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c:\altera\counters,

W — A SCfE . BRBEAR TR T I SCAFRIKA Y counter,  BRARN

2 BINVEFEF - FTJF Quartus 11, S File/New. 7F New & 151/ Device
Design Files HHiEFEgmiE CAF)TE 5 58, IX BiEF: “Verilog File”, W 2.7
7o SRJGTE Verilog UARYRIFE FHIA Verilog /nBIFEF, WK 2.8, %L

IS4 44 2 CNT_ 10,
(3) XHHFH.

% $ File/Save As

E3 At R VAN TSR C PR

c:\altera\counter BIRJfE#, fEfi L5520k 4—50, B CNT 10. v.

Hew

X

Hews Quartus I| Project
SOPC Builder System
I Design Files
AHDL File
Elack Diagram/Schematic File
EDIF Fils

Fa

* JL File:
“WHDL File

I Memony Files
+I- Werffication/D ebugging Files
=1 Other Files

AHDL Include File
Elack Symbel File

Chain Description Fils

Synopsys Design Constraints File
Test Fils

T

B 2.7 dedrgmiE SCIRE SR
l

i CNT_10.v
@ 1
2
4 ¢ 3
k]
5
= &= ®
=E o
A b 8
L) =]
G % =
0 o 28
1z
[ %] 13
267 i
268 b 15
| = 18
— 17
= = 13
13
z0
21
=
23
24
25
Z6

Emodule CNT_10(CLK, RST, EN, CQ, COUT) ;
input CLK,RST,EN;
output COUT;
output [3:0]CQ:
reg [3:0] CQT:
reg cOUT:|

alwaysl (posedge CLE or posedge RST)

= begin
if (RST)
CQT<=0:
else if (EN)
hegin
if (COT==9)
begin
COUT<=1;
CQT<=0;
end
= else hegin
CQT<=CQT+1:
COUT<=0;
end
end
end
assign CQ=COT:
endmodules

Kl2.8 Verilog XA E I K IHERIEF

2. RIBITE

TFREF%EEE File/New Project Wizard, HILFE TS, =/MEAR
Hh 3 T N R DR AT T B AT S AR SO, AR I A4 Bk AT = SEAR I 44 k. 2
THA SRR LRI — 8. WA AT Next, B LA N TR ST
TEAE, XA C A5 IR Verilog SN R TFEH o
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& New Project Wizard

Family & Device Settings [page 3 of 5]

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

Device family Shaw in 'Available devices' list

Family: ECydone VE - Package: FBGA -
Devices: |All B Pin count: 484 ¥

Target device Spesd grade: |7 i

() Auto device selected by the Fitter Name filter:

(®) Spedfic device selected in 'Available devices' list Show advanced devices HardCopy compatible only

Other: nfa

Available devices:

Name Core Voltage LEs User If0s Memory Bits Embedded multiplier 9-bit elements PLL Gl ~
EP4CE15F23A7 1.2V 15408 344 516096 112 4 20
EP4CE15F23CT | 1.2V 15408 344 516096 112 4 20
EP4CE15F23I7 1.2V 15408 344 516096 112 4 20
EP4CE30F23AT 1.2V 28843 008256 4 20
EPACEI0F23C _--
EP4CE30F23I7 1.2V 28348 329 603255 132 20
FDACFANFIAT 1 W 20ANN 770 11R171A 732 a o0
£ >

Companion device
HardCopy:

Limit DSP & RAM to HardCopy device resources

<Back | | Fnish || Cancel | Help

2.9  Hbrds g RS E

TER 2.9 Fros BIRHERE S, 58 SOEFEA AR TAE. IX B DL TCP-11 U F KRGk
THRLHE & A, Rt BAREE T 1L, 81F RFESE Cyclone TV E, HARE:
84508 EPACE30F23C7, A5 [ 1) = AN T R A R PR (33T X FBGA,
JIEL 484 FNIE R 7.k B 5C G, sy Next, HELIE A 25 =77 EDA TR % [,

ARG EE =5 EDA T B, HEEHE Next. 3 FRHISIGHES T ArE
R LFERIME R, i Finish ghog i 7 LREGIE. X TRESME OHHAES
ZRAETHAR, ZEO NHA=ATUED (K 2.10), Hierarchy THN A2
SR Z KRGS, Files U 2502 TREA & BSOS, IX P /N0 AR H .
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& Quartus Il 64-Bit - Ci/altera/counter/CNT_10 - CNT_10 o 0 |

Fie Edit View Project Assignments Processing Tools Window Hep S Search altera.com O

DEHP ¥ 2@ 9 oi(or Y SS9 O e D Q9L e
Project Navigator e x
Entity
/Y Cydone IV E: EP4CE40F29CE
= CNT_10 5B

- | AITERA
e QUARTUS II

Flow: [Compilabon '] lCusbomze]

Version 13.0
Task =
4 = Compile Design @
4 B Analysis & Synthesis D
——
R —" =

@ P <sSearch>» v
e

Type ID Messag

w

il

gl « +
System /\_Processing /

2-10 TRESHiE D

3. Whn/GNEHT A
R L5 T VHDL/ Verilog WIS TAE, KRR et TR
1E File TUH ) Device Design File b iidifinAsE, SRJ51E Add/Remove
Files in Project b fidi AR/ 88, FIHFAINSCAFRSUENE, Bin] CLEAS IS/ T o
WA PALE Quartus 11 6% VHDL/Verilog Y85 3 A
4. A
FEZESL VHDL/Verilog XAFUAJE, ®iAT BAREAT 0 #frgi &, midh LHAEH Start

Analysis & Synthesis #54 ¥ EEIAHTE AL RE . IR BUHHE, TR
R L RIS R T I . SO R R BT R Bl i &l i . il 255
Ji T B R RSO, X IHAAT Tool /Netlist Viewers/RTL Viewer A LA F
HLER R A 45 R

B R R DAXT LB 3EAT ThRe 0 5, A B LR A 0 LR AE D Re B S RE g1 F|
THEEK
5. ESTEURNETY LA

7E Quartus TT BRI ARG ek A IR T 5 AT B, R BeXT B AE
BURD BT A E N #EAT 05 5. RUHEAT O B2 1, 5 Je 7e dSL Ui e Sk . ik
a4 File/New, HIUBTEBIEAIEHE, 7E1%% i Other Files &L,
&Pt Vector Waveform File, siidi OK, HILWEwmiEssE 0. &HFEmS
Edit/Insert/Insert Node or Bus, H¥ Insert Node or Bus (Ffi A7 B
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28) %, i Node Finder #%4H, HILF AEHESE D, WK 2. 11 P,

I
Named: [~ =] Fiter: [Fins: an =1 Custamize: | Lt | @ oK |
Look ir: [ERERI] o] P lncluds subsntities Siop Cancel
Modes Found Selected Nodes:

Name [&ssigrments [T Name [ &ssignments | T
- LK PIN_28 Ir B [CHT10ICLE PIN_28 |
= COUT PIN_1 c @ CNT10ICOUT PIH_1
Eo gun) Unassi gned O P ICHT10/C Unassi gred O
e geelo] PIN_13 c 4 ICNT10ICA[0] PIN_13 o
- Call PIN_14 C @ [CHT10ICA(1] PIN_14 o
L CO[2] FIN_15 C LF [CHT10ICA[2] FIM_16 a
> £a[3) PIN_16 c @ ICNT10ICA[3] PIN_16 o
m-EN FIN_233 I _3| B [CHT10EM PIN_233 |
- RST PIN_234 Ir 3 I IS [CHTIO0RST PIN_234 |

=]
[
oy ] | =l

4l

K211 WRERSEH

TR AR A B AR AR A IR D RE, B TE N/ T R AR
Filter #£#% Pins: all, He& il List, FrafN /%15 S 2 708
AR A AR E DAL IR JTHE (Nodes Found) . FATHY A CLK, #EH A
WS “>”, X ARG DAL TTHE (Selected Nodes) Hio BAFIFETT
RPN A CQ, HRETHREWENE SWIMARGLHE, Hd OK 34, k%
T A AR ES 1, dR [\ Insert Node or Bus & 1, iy OK %40, [HIFPHE
Gt AL T

WA E N AEAWANTE D, EiAESX, GAREIX. &k
MR g EE T HA . (55X CLK 5, 78 TR A i i B 4
K, AT BB B IEHE, BB, R OK 4%, WS 5 CLK ik
BRI E R, S 2,12, BFTAMAT ABUBIL R E S RS, R
BRI A

Vel s o 1; us 10 2|4 1z 15.3|B us 20.4|8 us 25.§ us 3U‘TI2 uz 35 8|4 15 40.9|B us 4B.U|8 us |
Hame g, ‘;; : .35 ns
i]
0 CLE A0 | |
E cour [
il B A [0 [0]
@3 cals] [
lod|  fom| ax
los|  fom| ax
lo6| Llom| ax
F i) A0
E BST A0

B 2. 12 Bahip gy s B X TEHE
PG T HAZ AL DI RE AR 2. 2 P

16



&b ke &b ke
s e PR U A A
“ e T4 L & el
S5 R 3 Ak A
% B sl Xo B e O R A
25 Vs P R A L e Vs P PRI
M B o T s L Z s i P T A e LR
\i7 B P P RS R S WL Vs P P R FS I L
b Y o Y 5 e P T 4l VR R P N SRS
y P B 41 e B 5 36 P T R
W B} i B 4 e S P T A R A A
LG 25 i P T B L E3 825 I I B 1
B8l W HE R et )
2.2 PV YEE T A S L H Y)aE U
6. ZhREMTR

1%E$% Processing —#%HJ Simulator Tools, FT i E T ENIHHE, il 2. 13
Fi 7R o 7E Simulation mode A H %+ Functional , Bl AT REDT B . #iifi Generate
Functional Simulation Netlist 4%4H, AZRIIRENT MR . DhREDT H XA Ak
o, KRR DR E BAE. B OK, JC P S EAE

Hifi Simulator Tools XAHHE/ T A Start 124, JTIRDIREIH. 1 HETH
J&, BERHENEL T A Report 124, BEMHESR. DRefi EMERERE, W

A[H Simulator Tools XHFHE. Hiddy k77 TAA AN ™ PUTHTE, JFE

BOIER, S 2 14 . IO RE, s o I g e m S — i itk
WIS TRE, ER) T B ERE
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1 simulator Tool =10l x|

Simulation made: | Functional ~ | [ Gensmats Funstional Simulation Hetist |

Simulation input: [entT0.vef | Add Multiple Files |

— Simulation period

£+ Run simulation until all vectar stimuli are used

" End simulation at: |1 oo Ins 'I

— Simulation option:
v Automatically add pins to simulation output wavefarms

T Check outputs “iavetorm Camparisat Settings...l

I Setup and hold time viclation detection

I Gliteh detection: |1.U Ins VI

™ Owenwrite simulation input file with simulation results

T Generate Signal Activity File: I

L

I~ Genera te WCD File |

00:00:00

» Start I o Stop I ¥ Open I &5 Beport

K213 K EXIEHE

Simulation mode: Functiomal

[y Master Time Bar 7.35ns 4| *| Pointer: 1766 ns Intercal: 10.31 ns Stark: End:
A value < PP 40.0 ns 50.0 ns 120.0 s 160.0 =3 200.0 ns 240.0 o3
ue
B Lima 7.35 1 [T 315 s
&, [0 CLE Bo | |
[ EN B O ]
2 EST BLl ]
LT COouT BEO 1
o [ = B 000 ¢ 0000 370001 30010 30011 70100 0101 70110 470111 371000 41001 70000 4 0001
—
LyA
A
24
< E3ll £ >

Kl 2.14 Ihagfi B4R
7. 5l

SR T hEe i B, fEAR ESCIL T TR ThRe Bk, Ul BA TR T g 2
IEWAR . 1% B SR CNT_10 (& 2.8) 45 5 41874 CLK. EN. RST. €Q A1 COUT,
$£ 8 Ao J9fdli ONT 10 XA SEARMC & 245 € 1 FPGA &5y, 77 206X 8 M I H
41 5E 2 FPGA O v B —AMEM, X — AR “ 51 e 7.

FEGI VB E 2 1, SR T BE DT 5, X S5 R EISLER &
B ARG R THRT TPC-1V LI AIH RE L&, 5 ik
clock0 (CLK), F#%#8# 1 $24tiHEufiige (En) (5%, %8 2 IRULEAIES (RST)
59, B0 1 Bt B 1031 —CQ01), A 4 1 BorHHA7(COUT).
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alzi=l
ETE]

Uﬁﬂﬁ;ban- AR @SS Cr om0 k&% 40|
ot et = F?a-oum | @ Assigrment Editon” 1

_._: :-m;..,;; iqr [ = =] © Al & rmes| * Logkostions ||
23 P T 2|n= =
=
a
{raf Jl =
il ]
i [sees |
i I
= I
&‘h_-ﬁzlﬁ"_ﬁlm._l b
| ]

A B A Supprenred [

L] 1
(L I B~ T

K] 2.15 B 5| R A

AT EEE . HEIERE Assignments/Assignment Editor, ¥ H I
Bl 2. 15 s RiEiE. XF TE 5 MmN, mTlsd “To” X—4h T, |
PAMANAARENAT, fil4n CQL3]. M CQI3) (4 ) X RIFE FPGA 5|4l 16,
7t Node Name #1|, ¥4 2= HILAT A 1) 51 14 , 48 CQL3] FrfEMIAT, ZRJ51E location
H sk ARIEFE S I 16, Anf& 2. 16 Frow.

81 FH RIAE 6 7 k] BASE A 0 )8 I, IR R AE . BT AT Start

Compilation #HI T4 PE. wMIFLHE, LRASZ M5 LR HE

28N, sof BYSCAHF, XpR2 BEHIR T RISCrF. S EAESE — RGm R AR R T
A, Bl T2 A ERSUE, KR R B . R, RRE
BEAT B BIBUE N sof S H 2 E FPGA Z A SLVFIN

ST
Al x

H/FBS Cr¥nmOk & &89
A Ansgumerd Edter 1

.
Bl srnem (Ficciing A Emai W6 Wiws | iea Wowe 1 E =X

Kl 2.16  FA 5| B4R
GPER R, FEEE NSRRI Y . A HE, HURT DOl A T
PSR MEL B 5 G Ot
R g e A T A R, Quartus 11 £37F IS B E I HA 75
R, AT DUE R R IRAE B RN FROPR 20 SR B AR R
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8. T#E FPGA
2 UL B, 138) 7 FPGA f R EOCH, # sof U N3] FPGA H#R{E
PRk -
(1) AR ASEE R FHUR TCP-TV F R SEIAH R4t
(2) 7T TCP-1IV m S REt s, H4%h T AEALE.
(3) 1F Quartus II "Pf# A Programmer F#X.
FHIA4H—F Quartus 11 A Programmer Ff R 77%.
AR sof XMFJE, WERTLAMEH Quartus 1T HJ Programmer HEAT T#. Hid
Tools/Programmer ¢y 23t N\ Programmer X i5HE. ZH— XK, FTFEAHRM
g, BERAR

il Programmer X iFHE A £ ) S Ao S o giviipe 2,17 gy
KPUEME, FEH PR AN AR R . 4R Available hardware items 417
Hikm, W &Ed B Currently selected hardware £ M F &7k, &£
USB-Blaster [USB-OJ B H], il Close %41 5CHIi% & I
r&i Hardware Setup —— - —— )

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.,

Currently selected hardware: [USB—BIaster [UsE-0] - ]

Available hardware items

Hardware Server Port Add Hardware...

USB-Blaster Local LUSE-0

Remove Hardware

Cloze

K 2.17 TF#i %% Hardware Setup & [

BE, I T sof 3XfF. — MG T, wmiFTE, a2 3
IAE programmer XfiHHEHR, WIHEA ML, FLAAH Add Files SERUAM, 44
JE1E Program/Configure T J7HE BT, rish Start JFAA T #k. MELTF &
Bt iORTAZR (P AT ok e T s 1

TEER, WERHEB M T LR, 1E NS AU EOonE SR, AR
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JEEFH A Add File ¥sin F#CE.

=. LPM ZEIaeit i F

FESERR R, D ZUE I DR A ] DA — 28 Altera 2 )RR 284
RELEIhAE, Bln&2 A EAEMERE . DSP #ib, LVDS IXEh2%. #k N2 PLL H# A%
Pog . Wit T DL B LPM R 3G i, oM HBe & v s, e C
ISk, MIAE B ST E ST 0 b A R AR A BT R

£ Quartus 1T PAELE KER) LPM ZD)RerE, R —BIRThgE. 805 .
il 7 325 B AR AR S S AR S B8 B 5 5 8 AT LAFE Quartus T FR ) Help
A 2, J7VERERE “Help” SRHH Y “Megafunctions/LPM” 4 B AT SEEL

7 Quartus IT F1iff F LPM ZZ D) ReAEE, mf B Zh A sl —LehrifE 21 1) Verilog
R MBS — AN RS 5 R AR TR 44 LPM.ROM A 5%

+ .
Verilog TIERH Sinw

6 firit#nEs | EEEEHR
L e T| 7EiE ROME

Kl 2.18  IE5Zf5 5 KB A M HE R
2. 18 PR IESZAE 5 KA LU N PN ER 7 2R H B st K A= 2%
(6 i) 15215 5 HdE ROM (6 fisthhb2k, 8 frfldlisk, Bl — &4 64 18

PrEHE) . F Verilog 5EINZE %1t 2. 18 FiRHIE 5 KA E, T
JESCAF sin. v £E FPGA Hr s, 605 ROM FhE A5 5 & 2B &5 (i 6 Az iHEGREAED
A7 TE 5% 9% K0H 1A A P9 ROM. (el LPM ROM SR B P53 o itk % 2E 38 fD i el
CLK % AAIE £0 S i) RS2 PO £ B R £ = £0 /64, 64 ]
H IE 52 HE R
1. EHIHIRAEEE

T SE ST ROM P (R8T B8 S A

Quartus IT AE¥Z 321 LPM_ROM Hh 1) 47 46 4k 2 48 SC A #% =0 Memory
Initialization File(.mif) #H Hexadecimal (Intel —Format) File(. hex)
Pk e I DA 64 R IESZBIE BRI mif 4% XTI T U0 .

mif SCAFAE FPGA A ROM IHIGEAE A B 5 File/New/Memory File
Wi, kP Memory Initialization File I (UL 2.19), Btk OK. #fi5E ROM
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TR R (Number of word) A1F% (Word size), Hdy OK, T mif 0.
New &

Mew Quartus || Project
SOPC Buider Spstem
—|- Design Files
AHDL File
Block Diagram/S chematic File
EDIF File
State Maching File
System\erlog HOL File
Tel Seript File
Werlog HOL File
WHDL File
=|- Memary Files
Hexadecimal [Intel-Format] File

Memary Initialization File
+- Verification/Debugging Files
=1~ Other Files

AHDL Include File

Block Symbal File

Chain Description File

Synopsyz Design Constraints File
Tewt File

Cancel
Kl 2.19 i mif SCfF

- D:fsinwave,sin - sin - [Mif1.mif*]

Project  Assignments Frocessing Tools

Uﬁ'it! Windows g \sm
Full Screen Ctri+alk+Space ]- - X -_ M
= — 8=
ells Per Row i
| address Radix 3
Memory Radix 3 4
Show Delimiter Spaces . _
Show ASCIT Equivalents ;
AutoFit

&l 2.20 1%E#E mif SCHFgdE 1 RoR
it View/Cell Per Row 3. € RAT B 8 MEMEHR I (WK 2.21), X
B mif SCAFgmaR e T 2. 21 Bios. 7 mif SCHFZwAE S IR N IR 920 30,
LASCE44 sinwave. mif CRAF 2 /1 LSO, W& 2. 22 s,

Mif1. mif* ‘ ) sinwave.mif |
Addr | +0 | 1 | +2 | «3 | +4 | +6 | +6 | +7 Addr | +0 | #1 | 2 | 3 | +4 | 45 | 46 | 47
0 L L A A 0 28 |140 153 [1B3 (177 188|199 |209
B o @ @ @ @ @@ o |0 B 29 |27 |23 |41 |ME (250 |23 |25%
16 o @ o o oo oo 16 255 (2584 (292 (248 (244|238 [2M |23
S O L L [ ! W M4 |24 (194 (183 [T (153 (147 134
2 0o @ o @ o @ o |0 2 NM [og (.8 [a4 72 Bt |5t |4
0 o @ o o oo o o T I T A TR A T T
8 |0 @ 0o @ o @ o |0 @ [0 |2 |5 |3 j4 [ |® (%
3 L L L L L s |46 |5 |57 |8 o0 102 15 i

2. 21 mif X gmtEE 2. 22 BRI EIEEN mif CLF
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2. ] ROM Jof:

FEVCIT IR 925 5 KA AT, 208 5 58 BAF OB 3l ROM 1 ¥t FIH
MegaWizard Plug—In Manager jEfil|1E5% (5 5404 ROM ZZIhRed, FH44 DA B
RIS sinwave. mif AT ROM o Beit 2B IRANE

(1) J#ESZEH Tools/MegaWizard Plug—In Manager 3 HXHiGHE, &£ —T,
BIE il — st . By Next, FTJFE 2. 23 FrosdistE, 7E7/2A=1% % Memory
Compiler Hff) ROM: 1-PORT, FRiEFEAHMNAF1F RS Cyclone IV Ml Verilog 5
772 EEA ROM SCHAE T AR A S 44 D \sinwave\drom. v, iy Next.

