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(1) 8 MEBhITF K
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(8) 2/ 12 il GPIO EHE I, 54 PMOD 2 [ FrifE
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4. BT RARGE

Quartus 18.0 N Ja4kfA, HTJF & FPGA, Nios-Il SOPC
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1.3.3.2 EFN4E

W ERET 20T, EORE A — N ERA VI I RIS, aifTaE#— N TR . B Quartus
18.1 fRAZEA BB, HAR TR PR INE 1-5 & 1-10 fioR.

(D W 1-5, $TFF Quartus J& , 7] PAE 2 5500 Bf % 7 5] 1) New Project Wizard 872 72,
A DLE T B R B S File JE 3T LAE, B PRBERE Ctrl+N J 4448 Hi d TRE,

(2) W 1-6 i, EFIEMN LR, LTFEdr &N LED_shifting, EIIEZF H 5
R, L EMEE S

(3> WK 1-7 FiR, W BRI LR AT S SO, TR TR, BRI E R
Next $0AT N — B #1E .

(4) W 1-8 fiyn, EFIEFR FPGA &S, HRELE 4154 10CLO06YE144C8G B,
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10CLO10YE144C8G, ££ Family 4bi% #% Cyclone 10 LP, Pin count 4bi% #% 144, Core speed grade
AbikHE 8, WA INERIEHE, B HAR S .

S Quartus Prime Standard Edition — o ®
File Edit View Project Assignments Processing Tools Window Help Search altera.corr ]
Ord ninc S EEHSrFES QAP Cr Y R rEnEEDERYED W N2 e
Project Navigator 4\ Hierarchy -ags x| Home [ x] IP Catalog g

Device Family |Cyclone 10LP =

Recent Projects Iy X

Led_run.gpf (E/kab_shi ~ @ instalied P

test.qpf (E: ¥ Project Directory

i Compilation Hierarchy

on Available

" Library
> Basic Functions
> psP

Interface Protacols

Memory Interfaces and Cantrollers
> Processars and Peripherals
> University Program

Tasks Compilation - @ search for Partner P

P Fitter (Place & Route)
P Assembiler (Ge
»
>
< + add
=]
8llan @ A A A T ccFilen S Find.. B8 Find Next
Fl
=|Type 10 Message
£
H
2| system  Processing
0% 00:00:00
1-5 HBNJEI Quartus 1118.1 ST
b New Project Wizard X
Directory, Name, Top-Level Entity
What is the working directory for this project?
[c:fusers Raytine/Deskiop/LeD_shitting |
Whatis the name of this project?
‘ LED_shifting| |
What is 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.
‘ LED_shifting |
Use Existing Project Settings
= =
1 453 o
B 1-6  TRESCAFIBARIE R K fir 44
G New Project Wizard x
Add Files
Select the design files you want to include in the project. Click Add Al to add all design files in the project directory to the project.
Note: you can always add design files to the project later.
File name: ‘ ‘ Add
(& B[
FileName Type Library Design Entry/Synthesis Tool HDL Version [e—
up
Down
Properties
Specify the path names of any non-default libraries. |User Libraries.
<Back Finish Cancel Help

17 wsnser
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G Device x

Device  Board

Select the family and device you want to target for compilation
You can install aditional ith 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 ~|  Package Any -
Target dirce Corespeed grade |8 -
@ Specifc device selected in Available devices'list Show advanced devices

Other: nfa

Device and Pin Options.

Available devices:

Name Core Voltage LEs  Toulifos GPIOs Memory Bits Embedded multiplier 9-bit
10CLOOEYE144C8G 1.2V 6272 89 s0 27680 30

Z

10CLO16YE144C8G 1.2V 15208 79 72 516026 12

10CLOZ5YE144C8G 1.2V 24624 77 7 608256 132

<

Migration Devices...| 0 migration devices selected

cancel | [ ety

[ 1-8  #fhikx
(5) Wk 1-9 fior, 34T EDA T H R, 78X B # M AT #e4E, HEEH Quartus
Il E 7 ) EDA T E.ElA]

G New Project Wizard x

EDA Tool Settings

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

£DA tools:
Tool Type Tool Name Format(s) Run Tool Autematically
Design Entry/Synth.. | <None> ~ | <None> ) Run this tool aut synthesize the current design
Simulation <Nene> ~ | <None> 7| Run gate-level simu; ly after compilation
Board-Level Timing <None> -

Symbol <None> -

Signal Integrity <None> -

Boundary Scan <Nane> -

<Back Finish Cancel Help

B 19 EDA T Hik#

(6)  midh Next ZEN T —NFHH 5 IEFE Finish 58O H TR EE S .

(7) A5 File—New Bf# A PRFEEE Ctri+N, 38 H 11 1-10 Frossf G AE, @37 —ANFEF L
f (FEE: Verilog HDLFile), HATRIBHIPE . MiziEEET A TELNSE M, I
RAEEIER R R O T,

& New X

New 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
VHDL File
¥ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
¥ Verification/Debugging Files
In-System Sources and Probes File

Logic Analyzer Interface File

Signal Tap Logic Analvzer File b

B 1-10 @AM (LED shifting.v)
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e TAEmes e, JHRMmSIEs, BAEN4mT.
BP0 FREFERKEY (RO

module Led_shifting(
input rst,
input clk,
output reg [7:0] led
);

endmodule

KSR NS 54 50MHz RGN B ek, BALES rst, PLAAEE S led; 81
led AT>KH] led [7:0] HIZALTEIEGE L, /MUY E, T7EARMHE .

P IPCore HIAM, PLLABEERA)ZE . 51 H
(1 WK 1-11 fios, £ E AR A L IP catalog IR F, $R.F] ALTPLL,

|IP Catalog ne x|
[« X|=
v 1‘ Installed IP fa

¥ Project Directory
Mo Selection Available
¥ Library
¥ Basic Functions
Arithmetic
Bridges and Adaptors
¥ Clocks; PLLs and Resets
® ALTCLKCTRL Intel FPGA IP
¥ PLL
# ALTPLL
r ALTPLL_RECOMNFIG
Configuration and Programming
o
Miscellaneous
On Chip Memaory

Simulation; Debug and Verification v

111 1P H3E

2 W 1-12 Fros, W5 ALTPLL, 7R3 H R EAE A N PLL BRI A FR . X L4
RN PLLL. VERIEFEZEALA Verilog 18 5 KA.

% Save IP Variation x

IP variation file name:

|C:,l'Users,l'Ra)rtine,l'Deslctop,l'LED_shiFting,l'PLL'l| |

Cancel
IP variation file type

) vHDL

® verilog

|8 1-12  PLL [l 44 51717
(3) WK 1-13 fios, se b—S8ElE, BEATVEANR R E A . InclkO A PLL A% B
Bl BHFFRRIEML, N5 RGH B2, WM 50MHz; PLL URESAS 3 B N IE H A5
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3\ (n normal mode) X HLI K B sy ke, T8 A H B i3 36 B ST/ s PLL AME2 O L
By CO; BB TERUA M Next BE4T R — B3 E

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

Currently selected device family: [Cydone 1019 -

4] Match project/default

inckd Able to implement the requested PLL
greset
General
Which device speed grade will you be using? Any v

Cydlene 10LP

Use military temperature range devices only

What s the frequency of the inckd input? MHz v

Set up PLL in LVDS mode Data’ = Dot Available ~ Mby
PLL Type
Wihich 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)
(O With no compensation
Create an ‘fbin’ input for an external feedback (External Feedback Mode)
Which output dock wil be compensated for? [0 =]

[ Cancel |[ <Back | [ext> |[ Ensh |

F1-13 PLLEE 1 CRARHEED

(4) WA 1-14 Fior, & PLL B AL (areset) & Hl A $R45E (LOCKEDYIRZS X E ,
AR S 4 FE B BRAA 5 AR B AT

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

'Zj ALTPLL

Able to implement the requested PLL

Optional Inputs
nclkd inclkD frequency: 50.000 MHz =Y Create an ‘plena’ input to selectively enable the PLL
reset | g locked] Create an ‘areset’ input to asynchronously reset the PLL
[] Create an ‘pfdena’ input to selectively enable the phase/frequency detector

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

Cyclons 10 LP

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 ][ <geck | [hext> ][ Emsh |

8 1-14 PLL ¥ 2
(5) PR R = AN E T B N AR ERA R E AT R
(6) W 1-15 Fios, seXt PLL % A 80 Output Clocks % &, —JLREW 4 5 MANH
[PIES 8P clk cO~clk c4, ARELE R EI—A, X clk co AT E, HERIAAEHRITAT,
BEE AR N 100Mhz, #HA7{W#Z (clock phase shift) & 0, 57t (clock duty cycle)
N 50%,

10/134



FII-PRA006/010 A FH 15t B ) SE 55 48 5
Fraser Innovation Inc. @

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

-*a ALTPLL

Forameter | [Z]FLL
(ke | > ke > ke >

-—
> ket >

¢0 - Core/lExternal Output Clock
PLL1 Able to implement the requested PLL
[ use this dadk
inckd [ eney 5009 M 0, Clock Tap Settings =
reaci | o0 oy 20000 e Tocked| Requested Settings Actual Settings
(® Enter output dock frequency: [ 10000000000 |MHz [ 100.000000 |
o () Enter output dock parameters:
Clock multipication factor 1 L L]
Cyclone 10 LF dvision 7 1 B << Copy I:I
Clock phase shift [0.00 2] les = o0 |
Clock duty cyde (%) \su.un } :} \su.un \
Description vk A
Note: The displayed interal settings of the |21 ¥ 900k VCO frequency (hiz) 50,
PLL is recommended for use by advanced Modulus for M counter 2,
e Cop rm—" by
Per Clock Feashilty Indicators
@ c @@ &3 o

[ | [ | [ | [ | |
B 1-15 PLLEHE 3 Ciiptimt b ED
(7 EDA ¥ & ERIARI AT,
(8) W 1-16 iR, frd SCER R B R bsf (e SR H BRSSO S 3D ¢
AT SO, HAWIZER AR, ST Finish ST E -

.’a ALTPLL

‘Turn on the files you wish to generate. A gray checkmark indicates a file that is automatically generated, and a
PLL1 areen checkmark indicates an optional file. Click Finish to generate the selected fles. The state of each
checkbox is maintained in subsequent MegaWizard Plug-In Manager sessions.
The Megaiizard Plug-In Manager reates the selected files in the following directory:
nclkd N Af g ol
areset | o locked. =
File Description
PlLLy Variation fie
PLL1ppf PinPlanner ports PPF file
Tyoione 10 LP OeLLtinc AHDL Include file
JpLLL.cmp VHDL component dedlaration file
PLL1.bsf Quartus Prime symbol file
et inst.y Instantiation template file
PLL1 bb.v Verilog HOL black-box file

[[cancel ][ <gack || vt | [ Emsh |

5 1-16 PLLHE 4 firth SO %
(9) W 1-17 Fizs, ETH ALY Project Navigator FSRAIME ik F£ file (ERIAATIH
JZ{X Hierarchy)

Project Navigator < = Files <~ é ase x
" Files
0= led_run.v
v 2 pLrgip
BB pLity
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Q

K 1-17 PLLLV XA E

— A — ,—‘;, ~ e aly
(100 i 1-18 Pror, miali PLLLY, 8 H 2 Ros PLL N7, FREIBLER AL Flsig 115138,
= ko
SHBITE, BT LG
Project Navigator| | = Files v Qge led_run.v* & PLL1v B
Files IEE BE?‘E @‘Egg;;
/the sole purpose of programming logic devi
B led_runv //Intel and sold b%/ Intel or its authorized
v i BE //refer to the applicable agreement for furt
E prgip o
PLL1.Y 35 »
36 // synopsys translate_off
37 ‘timescale 1 ps / 1 ps
38 // synopsys translate_on
39 H
40
41 inclko,
42 c
Tasks Compilation = 4F 43 C
44
Task 45 input areset;
46 input inclko;
v i i 47 output cO;
P M i 48 output Tocked;
P Analysis & Synthesis 49 “ifndef ALTERA_RESERVED_QIS
50 // synopsys translate_off
P Fitter (Place & Route) 51 endif
K2 Trild ara<at:-
< > <

F1-18 PLLLv LM%

Z4 EHL, pll_locked 15 5 7E PLL 81 (Fa€ T/E) AIMIME N 0, PLL 815 pll_locked
him, BRI BMES sys_clk. BAHMAEIL T :

wire sys_clk;
wire pll_locked;
PLL1 PLL1 inst
(
.areset (1'b0),
.inclk0 (clk),
.c0 (sys_clk),
Jlocked (pll_locked)
)
(11)  sys_rst fENA IR MR AL(E 5, ext_rst {E N AKITE MRS S, TER 8
sys_clk IV KA T, @i —awfias [P EAL.
reg sys_rst;
reg ext_rst;

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

end

= S PER I B

AR AL PLL S Y 100MHz I BN R GEI B, SEIGEORIGUKAT IOAE B B0 1+
B, SRAIE, B RS HiARE] s, A)EHEEZER R R 1ms, RIS

PG E] 1s Bl

(L I
| reg [6:0] us_cnt;
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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

end
end

us_cnt<=us_cnt+ 1'b1;

100MHz i &b —A> B A2 10ns, 1us 752 100 ANEFEHE A, BJ 100 /™ 10ns, Kb

MR TS us_cnt [6:0],

mer BT, TR, T EERSE T 99 I
Tous_f fisy. XHE, BAN 1us, XM #E K HE S .

(2) =W

— M "‘)17]({431:.? us_fo BRI IHEEHEE, 81
T 1us WA, BERPRERED Bk {5

{2 1ms 5T 1000 1~ 1us, KIIEE L—NZFTHEES ms_ent [9:0], — AR ik o

&5 ms_f.

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

end
else

end

end

if (ms_cnt == 999) begin
ms_cnt<=0;
ms_f <=1'b1;

ms_cnt <=ms_cnt + 1’b1;
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Q

| end

(3) Fba3 Ao

[AEE 1s 5 1000 4> 1ms, Kb E L— NPT EEs s_ent [ 9:0], — MRk E 5 s_f.

=R RN T, I TRIEERL 1s B, R IR RS S

reg [9:0] s_cnt;
reg s_f;
always @ (posedge sys_clk) begin
if (sys_rst) begin
s_cnt<=0;
s _f<=1'b0;
end
else begin
s _f<=1'b0;
if (ms_f) begin
if (s_cnt ==999) begin
s_cnt <=0;
s f<=1'b1;
end
else
s_cnt<=s_cnt+ 1'bl;
end
end
end

FWA . FARKT et

BALHE, 8 4N LED 4T 4%, Frbldit led MIME A 8'hff, 2 FK LED T E R shiE K, bl
T 5 A AR AT LED AT, BRI led A1y 8’b0000_0001, 40 ks 5 B3k, M5 F— LED
11, BERT led A91E N 8’b0000_0010, HHUEAT I, HEH “17 S PR ALZEET, RA

PrBt e TE RE2H, B led <= {led[6:0], led[7]}-

always @ (posedge sys_clk)
begin
if (ext_rst)
led <= 8'hff;
else begin
if (led == 8'hff)
led <= 8'b0000_0001;
else if (s_f)
led <= {led[6:0], led[7]};
end
end
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1.4 SEWIHE

1.4.1 THRIGERTHIHES T/E

R Xo 2 > EO SADRE

1 |

E AL - S HiE GATERE TR
K 1-19 FBATIRES A

Wk 1-19 s, RS Se il Ja T BT AR, REXTH . Rl ik s Blbs
BIRTZE, B P ARGESE Crlek BT, ERIHCR RS E MG 55 FPGA & IS E, 4%
BB A TR A AR I g AE S, IR AR, M TAREIAR, %38 K T
FEFIR. R thssa Bbs, SEBUE Quartus AR — A RS, WK 1-20 Fis, W&
HAABRZEATHEANA.

Q Compilation Report - led_run %]
Flow Status Successful - Mon Apr 15 17:20:22 2019
Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Standard Edition
Revision Name led_run
Top-level Entity Name led_run
Family Cyclone 10 LP
Device 10CLOT0YET144CBG
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 o

& 1-20 GmiERE

AR RA iR, R FRIGIE, fE b/, 75T & lan, & mEgsy
et 1-1 Fios .

K 1-1  LED AT SERE IR

BrET4 2 ) FPGA & ity 1115 B
clk C10_50MCLK 91 PN
rst KEY3 10 52 A7 i bk

led[7] SW7_LED7 77 Led XT 25 7 fir
led[6] SW6_LED6 76 Led X2 6 fiL
led[5] SW5_LEDS 75 Led XJ 25 5 fir
led[4] SW4_LED4 74 Led %T%6 4 fiL
led[3] SW3_LED3 87 Led X2 3 fir
led[2] SW2_LED2 86 Led %28 2 fiL
led[1] SW1_LED1 83 Led 4T3 1 £
led[0] SWO_LEDO 80 Led 4T55 0 fiL

MATE RS, FTOPE I E 1, ik 1-21 Pros. AN I R location
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D

B, B A R G (8 AR g B AT, B ) DAl S S e B L R R, (B AR A

i

TEERMZE, B 1-21 J 1/0 standard £, X R E/RFINE LT 1/0 D HEERAE, 8T
Jim B ] ) BANK FEU DA K BETHESR AT I 8, ARIRERES 1R 1/0 HUR RZIE#E N 3.3V, ML
7 I/O standard £, gih NhugE, il 1-22 FoR, EBRNTTER B EARERI AT 0] D7
3% BN B Y5 A B B A B BR N R A i, 5 5 18] 1-8 1 Device and Pin Options —
Voltage— Default I/0 standard #47 ¥ & .

ERECER, WA 1-23 P, AR e, EidE, BT T ARERIE.

& Pin Planner - Ey/kdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - o X
File Edit View Processing Tools Window Help
gg [Report g x ] Pin Legend
| Fepornotavalable 5_00000'&00.&0,500%&000000 Symbol PinType ~
a : 8 - O User If0
¥ X - ® User assigned I
:]:f_ g R ) 9 . Fitter assigned I...
. 8 Top View Go [} Unbonded pad
. O
“ . . D - R d
8 Wire Bond, with Exposed Pad 52 ’ EenEdpin
= 9 Qe © Other configura...
= = (O> o (&) DEV_OE
s ) - -
I %..I i 8 o (O] DEV_CLR
" ; P N o) DIFF_n
* . . —~
:' - g N & DIFF_p
e -
i Groups  Report = ; CLK_n
- E - CLK_p
8 [racks ie -0 :
® . Cyclone 10 LP : o Other PLL
® ~ I~ Early Pin Planning ) @ - =~
E - O] Other dual purp...
-] B Early Pin Planning - oz & iisELD
Ly P Run IO Assignment Analysi el TOCLOOGYE144C8G —_—
Il 2
<13 B Export Pin Assignments... : 8 .
|- B Pin Finder « g 5 CONF DONE
M~ I highught pins @ - -
ACOAVOOOALANVOOOOOOOAVOGOAAVVADDOOGOO \E/ nce
B8 1/0 Banks v o i i o e i e N
= = ® nCONFIG
< > —r= E—— N v
* |Named * ~ 2 Edit X Filter: Pins: all W
2
i Node Name Direction Location 1/0 Bank VREF Group 1/O Standard Reserved Current Strength  Slew Rate Differential Pair  strict A
B clk Input 3.3-V L.efault) 2mA (default)
“a led[7] output 3.3-VL_efault) 2mA (defaul) 2 (default)
‘S led[6) Output 3.3-V L_efault) 2maA (default) 2 (default)
‘@ led[s) Qutput 3.3-v L..efault) 2maA (default) 2 (default)
a led[4] output 3.3-VL_efault) 2mA (defaul) 2 (default)
“a led[3] output 3.3-VL_efault) 2mA (defaul) 2 (default)
‘S led[2] Qutput 3.3-v L..efault) 2maA (default) 2 (default)
W led[1] Qutput 3.3-V L..efault) 2maA (default) 2 (default)
@ led[0] output 3.3-VL_efault) 2mA (defaul) 2 (default)
B st Input 3.3-v L efault) 2mA (default)
o | <<new node>>
£
[
|« >
0%  00:00:00

121 EHRAEE N

1/O Standard Reserved

3.3-V LVCMOS M

1.5-V HSTL Class Il 2
18V

1.8-V HSTL Class |

1.8-V H5TL 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 HIEESE
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Q

142 THRBIEFERSE

* | Named] ] a5 Filter, Pins: al -
i Node Name Direction Location 1/O Bank VREF Group Fitter Location 1O Standard Reserved Current Strength Slew Rate Differential Pair
B clec Input PIN_91 3 B6_NO PIN 91 3.3-V LVCMOS 2ma (default)
W led[7] Output PIN_77 5 BS_NO PIN_77 3.3-V LVCMOS 2mA (default) 2 (default)
% led[6] Output FIN_76 5 B5_NO PIN_76 3.3-V LVCMOS 2mA (default) 2 (default)
% led[5] Output PIN_75 5 BS_NO PIN_75 3.3V LVCMOS 2mA (defaul) 2 (default)
& led[4] Output PIN_74 B BS_ND PIN_74 3.3-V LVCMOS 2mA (default) 2 (default)
S led[3] Output PIN_87 5 B5_NO PIN_87 3.3-V LVCMOS 2mA (default) 2 (default)
% led[2] Output FIN_86 5 B5_NO PIN 86 3.3-V LVCMOS 2mA (default) 2 (default)
%W led[1] Output PIN_83 5 BS_NO PIN_83 3.3-V LVCMOS 2mA (defaul) 2 (default)
& led[o] Output PIN_80 B BS_ND PIN_80 3.3-V LVCMOS 2mA (default) 2 (default)
Bt Input PIN_10 1 B1_NO PIN_10 3.3-V LVCMOS 2ma (default)
@ | <<new node>>
=
=< >
0%  00:00:00
Bl 123 SEREMNE

FARIGAE BT, 752X Quartus 34T —L E, BARIESH N R I “ITAG T#
FRE R UL IH-ALTERA”, 2B IH I B IE G, A PEET I ITERE D, WK 1-24 FiR.

4 Programmer - E:/ldb_shiyan/1.LED shifting/Led shifting - Led shifting - [Led_shifting.cdf]
File Edit View Processing Tools window Help Search alter
e 0 = |
[ Enable real-time ISP to allow background programming when available
W srart File Device Checksum  Usercods  Program/  Verify Blank-  Examine  Security Erase ISP
a
Configure Check Bit CLAMP
b stop output_files/Led shifti.. 10CLOOGYE144  O0DSCBFC  OOOSCEFC
& Auto Detect
X Delete
™ Add File.
1 Change File.
A save File
r* Add Device. 0 W
H H
0 TDI E 1
Up — F =
H =
" Down h X
10CLOOBYE144
K 1-24 FHEEN

B RS ENERE G, s Hardware Setup, IEFIRATHIIF AR, @K 1-25 Fias.

