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(D A REAM Quartus BT, Bl H ESL, UL RSGTVE IP Core I
(2)  #AZ Verilog HOL FEFF M9 S, AR R I IACHS 155 XA 5

(3)  ERSWWE, SEIRAKAT R

(4) AT FPGA M AL, H SR SBR T AR

(5)  WMELIIMER, DL R.

1.2 SRR

(1) EHEELED 4T, B4 sse;

() 45iREAL, LED ATHAREIE (HA A IR

(3) A LED AT 5% 1 Fbehmtfal;
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1.3.1 LED T f&ifr

LED 4T, 4%k Light-Emitting Diode Light, |44 &t —H
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P ST 2T, BRI A A FRAMER I RIR, fe)E— TR, LL Quartus
18.1 fRAZEA#R B, BAR TREE P IRWIE 1-5 2 1-10 Fis.

&D) Wik 1-5, $TJF Quartus J& , 7] DL B #2 o e % 1 B ) New Project Wizard 372 1%,
AT DAFE T EA B ok File JEBTal T2, SE DUREE CorleN JEHEit B TR .

(2) W 1-6 For, EFIEFK LRSS, LRGN LED_shifting, FIEKEMI RS
mH, HEUENEESIHEA.

(3> W 1-7 PR, AT EERIN— SRS RSO, TR TR, Rt E R s
Next $4T T~ —b# k.

(4) WKl 1-8 Avr, EFIEMN FPGA & S, Mkt v Y5y 10CLO06YE144C8G BY
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10CLO10YE144C8G, 7E Family 4Li%$% Cyclone 10 LP, Pin count 4bi% % 144, Core speed grage

AbiEFE 8, AIHEHATI4E NP

» PRI E H AR S

b Quartus Prime Standard Edition

Recent Projects
ted_run.gpf (E/kdb_shiyai
B testapf (€ apf)

¥ Open Project

.ﬁ New Project Wizard  [ll)
— —1 >

What's New 3

Tasks Compilation v =8 x

Task
¥ P compile Design

> P oa

Synthesis
P Fitter (Place & Route)

P> Assembler (Ge

- o x
File Edit View Projact Assignments Processing Tools Window Help Search altera.com o
O 8 Do - & FESQALVDPEBR CrYarEunEWePIuwSY N wE w22 &
Project Navigator ) Hierarchy -ape x| W Home %] IP Catalog a8 x
4 Compilation Hierarchy Device Family | Cyclone 1018 -

¥ i nstalled 1P
¥ Project Directory

o Selection Availzble

¥ Library

Basic Functions

pse

Interface Protocols

Memory Interfaces and Controllers
Processors and Peripherals

University Program

@ search for Partner P

> Timing
3 B Ena N ~
. na , + add
[=]
ella @& A A [Frie BB rind.. 88 Find Next
(1
= |Type 10 message
g
H
£ system  Processing
0% 00:00:00
K 1-5 JA3lfE Quartus 1118.1 St
Gk New Project Wizard X
Directory, Name, Top-Level Entity
Whatis the working directory for this project?
|c fUs ers/Raytine/Des ktop/LED_shifting ‘
Whatis the name of this project?
|LED,smmng{ ‘
Whatis the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the
design file.
|LEDish\ﬁmg ‘
Use Existing Project Settings...
<Back Einish Cancel Help
] S
& 1-6  TRESCIFI B ARIERE K fin 44
G New Project Wizard x
Add Files
Select the design files you want ta include in the project. Click Add All to add all design files in the project directory fo the project.
Note: you can always add design files to the project later.
File name: ‘ ‘ Add
[« R] [ acgan
FileName Type Library Design Entry/Synthesis Tool HDL Version Remove
up
Down
Properties
Specify the path names of any non-default libraries. |User Libraries.
<Back Finish Cancel Help

B 17 nscrE
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S Device X

Device | Board

Select the family and device you want to target for compilation
You can install additional device suppart with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in *Available devices'list

Family: |Cyclone 10LP v Package Any M
Device: [All 7 Pincount 144 M

Target device Core speed grade: |8 M

® specific device selected in ‘Availzble devices' st Show advanced devices

Other: n/a Device and Pin Options.

Available devices:

Name Core Voltage LEs Total 1/0s GPIOS Memory Bits Embedded multiplier 9-bit
10CLO06YE144C86 1.2V 6272 89 89 276480 30
10CLO6YE144C86 1.2V 15408 79 79 516096 12
10CLO25YE144C8G 1.2V us24 77 77 608256 132
< >

Migration Devices...| 0 migration devices selected

cancel || relp

[ 1-8  #efhikE
(5) WK 1-9 FR, #4T EDA THIIGEHE, X BN AMIUET#/E, BERH Quartus
F ) EDA T HEPT]

O New Project Wizard x
EDA Tool Settings
Specify the other EDA tools Quartus proy
€04 tools:
Tool Type Tool Name Formatis] Run Toal Automatically
Design Entry/Synth...| <Nones | <Mane> 2 Run this 1 i
Simulztion <None> | <hione> Pl 1 Fun gate-tevel simulation automatically afe
Board-Level Timing <Mones -
Symbst <None» -
Signal Integrity <Mane> -
Eoundary Scan <Hone» -

<ok v | (o | [
|8 1-9 EDA T Hik#

(6) il Next HEN T —/NFUH JEESRE Finish 520 H TAEHIEE AL,

(7> 5 File—New B f# A PLEEE Crl+N, 3 H Q1 1-10 FRsHEHE, 2 —MEF
fF (7% Verilog HDL File), #HATAISMBE . POz SBEF 2 TELA NS M, JF
REAEIEMIEGE CUER) R

& New X

Mew Quartus Prime Project
¥ DesignFiles
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tel Seript File
Verilog HDL File
WVHDL File
¥ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
¥ Verification/Debugging Files
In-System Sources and Probes File

Logic Analyzer Interface File
v

Sienal Tap Loeic Analvzer File

Cancel Help

|8 1-10 @SLFEFSCAF (LED shifting.v)
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e ARG e, TGRSR, BN HInT.
b ERFERIEY. RO

module Led_shifting(

input rst,
input clk,
output reg [7:0] led
);
endmodule

ARSI (I NE 5 50MHz [ RS Eh clk, EAES rst, LLEHIHES led; 8
led TR H led [7:0] 2 5eeA0E 3, MRS &, 1 EARESS.

2P 1P Core M, PLLBEHAE S 56 H
(1 w111 s, EEFEAIL P catalog JETRFE A, K3 ALTPLL,

|IP Catalog na x |
= X|=
hd J Installed IP A

¥ Project Directory
Mo Selection Available
¥ Library
¥ Basic Functions
Arithmetic
Bridges and Adaptors
¥ Clocks; PLLs and Resets
" ALTCLKCTRL Intel FPGA IP
¥ PLL
£ OALTPLL
' ALTPLL_RECONFIG
Configuration and Programming
1o
Miscellaneous
On Chip Memory

Simulation; Debug and Verification v

K111 1P HFE
(2 W 1-12 Fis, XN ALTPLL, 7E50 XS UEHE P4 N PLL BRI FK . X L4
ZFEN PLLL. VERIERZRTN Verilog 185 287,

% Save IP Variation >

IP variation file name:

|C:)’Users,l'Ra)rtine,l'DesktDp,l'LED_shiFting,l'F’LL'I| |

Cancel
IP variation file type

) vHDL

® Verilog

& 1-12  PLL K & 51547
(3) W 1-13 Fios, 52l b—PE)E, BENVEYN W E LM . Inclk0 v PLL A% NI
B, BIFRMREENL, N5 RGP OREF—3, %N 50MHz; PLL URESAE 15 BN IE H A5
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. (In normal mode) iX By K BRI F R, E M H B SCE; PLL #MEFIFH
A EPA Co; B e UG M Next 3H4T T —20 % & .

% MegaWizard Plug-In Manager [page 1 of 12] ? X

Currently selected device famiy: | Cydone 1010 -
PLL1
L 4] Match project/default
inck( ‘Able to implement the requested PLL
reset
General
Which device speed grade will you be using? Any -

Cyokne 10 LP
Use military temperature range devices only

What s the frequency of the inckd input? MHz +

Setup PLL in LVDS mode Data ~ Dot Available ~ Mb
PLL Type
Which PLL type will you be using?

Fast PLL Enhanced PLL (®) Select the PLL type automaticaly
Operation Mode

How will the PLL outputs be generated?
(@) Use the feedback path inside the PLL
(®) In normal mode
(O In source-synchronous compensation Mode
(O In zero delay buffer mode
Connect the fbmimic port (bidirectional)
() With no compensation
Create an ‘fbin’ input for an external feedback (External Feedback Mode)
Which output dock willbe compensated for? ERa

(oo ] (o [ ) (o= |

113 PLLIKE 1 CGRAREEE)
(4) WK 1-14 Fios, & PLL 3B E AL (areset) i Hl AR E (LOCKEDPIRSHI R E.,
AR S ¥ FE B BRI T A R T

% MegaWizard Plug-In Manager [page 2 of 12] ? X

"2 ATPLL

Able to implement the requested PLL

Optional Inputs
cl, Create an ‘pllena’ input to selectively enable the PLL

Create an ‘areset’ input to asynchronously reset the PLL
[] create an ‘pfdena’ input to selectively enable the phase frequency detector

Lo wi] 000 [=000]

Lock Qutput
Create locked output
[ Enable self-reset on loss lock

Cychone 10LP

Advanced Parameters
Using these parameters is recommended for advanced users only
[ create output file(s) using the ‘Advanced' PLL parameters

- Configurations with output dock(s) that use cascade counters are not supported

| Cancel H < Back H Next > H Finish ‘

& 1-14 PLL&HE 2

(5) BRI =ANE DU BN BB B AT,

(6)  tnE 1-15 Aian, A&XF PLL fr i B4 Output Clocks % &, —JLREMEHIH 5 MANH
[PIEFBH clk cO~clk c4, A RSEEE R B —A, X clk c0 TR E, FLEEINAEHRIAT,
BEE K AR A 100Mhz, AL (clock phase shift) 4 0, (5%t (clock duty cycle)
N 50%,
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<\ MegaWizard Plug-In Manager [page 6 of 12]

c0 - Core/External Output Clock
PLL1 Able to implement the requested PLL
[ use this dock
0, Clock Tap Set
W;ﬁ fideid Requested Settings Actual Settings

@ Enter output dock frequency:
O Enter output dock parameters:

= e

[100.00000000 [MHz [ 100.000000 |

Cysione 10 LP

Clock dvision factor 1 5] lsScoy,

Clock phase shift [o.00 [Z] (s v [o00 ]
Clock duty cyde (%) [s0.00 =] [s0.00 |
Description ok A
- . Primary dock VCO frequency (MHz) 60.
Note: The displayed internal settings of the
PLL is recommended for use by advanced Modulus for M counter 1215
users only FP S 2 5
< >
Per Clock Feasibiity Indicators
D @ ¢ 4

[enca | < | o> | [ | |
K 1-15 PLLXE 3 (i eh i &)
7 EDA % & BRIARIH],

(8) Wil 1-16 Pion, fanih SCAFERAL i B kR bsft R SR EIERT 5B 2 H 2D 3

PERIY SO, HARFZERIMEBLE, sy Finish SRR E .

“ MegaWizard Plug-In Manager [page 12 of 12]

& ALTPLL

‘Turn on the files you wish to generate. A gray checkmark indicates a file that is automatically generated, and a
PLL1 green checkmark indicates an optional file, Click Finish to generate the selected files, The state of each
checkbox is maintained in subsequent MegaWizard Plug-In Manager sessions.
The Megaizard Plug-In Manager creates the selected files in the following directory:
T Ty 1
[ @ Herme! File Description
PlLLy Variatian fie
PLLLppf PinPlanner ports PPF file
Tyeon= 10LF e tinc AHDL Include file
OriL1.cmp VHDL component dedlaration file
PLL1.bsf Quartus Prime symbol file
[JPLLL_inst.v Instantiation template file
PLL1 bb.v Verilog HOL black-box file

[[cancel ][ <Back || vewt - | [ Emsh |

1-16 PLL W HE 4 Hi SO ARE
(9) W& 1-17 Fros, 7E5H A A Project Navigator FZEHRUHE ik file
JZIX Hierarchy)

Project Navigator ( E] Files - 9 pE x

F~ Files
led_run.v
v 5 prgip
PLL1YV

CERIA NI H
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bR R

Q

B 117 PLLLV SCHFALE

(100 Wkl 1-18 FiuR, miili PLLL, 8 H2x Bos  PLL A Z, 3R BRI AL Fls 1 5135,
— M 45
BT, #EAT Sk
Project Navigator = Files T|Qgge = led_run.v* & PLL1v B
Files EE mrm 0w 95
he sole purpose of programming Togic devi
E® led_runy ntel and SDE? Intel or its authorized
E] PLL1.gip efer to the app icable agreement for furt
PLL1.v
! synopsys translate_off
37 t'lmesca'le 1ps /1 ps
38 // synopsys translate_on
39 o
40 eset,
41 inclko,
42
Tasks Compilation T |=E[3E =|| a3
44
Task ~|| 45 input areset;
46 input incTkO;
w i i 47 output c0;
¥ Compile Design 48 output Tocked;
P Analysis & Synthesis 49 “ifndef ALTERA_RESERVED_QIS
50 // synopsys translate_off
i 51 “endif
P Fitter (Place & Route) vl 25 T I
< > <

{1-18 PLLLV I

R4 L, pll_locked /55 7E PLL Bl (Fa LE) RIMIME N 0, PLL 875 pll_locked

P, IEHRHN MG S

5 sys_clko BUAHIMEALLIT

wire sys_clk;
wire pll_locked;
PLL1 PLL1 inst
(
.areset (1'p0),
.inclkO (clk),
.c0 (sys_clk),
.locked (pll_locked)
)
(1) sys_rst fE NI IR AAE S, ext_rst YEATAKI ARG S, ERF8h
sys_clk FIVFIKEN T, & —RZFARFD RN
reg Sys_rst;
reg rxt_rst;

always @ (posedge sys_clk)
begin
sys_rst <= Ipll_locked;
ext_rst <= rst;

end
B ARt

FATRALZ PLL Hi ) 100MHz I8/ SR S8 B, S8 ZORIUKAT A2 Bhid 2 Oy 1 70

B, SR8, EEL M i £
AT E] 1s Bl

lus, Rt =852 1ms,

BE&30

(D Tl 7 A3
| reg [6:0] us_cnt;
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bR R Q
reg us_f;

always @ (posedge sys_clk)
begin
if (sys_rst) begin
us_cnt<=0;
us_f<=1'b0;
end
else begin
us_f<=1'b0;
if (us_cnt == 99) begin
us_cnt<=0;
us_f<=1'bl;
end
else
us_cnt<=us_cnt+ 1'bl;
end
end

100MHz I gh—AN & 152 10ns, 1us 755 100 MEBHE 3, B 100 4> 10ns, KE5E
N —MEFP TR us_ent [6:0], — MEFP KIS S us_fo HAR THEETES, EF—1
WP TS, TEEES I, SRS T 99 I, &3t T dus IFIE],  REPE MR Bk S
Sous_fhim. XFE, B2 1us, XA S MK E S .
(2) ZH
[ 1ms &5 1000 /> 1us, FULE L—NZ1HEER ms_ent [9:0], —MED kot
{55 ms_fo

reg [9:0] ms_cnt;
reg ms_f;
always @ (posedge sys_clk)
begin
if (sys_rst) begin
ms_cnt <=0;
ms_f <=1'b0;
end
else begin
ms_f <=1'b0;
if (us_f) begin
if (ms_cnt == 999) begin
ms_cnt <=0;
ms_f<=1'b1;
end
else
ms_cnt <=ms_cnt + 1’b1;

end

end
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JERE e F R

Q

‘ end

(3) b o4

[F]H 15 25T 1000 4~ 1ms, Rl @ SC— M0 iH s s_ent [ 9:0], — MO KE 5 s_f.

AR FEI THR, BRI R 1s B, AP BK P E S

reg [9:0] s_cnt;
reg s_f;

if (sys_rst) begin
s_cnt<=0;
s f<=1'b0;
end
else begin
s f<=1'b0;
if (ms_f) begin

end

always @ (posedge sys_clk) begin

if (s_cnt == 999) begin

s_cnt <=0;
s_f<=1'b1;
end
else
s_cnt<=s_cnt+1'bl;
end
end

L KA it

SAiEE, 84N LED 4T 45, Frblfith led MIME N 8'hff, 2 KK LED /T B shiE kK, il
B4 = AT LED 4T, I led 19 8’b0000_0001, 45 ki s S 5k, fis T~ —4 LED
1T, UL led A A 860000_0010, FHULAT WL, HEG “17 S PR AR RIR], SRH

AEPFER LR EZE, B led <= {led[6:0], led[7]}.

always @ (posedge sys_clk)
begin
if (ext_rst)
led <= 8'hff;
else begin
if (led == 8'hff)

else if (s_f)

end

end

led <= 8'b0000_0001;

led <= {led[6:0], led[7]};
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FII-PRA006/010 {1 FHI 15 W e SEB64R 315 :
e B R 0

1.4 SZIGHHTE

1.4.1 TFIRIIERT MRS T/E

S KN DT FEY QAVE

ML . e/ e iR FHRGAIE «
B 1-19 oy ThEEN2A

WK 1-19 Fiw, RBFRE CM G REHT R E, WEnti. mdiaoirsss B
RIFTSE, B P PRGERE Ctri+K BIVT, I AC 2 M & ME S5 FPGA EIASEE, 29
PN TR A B PRI AT g SO, RO B R, sl FAREIRS, &t T
FERM. i otras & Bbs, 5EJE Quartus 2 HE1AE R — MR, R 1-20 R, )5
BN X BAT AN

9 Compilation Report - led_run %]

]
& <<Filter>>

Flow Status Successful - Mon Apr 15 17:20:22 2019

Quartus Prime Version 18.1.0 Build 625 09/12/2018 5. Standard Edition

Revision Name led_run

Top-level Entity Name led_run

Family Cyclone 10 LP

Device 10CLOT0YE144C8G

Timing Models Final

Total logic elements 74

Total registers 43

Total pins 10

Total virtual pins 0

Total memory bits 0

Embedded Multiplier 9-bit elements 0

Total PLLs 0

B 120 guiEiRes

WG KA R, RIS WEGE, 2 mr, BT S, &0 EEs
et 1-1 Fios.

# 1-1  LED AT SE40 T I

B ET4 W 25 FPGA i Ui 11 15 B
clk C10_50MCLK 91 PR
rst KEY3 10 RS

led[7] SW7_LED7 77 Led 4128 7 i
led[6] SW6_LED6 76 Led 4T %8 6 1
led[5] SW5_LED5 75 Led 4128 5 i
led[4] SW4_LED4 74 Led 4T 25 4 i
led[3] SW3_LED3 87 Led AT 3 fir
led[2] SW2_LED2 86 Led 4126 2 i
led[1] SW1_LED1 83 Led 4128 1 i
led[0] SWO_LEDO 80 Led ¥T%8 0 fir

A E B ECEAR, TIFE R BCE 1, ik 1-21 Fros. X &RAE A B2 location
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FII-PRA006/010 15 FH 1. BH J S5 4 5 1
bR R Q
¥4, B O B 2 5 [R] 220 BT, 0] DL s oy R B B6E 2R A I, (EAE X e
TEFEEME, K 1-21 H 1/0 standard £, X B B/RFINAERE /0 D HEERAE, @il
Ji7 HE ) BANK HL R DL BTSSR AT 8, AR SEE TR 1/0 HLR MR IE R A 3.3V, X
7 I/O standard £, sy FHgE, Wil 1-22 fros, w3 A7 0 i R ARAERD AT ot AT BLAE
IR B S (G S BT 1 B A B B R As i, i8] 1-8 1 Device and Pin Options—
Voltage— Default I/O standard #1714 & .

B EC TR, W 1-23 Fos. SR sl edmid, @ fE, BRI T N AREIE.

& Pin Planner - Eyfkdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - o x
File Edit View Processing Tools Window Help Search altera.com [5]
g [Report e ~ T O SO Eteeeed =
N Report not available 5_0OOOV&OOAOAOOV&OOQOOOVAOOAVMOOOOOV . Symbol Pin Type o
a : 8 - O User |0
¥ X - ® User assigned |
i ‘ 2 i « ® Fitter assigned I...
. 8 Top View Go [} Unbonded pad
. O
. . . Q- R d
P Wire Bond, with Exposed Pad 52 , eserved pin
= " 8 - © Other configura...
= - -
e bt ; O] DEV_OE
s : - -
Igl “ 8 " ®) DEV_CLR
" . P N o DIFF_n
* “ w ~
:. - g N ® DIFF_p
s -
iy | Groups | Report R ; CLK n
E E ™ CLK_p
B [Tasks pa x A - =
® . Cyclone 10 LP - o Other PLL
® v Early Pin Planning (o] @ -
B - @ Other dual purp...
[ B Early Pin Planning - 2T . MSELO
Ly P Run IO Assignment Analysi - T0CLOOGYE144C8G MSELY
Il P
#. B Export Pin Assignments... : 8 MSELS
B B Fin Finder =0 CONF DONE
M~ I highight pins @ - -
= LOCAVOOOABENVOCOCTT0AVOOOARY & nce
1/0 Banks v it YRRt Pt & CONFIG
< b4 e E—— N v
* | Named * ~ €2 Edit Filter. Pins: all i
a
i Node Name Direction Location 1/O Bank VREF Group 1/O Standard Reserved  CurrentStrength  Slew Rate Differential Pair  5trict A
B clk Input 3.3-V L.efault) 2mA (default)
“a led[7] output 33-VL_efault) 2mA (defaul) 2 (default)
B led(s] output 3.3-V L_efault) 2mA (defaul) 2 (default)
B led(s] output 3.3-V L_efault) 2mA (defaul) 2 (default)
“a led[4] output 33-VL_efault) 2mA (defaul) 2 (default)
a led[3] output 33-V L efaulf) 2mA (defaul) 2 (default)
B led(2] output 3.3-V L_efault) 2mA (defaul) 2 (default)
% led[1] Output 3.3-V L..efault) 2maA (default) 2 (default)
@ led[0] output 33-VL_efault) 2mA (defaul) 2 (default)
B st Input 3.3-V L.efault) 2mA (default)
o | <<new nodes>
£
[
EHES >
0%  00:00:00

[ 121 EHICE D

1/0 Standard Reserved
3.3-V LVCMOS <
1.5-V HSTL Class Il &
1.8V

1.8-V HSTL Class |

1.8-V HSTL Class Il

25V

3.0-V LVCMOS

3.0-V LVTTL

3.0-V PCI

3.0-V PCI-X

3.3-V LVCMOS v

& 1-22 1/0 HIEEPF
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AR el Rl

Q

Named: * ~ || Edit| X |

* Filter; Pins: all M
&
n Node Name Direction Location 1/O Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate Differential Pair
B ck Input PIN_91 [ B6_NO PIN_91 3.3-V LVCMOS 2ma (default)
& led[7] Output PIN_77 5 B5_ND PIN_77 33-V LVCMOS 2ma (defaul) 2 (default)
T led[6] Output PIN_76 5 B5_NO FIN_76 3.3-V LVCMOS 2mA (default) 2 (default)
e led[s] Output PIN_75 5 ES_NO PIN_75 3.3-V LVCMOS 2ma (default) 2 (default)
@ led[4] Output PIN_74 5 B5_NO PIN_74 3.3-V LVCMOS 2ma (default) 2 (default)
S led[3] Output PIN_87 5 B5_ND PIN_87 33-V LVCMOS 2ma (defaul) 2 (default)
T led[?] Output PIN_86 5 B5_NO FIN_86 3.3-V LVCMOS 2mA (default) 2 (default)
G led[1] Output PIN_83 5 ES_NO PIN_83 3.3-V LVCMOS 2ma (default) 2 (default)
‘@ led[o] Output PIN_80 5 B5_NO PIN_80 3.3-V LVCMOS 2ma (default) 2 (default)
= st Input PIN_10 1 B1_ND PIN_10 3.3-V LVCMOS 2ma (default)
o | <<new node>>
=
a
< >

0% 00:00:00

|8 1-23  SERUE AT

1.4.2 TFHREAETER PR

MREAE AT, 725 Quartus BEAT SR E, BARIE S HIISROCERHE “ITAG H K
S I-ALTERA Y, F2 U B Rn, s N EESTT R & 1, a0 1-24 Fos.

4 Programmer - Eyfkdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - [Led_shifting.cdf]

File Edit View Processing Tools Window Help

[ Enable real-time 1SP to allow background programming when available

e T

o File Device Checksum  Usercode  Program/  Verify Blank-  Examine  Security Erase ISP
a
Configure Check Bit cLAMP
fl stop output files/Led_shifti.. 10CLODGYE144  QOD9CBFC  ODOSCEFC
&Y Auto Detect
X Delete
™ AddFile.
P Change File.
) save File
* Add Device. e
H =
W ol E -
Up —ki b 2
H o
% Down s
10CLO06YE144
DO

[H 1-24 TFHEEH

B RS FHLER )G, s Hardware Setup, SEFRATHITF AN, W& 1-25 Fs.

D Hardware Setup X

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming

hardware setup applies only to the current programmer window.

