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¥ 3% 5 1F 7 A~

A 1-11 &2 Altera 23 ) Cyclone |l &% FPGA N —~% #8550 Ay 3538 T /EFA = 7 B
K. —1 LE FEH /1 &#H £ (Look-Up Table, LUT) . —~2F £ as VA M JE A7 1 B K %
AN, LUT AFZE—41 RAM. &5 T 1A 800, T8 — /DR 1Y 2 55 R

B B BT AR T LA — A~ 0 50 1L /E hix ooy h . H AT FPGA th 2

4 5 AW LUT B PARE—4> LUT T DUE B— 1 4 fibh bk 2y 16 X1 8 RAM, 5/~
o J PR R AR R S (HDLD AR 7 — N2 8\ i L5 . PLD/FPGA JF & B
SHITHEZHBET ARG R JFHEERF LT AN AR IT(RAM) H, X
FE R E A — MG S T E s LA Y T A — A H bk P 7 A 2R, FR O Hb kX R Y

RIS IDSP Rk S RSN Upe RS S AR TR RS LTI

sload sclear
(LAB Wide) (LAB Wide)

Packed Register Input T

J U

Register chain
connection

datal EW } D
data2 ®

— ENA

data3 Four-1 rnqput CLRN
cin(from cout LUI 0
of Previous [.-F‘_I.:l CIDCk(LAB Wll.l'-.--') .

data4 ena(LAB Wide)

aclr(LAB Wide)

Row,Column,and
Direct Link Routing
Row,Column,and
-— Direct Link Routing
:|—— Local routing
o—

Register

[—

Register Feedback

chain output

Kl 1-11 Cyclone Il &%) FPGA N iE %8 .50 1) 3% 18 T /E #6253 A

.15 H A% A &%
FPGA 1] 4 #2450 M Ho oy FHAE % A6 B 1IE 2B Sk AT 457

L SRR T A

PR A, 2 FPGA IFER (R 5 BT R A AR & 5t . & HTER O B8
F (Application-Specific Integrated Circuit, ASIC) & —F N5 1H Ay 1 5 71 /Y 42 i H B
s Tg AR E P EOR MR € W R G a B vt il Gk i 5 i . ASIC g1 A 2 E
il A ] . BT ST R S AR A L e B BT TSR TR O B A L 4 E R Y

ASIC &5 B Refs H 2k 2 HI i ASIC s Bz fr pr s b, 2L g2 &8

)

|2 H O JE B Y

i ifE 12 B 50 (Standard CelD) , B i iF AT LU s 1 32 38 5250 JE v 358 5 /s AR B 1 H 6
(Small Scale Integrated Circuit., SSIC) ., H # £ 42 B B B§ ( Medium Scale Integrated
Circuit, MSIC) KU 18 B 77 it A EL 2 AR Gr g B (A 3 32 4% | flefzs il 4% 55) 7 1P #% 55
[T H B L7 AR R T /NI AR R B L R AR L AR AR R T b MR A A B . X ML aB i A
LU & Jrse 5, i oy vl &8, Bt & T DL T i 2 il R ge i it . ASIC 1Y

.
1
i
KN




FPGA #t F 1% # 3% 7f

FF 2 T H) 4F € FH P B9 5 2K . ASIC 7E it 2 4 7= i 538 H
DNFEEAR AT S B s R = IR 1

FPGA #1 ASIC HAj#R&H it my 50 r= &, & AR ERFr ke 1 H
AR . ASIC — g HH T K% = o b FPGA — g e /Nt 59 7= i i b
FIP= & T A& B B S 3, B P ZE 11 rd i Ase mT DL R 36 e

S R B HE L B IR BB /N
gk A FEARSF IR

1.2 Cyclone I &% FPGA

.21 sk

1.2.1.1 Cyclone I %% FPGA &t

Altera KA Cyclone Il &% FPGA £33+ 1. 2V.90nm Y SRAM #lli& 1. Z Mk it
B B & ik 68K NB B IL M 1. 1IMb Jr N RAM(M4K RAM blocks) . i N ik
ik A T CRERPERE DSP N H Y 18 XX 18 i 3 i a% - FH T %8 ¥ 3 ¢ i B 19 81 4H 25 (Phase-
Locked Loops, PLL) F1H T 3 #f SRAM it i J& DRAM ¢ | i) 15 i 2h &l A7 il s 4% 1,
Cyclone [l #1430 SCFRFRAAS L7 H A s DL Y 25 Fh b sl A2 i e 122 1 A0 1/0 P, Cyclone |l
FAs R DUHAR s b ET g 3] 72 e H .

Cyclone [l RS H B EEZEGEILE 1-1,
5 1-1 Cyclone 1 &%k /148

i Bk EP2C5 EP2C8 | EP2C20 | EP2C35 | EP2C50 | EP2C70
LE # H 4608 8256 18 752 33 216 50 528 68 416
M4K RAM blocks (4 Kbits
Total RAM bits 119 808 | 165888 | 239616 | 483840 | 594432 | 1152000
Embedded multipliers 13 18 26 35 86 150
PLLs 2 2 4 4 4 4
Maximum user I/0 pins 158 182 315 475 450 622

1.2.1.2 Cyclone I % FPGA &R &4

Cyclone Il &5 B N &% 58 o0 D47 9 B9 IE X HEA il — 4832 55 % 41, 47 . 41| 22 ||
A KERNIPIEL, ENES T ZEEY)H (Logic Array Blocks, LAB) | i N f7ifi 7 Al

RNk Z BT E S 1Lk .

%] 1-12 4 Cyclone Il EP2C20 #y.is ir W &R AHE B, HAb [R] R A B8 h a5 52
AL

ZA RS LAB A, B4 LAB &% 16 M2 HEIT(LE) ., LE 2 —1THTREKS

"-.n

W2 IR e/ D2 R . LAB HERL 475 B4 43 46 T
ZHos T EAR 4608—~68 416 I~ LE,

# A~ FPGA s i . Cyclone |l



PLL I0Es PLL

Embedded
Multipliers

Logic Logic
Array Array

Logic Logic

IOEs Array Array

10Es

M4K Blocks -—

PLL IOEs PLL

& 1-12 Cyclone I EP2C20 its 45 ##E [&]

¥ 5 35 1 5] A

= M4K Blocks

Cyclone Il 5.5 #2487 — A2 mErapr A 4 S8iAH7A PLL, £ /2N H 16 4>

4 Jry B

be {15 i

0K B, 9] A AR H B2 T (Input/Output Elements, IOE) .LE. K N

VKN, T AR BB R B R GE R Bl . 4 B BRI AT LA DN e B B B AT BT

e 125w Ay

NAF s A . Cyclone II R 50ESA A PLL FI T4 e F i b, 491 4 ik
KSCRFR# 2 1/0 M5k i 3F

M4K 17 it 78 B 2 B F 59 W 1 A fig a8 . & A 4Kb g =

4608 i)
250MHz

A NPT LIAE N
H T AEM 0] 51k 250MHz,
G A/ Fi BT HESFE Cyclone 11 38 & 47 /50 9 7

] A7 i 1 B 2 Rl 3t

) A A% L

,Lﬁhﬁ%%‘#iﬁ_f{/ﬁﬁ;éri_ﬂmuﬁft fa] BN s A X T AF B AT g
1 36 o7 96 B B0 . XX SE BT 0 b A& 41 o, AR - A e 0 b A
1 LAB i a] . Cyclone Il &40 B3 &H 119~1152Kb Byl N 1Efig#s .