) Hardware Setup

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... |
MBETDI-BElaster v1.8b (64 Local MBUSE-O

Remove Hardware

Close

X

B 1-25 RERESR
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it Start JF46 F#, 4P 1-26 Fizn, Progress iz~ 100% (Successful), BN #5E %
4 Programmer - Ei/kdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - [Led_shifting.cdf] - m} *

File Edit View Processing Tools Window Help

& Hardware Setup... | MBFTDI-Blaster v1.6b (64) [MBUSB-0] ‘ Mode:  JTAG ~  Progress 1m%c5uccssm-

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

126 FEEI

Wik 1-27 PR, LED ST MR B 3 nis, 1Al RG — 4k

FEEEFEET T

& 1-27  FAKITEIILE
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SEIG —  SignalTap S£U6

21 LB HB

(1) HEG I RMAEA A
@)) 25.>] Quartus ' SignalTap Logic Analyzer f#)f8 FH ;
(3)  FEEXHRBNES AT M.

2.2 SEREXR
i SignalTap HIFEF, SRR I TF (5 SHEATRIHRIE A 47«
2.3 SBWAR

2.3.1 FF=fj/-F0 SignalTap f&j4

(1) JFRF
WRETF RN 8 Mrdk i Froe, Wil 2-1 firzx, WY DIP FFo¢, ihbFoess, & —a H ok
FEFEHI I bE oS, R Z 0/1 1 — 2kl 4wt £ .
SH1

| . . e e i

2-1  PREGFF SRR

2) SignalTap @i/
SignalTap, HIIZ#EHT4%, fFHIRAXZE 0 M a8 (5 58 dE1%64E SignalTap #, H R
GIEH TAERE, XTI S 5 A 1/0 5 BHIEEAT SERs 43 #T

2.3.2 REMRIT
TFoRHER 73 IR B B ] 2-2 o CZLEAED, )\ Az JT 5% — 3 [ &5 BANK_VADI JiifHiE, N

R ET, g g — A LED AT, JF S5 AHIE LED AT H4E f 5 SW_LED SmAHE . 4IRS
PeilE, mE SN, LED AT, JF HIER E FPGA N — N HLCPE 5.
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NDS331N|
460MW

NDS33IN
A60MW

BANK VADJ

1 1 g 16
L ==F
L He== |5
3
4 e 3
3 3
| =
; 5 i ED2
& ; é [e— 0 1 LED1
1 A '0_LEDO
Sm— RI0 RIL R1 RI3 R1s RIS RIS B
el L A 47K 47K 4.7K 47K 47K 47K e

GND

P 2-2 R IEIT S A

233 BRIt

B FREFERREY (RO

module SW_LED(
input clk,
input [7:0] SW,
output reg [7:0] led
);

endmodule

SIS 54 RGN B clk, #i% 50Mhz, 8 fiJF5E SW, EAER, LALAAH 8 i LED
1T

2.4 SignalTap Logic Analyzer F{s i & S236 56 4F

B BRI

B ECINER 2-1 TN o
R 2-1 TP I R

BrET4 Y s FPGA &l i 11 158 A

clk C10_50MCLK 91 PN

rst KEY3 10 A H5
SW[7] SW7_LED7 77 PO RER 7 f1
SWI6] SW6_LED6 76 PRI T ICER 6 or
SW[5] SW5_LED5 75 PRAGTFIRER 5 A7
SW[4] SW4_LED4 74 PRAGTFRER 4 fr
SW[3] SW3_LED3 87 PRAGTFRER 3 fr
SW([2] SW2_LED2 86 PRAGTFIRER 2 fr
SW[1] SW1_LED1 83 PRAGTFIRE 1 A7
SW[O] SWO0_LEDO 80 PRI ORE 0 fir

2P SignalTap Il A8 NMIEAR K E
3% H. Tools— SignalTap Il logic Analyzer,
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&)
(2)
(3
(4
(5

7E & 2-3 thik % Setup(Data,Setup)idk A i% & 51
W ITAG 3%, fidt Setup Bl 5 N8 —FEIRAY
WE A (Scan Chain)
W E SOF Manager: 41|15 & R Z P A2 B 1) *.SOF
I P AAE AR R FE I B AN 1 2-4 BT

M 2-4 Fos AL B et e, Wik 2-5, RS EXHEHEF : Filter 14 SignalTap :
pre-synthesis — List, EFFHEEAIR 255, £ PLLL: PLL1_INST ik c0, 2| IHMEH .
He R BRI E 2-2 o ERIAT . (SignalTap I &S A, - Rl RABE SRS B S )

Eile Edit View Broject Processing Tools Window Help

“# Signal Tap Logic Analyzer - Ei/kdb_shiyan/SW_LED/SW_LED - SW_LED - [stpl.stpl"

BENCFMrn O
nstance Mansger. "] [ [ 1] [Ready to acquire
Instance Status. Enabled  LEs: 564

e o E

Memory: 6192 Smalt 0/0 Medium:1/46  Large 0/0

Hardware: | MBETDI-Blaster v1.8b (64) [MBUSB-0] ¥ | Setup.

Foata  Bosetup

auto_signaltap_0 Nt running 564 cells 8192 bits. ©blocks 1 blocks Oblocks
Device | @1: 10CLOOG(¥[Z)/10CLO10(Y|Z)/.. (0x02( ¥ | | Scan Chain
>> | SOF Manager. || || 5w_LED/output_files/SW_LEDsof
igger 2019/05/0 Lockmode: | =" Allow all changes - Signal Configuration: x
Nod Data Enable | Trigger Enable | Trigger Conditions
Type| Alias Name 8 s 1i/BasicOR 7 Clocks |inclkc
> w(7.0] [~ & RRRRRRRRb (OR) pata
wi7] [~ [~ ¥
B = = v sampledepth: 1K ¥ | RAM type: | Auto
swis] & & P [ segmented: |2 512 sample segments.
swi4] & & a
i3] = e 7 Nodes Allocated: @ Auto OManiat &
swi2] 4 M a Pipeline Factor: |0
swl1] & o s
0] 2 =] i Storage qualifier
Type | Continuous ~

auto,_signaltap_0

2-3  SignalTap % & JHfi

Hierarchy Display: x| O patatog: 3. x
® Sw_LED auto_signaltap_0

100% 000040

Signal Configuration:

Clock:

Data

O Segmented:

Pipeline Factor. |0

Sample depth: | 1K

Nodes Allocated: @ Auto

¥ | RAM type: |Auto

2 512 sample segments

O Manual:

Storage qualifier:
W
= AN AYi A
Bl 2-4  WFEME S RAFAERE B E
# Node Finder X
Named: [+ ~] List
Options
Filter: |SignalTap II: pre-synthesis - | Customize..
Look in: [[SW_LED| ~] .| [ Include subentities [ Hierarchy view
Matching Nodes: = Nodes Found:
Name Assignments Al Name Assignments
& inclk PIN_B11
‘s led[O]~rego Unassigned
%a led[1]~rego Unassigned
‘s led[2]~reg0 Unassigned
‘s led[3]~rego Unassigned
‘s led[4]~rego Unassigned
‘e led[5]~reg0 Unassigned >
‘s led[6]~rego Unassigned -
e led[7]~reg0 Unassigned
‘e sys_rst Unassigned =
~ PLLT:PLL1_INST b
‘e areset Unassigned
‘@ inclko Unassigned
‘e locked Unassigned
> altplia..omponent
> @ led Unassigned
g ,
> @ sw Unassigned - e | < >
OK Cancel

B 2-5 B E S Fo G HE

il
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B IMMEE S

2 Node Finder X
Named" v|| List I
Options
Filter: Pins: all ¥ Customize.
Look in: ‘lSWJ.ED\ v\ - Include subentities Hierarchy view
Matching Nodes EEd Nodes Found:
Name Assignments + Name Assignments
SW_LED s Unassigned
»- inclk PIN_91
& led Unassigned
< > < >
Insert Close

K 2-5  WLEAE S BN St

WK 2-3 Az, AT AR IS S, SISk 2-6 Fras, 152k oh AR 20
BIES, IWINEAM, M insert BIAT, ¥RINSERE Save PRATFHEE B .

B MEESHE

XTRERIE S, BRADERTEN AT — s, & ETHRhA, 5% TRk,
BRAROFEND, FEFHFEE, TEWE 2-6 s,

trigger: 2019/05/08 17:0633 #1

Lock mode: | =" Allow all changes -

Node | Data Enable | Trigger Enable | Trigger Conditions |
Type | Alias Name | ] [ ] [ Bssicor - |
3 RRRRRRRRb (OR]
z —
o AND / OR
3 vl AND
by Vs -
> s NAND
3 v
7 NOR
3 XOR
XNOR
TRUE
FALSE
Compare...
#  DontCare
0 Low
\_ Falling Edge
" Rising Edge
T High
= X EitherEdge
/% Data B8 Setup =3
Insert Value...
Hierarchy Display: x| [ patatog: F4 n=ert Value.
& 2-6  Trigger {55 % H
Spe L i 1
FhP: WS
e H 2 Qi A +-
Wl 2-7 Arzs, A Run Analysis, WL %2 SignalTap ) 45
log: Trig @ 2019/05/08 17.24:32 (0:0:2.7 elapsed)
Type Alias‘ Name 128 64 624 128 192 256 320 384 448 512 576 640 704 768 832 896,
= =l-sw[7.0] ogh oh
swl7]
swl6]
o sw{s]
=3 swl4]
sw(3]
swl2]
swl1]
=3 swlo]

2o, KITR SWIAEGE)E, HAS S v, XL LED AT

& 2-7 Mk R

A7 =
TJ'){—:_(J'T'LAO

B4 Trigger 264, MIRASE Trigger 2645 F R EE5R, it ssgs.
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L= HWEEER

3.1 SEHP

(1) FJg—, ALEE PLLIECE, 2MEsmwit, B TRERISE;
(2)  Z>] BCD it %,

(3)  HEE RS BoR Tt

(@) PR TS 2T R H 4T FLASH

3.2 SERER

(1 BUYEARPAL SR Ay, PRIPIAL S R 78l S AL R/
() PERREERRES, A THE

3.3 SLKAR

3.3.1 BREEMAN

B E ) —FiR A SR ROCEAT, B el 73 -GBS & A\ B, XOE T\
B E B 2 — A T o MR ROE Z AR F.I0 DP (decimal point), gk
ABICR R TIRE . BEERSE NN R\ BOSS E A B 3-1 Pow, AN 3-2
B

A

T—)

Fllf ]

|II L E
EI]|I |II | I||I C
G%Fwom,
532 i Bai
PAIEF 0 S P AR O A, SERHAR 44 B, SRR RO R IR AR B A — e,
Wi 3-3 fros. PRI TR 2 FPGA i KOG ZAE IO, U SR, IE SRR
R ANAIEBAR )\ B RS, i — 07 R G SR NALIEE 5, BB E SR
N2, R NBOEES, SR EERNE 3-1 .

“B
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%%%%%&%&%%f

+33v
P 3-3 JEPHAR AR R

31 JERHH\ B B B 55 R

Bikf{55 | DP G| F|E| D

R|IRr|O|Rr|OlO|lO|O|O|O|O|O|O|Rr|O|O|FRL]|O

M| m|O|lOoO|lw|(>DlOlw|N|[lojnn|h|lW|IN|RL]|O

RlRr|R[RPR[R[RPR|IRP|RPR[RPR|[RPR|RP|RPR|[R|R|RLR|RLR|O
oO|l0oO|lO|R,r|O|O|O|O|Rr|O|OCO|O|OCO|O|R|R|K
o|OoO|lr|O|O|O|O|O|R|O|OCO|O(R|FRP|FR|O|K
o|lojlo|lo|o|OoO|(rRr|O|RP|O|R|RPRLP|IO|FR|O|K
mr|lo|lo|lo|lo|r|Oo|O|rRr|O|O|Rr|O|O|FR|O|K
Rk |O|lRr|kr|O|lO|O|O|R|R|O|O|O|O|O|R ]|
o|lo|r|O|r|O|lO|O|O|O|O|rR|O|O|FR|O|R|>

B 1 BB R R, S BRI R
FAS BN B E N BOR AR EE R — A s B 2k, EHIIERFF BRI T, HE
MBOEE SRR AR R, shSE S 1/0 BT 2 .
AT KA B E I BOk e R BRAE —ilS, Ak S i W — A B A 8O
T R AR B AR AR AN IR R 3 B RS, fE— AR, B R R S R A
. RAETA /0 B, SRS RS, RERAHSERE.
AR, SR Sh AR 7 UK Eh Fhg

3.3.2 WM
B R B 3-4 Az, BHAGES P yAE R M N 5 vee A, TR 4R S 5
SEG_3V3_D[0:51 9 Hi *F- 0 i, 37 %6 S 45 5 , BChs 5 BH AR A va BT 5 B AR (G155 )SEG_PA,

SEG_PB, SEG_PC, SEG_PD, SEG_PE, SEG_PF, SEG_PG, SEG_DPZ EL#% 5 FPGA tHi%, H FPGA
BERh], ik, “EES o, BagfEStoho i, BuLEg s
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L
1

VCC3v3l

Q9 - VCC3V3
NDS336P
60N
el e om sl
i R BB B
E@ g NDs336P =
¥ 4502\1\\'@
& 1 SEG 3V3 D4
SEG D Rs3_ 100 E@
SEG DP  Rs4 100 : 14 QIT
SEG PE RSS_ 100 1 13 NDs336p W)
A60MW
SEG PC_ RSG, 100 3 EE“ 12 @ 1 SEG 3V3 D3
E] o
SEG PG RS7,_ 100 5 E@ o =
SEG PB__ Rs§, 100 . 5 Q12 ~
SEG PF R39 100 5 ,\'DSHGP_
SEG PA  R60_. 100 @3 460"“@ 1 SEG 3V3 D2
P
- VCC3V3
[ EEooBod QI3 ~
@ NDS336P
[ G3661BH 460MW)
1 SEG 3V3 D1
Ql4 =~
NDS336P
60N,
1 SEG 3 DO
&34 JREEEIHOEE R
» )
3.3.3 BRIt
3.33.1 REGIEHE
w - . . .
AL E WoR RGHEE A 3-5 R,
FPGA.
50MHz F &0 of - | FREFE -
100mhz BUkfE S
Y b
ms_f« HRL .
Qhifa'5e o fEfESe
ﬁ}ﬂﬁu s fo ﬁ@l%&/ N+ I

K 3-5 i s REHER

T E A RTL AL W P 3-6 TR o

sys_control:sys_control_inst

tube_drive:tube_drive_inst

[ scan[5.0]

Lk ext_rst
ck[ > < =
rst D rst sys_clk clk
sys_rst time_drive:time_drive_inst ms_flag scan[5.0]
rst seven_seg[7.0]
clk ms_flag s_flag
rst s_flag ‘

3.3.3.2 EFEN4E

Spse

& 3-6 RTLHKE

B EREFERNES GEOB)

[ seven_seg[7.0]
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module BCD_counter (
input clk,
input rst,
output [7:0] seven_seg,
output [5:0] scan
);
endmodule

WG SANAEALE S, W5 5 NBULES S seven_seg MILIEHT 5 scan.

Wb RGUEHIER

/1B A PR
PLL PLL_inst
(
.areset (1'b0),
.inclkO (clk),
.cO (sys_clk),
.locked (locked)
);

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

end

FEF—D TR (RGEEHIBHD B, FARBP N RS 5S0MHz I8, 2R BiUAHA
—> 100MHz, {E YA 7 REER 1 TARR Bh, FI R BUABUE (5 5 BUME N RGE RS,
Sy AL A A NN R AL S

B0 PR
SHR—, D ZRE A DMK E S MBS ISR I A

SUUD: Hhd i iR s AR R
(L HEES
THEGH 7 5 o3 SRR ALL, @ik D Rk {55 0 7l T HiS 60 72, 60 7381, 24 /NEF, 4E(H]
F) 23 /NiF 59 43 59 B, THEERAEE S, ST — REE].
(2> HIEE SR

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

end

D RS @RS YIRS, — N ENLE, FEAARER AT, & SCRES
Ml scan_state[2:0], TEA[FPRZS T E-XT BN ZE count_sel. RALH, 7SN 4 E0E K,
B 0 RS EZRIKIT KB, DL 1 ZF0 S ERLE

0 RFE T A5 o ML HL A, HEIRFP AL

1IRE T s 1S, HBRF AL

2 R T ASE A 2 MBS, RO Bh BN

3R T A 3 M HRLE, F BRI B B

AR RS A AR, BRI

5 RA T A 5 M EREE, H RN/ AL

B BRI

always @ (*)
begin
case (count_sel)

0o seven_seg_r <= 7'b100_0000;
seven_seg_r<=7'b111_1001;
seven_seg_r <= 7'0010_0100;
seven_seg_r <= 7'0011_0000;
seven_seg_r <= 7'b001_1001;
seven_seg_r <= 7'b001_0010;
seven_seg_r <= 7'b000_0010;
seven_seg_r<=7'b111_1000;
seven_seg_r <= 7'b000_0000;
seven_seg_r <= 7'b001_0000;

default : seven_seg_r <=7'b100_0000;
endcase

© 00 N O Ul b W N B

end

XTHERR 3-1, K B RORI AT S BUG A ROEER, ANIURE IR K, RE UBHERE
A R & [ ) B A5 5o

3.4 Flash B3z K SLW 0F
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B BRI

B BN 3-1 s

K 3-1 B R LI MU K

G54 W& b5 FPGA & i) ity 11 158 B

clk C10_50MCLK 91 LPNUNEE

rst KEY3 10 -RDE S
scan[5] SEG_3V3_D5 124 L5558 5 1
scan[4] SEG_3V3_D4 127 L5528 4 1
scan[3] SEG_3V3_D3 129 RLikfE 55 3 17
scan[2] SEG_3V3_D2 141 L5528 2 1
scan[1] SEG_3V3_D1 142 P55 58 1 4
scan[0] SEG_3V3_DO 136 Arikf55 % 0 fiL
seven_seg[7] SEG_PA 128 BUEfE 55 70
seven_seg|[6] SEG_PB 135 Bk 555 6 i
seven_seg|5] SEG_PC 138 Bk 555 5L
seven_seg[4] SEG_PD 126 Bkf5 5% 4L
seven_seg|3] SEG_PE 125 Bk 555 3L
seven_seg[2] SEG_PF 133 BORfESE 2 0
seven_seg[1] SEG_PG 137 BOEE5E 1
seven_seg[0] SEG_DP 132 Bk fE S o

Wb aYiE

B=20. BREFFEE Flash L
B ER Flash (N25Q128A) +&—/NH4T Flash {0 Fr, Al R4 128Mbit BN 2, XT T34
ISR R TR, H%H A . Flash FEEHWE 3-7 Fis.

VCC3v3

vegavs
c2
A IU‘IuF
u4 G:D
Sor R WP oLk —2 T ——Sh SO

1 1 GND SI
N250Q128A13BSE40F

[&3-7  JREE Flash &7
Flash FIAE A2 WG AR P e RAFAETT iR b, Wil Z ERRF AR, FFRIR FIRIES
IR EBMEN, SR I AR IR EMSH . £ SPI_CLK B8 IR R, FPGA i id
SPI_ASDO &4 27 ek | Flash W ORFE#ER, HHr LHE, FPGA i@id SPI_XDATA ¥4f% /7 &
LA FPGA B TIRE .
Flash HAABCE T FE W -
(L S File— Convert programming files, 114 3-8;
(2) EIRE
1) %% JTAG Indirect configuration File (.Jic)
2) Configuration Device:EPCQ 128A (FEAFFF KR N25Q128A)
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3) Mode:Active serial

B} Convert Programming File - E:/kdb_shiyan/BCD_counter/BCD_counter - BCD_counter

File Tools Window

Specify the input files to convert and the type of programming file to generate.
You can alsa import input file information from other files and save the conversion setup information created here for
future use.

Conversion setup files

Open Conversion Setup Data.. Save Conversion Setup.

Output programming file

Programming file type JTAG Indirect Configuration File (jic) -
Optiens/Boot info... Configuration device: EPCQ128A | Mode Active Serial v
File name: [output_files/output fiejic
Advanced. Remote/Local update difference file: NONE A
Create Memory Map File (Generate output file.map)
Create CuP files (Generate output. file.periphjic 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 e
SOF Data Page 0 <auto>
Add File
Remove
vp
Down
Properties
Generate Close Help

3-8 jic LHE

(3) it Advanced %4, %Kl 3-9 TR E

Advanced Options *
L) p

Disable EPCS/EPCQ ID check

Disable AS mode CONF_DOMNE error check

Program length count adjustment: |ﬂ |
Past-chain bitstream pad bytes: |default |
Paost-device bitstream pad bytes: |default |
Bitslice padding value: 1~

QSPI Flash single 10 mode dummy clock: Unchangeable

QSPI Flash quad 10 mode dummy clock:  Unchangeable

[€3-9  Advanced &I B

(4) WS, wiE 3-10 for

Input files to convert

File/Data area Properties Start Address Add Hex Data
Flash Loader o —
~ SOF Data Page 0 <auto>
BCD_counter.sof 10CLO10YE144 w friElE e
Remove
Lookin: Er\kdb_shiyan\BCD_counter|output_files - QO O © ] B
up
B 1y computer || L] BCD_countersof
Down
& Raytine
Properties
File name |BCD_(nunlErsnl Open B
lose Help
Files of type: | SRAM Object Files (*.sof) || caned | —

K 3-10 s ioscfk
(5)  #ImiEsg, W 3-11 fior
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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
8 APEX20K e M 10cLo0sv e New. r
Open Conversion Setup Data.
. Arria 10 [ 10cLo0sz
Import.
Output programming file AFAGK 0 ocioto
| Ariall GX [ 10cror0z s -
Programming file type: JTAG Indirect Configuration File (jic) Armiall GZ [ 1ocLotsy r
. Edit... H
Options/Boot infa. Configuration device: EPCQ128A Alma v O rocrorez ~
. AmaV GZ [ 1ocrozsy -
Remove =
File name: ‘uutpu(_filES/BCD_(Dunter jic Cyclone [ 10cLo2sz
Cyclone 10LP 10cLo40v Uncheck All
Advanced Remote/Local update difference file 9 cy o
Cyclone I [ 10cLos0z
Create Memory Map File (Generate BCD_counter, Cyclone Il [ 1ocLossy
Creste CuP files (Generats BCD_counter periph ji Cyclone Il LS. [ 10cLossz
Cyclone IV E [ 1ocLosov
[ Create config data RPD (Generate BCD_counter_: et Gt 5. s
Cyclone v 10cL120¢
Input files to convert & v = o
R M anmraane
File/Data area Properties Start Addre: hta
oK Cancel | |-
Flash Loader
T
¥ SOF Data Page 0 <auto>
BCD_counter sof 10CLOOBYET 44 Add Device
Remove
Up
Down
Properties
Generate Close Help

3-11 i
(6) R Generate, ‘£ % BCD_counter.jic (A

(7> SZAETHIARIIESRAE — 2, EEIETI SO Ciio TR

LD 7P Y e
i 3-12 fias, B EHJE, FPGA HalKs Flash HHIFE P2 FPGA W ITig1T .