NegaWizard Plug—In Hanager [page 2al

Which megafunction would pou like to customize? W_hicg device family will you be Cyclone 111 -
Select a megafunchion fram the list below A
=[] Installed Plugdns whhich type of output file do pou want to create?
: A Altera SOPC Buider ~ AHDL
2 =] Anthmetlp . T
+ - Communications :
+ & DSP * ‘erilog HOL
: g ﬁgtes ‘wihat name do you want for the output file? Browse...
+- @ Interfaces lD:\sine\drom_v

+-@@ JTAG-accessible Extensions
= @& Memary Compiler

I~ Feturn to this page for another create operation

Mote: To compile a project successfully in the Quartus | software,
A R initializer your design files must be in the project directory, in the global user

" RéM: 1-PORT libraries specified in the Options dialog box [Tools menu], or a user
- library specified in the Uzer Librariez page of the Settings dialog
] Rét: 2PORT bow [Azzignments menu).
7 RaM: 3-PORT
FRROM: 1-PORT ‘Your current uzer library directories are:
A ROM: 2-PORT
/] Shift register [RaM-bazed)
+ - Storage

+- @ IP MegaStore

Cancel | < Back ‘ MNext > J |

2.23 LPM ZINReHL ¥ E
(2) &P ROM Huhik2k. i fismlzk. Eur 2. 24 s i s i HE Hh sk £
Hb 2857 55 T ROM 255045 5 6 F1 64, BRUMHEBAEEHZ SN clock, Mk
Nexto. 7EW& 2.25 A7, Jsdsifan A4 1A i FRic
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Nega¥Wizard Plug—In Hanager — RON: 1-PORT [page 3 of 7]

Documentation

Currently selected device Family: “welone I [

] Match project/default

its

g
4 irords

How wide should the 'q' output bus be? hits
How many 8-bit words of memory? wiords

—what should the memary block byvpe be?

clock
Block type: AUTO

() Auto O MLAE MK
Dpkions.
Set the maximum block depth to !ﬁuto V words

—'What clocking method would vou like to use?

# Single clack

0 Dual clack: use separate inpuk’ and 'oukput’ clocks
Resource Usage

1 WA

| Cancel || < Back || Mext = || Einish |

B 2.24 P ROM ALHUEE 2o At bk 24 98

Hega¥izard Plug—In Hanager — RON: 1-FPORT [page 4 of T1

w/hich ports should be registerad?

address[5..0]

output port

[ 1 Create one clock enable sianal For sach =
clock signal. &l registered ports are More Options ...

controlled by the enable signal{s).

Block type: AUTO

[] Create an ‘acl’ asynchronous clear
For the registered porks More Options ...

] Create a 'rden' read enable signal

| Resource Usade |

|1 Mgk + 1 sid_mod_ram_rom|

[ cancel |[ =Back |[ mext = ][ Einish

Kl 2.25 EBRHEHBIAES o
(3) F8E ROM FIr) B HIHIa64 SO sinwave. mif. i Next f5, FTFFKE 2.26
P 7 BRI XF1EAE o £E“Do you want to specify the initial content of the memory?”
FEdrirf “Yes, use this file for the memory content data” FALiEIZ4H,
o Browse #%4Hl, 4R E 12 X sinwave. mif.
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NegaWizard Plug—In Nanager — REON: 1-PORT [page 5 of TI

ROM: 1-PORT

Documentation

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

address[5..0]

® Yfes, use this file for the memory content data

(%ou can use a Hexadecimal {Intel-format) File [ hex] or a Memary
Initializakion File [.mifT)

Block type: AUTO

File name: |..|’sinwave.mif

b

[ Allovs In-5Svstem Memory Content Editar to capture and update content
independently of the system clock

The 'Instance ID' of this ROM is:

Resource Usage
1 hSH

| Cancel || < Back || MNext = ” Finish |

2,26 AN ROM HIEE SO IR FAE RGBS D he

AR SCAE 4 0 TR AE HOK SO B AR SO A B AR, W] 2,26 FoR. ik
“Alow In-System Memory...” ¥:EEHNE, JFAE “The Instance ID of this ROM
is”FAEEAN“roml ”, /E AL ROM ) 1D Z#K . i@ XN &, AJ7E In-System Memory
Content Editor & HH & & JmiH ROM H1 N2
(4) ¥di Next AU, BENE 2. 27 SCHRAE G HE, A T35 @ 102 R 71
BB FH ROM ToA, #2i8/A)i% roml. bsf &I, #ds Finish #%%H, 2R ROM ToA
SE il o

HegaWizard Plug—In Hanager — EON:

ROM: 1-PORT

1-PORT [page T of 7] — Summary

Documentation

Summary

Turn on the files vou wish to generate. & gray checkmark indicates a file that is
drom automatically generated, and a red checkmark indicates an optional File. Click
clel = 0 7 Finish ko generate the selected files. The state of each checkbox is maintained in
address]s. 0] g7 subsequent MegaWizard Plug-In Manager sessions.
The Megavvizard Plug-In Manager creates the selected files in the Following
directary:
CDocurnents and SettingstAdrinistrator 5L Esine!,
Block type: ALUTO
File | Drescription
[ drom.v ariation file
O drom.inc AHDL Include file
O drom.cmp “YHOL component declaration file
A dromn.bsf Quartusz 1 symbal file
O drom_inst.w Instantiation template file
B4 drom_bb “erilog HOL black-box file
[ drorn_wawvefarms. htrnl Sample wavefarms in surimary
L dram_wave™.jpg Sample wavefarm file(z)
1 M3k
| Cancel || < Back Finish

Kl 2. 27 SCHRAR B HE
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Mg, B ARZBES PN SignalTap 1T K8 H 5

SignalTap IT M T Quartus IT ) —AN44F TH, {64 €0 EALE FPGA
HRIE iR N Z0E 8843 M4 (Embedded Logic Analyzer, f&i#% ELA), AP H
PRt RS S SRS B, TR R R IE R TAE. f58h SignalTap
1T WM EE O mALE B P S SR e, T DR AN T i h oo A7 AR B

1B JR T D@L T g B ARG AE, BLAEAE NN BLA DA 88815 5 1)
SR, HIEARFAEWE 2. 28 fiok. FHPTE. stp XAFH B TR WE NG S
A FIRR %A%, Quartus TT 4miRaefE &R gm Bt fE T, TR RGH M 4nfE SO,
FoA L & TSR M BT AR S, stp SCHFAE I 2 48 ELA. OO gm T2 FPGA 23
AR EAT IR, FERAEHIEAE A JTAG 142 USB Blaster i54EFHL, MifiAT LA
BIRA AT 5 ST o

ELA K 5 FH FPGA 3 1F IR, QIEBH o 5on, Rtk H brdefh 2
REM R I B B R . it SignalTap 11 AJ 6 HEIE I8 $0 B AL L i 3 11
REE (0 2 128K ANRHFE), TEAG 2k A FH B U

BEN SignalTap 11 JFEMIATHER, %@ BB ABLGIE, HHH
SR O ZRALIR b, @i P& ENAE. FinliH AR
sinwave FIESZHE KBRS MBI, /48 SignalTap 11 HIfEF vk, ZiEsZE kA
B Verilog RASUITR

FIH SignalTzp |l #RiE2S . BIE—-stp3fte ¢
TESiFrhiEE: ¢

(1) EMERHZ S

(2) FHRFAEERn RS i

{3) RIFERERE

l

BED Quartus | VR mIE, 4 Rl S0

l

7 FPGA SRR
(i FPGA BEERETAM 0 ELA) ©

l

Bzh signalMapll: HTRFS T
i ELA FAF#riEE 1 USE Blaster
EEEN T TER) ¢

K 2.28 SignalTap Vit &
A FPGA it Fr HH HEL I sinwave SERRIETERID BRANR
1. #TH SignalTap II ZEEH O
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M7 File/New, Hii; Other Files, i%&#E SignalTap II File, T
OK, HILE 2.29 7~ SignalTap 1T Z4EE 1.

B Quartus IT — D:/sine/sinwave — sinwave — [stpl.stp]

File Edit View Project Processing Toels Mindow

E=) Invalid JTAG configuration - &)
Instance Managsr [lvalid JTAG configuration =] X | UTAG Chain Configuration: | EEENEIRSECEG ) x
Instance | status | LEs 0| Memary: 0 | M512,MLAB: 0/0 |
] auto_signaltap 0 Hot running 0 cells 0 bits NA Hardware: \ j Setup.
Device: | | soan Chain
< 5| 22| soFManage D
auto_signaltap_0 | M1or 211 changes | Signal Configuration: x
I Hode [Data Enable [Trigger Enable [Trigger Conditions | Clook D =
[TypeJatias ] Hame [ o [] [1FfBasic  -]|
Doublz-cich to add nodes Data
Sample depth: 126 | RAM bpe:
[ Segmerted:
Storage qualifier
Type 2 Continuous -
i e J
r
r
Trinnar j
E Data Setup

2.29 SignaTap Il w8 % I
2. WAHRBEPFNES
1 SignalTapll 4w & 19, ¥ Instance £~ ffj auto signaltap 0 x4,
EMAATIH 4 sinwave, T2 2.29 25 NE 2.30. 7EE 2.30 £ FEEFH
25 A AR A8, 9 Node Finder BT 1, Hadly List $41nT LIS BIAH <
PG5 %, EFHEEWE G TN JER NG 5 IEE SRR 2 br 75 2ok v,
AEAL ZE T, Pl b I 2 FPGA i Bl .

5§ Quortus 11 = D:/sine/sinenve - sinwnve = [otpl.stpl
File Edit ¥iew TFreject Trecessing Teols Vimdew
H| e = @ S1® AR
Instance Mansger:  *g, =0 B E) [Feaoy o acouee ® | JTAG Chen Corfiguston:  [JTAG ready (53] x
Irstance Siabus | LEsGOG|  Mamon: 65596 | ME1Z MLAR: 0/ | !
[E] sz (e % cels TS T Oblochs Hacware: [ S0 Blaster (USE-0] =] __sewe. |
Deviee. | @1 EFEC16 (0W0S0F2000) =] _ScanChan
" | 22| SOFMansgec & @ [Swimes ol =
trigrgnr 20CIAKZS F0F07 &1 [ Mo a1 changes =] Sigrial Corigution =
Hods |Deta Enabie [Triggar Enable [Trigger Conditions Clock: [ = =
[ Tvee [msian | Harme [ w 1 |
= Diata
& il il Samole sty [BE =] RaMbes [0 -]
I Segmented i | e |
Storage quakhier
Typa B
g g |
=
=
s d|
DR Data |3 Setu

€ 2.30 SignalTap Il Z2¥iE
3. W H SignalTap II &%
fE SignalTap 11 4wiR % O, A N AK Setup #%4H, HINSHK B i
wHH.
(1) WE ELA FERFERMEME S, BB m] DU AR BT P 38, i mT DUE Ak
EE NI Bl AR F B CLK
(2) 7£ Sample depth FLEFERFEREE, 140 8K £, REIFTA IS 5 A5 RFE 8K
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AN Fo RFE s HUN AR 75 BRI (4 B Y FELE A 5 R E
(3) 1E Buffer acquisition mode J&MI[X ik /€ Circular, RJ5 W€ RCiG il &
P, CWksEnr sfidA “Pre trigger position”s
(4) IEFERFER AR AT S AR T7 X, B2 BIAE T,
4. BRAECH
%k Save DMFEAE A, W 3 “Do you want to enable SignalTap 11+++7,
R CIE T LLBGE SignalTap 1T, RN FREEIE 2. 31 st O R AT E

Category:
General ] SignalTap Il Logic Analyzer
File:
User Libraries [Current Project) Specify compilation optio f the SignalT ap Il Logic Analyzer. Note: the availsbilty of these
Device opticns depends on the current device Family.
Timing Requirements & Dptiors
+1 ED4 Tool Sel u.ng ¥ Enable SignalTap Il Logic Analyzer
+1 Compilation Process Settings SignalTap Il Fils name:  [5TP1STP
+1- Analysis & Syn m s Settings o . .
41 Filter Settings W Automatically turn on Smat compilation if i mer\tal mutlng is used in the SignalTap |1
Timing énal File. Imeat compilation is turmed on, the C mpl s more disk space Lo save extra
iming Analyzer data that can increase th speed of incremental Iroul g
Design Assistant
Si ign alTap H Logic Analyze
be 5ettings
+1- PowerPlay Power Analyzer Settings
+1- Software Build Settings
HardCopy Settings
oK Cancel

K 2.31 MAREZH T E
ImFEHTH
R ARG, diRSERUS, SignalTap 11 MWERE O HFTIF GFEE
TP, "4 Tools | SignalTap 11 Analyzer JHATIF, LK 2.32).
2 J:J%%H:ZZ%EI’J sof UM T #3 FPGA #84F

Instar‘u:e Manager: I';.:] a0 |Heé‘d_l,l ko acouire @ x|
| Ingtance ] Status ] Incremental Comp [
|£| auto_zsignaltap_0 I\_th ARG |

2.32  Ja %)) SignalTap Il KA+
Ja3h SignalTap 11 #4TREESHHT
i Autorun Analysis ¥4 (B 2.32), J83) SignalTap 11. &/ N
data T, IXEFHATDOWEESISK B SERMR b FPGA PI¥BSEllpe e, i 2. 32 A
No

28



»

78 ¥ 1
Type |Alas Mame  [ION SN2 2 10 188 24 ) EorE ) o L L
' - /\/\/m

[ 2.32  SignalTap Il S
WmERHIA T IEZW, WArSd dout, %4 8% # Bus Display
Format/Unsigned Line Chart, AR SEE, s GEIETHIZR . Wk
2. 33 firR .

Kl 2.33  IE 2 A B

Fi. FPGA SER A —Gd RS ER

FPGA SEIG & — AR atEstl, WARBARHRES .. AR T A, FPGA
TR AG A RS2 7 H AR @t S2I8n] PA2E 3] FPGA N FF R EAR,
PR AT AR A T B T R RGP AT VL, BREHREE. BT
e TR TEUFIIRUESE, MITTES I 5 AR 256 B BT R o0 A A e s b A%
W] /R BE T o

SERC—> FPGA B FH S5 — O R A ER AR .
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B=F HAATESER

SEib—. 3-8 PRAGER

—. SZBHK
B IS — AN 3-8 VAL %E, it SeIb T A HHT R IRAE.
. SRIG R

EH KRS AT, SR RIS, A RoR, SRALE R R

R 5 TR P i S LA 1 B PR 2 ) o P A0 L AR A%
SRR SE. BRILZ Ah, i) IR AR SELS M AL SR A ThBE . {E FPGA SKBRRY.
FA S PR AR 1 D REAU AL — AR R o 75 — Pt o &0 P 0 REAt oA 2t
VERD & —— T HERIERD S A B PG A8 = 2K

3-8 PEAD RN 0 ) PR 2%, JLIRER XA (3 ArBS) AT RERD .

3-8 PR A FAER AN PR

LETIAN i

A[270] Y[770]

X X X 000 00O0TO0O0
000 000000 1
0 0 1 000 00O0T1 0
010 00000100
0 1 1 00001000
1 00 0 0 1 0000
1 0 1 00100000
1 1 0 01 00 00O00
111 1 0000000

= ZRAE

1. 9%'5 3-8 G251 VHDL R o
2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. SIHEE, i k.
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To Assignment Mame Value
fE>_keym[a Location PIN_F2
'5_ keyin[1] Location PIN_H2
' keyin[0] Location PIM_H1
2 ledout{0] Location PIN_C19
4 ledout{1] Location PIN_D19
2 ledout[3] Location PIN_C17
M |edout[7] Location PIN_D17
M ledout[4] Location PIMN_E16
2 Jedout[5] Location PIN_G15
2 ledout[s] Location PIN_F15
2 ledout(7] Location PIN_D15

NI . KEYIN[2:0]4r BIXt R, SW[2:0].
Y. LEDOUT[7:0] 4 B%t S LED[7:0] .
4, PRENFFIE SW270, WMFE LED7TT0 214k,

. Z2%EF

library ieee;
use ieee.std logic 1164.all;
entity decoder 3 8 1is
port (
keyin:in std logic vector (2 downto 0);
ledout:out std logic vector (7 downto 0)
);
end;
architecture decoder of decoder 3 8 is
signal led:std logic vector (7 downto 0);
begin
process (keyin)
begin
case keyin is
when “000”=>1ed<="00000001";
when “001”=>1ed<="00000010";
when “010”=>1ed<="00000100";
when “0117=>1ed<="00001000";
when “100”=>1ed<="00010000";
when “1017=>1ed<="00100000";
when “110”=>1ed<="01000000";
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fes
fes
fes
fes
fes
fes
fes
fes
fes
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when “1117=>1ed<="10000000";
when others=>1ed<="00000000";
end case;
end process;
ledout<=led;

end;
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—. ZXBHK
WA H S —A 8-3 gufidds, @it sLie-F 53T RN,
=, LEE

ZmhL A I DI RE A IF SRS SR A R, BRI NS 5 3% — e MU AT dmHE, f
i it 1) R AR B R (0 B S H AR A5 FH 1A e Bl o8 A L 3 e R
FR S i 2 o

WIS 4-2 gafidds. 8-3 gwiay. 16-4 Fidas, FmIEATH A
8-3 g A% I BE T R A A gmiD B i i i

8-3 YA &% FL AR AN T o

SIPN ot
00000 O0O0TPO X X X
00 0 0 0 O0O0 1 0 0 0
000 0 O0OOT1FDO 0 0 1
0 0 001 00 01 0
0 00 01 0 O0O 0 1 1
000 1 00 OO 1 0 0
001 00 O0OPO 1 01
0 1 0 0 0 0O 1 10
1 00 0 0 0 0O 111

=, ERAR

1. %5 8-3 w25 VHDL F2 -
2. IWTLES, F RTL Viewer WS HL B{ L& 4E B,
3. SIHEiE, miE N
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Tao
In_ keyin[0]
' keyin[1]
' keyin[2]
' keyin[3]
' keyin[4]
‘N keyin[5]
' keyin[8]
' keyin[7]
2 ledout{0]
2 ledout{1]
2 ledout]2]

Assignment Mame

Location
Location
Location
Location
Location
Location
Location
Location
Location
Location
Location

Value
PIN_H1
PIN_H2
PIN_F2
PIN_F1
PIM_E1
PIN_D2
PIN_C2
PIN_C1
PIN_C19
PIN_D19
PIN_D17

BN . KEYIN[7:0] 20 S%t R SW[[7:0]
g . LEDOUT[2:0]43 B%F % LED[2:0]

4, $RFITFR SWTT0, WFEH LED270 K2Rk .

. Z2%EF

library ieee;

use ieee.std logic 1164.all;

entity encoder 8 3 is

port (

keyin:in std logic vector (7 downto 0);

ledout:out std logic vector (2 downto 0)

);

end;

architecture encoder of encoder 8 3 is

begin

with keyin select

ledout<="XXX"
”000”
”001”
”010”
“011”
”100”
7101”7
”110”
"111”
"717”

when ”000000007,
when 7000000017,
when 7000000107,
when ”000001007,
when 7000010007,
when 7000100007,
when 7001000007,
when 7010000007,
when “100000007,

when others;
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fes
Yes
fes
fes
fes
fes
fes
Yes
fes
Yes
fes




end;
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I W RSl —A 7 BeshaS 1 o, it SEie-F & 56 i LED Hohd & 1 5)
BEIR.

2+ HEARERE AN SE IS A o

. ZREE

GBS E AL W 7 AL AR R A L B B BH R 5 V208 S 1T R T RS
X TAMSLI ZAE M av by ey dv ev £ g X TAER], WTNEFTR.

