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AR IE I TC A AR AT R B — /> PCB AR _ESEE. PCB (5 TH gkt Sl 1) R R T — AN 32,
—EIESAE I RIUAE . FESRRORRR I b, BT AR I AR AU T 1985 4F, AR
(¥ Xilinx A" HEH . BESRZ PIgRAEZ AR aR 1T, BHIRDA TR LA T4 EDA TH.
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Verilog 5(# VHDL 451 5 Beit SEHl. AR Bt ML s R, S A S S A A 24F,
BREERAT B . TR B3k 58 KBNS A R 7L ThRe gt (s 2, R EEES H1e
I, 5 BRI AT g B BIAL, B R RN B4 1 A4 AR B P 455 ., Bk iy
. PR EETE NE.

S et 75 SN it J7 308 R — 1, A L2 TR) 58 SR 2D o BER AL BT AR BLANIE 585K
RERIANTT o Fe T FHH B EE RIS R FE, B2 TIRZTURIE S, EHEEIR
I EF S, SN TR 2 TURE 5 MRS

210 22 )5, FERES FPGA HECRECR, TZHoksbit, ZHEFEFEMEHECEANL
B AR, XAt L 1 7 (B AN (ROHE B BE TS i R R P e i
Robei, B VHEEIVC AR, ARt HEM 770 B A sh A g i E A 5 5 1
JURN AR ZH & 1 e B AR o XA D7 SRR SR B B B, S AR it
¥ R E -

B 1-1-1 BRI R JE

A Xilinx A 7] 1984 EHEA: RIFAE, HEMEZH T 14 /0L ER S 5% . AT CLA T
— AR ISE Wit TEMK/NEM, Ko HT EDA BARZIKE R . Xilinx 1) ISE M
R JLTHIRBIAER) 8 A G, KIEHFE T4, (F2BF R R0 3, T, W
k%, N TSR XA TR, B ZE M A st s, b Xilinx A 7A L
T N A, Jrt e O R A T T B FESE R R AT, SRR D R w2 LA, X2
A A ] R #8 LA 7 S5 8 9% o R BT R, S0 22088 T R RS2 . A P AR B R
AR AR FEFE o RE M H], %) R R A, SN PERE R, §—
S EREAR YL, R 2 A LA . Robei A& — R 1A FH P B0 it TR, MGEAE:
Z Hitd, Robei HHE AL 35 75 NRH, 521/ P RS FUSZ 1 @, FEEZ 5 1)
WA R AT A WS SO . XS R A SRR g, R EL K. wE. BARSEEZK,
AEf% 1k Robei P ILIL K F A R I0) H A4S0 8852 . BF 224 H, Robei tH7E 85l H 7 & 15t
R, fERICRANE, AP,
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Xilinx ISE ZhRZAS K/

9000

8000

7000
6000
m
= 5000
=, 4000
.K
3000
2000
1000 I
0 — —
TN
3 m4 5 ®m6 7 m8 m9 m10 =11 m12 =13 m14
K 1-1-2 EDA ¥ it T E M (Xilinx ISE A1)
Countries N ' Amount Percentage
- China 198499 55.97 %

B nited States 49324 _13. a1 %
Unknown 11789 -3_32 %

== Tndia 9891 | B
.y 7649 .2. 16 %
B Uoaine 6465 .1.82 %
B Russian Federation 5387 .1.52 %
®  Japan 5302 '1.49 %
B coropean tnion 5141 .1. 45 %
[ | [ 5039 .1.42 %
=2 Brazil 4760 l1.34 %
_—

1S United Kingdon 4318 '1.22 %
B 1oiven Provinee 0f China 3595 .1. o %
18 Republic 0f Korea 3277 .0.92 %
| [ [N 2168 .0. 61 %
B Ronnia 1987 '0.56 %
= Spain 1861 '0. 52 %
ZE Israel 1663 |o.47 %
—

= Netherlands 1593 'o. 5 %
| | JEesm 1517 '0.43 %
B Cocch Republic 1431 '0.4 %
——

oot 1377 'o.39 %
e 1304 'o. 37 %
. Poland 1142 |o.32 %
Bl o 1131 lo.sz 0
-

Emm Sreden 1123 |0.32 %
B valaysia 1113 l0.31 %
B cccaie 1069 |0.3 %

K] 1-1-3 Robei H /' /341
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1.1.3. Robei R34

Robei #& — 3K AL T & EDA it TR, @4t B HA R Bt iire, s
R BTt B, o7 B ARSI P DA AR A B 7 ST . Robed BRSSP il
AL, IRERB|=AEA TR, BREX=AFEAITTER, HEEIRRHIESE Robei FIEHI 7.
AR S EEAL SACS BT AR, LEAE R S ARSI 35 B, 5538 AH ELARI
1 Robei Trial =@ % |

AJolslal. Lolo)

Property

Workspace

sifsion
ETETECTIER
sssro1s e

] 1-1-4 Robei F[H &

Robei #FETE Verilog A Bt (Rl Bt — B R, iEHE B S Bt Sl 526
R o ARG R B RO AR E R AR B, ER RS2, FP R B R ek 1
Bt o MACID BT AR 2 R0, (ER 3 SRR ARG IR A ELAL . Robei F Rt —Filds
w2 b ERA e, SRR T AR f N 5 B B B R
SIEERE
o EN

input x;
input CLE:
input RESET:
output y:
reg y;

parameter start = 2'b00, gotl = 2'bOl, Qo

reg [1:0] Q: /4 state varisbles
reg [1:0] D2 /4 next state logic output

// next state logic
always §(x or Qi
begin

¥y =0:
case (@)

P 1-1-5 Robei 1HHE B %11 5SS R T A B 4b
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SHE: MRl 00
- BUEE: FamA LS Lﬂlﬁ: e

cnemaana|Q)

lock

countf®

reset counter

nable

BRURBRER\/8

& 1-1-6 Robei [ 3h4: A LHG

H AT EDA ) 6eit 1 o 5 2 TR AE g st 450, FRARAE S50 5400, 5 5
DUAE TAEIMH ] Robei #AH AT LI L Ve TH45 4, G54 58 ia AR AT AR T Sz 05
% AT B B A R ARSI TR AN SLEARD S S0 B . XA AT LR TR
IR RE B, AN Z0 A 51 A2 PR Y FE o [FIB Z B R A it
SCAE RG] ) BC AR BAE — AN A R BT Y, AT ABEAT PO H
1 " include “counter.v”

2

3 module counter test():

wire clock;
wire reset;
wire enable;
wire [7:0] result;

//—Module instantiation——
counter counterl (
.clock(clock),

.reset (reset),

. enable(enable),

. count (result)) ;

——{lode starts here =
initial begin

clock = 1;

FesE ()

enable = 0;

#b reset = 1;

#10 reset = 0;

#10 enable = 1;

#100 enable = 0;

#5 $finish;

end

1-1-7 Robei 1HHE BB it 5 AU Bt Ao % HAb

"7 counter!
nable

DO~ HN LN —=DO00~1H o~

Robei 22 151t i) B AL SRS it (0%, RIS B4 Verilog g 1% 07 AL 7347 »
FILASEIL A A R G R PRI T 05 BRI . B AR BObRHE R Verilog AREY, W E S & Fb
EDA T HAHfE - Robei #2 HMIL I KRS e v 07 KA, 5 HUR B Verilog Y,
A UL E B /E H A EDA B0 T H A .
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[ BAEL ( Robei )

D

Xilinx Altera Microsemi

ISE Quartus Libero e

Synopsys

R

K1 1-1-8  Robei A&t FH (K AT 3 e i L5

Robei /& —# -1 5 i EDA i £ TH, AMXA Windows, Linux, Mac OS HIJRA,
WA LI TEX T Android “FHR IRA . B H AT V1L, Robei HagM—— A IER SN & E
Wit 51 EDA T.H.

& 1-1-9 Robei 7F % H P4 _FisfT
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1.2 ZE57FM

1.2.1. &3

M Robei B 77 ik (http://robei.com) b T #idRHhit Robei ¥« fi# )k Robei.zip, SR )53
Robei-setup.exe, 7E3H 2228 & kst “2” , WK 1-2-1 Fios.

° g EEAVRERA RSB TR BT E
~/ Bna? '

/&R Robei-Setup.exe
EHE
MR AL AR EhEE

v BRYAEED) VRS

1-2-1 EEMiER

Robei 23 i< 1B, WE 1-2-2 Fixs.

4“4 Setup - Robei = P

Welcome to the Robei Setup
Wizard
This will install Robei version 3.5.1 on your computer.

It is recommended that you close all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

| Next > I ‘ Cancel

K 1-2-2 Z3EE5E
EFRH AR H A A “Next” o
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% Setup - Robei ==

Select Destination Location
Where should Robei be installed?

| Setup will install Robei into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

IC:\Program Files (x86)\Robei Browse...

At least 16.2 MB of free disk space is required.

| <Bak [ Next> || cancel

K 1-2-3 R EIERPE

AR st

WFEEEH S, TS “Browse...” IZHIE FA PSS, WRATEH K, ks
B E O A E “Next” o

-
o

: Setup - Robei (=

|

Select Start Menu Folder
Where should Setup place the program's shortcuts?

[ i Setup will create the program's shortcuts in the following Start Menu folder.

To continue, click Next. If you would like to select a different folder, click Browse.

Browse...

[ < Back ][ Next > ][ Cancel

¢

mihF Nexto

K 1-2-4 FIG3E I I0 Robei

Copyright © Robei
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% Setup - Robei

Ready to Install
Setup is now ready to begin installing Robei on your computer.

Click Install to continue with the installation, or click Back if you want to review or
change any settings.

Destination location: a
C:\Program Files (x86)\Robei

Start Menu folder:

Robei
. 4 P a
[ < Back " Install I l Cancel
Bl 1-2-5 222k it 44
i “Install”.
W‘;:} Setup - Robei =|0] X |
Installing

Please wait while Setup installs Robei on your computer.

Cancel

1-2-6 ‘24T 7%

dg
F
St
al
it
jE%
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ATRLLAS F BT

% Setup - Robei L=

Completing the Robei Setup
Wizard

Setup has finished installing Robei on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

K 1-2-7 235k

A “Finish”, 22385¢8e, fRA] DL S b 8 FF 06 52 Bk FH #8 31 Robei, J& 5/ Robei
2FE RN K 1-2-8 [F AL .

 Robei Trial Lol 7 |
F Edit Tool ~ Bu View Window Help
/o=, lole

| !

fjm 151 _T4HC151

modulet

vl TAHC181

rani _T4HC182
iuuu»«i ’_‘*MHQ) _: qu

:,7 wcig: _T4AC194

|>Welcome to use Robeil

K 1-2-8 B FimE K
1.2.2. HEhf

FT T Robei B J5 Muk: http://robei.cn/register.php, JEMIFA I, AP LT AGESH T
AR o TEM S UGS AT LLE G 6 W Robei HITEMHD .. Robei 33 G 23 9 VU FpAS [5] ) 28
B, 2EARR. NI OB AR, 1EIRIE B B i/ Rk B 3,

Copyright © Robei XIX
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PAFEMAL 5, R [BIEK_EFTIT Robei BfF, mMdiscf “Help” , £ Nk i H k%
“Register” , 41N 1-2-9 fis.

\_2 Robei Trial - '

 File Edit Tool Setting Build View Window Help

B 8ENG 006

‘ToolBox ~—-I modulel

—

Kl 1-2-9 Jazh A

TE 3 H 1 Register X IEAE RSN 2 BUEM I P 2 6, Sd53%4] “Get License” , AF
ST, 7RI TR A SRS AE S .

{%_Reg ister @E

Robei LLC.
End User License Asreement

IMPORTANT READ CAREFULLY: This End User License Agreement
{(“Aereement”) is a lezal and binding asreement between you
{(either an individual or a single entity) and Robei LLC.
("’Robei"’) for the software product Tou are about to download or
otherwise install and the associated proprietary media, printed
materials, any associated documentation (including anv electronic
documentation), and also any updates or modifications of the

foregoing provided by Robel or its licensees or agents to Tou
(collectively, the “Software”).

Username* : rohei
SoftwareID: 1111-1111-%
License* : | Get Li nse "

Re

& 1-2-10 Register X% HE

Here is your Robei license information

[Username: [robei |
Type: personal |
Software ID: [1111-1111-26F6-6569 |
our License:||5FEOH-MKAL-ECBJ-CAGI

K 1-2-11 JFHHER

S| Your License: Ji [fl 11— & Zmfid, F£4i A2 Register XTiHHEM “License*: ” H, i
“Register” %4 .
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AR st

@ Register

Robei LLC.
End User License Agreement

IMPORTANT READ CAREFULLY This End User License Agreement

( Azreement ') a 1egﬁ1 ancl blndmg agreement between you

(elther an 1nd1v'dual or a s:mgle entlty) and Robei LLC.

i Robei”) for the sof‘tware product You are about to download or

0'therw1se install and 'the asso<31a'ted praprle'tary media, printed

ls, any assoclated documentﬁtlan (1nelud1ng any Eleetramc

|  or modifications of the

: llcensees or agents to Tou

(collectlvely, the Software)

name* @ robei

warelD: 1111-1111-

B 1-2-12 {FHE R

WRE R FE 1-2-13 FoR XSG, REAR, EMRh. wmREA, BEARE I AA:
robei@robei.com. fiii “Yes” %4, EHEM-

You have registered with
Please enjoy your time!

K 1-2-13 {FEMHE R

—UIER I L a, RERAME, ERRE, EHEPAIFIm ARG, “Robei Trial” 1]
TR R, BUMARZ AR AR BE WS AR - 224 2 “Robei Student”, M A2 “Robei

Personal” , ZHE M2 “Robei Education” , FILikSE “Robei Professional” o Joitfr] F ik A
FRAT DABRBEA ZFE R, R 2 Regm Bt Nz IR .

- Robei Personal
"File Edit Tool Setting Build View Window Help

I3 IE30 (v

l modulel B

K 1-2-14 M D JE RS 2R AU(E B
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1.3 n{a{# A Robei

Robei #HAF/aN)E, Frmnp 1-3-1 s, BAFF MmN, TR, THRH, Bk

=, AR A A LA R 2y o SN TR SRR T AR R TR, 50 AR TR —#,

,\miﬁﬂ‘ﬁﬁﬁﬁb R 2o M T RAS B & i R, ATDAE S A .

A DLAE S A 0 PR s A 42 BB o5 2 T e T SR ) S 1 EPI‘EUE’JIVEEI‘EUE{%&#IZ@Z, E|
AT BT BN YO “module” o JREF AR A, FREREIR LSS

' Robei Personal '\l 7 ) b‘&u
it Too tting Build View Window Help

1] #]/|0]= | |oleo)

Property

||
oz ||

K 1-3-1 AR
1.3.1. REMTR%

Robei A T A {EH AT, ETESA SR T E%. 530X IEAERAE “File”
SRR, BHlL K. BYUIRHBR IR CE AR “Edit” SRR E . SRR SR IR R B s
M, Sl FUEBLNAE “Tools” SR E . [ 7 iXE, WAL “Build” 58 B HATH
BB WIEAE,  “View” SEH R PBORGENMEAE . WA SR AN E O, A
FURTLAE] “Window” SEEE 4R HIXT NI & 1 4T T

File Edit Tool Settmg Build View Window Help

B 1-3-2 SRR T 24

1.3.2. TR

TRA AW, 512 “Current” XN SO BN 2107 TAE SO, FRERIESY
BTHS T, AP IERB AL, AT P a7 i 1) S0 o 55 4% “ System”
FEBE Robei B — it 225 47 1), B AL th R 48 B, H 4% 2 C:\ProgramData\Robei

XXII Copyright © Robei



http://robei.com EEE NAH AP R

P a] BATEINE AL H, RS TG RSO %, Robei 2 H 8 EBUZ I BT A 1Y
Robei f7 , IRINTIERLE “Toolbox” HL i, ¥ “Add” , RGi2 Hsh# R INE
FIXEHE (il 1-2-3 Fios) o

ToolBox

Library Xame:|

Location:

1-3-3 TEAE (&) FdRINESIGHE 5D
1.3.3. B

AR T 0 R R AR X e rh R (K g A% o P W] AAB R R, 4%
TG, B RN & B RRAE AR Kb . B o B Jm R R AR, T LA RERR
Mo
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Coment |

Code

Color #f5fhdc

& 1-3-4 @R

1.3.4. TEZ[H]

TAER R — NIRRT X, RN, P rl DURI s, B8, 5] A& 82
LRI AR R . TAEE AN, — R ITEIE, — AR
VO, AT LUE N R “Graph” Fl “Code” JEI-RIEAT I,

XXIN Copyright © Robei
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Kl1-3-5 BT B AR RS AR

1.3.5. %H
A SR SR S B, AR RS B S R

Kl 1-3-6 Harth &
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1.4 Robei =&

Robei H =AM EARTTFE KL Verilog BT 5 Bk, 5 IFIESLL . 7 Verilog
B E, A RIIBEL (module) KA . —AMEEHAT IMRE —NZHT, — AT/,
—/N ALU Bi# —1> SOC R%t. HHE—MIRIS R, EXMIEIES R b, XAFTEE
ZHGIE . SRS R S FUEE T, A5 S He MR TR G, # 5
—MMRIEEL . XAERE T LR — IR, TRl — AR,

1.4.1. R

BEYCR BT R A TR, WTUEER— 1N RBET. AXNMBRETE, wibE
DA 5| A RAROa A 7T, nr DUTSCE W r i (A5 30 R N S B2 4SS i T i 11 0240
RIE BB B, — BT DL AR SRS . IEAETF R IR 4 A2 “Module”
KA, HE—HBBFEE, MR “Model” , XAMEIY AT DIFE H e it i, 1
HE @Y AT 7 SRS, ARebE B0 Bie G e A, GRS A M, H
KLU E I “Testbench” 2874, SZIL FPGA 5 I/ BLH “Constrain” 287,

1-4-1 Module 7 LFEE— B & T

(1) Module: Robei fJFEAIM, T IEAE BT R MR B, (R17)5 A 332 “Model ”,
R AT LB SUE A 1k

modulel
module
module
Current/a-="
assign y
Parameters
Color #£5f5de

1-4-2 Module

(2) Model: BHHEF B L ERER P E ], B34 “Model” K7, /TR VEREAT T
By, (HRH e UEEICE R, gt ARRMSEEE.
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Property

ETE

& 1-4-3 Model

(3) Testbench: AT FIUE ¥ i EH B2, BB ke T30, A BT
B, FREIERITER. WRERRES R, 1500 R S B & P B K
“testbench” , 5 NHANBYPEIE 34T

& 1-4-4 Testbench

(4) Constrain: ZJHCAF 2R FPGA 5 AT 7 B S . RN EES FPGA | R 4
A Ee A A FE R, Ll Robei 2 HRYEAS R )5 H 2 2R xR T-1%) 7 (9 51 B2 3RS
4, {HIZAE Robei B FHATHBLMTT RE G —1. Hoin Xilinx ISE 51 B2 3R S0 & UCF
A%, Vivado 51 BIZ FR ST XDC XA, Altera ¥ 51 B2 FSC {4 QSF 0. iR 24y
BCH 5 e — A2, F P a] DAEEE R b B T 5] IIE R ) 9 5

] 1-4-5 Constrain

FEGI Gy FC 2 1, P /5 BEAESE B “ Settings ” HLIHIIZ % “FPGA” , HISKiE ¢ E#i¥) FPGA
J 7K o BAMI LA TT DARIARS I 05 AR AR 2 (8] rh A AL i v

Copyright © Robei XXVII



http://robei.com

Robei EDA

& Configure FPGA settings

FPGA Vendor: Xilim: Software: Vivado |

Software Path:

Device:

Speed : |
Cable : USB B
0K

Kl 1-4-6 &+ FPGA | 7
FESEHL “View” [ N3 AIESE “CodeView” » AT LUE 2 H 3h2E ) 51 IZIHAR

5o

J,#This file is generated by Robei

2 #Pin Assigrment for ¥iling FPGA with Software Viwado.
3 set_property PACKAGE PIN 515 [get ports swtl0]]

4 set_property IOSTANDARD LVCMOS33 [get_ports swt[01]

D set_property PACKAGSE PIN P15 [zet_ports swt[1]1]

6 set property IOSTANDARD LVCHMOS33 [get ports swtl[11]

1 set_property PACKAGE_PIN W13 [zet_ports swtl2]1]

8 set_property IOSTANDARD LVCMOS33 [get_ports swt[21]

9 set_property PACKAGE PIN T16 [zet ports swtl31]
10 set_property IOSTANDARD LVCMOS33 [get ports swt[31]

3 zet location assignment
4 zet_location_assignment
D set_location_assignment
6 set_location assigrment
T set_location_assignment
8 set_location_assignment
9 =zet_location_assignment

TN st Taration aceionmant

PIN_G15
FPIN_F15
PIN_W13
FIN_T1&
PIN_M14
FPIN_M15

FPIN_G14
BTN NIR

1 #This file iz zenerated hy Eobei
2 #Pin Assisnment for Altera FPCA with Software Quartus.

~to swt[0]
—to swtl1]
—-to swtlZ]
~to swt[3]
~to 1ed[0]
~to led[1]

—-to led[2]
—tna 1adl=1

K] 1-4-7 %F%F Xilinx F1 Altera 2 ) [ 249 58 S04k

1.4.2. 3|}

SRR — Al S BOME S, WY LU LT R B AR, BEE T AR R — N ERE
BE S B AN B SRR RRE T, R S ANEE RO . SRR R &
T EATEL, WAMA AR SLETIE, FL2AMER, BN, K2R A TE S AL
FLAE L EORANI AN, Xt R o B —FREE T DU AR T DU R Y, 2 PN T T L R I

Bhifl, AN —FE.

Kl 1-4-8 BB R F7E B & T EFTHL
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RS BB 1-4-9 Fros. SR E A 28, W “reg” , “wire” , “supply”
%, “Datasize” JEVEM KRR 1T IR RS R S 2. 5 R RRAEBIR A ZiE L, AEE
AN AGE B I, MR BT, 5] I ERFEFS 5 o

EE: B ERSIHN—SEERERE, AaeB, BRMABMBIEA(SE R LAME
RIRE,

Property

Kl 1-4-9 5]

1.4.3. EELL

R RIREL A G, IF 0505 5 IR . Rt W FE R R & T PN ALI
B, AL B EAR KA R, B B 10 TR BRI — A, RA
R AR R A A2 S EERE, MR AR, 2.

& 1-4-10 #EEL

WA T, SR YRR 5 RS AR, SRE Sy B br5|
RIB . ARG AR S0 AN, SERRZ R0 th A S AR ]

Coaei EeSE f Praperty

iy out
o decoder1

-
en€ncoder2

B 1-4-11 EIEL
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B, G| IATERRL A Robei =70, BIIX=JCK, Robei LR I% MM BT
fal LB g, HE— PR XSRS AN TR ER, 7 (8 DR gt A il r B T
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1.5 Verilog Z: A
1.5.1. #iE
(1) HEK DY FffR 2
Verilog H 4 MERSEI A FHREE: 0, 1, Z A1 X
0: HUH 0, {KHT, iFEHER
1: BUE 1, ST, & IE
Z 8 z: mEE
X 8 x: RABCEYIGE
(2) Bt R R B+t .
pii il il R
gk 3°b101 — A kI $L 101
J\ gk 9’017 Jubr )RR 17, ATkl 15

+-i A 12 AR5 AR, B 7 12
"d11 H d ARF A, BRI 11

RWAY sl 64°hff01 64 i+ 7N#E| FFO1, —+3EHIAH 4T 65281
# 1-5-1 HE SRR T

(3) kA
s 2 () KB 2R R R PSR Bh ) 5 SR 2, R I Pifl: reg A wireo

reg: A AAEAEEHE, dnfilk 4%
wire: FEREMANTI, A ReAE0E R

1.5.2. ZEH
(1) ZHIEHE

5 & y=a&b;
B4 | y=alb;
S A y=a’\b;
I ~ y=-a;
B && y=a&&b;
E || y=all;
wiEAE ! y=la;

(2) HARIBELT

*1-5-2 WHRsHER

Copyright © Robei
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hn + y=a+b;
U - y=a-b;
I * y=a*b;
b / y=a/b;
HES % y=a%b;
T << y=a<<b;
HF% >> y=a>>b;

(3) BB HEST

#1-5-3 BREZEE

KT > y=a>b;
M < y=a<b;
&T == y=a==b;
KT%ET >= y=a>=b;
INTEET <= y=a<=b;
ANEET 1= y=al!=b;

% 1-5-4 LiaREE
1.5.3. g5t B

BT Robei K777, UATFEHSARBEATUANHRBA, EEHFKOKERE, HREHSFR
BTRXESAHENEE. FTUREENRESERRPRE .

1. e X

Robei fJREAMHE EIAER — ML, BRI 75 B3 tH “module™ T4, IR A 2 1B
YRR, ZJE IR RIAE TR AN A5 . )5 EE Eendmodule”.

module dff(d,q,clk);
13X BT U6 g 2

endmodule

4 module dff(
5 4,

6 g

T clk);

| //——Ports declearation——
10 input d;

11 output [7:0] q;

12 input clk;

14 wire d;
15 wire [7:0] q;
16 wire clk;

18 //——Code starts here
19 always @ ( posedge clk)

20 g<=d;
21 endmodule //dff
22

B 1-5-1 B E X

XXX Copyright © Robei



http://robei.com FHEA NAH AR s

2. 5lfHIE X

TR A4 AR 2 Y AR AR E S35 BRI o AERE 58 BUS » 7E module AT endmodule
eh )7 B S I 1] o 5 Sk AR P A2 S N SR, AP Tl SR 2 e b 5B, JE i Sk 2 BR
A LA N AR AT A o A RO B R R S S . BRI S IME S A,
— M2 wire B reg.

input p0;
inout pl;
output [3:0] p2;
wire pO0;
wire pl;
reg [3:0] p2;
2 module test(p0, pl, p2?) ;
3 //—Ports declearation——
4 input p0;
0 5 inout pl;
6 output [3:0] p2;
test !
1 pi} 8 wire p0;
9 wire pl;
10 wire [3:0] p2;
11
12 endmodule //module
13
Kl 1-5-2 5lITE X
3. EER

R N E SO RNERRZRRUIN EAL S A BRI ), 5 51 R E SR, B AE
Robei 1, THRMHE THHIER LR UAFEY], BEEGERIIM, Pl @& Rer A7
TGS

wire clkout clk;
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clkou

Bl 1-5-3 EBLNE L, RA clkout clk A T
4. filtk

IR I ARG AR B (14 05 3K, 8 R0 51 BIRH D I) 51 BRI BE a2k, 33 SR DU
P AT BRI, ALk 7 22— 5 S, mAERES, ZEN
MWANEE Z, W ERES, ZEREFAM.

Designu 2( .(di I 1(u_1 H¥i 1 1),
i 2001 FER 1 2),
it 3(u_ 1 HER I 3),

...... );

S2Pr2sf4n DFF A4 -

DFF d1 (.Q(QS),

Qbar (),

.Data (D),

Preset (), // 1ZE B
.Clock (CK) );
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] 1-5-4 AL
1.5.4. RIS
1. IR{EiEH)

W B IRAEL V5 5 W assign, assign & HIE FRAS— MG 5 5 5540 —AME 5 BT HIE,
FEATAE S AR AR 2 R K. Assign H 455 72 1045 5 A6 402 wire 2L

K] 1-5-5 always i5H]
2. BXIEH

if else

KT CiES TR ifelse IS, W ifelse 54, MR AERS, HERE K
A else MER], W ERBUFAR . FEREAF BT A MOz R BB R A =k . 290 2 K15 H)
FAET ifelse HEJ AR5, 75 22 H begin end W 2 2518 THL S, BEHT begin end #H24F C
B

K 1-5-6 ifelse iEH)

Case
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KT CIES N case MIEE. MR case 543 H default (A% B, wWtaA i1z
w1 NPKs 2 2 B AT 8

K] 1-5-7 Case i&H]
3. fEiEH)
For

FT CiEZ 1 For 5. B2 Verilog H, A AMKRESR, FrULAH i++, R
feH i=it1.

