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s Wi RGB =4 LED;

* 8 #HI LED;

o 4 BRI

o 4 PRYIEE;

o HNERIF BRI AE Sy 12MHz;

o 36 AN /O B0 G dh— B SPTAEAZ B 1R — B 1 C R 1)
o WHErHIT & T H Lattice Diamond;
o — % Micro USB #1;

o WL L&MW FPGA 4 fE4% 5

o 3 MICO32/8 B AL PR 5

o MRS 52mm X 18mm,
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Intel(Altera) R FF ZMAIE 3. 12 iR,

ALTERA MAX10
10M02/10M08  4f& it JF 3
HLIR/ G 16 R LED

SVHLYED [ ) @, ©.0.0.0,0,0,0,0.0.0 0i¢ GND

MicroUSB

3.3VHLIES [

RGB LEDX2 AR s
2T BRI 8iKELED
USB Blasterfiy #k 4 o

Poeeooeveeeeececeoon

-
-
-

GPIOX 36 12MHz i
3.12 Intel(Altera) & 5| FF & 1)

fEEGEIRANT .

(1) #o#5 . Intel(Altera) 10M08SCM153,

o 153 ) BGA %5, 51 #IE#E 0. 5mm, s AR 5F 8mm X 8mm;
o L HLBERE B

* 8000 4~ LE %8, fie K 172KB JH 1IN FF,378Kb RAM;
« 2% PLL;

o 24 BEAERITE RS

+ % 4% DDR2/DDR3L/DDR3/LPDDR2 f7fi# % ;

o 112 ™MH P GPIO $:11 5

o 3.3V HLEfLEH

(2) MRERBEIE

« P RGB =, LED;

« 2 }H P LED;

o 4 BRI

o 2 BRYREE;

* 36N ATY R IO A

o THEAYIF L T B Intel Quartus Prime;

o — % Micro USB #:M ;

o —/N10 51 H JTAG w2 1

o HFENRS 52mm X 18mm.,
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3.3 FPGA A X ik E =Bl

3.3.1 Lattice Diamond J}%& FPGA S (L) STEP MXO02 JF%
B 5D

T R ATT T b T R B A A T A LA LED 2B MR R L SE R E 2 AR — AR T

1. Lattice Diamond %k f4 i) %2 3%

Lattice Diamond #1223 1 WM o B2 3R AT PR 58 35235 7T LATE Lattice B MITE
W 5% 2Z )5 AR Diamond 1Y 42 3640, , Gl i M 4% A+ 5041 100 0 2% 3 bl 4 9% H 3 8 Rl IE, 4T I
A RE LUS BDVRTE A . IR AT E AR Diamond JF & FPGA i fe .

2. HEIR

1) & Project

Wit iz 47 Diamond 314, & 5e & T.# . 1% # File— New — Project = Next % i,
Diamond 4 ##E FPGA TR W E W& 3. 13 fix.

# Lattice Diamond - Start Page - a X

File | Edit View Project Design Process Tools Window Help

New M & File... Ctrl+N |
Open * [ Project.. Ctrl+shift+N_ [ & @ |
Add i Implementation... & x|
Close Ctrl+F4 Strategy... |
Azl Project: ~| | Release Notes FPGA Design Guide |
Close Project @ Open. ... Lattice Diamond Software Design Planning |
H save ctr+s Brer... WIl( 3-12 Release Notes HDL Coding Guidelines |
Save As... i - - User Guides Timing Closure
g saveAll Ctrl+Shift+S ~] | Latice Diamond 3.12 g 4her Tool Guides
8 Software Update Center Release Notes
Save Project . . . ModelSim Users Manual
. Currently running Lattice Diamond softwvar Lattice Diamond 3.12 User
Save Project As... LT N, Guide ModelSim GUI Reference
Archive Project... i X Lo T ¢ Manual ¥

Discard Modified Preferences
g X

Print Preview...
Print... Ctrl+P

i =

Recent Files

P »
Recent Projects fo Find Results

Exit Mem Usage: 114,420 K

# 3.13 Diamond X4 # & FPGA TiETNH

2) L4

FATHs B TR A4 N LED_shining, 8 TR AE H 5% . Diamond #0437 8 TR fir 44 -
A7 B U an i 3. 14 FiR .

3) Wit

N — 4T LA AR DG 38E TT SO B 2 R SR Cn SR B A BT SO A S SR B AT T A
TEFRS M TR« ok BFRATH A TR A M OGSO AT N, B4 By Next 24 ,

1) fRfiE

¥t B STEP FPGA JF &M F LCMXO02-4000HC-4MG132C [t B (2% 8 515 20 25 1 A
E B, 75 0 5 B B A 2 R4S ) . Diamond KR 37 # FPGA T -1k £ 4% 1 B -5 L i 4
Kl 3,15 iR,

5 LG TH

Synplify Pro (% = J7) I Lattice LSE (J£ J ) #8w] DL, 3 AT 5k fff A Lattice LSE,
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** New Project ? X
Project Name 2.
Enter a name for your project and specify a directory where ‘)\)’vs‘)
the project data files will be stored. 4
Project:
Name: [LED_shining |
Location: [F:/LED_shining V| ‘ Browse. ..
Implementation:
Name: [impll |
Location: fF:/LED_shining,"impll |
l < Back ‘ | Next > | | Cancel ‘

E 3.14 Diamond RGHFEIREGZ-REEZTE

** New Project

Select Device
Specify a target device for the project.

X

<
<
“02’&,

<

S

Operating conditions:

T Max Programmable I0s: 104
‘Commerc:.al -]

Part Names:
[LoMx02-4000HC-4MG132C ~|

Select ASC Device:

External ASC Numbers

Part Names Device
L-45C10-15G481

Online Data Sheet for Device

Select Device: Device Information:

Family: Device: Voltage: 2.5V /3. 87
LatticeXP2 A | [LCMXO2-2000ZE A LUTf 4320
MachXO LCMX02-4000HC Registers: 4320
MachX02 LCMXO02-4000HE EER Bits: 92. 2K
MachX03D LCMXO02-4000ZE EER Blocks: 10
MachXO3L LCMX02-7000HC Dist RAN: 34560
MachXO3LF LCMXO02-7000HE DSP: =
Platform Manager LCMX02-7000ZE ELI 9
Platform Manager 2 - i DLL: 0

o | > PCS: -~

Performance grade: () Package type: APIO: =

4 ~| [csBca132 ~] || PIO Cells: 280

PIO Pins: 105

‘ < Back H Next > H Cancel

3.15 Diamond X # & FPGA L E-EF S4B STH

Diamond /48 & FPGA TR - 445 T HTH K 3. 16 frn.
6) T*I’fl’l u_a\%u\

TR R T (5 BOERAE X L, B AR A R, H 3 Finish #%41. Diamond 4

%@H@AT@%&%@ﬁE@@&N%ﬁD
&gt
T’TIE 2 A FRAT T T S B SO, % File—> New — File i

% ¥ Verilog
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Files(EH B S # A E AR 1EF ), Name 3HE LED_shining, & J5 8 i New &4, iX ££
FAT AR T — AT X LED_shining. v, 8% J5 3 AT 56 AT LUE B 31 34 ih b 4T 45 2
T . Diamond FPGA F&-W i iH AT man & 3. 18 iR .

*» New Project ? X
Select Synthesis Tool .>‘>\)
Specify a synthesis tool for the implementation. {Qy

Synthesis Tools:
O synplify Fro
Precision

@ Lattice LSE More information

‘ < Back || Next > H Cancel

3.16 Diamond 343 E FPGA TR-EBREAITETH

* New Project 2 X
Project Information ‘})\)
The new project will be generated with the following specifications. *’v’)‘)
L 4
Project:

Project Name: LED_shining

Project Location: F:/LED_shining
Implementation Name: impl1
Device: LCMX02-4000HC-4MG132C
Synthesis Tool: Lattice LSE

‘ < Back H Finish H Cancel

B 3.17 Diamond 34 #7# FPGA TE-ERFETRE

* New File ? X
Categories: Source Files:
Source Files %) Schematic Files &
Other Files ¥ Verilog Files
Y& VHDL Files

B EDIF Netlist Files
By Preference Files
E SN Filec v

IVerilog Files I

Name: |LED75hining | Ext: |V 'l

Location: |F:/LED_shining | Browse. ..

[ 4dd to Implementation |imp11 |

| New || Close |

3.18 Diamond FPGA F & -F Mi%it X1 @
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P IE S 3. 1 FR B A0S &2 1 211 3CF LED_shining. v 1, IR/ 17 .
% 3.1 LED_shining # 3R Verilog /X3

module LED_shining (

input clk, //clk = 12mhz
input rst n, //rst_n,active low
output ledl, //ledl output
output led2 //1led2 output

)i

parameter CNT 1S = 12 000 000 - 1; //time 1S
parameter CNT 05S = CNT 1S >> 1; //time 0.5S

reg [23:0] cnt;

always @ (posedge clk or negedge rst n) begin
if (!'rst_n) cnt <= 1'b0;
else if (cnt >= CNT 1S) cnt <= 1'b0;
else cnt <= cnt + 1'bl;

end

wire clk div = (cnt>CNT _05S5)? 1'bl : 1'b0;

assign ledl = clk_div;
assign led2 = ~clk div;

endmodule
4. &&

BFRE TR, & B G, 1M LM Process £, #£ # Process, X i Synthesis

Design, X #7456 . 28 5 58 )5 Synthesis Design 78 X4 (U028 o X5, U6 S
A AR, AR A AR R B S )  Diamond FPGA JF & -454 v i an & 3. 19 Fs .