S| BAHE , S22 P E LR B B 22 0 1/0 il
7% 1-2 &7~ | Cyclone Il &Y a1 5 I8 BARG$E £ Cyclone Il &0 R NEPEY

AN 18X 18 {57 1 36 = 5 AT S 9 X9 57 1Y) e 12 a5 1 HH
H N T g 7E o N A A HERLE I ) LAB 19 [a]
R Vi » 20 AR TR0 g P JE L A 1/0

N M4K fEfiE e A N T 25  PLL HLES &R 28 A HE i 1T 5120 H .
% 1-2 Cyclone I 4 &HIE
mHES LAB % LAB 1T LE PLL M4K RAM | K N5k %28
EP2C5 24 13 4608 2 26 13
EP2C8 30 18 8256 2 36 18
EP2C20 46 26 18 752 4 52 26
EP2C35 60 35 33 216 4 105 35
EP2C50 74 43 50 528 4 129 86
EP2C70 86 50 68 416 4 250 150

;
1
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FPGA # 5 1% #% % 7t

1.22 3 8/ & 7,
B IL(LE) & Cyclone 1 .t5 A vp 4 Bl FH P 2 35 # i) de /D2 SR 45 1, B 4510 &
e AT T P AR S 2 P O B . T BT AT B R B
(1) —/~ 4 5 ARy A % % (Look-Up Table, LUT) . 1 24 F— 4~ pR UK 2 2% . 7T L 9K
THEE— 14 A RNHSZEHBEK.
(2) —> 0] i B2 35 A7
(3) — e i,
(4) — A~ A an ki 42
(5) BEMEIRBN P AR M LI . AT ik 47K P B0k, A fran i LM LI T 0K
(6) SZFFAFfFarT] 0 (register packing) F = .
(7)) ZFFa a5 .
A 1-13 B~y — Cyclone Il ByZ 5 H T,
B— LE B0 92 s ab 0l LAECE N D il &% . T ik 2w \JK fil A& 2% 8% RS il %
o B — A7 AP data.clock, clock enable #ll Clear S840 A vm . 2 H 4 Jay B5F 8 M | 18
FH 1/0 5| 8% & AT 4] N &8 2 35 i 5 5 AP 0] DL SR 8 &7 77 4% 1Y clock M1 Clear #1455, i
H 1/0 5| AN 2 B 55 RE 9% K 2l clock enable ¥, 1E N4 & 22 08 FHEF, 257 fF
B 55 B, AR R IS LE faiih
A LE A =>4 o . o1 5 FH T 5K 3 A< Hi fTTiFﬂﬁ‘HEé‘fb%ﬁfmulmg resources) ,
LE #) =i v b P FDR IR sh 17 A e R A — D RPRIEh A B IR i 4. A it
7= LUT b A& A7 A7 aim b 0] LA B 3R 25X — 150 H v » 0 0 LUT 3Kz — 4% H v 1 27 77 #ir 9K
S AN X —FFPERR N B A AT 80, A LR 3R M3 A 2 70 ) 58 BOAH B0 7 1 T BE
XFEPEE oo g HERE . JIE M ay feas T B Y, LAB [5] 25 2645 5 Jo Rk .

1.23 K AB#E

Cyclone [l F WAFfig#sy H 291 M4K frfigantd il , MAK fEfig s RN S A W 225 A1
o A B A7 A A YA T UK TR = R g ke . A A e ol DASg i . [H &

W AT AEar ANRE, B M4K fAfig#s ] DI AR A BC S O 3 A5 2 X0 RAM, fij 8
W RAM. BT RAM.ROM 5 # FIFO Z7¢. M4AK fEfEss A 10 F Bk .

(1) 4068 fif RAM,

(2) 250MHz T AR %,

(3) EHIEX O HfEws .

(4) ] B X A7 fifi o

(5) BT iEae .

(6) FH{HaEE.

(7) AL,

(8) AL AFfF4%.

(9) FIFO Z& 1%
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FPGA #t F 1% # 3% 7F

(10) ROM,

(11) ZFpaf e =L,

(12) Hbhk s f BE

7% 1-3 W& Cyclone |l &% i A ) MAK 7748 #s B0 F AR Js i O

F 1-3 Cyclone [ ZFEF AR MUK FHRESBEENHEBER

o ) M4K 51 & M4K M it RAM L #
EP2C5 2 26 119 808
EP2C8 2 36 165 888
EP2C20 2 52 239 616
EP2C35 3 105 483 840
EP2C50 3 129 594 432
EP2C70 5 250 1152 000

%2 1-4 MEET M4AK 1RG5 B v .
Fz1-4 MAK FHEERSsM

Hr k3 % iz
B = PE BB 250MHz
4 M4K /B8 RAM {7 (&
BB ) 1608
4K X 1
2K X 2
1K X 4
512X 8
2 RFHACE 512X 9
256X 16
256 < 18
128 X 32(E XN O F LR
128 X 36 (EXH B L&)
R 1 I o TN F W — A AR R B A, PR I B 1% fa 09 1 7 1
MAK fFfiEes %45 1.2.4.8.9.16,18. 32 M 36 (i BIEBE A, FHf#
¥ {HRE Be v AL IFH AR RN R EMN B GEE . RN TS AFTHAE. K
bR BE AN FIRFAZL
b MR PN B O A7 fig ax &P O B AT B N, H R /N SF T 80 E /N T M4K
RAM () —24 ,IF 4 X W4~ RAM 0] LL#H & —4> M4AK i [
S e [ B M4K FFfig e T Hpnb e g . E B BEE S B ZRT,. AT L — &
y (35 2 BT O MRk . X — 451 T AL BE cache B FH A 0 %5 35 i 25 ) 50
. W M4K i 2k i% B oy RAM 8 ROM {8, 7] DA X A4~ S04 %0 th
A1 2 ) W Ak SCAF (o mif) 7 5 o g 1 2
T e, 2 44 R T
R e Hith it Ffranin &
5 B} 7] v 52 B EE TR BF B IR B AL
5 R G 4w 3 IH £ 45 72 5 8 B IR B AL




¥ 5 35 1F i) A

5 1 A

TiE% . R i A ar B ELB) F — Il im BRI AR %S, MAFEEFESIEHT

1T 5 A B A7 s B e AT G o B9 53 22 18 205 5 S BIVX a0 A 77 77 s ik

AT AT A I R AT A 1 57 22 T8 205 5 X B A A7 An L BT i %
® 1-5 B4 1 MAK fFfifi aw SCRFRUAN [ A7 Gt an TAEBL A,

£1-5 MK GFRIFIZIFHNARBFESE TEER

FiEsmER M
L AR R YA EFBHES i, MAK 745 2% 7] B b 8 0 4R X
] B X T A7 i e AR X ] B H RS FF RIS (—E—5)

{5 58 B iy ] B0 O ARl | B2 %5 6 AN [R] B9 280408 B 52 Y g B2 00 10 A X

LU A7 il A B 5K

HEWAOER ZFEMASH N ORE . AN EZO . WS O FEA
AR B RT B — O f—45 O

RERmERNENOFEaaREK | 25 6 A R 8 BEE % p 2 DH R

R A B A7 an AT B80T FRIE S B0iE . b i EE
ROM TAET ROM #= ,ROM # 1N 2 . mif X494 1k
FIFO 4 ph 58 FE M4K 17148 25 7] UL 52 31 B2 B g 5 XUES 8 9 FIFO, X F 2 /)

FIFO A ik T R B iES

7 1-6 B4 T MAK f7fifi e S 09 A [ i p TAERE = .