K] 1-5-8 For i5H]
While

FKOLT CEF ) While F1575. While WHAESATH, B S ABIEIRHAT K AF RIS
AT AE, WRK, $UT/REMIERS, X5 f IR AR AT 2R RIE AR BN,
NEIE,  EHRAT R AE R, AR, BRI RIS AN R,

K 1-5-9  While i&f)

4. VIR S EE AT
Initial
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Verilog "' H initial EAT#HJ4A1L, initial RHAT—, 1E 0 I ZIHAT . T2 LE 07 H IR
[ L

module initial example() :
reg clk, reset, enable, data;
initial begin
clk = 0;
yeseh — U
enable = 0;
data = 0;
end
Fndmodule

K] 1-5-10 initial i&4]
Always

Verilog W' always — E B & T 2IF2 /7 45 . Always A H CHIBURE 55138, H always@
(HUBME 5 1 or BUBRME 5 2 or ...) SRFIR, SEUR(E 5 R A 0% I3 BFDIR S

module always example() :
reg clk, reset, enable, g _in, data;
always @ (posedge clk)
if (reset) begin
data <= 0;
end else if (enable) begin
data <= g _in;
end
endmodule

P 1-5-11 always i&4]

R & A7 8 8B5S A 1 LAAE always Al initial 86 AT, A OB reg
A SEHL

5. PR ABE 5 ABE

FHZEME( =)

FEERATIR A b, FHEE MR I A4 R e e S b R HES B AR BT BITRT— 2% 1R AD 3
A5EIRE 2 /T, Ja mFE R AR BT, BEZ, JRmEAEA I 1. £ always
begin. .. end I AJER A T A BRI IFHATH, FHERERE E—KiBR%EEENZ A, 4
THEIAT T — %8RI
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0QB~reg0
iD DPREo =008
clk D> >
ENA
CLR
always @ (posedge clk)
begin 0QA~reg0
oA = 1iD; o e - 00A
0oQB = oQA; ZNA
EIld CLR

K] 1-5-12 PHZEXIRETE )

FEFHEME( <=)

St AL RIE N E I EAAAE DA T, D EB R DA AEA T, 10 0QA
A HTIE R IRAFAE 53— AT A7 A8, 7E begin M end 2 [B] A7 18 A1) 045 14 8 A BT FF
A 5E e, XA AR ENIRES 3T . XFE oQB 73 2152 oA 1S AR {E T A2
iDo

always @ (posedge clk) ol i
% iD > 0 o 0 o [>-008B
begin clk >
0QA <= iD; [ =
oQB <= oQA;
- 0QA
end

B 1-5-12 FRPH ZE R E 5

1.5.5. —PMERKBE

module B (G 1,511 2,...... )s

input [£# 5EEE] FN G

output[ ¥ % ] i th 51 s

parameter Z£(=ER I\ ;

reg[ B % L] FAFIELE T

wire[##5 % ] AEFAFEIEME T

IS i

BRI (S5, 82, ... ) Biltess  (
ARG CGEERNGES D,
BRI G 2 CGEEEMES 2)
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);
(1 FABFE R FE

//assign
assign 55 1=(55 2;

//if else

if (%6fF) begin
PATIEA];

end else begin
PATIEA];

end

//case

case (A HE):
H—ME: PATIES;
BAME: PATIER;
default: ERIAHAT I A5

endcase

//while
while (Z61F) begin
PATIER];

end

//always
always@(BUR(5E 5 1 or HUE E S 20r....)
HHHRE,

//for
for(i=0;i<10;i=i+1) begin

HARE

end
endmodule

PLER R RRESS, RS SRR, RAAKZS, FHERIEE
BB BLT
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1.6. E—RHEGH

B RIS SUESARF I EEWARR A, RA SRR — RN, 4Rl tEz)
FHBEHARMWHATE] . FH—RBATT#H T EDA MR EVIFE, T## T Robei M4 SR =0
=, LRIFEM T Robei BAFFMVILF 3] T Verilog 15, XX G5 14T T 7 RS 1A
fifle JEHIK2 A TFNE, A S GER HEh FIRE
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BR: EHIATF, FKEN

B RBATEL LA LER fa S Se 9], R ZE 44— K Robei BFAEAL ST L I 1 1k
B AN DAL FAR R B R R o At AT DAl A GRS B3 T IR — TR %) Verilog
T E N AL SE o IR LT ST e e ok LU AR A, (2 HL SR DI REHR 2 E FPGA
B R R E Y. 308 f B R T HEBRAE, DERENTA 542 Robei 1BTHAUREAN
56 Verilog FIGFET 3o BRI, B35 AT LUK 2 — [FIBkER -
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2.1 Ef— ZHITBT

2.1.1. &S

By I8RO R R S AR AL AR 70 o AR BETE FZ M B2 35T THE Robei A H A
HI Verilog if & SEBLHTT 3, JREZRHES 58 PRE AR IF E IR « KRS KR
B
Hid ot

R B AR A, H LB AR T 510, 8], AR, SR, BAR
(IR B T8 . AUttt B A g P K L2 T Verilog ££ Robei U H AL TR
Ho LUEILISTT (B 2-1-0 R, i 2-1-1 fios, @ HEERITUES, G494
BNTRIN 9 1 ke, St A2 1, AR OU N E08 00 STTHEARIEHON: y=a&b.

i a b y
¥ 0 0 0
b 0 1 0
1 0 0
1 1 1
K 2-1-1 51 nEEMEER
KA

K Robei #f4. 7E Robei B /7™ ufi Chttp://www.robei.com) T # &k Robei # 14,
If224% . 77T Robei #f, #47% Robei B A IG5 AISE B o K SRRIE T B AZ IR Bl bR b
BE IR RINE . £ MR sy “Help” , &7 Robei ST hi FH 438 H U B4

2.2.2. WIHRE
1. At

(1) Fiae— AR, i TR b R, s S “File” SABTE T RSEE g
HEFE “New” , 2 —/MAHFEREM IR (I 2-12 %) o 03 Hh A AR o e 47
AR,

Pl 2-1-2 BT ARSI T

XLIT Copyright © Robei
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i,

@

Module Name: andgate
Module Type: module .
Language: Verilog .

Input Ports: 2
Output Ports: 1
Inout Ports: 0

0K Cancel

K 2-12 #rEgE—AmHE

Module Name: EHAFR, X HEFTNAEQE— Y andgate FIHIEL, HiA andgate.

Module Type: A, Robei H F 3 #F 3 FiZEAY, “module”, “testbench”F1“ constrain”.
X B IRATCE R —ME, & “module” .

Language: &witiEE, XEHRA—MEITES Verilog.

Input Ports: FIAGIAEH, FATEAHHIESA 2 MG a F b, BT 2.

Output Ports: fith 5| EH , AT AA 1AM S By, FrelA 1.

Inout Ports: BEH] PAE yfa A\ AT DUt 5L B H - JRAT 8 B R A F 2%
KA, BFreAsiA 0.

SHUHE ERNJE R “OK” #%4H, Robei Bl A m— NS, 47 5i/2 andgate,
ke 2-1-3 fiR:

andgate

Iﬂi:ﬁ"

K 2-1-3 525w A

(2) BHEAL, 5 B s A S 7w B B AR R G “p0” A0 A e Ak G A
R JEARL T AR L R Q] 2-1-4 R . BESRRYER HXT R A FR. 9 T ER BT R AR —
B, BAHE p0 AR a, pl B FREUR b, p2 HIAFRE yo BB 5152 75 1 2
A% Name 2 BEIBEOF ARG, N 7 X5, FATRT USRS 51 I Color {H,
I mi B ZE LR AF o ABETE RS W] 2-1-5 P
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Property

#d2691e

Kl 2-1-4 E/R5IH “p0” 1@k

andgate

B 2-1-5 512 BRI B SUS i 5T
(3) N E, AR N7 Code (1K 2-1-6 fin) #EAMRISIIHIX .

andgate

2-1-6 i Code #y N E

RIS X A4 LL R Verilog AR
assigny =a & b;
AR 5112 EIEE . WiE 2-1-7 Pos:

XLIN Copyright © Robei
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17 assign v = a & b:
18

B 2-1-7 EikMN

(4 fRAff. md THEA a Kby, o sidizg s “File” i) NHi3EH “Saveas” , &

I 2-1-8 FIFETHT, KRR S A7 B — A S e
HE: 1 RENBEFAREE DTN
2. R CHL A RE SRR R = R 3k
3. MR XHERFER—BET
4. REFHFIMH4 S BRI RS A R
5. fw BB AR A B verilog FIREEE, W “module”, “if” %%

- o
" yumted B T P
‘€ e \. ¥ labl ~ | %2 || Search labl yel
i'T'? = Y T;‘ a—' T ——

Organize ¥ New folder s .e
-
. Favorites . Name Date modified Type
M Deskiop
P No items match your search.
13 Downloads = bl

‘2» Recent Places

7] Libraries
‘L Documents
4. Music
= Pictures

=. Subversion

> ¢ T b

File name:  andgate ~l

Save as type: lModeI File(* model) v] i

* Hide Folders Save

2-1-8 fRAFpsE Y

U)EﬁoEiﬂﬁﬁﬁ[:]ﬁ%ﬁ%ﬁﬁﬁﬁ“mMW%Tﬁ%%“mm”,&ﬁﬁ

ok A . WRAER, SAEMME DR ER, R HAE code P ERATH, AT LLEE &
HOZATEE E AT, HHRITEORE code BonTaE A, FFEABGAE. WREAHIRIER,
FEAR, A andgate Wit 5E k.

2. WA
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(D FE—Aefh. A TR ER l‘:* AR, E#O R S I 2-1-9 i3
frigite

EE: WHE Module Type A~ B J% testbench, {5iERKFAZHI .

I

Module Name: andtest

Module Type: testbencl .

Language: Verilog .

Input Ports: 2
Qutput Ports: 1
Inout Ports: 0

0K

K 2-1-9 stk e

(2) BEEA T g, &N s, fEEEE S A, T EX AR 5]
=9, WE 2-1-20 ffix.

K 2-1-10 1EX5]

(3) BAF MR midy TR ﬁ Bz, LA 2-1-11 B 5, R sorrOr

173 andgate R FITLE (19 SCAF R .

FR: LRFENBRER ISR FCNBHE
2. R CHL A RE SRR R = R 3k
3. BARFEIA andgate [F]—B&E T, &N Toolbox F#RAF| andgate Btk
4. RSB S BB TR AR B TR

XLV Copyright © Robei
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——
- —=)
=(|. » labl || Search tab1 £
- =
Organize ~ New folder EE » ﬁ
& Favorites *  Neme Date modified Type
M Deskto
P No items match your search.
14 Downloads !
,‘;) Recent Places
I
2 Libraries i
L. Documents |
J} Music
= Pictures i
=. Subversion i
™. al| <] 1 S |
File name: andtesd -l
Save as type: lTe_sgbench(*.t,e_s\) vl i
'~ Hide Folders Save

2-1-11 fRAF IR F

(4) AR, 7F Toolbox T.EAHH) Current £ B, I — andgate #5Y, FEZAHA
FLE andtest EEsI0.

andgate1

B 2-1-12 sy

(5) EEGI. A& TEART / ElbR, B EFESEE “Tool” F1H “Connect” , %
BESIH p0 3 a, pl B b Ay B p2, W 2-1-13 Fion. XABHE, EEEEERELNTG.

R AR EAR PG P, i B

B 2-1-13 &G
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Robei EDA

(6) HINWh. AUHIHABIR T “Code” , MINBUNFIE . WU TE 25 T 1) I i 22
H$finish 45,
initial begin

end

(D PATV FIFER B - }ﬁEEI,EJé@, BEE MR, RS HR G Mk

p0=0;
pl=0;
#1
p0=1;
#1
pl=1;
#1
p0=0;
#1
pl=0;
#1
$finish;

andtest

15 initial begin
16p0 = 0;

ol = a:

18 #1

_];'9130 = 1:

20 21

21pl = 1;

22 #1

2300 = 0

24 #1
25 pl
26 #1
27 §finish;

0;

K 2-1-14 S

BEATOT R, 2 BUE R “View” T “Waveview” , W EEHMATIF, WE

2-1-15 flizr. WIS TZ BB “Module Type” AN 72 testbench, i ASE R .

XLV
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K 2-1-15 WIEE %

(8) s A Workspace {55, HATIRIMIFES. AEHEAEGES TASZ LT ; K]
FREAT BANARTR. A AT i RA RIEN R ER, B RITERSE.

K 2-1-16 & W

2.1.3. HESEE

ARG LS T 5 BEAT BEiE, PRI 28l ] ksl 2R RN A7 SOk BE T R
7, ART AN ] I BEAT 07 SRR ?

W] BHRF Verilog H2:AX5 X R
511 & assign y=a&b; 741508
AN | assign y=alb; 741832
a7 A assign y=a"b; 74LS86
54ET] ~& assign y=~(a&b); 74L.S00
| ~ assign y=~(alb); 74LS36
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2.1.4. ' WiE &

(D AT AT RZIEEARNEIL?

Robei FIFAA PUFPEA:  “module” , “model” , “testbench” AHl “constrain” . I
TRARREN] G B W BAZR T2 T AR B B ) “testbench” o [, testbench ]
R N RN “reg” , R ZRBURIN “wire” o

(2) “model” F1 “module” H A4 X 5?2

IEEBCTT ALY “module” , — B RTHTEA, FRAEIAEE N H 23 & i B RS H i

B, AR B8 R “model” «  “model” H—YE@ AT, BRI T,
(3) BAFEE BB e 8RS ?

£ “Code” ", IRAGEHEZIH P ARG EH 72, 10 HX B A N EE — AT H Ga

B, misEs “View” I FHSEH “CodeView” , YRR LLE B FTA AR, B4 EHZ)
(4) B FEMBEAREN HE WL ?
AL AH R A H A R
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2.2 SEB— HEEE

22.1. 2ES4k

TSR T A R IS 572, AT RO 8BS Sk T, AR A R
T, AT DR T 4 A R R A R o X IR FRAT TR 2% 5] — R Wi{AT F Robei A Verilog
EE R —A 4 thRsiH-Has
BiHER

THEER T B BR AR P B AT TG R BOE S ok . AR FRAT R T — 4 LRFRI T
g, HIGHEAE 0~F 8], Wit K ME 16, BrHEIEERME 2-2-1 Fix:

| Sigﬁals Values [

clock 1

enable 0

reset 0

result[4:0] zzzzz

B 2-2-1 ¥ s 3R
2.2.2. WitHE
1. Rt

(D) e — MR, fiih TAR B [* Bz, Bi3E M “File” SRJG1E TR
W “New” , A PDIIGHEFR R (U1K 2-2-2 fis) o AR5 AR HE F s B AR T i
TR

®

Module Name: counter
Module Type: module .
Language: Verilog '

Input Ports: 3
Output Ports: |
Inout Ports: 0

0K Cancel

K222 HrEE—ATmH

SHOIHE UG Bl “OK” %41, Robei ft 4 — AN H IS, &2 counter,
W 2-2-3 Fios:
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counter

K 2-2-3 THEEs A

(2) B, 78 H sh A ) ST B _E T 2 Rk e, B NS A clock, enable F1 reset,
iy 51 S MUK count. HoHT count 1A “Datasize” Jy 4 LbAF, iE AT 4, ATLL
HIN 3:00 AT XABAGIH, AT DS A5 I Color fH, FF MBI FELRAF. BT
B AN 2-2-4 s . WIEREFRALER, $% “F1” 8, #teHshA— Datasheet, 41/ 2-2-5
B

counter

K 2-2-4 B85 s 1k

Datasize | Function

Kl 2-2-5 “Datasheet” # K

(3) M NFIL, SRR 71 Code (WIE 2-2-6 Fizn) EAMRESITHIX .
RIS X A HIALLR Verilog AR
always @ (posedge clock)
begin
if (reset == 1)
begin
count<= 0;
end
else if (enable == 1)
begin

LI Copyright © Robei
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count <= count + 1;
end
end

if (reset == 1)
begin

count<= 0;
end
else if (enable == 1}
begin

count <= count + 1;

K 2-2-6 il Code Hy NFHI%

M)%ﬁoﬁﬁlﬁﬁéEa@ﬁ,ﬁ%ﬁ%%ﬁ“ﬁk”¢%?ﬁ%$“&ww”,%ﬁ
AR — A3 Je

(5) 8175 EIE*&@H&E‘]@E%%E&%ﬁ “Build” 1 FHZEH “Run” , $ATICHLH
&, MREHR, SEmEE DR ER. REE#ERER, 385, B8 counter BEit5E K.
2. WA THF T

U)%@—ﬁi#oﬁﬁIﬁﬁﬂﬁﬁE’BWhE%$%NﬁE¢§ﬁ@2&7ﬁﬁﬁﬁo
%

Module Name: counter test

Module Type: 'testbencl .

Language: Verilog | |

Input Ports: 3

Output Ports: 1

Inout Ports: 0
oK

B 2-2-7 i se

(2) BEEAGI BPEE. ERREASE, ERER XA 2-2-8 BTG R,
IESEUE, TEX D AE R SEES .
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2-2-8 G|fHlJEPEE

(3) AR )ﬁiﬁiﬂﬁ@ FIFR, BRI SO R AE 2 counter AU BITLE (1) ST
JF
(4) IMABEAL, 7 Toolbox . ELAH I Current £% B, ZHB— counter FiAY, FTFZAHAY

et counter1 countip result

K 2-2-9 FRhnAsT

(5) EHEGIM. mih TR / Blbr, S8 IEFEEH “Tool” Hi1) “Connect” , U1
2-2-10 Fror, ERGI. AR, EREEERLISIG. WR AR EAR P FR L, &

ﬂigﬁ;k_o

& 2-2-10 &35
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(6) FINE. s T 71 “Code” , HINBUNEE, W 2-2-11 Fix. R
T A6 25 (R I fige 22 ] $finish 450K .
initial begin
clock =1;
reset = 0;
enable = 0;
#5 reset=1;
#10 reset = 0;
#10 enable = 1;
#150 enable = 0;
#5 $finish;
end
always begin
#5 clock=~clock;

end

counter_test =

17 initial begin
18 clock = 1:
19 reset = 0;
20  enable = 0;

21 #5 reset = 1;
22  #10 reset = 0
23 #10 enable = 1:
24 $#150 enable = 0;
#5 $finish;

K 2-2-11 g

=
(D PATV FIFER B - ,QEEIE%@, BEE MR, RS HR G Mk

AT R, Wk Q HEEH “View” H 1) “Waveview” , IWIEEFH it & . A
Fil Workspace IG5, HATIRINIFESR, W 2-2-12 s, miEEEE#w LA~ B

9 4 FERRIEAT SR 0T 07 FULE B R (2, 256 B MO0 5 B Bk R — 8L
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I

K 2-2-12 BHEWIE
223. MBESRB®E

(1) A Robei Beit — AN A tH40ds 2 tHEBOTAEI 08 F, BAIBHE 5 Bk TH B ds il
o DM AR AR 5] T K

(2) fnfer M I s SIS A3 By 50% B 2 934, 4 o34 16 p e faR: At @&
R R 8] 75— B RYIIT 5 B
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2.3 EH= GmiFhDas

23.1. &S

T T AT B ) 2 PR R B SO B R e . W LIRS T A B TS, BCD LA 8-3
RIRIDEE, 16-4 LRIMAD 24, AR DL 8-3 LRALSLIMID AN 3-8 LR A 28 /E N1, HEATHL
Ei O A= 2 R S N

Bt R

DLSE A A AR 224> ) N\ T 248 B /0 B0 L i o ) PR S B0 o DL SE S o 5 T Ak
B LS g R 1] PGSR . 8-3 LRImd a2 Ay 8 LLRr it UL 3 LERF 7 5
R HK. 8 MRE AL TR AT — AR Oy R, ROV, Mk, 3-8 RS
R 8 AR A A 3 IREHE HEAT H T . IR 2-3-1.

x[71 | x[6] | x[51 | x[41 | x[31 | x[2] [0]
0 0

.
—
—
=
[\S}
—
—
—
—
oy
(=]
-

il el @l @l el el s (an)
il el el sl e i e ) (a)
SOOI
SCRoRLILIC OO K

X
1
0
0
0
0
0
0
0

SO IO IO
SRR LI
SOOI IO
el el e N (el (el e Y (el )
—— OO == O I K
— o=~ — oK

#2-3-1 83 AL EER
2.3.2. WIHRE
1. YeiSaER it

(D) #FE— A5 4 N encoder, 255N module, [FIN 5] ERN 2 BN 1 B, &4
S| JE AR RS R 2-3-1 BE4T X B B 2L

Name Inout DataType Datasize | Function
X input wire 7:0 input data
en input wire 1 enable
y output reg 2:0 output

K 2-3-1 51 )EME

encoder

K 2-3-2 A 3% ST &
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(2) WY, Ad A T 5 Code (P 2-3-3 i) WinACHS .

17 always @ (en or z)

18 begin

19 if (en)

20 begin

21 case (z}

22 8" bo000n001 - v = 37 b0O00:
23 8" po0000010 = ¥ = 3" n001;
24 & pO0a00100 @ v = 3 bO10;
25 8 00001000 = v = 37 boll;
26 8" b00010000 - ¥ = 37 bl00;
27 8" p00100000 = ¥ = 3" bl0l;
28 & po1000000 = v = 3 bllo;
29 8 b10000000 : ¥ = 37 blll;
30 default : y= 3" b000:

31 endcase

32 end

K& 2-3-3 Al Code iy NI

TEARBS T IX A H A LL T Verilog XA
always @ (en or x)
begin
if (en)
begin
case (x)
8'b00000001 : y = 3'b000;
8'b00000010 : y =3'b001;
8'b00000100 : y =3'b010;
8'b00001000 : y =3'b011;
8'b00010000 : y = 3'b100;
8'b00100000 : y =3'b101;
8'b01000000 : y =3'b110;
8'b10000000 : y =3'b111;
default : y=3'0000;
endcase
end
end

(3) fRfF. midi LEA a KR, BUE RIS “File” F NHEH “Saveas” , AR
R TAE B — A e

(4) 817, Eiﬁffé,ﬁjﬁ@ﬁ}i%)ﬁfﬁii “Build” B FHZFEH “Run” , HATARSAR
o WERAHHR, SN W 0 RoR.
2. RS RL T
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(1) Hri— A 4 N decoder, Z5AY°4 module, [R5 I E N 2 N 1 &t . &4
5| BT JE A 22 k2 BRI 2-3-4 AT N A .

Name Inout | DataType Datasize Function
din input wi 2 0 i ata
output |r output

K 2-3-4 5] E M

decoder out

2-3-5 PRI 2R A
(2) WY, AEEA R 51 Code (W1 2-3-6 i) WsinACad.

%%3551311-01.1-‘& = (en) 2 (1 << dirn} : 8'b

—
Graph  Code

2-3-6 il Code i N\ 532
RSB THX AHI A LLT Verilog £XAi5:

assign out = (en) ? (1 << din) : 8'b0;
(3) fRfF. M T HA ﬁ Flbs, BRI A7 2] 5 encoder #H [H] S+
(4) 1217, Elﬁi‘é,ﬁﬂigﬁhﬁf{ﬁﬂﬁﬁo ARG, SEmBE P ER.
3. WA

(D) FrE— 2% ot sofE . Sd TR R E"‘ BIbR, 1855 H 0 X 5 AE
ZMRE 2-3-7 #H4T T
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Module Name: codertest
Module Type: testbenci.
Language: Verilog .

Input Ports: 2
Output Ports: 1
Inout Ports: 0

0K

K 2-3-7 i so

(2) BEEAGI HEE. LRSI, ERER XA 2-3-8 BT R,
IESIEE, TEX 2 AE R SEES .

Name Inout DataType Datasize . Function
data input reg 220 signal data
en input reg 1 |enable
out output wire 220 output data

K 2-3-8 5IHEMER

(3) AR S TR @ EFR, MR SR 17 2 decoder A1 encoder
R TR ST
(4) JIMAFERL, 7E Toolbox L. EFH ) Current £ B, 2 HHl—1 decoder F1 encoder f %Y,

FTIZA AR IFTE codertest FWRIN. AU T AAE 1Y / BbR, S, WK 2-3-9 Fios.

nencoderZ

K 2-3-9 WY

(5) BN, s MR T 71 “Code” , BINBUNR S . WURAEDTE 25 o 1) B i 22
H$finish 45,
initial begin
data=3'b000;
en=0;
#1 data=3'000;

en=1;

LX Copyright © Robei
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#1 data=3'v001;
#1 data=3'010;
#1 data=3'0011;
#1 data=3"'b100;
#1 data=3'0101;
#1 data=3'b110;
#1 data=3'b111,;
#1 data=3'000;
#1 data=3'0001;
#1 $finish;

end

2] initial begin
22 data=3" bO0o:
23 en=0;

24 #1 data=3 bO00;
25  en=1;

26  #1 data=3 b001;
27 #1 data=% b010;
28 #1 data=3"b0l1;
29  #1 data=3 bl00:
30 #1 data=3’bl01;
31 #1 data=3'bll0;
32  #1 data=3"blli;
33 #1 data=3 b000;
34 #1 data=3" b001;
: $finish:

K 2-3-10 EifCHD

=
(6) JAT T FIFEH B - }ﬁﬂiIEi‘é@, BE MR, RS HHR G Mk

AT R, Bt g‘ o TESRH Y Waveform & & 5451l Workspace {55, #EAT

AR, W 2311 Pir. MERREE ST LN BRI A%, S
PIRa R R IR AR, BFEBOHEIEM AR 25— 2.
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K 2-3-11 BHEWEIE

2.3.3. BE5E%

(1) f#FH Robei #it—~ BCD 4ufi 2% JF3EAT 07 ko

(2) {8 F Robei Wit — 16-4 Z&gmid a4l 4-16 LA, F05 B,
(3) A1) Robei ¥t —M% & g ih e JF I 045 2R
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2.4 £H)Y ALU #it

24.1. AESHE

ALU (FHCZIHIT) & CPU AR 7o Beit BORERFAZIRIZF N JHRIE
JiEE, HhEsS A G hRE.

Bt R
ALU MRS 2-4-1 s . AT ALU ESEIERFEA R I &, 5 ek

A5 BEE DI RE
F§ ; ZD

R

2-4-1 ALU EA 454

(D) IS a s 2 MR, —MEATHECKIINESS, S —Fe it e, A
i REAL ARSI 2 3

{D,R}=A+B (1)
T HEAL B AT DAEAT IV A 6, SEI B A B BR AT VRIS B ek O R I A 1 A 2K
{D,R})=A+B+F )
(2) JFis HAE R 2 FhSRAY . AN A L 1R 5 .
{D,R}=A-B 3)
T AL RIS
{D,R}=A-B-F (4)
WIFER

wWit— 8 AL ALU, FrRescIlE 5, 8¢, 48, R, ArdEeoinyg, ardebsomik,
A AEALE R A AN R IE H . BHESF R 3 R R. A, B, R ¥4 8 tbardidE. H
TR SCHMERR A ALU Zhae, A7 0 4 4> 8 L ALU 28 32 Eb4RH) ALU.
2.4.2. WitHE
1. ALU % &t

(1) B —MER G 4N alu, ZEA0N module, [RIRTHE % 4 FN 2 it . B4 5] BT JE M
AR S B E 2-4-2 3BT B L

Name Inout DataType Datasize Funetion

D output | reg ‘ 1 carry out

2-4-2 5@
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A
B
alu
p
F
K] 2-4-3 ALU 51 &

(2) WIS . SR R 7R Code (W1E] 2-4-4 Fin) WIIACHS .

26 always @ (A or B or op or F)
21 begin
28 case { op }

29 3’ b000: {D, R}=A&B: MHENSEE

30 3" bo0l: {D,R}=alR; /R

31 3 b010: {0, RY="4; SIERBAEEER

32 3’boll: {D,R}=2"B: JERSEEE
33 3 b100: {D,R}=4+E; JIERAF B E
34 3'b10l: {D,R}=A+B+F; /BRI EE
35 3'bli0: {D,R}=A-B; IR ATERR RS
36 3" blil: {D,R}=A-B-F; /I 15 Y E
37 default: {D,R}=A&B; BN R EEE

3__8 endcase
39 end
40

K 2-4-4 i Code iy N B
FEARRS LT IX WA LL T Verilog fURS:

always @ (A or B or op or F)
begin
case (op)
3'b000: {D,R}=A&B; ISR 38 5
3'b001: {D,R}=A[B; /IS s B
3'b010: {D,R}=~A; S E| S
3'b011: {D,R}=A"B; 115530, Bl B
3'b100: {D,R}=A+B; 115 AN A s
3'b101: {D,R}=A+B+F; 115 A AT ) s B

3'b110: {D,R}=A-B;
3'b111: {D,R}=A-B-F;
default: {D,R}=A&B;
endcase

end

LXI\

JISEBUAS A AL s B
I SEB AL B s B
BN NEIBH

Copyright © Robei
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(3) RAFBMB|—ASCff e, 84T I & TR RS .
2. AT

(1) Hrd—A 4 %N 2 i S fF, 12434 Module Type W B “testbench” #4>5
TATC B f & 2-4-5 T o

Name Inout DataType Datasize Function
a input reg 8 first input
b input reg 8 second input
op input reg 4 operation
cin input reg 1 carry in
result output wire 8 result
cout output wire 1 carry out

2-4-5 FrEEMR s

(2) AR o MRS PRAF B alu B FT7E SO TR
(3) AR, 7F Toolbox T A K] Current B, 2L — alu BRY, g iR IE7E
alutest BN, JFREESI L, WK 2-4-6 Fos.

2-4-6 TSN

(@) N MG R A “Code” » MINBUNE L, W 2-4-7 Fiox. B
B2 25 TR PR I i 22 ] $finish 457K .

initial begin
a=0;
b=0;
op=0;
cin=0;
#1
a=3;
b=1;

Copyright © Robei LXV
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end

LXV

#1
a=255;
b=0;
op=2;
#1
a=5;
b=6;
op=3;
#1
a=128;
b=128;
op=4;
#1
a=4;
b=5;
cin=1;
op=5;
#1
a=4;
b=5;
op=06;
#1
a=4;
b=5;
op=T;
#1
a=4;
b=5;
op=0;
#1
$finish;

Copyright © Robei
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2-4-7 WY

OPATHEIHERWE. BEEHHEE . REREHE R EEE . 540 Workspace
FHIE S, BHATIINIEEE ST AR, WK 2-4-8 fiin. XHIREER, BEF® IS
N R — 2

il 0

2-4-8 BEHEIWIE
3.16 fif ALU %1t

(D) FHBBATRBE T —A 16 A2/ ALU. XA TFEH 2 BTt 8 A7 ALU Bidk, 48
HINK 16 S5 SR AP 8 A5 5, 4t 8 fir ALU 4B G A& & 1) 16 Ak 15
Fo

(2) split FEHE T ZAHR I Th AL EHEH N 16 AL EHE 2 NS 8 ML BE . 5| %
& 2-4-9 s

Copyright © Robei LXVII
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| Name Inout | DataType | Datasize Funetion
__A | input | wire 16 |Input Data
B output r wire 8 Lower of Input
C output | wire 8 Higher of Input

P 2-4-9 split FELR 5 B

split

B 2-4-10 split BB 51T

PR BLHIF G, sy code AR%E, H split A (ACAS :
assign B=A[7:0];
assign C=A[15:8];
(3) merge BEHTT: ZBEHEDIRE RIS 8 MBI H G N —A> 16 Lt . BRG]
T 2-4-11 fios.

| Name | Inout | DataType | Datasize | Function
| A | input I wire | 7:0 |
| B [ input | | 1:0 _|
_| C | output | wire | 15:0 '|

K 2-4-12 merge PR3

BRI AP 5, fiih code #7%5, T N\ merge BB XA
assign C={B, A};
(4) $ FRESL ML, o8 alule, HA 4 AR 2 firth, 5103 E W r & 2-4-13
FiR

LXV Copyright © Robei
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FHEAE AR AR Fr it

Ports:
Name Inout DataType Datasize Function
A input wire 16
B input wire 16
cin input wire 1
op input wire 4
result output wire 16
cout output wire 1

BE B E 2-4-14 FioR:

FR o

K 2-4-13 alul6 FEER 5] fI& T

PRAEZ JE I8 2Z BT THIT B ALU, split 1 merge B S Nt alul6 bk, FFtiTiEL. 5¢

Kl 2-4-14  alul6 Biikit

(5) MR BT B — i, BHCRRGEFED testbench, I THANE] 2-4-15 i

Name Inout DataType | Datasize
a input reg 16
b input reg 16
op input reg 4
cin input reg 1
result | output wire 16
cout output wire 1

B 2-4-15  alul6 BB 5] Ikt
PRAFJEHE 2 BB 1 alul6 BRI IR B, R 3E AT IE 2k - & 28 )5 iR B an 1] 2-4-16

Copyright © Robei LXIX
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& 2-4-16 alul6 B Lt

miifi code FR%E, N DI EASHR ) SR AR B -

initial begin
a=0;
b=0;
op=0;
cin=0;

#1
a=24;
b=35;
op=0;

#1

#1

#1

#1

#1

LXX Copyright © Robei
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#1
a=74;
b=35;
op=6;
#1
a=24;
b=75;
op=T;
#1
a=24;
b=55;
op=0;
#1
$finish;
end

(6) 1B1T)E, s Wave EF W, WK 2-4-17 Fior, KER T IERE.

izl o
e 0

P 2-4-17 alul6 R B A 0%
4.32 1 ALU it

(1) FATFH 8 FLH ALU IR BTE—A> 32 A2 ALU, 3X A Bevh 75 25647V E M Robei
i, BWASRERAT IR

(2) QI —SETHIEAL, 0 10 MG, 5 M s, BA5 KN E Wl 2-4-18
Fs o ORAEE] alu BRI A8 1) ST
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#

Name Inout DataTvype Datasize Function
AQ input wire 7:0 Bit 0-7 of A
BO input wire 7:0 Bit 0-7 of B
Al input wire 7:0 Bit 8-15 of A
Bl input wire 7:0 Bit 8-15 of B
A2 input wire 7:0 Bit 16-23 of A
B2 input wire 7:0 Bit 16-23 of B
A3 input wire 7:0 Bit 24-31 of A
B3 input wire 7:0 Bit 24-31.of B
op input wire 4 operation
RO output reg 7:0 Bit 0-7 of R
R1 output reg 7:0 Bit 8-15 of R
R2 output reg 7:0 Bit 16-23 of R
R3 output reg 7:0 Bit 24-31 of R
D ‘output reg 1 carry out
F input wire 1 carry in

K] 2-4-18 32 fiz. ALU 5| Ji

Robei EDA

(3) ¥ 44> ALU ERSGI . 1B 2-4-19 Fion. 4 4> 8 fLf) ALU BEATZRIG, 25—t
1D IERF—HM F, &AM ALU 1) D E#2BITZER D 5. 53— ALU i F 3482
JEREH) Fo op MIEREBITZ0 op 51 E, A, B A R B EMRMHEATIERE. XEMA
A3AA1Ag, B3B2BiBo Al RsRoR 1Ro 73 A7 32 £7 ALU B AN AV it . 40l 2-4-19 Fiow.