L 3,8

AA AA

A[B| C|D FI Glop
AT, JE e —A 7 A8 = RS S i eT DUE s AR A5 L A5

HE T by ¢, i&ﬁ%ﬁ‘ﬁzﬁﬁﬁ?l, M= as by ¢y d. e f. g, EHLEE
B ERET 0,
BOAL RS & LR W R Fros

A ot

A[3:0] Y[770]
0 0 0 O 001 1 1 1 11
0 0 0 1 0000 0 1 10
0 01 0 0 1 01 1 0 11
0 0 1 1 0100 1 1 11
01 00 011001 10
0 1 0 1 601101 1 01
0 1 10 1111 1 101
0 1 1 1 0 0000 1 11
1 0 0 0 60111 1 1 11
1 0 0 1 601101 1 11
1 010 0 11101 11
1 01 1 601111100
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1 1 0 1 601011110
1 110 0111 1 0 01
1 1 1 1 01 1.1 00 01

I — AN A, IR IEAE S I TR R B, NITE 2SS 1
B . WERRIR &, PR, T AN RN, (EFRAT
T2 B FIT A O 500 A 04 [R) IR BB

FATAR B RE R A KT 50HZ, R EES A BRI TR AR e R KR
RERAE, KESHmMEBLE R, SERAEREDNGERIS, KEEEHER
HLL ST A, SR BoR e . — BRAEHITE Ims 240
=, ZRNE
1. 9’5 7 B3 BoR PS8 (1) VHDL #2/7.

2. WreEd, FRIL Viewer M HI IR LR A4 L,
3. GlHEiE, HwIF .

To Assignment Mame Value Enabled
in_ ok Location PIN_G1 Yes
iE;. swin[i0] Location PIMN_H1 Yes
iB_ swin[1] Location PIMN_H2 Yes
n_ swin[2] Location PIN_F2 Yes
iB_ swin[3] Location PIM_F1 Yes
4 hexout[0] Location PIMN_13 Yes
M hexout[1] Location PIM_15 Yes
4 hexout[2] Location PIMN_G4 Yes
4 hexout[3] Location PIN_J2 Yes
24 hexout[4] Location PIM_35 Yes
24 hexout[s] Location PIM_14 Yes
M hexout[s] Location PIN_G3 Yeg
! hexout[7] Location PIM_J1 Yes
2 hex_cnt[0] Location PIMN_E3 Yes
M hex_cnt[1] Location PIMN_J& Yes
2 hex_cnt[2] Location PIM_H& Yes
4 hex_cnt[3] Location PIN_HS Yes
4 hex_cnt[4] Location PIMN_H7 Yes
24 hex_cnit[5] Location PIM_Ha Yes

A4 SEL CLK=50M (CLK) /50K=1KHz
B NI . SWIN[3: 0143555 B SW[3:0]
B . HEXOUT [7: 0] 43 il % £ 7 1) B 3K 5l LED7SEG [DP:A]
HEX_CNT[5: 0] 73 i %k N S & 1) A2 B 5l ¥ LED7SEGDS [5: 0]
4, W, WEHRLE HEX0 HEXS H4H A1k .

. Z2%EF
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library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;
entity Hex7S d is
port (
clk:in std logic;
swin:in std logic vector (3 downto 0);
hexout:out std logic vector (7 downto 0);
hex cnt:out std logic vector(2 downto 0)
);
end;
architecture Hex7S of Hex7S d is
signal div cnt:integer range 0 to 49999999;
signal sel clk:std logic;

begin
process (c1k)
begin
if clk’event and clk="1" then
- if div_cnt=49999999 then
if div_cnt=49999 then
div cnt<=0;
sel clk<="1";
else
div_cnt<=div_cnt+1;
sel clk<="0";
end if;
end if;
end process;
process (sel clk)
variable sel cnt:std logic vector (2 downto 0);
begin
if (sel clk’event and sel clk="1") then

sel cnt:=sel cnttl ;
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end;

end if;
hex cnt<=sel
end process;
process (swin)
begin
case swin
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

when

_cnt;

is

”0000”=>hexout<="00111111";
”0001”=>hexout<="00000110";
”0010”=>hexout<="01011011";
”0011”=>hexout<="01001111";
”0100”=>hexout<="01100110";
”0101”=>hexout<="01101101";
”0110”=>hexout<="01111101";
”0111”=>hexout<="00000111";
”1000”=>hexout<="01111111";
”1001”=>hexout<="01101111";
”1010”=>hexout<="01110111";
”1011”=>hexout<="01111100";
”1100”=>hexout<="00111001";
”1101”=>hexout<="01011110";
”1110”=>hexout<="01111001";
”1111”=>hexout<="01110001";
others=>hexout<="00000000";

end case;

end process;
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SN 3% 42

—. LIHK

PRSIl — A 167 4 3% 1 (i Ras, i Soi P & T BoR.
. RRREE

FOE B N “LBETFE7 , feHbhERD CER R ) A R T,
MIUAN BRSO A B — AN I8 FE 31— A A SE s 3, IR — A 248
FF o HHE RIS 2 B ATB R T BB AL B A, A
2 1. 4k, 8k 1. 163k 1 &,

SR e PR S8 S A R B (A A A, R AT LAPE A B 4 R 5. SO RAT 3

38 2 8 AT B R e
NHIEL 4 3% 1 HdE et AT et
4 3% 1 BAERW T HIR:
LEIPN e il i th

a b c d 00 a
a b c d 0 1 b
a b c d 10 c
a b c d 11 d

=. EBRNE

1. W5 147 4 3% 1 EFART VHDL 727 .

2. IMTLES, P RTL Viewer MEZ IR LE S 45 R,
3v I BE, BT

To Assignment Name Value Enabled
in_ en Location PIN_F13 Yes
n_in0 Location PIN_T14 Yes
n_in1 Location PIN_R14 Yes
in_in2 Location PIN_R15 Yes
in_in3 Lacation PIN_T15 Yes
24 Jout Location PIMN_C19 Yes
in_ sel[1] Location PIM_H2 Yes
in_ cel[o] Location PIM_H1 Yes

YN L]: EN OSSP SWI15  Efdife
SEL[1:014%%F N SW[1:0]
IN3 X % KEY4

IN2 X % KEY3
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IN1 %f 3. KEY2
INO Xf M. KEY1
iy T LOUT X B LEDO
4, VBRI AMIGSEEE S, W Y

. 2%EF

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;
entity MUX 4 is
port (
en:in std logic;
in0:in std logic;
inl:in std logic;
in2:in std logic;
in3:in std logic;
sel:in std logic vector (1l downto 0);
lout:out std logic
)
end;
architecture MUX of MUX 4 is
begin
process (en)
begin
if en=" 0" then
lout<="0";
else
case sel is
when “00”=>lout<=in0;
when “01”=>1lout<=inl;
when 710”=>1out<=in2;
when “11”=>lout<=in3;
when others=>lout<="0";

end case;
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end if;
end process;

end;

44



KT . BFHBAS

—. LIHK
SZHL L BT MOE H R S, R SR B T B
. SRR

FH T B30 A H5OK /) BRORE 55 1 F B B O B0 M L 3 %

1 A7 B0MF Bl A 38 2 22 (7 B A 3 A il o 0k Bt AN 1 o7 5047 Bb 2 8 F U %
it

Wit LB A — 7 —3EHI % A A1 B K/ANRIBUT B, BN B R WA
L ECA R B, ¥ AR Y(A>B). Y(A<B). Y(A=B) #HlFEmx~ A>B. A
<B Ml A=B =P b &5 F, | 7 BUE L 2% JAER W TR

LTI it
A B y (A>B) y (A<B) y (A=B)
0 0 0 0 1
0 1 0 1 0
1 0 1 0 0
1 1 0 0 1
= ZRAE

1. %5 1 i b 25 i) VHDL 2% .
2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. BIHEIE, ik FE

To Assignment Name Value Enabled
|in_a Location PIN_H1 Yes |
|in_p Location PIN_H2 Yes |
|2ut Location PIN_C19 Yes |
|out g Location PIN_D18 Yes |
|out g Location PIN_D17 Yes |

NI a, b 2 HI%T N SWO, SW1.
it ¢, d, e 43 ml% R LED[0:2] .
a>b  LEDO 4] %
a<b LED1 4T %%,
a=b LED2 AT %%

4, RBNFF SW1T0, WFE LED[O: 2] 484k .
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. 2%EF

library ieee;
use ieee.std logic 1164.all;
entity COMPARE is
port (
a,b:in std logic;
c,d, e:out std logic
)
end;
architecture COMPA of COMPARE is
begin
process (a, b)
begin
if a>b then
<=1 ;d= 0 ;e<=" 0 ;
elsif a<b then
c<="0;d<=" 17 ;e<=7 0
elsif a=b then
c<="0;d<= 0 e=" 1
end if;
end process;

end;
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UGN WA niERS

—. B HK
PEHIESEIL A 4 RoiniEss, @IS P & HHT SR AE .
. SEIG R

AN A% B2 7 AL SO AR A . B OO N, A B
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A B Cin Sum Cout
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=, KBAR

1. 9%'5 4 AL VEZS ) VHDL F2 ¢ o
2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. SIHEE, i k.

47



To Assignment Mame Yalue
in_ a[o] Location PIN_H1
in_ a[1] Location PIN_HZ
in_ a[2] Location PIN_F2
in_ a[3] Lacation PIN_F1
in_ blo] Location PIN_E1
in_ b[1] Location PIN_D2
in_ b2 Location PIN_C2
n_ b3 Location PIN_C1
24 s[a] Location PIN_C19
24 s[1] Location PIN_D19
4 g[7] Location PIN_D17
M g3 Location PIN_C17
in_ g Location PIN_B2
2 og Location PIN_E16
2 pp Location PIN_G15

BN al3:0]14 BN SW[3:0]

b[3:0] 4 HIXFNE SW[7:4]
ci XJ M SW8

i e s[3:01% HI%H R LED[3:0]

gg MR LED4 (iHEfr)
pp XM LED5 AL {5 5)

a. BOEANFMEAN, WHEHHEK.
. Z%5EF

LIBRARY ieee;
USE ieee.std logic 1164.all;

ENTITY ADDER 4 IS

PORT (

ci

pp

gg
);

END ADDER 4;

- IN STD LOGIC VECTOR(3 DOWNTO 0) ;
: IN STD LOGIC VECTOR(3 DOWNTO 0) ;
- IN STD LOGIC:

: OUT STD_LOGIC_VECTOR(3 DOWNTO 0) ;
: OUT STD_LOGIC;
: OUT STD_LOGIC
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ARCHITECTURE trans OF ADDER_4 IS

SIGNAL p : STD_LOGIC_VECTOR (3 DOWNTO 0) ;

SIGNAL g : STD_LOGIC_VECTOR(3 DOWNTO 0) ;

SIGNAL ¢ : STD_LOGIC_VECTOR (2 DOWNTO 0) ;
BEGIN

p(0) <= a(0) XOR b(0);
p(l) <= a(l) XOR b(1);
p(2) <= a(2) XOR b(2);
p(3) <= a(3) XOR b(3);

g(0) <= a(0) AND b(0);
g(1) <= a(l) AND b(1);
g(2) <= a(2) AND b(2);
g(3) <= a(3) AND b(3);

c(0) <= (p(0) AND ci) OR g(0);
c(1) <= (p(1) AND c(0)) OR g(1);
c(2) <= (p(2) AND c(1)) OR g(2):

pp <= p(3) AND p(2) AND p(1) AND p(0):
gg <=g(3) OR (p(3) AND (g(2) OR (p(2) AND (g(1) OR (p(1) AND g(0))))));

s(0) <= p(0) XOR ci;
s(1) <= p(1) XOR ¢(0);
s(2) <= p(2) XOR c(1);

s(3) <= p(3) XOR c(2);

END trans;
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WRIEEHASE SRR, R HHTINEISH, NARew Bk TR IE A
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T

STVUAT AN Uk 28 B TR 7E EAN S 3 AE AT, 3EPUAS A mEs. I
EHE 5 7B 1A 2] —.

PUGZ I, ik es B R R s .

LS G AT R KL .

Al3:0] B[3:0] ADD SUB S[470]
A B 1 0 A+B
A B 0 1 A-B
=\ ZRAE
L. 985 4 SN, Jkik2% A VHDL 257
2. S3#igid, FRIL Viewer ML AL R .
3. BIHBUE, HWiIETE.
To Assignment Name Value Enabled
. a[3] Location PIM_F1 Yes
' a[2] Location PIM_F2 Yes
' a[d] Location PIM_H2 Yes
‘N &[] Location PIMN_H1 Yes
k| Location PIMN_C1 Yes
N b[7] Location PIM_C2 Yes
. b[1] Location PIM_D2 Yes
. b[i] Location PIM_E1 Yes
'5_ add Location PIN_G7 Yes
= sub Location PIM_F13 b=
'3“* 2 output[3] Location PIN_C17 Yes
'3“‘ 2 output]?] Location PIN_D17 Yes
'3“‘ ! putput]1] Location PIN_D19 Yeg
'3“‘ 2 output[0] Location PIMN_C19 Yes

al3:0] 73 7% . SW[3:0]
b[3:01 437 %F B SW[7:4]
add XN SW14
Sub %R SW15

PN A

50



B output[3:0] XN LED3——LEDO
4, EEANFREN, WEK .

. 2%EF

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;
entity ADD_SUB 4 is
port (
a:in std logic vector (3 downto 0);
b:in std logic vector (3 downto 0);
add:in std logic;
sub:in std logic;
output:out std logic vector (3 downto 0)
)
end;
architecture ADD SUB of ADD SUB 4 is
signal outputl:std logic vector (3 downto 0);
begin
process (add, sub)
begin
if add="0" or sub="0" then
output1<="0000";
if add="1" then
outputl<=atb;
elsif sub="1" then
if a>b then
outputl<=a-b;
else
outputl<=b-a;
end if;
end if;
end if;
output<{=outputl;
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end;

end process;
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26\ D fili k28

—. SZBHK
B IR D AR B, BT B AT R
. SRIG R

REW A7 | L —ME15F 5 AR Fou g o R 4%, kB ALz oiee, 2
FE) J3S TRl e LB (1 B B A AR LT

B RO DURM A s 09009 T RO &% RS filkcds . JK fil 4% & D ik
o

D fit A #s HIARZS T AR Q (n+1) =D (n)

D R SR HRFERR, 40N TR

D Q(n) Q(nt1)
0 0 0
0 1 0
1 0 1
1 1 1

=\ EBRARE

1. B30 0 U D fil & 281K VHDL 2% .

2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. BIIEE, mPEERD.

To Assignment Mame Value Enabled
[in_ dk Location PIN_G1 Yes
|in_ drb Location PIN_H2 Yes
|in_g Location PIN_H1 Yes
|out g Location PIN_C19 Yes
T Location PIN_D19 Yes

i 4f ¢ 1k=50MHZ

B N3 . CLRB % B SW1
D X8 SWO

B . Q  XFM LEDO
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QB XM LEDI
4. F#, RENTFF=SW1T0, ME LED1IT0 1254k .

. 2%EF

library ieee;
use ieee.std logic 1164.all;
entity D FF is
port (
clk:in std logic;
d:in std logic;
clrb:in std logic;
g:out std logic;
gb:out std logic
);
end;
architecture D F of D FF is
signal qq:std logic;
begin
process (c1k)
begin
if clk="1" then
if clrb="0" then
q<="0";
gbh<="1";
else
q<=d;
gb<=not d;
end if;
end if ;
end process;

end;
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RIS, AERON AL RE RIS R A, [ n A S R R

TLINRET] 70 e A B A7 45 A RS {7 3 A7 4%
ﬁﬁ%&%ﬂif/zﬂﬁf“ﬁﬁ?%*iﬁt%?ﬁéﬁ%ﬂiﬁ%ﬁrﬁmqﬂ AL A A ] PLASCE I
HERPHSD, BTHRKE, EnTRIA 1/0 e g & A48 %t FPGA IR Hth {5 5
BEATAIAE, SR m AR BT

=, ERAR

1. 95 AR 741K VHDL #2557 .
. OMrEEE, FH RTL Viewer MUZEHL IR EEE 45 R,
3. SIHBIE, YmieEnd

To Assignment Name Value Enabled
in_ dk Location PIN_G1 Yes
In_ reset Location PIN_E4 Yes
in_d[3 Location PIN_F1 Yes
in_ d[z Location PIN_F2 Yes
in_ d[1] Lacation PIN_H2 Yes
in_ do] Location PIN_H1 Yes
'3“‘ 2 gl Location PIN_C17 Yes
'3“‘ 2 gl Location PIN_ D17 Yes
'3”‘ 2 g[1] Location PIN D19 Yes
°”‘ 2 qla] Location PIN_C19 Yes

it c1k=50MHZ
N 1 : reset X RZCHR K5, IRE AL
d[3:01737%f B SWL3:0]
. q[3:0]437%F N LED[3:0]
4, F#, WE reset KA, L3I SW3™0, MFE LED30 1354k

9. %8R
library ieee;
use ieee.std logic 1164.all;
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entity REG is
port (
clk:in std logic;
reset:in std logic;
d:in std logic vector (3 downto 0);
q:out std logic vector (3 downto 0)
)
end;
architecture RE of REG is
signal q temp:std logic vector (3 downto 0);
begin
process (c1k)
begin
if reset="0" then
q_temp<="0000";
elsif clk="1" then

q_temp<=d;
end if;
end process;
q<=q_temp;
end;
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—. S HK
Bt LI — AL T AF S, W SIS 3T BRI .
—. SR
FEAT B A7 25 ) D e 2 24k Bh i Bk o A5 R0, 25 A7 s WP 74 IO B50RY [B] s s
F AL (AR BRIAMRAL (88D BAL—ANi. PTLL, B AR )& il R 2R A&
DAZR RN AR Ak, S R E I L
DR R T DA% 3B 5r B AR AT B B i A R AT S N RS A B A7 4%, tm] BLdE I
BEUR AT NFEAL B AE 2 . TR AL A2 RN« 5 20 TN
/FATRIH . TR/ BATR . BTN/ FHATRIE . BATRON/ AT .
FEAL 27 A7 2% 5 BN T2 B B AL S 7 SRR e 3 CRR AT B 047 8l 4T 21 B
11O+ BRI R AME 5754 DA RS A B A7 o AL - B0 8s
= ZRARE
1. 9 BRI 27725 1) VHDL 27,
2. MTLEE, FRTL Viewer WiZZHI PR L& 4,
3. SIHBE, HwIFER.