£1-6 MAK FHREFBEZFOAERHTEEK

o g 4 %

o SRS, MAK 77 55 28 0 A543 11 G 11 A 158 11 B) 5545 — A 3 37 69 1 4
N B A BRI T A B0 T AR BB B I 1 B (0 A A
FIAEEER A FI B, — A BT 1050 A 25 77 55 24 2 0 0 I SR 40 A 5

AP | s 53— B MAK 775 58 9 45 6 4 25 77 58

| AT A P B T 5 ) B 8 A 5 B S 5 e

37 .

B AR MR M

ot R L — A B 5 L B 15— 2 P T 45 77 B 58 B 1 4
FEE AR AT R

® 1-7 W T MAK it ae RAEA A TAEBE R SR AU B 3 T AR R 2

F®1-7 MK FESAEARNEFHESFITEREXA T ZHORS TEEREK
B #h | X BEXO#ER BEXOERK BO#EK
T8 57 B AR =X J
i A\ B g 5 J J J
5 B 3K J
BB P 5K J J J

;
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FPGA #t F 1% # 3% 7f

.24 R ARESR

Cyclone Il &AAFFE SR Nabir A 7Lz . $2m | FPGA WA Z A BEGE J7 .
Al R AT BRIk e e 15 CFTRO 8 I PR o 4 L i A8 36 (R T i s 5% A8 48 (DCT) 8§32 5.
RN AR A PR HIE L.

(1) —A~ 18 LSRR .

(2) WAL 9 P iEar .

R #R I TAEM EA] & ik 250MHz, B —1 Cyclone Il .5 &84 1~3 51 F
NI A, BEIDFE AN~ LABSFE &, & 1-8 i I Cyclone Il ith b B9 3fe & A%

@
£ 1-8 Cyclone I B FEEZINTH
o 15 FERETH FiEwmIE 9X9 JE ik 18 X 18 & % 25
EP2C5 1 13 26 13
EP2C8 1 18 36 18
EP2C20 1 26 52 26
EP2C35 1 35 70 35
EP2C50 2 86 172 86
EP2C70 3 150 300 150

HNREAREA L FEH K 1-14 Fras) .
(1) FiELmtsp,

signa
signb
aclr
clock
ena
l vy
Data A — D Q
—|ENA \I = Data Out
— D Q /,_,J
! —
l CLRN
Data B D Q T ?
—ENA Output
b _ Input Register
CLRN Register
T

Bl 1-14 LA



¥ 45 35 1 5] A

(2) % A F g i 25 A7

(3) % A A H 3 1,

N 3 =2 1 P B0E S A S Data A A1 Data B A5 B0 57 . 0] DL 5 50 AT A7 528
MIEFFZZ, BN 0 H signa #1 signb #2541 VAR BAMF TR, 0 TR LM 5L
4 91 H A g [R) Dh JC A S RO B O A S G A L AN SR — e A v 2 A A B
2 EAMN TR, BrFESE Adm RA —1 signa Al signb #4ill , AL TE 9 X9
KT, Data A fil Data B #9%4i A S (FIS 9 X 9) B9 FF5 380 5E 21— (R A 1755
R WhReE ) O

B—"THWEEZA 5 TEFE S, Hp signa #l signb FH 1% & 5 AZE N 5 )8
P, 3 b clk,ena A1 aclr FH T4 — 1> 3€ 35 4% N B BT A3 27 A7 4 .

1.25 #H XN H &

b AN S A (TOE) 3 33 tn T 44k .

(1) 25 F B 1/0 PR

(2) 3.3V.64 f1 32 {7 .66 Fl 33MHz iy PCl1 11 .

(3) 3ZFF JTAG(Joint Test Action Group) #l BST(Boundary-Scan Test) ¥ .
(4) AR 5% 0 Fay O 2 45 4 BE 7 .

(5) BCE R R 2R/ R FE,
(6) =%,

(7) SRS HEFF H # (Bus-hold circuitry) ,

(8) Nif FHAR =t , | o o BH. AT 4w 72

(9) % A% SER] ] gy A2

(10) Pt T % S o

(11) DQ #1 DQS 1/0 5| |,

(12) VREF 5|},

Cyclone Il %% FPGA B 10E &8 —/~&a) 1/0 2% vpds fl =25 {785 . H T 52 N
B E B R £ . B 1-15 B8 T Cyclone Il 9 10OE 4545, 10E {2 & — N4 A3
fram  — i B AV A A A — DN L RE A A . M A BV A7 4% 1T LLH R IR setup B[R], 4
75 A An AT LA R I clock-to-output B [6] . 5 b, % {68 27 77 4% AT DL Ok i i
clock-to-output enable B[], 1OE A DA &~ A it 5038 X))

Cyclone Il #8F XL Fh BLsm 240 1/0 b DL KB DML A RS TF &
N T RGN R,

Cyclone [l #% 4 32 ¢ % v 1/O #p i (Fl @0 LVTTL, LVCMOS, SSTL-2, SSTL-18,
HSTL-18 ,HSTL-15,PCI Hl PCI-X i) DLk et B HAth g5 4 . 2 FPGA 5 HAth = 2%
FEfE 244, 2 BUA% %03 R (DDR il DDR2) SDRAM F1 QDR [I SRAM 2544, —i2 T4F
N, B 1/O PR ERE N CEER K, % 1-9 9 T Cyclone Il #51F W 19 835 1/0 45 1
T SZ FF 19 B R RE




FPGA #t F 1% # 3% #F

Logic Array
l OE Register
OE ]
D
l Output Register
Output j [ K>
D
&
Input |—= r//
Input Register R

Kl 1-15 Cyclone [ B9 IOE 454

3 1-9 Cyclone [ S5 8w I/OFREZFF

I/0 #R 4 HE B A W M
3.3-V/2.5-V/1.8-V LVTTL 167MHz if Ff
3.3-V/2.5-V/1.8-V/1.5-V LVCMOS 167MHz if FH
3. 3-V PCI 66 MHz A NI (PC) L ik A 2N FH
3.3-V PCI-X 100MHz PC, #x A =0
2.5-V/1.8-V SSTL Class 1 167MHz 1 o
2.5-V/1. 8V SSTL Class Il 133MHz/125MHz i 2%
1.8-V/1.5-V HSTL Class [ 167MHz 7 o
1.8-V/1.5-V HSTL Class I 100MHz FFi 4%

585 1/0 frR
W% T3 (EMD L F

HEFEE . Cyclone I #4122 7015 5 P 58 4 i M2 5 28 FR L 7= A2 B IR Y
SRR T IhFE. 3 1-10 5 1 Cyclone Il #8489 243 1/0 5 iR i

SCRFRY B AR TPERE
#Fz 1-10 Cyclone [ S5 ES I/ORESZF
1/0 ¥R 4 HE ;2
LVDS 805Mbps iR, 622Mbps % 1% ¥ O B B B O N L K Bh
mini-LVDS 170Mbps 18
RSDS 170Mbps i#H
LVPECL 150MHz T 6 #h i A
24y HSTL 167MHz FF 15 %
£ 4> SSTL 167MHz e s
AT LA A B FPGA 137 | .Cyclone Il #5449 1T FPGA TEAK A L KAt =2 W



¥ 3% 5 1F 7 A~

AU f @, FPGA W4 A AR T4 W H . 7T LLFE R 48 v $A7 1R 22 O 8 4 4b B AT
55 . HE3E FPGA ORI Z N F T R G i AR 2 . 4 R G we K W+ & A7
fiti i of PR FPGA W25 BA7 AN A7 it e R 32

Altera Z&F P Cyclone #4432 %1 , i 12 Fll 55401 5 1) 77 i o8 AL N 7 A4 . i R T
HH P RE WS K i Fr A i s e 1F £ 3 2 Cyclone |l &% FPGA, Cyclone I #5154 8% 1% 11 5%
M RE S L — > B O, FOAUE &l 3 %2 (DDR) \DDR2, H.4%# %2 (SDR) SDRAM
a1 LA M D5 2R 3 22 (QDRID SRAM g5 44 dE 1738 17 O ik P 2 o] 52 1 20908 4% B - 1% S
g = iA 3] 668Mbps, JF & A G Al DIAE JLr 80 B 4E it SDRAM Hl SRAM 254 2] fih 4]
PEG D, MIETF Cyclone I LB BLRL Y IP #HHI#FZ —BEizfr. £ 1-11 &4 T
Cyclone || ZMabAAfigias e 0 S FF.