Currently selected hardware: | MBFTDI-Blaster v1.8b (64) [MBUSE-0] i |

Available hardware items

Hardware Server Port | Add Hardware... |
Local MEUSE-0
Remove Hardware
Close
[e 1-25 BEfFIERE
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e Q

il start AR N #, W1 1-26 Frzs, Progress {27~ 100% (Successful), Bl R 5€ i,

¥ Programmer - Ei/kdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - [Led_shifting.cdf] - o x

File Edit View Processing Tools Window Help

s Hardware Setup... |MBFTDI-Blaster v1.6b (64) [MBUSB-0] ‘ Mode: |JTAG @ Progress: 100%(Succssﬁl}-

[ Enable real-time ISP to allow background programming when available

|8 1-26  FHEULT)

Wik 1-27 7R, LED ST MRS mis,  [RIRR— Rl

B 127 KK RIS
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LR RS AR Q

SIS SignalTap 5246

2.1 SZKHK

(D Yk 825 ) F R AR A A8 5
2 #5%>] Quartus ' SignalTap Logic Analyzer {5
(3) oS B S S AT T

2.2 SEBER
@it SignalTap FIFEF, S TF AR L (RITF 5615 S TR I 2047
2.3 SEBAR

2.3.1 FFRMESF signalTap &4+

(1 FFEFEN
WA TT RNy 8 Srikig e, ik 2-1 fizn, iy pip JF6, HuhbJFoess, 22 dedi
VEES b5, SR A2 OF1 f — 3k i) 4 i S B

——-—_I.I._

SR DR DR

BN S e e e s

K 2-1 %EEFF?G%%E
(2) SignalTap &1

SignalTap, BIZHRATIL, (A SRIZHRS T 845 55 5 HARE(E SignalTap . 445K
GEEH TR, AP S04 500 1/0 5 BT 56 447

2.3.2 MG
FFRFR Ay JFFR N 2-2 Ao (LR, )\ AL TFR—im AN 5 BANK_VADJ 5atHZE, N

LT, U ERE— AN LED 4T, I 5 AHE LED AT B4EHis SW_LED JnAHiE . ikFgIT 5%
VEIEE, S SIE AN, LED AT5, FEH. FE 1A FPGA BTN — AN E A TE 5.
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. » v
R F RS R
VCC3v3 VCC3v3
LED3
=] \aGreen
Q5
NDS33IN
460MW
GND
BANK VADJ =
1 10 1 :‘3 6
1 10 2 e s 3
3 s s 4
He=
=12
: s T ED2
) Y [— 0 1 LED1
188 5 8 '0_ LEDO
- R10 R1L RI2 R13 R14 RIS R16 .
SW_SBSMD  Z,7g 4TR 47K 47K 4.7 47K 4.7 A

GND

233 EBEF&i

K22 JRELEIT A

b ERFERIEN RO

module SW_LED(
input
input
output reg
);

endmodule

[7:0]
[7:0]

clk,
SW,
led

TIGNAE 5 H RGHED clk, Sii% 50Mhz, 8 56 SwW, mARL, LAt 8 £ LED

1T

2.4 SignalTap Logic Analyzer F)# F J SZI0H0AF

Bk ERR

By BC N 2-1 B

%21 JFRAREIYE

R ET4 W 25 FPGA i i 1 35 B

clk C10_50MCLK 91 EPNIE

rst KEY3 10 827 4k
SW[7] SW7_LED7 77 RO RER 7 f1
swie] SW6_LED6 76 PRASGTF R 6 fir
SW[5] SW5_LED5 75 PRAGTFIRER 5 fr
SW[4] SW4_LED4 74 PRAGTFIRER 4 fr
SW[3] SW3_LED3 87 PRASGTFRER 3 41
SW[2] SW2_LED2 86 RO TFORER 2 fir
SW[1] SW1_LED1 83 PRAGTFRER 1 A7
SWI0] SWO_LEDO 80 PRASFFICEE 0 of

%0 SignalTap Il JE 8 M FEAR R E

3% Tools— SignalTap Il logic Analyzer,

20
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FII-PRA006/010 {3 I ¥t B J St 43
AR el Rl

D
(2
(3
(4
(5

7E & 2-3 thik % Setup(Data,Setup)idk N\ % & 5

B ITAG HiR%S, i Setup WS Faids —FEMSETY

B E #F25RY (Scan Chain)
WE SOF Manager: 41|15 B B W 2 PR A2 L1 * . SOF
B R i AR P 1A B ] 2-4 BT

s 2-4 Bros A E A et g, i 2-5, fERET A E XTTEHE S : Filter i%$E SignalTap :
pre-synthesis — List, T EFIBBIMES, 7E PLLL: PLLL_INST HiEkH co, BRI IAMEF,
He s E %R 2-2 FT2) % & R T] . (SignalTap 11 s 2 Ad H, P w] DL 288 B SceF)

“ Signal Tap Logic Analyzer - Ekdb._shiyan/SW_LED/SW_LED - SWLLED - [stp1 stpl* - o x
Fle Edt View Project Processing Tools indow belp rT— Y
BdH" S L]
nstance Manager. "% ) M D [Readyto acquire % [ maGchanconguation: [maGray | %
Instance Status Enabled  LEs: 564 Memory: 8182 Sl 0/0 Medium: 146 Lirge 0/0 - TR
] auto_signaltap 0 Mot running 564 cells 8192 bits Oblocks 1 blocks. O blocks
Device: | @1: 10CLO0GIVIZITOCLOTON|ZN.. (08021 * | Scan Chain
55 507 Manager | [1)] b LED/outous fles/sw_LE050F
trigger 2018/08/08 170633 41 Lockmode: | o Allow all changes - Signal Configuration: x
wode T Dt Enabie | Trigper Enabte | Tigges Conditions |
™ s | 8 [ eemcon | Clack: [inck
= wnlr.0) [=] =] RRRRRRARL (0) Data
(7] =] =] v
awlE] =] [=] ra sampledepth: 1K RAMtype Auto v
swis] [=] “ V3 L] Segmented 2 512 sample segments
swl4] [=] =] ra
el = = i Nodes Alocated ® Auts O Manuat
swiz] =] =] Va Pipeline Factor: [0 -
swi1] [=] =] 7
suig] =] =] s STz
Type: E Continuous.
< >
Fomn  Bsewp
teerarchy Display: % | Ooatatog [ =
& * sw_iep ] auto_signaltap_0
[2] auto_signaltap_o
00% 000040
[# 2-3  SignalTap % B i
Signal Configuration: ®
~
Clock: |
it
Data NI
Sample depth: 1K ¥ | RAM type: |Auto A
O Segmented: |2 512 sample segments N
Nodes Allocated: @ Auto O Manual: o -
Pipeline Factor: |0 A
Storage qualifier:
v
B 2-4 BG5S AF iR L i
# Node Finder x
Named: [+ ~] [ st
Options
Fllter: | SignalTap Ii: pre-synthesis. ~| | customize...
Look in: | |5w_LED| | .| & nctude subentities [Z] Hierarchy view
Matching Nodes: CACE Nodes Found:
Name Assignments Al Name Assignments
- inclk PIN_B11
‘e led[0]~rego unassigned
‘e led[1]~reg0 unassigned
s led[2]~reg0 Unassigned
s led[3]~rego unassigned
e led[4]~rego unassigned
‘e led[5]~reg0 Unassigned >
s led[6]~rego Unassigned =
e led[7]~reg0 Unassigned
‘e sys_rst Unassigned =
¥ PLLIPLLT_INST =
‘» areset Unassij gned
‘@ Inclko unassigned
‘e locked Unassigned
> altplia...omponent
& led unassigned
> sw unassigned ] el 5
oK cancel

2-5  IPBPE S PR R R
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FII-PRA006/010 fifi FH Uit IH S sE 568 5 1 :
LR RS AR 0

B0 IMEES

R Node Finder x
Named" v|| List |
Options
Filter: Pins: all ¥ Customize.
Lookiin: ‘\sw;sn\ v‘ Include subentities [4] Hierarchy view
Matching Nodes S Nodes Found:
= by <
Name Assignments |*1 Name Assignments
SW_LED - sw Unassigned
»- inclk PIN_91
B led Unassigned
< > k< >
Insert Close

B 25 BRI
W 2-3 iR, Xl EALRIIWEAE 5, AR 2-6 B, 727 (i h AR
HZIES, INEAM, i insert BITT, #INSERUE Save TRAFIF B4 .

FIE: MEETRE
XFREERE S, BATETH EX AT i E, 2 TR, 2 MR,
ERAROERIL, FEFIREE, TENE 2-6 Fros.

trigger: 2010/05/08 1706333 #1 Lock mode: | =" Allow all changes -
Node | Data Enable | Trigger Enable | Trigger Conditions |
Type| Alias] Name | 8 [ 8 1 Basicor ~ |
- RRRRRRRRb (OR)
- o
G AND / OR
ra AND
s 4 OR
= 4 MAND
Y Vi
£ r NOR
Y 7 XOR
XNOR
TRUE
FALSE
Compare..
#  DontCare
0 Low
_ Falling Edge
/" Rising Edge
T High
— X EitherEdge
A+ Data &8 Setup =
Insert Value...
Hierarchy Display: % | O pataLog: |4 nsert Value
% 2-6  Trigger {5 5 iXE
At T 1 ng +-
L ﬂw : WA él:l
27 fiR, i s, W42 SignalTap Fffith %4
i 2-7 Frs, A Run Analysis, W52 SignalTap % H 44
log: Trig @ 2019/05/08 17.24:32 (0:0:2.7 elapsed)
Type Alias‘ Name 128 G4 624 138 192 256 320 384 448 512 536 540 704 768 832 896
3 =l sw[7.0] ooh agh
swl7]
swl6]
5 swls]
'S swl4]
sw(3]
sw(z]
sw(1]
S swlo]

& 2-7 R4y

Zexd oM, RITR SWIAEE S, HAF S v, KR LED T4 kit

{04 Trigger 4fF, WKA Trigger 4cFF T HUMMILE R, AT IFRLE.
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JERE e F R Q

3.1 SLWHK

(LD J—, ALEE PLLINECE, /MMt AR TREKIE;
(2) %] BCD G142

(3> HSE RS R Bt

(4) ol TS BT RIR B AT FLASH

3.2 SEIGESR

(1O HESEARAL R, IR AL R Bl B s YL 7R /N
() AMERRFHEIRES, EATHLE

3.3 LZBAR

3.3.1 EEHA

B E 1 — Pl SRS, B TT o h- LB E A )\ B S, IXOAE T\
BB LB B 2 — N T Bon /MU I R 8 A B 6 DP (decimal point), It
RBTCSR RN ZWE o BB E NN — R\ B S A WK 3-1 B, Hasmanl& 3-2
Fse

A

T ™

F 'll All |
|II @I G | /
E JIII J'I i'l IEII C

Ir\;lll—l.l_.fl O NP

D
P32 B
AV A2 IE PR, LA AL S, R RO AR I PR GE B AE — i,
nfEl 3-3 . BRIMLTT 2 FPGA $2 I A0t A BIRCOV IR, R TR, R B M
G o ANOLILPHI B, JEEHI— AL AR IS SR RALE R S, NI E R
MINE, B NBOEES, XN EERME 3-1 PR,

HJI'B
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FII-PRA006/010 {1 FH 1t ] e S 364 3 -1 :
J6CE gl Rk Q

+3.3V
& 3-3 JLRHAERD SRR A
% 3-1 JUBHR\ BT B (s 5 B R
Buikfs5 | DP G| F

m

~r |l o|lo|lo|o|r|O|O|rRr|O|O|rRr|O|O|Fr|O|+]0

R PO, |OO|O|O|O|O|O|O|O|R,r|O|OC|FL,]O

ROl O|lO|CO|O|R|[P|IO|O|O|O|O ||
o|lo|lr|O|r|O|lO|O|O|O|O|FR|O|O|R|O|FR]>

nmmOo|lo|lw|>|o|lo|N|jlaoalun|dlw|Nn|r|o

RlRr|lRr|RPrlR|R|[P|R|R|[RPR|R|R[R|R|R|RL|O
oO|l0o|O|lRr|O|O|O|O|Rr|O|O|O|OCO|O|R|kFR| K
o|lo|r|Oo|o|lo|o|o|r|o|lo|lOo|Rr|R|Rr|O|F
o|lo|lo|o|o|lo|r|o|lr|OolRr|RrR|RLR|O|lRr|O|F

B B PIA T, SRR MEh A B .

FFS R B0 E K BOR AR A 8 A B4, BRI R ORI TR, HE
T MBOkfE 5 Rk, RUEIRBh R, s b /0 BEEZ .

TR B PrA B 1 BOk SO —, mfrisgam sl — A B A RO SR
M A AR R AR RGN AN R AL 2 B RN, FE— R T, B B R AR L A
Seffle PURETIE 1/0 BRI, SR REBIHEE R, RERAHERRE.

AR, R A BN 177 SRR BN B

3.3.2 M
B E KK 3-4 prs, FHAGEN P yAiE RN 5 vee A&, RIS AEE S
SEG_3V3_D[0:5] AL HL T O B, 30 N 8 S, B0 4 BH B v vy BT s BH Al (B %15 5 DSEG_PA,

SEG_PB, SEG_PC, SEG_PD, SEG_PE, SEG_PF, SEG_PG, SEG_DPZ E 15 FPGA #Hi%, H FPGA
BHEEH, Fi, S0k ES o, BURESHN0 B, e SR,
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Tl RS AR (Q

VEC3V3} VCC3V3
I I
b e B
4 Q10 ~ SEG 3V3 DS
g NDs33EP
CD R Bsonw; w
o 1 SEG 3V3 D4
SEG D RS3 100
SEG DP__ Rs4_ 100 CD 14 Qi1 -~
SEG PE RS 100 1[5 13 ND8336P
2 A60MW)
SEG PC R56 100 3 CD 12 | 1 SEG_3V3_D3
4 @
SEG_PG RS7 100 [] 9 o
7
SEG_PB R58 100 10 CD 8 le =
11 °
SEG_PF R59% 100 5 NDS336P
J60MWY
SEG_PA R0, 100 Dj | 1 SEG_3V3_D2
“
- VCC3V3
l I l L QI3
“ NDS336P
LG3661BH 450MW,
1 SEG 3V3 DI
Ql4 -
ND§336P
A60MW]
1 SEG 3V3 DO
13-4 [ RO S 4y
3.3.3 BRIt
A2
3.3.3.1 R&IERE
I = —
B o RGHE R WA 3-5 PR
FPGA «
50MHz R0 Ph.
BUE(E 5
L " »
e s HgE.
2RifEsS. fEfF S
——

K 3-5 HhdE R RGHEE

T2 RTL ML E Wi 3-6 Fs

sys_controlisys_control_inst

tube_drive:tube_drive_inst

clk[ >
rst[ >

scan[5..0]
seven_seg[7..0]

time_drive:time_drive_inst

3-6 RTLALE

3.3.3.2 BEFNE

F—ob: ERFHERMEY R
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module BCD_counter (
input clk,
input rst,
output [7:0] seven_seg,
output [5:0] scan
);
endmodule

MANESANBMEAAES, WSS NBIRE S seven_seg MNLIEHI{E 5 scan.

Bb: RGUEHIEE

/1A AR R
PLL PLL inst
(
.areset (1'0),
.inclk0 (clk),
.c0 (sys_clk),
.locked (locked)
);

[1EAES
always @ (posedge sys_clk)
begin
sys_rst <= llocked;
ext_rst <= rst;

end

FE— DT (RGHEHIELD b, SRS RSE 50MHz I8, 285 SR 35 H
— > 100MHz, Vo HAt RS AR B, R PR PR BUE 15 5 BURE N RSB AE 5
SR B AL A A — AR AL AE S .

HEA SR
SHYY—, WM SR AR (I A B AL
5.

S0 B IR Sh R e
(O T
THEGH o 5 2 SRS, @ AP B R {5 54 BTN 60 B2, 60 43%H, 24 /NEF, 41 ]
Fl| 23 /N 59 43 59 B, RS ATRIES, MM TR
(2> HRSE AR

reg [3:0] count_sel;
reg [2:0] scan_state;
always @ (posedge clk)
begin

if (rst) begin
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scan <=6'b111_111;
count_sel <=4'd0;
scan_state <=0;
end
else case (scan_state)
0
begin
scan <=6'b111_110;
count_sel<= counta;
if (ms_f)
scan_state <= 1;
end

1
begin
scan <=6'b111_101;
count_sel<= countb;
if (ms_f)
scan_state <=2;
end

2
begin
scan <=6'b111_011;
count_sel<= countgc;
if (ms_f)
scan_state <= 3;
end

3
begin
scan <=6'b110_111;
count_sel<= countd;
if (ms_f)
scan_state <= 4;
end

4
begin
scan <=6'b101_111;
count_sel<= counte;
if (ms_f)
scan_state <=5;
end
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end

5
begin
scan<=6'b011_111;
count_sel<= countf;
if (ms_f)
scan_state <=0;
end
default scan_state <=0;

endcase

B B HE I RS VIRSEI, — I A B

’ ﬁg/\/|\’{j(1u EDT %X’H@u

Hl scan_state[2:0], FEANFPRES T BAXT M N4 count_selo EAZR, 7SANEESE 425008 K,

B 0 RS MK IIIREN T,

0 IR T /s 0 AL, I BostP i M
VIR T A% L89S, IS+

2 RZE
3RE

PR 2 MBS, IF IR B ML
PR 3 A, IR B AL

4 R T RE 4 MAGSE, IR/ N AL
5ORE T RS 5 MEGSE, I BN Az

LA 1 2RI 8] Zh A S

FTERr: B EoR sy
always @ (*)
begin
case (count_sel)
0 seven_seg_r <= 7'b100_0000;
1 seven_seg r<=7'b111_1001;
2 seven_seg_r <=7'b010_0100;
3 seven_seg r <=7'b011_0000;
4 seven_seg_r <=7'b001_1001;
5 seven_seg_r <= 7'b001_0010;
6 seven_seg_r <= 7'b000_0010;
7 seven_seg _r<=7'b111_1000;
8 seven_seg_r <= 7'b000_0000;
9 seven_seg_r <= 7'b001_0000;
default : seven_seg_r <=7'b100_0000;
endcase
end
PR 3-1, KRS EBIR TR S B AR N R, ANERUE SRR, R R DRI

ARAL B 2 A Y BUE A5 5

3.4 Flash )iz f R S IR
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TR BB B R Q

%ﬁﬁz %‘S’Hzﬁﬂﬁi}'@a
B BCWER 3-1 Frs

31 B RS B IR R

BT ET4 LS s FPGA & fiil i 11 156 A

clk C10_50MCLK 91 LPNINEE

rst KEY3 10 S
scan[5] SEG_3V3_D5 124 A5 5 5 AL
scan[4] SEG_3V3_D4 127 PEEAE 55 4 4L
scan[3] SEG_3V3_D3 129 A5 55 3 4L
scan[2] SEG_3V3_D2 141 PEEAE 55 2
scan[1] SEG_3V3 D1 142 FridefE 55 147
scan[0] SEG_3V3_DO 136 FridefE 55 0 fir
seven_seg[7] SEG_PA 128 Bk 555 740
seven_seg[6] SEG_PB 135 Bk E 55 6 4
seven_seg|[5] SEG_PC 138 BURME 55 5 17
seven_seg[4] SEG_PD 126 BURME S 4
seven_seg|[3] SEG_PE 125 BiEESE 347
seven_seg[2] SEG_PF 133 BUEE S 2
seven_seg[1] SEG_PG 137 BUEE S 14
seven_seg[0] SEG_DP 132 BiEES5 04

Wb R

F=20 KBREFE AR Flash L
#L Flash (N25Q128A) s&—NEEAT Flash 05 Fr, TJA74i% 128Mbit [N ZS, % T-IRA1%
SRR R TRERUL, 25 4. Flash JEEE G0 3-7 Arw.

VCC3V3

VCLav3

R64
4.7K

U4
TS _vee
s0 HOLD

WP CLK
GND 51

N25QI28A13BSE40F

SPLCS N R6S 2
SPI_XDATA R66 0 22
VCC3vat ROS 27K

VCC3v3

Wi 4.7K

SPI CLK
.22 SPI_ASDO

= |usfra]—

K37 JRELP Flash #4>
Flash HIE SR FE T Bk RAEETERIR b, Wil Z EREFANE SR, JERIR N IE S
ZJE AT EAAE I, bR AR TE AR T INSE . AE SPI_CLK IS BhEUIREN N, FPGA ilid
SPI_ASDO B2 He % Flash F{RfFkeok, FHr LHJS, FPGA @il SPI_XDATA ¥fEF &
iR FPGA AT
Flash BARRCE I FE Q1R
(D) SEHL File—Convert programming files, 1P 3-8;
(2) IR E
1) #FF JTAG Indirect configuration File (.Jic)
2) Configuration Device:EPCQ 128A (A FF &M N25Q128A)
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3) Mode:Active serial

1 Convert Programming File - E:/kdb_shiyan/BCD_counter/BCD_counter - BCD_counter

Eile  Tools Window

Specify the input files to convert and the type of programming file to generate.

‘You can alsa impart input file information from other files and save the canversion setup information ereated here for
future use.

Conversion setup files

Open Conversion Setup Data. Save Conversion Setup.

Output programming file

Programming file type ITAG Indirect Configuration File (jic) -
Optiens/Boot info... Configuration device: EPCQ128A ¥ Mode Active Serial v
File name [output_fies/output_fiejic
Advanced. Remote/Local update difference file: NONE -
Create Memory Map File (Generate output_filemap)
Create CuP files (Generate output file.periph jic and output file.core.rbf}
[ create config data RPD (Generate output_file_auto.rpd)
Input files to convert
File/Data area Properties Start Address Add Hex Data
Flash Loader [add 5of Page
SOF Data Page 0 <auto>
Add File.
Remove
vp
Down
Properties
Generate Close Help

& 3-8 jic XPFEE
(3 i Advanced #%4, % 3-9 TR E

Advanced Options *
i p

Disable ERCS/EPCQ ID check

Disable AS mode CONF_DOME error check

Program length count adjustment: ‘0 |
Post-chain bitstream pad bytes: ‘default |
Post-device bitstream pad bytes: ‘default |
Bitslice padding value: 1~

QSPI Flash single 10 mode dummy clock: Unchangezble

QSPI Flash quad 10 mode dummy clock:  Unchangeable

Cancel
[€3-9  Advanced &35 % B
N i o
(4) RSO, ik 3-10 fros
Input files to convert
File/Data area Properties Start Address Add Hex Data.
Flash Loader P
¥ SOF Data Page 0 <auto>
sco Add File...
)_counter.sof TOCLOT0YE144 E”' Sel 1%
Remove
Look in E“\kdb_shiyan\BCD_counter\output_files -0 2 90 FE 3B
up
B iy computer || L] BED_countersof
Down
& Raytine
Properties
File name: ‘BCD_:Dunterst Open
lose Help
Files of type: | SRAM Object Files [*.sof) - Cancel

[ 3-10 RIS

(5) s, WK 3-11 fios
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Specify the input files to convert and the type of programming file to generate
You can also impart input file information from other files and save the conversion setup| 4 Select Devices X
future use.
Device family Device name
Conversion setup files
1 APEX20K e M 10cL00sv e New. 3
Open Conversion Setup Data.
. Arria 10 [ 10cLo0sz
Import...
Output programming file Aria GX O ocioto
| Armiall 6X [ 10cLot0z E— -
Programming file type: JTAG Indirect Configuration File (jic) Armiall GZ [ 1ocLotsy r
. Edit.. =
Options/Boot infa. Configuration device: EPCQ128A AmaV O rocrorez ~
AmaV GZ [ 10cLo2sy =
Remove =
File name: ‘uutpux,ﬁles/B:D,munterp: Cyclone [ 10cLozsz
Cyclone 10 LP 10cL040v Uncheck All
Advanced RemotefLocal update difference file 2 o 0
Cyclone I [ 10cLo40z
Create Memory Map File (Generate BCD_counter, Cyclone Il [ 1ocLossy
Create CuP files (Generate BCD_counter periph ji Cyclone Il LS. [ 10crossz
Cyclone IV E [ 1ocLosov
[ Create config data RFD (Generate BCD_counter_: Cyclone v 6 O 10cL0802
Cyclone v 10cL120¢
Input files to convert ¥ v = v
fesrn M ancianns
File/Data area Properties Start Addre: Bta
oK Cancel | [
Flash Loader
T
¥ SOF Data Page 0 <auto>
BCD_counter sof 10CLOOBYET44 s
Remove
Up
Down
Propertics
Generate Close Help

B 3-11 I
(6) il Generate, % BCD_counter.jic 31

(7> HZATR ISR IERIE G R IERR SO Clio TR

HPUE:  RHIGIE

Wk 3-12 fos, EH LSS, FPGA HEK Flash HIFEFEEN FPGA H13HiE1T .

e

LT

22
@

{3-12  HRLE SR IR
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5260 Block/SCH 5246

4.1 SKEHEK

(1) B> Quartus HETE FPGA T H , #3fFiL#E, PLLAIE, PLLAIERIE, Verilog KM
e EIREEM T, SignalTapll F1#

(2 EREIRIEN BRSO

(3) 454 BCD_counter 1l H SEELEU 81 1 2R

(4)  WELILE R

42 SERER
i PR IR i TR

4.3 FEHRAE
AR S 3 B B AR 5 — P Uk, HAR R N S SR = A B AR TR,
N AR T T
(D HTEEUH :File—New Project Wizard...
TiH#: block_counter

1% 241 (10cl010YE144¢8G)
2 BT File—New, i%F% Blcok Diagram/Schematic File, U1K 4-1 AT/~ .

O New X

New Quartus Prime Project
v Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Seript File
Verilog HDL File
VHDL File
v Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
Vv Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF
1 v other Files
AHDL Include File
Block Symbol File =
Chain Description File ©

Cancel Help
4-1 Bt
(3)  HEWE 42 Fiw, DS AEBEIX, 7L Block/SCH Bt
1) A7 X4 N block_counter.bdf
2) MHETEBOF XS AL, SINRS
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File Edit View Project Assignments Processing Tools Window Help

G Quartus Prime Lite Edition - Dy/FPGA_learning_priect/FIl-PRA040/block_design_debouncing/block_deboucing - block_deboucing - m] X

O D block_deboucing MIFE-X-X FFEO SAVE @
roject Navigator ey ~la e x| % block_deboucingbdf IP catalog 18
o EINQ¥ACR-OTTNN > & X
~
I Cyclone 10 LP: 10CLO40YFABACEG v @ Installed 1P
+ block_deboucing : : v Project Directory
No Selection Available
TS SIS : ~ Libra
7 ry
i —
~ > Basic Functions
> psp
< 2 : : : > Interface Protocols
[— Compitation Cl=m@e ~ : > Memory Interfaces and Controllers
- = }&ﬁﬁﬁb ﬁzui » Processors and Peripherals
> University Program
v P compile Design : : @ search for Partner IP
> P Analysis & Synthesis
> P Fitter (Place & Route) v v

z s e B + Add..
s anl (@& 4] (A 88 Find.. | |88 Find Next
a

Tvpe ID Messaae

System  Processing

e

322,334 0%  00:00:00

(4) KT 4

[ 4-2 BRI

W BB B IX, 1 libraries e 538 (1) FE A 45

'T.I Symbol

Libraries:

» & puffer
> & logic
> & other
v & pin
E bidir
input

<

¥ outout

Name:

|inpuﬂ

O Repeat-insert mode

Insert symboaol as block

(5)
(6)

& 4-3 FANEERS

I AN (s P R € NN (T vEZR N
AN A E AT S

1) HrEE— block/sch A, 17N PLL_sys.bdf

2)  WSINEHNPLLIP

%I

EZRIN)

L

3)  EFEA RSO RS PLLL.bsf SCAF

4) 7E PLL_sys.bdf A A X0, SERERIAE AT PLLL

WK 4-4 frs

Vozan =]

5,

IIMERZSCAE

33 / 133



|  Fi-PRA0OG/010 1 F it 91 % Sk B 6 5 45
bR R Rl Q

= Symbal >

Libraries:

v © Project EN
@ plln
T pli_sys_rst
T us_divf

v ©& ¢fintelfpga_lite/18.0/qu : inclk( nclkd fraquency: 50.000 Mt c0 : : ]
: locked}: - :iiiiii] |

PLL*

& megafunctions - |areset

S others e
1< >

Name:

ins CCRiTE 10 Lf

o1 -

[ Repeat-insert mode

[ insert symbel as block

B a4 BTG T 1P catalog Tk RRIOTE
5)  #EEARINHES S, inputoutput,dff GND 5344k, WK 4-5.