& 2-4-19 32 it ALU it K

(4 BIE—ANIERSCHE, 10 NG S AN, IR E 2-4-20 HE4T 5] IFC B R A7 2 5
alu32bit B [E]— AN SCHE TR .

LXX

Name Inout DataType Datasize Function
AD input reg r:0 Bit 0-7 of A
BO input reg 7:0 Bit 0-7 of B
Al input reg 7:0 Bit 8-15 of A
Bl input reg 120 Bit 8-15 of B
A2 input reg i) Bit 16-23 of A
B2 input reg 7:0 |Bit 16-23 of B
A3 input reg 7:0 |Bit 24-31 of A
B3 input reg 7:0 Bit 24-31 of B
op input reg 4 operation

RO output wire 7:0 |Bit 0-7 of R
R1 output wire 7:0 |Bit 8-15 of R
R2 output wire 7:0 Bit 16-23 of R
R3 output wire 7:0 Bit 24-31 of R
[ output wire 1 carry out
F input reg 1. carrvy in

K] 2-4-20 32 fir. ALU SR e 5| e &
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(5) M Toolbox HLIH ) Current £:4K alu32bit #7L, FEAINRIMERALLL o XoF N 5] JEIAHZE
WK 2-4-21 Fios.

alu321

& 2-4-21 32 fir ALU Mk 5| s

SO LY y ~ N \
(6) HOBIHUBERS, iR ERL R,
AO0[7:0] O T X = X 75 e G =
A1[7:0] O X 7 Xi
A2[7:0] O
A3[7:0] O
BO[7:0] O 0 X 45 X 2 X r X
B1[7:0] 0 o X 1 X o X
B2[7:0] 0
B3[7:0] 0
F 0 |
op[3:0] O [0 X ] X 5 X 5 X 2 X X X X
RO[7:0] O G X 28 £ N—cv X > i X X
R1[7:0] O T X 5 N " ——ea—| o X X
R2[7:0] O X—= X X X
R3[7:0] 0 G  GIEERES00) § X X
D 0 [l

2-4-22 32 fit. ALU 1}f B %
243, MBSE%

1. AZAEH 8 fr ALU Bk 773, 2 EHH Verilog 7£ Robei H15L—A 32 A543 64
fi7 ALU,

2. BhbE: fE 8 A ALU Wit BERINgRIEIhAe, Ht s AR 16 fifar . FIAHIX A4S ALU
SEPL—A 16 A IRIES  $27: 16 AR 70 AAIK 8 AL AT 8 f7 . W1 A[15:0]8% 4 B A[15:8]
1 A[7:0], [FEFESRSY Bo ZJaH 4 NIRIEES 20 79l 28«

® A[7:0]xB[7:0]

® A[7:0]xB[15:8]

® A[15:8]xB[7:0]

® A[15:8]xB[15:8]

R RATIE MR AL, A N8 SE AR I
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W= P, REK/LT

L RIATIAT B, AMUALZ EEAE Robei B A4 71 58 SR om B DIBEA) B, I 2245 G Xilinx
AF BT AR Vivado, RN IFEATSR G, FEEITF AR ERIEDRE & IEM.
FATRT BE 75 22— LU [A] %2 2% Vivado B, E R EH X H1E Vivado )% 9% License. 7E
SEIBUTRER RE , IR 2T R E# ] Robei HEATIHREDT FUSL AT LLSE AR, S A SEBLIX —
W REFEA R L ER, (HRTEEES FPGA WityiAerd, ] Vivado IX A v F1 AR 20 IR
AT AR AE 2], SR AT DL BRI AR T B R R, HEEER R
BN Y ok

LXX Copyright © Robei
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3.1 B Robei F Vivado HIBEA BT —/KAT it
3.1.1. XES¢

ZW TR S URTE Robei FF 58 B — /M 1) Verilog 32113 FLIE I 38 07 BRI IE /R )
WA IR, BEJS A Vivado IDE 54 RIS F A4 s LUAF IR SCAF, e, B AR ki)
FLRRAL N E B Zybo FFARM, FH S bR B S0 UE B T2 75 IE A
pasa=l:]

FERXAN TG, R RS

+ ffi [ Robei. Vivado B A& it T H, f#H Zybo H A M I H BEATIGAUE, & S7 CAE -1 [F]
BT 65

« ff ] Robei 1/j ALt

o EFFRMER Xilink B2 (XDC) SCHERAIH 5] A E ;

o G

o B HCARER

o f8 A R LR B FPGA FIEGIEThRE

Z B I YA FF IR PG4 LED AT #4788 BARIIF S¢S LED ST (1 fLERIZ 48 ¢ &
W 3-1-1 s

v
] i | e
“ swo _ IR18 o 4 A M4 | 100 R
PR em g AT L~ : —Vv—
| 1 | Ay

y I
° SW1 P16 A AN
=== VAVAY:

|
1 — M5 | LDl | T
..— =] L 1 h ‘v"x' v
i L~ = — i ol
| BRI
D SW2 _IVIEA A A — o = i
VAVAY: { \ l— |

! WE i
*r—* |

K 3-1-1 H T4
3.1.2. Robei it A A
1. light % %t

(1D Hg—MEM G4 light, K804 module, FBFE & 15N 1. A5 TR
YR FRS I T B 3-1-2 FEAT X RLE 2

Name Inout DataType Datasize [
| swt ‘ input ‘ wire ‘ - [
| led ‘ output ‘ wire ‘ E [

3-1-2  light BEE 51 &1
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B 3-1-3  light #FER i &

(2) WM. a7 Code M INARAD .
ARBSANT -
assign led[0] = ~swt[0];
assign led[1] = swt[1] & ~swt[2];
assign led[3] = swt[2] & swt[3];
assign led[2] = (swt[1] & ~swt[2]) | (swt[2] & swt[3]);

) I PATIE, WA R, B view->code view A &5 58 B AL . 4 3-1-4:

& 3-1-4 code view & F 56 8 BTHAHY

7t Verilog A5 58 2 178 X 1B 48 (bR X8 module) , 28 22 1778 X T %
BiHe (B3 %47 endmodule) M. 7-8 4758 SL TSI NAE i 11, 10-11 47 7€ 3L T Hds
HAY, AT 13-17 58 TR SEbRIhRE . fEIX LA, H 13-17 A7 BRI SL PR DI RE R
FEHHN, HAAY Robei i A4:#F AT L EL#EE EH 30 4E k.
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(4) RAFBERIB]—/NRE R I OB RER AP S0, BT A A T
R
2. light_tb MRS Kt

(D FE—A LA 1 FHHI light tb WS, 127545 Module Type W E A “testbench”,
BN 5 L E i 3-1-5 fis.

Name | Inout | DataType | Datasize l
| switches |  input | reg | 4 |
leds | output | wire | - 1

3-1-5 light_tb MKSCAR5] )& 1

(2) HAFRNARSCA o RS A OR A7 2 i G2 R BT AR K SO R
(3) JIARERL, 7E Toolbox T HAH M Current £ HL, <> HHIL4HT H 3 FHIPTABAL, HifiiZ
BERIFEAE light th EERAN, FFERXT RIS, a0k 3-1-6 Fis.

G

led |leds

K 3-1-6 light_tb ff 5t

(4) S NBfh. A R “Code” , HNBRNE . SRS 7 45 AR f Aot 22
F$finish 45 .
RS :
initial
begin
#5 switches=4'b1111;
#5 switches=4'b1110;
#5 switches=4'b1101;
#5 switches=4'b1010;
#5 switches=4'b1011;
#5 switches=4'b0110;
#5 switches=4'b0101;
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#5 switches=4'b0110;

#10 $finish;
end
GOPATH RHAER WY . AEHHE R TR ARG TR BRIV il Workspace
HRMES, HATRINGEEE SRR W 3-1-7:
"File Edit View

L e"0x] oo

K 3-1-7 BIEHE

3. light_constrain )R 3 A K&+

T BT ER G I R BT R AR IR AE IR 5 B 22 F 20 R SOk 40 Bit FPGA A T R i b
[T SRR AT I BE 10 btk #em)iEUl, 2SR SCPR IR F AR R Bt A 0 &N B H
Uiy [V RIF R AR b () SEFR ) BE 10 SRR K. 7E— 56831 FPGA Wit WiEm e, 290t
ST

Robei #AF AT LS Bh3RAT 58 2y SO ) it
(1) Hr— A, BIHCEAYE S constrain. WK 3-1-8 fin.

-
-3

Module Name: light constrain
Module Type: c:ons.trail.
Language: Verilog .

Input Ports: 4

Output Ports: 4

Inout Ports: 0

K 3-1-8 GE LR ek

FAREATRT T AT B A — AN sw FI— AN Led, {EUR I AN R4 #0
& AR FELFOCIET, AN SGE S A BN L AL, BT AT 20 RSO R 2 4
ANNFT 4 N
(2) FEREAFERBEHAN Z F B R RAFAE R — AN H %R, 3N RAE M Toolbox Hr
i TR 11 ght BB INEE LT AR o SN 5 i > T LAY R 2R 4 AN Tight
RGN ERER, KL AR 4 DM A Tight BUHLR 4 ol ok, i 3-1-9
B o
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K 3-1-9 SERELL 20 ARG R

(3) & D REL I FR o

LA A 1 44 AR TR R AR A A 10 51 IR AZ Bk . R 22 R 5] R 4% Bk m) DA B 4524
FERM PCB _E 33, Euln 4 4> LED AT 435055 M & M14,M15, G14,D18, 4 MEREIFF 545
AXT R )& G15,P15,W13,T16 55  FF R AR 1) TG 51 A ID 7] DAAEFF AR DG SRS Bk LA 3]

T IEER N swt 1) 4 AN DA FRIEMCN G1S,P15S,WI13,T16, ARJGEZER i H led 1
4 AN A FRIE SN M14,M15,G14,D18.

Rk, BATHFEBEBSOEL M BRR. s T8 G15, FRATAELE T X R AT 7
swt FIEARAL AL swt[0], A4 B4 1 G15 Al 1 swt fIEL LR ECH 0. i,
B swt FIVUSKIE LR B FR AN 0,1,2,3, &4z led 2 —HE . BOUERIBE A 3-1-10.

|I ”E consfraln

3-1-10 i I AT 4 AR 1B HUR PR A
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(4 fRfFItIE

S

1T

3 set_property
4 cet property
8 zet_property
6 set_property
j?set_property
8 zet_property
9 zet_property
10 set_property
11 set_property
12 set_property
13 set_property
14 zet_property
15 set_property
16 set_property
17 zet_property
1% set_property

# N

WEREAHER, Robel HAFHL S AERIIAF it H 3 T G2 — 44N constrain

PSS, FEEH PRI G RN xde AR . SEE B RIS —FE, v LUBE SR
BFLI View->CodeView B E 5E M A RS, 1l 3-1-11

B

fk#This file is generated by Robei
2#Pin Assigrment for ¥Xiling FPGA with Software Wiwvado.

PACKAGE_PIN G15 [get_ports swt[0]]
IOSTANDARD LVCMOS33 [get_ports swt[0]]
FACKAGE_PIN P15 [get_ports swt[1]1]
IOSTANDARD LVCMOS33 [get_ports swt[11]
FACKAGE_PIN W13 [get_ports swt[2]]
IOSTANDARD LVCMOS33 [get_ports swt[2]]
PACKAGE_PIN T16 [get_ports swt[3]1]
IOSTANDARD LVCMOS33 [get_ports swt[31]
PACKAGE _PIN M14 [get_ports led[0]]
IOSTANDARD LVCMOS33 [get_ports 1=d[01]
FPACKAGE _PIN M15 [get_ports led[11]
I0STANDARD LVCMOS23 [get_ports ledl1]]
PACKAGE_PIN Gl14 [get_ports led[2]]
I0STANDARD LVCMOS33 [get_ports led[2]]
FACKAGE_PIN D18 [get_ports led[3]1]
I0STANDARD LVCMOS33 [get_ports led[21]

B 3-1-11 523 20 oSO AR RS
3.1.3. Vivado it &

1. TR

&3} Vivado Jfi&# XC7Z010CLG400-1, I FH Verilog HDL 1 & . fif F FA/ Ti it Robei

Wit H light.v A 284 BT Y light.xde SCHF

(1) #TJF Vivado &I 4b> A FEF>Xilinx it T H> Vivado2013.4> Vivado2013.4;

(2) A H T H Create New Project i 217 T R H 2 Q1 — AN BT Vivado Tt H X}
TEHE, FATF Next;

(3) H.ili New Project LI W 4% £, & £eAy AT O H ARAF AL B, Hodn vl DL #E % 4%
c:\xup\fpga_flow\labs, %A /5 H.if; Select;

(4) fETFEATHN labl. FHIREIETTH 7 H X EEMERES . Hidi Next;

Project Name

Enter & name for your project and specify =
ﬂire:tnry where the prnject data files will be stored

Project name: '1ab1
Project location: f:fxupffpgamfioffléﬁs

[| Create project subdirectory

{ Back i Hext > Finish

3-1-12 Wi H ARANTE A E
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(5) LI H BRI L F 1) RTL Project LT, AZE4E Rl “Do not specify sources at this time”
I T2, DMERRATA ABSE ISR SCIF, S35 i Next;
(6) fHH FHizsl, ERMEEAES Verilog /E 4 HARE & A HIE S

Add Sources

Specify HDL and netlist files, or directories contsining HIL and netlist files, to

add to youxr '_uroject. Create a new source file on disk snd add 1t to your proje::t.

Index MNeme  Library  HDL Source For Location

Add Files .. | Add Directories... | Create File ..

Scan and add RTL include files into project
| Copy sources into project

| Add sources from subdirectories

Finish

K 3-1-13 EF BT EES

(7) rUlER I Add Files.. #2581, 3% 2| HIRIFRATT Robei I H 1) H 3% F 1 Verilog S5,
I%#% light.v, Hi3 Open, 2R/ 5.5 Next @I 1P L

(8) RUNBATEAE M 1P Am, Bhitix—, BB Next ZUNINZIH M

(9) mHF N Add Files.. #2481, 3 % 3 2 BT A2 B8 42 T 1 constrain SCAFJE, wE4%
light.xde £ H.17 OK, #RJ5 Hiili Next;

Xilinx B THA RS 40 BE FPGA AT F 4R E I AR T ) BE 10 Mok, i

S 5 AT DI I 3 AR 1 5 B P B e AR B P TSR 3R AR

(10> FEBRNE K, 28 % Parts % Wi, 7E Filter #B 7> i) & Fl T Hi 3¢ 5 rp, 3 4%
XC7Z010CLG400-1. S EFKAFAER] 3-1-14 HF|H, 530l £ Family H1i%$ Zyng-7000,
7f Sub-Family F1i%4% Zynq-7000, 7F Package H'ik#% CLG400, Wi E 1%, 4k4L4F Speed
grade "R FE-1. 1EHE5E S B Next;
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Default Part
Choose a default Xilinx part or bosrd for your project. This can be
:hmgerl later.

Specify Filter
1'?01'ﬂu Produgt category

@ Boards Family
Sub—Family

| Package clgdd0
¥ | Speed grade -1
v lmp F!dQ All Rﬁnnmng

Reset All Filters

Search: | Q_'

Part 1/0 Pin Availsble  LUT FlipPlops Block
Count I0Bs Elements RaMs
100 17600 35200 60
106400

@ x2c72010c1 2400-1 400
3" xe72020e] g400-1

‘ ¢ Back | Hext > | Finmish

& 3-1-14 284tk

(11> #.1f; Finish A% Vivado Wi H .
15 [} Windows %t Y5 FE 2%, H 2548 3 c:\xup\fpga flow\labs\labl H 3% . 7k 4> % ¥l lab1.data.

labl.srcs H 3 A labl.xpr (Vivado) i H 3O . 1% labl.data H3XZ&N Vivado 1275
PERTBIEERY) . H % constrs_1 Fl sources 1 Y labl.srcs H = M4 EI%E; H A labl.xdc(constraint)

Fllabl.v (source) #i7>HliE .
4 | lab1

| labl.cache
4 | lab1.srcs
4 | constrs_1
4 | imports
| constrain
4 | sources 1

4 | imports

| verilog
3-1-15 BRI H 450
(12) $T7F light.v JARTSIE M AL FERIRE DR, XTI lightv #E N SCAR GBI
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a1
x

Sources =
QT2 et BIE
I;I— Design Sources (1

b light (light v)

=-{& Constraints (1)

“-H4 11ght_constrain xde
#- Simulation Sources (1)

|lliaru'=l]r| Libraries | Compile Order |

K 3-1-16 FTHECLE

(13) 77T light.xde JEAE I AT AR . ETIRE L H, RITLFR R, RIaXETIT
light.xde HEASCA AR . LACHI AT -

set_property PACKAGE _PIN G15 [get ports swt[0]]

set_property IOSTANDARD LVCMOS33 [get_ports swt[0]]

set_property PACKAGE_PIN P15 [get ports swt[1]]

set_property IOSTANDARD LVCMOS33 [get ports swt[1]]

set_property PACKAGE PIN W13 [get ports swt[2]]

set_property IOSTANDARD LVCMOS33 [get_ports swt[2]]

set_property PACKAGE PIN T16 [get ports swt[3]]

set_property IOSTANDARD LVCMOS33 [get ports swt[3]]

set property PACKAGE PIN M14 [get ports led[0]]
set_property IOSTANDARD LVCMOS33 [get_ports led[0]]
set_property PACKAGE PIN M15 [get ports led[1]]
set_property IOSTANDARD LVCMOS33 [get_ports led[1]]
set_property PACKAGE PIN G14 [get ports led[2]]
set_property IOSTANDARD LVCMOS33 [get_ports led[2]]
set_property PACKAGE_ PIN D18 [get ports led[3]]
set_property IOSTANDARD LVCMOS33 [get_ports led[3]]
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Sources P i ey G- 4

== 2 hE

{5 Design Sources (1)
ilae 1ight (light v)

&-{& Constreints (1)

B-& constrs_1 (1)

G]Li ght_constrain xde

-4 Simulation Sources (1)

l[ie:ru':_lyi Libraries Compile Order |

K 3-1-17 FTHLR S

(14) X} RTL Y5 3CA4FE47 5781 FEJF the Open Elaborated Design Y £7 3¢ HL 0 (1)) RTL 43 #t
1145 9f H #.1; Schematic &5 R FE K.
AR () e ISR B R
| roledoi_1

i) D]

RTL_OR

0 1o ]Edﬂ_in 0
swif3:0] D—p"—
RTL_INV

ledD i_ 0
2 10 = 4

_AND

ledl i
I-; m_ 0 1

]
RTL_AND
K 3-1-18 Wil HIZEM A

2. M Vivado £x& TEREGE BT IH Bt H EE 5 H

(1) Pt A RS FHsE 0 () Run Synthesis. 25 & i B4 04T light.v S0 3T 2203848 1k
FIRMR AT o XA TR T 45A, W A =AU 58 oA TS AE ;
(2) %&F% Open Synthesized Design 101, R )5 #ii OK, K AIRATHE B 7E )R L2 AT 25
A . WA XERES Y, i, OCHIR ¥
(3) PRI H M ZIET K Project Summary, JF T ESANE L. W FRARBA & 2100 H i ik
T, FB4%EH Layout > Default Layout, ¥ &5 o7 11 FH A 2 @H‘ﬁ@ o
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Project Summary T e e
ij L)
pég . :

?% Project Settings
7| Project name: project_l
Product family: Zymq—T000
Project part: xe72010e] £400-1
Top module name: light
Synthesis & Implementation
Status: of Complete Status: = Not started
Messages: D1 sarming Messages: Nlo errors or warnings
Part: xe7z010c1g400-1 Part: xeTz010c] g400-1
Strategy: Vivade Synthesis Defaults Strategy: Vivade Implementation D
Incrementsl Compile: Home
DRC Vielations 2 Timing
DRC information is not availshle because it hasn' t been run Timing information is not svailable because
Utilization - Post—Synthesis X Pover
25 50 75 100 k Power information is not available because
Estimated Utilization (%)
 Graph | Table | G
< >

K 3-1-19 T H 5 ZAL K

MR, BEERMETH AT RELRLSGENRERE.
(4) PATETH B 2k TR d 1 Table, @0 3-1-20 fix. EFE, fhitH 3 4 LUT A8 4>
10 (4 % AA 4 %) WA .

Resource Utilization Available Utilization &
LuUT | 17600 0.02
1/0 B 100 8.00

Bl 3-1-20 BEYRFH 245 TR
(5) LA Fhise 8, i Schematic, E LS HITHIRERE.

swt_IBUF[0] _inst led OBUF[0] inst i 1 led_OBUF[0]_inst
st [3:0) D—p2 >0 o o0 o il
IBUF LUTI OBUF
swt_IBUF[1]_inst led OBUF[1] inst i 1 led_OBUF[1]_inst
11 0 = 5 I 0
IBUF 11 OBUF
swt_IBUF[2] _inst LUT2
210 ' led OBUF[2] inst i 1
IBUF 10 led_OBUF[2]_inst
swt_IBUF[3]_inst 11 0 I 9 2
3 s 0 12 OBUF
1BUF LUT3
led OBUF[3] inst i 1 led OBUF[3] inst
= G I 0 3
11 OBUF
LUT2

K 3-1-21 &I ERE
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VE7 3 IBUFs 1% OBUF #% E 3hs2fitk, G B doxt NG gk 4T 2847 . %
1 LUT (1 %A\ LUT1, 2%\ LUT2, 3 M LUT3) ®s28l. PUANTTH) RTL 40 Hréa
HUB S B PUAS LUT 2S5 .

{8 Windows X5 PEA%, L0 labl.runs SCAFIEZAE labl H3 Fo £ runs HEX R,
synth 1 HHRIBE —LeL56 301 .

4 lab1
lab1.cache
lab1.data

4 lab1.runs
jobs

4 | synth1_1
Xil

lab1.sims

lab1.srcs
B 3-1-22 Za e it i B S50

3. A Vivado SEELBLH IS BA K IR H 4 B ey i

(D AR AR SHSE o {52 BT 45 Run Implementation . SEELS R AE 28 A %1 H LB 4T,
X AN R T8 A K2 R R = AN T SR 8 RO TR E

(2) 1%&%% Open implemented design, HLififfix, WH Af & HEAE ESCIRTHALE;

(3) IR, RAZEBT, R, DRI IT. Bdiiie 25 S E;
(4) fFEMRE OF, EZPFELT I —A (Bl swt IBUF[2]) , FiE = BI7E 3524540 B ik 10
FH R[A R 7R T 2R 7 S B H i R R 6 B A 1) 5

(5) WA B, ok R bR ah, S VU

Hetlist - 0O %

K 3-1-23 A I

(6) KPS BETF IR, SR J51E+E Project Summary Il H 4 Z k-~ (UR7] HEFR Z 8 MO
A RALED , MR, 5 HF Post-Implementation. iEVERL, SRR BEIEF AR E 3

ASLUT AT 16 N 10, 1Ak, B HRRAER AN ERAE E XN FFPAR (hFREAscit 2
PEEHER)
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Project Summary - O a X
l? ; ~
:;: Project Settings Edit #
= Project name: project_1

Product family: Zymg—7000
Project part: 2e72010] 24001
Top module name: light
Synthesis A  Implementation H
Status: +/ Complete Status: +f Complete
Messages: B 1 warning Messages: @ 1 werning
Part: xe7z010c1g400-1 Part: xe72010c1 g400-1
Strategy! Vivado Svnthesis Defaults Strategy: Vivado Implementation Defaults
Incremental Compile: Hone
Summary | Route Status |
DEC Violetioms a Timing — Post—Implementation 4
Sumary: @0 errors Worst Negative Slack (VNS): 0 ns
®0 critical warnings Total Hegative Slack (TNS): 0 ns
)2 varnings Number of Failing Endpoints: 0O
D0 advisories Total MHumber of Endpoints: o
| Setup ‘ Hold Pulse Width |
i Post-Syndlesi.s _Post—Implementation
Utilizatiom — Post—Implementation A Pover ‘
Total On—Chip Pover: 3.297T VW
LuT
1% Junction Temperature: 63.0 T
10-mm 0% Thernal Mergin: 22,0 °C (1.9 %)
0 o 50 5 100 ! Effective SJA: 1.5 CHN
Utilization (%) Pover supplied to off-chip devices: O ¥
Confidence level: Low v
< >

K 3-1-24 szEi4hE R

1 i} Windows % Y5 FEA%, #iA synth 1 A1 impl 1 #%EJE7E labl_runs (IR —Z H 3 R
impl_1 B3RS 20, AHESCIUS DL R 5.
(7) #£ Vivado H1, & HFAE i HB A 1) Reports BEIH R (AR AT W, BT & 1 [ SE
1, 1+ Reports) , #RJ5 XLt Place Design section | [ Utilization Report 2% H . W& 3-1-25

PR o ARt R A A B AL I B AR SR BRI R

B A7 A

EE, ATz 2

YIS IR L T A

Reports
Q| Hame Modified Size
Z’, I_l Synth Design (=ynth desien
% . 5 Vivado Synthesis Report 9/22/15 10:23 MM 16.3 KB
i [3 Utilization Report 9/22/15 10:23 AM 5.7 KB
LJ Plnu Design (place_design)
. ~[3 Vivado Implementation Log  10/8/15 9:12 MM 19.4 KB
B PreFlacement Incremental. ..
:ﬁ I0 Report 9/22/15 10:49 AM 93.3 KB
Clock Utilization Report 9/22/15 10:49 M 4.5 KB
[#) Utilization Report 9/22/13 10:49 AM 7.7 KB
: j Control Sets Report 9/22/15 10:49 AM 2.5 KB
| Incremental Reuse Report
D Route Design (route_design)
| |3 Vivado Implementation Log 10/8/15 9:12 MM 19.4 KB
i_ﬁ_‘h}:hlk Report 10/8/15 9:12 MM 15.3 KB
Copyright © Robei LXXXVII



http://robei.com #I Robei EDA

Iz-Project Summery X @ Device X ‘I"I light_constrain xde X =) Dtilization Report — symth_1 XI Bl
= i/Robei_modul es/2nd—ersion/Sth_liushuideng/project_1/project_l. runs/synth_1/light_utilization_synth rpt Read—emly
249, Instantiated Netlists ~
n 25
L) 261. Slice Logic
‘%“ e
B3| =8
h 29
% 30 | Site Type | Used | Fixed | Available | Util® |
P I
2| 32| Slice Lursx | 3] ol 1700 o.01 |
| 33| LT s Logic | 3] ol 1700 | o0t |
" 34| LUT as Memory | 0| 0| 6000 | 0.00 |
rﬁ] 35 | Slice Registers | o 0| 35200 | 0.00 |
@ 36 | Register as Flip Flop | 0| o 35200 | 0.00 |
= 37| Register as Latch | 0| ol 35200 | 0.00 |
V| 381 P7 Muxes F ool 8800 | 0.00 |
[ 39| F8 Muses | @] ‘o 4400 | 0.00 |
% 40
1| 41% Warning! The Final LUT count, after physical optimizations and full implementation, 1s typically lower. Run o
= 42
43
44 2. Memory -
< >

K 3-1-25 EHEMHRE
4. ¥ THEFF KR B SEI

WA E R CHR B ON. A RREURFRL, FT B 218, X FPGA HHAT iz
(1) Haf#iA USB H45%# 3] PROG UART #1001 (fEHEIF LMD |
(2) #ifr JP7 W& v USB 2L AL ;
(3) FE@E IR bR %
(4) SRR FIAAE U O 8T % N 1 Generate Bitstream.  FRFLA: B FEK 7R
SEBLBET FIEAT . X AN RE e I AR AE S, SR A S AN T S BROGHEAE, W
3-1-27 FizR:

Bitstream Generation Completed m

e
@ Bitstream Generation successfully completed.

Mext

(") View Reports

(@) Dpen Hardware Manager

(") Launch iMPACT

|| Don't show this dialog again

| ok || cancel

K 3-1-27 Ak

X1 Fe s 224 Y labl.bit SCAFIAE labl.runs H N impl_1 H3& T
(5) EFFFTIFAATE B AT, AR5 i . AR BRI TR AT P IR R “RIER

LXX Copyright © Robei
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(6) riili Open a new hardware target. U152 i O 2 ML B i H AR R 0] DL i s 4T H
bR Open recent target, 1K 3-1-28 fiK;

|; Herdvare Mansger — unconnected
‘@ Ho herdware target is open. Open recent target Open s mes hardware target

K 3-1-28 FTHHIITELE H bn

(7) Hifi Next & Vivado H & LR 5| #R 554 L R ML
(8) Hiifi Next PUIGEFEAH ML o SRS U IE6f 2 Sy —/MEAF H AR JTAG W4, B8 H
Xilinx_tefo B AHKs 5 RS 21 8 1 4 45

Select Hardware Target

Select a hardware target from the list of available targets, '
then set the appropriate JTAG clock (TCK) frequency. If you

Hardware Targets

Type Fort Hame JTAG Clock Frequency

| xilinx_tef|  |Dizilent/2102795732824 {15000000

Hardware Devices (for unknown devices, specify the Instruction Register (..