F 1-11 Cyclone Il S 4 ZFHIEFMHESIEDO

FEHEAR I/0 tR# KSR B K B 9hiE B By K 8 18 i &
SDR SDRAM 3.3-V LVTTL 72b 167MH? 167Mbps
DDR SDRAM 2.5-V SSTL Class I , I 72b 167MH? 334Mbps
DDR2 SDRAM | 1.8V SSTL Class I 1 72b 167MH? 334Mbps
QDRII SRAM 1.8-V HSTL Class 1,11 36b 167MHz 668 Mbps

1.3 DE-70 F&XFE &

1.31 4 2 Fe 48 14

Xl 1-16 Fr7n o DE2-70 JF & A @9 88 5 B s i 1 1 & M iy A Jeg DA K bl b O 8 21 14
ISEVAE

DE2-70 JF &t b H P S 7 Ok s B 4 115 T 2 38 AT LLURR A #h 52 38 2 2 1R 1t
i H .

DE2-70 JF &t 42t 1 an T A 4 e & .

(1) Altera Cyclone Il &% 2C70 FPGA s v .

(2) Altera 2R AL E ) EPCS16,

(3) HT %A API ¥4l ) USB Blaster (FE# ) ; 32 FF JTAG F1 Active Serial (AS)
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Licensze file & not specified.
i : 5 Select one of the lolowng licensing options to get slated:

Select one of the following options
" Pedomn automatc web license ieineval
T If you have a vald icense file, specify the location of your kcenze file

L oKk |  cowe |
Bl 2-7 license #EFE

e A A H Y license R . REE = — DM license SCHF FEAE 1Y 52 78 HE
TERERIY license SCHF IR R I NE & . “ER B Y license SCHF— MR A7 7E ik 55
ar b 08 7E 2 56 1Y B 50 R R i DL A% BE 98 1 Wl b & B IR 5 A% b B Quartus I TAER
m T PP ay“Tools—=>License Setup” . 3 H 40 B 2-8 Br 78 B X 5 HE , 7E License file =
A IEWI W license SCAFHLAE . B 5 “ OK ™ 4% 41 JE 17 IAGIE .

Options [il
Category:

~ Liosrae Set ]
- Processing B

-~ Global User Libraries (ANl Proje [I__inense Hla: [| I

=1~ Assignment Editor
- Colors ™ Use LM_LICENSE_FILE variable:
- Fonts

=1 Black/Symbal E ditor Current License

- i Web Licensze Update
- Colorg License Type: Full Yersion

i ) Fonts Subscnption Expiration:  2037.12 Begin 30-day Grace Period

= Chip Plannes Hast ID Type: NIC ID

' Colors o e

| Fonts j Host 1D Value: 001 abbE0ebba

=] Design Partition Planner 7

-~ Colors Licensed AMPP/MegaCore functions:

- LogicLock Regions Window Vendor Product Version | Expiration

B Hﬁf;w E ditor Altera (BAF7) Nios || Embedded Processor Encrypted output (0082)  2037.12  31-dec-2(

- Forits

I:—‘.-- Messages
- Suppression
- Colors
- Fonts

=] Netlist Viewers B

- RTL Viewer < I bl

Technology Map Viewser
Colors — Local System info

o Fonts Network Interface Card (NIC) ID;  {007126bE0ebBa

=1 Pin Flanner

. Fonts C: drive serial number; ccfbdc3a

- Programmer

=1 Report Window Software Guard ID: Not found
- Colors

F D:HETE Dby Bl bl

£ . Ed 0K, I Cancel
A
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WIESE A s A Quartus I B TAESR . @& 2-9 Fron . AP AT DUR$E A & YT 2
FIIFAR N 30 B Lt m] DL VE A TAE S .
B S B “File>New Project Wizard”. A H & i iHE . — S8 7 B I35 38 & B i
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DEEHG S b BR oo
Project Navigator =
Ly Compilabon Hisrarchy i

Getting Started
With Quartus® Il Software

SyHerarchy | B Fles | of Desgnlinits |

Tasks

Flaowe: |Eﬂ'l'1:ll-:|l1:ﬂ EI | I I
Start Designing Start Learning 5
L= _ _ sion 12.0
EN S r— o PR L e, e -
& P an: lysia & =
& P Fitter (Place & Aoube) Create @ njec
= aembler {Generate program (Mew Project Wicerd)
- W TimeQuact Timing Anal
- W E0A Metlet Wiibe
B _ 3 Wiew Quartus i
{ - @ Frogram Device (Open Programim Cpen Recent Project: ¥ Information
Exle 1mu2 1 mux2.gpf
(] 1 Exle A/ mmusd 1 ionmi <41 g
) Cole limuxdd.gpl
z X W <<Searchss ExlexeN0fssramdio ssram.gpf
w .T'!,l'pel Mex=zag

i |
ET Syabem M\ Procesging /Y Extra Info /% Info /% Warning /\_Crifical Waning % Eror /" Suppressed /) Flag f
*

Lescaticn: Locate

0%  OO:OD00

K 2-9 FTH Quartus Il TYEFH B

New Project Wizard: Introduction

The New Project ‘Wizard helps vou create a new project and preliminarny project settings, including the

fallowing:

* Project name and directory

L Mame of the top-level desian entity
* Project files and libraries

* T arget device family and device

¢ EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with
the Settings command [Assignments menu). You can use the vanous pages of the Settings dialog box
to add functionality to the project.

£ Quartus I1

File Edit ¥iew Froject As=zigoments |

[ Hew. .. Ctrl+H

& Open. .. Ctrl+0 IR P
- S [~ Don't show me this ntroduchion agaire
|_ ose |_ t:_ % ||||||||||||| =re rerrm rrrrmrrm ey srames -

Hew Project Wizard. ..

@ Open Project... Ctrlt]

Conwert MAX+FLUS IT Froject. .. < Back I Next > I Finish | HOiH I

oave Protect

& 2-10 &g H K 2-11 #ramBE TENS

B “Next”fZ 48l . E A TR A TR 2RI E . K 2-12 Fis.

TES — 172 TR AR I e 8, BN L FE W /& Quartus || WY& %R 15 P 8 & T2
) P

TE: " AR AR T I ARG ERA AR AN T REB R T . L FR2% 42
IHAEALELRKBRFT . ENEGTHIT AT EFNH/E—ANTAHFB X/BRE,FHE
oy BT R A2,

EH _ATRMATREAK. 2N -1 TESEACH TEERTIHE -1 CHk.F
TARAE I T R BT A S
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New Project Wizard: Directory, Name, Top-Level Entity [pag... X

What is the working directony for this project?

|D:"»ea-:e'\teﬂ_anl:l _I

What ig the name of this project?

|te3t_anl:| _I

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

Itest_and _I

Llze Existing Project Settings ...