PLL"
inclk 1 Inctk® | {1, c1k0 recuency: 50.000 M <0 SUTRIL [ svs clk
S SO0 TT0T0 | areset Operation Mode: Norrr locked e S
J; Ph (da [DC (%
R Lco| 21| ooc | s00c i :
c&o OUIBLL— sys rst
inst Tyclone 10 LI - inste

& 4-5  FRLFEL
@A) KRS E O B g A, DME R 22l
1) File—Create/Update— Create Symbol file for Current File, %1% 4-6 i/
2) 4R PLL_sys.bsf

|Gk Quartus Prime Lite Edition - D:/FPGA_learning_prject/Fll c_design ¢ ¢_design - block_design ¢

File Edit View Project Assignments Processing Tools Window Help

e o s [ GSO TP 5O CLVH

cute0

Close Cutera e O verilogly
A New Project Wizard.. ak QYA e -011NNNOOo
" Open Project Cutes
Save Project |
Close Project
2] v
Save As..
@ Save All Curieshiftss
File Properties..
Create / Update -2 Create HDL Design Flle from Current File...
Export.. Create Symbol Files for Current File -
Convert Programming Flles... Create AHOL Include Files for Current File
B PegeSens Create Verilog instantiation Template Files for Current File
@ vion Preview Create VHDL Component Declaration Files for Current File :
Bk
5 print. CuteP F inclkO frequency: 50.000

pset Operation Mode: Norrr

Bac Frofacs s Cooem g Tap e o Do o [Cic[Ratc]Pr g [oC |

[co] 21 ] o0oc | 501

Exit Alterd Create/Update IPS File...
Create Board-Level Boundary-Scan File—
Tasks Compilation Y » = Pin AL -

K a-6 Aui ARG @RS S (symbol file  *.bsf)

(8) B/ AL
1) HE—AN IR verilog SCHF div_us (FRESZFHE I TR
2) CFf PLL f B EE DN B S N8R, K 100Mhz RIS BH 20 5TR IMhz RIS B
3) EHE (7), Bl div_us.bsf
4)  HE 1000 24 verilog SCAF: div_1000fv
5) @& div_1000f.bsf £ 5
(9 GlEdH K us, ms, second ik, WK 4-7 for, BARSIILZSZAASLL S5
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—. =M
1) HrE block/sch XX+ block_div, 7 block_div.bdf H i I L ¥ i (I RTE A5 S0

2) HEKE (7) & block_div.bsf 5

& 4-7  block/sch ¥ it us, ms, second ik

(100 g verilog X bed_counterv, Withf. o it#iss, HAIEE bsf 775, %5006 =
B —3 40 (9) H block_div 523,

(110 HEZA*bsf, 5ERBFHIBT (block_counter.bdf), UK 4-8 s
R T e
. S i e |
e sys_rst sys_rst ms_f
s f
insts
e
rst seven_seg[7..0]
sys_clk scan(5..0]
sys_rst
inst3

P4 4-8  BDF Bt A% oh

4.4 SEIGIOUE

ERAE, Wik, THERIIESER=—8, WIZELR=, HILEIK.
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e B R 0

LIh  HEEBER

51 SEHHK

(LD BARKIT S

(2> g PR, DK E &N TR

(3) 23] Fii-PRA006/010 4 B AE 14 Ha, 4% 1) 3% 432 K Ak P
(4 ZENHERERS L EFERET T

5.2 SEIGESR

(1 EE R EHRKAT 1 5]
(2) BRI, WK s
(3)  HIERAERELBE, WK AR, &N AL, KT AR s)

53 SLKEAR

5.3.1 FEMERHRER N

(1 FHEFEN
WREFLEN T WV, % T AR, e s, LR, 73508 PBO (up),
PB1 (left), PB2 (right), PB3 (down) Fl—/NRGEA #44E RESET. WK 5-1 Fizn.

K51 dhksciEl

(2> VHEHEEE A

R BN U, TRATT A0 200 2% FE A () AN AR 1 o 18 H B P FH R T SR UG PR O
LU ST AR, T AU AR S A E R, — MR O S A S D B
SE PR, FEWTFF I AN 2 — T PR, 1 A2 7 P AW i () £l T —3% 5 0 $k3),
WK 5-1 fis.

PR A I TR R E N e I, WA TE 100ms DL b, ZIE s
THAEIAE] 40-50ms oAy, (RMEFHK T . B3NS B HUREREJOE 1), — RS TE
JLERR L= Z (8], 8T R FE TR 0 — P B — IR R e — ok, 2t
ITHRBERTHEMGBE . A B2 B RS AR, AR R R Righ i, T2 2o S 1A sl
TR Jo AT AL B o 3BV B rT o AR T AR I
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i
#h

e

B 5-2 iR

#giET —

W

B
#zh

FELERZHUIBOLT , FATRE AR RSB B S5 SRV SRR, o 2
MEHLBRESBAG, B8R —A 10ms A RER N E], iERFEDH K5 F T — R
R, SR SRR BV PR AR, b m] DA A% 5 C oA e It 7o X AaIifE
P GEIRIBR AT et H A LT o R 42 Sl A P RO N, s () i 4 L e o
SAF L WMBIER RN A BEIEFR T1F, SRR SO e ) RS

53.2 AR

feg JF W 5-3 B, ATLUE BligdE—M (P1,P2) 5 vee AHiE, H—M (P3,P4)

5 FPGA MiE, [FINfE—/ 1K BHFHE . IEFIRE T, =S,

BhI 45 P3 ALHLAL A

0, Kt F% B 7] FPGA Fiy N BN 05 435844 NI, J2ci N 508 , by 425 P3 AbH3 47 2/ vees.3v,
Rl 1) FPGA BT NAEN 1. BT LAMRETIT 2 N E A 2.

UP
I
WREEE]| Pushbutton
1] . p 2
R S
kEYs RI® 0 3| ?l_m 4
¥ z =
PBO
R13
1K
LEFT = RIGHT
. ol — rerara |
RCCIVEL Pushbutton GND NG| Pushbutton
1| gy T L T
KEvo R13 3a T‘_m 4 KEY1 RI»S 3 Tl_m
7 22
PBI1 PB2
RI12 R12
1K 1K
GND DOWN GND
= el [
BN, Pushbutton
1] . n
kev: BT o o3y l_m
PB3
R12
1K
GND

5.3.3 BRI

5.3.3.1 RSIEHE

K53 U LB AL 2y
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FREPEHAUKAT RGHEE A 5-4 FoR .

FPGA -~

SO0MHz F4htf .

100mhz ~

LED[7:0]« LEDAT
-RTAER= 2

Kl 5-4 B EEHlRKIT RGHER]

T2 RTL ALK 4 & 5-5 Frr s

pb_veiinst2
Led_shifting:inst4

left D keyin
ms_f| keyout
block_divinst1 sys clk
PLL_sysiinst Sys rst led(7.0] D LED[7..0]
rst| ms_f
inclk D inclk; sys_clk s f ‘
Sys rst J pb_vetinst3
right[ >
keyout
rst [
F 55 RTLALE
TZ B 5-6 fra .

........................ PLL sys Ll ok div

inclk  sys_clk
Lol sys_rst

inclk  us_f [ ¢
rst ms_f

o ¢ T {ied shifting

Fals e e = )

st led[T. 0]
sys_olk
wey_leit
T e

s i

Ll et

5-6 TR

5.3.3.2 BEFNE

S ARG LED SR BRERS 5 2 RN SENR, 0B & B BT N 4

module pb_ve (
input sys_clk,
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input sys_rst,
input ms_f,
input keyin,
output keyout

);

reg keyin_r;
reg keyout_r;
reg [1:0] ve_key st;
reg [3:0] ve_key count;

always @ (posedge sys_clk)
begin
keyin_r <= keyin;
end
always @ (posedge sys_clk)
begin
if (sys_rst) begin
keyout_r <=1'b0;
ve_key_count <=0;
ve_key_st <=0;
end
else case (ve_key_st)
0
begin
keyout_r <=1'b0;
ve_key_count <=0;
if (keyin_r)
ve_key_st<=1;
end
1
begin
if (keyin_r)
ve_key_st <=0;
else begin
if (ve_key_count == 10)
ve_key_st <=2;
else if (ms_f)
ve_key_count <=ve_key_count + 1'b1;
end
end
2
begin
ve_key_count <=0;
if (keyin_r)

ve_key_st <=3;
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end
3
begin
if (keyin_r)

ve_key_st <=2;
else begin
if (ve_key_count == 10) begin
ve_key_st <=0;
keyout_r <=1'b1;
end
else if (ms_f)
ve_key_count <=ve_key_count + 1'b1;
end
end
default ;
endcase
end

assign keyout = keyout_r;

endmodule

ARSI AR 2 — P B G S s 2R i AERI B SRS AR A G T, AR
10ms NSRS R AU HBIBNAAE, REIVIGIRAS, TEBRZEN TH 8T, B aR e
RA, HEZENTHE IR 10ms k. ZEEIHE N SRECR AR L7k miEE
WK 5-7 iR,

delay_count=0+

L

b4

key=1'b1% e

Y

delay_count= delay_count+1+

N+

K57 duhkEpRRRE E
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FII-PRA006/010 15 F 5 B 2 53646 5 10
LR RS AR Q

HAvRZES 04 1 XL RS 8L 20 3 0B L Fl . RN ERE, 1212
Fe it — A [F 2D I ikt

54 SERRIOUE
F—0 SEEN
By BC Nk 5-1 o
£ 5-1  FEE LRI WU
BEFES4 W25 bR 5 FPGA & i i 11 156 A
left KEY1 3 EMAES
right KEY2 7 LGS
rst KEY3 10 BAfES
led[7] SW7_LED7 77 Led KT 25 7 £
led[6] SW6_LED6 76 Led XT25 6 fir
led[5] SW5_LEDS 75 Led T%6 5 fiL
led[4] SW4_LED4 74 Led %25 4 i
led[3] SW3_LED3 87 Led %28 3 i
led[2] SW2_LED2 86 Led %28 2 i
led[1] SW1_LED1 83 Led 4128 1 1
led[0] SWO_LEDO 80 Led %28 0 £
B THREHIE

BB e R BT AR, B ST R REGIE . SEIRFL R A 7-8 & 5-10 AR,
PR NG, LED T4 K, % NEfA8E, LED /45, WK 7-8 fin.

TR E L EE T

K 7-8 HHEHEEISIRIER (ALK
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| FI-PRAC0G/010 15 FH 5 2 ST fit -1 ‘
TR R Q

R right AR HBESS, BRm L LED ST 5%, W&l 7-9 For.

579 HAEHPHIRI R Gi—IRAB D

R N AR tasE, LED [T mAa#a—0. Wk 7-10 Fias.

B 7-10 fEBHPSIRIG (HHE R AR
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FII-PRA006/010 {3 FHl B Je sS4 3 15 ‘
b Rl B Q

SERNN  RVESRHIERS modelsim {fE

6.1 LB HM

(1 eIk
(2 1§ F modelsim 1/j 5 % i1-4i

6.2 SKIER

(D 8x8 [HFfeykas, HF—NHINEUEN 8 MLk, 2/ AN N 8 LrHEas ik
2 1E modelsim =W £ H 45
(3) FH VU D W2 1B ot B

6.3 LBAE

[T ST P 7 0 T ERIRT 1P R0, DR R 943
6.3.1 EFNAH
Modelsim /&—2X HDL i& E 17 . A LUK IRATHIRE 7 - T BRI B, TR BIAG 56 AN

S INEE. {FTH Modelsim 15 BB, 52 BIRSCISA BT AR, 7887 TAZ I 75 22 R
{ER P95 B T RAE EDA T HIEFH O3 T8 M, WK 6-1 fis.

(b New Project Wizard X

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/S... <None> ¥ | <None> Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ¥ | Verilog HDL * [ run gate-level simulation automatically after compilation
Board-Level Timing <None> v

Symbol <None> -

Signal Integrity <None> v

Boundary Scan <None> o

< Back Finish Cancel Help

& 6-1 EDA T H¥HE
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AR el Rl

Q

B R T —iHEs, —A PLLAT— N IRIES:

B2 EREFHERAIHEIL

X AR LA AT 4

module mult_sim (
input
input
input [7:0]
[15:0]
reg [7:0]

output
output

inclk,

rst,

SW,
mult_res,
count

ROTRIMEN NIRIEAR SR — DA, RIS E S =M, PRI S R .

FoP: LS P AR ELTRIT
@D S LPM_MULT IP (IP Catalog— Library—Basic Functions— Arithmatic—>LPM_MULT)
R BAE, MERESRNRER D, WK 6-2 Fiw, FEERE A AL 1 2K

B\

% MegaWizard Plug-In Manager [page 1 of 5]

&) LPM_MuLT

a2 > Pipeiring >

Multiper configuration

@® wutiply ‘dataa’ input by 'datab’ input

[Resource usage |
1 dsp_8bit

O wultiply ‘datsa’ input by itself (squaring aperation)

@) Automatically calculate the width
O Restrictthe widthto 15 bits

Currently selected device family: ¢y done 1010

Match project/default

How wide should the ‘datas’ input be? bits
How wide shouid the ‘datab’input be? bits

How should the width of the result’ output be determined?

[[cancel ][ <gack | [ mext> | [ Emsh |

K62 mult XE 1+

(2> EFERABIEN unsigned, 1A 6-3 TR

< MegaWizard Plug-In Manager [page 2 of 5]

&) LPM_MULT

Datab Input
Does the 'datab’ input bus have a constant value?
@® No

) Yes,the value is

Resource Usage

Multiplication Type
which type of multiplication do you want?
(@ Unsigned

O signed

Implementation
Which multiplier implementation should be used?
(@ Use the default implementation

() use logic elements.

() use the dedicated multiplier circuttry (Not available for all families)

Documentation

& 6-3 mult & 2
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JERE e F R

(3)  IEFEH pipeline GRUKZD, FHRUMPZATHEE, W& 6-4 fis
(4)  HABBGARE

X MegaWizard Plug-In Manager [page 3 of 5] ? X

"4 LPM_MULT

Parameter

Settings
General General2 Pipelining
Ipm_mult8x8 Fipelining
lock
Do you want to pipeline the function?
ataa[7 (' b b
sult[15..0 O to
atab[7..0° nsigned
multiplication (@) Yes, Twant output latency of dock cycles
["] creata an 'ack' asynchronous clear port

[[] create a 'clken' clock enable clack

Optimization

What type of optimization do you want?
(@) Default

() Speed

O Area

1dsp 9bit

| Cancel ‘ ‘ < Back ‘ ‘ Mext > || Einish ‘

& 6-4 mult % 3

8x8 ik d it T~

reg sys_clk;
mult_8x8 mult_8x8_inst (
.clock (sys_clk),

.dataa (sw),
.datab (count),
.result (mult_res)

6.4 Modelsim K1 FH B SEI AT
ARS8 FAE H Modelsim 33E47T 347 EL A I E R .
Tk ERTRERARTTR
&D) R SE A Tools—Option, WKl 6-5 $REHKIE, s OK

EDA Tool Options
Specify the directory that contains the 1001 executable for £ach third-party EDA tool

EDA Tool Directory Containing Tool Executable

i Synthesis

~ 1P Semings Pro
I Catalog Search Local | | n e sy
Design Templates
License sewp Riviera-PRO
1t Editor Madelsim
Questasim =
- Madelsim-Altera CAIntelFPGA_lite\18.0\modelsim_ase\win32aloem

[J use NativeLink with a Synplify/Synplify Pro node-locked license

< > oK cancel Help

¥ 6-5 8E Modelsim-Altera [ 2645
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AR el Rl

Q

(2)

A STARTER £D
Fle €t mpe

9-FEs8 e

4 Modetsim TN 1055

Add Wave

LR EPEH IR

Tooh Layout 8o

NEw | &2

[}

ckmaks Window Help

an Laveut Similate - Jda-a.94a-9
» - QaQssa[ L amims

ErE ™ x|
s -, ET— — L

e 1017

EErYLE

3 % B modelsim

& 6-6  modelsim % [1

1) SEHFZ Simulate— Start Simulation
2)  ¥SIN libraries, 1P 6-7
™ Start Simulation x
Design ] VHDL ] Verilog ] Libraries ] SDF ] Olhers] o3
Search Libraries (1)
IC:/intelFPGA lite/18.0/modelsim ase/altera/verilog/220model Add...
IC:/intelFPGA_lite/18.0/modelsim ase/altera/verilog/altera
IC:/intelFPGA_lite/18.0/modelsim ase/altera/verilog/altera_mf Madify
Delete
Search Libraries First { 1)
Add...
Modify.
Delete
L ok | cancel
K67 @iy sz
3) {E Design MAREREITE mult_sim, iy OK, Wi 6-8

™ Start Simulation >
Design l VHDL ] Verilog ] Libraries ] SDF ] Others] <
¥|Name [Type |path -
=} ‘L work. Library rt_work
_] Ipm_muit8x8 Module D:/FPGA_learning_prject/FII-PRA040/mult_sim/lpm_mult8x8.v
_ M mult_sim Module D:/FPGA_learning_priect/FII-PRA040/mult_sim/mult_sim.v
PLL1 Module D:/FPGA_learning_prject/FII-PRA040/mult_sim/PLL1.v
(] PLL1 altpll Module D:/FPGA_learning_prject/FII-PRA040/mult_sim/db/pll1_altpll.v
{1] pll_sys_rst Module D:/FPGA_learning_priect/FII-PRA040/mult_sim/pll_sys_rst.v
+ ‘L rti_work Library D:/FPGA_learning_prject/FII-PRAD40/mult_sim/simulation/modelsim/rii_y
+} ‘L 220model Library $MODEL _TECHY/. . falterafvhdl/220model
=+l 220model_ver Library ~ $MODEL_TECH/../altera/verilog/220model
++-4l) altera Library ~ $MODEL_TECH/../altera/vhdl/altera
++-4i, altera_insim Library ~ $MODEL_TECH/../altera/vhdl/altera_insim
) ‘L altera_lnsim_ver Library $MODEL_TECH)/. . falterafverilog/altera_Insim ﬂ
<] | |
Design Unit(s) Resolution
work.mult_sim default !{

& 6-8 EBEEMHEMTIH

32 B Tools—Run Simulation Tool—RTL Simulation J& 2z modelsim, & 6-6
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AR el Rl

4) i%F¥ objects TG SHER] wave EH, WK 6-9

T Mosetsim - INTEL FPGA STARTER EDITION 1035 o
Fle [t View Comple Smuse Add Wave Tooh Liyout Bookmwts Window Melp
D@ S IRBD2 (O-MEN||S2ERN | Qe [ ol HUUNS WD TR LB || ot simitace -
- v 2-9-9%2-9 w) DEETE IR R i

QARAIR|| | A/WIWI

M 4 #x]
sy | L]

O Hypehoetoseach
69 WIMMERES

5) BHE wave WG S, A AW H WA 6-10

s + 2 x| pu| Wave - Defauit
|value [kind [ Mode[1#] B 1iow /] »

$a Objects
¥|Name

£ indk 74 Net
£ sw zzzzzzzz Net
4. seven_seg Net
& son Net
4 mult_res ... Net  Internal
Net  Internal
4 sys Stx Net  Internal
4 count 000¢.. Pack... Internal

Object Dedaration
Add

Edit

View

UPF

Radix

Format
Cast to

Combine Signals...
Group...
Ungroup

| |

F6-10 f55¥HE
6) IBH(E5%kFE force, WHEPE5i%FE clock
A rst ESRE, WK 6-11

M Force Selected Signal X

Signal Name: sim:/mult_sim/rst

Value: d
Kind

* Freeze ( Drive ( Deposit

Delay For: 0

Cancel After:

OK Cancel

B 6-11 rst fH5EHE
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TR AR Q@
B. InckfE5%E, WK 6-12
™ Define Clock X
Clock Name

sim:/mult_sim/inclk

offset Duty
0 50
Period Cancel
E
Logic Values
High: |1 Low: |0
First Edge

@ Rising " Faling

ok | _conl |

B 6-12 Inclk {553 H

C. swilEskHE, WK 613

M Force Selected Signal X

Signal Name: sim:/ malt_sim/sw

Value: 100 lI
Kind

 Freeze ( Drive ( Deposit

Delay For: |0

Cancel After:

ok | cancel |

613 swiESE
7) BATPiE, TEFEWE 6-14, WEEME 100ns CGEEGRED, sk m Bz
BT K

dow Help
» (| [o o J e A
| e @E' EVE

6-14 i FLI (] BB

8) WEER, WK 6-15 fiw,

£ jmult_simjrst
£ jmult_sim/indk
+ 4 [mult_sim/sw

& 6-15 fhHEAR
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JER B A R Q)

9) LRt
A BUES R R IUE 1 G TR IREE T AR AT XXXX
sys_rst WWHENE S HIL, MIFLE X o
N pll_locked 15 5 2L K, BRI A&
ME 6-16 HELAFEH, BT PLL BUEZ AT sys_clk HELT LAY, BhE
PLL_locked & ‘516 4f HAK B % e, DALV T i n] SR SR AL

O 0w

Jmult_simjrst
£ jmult_sim/indk
B fmult_sim/sw
B-“. fmult_sim/seven_seg
£ jmult_sim/scan
B4 /mult_sim/mult_res
4 fmult_sim/sys_dk

4 fmult_sim/sys_rst
B4 /mult_sim/count
4 jmult_sim/pl_sys rs...

6-16 HRKRPTELER
E. fRRITHR
a. JEX sys_rst Bf A 17b1;
b.  FIF AN rst 3L E
KR % a, BT

module pll_sys_rst(

input inclk,
output sys_clk,
output reg sys_rst=1'b1

10) TR P07

g Wave - Default

£ fmult_simjrst
£ fmult_simfinck
BL jmult_simfsw ]
E¥-“. jmult_sim/count 3 103 yF J& J5 1 Y7 8 Jo Ja0 31 J32 i3 [14 |15

B-“. mult_sim/scan

4 jmult_simfsys_dk
4 jmult_sim/sys_rst

617 EHigmiENi A

HI T B BB, BRI A28 53— R bSO R0 00575 'S 07 Sl SO ARk AT
ik

T G S I SR AT O R
(L EFEEBN S, SCFA N th_multy
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JER B A R Q

(2> AT

‘timescale 1ns/1ps
module tb_mult;

reg rst;

reg clk;

reg [7:0] sw;

wire [7:0] count;
wire [15:0] mult_res;

/1% T AT FL) ARG A Rl SO

mult_sim S1(

.rst (rst),

.inclk (clk),

.SW (sw),
.count (count),
.mult_res (mult_res)

);
/17 TR R Z R B, ARG RSCARIE R R R
always begin
#10 clk = ~clk;
Smonitor ("%d * %d = %d", count, sw, mult_res);
end
/BT H AT
initial begin
rst=0;
ck=1;

#10 sw = 20;
#10 sw =50;
#10 sw = 100;
#10 sw = 101;
#10 sw = 102;
#10 sw = 103;
#10 sw = 104;
#50 sw = 105;
[1E IS
#1000 Sstop;

end

endmodule

9 5 RN ST 1 S BT SRV LRI (R SRAL, AIREEEN 1ns, ARG R B
FLI ARG BURN SO R, 5 SCIF I e B 5 DA R A 564, A — e IR S 5 1k 1 31
AU EZ T 1000 AR 3 5 152 1k

WMETER, HATRIE, WIFEEE, KR SCEERINE] Modelsim T, BARD
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BUF:

A, AHdSEEES Assignments—settings U1 6-19 i~

' Settings - malt_sim

Category:
Goneral
Files Specify options for genesating output files. for use with other EDA tools.
Ubranes
1P settings Tool rame: | Modetsim-Altera >
P Catalog Search Locations
8 O mun gate-level simulation automatically after compilation
Design Templates
¥ Operating Setings 0d ConGUNE | EDIA Nedlist Wiite sefiings
voltage
Temperature Eommat for output netist | Verilog HOL = Time seale: 1 ps =
* Compiation Pracess Settings (AP O er——
incremental Compitstion
“ EDA Todl Settings [ Map liegal HDL characters. [ Enabie glitch filtering.
Design Entry/Synthesis Gptions for Power Estmation
R [ Generate Value Change Dump (VCD] file | Script Setts
Bowrd-Level A ot [ Serip! e
¥ Campiler Settings Design
VHDL input
Verllog HOL input
More EDA Netilst Writer Seftings.
Detault Parameters
Timing Analyzer NativeLnk seftings
Assembler

® Ngne
Design Assistant

‘Signal Tap Logic Analyzer. © gompile test banch: " Testpenches.
Logic Anabyzer Interface.

Power Analyzer Settings S
ssnAnslyzer © Scrptto compl test benciy
ore atveLink Settings.. Beset

&l 6-19 fiHKE 1
B. %¥F Compile test bench, il Test Benches ¥siill th 45 EL 34, i 6-20 Fiow

Device/Board.
Specify options tools.
¥ 1P Settings e =
P Catslog Sef = Test Benches x
Design Templates
Specify settings for each test bench
Voltage Existing test bench settings: El
Temperature
v Compiation Proc Name  ToplevelModule Designinstance  RunFor Test Bench Fiels) o |
Incremental |
Ontete
¥ EDA Tool Setting
Design Entryf
Simulation |
Baard-Level
* Compiler Seiting:
VHDL Input
Verllog HOL In
ok Cancel |
Default Param =
Timing Analyzer T Wativelink setbnge
Assembier O hgre
Design Assistant -
Signal Tap Logic Analyzer ® Compile test bench: 7] [test Benches.
Loic Analyeer Inerface [ wse script to set up simulation:
Power Analyzer Settings
S5H Analyzer O seript to compile test gench:
More NativeLink Settings... E
3 Close Apply elp

620 fiHEKHE 2
C. i New, Wi 6-21 Fur, ALK (5 tb SCAFARFE—F0

Create new test bench settings.

Test bench name: [tb_mul{ |

Top level module in test bench ‘lbﬁmull \

[ usetest bench to perform VHDL timing simulation
Design instance name in test bench: |NA
simulation period
@® Run simulation until all vector stimuli are used

O End simulation at: S

Test bench and simulation files

File name | |- Add

File Name Library HDL Version Qemuve

up

Down

Properties

oK Ccancel Help

621 fHHEEHES3
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D. Kl 6-21 LUt . I B, B Z AT S 4F 1 th_multyv ST
E. 4TJF, Adi Add %, anld 6-22 s, ARJE S oK (=0, 5B E .

- Mew Test Bench Settings *

Create new test bench settings.

Test bench name: |tb_mult |

Top level module in test bench: |tb_mult |

[ use test bench to perform VHDL timing simulation
Design instance name in test bench: |NA
Simulation period
@ Run simulation until all wvector stimuli are used

O End simulation at: 5

Test bench and simulation files

File name: Add
File Name Library HDL Version Remove
th_mult.v Default
_ Up
Down
Properties...

