdy(rdy)
);

output [3:0] LED;

cmd_control_module

HInEFHL 1 Xilinx ERAE LR

www.e-elements.com



€< e-eLEMENTS

FPGA EGO1 JT R SLU6 48 345

U2 (
.CLK( CLK ),

HInEFHL 1 Xilinx ERAE LR
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.RSTn( RSTn),

.PS2_Done_Sig( rdy ), // input - from Ul
.PS2_Data(scan_code ), //input-from U1l
.Data_Out( LED) // output - to top

);

endmodule
(3) BRI IRTLALE

U2

cK[D> - LK LED[3:0]_OBUF_inst

RSTh D = PS2_Data[7:0 |Data_Out[3:0] IN_ O D LED[3:0]
=T PS2_Done_Sig
: RSTn OBUF
CLK| cmd_control_module
RSTn. rdy
iCe| scan_code[15:0)

pelk D*P..Cﬁ_

pdata H‘_ﬂ_

ps2

1. KRB, JiFEsd G o El CERAE I R), REHRmPEE
JR 2O

set_property PACKAGE_PIN P17 [get_ports CLK]

set_property PACKAGE_PIN K5 [get_ports pclk]

set_property PACKAGE_PIN L4 [get_ports pdata]

set_property PACKAGE_PIN P15 [get_ports RSTn]

set_property PACKAGE_PIN H4 [get_ports {LED[3]}]

set_property PACKAGE_PIN J3 [get_ports {LED[2]}]

set_property PACKAGE_PIN J2 [get_ports {LED[1]}]

set_property PACKAGE_PIN K2 [get_ports {LED[O]}]

set_property IOSTANDARD LVCMOS33 [get_ports CLK]
set_property IOSTANDARD LVCMOS33 [get_ports pclk]
set_property IOSTANDARD LVCMOS33 [get_ports pdatal
set_property IOSTANDARD LVCMOS33 [get_ports RSTn]
set_property IOSTANDARD LVCMOS33 [get_ports {LED[3]}]
set_property IOSTANDARD LVCMOS33 [get_ports {LED[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {LED[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {LED[0]}]

2R N EISRIOAR b, BATIES Y R O bPS/ 28 T4k, dLEEwW. XECtrl
BELEDIT R K. (HTIEBAERE), SAE%— FLEDT k2 T fE L)
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SIS += e #%iEH

— KEHHE/K

Vivado FEIRZ 1P #Z ] DLEEZMH, flunfcizgs Geykds. Rk, Fais
BRsE) (Z540F (FFT. DFT. DDS 25). IP MR gwfart % (il € 1B
o printf() BE, RTUAEFEREA, AEW @, RIS T H RS

1. SZHLRSIP A .

=, KRER
1 3 FORAYSER AR IR R 90 1P A A
. SRR

B IPZ
X HL ] BRIy L B Y 1P AZAE S5, A3 H Verilog I« G EE TS, Hrad
demo.v T 2R,

Riii Flow Navigator H1H IP Catalog.

expeld - [E/SC_Vivado/list_Vivado/expel3fexpeldxpr] - Vivado 2017.1

File  Edit Flow Toels Window Layout View  Help Quick Access
=, B > BB X X
Flow Navigator R S PROJECT MANAGER - expe13
¥ PROJECT MANAGER
Sources 2 _ 0O X%
'ﬂ‘ Settings
a = = + o

Add Sources
w Design Sources (1)

Language Templates @& demo (demoy)
¥ |p Catalog > Constraints
~ Simulation Sources (1)
¥ IP INTEGRATOR H sim_1(1)

Create Block Design

Open Block Design

Generate Block Design

Hierarchy | Libraries Compile Order

~  SIMULATION

KRR 11 Xilinx £xERE1EAkLE
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1%+ Math Functions I fMultiplier, BIZgikds, FEXH

Project Summary x| IPCatalog X

?00
Cores | Interfaces
= & B o4 @ o -]
Name AT AN Status License VLNV
v = Math Functions B
> - Adders & Subtracters
> = Comversions
> [ CORDIC
5 = Dividers
> = Floating Point
~ = Multipliers
#F Complex Multiplier AXI4-Stream Production Included Filinx.comuip:empy.6.0
F Multiplier Production Included Filinx.comiip:mult_gen:12.0
> = Square Root
> - Trig Functions
> © Memories & Storage Elements y
Details
Name Multiplier 2
Version 120 (Rev. 12)

Description: Multiplication is a fundamental DSP operation. This core allows parallel and constant-coefficient multipliers to be generated. The user can specify if DSP48 Slices, LUTs or a combination of resources
should be utilized.