< Back I Hext > I Finish I HiE |
A 2-12 ToJ= Sk 48 B[R] T30 H 44

5 =475 A T AR Y T2 SR 24 3 B gy A9 TR SEAR 24 75 2 Jm it SCHAF Y Th
J2 SEAR 22 AR TR RN B T2 SEAR 24 5 TR 24 AH 6], FH Pt AT DUAR 40 7 2 5 AAS [R] A T )= 52

(LN

FE., IBELFRTMEERLTURIBEOACH IR L A2 LM 2 R L FHIF K, %L

%ﬁ HF AT R &6 HAE

TR AFE T ARV F T K.

as

I T A

I 25X A SO (Bl an HDL o 5 SCHF B 3R B SCHRD IR 20 n] F i R SCAF

_T‘ﬁ .

wib ., FmmkE 2-13 i, WRAHPZAEiE 88 i K, F

, LRI ERTAENKELF L, RER P L4 8, R

- H 2T

o WA A 5T A B SCOH ) B Next ™ ¥4 ] 4k 42

New Project Wizard: Add Files [page 2 of 5l

Select the design files you want to include in the project. Click Add All to add all design files in the
project directory to the project. Note: vou can always add design files to the project later.

File name: | Add

File name I ib. .. |Design entr... |HDL wersion Aadd Al
Hemowve
Properties
Up
Do
3 i | B
Specify the path names of any non-default libranes. IJger Libraries...

¢Back [ Wext> | Fimish | B |

B 2-13 @i

a5 m )
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KM E A2 Cyclone Il & %1 EP2C70F896C6 s /v, Fr L iX E

EP2C70F896C6 , Il

v EDA T H. X Bl LI
P M55 %8 = EDA T H. X BEIAR,
“Next”fZ g4k 22, an & 2-15 frs .,

@ ¥ew Project ¥izard TTTTTTT«,T/m/mm//MMMTTTTTT

Verilog HDL , BT

L
=
ol |

g’ 2'14 P]ffﬂ_:_\‘ o

New Project Wizard: Family & Device Settings [page 3 of 5l

Select the family and device you want to target for compilation.

EDA # K2 &l %017

X

— Device family — Show in ‘Availlable device' st
Farnily: IEyn:IuﬂE: I i Package: Any |
Devices; I.ﬁ.ll v Pin count: Ay -
e Speed grade: | Any 1=
" Auto device selected by the Fitter [V Show advanced devices
(+ Specific device selected in ‘Available devices' list [~ HardCopy compatible only
Available devices:
Name Coev.. | LEs Userl/.. | Memor.. | Embed.. | PLL |
EP2CTOFG7ZCTY 1.2V EE416 422 1152000 300 4
EP2CYOFG7ZCE 1.2V 68416 422 1152000 300 4
EP2CYOFE7 218 1.2V 68416 422 1152000 300 4
EP2CY0OF396CE 1.2V B22 1152000 4
EP2CTOF396CT 1.2V 68416 622 1152000 300 4
EP2CY0OF396CE 1.2V 68416 622 1152000 300 4
EP2C70F896I8 1.2v 68416 622 1152000 300 4
< | i | [»]
= Lompanion device
HardCopy: |
¥ Limit DSP & B&M to HardCopy device resource
<Back [ Wext > | Finish | miE |

& 2-14 H“FHWRSA

g

] FTEEI% Quartus [l Zﬁ"‘H{J

ModelSim-Altera #4715 B .

EDA Tool Settings [page 4 of 5]
Spedfy the other EDA tools used with the Quarius [T softwars to develop vour project.
EDA tools:
Tool Type Tool Hame | Format(s) | Run Tool Automaticaly
Design EntrySynthesis | <None> | <Mone:> “ | | Run this tool automatically to synthesize the current desion
Simulation Mode/Sim-Alkera w w Fun gatedevel simulation avtomatically after compilation
Formal Vertiication <More = -~
Board-Level Timing <Mone= »
Symbal <MNone =
Signal Integrity =Mone =
Boundary Scan <Mone >
[ fnisn ][ canel ][ Hep ]
Al 2-15 #EFEFEAK
- bt TE l:. A - $ o L 133‘ Eﬁ
.%JE‘*#H& %ﬁETfﬁxﬁ‘z 1 !Quartus [[ iy Iélz_d]-ié‘hﬂl:l; HPE{]-I{R.E‘! H

it A E

%
- s I ,

1 & #& Cyclone |l .
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M IE R 2o i e e, an &l 2-16 Fhras .

Lok rojec 1ZArX

Summary [page 5 of 5]

Whien you dick Finish, the project will be aeated with the following setiings:

Project directory: O feve ftest_and
Project name: t=st_ard
Top-evel design entity: t2st_and
Murnber of files added: a
Murnber of user libraries addad: i
Device assignments:
Family name: Cydone II
Device: EP2C7OFB96CE
EDA tools:
Design entry synthesis: <Mone > (<Mone =)
simulaton: Modelsm-altera (Verlog HDL)
Timing analysis: 0
Dperating conditions:
Core wvoltage: L2V
Jurction temperature range: 0-85°C
< Badk Mext = Finish | Cancel J | Help |

K 2-16 InH %

T A #E NG . Quartus 1l F1 ' “Project Navigator” By “ Hierarchy” ¥ i | 2
H LY T AR Y T AR 44 L K P ok FH i 48 14 Y

% Quartus IT — D:/exe/test_and/test_and — t

IIJ‘ !.]’ﬁ ﬁ_ﬁ{{ﬁﬁ})\_%ﬁ{ﬁl:ﬁ_u? ﬂnlﬁl 2-17 FJFH_{': o File Edit View Froject Assignments Frocessing Tools
B3R AR SCHE A R . Quartus 1T ||D@ W@ & 4 2@ | o o [estand
RS A7 00 26 56 45 SR SO — O TR [Pt X

H>xF .~ I ik Quartus Il £ Visual Studio Cyclone II: EP2CTOFBIECE
% IDE — AT — AN G T G e s i [
X W EETERE R PR E -1 H%,IF
1 8 H O G 15 45 2R A T B AR " (DHierarchy | B Files | &7 Design Units
AL T 35 B0 Assignments — Settings”,
7€ 1 “Compilation Process Settings” %51 < .
)% “ Save Project output files in specified directory” ¥€ i, i A B 12 (— i & “debug
(. \debug) "5 & “release(. \release) ™) . W 2-18 Bz~ , B OK "2 £l 58 A B,

B/ 2-17 T H S

2.2.2.2 Eit@wmA

TAEF 2L A m oFr & TR s A SCHF S A P 38 iy 5 B P8 B B R A R 1
. Quartus || B ZFZ2 it AR, KRR SEET FH Quartus 11 A4 2719 Block
Diagram/Schematic File %% & (HE [5] 5505 ) P & 2 35 8% .