Cancel Help

K622 fiHKE4
(3 253 B Tools—Run Simulation Tool—RTL Simulation, ¥ modelsim.

ITEE R 6-23 Fios.

ﬂ Wave - Default
e I I
a

4 jth_multfrst

4 Jth_mult/ck [ I I | E— [ I | E—
o4 ftb_mult/sw jE::::::::::::::::::::::::::::::::::::j
B4 jtb_mult/count e 17 ] 110 11 112 113 115 116 117 i

B fth_mult/mult_res (520 1624 728 1832 936 1040 ENEEY 1248 11365 11470 11575 11680 i

I 6-23  BiL

15 B —E LN JS 7E Trascript o BoRI181T4 %E’JIZM:UW K 6-24.
RoNis 585 o te AN — AN B, BSOS Brp, Jeifns R ast—17, B
RANULHEE, AEASRZ A %) S256 285 R A 04T o

# 1 * 102 = ]
# 2 % 103 = 103
# 3 v 103 = 208
# 4 v 104 = 312
# 5 v 14 = ilg
# g ¥ 104 = 520
# T v 104 = o2d
# g% 104 = 728
# 9 % 104 = 832

& 6-24 SURRIRIBITHRE R
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it T EERI$ R BCD AR K N A

7.1 KK HK

D
(2

2p o — ik #F BCD 1 (bin_to_bcd)
2p otk #E BCD 1 (hex_to_bced)

7.2 SKIER

FEIN, R R BRI E L.

7.3 LBAR

7.2.1 7 HEHEE BCD A8 R B A

H1 T 16 BERIBCR R ASEW,  RUAESERRT A R AEAER A 10 #E) s e i
NIRRTl g, Rt 16 #E B 10 HEFI KRR AT EZRRE, — SR A R 7

AT

(D

T BT

FE[A A I B3R A 16 BERIBUSIEIAE 1, B2y 0. [N iit-&id ) BCD 5 10
BERITH A, 2 16 HERIRIEORY 0 I, BCD THEERUF1S 2115 16 BEHIHUNR S5 KB EREAT 2

No
(2
1)

2)

3)

PUgEHE Tk BALn 3 8RR E], Pk,
WERIEH 10 HEf M, BB 16 17 2 BERIEUE (4 17 16 HEHD #Hoh 10
B, FE KA PARIE 65535, SoE X 5 ANUAZ 2 #EHIECHIT ten_thousands,
thousands, hundreds, tens, ones £ &40 45 1
¥ 16 BERIBCEXR AR 1 60, R TR TION E S IAR S, AR UK Wy
ten_thousands, thousands, hundreds, tens, ones Ko RS K14+ 5, KT
5, WK RIIALIN 3, B2 16 ArReAr e e, A5 BIAH N 125 R .
HE: ERRRE AL AMEN 3 b3, BERAGRIEHLER
75k E R BCD AL 1 5 HE

i ABCD Ay 4 fir 2 i1 Er CRTRE Mz, 10 A28% 100 f255), K HH %y BCD
e BTN RAGREZR XA SLIE), #3)—4Af52:15 3] ABCDE (E & MK
KA I R 1, FLHUE v 0 B 1) o U BRI i 2 75 K145 T 10, K T4 T 10,
MZAE N 6 # LR R 10 AN, FRBEAL AR 2 iE 4 £ BCD 5 b iX HR IR E)
ROAEE, JedlT ABCD 275 K T45T 5 (10 M—2F), W KT 5 #itfon 3 (6 f1—
), REFHATEAL.

0 ABCD=0110 (il 6)

A, FEAIJEN 1100 (12), KT 1001 (ki 9O

B. 0110 (+it#l 6>, ABCD=0010,i# il l 1, £5HEFIE N1k 12
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£, MZ A BCD R #REESE W2 15 75 220 2 B AL AL

bR R Q
C. RABAIATALFE, ABCD=0110(6), K T%:F 5, 3
D. ABCD=1001 (9), ZEf—4r
E. ABCD=0010, & —NifE N PUAz BCD &AL
F. B TFBHMAIN 1, ABCD=0010 (2), 4558 tfr 10 #6110 12
G. TWUEHEBEHESGR 5
Ho TREER (D A, Fin3, sEBAL (2) WA £ BCD i [F I A7

S MOTE LR R, A E AT LLAATSR ), R LU —MOIE NN

) 1. —dkklE BCD, R WE 7-1 Fis

Binary Operation
1010 0010 162
1 010 0010 << #]
10 10 0010 =< #2
101 00010 << #3
1000 add 3
1 0000 0010 << #4
10 0000 010 << #5
100 0000 10 << #f
1000 0001 0 << #7
1011 add 3
1 0110 0010 << #8
1 6 2
B 7-1 11, bin_to_bed
il 2. - Nl BCD, EREWE 7-2 FoR
Operation Hundreds Tens Units Binary
HEX F F
Start 1111 13 1 1
Shift 1 1 1111 111
Shift 2 11 1111 11
Shift 3 111 1111 1
Add 3 1010 1111 1
Shift 4 1 0101 1111
Add 3 1 1000 1311
Shift 5 11 0001 p O T |
Shift 6 110 0011 11
Add 3 1001 D011 11
Shift 7 10010 0111 1
Add 3 1|l0010 1010 1
Shift 8 10/0101 0101
BCD 2 5 5

& 7-2  hex_to_bcd
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7.2.2 BFN4A

B2 EREFHERAEIL

module HEX_BCD (

input [15:0] hex,
output reg [3:0] ones,
output reg [3:0] tens,

output reg [3:0] hundreds,
output reg [3:0] thousands,
output reg [3:0] ten_thousands

BN 16 AL —BEHEL hex, KR LIRS 2t 65535, [Klt4a i ML ones, 4%

tens, [ hundreds, 17 thousands, LLAJifi ten_thousands.

b PRSI

reg [15:0] hex_reg;
integer i;
always @ (*)
begin
hex_reg = hex;
ones =0;
tens = 0;
hundreds =0;
thousands = 0;
ten_thousands = 0;

for (i =15;i>=0; i =i-1) begin
if(ten_thousands >= 5)

if(thousands >=5)
if(hundreds >=5)
if(tens >=5)

tens =tens + 3;

if(ones >=5)

ones =ones + 3;

ten_thousands = ten_thousands + 3;

thousands = thousands + 3;

hundreds = hundreds + 3;

ten_thousands = ten_thousands << 1;
ten_thousands[0] = thousands[3];
thousands = thousands << 1;
thousands[0] = hundreds[3];
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hundreds = hundreds << 1;
hundreds[0] = tens[3];
tens =tens << 1;
tens[0]= ones[3];
ones =ones<<1;
ones[0] = hex_reg[15];
hex_reg = {hex_reg[14:0], 1'b0};
end
end

S 7-2, BT I SRy, KA T 5 N 3, JE— AR AR ALY

H=ob WE
S9N, KM Modelsim #4707 5, AP REITT:

initial begin
hex=0;
repeat (20) begin
#10;
hex = {Srandom}%20000;
#10;
end
end

FHUE8 16 A7 b3S T 0, SRS LERY 10ns, 16 7 —idEHIEEU/NT 20000 HIBENLEL,
ZER) 10ns PAFZE W, BN REEE 20 #.
Xt modelsim W& 5E, WINSEEBISCEG, TR, 558K 7-3 Fos

| Wave - Default

B [ [ s T Jz [ i 5 [ s

€ 7-3 ikl BCD 4734 R
FE5E%:
A, BB S AN <=7 AR “<=” £75, AttAar
B. T BRI GZERBT, B F AR I R s A 3 h L
BN P R 22

7.4 +753EHIER) BCD RS E e K B

&N PSR SE R SEIG /S TeTE Sy, FRIE SR LL 10 BRI 7 B E BoR, Baid 1S
B, D BTG R IR, SRR B0, B BOR, RIEZRULTIS
eI % BCD 15,

(2)  #wi¥, 77T Compilation Report M %Z timing Analysis,

1) FmaxSummary  83.71Mhz, Ui 7-4
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4 HEX_BCD_multy [

¢ uexscov [

¢ us_ms_s_div.v ] ¢

‘#‘ pll_sys_rstwv divusv [0

Table of Contents

Ui-R Slow 1200mV 85C Model Fi

Summary

EH Flow summary
A Flow Settings

A Flow Elapsed Time
R Flow os surmmary
@ Flow Log
> Analysis & Synthesis
> [ Fitter
» M assembler
v - Timing Analyzer
2] Summary
R parallel Compilation
A clocks

g Fmax summa;

2) Setup Memory

= Flow Settings
= Flow Non-Default Global Settings
= Flow Elapsed Time
= Flow 05 Summary
2 Flow Log
I8 Analysis & Synthesis
= Fitter
5 Assembler
= Timing Analyzer
B8 summary
= parallel Compilation
5 Clocks
v I~ Slow 1200mV 85C Model

EE Fmax Summary

E Timing Closure Recommendation:

EE Setup Summary

3) Timing Closure Recommendation

Table of Contents na

BB Flow Mon-Default Global Settings 1

~ I~ Slow 1200mV 85C Model

@ Timing Closure Recommend

1

b4

EE Flow Summary
BB Flow Settings
B Flow Non-Default Global Settings
BB Flow Elapsed Time
BB Flow OS summary
E Flow Log
> [ Analysis & Synthesis
> = Fiter
> I Assembler
~ = Timing Analyzer
EE summary
BS parallel Compilation
B Clocks
v 7 slow 1200mV 85C Model
E= Fmax summary
B Timing Closure Recommendation:
E= setup summary
E= Hold Summary
= recovery summary
El removal Summary
E= Minimum Pulse Width Summary
B worst-Case Timing Paths

v

[ U, ~

4) M b =TEbR, UG R ERE S RN A BR[N] LA 2,

A || & <<Filters>

Frmax Restricted Frmax Clack Name MNote

83.71MHz 8371 MHz pll_sys._|clk[0]

& 7-4  Fmax Summary

Clock Slack  End Point TNS

pll_sys_rst_inst|PLL1_inst|altpll_component|auto_generated|pll1|clk[0] -2.057 -34.963

[&] 7-5  Setup time summary

il 7-6

Timing Closure Recommendations
Summary [hide details]

This design contains failing setup paths with a worst-case slack of -2.057 ns. Run Report Timing Closure R for

on how to close setup
timing. For recommendations for any particular path, click the appropriate link in the table below,

[ Top Failing Paths [hide details]

Slack From To Recommendations

1 -2.057 lpm_mult8x8:1pm_m..rated|result[13] thousands_r{0] Report recommendations for this path
2 -2.050 Ipm_muttexelpm_m_rated|result]13] hundreds_r[1] Report recommendations for this path
3 2046 lpm_multaxg1pm_m..rated|result{13] hundreds_r(3] Report recommendations for this path
4 -2.045 Ipm_multexedpm_m._rated|result[13] thousands_r[o] Report recommendations for this path

5 -2.023 lpm_mult8x&1pm_m.rated|result[13] hundreds r[3] Report recommendations for this path

& 7-6  Timing Analysis

R I IE ) I A2 2 ey A 11 H 21 HEX_BCD [ ZERT

A3 Pl R I3 -
A IR Bl

B. 1275 HEX_BCD I,

BN K LR

57 / 133



FII-PRA006/010 {3 FI 15t W S SEBG 45 5 15 ‘
e B R Q

C. TEAMHEFEAFAKLRHES Al AR/ N—56 7 1R )
Rk g7, JEEsi A 4E, |1 HEX_BCD [Z)RE 3= 2 AR ML A H
SR, R BRI, X R A BT 75 AT
(3) B PLLHEI—A 20M SR HirH (BCD_clk)-
(4 HEHgwmie, W TLS
(5)  EHBLE, WPk, TFEF FI-PRAC06/010 FF RN b, #EAT IR

7.5 SEIGIOUE

B2 HEER
R BoR IR 7-1 Pros.

&K 7-1 FNBERIHCEE BCD SEIRETIMIBLT R

B ES4 PR 28 5 FPGA & il i 1 5t B

clk C10_50MCLK 91 NS

rst KEY3 10 DR
scan[5] SEG_3V3_D5 124 A5 5 5 AL
scan[4] SEG_3V3_D4 127 LA 55 4 4L
scan[3] SEG_3V3_D3 129 A5 5 3 4L
scan[2] SEG_3V3_D2 141 A5 5 2
scan[1] SEG_3V3_D1 142 R (5555 147
scan[0] SEG_3V3_DO 136 fridefE 55 0 fir
seven_seg([7] SEG_PA 128 Bk G55 7 4
seven_seg[6] SEG_PB 135 BURME 5 6 £
seven_seg|5] SEG_PC 138 Bk E5 %5 5 1
seven_seg[4] SEG_PD 126 BURE S 4
seven_seg[3] SEG_PE 125 BOkf5 55 341
seven_seg[2] SEG_PF 133 BOkf5 55 2 40
seven_seg[1] SEG_PG 137 BRESE 100
seven_seg[0] SEG_DP 132 Bukf5 55 0 fir
SW([7] SW7_LED7 77 RIS RS 7 4
SWI6] SW6_LED6 76 RIS R 6 L
SW[5] SW5_LED5 75 PRAGTFIRER 5 fr
SW[4] SW4_LED4 74 PRASTF G 4 fr
SW[3] SW3_LED3 87 PRAGTFRER 3 41
SW[2] SW2_LED2 86 PRAGTFRER 2 fir
SW[1] SW1_LED1 83 ELIEPISS R A
SW[O0] SWO0_LEDO 80 RIS RER 0 fir

o FRIGE

BB R E T 2w, B AT TARE. SEIGE R U 7-7 Fias. $RISIFR
i NIME A 00001010, kN 10, FEESAWITE Boin, RILE RS Rt —E L 10 2
A1k,
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[& 7-7  BCD {45230 I 5

IRBEEBE

(1 k16 £2A) 2 B BCD 5 U] S ;
(2) AT ASEFEDE B, ey b BE R0
(3)  ZoJUnfal R4 SEPR TR R, BT R I P R I FL
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2 )\ ROM HfEH

8.1

D
(2
(3

8.2

(D
(2
(3

8.3

S H

%231 FPGA N3 memory block ]
o] mif (R, AR S A ik mif SCEEKRICE ROM 197
%45 RAM T, LA RAM I35

I ER

Wit 16 Hdi % i Rom,  HiuhikTE FE 0-255
047 8 i RtN, 5N ROM Sk
M 7R ROM N2, ZRE 16 dEiI Zde 4 BCD it

KBAR

8.3.1 BEFNH

AIRSERFEAE SR 7 HHEAl EHEAT, SIHISEER 7 AR, BIER A4 1P £ ROM #5473,

(D

7E IP Catalog i%4% ROM: 1-PORT, IP variation file type 1%+ verilog, U11& 8-1 ffi7

. MegaWizard Plug-In Manager [page 1 of 5]

"Z) ROM: 1-PORT

Parameter

~ & installed IP
“ Project Directory
No Selection Available
“ Library
v Basic Functions

> Memit >

|address[7 0

nep_Tom Currently selected device family: | cyclane 10 (7 Arithmetic

Match project/default

(@) single clock

() Dual dock: use separate 'input’ and 'output’ clocks

Bridges and Adaptors
Clocks; PLLs and Resets
How wide should the 'q’ output bus be? bits o _
Configuration and Programming
Jocl How many 16-bit words of memory? 256 | words o
Block fype: AUTO .
Note: You could enter arbitrary values for width and depth Miscellaneous
?
What should the memary block type be: « on Chip Memory
@ Auto MLAB O MoK FIFO
ML44K LCs Options... RAM: 1-PORT
Set the maximum block depth to words RAM: 2-PORT
# ROM: 1-PORT
What clocking method would you like to use? ROM: 2-PORT

Shift register (RAM-based)
Simulation; Debug and Verification
DsP
Interface Protocols

+ Add..

Resource Usage

1 MK

& 8-1 ram IP #ZiFH]
R W E AT, fEWE 8-2 fn i) B A LMl N, &2 In—/> ROM
IS mif SCAF, (B 2& i inse )
B THZE ST rom.mif
1) AR rom.mif XPF,

(2

(3)
file—new—Memory Initialization File, 1/ 8-3 i/~
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JESE A Rl

Q

2)  nfEl 8-4 PR, AELL 8 A U AR (Nu
3)

mber of words ) 155 7 & (Word size ),

B 8-5 PR LM Zebn o (X35, AEAT SRR IX, A B AT DAGE A A\ Bt A
bk W%, e BEA, 8 B, 2 B, ARTTEL EfTS

HEs

“ MegaWizard Plug-In Manager [page 3 of 5]

") ROM: 1-PORT

+ [ e ] >

No, leave it blank

power-up in simulation

Slock tyes: AUTO Initialization File [.mif])

Do you want to specify the initial content of the memory?

Initialize memory content data to XX..X on

(®) Yes, use this file for the memory content data

(You can use a Hexadedimal (Intel-format) File [.hex] or & Memary

File name: |.frum.m|f |
The initial COMTET enldmsariacm o ubich oot

dimensions?

Resource Usage

[] Allow In-System Memory Content Editor to capture and
update content independently of the system dock

The ‘Instance ID' of this ROM is:

PORT_A

NONE

1 MSK

[t | [ | [ | [ ]

|5 8-2 ROM ¥

O New

Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
VHDL File

¥ Memory Files
Hexadecimal (Intel-Formart) File
Memory Initialization File

v Verification/Debugging Files
In-System Sources and Probes
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

V¥ Other Files
AHDL Include File
Block Symbol File
Chain Description File

File

e 8-3  Hra.mif U1

Cancel

Help
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T8 Number of Words & Word Size X

Number of words:

Word size:

[ 8-4 .mif COFEEE 1

+2 +3 +4 +5 +6 Q
0000000 0900 FFFF GOFF 0200 0044 0027 04F6
008 |0000 0000 0000 0000 0000 0000 0000 0000
010 pPO00 0000 0000 0000 0000 0000 0000
018 §000 0000 0000 0000 0000 0000 0000 0000
020 4000 0000 0000 0000 0000 0000 0000 0000
028 (000 0000 0000 0000 0000 0000 0000 0000
030 ¢ooo 0000 0000 0000 0000 0000 0000 0000
038 qo00 0000 0000 0000 0000 0000 0000 0000
040 dooo 0000 0000 0000 0000 0000 0000 0000
048 ¢000 0000 0000 0000 0000 0000 0000 0000
050 qo00 0000 0000 0000 0000 0000 0000 0000
058 Q000 0000 0000 0000 0000 0000 0000 0000
060 $000 0000 0000 0000 0000 0000 0000 0000
068 PO0O 0000 0000 0000 0000 0000 0000 0000
070 000 0000 0000 0000 0000 0000 0000 0000
078 0000 0000 0000 0000 0000 0000 0000 0000
080/ 0000 0000 0000 0000 0000 0000 0000 0000

K 8-5 .mif SCIEHE 2

4)  SERCHE rom IP AR E S, X rom.mif BETEARIIES, N T 5 HIGIE, MKTET
B T LA 3 i T S A bl — A s, anl&l 8-6 B, dRdfhHihk 0, &b
Mk 255 CZ AT E MR E Y 256), WIGGE N 0, Skl 1.

@ Custom Fill Cells >

Allows you to custom fill an address range with either a repeating sequence, or from a starting point
with incrementing or decrementing values.

Address range

The current address radix is: unsigned decimal

Custom value(s)

The current memory radix is: hexadecimal

O Repeating sequence (numbers can be delimited by either a space or a comma)

®) Incrementing [ decrementing

Starting valu e:lD

Increment v | by |‘I| |

Cancel Help

5 8-6  rom.mif 1T RIS

5) WHEBHZE, R EIIREHE, WK 8-7 frx.
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1

8 0008 0000

18 0010 0011

24 0018 0019

32 0020 0021

40 0028 0029

48 0030 0031

56 0038 0039

54 0040 0041

+2 +3 +4 +5 +&
0002 Q002 0004 Q005 000G
000A ©000B 000C 000D 0O0OE
0012 0012 0074 0015 0016
001A 0018 001C 001D 0O1E
0022 0023 0024 0025 0026
002A 0028 002C 002D 00ZE
00322 0033 00324 0035 0036
003A 0038 002C 003D 0O03E
0042 0043 0044 0045 0046

B 8-7  HIHE I Hl

+7 ASCI
0007 ..

QOOF .

0017 L

001F

0027 PE500E
002F [I+-f
0037 01234567
003F B8O ===7

0047 @ABCDEFG

(4) SIS/ Ek ] BCD RS, K ROM H IS rom_qg £ — %5 17

wIEP e, SoREHE
ROM HAL I

reg [15:0] rom_q_r;

always @ (posedge BCD_clk)
rom_q_r<=rom_g;

HEX_BCD HEX_BCD_inst(

.ten_thousands

.hex (rom_q_r),
.ones (ones),

tens (tens),
.hundreds (hundreds),
.thousands (thousands),

(ten_thousands)

);

onep_rom onep_rom_dut(
.address (sw),
.clock (sys_clk),
.q (rom_q)

8.4 SZIRISUE

EIRBC SR 7 — B HIFTERUE THRIGAE. a1 8-8 fus. HkiJT57y 10010100
I, iy 148, RIZIRIATRELH rom T3 148 T AN, BUDERIR N 148, 5§

AN E e — B
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] 8-8 rom SEIIL S

IREHEERE

WA ROM IR GEAE ST S B PRID, G 6 A7 7 BOEURD A& 1) B A R 34 1 RIS
a5 mif ST RRIESZ 3, RIZIEIESREUR A 5
ORI, 454 ROM I PWM (4 ST A SPWM i i 5% T
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TS FIFHXO O RAM SEIUMIEIE S

9.1 LK HMK

(D 2E 2 L1 RAM [FIHC B A2 A4 FH
(2) i [R5 I b 423 i ot 25 44 (140 [) 4
(3)  oxdi F 50 I b 42 i ot 45 4 (4[] 4

9.2 SKHER

(1) ffH signaltap I W8 %2 [F)25 B Bhmi () [R] 25 45 #)

(2)  XH RAM ¥ A FH

(3> WIF=BUREHIRIAEM

(4) BEIF—A 16 A EHE i

1)  HdiEh 8 frih ey Ek: Data={~counta,counta}
2) ISR ABHREMIN 1D (7 AL KRR 128 AN s i)
3) 16 £ checksum $E{EHERE L

A. 16 fif checksum 2, EFFAIAL

B. checksum HUAMGE, BMBIMIEAEZ 5
4)  H parameter $EftIHCE FIEIEKE data_len

5)  FHA: 4EIEF checksum B5 FXU L RAM J&, #Ja¥ userlD,

HEFPUA RAM [FFERLE, memory IR 1 iR

M BE A valid A

Wr_addr BAEMrE Rd_addr
8’hff {valid,ID,data_len} 8’hff
N/A
8’hnn+2 N/A 8’hnn+2
8’hnn+1 ~checksum+1 8’hnn+1
8’hnn datann 8hnn
8’h01 Datal 8’h01
8’h00 Data0 8’h00

%1 memory 45t

6) L. HHRZUERIF AT

BFESH valid, X MRENEGFRDRM T Afe, IR st — e 24k

B 205 5 I HERRTE .