@ Lattice Diamond - Source Editor - [F/LED_shining/LED_shining.v] — a X
File Edit View Project Design Process Jools Window Help
AveEvHa8 ray YN GERAAAG B8 BEET
PELRABCEFSVHEGA=Y s QoVNR>” RFEEZE 6
Process 8 %X| @ Start Page [ Reports ) |7 LED_shining.v »ox
v % Synthesize Design [©module LED shining (
% Lattice Synthesis Engine input clk, //clk = 12mhz
v & Map Design input rst_n, //xst_n, ive low
2 Map Trace output ledl, //ledl output
2 Verilog Simulation File output led2 //led2 ocutput
[] 2 vHDL Simulation File R
b .
¥ Place & '°""°“'9"‘ parameter CNT 1S = 12 000 000 - 1; //time 1S
# Place & Route Trace parameter CNT 05S = CNT 15 >> 1; //time 0.58
4 2 VO Timing Analysis = =
v 2 Export Files reg [23:0] cnt:
& IBIS Model Oalways @(posedge clk or negedge rst n) begin
& Verilog Simulation File if (1rst n) cnt <= 1'b0;
[ @ VHDL Simulation File else if (cnt >= CNT_1S) cnt <= 1'b0;
[ 2 Bitstream File else cnt <= cnt + 1'b1;
[ 2 JEDEC File jjond
wire clk_div = (cnt>CNT_05S)? 1'bl : 1'b0;
assign ledl = clk div;
assign led2 = ~clk div;
endmodule
Fil Pros Bierarchy——Post Syn™ < >
[Output & x
Elapsed CPU time for LSE flow : 0.484 secs
Done: completed successfully
v
7buzput Tcl Console  Error  Varning Info* Find Results
Ready Mem Usage: 130,532 K

3.19 Diamond FPGA A& -Z&TH



44 NI JFPGAHFEIRRITRIT Y ZHk

2R T FRAT A AR B 25 A B T R B, A R EL A H B FRATT AT D i R
Tools—>Netlist Analyzer & F (U PR Lattice WS TH. B =S5 THLEEER),
RT3, 20 R,

Diamond FPGA JF &-# & 45 & 45

@ start Page [ [ Reports [ [ L&D shining.v £) M Wetlist Analyzer )
o |  Instances)
@ |2 & porsi)
e T Nets(9)
> T Clocks(1)
-]
= g
X - % cnt 23_T0_14
-] 24’5101101110001101011111111 a[23:qL, A
L] -
-
»

24’ bood

wn*Se
44

clk[>

3.20 Diamond FPGA F & -BE &

5. SESIHMmEMLE

Pa
A

HERINE

A B G . /BT I, Y6 $E Tools— Spreadsheet View &I, # A 3. 21 /B
FPGA B, 4R 5% % IOTYPE B LVCMOS33, f#7#. Diamond FPGA F %&-4 I 5| 14 o1

WA 3. 21 fifmw.

@ Start Page B Reports (3

[ LED_shining.v [

B Fetlist Analyzer [

@Spreadsheet Vier + @

&

& Name Group Bv
m; 1 v 2 All Ports N/A
=14 v ® Input N/A
=
o |11 v = Clock N/A
= 2144 B ck NA
o |
112 ® rst_n N/A
kil 12 v <l Outpt  NA
B (11.21 ledl  N/A
-

I11.2.2 led2  N/A
2|
£
& |
m <

Pin
N/A
N/A
N/A
C1
L14
N/A
N13
M12

BANK BANK VCC VREF

N/A
N/A
N/A

N/A
N/A
N/A
Auto
Auto
N/A
Auto

Auto

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

10 TYPE
LVCMOS33
N/A
N/A
LVCMOS33
LVCMOS33
N/A
LVCMOS33
LVCMOS33

PULLMODE DRIVE SLEWRATE CLAMP

N/A
N/A
DOWN
DOWN
N/A
DOWN
DOWN

N/A
N/A
N/A
NA

NA

N/A
8

8

N/A
N/A
N/A
NA
NA
N/A
SLow
SLOwW

N/A
N/A
ON
ON
N/A
OFF
OFF

Port Assignments Pin Assignments

& 3.21

Diamond FPGA 7 %&-4 Bt 5| Bl A @

Clock Resource

>
Route Priority  Cell Mapping = Global Preferences Tining Pr4|p

TERRA 22 Process #2, 4% Process, B4 M7 Place&.Route Design 58 AR B i £k,
IR Ry A 2 AR W A 5 0 BE R 28 AR T S 2 BT AL, Diamond FPGA I & -Af Jay A % 11

WA 3. 22 .
6. WHEEXH

Wit Export Files, T A 7 Jay A7 4 i KR 58 L. 45 R 5 T A 396 T 52 78 XF 2], Diamond
FPGA FF A -A Bc B SCAR T mi an & 3. 23 s .
B AT E B T — R SO AR B, R AT AR 28] FPGA

7. THEE 2| FPGA

STEP MXO2 F &M g f s i B2 E W2/ Y & # b, Rt RFTEE—4R USB £
FFEAUAGE . 5t AT LA 52 AL B R0 4 A2 00 2 B L 9K 3 22 28 4 DLJS el nT DL B g i T 2 R

FFT,



v % Synthesize Design

% Synplify Pro
% Translate Design

v % Map Design
2 Map Trace
2 Verilog Simulation File
2 VHDL Simulation File

v % Place & Route Design
% Place & Route Trace
% 1/0 Timing Analysis

v 2 Export Files
] 2 IBIS Model
[[] 2 Verilog Simulation File
["] 2 VHDL Simulation File
[] 2 Bitstream File
2 JEDEC File

& 3.22 Diamond FPGA F .-G RH&TTH

B 4 B 58 BRI R T BB T A AR R T R B T B AT S L% #% . Diamond FPGA

FF R B WA 3. 24 Fiw.
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Process
v % Synthesize Design
% Lattice Synthesis Engine
v % Map Design
% Map Trace
% Verilog Simulation File
% VHDL Simulation File
v % Place & Route Design
% Place & Route Trace
% 1/0 Timing Analysis
v & Export Files
% 1BIS Model
% Verilog Simulation File
% VHDL Simulation File
% Bitstream File
%{ JEDEC File

File List Process Hierarchy———Fost Map Resources

3.23 Diamond FPGA F&-£EBEE X4 TE

& 3.24 Diamond FPGA FF & R T £ i #

¥ F¢ Tools—>Programmer Y3 , £ 8 F #k %8 HW-USBN-2B(FTDD . % J5 ¥ OK, i
A Programmer A1, 7£ Programmer F . .15 £ ] Detect Cable, H 34 Cable {75
HW-USBN-2B(FTDD , %X J&5 #.di & 3. 25 H (%) Program, Diamond FPGA JF %&-F2JF F #

T A E 3. 25 TR,

# Lattice Diamond - Programmer - impll xcf - o x
file Edit View Project Design Process Jools Window Help
Ard-BFR PaiP0 GERAAQA O SRS
THEHORECHLOEKCAQ 1 QoWR> RERZE @ |
[Pile List SX @surtPuge O Mhepors O F Uiishivingy O ¥ L shining thov 0 4 Pregramser - lapll.xef ¢ 0 o
v [ LED_shining Al = @ee | elm pogam
= LS oo Enable Status Device Family Dewce Operation ¥ all
v [ Strategies = Cable Settings
W Area 12 MachX02 LOMXO2-4000HC | FLASH Ermse Program Verily  FALED shining/impl1/LED_
.
@ Quick Cable: W-USEN-28 O -
B Timing =
71 srategy! ? Port: FrUSE-0
v [ implt E Custen port:
i &
A “'m“*' " o Frograsaing Speed Settings
1@ LED shining thy i ® Use default Clock Divider
Synthesis Constraint Files . O e custen Clock Divider
v |1 LPF Comtraint Files 3
o o 3 O Divider Sutting s
Debug Files
v [ Script Files 1/0 Swteings
[ LED_shining_tb/LED_shis » ® tes default 1/0 settings
- i s O Ve camton 1/0 settings
File List  Process  Nisrarchy < > wi|
fotpat #x
INFO - No Lattice HW-USBN-2A cable detected.
INFO - Mo lattice WN-DLN-3C (parallel) cable detected.
INFO - Detected HN-USBN-2B (FTDI) cable at port FTUSS-O0. v
Output  Tel Consels  Brrore  Warningd  Infes  Find Besults |
[Ready Mem Usage: 135,156 K

& 3.25

Diamond FPGA F.(-BF THTH
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7R PASS, #8 58 i, WEE STEP MXO2 JF & H i LED 28 B Nk, W F R 18 2h 1

8. ®itfHE

EEFRATIE R T A TRAY I Ko AR L R A o 7 B 0 TR 2R B TR T & T B U
G 7 B4R RIE A MRy BT 2 R R P AF G IRATR B R . iR R 2 X R
fHd A B W F) Modelsim 30417 D0 RED5 B . & B AT testbench ST, FAT M 7
s S —#¢ 1% ¥ File>New—>File—~> Verilog Files #£ %, Name {5 LED_shining tb,
SRJG Hifi New #%41 . FPGA BIH7 U4 B 3O vUTE an &l 3. 26 fis

® New File ? ¢
Categories: Source Files:
Source Files & LDC Files ~
Other Files |

B3 Power Calculator Files
R Reveal Project Files
$) Schematic Files

¥ Verilog Files

Y& VHDL Files

B EDIF Netlist Files

[Verilog Files |

Name: ‘LED_shining_tb | Ext: ‘v "

Location: ‘F:/LED_shining I ‘ Browse. ..