Hame ID Code IR Length

@ arm_dap_0 4BADO47T 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

<Back |} Next > # Finich

3-1-29 SHTROTEALEFE by A4S )

(9) B PIIR Next, R85 M7 Finisho AREFEAECF 2 10IRE TE SO RS s 4 5K 0F HAs 1F4
Frem, I1E 3-1-30 P, WEVER, IREERYEIR A i
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| Hardware Manager - localhost/xlinx_tcf/Diglent/2102795261274
|@I There ara no debug cores. Program device Refresh device

Hardwara T o ] B S
aZ=EN»E
Hame Status
= U localhost (1) Connected
= @e wilinog_teffDigilent/210279526127A ... Open
- arm_dap_0 (1) Mot programmed
i ucFZ010_1 (0 (active) Mot programmed

"N 1 g ' O

.k\_-l Hardware ° Templates
Bl 3-1-30 1A 216

(10) EFEGAF, FFIGIE labl.bit #3E 0y FE TR o B R 7 S

Hafdware _— oe =
o, = =Ep» |
Name Status
= R localhost (1) Connected
= e xling_tofiDigilent/ 2102795261274 ... Open

@ arm dap O (0} ___ Mot programmed
e« o2 0 I I RN =T ) IMot programmead

M Wardware | | Tempiates

I-nrdwa_re Device Properties e ] TS
+ =[Sl
@ oc72010_1
Hame: *CFZ010_1
Part: %2010
1D code: 13722093
IR length: 6
: | Is programmable
Programming file: | Ci/fxup/fpoa_flowlabs/labl/lab1.runs/impl_1/lab1.bit el
Probes file: C:/xupyfpga_fiowlabslail {labl.runs/impl_1/debug_nets.ib E||
User chain count: 4
1.5 [T 1 » B

| General | Froperties |

B 3-1-31 g oft:

(1) fEAT B AR A, R &F, B8R Program device > XC7z010_1 #4523
H 5 FPGA 281 HEAT S A

XC Copyright © Robei
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@ There are no debug cores| Program device | Refresh device

| Hardware i [ | Z P
= =8 =] Pl > W
Hame Status
| =I- § localhest (1 Connected
=@ xilink_tef/Digilent/2102795732824 (2) Open
| & arm_dap_0 (0 Hot programmed

B 5 xe?2010 1 CUi

SE YADC Hardware Device Properties... Ctrl+E

Program Device. ..

&

@
@ Refresh Device
@

P Add Configuration Memory Device. .. ] :
04

Boot Device. .. -

Hardware Device Prop

pagy

Export to Spreadshest .

K] 3-1-32 i%$ FPGA HHT L

(12) HfiifE Xt FPGA #EAT%i#2. Done (S8R0 AT 5CElS, BN AR s Tl o
(13) Lﬁﬁ?&ﬁ’]ﬁlﬂﬂé%% LED (if %ﬁuﬁﬁ’hﬂiiﬂ@) Llﬁﬁuﬂj

u:mms) LD2(611) LDl<ﬂ15)

swt[0] A 0 HT, 1ed[0]ﬂﬁ_

SWOCG15)

swt[2] A1 swt[3]ﬂ7] 1 iN) 1ed[3]nﬁ_ led[2]4 led[1]8% led[3]5EACHT M5, A

(14) WIERISUEIER, S AR FLIE;
(15) #%&F File > Close Hardware Manager <] 2514 1) £ 1

3.1.4. B&

ZIUH S48 T {8 H Robei SR WAL BT —Fp 58 B THAAR , 100 H i@ Robei KEAT
Xt Verilog B 11 2 J5 8 H Vivado PL K Zybo R MG AT SR A, SEE LA R AR 25 361 Y
FEAIEFE
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3.2 £ BRI

32.1. AE5#

TR A E N TAERAE LS TARIRES, LA testbench, 5% )5 7E Robei 1] FLAL
15 B A 247 Dy e SE AN LA IE o

Wit

HENE VLG S X clk: BRI reset: RHEEAL(E T half dollar: AERHA
Sﬁaﬁjﬁﬂi one dollar: fAFEHN 1 JOIE M half out: FRIEKZE(E T dispense: FHLaSE

— ok

M reset=0 B, ML T TARRDS, HENESEERVLAHEETR (rTRUE S Adn] B
=70, BNEE—MEEHE, R Z AT MM 2.5 76, W] DURGE — ok

IR T 2.5 TR, R 3 BRI LA RGN, T R R B
LT

PN 1) 0 H S RIS IS 5
<2.57C dksE M
=2.57C A DL — OB
=37t ATV — I oRE, OF HARE

3.2.2. WiHARE
1. sell B &1+

(1) B —MER A48 sell, AN module, [FIRH & 4 MEAR 2 M, A5
FEYER 2 PR S T B 3-2-1 47X BB

| Name ‘ Inout | DataType | Datasize ‘ Function
one_dollar input wire 1 put 51
half dollar input wire 1 put 0.5

| dispense ‘sell

Loone_dollar sell

3-2-2 sell A1 &

XClI Copyright © Robei
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2) WA . fdE R Code dINAAS -
g
parameter idle=0,half=1,one=2,0one_half=3,two=4;
reg[2:0] D;
always @(posedge clk)
begin
if(rst)
begin
dispense=0;
half out=0;
D=idle;
end
case(D)
idle:
if(half dollar)
D=half;
else if(one_dollar)
D=one;
half:
if(half dollar)
D=one;
else if(one_dollar)
D=one_half;
one:
if(half dollar)
D=one_half;
else if(one_dollar)
D=two;
one_half:
if(half dollar)
D=two;
else if(one_dollar)
begin
dispense=1;
D=idle;
end
two:
if(half dollar)
begin
dispense=1;
D=idle;
end
else if(one_dollar)

begin

Copyright © Robei

ATRLAGE B ¥t

XCII



http://robei.com #i I
dispense=1;
half out=I;
D=idle;
end
endcase
end

Robei EDA

(3) RAFBER B — AR U R BB A REA S AP SO, 21T I & A TR

2. sell_test JR AT

(D) FHE—DEAF 4 DN 2 D sell test MRS HE, 05K Module Type W& N
“testbench” , A5 JHIEC B Wi 3-2-3 A .

o
5
]
=

input l

reg

K 3-2-3  sell_test 5| )@ PE

(2) FAF RIS o BRSO AR A7 3 b TG AR R BT AE (1) SO T
(3) MARLAL . 7 Toolbox A M) Current £ H & IR, FLHHZAL M IELE sell test |
i, JRERSIE, W 3-2-4 FiR:

dollar|one doll

ne-dolar

_dollar

alf dollar

XCI\

Kl 3-2-4  sell_test #ith FiH

Bone_dollar  S€lll dispenseET—‘

alf_dollar

Copyright © Robei
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FKEFENAR

]
il

ATRLAGE B ¥t

(4) B NE. BAEMEREEE N B “Code” , Hi NS E. B ACHDLE 45 78 [ i {22
H$finish 45,
WRACHD <

initial begin

end

one_dollar=0;

half dollar=0;

rst=1;

clk=0;

#100 rst=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;

#20 rst=1;

#100 rst=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2)@(posedge clk);
#2 one_dollar=1;
repeat(1)@(posedge clk);
#2 one_dollar=0;
repeat(2)@(posedge clk);
#2 half dollar=1;
repeat(1)@(posedge clk);
#2 half dollar=0;

#20 rst=1;

#5 $finish;

always #10 clk=~clk;

(5) PATH AR BRI . EERMDEL.
RERAHRZGEGEIE. il Workspace TIIMES, BHATHINIEES 510

HER.

K 3-2-5 fis:

Copyright © Robei
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Signals / Values
clk

rst

half dellar

T e 11

one_dollar

half out

U L e D B

K] 3-2-5  sell_test {1 Hik ¥
3. sell_constrain 23 3t

(1) SHE—/ M, @4 7 sell_constrain, PEHEAESEA constrain, HA 4 MR 2
MM, il 3-2-6 iR .

dispense

d X
&

Module Name: sell constrain
Module Type: t:onstrah.
Language: Verilog .
Input Ports: £

OQutput Ports: Z

Inout Ports:

OK

Kl 3-2-6 @A L AU R

(2) LY RALHRABE T sell BEHLRAZ RN R — AN BN, HRAR BT sell Bl A2
M) ToolBox NN E £ AR He
(3) B LR 2 FR. Wil 3-2-7 fios e ARS8 H 2T R AR AR5 IR

K 3-2-7 AR

clk X R R AR I TR IS I T16;
reset X AR RIS FF 9% W13;

XCV Copyright © Robei
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one_dollar X W ¥ & AR I 4E IS - 5& G15;
half_dollar XJ M. K AR IR RS H ¢ P15;
dispense X N &R LED 4T M14;
half_out X} N JF & LED %] M15;
(4) FRAZHPAT, WRKMHER “Generate constrain file complete” , i B2 S 48 %
DA Ao

3.2.3. IRFKLIUE

T MR FT T sell B9 TARREVE, FATTIEFREE BT R AGEHAT IR BRI I8, 12T KR R
B XILINX A A [ Z2-7010 & v, Fr BLik Al VIVADO % it °F & # 17 Synthesis .
Implementation f! Generate Bitstream, 2845442 B IR I SCAE R 8B R, FEIEATER
i

1. VIVADO & i+ F & #4175 it
1.1 5 3) Vivado B I i% ¥ % XC7Z010CLG400-1 1E NAEEN G, BitHiE 5% Verilog,
HALHT TR, W@t Robei BT S sell.ve
(1) 4TJF Vivado, EFIF4h>F14 F2/F>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;
(2) HAIEH B H Create New Project J5 8)1A1 T . R 21— NFH Vivado I H X
TEHE, HLiF Next;
GOFEFH P IEHE N TAE A sell X TREIRAFHIAE, FEAR Create project subdirectory
SOEMER LT, Hii Next:

4L New Project 2
Project Hame
Enter a name for your project and specify a directory where the project data files will be stored ﬁ}‘
Project mame: sell
Project location: |E:/Vivado Projects/sell [_|

'?: Create project subdirectory

Project will be created at: E:/Viwvado Projects/sell/sell

K 3-2-11 TiH ZRRAALE SN

(4) EFH AR BT RTL Project T, A A)i% Do not specify sources at this time & i%
HE, SRJ5 i Next;

(5) ff I NPidzsl, i Verilog 15N B b SCHERI G &

(6) TN Add Files #8, 35S WIFIEAT] Robei Tl H 9 H 3 R 4TJF Verilog SLFk,
%4 sell.v, Hiidi Open, ZRJ5 Hii Next 2 INILAA ) IP ALY

(7) BTIRATEAEME P 7N, Bhdix—3F, Bl Next ZIRIMAFRTE A

(8) ¥R iN Add Files #8, Y 2IBE T sell BiH H 3 T constrain SCfFK, i H
(1) sell_constrain.xdc 3, #RJ5 H i Next;

(9) NG O, %MK 5-1-13 Pros i & Filter LI, SRJ5 1 Parts ik %
XC7Z010CLG400-1, #.ifi Next;

(10) ¥ Finish, A< Vivado 3l H G k2
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Add Constraints (optiomal)

Specify or create constraint files for physical and timing constraints. '
Constraint File Location X
H% sell_constrain xde D:\Drive_E\Robei_modules\2nd—version\10th-seller\constrain 7

£

i Add Files... | | Create File. ..
s

Cap] constraints files into project

i ¢ Back || Hext > i Finish . Cancel |

Bl 3-2-12 B nise v i 29 3R SC A

Default Part

Choose a default Xilinx psrt or bosrd for your project. This can be
changed later.

Specify- Filter

'10§;t‘l_! Product category > | Package clgd00
H Boerds Famly v | Speed grade -1
Sub-Femily v |

Temp grade All Remaining

Reset All Filters

Search: !_Q

Part 1/0 Pin Available  LUT #1inFl Block
L Count I0Bs Elements ke SE T
0 xefzﬂlﬂclgcwﬂ—l 17600 33200 &0

400 100
3 xc72020cl gd00-1

| ¢ Back || Hext > | Finish | Cancel

& 3-2-13 284tk

1.2 #TFF sell_constrain.xde 3L, ZE 51 I AU .

(1) VR E 1T sources 1, JETFLIR U9, W&l 3-2-14, #RJ5 W37 IT sell_constrain.xdc
NN

XCV Copyright © Robei



http://robei.com FHEA NAH AR s
Sources PR 1 [ i 4
Q=< ek hE

El{Z Design Sources
: -"i!:-: . 5!11
> Constraints
B& constrs_1
g4 sell_constrain. xde
#{=Simulstion Sources

Hierarchy Libraries |Compile Order

is Sources | Templates

Kl 3-2-14 EITZIR AT sell_constrain.xde

(2) Xilinx BRI 73BE FPGA AL T FAR LRI SSARRAT Y EE 10 sk, XEEfER

A DU T AR A S 2 L AR ) FH TR 3R A

ARRBLH LR SCAFARRS 2 T Robei #fF H 34, {HAZ, Robei 84 H AT A K4
HACHS R A ey N o R 0BG, AR XA Bk, AV 1 — N T 54 ) R AU
Bl clk, TIARRGENS B, X0 EERAELE S Ok — AR iR, BTLL, RS s, K
MR EFZE I — A4

set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

ROREFURE A2 i

TR ARARS T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_ PIN T16 [get ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE PIN W13 [get ports rst]

set_property IOSTANDARD LVCMOS33 [get_ports rst]

set_property PACKAGE_PIN G15 [get _ports one_dollar]

set_property IOSTANDARD LVCMOS33 [get_ports one_dollar]

set_property PACKAGE_PIN P15 [get_ports half dollar]

set_property IOSTANDARD LVCMOS33 [get_ports half dollar]

set_property PACKAGE_PIN M15 [get_ports half out]

set_property IOSTANDARD LVCMOS33 [get_ports half out]

set_property PACKAGE_PIN M14 [get_ports dispense]

set_property IOSTANDARD LVCMOS33 [get_ports dispense]

set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

(3) fiili File->Save File {#47 314
1.3 i1 Vivado Z5& THREZEG %1, H 34T Implementation 1155 5531

(1) FdLEE RS FHE A Run Synthesis, £ &1L FEH T sell.v SCHE 4B B 2 L
o MERAEERETRH T, HEFHRER, Fo A = AR 5 O iEAE ;

() WRFHER, WIERE SRR BN, HREGEE B AR AR )51%EH Run Implementation
I, PATAES S, AR5 Hidi OK;
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() ARSI R G E R FigdT. 4 Eem, HEAHREE, B
HAT A = AR T 55 S B 58 OO T AE 5

(4 WHRAEHR, RIEHREERREYN, HELZERARIR.
1.4 T AR BRI OCHR B ON, AR B EURRAL FRFT FF A = 1, % FPGA 4T 9 FE

(1) #afRi47 USB FL4EHE4%#] PROG UART #2115

(2) Witk JP7 BLE N USB 4t s i

(3) FEIE YA BTG

(4) p5 T AE S5 S 58 B AR HEH Generate Bitstream 5 25t S AU E 1 A g A2 A1 L
{£55 " 1] Generate Bitstreamo FURFILA OIS FRRFAEAT 25 LB TH G 1847 o 24 58 i BRI A2
Ja 2 A = AN TR T8 O A HE ;

(5) X FEH C A sell.bit SCAFAE sell.runs H 3 F T impl 1 H3&

(6) IEFEFT I FE 28 Open Hardware Manager 10, SR)5 #iiffie . M-S H IS E D
FATIF IR B “RIER” IR

(7) il Open a new hardware target. 4152 fif O 28 e B I AR RE AT DL s el 471 H
FrEEFZ Open recent target;

(8) Hiii Next & Vivado H & LR 51 R 5548 LRI s

(9) Hiifi Next DA #EA I 3= M0 115

Bitstream Generation Completed ﬁ

Iﬂl Bitstream Generation successfully completed.

MNext
(") View Reports

(@) Dpen Hardware Manager

() Launch iMPACT

[ on't show this dialog again

[ ok || cancel |

B 3-2-16  ELRFALE AL
| Hardware Session - unconnected

(® No hardware target is open. Open recent target |Open a new hardware target

3-2-17 FTIFHEHIBEAT H b5

C Copyright © Robei
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Select Hardvare Target

Select a hardwere target from the list of available targets, ‘
then set the appropriate JTAG clock (TCK) frequency. If you

Hardware Targets

Type Fort Wame JTAG Clock Frequency

xilinx_tef|  [Digilent/210279573282A

Hardvare Devices (for unknown devices, specify the Instruction Register (..

Hame ID Code IR Length

% arm_dap_0 4BADO47T 4
@ xc7z010_1 13722093 6

VCSE server: localhest: 60001
Hardware server: localhest:3121

4 _Bl__lci

B 3-2-18 3 AU BE P45 b oA U

(10D BT IR Next, SRJ5 Hili Finisho AERAE 1 2R SON R S5 4% 4 AR OF HARF 4
FreE, M 3-2-19 PR, WEER, WIREERYEIR A WL

H: =k Ih xilinx_tcf/Digilent/210279526127A

@ There are no debug cores. Program device Refresh device

Hardware R
az2Er»E
Name Status
= B localhost (1) Connected
[= Ee xilink_tef/Digilent/210279526127A ... Open
@ arm_dap_0 (0] Mot programmed
i xc7Zz010_1 (0) (active) Mot programmed
< | 1 | » O

7 -_H Hardware | ¥ Templates |

K 3-2-19 FTHMEM 20
(11) HEFEFSME, FHIOIE sell.bit #3% A FUIE T-F A i RE 7 S04

Copyright © Robei CI
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Hardware Manzger - localhost/xilinx tcf/Digilent/2102795731954
@ There are no debug cores. Program dewice BRefresh dewvice
Har dware o El A
.
AZEE RN
Name Status
- B localhest (1) Connected
E-@e xiline_tef/Digilent/2102795731954 (2) Open
dap_ 0 (0) ot programmed
rogrammed
\ @ Hardware LQ Templates Jl
Hardware Device Properties P B [
« » BR
@ xcTz010_1
Name: xc7z010_1
Part: xc7z010
ID code: 13722093
IR length: B
[V]Is programmable
Programming file: EEZfVivado_Projectsfsellfsellfsell. runsfimpl_1/sell bit 'E]
Probes file: EEZfUivado_Projectsfsellfsellfsell. runs/impl_1/debug_nets. ltx ;E]
User chain count: 4

K 3-2-20 ZwfE At

(12) fE#8AF b Hshs BROPR A B, 1% $F Program device B Lo % [ | 77 # H4 /) Program device->
XC72010_1 #4221 H br FPGA #84F T 90 f%

|@ There are no debug cores.l Program dewcel Refresh device

Hardware R
az=Er»E
Name Status
=B localhost (1) Connected
=@ xilinx_tcf/Digilent/210279526127A ... Open
-~ arm_dap_0 (0) Not programmed
l&  Hardware Device Properties... Ctrl+E
Assign Programming File...
‘? |Program Device...
@ Refresh Device

(4]
\~' o »|~ ¥ Tempiates | Export to Spreadsheet...

3-2-21 %&$¥ FPGA AT 9nfs

(13) Bl E X FPGA AT . JT A L Done fa7s T 5, & 1FFE4LEH s
(14) BRI IR S AL B TF SR HIT SR EE LED GEZH R 2R ED 360Uk f i 458 .

2. FFRIRESIE

B, AT reset (SW2)Ph & = HF, FEREILED clk (SW3)1 I 2 ik, 347 & A #AE;
Hw, REARFRMHEN, X B 5347 T one_dollar (SW0), half dollar (SW1) L. H)a,
T clk BEhEE, Z50EZ% H 3IREHL I BETE IR

ClI

Copyright © Robei



http://robei.com FHEE DA AL T

ANALOG E
DEVICES )
18) LO2GIH \mﬁm oo

i i~

one_dollar ¥ half out %] 5% half dollar i half out 4T /A5
3-2-22 ANFEH AR {1 LED ST &R s2 K]

324, HB5E%
JEE (i — AN RS2 2 RO A% R OR) 5 22 0L
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BUE: BREH, REEK

A RBATHI B IR K ZxT FPGA BT B AR A AR o S ATAE BT R R Bk T
RS U] R REAT A, IR 7R EE ] — 2B () 0 A R TH AR, T R —F) Verilog 5 5 (1)
TER, E AR DA ORIE IR AR AT 52 AT — B BOR S O M Zh B o Ja i B it i BT 1k
AR A BR ], 3K LA SR PT e A F 21 17 A2 ) F AR, AP SRR B AN B BRI PR, W] DL
A B Ay 9 45 25 50K H SR BTHE A IR BTIR AT AR S
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4.1 £ 8 MBI TSI

4.1.1. XESiE
Wit H

FR B 8 (B AL T A7 A IR, R R BT 8 RS B AT A LR DA R W T AH %
testbench, 5% 5 7E Robei AR LA AT Dy e S BUAN 7 FLAGHIE -
Wi HER

H—A 8 LEFEHE (WMEEN 10011100) F— ML % B HHE s, R4 s FIEAR,
FEAEARRIIFE AL . X BAE AL T M AT, T2 8 LRE, Bt s AR RIE A 0 2 7,
4.1.2. WiHRE
1. shift A&t

(1 i — MR 408 shift, 288058 module, R E& 5 MaARN 1 AN, &A5H
(V@ PEAN 2R S R ] 4-1-1 BEAT X R R E 2K

l Name ‘ Inout ‘ - DataType ‘ Datasize
ek | dnput | wire 1 |
I clr | input | wire | 1 |
| en | dmput |  wire | 1 |
data in | input | wire . 3 |
set input wire _ 3
data_out | output reg I 8

B 4-1-1 shift 5] B8 1

shift data_out| 2

K 4-1-2  shift 5L &

(2) TIARES . R BARRJ7 R Code AR INARAS o
(MEE
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always@(posedge clk or negedge clr)
begin: shift reg
if(clr)
data_out <= 8'b0;
else if(en)
begin
case(set[2:0])
3'b0: data_out <= data_in[7:0];
3'bl: data_out <= {data_in[0],data_in[7:1]};
3'd2: data_out <= {data_in[1:0],data_in[7:2]};
3'd3: data_out <= {data_in[2:0],data_in[7:3]};
3'd4: data_out <= {data_in[3:0],data_in[7:4]};
3'dS: data_out <= {data_in[4:0],data_in[7:5]};
3'd6: data_out <= {data_in[5:0],data_in[7:6]};
3'd7: data_out <= {data_in[6:0],data_in[7]};
default: data_out <= data_in[7:0];
endcase
end
end

(3) PRAFIERZN— S Je CUIF R AR AR AR AT SO, IS8T I B A A R -
2. shift_test MRSt

(D) FEE—NEA 5 NN 1A HrH Y shift test MR SCHE, 127545 Module Type W& N
“testbench” , FA5] I E 1 4-1-3 fiios.

| Name ‘ Inout | DataType | Datasize [
| clock ‘ input | reg | 1 [
| clr ‘ input | reg | 1 [
| en ‘ input | reg | 1 [
| data ‘ input | reg | 8 [
| set ‘ input | reg | 3 [
| dataout ‘ output | wire | 8 [

Kl 4-1-3  shift test MR SCEE 51T JE 1

(2D FAF IS o RS A DR A7 38 T 61 2 RO BT 72 1K SR R
(3) IR, 7E Toolbox T HAHN Current £ H 2> IR, BT IELE shift test
B, FEEESIA, W K 4-1-4 FrR

CVI Copyright © Robei
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en i

shift1 data_oufl dataout

i >data in

data_da , = -

| e
(=5
5€]
s

K 4-1-4 shift _test Fi [&]

(4) SN, AR R 7R “Code” , SN o BRI D 7 25 B A0 e i 2
F$finish 455
IAACHD «
initial begin
clock=0;
clr=0;
en=1;
data=8'b10011100;
set=0;
#1 clr=1;
#2 clr=0;
#40 $finish;
end

always #1 clock=~clock;
always #2 set=set+1;

(5) PATHEHEFWL. BEHREER.
KR AR IR FEERE. st Workspace THIfE S, BHTHRMIEEE M
BeER, W 4-1-5 Fios:

Signals / Values
clock 0
clr 0 .
set[2:0] 4 B (EI (1 (I I (S ()
datal7:0] 9c ' :
dataout[7:0] |93 T X E X o) 9:3 D S i
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K] 4-1-5 shift _test (K17 HIHIE
3. shift_constrain JASCHHI¥ETT

(D) Hrg— M, dr 4N shift_constrain, BEHRFEAYIESEA constrain, BA 14 M A 8
Mt WlEl 4-1-6 Fios.

@

Module Name: shift constrain

Module Type: constrail l

Language: Verilog .

Input Ports: 14
Output Ports: 8

Inout Ports: 0

Kl 4-1-6 B2y

(2) & N AFRFFIATES . Hdr, shift BEHREIHIA data_in A% data_out 73 4 B 8
AN T, I set XFR 3 AN o ARBETEHT, &N RS2 AR 5| T R firs
clk XJ M IF R R BT O R18;
clr XL R AR Fe BT 2% P16;
en Xf N K AR RS T OK T165
set[0],set[1],set[2]%] % G15, P15, WI13;
data_in[0]——data_in[7]5> BI%f . V12, W16, J15, H15, V13, U17, T17, Y17;
data_out[0]——data_out[7]%#IXt % T14, T15, P14, R14, Ul4, U15, V17, VI8;
FI\ data_in XN ELE AR T B O 0——7, set FIIEL AR E UK 0,1,2. B)E
ML) R B 4-1-7 BT o

data_outlih-

Cvil Copyright © Robei
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&l

K 4-1-7 LORBEBR BTt
(3) FRAFHPAT, WRKMHER “Generate constrain file complete” , i B2 S 48 %
DA Ao

4.1.3. WERKIE

9 7T T shift B TAERRME, W8T A MRS E XILINX A | Z-7010 & F, & H
VIVADO #1176 34T Synthesis. Implementation A1 Generate Bitstream, 5 284 il 15
TSR BRI A, HFEAT RHIE .

1. VIVADO & i+ F & #4T E it
1.1 J5 3 Vivado B F 3k ¥ % XC7Z010CLG400-1 (ZYBO) fENMEMEX %, Wit =1
H Verilog, @B TAE, #INiEd Robei Bt I3 shift.v.
(1) 4TJF Vivado, EFIF4h>F14 F2F>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;
(2) HAIEH B H Create New Project J5 8171 T . R 21— NFH Vivado I H X
TEHE, R Next;
(3DTE B FRHEAE S N T2 4 shift 22 TRERAFEHIALE, FHfLR Create project subdirectory
SOEMERE S, Hili Next;

(5 . g - ey o e e T
gi. New Project - &J
- — - . L — - - i
Project Hame 3
Enter a name for your project and specify a directory where the project data files will be stored ‘:‘l“/
Project name: shift
Project location: E:J’Uivado_Projects,fshiftl m I

:?j Create project subdirectory

Project will be created at: E:/Vivado Projects/shift/shift

(4) EFDH AR BT RTL Project T, /4 A)i% Do not specify sources at this time &%
HE, SRJ5 il Next;

(5) R N, & Verilog 1N B b XAV BB S

(6) TN Add Files #58, 35S WIHIEAT] Robei Tl H 9 H 3 R 4TIF Verilog SLFk,
4% shift.v, 7 Open, RJ5Hidi Next U INILA 1) IP #54L;

(7) B TRAVEAEAR P AN, Bhidx—0, B S Next LI INZIHRIE AL

(8) riihi¥S /N Add Files $24H, ol W 20 MR 5729 SR B E H 5% T B constrain SCAFR, &+
shift constrain.xdc, .7 Open BHATUSIN, 4R )5 Hidh Next;

(9 EEBNG O, $%BEE 4-1-12 Fiox, WE Filer FRIED, SAJG1E Parts HIEFEXT M
XC7Z010CLG400-1, Hif7 Next;

(10) H.i5 Finish, A Vivado T H @& ) -
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Add Sources

Specify HIL and netlist files, or directories contsining HDL and netlist files, to
add to your prujeet. Create a new source file on disk and add it to your proje:t.

Index  Wame  Library  HDL Source For Location

Add Files. .. ‘ | Add Directories. .. Create File. ..

Scan and add BTL inelude files inte project
[¥] Copy sources into project

¥ Add sources from subdirectories

K 4-1-12 ®&F B G RES

Default Part
Choose a default Xilinx part or board for your project. This can be changed later.