Status: Production

Kt 1P IS HOEXEHE. /e B Documentation, ATELFTIFIXAS IP 2 fH T
M. X EERERMAG S AMB X4 MRS BEE, HASABOAME, HdioK.

§ Customize IP — i
Multiplier (12.0) P
@ Documentation IP Location (¥ Switch to Defaults
IP Symbol  Information ComponentName | mult_gen_0

/| Show disabled ports Basic  Output and Control

Muttiplier Type

= Parallel Multiplier () Constant Goefficient Multiplier

Input Options ]
P = A “ B
DataType Unsigned +| | Unsigned -
widh 4 4
Range: 164 Range: 164
Multiplier Construction | Use LUTs v

Optimization Options Speed Optimized  +

AreaThe multiplier will be optimized ta reduce slice logic and overall area
Speed:The multiplier will be optimized for performance

KRR 11 Xilinx £xERE1EAkLE
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MEE M E O, AidiGenerate,

T IPI%

¢ Generate Output Products

The following output products will be generated. P
Preview
Q = =
~

~ FFE mult_gen_0.xci (D0C per IP)
[l Instantiation Template
[l Synthesized Checkpoint (.dcp)
i Structural Simulation

W Phanan ] nn &

Synthesis Options
Global

® Out of context per IP

Run Settings

Numberofjobs: 2w

@ o | [

EFEIP Sources, JEHFFi%EHEmult_gen_0 - Instantiation Template - mult_gen_0.veo, #]LA$T

TSGR ], I BARS a2 fd F Verilog i HTIZXMPAZ 7= Bl AXH o

SIMULATION - Behavioral Simulabion - Functional - sim_1 - demo

Sources © Objects ?-oox |o
Qa s + e||a s |a e =
3 Name value
v 9 mun_gen 0 o 0
~ & Instantation Template > %al30) 7
Y mut_gen_0vho > %b30] 8
Y mut_gen_0veo > % pi70 3
> = Syhesis
Simulation

Change Log
# mult_gen_0.dcp
@ mult_gen_0_sim_netistvhal

@ mult_gen_0_sim_netiisty

@ mun_gen_0_swbwnal
@ mutt_gen_0_stuby

1P Sources | Librarles  Complle Order

IR FHL

www.e-elements.com

mult_gen 0 your_instance_name (
. CLK(CLK),
LA,
.B(B),
.P(P)
)

11

* | muit_gen_0.veo

Xilinx £xERE1EAkLE
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17 905 REGAE

KR BURISE I Bldemov X fFrh, FEREATEEL, RA&MF. ARED PRI T RS AL AR AR
Faflb, HRRHIET. 8, 1EAREMA: TS Ms A REp, HAFRATHSR. ck
HNTestbench%i 5 1 & #20ns K £1{5 5 s mult_gen_0 mul(...) 15 A 524514k T mult_gen_0Z5Z4[H)

BEHO Smul, H¥clk. av by pfENSHUEN.

module demo (

)

reg clk = 0;
always

Il
-3

wire [3:0] a
wire [3:0] b
wire [7:0] p;

Il
(00]

mult gen 0 mul (
. CLK (c1k),
Aa),
.B(b),
.P(p)

Qwﬂw%ﬁ%ﬁﬁyﬁﬂﬁ%ﬁﬁyWﬂﬁﬁ%%oﬁﬁmthpﬁ%ﬁ%ﬁ%+ﬁﬂ(ﬁ
i $ERadix - Unsigned Decimal). #1F, 7JLAEFa=7, b=8, ZH—H 8 LI fGp=a* b=
56.

Objects Untitled 1*

Q o Q W @ a ¥ « I T &
Nams Value " 0003 e &

% dlk 0
> &g a0 7
> 2§ b[3:0] 8
> 2§ pl7:0] 38
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