[V] 4dd to Implementation [impll ]

New Close

E 3.26 FPGAEIHHFE-RMAEXHITE
MR ERS AT, Z#15) LED_shining th. v XA, I T HEHE, FAI7E LED_
shining_tb. v ## ] LED_shining #8eibf CNTI1S T AE & 19, LED_shining # e &
Y AF LED shining th. v W{CHY 3. 2 s,
%3 3.2 LED_shining # 3 {7 H 3 ¥ LED_shining_tb. v

“'timescale 1lns / 100ps

module LED shining tb;

parameter CLK_PERIOD = 10;

reg clk;

initial clk = 1'b0;

always # (CLK PERIOD/2) clk = ~clk;

reg rst n; //active low
initial begin

rst n=1'D0;

#20;

rst_ n=1'bl;
end

wire ledl, led2;

LED shining# (.CNT 1S ( 19 )) u LED shining (
.clk ( clk ),
.rst n (rst.n ),
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.led1 ( ledl )
. led2 ( led2 )

)i

endmodule

SRGTEEKAG 22 Process #2 , % #% File List, %3] LED_shining_tb. vOAGURAED) Ao . %k
#% Include for>Simulation #£51, FPGA i H -5 & 05 5 SC/F & M TUm an1&l 3. 27 iR,

# Lattice Diamond - Source Editor - [F/LED_shining/LED_shining_tb.v] - o X

Eile Edit View Project Design Process Tools Window Help
AvEv-daB rayh QCERAAA]| BE T
PESABCNGCHEGA=QIQSONRY BER

B e

[ LED_shining.lpf
Debug Files

INFO - F:/LED_shining/L
INFO - F:/LED_shining/L
Done: design load finis

Open Containing Folder

initial clk = 1'b0;

LED shiningv___ 75 always #(CLK_PERIOD/2) clk = ~clk;
\ oo
Synthesis Constraint ~ Open reg rst n; //active low

v [| LPF Constraint Files Open With... i

initial begin
rst n = 1'b0;
#20;

IFile List & X D shining.v £ [ Fetlist Analyzer £ & Spreadsheet Viev [  [¥ LED_shining tb.vE 4|}|s «
[ 1/0 Assistant Al ‘timescale 1ns / 100ps A
[ Quick [©module LED_shining tb;
[# Timing
[ strategy1 parameter CLK PERIOD = 10;
v [ impl1
v [ Input Files reg clk;

Set Top-Level Unit...

Select Synthesis Tool...

Script Files nac 2 rst n = 1'bl;
AnalysisFiles Clone Implementation... ot
Programming Files Clone Strategy... i
Find Files... wire ledl,led2; v
File List Process  Hier Exclude from
[Output. Remove 8 x

VERI-9000) elaborating module 'LED_shining tb'
I-9000) elaborating module 'LED_shining unig 1'
warnings

Synthesis and Simulation |

Sﬁmesis ’
B 3.27 FPGAZITFE-EEFEXHEERE

A TAESE W, FRATTE £ Tools— SimulationWizard— Next ¥ 10 , ¥ I & 37 45 H T 2.,
Lattice Diamond 3. 12 JRAS &K H 4 ModelSim £5 2L T. E., E 4% ModelSim CERIA) , T2
ZFRIE LED_shining tb, T2 42 BRINBI AT, SR J5 i Next #5641, FPGA B {h H-3k
PO T HITmEm A 3. 28 prs,

Properties
s

Output  Tcl Console

Ready

Mem Usage: 134,336 K

“2* Simulation Wizard ?

Simulator Project Name
Enter a name for your simulator project and specify a directory where the project file
will be stored.

Project name: |LED_shining_tb |

Project location: |F:fLED75hining ‘ , |

Simulator
@ NodelSin
Active-HDL

l < Back H Next > H Cancel

E 3.28 FPGAZiItHE-EEMEIENHT

P RTL i EH ., F—#/2 3k Copy Source to Simulation Directory, X )5 .17 Next
T4 I ModelSim 84, FPGA & it H-#% 4% RTL %5 it man &l 3. 29 frow.

J2 3l ModelSim 4, 7] LA EH A F testbench 3 28 & ) I FF 28 4k, AH 3L F LED
shining #H i B 28 & f IS 7, AT DGE IR 3. 30 A IR IG5 = WAVE i 0., FPGA
B E-1E ModelSim H #4445 5 ST AN 1A 3. 30 7w .
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2 Simulation Wizard ? X

Process Stage
Indicate what process stage of the FPGA implementation strategy you wish to simulate.
hvailable stages are automatically displayed.

Process Stage

@ RTL

O Post-Nap Gate-Level

(O Post-Route Gate-Level+Tining

[ < Back ll Next > H Cancel

& 3.29 FPGA i&it{HiE-1£#¥ RTL R{FETTH

ﬁ ModelSim Lattice FPGA Edition 2020.3 - a X
File Edit View Compile Simulste Add Objects Tools Layout Bookmarks Window Help |
0-ERLE IRRN2 (0-AEFE| 2298 3] S2ERH]| $A 11222 || vrsimine EIEEEY

Cobmnayot Detaute doaae i cwausBtes F uxtRBBEe DB RAALIA]
{3 5 - Defautt : < # 8 x| x| | Processes (Actve) —————
|instance [Design unit vl
=4 LED shining_tb __ LED_shinin¢
[+ u.LED_srung LED. s RSN
9 #ALWAYS#8 LED_shinin¢| # clk
& #vsim_capacity# # rst.n
* ledl
Sled?
=¥ cnt
¥ clk div

Y | el
X e L= U T
R Transorpt
T Loading work.LED_shining_tb

# Loading work.LED_shining

# .main_pane.wave.interior.cs.body.pw.wf

vstM 2>

[ Project : LED_shinng_th Now: 1us Delta: 2 sm:AED_shining_thAu_LED_shinng 4

B 3.30 FPGA igit{fE-7 ModelSim FFE MY ERESRE

£ WAVE % F 5 B AR N 4 I ] B S5 5 B P . FPGA B H-7E ModelSim
HRO RS S e T A0 3. 31 iR

ol Wave 5 (=] x
File Edit View Add Format Tools Bookmarks Window Help

Jﬂ-sn'a‘ &

clk
rst_n
cnt
clk_div
ledl
“ led2

ursor 1 120 ns

Sl ———— e

mmnsmusmnnt st

B 3.31 FPGA i&it{iE-7E ModelSim M BESHEFETHE
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2 FATSE M T A Diamond #BAF#E4T FPGA JF & 19 56 5 hi 72
3.3.2 Intel Quartus Prime JF% FPGA SZf (L) STEP MAX10
FEEAR KD

1. MGERE

Quartus Prime & Intel(J Altera) 24 7 B %5 & 1% PLD/FPGA JT & #k 4, % 1 6 J1 i
KABDEHWZ W AR ER A s — Dhaefh 5% 5 &R 5. Quartus Prime
A Lite,Standard #l Pro = AN A, AN [A] iU A ] 3 FH A & 2 FL D e AN [a), Hodh Lite AT T
MAX10 &% FPGA WTF %k . i H &G 21,

T AR B A FIERAE R SE, Rl 2) 2 Quartus Prime . ModelSim-Intel
FPGA Edition Ml MAX 10 RIS 50HF . RE A LAE Intel FPGA H MR 0, B AR T 20H
LA BRI TR,

2. HEIR

D TR

Wi Quartus F I Bl A5, G s B4, B i File—>New Project Wizard % 7 5 #. i;

Home T H 1Y New Project Wizard &l #57, Quartus Prime Lite Edition # {4 % m 40 &l 3. 32
R .