L S LI “File— New” , B 7 Bl br Ol & i A PR E#E “ Corl + N7 & — i it X
4 . £ “Block Diagram/Schematic File” &3, 40 & 2-19 By, B “OK” ¥ 41 #r & — >
Jirt 38 & /A P g AV SO




Compilation Process Settings

5 2-18  Ji Y R G AR T i B AR

Y Quartus II — D:/exeftest _and/test _and — test and

EDA # K & 2 4o 17

File Edit View Project Assigmments FProcessing Tools Windew Help
gﬁua‘é"ﬁ’%é SRR Itest_anl:l vl %Y & (B BB
Project Mavigator ! a X Hew

Entit:_r

/by Cyclone II: EP2CTOFS36CH

- Mew Quartus |l Project

- # test_and ;@

- SOPC Builder Systern

EI [Z[uaig’n Files
: AHDL File

% . Dhagram/Schematic Fi

EDIF File

_@Hiaramhﬂ B Files | g* Design Units |

- State Machine File
- System/erilog HOL File

Tasks

. . - Tel Script File
5 = X : :

Flow: IEm-;-ilatiun

Task[f

Verlog HDL File
-~ VHDLFile
=) Memory Files

E P Compile Desizn

5. -~ Hexadecimal (Intel-Format) File

- Analysis & Synthesis

- Memoary Initialization File

[ |

.- Fitter (Flace & Route)

EI Verification/Debugging Files

| sl

- Logic Analyzer Interface File

SignalT ap |l Logic Analyzer File

Type |Hessag‘e

- Vector Waveform File

- Other Files

- AHDL Include File

- Block Symbal File

- Chain Description File

Synopsys Design Constraints File

= - o PR

In-System Sources and Probes File

F 2-19 52 R 3 E o




FPGA # 5 % $% 1% 7f

— 1'~I|

J& T

, Eﬂ*’]‘*ﬂx_

H VW H, B 5

A 52 06 15 1 #Y 2
[, HDH % R B P A 1] 2-20 s

¥: AT 5 EDA 4 b 3% 0 B4 AW
F—H . AP PEBRREAPLPHSLEHF KA .,
ANSI/IEEE 91-84 #= /£ B H 4% %5 . B —3 :
G EDE g A v 1Y =S
N«ﬂﬁhﬁ%ﬁ%’urﬂu CHZ&PE D EPR, i
AT mE 2-21 Fros .,

A

BN E oy I PSNNEAY I EE)

# ! L )—
AXAKIL

HAAE S H B C—
k% & 2-20

14 1 R et i L ]
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£
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[ ] Insert symbol as blodk
|| Launch Megawizard Flug-In

Hlm . 1E

Symbol
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Elb pn b e e e e e e e e e e e e

R bidie

. -.u-.ﬂ Imut .....................................................
| output

Eifm) storage

Ceo..... . QUTENT  ———pin_name ..ol ..oo..o.....
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Generate Functional Simulation Hetlist
P Start Simulation Ctrl4I

Simulation Debug
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L,EJ Info: Elaborating entity "proc”™ for hierarchy "proc:ULl"™
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kp Info: Elaborating entity "regn” for hierarchy "proc:Ul|regm:reqg 07
\p Info: Elaborating entity "regn” for hierarchy "proc:Ul|regn:reqg IR"
;j_g, WMarning: Output pins are stuck at VCC or GND
Warning: Design contains 1 input pin(s) that do not drive logic
Info: Implemented 382 dewice resources after synthesis - the final resource count might b
Info: Quartus II Analysis &« Synthesiszs was succesgsful. 0 errors, 5 warnings

) |.!w
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2.2.2.4 IWEE(FE

I T AR DI RE bR R R B TR 5 2R S e R N K AT D Re
H. WA NI B, Quartus [l 12. 0 BX1A % FH Modelsim — Altera 10, 0d #1715 H.,
Modelsim 7& Mentor 2y al it B0 F- 0 F 10 HDL i 5 07 BB A A - w05 55 1m
{272, Modelsim ANEEEXT Quartus [ 7= A= @9 B 3% )2 3 K] 4 (Block Diagram/Schematic
Filo) #1705 B . RXFH HDL i 5 X = A wy TR T B . A6k H 8 i it S 2
“Block Diagram/Schematic File”. & 751 56 7= 24E I SCH Y Verilog & 5 CH. A B Al K
Modelsim X T-#2 #1705 H .

Fe A SR Verilog 5 SO L 1B H 9 98 45 Rl & At it . 18 A Jot 3R] 5 SO Bt
“File>Creat/Update—>Creat HDL Design File from Current File”, il ¥ 2-34 F 7~

imw&mﬂmmmww@ \

-I-.|,I-

quw... Ctrl+N : test_and I||®‘;3" <
E@E‘]Hi Ch‘|'H:| =
Close Cirl+F4 e X test and.bdf
: B -
12) ew roject .. BlLA0ADL-OT
(B Open Project... Ctrl+2 S
Save Project i
Close Project i
o s crias
Save As... S
G save Al Ctrl +5hift+5 S
Export,.. Create Symbol Files for Current File
Convert Programming Files... Create AHDL Indude Files for Current File

Create Verilog Instantiation Template Files for Current File

R Page Setup...
Create VHDL Component Dedaration Files for Current File

[ &, Print Preview
&P Print... Cirl+P Create Design File from Selected Block...

Update Design File from Selected Blodk. ..

M 2-34 74 HDL &5 3CfF

75 XIS HE TP 4 Verilog HDL . 7= A4: 1Y Verilog HDL SCH25 BN 5 R SCHF
2 MR X B “test_and. v7 A1 2-35 P B OK”Z 158 . 58 hUm - 32 74 AT LA 3d
it “File>Open”# 3| “test_and. v” 34K HAT I, B FH Quartus [ AR 4 H g ) 2 & 7= A=
¥ Verilog HDL 5 SO Y 7 i fa] 52 30 H: o, #% T RE 1Y .

£ 7= 41 Verilog HDL SCHFIMA B T2 , 7£ Project Navigator BY File £, 47 8
BB Y “File” £ #“ Add/Remove Files in Project”, W1 [& 2-36 7~ .

ﬁcreate HDL Design File f...

File name: |D:/exeftest_and/ftest_and.v
~File type

O vHDL
® Verilog HDL

| Add VHDL Statements. .. |

ol ons Lo N Addhenoe s ot

& 2-35 =4 Verilog HDL {4 K 2-36 MR TR
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B g K A0 SCPE B TR v RHEAE L B “File name: AL A B BR L A G RE
S I SCHFAL B XTTEAE , #8 2 WA =4 IR AF7E TAE H 5% F Y test_and. v 3CF, Wi E 2-37
A7 .

& Settingz — test_and E]@

Category: I Device. .. ]
i Files

- Librarizs Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the
=1 Operating Settings and Conditions project.

- Voltage

i = Temperature ]

= Compiation Process Settings File name: [—] Add
- Early Timing Estimate . . . . ;

- Ineremental Compilation File Mame | Type | Library | Design Entry/Synthesi Tool | HOL Version Add Al

- Physical Synthesis Optimizations - test_and.bdf Block Diagram/Schematic File <Mone =
= EDA Tool Settings

. ,. — Remove

- Design Entry/Synthe elec ile i

- Simulation : Up

: i Formal Verification i & :
‘. BoardLevel S L) B test_and j = ] "'

=l Analy=ia & Synthesiz SeH Down
:  VHDL Input r I db _
- Verilog HOL Input ) incremental_db Properties

¢ - Default Parameters -3
Fitter Settlngs ﬁ:%lﬁm:ﬂ:% ﬁ tEEt_ElIl.d. bdf

- TimeQuest Timing Analyz test_and ¥
i Asserbler

- Design Assistant B
i SignalTap II Logic Analyz|

:, Logic Analyzer Interface | -‘*_-._..-
- PowerPlay Power Analyz
O il N . T P Ll il

& 2-37 £+ Verilog HDL {4

B I SCEE“FT I “Add”@]'lii%rlhltlsﬁ,'l‘.iﬁrlﬂﬁﬂﬂiﬂﬁ{%“mst and” {9 SR, — A
s=“test _and. bdf”, B F — 4 “test _and. v”, W5 X B HT G 5F . G 0 e 0l 2= i AS
“Error(12049). Can't compile duplicate declarations of entity "test and" into library

"work"”., W 5K 1Y “test and. bdf"# H T R, £ “test _and. bdf” {4, B
“Remove” #Z 4 , W E 2-38 Fr~n, T REHLH A “test_and. v7—~T0 )2 524K S T, B 8 X
TR T 554G ).

Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the
project.
File name: Add
File Name Type Library | Design Entry/Synthesis Tool | HOL Version Add All J
~-test_and.v__ Verilog HDL File <None > Default :

F 2-38 &0

AT 5 ey R A RS, Je i g R A A 3 AR T Ik A RS AR R, B
“Processing” . 7t £ “ Start > Start Test Bench Template Writer”, @ ¥ 2-39 F1 & 2-40
A7 .

MR ACAY testbench SCHF 23RN H o A4 B FE TF2 SCHF 9 B Y simulation/modelsim H
sk B SR EIN AT Z AR 2. v A B A “test_and. vt”,

FTIT “test_and. vt”, iR 45 A2 iU g 5 A 5 T2 i 22 0 AR L an &l 2-41 B,

WEDEZ 8, B “ Assignment — Settings”. X B #Ffrix & . & FE 0 [a] R
“Time scale” M 1us, &+ “Compile test bench”, 1K 2-42 F7~ .

Xt testbench #4714 ® . B “ Test Benches” . B & 2-43 By 7 “ Test Benches” X
i fE

A=

%
2
=
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IIIIIIII'BHE- Window Help &
D Stop Processing it G 2 @IS T » W D e & O 5 |
M Start Compilation Ctrl+L B & Compilation Report
R/ Analyze Current Fike e Bl D | e N SO O e I . WO . W
—_— M=  Start Hierarchy Elaboration
Update Memory Initialization File %/ Start Analysis & Elaboration
© compiation Report Ctri+R ¥ Start Analysis & Synthesis Ctrl+K
25 PowerPlay Power Analyzer Tool % Start Partition Merge
1§ SSN Analyzer Tool % Start Fitter
.................... E#fﬂy1£mgﬁﬁg
oo s Start TimeQuest Timing Analyzer Ctrl+5hift+T
Clriiiiiiiiiiiin i MR start EDA Netlist Writer
B [Feoo e | QG StartDesign Assistant
_ Coiriiiorooo B Start PowerPlay Power Analyzer Ctrl+Shift+P
"'“| CLLLIIIIIIIIIIIII | ™ start SSN Analyzer
OEXI[ g st sgnabrobe Complation Co4shifss
] Customize... | [ 0000001110001 ey Start /O Assignment Analysis
oo | B Start Early Timing Estimate
oo | "E Start Check & Save All Netlist Changes
....... LISV [
el Gark YOM Wiriter
oL ... : 1
....... Ew“: Start Equation Writer (Post-synthesis)
i on T o
pometed || e —
. bnoioiriiiinnnn o ettt ToweEWRE 000 oo
' o e Start EDA Synthesis S
Coliiiiiiiiiuiiiiit start EDA Physical Synthesis S
BMMEr) | L L e ————— . . < . . < < . . . . -

Bl 2-39 7= A Ik A

I

| i ) Test Bench Template Writer was successful

o ]
B 2-40 WA BE A 4i B AL T

26
27 *timescale 10 ns/ 1 p=s
28 module test and vlg tst():;
29 // constants
30 // general purpose registers
31 // test wector input registers
32 reg [2:0] iSW:
33 [/ wires
34 wire [0:0] oLEDG;
35
36 [/ assign statements (if any)
37 [Jtest_and il |
38 // port map - connection between master ports and =ig|
39 .1iSW(iSW),
40 .oLEDG (oLEDG)
41 ) :
42 inictial
43
44 [Jbegin
45 // code executes for every event on sensitiwvity list
46 // in=ert code here --> begin
47
48 iSW[2]=0; iSW[1]=0; iSW[0]=0: #10:
49 iSW[2]=0:; iSW[1]=0; iSW[0]=1: #10:
50 iSW[2]=0:; iSW[1]=1; iSW[0]=0: #10:
51 iSW[2]=0:; iSW[1]=1; iSW[0]=1: #10:
52 iSW[2]=1:; iSW[1]=0; iSW[0]=0: #10:
53 iSW[2]=1:; iSW[1]=0; iSW[0]=1: #10:
54 iSW[2]=1:; iSW[1]=1; iSW[0]=0: #10:
55 iSW[2]=1; iSW[1]=1; iSW[0]=1: #10:
56 // ==> end
57 =-and
58 endmodule

L ]

& 2-41 45 WA
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%
Category: Device... -

= .
i Fles
- Libraries specify options for generating output files for use with other EDA tools.
£l Cperating Settings and Condtions 4?
P Voltage .
. Temperature Tool name: |ModelSim-Altzra it

EF Compiation Procese Settings
¢ - Early Timing Estmate
Ircrementsl Compilation

[ ] Run gatedevel simulaton automatically after compilation

: - Physical Synthesis Ootimizaticns ~EDA Netlist Writer settings
i=+- EDA Tool Settings
© - Design Entry/Synthesis Format for output netlist: |verilog HOL b Time scale: |1ps w
----- Simulation
- Fermal Verification Output directory:  sirmulation fmedelzim | |
P Board-Level _
& Analysis &:Synthesis Setings [ ] Map illegal HOL charactera [ ] Enable glitch filtering
""" ""H:_JL Input Opfions for Power Eztmation
- Verilog HOL Input
N Default Parameters
- Ftter Settings [ ] Generate value Change Dump (VCD) file script |5:r||:ut Settings... |
- TmeQuest Timing Analyzer A .
- hssembler Design instance name:
- Design Assstant
- SignalTap 1I Logic Analyaer
- Logic Analyzer [nterface More EDA Netlist Writer Settings. ..
- PowerPlay Power Analyzer Settings —
“-- 55N Analyzer ~MNativeLink settings
O hone
() Compie test bench: A h’est&aﬂ;es.]
[] Use sciipt to setup smulation: |:|
() Script to compile test bench: =
More Nativelink Setiings... | Eezet

M 2-42 EUTESH

ﬁ

Spedfy settings for each test bench.
Existing test bench settings: | New... |
MName | Top Level Module | Design Instance Run For | Test Bench File(s) | o
Edit...
Delete

K 2-43 %8 testbench

B “New”#&4H . H I “New Test Bench Settings” X 5 HE . 7£“ Test bench name. "£=
HFIE A NNA 7= A FFB M B testbench YT JZ SCK 22 L B “ test_and. vt” i iy T 22 524K 45 L 31X
H B “test_and vlg tst”, ltB}“Top level module in test bench: ”#=8KiA 5 “Test bench
name: "FEAH[E] . BT “File name: "2 5[ PR 78 H 0 A X EEAE b BEHE D S8 IR TR
12T testbench SCH, 3T 7. B4 “ Add” % H1 . M i SC4 1 B FE 1 “ Test bench and
simulation files”#= 1, qn & 2-44 s,

BE“OK”##%H#l, A testbench 3CHF, “Test Benches” Xt & HE v i B0 1 I 8 SCH 15
B 2-45 R . B OK &80 It 3013 B 58 i

a2 TAE Quartus [l TAEF- 1. B 8 . Modelsim & Hahizfr. - HIF R EH . H
ZER A 2-46 Fis,

[




FPGA # 5 i% % 3% 7F

? Hew Test Bench Settings El

Create new test bench settings.