9.3 SKBAR

9.3.1 EBFNEH
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module frame_ram
#(parameter data_len=250)

(

input inclk,
input rst,

input [6:0] SW,
output reg [6:0] olD,
output reg rd_done,
output reg rd_err

);

b IRESHLIKE X

parameter [2:0] mema_idle=0,
mema_init=1,
mema_pipe0=2,
mema_read0=3,
mema_readl=4,
mema_wr_data=5,
mema_wr_chsum=6,
mema_wr_done=7,;

parameter [2:0] memb_idle=0,
memb_init=1,
memb_pipe0=2,
memb_read0=3,
memb_readl=4,
memb_rd_data=5,
memb_rd_chsum=6,
memb_rd_done=7;

F=ob: HAhE X

I AR 5E X

wire sys_clk;
wire BCD_clk;
wire sys_rst;
reg ext_clk;
B RAM 2 F15E X

reg [7:0] addr_a;
reg [15:0] data_a;
reg wren_a;
wire [15:0] q_a;

reg [7:0] addr_b;
reg wren_b;
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wire [15:0] q_b;
RSN AR B L

reg [6:0] user_id;
reg [7:0] wr_len;
reg [15:0]  wr_chsum;
wire wr_done;
reg [7:0] counta;
wire [7:0] countb;

assign countb="counta;

reg [15:0] rd_chsum;
reg [7:0] rd_len;
reg [15:0] rd_data;
reg ext_rst;
reg [2:0] sta;

reg [2:0] sta_nxt,;
BRI AR B E X

reg [15:0] rd_chsum;
reg [7:0] rd_len;
reg [15:0] rd_data;
reg [2:0] stb;

reg [2:0] stb_nxt;

P AR RAM, PLL

dp_ram dp_ram_inst

(

.address_a (addr_a),
.address_b (addr_b),
.clock (sys_clk),
.data_a (data_a),
.data_b (16'b0),
.wren_a (wren_a),
.wren_b (wren_b),
.g_a (g_a),
q_b (q_b)

pll_sys_rst pll_sys_rst_inst
(

.inclk (inclk),
.sys_clk (sys_clk),
.BCD_clk (BCD_clk),
.Sys_rst (sys_rst)
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RAM i 16 fi7, VRN 256. PLL i\ S0MHz IS4,

B, 20M FISRIRENEASE B

BhD BEE G

By 100Mm BN IAM A B T AR

always @ (posedge sys_clk)
if(sys_rst) begin
counta <=0;
user_id <=0;
end
else begin
counta <=counta + 1;
user_id <= sw;

end

FAD: HIRSH

assign wr_done = (wr_len == (data_len - 1'b1));

/)B4 K wr_len==data_len-1, Tfii /& wr_len==data_len

/1% — B
always @ (posedge sys_clk)
begin
if (sys_rst) begin
sta = mema_idle;
end
else

sta = sta_nxt;

end

/1% B

always @ (*)

begin

case (sta)

mema_idle sta_nxt = mema_init;
mema_init : sta_nxt = mema_pipeO0;
mema_pipe0 : sta_nxt = mema_read0;

mema_read0 :

begin
if ('g_a[15])
sta_nxt = mema_read];
else
sta_nxt = sta;
end

mema_readl :
begin
if (!g_a[15])

sta_nxt = mema_wr_data;
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else
sta_nxt = sta;
end

mema_wr_data

begin
if (wr_done)
sta_nxt = mema_wr_chsum;
else
sta_nxt = sta;
end
mema_wr_chsum : sta_nxt = mema_wr_done;
mema_wr_done sta_nxt = mema_init;
default sta nxt = mema_idle;
endcase
end
ez
always @ (posedge sys_clk)
begin
case (sta)
mema_idle
begin
addr_a <= 8'hff;
wren_a <=1'b0;
data_a <=16'b0;
wr_len <=8'b0;

wr_chsum <=0;
end

mema_init, mema_pipe0, mema_read0, mema_readl

begin
addr_a <= 8'hff;
wren_a <=1'b0;
data_a <=16'b0;
wr_len <=8'b0;

wr_chsum <=0;
end

mema_wr_data

begin
addr_a <=addr_a+1'bl;
wren_a <=1'bl;
data_a <= {countb, counta};
wr_len <=wr_len+1'bl;

wr_chsum <= wr_chsum + {countb, counta};

end
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mema_wr_chsum :
begin
addr_a <=addr_a+1'bl;
wr_len <=wr_len+1'bl;
wren_a <=1'bl;
data_a <= (~wr_chsum) +1'b1;
end
mema_wr_done
begin
addr_a <= 8'hff;
wren_a <=1'bl;
data_a <={1'b1, user_id, wr_len};
end
default ;
endcase
end

5T

BEEL 8'hff kIR G EH1T), WR valid=1"b0, FEFFHEN T —25, 75 %4
Hihbin 1, &'hff+1 417 A%, M 0 HihtFF4A'S $dE 5 checksum

I T ISR FUE EARKEE, X2 T, BWRSESHERIHHE checksum
checksum HUth, 5 AAFfE#sH

FEHLIE 8'hff B ANFEH T, A

vk wnN e

B RS

15—
always @ (posedge sys_clk)
begin
if (ext_rst) begin
stb = memb_idle;
end
else
stb = stb_nxt;

end

/5B

always @ (*)

begin

case (stb)

memb_idle stb_nxt = memb_init;
memb_init stb_nxt = memb_pipeO;
memb_pipe0 : stb_nxt = memb_read0;

memb_read0 :
begin
if (g_b[15])
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stb_nxt = memb_read1l;
else
stb_nxt = memb_init;
end

memb_readl :

begin
if (g_b[15])
stb_nxt = memb_rd_data;
else
stb_nxt = memb_init;
end

memb_rd_data

begin
if(rd_done)
stb_nxt = memb_rd_chsum;
else
stb_nxt = stb;
end
memb_rd_chsum : stb_nxt = memb_rd_done;
memb_rd_done stb_nxt = memb_init;
default stb_nxt = memb_idle;
endcase

end

[/ =B, SRR SR AR B i IR B R AT
always @ (posedge sys_clk)

begin
case (stb)

memb_idle

begin
addr_b <= 8'hff;
rd_data <=0;
rd_chsum <=0;
wren_b <=1'b0;
rd_len <=8'b0;
olD <=7'b0;
rd_err <=1'b0;

end

memb_init

begin
addr_b <= 8'hff;
rd_data <=0;
rd_chsum <=0;
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wren_b <=1'b0;
rd_len <= 8'b0;
olD <=7'b0;
rd_err <=1'h0;

end

memb_pipe0 :

begin

end
memb_readO :
begin
if (q_b[15])
addr_b
else
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD
end
memb_readl :
begin
if(g_b[15])
addr_b
else
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD
end
memb_rd_data
begin
addr_b
rd_data
rd_chsum
wren_b
rd_len
end
memb_rd_chsum
begin
addr_b

addr_ b <=8'b0;

<=addr_b+1'b1;

<= 8'hff;
<=0;
<=0;
<=1'b0;
<= 8'b0;
<=7'b0;

<=addr_b+1'b1;

<= 8'hff;
<=0;

<=0;
<=1'b0;
<=q_b[7:0];
<=q_b[14:8];

<=addr_b +1'bl;
<=q_b;

<=rd_chsum + rd_data;
<=1'b0;
<=rd_len-1'b1;

<= 8'hff;
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wren_b <=1'b0;
if (|rd_chsum)
rd err <=1'bl;
end

memb_rd_done

begin
addr_b <= 8'hff;
wren_b <=1'bl;
end
default : ;
endcase
end
LN
1. Idle AELLEHIRES
2. Init: ¥Rk, BHILDY 8'hif
3. Rd_pipe0:ll—~ latency CHT-iztibb AR ATt 8ifr ). Hibk+1, TGS EER R
IKGEHE
4. ReadO:E Mty 8'hff, BLEH]FIFFINT valid A2 AL
a. U valid=1'b1,Mhtik+1, BEE| -5
b. IR valid=1"b0, Fon Bidls Wit i A it 4, MhEBCE R 8'hff, XA 2] init 4R
=
5. Readl: F-RiZIEH|F
a. Q2R valid=1'b1,Hudik+1, 1D ANEHE ARG AR AR B IRk E R — 20
b. IR valid=1"b0, & /R s CIE B A HER AL, HhEBIE R 8'hff, JR[A[F] init 4R
=
6. Rd_data:
a.  EBIEA G
b. iF% checksum, data_len-1
c. Hik data_len ZH N0
i 0 CEEMTHEE, BhN 2
i.  JE0, MELEARESHIIRAE
7. rd_chsum: T checksum f{E, FFit%8 )G — checksum. FISEEHE I IEMTE, &
B rd_err FIbpE
8. rd_done: )i DilHBRAFEAS Y valid br&, N AR B IS fHRE
9.3 LI INHIE
St AR

BRI R 9-2 Fiw.

92 WIHE RS SR MU K

RFES4 B2 FPGA % Uit 11350 B
Inclk C10_50MCLK 91 LPNIE
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rst KEY2 10 HhifES
swl6] SW6_LED6 76 TFRHAN 6
swi[5] SW5_LED5 75 TFRHIN 5
sw(4] SW4_LED4 74 FERHN 4
sw(3] SW3_LED3 87 FERHIN 3
sw(2] SW2_LED2 86 FERHIAN 2
sw(1] SW1_LED1 83 FERHIA 1
sw(0] SWO_LEDO 80 FERHIA 0

0 H signaltap MZEX 1 RAM HILE 4521

(1 ATETUEESIREIDFSR, RSO 4, B E FE. K
RIS, A AL AT I

module frame_ram
#(parameter data_len=4)

(

input inclk,
input rst,

input [6:0] SW,
output reg [6:0] olD,
output reg rd_done,
output reg rd_err

);

(2)  Signaltap fUSZIIEEE, &l 9-1

- Signal Tap Logic Analyzer - DyfFPGA eaming_prject/Fil-PRAD40/dual_port_ram/frame_ram - frame_sam - [stp1 stp]* - a x
file Edit view Project Processing Tools Window Help Search (]

FEOC N PR O

Instance Manager: "\ |©)| [W ) [Ready 10 acquire % | 174G chain Configuration: [ITAG ready x
Instance Staws Enabled LE5:2571  Memory:733 Smalk0/0  Medium:91/ Large: 0/0 Hordware: [ +| [ Sempe
B auto_signatap_o Nat running 2571cells 733184 bits O blocks 90blocks 0 blocks
Device:  @1: 10CLOAOY]ZVEP3CAO/EPACE30)/. [DXD20F 40DD) ~| | scan crain

»> SOF Manager & =

o Trig @ 2019/01/13 07.01:54 (0038 elapt
s N 7z

p_ramidp_ram_inst

[®] auto_signaltap o

H © Type here to search o

CHM B H" M 3 00:01:29

& 9-1 signaltab Il {If55

(3) WML R
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JE R RERS FRHEE Q

1) WEEZIEIE X 1 RAM 1R AL
A REXIEHIECHOSE, S TFHEET
B. fEUCHUBEANEIEE SR, SHEE A%
2)  MEAMERR G SRS
A. rd_done, rd_err
W rd_err=1, B ETHAMEE S, WERGHREIEIRE S
B. W% wren_a,wren_b & 5 S5IREHBE R B MASHC A, KB ESR

KRB LEERE

(1) BB SR, W — AN SebR T SR M, ST S B 1 ] SRS AL AR 7R
FHRAT AT

(2> TEREPLIE = BB if...else 8IS0

(3)  FEEEFWNEE. SEEAE, BRFSLE,  aElET

(4)  MWHE_ B FREEm, B0 RAM W ERGERE, F2EE, AR CPU
[1,DSP 35 F 42 11 5 T A

(5) WA A RAM KJEE ITCM, DTCM Kk ik it CPuU v &%
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LI+ RPBTORTEER

10.1 SEWHK

TS B AT OVE Tl i, 3845 DR A R s FH AR 53, R EAE FPGA JF &
o A AR R AL
(D FEAFPHRATIEGENEAREE, EFUH, HE T
(2 ERFE R
(3) B JHIREAR N
(4)  %>] FIFO HIfEEH
(5) 5 pc 19 B IRRBAE B SRR (SSCOM, teraterm £5)

10.2 SEWER

D BTFOR W T bG8 0 Tx, Rx

(2)  JEHFZ 11520bps, 8bit £idl, 1 /ML, 1482 MEIRAL
(3) UG (RXFIFO) K%L (Tx FIFO)

(CONN 5% ¢/ k!

(5)  HEamir

10.3 EBAR

10.3.1 USB B TH A (FT2232) i

USB & —FH R T PC 4 TR, T RI3E Ho il 5 418 16 46 R e 42 Al 7. USB
B AT SRR & 0 R R A AGR I RE, B nT R 20k 127 Mok, anfbs. SR 2%
RS . 2 HATEA KESME & AR A RS232 5 AsdE, N T 750 FIH usB [tk
#, BTt USB-RS232 2% LUH @t USB 2kt 4 RS232 #i#E . ixX L4 tH —Fp Ak T~ FT2-232H
) USB-RS232 HL 4Bt it 77 & .

B H RSt o FT2232, B A BASEZHL USB # AN #: 47 UART. FIFO. Bit-Bang 10 %
M, I Hifbw] PLEC % MPSSE, 12C, JTAG J% SPI jsi2k. FT2232H 45 2 MAZK UART / FIFO %
Hiles, HTE6 R0 80E. 245 FIFO B8, O Fo R B (Bl B 1) B 22 36 78 i & I 4 )
Bit-Bang 155 3\; USB WM 5] & 4%l TS BE UTMI PHY 55 FIFO 2 [8] 142 11, 47 Bt B2 LR USB
BRSO s X 1 FIFO TX 28 1 [X (4KB) f7-fif A7 K H F= 4L PC (% , JFidit £ F & 1) UART,
FIFO #2 i # i & dhs s XU 1 FIFO RX 22X (4KB)F-Aifi oK 1H 22 1% UART/FOFO #2il #5 F) £k
Wi, ARG PR EARE R AL AR A e b R A A PR F S SR A v SE R L R R A
RESETn %\ 51 I Fe VF AR 15 4% 85 B FT2232H. 34l B RESETn, M H%E#:3 veclo(+3. 3
V); MR R AR IR AL X 16 B X 10 BN BIME T4 UART, @id 1 4> 14 A7 LI +F0 4
N EFAAALIEHE R AL B R, W9 UART AT 4mfE i B IR .
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AR el Rl

10.3.2 M

L5 —
1B | — —
FE-10 0603 24 J_ C))_‘]_ C5
-7 (3 4.7UF
o 10V
cs0 - ceo
o1ur i
3 o &b
VREGOUT_IVE 50
PC_USBSV
)
50}
MO USB B
Ml m vaws |
> H 5
6 | gmn D e T= MAGRUSEN Ro7 ITAG USB NaT= Al
T o = = TAGR USSP RsE TTAG UsH BA= 4 [
HID:
51 srpe ot e S .
T s B USB UART RSTN 33 ey
SHLDS  GND .
Z EF
J2 = 2
= GD
(== ) 5

D

5
]
3!
)
e
o
fer==
ACBUSL faz
ACBUS2
ACBUS3 f=p
1]

BDBUSH
BDBUSL
BDBUS?
BDBUS3

g B
T R R 1

E 10-1  JRERE RS

USB H O JR BN 10-1 Az, J2 4 USB #:0, 7F FiFE 7 mtfx, @it

USB_N,USB_P Pt £k A%l FT2232, &

HFALFR 5 H JTAG_TXD_O #i N3 FPGA /1. FEH [

SIS H, PC 3R] FPGA i) KX S5 FEFERF —E FPGA 3| PC i FI#2 I 12 2 FPGA ¥
Bk i JTAG_RXD_| B4 & FT2232, L NEBALFEJG 4 USB #:10 K %% PC 4, DAILSZELER O

RS Kk

10.3.3 BRI

H—D FREFEMENL

module uart_top
(

input

input

input [1:0]
input
input
input [7:0]
input

output

input
output [7:0]
output

output

inclk,

rst,
baud_sel,
tx_wren,
tx_ctrl,
tx_data,
tx_done,
txbuf_rdy,

rx_rden,
rx_byte,
rx_byte_rdy,
sys_rst,
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JERE e F R

output sys_clk,
input rx_in,
output tx_out

REAWRZHETES, i x ATV EEEE S, Al rx BT ARG

b W R A A S

=2
TlES.

(D NI 7.3728MHz(115200 [ 64 %), SZPFRoAN 7.377049MHz, X2 H T PLL I &
BOEBB G, ARZEAKR, fERPEE AT DOdE A kA AT k. anE

10-2 .
R 20 I T
A, SRRWEZ PLLSEEL, 1930 SRS 41 AR
B. fFILfAi& N 247, LA RERRIRE
ARSI B AALEE, BRI AAIZE N 7.3728MHz

% MegaWizard Plug-In Manager [page 7 of 12]

& ALTPLL

Output

Clocks

>ldka | > dkee > ke > cket >

[ abou ] [pocumenaton]

c1 - Core/External Output Clock
PLL1 Able to implement the requested PLL
Use this clock
k0 Clock Tap Settings
W inclkd frequency: 50.000 MHz LY Requested Settings Actual Settings
reset Operation Mode: Normal el (@) Enter output clock frequency: 7.3728p000  |MHz ~ 7.377048
[ck] _Ratio|Ph(da]Dc ] locked, (O Enter output clock parameters: = I:l
\ c0 21 0.00 | 5000 Clock multiplication factor 4
5625) 5 | <<
[ctlz30ar1ss25] 0.00 [ 5000 Clock division factor 1 Sl
s —— e R —
Clack duty cycle (%) seo0 2]
Description Ve N
Note: The displayed internal settings Primary clock VCO frequency (MHz) 90
of the PLL is recommended for use by | o dulie far M ronnter mY
advanced users only < >

c0 cl

Per Clock Feasibility Indicators

| Cancel ‘ | < Back ‘ | Next > ‘ | Einish ‘

102 PLL%E

C. SCH%HE# 115200, 57600, 38400, 19200 Ui
D. BRIAMIAFE N 115200

() BFRBHET

[1IEPEREZE, IR o S R

wire [8:0] frg_div_tx;

assign frq_div_tx = (baud_sel ==2'b00) ? 9'd63:
(baud_sel ==2'b01) ? 9'd127:
(baud_sel == 2'b10) ? 9'd255:9'd511;

reg [8:0] count_tx=9'd0;

always @ (posedge inclk)
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if (rst) begin
count_tx <=9'd0;
baud_tx <=1'b0;
end
else begin
if (count_tx == frg_div_tx) begin
count_tx <=9'd0;
baud_tx <=1'bl;
end
else begin
count_tx <=count_tx + 1'b1;
baud_tx <=1'b0;

end

end

BB T VAN F RO R 2 AT e 4, XA T (D). B R 3 5 R A
or— Bk

F=b Wit RIZGM X X tx_buf
&) 8 fif FIFO, RF¥ 256, 54005, Sifitrd, STShd
(2) BEOS5EF

1) rst EAES

2)  wr_clk Spp

3) tx_clk RIEM

4) 8 A5 tx_data

5) wr_en H1lifE

6) ctrl  EHNPINEREIIE E YT T

7) rdy  ZEMIX ready, AJLAES N —ANEE T

RAE G X B A
tx_buf
#(.TX_BIT_LEN(8),.STOP_BIT(2))
tx_buf_inst
(

.Sys_rst (sys_rst),
.uart_rst (uart_rst),
wr_clk (sys_clk),
tx_clk (uart_clk),
.tx_baud (tx_baud),
tx_wren (tx_wren),
tx_ctrl (tx_ctrl),
.tx_datain (tx_data),
.tx_done (tx_done),
txbuf_rdy (txbuf_rdy),
tx_out (tx_out)
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‘);

(D HPATRIE EOS5EF R

1) OB
A, tx_rdy, KIEZN, FTLAREZ BT 8bit A
B. tx_en, KRIXEIE{ERE, sy KX 8bit HE MRS
C. tx_data, fiF/I% 8bit HidfE
D. tx_ck , KIEN%h
E. tx_baud, KIEMEER

2) Btk

tx_transmit

#(.DATA_LEN(TX_BIT_LEN),
.STOP_BIT(STOP_BIT)

)

tx_transmit_inst

(

Ax_rst (uart_rst),
Ax_clk (tx_clk),
tx_baud (tx_baud),
tx_en (tx_en),
.tx_data (tx_data),
Ax_rdy (trans_rdy),
Ix_out (tx_out)

);

() 9 5 WU SCAE XS R IEIR AT . (tb_uart)
(3) KiEER4r modelsim 15 B, a1k 10-3 Fis.

_uartfinck
ftb_uartjrst
-4 ftb_uart/baud_sel
)_uart/tx_wren
ftb_uart/tx_ctrl
-4 tb_uart/tx_data
-4 ftb_uart/tx_len
tb_uart/tx_done

ftb_uart/oduf_rdy
Itb_uart/sys_dk
ftb_uart/sys_rst
ftb_uartfrx_in
ftb_uart/tx_out

-4 ftb_uart/count

-4 ftb_uart/trans_st

& b trans

x| ftb_uartfuart_top_dutfbx_buf inst/tx_transmit_inst/tx_rst
B ftb_uartfuart_top_dut/tx_buf inst/tx_transmit_inst/tx_ck
ftb_uartfuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_en
£ ftb_uartfuart_top_dut/tx_buf inst/tx_transmit_inst/tx_data

4. ftb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_rdy
_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_baud

4. tb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_out

+ [tb_uartfuart_top_dut/tx_buf_inst/tx_transmit_inst/stop_bit

£3-4 [tb_uartjuart_top_dut/tx_buf inst/tx_transmit_inst/tx_len
14 ftb_uartjuart_top_dut/be_buf inst/tx_transmit_inst/tx_data_r

B4 ftb_uartjuart_top._ dut/b_buf_inst/tx_transmit_inst/bx_st
-4 /tb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_st_nxt

& 10-3 1K i% moselsim 15 LI K
(4 VE&T GRAFABEAHPEEE5%Y, XEAERR)
1) It KIERR RS, 6, 7, 8bit [ PHY
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JE R RERS FRHEE Q

2)  SCRREHERE:
(5)  VLEEAPBREY KE] FIFO, PLLEE, 2% uart_top HITH U4

VU5 UART 45232 CHERIBET
&D) rx_phyv H¥% 1t
1) Wb RS AR
A, KH 8 5 KA A rx_baud 5 tx_baud £ A A, 1X BLKA¥ rx_band=8*tx_band
B. R AW 7 2 I USCRIHE 1 ) ke
FERAHE T B U FI AR TS 2 B KT 4
2) AR PR
A [FRD: EFR WA A 0101, R EBRLLAAL, sync_dtc
B. HEGEIHNL (start)
C. FEHENL 8bit Hid
D. FltfEibAr CHIMTR — MRS, I AT IEAD
a.  FIWTE IR AR A IR
i. 1B, Bki% B
i EEER, Bk A, ERRED
b.  AHIWr, BHEBKFE B, ABTRAAHWIT TR
@)) rx_buf H¥# it
1) WikskReg 500
A. 7RI 256 TREE, 8 fiHY fifo
a. UREWEDE
FAEE (NHEE)
ST B rdreq HBLEE 20 1

b.
C.
B. Ik
b

N

a. WIhtk: fifo, rx_phy
. ZEfE: FIFO WSS (wrfulD A0
c. H: H rx_phy iJ: rx_phy_byte, rx_phy_rdy fifi &
d.  HER
e. IR b. 4kEE%ELF
f.  rx_bufv HEREF (TR
g W B
AESTIPIA
i. tx,rx [ A (assign rx_in=tx_out)
i RS TX ER O S
il R rx RIS 4
Modelsim {/j 5, WKl 10-4 iR

=
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AR el Rl

B’ thuart
B’ rmx_buf
8’ ncphy

[tb_uartfuart_top_dut/rx_buf inst/sys_dk
[ftb_uartjuart_top_dut/rx_buf_inst/rx_dk
[tb_uartjuart_top_dut/rx_buf inst/sys_rst
[tb_uartjuart_top_dutjrx_buf instfuart_rst
[tb_uartjuart_top_dut/rx_buf_inst/rx_in
[tb_uartjuart_top_dut/rx_buf_inst/rx_baud

[tb_uartjuart_top_dut/rx_buf_inst/rx_rden
4. [tb_uartjuart_top_dutfrs_buf_instjrx_byte
4. [tb_uartjuart_top_dutirx_buf inst/rx_byte_rdy

4 [tb_uartjuart_top_dut/rx_buf inst/rd_empty

4 [tb_uartjuart_top_dut/rx_buf_inst/nr_dr
4 [tb_uartjuart_top_dut/rx_buf_inst/wr_en

‘E [tb_uartjuart_top_dut/rx_buf_instfwr_full

4 [th_uartjuart_top_dut/rx_buf inst/wr_data
Jtb_uartjuart_top_ dutjrx_buf instjrx_phy_byte

-4 fto_uartjuart_top_dutix_buf instjnr_st
@14 [tb_uartjuert_top_dutirs_buf_instfr_st_nxt

10.4

(D

(2

(3
1)
2)

3)
4)
5)
6)

[ 10-4 rx_phy B H
i EEHyRE
I BEFEFER 5. 6. 7. 8bit 11T
. SERAEUCH rx_phy [ start,stop  HiEE IS 1 B8 5T [R) 20 Wit
. 58 rx_buf B 0T R 4T 54T 6
V. BCHIZ REE 9 180° X 55 HIRAETT sBEAT 8L, LLEL FPGA BRI,
I e DA S B Pk 5 2R

KU KA

#4210, FII-PRA006/010 F A&t D45 A USB ZI| 5 1 1) % 46

RXD

FPGA 5 UART & BT 3% 10-1 Fis
#* 10-1 fpga 5 uart JEEWLG R

UART % F§ RXD TXD
Jir 3 ] 44 B JTAG_TXD_O JTAG_RXD_|
FPGA i 144 143

G 5 A IR SR

MR %, FFRIR 12 % EHL USB #2111

f5 FH B 3K A 4N teraterm,SSCOM3 45, A DL H S 9n 5 — A & HE R 7
(C#,C++,JAVA,Python...)

PC & — e R IE IS

D R FH TS 1) 7 20 i — e i S 28

Y 5 MR FET hw_tb_uart, FFF uart_top {6t 25,

W BOATIZ, B BTRER, BDR] R ARSI .
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| Fi-PRACO/010 i FH 5 2 S 36 4 5 15
JERE R R

B B IR 10-2 Fis
F 102 AT I SEIG A LG R

B ES 4 W 28 b FPGA & JiH St 11 350 B

Inclk C10_50MCLK 91 i N B

rst KEY2 10 BAES
rx_in TAG_RXD_| 144 EANE PN A€
tx_out TAG_TXD_O 143 B R IEEAR

(5)  SLIRILR
1) Mg pCc W BIMEHE, WK 10-5 s
2)  Hi signaltapll W% FPGA U 31 1 5

?6 C2 4D 13 21 &7 4F 42

kBE 20

« FiR

@ =[5EA [ Serial Hunter ) V31 COMABEZHE! - *
i | =pem | =pem | smer | BEes | avEs | zEa | EEes

43 95 15 61 F5 G5 43 9B D6 16 21 6D 5B 0B 43 37 D7 17 21 2F 2F CZ2 41 10 21 61 43 03 43 31 D1 11 21 63 47 ~ HraE

04 48 43 12 93 E9 03 43 33 D3 13 21 &7 4F 42 24 4D FA 0OA 438 44 0A 93 D5 15 21 6B 67 85 48 9B D6 16 21 &D FigdEl -
6B OB 43 97 17 61 FD 21 12 26 74 54 453 93 E5 03 43 31 D1 11 21 23 23 C2 49 12 21 66 4B 09 48 33 I3 13 21 & HEXE

67 4F 42 24 25 DA 98 FA OA 48 35 D5 15 21 6B 57 85 48 9B D6 16 21 20 2D C2 6D 17 21 6F 6F 21 12 26 74 84 T

43 93 E3 03 43 91 11 61 F4 54 43 99 D2 12 21 65 4B 09 43 33 D3 13 21 27 27 C2 51 14 21 63 63 0A 45 35 IS

15 21 6B 57 65 48 4B 16 98 EB 0B 48 37 D7 17 21 6F 6F 21 12 26 74 84 48 48 08 98 D1 11 21 63 47 84 48 99 I

D2 12 21 65 4B 09 43 93 13 61 FA 42 24 4D EA OA 43 9A EA OA 43 35 D5 15 21 2B 2B CZ &9 16 21 &D 5B 0B 43 "

37 D7 17 21 6F 5F 21 12 12 B84 CC E8 08 48 31 D1 11 21 &3 47 84 48 93 D2 12 21 25 25 CZ 4D 13 21 &7 4F 42 ¥

24 4D EA Oh 43 94 EA OA 43 95 15 &1 F5 55 43 9B D8 16 21 6D 6B 0B 43 37 D7 17 21 2F 2F CZ 41 10 21 &1 43

03 43 31 D1 11 21 63 47 54 43 49 12 95 E9 09 43 33 D3 13 21 67 4F 42 24 4D EA OA 43 44 0A 93 D5 15 21 6B [~ ELET
57 55 43 9B D8 16 21 6D 5B OB 43 97 17 &1 FD 21 12 26 74 54 43 93 E3 03 458 31 D1 11 21 23 23 C2 48 12 21 [~ iEEe
65 4B 09 43 33 D3 13 21 &7 4F 42 24 25 0A 93 EA DA 43 35 15 15 21 6B 57 55 43 98 I8 16 21 2D 2D CE 5D 17

21 6F BF 21 12 26 74 84 43 93 E9 08 48 91 11 61 F4 84 458 93 D2 12 21 65 4B 039 48 33 D3 13 21 27 27 C2 61 g Eﬂ:’ﬁg
14 21 62 53 0A 43 35 D5 15 21 6B 67 55 43 4B 16 93 EB 0B 43 37 D7 17 21 6F 6F 21 12 26 74 54 43 45 05 98 9 BiHRRNE
01 11 21 63 47 64 48 99 DZ 12 21 65 4B 09 48 93 13 61 FA 42 24 40 EA OA 48 94 EA OA 48 35 D5 15 21 2B 2B %ﬁ 3§|;,%
CZ 69 16 21 6D 5B OB 43 37 D7 17 21 &F 6F 21 12 12 54 CC E3 03 453 31 D1 11 21 &3 47 54 43 92 D2 12 21 256

& HEXS SHEFEHRO | fg [None X v

1#iF ¥E

wOE [come | #mis o~

7 | B0 e [1i5200 =] feuri [ <]

+ Mt

=4 DTR | RTS || DCD | DSR | CTS | Al

1221 E54B 0948931361 FA42 24 ADEANA 4B B4 EA DA 4BIRDE1E2] ~ FHiER | FHidl @
2B 2B C25916 216D 5B OB 4837 D717 21 6F6F 21121284 CCEB OB 48 QQ AO

310111216347 84 489902 12 21 25 25 02 4D 13 21 67 4F 42 THHEX): 0 8 HiphiERi

v |RRHER): 255276 @ Wgisin

#1F #h | B8R ﬁ
BhiEA LS | |

BIERE

[ 10-5 RIEBARLE AL BRI R

(6) LW IEFRATE D3 T4
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SER— nc th i UEH

11.1 SERWHEK

(D SEOINC BRI R, B2 1C @5 P
(2) HYR1E'S EEPROM 1) /7%
(3)  fEHZES AR

11.2 SERESR

(1 IEffdEE FPGA 4 EEPROM HHAEE —MHibl (ARFIFEE A 8'h03 Mk & F8y) 5
NN CRBIFEERE (SW7~SwW0) B85 A1) 8bit 4 E). BAZ )5, I HRI
BB ANEHE . SR B R

(2> TERMEFHN FPGA #% LEFT 8, AT HHE S N eeprom #:4E, #% RIGHT fi tHWIA S
NEHE

(3)  JE L BN W I E I E RS . B BN E S S NME 5L
MER, JWAER.