To Assignment Mame Value Enabled
in_ dk Location PIN_G1 Yes
in_ dr Location PIN_F13 Yes
n_ en Location PIN_G7 Yes
n_ in1[a] Location PIN_H1 Yes
in_ini[1] Location PIN_HZ Yes
in_ ini[7] Location PIN_F2 Yes
in_ in1[3] Location PIN_F1 Yes
in_in1[4] Lacation PIN_E1 Yes
n_ in1[s] Location PIN_D2 Yes
n_ in1[s] Location PIN_C2 Yes
in_ini[7] Location PIN_C1 Yes
2 outa[o] Location PIN_C19 Yes
4 outif1] Location PIN_D19 Yes
2 outif2] Location PIN_D17 Yes
2 put1[3] Location PIN_C17 Yes
M put1[4] Location PIM_E16 Yeg
4 outi[s] Location PIMN_G15 Yes
M outife] Location PIN_F15 Yes
M outi[7] Location PIN_D15 Yes
in_ set[n] Location PIN_B2 Yes
in_ set[1] Location PIN_B1 Yes
in_ set[7] Location PIN T2 Yes
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4 c1k=50MHZ .
BN s clr PR SW15, i 0.
en Xf N SW14, KffFE.
In1[7:0] 4 HIXF R SWL7:0],
set[2:0] AT SW[10:8] .
far i e out1[7:01433I%F M. LED[7:0],
4. TE, WEBMNRSHBAAE, WA LEDT 0 A1k,

. Z2%5EF

library ieee;
use ieee.std logic 1164.all;
entity shift r is
port (
clk:in std logic;
en: in std logic;
clr:in std logic;
set:in std logic vector (2 downto 0);
inl:in std logic vector (7 downto 0);
outl:out std logic vector (7 downto 0)
);
end;
architecture shift of shift r is
signal out2:std logic vector (7 downto 0);
begin
process (clk, clr, en)
begin
if clk’event and clk="1" then
out2<=inl;
if clr="1" then
out2<="00000000";
elsif en="0" then
case set is
when 7000”=>out2<{=inl;
when “001”=>out2<=inl1(6 downto 0)& inl(7);
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end;

when
when
when
when
when
when

when

”010”=>0ut2<=inl (5 downto 0)&
”011”=>out2<=inl (4 downto 0)&
”100”=>out2<=in1 (3 downto 0)&
”101”=>out2<=in1 (2 downto 0)&
”110”=>out2<=inl (1 downto 0)&

inl (7 downto
inl (7 downto
inl (7 downto
inl (7 downto

inl (7 downto

“1117=>0ut2<=in1 (0)& inl1(7 downto 1);

others=>out2<="00000000";

end case;

end if;

end if
end process;

outl<=out?2;
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—. S HK

BT IR SE I — AN A 5es R $8s ), @it 52567 & 347 BRI IE .
=, SR

Br RGP S 52 ) e Bt R T H s 1 o 1B AN RE FH T X0 i
e QL hn i O Y YTl 25 R o 7 I e | N BN e o B )7 Qe ) QL S A D WA G N S e
HeE,

WEE A RIIFRAERT 2 N ED . 720, vk wak. wradh, —adl. ——
+HEH] . PRI RES A
=, ERHE
I\ 95 n] TS 1 VHDL #2% .
2« IMreEE, P RTL Viewer WELHL IR ZE- & 45 5,
3. SIHBIE, YmieEnd

To Assignment Name Value Enabled
in_ dk Location PIN_G1 Yes
in_dr Location PIN_F2 Yes
'_-5_ en Location FIM_H2 fes
P4 count[0] Location PIMN_C19 Yes
":""_-t> count[1] Location PIN_D19 Yeg
24 count[Z] Location PIN_D17 Yes
24 count[d] Location PIM_C17 Yes
i"_->_ updown Location PIN_H1 Yes

AP Clkl=clk/50M=1HZ
BN clr XA SW2, =i 0
en Xf N SW1, {Rf#ife
updown Xf B2 SWO, RS Ik $E
e . count [3:0] 40 RIS R LED[3:0]
4. TE, WEBMARE, WA LED3T0 A1k,

. Z2%EF

library ieee;

use ieee.std logic 1164.all;

use ieee.std logic arith.all;
use ieee.std logic unsigned.all;

entity COUNTER is
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port (
clk:in std logic;
clr:in std logic;
en :in std logic;
updown :in std logic;
count:out std logic vector (3 downto 0)
);

end;

architecture COUNTE of COUNTER is
signal clkl:std logic;
signal countl:std logic vector (3 downto 0);
begin
process (c1k)
variable cnt:integer range 0 to 49999999;
begin
if clk’event and clk="1" then
if e¢nt=49999999 then
cnt:=0;
clkl<="1";
else
cnt:=cnt+l;
clkl<="0";
end if;
end if;
end process;
process (clkl)
begin
if clkl’ event and clkl="1" then
if clr="1" or en=1 then
count1<="0000";
elsif updown="1" then
count1<=countl+ 1’ ;

else
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count1<=countl-"1";
end if;
end if;
count<{=countl;
end process;

end;
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—. LRHEHK

RS Bt FRSC I o s, AESEER - & i@k LED T #E4T Won Bl «
. ZREE

WIS TH RS SRR KR, T 0, SRSCEL B ) 43 A
=. TRAE

1. 985 IM 4345801 25M 434 VHDL A2
2. IMrLES, P RTL Viewer MEZ IR LE S 45 H .
3. SlHBE, HRIFIER.

To Assignment Mame Value Enabled
lin_ ck Location PIN_G1 Yes
|24t cLkn Location PIN_C18 Yes
|?"'_—t> CLE1 Location PIN_D19 fes

i 8 CLK=50MHZ
1M 4355 Bl CLKO=CLK/2/1M=25HZ
25M 3 #3if g CLK1=CLK/2/25M=1HZ
BN T CLK %R PIN G1
%y 1. CLKO % LEDO
CLK1 X} LED1
4, FE, WERMNIRE, WA LED3T0 K481k,

. 2E5E8F
LIBRARY ieee;

USE ieee.std logic 1164.all;
USE ieee.std logic unsigned.all;

ENTITY FRE_D IS

PORT (
CLK : IN STD LOGIC;
CLKO : OUT STD LOGIC;
CLK1 : OUT STD LOGIC
)

END FRE_D;
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ARCHITECTURE trans OF FRE D IS
SIGNAL ct0 : STD_LOGIC_VECTOR (19 DOWNTO 0) ;
SIGNAL ct : STD_LOGIC_VECTOR (24 DOWNTO 0) ;

SIGNAL CLKO reg : STD_LOGIC;

SIGNAL CLK1 reg : STD_LOGIC;
BEGIN

CLKO <= CLKO reg;

CLK1 <= CLKI1 reg;

PROCESS  (CLK)
BEGIN
IF (CLK EVENT AND CLK = ’1’) THEN
IF (ct0 = 1000000) THEN
ct0 <= ”00000000000000000000” ;
CLKO reg <= NOT(CLKO reg):;
ELSE
ct0 <= ct0 + 1;
END IF;
END IF;
END PROCESS;

PROCESS  (CLK)
BEGIN
IF (CLK EVENT AND CLK = ’1’) THEN
IF (ct = 25000000) THEN
ct <= 70000000000000000000000000” ;
CLK1 reg <= NOT(CLK1 reg);
ELSE
ct <=ct + 1;
END IF;
END IF;
END PROCESS;
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END trans;
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KL+ =. BITHEERNH

—. XLRHEMK

WA I SEIL— AN R AT AR R 45, fESEEe -1 & AT BRIk .
=, LR

T8 I — AN\ T G SEIL v Re 4 i) N v 2 15  H
= LBRAE

1. 985 IM 4345801 25M 434 VHDL A2
2. IMrLES, P RTL Viewer MEZ IR LE S 45 H .
3. SlHBE, HRIFIER.

To Assignment Mame Value Enabled
in_ dk Location PIN_A11 Yes
' data Location PIN_H2 Yes
My Location PIMN_C19 Yes

By NI . clk %R CLK _CHOOSE;
data XFN SW1.
B ey 6 MR G LEDO.
4. T#H, BEMNRE, WERHR EREZHE LEDO 1324,

. Z2%EF

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic arith.all;
use ieee.std logic unsigned.all;
entity seqdect is
port (data, clk:in std logic;
y:out std logic);

end seqdect;

architecture a of seqdect is
type state is(s0, sl, s2, s3, s4, s5) ;
signal p: state;
signal n: state;

begin
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s:process (clk)

begin

if clk’ event and clk="1" then

p<=n;
end if;

end process;

process (data, p)
begin
case p is
when s0=>if data="1
n<=sl;
else
n<=s0;
end if;
y<="0";
when s1=>if data= 1’
n<=s2;
else
n<=s0;
end if;
y<="0";
when s2=>if data= 1’
n<=s3;
else
n<=s0;
end if;
y<="0";
when s3=>if data="1
n<=s4;
else
n<=s0;
end if;
y<="0";

then

then

then

then
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when s4=>if data= 1’
n<=sb;
else
n<=s0;
y<=0";
end if;
y<=0";
when sb=>
n<=s0;
y<="1";
when others=>null;
end case;
end process;

end a;

then
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—. S HK
B FE S — A Moore JRASHL, it 2l F & HET SR Wil .
. SEIG R

JLgRH SRS A 2, SN E ST RIPIRENIZER, #alfhN
Moore ARZESHL.
ARG SEEL — AR FPIRES L, RSE T B R

{ \ [ f : |
- L’[}f!” |< >. a1/1 | [nput o’

15 FH 92567 & JERAR _E TR BUE I B IRE N clk BB N, LRk,
KRBT SWL P2 RGN EAAE T, & H P2 AL; (HIRBTF I SWO P2 A N1E 5,
S TR R 6 M LEDO.
= ZRARE
1. 4’5 Moore IRZSHLIK VHDL F2F .

2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. IHEIE, HiIFET.

To Assignment Mame Value Enabled
in_ dk Location PIN_A11 Yes
i"'_->_ input Location PIMN_H1 Yes
2 autput Location PIMN_C19 Yeg
In_ reset Location PIN_H2 Yes

YN clk %7 CLK CHOOSE;
input Xt SWO;

reset %N SW1.
69



Hrmim . output WM & 6 A% LEDO.
4, T, BEBRMNRE, WERR EAE WA LEDO K481k .

. 2%EF

library ieee;

use ieee.std logic 1164.all;

entity statmach is
port(clk : in bit;
input : in bit;
reset : in bit;
output : out bit);

end statmach;

architecture a of statmach is
type state type is (s0,sl);
signal st:state type;
begin
process (c1k)
begin
if reset="1" then
st<=s0;
elsif (clk’event and clk="1")then
case st is
when s0=>
st<=sl;
when s1=>
if input="1 then
st<=s0;
else
st<{=sl;
end if;
end case;

end if;
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end process;
output<="1" when st=sl else "0 ;

end a;
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=, EBAE

1. 9%5 Mealy IRZSHLHT VHDL F£)F .
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3. SIPUE, HiFanc.

To Assignment Mame
| '5_ dk Location
|In_ Updown Location
|2 |sh Location
| 248 msh Location

g
B NI e clk X8 CLK_CHOOSE;
updown XN SWO.
B e 1sb XRKR ZME LEDO;
msb X BRI AE LEDL,

4. NEG BOERIANIRG, WUR AR B TR LEDO.

. 2%EF

library ieee;

use ieee.std logic 1164.all;

entity enumsmch is
port (updown : in std logic;
clk : in std logic;
Isb, msb : out std logic);

end enumsmch;

architecture a of enumsmch is
type state is (Zero,one,two,three);

attribute enum encoding:string;

attribute enum encoding of state:type is

signal p state,n state:state;
begin
process (pfstate,updown)
begin
case p state is
when zero =>
if (updown="0") then
n state<=one;
1sb<="0" ;

msb<="0" ;
73

Value
PIN_A11
PIN_H1
PIN_(19
PIN_D19

Enabled

Yes |
Yes |
fes |

|

Yes

LED1 254k,

“11 01 10 007;



else

n state<=three;

1sb<="1";
msh<="1";
end if;

when one=>
if (updown="0") then

n state<=two;

1sb<="1";
msh<="0" ;
else

n state<=zero;

1sb<="0";
msh<="0" ;
end if;

when two=>
if (updown="0") then

n state<=three;

1sb<="0";
msh<="1";
else

n state<=one;

1sb<="1";
msh<="0 ;
end if;

when three=>
if (updown="0") then

n state<=zero;

1sb<="1";
msb<="1";
else

n state<=two;
1sb<="0";
msh<="1";

74



end if;
end case;
end process;
process
begin
wait until clk’ event and clk="1";
p_state<=n_state;
end process;

end a;
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To Assignment Name Value Enabled

in_ dk Lacation PIN_G1 Yes
2 dk_test Location PIMN_AB13 Yes
n_ keyl Location PIN_T14 Yes
In_ rsin Location PIN_E4 Yes
24 vga_b[0] Location PIM_K7 Yes
2 vga_b[1] Location PIM_KS Yes
24 vga_b[Z] Location PIM_L3 Yes
24 vaa_b[3] Location PIMN_M& Yes
2 vga_b[4] Location PIM_R& Yeg
24 vga_g[0] Location PIM_Y3 Yes
2 vga_g[1] Location PIM_M3 Yes
2 vga_g[d] Location PIM_Y4 Yes
2 vga_g[3] Location PIM_V& Yes
2 vga_gl4] Location PIMN_W& Yes
24 vga_g[s] Location PIM_Y& Yes
24 voa_hs Location PIM_17 Yes
24 wga_r[0] Location PIMN_V7 Yeg
2 vga_r[1] Location PIM_V5 Yes
2 vga_r[2] Location PIM_T7 Yes
2 vga_r[3] Location PIN_U7 Yes
2 vga_r[4] Location PIM_US Yes
2 vga_vs Location PIM_38 Yes

i 4f ¢ 1k=50MHz

BT keyl Xf B2 fil b KEY1
rstn XN EHA7{Z5 nRESET

i . vea b[0:4] %R VGA 2 K IR 5 VGAD[0: 4]
vga_g[0:5] %R VGA #2 1 HI$di {5 5 VGAD[5: 10]
vga_r[0:4]1%F M. VGA £ (5 5 VGAD[11:15]
vga_hs XM VGA B 4TI {E 5 VH
vga_vs X VGA #: T [R5 5 VW

4. T, % TR KEYL, W52 VGA B2 I ERM R Rk

. Z2%EF
S
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o 21 [ R=] - Al B FICORALS [N [N
(& 23 Fonzs 55 Foerss i LIE (EXS i) EOUFOUTEY
14 = [ R=N1 S0 TR LT 1071 10 1440.7 1
15 213 Fo.213 B S LETE Fi) .60 EMILY | EXE NS O FO.659
< EXS 19003 SHPACT 29 = 13 101 BT A 1010, T A
3] 33 i as TATE (L E] FOLory Ul AR RO 0,75 E0.FO.75
1 EE 103 CAS S8 G LoARIZOW (RN 1010603
A S E Fon 31 L SHET 12 For iz I3 AL RO | EXS M -] EOF0.72
L 4z i A2 1. TR 14 For 14 BARROW | 1074 T2 0, T
1 s (RS e 1o PO B O ™NUTRA 77 FoL 7T
A LT (RIS .ALT 1 FOn L 0.4 TI0 T A
T 31 131 B ST £ i 59 L s FOL7C
(=] A LR ROCTIRE LR LECON CTe T Y P - T 0,71
" 1 [ ] [ ETR] Ho27 0027 K 79 FOL7
(=] 15 Fols AT ol [EGRET P TR 1205 A T, 5 A
I 213 oLz APPS HO2F OO 21 i 71 71
= [R5} oL 1T FNTIR SA TS A K0 70 T T
L 20 i 20 ESC T FoTo K11 &0 FO 6o
T e TS Tl 05 FO05 P2 72 0,72
24 Fonza F2 O 06 3 TA FOL 7 A
W 1y FOTy LiE] 0l Fi1.0:4 K (=) ek
< 22 022 Fal O oo KI5 73 FOL73
b 35 FoL3s Fa 03 Fi1.03 Ko ) FO.74
~ 1A FoL A e 01 IERTIEY L s e
] 45 Fo s F7 R3 Fi1R3 KPR 75 F0L73
1 16 o 1a FR A FOLOA ] T L7
2 1 FoE For ol Firan 1 S Fin Sk
3 =1 (R R=T F G 0 OO0 s A e
4 25 Fo2s Fit 7R Fil 78 ' 52 Fi0L52
s 21 IR R=T F1z2 o7 P07 i Al il
EO Fo,
o 36 oL 36 Pl pbi ELSNENN . A oA
SCRN (SR
K12
7 E1EY LRy SCROL TE i TE A FOL A
EL 1477, SO -
= 3E FoLsE PALISE ELFO 4.
FO.77

RIT-1 AL EARF LB B A4 A

=, EBRNE

L. Frd T, 945 FPGA #iCR E PS/2 B AL 4IRS K VDL A2, ZERXFANA
(P B Al g 9

2. WreEd, FRIL Viewer M HL IR LR &4,

3. BIMBUE, MG,
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To Assignment Mame Value Enabled

iE>_ KECLE Location PIM_A13 ‘fes
In_ KBdata Location PIN_B14 Yes
24 NUM[E] Location PIN_G3 Yes
24 NUMLS] Location PIN_ 14 Yes
24 UML) Location PIN_G5 Yes
24 NUML3] Location PIN_J2 Yes
24 NUML2] Location PIN_G4 Yes
24 MUMLA] Location PIM_15 Yes
24 MUM[a] Location PIM_13 Yeg
n_ st Location PIN_F13 Yes
24 sE o] Location PIN_E3 Yes
24 sE 1] Location PIN_J& Yes
2 sEL[2] Location PIN_H& Yes
24 sE[3] Location PIN_H5 Yes
24 sEL[4] Location PIN_H7 Yes
24 5[] Location PIM_Ha Yes

N e st XN BhIF I SW15
KBCLK Xf B PS/2 80155 PS2_A_CLK
KBdata %f 5 PS/2 W15 5 PS2_A DAT
B o e NUMLO: 6106 MRS (1) BL BX 3115 5 LEDTSEG[A:G]
SEL[0: 51X} 8 A 3 i 47 e #8645 5 LED7TSEGDS[0:5]
4. T#, T PS/2 B EMiRHE, MEHRLE M RRL.

. 2%EF
W%
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2+ )\, PS/2 BAbniE s

—. LI HK
THRPS/2 BRFREML, SZBR PS/2 BFRIRSN, il VGA BEEE IR F S o .
. SRR

1. PS/2RHnHI 5] BIsE X
PS/2 B bR 12 1A 51 BAE LU B 18- 177 -

female male

K 18-1 PS/2f bRz

PS/2 AN G E R : 1 NSRS S s 2 IR S 3 I GND
4 BN VCC; 5 NSRS B 5 6 IR E X .

XFTAESEE T & BRIk, RFEZEE A (RNt FIsH (R
PRI B AT LA T o
2+ PS/2 RAr &S ¥l

PS/ 2% A AT —FAU M [R5 B AT, B RF DA P AR : &) B
——) EHL; b) EHL—) BAr o ENATLURENL. LIRS, X BB
FRFPGASLEGF 5 o
(1) FHLIA BRbR R IE

ML AR WU 7 2 ra) BRbR A A, A i A i 18 -2 R :

HOST
0
r
=]
0
b

DEVICE

= 2 = N M w m w o~

—_ _ = _ = —_— —_ —_ zc o
= S = = = = == = = 2 8
5 8 38 8 &8 8 8 8 8 5 =

B 18-2 AL Sbr A& et i 4544
NERAETTAE, R EHU SARAUIE NI N A, B, C =B
A B ENLEF ARG S . BN PR B {5 5L 100us, A5
FETIU B 2RI R B B ChRIBHEaRhn, BIRGIIRZIN 00, Mbrim e
MR CL A E B P2, JHRRIEREME S, HEREEZ R A ENLNEIRE
BBl EMEEEARE D . WL AE BAR AL I B 55 9 H T e K
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PEER T ) bR AR - B BUKIZ B 8 A8 (IRAZAERT) » 1 A4
B Ko 1AL IR (IR “17),  SRobmdim £E I A 5 Dy T I SR A £
RAG LN SOE B S S o EHUERIE T8 B 175 RIAE R — I B _E TR ARE
JAE 25 -

CBt: WFRRE ENLRIELE . bR R e ENUAERIFIEAL G, # A%
1 AR (0™ JE AN ML CR I RIH s Bt R R /T BN L 20
JREHEL ). LML AT DAL RAE N AL A A K W) A, R B W B2
A, EHUNL e F R E o

B KRR AL AGAL (00, SALEN (RALTERT) , IALATRRIGAL K 1
frfE i fr (21bAh “17) RIALERARR AL (0, 1267,
(2) BbR A ENLUAIE R

R AR ot A o 1) EALRCE R, Bl i i a5 H an P 18-3 Fliars

_ 8 = NN M -

BI18-3 B a] A1 A 1% Bt il (1 45 44

BRUBTRS: 00 2 I b 2 5 R 4 1 50us NN E NS ) SR AR B8, B
Fo B R He 28 5 Rt RS 5 ) AL R HE Can B BRPRRA S B B Rk ik
I8 o 7 BRI EMLR I S i p et B b, LT DARE R R AT A 2
it ERbR (RIS CRUPR A 2 5 RIS (550 1 R 3, ANE R R 15 R IE SE RO -

AR AIE AR 11 A 1 ARG (2N 0); 8 A EdEAL (A
PAES)s L AAHEALIR AT (FAARER ) | Arghlifr (B 1.
B £E B sy S 6 Bt BE AR IS AP R RIS EIRAS o BRI ALY,
TERT G 5 R X B 2R AT R A, LASRAS IR 500 .
3. RirEERE

SR PR 15 VR L ] 18- 4 7
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BLET £ B AL

<>
B BT R E S
EMAEAL AT

S

AR e LA 3 SR
F2 PR AT IR Ak R Ih

==
LHLBH BITRE|
0 N
==
BLGR AL AR,
A~ et 1 o = A SR
LY R
e

K184 AFRIE ST
(1) Bbs L AEL:

SUPRE LR GBI PS/2 820 B HBIEL, FREEAER. &
DA SERUE AR B BHEN Stream 230, S ATEER IR T AN K% 4 1 (R
P H Al AR AR LA E IR D
(2) FNURIEYIIEE B

T AT R IEVIEAL R 0xF4h (UL SCA 85 B kg =) o
(3D BAw IR MR IE R R I HAT 4610 5 i :

BB A P 3B (S R B8R I A6 B OxFAR CRABHE Mg =00, BN ML,
5 RS TERS B B s VR I 1) ML AR IR HE B o N U AR 50 R A 1%
AR 0xFAh, DABRER AR L& e T WIIRA, W SR BB 0 B 25 5040 AN 1E
AL T ] BRbT R IE LG Ak A OxFah B3 BUAR IE AR [E 500E M 0xFAR M k.
(4) FENLEERE bR A% E R -

PR AE Stream f-3 T 58 A UG A JG 2 75 FLAL B R AR AR A BSUR A $ac ke B/ B
] ML A IR B (RSB A el = AN B U B, B0 B 1K ) B 78 R SR
H)o HHENERIA RIS 7ERYIIAtE GRIE] OxFAh) J&, RAIIRERLk, 78
o 1) R B[] 25 SR e 2R P SRR b R 38 O
(5) FEHLALFER H RS .