[

¥ 3-12  HILE LRI A
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SEISPU Block/SCH SCI6:

41 EKHMW

(D 5 >] Quartus BT FPGA T H , #3/FEFE, PLLGI%&E, PLL AR, Verilog M
TEE RGBT, SignalTapll 118 A

(2 FREETCEN BB & T E

(3) #t-4 BCD_counter Tl B S2IL B F 4 ) BoR

(4) MEE S5 25 3

4.2 SEEER
& EY Bt TR

43 SLBKAR

AR SELG 2 B AR 5 — Mt 7k, AR N A S SR = R A — 8L AN E,
A BEESA T T
D i H :File—New Project Wizard...
TiH4: block_counter
1P 241 (10cl010YE144¢8G)
&)) BT File—New, i%$% Blcok Diagram/Schematic File, %1 4-1 iz

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

~ 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 F

Chain Description File w

Cancel Help
Kla1 grgsctt
(3) W 4-2 Bk, hIRHS AKX, TTLIEAT Block/SCH ¥t
1) A7 X444 block_counter.bdf
2) XGEEEWF XA AL, s
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(4

G Quartus Prime Lite Edition - Dy/FPGA_learing_priect/FIl-PRA040/block_design_debouncing/block_deboucing - block_deboucing m] X
File Edit View Project Assignments Processing Tools Window Help Search alteracom | @
O N block_deboucing TS EEH TS SAVE O
roject Navigator ey ~la & x| % block_deboucingbdf B IP catalog 18
o B RAYACTR-OTTIANN > H>[e x| =
~
i Cyclone 10 LP: 10CLO40YFA84C8G v & Installed IP
* block_deboucing - : : ~ Project Directory
No Selection Available
B iy '
> Basic Functions [
> DSP
< > : : : > Interface Protocols
[— Compitation Tl=me ~ > Memory Interfaces and Controllers
= : xzﬂi-ﬂtﬂ: > Processors and Peripherals
Task e
> University Program
~ P Compile Design : : : @ search for Parter IP
> P Analysis & Synthesis
> B Fitter (Place & Route) v v
< > |le > + Add..
alan O A A (A 88 Find.. | 88 Find Next
5
=|Tvpe ID Messaae
o
&
E System  Processing
322,334 0% 00:00:00
42 BB S
=)
P T i 4
i B 1E libraries 12636 & 18 [ A1
HEIE BT IX, 1 libraries 551 19 A1
% symbal >
Libraries:
> & buffer Q
. |
> B logic
> & other
. i
v & pin
e |
& bidir
input
£ outout e
<
Name:
|inpuﬂ
[] repeat-insert mode
Insert symbol as block

(5)

(6)
1)
2)
3)
4)

& 4-3 SNBSS

AE S f, JRETEA . R 2K

A E 2 XS

W — block/sch X, 744 PLL_sys.bdf

AN L

S

EZRIN)

;

55—

BeREE UK SO PLLLbsf SCAF

FE PLL_sys.bdf SCHFH AR F XX, 1B HERIAZ B PLLL

e 4-4 Fios

Vo za ™=}

5, W

Bz,
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= symbal X

Libraries:
v & Project sl
T pl1
T pli_sys_rst
T us_divf
v ©& cfintelfpga_lite/18.0/qu Priiiiil ikt

*C | aneset

ol
locked |11t

incli0 frequency: 50 000 Mt

& megafunctions

& others b
1< >
Name: EEREEEEEE] o TR0 L
o1 = i

[ Repeat-insert mode

[ insert symbel as block

5)  EERINH TS, inputoutput,dff GND 25 3Fi%E4L, WK 4-5.

PLL"
inclk — 1 Inctk® | | c1ko frequency: 50.000 M+ c0 BUIBIL [ sys clk
e areset Operation Mode: Norm locked Lo PRI EPINS i e e

instz
s I L MO RN

K45 dfREL
(7> K@ ER O KRR ATS, DME R gt ]
1) File—Create/Update—Create Symbol file for Current File, U114 4-6 iz~
2) AR PLL_sys.bsf

Quartus Prime Lite Editien - DyFPGA leaming_priect/Fll _design design_ - block_design ¢
g_pri 9 9 9

File| Edit View Project Assignments Processing Tools Window Help

. o o postmmiona S GSO TP+ OLOE

Close culora e @ Verilogl.v
A New Project Wizard.. [ ] h‘e\*A : d |.—L'—l‘\\\ 1
" Open Project. Curtey
Save Project |
Close Project
B sav
Save As.
@ save Al Cirtsshiftss
File Properties..
Create | Update | create HOL Design File from Current File..
Export... Create Symbol Files for Current File PLL
Convert Programming Files-. Create AHDL Include Files for Current File
B Pageseus. Create verilog Instantiation Template Files for Current File

Create VHOL Component Declaration Files for Current File

[

Print Preview kO  EEE——
& prine crrisp Create Design File from Selected Block F inclkQ frequency: 50.000
- Update Design File fr = pset Operation Mode: Norm

0 501

Exh NeiFé Create/Update IPS File...
Create Board-Level Boundary-Scan File..
rasks Compilation Ppe— . e I8

Task

& 4-6 RIS RIRRF T (symbol file  *.bsf)
(8)  flgy st
1) HE— N IERE verilog XA div_us (FRRS 25 [ 5% TRESCHF)
2) B PLL F S BREDN B SN B, 4 100Mhz (BRI ER AR SRS Mz (R
3) #EE (7), G div_us.bsf
4) #1000 4340 verilog SCfF: div_1000fv
5) fI% div_1000f.bsf £ 5
(9 B B K us, ms, second B, WK 4-7 Fiax, BAKSZILSE RS DL K SE5G
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—. ZFE
1) i block/sch SCf# block_div, 7E block_div.bdf i ELBEHH e 1 B 4 5 SO
2) EE (7) f%# block_div.bsf £~

] 4-7  block/sch ¥ it us, ms, second fikif

(10)  #i# verilog 3 bed_countery, Withf. it i, A1 bsf 755, ZHLK =,
B H A —3 85 (9) 1 block_div 528,
(1D HAEEA*bsf, THRE TR (block_counter.bdf), Wi 4-8 FriR

PLL sys block_div
inclk  sys_clk sys_clk us f [ :
sys_rst = . sys_rst ms_f
B I o

e I_u.uz.u_: seven_seg[T 0]

seven_seg[7. 0] fe— T

SCEN[5. 0] f—

"'I""’ —
scan[5.0]

 4-8  BDF Bilf%isoh

4.4 SEIIUE

EWA, wiE, FTERIBIESEE=—58, WSFLE=, bHg.
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Lih  ERHEHPER

51 SLIHK

(1 BRI B R

(2) skl EE, DK HENFER T

(3) %> Fii-PRA006/010 F4 B A4 L 4% 1) 3% 452 I 1 FH
(4 GENAEELE S E/FERET T

5.2 SEIRER

(L AR RT3
() Bk, WA B A
(3) MR AERZER, RUKI AR, #NABERE, FUKT A

53 SLKAR

53.1 HEAEBIREEN

(1) FkfA
WA EE A T WU 8, % T AR, MR EshE. HAS, 258 PBO (up),
PB1 (left), PB2 (right), PB3 (down) Fl—A> £ 4: & A7 4%5E RESET. W& 5-1 Fios.

K51 s

(2> JHEHEHE A

R R BB, FRATT A0 200 8 At R AN R 12 o 368 5 20 B P FH ) S AU BB 5 5K
MLRAL S W AR, TR AT B E R, — MZEITRTE AR A S S Bt
SE I, FEWTTF I AN 2 — T AT T, 102 £ -G R R R TB) R BE 1 — 2 5 1+t 30,
WK 5-1 s

P RS PR A T A A2 R N e 1, B AR TE 100ms BA b, ZIE b4t
AL E] 40-50ms AiAT, (RMEFR T . BLBhE A B BN e 1), — TR
JUER L2210, AT B ORFE 7R ) — IR B0 — IR R e S — 2k, 2k
ITHARIE RO B . A I B SRS AR RS, ARSI RN ZNAE, T A S S5 45 P 4 BT
TERE 5 PR T AL B o 3BT B 0T 2 R AT B AR

36/134


李 根
有修改

李 根
新加内容

李 根
有修改


FII-PRA006/010 1 FH it B & =286 8 5P <:,

Fraser Innovation Inc.

Bis2 i
TELRZHAE LT, AT FHEAT RIFE e R SE T R o d5e il BV BHER BE, R 244
MR HERE TS, B RF—A 10ms A fa ZERTIFE], LRREShTHE K% 5 P AT — Ik da s
PRARTI, 40 55 NIA I 2 KPR, gimT LA 3288 D2 tee sl 1. XM ill#e
R G VAR BT R A B2 o ER BB A P OB N, A () o o P 4 B G S B
A QR IE R IS FE RS A REIERR T, A I Ik SRS e B 1) R R

5.3.2 EH¥T

f )R Kl 5-3 Frs, ATRLE BIFEE—M (P1,P2) 5 vee MHiE, H—M (p3,p4)
5 FPGA M, [FIRFIEN—AS 1k FFHE . IEFIRE T, #HEEs, Bhr s p3 Al
0, [R5 W] FPGA S ANAELN 05 48 4% IR, 42k P 0 388 , S 425 P3 Ak HELAZ 9 vee3. 3y,
IR A% 5 7] FPGA BINELN 1. AT LIAR BRI 2 N A 2o

UP
= -1l
RGN | Pushbutton
1] 4 n 2
P
kEYs BRI 3|, T}_m 4
¥ : P
PBO
R13
1K
LEFT — RIGHT
= 2 | e el
RS Pushibutton GND e | Pushbutton
Y T 1 | 2
KEvo RIBD 3o Tl_m 4 KEyl RIS 3l [ T)_m 4
22 n
PBI1 PB2
R12 RiZ
1E 1K
GND GND
DOWN
= =
BN, Pushbutton
1] . B
k2 B =M T}_fu &
2
PB3
R12
1K
GND

[&5-3 RS )

533 MRt

53.3.1 R&GIEHE
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R HITKIT R WA 5-4 .

FPGA«
50MHz & 4ehek . REfEh. |
—_— >
100mhz «
v
ms_f L FLEN key« M’ LED 4T «
BhifFE. —» .
—_—P 75 ke
s | FKIT
' 4
Pl 5-4  HEEHEHIGTUKIT RGHE K
Tz RS RTL AL A 5-5 Fios
pb_veinst2
) Led_shifting:inst4
left D keyin
ms_f keyout key_left
block_div:inst1 sys_clk key_right
PLL_sys:inst sys_rst rst led[7..0] D LED[7.0]
rst| ms_f s f
inclk [ —nclk sys_clk inclk sf | sys_clk
s I8l - ‘ pb_veinst3
,
right [ > keyin
ms_f keyout
sys_clk
sys_rst
rst[ >

& 5-5 RTLHK

T2 & it 5-6 Fios

L sys e T 0o iblock div

....... R ERERE T

inclk  sysek [ Tt |indk usf [

sys_rst B iGE e P rst ms_f

=

keyout

keyout

key_left
key_right

¢ inst

K56 TZE
53.3.2 EFENEA

G AT ERAN LED R RIS ZE 2 F IR0, X E G e B R AT A 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

ARURSZIG AR B A —Fh 38 N 8 2 8 77k TEER I B F 3R SR AL T 46 1), 78
10ms W USRS KA B BIA B SR, IRBIVIGIRE, 1ERRER T 5ds, FHR fa s
WA, BEEFEN T EERTHE ] 10ms ik, 8L T SR BCR AR 28 5. WK
& 5-7 s .

delay_count=0+

-

v

key=1'b17 ¢ +——

Yo

delay_count= delay_count+1+

N+

K57 it LEHREE
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HHRE o 18R TIRES L8 20 3 xR bt . EEBEAN LB G, %82

J it — AN [F) D I kv

5.4 SERGIGE

H—d pECER

EI NS 5-1 P
#51 BB AR

B ES4 WX 28 F5 5 FPGA & i 11 156 A
left KEY1 3 e
right KEY2 7 H#AES
rst KEY3 10 BhifES
led[7] SW7_LED7 77 Led %28 7 fiL
led[6] SW6_LED6 76 Led 4T55 6 fiL
led[5] SW5_LED5 75 Led AT5 5 £
led[4] SW4_LED4 74 Led T35 4 fiL
led[3] SW3_LED3 87 Led AT55 3 fir
led[2] SW2_LED2 86 Led 4T%6 2 fir
led[1] SW1_LED1 83 Led T56 1 fiL
led[0] SWO_LEDO 80 Led X 25 0 fir

oA TRENE
B S R BT A gm R, BT P ARIGIE. SEIRI G 7-8 & 5-10 iR
P FRJE, LEDJT4K, #% NEAHE, LED (T4, Wi 7-8 Fius.

E 78 ARG (RALRED
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Y1 right GRS, B hn LED 4T A, WE 7-9 fin.

Kl 7-9 $EHELSRIRIIE (e — Ui

Bk AR, LD T mARI—F4M. WK 7-10 fix.

K 7-10 BRI SIRILR (AL IR AR LD
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SN VLSRR S modelsim {7 E

6.1 LHWHM

&D) o afeykids 1 Ad
(2) 1§ FH modelsim 15 B 15 114

6.2 SEWER

(D 8x8 MIFILER, F—NHINEUE N 8 fiFF2R, B ANHINEN 8 ST B ik
) 7E modelsim A 5244 H 45 B
(3) FH VU AL B0 W 52 157 45

6.3 TLHRAR

B T2 1A A B T BT P A, PR TS A AR A 340
6.3.1 BEFNH
Modelsim 72— 3k HDL & & 17 B A . 7] LU FRA TR 5 34T BSR4 2L, 34 B8 A1

AR TIRE. (EH] Modelsim 7 5L, 52 AT SIS A BT AN, 782 3L TR I (6 5 2 AR
fEF 07 5 R AE EDA T HIEF & LHEATE N, WA 6-1 for.

(b New Project Wizard hd

EDA Tool Settings

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

EDA toals:
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 *Orun gate-level simulation automatically after compilation
Board-Level Timing <None> b

Symbol <None> b

Signal Integrity <None> &

Boundary Scan <None> b

< Back Finish Cancel Help

[ 6-1 EDA THXHE
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Q

2R b OS] T — RO, — A PLLA— ek,
§sb: EREFREZRAE

X LR SR AT 4

module mult_sim (

input inclk,
input rst,

input [7:0] SW,
output [15:0] mult_res,
output reg [7:0] count

RIPRMMENE RS — DA, BB E S =M, PR RS R .

Wb A P RZEP RN

(D N H0 LPM_MULT IP (IP Catalog— Library— Basic Functions— Arithmatic—LPM_MULT)
RAFIF ISR G, BHIRESRN R E R O, WE 6-2 s, BRGNS 1 Rk

EOSIANIAS

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

"Zp LPM_MULT

2 > Ppeinng >

LPM_MULT8x8

Multiplier configuration

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

O Multiply ‘dataa input by itself (squaring eperation)

Currently selected device family: |y done 10 1P

Match project/default

1 dsp_gbit

How wide shouid the 'datza’ input be? bits
How wide shouid the ‘datab’ input be? bits

How should the widih of the result’ output be determined?
@® Automatically calcuiate the width
O Restrict the widthto 15 bits

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

K 6-2 mult iXHE 1+

(2> B ANEIE A unsigned, WK 6-3 Fiar

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

Ipm_mult8x8
lock

& LPM_MULT

nsigned
muftiplication|

1.dsp_9bit

Datab Input

Does the 'datab' input bus have a constant value?
@ o

O Yes;the value is

Multiplication Type

Which type of multiplication do you want?
(@ Unsigned

O Use the dedicated multiplier circuitry (Not available for all families)

(O uUse logic elements

K 6-3 mult % 2
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(3)  HLFE pipeline GAIKZ), HILUIMRIZITEE, WA 6-4 Fror
(4)  HABBGARE

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

& LPM_MULT

General > General2 | Pipelining | >

Ipm_mult8x8 Fipelining
lock
Do you want to pipeline the function?
ataa[7 0 b B
sult[15._0 O No
atab[7..0 nsigned
multiplication (@ Yes, Iwant output latency of clock cycles
[[] create an 'acl' asynchronous clear port

[ create a 'clken’ clock enable clock

Optimization

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

() Speed
O Area

[ Resource Usage |
| Cancel ‘ ‘ < Back ‘ | Mext > || Einish ‘

K64 mult HE3

8x8 AL AL i~

reg sys_clk;

mult_8x8 mult_8x8_inst (
.clock (sys_clk),
.dataa (sw),
.datab (count),
.result (mult_res)

6.4 Modelsim )R K& SZI050E

ARSI FATE B Modelsim HEAT 44817 EORI6AE IR
JiE—: T PRI A
(D Rl SR B Tools—Option, 1K 6-5 fRE KIS, riidi OK

S options x

Category:

~ General EDA Tool Options
EDA Tool Options
Fonts

Specify the directory that contains the tool executable for each third-party EDA tool:

T
Headers & Footers Setting | | EDA Tool Directory Containing Tool Executable
~ Internet Connectivity Precision Synthesis
Notifications I
synplify
Synplify Pro

<@l | | Active-HDL.

Riviera-PRO

Modelsim

Questasim

Modelsim-Altera C\intelFPGA_lite\18.0\modelsim_ase\win32aloem

Autocomplete Text

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

< > oK Cancel Help

[ 6-5 fH7E Modelsim-Altera [f1#£4%
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(2) RT3 B2 Tools— Run Simulation Tool—RTL Simulation J& 2l modelsim, %14 6-6

4 ModeiSim - INTEL FRGA STARTER EDITION 1055, =

vt simaate - v|a-a-9a9

- BAanaR AW

s —_— T TP Pl

=

5 6-6 modelsim & Il

(3) B E modelsim
1) S Simulate— Start Simulation
2)  ¥SIN libraries, il 6-7

™ Start Simulation x
Design ] VHDL ] Verilog Libraries ] SDF ] Others ] <3
Search Libraries (1)
IC:/intelFPGA lite/18.0/modelsim ase/altera/verilog/220model Add...
IC:/intelFPGA lite/18.0/modelsim ase/altera/verilog/altera
[C:/intelFPGA lite/18.0/modelsim ase/altera/verilog/altera_mf Modify

Delete

Search Libraries First ( Lf)

Add...
Modify

Del

—_—

[ oK | cancel
K67 @iy
. — el S .
3) 1F Design FRZEFETIH mult_sim, i OK, 1K 6-8
™ Start Simulation >
Design l VHDL ] Verilog ] Libraries ] SDF ] Olhers] ﬂﬂ
*|Name Type |path -
=t ‘1 work Library rii_work
_] Ipm_muit8x8 Module D: [FPGA_learning_prject/FII-PRA040/mult_sim/lpm_mult8x8.v
k _] mult_sim Module D: [FPGA_learning_prject/FII-PRAD40/mult_sim/mult_sim.v
PLL1 Module D: [FPGA_learning_prject/FII-PRA040/mult_sim/PLL 1.v
[ PLL1_altpll Module D:/FPGA_learning_prject/FII-PRAD40/mult_sim /db/jpll1_altpll.v
{1] pll_sys_rst Module D:/FPGA_learning_prject/FII-PRA040/mult_sim/pll_sys_rst.v
+-4l) rt_work Library D: [FPGA_learning_priect/FII-PRAD40/mult_sim fsimulation/modelsim/rtl_y
<-4l 220model Library SMODEL_TECH]. . falterafvhdl/220model
+-4llk 220model_ver Library SMODEL_TECH)/. . falterafverilog/220model
e ‘1 altera Library SMODEL_TECHY/. . falterafvhdl/altera
) ‘l altera_Insim Library SMODEL_TECHY/. . falterafvhdl/faltera_lnsim
+} ‘1 altera_lnsim_ver Library $MODEL_TECHY/. . falterafverilog/altera_Insim j
<1 | 1
Design Unit(s) Resolution
work.mult sim default j
Cancel

K 6-8 UbFFEMHMIH
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) . =23 2= 1 23
4) i%EFf objects & I H G SHEE] wave H I, 1K 6-9
T ModetSim - INTEL FPGA STARTER EDITION 1055 8 x
e €6t Vi Comple Smde Add Waw Tosh Lot Bocmats Moo o
H-wE @ SRB0 | 0-MEN| | SPERMN | @it | F opiHUREe (WS | TR LR L || wmt Sl -
I I Bl ....| | [} Fq,-}-.n;u ﬂn‘ L IEXEE - LY.

s
act wave

ot wave

T — Y| VPR
Lo o L e

Mow: 008 Deta: s

H 1O Type here to search

69 NIMEES

5) WE wave B HHMAGS, AL E O 6-10

1 Objects + o) x| gm| Wave - Default
¥|Name [value iind [ Mode[1€ @ 110w ¥ »

inck HiZ Net
sw zzzzz7Ez Net
seven_seg zzzzzzz Net
scan zzz Net
mult_res Xxxx... MNet Internal
sys_dk Sty Net  Internal
sys_rst St Net  Internal
count 00... Pack... Internal

Object Dedlaration
Add

Edit

View

UPF

Radix

Format
Cast to

Combine Signals...
Group...
Ungroup

Force...
| | =)

ﬁ Processes (Active) H A x|
[ Ord * Properties...

Clock....

K610 {55 lHE
6) IZHE 5k force, BIHIMESEFE clock
A st FEIRE, WK 611

M Force Selected Signal X

Signal Name: sim:/mult_sim/rst

Value: d
Kind

* Freeze (" Drive (" Deposit

Delay For: 0

Cancel After:

OK Cancel

611 rst (55 HHE
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B. Inclk E5%E, WK e6-12

™ Define Clock X
Clock Name

sim:/mult_sim/inclk

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

* Rising { Faling

o | _concel |

[ 6-12 Inclk {55 & E
C. swiEgikE, w613

M Force Selected Signal *

Signal Name: |sim: /malt_sim/sw
Value: | 1001]
Kind

* Freeze ( Drive ( Deposit

Delay For: |0

Cancel After:

ok | cancel |

K6-13 swis5lE

7) BATiE, THEFWKE 6-14, W EJFEAE] 100ns (D, &S ek K

dow Help

v J [+ o [w

£ jmult_simjrst 5t0
£ jmult_simjfindk St1
+) 39 fmult_sim/sw 00001001

[ 6-15 fhiFai R
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9) SR
A BUERIFBCATEPUE M7 AL TR PREF 1R A XXXX
B. sys_rst HRNAGTHI, ML X 2o
C. ¥ pll_locked 155 RIS K, =HFi A
D. MK 6-16 T LAFE i, H T1E PLL BiE 21T sys_clk LT BT, i

PLL_locked {5 5184 HUIRE my b e,  DRIBATE BT SR AL

Jmult_sim/rst
£ fmult_simjfinck
0L jmult_sim/sw (00001001
B-“. fmult_sim/seven_seg
e S _sim/scan
o4 [mult_simfmult_res
4 fmult_sim/sys_ck

4 fmult_sim/sys_rst
[+ B -_sim/count
4 fmult_sim/pl_sys_rs...