(4) i signaltab Il 24T A S8 O IERPE, 55008 (1 R B0 L GAIE .

11.3 EBRAR

11.3.1 EEPROM FE/5 nc Prill &4

(1) EEPROM fijfy
EEPROM (Electrically Erasable Programmable read only memory) J&f8 77 HL o] # v gm e X
BLA AR, & HEEEEA BRI S .
FESZIHR A5 —AN 1C B2 EEPROM it i 24LC02, & K/NA 256bytes. 1T
M S HARE AN B R B, AT DR RAAAE — S mi i B R E P E R

(2> IC BRI P Pl an
1) MR HIRAS: SDA, SCL H A T
2) NCWRSIFAG: SCLIRFF S, SDA MU Hi sy Ha Bk AR, A — iG55
3) NCIXEEIRMEL: ALHEEIE 0 AT NS AR O & R Y
4) NC HAEHIZE AL, SCL N HLT, SDA HIMIHE Tk Nm 7, o — A Eidbn &
Ao BEARKIE 7B FE 11-1 fros
5) SDA f£ SCL N i i RFEAAR, AN SCL MK 528
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' ]
EEEs [ HREE 1 BILES
FIFSDASELL FLIFSDASE fEXEHARMSDALL BB RRSDALL
SRR E (ST

B 111 nc i F A

11.3.2 TEHANEH

BN NC BREERA — e, AR hhEfE ) N, sl KEEF T CRARE
PEAT LA KB TN, B e T LA, RO AT LA 3 B AT 4 3 F 75 SR &
FF KA R (A58 B EEPROM 508 F 24LC02 1 i PUA7 skt & | e ds ) w1l 2~ 1010, (K=
RIAETF R R &, FrbA2s4EHbdl Ay 1010000, 11C 241453 & (eeprom) 1P 11-2 fir
TNo

- 12C_SCL
] 12C_SDA
AD
3] A - . 12C SCL
4| oon dpE S I2C SDA
SOP_§

AT24C02N-108U-2.7

1
P

Header 4{2.53mm)

GND

& 112 NC R ELE eeprom iy
Eeprom it 12C_SCL M4k 5 12C_SDA FiR 4k itk 5 FPGA SZHLBUE 13LE .

11.3.3 EFNE

ARSI FAT P EEER, 12C (B E RS LED (R osiiby; X E T EA AT
H—D FREFERRE

module iic_com(

input clk,

input rst,

input [7:0] data,
input swl,sw2,
inout scl,

inout sda,
output reg iic_done,
output [7:0] dis_data
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reg [2:0] cnt;

reg [8:0] cnt_delay;
reg scl_r;

reg scl_link ;

always @ (posedge clk or posedge rst)
begin
if (rst)
cnt_delay <=9'd0;
else if (cnt_delay == 9'd499)
cnt_delay <=9'd0;
else
cnt_delay <=cnt_delay + 1'b1;
end
always @ (posedge clk or posedge rst)

begin
if (rst)
cnt <= 3'd5;
else begin
case (cnt_delay)
9'd124: cnt<=3'dl; //cnt=1:scl
9'd249: cnt<=3'd2; //cnt=2:scl
9'd374: cnt<=3'd3; //cnt=3:scl
9'd499: cnt<=3'd0; //cnt=0:scl
default: cnt<=3'd5;
endcase
end
end
“define SCL_POS (cnt==3'd0) //cnt=0:scl
‘define SCL_HIG (cnt==3'd1) //cnt=1:scl
‘define SCL_NEG (cnt==3'd2) //cnt=2:scl
‘define SCL_LOW (cnt==3'd3) //cnt=3:scl

always @ (posedge clk or posedge rst)
begin
if (rst)
scl_r<=1'b0;
else if (cnt == 3'd0)
scl_r<=1'b1;
else if (cnt == 3'd2)
scl_r<=1'b0;
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end

assign scl = scl_link ? scl_r:1'bz ;

B, H RS S0MHZ W80 3if3 21— E H124 10us 1) 100KHz B8R, 7B 12C PR3
g Bl SREERTHEES, @ TR ETHE, mRAS, TRIBFRIRE, NE s 5dE
MBS DA 12C MU AR T 45 i il &« Bfe—A)iE s R B X — MR s S, R
BUESAE, BIEEEARAEHE, 12C BAPERG R, B mEBEE. X% 12C 1&
Hr PSR B

= 12C AR BARSEEL

‘define  DEVICE_READ 8'b1010_0001
‘define DEVICE_WRITE  8'b1010_0000
‘define BYTE_ADDR 8'b0000_0011

parameter IDLE =4'd0;
parameter START1 =4'dl;
parameter ADD1 =4'd2;

parameter ACK1 =4'd3;
parameter ADD2 =4'd4;
parameter ACK2 =4'd5;

parameter START2 =4'd6;
parameter ADD3 =4'd7;

parameter ACK3 =4'dg;
parameter DATA =4'd9;
parameter ACK4 =4'd10;

parameter STOP1 =4'd11;
parameter STOP2 =4'd12;

reg [7:0] db_r;

reg [7:0] read_data;
reg [3:0] cstate;

reg sda_r;

reg sda_link;
reg [3:0] num;

always @ (posedge clk or posedge rst)

begin
if (rst) begin
cstate <= IDLE;
sda_r <=1'bl;

scl_link <=1'b1;
sda_link <=1'b1;

num <=4'd0;
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read_data <= 8'b0000_0000;
cnt_5ms <=20'h00000;
iic_done <=1'b0;
end
else case (cstate)
IDLE :
begin
sda_link <=1'b1;
scl_link <=1'b1;
iic_done <=1'b0;
if (swl_r || sw2_r) begin
db_r<="DEVICE_WRITE;
cstate <= START];
end
else cstate <= IDLE;
end
START1
begin
if ('SCL_HIG) begin
sda_link <=1'b1;

sda_r <=1'b0;

num <=4'd0;

cstate <= ADD1;
end

else cstate <= START1;
end
ADD1
begin
if ('SCL_LOW) begin
if (num == 4'd8) begin

num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK1;
end
else begin
cstate <= ADD1;
num <=num + 1'bl;
case (hum)

4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
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4'd5:sda_r<=db_r[2];
4'd6:sda_r<=db_r[1];
4'd7 : sda_r <=db_r[0];
default :;
endcase
end
end

else cstate <= ADD1;
end
ACK1
begin
if ('SCL_NEG) begin
cstate <= ADD2;
db_r<="BYTE_ADDR;
end
else cstate <= ACK1;
end
ADD2
begin
if ("SCL_LOW) begin
if (num == 4'd8) begin

num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK2;
end
else begin

sda_link <=1'b1;

num <= num+1'b1;

case (hum)
4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default :;

endcase
cstate <= ADD2;

end

end
else cstate <= ADD2;
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end
ACK2
begin
if ("SCL_NEG) begin
if (swl_r) begin
cstate <= DATA;
db_r<=data_tep;
end
else if (sw2_r) begin
db_r<="DEVICE_READ;
cstate <= START2;
end
end
else cstate <= ACK2;
end
START2
begin
if ("SCL_LOW) begin
sda_link <=1'b1;

sda_r <=1'bl;
cstate <= START2;
end
else if ("'SCL_HIG) begin
sda_r <=1'b0;
cstate <= ADD3;
end
else cstate <= START2;
end
ADD3
begin

if ('SCL_LOW) begin
if (num == 4'd8) begin

num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK3;
end
else begin

num <= num + 1'b1;

case (hum)

4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
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4'd4 :sda_r<=db_r[3];
4'd5:sda_r<=db_r[2];
4'd6:sda_r<=db_r[1];
4'd7 : sda_r<=db_r[0];
default: ;

endcase

end
end
else cstate <= ADD3;

end
ACK3
begin
if 'SCL_NEG) begin
cstate <= DATA;
sda_link <=1'b0;
end
else cstate <= ACK3;
end
DATA
begin

if (sw2_r) begin
if (num <= 4'd7) begin
cstate <= DATA;
if('SCL_HIG) begin
num <= num + 1'b1;
case (hum)
4'd0 : read_data[7] <= sda;
4'd1 : read_data[6] <= sda;
4'd2 : read_data[5] <= sda;
4'd3 : read_data[4] <= sda;
4'd4 : read_data[3] <= sda;
4'd5 : read_data[2] <= sda;
4'd6 : read_data[1] <= sda;
4'd7 : read_data[0] <= sda;
default: ;
endcase
end
end
else if(("SCL_LOW) && (num == 4'd8)) begin
num <=4'd0;
cstate <= ACK4;
end
else cstate <= DATA;
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end
else if (swl_r) begin
sda_link <= 1'b1;
if (hum <=4'd7) begin
cstate <= DATA;
if ("'SCL_LOW) begin
sda_link <=1'b1;
num <=num + 1'b1;
case (num)
4'd0:sda_r<=db_r[7];
4'd1:sda_r<=db_r[6];
4'd2 :sda_r<=db_r[5];
4'd3 :sda_r<=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default: ;
endcase
end
end
else if (("SCL_LOW) && (num==4'd8)) begin
num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK4;
end
else cstate <= DATA;
end
end
ACK4
begin
if ('SCL_NEG)
cstate <= STOP1;
else
cstate <= ACK4;
end
STOP1
begin
if ('SCL_LOW) begin
sda_link <=1'b1;
sda_r <=1'b0;
cstate <=STOP1;

end
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else if ('SCL_HIG) begin
sda_r <=1'bl;
cstate <=STOP2;
end
else cstate <= STOP1;
end
STOP2
begin

if ("SCL_NEG) begin
sda_link <=1'b0;
scl_link <=1'b0;

end

else if (cnt_5ms==20'h3fffc) begin
cnt_5ms <=20'h00000;
iic_done <=1;

cstate <= IDLE;
end
else begin
cstate <=STOP2;
cnt_5ms <=cnt_5ms +1'b1;
end
end
default: cstate <= IDLE;
endcase

end

A FER PRSI SAI A RIRES IDLE, [FI $E2E sda_r $iu sy, RIS
AR B scl_link, sda_link A& 1HEES num 15, S #E read_data ¥ 0, 5ms &
A IE E, 12C L2 R 15 iic_done AR

(1) ZSAARES IDLE: SR BT REEE SRS 5 swi_r || sw2_r, ¥ 56 FHE
g5 A48 B db_r <= 'DEVICE_WRITE, JFBk#: RIAR IR ASSTARTL
(2> EUHIRES STARTL: 7ERHENE S AR EIRES MRHEER LR, 4 12¢ fEH R iH(E

T, JEBkEE R b IRES ADDY;

(3)  BFHEERES ADDL: K E T (ERfFHbbn—£47 00 #%& MSB (Efifiisde) f&%m

SERUG, ¥4 sda_link FLACRE OB B2 S HAS, B B — IRBIERES ACKL, 45

% MHL (EEPROM) HIMZHE 5

(4)  B—RNEIRE ACKL: S EHE Ze R AR U B ML IE e o8t 75 i 1%

53 Eeprom 25, 4 FRZEYTE IO AE LRSS hE, X BEA T AT

TR S b, BBk 25 T A7 AR LI IRES ADD2, R EdE 5 O\ )i BYTE_ADDR

MR A1 25w B) A5 (AR YR SEI B 5 N6 = N2 /728, I BYTE_ADDR = 0000_0011)

(5)  FifrasthhbIRAS ADD2: 5 (3) M, KA A7as bk A4 en ML B4 258 — ik

MZRA ACK2

(6) BB RNEIRE ACK2: UL 2 FEEAI, R ERE swl, Bk 2 E 1L
RAS DATA, [FIRFE SNBSS AR, WRETRE sw2, MIBEZRH R
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THARIRAS START2,  FRE 12 il M B 25 ) A2 5
(7 BUITRIRE START2: 5 (2) MR A —MEIGE S, JFbEE 2555 77 ds it

IR ADD3
(8) LA ESHLHEIRAS ADD3: 5 75 B B I AP A7 g M hE AR fn s B R b 2 58 =K
MNZIRZAS ACK3S

(9)  FB=IRNERES ACK3: BB BIHIR L HUIRES DATA, EEDIRES N, FRZEHm
K 2 R ER G T AT A o B B ok

(100 HEREHIRES DATA: X HLFEZHIM, A0S, W EES SRR, w2
BRI 75 55 N BIEAL M R £k SDA, PIRIIR 25 #4875 Bk 28 58 DU B 2R
ACK4

(11)  SEPURMZIRES ACK4: BELEEBbE B3 1L FE 2 STOPL

(12)  fF bR STOPL: fERM B N m oL FhosduR 4, e — M IkES, 7
Bk % B4 4 78 OIRES STOP2

(13)  AEH SRS STOP2: It 2R FNEHR 42 4 BRIk, FF48 it Sms ZEI Ji5 55T [ 3 2
RIRZS IDLE 2545 T — R ALH4E 2 1 E5K « 1% 2 KA Eeprom Ml 2 452 U2 'S #:AFE 2 [H]
HI1E] FEAE /N T 5ms.

11.4 SERIHE
B rE W
BRI 11-1 s
£ 11-1 IC WAL S50 B R %
R ES4 R 28 FPGA & i it 11 358 B

clk C10_50MCLK 91 ARG s0M

rst KEY3 11 =X NN S
sm_db[0] SEG_PA 132 0 Bk a
sm_db [1] SEG_PB 137 B Bk b
sm_db [2] SEG_PC 133 o Bk ¢
sm_db [3] SEG_PD 125 O Bk d
sm_db [4] SEG_PE 126 HOLE B e
sm_db [5] SEG_PF 138 B Bk f
sm_db [6] SEG_PG 135 G e Bk g
sm_db [7] SEG_DP 125 B Bk h
sm_cs1_n SEG_3V3_D1 142 g Bt 2
sm_cs2_n SEG_3V3_DO 136 B Bk 1
data[0] SWO 80 RIS SHIAN
data[1] swi 83 PRI HAN
data[2] SW2 86 PRI HAN
data[3] SW3 87 PRISFFIRAAN
data[4] Sw4 74 TRISFFIRAAN
data[5] SW5 75 PRADFF SN
data[6] SW6 76 L AEPI R TN
data(7] SwW7 77 PRASTF S HIA
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JERBERES F RS
swil KEYO 3 5 N eeprom %5
sw2 KEY1 7 B eeprom 44
scl 12C_SCL R20 eeprom [t % i B
sda 12C_SDA R21 eeprom #{
Lk

B0 ARERIE

Y BC e R HEAT A gniE, W R T R ARGAE
T NS, F% LEFT B8R4 SW7~SWo JirfRR ) 8bit {H, 5 A\ eeprom.fi4% RIGHT FiHL
NIA SN E I . LRSI B RS E BoRME 5 S5\ eeprom Hitik 8'h03 %5 77 2% 1I1E
(SW7~SWO0) [F]— M (ARSI E N 8'h34). R ME LR ERRYE L. Sl R an

11-3 7R

11-3

EEPROM S5 5
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12.1 SEWHK

PRI St A, B 1) B RAATE IS S 8D ERME 5, TirEsebr TR st H ik
HHNE TS . FIEE— DN ERME S TS S BT RE (Biss{ik: DAC,,
AL : ADC). ARSLEGHI H I R
(1) 2] AD AL SR EE i
(2> BB 2 B e PR, 6 SRIRiR E i) PCF8591 5 N HHE
(3) M PCF8591 F1izHY AD RAEMIME, JF EGEUEIIE A A SEBRE, D Bk

12.2 SEIEK

(1 FIAHZG ) ADC HUHEATRESCH R, RGBS, SRAESLIR = A 22 sl
CEALE, JCBUaRE, B A2, FPRERAER R E L B 5o Hik
(2> PREAE, S5HEAFERATRILE, RUESE R A ek

12.3 EBAR

12.3.1 AD ##th i (PCF8591) fij4f

PCF8591 s&— ML AR, FA it {KTh#E. 8-bit CMOS H#E kL 1. PCF8591
H a4 MEREIN . 1B R 1 R AT 12C M. PCR8591 () 3 ML Ao, Al
A2 AT TR LR AR, FE PCF8591 # At b N Ak . 5 AR 5 A A it
BRI 12C S 2R A AT I 7 G T A . AR IC BN RIESH Bl t+—. K
IETE R MBS B SR H 75, AR E R

;7 6 5 4 3 2 1 0
LS b B RE BigiRE A/DBES
EaEiRE

Bl 12-1  PCF8591 il R B

BApRpyddl 75 B 12-1 fiox. D1-D0 HFIUAMEE R E, D2 HaMmER, 14
R4, D5-D4 YLiE AU R N E 3%, DO B 4 H AT RE, D7, D3 N FIEH 1T, 24 0. K% F| PCF8951
B AN AT ATAE B 2R A7 A, T sl S Thae . EHl A st T
VPRI, RSO S B B B2 A N o G I e 3 — A e 1 A
WA NEE, WRESEEAREE 1, IR A/D 5@ 5% 8 s .

ARSI FI A PRAG TG (SW1, SWo) EF N EIEE R AD RAEMANIEE, HikmiE
SRWFE 12-1 fon. EEHEEECE N 8'hd0, BB L, FFER N 00 @iE, ENERIA
A5 0 27 2 ' B L B P R
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F#12-1 liEE B RE
SW1, SWO IR KX G
00 0 b GV ]
01 1 FRA R R
10 2 AT AR FH 2% A

12.3.2 W4

VCC3V3 VCC3V3 VCC3V3 VCC3V3 VCC3V3
R118 RI119
1K 1K
s GND | GND |
T bl 2
16 | vop aour p-1%  PCF AOUT <RI20 ] R121
14 light res thermal res
L —&| VREF S =
1 PCF_AIND
1 ADNO 1= PCF_AINI
—=it= = 2
osc igi =3 PCF_AIN2
ADDA I2C SDA o] spa ANg = PCE_AIN3
— 1= SD: ot Pk AN
ADDA_IIC_SCL 0| aer
5 ~
54 2 74
7 Ed 12 PCE_AOUT
,
A2 =< EXT PCF_AIN3 !
PCF8591T 4 :

'ND

Header 3
GND

[#]

& 12-2 R FEE AD/DA B4 oy
FH PCF8591 i3t 4T AD/DA %4 1ty J5 38 1 43 i ] 12-2 FiR o 12C S 2R &0 AN R,
AN TAERIEHER B A0, AL, A2 4%Hb, [Kbadfihiht Ay 7701010000, L4 A\ JEIE AINO
POLBEIE, AIND BRI, AIN3 H2HA78%. MEBIFEIENS, FPGA fid FE Bk
ADDA_|2C_SLC #t% PCF8591 H1 {1 Fl| FPGA i fTic AL B

12.3.3 EFNE

ARSI [RIRE R 12C sk 4548 PCF895L it f, IR 5 9eie +— A —3., AR
A BAE H T .

reg [7:0] read_data_temp [15:0];

reg [11:0] dis_data_temp;

always @ (posedge clk)

dis_data_temp <= read_data_temp[0] + read_data_temp[1] + read_data_temp[2]

+read_data_temp[3] + read_data_temp[4] + read_data_temp(5]
+read_data_temp[6] + read_data_temp[7] + read_data_temp(8]
+ read_data_temp[9] + read_data_temp[10] + read_data_temp[11]
+read_data_temp[12] + read_data_temp[13] + read_data_temp[14]
+ read_data_temp[15];

always @ (posedge clk )

dis_data <= dis_data_temp >> 4;
integer  i;
always @ (posedge clk or posedge rst)

begin
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if (rst) begin
for (i=0;i<16;i=i+1)
read_data_templ[i] <= 8'h00;
end
else if (iic_done) begin
for (i=0;i<15;i=i+1)
read_data_templi+1] <= read_data_templi];
read_data_temp[0] <=read_data;
end
else begin
for (i=0;i<16;i=i+1)
read_data_templi] <= read_data_templi];
end
end

A HB AR R, B0 A AL AN R A B 9 3 P PR ESABL B IR H - — R BUARR
ERER, 2 FHREERATE, Dt PR = MBERRZE, ISR 16
A, RIESRITEME, e L4 A AR Dy et e L o ) LIS A PR ER P AR AR AR A
USSR TEAERAAY 11 B o S REp K Ry e N W o0 1 NG 0 AP SR 2 NP R 2
BELARF A 5 A BEL UL P38 vy P PR AR/, AL, R Yl L BELARR I s L 2 IS 4T et
RGO, BEAEIE R, XA B e r )y, BELAELRRDS o

AD e i 12— 8 ALY R, B EAIE AR IAIT E I . b
R AR U R E B AR 256 47 (8 Dy BERI KRR 256 M0, ILAE RS oI
1k, Pl I BAR DT S M A

parameter V_REF =12'd3300;

reg [19:0] num_t;
reg [19:0] numil;
wire [3:0] data0;
wire [3:0] datal;
wire [3:0] data2;
wire [3:0] data3;
wire [3:0] data4;
wire [3:0] data5;

assign data5 =num1/17'd100000;

assign data4 =num1/14'd10000 % 4'd10;
assign data3 =num1/10'd1000 % 4'd10;
assign data2 =num1 /7'd100 % 4'd10;
assign datal=num1/4'd10 % 4'd10;
assign data0 = num1 % 4'd10;

always @ (posedge clk)
num_t <=V_REF * dis_data;
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always @(posedge clk or posedge rst)

begin
if(rst) begin

numl <= 20'd0;

end
else

numl <= num_t >> 4'dS;

end

A vee y 3.3V, DAk H BH L 85K 3.3V, BT BAKS 8 Az %idfs dis_data 3¢ 3300 472K 1000
HIRESS numt, 7 (EE/RFIMEL, numt F46/) 256 5 (L% 8 1) RIEZ numl 5 PCF8951
A 256 A AHXT R, A 1) num gl I A AR BE 79 s 6 i ) FEURRAEL 1Y) 1000 £ o FRATTHS A
MO R BIBSE L, H S0 2UEAL (datas 3 data0), 7ET476) (data3) b /s,
D) SEE S SR L Y02 7 RO AL AR A L) PR L 9 o ) PR, FFAS B 21 /NSRS 3 7

12.4 SERHAE

Fob: BRER

BB AR 12-2 FTos.

% 12-2  AD A5 530 U &

R ES 4 R 28 FPGA % il Uit 113569
clk C10_50MCLK 91 RG] s0M
rst KEY3 10 8L, BOMK

sm_db[0] SEG_PA 132 D Bk a
sm_db [1] SEG_PB 137 B Bk b
sm_db [2] SEG_PC 133 L E B ¢
sm_db [3] SEG_PD 125 B Bk d
sm_db [4] SEG_PE 126 HOLE BUE e
sm_db [5] SEG_PF 138 B Bk f
sm_db [6] SEG_PG 135 L Bk g
sm_db [7] SEG_DP 128 B Bk h
datal[0] SWO 80 RO SHIAN
data[1] swi 83 PRI FF HAN
data[2] SW2 86 PRI FF HAN
data[3] Sw3 87 RO SHIAN
data[4] Sw4 74 RO SHIAN
datal[5] SW5 75 PRADFF SN
data[6] SW6 76 L AEPI R TIAN
data[7] SW7 77 PRAGTFHIA
scl ADDA_12C_SCL 53 PCF8591 i 42k
sda ADDA_I12C_SDA 52 PCF8591 ¥4k
sel[0] SEG_3V3_DO 136 B E T 1%
sel[1] SEG_3V3_D1 142 B E T 1%
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sel[2] SEG_3V3_D2 141 ik
sel[3] SEG_3V3_D3 129 B E Ak
sel[4] SEG_3V3_D4 127 B E Ak
sel[5] SEG_3V3_D5 124 B E T %k

A FAREIE

BT 5e G AT g vk, B 5 AT ARG .

LERVCIRAS TS, RIEIEESE )y 00 B, b E Box YRS RSN, JtEeR FE P
HHLEAE N 1.469V, G0l 12-3 TR,

12-3 SR PS5
MIBIEERN 01 B, A BOR METIARIRE T, VR P v I FUR A 2,926V,
K 12-4 FTR.

[ 12-4 BB BHSRIG IR
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HIMIELEFOY 10 B, RS LR HATBECIRA S, AP s v, A 12-5

B

0 Sk

LT | Y

& 12-5 HIALER LIRS
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2R+ = VGA 256

13.1 SERHEK

&D) EP2 VGA LB R
(2 H O i— M VGA BE IR

13.2 SEWESR
E B ESTBUR SR
13.2 EBARF

13.2.1 VGA T/t

VGA (Video Graphics Array, #IAIEIERES]D, & IBM T 1987 3 H —/MEH S ELIR
SRR E . VGA S fR 22 i3 R T 3 (R SRR B — MIARE, S AN HIRE N A S
MR Z B/, L ASCRF VGA [IhRitE.