@ Quartus Prime Lite Edition - >4
file Edit View Project Assignments Processing Tools Window Help
D&Q [ > | sese BrY R QADE o
Project Navigator| # Hierarchy v AH@R | ®Home X 1P Catalog Ye®
» Compilation Hierarchy Device Family | MAX 10 (DA/DD/DF/DC/SA/SC/SL) ~

Recent Projects

BLED_shining.qpf (F/FPGA_Projects/l

a x|

~ @ Installed IP
~ Project Directory
N¢

New Project Wizard Selection Available

~ Library
» Basic Functions
» DSP
» Interface Protocols
» Memory Interfaces and Controllers

» University Program
® Search for Partner IP

]
2l (o]lal[a] [A] [¥ <<riter>> O8cind... | #8Find Next

® Type 1D Message

H
«

£| system | Processing

0%  00:00:00

3.32 Quartus Prime Lite Edition %% {4 52

2) TRHZ AREY
GEE: TREHEZEPARADE . ZSE5F PP . Quartus Prime B THE-E THEA
FRANH % G AN 3. 33 Fis .
THHEZ. EEFE TREME S,
TRAK. S TRAK,
TR BT AR BETE SO b T2 A5 B 44 FREE R T/ &4 Bk A )
TREZEAY . 3E# Empty project,
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@ Quartus Prime Lite Edition

w Project Assignme Pro g Tools Window Hel

] nnec v SO DrF KO OAVE o

Project Navigator
» Compilation Hierarchy

» Hierarchy v

L%, NewProjectwaana I & openprojec

Search Intel FPGA | @
1P Catalog sam
Device Family |MAX 10 (DA/DD/DF/DC/SA/SC/SL) ~
Ly x| 5
v @ Installed IP

(O New Project Wizard
Directory, Name, Top-Level Entity
Whatis the working directory for this project?
E/FPGA_Projects.
Whatis the name of this project?
LED_shining]

Whatis the name of the top-level design entity for this project? This name is case sensitive
and must exactly match the entity name in the design file.

LED_shining

» P Assembler (Generate progran’ Use Existing Project Settings...

» P Timing Analysis

Help <Back || Next>

Einish | Cancel

~ Project Directory
No Selection Available

~ Library

Basic Functions

0sP

Interface Protocols

Memory Interfaces and Controllers.

Processors and Peripherals

University Program

© Search for Partner IP

+ Add

& 3.33

3) Wit sc

A SR A BT SO 7R 25 T T AN 0 L AT DU B, TR T A 5 S A

3.
4) AF

WAETIT & S8 1) FPGA 35 #5565 W g 4 85 (10M02SCM15317G/10M08SCM153C8G)

T R 3. 34 TR,

Quartus Prime fZ TE-EE T REZMRMERTE

& New Project Wizard
Family, Device & Board Settings

Device Board

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

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

Device family

Show in ‘Available devices' list

Eamily: | MAX 10 (DA/DD/DF/DC/SA/SC/SL)

% ‘

10MO8SCM15317G|3.3V 8064 |387072

[112

Package: \ MBGA N
Device: | MAX 10 SC 2 | | o —_— 153 -
Target device Core speed grade: ‘7 7
Auto device selected by the Fitter Name filter: ‘
(@) Specific device selected in 'Available devices' list [V/| Show advanced devices
) Other: n/a
Available devices:
Name Core Voltage LEs  Totall/Os GPIOs Memory Bits bedded multiplier 9-bit el El
10M045CM15317G 3.3V 4032 112 112 193536 40 1

‘ Help ‘

‘ < Back H Next> H FEinish H Cancel ‘

3.34 Quartus Prime T E TE-EFEFGHNSESTE
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5) EDA T HiE#
PFESE =07 EDA T H 0RO 75 20T DU #EEE = 7 45 sl fif B TR G =5 THTE
B ANE R E R B AR L X R AT E B ModelSim T HAfjj B, Quartus Prime #t
TR A T B T R U A 3. 35 PR .

& New Project Wizard X
EDA Tool Settings
Specify the other EDA tools used with the Quartus Prime software to develop your project.
EDA tools:
TTool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synt... | Synplify ¥ |vaM ¥ || Run this tool automatically to synthesize the current design
Simulation ModelSim ¥ |VerilogHDL  ~ I Run gate-level simulation automatically after compilation
Board-Level Timing ‘ <None> = ‘
Symbol | <None> = ‘
Signal Integrity | <None> v ‘
Boundary Scan <None>
1 Help ‘ < Back ‘ \ Next > | ‘ Einish | | Cancel 1

& 3.35 Quartus Prime HIZ TE-EREEMHBEIETR
6) I*I{H;u\%ﬁ\
BN T RRAR N A 15 B, 0 R 2 B il Back % £ AR 148 2, 25 8 A B, U BA o Finish
8 . Quartus Prime i TR-THEE S IATTERANE 3. 36 iR,

O New Project Wizard X

Summary

When you click Finish, the project will be created with the following settings:

Project directory: E:/FPGA_Projects
Project name: LED_shining
Top-level design entity: LED_shining
Number of files added: 0

Number of user libraries added: 0

Device assignments:

Design template: n/a
Family name: MAX 10 (DA/DD/DF/DC/SA/SC/SL)
Device: 10M08SCM15317G
Board: n/a

EDA tools:
Design entry/synthesis: Synplify (vQM)
Simulation: ModelSim (Verilog HDL)
Timing analysis: 0

Operating conditions:
Core voltage: 3.3v
Junction temperature range: -40-100 @C

; Help ; < Back ‘ Next> \ Finish ‘ | Cancel

3.36 Quartus Prime TETE-TEREEHIATE
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3. RMMIE X H

(1) #EF% File>New I, S T AR P New #24, ik+%
A, By OK 4 Quartus 8258 @ 34T IF Verilog 30,

(2) TEHHEW Verilog X H #17 Verilog HDL 104 4 5 |

Verilog HDL File 3¢

A7, 4 A LED _

shining. v, BRSNS 3. 3 fr/n, Verilog HDL USR5 (R AF TR WA 3. 37 AT R,

@ Quartus Prime Lite Edition - E/FPGA_Projects/LED_shining - LED,_shining
File Edit View Project Assignments Proce: ools Window Help Search Intel FPGA | @
O d +O0 2C  |LED shining v /68 DD QAE @
Projecklavigator  Hierarchy ~ ez l S New IP Catalog T
Entity:Instance. LS x| %
 MAX 10: 10MOBSCM15317G New Quartus Prime Project ~ @ Installed IP
=g ~ Design Files L
* LED_shining -
): g AHDL Fle Project Directory
Block Diagram/Schematic File No Selection Available
EDIF File ~ Library
Qsys System File » Basic Functions.
State Machine File » DSP
SyssemVeslog DL FilE » Interface Protocols
TclScriptiile » Memory Interfacesand Controllers
» Processors and Peripherals
~ MemoryFiles » University Program
o = Hexadecimal (Intel-Format) File @ Search for Partner IP
[Fasks Compilation mdes Memory Initialization File
Task. £ ~ Verification/Debugging Files
" [~ P Compile Design In-System Sources and Probes File
= - Logic Analyzer Interface File
P> Analysis & Synthesis Signal Tap Logic Analyzer File
» B> Fitter (Place & Route) University Program VWF =
» B> Assembler (Generate program R -
» B Timing Analysis B oK Cancel || Help
< » + Add...
®
At [of(a](a] [A] [¥ <<Fiter>> 88Eind... | | 88Find Next
®Type 1ID Message
© 253020 Default device 10MOSDAF484C8G is automatically selected for the device family MAX 10
8
(K >
£| System(1) | Processing
0% 00:00:00

3.37 Verilog HDL RBHEE RERHT

K55 3.3 Intel FPGA F % £ %] LED_shining, v

module LED_shining
(

input clk in, //clk_in = 12mhz
input rst n in, //rst n_in, {KHL A RL
output ledl, //ledl %

output led2 //1ed2 %
)i

parameter CLK_DIV_PERIOD = 12_000_000;
reg clk_div=0;
//wire ledl, led2;

clk_div;
assign led2 = ~clk div;

assign ledl

reg[24:0] cnt = 0;
always @ (posedge clk in or negedge rst n_in) begin
if(!rst_n in) begin
cnt <=0;
clk div<=0;
end else begin
if(cnt= = (CLK_DIV PERIOD- 1)) cnt <= 0;
else cnt <= cnt + 1'bl;
if (cnt <(CLK_DIV_PERIOD>> 1)) clk _div <= 0;
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else clk_div <= 1'bl;
end
end

endmodule

4. FHESF

(1) WFEE AR Processing— Start—Start Analysis & Synthesis 3 ,

) Start Analysis &. Synthesis %4l , Quartus Prime 43445 & 1 VE 5 BB TR AN & 3. 38 FiR,

3 Quartus Prime Lite Edition - E/FPGA_Projects/LED,_shining - LED,_shining
File Edit View Project Assignments [§ Tools Window Help

@ stop Processing Cuteshiftee
AR E > "I B Start Compilation CtrisL
>roject Navigator ~ [ %) Analyze current Eile
* Files