TV TE B G f5 B Ea 0 AT AR AR 5, 7R RS U8 TE A A A 150 T $2 B
HOE LN 1 BAE S B B LR T, LN 2B R A, JR R T — i)
4. PS/2BArmENRE KSR

P AR SR & 18-5 Fior, M =AM SR A R, AR —
SCAARIEEEw R A% CRIR B WU 1 8 N EEEALD, B — AN S A i
AR . BR O ARE RSN, . . AN AEHE R
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Eit7 Bité Bit5 Eit 4 Bit3 Bit 2 Eit1 Bit0
Byte 1 ¥overflow  Xoverlow  Ysignbit  Xsignbit  Abways 1 Middle Btn  Right Btn ~ Left Btn
Byte 2 ¥ Movernent
Byte 3 ' Movement

K185  Anifk SR £ 5 A
X movement Ny b— A KIESE BARE X J7 M ERA BRGNS E. X
sign bit N E—NKIEEBRARE X J7 ) LR ERWERFT S . Y J7 ErAe
b2, Middle Btn. Right Btn. Left Btnicsk 7 BAnd. A, A =815
Tt M. Y overflow, X overflow it3% Y movement . X movement s& 754 Vi o
PS/2 B EME SAEERR], RON AT ISR ERE, DL midee 1 Ak 1A e
Yo

=, ERAR

1. Frd T, 95 PS/2 WARiZEH| VGA 2/ i) VHDL #2F7 .
2. SMreEs, FHRIL Viewer MIELHIIRLE S 4R .
3. SlHBUE, HRIFIER.

To Assignment Mame Value Enabled
2 m_data Location PIN_B14 Yes
= m_ck Lacation PIN_A13 Yes
in_ dk Location PIN_G1 Yes
n_ reset Location PIN_F13 Yes
2 hs Location PIN_17 Yes
M ovs Location PIN_Ja Yes
24 r[g] Location PIM_US Yes
24 g[g] Location PIN_Y& Yes
24 hlg] Location PIM_R& Yes

i c1k=50MHz
BN reset M NARBNITFR SW15, & H-FE AL
XA m clk XF R PS/2 KR 48455 PS2_A CLK
m_data X} PS/2 (5 5 PS2_A_DAT
s . b[9]XF M VGA $2 DI EHEE 5 VGAD (4]
g[9T X R VGA 2 I i %45 5 VGAD[10]
r[9] %R VGA 22 H (#4815 5 VGAD[15]
hs o B VGA 2 AT RIS 5 VH
vs KR VGA 32 L3 [FIB A5 5 VY
4, T, RIRIETT PS/2 AR A BE . A5 VR 5e, WL VA R B 1 R4k

. Z2%EF
S
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S, UART & OREK

—. EHK
T RSB R 1 TR LB E 5 7 0 1 UART 306 S8 AN BRI 28
—. SR

1. UARTZHy

UART E # e M ge Bz O L 351258 WRPR R AR RIEH 4 A IGH 4y
S, AR UIEMAC A O, KIEG s (thr)  RIEBALF/FE (tsr) |
M= . ARG . AR R L SR IGR rAs (rbr) BB AL F AR (rsT) |
M= . AR B IR, E19-1ZUART R L8 B A

f%\%ﬁ E' ] s s EE i
CPU E‘%ﬂ%ﬁp BB st

#a 1t

=i

[
Be | Hmbs

& 19-1 UARTH) #L3Y 57 F]
2. UARTHJiidg =X
UART H) ot 2 an B 19-2 s
LSB MSB
_1 0/1| o/1| o/t o/1] o/1| o0/1] o/t | o/t

}C prd prd——pd P‘

{34 ¥ O#E & Bt B AR

Kl 19-2  UARTH kg =X

UART A% AL FE 2R R 2 RRAS Cidle, i HE~F) o EEHA A7 (start bit, 11 HLF).
5~8 7 H 7 (data bits). £& A7 (parity bit, 7]i)F145 (47 (stop bit, f7E 7] 1.
1.5\ 2 fir). IXFhiE A2 R g A AMs B R SL B R R R 2D

UART I — A e B ar A%, mI AR B EE A 5 (5~8 1) « R EHRE
PR EG R 4= b gL (1, 1.5, 2) HFWHE.
3. BAFRRES

UART FIHZ ORI i 326 72 422 R T3] 1009 AR 2R JEA T AU 1) o B 28 2B 25 7= A [
BT AN S PR I BT, A YRR AR BR (11645, H K2 e o gt
ITRERABRAE, DLERH RD B AT 4000
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R A 45 58 1) Bt PR A e R B SR P 8 o R B A Y R S
B BRI R Ap, W FT 5 B P AR N 16%p. LA p 9600 M1,
ZGR B A50MHz, T 4340 22 50450000000/ (16%9600) = 325. 52, HU# 41326,

4. UART Ri%#%

R ASEERE 16N CLK16 WP R Wi 1 67, YOF AR ARG AL . SAL IR AL
QT E/ VSIS VDI T L X VARG BRI VA 3 R A

CPU fa[ff o] AR RE LR ds thr 5 NEHE , a2 UiCPU ZE 2 tbr B
WAFIW AT 2 B0 E, WRAFIXAZA, ROEREE 2 HE

Kol i 0% 2 A R AR, AR EE R4S Hiwenf5 5, RIBFRIE LG 5
W HATEIRdin (7. . OJBUFIHERIE i ds thr (7. . 0], FRiE KL 54748
tsr7.. 01 R B AT R &2 SR AT HR i H dfdout . 7R R IE L F S h 15 5
trefFAMRERES, U W KL TR, tre 5541, @AICPU ££ AN b
BN HEE
5. UART ka3

FRAT BRI B2 R 1), RIERIEE g el B oRiBHR0 v LR
N AR WITT 46« BeUAR e B R AT LR 7, M rd fIA 1 o, #iHo I
8/NCLK16 I EFEHA, AR IEH RGN, A ERR16/1CLK16 B & HIRFE
BB, RO N IR L B A7 s rsr, B i B dout . B B HH — AN s
Flbs S 45 S hn AR EAE .

= ZRARE
1. ¥ TFE, %5 UART 5 0 RE AN FU K VHDL #2 7 .

2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. IHEE, HiIFE.

To Assignment Mame Value Enabled
in_ dk50 Location PIN_G1 Yes
i orx Location PIN_B11 Yes
Mt Location PIMN_B13 Yeg
i"'_->_ rst_n Location FIMN_E4 Yes

i 4f ¢ 1k=50MHz
N . rst_n XFR FPGA fIE 7155 nRESET
rx XF 8 UART A4 150(% 5 UART_RXD1
o . tx %R UART f K 3%45 5 UART_TXD1
4. FE @ E O T, WS UART B RE A 2 77— 2

88



datzout[T..0]

rdsig

datain[7..0)

Wrsig
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e —+. LCD1602 W B E R

—. LI HK
THELCD1602 Wi bt TAEJE B, 7F LCD1602 ¥ i b S F 45 7w o
. SRR

1. 1602 LCD &4}

1602 ¥ ah Ny 1602 FAF R fn, B — PR T THRERTBE 7. &5
S S FE RN AR, B T 5XT B 5X 11 S SRR R, A
BEF AL AR O] DU IR — AN T o BRALZ [ — AN s BE B (A1 3% , RRAT 2 [A] A (] ,
ER| 7 FAFREEAUTIRIEE VR, IERDS I E A R BRI TR .

1602 LCD 38 BRI N 16 X2, BIFTLLE/RINAT, AT 16 N F 1M
ik CERFFMET).

1602 LCD ffiik: +5V HE, XTHLERH; @WEEAHEE; ORM4E%
sl ar 4, . JEBE FARINER. JEhRANR. BRBAEZ IR @F 80
TR HAE 2% DDRAM; GOWEA 160 4> 5X 7 siFE 7RI /5 K 4 8
CGROM; ©8 NI A~ H e X1 5X7 745 kA= 4 CGRAM.

2. 1602 LCD HIEARSH K 5 HThEe

1602 LCD 4} Ay i JEHIAN A B B, A alr 1O AE N A IF e 2 1
1602LCD EEFHARSH: BRBFEN 16 X2 NERF; O LIEHIEN 4.5~5.5V;
TAEHIRA 2.0mA(5.0V); B A TAEHR LN 5.0V P47 RSN 2.95X4.35 (W
XH) mmo.

1602 LCD K FHARHER) 16 fidz 11, & 5] B4 L B sk 20-1 fros:

i 5 51 BT | FY 51
1 VSS LY 9 D2 il
2 VDD LR TE AR 10 D3 el
3 VL VO S 7 i L 11 D4 il
4 RS K a1k % 12 D5 el
5 RIW BIE e 13 D6 il
6 E S AERS) 14 D7 il
7 DO K 15 BLA HOGIRIEK
8 D1 s 16 BLK HOLIE R

2 20-1 5| BEITEEA
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3. 1602 LCD KjFg4-iimH
1602 VAR EL T 28 48 2 35 11 4%, W3 20-2 Fiok:

5= g4 RS |RIW|D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1 R o|o|oOo]|O0|O]|O]O]|]O]|O]|1
2 Jbri ] o|lo|o|O0O|O]|O]O]|O]|1][*™
3 B AR o|lo|ojo|o|O|O|1|UWD|Ss
4 BN TF IR o|lo|o|O0O|O|O|1]|D|C|B
5 HAREF R AL 0|0 ]|O0]|O0 |0 |1 |SC|RL|*/|*™
6 BHIRe 0|0 |O0]|O0 |1 |DL|{N|F/|*/|[*™>
7 BEMRAAFSEMmIE | 0 0|0 |1 PR AT ARk
8 EHH AT ARk 0 0|1 SN HE AR A
9 AT bR & Bk 0 | 1 |BF THECE L
10 5 ¥F] CGRAM 5% 1|0 TS B 25
DDRAM)
11 |\ CGRAM B DDRAM | ¢ | 4 L H A A 2
#
# 20-2 1602 ¥ kb N AR dR4E 4
5 HDA44780 AHAEZA (11285 B (I Fr e 20-3 4R
BORES | #A RS=L, R/W=H, E=H it | DO-D7=IRZA T
HiES | WA RS=L, R/W=L, DO-D7=1§4H4, i P
E=ra kit
AR | WA RS=H, R/W=H, E=H B 4 DO-D7=%i#%
SHAE | WA RS=H, R/W=L, DO-D7=%#, it k
E=rm kot

% 20-3 5 HD44780 HIMEA IS i)

4. WTE L —AFHF
1602 WA BT — ME BoR e, T MESAT RESR AR 2 21T — 3 2
ISR AT AR SR, Rom A, BIBETR R B R PRI 2SR
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BN HbE, R B VRS B R OR A . WA AT — AN A H
HbAE 40H, A= EES N 40H whnl LU EhR e AL R 3 AT — N RIAL
B ? EFEAMT, BNE N SRk 2K i m s D7 fE e N m i, B BASERR
5N IEE N % /& 010000008 (40H) +10000000B (80H) =11000000B (COH).
TERT R A AR (PR 46 A A B v B L R, 7R A B R B B R A I e AR
e ABARN, TR AN LT SRR BB E A Wl s e 15 40 TR
Ao 1602 W ABLEH N TR AR CAAE T 160 NATRF S TR R,
FE— TR — AN AR, Bt RS i S B “ A7 IS 2 010000018
(41H), AP E 41H H () SRR 2 A7 B B R, IRATTHLRE R BI“A ™.
=, ERAK
1. HrEE L2, 945 H LCD1602 SZIL 7445 B B R ) VHDL F2 % .

2. WTLES, F RTL Viewer WiZZHL & 4E B,
3. IHEE, HiIFE.

To Assignment Mame Value Enabled
in_ dk Location PIN_G1 Yes
?"'_-E LCD_D[0] Location PIM_T10 b=
24 Lo _D[1] Location PIM_T9 Yes
?"'_—E LCD_D[Z] Location PIM_U17 b=
9"'_-t> LCD_D[3] Location PIM_U16 Yes
9"'_-t> LCD_D[4] Location PIN_T16 Yes
9"'_-t> LCD_D[5] Location PIMN_W15 Yes
9"'_-t> LCD_D[B] Location PIM_V15 Yes
?"'_—t;, LCD_D[7] Location PIM_V13 b=
?"'_-E LCD_RS Location PIM_T13 fes
?"'_-E LCD_R\W Location PIM_T12 Yes
?"'_—E LCD_E Location PIM_T11 Yes
In_ rest Location PIN_E4 Yes

i 4f ¢ 1k=50MHz

N . reset n XN FPGA HIE A7{E 5 nRESET

it v 1
LCD_D[7:0]1%f M LCD1602 HI%E{5 5 LCD_DB[7:0]
LCD_RS ¥ LCD1602 I##E/ fin 21645 (5 5 LCD_RS
LCD_RW X% LCD1602 [/ 51k #{5 5 LCD_R/W
LCD_E X} LCD1602 [ffi fE ik #{5 = LCD_E

4, F#, WE LCD1602 Wi EHI 7R SR .

. 2%EF
S
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BANE ST

Sz —+—. ROM

—. ZEBRHEK

1. #AZE LPM 22 D) R B F 5

2. FAGREYE ROM BTt

3. H¥2 SignalTapll HIfEH 77

. SEJRE

1. EARHE

¥ IE 5245 AR EHE R ROM H, mif SCAFRT DL E CflfEE R #E,
AT PLE mif AR R TR A . 18 Quartus IT A W HRET SignalTapll #E4T 4347 .
2. WS

fE&Bh SignalTapll W% ROM H 1E 5415 5 & AE 28 ) SEBRIETE o
=, ERAR
1. B mif SCHF

Ja3l Quartus I @2 H LR, RGN sinwave. qpf. ZE57 ROM PN HJI
TR . BAdiSE R File/New/Memory File I, %4 Memory Initialization
File i (JLFE 21-1), i OK. 5 ROM 3 (Number of word) HIF%E

(Word size), ¥y OK, FTHF mif 4.
Hew 3

Mew Cluartus || Praject
SOFC Builder System
=] Dresign Files

AHDL File
Block DiagramsSchematic File
EDIF File
State Machine File
Systemterilog HDL File

Tl Script File
“erilog HDL File
“WHOL File
=] kemory Filez
Hexadecimal (Intel-Farmat] File

kA ernory Initialization File

+- “erification/D ebugging Files
—I- Other Files
AHDL lnclude File
Block Symbol File
Chain D ezcription File
Synopsys Design Constraints File
Tewxt File

Ok I Cancel
21-1 Hrid mif SCAF
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- D:/sinwave/sin - sin - [Mif1.mif*]

Utikty Windows P Lin
Screen Ctri+Ak+ bax g
S gy BRI

i 1
| Address Radix L3 2
| Memory Radix L4 4
| Show Delimiter Spaces - _
Show ASCII Equivalents ;
| AutoFit

21-2 & mif SRR D BOR T A
J#id View/Cell Per Row SR EEHAT N 8 MEfigHIc (LK 21-2), IX
i mif SCHFRARE LN 21-3 Fias. 76 mif SCPEgR R 10 HP 3O IE s 80
P44 sinwave. mif RAEEIUFT TRESCHEIH, il 21-4 Fros.

Mif1. mif* ‘ sinwave. mif |
Addr | +0 | #1 | +2 | +3 | # | 45 | +6 | 7 Addr | +0 | A [ +2 | 43 | 44 | 45 | 6 | 9
o 0 o o o @ o o @ 0 7 |10 153 (185 [177 |18 [193 |09
B L L L O F 1a |27 [ms [0 (28 (20 [233 [238
S [ (L2 N (O (I 16 |25 [254 (252 (e (4 |28 230 |22
24 0 o o o o0 o o @ 24 |24 [204 fg fe3 pim [1sa |47 13
2 |0 o o o o o o @ 32 120 [os s e ;2 [t (st 4
I (L L L I T A A
48 (0 o0 0 g @0 o @ m 8 o [z 5 9 4 (o [m |m
e L L L L L 5 |46 |55 [ 78 w0 1 [115 (127

/1 21-3 mif SCAFgEE B 21-4 BB EEREN mif SR
2. SERAFBBIEESE ROM FIiTH
K MegaWizard Plug—In Manager &l 1IE 5215 5 %3 ROM ZZThEEH:, F DA
PR EE A sinwave. mi £ IHEF B ROM o BETT2BIRANR
(1) #ESZEH Tools/MegaWizard Plug—In Manager 3 HXHiHHE, &£ —T,
D) — M OBIB . Hck Next, $TTFI 215 FARRHAE, 7E /RS HHE Memory
Compiler H'fJ ROM: 1-PORT, FRiGFAHMN &84 £ %1 Cyclone IV E #1 VHDL 55 J
K, BIFHIN ROM SCPFAF U G RISCIE 4 D1 /TCP-11/exp/21-ROM/drom. vhd,
H7 Nexto
(2) 5FF ROM Hihk 2 Bl 2k Al 2. fEAN 21-6 s iR i AE o ik #E stk
LRALSE AT ROM PR Ay 8 I 64, BRI HI(E 54 clock, #d
Nexto. 7EF 21-7 o, Eisifa HBUF R AL L.
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MegaWizard Plug-In Manager [page 2a]

Wihich megafunction would you fike to customize?  yhich device family wil you be using? | Cydone IVE A
Select a megafunction from the list below I )
: | Q X | Which type of output file do you want to create?
E () AHDL
; > [ Interfaces Lyl
: ) (®) VHOL
» | JTAG-accessible Extensions
~ ] Memory Compiler © verllog HoL
. \ ALTOTP What name do you want for the output file?
; 4, ALTUFM_I2C [D:/TCP-T1/exp/21-ROM/drom, vhd
_: “4, ALTUFM_NONE Output files will be generated using the dassic file structure

“%, ALTUFM_PARALLEL

%, ALTUFM_SPI

B e Mote: To compile a project successfully in the Quartus 11 software, your design
o files must be in the project directory, in a library spedfied in the Libraries page of

 FIFO partitioner the Optionz dialog box {Tools menu), or a library spedified in the Libraries page

Lt of the Settings dialog box (Assignments menu).

%, LPM_SHIFTREG

%, RAM initializer

3, RAM: 1-PORT

T %, RAM: 2PORT

¥4 ROM: 1-PORT

[] Return to this page for another create operation

Your current user library directories are:

F Cancel || < Back || Mext > Finich

21-5 LPM ZIhRedhikE

MegaWizard Plug-In Manager [page 3 of 7]

[ ][]

Currently selected device family:  cydone 1V E -

fml

Match project/default

]

How wide should the 'q' output bus be? bits
How many 8-bit words of memory? a4 ~ | words

Mote: You could enter arbitrary values for width and depth
What should the memory block type be?

Block type: AUTO

d ®) Auto MLAB ) maK

M144K LCs Optiors. ..

Set the maximum block depth to words

What docking method would you like to use?

(® Single dodk
() Dual dock: use separate ‘input’ and 'output’ docks

Resource Usage

1 M9K [[concel |[ <gack |[ next> |[ Ensh |

Kl 21-6  1&FFE ROM FRBRHd 28 A b bt 28 55 i
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MegaWizard Plug-ln Manager [page 3 of 7]

-'-i:b ROM: 1-PORT

[ s [oommenrsvon

Mem Init

Which ports should be registered?
'data’ input port
‘address’ input port
[1 'q’ output port
Create one dock enable signal for each dock signal.