6-16  FRRPIFEER
E. fRRITS
a. &N sys_rst BN 1'b1;
b.  FIFH AN rst 324LE
XERH TR a, BT

module pll_sys_rst(

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

10) FHLEGTIT

| Wave - Default

£ fmult_simjrst
£ fmult_simfinck
[ e 3
B-“. fmult_sim/count 3 I 1Y 74 5 6 Y7 8 )9 i Jii [i2 i3 14 |35

B4 fmult_sim/scan

4 jmult_simfsys_dk
4 jmult_sim/sys_rst

& 6-17 FEFmIEVIH

A TR R R B, PRI 28 53— P EC RO R 05 1505 9 S 0 S0 SR kAT
P

TR = G5 T Eah SO EEAT 1
(L EEOTIABIISCE, AN th_mult.y
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(2) AR

‘timescale 1ns/1ps
module tb_mult;

reg rst;

reg clk;

reg [7:0] SW;

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

/1% 5 A ) AR B R SR SO

mult_sim S1(

st (rst),

.inclk (clk),

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

);
[17E TP Z R, K45 R DO R ok
always begin
#10 clk = ~clk;
Smonitor ("%d * %d = %d", count, sw, mult_res);
end
/1B A oA
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 G
#1000 Sstop;
end

endmodule

O 55 WU ST, 1 SR BEAE T kAR LIRS [ B, ARSI 1ns, K51 75 E AT
LI TR BB ST, e S B R IS DA R Al LA PE,  FRAE — e I TR J5 5 Lk 31
AYARFL T 1000 A4NFHe0E 5 451k .

G5 SE, TR, MBS, U SCERRINE] Modelsim HHEET R, HAAkD
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BN

A, EiSEEES Assignments—settings W1 6-19 TR

" Settings - mult_sim =

Category: Device/Board.
General | siwitaion ____________________________________|
Files pecify opt g g outp other EDA tools.
Libraries

¥ 1P Settings Toolname: | Modelsim-Altera -

1P Catalog Search Locations
s [ Run gate-level simulation automatically after compilation
Design Templates

 Operating Settings and Conditions EDA Netlist Write settings
Voltage
S Eormat for output netlist: | Verilog HDL - Time scale: |1 ps -

~ Compiltion Process Settings Output directory: [simulation/modelsim

Incremental Compilation

~ EDATool Settings [ Map illegal HDL characters [ Enable glitch filtering
Design Entry/Synthesis Options for Power Estimation
Simulation
a Change sci
Board-Level N 3 Pt
¥ Compiler Settings Design instance name:
VHDL Input
Verilog HDL Input
More EDA Netlist Writer Settings.
Default Parameters
Timing Analyzer Nativelink settings
Assembler © nore
Design Assistant
sSignal Tap Logic Analyzer © Compile test bench: ~ Test Benches.

Logic AnalyzerInterface
Use script to set up simulation
Power Analyzer Settings

SN Analyzer O scripto compite test bench

More Nativelink Settings... Reset

oK Close Apply. el

K619 fiHKE 1
B. i&# Compile test bench, fiili Test Benches ¥5Jll th 15 B X4, W1 6-20 Fiaw

- mult_sim - o

Category: Device/Board.. ‘

General

Files

Specify options for generating output files for use with other EDA tools.

Libraries

<

1P Settings [
P Catalog 5ed  Test Benches. ”

Design Templats
Specify settings for each test bench

<

Operating Setting|

Voltage Existing test bench settings:
Temperature

Name  ToplevelModule Designinstance  Run For Test Bench Filels)

<

Compilation Proc: Edit

Incremental C

 EDA Tool Setting: oo
Design Entry/
Simulation
Board-Level

<

Compiler settings
VHDL Input
Verllog HOL I
Default Param)

Timing Analyzer NativeLink setiings

oK Cancel Help

‘Assembler @ o
Design Assistant

Signal Tap Logic Analyzer © Comple testbench ==
toge dnityem e [0 se scriptto st up simulaton
Power Analyzer Setings

SSN Analyzer O cript to compile test bench

More NativeLink Seftings. Reset

oK Close Apply Help
K 6-20 fijFL&HE 2

C. st New, Wil 6-21 fiw, fAXFK (5 tb SUAFfREFF—20

" New Test Bench Settings. x

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 T

Test bench and simulation files

File name: | Add

File Name Library HDL Version L emove
up

Down

Properties..

OK Cancel Help

K621 fiH&HE3
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D. siilil&l 6-21 ZLEE N I LA, $RENZHT S 4/ to_multv ST
E. 37JF, siili Add 00, 40l 6-22 s, 2RJE siddi OK (=10, e .

" New Test Bench Settings X

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 vector stimuli are used

O End simulation at: 5

Test bench and simulation files

File name: Add
File Mame Library HDL Version Remove
tb_multv Default
- Up
Down
Properties...

Cancel Help

K622 fijHitHE a
(3 A 732 5 Tools—Run Simulation Tool—RTL Simulation, FTJF modelsim.

BT S R 6-23 Fizk.

ftb_mult/count
fth_multfmult_res

& 6-23 LR

IE B — % JER J57E Trascript tH 1B /RIZ1T 45 RINCAE R, 1K 6-24.
R oNis H s R e AN — e eh R, BrCUSCARE B, JeBNgs R —17, Bkt
KANULED, AHASRZ 0% SLI6 245 B 347 o

# 1 * 102 = ]
# 2 * 1o = 103
# 2 * 103 = 208
# 4 ¥ 104 = 312
# 5% 104 = 416
# & * 104 = 520
# 7% 104 = £624
# g * 104 = 728
# 9 * 104 = 832

K 6-24 CARRIRIBITEREE
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it o ERIEE] BCD R LN

7.1 LI HE

(D
(2

2o kB BCD 19 (bin_to_bed)
2pos Nk # s BCD 14 (hex_to_bced)

7.2 SERER

FEEIN, RsHERBRFIHIYE L.

7.3 SEBARF

7.2.1 7 #bE% seD AE IR E A

M7 16 BERIBCR RN B, RIAE SERRIT A AR A 10 BE]E R .
N AR e, TR 16 a3k 31 10 2 PR /s AN TR SR, — SR 7

AT

(D

AR RE

FE R b B4 ) T 4 16 BERIBUSIEIA R 1, EERA 0. A ¥ iH&iE ) BCD i3 10
eSS, 2 16 HEHI I EOECN 0 I, BCD THEEA LTSRS 16 RIS I BUE AT 2

Zige
(2)
1)

2)

3)

Pudiz 5% BN 3 BHAR], sSLHENT,
WerE Rk () 10 HE B ORAE, BE B 16 47 2 HEHIBUE (4 A7 16 3EH]D) ##h 10
B, BUE & KA LR IA 65535, 4G5 X5 ANVUAL 2 3§l # #2 T ten_thousands,
thousands, hundreds, tens, ones K& 4Nt 5 45 R
¥ 16 HERI BB IR 1AL, KRS I 2 TN 8 SCBF R AR &, MR
ten_thousands, thousands, hundreds, tens, ones HJ ¥ e 2B/ KT T 5, tnE KT
5, WG NFIALIN 3, B 16 AR frsete, IS 2IAH R 45
W ERBIEE AN 3 408, HEARREHE AR
75 £ E) BCD RS e 1) J 2

1B ABCD Jy 4 7 2 it % (AT HE Mz, 10 f28% 100 A25%), K548 BCD
e BT BN R AR RAE B IRFE A SEBL), #3h—4 5 2219 %] ABCDE (E & MK
ARSI R, HHUE D 0 8L 1) BBy REAI KT i 2 5 K T8 T 10, IR K T4 T 10,
TZAE N 6 W L HEEF] 10 DA, FRRdEALAi#2 2 4 £ BCD 15 | X BRI E)
RTVA%E, SRl ABCD 2/ A T2ET 5 (10 —2F), WHRKT s i 3 (6 f1—
), RIEHATEAL

flin ABCD=0110 (il 6)

A BAIJE2 1100 (12), KT 1001 (Fkl 9O

B. Jmo0110 (il 6), ABCD=0010,3F0ifi N 1, &4H ik N+t 12
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KHMAIRTALEE, ABCD=0110(6), K T-%%F 5, fn3

ABCD=1001 (9), Af—1{i

ABCD=0010, # tH¥—0i4FE s Y47 BCD ARz

HT#HE AN 1, ABCD=0010 (2), 5% MA7 10 k6|1 12

Al LA s B R — 8

TEEE (L S, B3, &EBA (2) WA £ BCD MR 17
76, W Z A~ BCD i #lE  FI T 75 7 20 2 WA A AL .

I®mMmOooO

(3) Mgkt e, AT ULEATS ], BB RN ENA.
il 1. )% BCcD, EFEME 7-1 FioR

100's 10's 1's Binary Operation
1010 0010 162

il 010 0010 << H1

10 10 0010 << {2

101 00010 << #3

1000 add 3

1 Q000 0010 << #4

10 oooo 010 << #3

100 Q000 10 << HO

1000 0001 0 << #7

1011 add 3

1 0110 0010 =< #8
1 6 2

B 7-1 #l1, bin_to_bed
il 2. 7Nt Bep, S REWE 7-2 FiR
Operation Hundreds Tens Units
HEX
Start
Shift 1
Shift 2
Shift 3
Add 3
Shift 4
Add 3
Shift 5
Shift 6
Add 3
Shift 7
Add 3
Shift 8 1
BCD 2

i

111
11

e =t | =t

=t b

[ I SO SR ST ST

[Rryy [FEC QA A R e ey e

(=] b [= = »

[ =Y = ST RSP STl SV QSR SR ST ST e
B

Ol
L=0 =1 =0

= OO O e

Ul =1 =T I s B T
OI=IQIQ|IO|IO|k|O| =
HIOI=ID|IO|ID|O|=]|O] =
e = e R R =R R =R R

mio|lRr|lmr|lRrlRrlo|lo|lolwr|H]|—

Mmoo =

[ 7-2  hex_to_bcd
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SRR

7.2.2 BRFRMNE

BP0 FREFERREL

input

output
output
output
output
output

module HEX_BCD (

reg
reg
reg
reg
reg

[15:0] hex,

[3:0] ones,

[3:0] tens,

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

BN —A 16 A “REHIEL hex, AT AR R+t 65535,

tens, H {7 hundreds, T thousands, UL Jifi ten_thousands.

B PUEERASEI

IR b 3 Y /N2 ones, 4%

integer

begin

always @ (*)

ones =0;

tens =0;
hundreds = 0;
thousands = 0;

reg [15:0]

hex_reg = hex;

hex_reg;

l;

ten_thousands = 0;

for (i=15;i>=0;i=i-1) begin
if(ten_thousands >= 5)
ten_thousands = ten_thousands + 3;
if(thousands >= 5)

thousands = thousands + 3;

if(hundreds >=5)

hundreds = hundreds + 3;

if(tens >=5)

tens =tens + 3;

if(ones >=5)

ones =ones + 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, BFET— M FIWTE RS, RTEET 5 W 3, J5— 0 AR Al

Ay — 1k A
=00 Wk
SN, K Modelsim BT 5, i EFZFREWTT:

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

end

FFUEE 16 A7 k#5045 T 0, SRJSIERT 10ns, 16 7 —#EHIEHU/N T 20000 HIFENLEL,
FERT 10ns LAE S5, AN EE SR 20 ¥,
T modelsim 1% & 58 il ﬁﬁﬂm{%ﬂfiﬂiﬁ): AT R, 2R WK 7-3 FﬁfT

[57-3 %% BCD 1 LA R

HEE5E%.
A, EBITRERERT S 2R “=7 AR “<=” 779, N4
B. MTEMEFRMALGEE R, KUAE 2R 7 I RO AR A e
BRI e [0

7.4 T/NBEHISE] BCD DR HHI N A

(D kS TE SIS S TV, R A R UL 10 dEdl 007 K ESE B, Bt 1S
By, HSE ERTHE AR SCE— R, SLIR TR E A B0, BOSE BoR, FRIEE LN
eI % BCD i3,

(2) 9wk, F1JF Compilation Report %% timing Analysis,

1) FmaxSummary  83.71Mhz, WI¥ 7-4
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Y LSk de &

4 HEX_BCD multy [

¢ nex Bcov [

¢ pll sys rstv [ & us_ms s divv [ ¢ divusv [

Table of Contents

B8 Flow summary
BB Flow Settings

A Flow Elapsed Time
BB rlow 05 Summary
E Flow Log
] Analysis & Synthesis
B9 Fitter
[ Assembler
F~ Timing Analyzer
2] Summary
A parallel Compilati
BB clocks

2) Setup Memory
= Flow Settings
= Flow Non-Default Global Settings
= Flow Elapsed Time
= Flow 0S Summary
= Flow Log
9 Analysis & Synthesis
W Fiver
[ Assembler
= Timing Analyzer
B2 summary
E= parallel Compilation
E= Clocks
v I~ Slow 1200mV 85C Model
EE Fmax summary
B Timing Closure Recommendationt
BB setup Summary

3)

Table of Contents

LY Slow 1200mV 85C Model Fmax Summary
~ || & <<Filter>>
Frmax Restricted Frnax Clock Name Note
1 8371MHz  83.71MHz pll_sys..|clk[O]

on

E Timing Closure Recommend,

7-4  Fmax Summary
Clock Slack  End Point TNS
1 pll_sys_rst_inst|PLL1_inst|altpll_component|auto_generated|pll1]clk[0] -2.057 -34.963

B Flow Non-Default Global Settings

v I slow 1200mV 85C Model

Timing Closure Recommendation

as

EE Flow Summary

BS Flow Settings

E= Flow Non-Default Global Settings
BS Flow Elapsed Time

B Flow OS summary

E Flow Log

9 Analysis & Synthesis

= Fitter

B Assembler

v v v

~ = Timing Analyzer
B3 summary
E= Parallel Compilation
E= clocks
v I~ Slow 1200mV 85C Model
B2 Fmax summary

B2 setup summary

B Hold Summary

El recovery summary

E Removal Summary

E= Minimum Pulse Width Summary
B worst-Case Timing Paths

[ [ P,

v

4)

E Timing Closure Recommendations

>

€ 7-5 Setup time summary

WK 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 Ry for

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

Top Failing Paths [hide details]

Slack From To Recommendations

1 -2.057 lpm_mult8x&lpm_m..rated|result[12] thousands_r{0] Report recommendations for this path
2 2050 Ipm_multexelpm_m_rated|result{13] hundreds_r[1] Report recommendations for this path
3 2046 lpm_multax&1pm_m_ratediresult{13] hundreds_r(3] Report recommendations for this path
4 -2.045 Ipm_multsxsdpm_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

M BT =T54605, WA T R B vk J AN AL I 7 BRI ] DA 2,

B K A I R A A Sfeik A O HH 21 HEX_BCD FASER .

1 3 P A%
A.
B.

H

ES R PTES
& HEX_BCD I /7, BN K £k
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C. TEANEIEAGKLIRGE (Al LA/ N — 5670 1R )
BOmmKR& M, RS A4, BT HEX_BCD (1 Zhfg 32 ZH KA AMLI T

BN, WEEEORBAR, X R A 7 AT

(3) B PLLIEII—/ 20M A fiH (BCD_clk).

(4) e, MBS 74k

(5)  FHBE, ik, FHEE FI-PRA006/010 FF R I, HEATIK

7.5 SEKKIE

B2 pECER

BRI ECR AR 7-1 s

*® 7-1 OSBRI BCD SRR I R

B ES4 W25 5 FPGA & i 11 156 A

clk C10_50MCLK 91 PR

rst KEY3 10 RNES
scan[5] SEG_3V3_D5 124 L5558 5 1
scan[4] SEG_3V3_D4 127 L5528 4 1
scan[3] SEG_3V3_D3 129 L5528 3 1
scan[2] SEG_3V3_D2 141 L5558 2 1
scan[1] SEG_3V3_D1 142 P55 58 1 4
scan[0] SEG_3V3_DO 136 k(555 0 fiL
seven_seg[7] SEG_PA 128 BOEfE 55 70
seven_seg|[6] SEG_PB 135 Bikf5 55 6 i
seven_seg|5] SEG_PC 138 Bk 555 5L
seven_seg[4] SEG_PD 126 Bkf5 55 4L
seven_seg|3] SEG_PE 125 Bk 555 3L
seven_seg[2] SEG_PF 133 BORfES 2 0
seven_seg[1] SEG_PG 137 BOE G55 1
seven_seg[0] SEG_DP 132 Bk fE S o
SW(7] SW7_LED7 77 RASTFFORER 7 41
SWI6] SW6_LED6 76 PRI FT R 6 i
SW[5] SW5_LED5 75 AL FF R 5 4
SW[4] SW4_LED4 74 RIS REE 4 i
SW[3] SW3_LED3 87 PRAGTFRER 3 fr
SW([2] SW2_LED2 86 PRAGTFIRER 2 fr
SW[1] SW1_LED1 83 PRAGTFRER 1 A7
SW[0] SWO_LEDO 80 PRAGTFRER 0 fir

84 NARIAF
B BC SE RE BT PR, B S AT P ARIGIE . SEIRI RN 7-7 B, $RIBIF R
W NFI1E N 00001010, +HEHIN 10, THEESAWIE B, R EREE B —E DL 10 Bl
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7-7 BCD %L %

KK EE58E

(1 16 710 2 6% BCD HS ] SZ L,
(2) AR, e kb e
(3)  ZOJUT AR YR SEBR TR, W h i i R A L
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SEi )\ ROM HIMEH

8.1 LWHM

D 23] FPGA N memory block H]
(2) 2R mif A I, LRSS IR g mif SCHERICE ROM [ 25
(3) & RAM KIfEA, BLK RAM HiLE

8.2 SLWEXK

(1 it 16 BE i ROM, kS [ 0-255
(2> BOfr 8 figrkfmAN, 1N ROM 1S4k
(3) 14 Tos ROM N E, EREE 16 2E 5 #: 8 BCD Hith

83 TLBAR

8.3.1 BEFNH

ARSI FEAE SRS 7 WA BT, S HSEE 7 INE, B R4 1P i ROM 45
&D) 7E IP Catalog %+ ROM: 1-PORT, IP variation file type %+ verilog, W1/ 8-1 FiR

 MegaWizard Plug-In Manager [page 1 of 5]

') ROM: 1-PORT

v & Installed IP
~ Project Directory
No Selection Available
= - v Libras
s > Memmit > ry
v Basic Functions

e currently selected device family: ¢ clone 10 ¢ Arithmetic
| address[7..0 Match project/default Bridges and Adaptors
How wide should the ‘g’ output bus be? bits Clﬂd_ﬁ; . S .
Configuration and Programming
ock P o How many 16-bit words of memory? 256 | words o
Note: You could enter arbitrary values for width and depth MiSeelinenis

What should the memary block type be? N

@ Auto MLAB O mok FIFO

M144K LCs Options... * RAM: 1-PORT

Set the maximum black depth to s RAME 2-FORT

* ROM: 1-PORT
What clocking method would you like to use? ROM: 2-PORT
@ single clock Shift register (RAM-based)
() Dual dock: use separate 'input’ and "output’ docks Simulation; Debug and Verification
DSP

Interface Protocols

+ Add..

[€8-1 ram 1P I H
(2 Ptk W E AT, B 8-2 Fros i) v B A 4L R BB P, 7R AR I — A ROM
PIFIGEAL SR mif SO, (B R Eadmmses)
(3> AEETE XA rom.mif
1) A rom.mif X, file—new—Memory Initialization File, %1/ 8-3 fi/~
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2) WKl 8-4 s, 75414 Bl NS U7l TR FE (Number of words ) A5 % & (Word size ),
3) Wi 8-5 AT N A R Ze bR O X 3, FEAT AR X, A58 AT DLgk B N B s fn
bk BoR oA, a6 BEd, 8 #EHI, 2 3k, AR EE, LRSS

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

"Zj ROM: 1-PORT

m Parameter

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

No, leave it blank

Initialize memory content data to XX..X on
pawer-up in simulation

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

{You can use a Hexadedimal {Intel-format) File [.hex] or a Memory

Sk rpe S0 Initialization Flle [mif])
Fie names | from.mif | >
The initial ComerT Sacma.toubich ooct -
dimensions? PORT_A

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

The 'Instance ID' of this ROM is: NONE
| Cancel || <Back H Next > H Finish ‘
82 ROM iXE
% New X

Qsys System File 2
State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
VHDL File
¥ Memory Files
Hexadecimal (Intel-Formar) File
Memory Initialization File
v Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF
¥ Other Files
AHDL Include File
Block Symbol File
Chain Description File v

Cancel Help

5 8-3  Hrek.mif LR
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% Number of Words & Word Size >

Number of words:

Word size:

84 .mif SCAFEE 1

+2 +3 +4 +5 +6 Q
00o}ooo0 0300 FFFF GOFF 0200 0024 0027 04F6
008 |pooo 0000 0000 0000 0000 0000 0000 0000
010 pooo 0000 oooo 0000 0000 0000 0000
018 000 0000 0000 0000 0000 0000 0000 0000
020 ¢oo0 0000 0000 0000 0000 0000 0000 0000
028 qooo 0000 0000 0000 0000 0000 0000 0000
030 4000 0000 0000 0000 0000 0000 0000 0000
038 gO0O 0000 0000 0000 0000 0000 0000 0000
040 QOO0 0000 0000 0000 0000 0000 0000 0000
048 4000 0000 0000 0000 0000 0000 0000 0000
050 4000 0000 0000 0000 0000 0000 0000 0000
058 ooo 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 Jooo 0000 0000 0000 0000 0000 0000 0000
080] 0000 0000 0000 0000 0000 0000 0000 0000

K 8-5 .mif SCIFEE 2

4)  SERKE rom IP AR E JE, X rom.mif #EATEEIES, N T HEIGIE, MK
B LA i U g At — A Eds, Wil 8-6 o, dRgfiibhk 0, &4k
bk 255 (2 miv & R HBEEER SN 256), WIGR{E N 0, BibA 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 2 space or a comma)

® Incrementing | decrementing

Starting valu e:|0

Increment ~| by |‘I| |

Cancel Help

K 8-6 rom.mif HHATHIEIHS

5) WEEHMZE, ARG HIAEESE, WK 8-7 fs.
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+1 +2 +3 +4 +5 +& +7 ASCI

DDD'I 0002 0003 0004 0005 0006 0007

0008 000A 000B 000C 000D OOOE 0QOOF

16 0010 0011 0012 0013 0014|0015 0016 0017 .