-Specify — Filter
Produgt category - | Package | c1g400
Femily ] ¥ ||Speed grade| -1
Sub—Femily| ¥ || Temp grade | All Remaining

Reset All Filters

Search: | Q-

1/0 Pin Availsble  LUT ; Block
i Count 10Bs Elements Lol ope RAM= o

" xc72010c1 £400-1 oo fioo __Jizeoo Jas200 Jeo 8o
400

17600
@ xc72020c1 g400-1 125 53200 106400 140 220

e > O

| Cemcel |

& 4-1-13 234tk

1.2 #TFF shift_constrain.xde X, &FH 5| LA IFEH
(1) fEBEE H sources W, EIFAHR I, W FE 4-1-13 frow, SR )5 RV AT 4T 1
uart_led pins.xdc H#f A\ SCA w1

CX Copyright © Robei
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1

ATRLAGE B ¥t

™
*

Sources - |

el — k 1 B ]
W g A F &l .'?_ &5

=}-{z7Des1gn Sources
~ofBdy shaft
| E{z Constraints
=& constrs_1
A4 shift_constrain xde
[ & Simulation Sources

Hierarchy Libraries Compile Order

45 Sources | ' Templates

Kl 4-1-13 REITFZJR A shift_constrain.xde

(2) Xilinx B2 73BE FPGA AL T EAR_EFRITF SRR AT A EE 10 sk, XEEfER

A LA R A i PR ] e B T R R AT

ARRBL LR SCAFARRS 2 T Robei B EH 34, {H/2, Robei 84 H AT A4
HACHS R A ey Nt o R 0BG, AR XA BTk rR, BRAMET 1 — N T 54 ) R AU
Bl clk, TIARRGENS Bh, X TR EEAELEE Ok — AR iR, BTLL, RSt s, K
MR EF I — 64

set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

ROREFURE A2 i

SR ARARS T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_ PIN R18 [get ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN P16 [get ports clr]

set_property IOSTANDARD LVCMOS33 [get_ports clr]

set_property PACKAGE PIN T16 [get ports en]

set_property IOSTANDARD LVCMOS33 [get ports en]

set_property PACKAGE PIN V12 [get ports data_in[0]]

set_property IOSTANDARD LVCMOS33 [get_ports data_in[0]]

set_property PACKAGE_PIN W16 [get ports data_in[1]]

set_property IOSTANDARD LVCMOS33 [get_ports data_in[1]]

set_property PACKAGE_PIN J15 [get ports data_in[2]]

set_property IOSTANDARD LVCMOS33 [get_ports data_in[2]]

set_property PACKAGE PIN H15 [get ports data_in[3]]

set_property IOSTANDARD LVCMOS33 [get_ports data_in[3]]

set_property PACKAGE PIN V13 [get ports data_in[4]]

set_property IOSTANDARD LVCMOS33 [get ports data_in[4]]

set_property PACKAGE PIN U17 [get_ports data_in[5]]

set_property IOSTANDARD LVCMOS33 [get_ports data_in[5]]

set_property PACKAGE_ PIN T17 [get ports data_in[6]]
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set_property IOSTANDARD LVCMOS33 [get ports data_in[6]]
set_property PACKAGE PIN Y17 [get ports data_in[7]]
set_property IOSTANDARD LVCMOS33 [get ports data_in[7]]
set_property PACKAGE_PIN G15 [get ports set[0]]

set_property IOSTANDARD LVCMOS33 [get_ports set[0]]
set_property PACKAGE_PIN P15 [get ports set[1]]

set_property IOSTANDARD LVCMOS33 [get_ports set[1]]
set_property PACKAGE PIN W13 [get ports set[2]]
set_property IOSTANDARD LVCMOS33 [get_ports set[2]]
set_property PACKAGE_PIN T14 [get ports data_out[0]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[0]]
set_property PACKAGE_PIN T15 [get ports data_out[1]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[1]]
set_property PACKAGE_PIN P14 [get_ports data_out[2]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[2]]
set_property PACKAGE_PIN R14 [get ports data_out[3]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[3]]
set_property PACKAGE_PIN U14 [get _ports data_out[4]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[4]]
set_property PACKAGE_PIN U15 [get_ports data_out[5]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[5]]
set_property PACKAGE_PIN V17 [get_ports data_out[6]]
set_property IOSTANDARD LVCMOS33 [get ports data_out[6]]
set_property PACKAGE_PIN V18 [get _ports data_out[7]]
set_property IOSTANDARD LVCMOS33 [get_ports data_out[7]]
set_property CLOCK DEDICATED ROUTE FALSE [get nets clk IBUF]

(3) gk File—>Save File fR173C{F-
1.3 1/ Vivado Z5& T H RGBT, HEE(T Implementation 1155 5530

(1) HRHEZEAAES FHE A H) Run Synthesis, 255 245 /00T shift.v ST AR B 2R 5C
o MEEAERETENR T, HEFHREE, oA = AR 56 O TEHE;

(2) WA R, RIEERE BIRET BN, BERGARAHIREITER. R 51EFF Run
Implementation ZEI, FATAESS LI, )5 OK:

(3) B ELI LML EFIT BigdT. Y MEETR, HRAERER, Hai
H A = AN IR TR AT 45 SE B 58 ORI HE 5

(4) WRAHR, REERERRREN, HELZGERARIR.
1.4 T Rt B FYETF OCHR 2] ON, AR B ELRFARL FRAT FF A A 221, X FPGA 4T 4 FE

(1) #afRi7 USB FL4EiE 4% #] PROG UART #2115

(2) Witk JP7 BLE N USB F At s i

(3) i AR BTG,

(4) AR 5520 58 B PR 61 HE - Generate Bitstream 53 a5 o ST & 1 A 2 R AT
f£55H11#) Generate Bitstream. 458 i FUHFIL AR G 2358 A = AN T 1) 58 O TEAE 5

(5) XK C 2 E B shiftbit SCAFTAAE shift.runs H3 N impl 1 H3& R
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AT
(6) HEFFHFT A5 #E 25 Open Hardware Manager £, 285 BT i « AEAFE BESS & 1
FATH B “RERE” R

(7) riifi Open a new hardware target. Q152 i & FL B i H AR R 0] L i s 4T H
bR Open recent target;

Bitstream Generation Completed E

@ Bitstream Generation successfully completed.
Next

(") view Reports

(7 Launch iMPACT

Don't show this dialog again

[ ok |[ cancel |

K 4-1-15 EbArimi Ak

| Hardware Session - unconnected

|@ Mo hardware target is open. Open recent target |Dnen a new hardware target

K 4-1-16 FTHHTELE B b5

Select Hardware Target

Select a hardware target from the list of available targets, ‘
then set the appropriate JTAG clock (TCK) frequency. If you

Hardware Targets

Type Port llame JTAG Clock Frequency
| xilinx_tef|  [Dizilent/210279573282A [15000000

Hardware Devices (for unknown devices, specify the Instruction Register |
Wame ID Code IR Length

@ arm_dap 0 4BADO4TT 4
@ xc72010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhest:3121

< Beck || Fiatsh

B 4-1-17 SHr BOREPHHE B A U

(8) H.ili Next & Vivado H & XIH % 5| Bk %548 B AR IITE
(9) i Next PLIEREAHL ML 1
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(10D B PIIR Next, 85 #ifi Finishe AR RS20 IRES TE SO RS S 44 FRIF HAE 3L
RN . IEEVER, 1ZIRERUEICEAWRIE:
| Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A

|@ There are no debug cores. Program device Refresh device

Hardware = ElA
az=ErwE
Name Status
[=F B localhost (1) Connected
=+ @e xilinx_tef/Digilent/2102795261274 ... Open
-~ arm_dap_0 (0] Not programmed
~ @ xc7z010_1 (0) (active) Not programmed

4| I |r|§|_

- *_ @ Hardware | ¥ Templates |

K 4-1-18 FTHMEM &0
(11) BEREZME, FFRIGAE shift.bit 08 A L T A KRR S

Hardware Menager - localhost/xiling tof/Digilent/2102795731954

@ There are no debug cores. Program dewice BRefresh device

Hardware — | Ii'__ s
= g [
a==[ErrE
Hame Status
E- B localhest (1) Connected
B @ xilinx tef/Digilent/2102795731954 (2) Open
@ arm_dap 0 | ot programmed
rogrammed
I_\k\ Elfa.rkmL 7 Templates
Hardware Device Properties e [F]) 12X
+ + Bk
@ xe72010_1
Name: xcTz010_1
Fart: xcTz010
ID cods: 13722093
IR length: 3]
:_, Is programmable
Programming file! |E:/Vivado Projects/shift/shift/shift. runs/impl_1/shift.bit |G
Frobes file: |E2f1n’ivado_l"rojectsfshi ft/shi £t/ shi ft. runs/impl_l/debug_nets ltx |E]
User chain count: 4

K 4-1-19 ZwfE e

(12) 728 0F b ok Bbs A 88, 156 9% Program device B Lo 7 11 _E 7 # L () Program device->
XC7z010 1 545 H b5 FPGA #8tFit7T9afs, WKl 4-1-20 Frox;

CXI\ Copyright © Robei
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i@ There are no debug oores.l Program de\ricel Refresh device

Hardware TR 2 1
T=[Er»E
Name Status
=+ B localhost (1) Connected
e xilinx_tcf/Digilent/2102795261274 ... Open
<@ arm_dap_0 (0) Not programmed
Ctrl+E

1% Hardware Device Properties...

Assign Programming File...

i @ | Program Device...

@ Refresh Device

- _ —
M Hardware | © Templates | Export to Spreadsheet...

K 4-1-20 %4 FPGA #4742

(13) e X FPGA 379w FE. &M I Done 8R4 70, #8ihdmfEst
(14) @ H RS AT I FF SR %2 LED GES AT FE KD Wik H 48 .

2. JFRIRIHIE
B, HAE e BTNDAK, 4% 1 £ 2 K clk(BTNO), #EATRLI#AE.
RJG, B en (SW3) WEAEH, WEBMAZIE data_in[0~7] (Sw[O~TD AN 4% H{E
Z set[0~3] (SWO~1), X H kP4 AEIE AN 00110111, ALAEEEHI{E S 23514 000, 010, 100,

111 FEATEIE
Bh, BHEK—IRMNBEEGES, %1 clk BFIEEE, A5 W 840 H 4dE data_ out[0~7]

(Led[0~7]), B uFRefr 25 47 2% Dhfe & 75 I
set=000 I}, data out iy 00110111; set=010 I}, data out K724y 11001101;

set=100 i}, data_out ¥4 01110011; set= 111K}, data out ¥4 01101110;
00110111 11001101

v

20 0w {

RRRRRRn AR R RERRw

o o ¥ LR NN 2

01101110

o of ' N AN

01110011

ELMlﬁéﬁmmmﬁmmumﬂiiiﬁ

T G 45 RAIE ] % 8 LA LA A7 4 A5 G BT K

4.1.4. B5B%

LA 7 — AN BRI — ML AR, SRR A A IR, EH AR Xb

B TRe, XLefgil — ME AR R TIHe?
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240 SERLAHIA T L 27 4745 2

42 B\ BB RUNETINE B

4.2.1. XESiE
witH B

Wt — N A S AL N2, R In B B AL B 32 A, Hrp N 15 A7,
BEY 1660, R ML 5N0L. WIHZINEesit DL A& BEit testbench, /5 7E Robei A 4%
WAl B A3 AT DY Re SEBLAN 5 E 5T

Bt R

NS B AR R AL, AR HUR BB . de il LR P AN AN B A
A W SR AT T A B An i N IR RN 4 R — 8 R IR AN O 4 R —
SE e SH, N — IE— G T U EC B A Ht s RO E RN EAT A E
SR G PN Bt BB AL BEAT THEE, 45 2 B BB AL, B 45 it BRI AF
FGhL e A e .
M A: sum = addend + addend
PN
[1] <-N-Q-1bits-> | <---Qbits--> |
[S|  IIHIIHIIIII  |FFFFFFFFFFFFFFF|
i N <
a - addend 1 b - addend 2
B A% X
[1] <-N-Q-1bits-> | <---Q bits--> |
[S|  IIHIIHIHIII  |FFFFFFFFFFFFFFF|

fe 4 A <
¢ - result
|4 N bits ‘;: :: N bits -;I
lﬂ N-G-1 Integer bits Q Fractional bits | ls_l N-Q-1 Integer bits Q Fractional bits | | clk I
s | MN-G-1 Integer bits Q Fractional bits
[s] |
|< N bits PI

K] 4-2-1 BEIRIER ]

CXV Copyright © Robei
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4.2.2. BiHHRE
1. qadd R &1t

(D) B — MR A 2N qadd, K74 module, [FIRF B4 2 NMEAFT L M, A5
FIEPER PR S 8T 1B 4-2-2 BEAT R BB

Ports:

| Name | Tnout Datasize

4-2-2  qadd 5| EHE

Kl 4-2-3 qadd L1 &

2) IS . fE R R T7H Code 8 INALAD -
(NEL R
parameter N = 4;
reg [N-1:0] res;
assign ¢ = res;
always @(a or b)
begin
if(a[N-1] ==Db[N-1])
begin
res[N-2:0] = a[N-2:0] + b[N-2:0];
res[N-1] = a[N-1];

end
else if(a[N-1] == 0 && b[N-1]==1)
begin

if( a[N-2:0] > b[N-2:0])

begin

res[N-2:0] = a[N-2:0] - b[N-2:0];
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end
else

end
else

begin
res[N-2:0] = b[N-2:0] - a[N-2:0];
if (res[N-2:0] == 0)
res[N-1]=0;

end

begin

end
end

2. qadd_test WX SCH I

if( a[N-2:0] > b[N-2:0] )
begin
res[N-2:0] = a[N-2:0] - b[N-2:0];
if (res[N-2:0] == 0)
res[N-1]=0;

end
else

begin
res[N-2:0] = b[N-2:0] - a[N-2:0];
res[N-1]=0;

end

else
res[N-1]=1;

else
res[N-1]=1;

res[N-1]=0;

Robei EDA

(DFE— 2 5N 1 HH Y gadd_test WA, 12154 Module Type BN “testbench”,
FA T L E A 4-2-4 iR .

‘ Name | Inout DataType | Datasize | Function
a input reg 4
h input reg 4
output wire 4 |

4-2-4 qadd_test WA SO 5] AT J 14

(2) 347 A o R S OR A7 21 T 62 A BT 8 ) SCA SR T
(3) IIABLAYL ., 7 Toolbox T HAHM Current £ B, & HIIBAY, P iZ B IEAE qadd _test
B, FEEESIA, N K 4-2-5 Frs

CXV

Copyright © Robei
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K] 4-2-5 qadd test F1H
(4 SNBSS R “Code” 5 H AR FEL . BRACRS LE &5 R 1 B

o< 2 ] $finish 55K, (el TAESUEDh RERIIS i, A T/ MEROFRA A BT ERIDC], #ESRAIE
LR ORE R N b 1, P - 3= DAV ERREE )
B A
initial begin
a=4b0001;
b=4b0011;
#10
a=4Dl1011;
b=4b1011;
#10
a=4b0001;
b=4Db1101;
#10
a=4D1110;
b=4b0011;
#10
$finish;
end

5 PATFIFEFR B . BERMBER . RERAHIRZEEEIIT.
A Workspace HIE S, BEATIHINIFEE 2P HER . WK 4-2-6 Fir:

File Edit View

IR LY

Signals / Values 12ns
al3:0] B ( i X B X $ A =
b[3:0] B ( 3 = — X D A -
c[3:0] E i X X - A =

K 4-2-6 qadd _test {117 B TE

Copyright © Robei
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3. ZHRBEHRA R SR BTt

(1) Fr— M, BEHEAESEN constrain, FA 8 MAIANA 4 M. (KON BTHH
BEHCE P 4 A7 Y5 S AT —> 4 A7 0 S 3D

%

Module Name: gadd constrain

Module Type: c:.ons-.traill

Language: Verilog .

Input Ports: 8
Output Ports: 14
Inout Ports: 0

0K

K 4-2-7 #57 constrain R

(2) HEZ. ¥4 NMRANSTAN a %, FHE R4 NMaANE b AHIE. 4 N )4 S
B o M
(3) BEZ AR et RERZ I AR . AR 75 B R R R 2, Rt
T YA TSR LED 4T o X SSHEPEAEFF R AR X6 N 51 R n R
a[0],a[1],a[2],a[3]15 AT LA 51 JA V12,W16,J15,H15;
b[0],b[1],b[2],b[3143 A3t R f) 51 fiA V13,U17,T17,Y17;
c[0],¢[1],c[2],c[3] 57l % B 51 I T14,T15,P14,R14;
16 28058 B 11 44 FR i TE AR HEXRT B R 8 B R IE 0 0,1,2,3 . 1B EUE 2SR Han 1]
4-2-8 Fi7n:

4-2-8 Ly T

(4) R4 HIBAT, WMREEHER, RII7EH S T constrain SCAFIE BLER 214 1) xde 2901
A, A LLE T View->CodeView T 23 A4 Y .

4.2.3. WRFHAE
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1. VIVADO &t FE#1T st
1.1 53 Vivado BAF: 3 1 %% XC7Z010CLG400-1 VE NRELExT %, #itiE = 1%k Verilog,
HSTHH AR, B I0iEE Robei %t A3 qadd.ve.
(1) 77T Vivado, E&IFIT4b>7E FFF>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;
(2) ¥diB) @ H T H Create New Project Ji& 3 [F] 5 .
(3) fEH X IEHEF N T 4 qadd J TR B, I8 fR Create project

subdirectory & EHEYIEF, HolF Next;
. New Project T ER Ay TSmO e

R L e —

Project Hame

Enter a name for your project and specify a directory where the project data files will be stored 'S/
Project name: qaddl
Project location: |E:/Vivade Projects/gqadd E]

[¥] Create project subdirectory

Project will be created at: E:/Vivado Projects/qadd/qadd [

[ <Hack [ at> ] rinish
K 4-2-12 T H AR B g N

(4) FEFTH KRR BE] RTL Project 11, A%E4)i% Do not specify sources at this time &
JRHE DMEAS IR ST, SR 5 Bl Next;

(5) fFH FHLH, b Verilog /68 H b XA BB S

(6) /iR Add Files $&4H, 0% I WIHIFAT Robei T H ¥ H 3% F4TIF Verilog S,
1%E#E qadd.v, Hiii Open, #RJ5Hifi Next LA INILA ) 1P B4

(7 HTIATEAAEFE P W0, Hidi Next UL R

(8) TEMINZIR S I, rith Add Files, #K2|FFEFENIA A B constrain SCAFIE R )
qadd_constrain.xde 3, I s E

(9) fEHMFIESEE g, %MK 4-2-14 Pros % E Filer HHYIETT, SRS 7E Parts ik
XC7Z010CLG400-1, Hii: Next;

(10> #.5F Finish, A% Vivado I H & %3 .

Add Constraints (eptiomal)

Specify or create constraint files for physical and timing constraints. ‘

Constraint File Location

HY qadd constrain xde D:\Drive E\Robei modules\2nd—version\6th—quanjiaqi\constrain
X
<
¥

Create File. ..
[Vl Copy constraints files into project
¢ Back Hext > Finish Cancel

4-2-13 ININAR A
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Default Part

Choose a default Xilinx part or board for your project. This can be
changed later.

Specify Filter

-;_@Pmu Produgt category b

Package clgd00
# Boards Famly

v | Speed grade -1
Sub—Femly g v

Temp grade All Remaining

Reset All Filters

Search: | Q

1/0 Pin Avaalable  LUT
Part

R Block
Count I0Bs B

Elements RaMs
% ze72010¢c] g400-1 100 17600 33200 60

400
4 xc72020c] gd00-1

| ¢ Back H Hext > | Finish

K 4-2-14 2tk #Y

1.2 T 7 qadd_constrain.xde 3, AFH 5| L ARIEAR

(1) FEFYEE 1 sources H, LW I, SR J5X T qadd constrain.xde #E N A
It

Sources

5 pdg | —3 [ |
QAT = j@| ?
E-{Design Sources (1)

L @& qadd (qadd v)
= Constraints (1)

I;—J-i;._;‘ constrs_1 (1)

#-5 Simulation Sources (1)

_Owe x

Wierarchy Libraries |Compile Order

A & ’i"l‘lllsl| 9 Tn-plates |
Kl 4-2-15 EIFLIH A qadd_constrain.xde
(2) EABAF T xde U2 Robei B4 H B0 AR, FRATTUA Ym0 7 AT XA 20 3R 5T

fEJE, AT DUk A — R X B AR S 1 AN RAT A B A RS — B
qadd_constrain.xde 29 % ARSI :

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.
set_property PACKAGE _PIN V12 [get ports a[0]]
set_property IOSTANDARD LVCMOS33 [get_ports a[0]]
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set_property PACKAGE PIN W16 [get ports a[1]]
set_property IOSTANDARD LVCMOS33 [get_ports a[1]]
set_property PACKAGE_PIN J15 [get ports a[2]]
set_property IOSTANDARD LVCMOS33 [get_ports a[2]]
set_property PACKAGE _PIN H15 [get ports a[3]]
set_property IOSTANDARD LVCMOS33 [get_ports a[3]]
set_property PACKAGE_PIN V13 [get ports b[0]]
set_property IOSTANDARD LVCMOS33 [get_ports b[0]]
set_property PACKAGE_ PIN U17 [get_ports b[1]]
set_property IOSTANDARD LVCMOS33 [get_ports b[1]]
set_property PACKAGE PIN T17 [get ports b[2]]
set_property IOSTANDARD LVCMOS33 [get_ports b[2]]
set_property PACKAGE_PIN Y17 [get_ports b[3]]
set_property IOSTANDARD LVCMOS33 [get_ports b[3]]
set_property PACKAGE PIN T14 [get ports c[0]]
set_property IOSTANDARD LVCMOS33 [get_ports c[0]]
set_property PACKAGE PIN T15 [get ports c[1]]
set_property IOSTANDARD LVCMOS33 [get_ports c[1]]
set_property PACKAGE_ PIN P14 [get ports c[2]]
set_property IOSTANDARD LVCMOS33 [get_ports c[2]]
set_property PACKAGE_PIN R14 [get ports c[3]]
set_property IOSTANDARD LVCMOS33 [get_ports c[3]]

(3) gk File—>Save File f473C{F -

1.3 i Vivado Z5& T EKRLEA W T, FHidEAT Implementation {155 553K .

(1) BEHZEAAES PR A H Run Synthesis, ZEA RS 0HT qadd.v STEFFHAE BN 2R ST
o HLEAEERRTER T, HEARREL, B0l aa =Nk I 58 o 16 e ;

() WA R, IRIEEIRE BRI, HERGA A IR . A)51%% Run Implementation
I, HATAES S, AR5 #id OK;

(3) AL FRAELR G R FigdT . JRXADEREEm, HRAHIREE, K
H A = AN IR TR AT 45 SE B 5E O T HE 5

(4) WRAHR, REERERRREN, HREZGERARIR.

1.4 ¥ R B HYETF OCHR B ON, AR B ELRFARL FRAT FF A A 221, X FPGA 4T 4 FE

(1) #afRi7 USB FL4EiE 4% #] PROG UART #2115

(2) Witk JP7 BE N USB At e i

(3) 2 AR BTG,

(4) p5 T AE S5 S 58 B H AR HE HH Generate Bitstream 5 25t S AL E 1 A g A2 A1 L
{£55 " 1] Generate Bitstreamo ORI A S FRRFAEAT 55 LB TH G 1847 o 24 58 i FURF AL A2 i
Ja 25 A = AN IR T8 O TE HE ;

(5) X—id ¥ S A qadd.bit XAHFIRAE qadd.runs H3 N impl 1 H3E

(6) AT I IEEE 4% Open Hardware Manager £ 11, #AJ5 H g . TR BLAS T 1
AT IR “RIER” IR

(7) i Open a new hardware target. 4152 fif O 280 B I R AARURE AT DL s e il 471 H
FrEEFZ Open recent target;

Copyright © Robei CXXII
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Bitstream Generation Completed M

@ Bitstream Generation successfully completed.
-Next
| () View Reports

(@ Dpen Hardware Manager

(") Launch iIMPACT
["] pon't show this dialog again
[ oK i Cancel

B 4-2-17 LR AE R

| Hardvare Manager — uncomnected

@ Mo herdvare target is open Open recent tarset Open a new hardwere tarset

K 3-2-18 FTHHTITELE H bn

(8) H.ili Next & Vivado H & X% 5| Bk %48 B AR HITE s
(9) i Next PLIEREAHL ML 15

Select Hardware Target

Select a hardware target from the list of availsble targets, '
then set the appropriate JTAG elock (TCK) frequeney. If you

Hardware Targets

Type Port lame JTAG Clock Frequency

[ xilinx_tef|  [Digilent/210279573282A

Hardvare Devices (for unknown devices, specify the Instruction Register (..

Hame ID Code IR Length
@ arm_dap_0 4BADO47T 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

< Back ; § Finish | Cancel l

4-2-19 FrHIREATFE AR A AL

(10D P PIIR Next, SRJ5 Hiidi Finisho AR IERAEF 2050 IR T SOV IR S5 3 4 00 H a4
Wemre R, WA 4-2-20 fs. EEVER, ZRESRUEIEBCA WL
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5|

Hardware Manager - localhost/xilinx_tcf/ Digilent/210279526127A
() There are no debug cores. Program device Refresh device

Hardware e [T 2
az=EM»E

Hame Status

=+B localhost (1) Connected

= @e xilinx_tcf/Digilent/210279526127A ... Open
Not programmed
Not programmed

< ] | » O

8 . H Hardware | 7 Templates |

K 4-2-20 FTHAEM 20
(11) HEFEZMF, FEIGIE qadd.bit B7I% R s A% T4 o O RE 7 S

@ There are no debug cores. Program device Refresh device

e Bl
| 5 pag
az=Er»rnm
HName Status
- B localhest (1) Connected
E-Ble xilinx tef/Digilent/2102795731954 (2) Open

Mot programmed

= H ][:rk:.rel ¥ Templates
~ P.

Hardware Dewvice Properties T B [ o .
+« » @5
@ xcT2010_1
| |:
Name: xeTz010_1
Fart: xc72010
ID code: 13722093
IR length: B

--I Is programmzble

Frogramming file: |EZfVivado_Proj ects/qadd/qadd/ gadd runs/impl_2/gadd bit |E]
Probes file: |E:,I’Vivado_Projects,.l'qadd..l'qaddfqadd. runs/impl_2/debug nets. ltx iE]
User chain count: 4

|
|
| General Properties

K] 4-2-21 gwFE Ak

C12) 75 3841 b2ty bR A4, Y9 Program device {27 & 111 _E 75 # ! () Program device->
XC7z010_1 BEHEF| H bR FPGA #8147 i f s
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() There are no debug oores.l Program device | Refresh device

Hardware _ou X
| o = e [E
o1
Name Status
=B localhost (1) Connected
= Ee xilinx_tcf/Digilent/210279526127A .. Open
dap 0 (0 Not programmed
7| @ Hardware Device Properties... Ctri+E
Assign Programming File...
‘@ |Program Device... |
@ Refresh Device

" @ Hardware | Templates Export to Spreadsheet..
Kl 4-2-22 3% +% FPGA #4740 %

(13) e ) FPGA #AT%FE. FF R _E Done fa/nfT 5, S FgmfEss i
(14) ISP HIIRN A BT L TP IR % LED GESH i KD Bk 4558,

2. FFRREUE
WK 4-2-23 for, XBRMAH T —ANMEEEE TR LED 4T BT IR H B HE (A 4 b A4

PR, JE AR T AR LR R BRI AT AR I

ABAET, A HEE AN Y TIIT R 5D a A1 b B9, X B Xilink Z7010 JFA
W ETFRANF Z AAE T A TR 4R E09 0, 38R0 1. RNEIF R A8—HE LED AT 434104
PN oo RSEROREIH 1, ASTRIRH 0.

vvvvvvv

K 4-2-23 FFoeiR LIS

G a, b REN
a=0001, b=0011;
a=0001, b=0011;
a=0001, b=0011;

a=0001, b=0011;
WIE R AT B AR ¢ SR RAN LR, QI0iE, %R S Ak s 5Lk .
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Yy \‘

9 Y

Sdddan AARARART

ddd A "R TIAN

[ L]
il AAAR RATAR WThh

0001 +0011=0100 1011+ 1011=1110

0001 + 1101 =1100 1110+ 0011 =1011

4.2.4. 5 B

[P =2 ith o SNCINDNE RO KA €c o poti il I AP 24 A
2. AT bR R, A Y AR ?

4.3 LB BRIESR BT

4.3.1. AE 5

BORFEARBRILAH R, IFARYE S5 B B vk BRIE A BB DL v Xt B2 A A B, f i
Robei P AL FER AT 44T D RESEDUAT 11 B IE »

Bt R

RABRESR I e G RIERS, Pl fa i, S

(1) FeMURBRBEER B I 2R, AR IR (BBl 7 BRI IR A, P DARR AL
JS7H A7 B AN T 2

(2) WebrBhE—UOE I, LY.

(3) HEWEREUNTEREG I R T iR AR

(4) i th B 45 SRARSE BR B BRI IE 7 &

T 4-3-1 BoRERIE SR BT

done_sig

start_sig

—( N
dividend[7:0] vk S ) 5 11 quotient[7:0]
—i —e

divisor[7:0] Divider reminder[7:0]
— —e

L J
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B 4-3-1 [Rikastide )it
4.3.2. WIHRE
1. divider B % %1t

(1) FE— MR 448 divider, 28708 module, A4 5 A 3 i, 40508
PRI Z RS B R 4-3-2 Z47 6 M 1B 2.

‘. = BI

divisor input 1 wire 8 divisor
done sig output | wire 1 {done signal
quotient 8

K 4-3-3  divider Fiifi &

2) HIMAD . R R Code 8 INALAD .
(MR

reg[3:0] i;

reg[7:0] dsor;

reg[7:0] rd,;

reg[7:0] dend;

reg[7:0] gent;

reg isneg;

reg isdone;

always @(posedge clk or negedge rst_n)
if(!rst_n)
begin
i<=4'd0;
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dend<=8'd0;
dsor<=8'd0;
rd<=8'd0;
gent<=8'd0;
isneg<=1'b0;
isdone<=1'b0;

end

else if(start_sig)
case(i)

0: begin

dend<=dividend[7]?~dividend+1:dividend;
dsor<=divisor[7]?~divisor+1:divisor;

rd<=divisor[7]?divisor:(~divisor+1);
isneg<=dividend[7]"divisor[7];
gent<=8'd0;
1<=i+1;
end
1: begin
if(dend<dsor)
begin
gent<=isneg?(~qent+1):qent;
1<=i+1;
end
else
begin
dend<=dend-+rd;
gent<=qgent+1;
end
end
2:begin
isdone<=1'b1;
1<=i+1;
end
3:begin
isdone<=1'b0;
i<=4'd0;
end
endcase

assign done_sig=isdone;
assign quotient=qent;

assign remainder=dend;

ATRLAGE B ¥t

(3) RAFFETL B — AR U R AR EA BRSO H, BT AR LR,

Copyright © Robei
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2. divider_test JU3& AR B ¥ it

(D FEE—A S KA 3 i divider_test MHASCHE, # Module Type BN “testbench” ,
BT IIC B A 4-3-4 F7R .

done sig output wire iL

' quotient |
| remainder
K 4-3-4 divider test MR SCLF 51 B J@ 14
(2) FAF RIS o R MRS AR A7 B b TG AR AL BT AE () SO R
IR 7E Toolbox T HAFHM Current £ 5, £ HIIBIAY, BAZ AR IELE divider _test
BEsn, RS, W R B 4-3-5 Bk

divider1

remainder

P 4-3-5 divider _test Ji[i ¥

(4) BB RIS T 7 “Code” , HNBUBIE I . BRI ARDTE 25 5 I Al 22
H $finish 45,
DAY -
initial
begin
clk=1'b0;
rst n=1'b0;
#10 rst n=1'D1;
#1000 $finish;

end
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always #5 clk=~clk;
reg[3:0] 1;
always @(posedge clk or negedge rst_n)
begin
if(!rst_n)
begin
dividend<=8'd0;
divisor<=8'd0;
start_sig<=1'b0;
i<=1'b0;
end
else
begin
case(i)
0:if(done_sig)
begin
start_sig<=1'b0;
1<=i+1;
end
else
begin
dividend<=8'd9;
divisor<=8'd3;
start_sig<=1'b1;
end
1:if(done_sig)
begin
start_sig<=1'b0;
1<=i+1;
end
else
begin
dividend<=8'd3;
divisor<=8'd9;
start_sig<=1'b1;
end
2:if(done_sig)
begin
start_sig<=1'b0;
1<=i+1;
end
else
begin
dividend<=8'dS;

Copyright © Robei
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divisor<=8'd2;
start_sig<=1'b1;

end

3:if(done_sig)

begin
start_sig<=1'b0;
1<=i+1;

end

else

begin
dividend<=8'dS;
divisor<=8'd4;
start_sig<=1'b1;

end

4:if(done_sig)

begin
start_sig<=1'b0;
1<=i+1;

end

else

begin
dividend<=8'dS;
divisor<=8'd3;
start_sig<=1'b1;

end

5:1<=4'd5;

endcase
end
end

(5) PATHHI BRI . BEWMLEL. RERAHIRZ AEE Y.
i £l Workspace HFIMES, BHATHINIFEE oI HER . WK 4-3-6 fi:

(000 X7 000 00C= XXX
OO0 0000C 00T XXX
[Tl [ [ [

K 4-3-6  divider_test (47 EIKIE
3. divider_constrain ZJ5R CAF KT

CXX Copyright © Robei

quotient[7:0]

remainder[7--+

clk 0
rst_n 0 B
start_sig 0 | L L L L [
dividend[7:0] |0 (X 5 3 B
divisor[7:0] |0 (oX 3 X X 2 X4 X

0

0

0

done sig
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TP AR AR AEAT B R ), FRAT A 5 S B T HE RV 4% 1 dividend F1 divisor HI 8 724
4L, DUk FEE B IR IE AR .