[] Mote: All registered ports are controlled by the iMore Options... I
enable signal(s) e ]

1 Create byte enable for port A
What is the width of a byte for byte enables? | 5 bits

O Create an 'adr' asynchronous dear for More Options. ..

the registered ports
[] create a ‘rden’ read enable signal

[Fesourcevsase |
| Cancel || < Back || Mext = || Einish

21-7 LRSS q
(3) 4R7E ROM Tt ML MHIEA S AF sinwave. mif. Bidi Next f&, 1FFE] 21-8
7 BT EAE . 7E“Do you want to specify the initial content of the memory?”
FErperd “Yes, use this file for the memory content data” BEUEIZ4H, H
7 Browse %4, &R E BT I sinwave. mif,

MegaWizard Plug-In Manager [page 3 of 7]

'Zj ROM: 1-PORT [0 |

Parameter

ting

Cvenin |

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

i

Mo, leave it blank

o]

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

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

(You can use a Hexadedmal (Intel-format) File [.hex] or a Memory
Initialization File [.mif]T)

d Browse..,

File name: | fsinwave.mif |

The initial content file should conform to which port's =
dimensions? PORT_A

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

The 'Instance ID' of this ROM is: MNONE

Resource Usage
1 M9K [ cancel |[ <Back |[ mext> ][ Ensh |

K 21-8 M ROM ATAR AL SO IR B AL R ST 1L S ThRE

96



MegaWizard Plug-In Manager [page 3 of 7]

| "£p ROM: 1-PORT

m Summary

Turn on the files you wish to generate. A gray checkmark indicates a file that is
automatically generated, and a green checkmark indicates an optional file. Click Finish
to generate the selected files, The state of each checkbox is maintained in subsequent
MegaWWizard Plug-In Manager sessions.

drom

Address[s..0]

The MegaWizard Flug-In Manager creates the selected files in the following directory:
D:\TCP-IT\expl21-ROMY,

File Description
drom. vhd Variation file
D drom.inc AHDL Indude file

. VHDL companent declaration file

i Quartus II symbol file
rom_inst.v nstantiation template file

[d t.vhd Instantiation template fil

Resource Usage

1 M3K Cancel < Back Finish

K 21-9  SCPRAR BRI AR
A UAE A 44 0T HE P SO B AR O AN B 4, ] 21-8 . dg

“Alow In-System Memory...” ¥:EEHNE, JFAE “The Instance ID of this ROM
is”FAEE AN “roml ”, /E AL ROM ) ID Z#K . 1@ XN &, AJ7E In-System Memory
Content Editor & H "2 4 ROM HH TN 2.

(4) Hff Next IR, HENE 21-9 SR RORHUERAE, o T8 48 T 2 ) 2R
BB 3 FH ROM ToA, #2021k roml. bsf %I, #A Finish #%4H, 58 ROM ToAF
JE ffill o
3. MEIEZERERK vHOL R
LIBRARY ieee;

USE ieee.std_logic_1164.all;

USE ieee.std_logic_unsigned.all;

ENTITY sinwave IS
PORT (
clk  :INSTD_LOGIC;
dout :OUT STD_LOGIC_VECTOR(7 DOWNTO 0)
);

END sinwave;

97



ARCHITECTURE trans OF sinwave IS

COMPONENT drom
PORT (
address : IN STD_LOGIC_VECTOR (5 DOWNTO 0);
clock : IN STD_LOGIC;
q : OUT STD_LOGIC_VECTOR (7 DOWNTO 0)
);
END COMPONENT;
SIGNAL q1 : STD_LOGIC_VECTOR(5 DOWNTO 0);
SIGNAL newclk : STD_LOGIC;

SIGNALclk_cnt  :STD_LOGIC_VECTOR(4 DOWNTO 0);

BEGIN
PROCESS (clk)
BEGIN
IF (clk'EVENT AND clk ='1') THEN
newclk <= clk_cnt(4);
clk_cnt <=clk_cnt + 1;
END IF;
END PROCESS;

PROCESS (newclk)
BEGIN
IF (newclk'EVENT AND newclk ='1') THEN
ql<=ql+1;
END IF;
END PROCESS;

ul:drom
PORT MAP (
address =>q1,
clock => clk,

q =>dout
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END trans;
4, WHR FPGA it B % sinwave SZEFRBTEHIZ BRI T :
(1) 9TJF SignalTapIl %% & I
S File/New, Bl Verification/Debugging Files % SignalTap 11
File, Fsidi OK, HILEl 21-10 fizs SignalTap 11 Zw#E .

= Fie Edit View Project Processig  Tools  Window Help % |Seard altes &, com |
3 Instance Manager: | 50 M ) [Invakd JTAG confguration s x| J1aG Chan Configuraton: [ i <
Instance Stans LEs: O Memory: O Mo Setup...
|#8] muto_sigraltan_o Mot running 0cels o hits
Device: |Nans Detectsd Scan Chain
>>| SOF Manager: %, |
< s | E= |
auto_signaltap_0 Lock mode: | g Allow all changes = | Signal Configur ation: =
Hode | wata enavte | 1rigoer enavte [ trigge C -
[1vpe [anas | Hame | o | ) | = :
Sample depth: | 128 - | RaM type: Aum
« [ segn : |2 &4 sample seg = - -
Al pata 2% Selun
Hicrarchy Display: x | Cdoatatag: g x
1] autc_signaltsp_o
) suto_signaitap_ o
0% 00:00:00

K& 21-10 SignalTap 11 4w#H %

(2) 1F SignalTapll 4w 17, ¥ Instance £~ auto signaltap 0 FE Ay
%, EESCNALUE 4 sinwave, T2K 21-10 4K 21-11. fEE 21-11 £ F
R 2 (AL bR B, 3 Node Finder MIE I, By List #2440 Al A4S
FIMKMES 4, EREWRNE SN ERRANG S F 0 N AR L bR 2
ko, AERANLZHES, Db A2 FPGA & 7 BHk.

= File Edit View Project Processi ng Tools Window Help B9 [Search attera.co | &
T{ Instance Manager: - W ] |Addnodes o the crrent instance | [&4 < | JTAG Chain Configuration: | TTAG ready | lsa| =
Tnemmnce e b Famont. Hardhware: |USE-Blaster (USB-0] - Setup...
£ e e Het rurring 0 eells 0 bits
Device: #P1: EPIC40/EPACE(30]140) (0x0 + | | Scan Chain
»>| SOF Manager: 5. [
< > .
ainwave Lock mode: | 4" Alow all changes = | | Signal Configuration: x
Node [ vata Enavte [ Trigger tnavie [Trgge | ! -
| Type [Anas | Name | [ | o |1=Ea 3
Sample depth: | 128 | RAM type: |Suto
[[] seomented: |3 &4 sample segments - ~
Bl pata = Setup
Haerarchy Display: x| [[] pata Log: (g x

B sewave

o% 00:00:00

K 21-11 SignalTap 11 kB
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& H SignalTapll 2%, fF SignalTapll gwfEt O, Bt A NN Setup
7, IS H A W .
O WHE ELA FERFERBIME T, N Bhal DU AR TH B Bh,  tmT L2
AR NI B . AR N BRI 8 CLK.
@ 7 Sample depth REFERAERNE, BI 8K fr, ZWIFTA T BHTRE
8K N ri o KAF RN AR B 75 ELANEF BT IR VH AR5 25 R AE -
QW R AN E, HLWIEEAT Sk “Pre trigger position”s
@ LRl R AS T Ak 07 50, B2 BRAE T
(3) fRAF A
P Save PLERAE SO, W1 2R H 3 “Do you want to enable SignalTap I1--+”,
L R AT LABOE SignalTapIl.
(4) GiEIF T
JR AR, HESCKE, SignalTapll B E L& HFTIF GFiRdT
fI9F, W4 Tools | SignalTap 11 Analyzer ¥FHATIF). SRJE ¥ S AT
(K] sof SR 2 E] FPGA a3/
(5) Ja3)) SignalTapll #H4TKAFES 73 #T
FE 21-12 h . Autorun Analysis 20047 5 k3%4H, J5 35 SignalTapll.
M E T A data O, IXI AR DLULEE 2R B SRk E FPGA PN Sl e,
21-13 Fizs.

Inztance Manager: *ﬁ |F|eac|_l,l to acquire @ x
| Status

|hstance Incremental Comng

El auto_signaltap_0 l'\_I:J-ét unning

K 21-12 J83h SignalTapll
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Fle Edit View Project Processing Tools Window Help [searchalteracom | @
e verper: [ 53] [ 1 [ |

Instance Status LEs: 633 Memory: 65536 small: 0,
i P | Hordware: |58 aster USe0] - EETT

[B] srwave [GHSSONGECRUR 533 cells 65536 bits 0 blocks

% | JTAG Chain Configuration: ‘JTAG ready | | x

Device: @1: EP3C40/EP4CE(30140) (0x0 - Scan Chain

>>| sOF Manager: = |l | Woutput fiesjsinwave.sof | ...

log: 2019/04/24 15:14.02 #0 ck to insel -
1024 1024 2048 3072 4086 5120 6144 7168)

Type |Alias Name

=4 =) dout \\_/

Bl pata =4 Setup

Hierarchy Display: =
= sinwave ] sinwave

(B sinwave

0% 00:00:00

K 21-13 SignalTapIl Sl e
WRMIA T IEZR, Bbrsd dout, %45 %% $ Bus Display
Format/Unsigned Line Chart, WIE 21-15, ARG, ARG BT
AL LR

BiQuartus IT - D:/sine/s

File Edit Vier FProject FProcessing Tools Windew

Pa k0 B acquisition in progress -@ =
Instance Manager: >0 m [ X | JTAG Chain Configuration UTAG ready @ x
Instance: Status LEs B06|  Memory: 65536 M512 MLAB: 0/0 b .
B siwvave finading acquis 606 cells 65536 bits 0 blocks ez
Device,
< " @ oo SOFManage o
lags 200900623 16:06:45 #1 : click to insert time bar |
Type |Alias Nan|  Select ALl Cirlth 2048 2550 G072 3584 4098 4608 5120 5632 G144 6636 |
Find... Curlep
(=] Find Hext F3
Find Fus Velue
y
Locate ’
| | 35|
= e - &
I nanaj‘@ Setwp || Rename Hexadecimal
| 1w d Decimal i
Hierarchy Display: Mrenoni e Table Setup msteneddecin , =
2 4 | Signed Decimal in Two' s Complement
® sinwave . . . . ~|
Create SignslTap IT List File Signed Decimal in Sign Magnitnds 2
Octal
Invert Signal
Binary
#lign Left 8-bit ASCIT
>

Unsigned Bar Chart

® ilign Right

B simweve | NSE on Top, 1SB on Botton

Bus values displayed with | ® LS on Top, MSE on Botten

Signed Bar Chart
Signed Line Chart

K 21-15  1E 520 4 A e £
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£Ie —+=. SRAM &5l

—. L HEK

1. T fi# SRAM T 4E J5 3,
2. % >] SRAM 25455 715

=, SR
1. SRAMfE A

SRAM (E S BEAAF B 4% ) A — P LA L A2 B DD e B L 5 PR 28
N T B R HT PL B B BB LR AT T P AT fi R AR
2. IS61LV25616 (L5 LB
F22-1 HIH 7 1S61LV25616 [ 3= 22 5] il ig, HIJBWR k.

A0-A17 B\ btk 28

100-1015 R[] ol 2 2

CE PN Frig, RHSFARL

OE LEIPN BAHRE, RHTA R

WE LIPN HiERE, KA

LB LIPN R liRE, (RHFA R

UB LEIPN T ERE, IR R
% 22-1 1S61LV25616 f) ¥ Bif5 54k

IS61LV25616 & —FEig 256K X 16 ELir &1 CMOS &S PENL A G 2s, HWN
R A AT . e B ) 3 Rl 4] CE. OE. WE. LB A1 UB
RSZILHT o 0 ISR S ] i EAE R 1 22-1 AR

VO PIN
Mode WE TCTE ©OE I[BE UB Voo-1/o7 1/08-/015
Not Selected X H X X X High-Z High-Z
Output Disabled H L H X X High-Z High-Z
X L X H H High-Z High-Z
Read H L L L H Daut High-Z
H L L H L High-Z Dout
H L L L L Dout Daout
Write L L X L H Din High-Z
L L X H L High-Z Din
L L X L L Din Dim
K 22-1 IS61LV25616 [iLE BEAH %

IS61LV25616 P EdE 28 228 DQ & XA 1), X T SEAERT, BdRLiEmA
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H, X E BT SRS, BR L Rt . — SR g SRAM 132, H3R(E QA

22-2 FIE 22-3 ffin. HihEZR7E OE. CE. WE 45 20 A MR R fa 2 .

| tac ol

ADDHRESS
- tha | - toHA

o N 4
OE X V.
t—tooE — - - tHzOE
CE 3\ -] tizoE 7|/
- TacE— |-— trzos —
tLzce
B, UB N 4
S Vi
- tea - tHzs
tize fu» trc

—
DouT k( )( DATAVALID >—
vee tru 50% I—— tro —

500
Supply ; Iss
Current UB_CEDAZ s
N A3 LS
22-2  SRAM MiszidE
twe
ADDRESS )( VALID ADDRESS ><
tHa
OE v
CE . Y
CE Low
taw
t tPwEr
WE TXR 7£
L o —— - trov
e
UB, LB I, 7'[
-—tuzwg—j - tu.zwg—-l
DouT DATA UNDEFINED > aeE I
- t Sp—— |t D =~
Din * DATAIN VALID *
T

K] 22-2  SRAM [1)E #:4E

=. SEBRHE
1. Ja3h QuartusIl, %57 sram ctrl. qpf LFE.
2. Y550 SRAM #EAT 132 5 # 1¥) VHDL F2 /% .

3. M LRI Eir, X TREETLZEMIN, RERFEEHER, W

AR IRGE N B AE e, BRI IE.

A R TR OGEbR, I R E O PO R B N A I, e

J§Ja R e B LREREAT S0 1
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P P s e

Lo Lo
LS LIS

To
CE_M
clk
RD_Data_OUT[0]
RD_Data_OUT[1]
RD_Data_OUT[Z]
RD_Data_OUT[3]
RD _Data_OUT[4]
RD_Data_OUT[5]
RD_Data_OUT[E]
RD_Data_OUT[7]
RD_Data_OUT[8]
RD_Data_OUT[9]
RD_Data_OUT[10]
RD_Data_OUT[11]
RD Data_OUT[12]
RD_Data_0OUT[13]
RD_Data_OUT[14]
RD_Data_OUT[15]
WR_Data_IN[0]
WR_Data_IMN[1]
WR_Data_IMN[Z]
WR_Data_IM[3]
WR_Data_IMN[4]
WR_Data_IM[5]
WR_Data_IN[E]
WR_Data_IN[7]
WR_Data_IN[E]
WR_Data_IMN[9]
WR_Data_IM[10]
WR_Data_IM[11]
WR_Data_IM[12]
WR._Data_IM[13]
WR_Data_IMN[14]
WR_Data_IM[15]
SRAM_Addr[0]
SRAM_Addr[1]

Assignment MName
Location
Location
Location
Location
Lacation
Location
Location
Location
Location
Location
Location
Location
Lacation
Location
Location
Location
Location
Location
Location
Location
Lacation
Location
Location
Location
Location
Location
Location
Location
Lacation
Location
Location
Location
Location
Location
Location
Location

B %1 cl1k X§ 5 CLK_CHOOSE

CE N X} FPGA [ 47155 nRESET

Value

PIN_E4
PIN_A11
PIN_C19
PIN_D19
PIN_D17
PIN_C17
PIN_E16
PIN_G15
PIN_F15
PIN_D15
PIN_C15
PIN_E15
PIN_E14
PIN_C13
PIN_F11
PIN_F11
PIN_E12
PIN_D13
PIN_H1
PIN_H2
PIN_F2
PIN_F1
PIN_E1
PIN_D2
PIN_C2
PIN_C1
PIN_B2
PIN_B1
PIN_T2
PIN_T1
PIN_C5
PIN_F7
PIN_G7
PIN_F13
PIN_U22
PIN_V21

RD Data OUT[0:15]%fM LED[0: 15]

WR Data IN[0:15]%fM SW[0:15]

SRAM_RDO WR1 %3 KEY1

FUEAE 570 0% N SRAM ik . BE Az iE 5
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Enabled
Yes
fes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
fes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
fes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
fes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
fes
Yes
Yes



?"5 SRAM_Addr[7] Location PIM_W22 Yes

?"5 SRAM_Addr[3] Location PIM_W21 Yes
?"5 SRAM_Addr[4] Location PIM_W22 Yes
?'g SRAM_Addr[5] Location PIN_AB17 Yes
9"5 SRAM_Addr[5] Location PIN_AA1S Yes
9"5 SRAM_Addr[7] Location PIN_AB16 Yes
9"5 SRAM_Addr[3] Location PIN_AALS Yes
E"‘E} SRAM_Addr[9] Location PIMN_AB15 Yes
?"5 SRAM_Addr[10] Location PIM_V1& Yes
?"5 SRAM_Addr[11] Location PIM_LI15 Yes
?"5 SRAM_Addr[12] Location PIM_Y17 Yes
?'g SRAM_Addr[13] Location PIMN_W17 Yes
9"5 SRAM_Addr[14] Location PIN_W19 Yes
9"5 SRAM_Addr[15] Location PIMN_RZ1 Yes
9"5 SRAM_Addr[18] Location PIN_P22 Yes
E"‘E} SRAM_Addr[17] Location PIM_P21 Yes
?"5 SRAM_CE_M Location PIM_Y21 fes
?"5 SRAM_OE_M Location PIN_R.22 Yes
24t SRAM_WE_N Lacatian PIN_AA1T Yes
.i":'} SRAM_DG[0] Location PIM_¥22 Yes
.i':'_} SRAM_DQ[1] Location PIN_AAZ1 Yes
.i':'_} SRAM_DQ[Z] Location PIN_AAZD Yes
.i':'_;, SRAaM_DQ[3] Location PIMN_AB20 Yes
.i‘:'_-;, SRAM_DG[4] Location PIM_AA19 Yes
.i":'_-> SRAM_DQ[5] Location PIM_AB19 Yes
.i‘:'_-> SRAM_DQ[E] Location PIM_AA1S Yes
.i‘:'} SRAM_DQ[T] Location PIMN_AB18 Yes
.i":'} SRAM_DQ[E] Location PIM_LI19 Yes
.i':'_} SRAM_DG[9] Location PIN_J20 Yes
.i':'_} SRAM_DQ[10] Location PIN_T18 Yes
.i':'_;, SRAaM_DQ[11] Location PIN_T17 Yes
.i‘:'_-;, SRAM_DQ[17] Location PIMN_R.20 Yes
.i":'_-> SRAM_DQ[13] Location PIMN_R19 Yes
.i‘:'_-> SRAM_DOQ[14] Location PIMN_R13 Yes
.i‘:'} SRAM_DQ[15] Location PIMN_R17 Yes
?'g SRAM_LIB_MN Location PIM_LI21 Yes
9"5 SRAM_LE M Location PIN_P17 Yes
in_ SRAM_RDO_WR1  Location PIN_T14 Yes

5. fiJ# Signal Tap A4, 7E Setup —#=H, X B AR AL, MFRHFIE I
NN 155, 7E “Signal Configuration” #=HM Clock —f=Hi g
clk ENZHER Bl W S UE M A B 22-4 fios.
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R Quartus IT

:/SRAN/sran_ctrl

sram _ctrl — [stp2.

File Edit View

Project Processing Tools

Hindow

”|@| *g %) 1 B [comaile the projectto continue ~| 3 | & B | & & = |

Instance Manager. "q, w1 (] |EEEIEREEEEE =) X | JTAG Chain Configwatior: [ JTAG ready i3] x
[rstance: | Status | LEs1099|  Memon: 112840 | M52 MLAB: O |
auto_signalap 0 Met mning 1099 cells 112640 bits 1 blocks Hardware: |USE'E‘EStEf [USE-0] j Selup.
Devics [ @1: EP3CTE (D120F200D) | Seanthain
a | > ﬁ SOF Manager &5 [ [sram ot saf |:|
trigger: 2009/07/30 03:08:23 #1 |2 Mlow a1l changes | Signal Configuratior: x
Hode Data Enable | Trigger Enable [Trigger Conditions Clock: [ee B =l
Type |Alias Hame 55 55 A |Basic |
) CE_N =4 [ = -~ Data
> SRAM_RDO_WR1 ¥ ~ = Sample depth: | 2K | RAM typer |20 -
~3 - WR_Data_IN v o WR
L i 3 I~ Segmented: 2K 1 sample segments -
> RD_Data_OUT Ird I3 HXHXh
= SRAM_Addr [cd [~ 00N Storage qualifier
) SRAM_CE_M [cd [~ = Type: ZZ Cortinuous -
=) SRAM_OE_N ~ 4 ] _
Input port J
7] SRAM_WE_N [cd [ =
™ Fecord dats discontinuitiss
I™ Disable storage quaifier
"Trigger
Trigger flow contiok [ Sequentisl - i
B Data |@ Setup
Higrarchy Display, X | [ Datalog 1AL X
A ® sam_ctl " [®] suto_signakap_0
: auto_signaltap_0
For Help, press Fl m

22-4

W E SE A R Signal Tape Fit[H

6. TEBECE CHZESEIM, A5 sl Signal Tape FH THAZHH) “Audio Analysis” K]

b "OFFUEIE AT Signal Tape, WSS [H] I HRAE SR IR [FIEL .