24 0018 0019 001A 001B 001C|0010 O0O01E 0O0MF .

32 0020 0021 0022 0023 0024 0025 0026 0027 I&595&
40 0028 0029 002ZA 002B 002C|0020 002E 002F [*+-/

48 0030 0031 0032 0033 0034 0035 0036 0037 01234567
56 0038 0039 003A 0038 003C 003D 003E 003F 885===7%

64 0040 0041 0042 0043 0044 0045 0046 0047 @ABCDEFG

P87 A R A SR
(4) Gl 7Sk H i BCD ML, 4 ROM I EHE rom_q &1 — & A7
AR, BoRTEHILE L
ROM fil4. T

reg [15:0] rom_q_r;

always @ (posedge BCD_clk)
rom_q_r<=rom_g;

HEX_BCD HEX_BCD_inst(

.hex (rom_q_r),
.ones (ones),
tens (tens),
.hundreds (hundreds),
.thousands (thousands),

.ten_thousands (ten_thousands)

);

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

8.4 EWIIE

BT 5525 7 — 3. MU FARIGIE. Wi 8-8 Atas. HkiLFF5< 4 10010100
B, kA 148, BIRIRIRATE I rom 58 148 FHANFINE, BISE BN N 148, 5
BTN B EE— 2
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8-8 rom LI G

ERHEERE

Wl R ROM IR G4 SCAE SIS, T 6 137 7 BRERD & (Hi A 3148 1K) PR AL
95 mif TR ETZH, RIZBIEEREUR 2
AN, 454 ROM HI PWM 4T ST R SPWM 1 il v T
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eI, FIA XU O RAM SEELWISE KR B

9.1

(D
(2
(3)

Sk B #

2Eos W 1 RAM [RIBC B & fd
2o A FH ) 250 i) b 42 o) o &5 A0 1) [ 20
2o (1 FH S5 20 i 42 ) o &5 A 1) [ 2

9.2 SEHER

(D) i signaltap Il W% [] 20 B i 11 5] 25 45 44
(2) I RAM ¥ fE
(3) Wt ZBOIRASHLT)
(4>  eik—A> 16 A HE
1)  FdE 8 it H#s A Al Data={~counta,counta}
2)  HFREAZIEMIR) 1D (7 7 RFRIE 128 A F I E i)
3) 16 17 checksum #EAEEHE L
A. 16 {7 checksum 211, EFFtAifr
B. checksum HUtME, B0 HE 2 5
4) [ parameter AT E FIHHE K E data_len
5)  H: H{EIEF checksum A5 FXN I RAM &, #ix)5 K userlD, Wi I valid Fr
LR RAM I ENE, memory FIZEHIWIER 1 Fias
Wr_addr B/ hn & 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
8hnn datann 8’hnn
8’h01 Datal 8’h01
8’h00 Data0 8’h00
#1 memory 4it4
6) Bk SHRZE T AT
BEFE 5N valid, XNMRENELE RPHRME TR, FIERF R —E 240
HIFZ15 5 HERA T o

93 TLBAR

9.3.1

B4
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B BRSNS

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

);

FD PRSI E 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;

B0 HAtg X

I R
wire sys_clk;
wire BCD_clk;
wire sys_rst;
reg ext_clk;
BT RAM 2 M58 3L

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 [15:01 q_b;
BRI HLES 7> A & E L

reg [6:0] user_id;
reg [7:0] wr_len;
reg [15:01  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,;
DR LR 7> 2 5 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;

FEP04: RN 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 (9_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 & J¥ 16 £7, RPN 256. PLL %ii A\ 50MHz B 44,
B, 20M HRIKENEAL E BoR

Fohob: HEE RO

ftt 100M AE Dy AR T A

always @ (posedge sys_clk)
if(sys_rst) begin

counta <=0;
user_id <=0;
end
else begin

counta <=counta + 1;
user_id <= sw;

end

BN HIREN

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

/12 4K wr_len==data_len-1, 1fj/"J& wr_len==data_len

/15—
always @ (posedge sys_clk)
begin
if (sys_rst) begin
sta = mema_idle;
end
else

sta = sta_nxt;

end
/15— B
always @ (*)
begin
case (sta)
mema_idle sta_nxt = mema_init;
mema_init sta_nxt = mema_pipe0;

mema_pipe0 : sta_nxt = mema_readO;

mema_read0 :

begin
if (1g_a[15])
sta_nxt = mema_readl;
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
/I =B
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'b1;
wren_a <=1'bl;
data_a <= {countb, counta};
wr_len <=wr_len +1'b1;

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
BN -
1. BEHChff HUBEIAR S (FEHI5S), WK valid=1'b0, B2/ F HEN T —35, &5 %547
2. dhbIN 1, gnf+lAREFNE, M 0 HIHETT AR S B JE TSR checksum
3. HWTRTEIERBIHUE B K, KRBT 2, BWgkSEEHHE 5 checksum
4. checksum HUkh, B AfEfif#sH
5. fEHLHE 8'nff B AFEHIT, HA

B SeIREN

/1% B
always @ (posedge sys_clk)
begin
if (ext_rst) begin
stb = memb_idle;
end
else
stb = stb_nxt;
end
/1B
always @ (*)
begin
case (stb)

memb_idle
memb_init
memb_pipe0 :
memb_read0 :
begin

if (q_b[15])

stb_nxt = memb_init;
stb_nxt = memb_pipe0;
stb_nxt = memb_readO;
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stb_nxt = memb_readl;
else
stb_nxt = memb_init;
end

memb_readl :

begin
if (q_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

memb_rd_done

stb_nxt = memb_rd_done;

stb_nxt = memb_init;

default

stb_nxt = memb_idle;

endcase
end

[/ =B, SEPRRAE FRAER B R LA AR B T 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;

71/134




FII-PRA006/010 14 FH 15 #H J% 5K
Fraser Innovation Inc.

Krfe T4

wren_b
rd_len
olD
rd_err
end
memb_pipe0 :
begin
addr_ b <=8'
end
memb_read0 :
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

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

bO;

<=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];
<=(_b[14:8];

<=addr_b +1'b1;
<=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'b1;
end
default ;
endcase
end
B
1. Ildle ABEALLEHPIRS
2. Init: FJ4AtL, BHIEDY 8'hff
3. Rd_pipe0:ll—~ latency C(HIT-iZhtFEHE AL BiA7 ). Hisib+1, FERGEEHE R
IKE K
4.  Read0:E ity 8'hff, %5 IH I valid /& 75 A 2%
a. W valid=1'b1,Mihk+1, BEEI T
b. WK valid=1"b0, F/n Eidls Wit A HER w4, HhEBCE K 8'hff, IR [B1F] init IR
=
5. Readl: FIKIAE T
a. Wi valid=1b1,Mbdik+1, 1D FIEHE K BEIR 45 AH R AR B Bk 3~ — 2
b. 4R valid=1"b0, &= B¥ (L A St 4, HUhE ¥ B AR 8'hff, iR [F1 2] init IR
=
6. Rd_data:
a.  EEIESEIEARE
b. 1F% checksum, data_len-1
c. Hlk data_len 275N 0
i 0 CEEMAEEE, Br—2
i.  dE0, REEARESHERE
7. rd_chsum: £ checksum [PME, FFit 8 &5 —4 checksum. FIEHE M IEATE, &
B rd_err FIbrE
8. rd_done: fJa —HHIGRRAAESS I valid bR, NN EEE AT R
9.3 LU iE
F—2 EEW

B R 9-2 Fion .

#9-2 MUK 13 S0 B IR

B ES4 W25 b 5 FPGA & i ity 11 156 1
Inclk C10_50MCLK 91 o NI A
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rst

KEY2

10

5 f s

sw[6]

SW6_LED6

76

FFRHIN 6

sw[5]

SW5_LEDS

75

FFREIN 5

sw[4]

SW4_LED4

74

FFREN 4

sw[3]

SW3_LED3

87

TFRHIN 3

sw[2]

SW2_LED2

86

TFRHN 2

sw[1]

SW1_LED1

83

TFRHA 1

sw[0]

SWO0_LEDO

80

eSS

5. H signaltap MUEEX T RAM PR BE S 45 5t

(1D ATETUWEEDREIELE R, XERERRESOY 4, BEHRMIE TR K
FEinet, AP ATl ATl

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 [Pl &5 58, il 9-1

A Signal Tap Logic Analyzer - Di/FPGA leaming_prject/FIl-PRAQ40/dual_port_ram/frame_ram - frame_ram - [stp.stpl* - 8 X

File Edit View Project Processing Tools Window Help

EEHNC FE»r2 O

instance Manager: "% | 9| & ¥/ [Ready 1o acquire x| JTAG Chain JTAG ready
Instance status Enabled LES:2571  Memory:733 Small:0/0  Medium: 91/ Large:0/0 Hardware: | MBFTDI-Blaster v1.8b (64) [MBUSB-0] [ Sewp-.
] auto_signaltap_o Not running 2571cells 733184 bits O blocks 90blocks 0 blocks . —
Device: | @1: 10CLO4O(Y|Z)/EP3C40/EPACE30)/.. (0X020F40DD) ~ | scan chain
>>| SOF Manager: |4 [l =

log: Trig @ 2019/01/13 07:01:54 (0:03.9 elaps
B ‘Name a0 1282 1244 246 128 1250 1252, 12p4 1256 1258 . 12p0 . 1262 1264 . 1266 1268 1270

rst
# counta[7.0]
rd_done
rd_err
wren_a
wren_b

® addr_a[7.0] — __mn__ Xoon XCotn XCozn XCoan Xoan T Sooon

© ..am:dp_ram_inst/q_a[15.0) 8105n)_______ooooh _______XAassnXaos6n)(a8s7n)(A758n)5CAGNY S

“ data_a[15.0]

= wr_len[7.0]

= wr_chsum[15.0]

= addr_b(7.0]

= ..amidp_ram_inst|q_b[15.0]
= rd_data[15.0]

= rd_chsum(15.0]

= rd_len[7.0]

= 0ID[6.0]

= 5w[6.0]

= user_id[6.0]

extrst

= sta

= st

< >
7 pata  ® Sewp
Hierarchy Display: x| [ Data Log: i3
v [ ® frame_ram auto_signaltap_0
* dp_ram:dp_ram_inst
[2] auto_signaltap_0
CH M 35 D" B 3 100% 000120

; > 7 s TO2AM
n \® 7D P
H O Type here to search t L @ 2019-01-13 t

& 9-1 signaltab Il {1155
(3> MEMALE R
1) MBGE X L RAM K48 AL
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A RELISHIEOHEE, AT RBET
B. {EELHURANHUEG AT, SHIE T

2)  MEAMREEE SRR
A. rd_done, rd_err
WH rd_err=1, B ETHEUMKAE S, MERGHILIEIRGE S

B. M2 wren_a,wren_b {55 5IRENLBkEE &G EC S, IARIBTHE SR

KK EE58E

(D [EIESER, G — AR R T, 15T i) SRS L AR Y
HAT AT

(2)  TEREHUE = BB UK if...else B IS

(3) FEEFSWRE. SR, BRI, e dlEF

(4) AR BT T IOBAR, BN RAM WA E SR KA, FbiEME, AR cPU B
[1,DSP &% 142 11 77 TH] (1) )8 FH

(5) R XL E RAM K8 ITCM, DTCM Akt CPU Mtk 4%
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L+ RPBTHORITEER

10.1 LK HK

BT 5D AT I kg, 845 LR AR P e R0 ke, R ETE FPGA JF R
2 B A AR B AL
(D P ET EEN AR, EFIS, BdE s
(2> EERDREET
(3) HE JHHEBM L
(4)  ZZ2]FIFO HIfEH
(5) 5 pciyEHRRRAAFRE MK (SSCOM, teraterm 45)

10.2 SEKER

(1 BRI RAEERED X, Rx

(2)  PRFE 11520bps, 8bit s, 1 AMEMA67, 1482 ME IR
(3) g (RxFIFO) ,KiEZEM (TxFIFO)

(4 JEEREEEE

(5)  HIEamT

10.3 EBAE

10.3.1 USB #HE O K (FT2232) fRifr

USB & —Fl B H T PC A3 42 4R, TR L Jii 5 A0 8 8 4% (1) e #E AT @ TH . USB
F2 UA] SCRP & IR R P AN AR IR DhRE, b nl &2k 127 FiAME, Qofibe. I AR R 48
AR (A H AT A RS A B A8 A RS232 A AR#E, A T 70 FIH usB itk
#¥, Wit USB-RS232 He#fuds LU EL USB sl i 4 RS232 il o X LI —FhF - FT2-232H
f{] USB-RS232 ¥4 #u i it 77 %%

B E B et ol FT2232, ‘2 m] BLSEEL USB # P4 B 1T UART. FIFO. Bit-Bang 10
H, I HiE A LLEC S MPSSE, 12C, JTAG & SPI S 28, FT2232H A 2 NJSTIK) UART / FIFO 4%
Hila, T D HE . 245 FIFO H0d . s LR 5 (1l A 1) BROTE 22 35 78 7 iy 2 B 4% 1l
Bit-Bang 1 3\; USB WS 5] 45 | FI45 BE UTMI PHY 55 FIFO 2 8] 1422 11, 47 5% FRL US4 BT USB
PRUSCE s Xt 11 FIFO TX 22+ [X (4KB) A7l A7 fili K H AL PC I%Lds, JFidid £ & 1) UART,
FIFO ¥l ds s F Bdim . W 111 FIFO RX 2291 [X (4KB) A7 fifi >k H £ H1 & UART/FOFO 12 il 1 F) £k
W, NG P EEEE R ML B AESE E R 1 % A L R SR R T SR g R A
RESETn % A\ 51 O YF A 5B 4 45 B B FT2232H . R ANME ] RESETn, Bk HE#EF] vecio(+3. 3
V); MOL IR R A AR B AL X 16 BOX 10 B BIE 545 UART, @it 14> 14 £ bu K 7 Fi 4
AN FFEN SR PR AR B R R A, YL UART A gmfe b0 B IR R .
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N
Y

10.3.2 M &I

L5 oo

oIF 4TUF

s ] C33 1 G
3

v

c39 - ceo
0.1uF 10UF
3] o @b
VEEGQUT_IVE 30
PC_UsB.
)
@D
. MICEO USB B
»i{m L
x— H 5
6 | g D e TAGRUSBH R8T TAG USE N 7.4 o
i SHLD2 DP ITAG K USE P K58 JTAG USB BA = 3 oF
HID:
3 Sﬂ.D; ™ EEL - - -
.l; SHLDS . USB UART RSIN 12 RESETE
SHLDS :
S8l zer
J2 = |
GND
VYOOI ':g

D

# fitil
T VR

[ 10-1 SR R Oy

USB Hf LI #63 ( JR #an P 10-1 Arzn, J2 A USB #: 1, 78 FEMEF W%, @ik
USB_N,USB_P MR £k 5 A\ 2 FT2232, 2N #ALHE 5 H JTAG_TXD_O fi N\ #| FPGA . fEH [
SIS, PC U Bl FPGA Ui 1 R IE G125 R #FE T —2L, FPGA E| PC i [ %72 2 FPGA I
st JTAG_RXD_| 4 2 FT2232, SN EALEE 54 USB 2 1 K% F PC i, LALLSZIL R [

AR S K%,
10.3.3 ERFNH

B BRI

module uart_top

(
input inclk,
input rst,
input [1:0] baud_sel,
input tx_wren,
input tx_ctrl,
input [7:0] tx_data,
input tx_done,
output txbuf_rdy,
input rx_rden,
output [7:0] rx_byte,
output rx_byte_rdy,
output sys_rst,

77 /134




FII-PRA006/010 i FH i IH J¢ S0 45 3 15
Fraser Innovation Inc.

output sys_clk,
input rx_in,
output tx_out

REAFZNETES, W xRN EEMIMES,

B BB R R S
(D

T rx B2 R R LR

2 1
a5

Hi B h 7.3728MHz(115200 [ 64 £i5). SEZFRON 7.377049MHz, X A& H T PLL &

HOL BB PUE R, AREAK, fE57D 85 el Dol AR k. a0

10-2 i
FE 20 fif e 5 %
A, KRS PLL SEEL, 15 3 5E0R 41 iR AR
B. fEILAr& N 2 4, W LA REERIRZE

AR SEIR B AL B, BN AIA N 7.3728MHz

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

"2 ALTPLL

Output
Clocks

dko > dka | > dke > dka > dkat >

PLL1 Able to implement the requested PLL
Use this clock
Clock Tap Settings
ek | ko frequency: 50.000 MHz <0,
reset Operation Mode: Mormal cl (@ Enter output clock frequency:
[cik Ratio__|Ph (dg)]DC (%] locked, O Enter output clock parameters:
c0 21 0.00 | 50.00 Clock multiplication factor
Lt |22041625] 0.00 [ s0.00 Clock division factor
Tydone 10 LP Clock phase shift

Clock duty cycle (%)

Note: The displayed internal settings
of the PLL is recommended for use by
advanced users only

c1 - Core/External Output Clock

Requested Settings Actual Settings

1 : ]
—
ps v fpoo ]
EXTIE [s000 ]
Description Ve
Primary clock VCO frequency (MHz) 90
Mndulns for M rauntear [Ehe
< >

Per Clock Feasibility Indicators
0 c1

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

& 10-2 PLLXHE

C. R I % 115200, 57600, 38400, 19200 PUFf

D. BRIAMIBAFE N 115200

() PR BOHEF

[/IRIEPRRRER, I Bh A A
wire [8:0] frq_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 DU [F R AL 0 R R AT B, RN 8 (D). BRWGH/-BRe R 5 R %
7 — R

=00 W RIEEM X A tx_buf
(1) 807 FIFO, R 256, L5 M 80505, Sifitr&, RThHE
(2 BEH5ETF

1) rst RAES

2)  wr_clk SHEp

3) tx_clk KIiEHfEp

4) 8 EHH tx_data

5) wr_en H1{fifE

6) ctrl  HAKINER IR IL R H T

7) rdy  ZZMIX ready, W] LAEERZ T —NEdE ot

RAE G XA 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),
Ax_ctrl (tx_ctrl),
.tx_datain (tx_data),
.tx_done (tx_done),
txbuf_rdy (txbuf_rdy),
tx_out (tx_out)
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h

(1) HBITRZE. BOS5REFCHRIL
1) #HEO¥

A, tx_rdy, RIETIN, FLAERZHETH 8bit £dE
B. tx_en, KIXEHEMAL, fLihih KIEBIL 8bit BHE(EREE S
C. tx_data, £F/&I%A 8bit Z#E
D. tx_clk , RIEHEh
E. tx_baud, RIEHFFHR
2) Bt
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),
.x_data (tx_data),
Ax_rdy (trans_rdy),
x_out (tx_out)

);

2 9 5 WU SCAE RS R IE IS A AT . (tb_uart)
(3) KIEF S modelsim 1 L, 40k 10-3 Ais.

g A AAAAAAAANNANANg

Jtb_uartjuart_top_dut/bx_buf_inst/tx_transmit_inst/tx_dk
[tb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tc_en

£ [tb_uartjuart_top_dutftx_buf inst/tx_transmit_inst/bx_data

4. [tb_uartfuart_top_dut/tx_buf inst/tx_transmit_inst/tx_rdy

E 7l'ﬂ!_uartluart_hu_mw_h.lf_rstlb(_hml_nst;h_rsl

[th_uartfuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_baud
4. [tb_uartjuart_top_dut/tc_buf_inst/tx_transmit_inst/tx_out

-4 [tb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_len
-4 [tb_uart/uart_top_dut/tx_buf_inst/tx_transmit_inst/tx_data_r

-4 [tb_uartjuart_top_dut/bx_buf_inst/tx_transmit_inst/bx_st
-4 [tb_uart/uart_top_dut/tx_buf_inst/tx_transmit_inst/tx_st_nxt

L ——
8 10-3 R I% moselsim 1/ B
(4) R TRARAESHPEEE%S], XEAERD)
1) Wit kIERSCRE S5, 6, 7, 8bit ff] PHY

80/134



| FiI-PRAC06/010 fi T 5 % Sl 1 55 ‘
Fraser Innovation Inc. Q
2)  IHEFEERL
(5) PLE AR E M ) B FIFO, PLLZ%E, S5 uart_top T H 4

SEPUD: UART $252 SCHFI BT
(L rx_phy.v 1 it
1) it sRES A B
A, SRH 8 5 KAE: R rx_baud 5 tx_baud &A1, iX LR A rx_band=8*tx_band
B.  SKH AW 7 =S BB A 1 1
TERFAE THE e S B B v s 2 1 KT 4
2)  EREAREM AR
A AP RFRWa BRI 0101, R BG4, sync_dtc
B. FZAs L (start)
C. A 8bit Hid
D. FEEbAL CHIWR —AME IR, RPN A7)
a.  AIWrE LA E 5 IE
i. BT, Bhie B
i RHR, BREE A, EORTFED
b. AW, BEEBEE B, ANt RAANANWI TR
2 rx_buf [R5
1) Wit 525
A, TRIN 256 TR, 8 fiL fifo
a. IEEHERE
b. FHEE (NEED)
c.  H¥T HIL rdreq H LA 1335 1
B. ;J/':/;E]é:
YIgatk: fifo, rx_phy
4% FIFO 155 (wrful) 40
5: f rx_phy #: rx_phy_byte, rx_phy_rdy fili /&
B
RIE] b, REEEFRE
rx_bufv JEFEF (S5 TR )
BT B
WA R IR
i. tx,rx [B] 2404 (assign rx_in=tx_out)
i. RS TX 53 BB S
i. WS rx W A
Modelsim {75, I 10-4 fron

™~ 0 oo T oo

>
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B’ thuart

B’ rx_buf

8’ ncphy
[tb_uartjuart_top_dut/rc_buf inst/sys_ck
[tb_uartjuart_top_dut/rx_buf_inst/rx_dk
[tb_uartjuart_top_dut/rx_buf inst/sys_rst
[tb_uartjuart_top_dutfrc_buf instfuart_rst
[thb_uartjuart_top_dut/rx_buf_inst/rx_in
[tb_uartjuart_top_dut/rx_buf_instfrx_baud

[tb_uartjuart_top_dutjrx_buf inst/rx_rden
4. [th_uartjuart_top_dutfrx_buf_instjrx_byte
‘Eu Itb_uartjuart_top_dutjrx_buf instirx_byte_rdy