T LED_shining/LED_shining.v

Update Memory Initialization File

@ Compilation Report

@ Dynamic Synthesis Report
# Power Analyzer Tool
SN Analyzer Tool

" Start Hierarchy Elaboration
# Start Analysis & Elaboration

%4 Start Partition Merge
" StartFitter
¥ Start Assembler

15 assign ledz © Start Timing Analyzer Ctri+Shifts T
16 & Start EDA Netlist Writer
17 reg[24:0] cnt=0; : Sien Assi
18 —a1ways@(posedge c]Lm or neged| 3 StartDesign Assistant
19 g if(irst_n, % Start Power Analyzer Ctri+Shift+p
Fasks. Compilation v s@es 52 ¥ Start SSN Analyzer
Task - ;g end 1 %", Start Rapid Recompile
if (cnt==(CLK_DIV_PERIOD:
- e Desig %4 e1§e c"t( LK DEYLPERI! % startsignal Probe Compitation Ccutishiftyl

if (cnt<(CLK_DIV_ PERIOD>.
else clk_div <= 1'bl;

Start 1/ Assignment Analysis

[0 Aot ] <mmss

» B> Fitter (Place & Route) 27 end ¥ start Check & Save All Netlist Changes
» B Assembler (Generate program §§ end Start Equation Writer (Post-synthesis)
» B> Timing Analysis ~ 30 endmodule Start Equation Writer (Post-fitting)

< L3 < Start Test Bench Template Writer

® % Start EDA Synthesis

2lfan] [of[a][a] [A] [ <<Fiter>> 88gind...| | 88Find Next |

“|Type I Message

© 253020 Default device 10MO8DAF484C8G is automatically selected for the device family MAX 10

‘

System (1) | Processing

> Messages

1 d

f the files in ig y of the current top-level entity

& 3.38 Quartus Prime 974 & 1%
(2) Quartus B2 5 WM 25 A, & W iT I A a3, 25

A BB A, [R) B 22 ) BE X 2) . Quartus Prime %5
& 3.39 TN,

Synthesis

{3 Quartus Prime Lite Edition - E/FPGA_Projects/LED shining - LED shining
File Edit View Project Assignments Processing Tools Window Help

ESBTE
4 Tasks #4

I\ 22

7!3

- a X

Search Intel FPGA |@

1P Catalog
- x| =

o |~ @installed 1P

~ Project Directory
No Selection Available
~ Library
Basic Functions
DSP
Interface Protocols
Memory Interfaces and Controllers
Processors and Peripherals
University Program
© Search for Partner IP

+ Add..

0%  00:00:00

F1 Analysis &
B 7R £5 G 4 R DU AN

- X

Search Intel FPGA |@

D@ #0609 C [LED shining v /e s DrE KD CAVE @
[Project Navigator @ Files v Q@B G IED shiningv X | @ Compilation Report - LED _shining X 1P Catalog
<
ol - Table of Contents EEl 7 1ov Summary
™ | ED_shining/LED_shining.v o7 s— Wesriisr s ~ & Installed IP
B Flow Settings Flow Status Successful - Sun Feb 420:47:22 2024 ~ ‘Projéct Directory,
£ Flow Non-Default Global |Quartus Prime Version No Selection Available

22.15td.1 Build 917 02/14/2023 SCLite Edition
Revision Name i
Top-level Entity Name

B Flow Elapsed Time
B Flow OS Summary

FlowlLog Family MAX 10
» B Analysis& Synthesis || Device MeriEedkhe
© Flow Messages Timing Models Final
Total logic elements 50
© Flow Suppressed Messag %
Total registers 26
Tasks. Compilation v =Eo® Total pinis 4
- o - Total virtual pins o
Total memory bits o
v Embedded Multiplier 9-bit elements 0
Total PLLs o
» P Fitter (Place & Route) Rgtigs o
» B> Assembler (Generate progran ADCblocks 0
e Ticmln Al
< Y »
| .
2lat] [of|(a]la] A [v <<Fiter>> 88Find... || 88Find Next
®Type ID Message
© 20030 Parallel compilation is enabled and will use 4 of the 4 processors detected
» © 12021Found 1 design units, including 1 entities, in source file led_shining/Ted_shining.v

© 12127Elaborating entity "LED_shining" for the top level hierarchy
© 286030 Timing-Driven Synthesis is runnin

» © 16010 cenerating hard block partition "hard_block:auto_generated_inst
» © 21057 Implemented 54 device resources after synthesis - the final resource count might be different
2> 0 Quartus Prime Analysis & Synthesis was successful. O errors, 1 warning
(
£ system(1) | Processing(11)

3.39 Quartus Prime &£ &

~ Library

Basic Functions

DSP

Interface Protocols

Memory Interfaces and Controllers
Processorsand Peripherals
University Program

@ Search for Partner IP

+ Add...

00:00:12

i B A
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(3) A5G 7T LAk & Tools—Netlist Viewers—>RTL Viewer £ & M. Quartus
Prime £ & £ 4 J5 ML 6 DU A0 1A 3. 40 TR .

@ RTL Viewer - E/FPGA Projects/LED shining - LED_shining - x
Eile Edit View Tools Window Help Search Intel FPGA | @
evE==0 hMaijyvu=esreRn Page: 1of1 ~

o Netist Navigator 92 ® LED shining1 |+
» '3 LED_shining =
Equalo
e
T2vo7 1 501
Thoan_ LessThan0 i -

)
25M5b8dB0 624.0)

led2

2511 bze o)

akin[> 4.0

rst_n_in [

»
100%  00:00:02

& 3.40 Quartus Prime EHEZ A BHEBITEH

5. S|HAR
(1) #$E Assignments—Device ¥] T #54- Bc B VLI , 98 J5 8o 70 A A Device and Pin
Options«+BEIF] FF 45 44 1 5] B 3 T 71 16 . Quartus Prime [t B #% 128 0 5| B4 3 30 5 167 a0

K 3.41 fros .,

(& Device X

Device ‘ Board

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

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

Device family Show in 'Available devices' list
Family: \MAxw (DA/DD/DF/DC/SA/SC/SL) - Package: \MBGA v |
Device: |All ~ | Pincount 1153 ~ |
Target device Core speed grade: ‘7 N ‘
Name filter: \ ‘

() Auto device selected by the Fitter

(®) Specific device selected in 'Available devices' list V| Show advanced devices

() other: n/a _—_—
= / _—> |Qevice and Pin Options...

Available devices:

bedded il 1 -

Name Core Voltage LEs Total I/Os GPIOs Memory Bits plier 9-bit =
10M04SAM15317G 3.3V 4032 112 112 193536 40 1
10M045CM15317G 3.3V 4032 112 112 193536 40
4

|Migration Devices...| O migration devices selected

‘ W Buy Software ‘ OK Cancel Help

3.41 Quartus Prime Bt & 88 {70 5] 1% T 5T @



$38 FPGAFF &R

(2) # Unused Pins #£300 H it & Reserve all unused pins 4 As input tri-stated JRZ%,
Quartus Prime A28 5] A 5 A& 3. 42 Fios

(& Device and Pin Options - LED_shining X
Category:
General
Configuration

Specify device-wide options for reserving all unused pins on the device. To reserve individual dual-purpose
configuration pins, go to the Dual-Purpose Pins tab. To reserve other pins individually, use the Assignment
Editor.

Programming Files
Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
1/O Timing

Voltage

Pin Placement
Error Detection CRC
CvP Settings

Partial Reconfiguration

Reserve all unused pins{ As input tri-stated with weak pull-up N

Description:

Reserves all unused pins on the target device in one of 5 states: as inputs that are tri-stated, as outputs that
drive ground, as outputs that drive an unspecified signal, as input tri-stated with bus-hold, or as input tri-
stated with weak pull-up.

Reset

‘ OK Cancel Help

& 3.42 Quartus Prime B2 E 5| HI#EX T HE

(3) 7F Voltage ¥ 5 1 it & Default 1/0 standard 2 3. 3-V LVTTL K& . Quartus
Prime fig & 5| J B, 5 50 1 Q0 & 3. 43 Froi .,

(& Device and Pin Options - LED_shining X
Category:
General
Ccnﬁguratlfm . Specify voltage options for the device.
Programming Files
Unused Rins _ Pefault 1/0 standard: ‘3.3-V LVTTL | 4—- A
Dual-Purpose Pins
Capacitive Loading VCCIO 1/0 bank1 voltage: | nfain MAX 10 - use Pin Planner to adjust VCCIO voltage v
Board Trace Model
1/0 Timing VCCIO 1/O bank2 voltage: |n/ain MAX 10 — use Pin Planner to adjust VCCIO voltage .4
Voltage

. Core voltage: 1.2V
Pin Placement

Error Detection CRC
CvP Settings
Partial Reconfiguration

Description:

Specifies the default I/O standard to be used for pins on the target device.