22-5 SLIGFLR
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File Edit View Project Processing Tools \indow Help Search altera.com (]
Instance Manager: “& = W ] ‘Invahd JTAG configuration ‘ &) X | JTAG Chain Configuration: I: @ x
Instance Status LEs: 1126 Memory: 112640 Small: 0/0 Medium: 14/66 1 Hardware: |Disabled . Setup
@ auto_sig... Mot running 1126 cells 112640 bits. 0 blocks 14 blocks: i
Device: None Detected | Scan Chain
< 5 >>| SOF Manager: ;,, LU] ‘D:FCPfllfeprZZJSRAMfsram_ch'l.saF
log: 2019/04/24 16:46:17 #0
Type |Alias Name 05 B 83 82 51 20 79 5 En ED 7] ] 0 _B?J
[ CE_N
2 SRAM_RDO_WR1
iy WR_Data_IN 0C3Dh
2 RO_Data_QUT 0C3Dh
g SRAN_Addr 000780
i SRAM_CE_N
B SRAM_DE_N
R SRAM_WE_N
< >
A pata 4] Setup
Hierarchy Display: ® | [ pata Log: ﬂ ®
|£| auto_signaltap_0
@ auto_signaltap_0
0% 00:00:00




S2I6 —+=. FIFO $&#3%

—. SERHEK

1. T & FIFO AR & UL AT 376
2. | FIFO.

. SEJRE

FIFO /23 First In First Out W45, s&—Fooild H EHE 247 4% ,
by 5 317 38 A7 i % 1R DX 0 A B A s S s bk 2R, X R R AR T L. FIFO
— W TSR b sk 2 1) O Bt A 4, ERn FIRO F— 3 A& AD B R4E, 55—
SEVFEANLP) PCT 82k, i H AD REEMIEZE A 16 7 100K SPS, B4 %D Ik
P 100K X 16bit=1. 6Mbps, i PCI L HIHEE A 33MHz, HLETEE 32bit, H
e KAEER 2 1056Mbps, 75PN AN A [ sk v st vl DR A FIFO SRAE A %S
21

— 1) FIFO, £ LA N YEREFRAx:

1) FIFO M%EJE: Wai/e e Bkl B A 2 THE WIDTH, ‘Ef8[)/2 FIFO
— WIS EAE M BIESL, A MCU 45 8 A7 F1 16 £i7, ARM 32 fir%5%%,

2) FIFO [A¥RFE: THE DEEPTH, ‘E4R[1)7& FIFO AJ LLAEAf 22 /A N A7 (88
(WIRTEEE A N t— 8 (L[ FIFO, EIREN 8, Bl LLfEE 8 4~ 8 1 HI%L
W, RN 12, BUnTCAERE 12 A 8 AL %dE, FIFO IR EE /T KA/, AN AIA
N FIFO IR FEMITFE T — AR E M AR, 7E FIF0 SZhr TAEH, HEEE i/ =
P 7 ] DAY O A 4k 2 5 N B o 7E — A BRI S A T R B — 2 2
HHREHATIRT R FIFO MR N2 /D, IXAE Sl K T 0l B (RS N2 AT
(17, (HTESLFRAH 20/ FIFO SR AR ZER TIHEAE . —BOR ULARYE fLs 1 Bk
TEL, TEFBRGPERE RN FIFO BAR IR I il 5 — N MR 1% i B R R 3t mT LA
T o XTS5 S T FE N, FIFO (R B EEAR R Y () B30 45 4 A
HH B 2 TS B AR P SRR o

3) Jikrd: FIFO Tk Zhsint i FIFO FRIRSHEEH K —/ME S, U
FH1E FIFO B S #E 4k 22 m) FIFO A B i s - Coverflow).

4) #Fhrk: FIF0 B8 a0l B i FIFO KPR HEBIEH B —AME5, L
BH 11 FIFO [y it 4k 52 A\ FIFO Hh s Hh 25085 1 3 o R 14132 H Cunderflow)

5) BLETEh: SRR TSGR, TEREAN B B U R B A

6) S Eh: SERAERTEMEIIN B, B BERIGE SR . A FIFO
e S e L, AFRERSAREA RS2 EE 2 S .
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(DIRE<: =52 I =11 I N e SdauB: 18| RS ey =1 = F) ) [

8) HIeEr: R T —AMES AL, SEAN 1. S5 fRE L2
B b, AN XA AN R IR R, TR IELSE .
=, ERAE
1. NSEIGH TREGE —A Bt (Ebl: D:\TCP-11\exp\23-FIF0), #JJ Quartus
B, BN H R g — > TR IR ar 44 (W “FIFO™), JE Sk FEw 284
2. fidi File—>New, 3 H & 231 Fr s X1 AE, £ FE Block Diagram/Schematic File,
)5 5 3 P S A

* Design Files ”
AHDL File
Block Diagram /Schematic File
EDIF File
Qsys System File
State Machine File
Systemyerilog HOL File
Td Script File
Verilog HOL File
VHDL File

~  Memory Files
Hexadedmal (IntelFormat) File
Memory Initialization File

* Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
University Program YWF

v Other Files
AHDL Include File
Blodk Symbaol File
Chain Description File
Synopsys Design Constraints File
Text File

Cancel Help

Kl 23-1 g J 2 o
3 AT FH 22 D BEBLER NN — A FIFO #3442 JH PR . 78 R PR I SO 2=
A, R 23-2 FIXTTEHE A S “MegaWizard Plug—In Manager”, #AJ51E 5%
B IR ST “next .
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-
% Symbol
i

Libraries:

> B3 Project

v & oifalteraf13.0sp1fquartus/libraries/
> 3 megafunctions
» 2 others
> 20 primitives

Mame:

[] Repeat-insert mode
[ tnsert symbol as block

Launch MegaWizard Flug-In

MegaWizard Plug-In Manager...

K 23-2 IO ThAERA S TR

4, fEE 23-3 FrosiE O F O INg FIFO #fdr 44 (b0 “myfifo” ), SRIGTE

LT T Hi 4R B Memory Compiler HHik#$E “FIF0”, i “Next”.

MegaWizard Plug-In Manager [page 2a]

Which megafunction would you like to customize?

Select a megafunction from the list below

Which device family will you be using? Cydone IV E -

£

| Which type of output file do you want to create?

A jﬁ, Installed Plug-Ins
> [0 Arithmetic
] Communications
3 psp
[ Gates
d 1o
[ Interfaces
] JTAG-accessible Extensions
[ Memory Compiler
%, ALTOTP
4, ALTURM_I2C
*3, ALTUFM_NONE
X
.-&

WO W Y

W

<

ALTUFM_PARALLEL
ALTUFM_SPI
%, FIFO

() AHDL
(®) VHDL
() Verilog HOL

What name do you want for the output file?

|D: /TCP-T1fexp/23-FTFO myfifo
Output files will be generated using the dassic file structure

[ Return to this page for another create operation

Mote: To compile a project successfully in the Quartus II software, your design
files must be in the project directory, in a library specified in the Libraries page of
the Options dialog box (Tools menu), or a library spedified in the Libraries page
of the Settings dialog box (Assignments menu).

Your current user library directories are:

Cancel < Back Mext = Finish

Kl 23-3 T HZEIhRERER T A
5. TERIXTTENESE$E FIFO f5E BEAIVARE, SRJE mdh “next”, W 23-4 Fiw.
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MegaWizard Plug-In Manager [page 1 of 8]

Optimi
Currently selected device family: | cydone IvE -
myfifo
Match project/default
— data[7..0] a[7.0]
How wide should the FIFO be? bits
— wrreg full
k— rdreq empty Use a different output width and set to 8 bits
E— clock usedw(2.0] How deep should the FIFO be? words
k— =clr 2 bite % & words] Note: You could enter arbitrary values for width
Do you want a common dock for reading and writing the FIFO?
® ‘fes, synchronize both reading and writing to 'dock’.

Create one set of fulfempty control signals.

O Mo, synchronize reading and writing to 'rddk’ and "wrdk', respectively.
Create a set of fullfempty control signals for each dock.

Resource Usage

|Canoe| || < Back H Next > || Finish |

23-4  ¥¢B FIFO [ 55 AR
K 23-5 FinBIRTIEHES, & “Synchronous clear”, R )5 i “Next”s

MegaWizard Plug-ln Manager [page 2 of 8]

Rdreq Option, Blk Type tion, Circuitry Prote

myfifo Would you like to disable any drcuitry protection?

full

k— data[7..0] ql7..0] empty

F—wrea ful usedw[] {number of words in the FIFQ)

— rdreg empty Note: You can use the MSB to generate a half-full flag.

k— clock usedw(2.0] [ almost full

f— sclr £ bits x & words| becomes true (1) when usedw([] is greater than or equal to
[] almaost empty

becomes true (1) when usedw([] is less than
[ asynchronous dear
Synchronous dear (flush the FIFQ)

Resource Usage

[ concel |[ <Back || Next>]| Fmsn |

e 23-5 AR RIS TE T
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7. (ER TS, BHERECGARBE, S “next”, fJamidi “Finish”,
8 miaffisE, W I 23-6 s F i aialy OK, Kp A B im0 A% I 2R IR o

—
B Symbol

Libraries:
v [ Project
£ myfifo
£ c:falteraf13.0sp1/quartus/libraries/
myfifo

data[7..0] q[7..0]
WITEQ full
rdreg empty
clack usedw[2..0]
sclr its words

Mame: & bits x B words|

|myﬁf‘o

it ol

Repeat-insert mode
[ tnsert symbol as block

Launch MegaWizard Flug-In

MegaWizard Plug-In Manager...

23-6 A=A FIFO ARbR
9. fE R PP Inga N s 1, B 23-7 B

 data[7..0]

wreq ul———" -
rdreq empty ———2 BT emply

. .__Q.LIEL:) used[2 .
clock Used“' [2 U] . LY P

sclr Bhits xBwords| | v v

K 23-7 SN
10 PRAFEHEESC G, s w BIAR TR T 29
L1y @R SCfE, % File>New, #tH & 23-1 PFrosxtiffe, 7
Verification/Debuging Files 1% #% University Program VWF, i “OK”.
12, FEPIE A &S Ba s R m AN im0, AR W E D EREE), aE
23-8 7R
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Simulation Waveform Editor - D:/TCP-11/exp/23-FIFO/FIFO - FIFD - [FIFO.wwf]

Fle Edt View Simulaton Help & [searchaltera.com | @
CELEES A PP DAL

Master Time Bar: 4 ¥ | Pointer: |ggz.4g ns |Inter\ra|: |931.44ns |Smrt: | |F_nd: | |

0 ps 160.0ns 320.0ns 430.0 ns 640.0 ns 800.0ns 950.0 ns
Name fla'ﬁi % liosns ' : ' ' : :

LS il

Lo dock AL [T I AU AT AL

B > data UD HASOOGIOTOES 0

mw,_ wr_reg AD _J |

i, rd_req AD |_|

o empty AX

o full AX

M o aq ux X

2 v used ux X

o used.. UX

o used.. UX

ou used.. UX
< >

0%  00:00:00

23-8  Unnd A

13, BAFZM IR ESCIE, SAJE fih e % Eh, FRUATHEE/ T, (205

JiJa £ B S 0T A RS P S A R, T H A RN 23-9 Pios.

@, Simulation Waveform Editor - [FIFO.sim.wf (Read-Only)]

Search altera.com @

File Edit View Simulaton Help 5
p & X0 N E T E B EIE E R AL A A (=] 8
] T o [ i 010 s | o | |
vaest |[PPs  80Dns  1600ms  240.0ns  320ns  400ns  480.0ns  S600ms  640.0ns  7A0.0ns  BO00ns  B80.0ns  9600ns
Name alue af ' [ [ ' [ [ ' ' ' ' ' [
dps ps
1
in_sdr a1 m
b = UL LU U U UL U U UL U U UL U U UL
B > daa un DESE8000806:0EE 0
n wreg AD | |
o req  AD
o empty AX
ES full AX
%0 ux % : Y850 :
M voued  ux £B6 66 806 0 82096, 4
o used... UX [
ES used... UX
aa used... UX
< 3>
0%  00:00:00

23-9 1hHEZ
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BLE SZEXR

LI 109, Hrbh

—. ERHK

TR TSR, Bk IE Sl TR A BoR (0 2 TR b
=, ZHFEE
1. EARFEH

Z IR BRI BOZ EA IR . BRI — 2 — b, BRI . /N R
PSRRI RE . B EANE BRI TR, BRI TAERIZETE 1HZ(E
SHER N#AT, KPR E S, PRI, 40 SO Bk4% 200D
B, Pingsy, [R50 59 43 BkEE 2100431, /NEHE NN, (HZ2 R
BUERWAE, /DEFRVaEZM0~23 I,

TESEI N T BRI 8, T4 BRI R B B 1 YE R # & A 0~59, AT LA
AL —AN3 AL ki s SR 167, F—ANUA2 i ik filaS (BCD i9) o4
KL, TN A E VSRR N 0~23, AR BLA—A> 2 A7) ik ilis EoR+
i, F4 A ki (BCD %) EoR/Mi.

Sea6 B BSAE R F R 5 RE IR, B LUERAR I B 7 B2 AHz i A S
T, AR E N ESEERNE S, BN THRRERNIH, FS, ©
TN IR 22 GEi B AT 20 At

X TR SR Dyge, AT DARR AR 2 G0 i B A 4 R R B B ) B AR R R
Bt o ARG BT 1 AT B S BT S FPA, L LED SR IAARIEAT B2 A AR
R
2, LTS

ARSI AT S 2 Wik — A 2 DhRe o, ZR BRI AN A — 08—
Fhap, BE p R, FRAT B (A5 #P, B AR S5 fT 5 FP B aa AT Hk i $2 7%, LED FF
RINEE, S G, 17 1IE AR RGN B £ B 10KHZ, 2215 21 THZ I £
T, WA RGN BT 10,000 Ko7 A LI [A] ) d B Ak Bh T S SWO R
SW1. SWOUHEE /N, $RF B, NS, #8320 o, WL SWLHE
By, PRB) b, Srehsgin, $RE T u, ELE R, AN SW21E N RGRT e E AT,
5275 455 2 7~00 00 00,

SIS R 8 H B EC I BR . TRV LED AT shlSESE 5 FPGAK]
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e 1 PR RV BBV AT 0 S e P T VRS, LA
= KBRAE
L BT, S LR b R R VDL A2

2. WTLES, F RTL Viewer WiZZHI o 4E B,
3. IHEE, HiIFET.

To Assignment Mame Value Enabled
n_ ck Location PIN_A11 Yes
24 led[i] Location PIN_C19 Yes
2 Jed[1] Location PIMN_D1% Yes
M Jed[2] Location PIN_D17 Yeg
2 led[3] Location PIN_C17 Yes
248 Display[0] Location PIM_13 Yes
24 Display[1] Location PIM_15 Yes
24 Display[2] Location PIM_G4 Yes
24 Display[3] Location PIN_J2 Yes
24 Display[4] Location PIM_5 Yes
24 Display[5] Location PIM_14 Yes
24 Display[6] Location PIMN_G3 Yeg
9% SEG_SEL[D] Location PIM_E3 Yes
9"5 SEG_SEL[1] Location PIN_1& Yes
9"5 SEG_SEL[Z] Location PIM_H& Yes
9"5 SEG_SEL[3] Location PIM_HS Yes
?"5 SEG_SEL[4] Location PIM_H7 b=
?"5 SEG_SEL[S] Location PIM_H& b=
in_ Rst Location PIN_F2 Yes
in_ 51 Lacation PIN_H1 Yes
n_ g2 Location PIN_H2 Yes

i C1k=10KHz
B N 2 RST X N4k shFF 9% SW2
S1 XM AR IT 5% SWO
S2 Xt R4k BT 5% SW1
g : Display [0:6] X SIS 1 BLIK B {5 5 LED7SEG_[A:F]
SEG_SEL[0:5] X} N A% % 11 3% 545 5 LED7SEGDS[0:5]
led[0:3]%) % LED[0:3]
4. T#, WEINHHEE LR, 5. PER, HIESHIFS SWo. SWL T
SyEME, PEE LED AT H#E SRS .

. Z2%EF
S
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LI~ B

—. ERHK

T RREC IR TAR IR B, Bt se il TR A SR BRI
. ZREE
1. HEAFRE

FTiB SR st e LIRS S AE SIS TR) (1s) A ARA IR A5 7E — 5 N [ [)
Bg T CHURRI TF]D) AR XA RS 5 M R AR IREO N, AR AT
RIRN
f=NIT
H Em AR LB 2, A5 e e T OB 1s, W) f=N. i TR 4
ANZE RIS 2008 A5 5 R VLR BENLIT, Ko — Mk R R AR 2. 2 —
oI EHERR L . AT IS S ket IO T, RO Fx, 4B ()08 T=1s 1,
DS AERASE Dy 6 =Tx/T=1/Fxo FT I AT S0 I T 42 00 A0 10 0 58 v A 2 55 4 M0 A
FHIPRA I, HAFINE SRR R, TR A s, S D R AL
. PRlUE, XA EIAIE R IE & IR E R IS5, A RED 2 7 I B A
B A R0 I B P DR AN (R BSR4 2245 BIE BN A B A (R0 I B P DR AN
ARIESR, NLIZTE SR AR B S B T
SRR AR DI SE I 5, ] DA 1B 32-1 s O AE B R S B

MEMNEMES —
TE RS Fapae
waNTES | '
B 4R
BEES +H
ST e
WEE T A

132-1 S50 B M AT SE A ]

JIT U SRS P AR PR THE Pl B R3S I BL N T, 220 SIZBDUAH )RS P
&, MR SRR, FhHEME SEE N 1s. HNMaE - FRD]
LB, FORSEILHEI AR 5 B SRR (K [R5, Sl s B, I AR % . %
%%E%%%W%ﬁl@%*ﬁﬂ%ﬁﬁﬁ%%?@%W THERE AR 2

30 R 25 B A B 7 Rk v A, BEAE (R0 1) ) 45 SR TH s 1 N,
v@ﬁﬂﬁﬁm,@mwhﬁKﬁH,WWﬁﬁum,WT%& NGW
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FX/N2=F1/N1; ..................... (1)
Fx= (F1/N1) K\ Deeeeerencecanes (2)

A TUUE L, WEREESTE IR RITER, FEH FLIHRERE R
Wi, FTRAA T4 mEINERE, FEREEMRIIZAE R, Srihsl, WE
R FEA B AL T 3R (RS E JE, bR AR E JEAL , ISR ZE T AT ik 2
FEAZ ST, N T ORISR TH B S B R S A (R0 CROBR A2 1) b A IT 46
TG 1s PR, BAR KRBT b 80, B2 T T 20 i 5 skl
Wit JEZ MR, n AT R

AN S SR B B AL AT AR U 1 T T I IR)[E E A s, WS SR A
0.5Hz 773k, TEMITTA R CRira~rF) BAME, XAkt b4, e 15
SRR R, B SR, I RIS A R s . BT T
[f]72 1s (0.5Hz J7i%), FrbAB /R 1s B —k, HE/RENERZ
1T B W B B AT A

PRI A 1) 1T TB] 3RAT T 38 O s, JIT LIX Fhosi e oA e 0 R A0 28 K T e 55 T
1Hz FOREOL, ERE S, AR Rk . SERRRF A, AT il 1] s ) A& N T
AR EE, PEE/NT IHZIN, 8T RSB 2B . SR — MR o, E AL
IFIA] N2 : 0.0 S = B ki AT T8k, RIS 5 A

FEVCTHAIER TN, NGBS i 22 7] LA 78 99,999,999Hz, PRI AE 15
THIHE )\ 4 A Z 35 (BCD f9) kKR, HAMELITA [FIFE KA 4 i1 —
IR N ISR AT THE, R T TR B i, 5 2 E B 2 237 A7
. HAE SRR T E32-2 Fis:

| 13 i | HE;';_
1HZRT§4 |
B Pt BiL 3t 4 gt |
CLE | wE wE
- LR BT [

K322 #HIE S PR AR
2, LTS
A SRS BSE AT S R ot — MR, KRG EE AL CHR E 1) 50M
(OB, [T R 1s GRIEX RGN BHEAT 2445 20 ), TR ]9 i s
6], XPETNIEE AT VAL, 0 [ TR A, e S HT RAE, RS
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THEEE, MR EREL 2 BRI — K. B — MR T kit %
ST & G0 I AT I B AR R () B B E 508 2 AR E T R G BN S
B A N\ — TS S RHATERI & . SR ITOC BT, & A
MBI B A S, B E RFEE A EME SRR TS 5. H SR
R E32-3 fiR:

TREEETEE | MRS s
e ¥
SRR AV
. "E
o |mEEel B 3043 g5
BN 1HI = HE ::>
Zigatse [MOES| S it ams | wns
Fr = =] ﬁ
% L HiTF{E=
H 4
: ) ‘
—%f

Kl 32-3 A S BLAE [

FEA S, F B AT B A5 SRR kBN TT R, 50M FR e 4
PERLE ., BOLE B RS . PR . PGSR IR RS FPGA [
P FL B ANV AR B AE AR (0 SR Be rh #R A8 T PR ], X AR RGAR .
= ZRAE
1. W TR, 'S BT s ik S 7R 1) VHDL F27 .