4 [tb_uartfuart_top_dutyrx_buf_inst/wr_full
4 [tb_uartjuart_top_dutfrx_buf inst/rd_empty
4 ftb_uartjuart_top_dut/rx_buf inst/wr_dr
4 [tb_uartjuart_top_dut/rx_buf_inst/wr_en
4 [tb_uartjuart_top_dutirc_buf_inst/wr_data
[tb_uartjuart_top_dutjrx_buf_instjrx_phy_byte
4 [th_uart/uart_top_dut/rx_buf inst/rx_phy_rdy
£-# [tb_uartjuart_top_dut/rx_buf_inst/wr_st
-4 /tb_uartjuart_top_dutjx_buf instfwr_st_nxt

Kl 104 rx_phy IEIEH
i EESYRE
. SRR 5. 6. 7. 8bit kT
0. SERIRUCER rx_phy 1 start,stop H % B A 263897 [) 20 1 86 11
. SER rx_buf USCHE 0T 20 A 5 416
V. BUHIZ KA MBS 180° X 55 HRAFE 7 kAT 1500t HUEL FPGA Bk,
I P LS e P 2 RCR

10.4 SEIHE

(1 i E2 17, FI-PRA006/010 JF AR CL & BEBY. USB 21| £f 1111 5 46

2 FPGA 5 UART & BB 3R 10-1 Fiow
% 10-1 fpga 5 uart JeHEML R

UART %K RXD TXD
Jir FE ] 42 R JTAG_TXD_O JTAG_RXD_|
FPGA & il 144 143

(3) oy 5 A WS
1) MR, JFRAR 02 EE AL USB B
2) A W B A0 teraterm,SSCOM3 %5, AT LA Cgn 5 — A & L@ WL 7
(C#,C++,JAVA,Python...)
3) PC M —E R R IRHE
4) IR v E s 1) AR e A A s
5) 45 MNAFE hw_tb_uart, I uart_top HilfLiE 25,
6) HULFRTFRNTIE, HbZ aiiREy, BIRT RAREIE .
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] S S fe 3

N
Y

4 HEEM.
BE B I 10-2 AR

#10-2 BT CSEI0 A U %

(=] 2 — 1t T, S
EFESH4 REZe FPGA iy 11 i
A
Inclk C10_50MCLK 91 LPNINEE
A =
rst KEY2 10 RVAERS:
. A %
rx_in TAG_RXD_| 144 B N B
tx_out TAG_TXD_O 143 B R IERE
S IA
(5)  SBRIGR
=4 M —_—
1) W pc LB HEHE, WKl 10-5 Fis.
2) H signaltapll W52 FPGA 2 154
@ S[HEA ( Serial Hunter ) V31 COMABERH! - *
Biv | =pem | szl | mwer | BRer | awes | eEsH | EERE
48 95 15 61 F5 55 45 96 16 16 21 0D 6B OB 43 37 D7 17 21 2F 2F C2 41 10 21 61 43 03 43 31 D1 11 21 63 47 »~ WBE
54 48 49 12 98 E8 09 48 33 I3 13 21 &7 4F 42 24 4D EA OA 48 44 04 98 D5 15 21 6B 57 85 48 9B 18 16 21 6D iRl
BB OB 43 97 17 61 FD 21 12 26 74 54 483 93 ES 03 458 31 11 11 21 23 23 C2 45 12 21 65 4B 09 48 33 13 13 21 & HEXG
67 4F 42 24 25 04 98 EA OA 48 35 D5 15 21 6B 57 85 48 9B D5 16 21 20 20 C2 650 17 21 6F 6F 21 12 26 74 84 r 3%%
45 95 E3 05 45 91 11 61 F4 54 45 98 D2 12 21 66 4B 09 48 33 D3 13 21 27 27 C2 51 14 21 &5 63 0OA 48 35 15
15 21 6B 57 85 48 4B 15 98 EB OB 48 37 DY 17 21 6F &F 21 12 26 74 84 48 48 08 98 D1 11 21 63 47 84 48 93 I=
D2 12 21 65 4B 03 43 93 13 &1 Fh 42 24 4D EA OA 45 94 EA OA 45 35 D5 15 21 2B 2B C2 69 16 71 6D 6B OF 48 7
37 D7 17 21 6F 5F 21 12 12 84 CC ES 03 48 31 D1 11 21 63 47 54 48 99 D2 12 21 25 25 C2 4D 13 Z1 &7 4F 42 "
24 4D EA OA 45 94 EA 0A 48 95 15 61 FS 55 48 9B D6 16 21 6D 5B 0B 43 37 D7 17 21 ZF 2F C2 41 10 21 61 43
05 453 31 D1 11 21 63 47 54 45 40 12 93 EB 09 43 33 I3 13 21 67 4F 42 24 40 EA O 43 44 0A 953 D5 15 21 6B I ELET
7 85 40 9B D6 16 21 &D 5B OB 48 97 17 61 FD 21 12 26 74 94 40 98 E3 08 48 31 D1 11 21 23 23 C2 49 12 21 [ S EETEE
G5 4B 02 48 33 D3 13 21 67 4F 42 24 25 0h 95 EA OA 45 35 D5 15 21 6B &7 55 43 96 D6 16 21 2D 2D C2 BD 17 . )
21 6F 6F 21 12 26 74 G54 40 965 EG 08 46 91 11 61 F4 54 46 99 D2 12 21 65 4B 09 48 33 D3 13 21 27 27 CZ 61 o E%xé
14 71 62 53 0A 43 35 D5 15 21 &B 57 55 45 4B 16 93 EB 0B 48 37 D7 17 21 &F 6F 21 12 26 74 54 43 45 05 98 o BB
D1 11 21 63 47 64 46 99 D2 12 21 65 4B 09 48 93 13 61 FA 42 24 40 EA DA 48 94 EA DA 48 35 05 15 21 2B 2B éﬁ %F%
C2 B8 16 21 6D 5B OB 45 37 D7 17 21 &F 6F 21 12 12 54 CC E3 05 48 31 D1 11 21 &3 47 54 48 99 12 12 21 26 N
25 C2 4D 13 21 &7 4F 42 {%ﬁ %E
RHE 20EE
9 1%5{; Eysran | st None % -
Fs P - 1y "
wO2 [coms v #mis e~
R | BN e [r1s200 =] mire e <]
o
=15 DTR | RTS || DCD | DSA | CTS Rl
Bk
122165 4B (948 93 13 61 FA 42 24 AD EA DA 48 A EA DA 4835051521 » e | @i | @ s REEE
28 2B C2 53 1 21 60 56 0B 48 37 D717 21 6F 5F 211212 B4 CC EB 08 48 EIETY > za;gm 57 | &0 | S
31011121 G347 8448930212 21 25 2502 4D 1321 67 4F 42 TAHER): 0 = = A
v [FRHEX): 2maz7e @ phiihsin | BEMEA DRORE

(6)

{105 RIEEHRAE EAHL R BRI SR

BRI R AT B 23 TR
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eI +— e Phis4E

11.1 K HK

(D 25 N0 S EEARF B, i 1C 18AE Prl
(2) #IR1L'E EEPROM )7 V%
(3)  fHHZHE A R

11.2 SEKER

(1) IE#HELL FPGA 1 EEPROM F{ER — /Ml CAFIFES N 8'ho3 HiltFF/75) 5
A= CREIFE@ET (SW7~SW0) I 5 A1) 8bit #difi). BEAZ G, FHHMY)
B NEE . 13 o B BOR R RS

(2> TNEFEFHEN FPGA %2 LEFT 88, $UTHHE 5 N eeprom #1E, 1% RIGHT B HNIA S
NEHE -

(3) A E BRI A RS S S R ES S AME—E,
MERfS, BASER .

(4)  H signaltab Il 73 4T 3B 0 IERA M, 58058 10 B 506 ELIGAIE .

11.3 EBAE

11.3.1 EEPROM f&j4~5 1C #Hi a4

(1) EEPROM fij/>
EEPROM (Electrically Erasable Programmable read only memory) & #5877 B o] 0] 4w e R
A . PR HEEA R IAEE S .
TESRIOHR A —AN 1C B2 1) EEPROM it i 24LC02, Z¥ i K/NA 256bytes. T H s
L5 B AN R R, P o DU SRAF A — e i BB s P E R

(2 IIC Y EE RIS e B i
1) MZRASHIRZ: SDA, SCL ¥ AR HF
2)  NCPHRBUIFAS: SCL ORFF R HLT-, SDA I e/ B T Bk NIRRT, P — MR IGRE S
3) NCELSHARM B QFEEIE 0B AT RN S A B O R RS
4) IC KL R AL, SCLONE LT, SDA HUKH P N BT, P24 — g b &
Ao BRI A K 11-1 fos
5) SDA 7E SCL Ayt b AUIRFFA A, (N SCL AR i
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A b N
LoEiRsS

11.3.2 WHNH

Bl 11-1  ne Hrises e

l.; JN—

EREE i'l Fiise
fEEEHARMSDALL RIS DALL
R EEEBTESE

B NC BREESAE — /NS b, AR shbE e )R, i) K E T CRARL
WEAT LA KB T, BI8E T @ UL, R AT L {3 B 3 B AT 8 8 75 SR L & .
FFRARFT R F 336 B EEPROM 85 7 24LC02 1 v DU A7 ik © fh e 2840 7 [ 2 >4 1010, (R =
RIAETF R R, FrbAasfE ity 10100000 11C 28455 E (eeprom) H0&l 11-2 fiF

o
u13
1 -
Fa v
L 12C SCL
2 COL s I2C SDA
GND  SDA —3 ESL
SOP 8
AT24C02N-10SU-2.7 HE
GND
GND

B 11-2 nc #FEEEE eeprom H4r

12C SCL
12C_SDA

VO

Header 4(2.534mm)

Eeprom it 12C_SCL I #1145 12C_SDA HHZE AR 26 5 FPGA SEILER 1S .

11.3.3 EBERFNYH

ARSRI S A P T ERR, 12C IS RERS LED IS R, X 3 E AHHTE .

Yo a1k

LS ZH

LR P HEZR (1 AT

module iic_com(

input

input

input [7:0]
input
inout
inout
output reg

output [7:0]

clk,
rst,
data,

swil,sw2,

scl,
sda,

iic_done,
dis_data
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FINTI 8 ALY data S& 7S N Eeprom I, H 8 MR .

00 QRSP 12C_CLK

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 (ent==3'd1) //cnt=1:scl
‘define SCL_NEG (ent==3'd2) //cnt=2:scl
‘define SCL_LOW (ent==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'bl;
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 50MHZ B 87 8545 21— & BI04 10us 1Y 100KHz B8, 14 12C PRH)
et e, SN EEI TR RS, ST R B, SRR, N RRIAMRIRES, ARS8
MBS LA 12 PRl T a6 T 45 iAo #% o« e — Al s g @ L —MEA E S, R
BHES E, BBIEAEAE, 12¢ BHEPFEA R, SRS X2 %R 2c £
WA E Y .

=2 2C AR R ARSI

‘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'ds;
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'b1;

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'bl;
sda_link <=1'b0;
cstate <= ACK1;
end
else begin
cstate <= ADD1;
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];
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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 <= ADD?2;
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'bl;
sda_link <=1'b0;
cstate <= ACK2;
end
else 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
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'b1;
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'bl;
sda_link <=1'b0;
cstate <= ACK3;
end
else begin

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];

90/134




FII-PRA006/010 i FH i BH J S50 48 515
Fraser Innovation Inc.

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 (num <= 4'd7) begin
cstate <= DATA;
if ('SCL_LOW) 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
end
end
else if (("'SCL_LOW) && (num==4'd8)) begin
num <=4'd0;
sda_r <=1'bl;
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'b1;
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

B FERAPIREHLE I . SO T RIRES IDLE, [RIE BELL sda_r himr, B ehAnE
PEHA R, BD scl_link, sda_link A 1HELES num iE%, S read_data v 0, 5ms 4E
IR R, 12C BH45 15 5 iic_done NAKTEAK

(1) ZSAPIRE IDLE: MBI BIAEREEE S M AES 5 swi_r || sw2_r, 456 ZIE

45 vh )48 db_r <= "DEVICE_WRITE, J{Bk#E F# MR A STARTL ;

(2> EIHIRE STARTL: TERBME S5 N AIRES PR L HAR, 774 12C L tia s

T, IFBEE SIS EIRAS ADD1;

(3) 23RS ADDL: K F M (BREHAEII—107 0) 4% MSB (FRIfLfR o) fE%

FERUE , F sda_link PR S AN EPRAS, Bk B — IR EIRAS ACKL, 4

i MHL (EEPROM) HINZ(E S

() FF—RPEARA ACKL: U FEEHE 26 e H AR U IE A ML IE 5 Uil , 6 I 2500

BHE5i# 3 Eeprom 2, BT REEHSIERZIF LA LIE RE, XHEEAGEN AT

[T S ib 2R, B EBk I 2 T A7 a8 U IRES ADD2, FRRdE 5 [l BYTE_ADDR

MRAE 25 B) AR B (AR IR SEI6 K E0 s 5 N 28 = AN 27 47 2%, B BYTE_ADDR = 0000_0011)

(5)  FAHEHIDIRA ADD2: 5 (3) M[FE, WA A7 hE & as WAL Bk 258 =X

MERAS ACK2

(6)  FIRMEIRE ACK2: BEET 2 TREHAIN, W EERE swl, Wk 2 80 £
RE DATA, RN ENMEIRIRAELS A E, MR LERE sw2, MBERE Ik
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JFUGRIRAS START2, JfRe 542 il 7 I (e 45 v (] A2 5

(7). HBUIHEIRE START2: 5 (2) M AE—NMEIRfE S, I Bk ar 7 as ik

JJRZA ADD3
(8)  IRHAaHLIEIRES ADD3: K 75 B B 1) F A7 s h b A i e M SR Bk AR B 58 =K
MR ACK3S

(9)  B=IRNEIRES ACK3: EEBEAE BIEIE L HIRAS DATA, EEIRAE T, FFEH M
Bl & KRG A7 2 Huhk B BE s H oKk

(100 HEAEHIRE DATA: X BRI, Wi REeRE, MEEEEER T, w2
B IRAS MIKs 75 5N B S 4 BE 28 SDA, PIRIR 2540 75 B % 28 4 DUk N BUIR S
ACK4

(11 IR ZARES ACK4: H B £ 5 b £ sToP1

(12)  fFEiAEHFEA STOPL: TERMEPE N RGO T hr i Bds 2k, A —MeibES, 7+
B 4% 2L 4 58 SOIRES STOP2

(13)  fEH5EARES STOP2: I S R AN HE £k 2 HRE I, FF40d Sms ZE I 5 55T [H1 31 7
APIRAS IDLE S £5 T —RAEITE 4 B BIR . X J& RN Eeprom FILE i 829 YR 5 # 4 2 [A]
HI1E] BB A 1E /N T 5Sms.

11.4 SERIHE

B2 pECER

B R AR 11-1 s
111 NC VRS pE i S S U R

BS54 W& b5 FPGA & i) Uiy 11 3t B
clk C10_50MCLK 91 RSB 50M
rst KEY3 11 AL BRI

sm_db[0] SEG_PA 132 B E Bk a
sm_db [1] SEG_PB 137 B E Bk b
sm_db [2] SEG_PC 133 B E Bk ¢
sm_db [3] SEG_PD 125 B E Bk d
sm_db [4] SEG_PE 126 L& B e
sm_db [5] SEG_PF 138 b B
sm_db [6] SEG_PG 135 B E Bk g
sm_db [7] SEG_DP 125 B B h
sm_csl_n SEG_3V3_D1 142 B E Bk 2
sm_cs2_n SEG_3V3_DO 136 B E Bk 1
data[0] SW0 80 PRAGTF IR AN
data[1] SwW1 83 DRSS TP
data[2] SW2 86 PRI FF
data[3] sw3 87 UL PA S TP
data[4] sw4 74 LA TIN
data[5] SW5 75 LA TIN
data[6] SW6 76 ELULPA S TP
data[7] SW7 77 UL DI
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A 4e Bl 1
IVTH ST

Q

swi KEYO 3 B N eeprom &

sw2 KEY1 7 BEH eeprom 44t

scl 12C_SCL R20 eeprom [5 B o 4

sda 12C_SDA R21 eeprom #{
57

Bob: TARERIE

BT e AU BT A gm R, 8IS HET R ARSI .
FEF ARG, % LEFT $826 sSw7~swo FrfR3E 1) 8bit {2, 5 A\ eeprom.Fi4% RIGHT £ HL
WA 5 N B HIE . WSS ae i 30D BoRIIE S 5 N eeprom Hilik 8'h03 27 17 85 HI1E
(SW7~SWO0) [ —FPE (A KL E N 8'h34). 2 H RIME SR ESRLE . St I 5 a0 &

11-3 7N

] 11-3

EEPROM SEIG I %
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s+ —  AD. DA S2Ig

12.1 SEKHK

PRI St Forb, BT 1) B RAATE RIS S &R BLRME 5, M7E Sebr TAE Fhise ot Ho Ak
HEH N TES . IUFEE—NARGE S L ESHERmE R BiEiik: DAC,,
B L. ADC) . ASSEIGH H B4 R
(1) 23] AD ALK REE 18
(2> H2] E—Asngs ) i e iR, X sEIeHR B PCr8s9l BN K
(3) M PCF8591 HiszHY AD SRAEMIME, It EEEEIME N SERRE, FERLE Bk

12.2 SEKER

(1 FMZEF K ADC HREAT B e, IEMRCE S R, RESLIRIR E = rT Az sl
Rz s, SUECERE, IABCERED A2k, JRREREAER MR 2 g s Bor ok
(2> TPRIEGUE, SHEMEREETX, WuEss R EmTE

123 FEBAE

12.3.1 AD ##Hit /i (PCF8591) fRj4y

PCF8591 /& — ML 48/ it v, fIKTh#E. 8-bit CMOS % KA 4F . PCF8591 H
A aANBREN . 1AM A 1N EAT 1PC kB . PCF8591 1) 3 ik 5] I A, AL
A A2 ] H TR LR AR, 75 PCF8591 #% M i Ny Hh iy dthhik . % il A B s 45 = #0 2 ad id
WEXLIA) 12C S 2 LLER AT I 7 b TR 5. AR IC BN R ESH Bl +—. K
ETEAR LS BRI S H 7 E, RSB E R

7 6 5 4 3 2 1 0
‘Y . Y ¥ '
LEPE b EENE PN BiERRE A/DiEEZE
EhetRE

B 12-1  PCF8s91 2 TR R

Bk p s 75 B 12-1 frox. D1-Do A TVUANEE R E, D2 A3 Mk, 14
R, D5-D4 P B S N L, DO B H ST RE, D7, D3 N TREA I, O 0. Ki%F] PCF8951
IS AN PTG AE B A T, T iEm S ThRe . Bl ARt T R
VRO, A RIS S P B i B ZE A N o AP - I B — A el s 2 40 S
PN EE. WREIEEREE 1, FIR A/D FiEEE S E E s,

ARSI F RIS T (SW1, SWO) EF 4 NEIE(E N AD REMNEIE, HARimiE
SRWE 12-1 Fix. EEHEEECE N 8'ha0, BIUNERE L, FFERAN 00 3@iE, EPERIA
IRV ST NP e NI A [

96 /134


李 根
实验目的有改动

李 根
有改动

李 根
整段内容有修改


FII-PRA006/010 1 FH it B & =286 8 5P

Fraser Innovation Inc. Q
#*12-1 JBIEEEXEE
SW1, SWO HIE KX R
00 0 pun s GENEREENER
01 1 P B PR AE
10 2 ] i AR BH A% LS A

12.3.2 EH#KIt

VCC3V3 VCC3V3 VCC3V3 VCC3V3 VCC3V3
R118 Lr119
1K 1K
Us GND | GND 1|
. 5 2
16 | vpp BE-1> FCE ADUT SRIMN e
14 light res <thermal res
——— VREF ght 4 0
1 PCE AINO
11 =Ll g PCF_AIN1
—=x 0SC AIN1 =5 =
i [BE PCE AIN2
ADDA I2C SDA g e PCF AIN3
D X e
ADDA_I3C_SCL 0.
5 A
514 . Z 1
7 @it 12 PCF_AOQUT
&
e el PCF_AIN3 .
PCF8591T _, l =

IND

| Header 3
GND

[#]

K 12-2  JEHE AD/DA BEHER /)

F PCF8591 17T AD/DA 48t (1) i 3B 7 Wi ] 12-2 oo 12C R &S WA~ i fH,
A TAERIR R . A0, A1, A2 HiHh, [RISL234FHbAE N 7761010000, AR AN IEIE AINO
PR RH, AINT BERRELIH, AIN3 BEHAZ RS . MIEPIFEIEG, FPGA Wil i B s 2k
ADDA_I2C_SLC #t PCF8591 T FI{H 152 2] FPGA HHiiATia H AL,

12.3.3 EFNSH

ARSI R RE S 12C M4 PCF8I5L ith ), IR/ 55+ —3eAR —3 . ARk A
MEHAFE T o

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

end

BAZ W WAERT, A E R AEAS TR SR H FEL A S ) FE A IR, P T — R SIARR
ERR, SBBBENARE, Dt R ER = HIBOORE, RN ICRE 16
HEE, IRJESRIECPIME, R 45 A AR D M e BE s PR FE I A . 5 ol R IR AR AL
O Rl T AT D= o 705 (1Bt 2N S R D N W (= S N R [V S N SR S
BELARS P 5 Al e LI P e H R BN, LU, R Ao B P s LT 28RS 1 e 4
RGO, BB, 0m ot e f i/, BEAE I o

AD i i B R — A 8 LB R, (ESE AR A R IRATI T E A R A i
F R AL I T AR AL A 256 17 (8 Dy —HEMI KT Ko 256 0D, IR B o (1 i
1, BATHZAFRE— D TR AR

parameter V_REF =12'd3300;

reg [19:0] num_t;
reg [19:0] numi;
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=numl/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

num1l <= 20'd0;

end
else

numl <= num_t >>4'd8;

end

AT vee A 3.3V, PRtk L FH L R B K 3.3V, T LAKS: 8 £ 247 dis_data 3¢ 3300 4K 1000
SIRAE L num_t, J7 (8 SR FILEE, num_t Fi4i/) 256 15 (/2% 8 ADIRES numl & PCF8951
AL 256 G AHXS R, I num L 50 b E B 7B i 6 %) LR {EL 1Y) 1000 5o FRATTHE A
(RRE— A R BB E, A AL BRAL (datas 3 data0), 7ETHZlF (data3) n_E/NEs,
DU L B 5RO RL AR A SR b B i 1) P PR AR, IR RS B /NS 3 A

12.4 SERIHE

H—d pECER

B R NER 12-2 Fios.