Reset |

‘ OK ‘ Cancel VHelp

& 3.43 Quartus Prime BB E S| BHIE L E

(4) PSRRI PR Assignments—Pin planner ¥E3 , 58 8 7 T. B4 1 AY Pin planner
FEl bR, 5 A5 BE S TE . #F Pin Planner U] 0K U A v F1 43 B X R 9 FPGA 51, Quartus
Prime 5| 5143 B UU T 40 & 3. 44 Fizs S8R5 G CA SR AE) .
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¢ Pin Planner - E/FPGA Projects/LED_shining - LED_shining = O X
File Edit View Processing Tools Window Help ‘Search Intel FPGA | @
- Report [Fe®m Pin Legend
= Report not available Top View - Wire Bond Symbol Pin Type |
e User1/O
Q MAX 10 - T0M08SCM153I17G O o
W . User assigned 1/O
o ® 123456 ;v 0 1112131415 . Fitterassigned|...
L0 Al /%p#En)} &n) #p) Ep) En) LREn A . Unbonded pad
(& BFp A D O®*n*p R O Oc*n*p=p=n=p|B . Reserved pin
Chn*p - n=p|C
D| =n sp*p D =n=p L A D © Other ...
ot E fep =nisn) Cien E L D mlE ® DEV_OE
F o A=n =p =n o F -
Groups ‘ Report ‘ G M D *p=n  0=n|G ® DEV.CIR
P i H| O+ 0 | T H @ DIFF_n
— m J|K=p. 1l ® 0T sanep|J -
Tasks @es k| T 0 |k © DIFF p
¥ = Early Pin Planning® LFn O  “p*n&n®p/n*n=n;=n O gl L £ CLK n |
M Early Pin Plan :' 54 Aoied\/iegogied/Redied (D : CLK_p
- °p =n
P> Run |/0ASSI|[ Pla L =nn/ O#np/=p/sn/ O O D A *n'p)| P ® Other PLL
B Export Pin As| R[_ Dfp/ o) ®nl %p) 4w foitnl R ()] Other dual ...
B Pin Finder ’ 12345678 9101112131415 ® T
~ I HighlightPins |~
« D] & ™ -
Named; * ~ | % |Edit x | v ‘5 Filter:‘ Pins: all N
® Node Name Direction Location 1/0 Bank VREF Group 1/O Standard
»- clk_in Input PIN_J5 B2_NO 3.3-V L...efault)
% led1 Output PIN_K11 B5_NO 3.3-V L...efault)
% led2 Output PIN_N15 B5_NO 3.3-V L...efault)
® rst_n_in Input PIN_J9 B5_NO 3.3-V L...efault)
2 |<<newnode>>
a
Z/ < B >
0% 00:00:00

3.44 Quartus Prime 3| ] 2 B 51 H

6. MFHBAOHLIERBEEXH)

PEFEEBAFE 1Y) Processing—Start Compilation 1830 , 5 Bt T HA#2 /1 ) Start Compilation
Y H L FE UG T A G0 . S5 1 Tasks 8136 T 26 700 52 % » Quartus Prime 4 i35 58 B UL 1 U015 3. 45
s

@ Quartus Prime Lite Edition - E/FPGA_Projects/LED_shining - LED_shining - X

File Edit View Project Assignments Processing Tools Window Help Search Intel FPGA | @

D © #0002 C  |LED shining v /88 e DY KD OAVE @
[rojeciNavigxior B Y AB2E QLD shiningv X | @ Compilation Report - LED_shining X SEEES L]
m R __ Table of Contents vo = =
" LED_shining/LED,_shiningv e Fr— < @ nstalled 1P
¥ Flow Settings Flow Status Successful - Mon Feb 512:02:14 2024 ~ Project Directory
= Flow Non-Default Global | Quartus Prime Version 22.15td.1 Build 917 02/14/2023 SC Lite Edition No Selection Available
% Flow Elapsed Time Revision Name LED_shining ~ Library
# Flow OS Summary ‘Top-level Eniity Name LED_shining » Basic Functions
B FlowLog Family MAX 10 » DSP
» M Analysis& Synthesis | Device 10MOBSCM15317G » Interface Protocols
» W Fitter Timing Models Final » Memory Interfaces and Controllers.
pi— Total logic elements 51/8,064(<1%) » Processors and Peripherals
T i e
Tasks. Compilation v [s@@®|  © FlowSuppressed Messag | L eEerS 28 » University Program
el P SARELES D @ Search for Partner IP
Task 2 ¥ M Assembler Total virtual pins 0
~ B Compile Design Total memory bits 0/387,072 (0%)
v » B Analysis & Synthesis Embedded Multiplier 9-bit elements 048 (0%)
v » B> Fitter (Place & Route) Total PLLs 0/1(0%)
= UFM blocks 0/1(0%)
ADC blocks 0
<« " DEiE » + Add..
® | . o
ol [of[alla A| [¥ <<Filter>> Bfind.. | 88Find Next
®Type ID Message ) ) ) B
» © 170195Router estimated average interconnect usage is 0% of the available device resources
» © 170199 The Fitter performed an Auto Fit compilation. Optimizations were skipped to reduce compilation time.
© 170194 Fitter routing operations ending: elapsed time is 00:00:
© 11888 Total time spent on timing analysis during the Fitter is 0.16 seconds.
© 334003 Started post-fitting delay annotation
© 334004 Delay annotation completed successfully
© 334003Started post-fitting delay annotation
| © 334004 Delay annotation completed successfully -

i »
System(2) | Processing (58)

Messages

100%  00:00:14

& 3.45 Quartus Prime %1%¥ 5T B 7T H
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7. T# 2 FPGA

(1) i micro-usb 206 STEP-MAX10 JF % A % #2 33 HL USB 45 11, 50 $5 358 04
14 Tools—>Programmer 351, 5% 8 7 T B &2t Y Programmer 41, A B A, &
# Hardware Setup #ET0 , BE #0814 3% 3/ 5 USB-Blaster[ USB-0], Quartus Prime g2 T %%
MK Zf 1 U AN E 3. 46 s,

» Programmer - E:/FPGA_Projects/LED_shining - LED_shining - [LED_shining.cdf] — | X

File Edit View Processing Tools Window Help Search ImelFPGA‘.

. ||usB-Blaster [uSB-0] Mode: |JTAG ~ | Progress: [:]

Enable real-time ISP to allow ind » Hardware Setup X
‘ File Device = ]
‘ HeStart ‘ Hardware Settings JTAG Settings
#istop output files/L... 10MO8SC... Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.
bAuto Dete{
‘ X Delete ‘ Currently selected hardware: | | USB-Blaster [USB-0] h
o Add File ‘ - | Hardware frequency: ‘ Hz
z Available hardware items
khange F|14
B save File Hardware Server Port .M
USB-Blaster Local USB-O0
\Add Devicé Remove Hardware
™up
+EDown
]

B Close
& 3.46 Quartus Prime R THRIEKZNIEETTHE
(2) #INER 3l USB-Blaster[ USB-0 )5 , %% Add File ¥ i TR 4 i SCF Y pof #%

X, 2) % Program B Fl Verify 51, i Start #2447 FPGA 3%, Quartus Prime i
P gm A SO e s R 2R 0 an &l 3. 47 FiR

& Programmer - E:/FPGA _Projects/LED shining - LED shining - [LED_shining.cdf]* - O X
File Edit View Processing Tools Window Help [search Intel FPGA | @
‘ s Hardware Setup... ‘”USB-Blaster [USB-0] H Mode: JTAG % Progress: :
Enable real-time ISP to allow background programming when available

o | File Device “hecksurnr Usercode >rogram, Verify Blank- Examine Security Erase eac ISP
‘ Start ‘ | “onfigure Check Bit acks “LAMI

#stop S 0266D.. 00089.. [
jﬁAuto Dete{
‘ X Delete ‘
; | Ll O
?"AddFile..‘l e B B e
thange Fil¢
EiSave File oI
Add Device Moxeens
[ TDd 0MO08SCM153

thup
¥4Down

& 3.47 Quartus Prime I HEXGH B THITE
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N IFPGAMFREIEERITRIST I Z Ik

(3) FPGA JnzZ5E i, M 4 Progress IR 78 100 % (Successful)

L FATSEM T LED_shining 78 Bl 9 IF % Ji A, 7T LUWETT A AR BL G2 .

8. BZItFE

Quartus Prime 7E % 3¢ I 7T 3 £ 0 AR AF 2 A — 2 223, BB i A Quartus Prime
23.1 W — %438 A Intel FPGA 9 QuestaSim, 2 i () BUAS 7T & 4% % 3% ModelSim-Intel
FPGA, MRIATWAT LA C 285 =07 fif A BR QuestaSim Fll ModelSim LA 4h ik AJ
PLZE 3% Active-HDL, Riviera-PRO 25 5 H 4K 4. Fr LI B 8 1 & M 5777 78 A9 » Quartus
Prime H WM T Hah#EN,

(D) 5B AT AR SO (Textbench ) LEDshiningtb. v, A SCPFRAS WACHS 3. 2,

(2) EHFRBAFEP ) Assignments— Settings VeI, 5§ B T H AL P 1 Settings %4,
AR E R, SRR P Simulation 3£ U, B % Compile test bench, B i Test
Benches %4l . Quartus Prime fjj B i% & F i 40 & 3. 48 iR .