(1) FE— i, 4N divider constrain, H& 11 MAR 9 Mt .

(OBLRBEHLRAE B A BT divider BEFE—AN B, S64TIT divider BT dividend,
divisor, quotient, remainder ¥ EHRAN 4 67, CRAFIFIAT, it by 70 8 i 40
divider BEHUA DIEEL SR .

(3) L. 4rA4E divider BEHLHT clk, rst n, start sig A2 SRBER ) — AN N A iE; 2
divider FH ] dividend, divisor 735l FIZI A HR (T DU AN S A s SR J5HE divider BEHL
i done sig ALY BB H ) — /N4 o AH I, 8 quotient, remainder A2 SRALER (Y] 4 4%
Ui AH 3 o

(4) B2 A sy 1 4 AR AR 28 22 R 2 SRR [ i 11 42 R B 20 C 21T A b g B
I AR 5] B

clk X NIRRT G15;

rst_n X RIFRARITE P15;

start_sig % N IF R IT & W13

dividend[0],dividend[ 1],dividend[2],dividend[3]7} #I%F . V13, U17, T17, Y17;

divisor[0],divisor[1],divisor[2],divisor[3]73 A X B V12, W16, J15, H15;

done_sig Xf I & LED X] M14;

quotient[0],quotient[ 1],quotient[2],quotient[3]43- A% & U14, U15, V17, V18;

remainder[0],remainder|[1],remainder[2],remainder[3]5> 5 X ¥ T14, T15, P14, R14;

e s A HE, IS IE T M divident, divisor, quotient, remainder 3% 2k 4% FR 4y
AN 0,1,2,3. FERAESUR FIBEE QA 4-3-7 Fs .

545 divider_constrain
M1
Gl Jclk
donp
13 fsf
il dqtdr]_ - done_si
st n
tart_sig divider1 quiotien
ividend
ivisor remainde

K 4-3-7 A F IRt

(5) fRAFIFET, WHRERE/R “Generate constrain file complete” FHf, WL R A
SRR, FRER AT DL S View->CodeView K& H D

4.3.3. RFHAE

Copyright © Robei CXXXII
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N TR BETE divider (9 TARRAE, F3 i F45 8 XILINX 22 7] (1 Z-7010 & 7 (I AR
FrLLiE ] VIVADO # it F- & 84T Synthesis. Implementation flI Generate Bitstream, #x 24
A BRI S T BB RN, FEEAT IR IE .

1. VIVADO & it F & #17 fE s i it
1.1 33 Vivado B I B 4% XC7Z010CLG400-1 1 %t %, ¥ itiE 5 1% Verilog,
FESLHH RS, WSiniEid Robei ¥ it HISCH: divider.vo
(1) FTHF Vivado, &FIF46>FrH F£>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;
(2) MBI H I H Create New Project Ja 817 F . VR¥GFE 21 E —F ) Vivado Tl H X
TEAE, R Next;
(3) 7E5 WX TEHE i N L FE 4 divider & TFERAF AL E, FF# R Create project
subdirectory S IEMEYIEH, HF Next;

4L New Project 29
Project Hame
Enter a name for your project and specify a directory where the project data files will be stored ’:‘L‘,
Froject name: divider
Project location: E:/Viwade Projects/divider |j

[V]Create project subdirectory

Project will be created at: E:/Vivado Projects/divider/divider

I < Back ” Next > ] Finish Caneel

K 4-3-11 T H A AL B A

(4) HEFIHRER R BT RTL Project £, ANE/AJ% Do not specify sources at this time &
JEHE, SRJ5 7 Next;

(5) f#H NHLigsl, &4 Verilog 1E 8 H AR SCHERUL HIE S

(6) i Add Files #541, H%SINIRIFRA] Robei T H () H 3% F4TJF Verilog LR,
1EF% divider.v, i Open, A5 H.i Next ZEiINILA (1) IP B4,

(7)) HTEATEAAEME P &M, Bhdx—=2, B Next ZHML R G

(8) rithi¥s N Add Files #%4H, %2 MM TH H 5k N4 F constrain SCAFR, R (1)
divider_constrain.xdec 3Cff, Hifi open JE BN

(9) EENE N, % E 4-3-13 B~ & & Filer &L, 285 7E Parts ik £
XC7Z010CLG400-1, 77 Next;

(10> i Finish, #% Vivado 5 H & K1)

CXX Copyright © Robei
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H
Jusd
=
>
Il

AR st

Add Constraints (optiomal)

Specify or create constraint files for physical and timing constramints.

Constraint File Location

{4 divider_comstrain xde D:\Drive_E\Robei_modul es\2nd—version\7th—divider\constrain

. Add Files... i | Create File ..

Cm constraints files into project

| < Back |: Hext > | Finish | Cancel i
Bl 4-3-12 IINZIARSCAE

Default Part

Choose a default Xilinx part or board for your project. This cen be
changed later.

All
Zynq—7000
Zyng—T7000

‘]@-?ﬂ! ! Produgt category
B Boards Femily
Sub—Family

- | clgd0o
¥ | Speed grade -1

Backage

Temp grade All Remsining

Reset All Filters

Search: !P\

I/0 Pin
Count

Available
10Bs

400 100

Lut
Elements
17600

Part FlipFleps

@ xc7z010c1 £400-1
3 xe72020e] g400-1

35200 60
1]

| ¢ Back || Hext > | Fimish ‘ Cancel

& 4-3-13 234tk

1.2 T FF divider constrain.xdc 34, W LAEE 5] L RS .

(1) fEBTIRTE [ sources 1, JEIFLIA A I, S8 5 W4T FF divider_constrain.xde 3 A\ SC

A G AR s

Copyright © Robei
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I
*

Sources ]
e 5 = B R
=47 Design Sources

bl divider
={7 Constraints (1

= constrs_1

i -tldivider_constrain xde
F-E Simul ation Sources (1)

Hierarchy | Librsries |Compile Order

¢ Sources | Templates

4-3-14 JRIFZ W CAF divider constrain.xdc

(2) Xilinx BT R 73BE FPGA AL T FAR_EFRITF SRR AT A EE 10 sk, XEEfER

A DU I AR A T R AR ) TR 3RS

ARRBL LIRS ARG 2 T Robei #fF H 34, {H2Z, Robei 84 H AT A4
HACHS R A ey N s R 0 G, AR XA BTk rR, BRAME 1 — N T 54 ) R AU
Bl clk, TIARRGENS B, X0 EERAELE S Ok — AR i, BTLL, RSt s, K
MR EFZhE I — A4

set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

RAOREFURE A2 i

SRR L ARAHS T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_ PIN G15 [get_ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN P15 [get ports rst n]

set_property IOSTANDARD LVCMOS33 [get ports rst_n]

set_property PACKAGE_PIN M14 [get ports done_sig]

set_property IOSTANDARD LVCMOS33 [get_ports done_sig]

set_property PACKAGE PIN V12 [get ports divisor[0]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[0]]

set_property PACKAGE PIN W16 [get ports divisor[1]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[1]]

set_property PACKAGE_PIN J15 [get ports divisor[2]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[2]]

set_property PACKAGE_ PIN H15 [get ports divisor[3]]

set_property IOSTANDARD LVCMOS33 [get_ports divisor[3]]

set_property PACKAGE_ PIN V13 [get ports dividend[0]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[0]]

set_property PACKAGE PIN U17 [get_ports dividend[1]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[1]]

set_property PACKAGE_ PIN T17 [get ports dividend[2]]

set_property IOSTANDARD LVCMOS33 [get_ports dividend[2]]

set_property PACKAGE PIN Y17 [get_ports dividend[3]]

CXX Copyright © Robei
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set_property IOSTANDARD LVCMOS33 [get_ports dividend[3]]
set_property PACKAGE_PIN T14 [get ports {remainder[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[0]]
set_property PACKAGE PIN T15 [get ports remainder[1]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[1]]
set_property PACKAGE_PIN P14 [get_ports remainder[2]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[2]]
set_property PACKAGE_PIN R14 [get ports remainder|[3]]
set_property IOSTANDARD LVCMOS33 [get_ports remainder[3]]
set_property PACKAGE_PIN U14 [get_ports quotient[0]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[0]]
set_property PACKAGE_PIN U15 [get_ports quotient[1]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[1]]
set_property PACKAGE_PIN V17 [get_ports quotient[2]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[2]]
set_property PACKAGE_PIN V18 [get_ports quotient[3]]
set_property IOSTANDARD LVCMOS33 [get_ports quotient[3]]
set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

(3) gk File—>Save File fR17 3 F-

1.3 i Vivado Z5& T EKLEA W IT, FHiEAT Implementation {55 553K .

(1) LA FHizE %P Run Synthesis, 2 &R S7E divider.y U LA K FTA 73
ESCHEHIEAT . MR AR T, HEHHRE R, Bl = AR DU 58 O TEHE ;

(2) W RA HR, WBHIRE BN BS, BB A k. 28514648 Run Implementation
I, PATAES LI, AR5 Hd OK;

(3) A LA PR LR G R BigdT. JREADEREEm, HRAHIRGEE, K
H A = AN IR T AT 45 SE I 58 ORI HE 5

(4) WRAHR, REERERRREN, HEZGERARIR.

1.4 T Rt B HYETF OCHR 2] ON, AR B ELRFAL FEAT FF A A 221, X FPGA 4T 9 FE -

(1) WA USB HZSiEH: 3] PROG UART £: 11 (fEHLIEIF RIS 5

(2) Witk JP7 WE N USB F 4 s i

(3) i YEAR BTG,

(4) HEHES LI 5E st XS UEHE ' Generate Bitstream B¢ 34 55 o 500 i 1 A 4w A2 AT 1 1k
{£55 " 1] Generate Bitstreamo FURFILA OIS FRRFAEAT 25 SCBLBTH G 1847 o 24 58 i PR A2
Ja 2 A = AN IR T8 O A HE ;

(5) X Ca B divider.bit SCAFTREE divider.runs H 3 N impl 1 H3x

(6) LTI IEEE 45 Open Hardware Manager i1, #AJ5 Hd i . T4 BLAS 1 1
AT IR B “RIER” IR

(7) il Open a new hardware target. 4152 fif O 28 iC B I R AR URE AT DL s e Sl 4T 1 H
FrEEFZ Open recent target;

(8) Hifi Next & Vivado H & AR R 5| R 55 & A FRIITE

(9) Hiifi Next PAGe #EA I 3= 4105 115

Copyright © Robei CXXXVII
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Bitstream Generation Completed g

@ Bitstream Generation successfully completed.
Mext

(") View Reports

(@ Open Hardware Manager

() Launch iMPACT

|| pon't show this dialog again

[ ok || cancel

K 4-3-16 ELARFA R

 Herdvare Mansger — unconnected

@ o herdwere target 1=z open. Open recent tarzet Open a ner hardware terget

K 4-3-17 FTHHTELE H br

Select Hardvare Target

Select a hardwere target from the list of available targets, '
then set the appropriate JTAG clock (TCK) frequenmey. If wyou

Hardware Targets

Tvpe Port Hame

JTAG Clock Frequency
" xilinx_tef]  [Digilent/21

02795732824

Hardware Devices (for unknosn devices, specify the Instruction Register (

Hame ID Code IR Length
@ arm_dap_0 4BADC4TT 4
@ xc72010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

¢ _B,lci

P 4-3-18 ST AORE P45 B A U
(10D B IR Next, R85 By Finisho AERAE M 20K SOW IR S5 4% 4 AR F HA1F 4
Frem, M 4-3-19 PR, WEERE, IREERYEIR A Wi

CXX Copyright © Robei
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| Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A
| @ There are no debug cores. Program device Refresh device

Hardware = ElAk
AZ=EN»E
MHame Status
=B localhost (1) Connected
Ei-ﬂo xilinx_tcf/Digilent/210279526127A ... Open
@ arm_dap_0 (0) Not programmed
@ wcTz010_1 () (active) Not programmed
« | I | » O

' @ Hardware | 7 Templates |

K 4-3-19 FTHREf 20

(1) 7E 284 b ma s RbR A B8, %645 Program device 3 #Lili & 1 77 5% i i) Program device->
XC72010_1 #4221 H br FPGA #84F T A% s

() There are no debug oores.l Program de\.rice! Refresh device

Hardware R, ) 1 . |
aZ=[Er»E |
Name Status
|=FE localhost (1) Connected
| EHe xilinx_tcf/Digilent/210279526127A ... Open
_____ - arm_dap_0 (0 Not programmed |
‘| = Hardware Device Properties... Ctrl+E
Assign Programming File...
4 |Program Device... |
@ Refresh Device

k. | @ |
* # Hardware |  Templates | ‘ Export to Spreadsheet..
K] 4-3-20 %#E FPGA 4T 4 F2

(12) Bl E X FPGA HEATHifE. TFAMR L Done $/R- /T8y, S fF2 45 R ;
(13) @S I HITRSAHZBEIT R IT R LED GGES 51 A28 KD 56Uk 4 45

2. FFRIRKHIE

B, B rst n(SWO)EATFRILAREF, FREILS) 1 2 2 X clk(BTNC)#% 8, AT
SO EE, 5% st n K2 ST

WG, WEMBREBCRIGREE, X FEBRRECh 6, FRECN 2 HHTINIE;

Bri SW7~4, #ii5% SW3~0, 7 LD3~0, A% LD7~4.

WG, BRIE—T clk BHEPeE, A—A B, B T —RiEsE. H—) S,
quotient 4 0, reminder 4 6, # LD7~0 FJ&E7~A 000001105 5 — K EF-#Y)E, quotient A
1, reminder N 4, # LD7~0 H&7~ N 00010100; 25 =k EF# 5, quotient 4 2, reminder
N 2, i LD7~0 F1 754 001000105 55 MUK _EFHAT )5, quotient 29 3, reminder 4 0, #{ LD7~
0 FI 7R A 00110000, BEIFH4E R, done sig Fodt, SIIEIZRIE IS A G H TR .

00000110 00010100

Copyright © Robei CXXXIX
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B 4-3-22 F— clk B8 LED 4T B sz A

HE PR, WEAR B ERBONERBUERAT 2 07 A58 IE, 185 5k 45 RAIE R
ST E BT ER

4.34. MBS BE

PRt S AT RE A LA _E BT IR B B — UGS SO AR KN B — 25, SR AU SR
R EVHFERIT SR AUROR, T B S B8 AT L A R AR IR A BRIE AR I BORE, JF DUEIAC
Biidsds OB Bt — A s S TR T FE B — BURAE A R 45

CXL Copyright © Robei
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BHE: NRIBE, BERD

B RBAIREZAR BT L8 L rp L AR DI SORTE 1 o JL SRRSO 11 A 7R A K AT g
bt g, (HSEbr EARAEAR R — B, —/MEERAE . Ry R A IR A Tk LA 41 31 4
H LA IR 1, A B AT SR (8] SUVF, AT LA E AR H AR BORNEAT B 2 X
SEOMZE] . MRMBORIA] LIZE Robei E W ERHTEZR, FHZETELET R

Copyright © Robei CXLI
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5.1 S£Hl+ FIFO

5.1.1. &5

FIFO (First in First out) f#f FH7E 75 B2/ AR B 3 O 2, HSRAFAE . ZIPE N 320
R el 1O 7 e PO P A e < B i Kol 1 D SR Vot oo VA S s o € S SN
BANFE . AT FIFO AT LATE PN AS [F] s b 2 8 2 [) bRk 171 777 460 A i S P 25090 o TR
WA BRATHOR 2 31— F Wifal F Robei F1 Verilog #it— 4~ 8 i 8 A FZ ] FIFO, J£i@id VIVADO
WP G #EAT IR B IRIE .

WitHES
FIFO 1 )i BEAE B 4n R & 5-1-1 i

dat d
o | wdata rdata 5 at:a
winc
wrull wiull L) welken
< ] »)
FIFO Memory
FIFO {Dual Port RAM) FIFO
wptr & rptr &
full empty
waddr raddr
waddr p| waddr raddr | ¢ raddr
wptr > rptr
winc .WP" rptr_ rinc
» winc | | rinc «————
rempty
> _ wq2_rptr rq2_wptr <
wrst_n ¥ mrst_n
welk (‘ A e ' Iy relk

wrst_n Bync_r2w I rrst_n

5-1-1 fifo JFHHEE]

kA, RATE BN 5-1-1 H —AS B PR e HAST ) S 5 ) RAM A7 i
Ao XFFIEFERN T 7 8. a2 —AHuim LGRS, N A S — AP, RIER
— I Z A BEREAT —IiERAE GES) , RATEFEAT RAM (G H IERIAT RAM, KIA3R
TR e A B A — M) B A A B ST T B ity ) A& DR IR e s B e SEFR B L. 38 5
i A PN TEEES (wroptry rd_pte) P2 E ARSI, BHbhk. SR REE RS
fEREMS T RIGIAL 525 “E4ast” (ed) A “HIBEF” (wr) o« SiREFEAEAT—MRBESA
ALE, BEFREHRR T — MR ERIA B . XSRS IR0 1, SRRt n
1o 2o A AN B A 52 5 Fa 5 i A5 5 P2 AR AR IX AN BRI AT 5572 45 FIFO $ it ”
(empty) F1 “WiF” (fulD {55 . XLAFSHIRIMT B FIFO C&BE T iIn 444 R
HIL W7 (55, 4 FIFO NE#HAERIE SR, R “=” (55, 0 FIFO Ak
ERIIG FUIRS . SEAEMIG FUIR SRR FIFO B4 %A 2 R4 2 80, G
SN FIFO A B8 2 8 7T DLt - B2 5 485 59 25 57 A BLHRIE 7T 25 Jf FIFO H*Jis 7
B T ALEMBUE. XRMIEEERIZE RN T SChRE W7 B M ETHE I
ANGEN FIFO H S5, BRI —MRE VSN B Hag,  “W” f “z”
55 1E FIFO HHH G JEH E B A, BN 7 RESLINE 5 5 #AE S B B IE 17 11 FH 2
PR E PR /A B . X PhPHZE MR E P A R ES (BERD , MARH A E

CXL Copyright © Robei



http://robei.com FHEA NAH AR s

A DAFE A FIFO, Jf HAL G, SR ESrR G fasr 8uE . WRIRATA B IR Fa BT E Ih SRS
NEIRAS, FIFO ibRe#l—id “rz” BHIE—i4 “7F=8” s, XEERA RN,

MIge &, FIFO I TARJEE W FRrR: SAN, 3. 584198 0. X2 FIFO 17
RZS, BhrE Cempty) NE S, HEERE (fulD) K. 24 FIFO I FrE (empty)
B, ANRVEEE, RARATSEE. SEESAZIME 0, HESIEE N 1. e, T
& Cempty) A NACH T B A KA EHRIE BB S I — BN [ o FIFO R A 5#4E, —
ENAE, SIREHNESET 7. XEWEEAMESET, EEANBENRE —MIEH LT
—MIE. ERERMELT, SEREESHEERN 0, PRk titrdE (fulD .

N T A W RS AR A, X BBCE — AN UAL T ES (fifo_ent) , ARRAF M
#5 (mem) "FENHILAREEEIEANE . 24 FIFO RFFATEFIR S HAER, THEEREFA
A AT SERAER, TR 1 MEE T EERAER, TREGEREL 1 2RI T S R AR A
BRAERT, THEEMERFEAAL o IR o] DU v 2 i R HIBOIRES 1 S5, B0 41t
2§ fifo_cnt=0 B, FIRFMELA T ZORE, M ThE (empty) ; 1T EES fifo_cnt=8
W, FoRAEE S THRRA, s E (fulD .
WItER

EE IR AR — NN RIVIEAL S, T — O S 84, AR G — Ik,
RN — NN E . BB T ARG — M AR, BRI E . 1R
FIFO i E AR I DL N, XA R B 5 5 #6115 5 AR — Bk 4T~ 2. WR FIFO
T BHPRES, T —MESER < FER T (underflow), — /NGB FFE,
XFF =AMl 71 FIFO, #HT 5 aEH 2 S8R _EiE H (overflow), —MEHMEIEHEHIE A
EAEE T . KRG OLERE TR, IR EREBBHANT MG S, MHEE S EMER
FIFO 4 TR As, X5 5 B ALK R FIFO 353, A 2 BT LIS N =G S BN
R FIFO &b T 203, X255 EALE R FIFO JE%%, G H BBl L . #iti
AR 5-1-2 FioR.

elk 0 IS [ I O Sy e
data_in[7:0] 29 . 0 X e T e X e X = X ec X pe X AR X
wr 0 . | |—|7
rd 0 | 1

rst 0 J—|

wr_ptr[2:0] XXX _ X I ) S ] X5 &
rd ptr[2:0] |xxx . 0 A X

fifo cnt[3:0] | xaxx 1 ] X ] X X X
data_out[7:0] xxxxxzxx . ),

K] 5-1-2  fifo R L E K
5.1.2. Wit RE
1. A

COFF R — MR Shopt TRA R E s 4, sk i File” F R 32 3 h 0 New ”,
LA —RHEHER R (& 5-1-3 o) o FESH B RHE 1 B AR P s AR
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Module Name: fifo

Module Type: module [B

Language: Verilog .
Input Ports: 5
Output Ports: 4

Inout Ports: 0

K 5-1-3 FrEgt—AmHE

SO NG B “OK” #%4, Robei Mt &4l — AN HrfEE, S mia fifo, W
K 5-1-4 fos:

data_out] 2

5-1-4  fifo ST &

(2) BEAL . 78 B 3R R S B BT 2RI E S, MNGIECA clk, rst, wr, rd #l
data_in, it 5| HIESUNK full, empty, data out.e N T XAEEANTI, FATAT DS AT
JEIE) Color B, F riEIZELRAF . WERE B, 4% “F17 8, i< H3)EM—A Datasheet,
e 5-1-5 fiis

- Name  Inout  DataType  Datasize |
| clk | input | wire | 1 [
| rst | input | wire | 1 |
| datain | input | wire | 8 |
| wr | input | wire | 1 |
| rd | input | wire Il 1 |
| full | output | wire | 1 |
| empty | output | wire | 1 |
| data_out | output | reg | 8 |

|

K] 5-1-5 Datasheet

CXL Copyright © Robei
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]
&l

(3) A%, RdERN I Code, HEARBSBIHX .
A BT X A FIA LA T Verilog 408Y:
reg [7:0] fifo_ram[0:7];
reg [2:0] rd_ptr, wr_ptr;
assign empty = (fifo_cnt==0);
assign full = (fifo_cnt==8);
always @)( posedge clk )
begin: write

if(wr && !full)
fifo_ ram[wr ptr] <= data in;
else if(wr && rd)
fifo_ ram[wr ptr] <= data in;
end

always @)( posedge clk )
begin: read
if( rst)
data_out<=0;
else
begin
if(rd && !empty)
data_out <= fifo_ram[rd ptr];
else if(rd && wr)
data_out <= fifo_ram[rd ptr];
end
end

always @( posedge clk )
begin: pointer
if( rst)
begin
wr_ptr <= 0;
rd_ptr <=0;
end
else
begin
wr_ptr <= ((wr && !full) || (wr && rd)) ? wr_ptr+1 : wr_ptr;
rd_ptr <= ((rd && lempty) || (wr && rd)) ? rd_ptr+1 : rd_ptr;
end
end

always @( posedge clk )
begin: count

if( rst)

Copyright © Robei CXLV
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fifo cnt <= 0;
else
begin
case ({wr,rd})
2'b00 : fifo_cnt <= fifo cnt;
2'b01 : fifo_cnt <= (fifo_cnt==0) ? 0 : fifo_cnt-1;
2'b10 : fifo_cnt <= (fifo_cnt==8) ? § : fifo_cnt+1;
2'b11 : fifo_cnt<=fifo_cnt;
default: fifo_cnt <= fifo_cnt;
endcase
end
end

M)%ﬁoﬁﬁiﬁﬁrq@ﬁ,ﬁ%ﬁ%%$“ﬁk”¢%?ﬁ%$“&wm”,%ﬁ
RGRAF B — A0S U RBRAR AN RER T oCE AR

¥
(5) 34T fE T ALl Eﬁ%‘ﬁﬂi%ﬁ “Build” [ PR3 “Run” . JUTIRIS K,
WA, SRAEMHE R, R EHAIR, A fifo BEit5EM.
2. AT

u)%%ﬂﬁﬁﬁoﬁﬁlﬁﬁbﬁu‘@ﬁ,E%ﬁ%ﬁﬁﬁ*%ﬁ@5+8ﬁﬁ&ﬁo

L]

Module Name: fifo test

Module Type: testbenct .

Language: Verilog .
Input Ports: 5
Output Ports: 4

Inout Ports: 0

E&L§%@Mﬁiﬁ

—— Inout DataType Datasize
clk | input reg | 1
rst dnput reg 1
data in | input reg 8
wr | input reg 1
rd | input | reg 1
full | output wire it
empty output wire il
data_out | output wire 8
fifo cnt output wire -

K 5-1-7 5IEMHER
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) BEAASKEE. Eh RGP R 5-1-7 ZEAT B R,
[l AT DB, J7 8 X AR 51 E 5

(3) A7 A A )ﬁfﬁiﬂfféﬁ B, B SR A7 3 fifo AU BT ZE B SCE e R .
(4) AR, 7E Toolbox L. EA [ Current #2 B, &I B fifo BEAY, PR ZAR
RIFAE fifo test LN

(5) EHESIM. Al TRAEPH #~ BIbR, BREEFESEH “Tool” 1 “connect” , 1
Kl 5-1-8 o] . 58 BOERRIBIEINIE 5-1-8 Fros. XA, AR EREL N

o R AR ZAR PR PR, sl bR k .

Kl 5-1-8 851G il R B

(6) FNE. MAREN IR “Code” » HNBUBISLIE . WU RS AE Z5 7R (I ok 29045
i $finish 455 .

i UIMEER

initial begin
rst=0;
clk=0;
wr=0;
rd=0;
data_in=0;
#1 rst=1;
#5 rst=0;
#3 wr=1;
#5 rd=1;
#5 rd=0;
#5 wr=0;
#5 wr=1;
#10 rd=1;
#10 rd=0;
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#14 $finish;

end
always
begin

#2 clk=~clk;

end

Robei EDA

always @(posedge clk or negedge rst)

begin

if (rst)
begin

end

else

end

(D PAT VT I ER BT - )ﬁEEI,EJ‘é@, BEMME R, RERH HR G Mk

data_in<=0;

wr<=0;
rd<=0;

data_in<=$random;

-

BEATOT R, Ry 2 HHEFH “View” HH “Waveview” , WHEEF BRI il

#ifll Workspace P55, SATRMIFER . ML ERE S TR L EiRT e
ENAHI. G 5-1-9 . M JEE ROEX R EE R, R WOHIIB 5 ERE S — 3

Signals / Values
clk 0
data_in[7:0] |29
WI 0
rd 0
rst 0
wr_ptr[2:0] |xxx
rd_ptr[2:0] |xxx
fifo ent[3:0] |xxxx
data_out[7:0] |xxxxxxxx

3. AW EIT

FEB VAR ST 2 1, FRATTHE A2 225 R B R A B R PR, 75 24 v o 2580 11
R EAESCN 4 £ .
(1) FTIFZ BT fifo BEHL, 4N data in, %P data out KB ICH 4 A, RAEI
PAT . PTG Verilog RS FEHRK FE MW TR, & T2 5 MEAE.
(2) Fre— ik, %A fifo_constrain, KA IEFEA constrain, FERHIRAFRIFIZ
BB THI fifo BRI RI— H 3% F

CXL

0 X ) G X X_ 5 X e X e X as X
| I
1
[
0 X ] X 1 ) S (]
0 X i X 2
0 ) 1 X X )G
X X BE

K 5-1-9 BEWIE
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Module Name: fifo constrain

Module Type: c:onstraix.

Language: Verilog .
Input Ports: 8

Output Ports: 10

Inout Ports: 0

OK

Kl 5-1-10 Hr£mish

(3) HLIFEHH 4. HA R data_in, data_out, fifo cnt 75 BEXF M 4 /2 oA B () i
M, I H 4 RELK AR BN 0,1,2,3. A8 T ARSI T
clk X BT R AR _E 48 TF 5 R18;
rst XF B FF R AR _E 3% BT R P16;
data in[0],data_in[1],data_in[2],data_in[3]X} R $LESHF % G15, P15, W13, T16;
wr X N R R 2T Y165
rd XF AR AR I BT OL Ve
data_out[0],data_out[1],data_out[2],data_out[3]%] 5 LED %] M14, M15, Gl4, DI8;
fifo_cnt[0],fifo_cnt[1].fifo_cnt[2],fifo_cnt[3]%f 5 U17, V13, HI15, J15;
full Al empty 73 A% . W16, V12;
FERUE KA RSN & 5-1-11 Pz

Bl 5-1-11 2yt s it

Copyright © Robei CXLIX



http://robei.com #I Robei EDA

(4) LRAFFEIAT, WHRHBMH TR “Generate constrain file complete” , M3 B 2.4 Bl Th2E 1%,
fifo_constrain.xde 314

5.1.3. WK WIE

9 7 WA T FIFO B TARRHE, B B4 % XILINX A |l Z-7010 & 5 (KR, Fr
PLi% F] VIVADO # it °F & 47 Synthesis. Implementation fl Generate Bitstream, 2% E
BRI ST R EEITE RN, FEEATIRIE
1. VIVADO &P & #47 JE ikt
1.1 5 3) Vivado B I i% F ¥ % XC7Z010CLG400-1 1E NAEEN G, BitHiE 5% Verilog,
AL TR, W@ Robei TS fifo.ve

(1) 4TJF Vivado, #EIFIF4h>4E F2F>Xilinx Design Tools> Vivado2013.4> Vivado2013.4;

(2) B H I H Create New Project J&a 11 F . VREFH B E —/NMF 1 Vivado I H X}
TEHEQIE] 5-1-15 7R, ik Nexts

Project Name

Enter a name for your project and specify =
directcry where the prcject data files w1ll be

Project name: project_1l

Project location: D:/FIFO

[¥] Create project subdirectory

< Back Hext >

K 5-1-15 T H A RRAAL B A

GOFEH H BEHE i N TR fifo X THRAFHIALE , JEA LR Create project subdirectory
ke kT, Hf Next;

(4) EFEIH KB K AR RTL Project i, 441 Do not specify sources at this time & i
HE, SRJ5 i Next;

(5) i FHii%Hl, & Verilog 158 Hbr A BB 5

(6) iR Add Files 4240, 3% 2WIRIFA] Robei 5 H 1) H 3% T IF Verilog 3%k,
1%#% fifo.v, H.ifi Open, #RJ5 Hiili Next EUSINILA (1) IP 154,

(7 B TIRATEAEME P M, Bhdix—1, Ff Next ZH L HTE

(8) miihi¥isfin Add Files $&4, WIS RIWINI5E T fifo Bk H 3% N constrain SCAFJ, %3
T fifo_constrain.xde A, i Open HEATER N

(9) EBNE DA, LK 5-1-19 frox i & Filer LT, A5 £ Parts ik #
XC7Z010CLG400-1, Hii Next;

(10) ¥ Finish, A Vivado 3i H G 3 .