TR Rgs b VGA H#i7 o i AT HABRAT 4 B TR R R bR L —
FOFEG, W AZR S84, A% —17, B RB 2R LT T REBME, 7
XHAMR], CRT Xt HL-FIRBHTINRG, MATERN, AT RSESEITED; Y m
17, Te—mi, HgEHESHT R, iR 2 Ee A b7, F#TER, JF
G8F Wil FRAT S AR B R RN RERE AT 2, A5 B S FRR [R AR R 4,
FaAT H M B R 28 N AR DS, mTRE (0 A0 IR % 57 (CRSLIR AT HH 7 20, B
FERWE 13-1, 13-2 fis.

b d .
——p c < i o
DATA e ¥
HSYNC a —
< 2 p
& 131 FIFESE P
b d
-+ C <+ e
DATA I =
VSYNC a

e

4
b,

& 132 ATRIBH T
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FII-PRA006/010 {3 I ¥t B J St 43

AR el Rl

Q

VGA "5 SUATI P FB I 7 R 5 E A B ik (a B, SonJadt (b B, TR FE
(c BO MERATE (d B PU#E4r. VGA Tolvnik BontiatEsRk. 1THE:$. FIFREN
ottt BPERD BkhEERE fulikl . B VGA ATES Pkl AT ERA — ANk AT IR 25 ik
Mo(a B, RERITMERE, FNME T AT ENE. ERD K2 G N ERE
W (b B, fERARMTE (¢ B SRatAmridE, rRGB sk —47 B — MR
M MR —4T . fE—ATHRSE NERITE (d BD. 7ERRI B2 AMEA BRG]
PR, TR ANIERRE S . FEBAKh . Son AR R AR AR IEAT BRI N, aTHRRH
BT, RGB F5 AL, BEwA S .

VGA B 7 547 I b A — 2.

VGA WHVFZ M ERbrilE, ARIRSLEGIRATR A 640*480%60 HIbniE. brEEol & 13-3

PR o
e 4 I FF (F%80 TR (ATED
B
(MHz) a b c d e a b c d e
640%480%60 2b. 175 96 48 640 16 800 2 33 480 10 b2b
640+480% 75 31.9 64 120 640 16 840 3 16 480 1 000
80060060 40.0 128 88 800 | 40 | 1056 | 4 23 600 1 628
800*%600%75 49.5 80 160 800 16 | 1056 3 21 600 1 620
1024*768%60 65 136 | 160 | 1024 | 24 | 1344 | 6 29 768 | 3 | 806
1024%768%75 78. 8 176 176 1024 | 16 | 1312 B 28 768 1 800
1280102460 | 108.0 | 112 248 1280 | 48 | 1688 3 38 1024 | 1 1066
1280%800%60 83. 64 136 200 1280 | 64 1680 3 24 800 1 828
1440%900%60 | 106. 47 | 152 232 1440 | 80 1904 3 28 900 1 932

|8 13-3  VGA lorhRifE

DLAS S256 ) 7R AR itE 640*480*60Hz Al (640 5%, 480 NAT%L, 60Hz il
— BRI . ATH R BRBEXT NATHECN 525 (atb+ctd=e BD), Hi 480 (¢ B NER
1Ty BATYHEATESES (@ BO, N 2 MTEARRE. N7 N ER170E% 800
5| (atbtctd=e BY), HH 640 (¢ B NEMERKX, BT —MTAPES (@ BO

N 96 MT IR T

13.3.2 @M

VGA R3 R131

VGA R2

RI32,,, 1K %I

S00R %1

VGA RI R133

2K %1

VGA RO R134

4K %1

15

VGA G3 R135 S00R %1 R108 OR VGA R fl’ < 11

2 S o oL

7
VGA G2 R136 1K %1 R110 OR VGA G QQQ— 12
VGA Gl RI37 . 2K %1 R113 or VGA B o ol 13
VGA GO R138 AK %1 ———OOC 14
I S 0%,
3 5 15
10PF [10PF FLOPF e
==
= GND
GND
VGA HS  RI139 22
VGA B3 RI40,,, S00R %1
VGA VS RI141 22
VGA B2 R142 4, 1K %]
VGA BI R143 2K %] 69 fo70
VGA BO R144 4K %1 10PF [F10PF
13-4 pCB FHEME
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bR R 0
VGA o I R B ] A& 13-4 FioR . FPGA ELREA ] 12 ARE S Ze A AR 125 i 26, VGA_R3-RO

RFEOrE, VGA_G3-GO UKL E, VGA_B3-B0O REE O HE, URITHEIGES

VGA_HS 7[R 2155 VGA_VS.

13.33 BFNE

F—0 ERREFNESEENT

module vga_test(
input clk,
input rst,
output vga_hs,
output Vga_Vs,
output [11:0] vga_data

);

i\ 50MHz B8P AR A 5, HHATRIP G S vga_has, [R5 5 vga_vs A1 12 £
BHELE vga_data[11:0].

D W AR
FEIATR AR, SRR A i

=P IR
PERIRRER 1) T B S RAER FUBoR A RN . 1 etk o br i L,
parameter H_SYNC = 10'd96;

parameter H_BACK = 10'd48;
parameter H_DISP = 10'd640;
parameter H_FRONT = 10'd16;
parameter H_TOTAL = 10'd800;
parameter V_SYNC = 10'd2;
parameter V_BACK = 10'd33;
parameter V_DISP = 10'd480;
parameter V_FRONT = 10'd10;
parameter V_TOTAL = 10'd525;

WA H AT N 13-3 FIR PR TLBL N REBUE R NG A5 Vv TSR XT R

13-3 AT P TLBG (N BUIATHL.

reg [9:0] cnt_h;

reg [9:0] cnt_v;

wire vga_en;

wire data_req;

assign vga_hs = (cnt_h<=H_SYNC-1'b1) ?1'b0: 1'b1;
assign vga_vs =(cnt_v<=V_SYNC-1'b1) ?1'b0:1'b1;
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assign vga_rgb =vga_en ? pixel_data : 16'd0;

assign vga_en = (((cnt_h >=H_SYNC+H_BACK) && (cnt_h < H_SYNC+H_BACK+H_DISP))
&&((cnt_v >=V_SYNC+V_BACK) && (cnt_v < V_SYNC+V_BACK+V_DISP)))
? 1'bl:1'b0;
assign data_req = (((cnt_h >= H_SYNC+H_BACK-1'b1) && (cnt_h < H_SYNC
+H_BACK+H_DISP-1'b1))
&& ((cnt_v >=V_SYNC+V_BACK) && (cnt_v < V_SYNC+V_BACK+V_DISP)))
? 1'b1:1'b0;
assign pixel_xpos = data_req ? (cnt_h - (H_SYNC + H_BACK - 1'b1)) : 10'd0;
assign pixel_ypos = data_req ? (cnt_v - (V_SYNC + V_BACK - 1'b1)) : 10'dO;

X WA EIE RS, vea_en 1 BIG 1A 24X 35k € ik, pixel_xpos i pixel_ypos
P R X 3k N ARG R SN B S T — AN e AR, BAS 8 5 SR AR B B AE B
AR XN, A HEt .

HIE: WoRAEER
S AR R T AR S5 IR b X B, I FUR AR Y 3R BRI BI

parameter H_DISP =10'd640;
parameter V_DISP =10'd480;
localparam  WHITE =16'b11111_ 111111 11111,
localparam  BLACK =16'b00000_000000_00000;

localparam  RED =16'b11111_000000_00000;
localparam  GREEN =16'b00000_111111 00000;
localparam  BLUE =16'b00000_000000_11111;

always @(posedge vga_clk or negedge sys_rst_n)
begin
if (Isys_rst_n)
pixel_data <= 16'd0;
else begin
if ((pixel_xpos >= 0) && (pixel_xpos <= (H_DISP/5)*1))
pixel_data <= WHITE;
else if ((pixel_xpos >= (H_DISP/5)*1) && (pixel_xpos < (H_DISP/5)*2))
pixel_data <= BLACK;
else if ((pixel_xpos >= (H_DISP/5)*2) && (pixel_xpos < (H_DISP/5)*3))
pixel_data <= RED;
else if ((pixel_xpos >= (H_DISP/5)*3) && (pixel_xpos < (H_DISP/5)*4))
pixel_data <= GREEN;
else
pixel_data <= BLUE;
end
end
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AR el Rl

Q

RN T MBI A, B, 4, &% 3, REEEERERANS, KRR X TR
Wok, 73 nHs TAREEIE N Hor

13.4 SEIRHAF

B SREH

BB IR 13-1 FTas.

#13-1  VGA LI IR %

FEFPE 5 % 2] FPGA & JiI Uiy 11356
clk C10_50MCLK 91 R R 50M
rst KEY3 10 2Ah, B
vga_data[11] VGA_R3 105
vga_data[10] VGA_R2 103 L3 EARER Y
vga_data[9] VGA_R1 101
vga_data[8] VGA_RO 100
vga_data[7] VGA_G3 113
vga_data[6] VGA_G2 112 EUR ekt 5r &
vga_data[5] VGA_G1 111
vga_data[4] VGA_GO 106
vga_data[3] VGA_B3 120
vga_data[2] VGA_B3 119 K& A=
vga_data[1] VGA_B2 115
vga_data[0] VGA_B1 114
vga_hs VGA_HS 98 TR ES
vga_vs VGA_VS 99 RS ES

R e A BEAT A R, G R REAT TARISAIE. SEIRIL R AN 13-5 PR, BERE
IR, AnbEAt, BE, 46, st

|5 13-5 VGA SIS
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FII-PRA006/010 15 Fi it B & 5286 F5 S :
LR RS AR O

i+ 09 BRI SEH

14.1 SERHHK

(D TR AR, DA R ToAR R B

(2) BAEAFBOEA (M, GMIL, RGMID Z T8I R LA S S (FRATHIHF KRR
F RGMID

(3)  SEIRR, EREEE R S IR

14.2 SERESR

(1 BATERA, AR T IR TR
(2) AT HRE e
(3> HEHATHEE AR AR

14.3 EBRAR

14.3.1 SO RBE M A

DAK 2 — b iy TRy 3 P A A, DAK R 3d A5 2 — At FH () FL B R DR 28 A, SR 3K
W 22 B U5 i) AT SR A AL RS 7 3, BdR AR SR 2 A B 1Gbit/s, R 2 JERFAL I I 4%
BIEAL T2 DORMEE N — R BB T, SRR HIER T 2. TIEELRM Mil
FENFEAIRZ, HH eMmil fil RGMIL.

MI 20— 16 12k, WE 14-1 fios.

T¥_ER
T _EN
TX_CLE
T¥D[3:0]
F¥_FE
RX DV
EXD[3:0] FHYAT
R¥_CLE
CRS
0L

MACHT

& A & & A &

& 14-1 ™MD
RXD(Receive Data)[3:0]: #ARHUE T, Ik 4 METE;
TX_ER(Transmit Error): AIEHIRHIRIERE S, [T TX_CLK, &AL, &7 TX_ER
BHROANAE B IR TR 5T 10Mbps %R, TX_ER ANEfFEH;
RX_ER(Receive Error): #ZWCHAR IR (E T, [P T RX_CLK, =i H-FA &L, 78 RX_ER
BHROHNAE BRI 5T 10Mbps %R, RX_ER AHE/EH;
TX_EN(Transmit Enable): RIXflife(E5, HATE TX_EN A RUHNAL EHE A4 H R
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bR R 0

RX_DV(Reveive Data Valid): B A 255, 1EHIEM T KIZIMIE K TX_EN;

TX_CLK: KiESHWEh, 100Mbps ZE T, BHE05% N 25MHz, 10Mbps %K, 4
AEEN 2.5MHz, {5, TX_CLK SBR[ 77 [A) 52 AN PHY U458 A1 MAC U, PRttt g B PHY
AL

RX_CLK: RS0 8, 100Mbps & T, IEHZY 25MHz, 10Mbps JHZE T,
b 4% 5 2.5MHz. RX_CLK 1952 i1 PHY {2 fL 1),

CRS: Carrier Sense, MG S, AFEFELTZHEN, HEHHIELH, CRS 5t
B, AN, CRS HAF PHY #EE W TR AR

COL: Collision Detectd, {MHRIGMIE T, ATHEFLDTSHRE, HA PHY 75X AL
XA

GMII F£ & 14-2 P,

T¥ FR
T%_EN
GT% LK
TEDLT:0]
R¥%_ER

MACHY | o] PV
RI_CLE
CRS
COL

¥

¥

F

& 14-2 GMmI

5 M 2O, Ml IR TEREH 4 67224 8 £, GMII 2 1 [R5 il4E 5 4 TX_ER.
TX_EN. RX_ER. RX_DV. CRS Fll COL ffEH[H] MIl B2 )—FE, KiESFHIBE GTX_CLK Al
PSS I e RX_CLK 19452359 125MHz(1000Mbps/8=125MHz) .

TEX A — R BRI UL R, A2 K I%E S Bl GTX_CLK, & F1 M1z 1+ 1) TX_CLK
FEANFIT, MILEZ TR TX_CLK A& B PHY S8 324k 45 MAC &5 |1, 1 GMII 22 1 H ) GTX_CLK
S i MAC &5 IR LS PHY S . I T A —RE.

TESEBRR Y, 48K 240 GMIN 12 A A M 420119, BT, — ) GMi 2 R
AN RIEZFH W o TX_CLK A GTX_CLK(M & 7 A —#ER, mificauiid 1), fEHME
Ml AR, ] TX_CLK il 8 MR 4 b i) 4 4R

RGMII 2 141 &] 14-3 Fiw.

T _EN
T¥D[3:0]
RY DV
Mac{] | Rrip[z:0] PHY{m]

5 RY_CLK
TX CLK

% 14-3 RGMII £
RGMII [l Reduced GMII, & GMII FfEIfLRRAS, Kz D5 S LEBE M 24 R3] 14 1R
(COL/CRS ¥ LRSI /RS S, XEEAHE L), MEEIIIHA 125MHz, TX/RX B3 55 5 M
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bR R 0
8 NEA 4 KL, AT IRFF 1000Mbps FIAEHIEZEAAE, RGMII 452 FIZE R B BT A AT FiR
HRFERE . S ETHE R GMII 3 P ) TXD[3:0]/RXD([3:0], fEZ ot T
BTS2 3% GMIN 22 1 HH I TXD([7:4]/RXD[7:4] . RGMI [A] i) .3 78 100Mbps F11 10Mbps 7% Fili i %,
Gy 252 I8 B 26 53 731 9 25MHz AT 2.5MHz.

TX_EN {5528 I f&1% TX_EN Ml TX_ER Wifif5 5., 7E TX_CLK M k1% TX_EN, TF%
WRIE TX_ER; [FIFEMYT, RX_DV {5526 4L RX_DV H1 RX_ER Wi#F{5E 5., 7E RX_CLK [ |k
FHHT R IE RX_DV, &I IE RX_ER.

14.3.2 AT

PHY_DVDD_3V3
=
GND
2 =z 5| g 9 3 9 9 35 9 8 75 s
2 E QM e 8= moe oo RIL8211E-VE
EEEEEEEERERE
g 3 5 88825z = z o
S| - B T é =) FHY DVDDI0
MDID P =2
MDOP A 1) wvDIoe ;
MDID N -, 2 | vouo DVDD10
) ) r 33 RGU LEDL
3 | AvDDI0 LEDLPHY_ADL
== 4 LEDOPHY_AD0 |22 RGO_LEDO
MDIL P > 4| vomp
) 33 RGO_PMEB
== PMEB
MDIL N > 5 | yomy
3 - ) -
6 LEDYRYD |22 RGO LED?
e K} RE1 , 10 NPHY MDIO
= MDIO
MORP A>T wppp
L 30 R83 .2 NPHY_MDC
>, MDC
MDD N > 8| vomy
MDI2} ] -
9 PHYRSTB |22 sRST RIL&211
AVDDI0 o
MDI3 P == 1 DVDD10
o 27 RGO TXCTL
. e 8 . et |2 X
MDI3 N > Ul,pm 3B
ol z = = - D3 |26 RGO_TX3
A HC 58 g £ 2 &g 2 5 RGJ_TI2
Cc 8 a@dfi8ouvpepauveBd THD2
- - z ] - - - Zz :: - sl sl
2 o ¥ & &8 &2 =2 o B B B
o = o 8 o= o2 8 s 8 8 S
RGO RXCIL 2G0T
RGO R0 G0 T
VeCIvI
RGO RXL 260 THCE
RGO_RX2
RGO B3 R93
47K
RGO RXCE Ro4 100 ETH INT N

[® 14-4 JRFLE RTL8211E-VB F4)

SEEGHR FoR A RTL8211E-VB &5 AH A IR DAUK MR, REEE & 14-4 Fin. PHY i
FrBS IR R IEAE S5 FPGA MER:. B G5 HT40N RGO_RX, KikZH(5E5 A4
N RGOTX, ZrilE#EG1ES CTL, BH8MES ok MU FERIRES 3-0 4lpk. RGO_LEDO #H
RGO_LED1 73 Bl IEHE M I 3 (A5 S AT FSt (5 54T o R, FPGA RJ LLd I I 04k NPHY_MDC
FIEHELE NPHY_MDIO X PHY 5 AT AL & -

14.3.3 Bt
(1) BRI AE T (testl)

B2 BN
(IR BRAR fT B, R R e A\ 1 Bt B BT

module test1 (

input rst,
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JERF R R Q
input rxc,
input rxdv,
input [3:0] rxd,
output txc,
output txen,
output [3:0] txd,

assign  txd =rxd;
assign  txen = rxdyv;
assign  txc =rxc;

endmodule

(HE: LRERFFENEFHEGH 1 smi_ctrl B, FIFF config #1, ZXf PHY &
SRR BRI, LIETRERT LB DA GEIE T ERZPT TR 8T, B R

B HECER
BB UIER 14-1 TR

# 141 DR S0 I Gt %

MR ES4 X 25 b5 FPGA & i Ui 11350 B
rxc RGO_RXCK 24 o N\ A
rxdv RGO_RXCTL 34 ARG S
rxd[3] RGO_RX3 28 WNEAE S 3 47
rxd[2] RGO_RX2 31 ENEAE S 2 40
rxd[1] RGO_RX1 32 NEHRES 147
rxd[0] RGO_RX0 33 HNEHRES 0 fr
txc RGO_TXCK 43 o7 HH AR I
txen RGO_TXCTL 42 R ERNE S
txd[3] RGO_TX3 46 TR 3 A7
txd[2] RGO_TX2 49 AR 2 £
txd[1] RGO_TX1 50 s BEEE 1 4
txd[0] RGO_TX0 51 AR5 0 fr
e_mdc NPHY_MDC 38 fic | e
e_mdio NPHY_MDIO 39 W=k e

WAFZ A CBRANECR PC MR TIEM, BIUNEEATE#R, FEELHINE K
PC 3ifi MAC Hihib, WIIRAKIE, #ifE DOS dr 2% 11, H ipconfig -all im & H—F, LAAHL
B, ik 14-5 Fios.

110 / 133
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B RS R

45

NITE RSN, AT

¥ 14-5  PC % MAC Hitibf5 2

FEey PC i ANMEER) P bk, DUARSERR B, FCE N

Skl S
192.168.0.3 (A LLEH, fH: M\/)ﬁﬁ‘wﬁ '?%%E’Jﬁnﬂ%ﬁ%ﬁﬁ IP Motk —20, Wl 14-6 Fios

Internet HHSAEZ 4 (TCP/IPvA) BiE
=1

IRARERISIEEE, MRILRMS e P28, S, FEEAA
EEGEERMREEIN P EE.

O SFEE 1P #EIHO)
@ EFTER 1P k)

s E——

(@ EF NE# DNS BB EIHE):

Eif DNS JBE=(P):

[kt e-ang==((}] BRWY)...

& 14-6 ACE PC I 1P Hubik

T A VGRIEEH ARP PN 25 (SR8 1R AR 1P HihE AT MAC Huhb), K75 Z i@ id DoS
A NG E, ARG 1P %A 192.168.0.2, MAC Hihl#% A 00-0A-35-01-FE-CO, (A

CLELr BATHE S Wk 14-7, Jrikin T
JEAT 4 ARP-s 192.168.0.2 00-0A-35-01-FE-CO

BEHCGR: arp-a

(EE: DUEHE S 7121T DOS 2 & 1)

11-FE-C0

& 14-7  HuhEGR5E Tk 1
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JERERS R

WnIRIZAT ARP A I HIL 7RG, AT BA— ROk gk e, Wik 14-8:

1) %A netshiishowin fir & &EAMERL M 5, WA A LMK “57
2) %\ netsh -c “ii” add neighbors 5 (%5 )

“192.168.0.2” “00-0A-35-01-FE-CO”
3) N arp-a BELELR

N EE5: Windows PowerShell

[ 14-8  HubEgEE Tk 2
L o, FATIFFEH DOS & & N gH T i@ kill, 4n ¥ 14-9 7w . Ping /& Windows

FHN B A ATHAT 2 o AT DU X 2802 75 RERS 218, 4 mT DR G s 35 B 3
15 HT R E W 2 i 5. SRS 20 Ping 1P Hithik.  (BRASHLE AMAT R DD

Bl C\Windows\system32\cmd.exe - ping 192.168.0.10 -t

[ 14-9  RIEEIE

T7T SignalTap, Kik7Efm<Ja, WK 14-10 Pron, FATATLLE BB IES, 1524

log: Trig @ 2019/05/10 14:44:16 (0:0:34.4 elapsed)

TvpeAUas| Name ‘,72‘ A T . BT T T T T R R
5 v

f
*' teen

S ® rxd3.0] Dh 5h th

& % tud3.0] Dh sh h

%] 14-10 SignalTap Il ¥
@) Rk 1P AL E (test2)
T2 RGMII 8211, Hd A XUA T abit B, KILTE FPGA PN 3EHAT i b AT,
T 8bit s, FATAM 1P core (ddio_in) RSZHEL, [N N HEIEAHE Y 5,

22 IP core (ddio_out) ¥ 8bit H i s XNUR LW 4bit ¥l i, FEFRENZ, HiE

PFEREE T S5 EIRE S FP RN E, R eSS — R ddio HEATH: %, Bk
BHEmE 14-11, 14-12 Fixe

112 / 133


http://www.baidu.com/s?wd=Ping&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao
http://www.baidu.com/s?wd=Ping&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao
http://www.baidu.com/s?wd=IP&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao

| Fi-PRA0O6/010 1 FH 1 2 S8 4 5 5
TR R Q@

| “ MegaWizard Plug-In Manager

ALTDDIO_IN

Currently selected device family: o= 1010 v

Match project/default

dear and setports

() Use 'adr' port.

[] Registers power up high

- Synchronous dear and synchronous set ports

[] Use inclocker port
¥ Invertinput dock

—

& 14-11  ddio_in ¥

| *{ MegaWizard Plug-In Manager

Currently selected device family: o 1015 .

ddio_out
- 4 Match project/defauit

dear and set ports

©) Use 'adir port

Use ‘aset’ port
@ Notused

[] Registers power up high

[] Use ‘outdocken’ port
[ Invert 'dataout’ output

Resaurce Usage

[# 14-12  ddio_out % &
HLEF] PHY & H AL B IR AE D LhE 2, B LA AR AR B, 5 DIAEATRIY
&, BN rxe EBEFIVEHIN, WA 14-13 s, HiH co I ddio_clk fE NP ddio 1P
M IREN Bl nl 14-14 B, Sl c1 B e txe YR NEEE ORISR B (R B A2 H
T A R DR ] DA RN R TR R, X B R R txe i 90° AHALZE) 41 14-15 FiR.

X MegaWizard Plug-In Manager [page 1 of 12]

& aLTPLL

= e
B s [Z5 [3= |

> Inputsflock > Banc

Curently selected device famiy: | ycene 10 17 v

Match project/defait

able toimplement the requested PLL

General

Which device speed grade will you be using? Any -

Cyohos 1017

125,000 Wi -
Setup PLL in LVDS mode Datarate: |NotAvailable v Mbps
LT
Which PLL type wil you be using?
FastpL Enanced Py ® Selectthe L type automatcaly
Operaton Mode

= gene

G
@ Use the feedback path inside the PLL
(e]
onnect the fomimic port (bidirectig

Create an ‘o input for an extermal feecback (External Feedback Mode)
Which output dock will be compensated for?

14-13  PLL 4 A E
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JEAC R Rk

FRif PRI, @ 20K ddio_out MIABUEAAUE, BAKZSH TR (test2)). KIRFATR

< MegaWizard Plug-In Manager [page 6 of 12]

€0-C: Output Clock
PLL Able to replement the requested FLL

7 use this cock

Clock Tap Settgs.