7 Settings - LED_shining — O X
Category: Device/Board...
General | $imutation |
F:fs ) Specify options for generating output files for use with other EDA tools.
ibraries

~ IP Settings

. Tool name:| ModelSim N
IP Catalog Search Locations —_— e —
Design Templates Run gate-level simulation automatically after compilation
~ Operating Settings and Conditions
Voltage EDA Netlist Writer settings
Temperature
~ Compilation Process Settings Format for output netlist: | Verilog HDL N Time scale: |1 ps =
Incremental Compilation
~ EDA Tool Settings Output directory: simulation/modelsim
Design Entry/Synthesis : - i o
Map illegal HDL characters Enable glitch filtering
Board-Level Options for Power Estimation
~ Compiler Settings
VHDL Input Generate Value Change Dump (VCD) file script | Script Settings...

Verilog HDL Input
Default Parameters
Timing Analyzer

Design instance name:

Assembler ~ 3 5
Design Assistant More EDA Netlist Writer Settings...
Signal Tap Logic Analyzer NativeLink settings

Logic Analyzer Interface

Power Analyzer Settings () None

SSN Analyzer —_—
(@) Compile test bench: >

Use script to set up simulation: ‘

() Script to compile test bench: [

More NativeLink Settings... Reset

< » W Buy Software OK Cancel Apply Help

& 3.48 Quartus Prime (F EiZ &R H

(3) Hids Test Benches $% £l J5 . 7€ 3t 19 XF 35 AE B 5o o5 New #% 4, 385 Test bench
name, #¢ BB S S, & 3. 49 FRPUIT B S ol OK #4181 3 i 1 B,
Quartus Prime {5 5 1% & -7 D0 SC A R an & 3. 49 fos,

(4) EFFHEH A Tools—Run Simulation Tool>RTL Simulation 33 , 5 ¥ T
BA i) RTL Simulation %4 , Quartus 42 H 313 35 Modelsim ¥4, Quartus Prime
D7 BB E -5 3 RTL ff LA an e 3. 50 s,

(5) ModelSim # 4 )5 3 5 H 3 58 AU 9 7% . ModelSim i 5-J5 3l % | an & 3. 51
i



Z FPGAFARE

59

7 Test Benches < New Test Bench Settings X

Specify settings for each test bench. Create new test bench settings.

2
Testbench name: |LED_shiningtb

Existing test bench settings:

Name Top Level Module Design Instance Run For Top level module in test bench: |‘LED_shiningtb 1 L

Use test bench to perform VHDL timing simulation
Delete |
Design instance name in test bench: ‘NA
7T = Simulation period
OK || cancel Help i (@) Run simulation until all vector stimuli are used
r - ey i o . d sil ion at: Z
~ EDA Tool Settings Output directory: | ion, sim B £

Design Entry/Synthesis

Map illegal HDL characters Test bench and simulation files

Simulation

Board-Level Options for Power Estimation Eil nae: ‘ 3 Q 4
¥ Compiler Settings e =

VHDL Input Generate Value Change Dump (VCD)

File Name Librai HDLV  Remove
ILED shining/... Default |

Verilog HDL Input

Default Parameters Design instance name: ‘

Up
Timing Analyzer

Assembler Down
Design Assistant More EDA Netlist Writer Settings...

Signal Tap Logic Analyzer 4 » | | Properties...

3 NativeLink settings
Logic Analyzer Interface

Power Analyzer Settings
SSN Analyzer

1 Cancel Help i

¥ T[TestBenches...]

None

®) Compile test bench:

Use script to set up simulation: [ ...

Script to compile test bench: s

More NativeLink Settings... Reset ‘

| wBuy Software || ok

3.49 Quartus Prime F i E-R MK X 4R E

Cancel Apply ‘ Help

& Quartus Prime Lite Edition - E:/FPGA_Projects/LED_shining - LED_shining

File Edit View Project Assignments Processing el Window Help

Run Simulation Tool

¥ RTL Simulation

OFE [« D0 |DC LED shining ——— % Launch Simulation Library Compiler *2 Gate Level Simulation...
|Project Navigatoﬁ E Files v _le® @ || %8 Launch Design Space Explorer Il
|F~ Files = e Timing Analyzer
LED_shining/LED_shiningv 26 Advisors 1K;
E LED_shining/LED_shiningtb.v g; 0 Chip Planner
29 e Design Partition Planner
gg Netlist Viewers
32 | - signal Tap Logic Analyzer
gi @ |n-System Memory Content Editor
35 E Logic Analyzer Interface Editor
;g E In-System Sources and Probes Editor
38 Signal Probe Pins...
Tasks | Compilation v =Eew 23 & Programmer
| Task A 2% Q\\ JTAG Chain Debugger
| ~ P> Compile Design 43 & Fault Injection Debugger
» B> Analysis & Synthesis zg ~ System Debugging Tools ctive Tow
» B> Fitter (Place & Route) 46 | '@ 1P catalog
» P> Assembler (Generate progran 2; Nios Il Software Build Tools for Eclipse
» P> Timing Analysis ~| 49 ﬁ Platform Designer
L4 ) > 4 # TclScripts...

B 3.50 Quartus Prime (i EiZE-F3h RIL{FERE

(6) LT EMEWILMIE S,
SR R VA S BRI ZE Wave %7 1, ModelSim £5 B-3 MW 245 S F i an & 3. 52 fiR .,

(7) ModelSim fjy B~ 45 ELIF (0] 5 3 5 B A AP 3. 53 Fizs . 7RS0T 19 Wave % 1

i THAZ Y Restart #4 ZE 3L 1Y Restart % H L OK #4, B A5 B Wave i 1, &

T B A ffy B ] By T B A Run #8047 05 5L 07 FBIE AN IR 3. 53 i, {5 58 .

A7y AR SR PR EE S B P B HE Add Wave ZEI,
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P8

JFPGAKIFEBRIRITHIB Y Z bk

™M ModelSim SE-64 10.1¢
File Edit View Compile Simulate Add Structu

re Tools Layout Bookmarks Window Help

|B-sE @ sRB02 (0-AF [ M

| & o‘;|

| Bl GE- & 100 ps 3] ,.¢lw;5m§&“ ?5‘?i=t,$.‘,:--‘.’;Jva[—smuu !jJ
| coiaros piscasim #2328 3[[FHEE s a4adip]
‘j’e#

s:<+3-3~£3»$523;~x-&:;JE’|J L

I Library [ sct 2 H ) X Ha x|
¥iName = [¥Iname value [rind [Mode
-l work

(-} altera_insm_ver B I LED_shnng_uut

L—‘ altera_mf_ver |

x-fif) altera_ver & #ASSIGNZ14 LED_shining|

-4l Fftyfvenm_ver @ #ALWAYSZ19 LED_shining|

w4l o _ver & FINITIAL#13

(&4} sgate_ver & FINTIALE?

Al r_work D #ALWAYSES

-l foathodb [ #vsm_capaditys

(-} machwo2

M me? b frmnh) ~|

el | i T i | I

n Tl’m T

# run -all

[Wow: 3,661,642,920ns Delta: 0 Jsm:LED_shining_th/LED_shining_uut | | [keen| o

B 3.51 ModelSim (A E-BEh R E

e

— HA X

& 3.52

[w]tnstance | Design unit| ([ ¥name Value |Kind |Mode
;»* LED_shining_tb LED_shining « CLK_DIV_PERIOD 1100  Para... Internal
(sl altera_nsim_ver ‘ —+ &l LED_shining_uut  LED_shining o &_in 5t0 Net 1In
(& ‘L altera_mf_ver o) #ASSIGN#15 LED_shining W rst_n_in 5t1 MNet In
= m altera_ver o) #ASSIGN#14 LED_shining €& View Dedaration
=il fiftyfivenm_ver - #ALWAYS#19 LED_shining L X Memory Contents
-4l tom_ver & #INITIAL#13 LED_shining od
-fll) soate_ver & #INITIAL#7 LED_shining| | 3} .
a4l rt_work & #ALWAYS#9 LED_shining| Add Wave New
;}-‘l foatfidh lg VMR CHPUCTIFE Add Wave To »
(=4, machxo2
M me? h (emnt) | ‘ Add Datafiow Crl+D
«| | | | « |1 o« | » Add to ¢

ModelSim {5 E-F W 215 S FH

o wave

File Edit View Add Format Tools Bookmarks

H-g@ oSl i@

Window Help

}-3- 943
% o 4 i B

AED_shning_th/LED_shining
AED_shinng_B/LED_shining
LED_shining_th,

AED_shinng_uutfedl
_shining_uutfed2

3

| 0psto 1357873 ps

["A=D_shining_th LED_shining_uxst/CLX_DIV_PERIOD

3.53 ModelSim (FE-ZEFEREEHHERT
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3.3.3 /MHYY FPGA(STEP FPGA) %k IR E&

FPGA B4 TT & B A (IDED 15 78 #R JE % JE K, Jir 5 42 2% 25 [|] 20 W JL GB 2 W JL -+
GB, BT X N AEHT CPU Wi A7 sk . & XF LA B IR /NI Y FPGA JF & T — 3K FPGA £
IR F IDE 2% 2 IR 55 i g o P AE ) 00 3 2 1 i A 10 AR VS B A B H R
% # STEP MXO2 #l STEP MAX10 FPGA JT & W IF R %3

/NI P www. stepfpga. com VMK 5 AT DA 5 A8 A 28 i it T, 3T
Yo A i B F R R EE . BT R # FPGA it T H B A s 500, i I 7 fE & 82, STEP FPGA
& LI ETF-H F o aniE 3. 54 iR .