CL Copyright © Robei
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H
Jusd
=
>
Il

AR st

Add Constraints (eptiomnal)

Specify or create constraint files for physical and timing comstraints.

Constraint File Location

B4 fifo_constrain xde D:\Drive_E\Robei_modules\2nd—version\8th—fifo\constrain

Create File. ..

[¥] Copy constraints files into project

| < Back | Hext > Finish

K 5-1-16 WML

Default Part

Choose a default Xilinx part or board for your project. This can be
:hmgtd later.
Sztcifj" Filter
Pi@?&tl_ﬁ Produgt category 5] | Package | clgdl0
@ Boards Femily v | Speed grade -1
Sub—Femily g v

Temp grade All Remaining

Reset All Filters

srar: [

P 1/0 Pin hvailsble  LUT FlipFl Block
- Count 10Bs Elements SRR | mAME
@ xc72010c] 4001

100 17600 35200 60
106400

400
" xc7z020c] g400-1 oo li2s 53200 Jios400

| ¢ Back || Hext > | Finish

K 5-1-17 #sfig A
1.2 4T fifo_constrain.xde 3, F 5| L AR IHAHD o
(1) fEFIRE I sources H, A Ll X 25 F s 1H XA fifo.ve

(2) FEREVEE D sources H1, JEIF LW A, WK 5-1-18 frox, R 5 X 4T IF
fifo_constrain.xdc #E A AR AL
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M
*

Sources =

™ God pig . I [T
N lz_! =1 - \_J_a_‘? ? |‘-H;‘J

—]-{7 Design Sources
B Fife (fif
47 Constraints
! B& conztrs_1

QLI Fi fo_constrain xdc

#4)Simulation Sources

Hierarchy Libraries Compile Order

P Sources Templates

5-1-18 JEIFLIHSCAY: fifo_constrain.xde

(3) Xilinx BTHA A3 BE FPGA A7 T FAR BTSSR RAT B 10 sdik, 1XEef5 R

A LAE I R A i P B e B AR A P TR RS

ARG I AHRSCAARRS 2 T 1 Robei B0 H 8420, {H/Z, Robei B4 H AT A 4
AACHS A0 g A\ i 1A 0 S, AR BT, BATTAET 1 — AN I SR ] AR AU A
Bl clk, MARRGES B, XA R EAESR G N — MU ks, PRl AR RE, &
MHEF I — A2

set_property CLOCK DEDICATED ROUTE FALSE [get nets clk IBUF]

KOERAE T A HE .

e A HRACRD I T

#This file is generated by Robei!

#Pin Assignment for Xilinx FPGA with Software Vivado.

set_property PACKAGE_ PIN R18 [get ports clk]

set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN P16 [get ports rst]

set_property IOSTANDARD LVCMOS33 [get_ports rst]

set_property PACKAGE PIN G15 [get ports data_in[0]]

set_property IOSTANDARD LVCMOS33 [get ports data_in[0]]

set_property PACKAGE_PIN P15 [get _ports data_in[1]]

set_property IOSTANDARD LVCMOS33 [get ports data_in[1]]

set_property PACKAGE_PIN W13 [get ports data_in[2]]

set_property IOSTANDARD LVCMOS33 [get ports data_in[2]]

set_property PACKAGE_PIN T16 [get ports data_in[3]]

set_property IOSTANDARD LVCMOS33 [get ports data_in[3]]

set_property PACKAGE PIN Y16 [get ports wr]

set_property IOSTANDARD LVCMOS33 [get_ports wr]

set_property PACKAGE PIN V16 [get ports rd]

set_property IOSTANDARD LVCMOS33 [get_ports rd]

set_property PACKAGE_PIN W16 [get ports full]

set_property IOSTANDARD LVCMOS33 [get_ports full]

set_property PACKAGE_ PIN V12 [get ports empty]
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set_property IOSTANDARD LVCMOS33 [get_ports empty]
set_property PACKAGE_PIN M14 [get ports data_out[0]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[0]]
set_property PACKAGE_PIN M15 [get ports data_out[1]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[1]]
set_property PACKAGE_PIN G14 [get_ports data_out[2]]
set_property IOSTANDARD LVCMOS33 [get _ports data_out[2]]
set_property PACKAGE_PIN D18 [get _ports data_out[3]]
set_property IOSTANDARD LVCMOS33 [get ports data_out[3]]
set_property PACKAGE_PIN U17 [get_ports fifo_cnt[0]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[0]]
set_property PACKAGE_PIN V13 [get ports fifo_cnt[1]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[1]]
set property PACKAGE PIN H15 [get ports fifo cnt[2]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[2]]
set_property PACKAGE_PIN J15 [get ports fifo_cnt[3]]
set_property IOSTANDARD LVCMOS33 [get_ports fifo_cnt[3]]
set_property CLOCK _DEDICATED ROUTE FALSE [get nets clk IBUF]

(4) 51 File->Save File {#47 3 1F.
1.3 i Vivado Z5& T EKLEA W IT, FHiEAT Implementation {55 553K .

(1) BEHLGEEES T HEHE Y Run Synthesis, A i F2KG & 90T fifo.v SO FEAE M 3R
e HLEAERRTER T, HEARREE, W9 aa = Ao 58 ot 16 e ;

() WA FR, IR RE BRI, HERLGA A IR A)51%%5 Run Implementation
I, PATAES LI, S8 )5 i OK;

(3) LIS EFRRI BigiT. Y PMEETR, HRAERER, Hai
H A = AN IR T AT 45 SE I 58 ORI HE 5

(4) WRAHR, REERERRREN, HEZGERARIR.
1.4 T Rt B HYETF OCHR 2] ON, AR B ELRFAL FEAT FF A A 221, X FPGA 4T 9 FE -

(1) WA USB HZSiEH: 3] PROG UART £: 11 (fEHLIEIF RIS 5

(2) Witk JP7 WE N USB F 4 s i

(3) B AR BTG,

(4) p5 i AE S5 S 58 B H AR HEH Generate Bitstream 5 25t S AU E 1 A g A2 A1 L
{£55 " 1] Generate Bitstreamo FURFILA S FRRFAEAT 55 LB TH G 1847 o 24 58 i FURF AL A2
Ja 2 A = AN TR T8 O TE HE ;

(5) X HEH D4 A fifo.bit SCFTRAE fifo.runs H3 MY impl 1 H3X T

(6) AT IEAEE 4% Open Hardware Manager 1101, #AJ5 H i . T BLAS T 1
BT R “RER” IRE:

(7) i Open a new hardware target. 4152 fif O 28 HC B I A AARURE AT DL s e fe il 4T 1 H
FrEEFZ Open recent target;
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Bitstream Generation Completed u

@ Bitstream Generation successfully completed.
Next

| | (7) View Reports

(7)) Launch iMPACT

|| Don't show this dialog again

[ ok || cancel

K 5-1-20 Bbirim Ak pk

| Herdvare Mensger — unconnected

@ lo hardware target is open Open recent target Open a new hardvare target

K 5-1-21 FTHE LR B br

Select Hardware Target

Select a hardware target from the list of available targets, '
then set the appropriate JTAG clock (TCK) frequency. If wou

Hardware Targets

Type Port llame JTAG Clock Frequency

[ xilinx_tef|  |Digilent/210279573282A

Hardware Devices (for unknown devices, specify the Instruction Register |

lame ID Code IR Length

@ arm_dap_0 4BAOO4T7 4
@ xc7z010_1 13722093 6

VCSE server: localhost: 60001
Hardware server: localhost:3121

< _B_,_lcil

B 5-1-22 3T AORE P45 B R A U
(8) Hiifi Next & Vivado H & ¥ % 5] #5545 A MR 305
(9) Fifi Next DG FEAH 4 Lo 1 5

(10D Bk Next, 285 ¥y Finisho AERAE 1 20K SON IR ST 4% 4 AR 0F HAR1F4
RGN, EEVER, IRERMEIE B WL
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| Hardware Manager - localhost/xilinx_tcf/Digilent/210279526127A

@ There are no debug cores. Program device Refresh device

Hardware N e s
A =Z[EN»E
Name Status
=B localhost (1) Connected
El-ﬂo? xilinx_tcf/Digilent/210279526127A ... Open
& arm_dap_0 (0] Mot programmed
@ xc?z010_1 (0) (active) Mot programmed
e 11 | » O

. @ Hardware | 7 Templates |

K 5-1-23 FTOFREMF 08
(1) 7E 2844 b B s RbR A B8, %545 Program device 3 #Li5 & 1 I 77 5% i i) Program device->
XC72010_1 #4221 H br FPGA #84F 79 f% s

| G There are no debug oores.l Program de\ricel Refresh device

Hardware = T 2
az=[Er»mE
Name Status
=+ B localhost (1) Connected
[=-Ee xilinx_tcf/Digilent/210279526127A ... Open
d ) Not programmed
1% Hardware Device Properties... Ctri+E

Assign Programming File...

ié’ |Program Device... i
@ Refresh Device

. x | &
@ Hardware | 7 Templates | Export to Spreadsheet...

K| 5-1-24 %4 FPGA HHT 4 fE

(12) HHHiEXT FPGA A T9fE. AR L Done f8/R~4T 7l , 2S1FZmAELE o ;
(13) IR S AT T ISR 2E LED (S Z i 28 B W iFf 45 5 .

2. FFRHREGAIE

B, 1% res BTN, F4E— R EPIIK clk(BTNO) AT AL ;

HK, data_in JHA 0001, HPE$KE0HF 5 SWO 231 1, SR EHAE wr(BTN3)FZEEANL,
FHZ—F clk &85 50 5 i3k FIFO 766 %%, FIEE 7% data in 1 0011, 0111, 1111, 1110+

1100. 1000. 0000 ¥¥E 5 it 1EfiEgs b,
BJE, %A rdBTN2)BEA, P4 clk 4, FF4%—IK clk, Hie M FIFO i a8 it

— M, JFSEIRTE LED /T B, Bk B2 5 1w .

0001 0011 0111
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-]

LOSEGR) LozCcEr® g u‘

,..._..-—..—|—|'——

L | — -
— {S3(T16) SH2(HID SHKPLIS) SHOCBIS)
=P~ s, ?E-.N..... N

MI0S1 MIOS0  gFR220= moso 55'?2

=
ANALOG o 5
EZZ?RZZ

: ﬂ e -
8 1) LI m5) 1) ae: H LDl(mS) LoocHL

c 1 r ~100

[
| —

#iie) BOGAD
T, )

e M
LETRE WIORO LIS LoDt T
'—l‘—‘l —_—T ] i

/] 5-1-28 data_in mﬁm FEH A% LED AT Bor 9
1 1 R 2 B TR AV B L FIFO THEE R4, 13 T i 16 1.
5.1.4. M5 B%

(1) f#H Robei #it—A 8 47 4 IR FILO.
(2) ffH Robei ¥it— SPI &4k,

CLV. Copyright © Robei
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5.2 SEf+— SPI SLRIELH verilog HISZIN

5.2.1. XEFE

Wi H A A 2 2344 75 2 SPT #2 TG E , tbin PLL: ADF4350, AD: AD9627,
VGA: ADS8372 %%, A& iHMR¥E SPI WML, w5 7 — N 8 SPI B 58 /%, 0 LAEAT 32
SEEARIRE, 7T LL%E SPI SCLK AHX T 3= Wl 1) 23 4 Lt

Bt R

SPI S 2k R G0/ —Fh A5 R AT AM BB L1, B i) DUE MCU 5 & Fh4h 13 & LA 47 07 =0k
1TIBME A5 2, HME E FLASHRAM. 25445 LCD ZoRIRsha . A/D F#as Al
MCU %. SPI M4k RG] B 5 & KA Z FibrdE o BlE A B 0%, S0 —K
fHF 4 44k HBATIBZ (SCK)  EHLHA/ MM H B HELE MISO.  F= ML H /ML
4 2k MOSI A HEF A S MHLIEFR 2R SSCH I SPT B2 18 il A TR W5 528 INT. A1
SPI 2 138 7 A E ML H/ ML N B3 28 MOSI) .

SPI (@ 5 IR BRAR T o, B AE M N TAE, EMEUaE A — A ERSEM— ez
MR, TEZRD 4RLE, FL L3RBTl CREEmED o EFTAET SPI k&It
A1, Bf1Z SDI (A , SDO (Hiffm) , SCK (%) , CS (Fik) .

(1) MOSI - FE#&Hdhimt, AR EHRmA

(2) MISO — F#&H MmN, A& Hh

(3) SCLK - M55, HMFEEFZ™ 4

(4) CS— N MRefE s, hF &l

Horp CS R HEHlS A A EPE T I, Wil R RIS S AT e I RS 5 i
Crp AL B R X s F AR AE A 2. Xl SO VRAE [F] — i 28 L iE B 2 AN SPI W& ik
AT HE .
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B2 R AR S FE A 3 AR T o IR 8 A S e e R, X B AN SPI
AT, Wt 2 i B 2 — O — S A& . IX 2 SCLK B8P e A2 7R (1 A, i
SCLK #& i £ ik, SDI, SDO W3 T b ikt 56 e o A& iy . HHfa fan o SDO 28, %K
i R w8 A 1A N R N I G - I T = A W ) R A 91 Q= 5 e VA €7 X T8
N FRE . XA, B0 8 IR EME S I CEIEFI NI A—0 , #inl BLSE L
8 AL EHE (1) A& i o

SCLK * SCLK

1| O| 1| O| IIO‘ I‘ 0
MOSI *  MISO

MEB SPIDATA1 LSB
MISO MOSI

Cs * CS
N AEEDEEEA
MEB SPIDATA2 LSBE

5-2-1 SPI HIAFE LR 4544

W 5-2-1 iR, 48— EFHRSRIE %, SPIDATAL Rl 1 Bk, FRR a2
WA 1 AL, X MOSI Z8 N7 7, 1 SPIDATAR ¥ mific 0 B, I T s 275 1
B, XFE MISO 2 9 IR HLF o S8 )5 24 T BEIR BRI {5, SPIDATAL K447 MISO %k EiHL
F, B HBANFRAAL, [FFER, SPIDATA2 #4i7F MOSI £k L7, B A&
f&hi. &ik 8 MkhE, WABALZ Al 78 e 3, Wi 5em 7 — & SPI i
I o

5.2.2. WiHiTE
1. spi_master & &t

(1) Frg— M, 48 spi_master, Z2A4 module, 4 6 M, 1 M, 3 M
fh, BT EERM LR A 5-2-2 FR.

| Name | Inout | DataType | Datasize |
| addr | input | wire | ! |
| in_data | input | wire | 32 |
| rd | input J wire | 1 h
. w | imput | wire | 1
| cs | input | wire | 1 |
| clk | input | wire | 1 |
| out_data | output | reg | 32

| miso | inout | wire | 1 |
| mosi | inout | wire | 1 |
| sclk | inout | wire | 1 |

5-2-2  spi_master 5] i@ P

CLV. Copyright © Robei
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spi_master out_data

P 5-2-3  spi_master 1] 5tH &

(20 BT, AN Code HRINARAD .
reg sclk_buffer = 0;
reg mosi_buffer = 0;
reg busy = 0;
reg [31:0] in_buffer = 0;
reg [31:0] out_buffer = 0;
reg [7:0] clkcount = 0;
reg [7:0] clkdiv = 0;
reg [6:0] count = 0;

always@(cs or rd or addr or out_buffer or busy or clkdiv)
begin
out_data = 32'bx;
if(cs && rd)//selected and read
begin
case(addr)
2'b00:
begin
out_data = out_buffer;
end
2'b01:
begin
out _data = {31'b0, busy};
end
2'b10:
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begin
out_data = clkdiv;
end
endcase
end

end

always@(posedge clk)
begin
if(!busy)
begin
if(cs && wr)
begin
case(addr)
2'b00:
begin
in_buffer = in_data;
busy =1'bl;
end
2'b10:
begin
clkdiv = in_data;
end
endcase
end
end
else
begin
clkcount = clkcount + 1;
if(clkcount >= clkdiv)

begin
clkcount = 0;
if((count % 2) == 0)
begin
mosi_buffer =in_buffer[31];
in_buffer = in_buffer << 1;
end
if(count > 0 && count < 65)
begin
sclk buffer = ~sclk buffer;
end

count = count + 1;

CLX Copyright © Robei
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if(count > 65)

begin
count = 0;
busy = 1'b0;
end

end
end

end

always@(posedge sclk_buffer)
begin
out buffer = out_buffer << 1;
out_buffer[0] = miso;

end

assign sclk = sclk_buffer;

assign mosi = mosi_buffer;

(3) TRAFBAR (A ST SRR AR AN 30, 1847 IR B A oA R .
2. spi_master_tb X CHFH T

(D) HE—A 6 N 1 Hi 3 %A H A spi_master tb MK SCHF, 12434 Module Type
WHEAN “testbench” , &5 N E Wil 5-2-4 s .

‘ Name | Inout ‘ DataType ‘ Datasize

‘ addr | input ‘ reg ‘ 2 _
‘ in_data | input ‘ reg ‘ 32 |
| rd | input | reg | |
‘ wr ! l ~ input ‘ reg . -
| es | input | reg '7

[ clk | input | reg | 1 |
| out_data | output | wire : 32 |
J miso | inout | wire | |
‘ | inout ‘ wire 1 ||

K 5-2-4 spi_master_tb [ 5] il J&

(2> FAF MRS o DA ST AR A7 21 1 O 2 A 2 i 7 1) SR o
(3) WSINAERY,  7E Toolbox L. HFGM Current £ B, SHIZ Bl AER, FREZEAY
JELE spi_master_tb B¥RIN, FHIERGIH, WA 5-2-5 Pk
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o=t

miso  mosi
addr

»in_data

q om_dma:bp----

spi_master1

1l 2 Hat
BCIn CCLIn

P 5-2-5 spi_master_tb [1) 5t &

(4 BN s IR N7 “Code” , SINBURN L. WS $finish 4550,
DA AR -

integer counter = 0;

initial begin

CLX

addr = 0;
in_data = 0;
rd = 0;

wr = 0;
cs=0;
clk=0;
#20;

addr = 2;
in_data = 0;
Wr = 1;
cs=1;

#20;

addr = 0;
in_data = 0;
wr = 0;
cs=0;

#20;

for(counter = 0; counter < 256; counter = counter + 1)

begin
addr = 0;

Copyright © Robei



http://robei.com

end
#20 $finish;

end

H
H
Jusd
=
»
Il

AR st

in_data = counter;
wr=1;
cs=1;
#20;
addr = 0;
in_data = 0;
wr =0;
cs=0;
#20;
addr=1;
cs=1;
rd=1;
#20;
while(out_data[0] == 1'b1)
begin
#20;
end
cs=0;
rd = 0;

always #10 clk = ~clk;

(5 PATHEFAERRE. BEHMHEER
BERAR IR B ERE. st Workspace THIES, BHTHRIMIEES D1
BHEER, WK 5-2-6 Fis:

clk
addr[1:0]
counter[31:0]
cs
in_datal31:0]
miso

mosi
out_datal31:0]
rd

sclk

wr
in_buffer[31:0]
clkdiv[7:0]
clkeount [7:0]

busy

M1 Lri

i

5-2-6 spi_master tb FI15 E I TE

5.2.3. SPI ¥ O WL KR & 46 F
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FEIX BIATHAMESL T —A VIVADO TRERIIE SPI Wl i TAEAE . A RHASR
i) 22 BT A2 R Z AT AR P Bl B 28 L 2 11 80 H S5 SR 1 O AR BR /1 o B i
() TR — AN EIL ) SPI LY, AU e T4 .

AL RLAE I DN RS RAF B E s, 8 =ML IT AT reset. clock. B RE
5%, MAHIUA LED 4T 58 24T master -G IR 100 . BEHARAL U R

module spi_sim(in, clk, rst, master, rd);

input [3:0] in;

input clk;

input rst;

output [3:0] master;

input rd;

reg [3:0] master;

reg [3:0] slave;

reg mosi;

reg miso;

always @ (posedge clk or negedge rst)
begin
if (rst)
begin
master<=4'b0;
slave<=4"d0;
miso<=0;
mosi<=0;
end
else if (rd)
begin
slave<=master;
master<=in;
miso<=0;
mosi<=0;
end
else
begin
mosi<=master[3];
master[3]<=master|[2];
master[2]<=master[1];
master[ 1 ][<=master[0];
master[0]<=miso;
miso<=slave[3];
slave[3]<=slave[2];
slave[2]<=slave[1];
1]<=slave[0];
]

[
slave[
slave[0]<=mosi;

CLX Copyright © Robei
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end
end
endmodule

55 A I (0 249 SRS AR B R -

set_property PACKAGE_PIN T16 [get ports {in[3]}]
set_property IOSTANDARD LVCMOS33 [get ports {in[3]}]
set_property PACKAGE PIN W13 [get ports {in[2]}]
set_property IOSTANDARD LVCMOS33 [get _ports {in[2]}]
set_property PACKAGE_PIN P15 [get ports {in[1]}]
set_property IOSTANDARD LVCMOS33 [get ports {in[1]}]
set_property PACKAGE_PIN G15 [get_ports {in[0]}]
set_property IOSTANDARD LVCMOS33 [get _ports {in[0]}]
set_property PACKAGE PIN Y16 [get ports rst]
set_property IOSTANDARD LVCMOS33 [get_ports rst]
set_property PACKAGE PIN V16 [get ports rd]
set_property IOSTANDARD LVCMOS33 [get_ports rd]
set_property PACKAGE_PIN P16 [get ports clk]
set_property IOSTANDARD LVCMOS33 [get_ports clk]

set_property PACKAGE_PIN D18 [get _ports {master[3]}]

set_property IOSTANDARD LVCMOS33 [get ports {master[3]}]
set_property PACKAGE_PIN G14 [get _ports {master[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[2]}]
set_property PACKAGE PIN M15 [get ports {master[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[1]}]

set property PACKAGE PIN M14 [get ports {master[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {master[0]}]
set_property CLOCK DEDICATED ROUTE FALSE [get nets clk IBUF]

£ VIVADO M @5 THRE, FFPUTLe 6. LBl AR — RPnfE )5, Biar
1E ZYBO &M _F5AIE SPT Hpisl o

(1) #1¥ BTN3, Fi%JLIK BTN1, 58/ reset TA/EX Bl 47T 2 A7 o

(2) HUANRETF LA G — Do, KRN 1011 3k, Z/5#%4 BIN2, #%—TF
BTN1, ¥ 1011 XA master. BEF LED 4T B4 =48, &R master FIME, W& 5-2-7
AR . TIXE slave HI{E MY 2442 0000,
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K 5-2-7 master A\ IS R HIME

(3) ok, Bi%8)—IRK BTN, BIE—NErep R, seli— M dimfeet . #%301
WG, MNAZ5ER master F slave (s B4, BEHF LED 474 K. (ZURE, &a—10L
B AE mosi 1, Eﬂ?‘ LED 24K, H feﬁ?}?ﬁﬁfﬁ% /xﬁmﬁi)

'1>' LDI<CMIS) LDOCHMIS)

5-2-10 #%8h) =¥ BTNI 5-2-11 #%31P9¥k BTN

(4) #k224%5) BIN1 #EATH BheelE, HIRJG, =& T LED T XA AL 1011, BIsEEl 1

SPI EI‘J%Z?E?E%%EQ
LD3(DI‘8) LDZ(GIQ)'L 5> LOOCHI4

SWZIWI3) SWICP1S) §uukmo)

5-2-12  SPI M %difLis

524. MBERB%

AV HZAE SPT B R At B4 5 (K0 — MR B0 SPT B2 5 REfy, AT LAREAT 32 A7 8idle
MBS, [FIRAT LA SPI SCLK AR F- EI Bl 73 Sk o A2 A Ul (1 2t b 2 it
AT RER MC68HC11A8 H Iy LA SPL 41, FA 12 Ffis 8508 £ 5045 DU A AL s s
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FNK: BOMEE, REwIT
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A RBATBCTT B Z19 Ll Hi RO AT BBt 3 1 B L AR BB A A [ 45 A
FHSZIL PC I AT AR Z IS . AR EE A ANRKNS R E, REIEHE
AR S B BT AT 2 2 A PR ESR B A B TP AL L Y, B — N AE B ARAE B DR 5
Fyy 4Ll FR MR ETIRE, B SEBIH AL B8 T R AN ERE 2 i A B (1Y
BEit, (HAZREXS AL EE AR AR 2 S AR LA — A2 1A
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6.1 5B+ UART MIR%S5BBORHR KT

6.1.1. AZSk
Wit B

(1) %>] UART W TAEJRFE, 35 verilog ¥ it4iE UART A& 3%/

(2) #Z5i2H Robei B A BT PRS0 3 .
Wit R
UART i 28

S5 B ATHUR I — oAk U RN BUE A+ R, R 1AL, BEAL 2 8

P B 7 AL EE I 1 AL BRI, 5 IS 2 7. WE 6-1-1 Bk

o A gy Hifs

6-1-1

(1) 2 2

BT UART &5 0185, WA LRmEER 2. 7 ReRuE R &5 e v, R
PeRIH 16 4% £ 4l 5 e 22 10 I B g AT SR AR, (RO RF FE Y 115200, TSR FE B B
clk16x=115200x16. HMEHE G4 16 M RAER BRI, 1bit AR LA A7 +8bit Zifr+1bit 15 1L47
=10bit, KE—mitt 54 16x10=160 I~ KAER 4, FEB RGN BRI TRER 1-2 A KFER8h
JE BRI WA, DRI 28 B 67 1) [ B ZE R AR A, PARIE R 21 0 BRS . — %
UART — Wi 3R AL 20 8, X FE R REAN B A — AN Bl iR 22, He oot RE R R A
FIHHE . K, SREER 2108 248k IE A7 1 16 DEF4f). 400 56, 72, 88, 104, 120, 136.
152(f5 1:47), Wi ™Kl 6-1-2 Fiow:

RX ]

" Y O ) 1 (O

6-1-2 i 5 KRR ] 55

Horr, RXONFESI, CNT % RAFEISPdb AT vHEOh 8
(2) RiIxJH:

YIATERIEAE SIS, R IIREIR S, WK EUEZ UART it , et —4
RHESPIRLEN, A JE MK S 8 MR, BB &g A ER %A, )52 HE P
HIEEA TR

BT R IERT B clk16x PRI 16 £5, BIILXT clk16x 143 16 B, &i% DO; 1143
32 W, &Ki%DlI...... MHEEHE, WK 6-1-3 AR
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X

K 6-1-3 i 5 ik a) p5
6.1.2. &itME
1. BB Tt

(1) #Frg— A, 45 UART, 25508 module, B4 3 #iN 2 #l, A5 JE T
AT B 6-1-4 Fis.

| —— ~ TInout _\ DataType Datasize
l clklbx l input l wire 1 {
| rst n | __input | wire 1 |
 orx [ mput | wire | 1
‘_ DataReady ‘ output ‘ reg 1 {
| DataReceived | output | reg | 8 |

K 6-1-4 UART 15| )@t

DataReceived]_/

& 6-1-5 UART [ E

(2) HIACRD . R R J7 ) Code TR IMANHD -
reg[7:0] cnt;
reg trigger r0;
reg [3:0] count;

wire neg_tri;
always @ (posedge clk16x or negedge rst_n)
begin

if(!rst_n)

CLX Copyright © Robei
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begin

trigger r0<=1'db0;
end
else
begin

trigger r0<=rx;
end

end

assign neg_tri=trigger r0&~rx;

reg cnt_en;

always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
cnt_en<=1'b0;
else if(neg_tri==1'd1)
cnt_en<=1'bl;
else if(cnt==8'd152)
cnt_en<=1'b0;

end

always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
cnt<=8'd0;
else if(cnt_en)
cnt<=cnt+1;
else
cnt<=8'd0;

end

always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
begin
DataReceived<=8'b0;
count<=0;
end
else if(cnt_en)
case(cnt)

8'd24:begin DataReceived[0]<=rx;count<=count+1;end

Copyright © Robei CLXXI
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8'd40:begin DataReceived[1]<=rx;count<=count+1;end
8'd56:begin DataReceived[2]<=rx;count<=count+1;end
8'd72:begin DataReceived[3]<=rx;count<=count+1;end
8'd88:begin DataReceived[4]<=rx;count<=count+1;end
8'd104:begin DataReceived[S]<=rx;count<=count+1;end
8'd120:begin DataReceived[6]<=rx;count<=count+1;end
8'd136:begin DataReceived|7]<=rx;count<=count+1;end
endcase

end

always@(posedge clk16x or negedge rst_n)
begin
if(!rst_n)
DataReady<=1'b0;
else if(cnt==8'd152)
DataReady<=1'b1;
else
DataReady<=1'b0;

end
(3) RAIEAY (A6l SO RSN RER SAE A ), IBIT B TR .
2. UARTTEST W& SCH4 ¥

(D Hrg—> 3% 2 % th (1) varttest WA SCHE, 12455 Module Type 5B A “testbench”,
FAN G E A 6-1-6 PR .

| Name ‘ Inout | DataType ‘ Datasize [
| clkl6x ‘ input | reg ‘ 1 {
| rst n ‘ input | reg ‘ 1 {
| rx ‘ input | reg ‘ 1 {
| DataReady ‘ output | wire ‘ 1 {
| DataReceived ‘ output | wire ‘ 8 {

6-1-6 uarttest 15| 5l @ 1%

(2) BAF MRS o« BRSO A7 21 T B 28 A TR B 72 1) ST T
(3) IR, 1E Toolbox . E 481 Current £ B & IR, BAHAZAEA HAE varttest I
W0, JREESIE, WK 6-1-7 fiR:
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uarties

DataReagty
DataReady|Da

& 6-1-7 uarttest [ 521 &

(4) SNl . A N5 “Code™ , SR EIE . BUMRADH Sfinish £,
AR :
initial begin

clk16x=0;
rst_ n=0;
rx=0;
#2
rst_ n=1;
#2
rst_n=0;
#2
rst_ n=1;
#2

#32

rx=1;

#100

$finish;
end
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always #1 clk16x=~clk16x;

(5) PATHEFIERWK. EEHEER.
KB RE R JE BB R . St Workspace HIE S, #EATEHINHAE M1
HEER, K 6-1-8 fis:

Slg;]als Valuss
30ng
e A T I M e

0
rst_n 1 J'”
R A 1 [ A
IR : 0 X ) T X IE X %
DataReady 0 n
ent[7:0] € A
cnt_en 1
trigger_r0 1

K] 6-1-8 uarttest FAI1j HIE
3. RIiBMEHETTH
(1) #rig— s, 4 A uartsend, ZX%N module, B4 4 #A\ 2 i, &5 B
MAFR T E 6-1-9 Fis.