Requested Settngs Actusl Setings
© Enter output dock frequency: 12500000000 Mz v| [125.000000 |
O Enter output lock paremeters: i

Clock mitpicaton factor 1
SR alin
o [o00 ] des i [om0
Clock duty cyde (%) [s0.00 g EX=N|
Descten A
8 Primary dock VCO frequency (447) )
Note: The displayed internal settrgs of the |
PLL is recommended for use by advanced | Modubis for M counter Sy
3 >
Per Clock Feasibty Indeators
@ o

¥ 14-14  PLLffTHim Bl (cO) WE

"2 atPLL

\ MegaWizard Plug-In Manager [page 7 of 12)

c1-C Output Clock

PLL S to mplemen the requested PLL
[4 use thes dock
= Cock Top Settings
<t Requested Settings: Actia settings
ocked @® Enter output clock frequency: 125.00000000 | Mz~ [125.000000
O Enter output cock parameters:
Cock multpication factor
Clock duty cyde (%)
Descroton A
Note: The dplayed nternal settngs of the | T7rY 920k YCO frecuency () ‘5”
AL v
B2 0200
Per Clock Feasbity Indcators
@ a

|8 14-15  PLL Tl Bl (c1) W

e = 1P RSB R 2 A A, AT B IR R I, (RREER A

FH— NSRBI NEFE RGBS TR . iR, BRiE.
W 14-16 Fros, 7w E L IERRFEER SR RN G, BAT@EE BN IE RN E B
(love you!). 1#id Wireshark H#H47 ZE CLIOHTEL, Wl 14-17 Fo, nTLUER], i BT

fE 4 1A] PC ¥ o

A E CrRE vs
g IR

TSR
(1) Higza

UDP -
(2) FHPhe
192.166. 0 . 3
(3) FHWOS
8080

HElREEE
I Hobarariz it
¥ BENRATRT
I +7SHHIRT
I~ EEREERT
BIFHAE EATTS

CREREE
I BRXHHIER
I BahEiepihnh
I REREEE
I itk

I BB RE
EizEhg [0 =
podis = WIN—: TN

L& FERR

BiFEd.: [192.168. 0 . 2 a0 [0

Love you! .
Rk

BEE 100 £l -0 Bfiits P |

4-16 LML &I A

N/
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£ Copturing from LIXF  [Wireshark 1.12.4 (v1.12.4-0-gb4861da from master-1.12]]

— [m} X
Fle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
ceodm BEEXZ Ao+ TFL|IEE QD @¥®BxK| B

Fiter: | Expression.. Clear Apply Save

Frame 2: 60 bytes on wire (48 No. Time Source Destination Protocol Length Info
Ethernet II, Src: b4:2e:99:20 1 0.000000000 192.168.0.32 192.168.0.2 upp 52 source port: 8080 Destination port: 8080
Internet Protocol Version 4, 2 0.000060000 192.168.0.32 192.168.0.2 uppP 60 source port: 8080 Destination port: 8080

User Datagram Protocol, Src P
8 Data (10 bytes)
Data: 6c6f766520796f75a3al
[Length: 10]

0000 00 0a 35 0L fe cO b4 2e 99 20 c4 61 08 00 45 00
0010 00 26 21 of 00 00 40 11 d7 d2 cO a8 00 03 cO a8 .
0020 00 02 1f 90 1f 90 00 12 28 ef X
0030 00 00 00 00 00 00 00 00

© 1| Data (data), 10 bytes Packets: 2 - Displayed: 2 (100.0%) Profile: Default

1 14-17 -PC S TE A B
(3)  FEEELIUKRME R it
FEAEI LUK 80 A4, 75 250 B Uit 7, DR i A& 88 73, DT
fESLES, FRATE PC i AIE B R A7 2 ram B, B2 R IE N UG K i%4 PC
i, A — RIVEAR GO OS5 TR “ethernet”. T X R —/MEHL
A7 TR B4
1)  HAEEES (Gip_receive)
XA P AR e 014 o) gl 6o et Mt AT Gr DU VR 31 5 A 80 s e A7 e
1, R IEREIEAEN ram .
always @ (posedge clk) begin
if (cIr) begin

rx_state <= idle;
data_receive <= 1'b0;
end
else
case (rx_state)

idle :
begin
valid_ip_P <= 1'b0;
byte_counter <= 3'd0;
data_counter <= 10'd0;
mydata <= 32'd0;
state_counter <=5'd0;
data_o_valid <= 1'b0;
ram_wr_addr <=0;
if (e_rxdv ==1'b1) begin
if (datain[7:0] == 8'h55) begin /1FEA R — A 55//
rx_state <= six_55;
mydata <= {mydata[23:0], datain[7:0]};
end
else
rx_state <=idle;
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et R 0
end
end
six_55
begin /14 6 A~ 0x55//

if ((datain[7:0] == 8'h55) && (e_rxdv == 1'b1)) begin
if (state_counter == 5) begin
state_counter <=0;
rx_state <= spd_d5;
end
else
state_counter <= state_counter + 1'b1;
end
else
rx_state <= idle;
end

spd_d5
begin /13 1 A oxd5//
if ((datain[7:0] == 8'hd5) && (e_rxdv == 1'b1))

rx_state <= rx_mac;

else
rx_state <= idle;
end
rx_mac
begin /732U H #% mac address A5 mac address

if (e_rxdv ==1'b1) begin
if (state_counter < 5'd11) begin
mymac <= {mymac[87:0], datain};
state_counter <= state_counter + 1'b1;
end
else begin
board_mac <= mymac[87:40];
pc_mac <= {mymac[39:0], datain};
state_counter <=5'd0;
if((mymac[87:72] == 16'h000a) && (mymac[71:56] == 16'h3501) &&
(mymac[55:40] == 16'hfec0))  //FIW7 H 4% MAC Address J& 77 N FPGA
rx_state <= rx_IP_Protocol;
else
rx_state <= idle;
end
end

else

116 / 133



FII-PRA006/010 {1 FH 1t ] e S 364 3 -1 :
J6CE gl Rk Q

rx_state <= idle;

end

rx_IP_Protocol :
begin [/ 2 A5 1P TYPE
if (e_rxdv == 1'b1) begin
if (state_counter < 5'd1) begin
mylP_Prtcl <= {myIP_Prtcl[7:0], datain[7:0]};
state_counter <= state_counter+1'b1;
end
else begin
IP_Prtcl <= {mylP_Prtcl[7:0],datain[7:0]};
valid_ip_P<=1'b1;
state_counter <=5'd0;
rx_state <= rx_IP_layer;
end
end
else
rx_state <= idle;

end
rx_IP_layer
begin [/FE 20 AT udp KERLELSL,ip address

valid_ip_P <= 1'b0;
if (e_rxdv ==1'b1) begin
if (state_counter < 5'd19) begin
mylP_layer <= {myIP_layer[151:0], datain[7:0]};
state_counter <= state_counter + 1'b1;
end
else begin
IP_layer <= {myIP_layer[151:0], datain[7:0]};
state_counter <=5'd0;
rx_state <= rx_UDP_layer;
end
end
else
rx_state <= idle;

end

rx_UDP_layer :

begin /432 8 715 UDP (13 5 J UDP ##fu K
rx_total_length <= IP_layer[143:128];
pc_IP <=1P_layer[63:32];
board_IP <= IP_layer[31:0];
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if (e_rxdv ==1'b1) begin

if (state_counter < 5'd7) begin
myUDP_layer <= {myUDP_layer[55:0], datain[7:0]};
state_counter <= state_counter + 1'b1;

end

else begin
UDP_layer <= {myUDP_layer[55:0], datain[7:0]};
rx_data_length <= myUDP_layer[23:8]; //UDP ¥ 6 K
state_counter <=5'd0;
rx_state <= rx_data;

end
end
else
rx_state <= idle;
end
rx_data
begin /1820 uDP % dE
if (e_rxdv ==1'b1) begin

if (data_counter == rx_data_length-9) begin YRea =3tk e
data_counter <=0;
rx_state <= rx_finish;
ram_wr_addr <= ram_wr_addr + 1'b1;
data_o_valid <= 1'b1; //'5 RAM

if (oyte_counter == 3'd3) begin
data_o <= {mydata[23:0], datain[7:01};
byte_counter <=0;

end

else if (byte_counter==3'd2) begin
data_o <= {mydata[15:0], datain[7:0],8'h00}; ///Ni# 32bit, #h 0
byte_counter <=0;

end

else if (byte_counter==3'd1) begin
data_o <= {mydata[7:0], datain[7:0], 16'h0000}; ///ANiii 32bit, %I 0

byte_counter <=0;

end

else if (byte_counter==3'd0) begin
data_o <= {datain[7:0], 24'h000000}; /i 32bit, #h 0
byte_counter <=0;

end

end

else begin

data_counter <= data_counter + 1'b1;
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if (byte_counter < 3'd3) begin
mydata <= {mydata[23:0], datain[7:0]};
byte counter <= byte_counter + 1'b1;
data_o_valid <= 1'b0;
end
else begin
data_o <= {mydata[23:0], datain[7:0]};
byte_counter <= 3'd0;
data_o_valid <= 1'b1; //¥5% dbytes #E, 5 ram EK
ram_wr_addr <=ram_wr_addr+1'b1;
end
end
end
else
rx_state <= idle;

end

rx_finish :

begin
data_o_valid <= 1'b0; //added for receive test//
data_receive <= 1'b1;
rx_state <=idle;

end

default : rx_state <=idle;
endcase
end

RSB, kA i U B B 134T — 2B AT

idle R4 anFEIE] 55, MIBREL S six_55 R

six_55 RA&: WIS BIELE NS 55, Mk 2] spd_d5 RZS, HNRE] idle RS-

spd_d5 RAE: WR Bk LW d5, W UE U R T e B EdE B oA 3
55_55_55_55_55_55_55_d5, k%3] rx_mac 4, HMRIE idle 4.

rx_mac KA : IX—H X HAR MAC HuliE AR MAC kb 0, - 4n SEUCHC ) Bk 21
rx_IP_Protocol JIRZ, 75 IR[A] idle RS BB K%,

rx_IP_Protocol IRZS: AW HHE R SEBIAKEE, BhAE S rx_IP_layer JRZS .

rx_IP_layer IRZ: 20K 20 AT udp EALESL DL 1P ik, BkEE 2] rx_UDP_layer JR3&

rx_UDP_layer JR7%: 2K 8 75 UDP [im 15 & UDP $dli K, k%% rx_data R

rx_data JJRZS: B2l UDP [%dE, BRELE rx_finish IRES,

rx_finish K& : —QEARBIGER, BiL 2 idle IRAEFERF N — AR 21K

2) B RERE (ip_send)
R EEN AR ram FREEREE, H DUIER SR G
(UDP) B Ha 4T B JF ik 2 o TERIE 2 Wl I BT B R 58, FH CRC 25
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initial begin

tx_state <=idle;
J/ESCIP Ak
preamble[0] <= 8'h55; /17 A8 55, — M 4G R d5
preamble[1] <= 8'h55;
preamble[2] <= 8'h55;
preamble[3] <= 8'h55;
preamble[4] <= 8'h55;
preamble[5] <= 8'h55;
preamble[6] <= 8'h55;
preamble[7] <= 8'hD5;

mac_addr[0] <= 8'hB4; J/H ) MAC bl ff-ff-ff-ff-ff-ff, 4> ff ) 3%
£
mac_addr[1] <= 8'h2E; //H 1 MAC Hihil: B4-2E-99-20-C4-61, AR

SEIGAE PR PC Itk B BURYE 5 C PC i H{E 3 N &
mac_addr[2] <= 8'h99;
mac_addr[3] <= 8'h20;
mac_addr[4] <= 8'hC4;
mac_addr[5] <= 8'h61;

mac_addr[6] <= 8'h00; //V5 MAC Hihi: 00-0A-35-01-FE-CO
mac_addr([7] <= 8'h0A; [/RYE B O SRAE SO E E

mac_addr[8] <= 8'h35;
mac_addr[9] <= 8'h01;
mac_addr[10]<= 8'hFE;
mac_addr[11]<= 8'hC0;

mac_addr[12]<= 8'h08; //0800: 1P {3, 257%Y
mac_addr[13]<= 8'h00;

i<=0;

end

X —#4r 8 T BRI RTS8, PC i MAC Hulik, &R MAC HulikDL &z 1P E25 A,
TR R AR ESEPRSEIe H, PC i MAC Mkt 75 ZARBE H B AR BE 71820, PC % MAC
HE TR AR YE B 240 b3 T 0 (HRTHE R AT RAE — 2, BN 5 gRs2ie S o
ESIEAE/En

always @ (posedge clk) begin
case (tx_state)
idle :
begin
e_txen <=1'b0;
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crcen <= 1'b0;

crcre<=1;

i<=0;

dataout <=0;

ram_rd_addr<=1;

tx_data_counter <=0;

if (time_counter == 32'h04000000) begin
MEE R

tx_state <= start;

time_counter <=0;

end
else
time_counter <= time_counter + 1'b1;
end
start:
begin //IP header

ip_header[0] <= {16'h4500, tx_total_length};
(EISSS
ip_header[1]{31:16] <= ip_header[1][31:16]+1'b1;
ip_header[1][15:0] <= 16'h4000;
ip_header[2] <=32'h80110000;
ip_header[3] <= 32'hc0a80002;
ip_header[4] <= 32'hc0a80003;
ip_header[5] <= 32'h1f901f90;
i) H )
ip_header[6] <= {tx_data_length, 16'h0000};
IR s (G

tx_state <= make;

else if(i == 1) begin

i<=i+1'b1;

/IFERFIEIR, B R — B [A) 0% —

[IRAS: 45 BSLKE: 205 1P
AN IR

//Fragment offset

//memal[2][15:0] #i¥: 17(UDP)
//192.168.0.2 Y5 HE

//192.168.0.3 H bl bk
/12 AR 5 2 AN

/12 AT BAEAR A 2 Ay

end
make
begin 1A LK AR 3R A
if (i == 0) begin
check_buffer <= ip_header[0][15:0] + ip_header[0][31:16] +
ip_header[1][15:0] + ip_header[1][31:16] +
ip_header[2][15:0] + ip_header[2][31:16] +
ip_header[3][15:0] + ip_header[3][31:16] +
ip_header[4][15:0] + ip_header[4][31:16];
i<=i+1'b1;
end

check_buffer[15:0] <= check_buffer[31:16] + check_buffer[15:0];
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end

else begin

ip_header[2][15:0] <= ~check_buffer[15:0];

i<=0;
tx_state <= send55;
end
end

send55

//header checksum

begin [/ Ri% 8 AN 1P BT F:4Y:7 4~ 55,1 4~ d5

e_txen<=1'bl;

crere <= 1'b1;

if(i == 7) begin
dataout[7:0] <= preambleli][7:0];
i<=0;
tx_state <= sendmac;

end

else begin
dataout[7:0] <= preambleli][7:0];
i<=i+1'bl;

end

end

sendmac :

//GMIl EUH A 4K

//reset crc

begin //%3% B R MAC address #1375 MAC address Al 1P £ 257

crcen <= 1'b1;

crcre <= 1'b0;

if (i == 13) begin
dataout[7:0] <= mac_addrl[i][7:0];
i<=0;
tx_state <= sendheader;

end

else begin
dataout[7:0] <= mac_addrl[i][7:0];
i<=i+1'b1;

end

end

sendheader
begin
datain_reg <= datain;
if(j == 6) begin
if(i == 0) begin

dataout[7:0] <= ip_headerl[j][31:24];

//cre BEBALRE, cre32 BHERIE M HFr MAC H- iR

//53% 7 32bit 11 1P ALk
/[ HE 2% 75 BUR L A
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i<=i+1'bl;

end

else if(i == 1) begin
dataout[7:0] <= ip_header][j][23:16];
i<=i+1'bl;

end

else if(i == 2) begin
dataout[7:0] <= ip_header][j][15:8];
i<=i+1'bl;

end

else if(i == 3) begin
dataout[7:0] <= ip_header[j][7:0];
i<=0;
j<=0;
tx_state <= senddata;

end

end
else begin

if(i == 0) begin
dataout[7:0] <= ip_headerl[j][31:24];
i<=i+1'bl;

end

else if(i == 1) begin
dataout[7:0] <= ip_headerl[j][23:16];
i<=i+1'bl;

end

else if(i == 2) begin
dataout[7:0] <= ip_header][j][15:8];
i<=i+1'b1;

end

else if(i == 3) begin
dataout[7:0] <= ip_header[j][7:0];

i<=0;
j<=j+1'b1;
end
end
end
senddata :
begin // 3% UDP #
if(tx_data_counter == tx_data_length - 9) begin /R IE R JE A
tx_state <= sendcrc;
if (i == 0) begin

dataout[7:0] <= datain_reg[31:24];
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i<=0;
end
else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];
i<=0;
end
else if (i == 2) begin
dataout[7:0] <= datain_reg[15:8];
i<=0;
end
else if (i == 3) begin
dataout[7:0] <= datain_reg[7:0];
datain_reg <= datain; J/HES B
i<=0;
end
end
else begin [/ REH e R
tx_data_counter <= tx_data_counter+1'b1;
if (i == 0) begin
dataout[7:0] <= datain_reg[31:24];
i<=i+1'bl;
ram_rd_addr <= ram_rd_addr + 1'b1; //RAM HihEpn 1, $#EE7iE RAM
i ) Kt
end
else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];
i<=i+1'b1;
end
else if (i == 2) begin
dataout[7:0] <= datain_reg[15:8];
i<=i+1'b1;
end
else if (i == 3) begin
dataout[7:0] <= datain_reg[7:0];
datain_reg <= datain; /S H
i<=0;
end
end
end
sendcrc
begin //7%i% 32 Sif cre 15
crcen <= 1'b0;
if (i == 0) begin
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dataout[7:0] <= {~crc[24], ~crc[25], ~crc[26], ~crc[27], ~crc[28], ~crc[29], ~crc[30],
~crc[31]};

i<=i+1'bl;
end
else begin

if (i==1) begin

dataout[7:0] <= {~crc[16], ~crc[17], ~crc[18], ~crc[19], ~crc[20], ~crc[21],
~crc[22], ~crc[23]};
i<=i+1'bl;
end
else if (i == 2) begin
dataout[7:0] <= {~crc[8], ~crc[9], ~crc[10], ~crc[11], ~crc[12], ~crc[13], ~crc[14],
~crc[15]};
i<=i+1'bl;
end
else if (i == 3) begin
dataout[7:0] <= {~crc[0], ~crc[1], ~crc[2], ~crc[3], ~crc[4], ~crc[5], ~crc[6],

~cre[71};
i<=0;
tx_state <=idle;
end
end
end
default : tx_state <=idle;
endcase
end

idle JRAS: SERFLERS, RERE— BN A R E— N R, B2 start IR

start JRA: RIRHHE AL, B E) make IRE.

make R4 : ARG, Bk H] sends5 RE.

send55 R : Kk 8 NETFHY, ki H] sendmac KA.

sendmac JRAS: Ki%E HAF MAC Hulik, J5 MAC Huhib Al 1P 335, Bk 2 sendheader R4S .
sendheader IRZ&S: Ki% 7 32bit (1) 1P B3k, Bk¥4%) senddata JIRZ

senddata IR%&: K1k UDP ¥ t, Bki%H| sendere KA.

sendcrc RS : K% 32 A cre 56, IR [F idle qR7S.

XA, BAN—QHIRREG W, R idle IREER F— AR K%,

3) CRC ISR (cro)
—/> 1P AU CRC32 LG & AE H FF MAC Address JFHaRTHAER, —H
TWHE B — M EE— s ik, PUKME CRC32 1) verilog MIHEA 2
Wi nT DAFE DA v i B A2 il: http://www.easics.com/webtools/crctool
4)  UDP Hflal ik (uDP)
XA N T B T = AN TR b B — R AT, RN ERR IE R
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5) TiEBHEE (ethernet)
% PLL, ddio_in, ddio_out, ram L& UDP HEERSEBILBITHE, FH4E ram
BIAE N E 15 E. (Welcome To ZGZNXP World 1), 784 A HcdE i N HIIRHE, FPGA
—HREWER, FHEmMAN G, REBRREBIN Y. BASLISE TR

14.4 SEWRHAF

B4 BL B FR 7 testl — .

TARIGUEZ |, T2 FE RS 0 H O PC I 1P HibE AN AR MAC Hibik6f e 47,
FEXFRIEER, 75 PR 205 -

P PRI I TR T 8B kR, ATLAER], il 14-18 iz, FPGA —HE{E[A] PC i K
EfE B 7E Wireshark 7] LLE B3N RIE I EFEE, WK 14-19 Firs.

PESIELERIT (CHiS I vas 8)

PR R Fdfdirim
(1) g2 [Receive from 192.165.0.2 : 5030] :

UDF - Weloome To ZGZHKP World!

Welcome To ZGIMXF World!

(2 Pyt Weloome To ZGIHEP World!
192.168. 0 . 3 Welcome To ZGEHYF World!
— Weloome To ZGZHKE World!
(BUSE)U ZHMHOS Welcome To ZGZHKP World!
Weloome To ZGZHKE World!
|
BUEER
[ Fabridos .

v EERTET

I AEEET

[ EEREIETT
{EiF4E HFETT
REERR

[ BAZHHEE
[ BEhERER
[ EREREEET
[ $Et7ekleE
I EHERTE R

EiEER 10 =R
ST ek BB
& Bk RiE 0 Rl ooee Elud#|
Bl 1418 KIXFFEREL
M AR [Wireshark 112.4 (v1.12.4-0-gb4861da from master-1.12)] - o X

Fle Edit View Go Capture Analyze Statistics Telephony Iools Internals Help

codEd BEXZ A es»aTL/BE QB #EMX B

Fiters | Expression.. Clear Apply Save

Frame 6: 94 bytes on wire (7| No. Time Source Destination Protocol  Length Info

Ethernet TT, Src: Xilinx_01: 1 0.000000000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080

Internet protocol version 4, 2 0.536863000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080

User Datagram Protocol, src 31.073716000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080

4 1.610510000 192.168.0.2 192.168.0.3 upp 94 source port: 8080 Destination port: 8080
Data: 5/656C636f 6065205461 52.147434000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080
[Length: 52] 6 2.684373000 192.168.0.2 192.168.0.3 upe 94 source port: 8080 Dpestination port: 8080

0000 bAZeBBZD(dEl uuua zsulfemasuauuu ...
0010 50 01 30 40 00 80 a8 00 02 cO a8  .P.0X
0020 uuush‘gulf‘m 00 3( uuuu 65 bC 63 6T ON
BT S0 o OF 20 3n 47 ca e 56150 20 5/ 6f 72 6o
[(GrTvAllG4 21 00 00 00 00 00 00 00 00 00 00 00 Q0 00 OO
<500 00 00 00 00 00 00 00 00 00 00 00 00 0|

O #7 | Data (data), 52 bytes Packets: 6 - Displayed: 6 (100.0%) - Dropped: 0 (0.0%) Profile: Default

14-19  FEfE REIRE

24 PC I lA] FPGA A IEBERT, Wk 14-20 AR, 7 LLE BIE — AR EL FPGA,
H H R FPGA KU B B T RS KIRLS PC Yo ilu 14-21 fiw,  [AJE 2%
Tt [ B AR U B RO RS S, Wi 14-22 Fis. [RIRERELE SignalTap F8A4110T LLE 2
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. B S L
GRS R
o7 % s — ]\‘Tj‘ = —
BB TENERE, Wi 14-23 PR
M UK [Wireshark 1.12.4 (v1.12.4-0-gb4861da from master-1.12)] — [m] X
Fle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
PeodNsd BEOXD e FLIER Qe @#®@B % B
Filter: ~ | Expression... Clear Apply Save
Frame 7: 60 bytes on wire (4 No. Time Source Destination Protocol  Length Info ~
Ethernet IT, Src: bd:2e:99:2 1 U.UGUUUUULY L2, 105U 192, L0%.0. 3 fins Y4 B0UFCE POrT: SUSU UESTINAT1ON Port: susy
Internet Protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 ubP 94 Source port: 8080 Destination port: 8080
user Datagram Protocol, Src 31.073744000 192.168.0.2 192.168.0.3 upP 94 Source port: 8080 Destination port: 8080
= Data (18 b 4 1.610662000 192.168.0.2 192.168.0.3 ubP 94 Source port: 8080 Destination port: 8080
Data: 6C6T7665204650474120 5 2.147487000 192.168.0.2 192.168.0.3 ubP 94 Source port: 8080 Destination port: 8080
[Length: 18] 6 2.684312000 192.168.0.2 192.168.0.3 ubP 94 Source port: 8080 Destination port: 8080
7 2.990404000 192.168.0.3 192.168.0.2 uppP 60 source port: 8080 Destination port: 8080
8 2,221266000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
9 2,758027000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
10 4.294986000 192.168.0.2 192.168.0.3 UbP 60 Source port: 8080 Destination port: 8080
11 4.831847000 192.168.0.2 192.168.0.3 UbP 60 Source port: 8080 Destination port: 8080
12 5.368594000 192.168.0.2 192.168.0.3 ubP 60 Source port: 8080 Destination port: 8080
13 5.905572000 192.168.0.2 192.168.0.3 ubP 60 Source port: 8080 Destination port: 8080
14 6.442441000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
15 6.979215000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
>
0000 00 Oa 35 01 fe cO bd 2e 99 20 c4 61 08 00 45 00
0010 00 2e 21 a0 00 00 40 11 00 00 cO a8 00 03 cO a8
0020 1f 7
0030 7 41
>
© [*f| Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) | Profile: Default
I8 14-20 PC RIZEHE
M "LUER [Wireshark 1,124 (v1,12.4-0-gb4861da from master-1.12)] - o x
Fle Edit Miew Go Capture Analyze Statistics Telephony Tools Internals Help
CodEL B «enpTLEE QQQE #BB% B
Filter: | Expression.. Clear Apply Save
rame 9: 60 bytes on wire (4 No. Time Source Destination Protocol  Length Info ~
thernet TT, Src: xilinx_01: L U.UBUUUUUUY 192, 165.U. 2 192, L. U. 3 fifre Y4 SOUFCE POrT: BUSU DESTINATION POrT: BUSU
nternet protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 uDP 94 source port: 8080 Destination port: 8080
ser Datagram Protocol, Src 3 1.073744000 192.168.0.2 192.168.0.3 uppP 94 source port: 8080 Destination port: 8080
S bata (18 b 4 1.610662000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
Data: 6c6F7665204650474120 5 2.147487000 192.168.0.2 192.168.0.3 UDP 94 Source port: 8080 Destination port: 8080
[Lengtl 6 2.684312000 192.168.0.2 192.168.0.3 UDP 94 Source port: 8080 Destination port: 8080
7 2.990404000 192.168.0.3 192.168.0.2 upbP 60 Source port: 8080 Destination port: 8080
8 3.221266000 192.168.0.2 192.168.0.3 upP 60 source port: 8080 Destination port: 8080
9 3.758027000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
10 4.294986000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
11 4.831847000 192.168.0.2 192.168.0.3 UpP 60 Source port: 8080 Destination port: 8080
12 5.368594000 192.168.0.2 192.168.0.3 UpP 60 Source port: 8080 Destination port: 8080
13 5.905572000 192.168.0.2 192.168.0.3 upbP 60 Source port: 8080 Destination port: 8080
14 6.442441000 192.168.0.2 192.168.0.3 upP 60 Source port: 8080 Destination port: 8080
15 6.979215000 192.168.0.2 192.168.0.3 upP 60 source port: 8080 Destination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
>
0000 b4 2e 99 20 c4 61 00 Da 35 01 fe cO 08 00 45 00
0010 00 2e 05 Of 40 00 80 11 a8 00 02 cO a8
0020 1f 90 1f 90 00 1a 20 46
0030
>
© #| Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) | profile: Defautt
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[Receive from 192.168.0.2 : 80807 :
Weleome To ZGEMXE World!

Weleome To ZGIHXE Yorld!

Welcome To ZGEHME Yorld!

(2] F Pt
192.168. 0 . 3 Welcome To ZGZHXF World!
(1) EMEOS Welcone To IGINIF World!

Welcome To ZGZRAF World!
Weleome To IGZHAF World!

Weleome To TGTHYE World!
Weleome To TCZHNE World!

Love FEGA Eosver!
CHEREEE | |Love FPGA foever!
R love FEGA fosver!

il love FEGA foever!
v BshiifTRR love FEGA fosver!

2080

I il love FEGA Foever!
I HiEEhET love FEGA Forver!
» _ Love FEGA £osver!

(EEHR BREE |1, reoh foever!
EEEER Lo F5ch Eoevrt

I~ BRNHEER. ..

I~ Beh&iEathnf:

[ EEREHEE

[ FtralsE

I~ HEBRRITAE

EIEER (10 F | [Love rron foever! .

oUES == T RE
& B [EE s | Bk e B A

|5 14-22  FPGA Ki%% PC i B2 BIH01E &
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{5 14-23  FPGA Z5 MR HAEN ram i 2

FEERMAZ, LUKM Ethernetll B, DUKMIMIEEEEGE > /NN 46 745, thit
DA MM /N 6+6-+2+46+4=64, B3 4 N7 FCS, HL, HUELA L2 60 775,
MR BN T 46 TR, MAC T2t 2 70 0 - B 1) I THT A 7 DA A2 250a il KA
/INTF 64 FHT. fEH UDP RIMIE GRS, 2% KA “Hello World” SKEH TR, {HZ “Hello
World " AN 2 /N BUCEE (64-46) LR, AT 4 /N 18 AN, b 5 AT58R vT WS 21| Wi 2
RATERE RS 2 1) MAC T2 AT EEE RN, A2 18 NI 0 #h 55 YIRS AFEA
W, BPEIENM, RAENT 18 AN HIEEE, whes RSO BB S L. BRItk
ISR BB B, KR IE RS B E] 18 A>3 LA LRI,
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