% 12-2 AD FE S0 B IMUR R

BrET4 W28 5 FPGA &l ity 11 15 B
clk C10_50MCLK 91 KRG8 50M
rst KEY3 10 8hL, BRIMK

sm_db[0] SEG_PA 132 S E Bk a
sm_db [1] SEG_PB 137 B E Bk b
sm_db [2] SEG_PC 133 B E Bk ¢
sm_db [3] SEG_PD 125 B B d
sm_db [4] SEG_PE 126 L E B e
sm_db [5] SEG_PF 138 B Bk f
sm_db [6] SEG_PG 135 B Bk g
sm_db [7] SEG_DP 128 HOE B h
data[0] SW0 80 PRAGTF IR AN
data[1] SwW1 83 UL PA S TP
data[2] SW2 86 PRAGFF
data[3] sSw3 87 DRSS TP
data[4] sw4 74 LI TIN
data[5] SW5 75 LI TIN
data[6] SW6 76 DRSS TP
data[7] SW7 77 PRI T R H N
scl ADDA_12C_SCL 53 PCF8591 I #jik
sda ADDA_I2C_SDA 52 PCF8591 %44k
sel[0] SEG_3V3_DO 136 & A ik
sel[1] SEG_3V3_D1 142 L& A ik
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sel[2] SEG_3V3_D2 141 L E ik
sel[3] SEG_3V3_D3 129 L E ik
sel[4] SEG_3V3_D4 127 Hhd i A7
sel[5] SEG_3V3_D5 124 L E ALk

F FRERIE

B R AT A TR, @ 5 AT N ARERILE .

HBURE TN, B@EIEIESEEN 00 B, HESE BR Yui SRS, R B
[ HLEAE N 1.469V, T 12-3 Al .

I
I

-—0 “amm'e "a=m'0

T T EER

B 12-3 BB SI IS
MIETEE RN 01 B, BN BoR AT A EEE T, Fi e E R e 1) H R B 2,926V,
WE 12-4 Fizs.

[ 12-4 AR PH SIS
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Q

MIEIEILEFEN 10 I, B Ros M EERE T,

B

)
(|

o0 oof
e

12-5  HIAZARSEIG IR

P25 P9 o ) LS O Vs ] 12-5

101/134



| FiI-PRAC06/010 fi T 5 % Sl 1 55 @

Fraser Innovation Inc.

eI+ = VGA 256

13.1 SEKHK

&D) HEIE VGA SZHj
(2) H O i — AN VGA KR EoR

13.2 SEKER

1 Bt ESCBUREREIE «

13.2 FEBAHE

13.2.1 VGA &4

VGA (Video Graphics Array, MAETERES), /& IBM T 1987 EHEH i — /M H 2R EL i
SRR R ARE . VGA & B 22 % R BT 3 (R SRR — MR, AN N HIRZE In#k 3 S
MK FE 2 |/, #UASCRE VGA ARt

{ER g B VGA FH#E 7 o NIBAT R ARAT R SRR L Ff—
ROFAE, WEERAGE S, SR AT, BT RERIFRENLLL F—ATRREME, 7+
XHAME], CRT XHFHEHTHER, AT HRE, HAT R E ST R 4R/ A T,
W —mi, MEAESHATSEL, a2 ReL By, FRETaEke, FET
— Wi, FRATHRRIE R TR R —TH 4, %GR EREHE N L, W
ITHF BoR B N SR DGR, o] Re 2 FH A HRAG 9E 57 (CRSEIR R HZBATHRIH I A ZD, BF
Fanp 13-1, 13-2 fioR.

b d .
+——> c =
DATA 4 t
HSYNC = —
2 = n
B 131 FFEDE P
b d
— c +—
DATA = =
VSYNC a_
: e

4
B 48

& 132 ATFBE
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VGA HE SUTHE P FIBII P me ZE F2E kb (a B, BoREi (b B, BoRm P
(c B MERIE (d B WUEsr. VGA Tk ot ER: 17FP. FIFRSHA
G, RUED Bkpp R 2 kit . B VGA ATES R Rl Al BF— AT #0A — N SO AT R 20 ik
oG B, BT RIRE, RN W2 N TSR E. ERPP Ik G A RRE
(b B, ERARMNFE (¢ B BaRsS AR, RGB Bk —1T L — M=
R MM R —AT . fE— AT G AR RAT (d BO. 1EE/RE B Z AN A BG5S 2]
BEgE, MRRAHERE S FERKh. BoRE A R R i S AT R R N, SR E
R, RGB 55 AL, BRREA R

VGA FII P 54T I 7 o A —2 .

VGA WA VFZ M ERbritE, ARSI IRATRH 640*480%60 MbniE. brutMEotun & 13-3
PR

— i FImtFF (FI%0 TR (ATHD
BB
(MHz) a b c d e a b c d e
640%480%60 25.175 96 48 640 16 800 2 33 480 10 5256
640+480%75 31.5 64 120 640 16 840 3 16 480 1 000
80060060 40.0 128 88 800 | 40 | 1056 | 4 23 600 1 628
80060075 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
1280*1024%60 | 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

& 13-3  VGA inkrife
PAASSZIG I B bR ifE 640*%480*60Hz A (640 NFI%L, 480 NATHL, 60Hz AlHT
— BRI . ATH P BRI FIATECN 525 (a+b+c+d=e EX), H 480 (¢ B NER
175 BATYWAEATRPES (0 BO, N 2 MTEABKBEF. FINF: 80N ERITERE 800
5| (atbtctd=e Br), HH 640 (¢ B NAMERKX, B—17H—MIAPES (@ B
A 96 AMT AR T

13.3.2 Wit

vGA R3 RI31,,, S00R %1
VGA R2 RI32 ., 1K %I
VGA R1 R133 2K %l
VGA RO R134 4K %1
15
£+ o
VGA G3 R135 S00R %1 RI108 OR VGA R 1 o o 11
7
VGA G2 R136 1K %1 R110 OR VGA G ooo_ 12
VGA Gl R137 2K %l R113 OR. VGA B o o o 13
VGA GO R138 4K %1 ———OOC 14
ss o1 fes 01,
=== 5] 15
10PF [F10PF FLOPF O
= VGA
GND

VGA HS RI139 22

VGA B3 R140 AW S00R %1

VGA VS RI41 22

VGA B2 R142 1K %1
VGA Bl R143 2K %l 269 “T0

VGA BO R144 4K %1 [Iﬂl‘}- *10PF

GND

5 13-4 PCB JFLELE
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f o

VGA 7R I i 25 B 1 P 13-4 BT/ - FPGA B ) 12 HR B8 £ A AR 4% 1) 28, VGA_R3-RO
REL MO E, VGA G3-GO IREF M/ &E, VGA B3-BO REHOHE, LATHEES
VGA_HS F13 [ 2655 VGA_VS.

13.3.3 ERFNYH

Yo

B ERFHEGUENT

module vga_test(
input clk,
input rst,
output vga_hs,
output vga_vs,
output [11:0] vga_data
);

I SOMHz B8P R ALE S, AT [R5 5 vga_has, [AI(E5 vga_vs Al 12 fif
H¥a 2k vga_data[11:0].

B WP AR
B IATH) BB, SR AU IR H I

=P PRI
PEHIRER (1 3 ZAE SR MR R SRR BIA AR - B e R B oRiriE g L — 255,

parameter H_SYNC = 10'd9s6;
parameter H_BACK = 10'd4s;
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 ATZEON N 13-3 FRAIIN 3 (0 LB, (BN REBUR R RN AT VORISR X
K 13-3 AT P LLBL  EONREBCIAT L

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'dO0;
assign pixel_ypos = data_req ? (cnt_v - (V_SYNC + V_BACK - 1'b1)) : 10'dO;

X —HBor WA E I THEES  vea_en 1 BME A X 38 E € Hi K, pixel_xpos F1 pixel_ypos
B X IR R MEZR N B E T— A e AA bR, DA 8 J5 SEE A N IEEAE B .
AR XN, 4H ek,

L. R
R T BRSSP BoR X B, JF HR R N 1 EORIE I

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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HOEE T MBI A, B, 4L 4 M, RS AR, KRR X R T
W2, 2l AP LRI

13.4 SERIHE

H—d pECER

B R 13-1 Fion.

#13-1 VGA SLIGEHIBL %

PS5 4 R FPGA i St 11 9]
clk C10_50MCLK 91 ARG B 50M
rst KEY3 10 SAh, BRIMK

vga_data[11] VGA_R3 105

vga_data[10] VGA_R2 103 L AR =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 B a5 &

vga_data[5] VGA_G1 111

vga_data[4] VGA_GO 106

vga_data[3] VGA_B3 120

vga_data[2] VGA_B3 119 BIG 5 o) =

vga_data[1] VGA_B2 115

vga_data[0] VGA_B1 114

vga_hs VGA_HS 98 TR ES
vga_vs VGA_VS 99 R E S

B TR
FE A AL SR 7 A, IR FHURE, SCHTAR I 135 B, FEHER:
me, 6, REMEE.

R, AR A,

[ 13-5 VGASLKIER
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L6+ V0 AK R SE 5

14.1 EKHW

(D TR ARCURM, PRI TAE R B

(2)  BGEARFEZEOZEE (MI, GMII, RGMID Z A3 2 DL AL ER & (FRATI T R AR
F RGMID

(3) AR, SEREER M ER S, IR

142 SEEXR

(1 BATEEA, R AR IR AR
(2> HHATHEE AR
(3)  HHATHEEN AR LSAE

143 SERAF

14.3.1 LW JRFEF

DK I 2 — b ety SRy 3 P 4 AR, DA I3 A5 2 — At FH [0 Al FRL AR 9 I 48 A, SR FH 3%
W 2 B U7 1) AN S AT DAL A 3845 U7 20, B AR S g 21k 21 1Gbit/s, I 2 JERFEE M I 2%
AR TR . DORNEE TN —F BB O, SRR HAERE T 2. TIREUR M Mil
FOEARZ, & H Ml Fl RGMIL.

MIF20—38F 16 iRk, WK 14-1 Fios.

TX ER
T _EN
TX_CLE
T¥D[3:0]
R¥_FF
RX DV
EXD[3:0] PHY I
R¥_CLE
CRS
0L

e

MACHT

& A & & A &

B 141 mn N0

RXD(Receive Data)[3:0]: ##lEEfES, L4 E54:

TX_ER(Transmit Error): A& B 1R~ E 5, F2D T TX_CLK, & FA R RoR TXCER
HRIP A AL I HETCR . 55T 10Mbps JHR T, TX_ER AN fEH

RX_ER(Receive Error): #CHHRE BRI R (55, [A20 T RX_CLK, i FA 20, 7~ RX_ER
HROPWA AL I HE TCR . XFT 10Mbps 8% T, RX_ER AEAEH ;

TX_EN(Transmit Enable): RIAMFREE S, RATE TX_EN A RN AL R 46 24
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RX_DV(Reveive Data Valid): AR ARG S, EHIEET RIZEIE T TX_EN;

TX_CLK: Ki%EZHE 4, 100Mbps HE T, B8N 25MHz, 10Mbps HHE T, B4
AN 2.5MHz, 77, TX_CLK BER 15 A2 A PHY 458 7] MAC il ¥, PR bt 402 i PHY
AL

RX_CLK: BEUCHHESE N5, 100Mbps E ~, If8H4% )y 25MHz, 10Mbps H % T,
IR A3 A 2.5MHz. RX_CLK 272 i1 PHY Ml At 1

CRS: Carrier Sense, MG S, AFEFRDTSHEE, REAHIELH, CRS
B, H4h, CRS HAF PHY 7E- X T T A %4

COL: Collision Detectd, MRfGMME T, AFEFDTZHEE 8, HA PHY 70 T
XA

GMII $Z WK 14-2 PR

T¥ ER
TX EN
GTE_CLK
TXDT:0]
R ER

MACH gy PHYH
FX_CLE
CRS
CoL

L A

F

142 6™z

5 MO, oM EEETEE R 4 61488 8 A1, GMII B I R HI45E 5 W1 TX_ER.
TX_EN. RX_ER. RX_DV. CRS il coL [fEHIF Ml LR —Ff, KIESHR 4 GTX_CLK
B S5 W Bl RX_CLK A% 458 125MHz(1000Mbps/8=125MHz) .

FEIX A — /R R U BT, AR5 2 R IE S 25 ) P GTX_CLK, B A1 M1 9 ) TX_CLK
FEAN AT, MINEE T TXC_CLK 72 B PHY o8 7 2R 25 MAC S8 19, 1 GMIZ T ) GTX_CLK
2 MAC & HRIEZS PHY S . E T A —HE.

TESERR M A, 48k 2580 oM B D #RHEA M B2 01, Frbl, —#&m emin £ 0#fH
PN RIESHERIP: TX_CLK Al GTX_CLK(Pi# 1 M A —FE, A&l 1), EHE
Ml ARSI, A TX_CLK A1 8 FRELHE 26 i) 4 4.

RGMII £z 41 14-3 Fiios .

TX_EN
THD[2:0]
RX_DV
Macll | map(3:0] PHY ]
& R¥ CLX
T CLK

& 14-3 RGMII 11
RGMII Bl Reduced GMII, & GMII TR AL RRAS, 82 15 5 2 M 24 AR 2] 14 1R
(COL/CRS ¥ LR ST R E S, X B RAE L), BEHZEAIIHE N 125MHz, TX/RX ik 58 M
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8 NNy 4L, T IRFF 1000Mbps FIMEHTE AL, RGMII 2 LIERS BR K _ETHEAT B
HRAEE S . TESH B LT R 3% GMIL 210 R 1) TXD[3:0]/RXD[3:0], ESHRTEF 1T
B F 3% GMIN 22 117 [ TXD[7:4]/RXD[7:4] - RGMI [F] i B3 %% 100Mbps Al 10Mbps # FHid %,

LRSS 234 2 3 39 25MHz Fil 2.5MHz.

TX_EN {5528 &% TX_EN F1 TX_ER WiFi{5 5, 7E TX_CLK [ b FHIR 1% TX_EN, TF%
Wk % TX_ER; [RIFERY, RX_DV {554k b tfki%k RX_DV A1 RX_ER WiFi{E 5., 7E RX_CLK {1

FHERIE RX_DV, TP RIE RX_ER.

1432 WHwit

PHY_DVDD_3V3
£
GND
2| = o 5| 9 3| 9 o 5 = 3| 7 5 s
i T
L S RILS211E VB
O 285 EEE 88 & 2@
. CNEgRE g g z z 2 A FHY DVDDI0
MDIO_P =
i 36
= 2 DVDD10
MDDN  AOx 2| e » o
3 LEDI/PHY_ADI
AVDDIO
MDILP = 4 LEDOPHY_AD0 22 RGO_LEDD
Ma\y Mr 4
i PMEB |22 RG0_PMEB
MDILN A= 5|\ )
) L ) -
6 LED2EXD |22 RGO_LED2
i N Al RSl ,,20  NPHY MDIO
MpnP S 7 o MDIO
>; N Mpc 20 R8I ,,22  NPHY MDC
MDD N O 8|\ )
MDI2}- - :
9 PHYRSTB = RST RIL®1I
AVDDIO N
MDI3 P == 10 MDIGH DVDD10
i 2 e 2 RGJ_THCTL
MDBN A= U |,prn S oz 5 -
o= - .\ = 4 ~ ) i
1 N 8 g ¢ s 26 RGO T3
i B 2 S 5 5 2 g L35 RGO T2
EE2Z8d8op8,85 ™
BWoEoZ K KRR Z o R XKo@
¥ @ A X @ & 2 £ 8 B E EB
o = o 2 = = 2 85 5 9 = =
RGO RHCIL ——
RGO RYO0 S—
VECC3V3
RGO RX1 —
RGO RX2
RGO B3 .
47K
RGO RICE Ro4 100 ETH INT N
5 14-4  JRFEE RTL8211E-VB &4

SEIOAR R RTL8211E-VB & v AH T IR LR AR, SR B an & 14-4 FrzR. PHY &5
AR R R XS 5 55 FPGA AHIESE . L5 S RT4N RGO_RX, KIXA(E 5 T4k
N RGOTX, 2 I #6155 cTL, WSS ok FMIUAEHHES S 3-0 4. RGO_LEDO Fll
RGO_LED1 43 HlERM 3 5 S AT MR 5 54T . AR, FPGA W] LUIE I A #114k NPHY_MDC

FIHHE 26 NPHY_MDIO X} PHY i H #H4TfiC & .
14.3.3 ERF&it
(1) BRI B (testl)

B BFENH
I A IIRAR f] 2, R R Fay A\ 1) Kcdls B2yt BT w]

module test1 (

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

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

endmodule

(ER: ERLRFHENFEFHEH —1 smi_ctrl LR, I EFE config 7, ZXf PHY &5
HHIRERLR, LUIETRERF LB GE EFZEEM R HE, ER R

WA pECER

B R 14-1 Fios .
R 14-1 DIOK M SO0 I &

BRES4 W28 5 FPGA & i ity 11 15 B
rxc RGO_RXCK 24 A N E A e
rxdv RGO_RXCTL 34 WANBHEESE S
rxd[3] RGO_RX3 28 NBHE S 3 47
rxd[2] RGO_RX2 31 BNEHE S 2 fr
rxd[1] RGO_RX1 32 BINBHES 147
rxd[0] RGO_RX0 33 HINEAEES 0 fir
txc RGO_TXCK 43 o AR
txen RGO_TXCTL 42 R SE S
txd[3] RGO_TX3 46 fan HE B 5 3 A
txd[2] RGO_TX2 49 fan HE B 5 2 4
txd[1] RGO_TX1 50 LT R 6/ S A
txd[0] RGO_TXO 51 AR 2 0 £
e_mdc NPHY_MDC 38 fic & BB
e_mdio NPHY_MDIO 39 W RAEI

WAEZ AT CBRINE O/ PCRE TR, SN EATE#), 725 %0l E O
PC ¥t MAC Hitht, HWURANKIIE, wiAE DOS 2% H, Ml ipconfig -all it @ &FH — 1, LLAHL
N, 4kl 14-5 s
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or

Kl 14-5  PC ¥ MAC HuhikAE 2

N JE SRS, FRATTE B PC um—ANE 2 B 1P Huhk, DAARWRSZIG NG, BLE N
192.168.0.3 (A LMEEL, (HZLRIUE S SLI6 1 K ik

Bt 2} —#H0O, 14 HiN
FEg H b 1P bk —20, & 14-6 Fros:
Internet HHHE 4 (TCP/IPVA) Bt X
=5
MRFEESITRE, WRLRRSTEER P 2. S0, FREHA
HEHEEEREIES P 28,
Q EFFERE 1P H8IH0O)
@EETER P i ©:
1P 3faizh(1); | 192.168. 0 . 3 |
FREBW: 255.255.255. 0
e ]
@ AT ES DNS RS2t E):
EEHSTaEL =R

K 14-6 FCE PC i IP Mk
T ARG %A ARP PRS2 (G5 HF &R 1P Hilib Al MAC Hidik), PRt 75 2285 Dos
A E ARG E, AR 1P ¥N 192.168.0.2, MAC Hilik ¥ A 00-0A-35-01-FE-CO, (1]
LS G470 ik 14-7, B R GER: DU PR 540817 DOS A& 1)
iE4T#r4: ARP -5 192.168.0.2 00-0A-35-01-FE-CO
BEHELEER: arp-a

11-FE-C0

[ 14-7  HhEgRE ik 1
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WIERIZAT ARP 2 I I 1 2R, ] DA —Mporikgse, Wi 14-8:
1) %A netshiishowin & AHARMERE NS, WA FHIF MR “5”7
2) i netsh-c “ii” add neighbors 5 (4i*5)

“192.168.0.2” “00-0A-35-01-FE-C0”
3) i\ arp-a BEYELEE

EN =1E5: Windows PowerShell

K 14-8  HuhE4E5E Jik 2

et 2E fa, IATFEFEH DOS A4 b T @A, 40l 14-9 i 7< . Ping 72 Windows
AV — DA AT 2 o FI R & 0T DU A 9 265 2 75 R i e, 4 & n] DUR GF s 35 Bh 3%
1M e M e i . N A% Ping 1P Mk . (BRASHLEAMOAE E )

K149 RikHds
17T SignalTap, KiX5Efr4)a, WK 14-10 frox, FATATLUE 21886 W, BEA5E0T.
log: Trig @ 2019/05/10 14:44:16 (0:0:34 4 elapsed)

Type, Auas‘ Name
v

tren
- mid[3.0]
- tud[3.0]

VE 95 o (6

oh Fn e a1 e onyCanYan¥_on en(on)_ah )_on Xan{enanfnyen}on}znanzn
Dh 5h F

|8 14-10  SignalTap Il g2

(2) Rk IP IZIE B (test2)

T2 RGMII 4210, HdE A XL 4bit $0dE, KLAE FPGA N HBEAT B4R A PR,
L R 8bit BE, FRATTIAA IP core (ddio_in) KRSZHL, [FIE N ALY 5, H
Z5H IP core (ddio_out) ¥ 8bit £ 4% SR IL WS dbit FdEfe H, FEEREMEZ, FiE
FEREE 5 SEIRES LR, FIEEREES — RN ddio #HTH#H, Hik#
B wE 14-11, 14-12 s
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| “{_MegaWizard Plug-In Manager

ALTDDIO_IN

ddio_in

Currently selected device family: cicre 1015 v

B Match project/default

dear and

O Use 'adk part

[] Registers power up high

setports

- Synchronous dear and synchronous set ports

[] Use inclocker port
¥ Invertinput dock

Resource Usage

& 14-11 ddio_in & E

| “{_MegaWizard Plug-In Manager

_.a ALTDDIO_OUT

Currently selected device family: o 1015

ddio_out
[ | Match project/default
atain_h[4.0] dataouif4.0}).
atain_[3.0]
Uclock | w5 b
| dear and setports
©) Use ‘ad port

) Use 'aset' part

@ Notused

[ Registers power up high

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

Resource Usage

 14-12  ddio_out ¥
B E] PHY &5 5 SR AL N B IK BN RE ST A, FTAZR I BURHIR AL, 5 DUAEAS [ 1
A&, KN B exe R FERIN, Q1] 14-13 R, it co IR ddio_clk YEAE A ddio IP
I IRBNN B, a0l 14-14 PR, fad c1 e txe MRV EOE RO ROEI B (FRELER M
AR R SR R DA K e BT, X LA R txe i 90° MUAHAZZED AnlE] 14-15 PR

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

& auTPLL

T
-

Currently selected device famly: | ydane 10 17 B
PLL
Match project/default
Pco [ ey 120000 1 o1 Able tomplement the requested PLL
General
Which device speed grade will you be using? any B

Use miitary temperature r es only.

Cyoine 101

<

Whatisthe requency of the kD nput? Z5000 i -
Setup PLLin LVDS mode Data rate: | Not Available v Mbps
LT
Which PLL type will you be using?
Fost L Entanced L ® Selectthe L type automatcaly

Operation Mode.
C

Connect the fomimic port (bidrectig

Create an‘fon' it for an exteral feecback (Extemal Feedback Mode)
Which output dock wil be compensated for?