2. HregEs, B RIL Viewer WMIEZHLBKEG A 4L R,
3. SIEEE, HMEFEN.

To Assignment Name Value Enabled
in_ dks0M Lacation PIN_G1 Yes
0 dkinl Location PIN_A11 Yes
' key Location PIM_H1 Yes
24 ledag[0] Location PIM_13 Yes
24 ledag[1] Location PIM_15 Yes
2 ledag[2] Location PIMN_G4 Yes
24 ledag[3] Location PIM_12 Yes
2 ledag[4] Location PIMN_G5 Yes
M ledag[5] Location PIM_14 Yeg
24 ledag[s] Location PIMN_G3 Yes
24 sel[0] Location PIM_E3 Yes
2 sel[1] Location PIM_J& Yes
2 sel[2] Location PIM_H& Yes
2 sel[3] Location PIM_H5 Yes
24 sel[4] Location PIM_H7 Yes
L gel[5] Location PIM_Ha Yes
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i 4f C1k=50MHz
N s key XFRZEEBNIF K SWO
clkind o B A7 I B0 B % HH 15 % CLK_CHOOSE
Frhum 1 ledag[0:61%F NS 1 B IR 315 5 LEDTSEG_[A:F]
sel[0: 5] %R E I B A7 I 5 {5 5 LED7TSEGDS [0: 5]
4. T#E, RINTFR SWO 83 b, WEBNASEALGE E RN E 5 AR (A

B,
. Z2%EF
%
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I —F78. AT

—. EBRHH
T ARACIEAT AR L, VL3 SR BT RO R LED KT o 1) ] 8 A2 T 42
2%

. SEJRE

1. EARFEH

I BRERZ R, o, T O, e R—AM I Y
HIRZAFMERENR, o780, EunE R ERTGARIL 7 s T siR
AT B, MR ZE T 0] AE A e S @ AT i LA R A, AR SIS AN A0t s 17 ER Y R I
AR P EAT 1B L

BEMASLLS, AL T RSB KT A KA . ACSREG 75 5050 R
Gt LRI . IRAMTIASIEE L, “ 20074 SRAT47 . BEAT M. Hagim
ST R KN : VISR RN D MaIT G, R OMST =, Mt
BE LT 52, RGBS, R —BA S, RIGE OIS K, 36N
Pho MG TG, ZRPGEEHL0AT 2, ERrEACEE ST, AT R ITah
W, R —BA S, FALE OSEAT K, AT G INGR. NGRS TG,
DI BRI O 5, EE BRI,

FESEIS RS R )\ GBS A v AT B NSRS A SRR N A o 2R 7 2 AT R L
)3 25 N [B) 25 14 8 N30 A o RS S (I [R] S 72 S 7n M 29 28 27++++++2, 1, 04 29,
28¢++eer o FESMLRET AN T SRP R, 38277 7] BB KT TN R
2. LHAES

ARSI T 5 AT 55 LR BT — AT ER B S AT 4 4, S IEAT Bon SRS R
GLIILEDAT AL BAL T AT R SR B o R G Bl g 1% ) BB (1) LK HZ I
BT BRI B0 225K O 2Hz, -GBS B A 27 THz ikt BIA: 18D AR s — ik,
FE 7R I (RN T-SEP I i, 38 2277 18] R 3 AT DL 2Hz (AR IN KR« R G AR AR
b KS BEA T R A .

B RS BB B TG, BULE S FPGA (M4 1 HLEE,
PAR BT B BTG, SIS S FPGA T IREREAE LLRT A SEI6 Hh A0 i 1
PN, X EAEER.
= EHHR
L. Bt T, 9u'S R ss s AT 2 i 2% 2 30 3 7R 1 VHDL #8/%
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2. NTLES, F RTL Viewer WiZZHL & 4E B,
3. IHEIE, HiIFE.

To Assignment Mame Value Enabled
in_ ck Location PIN_A11 Yes
24 Display[0] Location PIM_13 Yes
24 Display[1] Location PIM_J5 Yeg
24 Display[2] Location PIN_G4 Yes
24 Display[3] Location PIN_12 Yes
24 Display[4] Location PIM_G5 Yes
24 Display[5] Location PIM_J14 Yes
24 Display[a] Location PIM_G3 Yes
?"5 SEG_SEL[D] Location FIM_E3 b=
?"5 SEG_SEL[1] Location PIM_J6 b=
?"5 SEG_SEL[Z] Location PIM_HE b=
9% SEG_SEL[3] Location PIM_HS Yes
MGl Location PIN_C19 Yes
M vy Location PIN_D19 Yes
2 Rl Location PIN_D17 Yes
M G2 Location PIN_C17 Yes
9L v2 Location PIN_E16 Yes
MRz Location PIMN_G15 Yes
in_ Rst Lacation PIN_E4 Yes

I f C1k=1KHz, X7 %5 =i B8 (1% H 45 5 CLK_CHOOSE
B NI . Rst XA RA MR AAF 5 nRESET
FrHiu : Display[0:6]%f MRS E 1 BR3I{E 5 LEDTSEG_[A:F]
SEG_SEL[0: 3] X} N #hS % 137 3% 545 5 LED7TSEGDS [0 3]
RI1. Y1. Gl f&¥Xf S LED2. LED1. LEDO
R2. Y2, G2 fK#X %M LED5. LED4. LED3
4. T#, MEBRENDE M LED LT #) B3

. Z2%EF
S
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i 1B, FMFRWE

—. S HK
T WMBT31 TAEJRER, &t SLHIIE T WMBT31 fiE & KAt 5 Bl il
—. SR

WM8731 J& Wolfson 2 mIHEH ) —ak miVERE  AIRDIAFEI = 5w RS0 o FL 5
JHI 53 B tn ] 34-1 FiR

pevoo (] 1 @ 28 [ ] pGND
cLkouT [ 2 27 [] pcvoo
Bolk [ 3 2] xT0
pacoaT [ 4 26 [ ] xTumCLE
paclrc [ 5 24 ] scLk
aDcDAT [ 8 23] soiy
ancire O] 7 2] csB
wPvoD [ @ 21 [ MoDE
LHFoUT [ @ 20 [] LLIMEIM
RHPOUT [] 10 18 ] RUNEMN
HPGNDE 11 1B:| MICIN
Lout [] 12 17 [ ] MICBIAS
HDUTE 13 16 :I VMID
avoo [] 14 15 [] AGND

K 34-1 WmM8731 5| K

MICIN &3k H 2 5o XU B E S N, LLINEIN Al RLINEIN 43 i) & 22 A5 £k 2% 35
AUE SHI N, LHPOUT A1 RHPOUT 43 il 2 Zc A & Wi ff) F %yt LOUT AT ROUT 45 1)
AR L LSS, ADCLRC F1 DACLRC 4351l /& WM8731 P43 ADC F1 DAC 1
e AT P IE RAERREAL, ADCDAT 11 DACDAT 431 /& WM8731 P ADC A1 DAC KA
Bl e REE T SR AT . W8T BRSNS N R . LA
N B ADC A1 DAC A& BT 1, AT LAG3 9 TARAE AN ] (4546 (8 KHz F1] 96 KHz ). WM8731
(1) A L B A AR 2 B AR, v UG RA R TAES & o R H TARERE 42 il
Fe 10 I 7E 7] Fe A AT A7 2 0 5 NAS B BB SR SE B

WMB731 BN ERLE A W] 34-2 Fran. MEH eI LUE H, 0SS 5 75 5
I, Zead — ANk ds, IS R ET A =AM, X =ANEE S 5K B T DAC,
MICIN, LINEIN. $R1M0, 1X=ANIE3E {55 &80T AR FELIET, X HkT- WM8T31 Hi i
AR A AE B IE . X TR JUANEIE, FRATERT LA Al E eI &, X2
T B WMBT31 PN 3 B A7 A MAE R SE LT . WMBT31 (& Alifar A Wikh 7=, —
FiZ 2R i, FIRIXSIEAHL CEIF ) LOUT A1 ROUTD; 55 Ah— R i w\ e
H, R SRIRENTE U 2w 4% (B H ) LHPOUT A1 RHPOUT) o [RIARERY, ATt ATl
VB WMBT31 A - 0 23 A7 s 1 ke 503 A H 38 2 1 R/
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WM8731

AVDD ¢
CONTROL INTERFACE
VMID
AGND
MicBIAS M;e?‘;;' INSEL, Reg 081 k.
RLINEIN woL MUTE
MUX ADC

+1210-34 545, 1545 Swns,
Reg 02

MICIN

, =

-

/ =z ¥

> i
g€ &

LLINEIN )—bIE

DIGITAL
FILTERS

MiC BODST Reg 088 5
T E
{MTE ] MUX ADC
WUTE
E 280

VoL
MUTE

+8 10 7308
148 Stans, Reg 0

CLKIN
DD ER
o

&8
3
o8
o
x |
52 (5

Regic CLKOD)

TUMCLK

s

HIP
DRIVER

12, Reg 100
CLKOUT —
CIVIDER DIGTAL AUDIO INTERFACE Bymass, Reg 0E
[Divx1, x2) I_g_g_g_i
OO0
[ E o ¥ 5] = a a_ a
3 3] et ) z 2 as oz =
=] o = [ =] a £2 S3& F
x 5 5] @ [} Q 8 = E s 8
a g 2 9

34-2 WM8731 WER&s

HPVDD

HPGND

RHPOUT

ROUT

Lout

LHPOUT

£ ADC HLES R I, A—NEFEAS, ERE AD NS 5ok B MIC H ik
7& LINEIN Hi N £ AD B2 /i, FRBKIE T DASCRAE S e . AL A ADC.

DAC Fl Digtal Filters Falitd & WMS731 Hi %11 & 23 47,

RE ML IR o AN S8 ) 5 5 2
SEHECEDS Y

EATHEEY

M 5% 12

SEPUAS B & A0z 1t 38 34-1 1 [ B ) A2 WMBT31

TEBLE W A7 A A5 AR A RO

0ooo100 0

Analogue Audio
Path Control

MICBOOST

0

Mmrnphnne Input Level Boost
1= Enable Boost
0= Disable Boost

MUTEMIC

Mie Input Mute to ADC
1= Enable Mute
0= Disable Mute

INSEL

Microphene/Line Input Select ta ADC
1= Microphane Input Select to ADC
0= Line Input Select ta ADC

BYPASS

Bypass Switch
1= Enable Bypass
0= Disable Bypass

DACSEL

DAC Select
1 =8elect DAC
0= Don't select DAC

SIDETONE

Side Tone Switch
1= Enable Side Tone
0= Disable Side Tone

76

SIDEATT[1:0]

0o

Side Tone Attenuation
11=-15dB
10 =-12dB
01 =-9dB
00 = -6dB

£ 34-1 WMST31 PN EBFEILEIE
1R “00001007 & 2917 28 (b,
n £z . MICBOOST &% o XU A5, MUTEMIC & 22 o XU

R 34-1 fion, Phmes

BB T AT A A SR

122

AE

52 20



T {H 68, INSEL J& ADC %1 N 355 , BYPASS 28 4% Fo P-4 N\ 4 Hi 346 i 3% , STDETONE
& 2 0 RV N 2 5 H e %, STDEATT 2 SIDETONE i83iE i 25 .
SR [R5 0 O, TR EEAE WMST31 £ b [ L N Bl AR A A N E 1

B, Rt TAEERATHR ZEIPRE, BATIEIX AN FE AT WMB731 HI4ufE . WM8731
(R gmAE 7 AP — o2 3 260720, — PP 2 467720, 24 WNBT31 B %E 21 i MODE
(A N A RTINS g R 75 SR 3 2Rl U7l 24 MODE (1% A\ A
I, 0 Hgm AR R R 2 edz il U7 s

CSB |_f_

sek [ F1FIFLFIALFILSALFIALFLFLSLFLELFLALD

SOIN [ &5 [ v [ o o [ vt [ avo | ea [ ee | 67 [ e [ @5 | o [ & [ o2 [ o1 [ w0 |
K 34-3 3 kit
3 L7 AU P & 34-3 s, g H 3 WM8731 ) SCB. SCLK. SDIN
B SDIN SZH NI HATHE; BL15. . OMRER AR bEAL; B[S, . 014 RN
G N AR N BIEAE; SCK IS SR AT B R 1 R 2 I 8, CSB 1 BTSSP &
178 N B 1 WMST31 BiAT
SDIN ‘:L\:l_/(RADDRx R\ ok £ iji%a\ Aok ,(TT;[BJ&T\ Ack :

START STOP
34-4 2 LgufE X

S58 240 1Y MODE s Htu iy, ol AFRATT 7R 2R 2 St T 2 et
77 B P 34-4 FioR.  gmAERS FH 2] WM8731 ¥ SCLK. SDIN % fl: SDIN J&
NI ATEE;  BL15. . 9MRRZF A4 b bEAT s BIS. . OJRFEWGE S N 1788
PIRIEHE s SCK =2 R AT 3 1 [R] 22 I

M 34-4 F AT DU X — s g3zl 5 U8 T 1°C s dedzs il oy 2. Bda e &
I 75 B — N IFARIRES , 24 SCLK Jyay B Fi, A0 21 SDIN pH /&y B P2 MK HL
HEHLRIE(E (start BAIBD . SDIN NP5, B2 TSR K 2 38 AR 11845
Hiuh: RADDR. WM8731 HyIEASHubEAT #IA~, LI i) SCB ¥ H HL P45 24 CSB
() EESF Ay v B I, RADDR 1% 00110115 24 CSB ) Ha~F 9 H~Fisf, RADDR
JBiZse 0011010, 4 WM8731 Yt B| IEAf 1kl (“0011010”) J&, 2x#4H: SDIN i
BONARHSE O BB —AN ACK IFRIBED, P iy = 45 A 22 A 00 1 SR Al i, )
Fon WMBT31 # A CURBNEM L, W DAARERIE S . WA RAKIEE, RH
START Rt ZIPIR S UG HES F— UG E . 28 1N ACK 2 )5, EBaHF4h17 SDIN
Ui I ROE AR BI15. . 8], KixTEEEE, BN 2 A ACK IR B, UL WM8T731

123




20 Hi— B T2 S B AL AT — IR BT, 45 28R TR i s I [ 0,
BNEIN 1. 55 2 A ACK HHIA], F1BEAATE SCLK LTI RISk, S AG SDIN ity I
RAS, DABRIA WNST31 HERit iy & EWh I EdE, SNPRK LI AYGHTE, RIE] start
IRSWERATRVGEMS . ZHUEA BI15. . 8¢ R ahih K ik, FHbESE T —HA
gk ST 06 /3% BL7. . 0167, dafr kiksete s, @G 3 /> ACK IR B, 1k
) (A5 BR 2 2 AN ACK BRI B —FE. 55 3 S ACK 4535, Al 45Ul s, s
WIbRE 2 SCLK 1) ey FESF AT, A IUE] SDIN i 1 HA T A HL AR Ay i BT o

WMB731 A WA 77 =X A= T AT 4, —Fh >4 NORMAL MODE, 53—y USB MODE.
7t NORMAL #5550, WMB731 i@ #8444 N i e ik R 4 7 A AR o, i st iy
Bf=E ADC Al DAC BEERIFRFERT B, AR, WMBT31 (1)) LR RAE Ze #2155
A TAVARAER, Rt b E e . 76 USB B0 F, 7520 WIST31 2t T{E i
MCLK, 7EIX AT, WMB731 ] DA™= AR aX JUFIFRAE (PR AE IS B o AR R T
EERIEH, BRATTET DAZE AR RO WMBT31 ZRARMIATHE T, SEIlREE A B 3g,
A R O B AR BB AT . % 342 42 USB i3l F, 4 MCLK 2N 12. 00MHz
I, AH A s (1 5 AN [F) R 28 R0 R A 400 o

SAMPLING MCLK SAMPLE DIGITAL
RATE FREQUENCY RATE FILTER
ADC DAC REGISTER SETTINGS TYPE
kHz kHz MHz BOSR SR3 SR2 SR1 SRO
48 48 12.000 0 0 0 0 0 0
4.1 441 12.000 1 1 0 0 0 1
(Note 2 |(Note 2)
48 8 12.000 0 0 0 0 1 0
44.1 8 12.000 1 1 0 0 1 1
(Note 2} |Note 1
8 48 12.000 0 0 0 1 0 0
8 441 12.000 1 1 0 1 0 1
{Note 1) |(Note 2)
8 8 12.000 0 0 0 1 1 0
8 8 12.000 1 1 0 1 1 1
(Note 1) |(Note 1)
32 32 12.000 0 0 1 1 0 0
96 96 12.000 0 0 1 1 1 3
8.2 a88.2 12.000 1 1 1 1 1 2
(Note 2} [{Note 3)

%% 34-2 USB B N AN AR AL 0 I AR
HL b, XSRS ER ISt WMBT31 N (1IN b FEL B AR 4 AN R K FF A7 2 25
XTI MCLK 738 J5 43 21 1 o 254M51 1, 72 USB #5230 , %5 BOSR=0, SR[3..0]=
“0000” , MCLK=24MHz, #5-4 ADC 1 DAC 753K Ff 2 )N 96KHz .
A, AR LR, WMBT31 ZEBEAT A/D A1 D/A F4ehf, K H BOE e A& st
o WMBT31 fEWITI, &Mk O rEgseft 7 4 MEHIEAHEIA: Right
justified. Left justified. I2S il DSP MODE. FFFfii#l2A4TiEER, H
SEEERAE R, AR A AL BEA—FE . RIS A 12S W&,
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K 34-5 /& I'S il EME R & .

1ifs

LEFT CHANNEL RIGHT CHANNEL
DACLRC/ — | 1
ADCLRC
BCLK e e e N | I
P 1BCLK 4 1BCLK i
DACDAT/
ADCDAT 1 2 3 nz|na1| n 1 z 3 nz|n| n
MSB LsSB MSB LSB

K 34-5  T°S JE{E A0 5
&l 34-5 ' DACLRC/ADCLRC /s HREHmAI A E Cal R AATE, KH
SPRFAFEIED, RETHA—FE, G FEEHIEErT MSB 7E/T, LSB 7E)5.
AN MSB H B R R FFUR B 5 2 AN BRI (TR B R o 22 40,
JE T EERM R KL, -, E ARSI, 7E USB B30, BCLK ARG S
T MCLK 85 . |11 WM8731 [ ADC A1 DAC W% 745 SH & AT, B, 7
ADC (1) %040 i H it £ DAC P50 S N i 23 1) 75 B2 50 TR AT B S R 5 o e e

=, ERAR

1. B TR, 405 3T WMST31 [iE % KAE 5 B 5% VHDL 727 .
2. IMrLES, P RTL Viewer MEZ LIRS 4R .
3. SIBE, MPEIERD.

To Assignment Mame Value Enabled
in_ AUD_ADCDAT Location PIN_B19 Yes
in_ AUD_ADCLRC Location PIN_A19 Yes
i"'_->_ ALID_BCLE Location PIM_A17 Yes
24! AUD_DACDAT Location PIN_B18 Yes
in_ AUD_DACLRC Location PIN_A18 Yes
_i':'_> AUD T2C DAT Location PIM_B20 Yes
9"'_-t> ALD_T2C_SCK  Location PIM_A20 Yes
?"'_—t;, ALID_MCLE Location PIM_G11 Yes
in_ KEY[1] Location PIN_R14 Yes
in_ KEY[0] Location PIN_T14 Yes
i"'_->_ CLES0M Location PIM_G1 fes

i 8h CLK=50MHz

B N 12 KEY [0: 1] 0 S22 fi$2 8¢ KEY1. KEY2
AUD_ADCDAT X% WM8731 [ AUDIO_ADCDAT
AUD_ADCLRC X% WM8731 ) AUDIO ADCLRC
AUD BCLK X5 WM8731 ) AUDIO BCLK
AUD DACLRC X% WM8731 ) AUDIO DACLRC

faithvm . AUD_DACDAT XJ 5 WM8731 ] AUDIO _DACDAT
AUD MCLK %} WM8731 ] AUDIO MCLK
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AUD T2C SCK %% WM8731 ) T2C SCLK

SUA{ZES: AUD 12C DAT %J)% WM8731 [ T2C SDAT
A FHE LR 324 v A A AL S SEIG R G R B Y LINEIN 4860, FEHL
EFESLIG RS AR E) LINEOUT #d4L; R 3k, F MR MP3 & &, Ird 3
ARG LR EHNTR_REA & Rt AREAfZHE KEYL. KEY2 75 & RIS =5
HRZN .
. SEZREF
e
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