AR HFHH BEER English &3 |8

3.54 STEPFPGAZ EFAFEEER

1. EMHE

B R S E B EERT I A 22 R I SO T DR S B A A T
SO DA R B A I H A4S, FE b7 2 FPGA T 8 0 B B bR AT L2 0 A 2 9 S 12 |
LA L H A 7R A G SO A DA T R TR R g S A

W WH M — IR ME B L B B2 FR & I H R A% . STEP FPGA £ I
TR G- a3 v aniE 3. 55 iR .

2. BIEIE

ARV H 5 2F A g S, S B B S ] LGE R SO (] A H: A 33
HEH ). STEP FPGA £k I JF & F -8 @ S s i &l 3. 56 i .

3. EEMEXH

5 SR A 58 U T A TR SCE, STEP FPGA 28 I & F & -1% 8 T2 S 1k 5L i
W 3,57 Fin By 22 MRS SO 24 Bk 16 5 Sk TR B o 38 8 5 S SO 4 Bk O 14 7 Sk P17
e BEBHIZ SO H AR TR S0 an R 3 g & 2 AN IR SCPE W T R R

4. BEZS

VB G0 SO e s B R LA PR T LR A . SRR e S o B AR R A AR
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BER HHREE HFHE =S

®

) LED shining </) @ O

BB BEse ERSE

B &

fheet TESR ‘ LED_shining
° FH, BF. TEE (FEFL) 8O0 FHBS1000FH

BEA
E e | STEP-MXO2-LPC .
[ P
WEHE | LEDWKG Add

© orsiE st TaTTRE, SUREH -5, 0 BABENPBE

UR O 2FF O Rz

3.55 STEPFPGA & LA AL F&-FHEWER@A

bt

XiHE l LED_shining

0 78, H7. TUE (FEFL) BONFHEBS100MFH

& 3.56 STEP FPGAZ& F A X T &-FEXHTE

G2 R ii45 5 B . STEP FPGA £ P&V G- L5 4 i an &l 3. 58 iR .

5. 3| B4 B

ZEAE T IR A TR, X B X FPGA 518 % 5 91743 B . STEP FPGA £
IR G- B BE 5T N & 3. 59 Fron . AN AR AT RS CE R 514 o bR B BB
(InternaD) FIP JEFR 43 (External) , #F L AYECRD A IS HF ¢ #08E L LED 1 = 4T & T4k
LEBAr . AT R R E) 10 518 T4 R4,
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N
w 'J:!é]p' BT mRE mTaK NEEw

[§) LED shining ~ </> 6 Q

BB BEss EHSE FPGABRS] SUETER HE TR B

ERC S LED shiningv % ()

module LED_shining

LED shiningv @ ®

input clk_in, //clk_in = 12mhz

Vi 874 input rst_n_in, //rst_n_in, fKH-FH K
output ledl, //ledl fith

output led2 //led2| #iiHi

3

BEHE
parameter CLK_DIV_PERIOD = 12_000_000;
reg clk_div=e;

//wire ledl,led2;
assign ledl = clk_div;
assign led2 = ~clk_div;

reg[24:0] cnt=0;
always@(posedge clk_in or negedge rst_n_in) begin
if(!rst_n_in) begin
cnt<=0;
clk_div<=0;
end else begin
if(cnt==(CLK_DIV_PERIOD-1)) cnt <= ©;
else cnt <= cnt + 1'b1;
if(ent<(CLK_DIV_PERIOD>>1)) clk_div <= @;

B 3.57 STEPFPGA L& L ALZFE/-ZEMEXHTE

i

@ LED shining ~

i leaf EEeA 1L
W LED_shining.v ”tdebug.log X @
LED shiningv W ®
debug.log

R

Success

BHEH®

3.58 STEPFPGA & L HEXFE-BEEATE

Sy e 5B I FR AR SR, LTh AR AR W A AN, 2 A BB T A S S SRR
SERLTT LA, TR {55 40 Bl 56 e Bt SR A7 F B QR T A IR T DA e PR R B . MR AN A
B fi 1 43 LB 60 Sk i .

6. BREAERR G

3T SE I B “FPGA WL #5177 A4 FPGA Y BE & SC 1 58 iR A2 il H A& fn
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HERE BRI EE . STEP FPGA 4 T A FG-FPGA Wit v 4n & 3. 60 iR,

W lj\Bﬂ]T,’ ’ ) group003 -

) LED shining ~

B @iy

LED shiningv ®

B e

LED shiningtby ®

£ =EAS STEP-MX02 V2.2 Mi3 X | Switch2 M8 x

[ witc [
P &SR NI4 X | Switcn M10
input | LED p
ax N3
M2 x
Input
£0;
104 Mi1 X
a2 x
c P x
STEP-MXO2-LPC RGB_LED LED N1 X
812 X RAEDT )
G.AED1 po

¢
v DEY  ax mee ezew

STEP

Bl ]

®

() LED shining ~ (/> @ O

WE BEES BHSE

B s LED shining.v debug.log

LED shiningy T

#i## Lattice Family : MachX02
R

#iH# Device : LCMXO2-4000HC
#iH# Package : CSBGA132

### Speed : 5

#

Optimization goal = Balanced
The -top option is not used.
Target frequency = 1.000000 MHz.
Maximum fanout = 1000.

Timing path count = 3

BRAM utilization = 100.000000 %
DSP usage = true

DSP utilization = 100.000000 %
fsm_encoding_style = auto
resolve_mixed_drivers = 0

fix aated clocks = 1

3.60 STEP FPGA & EF % F &-FPGA B & 0L |

7. TEXH

ATDATE R0 T 8T8 TR, Wl DL H T 85 28 FPGA %2 i SCF (Lattice
NI 7R AR jed SCHE  Intel /NI P24 pol F1 sof 3C4) ., STEP FPGA £ F I & F&-F #;
SOOI AR AT 3. 61 TR

8. TETAEH

AN 2k T T HRAR T DL T AR R DI e AR Oy SR I

1) 8 g FL S0

M BT SO, s B H s SO 44 BR AR S TE A A) BE B LSO R R
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STEP FPGA £ bIF R -8 07 FLSCHF BUm AniEl 3. 62 fs .

N’
W B BE  MRE  BTEK ueEW

STEP

[§) LED shining - </> @ O @

W BESE EWSR FPGABRE]

B &by

LED shiningv

Bt
TEEF

e

N\
J B

THUEDI4

B 3.61 STEP FPGA Z& FFEZF&-THXHRE

BR HHREE TR

LED shiningv - ®
1 module LED_shining

¢ . : RSt x

input clk_in, //clk_in = 12m

4 input rst_n_in, //rst_n_in,

- output ledl, //led1 4t e | LED shiningtb

output led2 //led2 it HE —Snining

‘_‘. )5 0 8. 57 TUE (FEFL) BOANFERS1000FH

9 parameter CLK_DIV_PERIOD = 12
7 v +
1 reg clk_div=8;

r
//wire led1,led2;
. assign ledl = clk_div; . e
5 assign led2 = ~clk_div; i J
reg[24:8] cnt=0;
. always@(posedge clk_in or negedge rst_n_in) begin
if(lrst_n_in) begin
cnt<=0;
clk_div<=0;
end else begin
if(ent==(CLK_DIV_PERIOD-1)) cnt <= @;
else cnt <= cnt + 1'bl;
if(cm:<(CLK_DIV PERIOD»:I.)) clk_div <= @;

3.62 STEPFPGA & FAAXFA-FEMEXHE

2) G T

A BSOS G PR A7 . STEP FPGA 28 I JF & F -4 5 05 L SCHF ot i in & 3. 63
i

3 I EF WY

W TR 7 A5 S T DUE Bl 8 i R L B S A R A S . STEP FPGA
LRV E-EFGEBIV I ME 3. 64 FiR,
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w MY
STEP

‘ () LED shining ~

B &by LED_shining.v < LED_shiningtb.v

1 “timescale 1ns / 1@@ps

B E 2 module LED_shiningtb;
3
LED shiningtbyv & g parameter CLK_PERIOD = 10;
6 reg clk;
X BHEHE 7 initial clk = 1'be;
8 always #(CLK_PERIOD/2) clk = ~clk;
P R 9
10 reg rst_n; //active low
11 initial begin
12 rst_n = 1'bo;
13 #20;
14 rst_n = 1'b1;
15 end
16

17 wire ledl,led2;
18 LED_shining #(.CNT_1S ( 19 )) u_LED_shining (

19 .clk ( clk 18
20 .rst_n (rstn ),
21

22 .ledl ( led1 s
23 .led2 ( led2 )
24 );

25

[ decodedd »

G e
decodezdy W

B e

B 3.64 STEPFPGAZX EALFE-EFEMEREIE