[ 14-13  PLL S B
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% MegaWizard Plug-In Manager [page 6 of 121

"2 ateLL

c0-C Output Clock
tedPLL

PLL Fromar oot
[ Use this dock
Clock Tap ettings
Requested Settings Actusletting
® Enter output dock fecuency: [ioscoooooon_ e~
nter output dock parameters: : -
1 o] <o
C
Clockduty c (%) EX 2

Vak ~
Note: The displayed intermal sttings of the |7 m2rY clodk VCO frequency 0iz) &2
PLL s recommended for use by advanced | Modulus for M counter s,
uuuuuuu iy = &

Per Clock Feasbilty Tndicators

@ a

Bl 14-14  PLLAHIEEE (cO) WHE

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

"2 autPLL

c1 - Core/External Output Clock
Able to implement the requested PLL

Use ths dock
ClockTep Settngs

Requested Settings actual settngs

O Enter output dock parameters:
Clock multpicatin factor
Clock dvision factor 1

e [5]
Clckduty yde ()

® Enter cutput dock requency: Z50000000 |~

1

| <coony

\Y4

Desarpton el A
Note: The dsplayed interal settings of the |1 erY 4ock VCO frequency (1) 62
PLL is recommended for use by advanced | Modulusfor M counter s
sssssss iy = N

Per Clock Feashilty Indicators

@ a

K 14-15 PLL#IIESED (1) & E
B =N P AL S A B 2 F I R A, BT HAR A e SR D, (REEEN RS
JPE PR, 7 R ddio_out I A BIEAH AL, BAASH TR (test2)). XIKIRATH
=AM BT MERFE I T R . Tk, k.
W 14-16 Fiox, TEBCE I B U IE AR R 5, 3R B AL IE R S
(love you !). 1#Id Wireshark AT H A HIATHEL, w1l 14-17 P, PTRLE R, HdE BT
FEH[E] PC ¥ o

o FA% BT (CNiE S ¥3.8) oo
() thivza 1
upp -
(2) P it
192.168.0 . 3
(3) F#ROS
8080

B EizE

[~ BHRSEE .
¥ SehTET
[~ MR
[~ EEshen

BIFHIE FRTE

HIEERE

[~ BREHEEER
[~ BEhEEER
[ REmREEE
[~ fE+7utlRE
[~ HETETERE BirEd: [192.166. 0 . 2 BtrikO: 2080

EEAR (10 2 [l yout

SHEL EE HE
i FEERE if 0 | @0 sl )

K a-16  EAIHURIE DR EE
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£ Capturing from LIAF]  (Wireshark 1124 (v1.12.4-0-gb4861da from master-1.12]] - B X

Fle Edit View Go Capture Analyze Statisics Telephony Tools Internals Help

eedm  BEXZ | AesnpTFLIERE QA $EMK| B

Filter: | Expression.. Clear Apply Save

Frame 2: 60 bytes on wire (48| No Time Source Destination Protocol  Length Info

Ethernet II, src: ba:2e:99:20 1 0.000000000 192.168.0.3 192.168.0.2 ubP 52 Source port: 8080 Destination port: 8080
60 Source port: 8080 Destination port: 8080

Internet Protocol version 4, 2 0.000060000 192.168.0.3 192.168.0.2 UDP
User Datagram Protocol, src P
= Data (10 bytes)

Data: 6C6f766520796f75a3al

[Length: 10]

0000 00 Da 35 0L fe cO b4 2e 99 20 c4 61 08 00 45 00
0010 00 26 21 9f 00 00 40 11 d7 d2 cO a8 00 03 cO a8
0020 00 02 1f 90 1f 90 00 12 28 ef [HENGENATMEIFINNE
0030 00 00 00 00 00 00 00 00

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

B 14-17  PC 30 IE 3

(3) 6B LUK W # s A% s it
SERE LK N B s AR5, 7 A SR ARG 4y, DURBE B RS 4y, N
SRS, FRADE PC i A3k AR 1 e A7 2 ram B, FE& I R IE S HUS KIiES PC
Uiy, HRE ) — RN AR O AT 2% TR “ethernet”. 1 [0 R — /MY
ITTR A4
1) HEECEE (Gp_receive)
XA P B AR R P ) 0 R %o B8R ot AT Aar WU VR ) KA R B ot gk AT i
£, I EIEREIEFN ram H1.
always @ (posedge clk) begin
if (clr) 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 [/ RN — > 55//
rx_state <= six_55;
mydata <= {mydata[23:0], datain[7:0]};
end
else
rx_state <= idle;

115/134



FII-PRA006/010 i FH i BH J S50 48 515 .
Fraser Innovation Inc. Q

end
end

six_ 55
begin /1B 6 4~ 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 /1B 14> oxds//
if (datain[7:0] == 8'hd5) && (e_rxdv == 1'b1))
rx_state <= rx_mac;
else

rx_state <= idle;

end
rx_mac
begin /AW H 5 mac address 15 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))  //FIW HAx MAC Address & 77 A< FPGA
rx_state <= rx_IP_Protocol;
else
rx_state <= idle;
end
end
else
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rx_state <= idle;
end

rx_IP_Protocol :
begin [/ 2 AN 1P TYPE
if (e_rxdv == 1'b1) begin
if (state_counter < 5'd1) begin
myIP_Prtcl <= {myIP_Prtcl[7:0], datain[7:0]};
state_counter <= state_counter+1'b1;
end
else begin
IP_Prtcl <= {myIP_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 J1EW 20 A5 ¥ udp FEFLEL Sk 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[7:01};
state_counter <= 5'd0;
rx_state <= rx_UDP_layer;
end
end
else
rx_state <= idle;
end

rx_UDP_layer :

begin /¥ 8 715 UDP 13 5 K2 UDP Hidi 0 K
rx_total_length <= IP_layer[143:128];
pc_IP <= IP_layer[63:32];
board_IP <= IP_layer[31:0];
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end

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 s A i) K B
state_counter <= 5'd0;
rx_state <= rx_data;
end
end
else

rx_state <= idle;

end
rx_data
begin /W UDP K dE
if (e_rxdv == 1'b1) begin
if (data_counter == rx_data_length-9) begin [/ 5 J5 BB dE

data_counter <= 0;

rx_state <= rx_finish;

ram_wr_addr <= ram_wr_addr + 1'b1;

data_o_valid <= 1'b1; //'5 RAM

if (byte_counter == 3'd3) begin
data_o <= {mydata[23:0], datain[7:0]};
byte_counter <= 0;
end
else if (byte_counter==3'd2) begin
data_o <= {mydata[15:0], datain[7:0],8'h00};  ///ANiifi 32bit, ¥} 0
byte_counter <= 0;
end
else if (byte_counter==3'd1) begin
data_o <= {mydata[7:0], datain[7:0], 16'h0000}; //A~i# 32bit, *} 0
byte_counter <= 0;
end
else if (byte_counter==3'd0) begin
data_o <= {datain[7:0], 24'h000000}; /A 32bit, %h O
byte_counter <= 0;
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; /185 Abytes Fids, 5 ram 153K
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

PSR, LR A R B Bt AT — 2 P R AT

idle JRAS: W HHUH 55, NIk ] six_55 IRA .

six_55 IRZ: WIRREIBELENA 55, MIBEF 2 spd_ds KA, ANR[E idle R .
spd_d5 IR A - i R 4k 2k B B ds, T HIE WU B T 58 R B B R T D

55_55_55_55_55_55_55_d5, FH Bk F| rx_mac &, R idle # 4.

rx_mac ARA: X —E 2R H AR MAC Ml ANJs MAC Hudik i 4 1, dan SRDG e 0 Bk % 2

rx_IP_Protocol IR#&, 75N [1] idle R4 HHT KIE

rx_IP_Protocol tR&: FIWiEHs LR B, BhEEH] rx_IP_layer IRES .

rx_IP_layer JRZS: £ 20 =51 udp MEFNEL L DL K 1P Hiuhik, Bk F rx_UDP_layer K7
rx_UDP_layer K7 : H2UK 8 Z#715 UDP (Wi 15 f UDP Hidli K, Bk#%H] rx_data KES
rx_data KA : U UDP I HE, BkEEF| rx_finish AR,

rx_finish KA : —EEIRBIGE R, BhiE 2] idle IREER N —BEIR M EIK .

2)  HdE R ERE (Gip_send)
IXANREE I N AW ram IR G2 A, FF DLIE B ) B0 B R A
(UDP) B IRFT B Ak & o TERIEZHT, BT E I AR5, H CRC K5 .
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initial begin

tx_state <=idle;
J/ESCIP sk
preamble[0] <= 8'h55; /17 A1 SRS 55, — AW AR dS
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; /] EH [ MAC bl ff-fFf-Ff-FE-FF-FF, 4> ff ) 5%
£,
mac_addr[1] <= 8'h2E; //H f] MAC #ili B4-2E-99-20-C4-61, NA IR

SEIGAE I PC It hl, BT BORYE B C PC i ME U 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; /[ MAC #ihE 00-0A-35-01-FE-CO
mac_addr[7] <= 8'h0A; J/RRYE B ORI SO T € AE

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: IP fu2 7!
mac_addr[13]<= 8'h00;

i<=0;

end

X —#4E XT BOR A AT S0, PC i MAC Hulik, JF & B MAC Hudik DL &z 1P B8R,
B B AR TE PRS2, PC i MAC Mk 75 BAR 4 EH SR R HE T 880,  PC ¥ MAC 3
HE AR AR H 40w i b BT B S, (HRTHE S AU ARAE — B, BN 82886 S o
P EHE

always @ (posedge clk) begin
case (tx_state)

idle :

begin

e_txen <=1'b0;
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crcen <= 1'b0;
crcre<=1;
j<=0;
dataout <=0;
ram_rd_addr <=1,
tx_data_counter <= 0;
if (time_counter == 32'h04000000) begin
MHER
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};
EK

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;
(e H S
ip_header[6] <= {tx_data_length, 16'h0000};
RS AT ()

tx_state <= make;

end
make
begin /1A AL Sk IR R B AT

if (i == 0) begin

[IFEFFREIR, BEbE — BU ) A —

/AT 4, BLKE: 20; P
[1EF35

//Fragment offset

//memal2][15:0] ##i¥: 17(UDP)
//192.168.0.2 JE ik
//192.168.0.3 H [tk #% Huhik
/12 A>T B R B 1S A 2 AN

/12 A7 EE K LA 2 A>T

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'bl;
end
else if(i == 1) begin

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

i<=i+1'bl;
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end
else begin
ip_header[2][15:0] <= ~check_buffer[15:0]; //header checksum
i<=0;
tx_state <= send55;
end
end

send55
begin [/ K% 8 A~ 1P B FiY:7 4~ 55,1 4~ d5
e_txen <= 1'b1; //GMIN E3fs %A 3%
crcre <= 1'b1; //reset crc
if(i == 7) begin
dataout[7:0] <= preamble[i][7:0];
i<=0;
tx_state <= sendmac;
end
else begin
dataout[7:0] <= preamble[i][7:0];
i<=i+1'bl;
end
end

sendmac :
begin /1% 31% B Hr MAC address F1JE MAC address 1 1P A28 7Y
crcen <= 1'b1; [/ere BESHERE, cre32 B AL M H ¥F MAC JH4R
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'bl;
end
end

sendheader
begin /1K3% 7 A 32bit 11 1P 433k
datain_reg <= datain; J/HE RS 75 B R IR I B
if(j == 6) begin
if(i == 0) begin
dataout[7:0] <= ip_header[j][31:24];
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end

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

else begin

end
end

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

end

senddata :

begin

if(tx_data_counter == tx_data_length - 9) begin

tx_state <= sendcrg;
if (i == 0) begin
dataout[7:0] <= datain_reg[31:24];

/3% UDP idEfy
/] R3% B e W
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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;
i<=0;
end
end
else begin
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;
i ) Kt
end
else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];
i<=i+1'bl;
end
else if (i == 2) begin
dataout[7:0] <= datain_reg[15:8];
i<=i+1'bl;
end
else if (i == 3) begin
dataout[7:0] <= datain_reg[7:0];
datain_reg <= datain;
i<=0;
end
end
end

sendcrc

begin
crcen <= 1'b0;
if (i == 0) begin

/1HE K

[IRE R E R EE

//RAM Hudibhn 1, #2E7il: RAM

/1HE K

//R3% 32 ALl cre B
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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],

~crc[7]};
i<=0;
tx_state <=idle;
end
end
end
default tx_state <=idle;
endcase
end

idle JRE: SFEAFLERT, AERG— B Al AOE — MR, BhEE 3 start IRAS .

start IRAS: RIEHHR AL, Bk 2] make IR

make R : A SLIRER N, B 2] send55 IRE .

send55 RFA&: Ki%k 8 NET TS, BkiEF] sendmac IR

sendmac IRZS: Ki% Hbr MAC Hudib, 5 MAC HihibEAl 1P 2%, Bk#% 3 sendheader R3S
sendheader IRZ: K% 7 4 32bit 1 IP £k, Bki%F| senddata R3S

senddata JR&: Ki%X UDP Fidi o, Bk 2| senderc R

sendcrc IRAS: K% 32 A cre &5%, R[] idle IR

XRE, BA— AR RIELE R, R idle IREERF F —BEHEII K.

3) CRCAREAREH Cero)
—/™ 1P B HE AL CRC32 #2502 7E H A% MAC Address JTER TN, —H
TR B — MRS — MR 91k UK CRC32 1 verilog HIRIERMZ
Wi r] PAZE DA N Nl s A 1 http://www.easics.com/webtools/crctool
4)  UDP Il (ubp)
IXANBER R B T = AN AR S A B — A B AT, R RN E R E AR
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5) TZEHILE (ethernet)
# PLL, ddio_in, ddio_out, ram LA UDP HiRsLILEITHE, FFAE ram iR
AIEANFFE 15 . (Welcome To ZGZNXP World 1),  7EBA B A KR %, FPGA
—HMEMEE, ARG, KOEREEIEE . BARSEISE TR

14.4 SEIHE

B EC IR Y testl — 2R,

FARISEZ /T, 7B SRS AU H O PC i 1P BiRE A R AR MAC ik E 4
FEXT IR, 15 LKA 2 Hs

F G P 1) AR T 2B R, ATRAE R, i 14-18 i, FPGA —ELE[A] PC i K
X5 S . 1E Wireshark 7] LLE BB ORI B 60, Wi 14-19 s

PESELERITE (CHES SN va.: 8)
PR folég iRt

(13 thixzea [Receive from 192.165.0.2 : 80807 :
UDP w| | [Welcome To IGZHKF World!
Welcome To ZGTHEF World!
2y FHpHt Weloome To ZGIHEP World!
192.168. 0 . 3 Welcome To ZGZHYF World!
R Weloome To ZGZHIF World!

(33 ]

BUEUZME% = Welcome To ZGTHYP World!
Weloome To ZGTHEF World!

|
BERR

[~ s,
v BEhiiTET

I +#HET

[ EEEEET
{E1F4HE HETT

EREERR

I~ BRAZHHER
=t i
[N EEREET
[~ {57l
I~ SHERET RS

BEER 10 =R
TR e EiE
L& Bl EE 0 Wi ooee Sfnt#|

& 14-18  RIZFFEREE

M “UKF [Wireshark 1124 (v1.12.4-0-gb4861da from master-1.12]]

- o X
Fle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
Codmi BEXT AesaTiL BEE QaaD 0Bk B
Filter: v | Expression... Clear Apply Save
Frame 6: 94 bytes on wire (7 No. Time Source Destination Protocol  Length Info
Ethernet IT, Src: Xilinx_01: 1 0.000000000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
Internet Protocal version 4, 2 0.536863000 192.168.0.2 192.168.0.3 uoP 94 source port: 8080 Destination port: 8080
User Datagram Protocol, Src 31.073716000 192.168.0.2 192.168.0.3 uoP 94 source port: 8080 Destination port: 8080
= Data (52 bytes) 4 1.610510000 192.168.0.2 192.168.0.3 uoP 94 source port: 8080 Destination port: 8080
Data: 5/656¢636f6c6520546f 52.147434000 192.168.0.2 192.168.0.3 UDP 94 Source port: 8080 Destination port: 8080
[Length: 52] 6 2.684373000 192.168.0.2 192.168.0.3 uoP 94 source port: 8080 Destination port: 8080
>
0000 b4 2e 99 20 <4 61 00 Oa 35 OL fe €O 08 00 45 00 ... .a.. 5.....E.
0010 00 50 01 30 40 00 80 78 17 8

7 7
[rlMlc2 21 00 00 00 00 00 00 00 00 00 00 00 00 00 00
["GE"Ml00 00 00 00 00 00 00 00 00 00 00 00 00 0O

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

& 14-19  FpEfE B AGEE

2 PC i) FPGA RIEEHERS, Wil 14-20 Fiar, 7 LLE BI7E— A EHE A 2)IE FPGA,
Ft H 558 FPGA IR B IO B4 ST 4T 0 5 R I% 45 PC . AP 14-21 Fio,  [RIAS R 45% Bl
T [F i e R B R IR R R, WA 14-22 Fis. FIRERE SignalTap AT LLE 3
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BRI NS AL, W 14-23 For.

M "LUER (Wireshark 1.12.4 v1.12.4-0-gb4861da from master-1.12)] - o x
file Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
Co4dmsL BRRS ¢+ TL/IBEE QaQB @aE¥B % B
Filter: | Expression.. Clear Apply Save
Frame 7: 60 bytes on wire (4] No. Time Source Destination Protocol  Length Info A
Ethernet II, Src: ba:2e:99:2 1 U.UVUUVLLLY  1YZ. lob. U £ 1uZ. Lon.u.3 uor Y4 SOUrCe POrT: HUSU  DESTINATION POFT: SUSU
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 ubP 94 Source port: 8080 Destination port: 8080
= Data (18 bytes. 4 1.610662000 192.168.0.2 192.168.0.3 uDP 94 Source port: 8080 Destination port: BOBO
Data: 6C6717665204650474120 5 2.147487000 192.168.0.2 192.168.0.3 uoP 94 Source port: 8080 Destination port: BOBO
[Length: 18] 6 2.684312000 192.168.0.2 192.168.0.3 upp 94 source port: 8080 Destination port: B080
7 2.990404000 192.168.0.3 192.168.0.2 uop 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 uppP 60 Source port: 8080 Destination port: 8080
10 4.294986000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
11 4.831847000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
12 5.368594000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
13 5.905572000 192.168.0.2 192.168.0.3 uppP 60 source port: 8080 Destination port: 8080
14 6.442441000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
15 6.979215000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 uppP 60 Source port: 8080 Destination port: 8080
>
0000 00 Oa 35 01 fe cO b4 2e 99 20 c4 61 08 00 45 00
0010 00 2e 21 a0 00 00 40 11 00 00 c0O a8 00 03 cO a8
0020 90 1f 90 00 1a 7
0030 7!
>
© ¥ Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) | profile: Default
14-20 PC RIEHH
M KR [Wireshark 112.4 (v1,12.4-0-gb4861da from master-1.12)] - o X
Fle Edit Miew Go Copture Analyze Stafistics Telephony Tools Internals Help
cCodms BERE > DTLIBE QB @@BX 8
Filter: v | Expression... Clear Apply Save
rame 9: 60 bytes on wire (4] No. Time Source Destination Protocol  Length Info ~
thernet II, Src: xilimx_0l: L U.UUUUUUULY 192, 108U, 2 192, Lok, v, 3 uop Y4 SOUrCe POrT: SUSU UESTINATION POrt: BUsY
S o] Yeeon o 2.0.536933000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
ser patagram Protocol, Src 31.073744000 192.168.0.2 192.168.0.3 UDP 94 Source port: 8080 Destination port: 8080
= pata (18 bytes 4 1.610662000 192.168.0.2 192.168.0.3 ubP 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 uop 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 3.758027000 192.168.0.2 192.168.0.3 UbP 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 upP 60 source port: 8080 Destination port: 8080
13 5.905572000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
14 6.442441000 192.168.0.2 192.168.0.3 ubpP 60 source port: 8080 pestination port: 8080
15 6.979215000 192.168.0.2 192.168.0.3 UbP 60 Source port: 8080 Destination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 ubP 60 Source port: 8080 Destination port: 8080
>
0000 b4 2e 99 20 c4 61 00 O0a 35 01 fe c0O 08 00 45 00
0010 00 2e 05 Of 40 00 80 11 74 5a <0 a8 00 02 <0 a8
0020 0 03 1f 90 1f 90 00 00 20 46
0030 7 41 20 72 a3 al|
>
© #f| Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) [ Profile: Default

[ 14-21  FPGA FECEI 1B EHTHT ELURIX S PC 3

PR PelsE diEE
[Receive from 192.168.0.2 : 50807 :
Weloone To ZGZHEP World!
Weloome To IGIHXF World!
(2 Fipiht Weloome To TSTHEE World!
192.166. 0 . 3 Welcome To ZGZHAP World!
e— Welcons To ZGZHEP World!
(3 [m]
EUBDZMEW = Welcons To ZGZHEP World!
Weloone To ZGZHEP World!
— Weloome To ZGZHEP World!
love FEGA Fosver!
AERERE love FEGA fosver!
T iEETy | [l PO foerert
fraptigtniinki ove oever!
F BsikiTen Love FEGA Eoever!
I~ 7T love FEGA Foever!
I s love FEGA Foever!
\ _ love FEGA Fosver!
BIEEE BREL |1, roa fosver!
love FEGA Eosver!
A
FEERE Love FEGA Eoever!
I BEMHEEER. .
I Bsh&iEbtni
I RERAhEE
I~ HtramleE
I #HiBRETRE
ERER 10 FW [, 7rea foever! L
i N T EiE
16 g [ RE [ Hlk e BRisl 4

[5 14-22  FPGA K% PC B2 B 1015 &
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log Trig @ 2019/05/24 152238 (0.4 4 elapsed) #1
Type| Atas

Name

el el idlicd 3

FFPRRRFFRER

14-23  FPGA 45 HHUHE I ram 172

TEERNE, LUK Ethernet 11 BURE,  LAK WIMUEL R 385 73 e /N 46 745, e
UKW i /N 6+6+2+46+4=64. [RE 4 A7 Fes, L, INER#Z 60 715,
YHHE T BN T 46 TR, MAC )2 w2 78 B0 7 B 1 5 T 4 78 DA 2 Ht i A
/NT 64 FAT. {EF UDP JRIRMEIE R, ZH KA “Hello World” SKiEAT I, {HZ “Hello
World ”F:ANi 2 55 /N R (64-46) (123K, AT A /NT 18 A1, X 5 1588 vl FH W 31 We 2
BRUNTE RS 2 1) MAC T2 AT A5, A2 18 NI 0 #h 5% (YIRS AR
W, ZPuREN I, RANT 18 AT, o BRSO BRSO, DR
WA BB I, R REE B3G 3] 18 S5 LA ERp].
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