‘ Name ‘ Inout | DataType | Datasize {
‘ clklbx ‘ input | wire | 1 E
. rstn  imput | wire 1
‘ TransEn ‘ input | wire | 1 {
‘ DataToTrans ‘ input | wire | 8 {
| BufPull | | ' | 1 [
| tx | | | 1 |

uartsend

| >TransEn

DataToTrans

& 6-1-10 uartsend [F 51 &
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(2) IS, R A N7 Code ANINAHY
reg [7:0] cnt;
reg TransEn r;
wire pos_tri;

reg cnt_en;

always@(posedge clk16x or negedge rst n)
begin
if(!rst_n)
TransEn_r <= 1'b0;
else
TransEn r <= TransEn;

end

assign pos_tri = ~TransEn_r & TransEn;
reg [7:0] ShiftReg;

always @ (posedge pos_tri or negedge rst_n)
begin
if(!rst_n)
ShiftReg <= 8'b0;
else
ShiftReg <= DataToTrans;
end

always @ (posedge clk16x or negedge rst_n)

begin
if(!rst_n)
begin
cnt_en <= 1'b0;
BufFull <= 1'b0;
end
else if(pos_tri==1'b1)
begin
cnt_en <=1'bl;
BufFull <= 1'b1;
end
else if(cnt==8'd160)
begin
cnt_en<=1'b0;
BufFull <= 1'b0;
end
end
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always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
cnt<=8'd0;
else if(cnt_en)
cnt<=cnt+1;
else
cnt<=8'd0;
end

always @ (posedge clk16x or negedge rst_n)
begin
if(!rst_n)
begin
tx <= 1'bl;
end
else if(cnt_en)
case(cnt)
8'd0 : tx<=1'b0;
8'dl6 : tx <= ShiftReg[0];
8'd32 : tx <= ShiftReg[1];
8'd48 : tx <= ShiftReg[2];
8'd64 : tx <= ShiftReg[3];
8'd80 : tx <= ShiftReg[4];
8'd96 : tx <= ShiftReg[5];
8'd112: tx <= ShiftReg[6];
8'd128 : tx <= ShiftReg[7];
8'd144: tx<=1Dl;
endcase
else
tx <= 1'bl;
end

(3) BATHAEEAR LR, B SO ARAF 2 b T G 2 R BT SO IR
4. UARTsendtest M3 048 i1+

(1) FraE—A 4% N 2 % UARTsendtest Jll 3k SC 14, 121584 Module Type &% & N
“testbench” , /N5 N E Wk 6-1-11 Fion.
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| Name Inout | DataType | Datasize |
| clkl6x | input | reg | 1 ||
| rst n | input | reg | 1 1
l TransEn | input || reg 1 {
[_ DataToTrans I input | reg 8 {
|  Buffull | output | wire 1 |
|__ tx | output | wire 1 |

B 6-1-11 uartsendtest [ 5] & P&

(20 SAE RS o RS R A 21T PRS2 BT #E 1) SO R T
(3) IRINHEAY . 7E Toolbox T HAHM Current 2 B2 HBIEIAY, HdZ B IEAE vartsendtest
Edsn, IRERESIE, A 6-1-12 PR

clkl6x |

DataToTrans

JDataToTrang

ataToTrans

6-1-12 uartsendtest [¥] 7 &

(4) BN . SRR T I “Code” » FINBBISA L. WUARASH Sfinish 45
A -
initial begin
clk16x=0;
rst n=1;
TransEn=0;
DataToTrans=0;
#2
rst_n=0;
#2
DataToTrans=8'b10110010;
#2

rst n=1;
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#2
TransEn=1;
#1000
$finish;

end
always #1 clk16x=~clk16x;

(5 PATHEFFEEWIL. BEERMEEE.
KA REHAR Y G BB . St Workspace HHIE S, HEATEINFER D1
HeE R W 6-1-13 Fios:

. Signal: Values
clkl6x |1

rst_n 1]
X 1
Transfn - W‘EJ
DataloTran* 0
Buffull X
ShiftReg[T xxxxxxzx
DataloTran* 0
ent[7:0] ‘0
cnt_en X

pos_tri ‘0

& 6-1-13 UARTsendtest [f11/i B3¢ T8

6.1.3. EB5E/B%

1. SRFERTBE clk16x D22 A 16 fiF, PAFRATE W E W 57600, 9600 & & nr, HZE
WL 16 5K R

2. TEARGTHBI ISR b, SR rE BB b AR IR 6, RATRESR ML SRS T, PR
R,
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6.2 S+ = Natalius 8 {if RISC kb3 52

6.2.1. AESH
it H
T I #AZE Natalius 8 f7 RISC AbHE 25 R A LM A2 1T R # . AR HE Natalius )52 4E

Berh H AT BLSGIE — L6 1] FR D) BE (1) testbench, ¢ /518 1d Robei Al ARG (H B B 347 ThRE S AN
{1 B 36ECH T Robei H A A 5 i $readmemh() iy 2>, 5 4 B 36 UEFE Modelsim A #E47).

Wit R
1. Natalius &4

Natalius /& —MEME% . £ D68 H e ik A1 5643 LA Verilog %111 8 £ RISC Ab#E
25 WH#% . Natalius $&1t 7 —ANA] LLIZ4T 1E python #5H & LAV 225  Instruction memory H1 A7
it 7 2048 %484, BKIEL 16 A%, HPATTHEEIZIT 3 AW 80 .

2. L5

Natalius &% 17 K# - AL HEE AT BT 2 ML ig 5. B35 fEffiiin. Beasse, 2H
IBEAESERIES IR R 6-2-1 A% 6-2-2 Pir.

Instruction Description Type Instruction Description Type

Idi load immediate | memory access ret return subrutine | flow control
Idm load from memaory [ memory access adi add with imm arithmetic
stm store to memory | memory access c5Z csr if zero flow control
cmp compare arithmetic cnz csr if no zero flow control
add addition arithmetic csC csr if carry flow control
sub subtraction arithmetic cnc csrif no carry | flow control
and logic and logical sl0 shift left zero fill logical
oor logic or logical sl1 shift left one fill logical
xor logic xor logical sr0 shift right zero fill logical
jmp jump flow control srl shiftright one fill logical
jpz jump if zero flow control rrl rotary register left logical
jnz jump if no zero flow control rrr rotay register right logical
Jpc Jump if carry flow control not logic not logical
jne Jump if no carry flow control nop no operation nop

csr call subrutine flow control

* 6-2-1
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Opcode  Instr Description

2 Idi load immediate 1di
load from

3 Idm memeory ldm

4 stm store to memory stm

5 cmp compare

6 add addition

{i sub subtraction

8 and logic and

9 oar logic or

10 Xor logic xor

11 imp Jump jmp

12 jpz jump if zero jpz

13 jnz jump if no zero jnz

14 jpc Jump if carry jpc

15 jnc Jjump if no carry jnc

16 csr call subrutine csr

17 ret return subrutine ret

18 adi add with imm add

19 csz csr if zero csr

20 cnz csr if no zero csr

21 cs¢C csr if carry csr

22 cnc csrif no carry csr

23 sl0 shift left zero fill s10

24 sl shift left one fill 511

25 sr0 shift right zero fill sx0

26 srl shiftright one fill srl

rotary register
27 rrl left rrl
rotay register

28 rrr right rrr

29 not logic not sub

30 nop no operation no

r rd, port_addr

. rd, port_addr

Use

rd, imm {rd=imm)

(rd=data_in

(aff

ts carry and zero)

(rd=rd and rs)
or rs)

d

xor rs)

inst_addr pc=inst_addr)
inst_addr (pec=inst_addr if zexo)
inst addr (pc=inst_addr if no zero)
inst_addr (pc=inst_addr if carry)
inst_addr (pc=inst_addr if no carry)
inst_addr (pc=inst_addr)

(pc=value stored in stack)
rd, imm (rd=rd+imm)
inst_addr (pc=inst addr if zero)
inst addr (pc=inst_addr if no zero)
inst addr (pc=inst_addr if carry)
inst_addr (pc=inst_addr if no carry)

rd {rd[&:0]1,0})

rd (zrd

rd fed’ <=

rd (rd <=

rd (rd <= {rd[e:0],xzd[7]1})
rd rd <= {xd[0],xd[7:1])
xd, rs

operation (take 3 clk )

<= mem[port_addr])

(rd=data_out => mem[port_addr])

save pc+l in stack

affects stack

affects stack

Robei EDA

affects stack

affects stack

3. Natalius EOES

% 6-2-2

Natalius K2 88 752 (4% FUE 5 00K & 6-2-1 s, B8ME 5 RAAS LAER 6-2-3

data_in [7:0] ———»

|— data_out [7:0]

Natalius Processor port addr [7]

CLK ———» —— write_e
RST ————» ——— read e
Signal Direction Description
clock input: All Natalius registers are
clk input | clocked from the rising clock edge
reset input: To reset the Natalius
processor, this rst is asynchronous input
and it set program counter register to zero
rst input | address
Input data port: The data is captured on
the rising edge of CLK (used in /dm
data_in[7:0] input | instruction)
Output data port: Output data appears on
this port for three CLK cycles during a stm
instruction, capture this data when write_e
data_out[7:0] | output |is high (uded in stminstruction)
Port address: This addresses the peripheral
port to the input or output by instruction
port_addr{7:0]| output |/dmor stm

4. JComARMAAE

CLX C

* 6-2-3
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4% Python:
(1) %k Python

H
H
Jusd
=
»
Il

AR st

FIIF 28, S A Hudk: https://www.python.org/downloads/release/python-343/4E 5 £ TH

T f T 05, AR E O N B P S AT, A 6-2-2 PR .

Files

Version Operating System  Description MD5 Sum

Gzipped source tarball Source release 4281ff86778db65892c05151d5de738d

XZ compressed source tarball Source release 7d092d1bba6el17f0d9bd21b49e441dds
Mac 0S X 32-bit i386/PPC installer Mac0SX for Mac 0S X 10.5 and later 548f79e55708130c755bbd0f1ddd921c

Mac 0S X 64-bit/32-bit installer Mac0SX for Mac 0S X 10.6 and later 86b29d7dddc60bab3fc5848de55caT0q
Windows debug information files Windows b3d8752e74a502db37bd0c6ef30ac60f

Windows debug information files for 64-bit binaries  Windows

Windows help file Windows
Windows x86-64 MS! installer Windows
Windows x86 MSI installer Windows

6clbe415ae552e190ef0fb06a5ded473
d5703787758eb1a674101ee2b0bc28be
for AMDG4/EME4T/x64, not Itanium processors  f6ade29acaf8fcdc0463e69a6e7ccf87

cb450d1cc616bfc8i7a2d6bd88780bf6

Kl 6-2-2 EFERA

Hile Size

19554643

1442194

24734803

23170148

36900012

24301250

7405996

25550848

24846336

GPG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

T #2472 Windows7 64 A #:1E 24, Fr LA Windows x86-64 MSI installer

BEAT T 8
(2) “%%E Python

Wili T8 R 2T 20 . IF— 7 EACTE AR I FE 1 H 3k BRUIARI 3% H ok

“C:\python34”,

i | assembler.py X code.asm iFEAT 55

(1) %5 code.asm ftH%

Y& “Natalius 8 bit RISC Processor.pdf” CA4H 5 3 Tl Table 3, IF

1 5.1 Example % 5 — BIRRARHS .

W
%
o

% 5 1) — BT B A TR G R

Idir1, 22
1di r2, 80
1di 13, 36
1di r4, 45
addrl, 2
stmrl, 11
add r3, r4
stm r3, 25
addrl, r3
stmrl, 32

HSRI P B A T e 2 PR AR D B ACRS LR AE N “testasm ™ R JE F IINAARHS
“test.asm” M OpenCores “Natalius 8 bit RISC Processor” F#& K[ “assembler.py” —
ETAE e rh, AREFEHIERE T “E:\python_test” 1o
(2) 1t CMD 85571 {# F Python ¥ code.asm ¥4t instruction.mem
7 “ITIR” S8, AE “HWRBEFMA” MRESRA “emd” JF%Z T I, FHEA

R B 6-2-3 Fias B AL

Copyright © Robei
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ers\idninistrator?

K 6-2-3 #t A cmd HH1

a. W€ Python 1%
W 2242 Python [FIA5A Bk 42, H LU T 23 E Python FEA%:
set path=%path%;C:\python34

b.  FIIF “testasm” FriE XA
AYFEF “testasm” FE T “E:\python test”, AL Fin4:

“B %
“cd python_test” [A] %
SRIGRTLARN dir B dir /b &5F HaRF RN .
Bl BE&: C\Windows\system32\cmd.exe o B K

Windows [fF7 6.1.76811 .
(c)> 2089 Microsoft Corporation. {REgH Jfﬂ

NlsersMidninistratorE:
[E:“>cd python_test
E:“python_test>dir +h

lassembler. py

E:“python_test>

6-2-4 3k python_test H %

c. A%, HEATEA
RJEHIA “assembler.py -s testasm”, FE#5ERZ 5 AT LAE £ “E:\python_test” N2 [
—A “instructions.mem” Ao 1Z ST R JATTREAT 07 H I 75 2R 2 1) S0

6.2.2. WitHiE
1. ALU A%t
(1) Frig— BRI 449 ALU, K55 module, AR E & 4 %N 3 %, 45 T BT

CLX Copyright © Robei
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Name Inout DataType Datasize Function
a input wire 8
b input wire 8
opalu input wire 3
sh input wire 3
dshift output reg 8
Zero output wire 1
carry output wire 1

K 6-2-5 ALU 5| @M

wire [7:0] result;
always@(a or b)
case (opalu)

0: resu <= ~a;

iresu<=a & b;

iresu<=a”’b;

sresu<=a|b;

iresu<=a-+b;

1
2
3
4: resu <= a;
5
6

iresu<=a-b;

K 6-2-6 ALU #-1H K

(2) BIARES. B FJ7H Code HRINAD.
reg [7:0] resu;

default: resu <=a + 1;

endcase

assign zero=(resu==0);

assign result=resu;
assign carry=(a<b);

Copyright © Robei
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always@(result)
case (sh)
0: dshift <= {result[6:0], "0"};
1: dshift <= {result[6:0], result[7]};
2: dshift <= {"0", result[7:1]};
3: dshift <= {result[0], result[7:1]};
4: dshift <= result;
5: dshift <= {result[6:0], "1"};
6: dshift <= {"1", result[7:1]};
default: dshift <= result;
endcase

(3) {RAFBAL(AEAE A T BRAR A SR ), BT IR E A IR .
2. stack A&t

(1) Frg—MEALA 4 A stack, AN module, [FRFH A& 74N 2 %k, A5 I 8 1k
FZFRS I T & 6-2-7 BEAT X R AIE T

Name Inout DataType Datasize Function
ck input wire 1
rst input wire 1
Wr_en input wire 1
rd_en input wire 1
ldpc input wire 1
selpc input wire 1
ninst_addr input wire 11
PC output reg 11

. out  ouput  wre 1

& 6-2-7 stack 3| IR JE T

CLX Copyright © Robei
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inst_addr

& 6-2-8 stack FE1H &

(2) TR . R AR U5 Code #RANAAS -
reg [7:0] resu;
wire [7:0] result;
reg [3:0] addr;
reg [10:0] ram [15:0];
wire [10:0] dout;
wire [10:0] din;

always@(posedge clk or posedge rst)
begin
if (rst)
PC<=0;
else
if (Idpc)
if(selpc)
PC<=ninst_addr;
else
PC<=PC+1;

end

assign din = PC;

always@(posedge clk)
begin
if (rst)

Copyright © Robei
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addr<=0;
else
begin
if (wr_en==0 && rd_en==1)
if (addr>0)

addr<=addr-1;
if (wr_en==1 && rd_en==0)
if (addr<15)
addr<=addr+1;
end

end

always @(posedge clk)
if (wr_en)

ram[addr] <= din;

assign dout = ram[addr];
assign out = dout + 1;
(3) PRI (RS B AN e S0, BT A B A AR H
3. data_supply A ¥t

(D FrE— M A 440 data_supply, 28814 module, [FIRFE & 12 FAN 2 i, &4
JEIET JE PR 2 Fx 2 BT B 6-2-9 AT X B B 2o

Name Inout DataType Datasize Function
clk input wire 1
we input wire 1
wa input wire 3
raa input wire 3
rab input wire o

shiftout input wire 3
insel input wire il
selk input wire il
data_in input wire 8
kte input wire 8
gelimm input wire 1
imm input wire 8
portA output wire 8
muximm output wire 8

CLX

K 6-2-9 data_supply 5 i & 1

Copyright © Robei
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data_supply

muximm|_2

K 6-2-10 data_supply Fi[Hi &

(2) WIS, a7 Code M INARAG .
wire [7:0] portB;
wire [7:0] regmux, muxkte;
reg [7:0] mem [7:0];

always@(posedge clk)
begin
mem[0]<=0;
if(we)
mem[wa]<=regmux;

end

assign portA=mem|raa];

assign portB=mem|[rab];

assign regmux=insel? shiftout : muxkte;
assign muxkte=selk? kte : data_in;

assign muximm=selimm? imm : portB;

(3) PRAAER, (S B AR AN BEA A0, 18T IR & A TR A
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4. zc_control A ¥t

(1 B — MR 448 ze_control, 2877y module, [FJRF B4 54N 2 frdt, #4511
R YER RS TR 6-2-11 BEAT X BB

Name Inout DataType Datasize Function

clk _ input | wire 1
rst _ input wire 1
ldflag | input | wire 1
zero input wire 1
carry input wire 1

z | output reg 1 _

| c | output | reg | 1 |

K 6-2-11 zc_control 5| i) J&@ P

i 6-2-12 zc_control F1i &

(2) IS, fIdEA R Code IRINALAS . AR
always @ (posedge clk or posedge rst)
begin

if (rst)

begin
7<=0;
c<=0;

end

else

if (ldflag)

begin
z<=zero;
c<=carry;

end

end

(3) DRAFIEAY (AP SO RERARANBE R T A 30D, B 47 IR B A oA R
CLX Copyright © Robei
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5. data path #E& &1

(D) HrEE— AR A 42 4 data_path, 578 module, [HFfE4% 20 #r N S fy i, S50
(BRI RS IR I 6-2-13 BEAT X R E 2.

Name Inout DataType Datasize ~ Function
clk input wire 1
L aitak input wire 1
data_in __input wire 8
insel input 3 wire 1
we - input wire 1
raa (= input wire 3
rab F, input wire 3
wa ] input wire 3
opalu input wire 3
el [ s
selpc input wire 1
selk | input wire 1
ldpe input wire 1
| ldflag input wire { 1 A8
[ wreen " [ Ldmput [ wire " I
rd en input wire 1
ninst_addr input wire 11
______ kte input wire 8
imm input wire 8
selimm input wire | 1
data_out output wire 8
s e i e
stack_addr output wire 1 11 | |
. output wire
il _output wire 1

P 6-2-13 data_path 5| il i) J& 1%

clk 3
e
in
e a portalp
T Af b
brerie P hiftout
LR $
i elk
ata_in
sfTElseTr WPkie ke
T t
1 " b
o acde Lelitalh abdr
rebradl thie ] 1k
o | st
e i dshi
[ 989 control3
ihrst—pricr paly ALU4 el g S
cal
e h = amy 48
mm

6-2-14 data_path J- [ €

VER: data_supply ) muximm %% ALU [ b i ;. ALU [ dshift [F]B} %82 5] data_supply
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[ shiftout #1 data path [¥] data_out.

(2) WS . B FIZBEU 2 HE ALU, stack, data supply Fl zc control DU/ ML &

ERGEK, PRI .
(3) RAFBER (AR SO B AR ANRER BRSSO, BT & A TR R .

6. instruction memory R St

(1) Fr—MEM Ay 48 instruction_memory, M4 module, [FIRTH & 2 #iA 1 i,

AR EM A AR S R IE 6-2-15 FEAT X R E T

Name Inout DataType Datasize Function
clk input wire 1
address input wire 11
instruction output reg 16

6-2-15 instruction memory 5| i) J& 1

Ik
: - instruction
Instruction_memory

ddress

] 6-2-16 instruction_memory 1

(2) BIARRG . R AR R J7 R Code FRANARAD .
Rt : T Robei #AF H Al R S FFSreadmemh() B& %, 80 CRS A BAT SRR T
J T8 F Modelsim HEAT 07 5 IS 5 75 Z2RX AT AR AL [
reg [15:0] rom [2047:0];
wire we;
//initial
//$readmemh("instructions.mem", rom, 0, 2047);

assign we=0;

always @(posedge clk)
if(we)

rom[address]<=0;
else

instruction <= rom[address];

(3) PRAFBER(fAAil A e AR A BER B A 30, BT I & A R =G .
7. control unit #E% &+

(1) FrE— MRy 4 N control_unit, 2874 module, [FIFfE 4 6 fi A 20 %, A5
JIEI P Ji 14 R 44 Bk 2 BT BB AT N S A

CXC Copyright © Robei
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clk | input I
rst | input |
instruction | input
z | _input
c | input
stack_addr | input
port_addr | output _
write_e .
|
e
|
sh | output | reg | '
selpc | output reg ' 1
Idpc output
_____
| sek | outut |  re r
_——_—
—————
-8

—— '

P 6-2-17 control_unit 5 I & 14
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|_instruction

control_unit

| Jstack_addr

& 6-2-18 control unit Fi [

(20 BT . REdRA N 7 ) Code W INARHD
parameter fetch=5'd0;
parameter decode=5'd1;
parameter 1di=5'd2;
parameter ldm=5'd3;
parameter stm=5'd4;
parameter cmp=5'd5;
parameter add=5'd6;
parameter sub=5'd7;
parameter andi=5'd8;
parameter oor=5'd9;
parameter xori=5'd10;
parameter jmp=5'd11;
parameter jpz=5'd12;
parameter jnz=5'd13;
parameter jpc=5'd14;

parameter jnc=5'd15;

CXC Copyright © Robei
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parameter csr=5'd16;
parameter ret=5'd17;
parameter adi=5'd18;
parameter csz=5'd19;
parameter cnz=5'd20;
parameter csc=5'd21;
parameter cnc=5'd22;
parameter s10=5'd23;
parameter sl1=5'd24;
parameter sr0=5'd25;
parameter sr1=5'd26;
parameter 1rl=5'd27;
parameter rrr=>5'd28;
parameter noti=5'd29;

parameter nop=>5'd30;

wire [4:0] opcode;
reg [4:0] state;

assign opcode=instruction[15:11];

always@(posedge clk or posedge rst)
begin
if (rst)
state<=decode;
else

case (state)

fetch: state<=decode;

decode:

case (opcode)

2: state<=ldj;
3: state<=1dm;
4: state<=stm;
5: state<=cmp;
6: state<=add,;
7: state<=sub;
8: state<=andi;
9: state<=oor;
10: state<=xori;
11: state<=jmp;
12: state<=jpz;
13: state<=jnz;

14: state<=jpc;
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15:
16:
17:
18:
19:
20:

21

state<=jnc;
state<=csr;
state<=ret;
state<=adi;
state<=csz;

state<=cnz;

. state<=csc;
22:
23:
24:
25:
26:
27:
28:
29:

state<=cnc;
state<=sl0;
state<=sl1;
state<=sr0;
state<=srl;
state<=rrl;

state<=rrr;

state<=noti;

default: state<=nop;

endcase

I1di:state<=fetch;
Idm:state<=fetch;
stm:state<=fetch;
cmp:state<=fetch;
add:state<=fetch;
sub:state<=fetch;
andi:state<=fetch;
oor:state<=fetch;
xori:state<=fetch;
jmp:state<=fetch;
jpz:state<=fetch;
jnz:state<=fetch;
jpc:state<=fetch;
jnc:state<=fetch;
csr:state<=fetch,;
ret:state<=fetch;
adi:state<=fetch;
csz:state<=fetch;
cnz:state<=fetch;
csc:state<=fetch;
cnc:state<=fetch;
sl0:state<=fetch;
sl1:state<=fetch;
sr0:state<=fetch;

srl:state<=fetch;
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rrl:state<=fetch;
rrr:state<=fetch;
noti:state<=fetch;
nop:state<=fetch;

endcase

always @ (state)

begin

port_addr<=0;
write_e<=0;
read e<=0;
insel<=0;
we<=(0;
raa<=0;
rab<=0;
wa<=(;
opalu<=4;
sh<=4;
selpc<=0;
ldpc<=1;
1dflag<=0;
naddress<=0;
selk<=0;
KTE<=0;
wr_en<=0;
rd_en<=0;
imm<=0;
selimm<=0;
case (state)
fetch: 1dpc<=0;
decode:
begin
ldpc<=0;
if (opcode==stm)
begin
raa<=instruction[10:8];
port_addr<=instruction[7:0];
end
else if (opcode==ldm)
begin

wa<=instruction[10:8];

Copyright © Robei
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port_addr<=instruction[7:0];
end

else if (opcode==ret)

begin
rd_en<=1;
end
end
1di:
begin
selk<=1;
KTE<=instruction[7:0];
we<=l;

wa<=instruction[10:8];

end

Idm:

begin
wa<=instruction[10:8];
we<=1;
read e<=1;
port_addr<=instruction[7:0];

end

stm:

begin
raa<=instruction[10:8];
write_e<=1;
port_addr<=instruction[7:0];

end

cmp:

begin
ldflag<=1;
raa<=instruction[10:8];
rab<=instruction[7:5];
opalu<=6;

end

add:

begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=5;

we<=1;

Copyright © Robei
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end
sub:
begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=6;
we<=1;
end
andi:
begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=1;
we<=l;
end
00T
begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=3;
we<=l;
end
Xori:
begin
raa<=instruction[10:8];
rab<=instruction[7:5];
wa<=instruction[10:8];
insel<=1;
opalu<=2;
we<=1;
end
jmp:
begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

Copyright © Robei
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end

jpz:

if (z)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

jnz:

if (12)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

jpe:

if (¢)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

jnc:

if (Ic)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;

end

csr:

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=I;

end

ret:

begin
naddress<=stack addr;
selpc<=1;
ldpc<=1;

end
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adi:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
imm<=instruction[7:0];
selimm<=1;
insel<=1;
opalu<=5;
we<=1;

end

csz:

if (z)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=l;

end

cnz:

if (1z)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=l;

end

csc:

if (¢)

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=l;

end

cne:

if (')

begin
naddress<=instruction[10:0];
selpc<=1;
ldpc<=1;
wr_en<=l;

end
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sl0:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=0;
we<=1;

end

sll:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=5;
we<=1;

end

sr0:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=2;
we<=1;

end

srl:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=6;
we<=1;

end

rrl:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=1;
we<=1;

end

begin

Copyright © Robei

Robei EDA



http://robei.com ES

H
&l

A AT S Fr it
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
sh<=3;
we<=1;

end

noti:

begin
raa<=instruction[10:8];
wa<=instruction[10:8];
insel<=1;
opalu<=0;
we<=1;

end

nop: opalu<=4;

endcase

end

(3) PRAFAEAY (A7l SR RERAR AN B A A S0, AT R & A e R .
8. Natalius processor % %11

(1) HE— MR % N processor, ZRAYN module, [FRFE A 3 FiAN 4 i, S5 I
JE GRS R 6-2-19 BEAT SR B R

Name Inout DataType Datasize Function
clk input wire 1
rst input wire 1
data in input wire 8
port addr output wire 8
read e output wire 1l
write e output wire 1
data out output wire 8

6-2-19 processor 5| I JE 1
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raa
rabl >

HT s @pinstruction

opalugg

control_unitt sef;c

Idpc :
Icfiagig=——=
naddres
sel

stack_addi2

tack_addr

data_path2

Ik : 4
[jgéggclion_mg}?fﬂ‘f%%o »,

——————————————————————————mm
] 6-2-20 processor Fi [ &

(2) WA, M EA 771 Code S IIARHS o
ZAEELA datapath B EALL, (VA 24 control unit, data path 1 instruction memory =
PR S Bk, BT DR AR
(3) TRAFIERI(FF i U R BRAEA A T S0, BT A A L mH

9. processor_test WA TR T

(1) T Robei A H i AN X FE$readmemh() BRI EL,  HUAS B 1 145 B 7E Modelsim
BEAT .
(20 F Z TR 0 B A R A YA 4 5 S ) 21— e kb, RN — A Modelsim
project.
(3) HE— N4 A “test_processor.v”, FAE LA AR AS & i B S .
“timescale 1ns/ 1ps
module testbench_processor();
reg clk tb;
reg rst_tb;
reg [7:0] data_in_tb;
wire [7:0] port_addr_tb;
wire read_e_tb;
wire write_e_tb;

wire [7:0] data_out_tb;

processor processor_i(
.clk(clk_tb),
rst(rst_tb),
.port_addr(port_addr_tb),
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.read_e(read e tb),
write_e(write_e_tb),
.data_in(data_in_tb),
.data_out(data_out tb)
);

initial begin
clk tb=0;
rst tb=1;
data_in_tb=0;
#5 rst_tb =0;
#2000 $finish;

end

always #2 clk_tb = ~clk_tb;

endmodule

(4) —EEN “24 0 g AE 7 FAE UK “instructions.mem” SCAFUE 75 1% project
FE )Rl —A B, SREA A BLEAT 4 H
(5) AT EIFEFEY .. W aiit RN, BEE ST LR,
AT EALTH ) “testasm” WK
Idirl, 22
1di r2, 80
1di r3, 36
1di r4, 45
addrl, 2
stmrl, 11
add r3, r4
stm r3, 25
addrl, r3
stmrl, 32
{1 H Python ¥4k 2 Ja 45 R a0 ~ & 6-2-21 fiis

B EER: C\Windows\system32\cmd.exe ‘ o B s

yisg2813 -
I —45STHIZF1AIZETG U3 @

asm

E:\pyt]mntest)_

6-2-21 A )% imstruction.mem 34
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¥k “instructions.mem” 5, FESHAT O BAS BB B TR

e L "LFLIIJW.FLIi
. [testbench_processor/rst_th

' Jtestbench_processor/data_in_tb

' testbench_processorjport_addr_th

' Jtesthench_processorfread e th |

o [testbench_processor fwrite_e_tb

' Jtestbench_processor/data_out_th

Cursor 1 |35437ps
6-2-22  Modelsim H )15 B 45
AW, IHEAR LR,

6.2.3. HBEEBkAR
] LA2R 8 ] Natalius 4844 P 5 225 48 4, Sl g InE 21 Theg.
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BLE: BE5RE, THIE

W2 TS, MEERENTCEN FPGA MTHE T 8BRS f T g, (R, Wi
REBORGIE, B A EAT R BRI AR k2l SLie. 8% . SRIEENERZEAN
7%, BATE T — RAUR RS E R B, Alipr (IR U5 2 B0A BB R, (R A
HiE e A OB, Aok, CZATMREERES —E, NREEE CEREPRL
ARG S P A R . BRI BIREA R, 252 T s, 3 BLIEK
IR E AT B BRE, B rT BURE B 2T EA% 2] Robei B 7 M, 5 K57 5. Robei
RIS IER AT G, BEARSHR T, Robei 15 RFILE.
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