Test bench name: test and _vig_tst

Top level module in test bench:  test_and_vig_tst

[ ] Use test bendh to perform YHOL timing simulation

Design instance name in test bench: |NA
Simulation period

(*) Run simulation until all vector stimuli are used

() End simulation at: | | |s

Test bench and simulation files

File Name Library HDL Version Remaove

............................................................................. up
Diawn

Properties...

Lok J{ cancel J[ rep |

& 2-44 5 2 W) S0

_5 Test Benches EI
Spedfy settings for each test bench.
Existing test bench settings: New..,

Name Top Level Module | Design Instance Run For Test Bench File(s) =
C—— hlin S—— it...
test and vig_tst [test and_vig_tst |NA simulation/modelsimtest_and.vt =

Delete
| OK ] | Cancel Help ]

& 2-45  fm A S

| Wave - Default s

B4 ftest_and_vig_tstfisw o Dat; D01 Jo10  Joir oo Twor Tao

4 [2 Mo Dat
4 [l
4 [0]
=4 Jftest_and_vig_tstfolEDG
L4 [

K 2-46 ITheEfi E4H

SIHT O RLGE B R B 5 4 — B0, 707 2L FR T T B % IR 7E 5 A Al 9 R i
ot 1 A T A YA A I ESR T R D7 B 0 f 7 S T A R o
TR, AR 1 S AR 1 B
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&

2
S| 4Bl & FPGA R BT — P EELEZITE EI’JMIJF}LFFIEET FPGA 1) 8
APHL B TG, W BT E A FPGA JF &5 iy 78 BBl HE B 8 28 12 3T 4 7Y |l B a6 A T m

EDA # A # #h fo 17

2.2.5 4SrECS|HE]

6 IE & 0 R T T I Y R B A B A S ) 0% B A Bl S '/fxﬁ;%rlﬂﬂﬁ%au/\alﬂﬁﬂ
24N iSW[ZLiSW[lﬁﬂ iISW[ o], Bpn] A FHIF &M E B =44k sh IF ¢ iSW[2].iSW[ 1]
M ASWLO ME MG 55 Adm . 4t 5l {22 2 oLEDG[ 0 ], B Al ) H JF & e b 19—~ 2% (4,

Kt
i W

*&@EGLLDG[U]VEDQJ%&FW AN Vi, QARDKR I 4 4S5 AN T OC DL R LT R TE

Xt DE2-70 -5, Tk TF N & 06 S TE 0 4 |2 57 5 Al FPGA 1) 5t e 5] i 4

B TE

SRR LR R EE Z R DE2-70 5 009 BIES B 3%, B K% 145 B 78 DE2-70

System CD-ROM Y68 “DE2 70 pin_assignments. csv” CFEH . #ilan iSW[ 0 |#1 FPGA

1 pin

_AA23 i .oLEDG[0]# FPGA i pin. W27 3% . B B0E e 1K v g S Sy A HY

S| 8 2 2 AL FPGA ZhEpg |, Wk #n - & & B A R 093k 8 - 56 DL Je &6 — i

JE ke

*T

FTH“DE2_70_pin_assignments. csv” 3, & FH MBS 4F A FPGA By 5] Il ZER 3

2| iISW H1 oLEDG . iR 45 5| Jil & B R Bl & 5| A .
R SEBLIC Assignment—Pin Planner” ] 71 5| | 43 BC 10 A, 76 A5 W 5] BV #Y Location
B R B T P mrh R AR N B FPGA 5, an&l 2-47 Fros.,

Eﬁ'ﬂum:'tus ITI — E:/cEc/test _and/test _and — test_and — [Pin Planmner]

File Edit View Processing Tools Window
| Groups v X Top “dew - lire Rond
Mared ﬁ ;I Cpelona 11 ERZCTOFROECE
| [% Mode Marme Cirection LoCation
= = OLEDEA..0] Cukput Group
T i [2,.0] Input Group
g =
ﬁi ""T = ZZnew node s =
o
£|"|r
lll- lL
= Ell:: EI
¥ =
_l:l il
4 G i
; & Fa =) Gﬁﬁ
Tk e ™ -EE‘S‘S%EG EQ“ Emg T e
Fia Yy ata Y ay i) -D- n.ﬂ.ﬁﬂ-ﬁﬂ -D-IJ- C-C--l"_'-ﬂﬂ
-Gﬂﬁﬁagagpﬁgpﬁmﬂﬂﬁﬂﬁ Nt
‘;n:u:- T T G - 2
i g .,
{_| il i| ) IEl
* Mamed [§ | waf Edb: 3¢ /] Fiter: | Fin: sl ~|
Mode Mame Direchon Location I'0 Bank REF Sroup I/ Skardard Reseryad BraLp
1 £#  OLEDE[0] Dutput PIN_W/27 £ B6_M1 3,34 LYTTL {default) OLEC+S[0.. 0]
z 5w Tnput PIN £E2S g EG MZ 3,34 LYTTL {defaut) iSw[z..0]
3 m= W] Trpuk PIN_ABIE & ES_MZ 2,34 LYTTL {default) isw[2..0]
4 w50 Input PIM_ 8023 B E6_MNZ 3.3 LYTTL (default) ISw[2..0]
=] Z<new nodes =
W
=
L
= 18 1 L
For Help, p Fl HM | o

& 2-47 5| #4EF

4"-'7[6@ 10 % B =& . EP2C70F896C6 FPGA 4 896 P4, A5z i H

o B 4 A A A B I ZE A 52 30 5P 3 08 FE L Quartus T BRA S 26 4 {1 i (0 45

Hﬁlfﬁﬁiﬁ B 0) . T TAEIRES , XHFE FPGA TAERR S HFE B3, T /ERT a] K
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T Ja FPGA 2K Z X PR KKERIE FPGA 1 TAE e, B W5 20 Fr A3 Rl Y R
AT A

M t; Project Navigator 1) Hierarchy #3252 1) Cyclone Il : EP2C70F896C6. 4l
K 2-48 Bz, S A0 P& 2-49 Fiv 7R ) ST

£ Quartus IT — D:fexe/test_and/test_and — t

File Edit V¥iew Project Assigoments Froceszsing Tools

“ O = L g ‘EE? P NECN s e Itest_anl:l
Praject Navigatar L.~ X
Entity

Cyclone IT: EFZCTOFS9ECE
- *® test_and E@

-Hieran:hy B Files | gP Design Units

A 2-48 T H S /A
@rerice ... o

Select the family and device you want to target for compilation.

~Device family ~Show in 'Avaiable devices' list
Family: |Cydone II W Package: Any -
Devices: |All W Pin count: Any L
. © Speed grade: Any w
~Target device y
Name filter:
O Auto device selected by the Fitter _
v _
® Specific device selected in 'Avallable devices' It [v] Show advanced devices ] HardCopy compaltbie only
.  Ofhers mja vice and Pin
Available devices:
Mame | CoreVoltage @ LEs | UserI/Os Memory Bits = Embedded multiplier 9-bit elements | *
BF2C50F672CE | 1.2V | 50528 450 | Lo4432 | 172
EP2CSOF672I8 | 1.2V | 50528 450 | 594432 _ 172
EP2CS0USS4CE | 1.2V 50528 294 504432 172
EP2C50U484CT | 1.2V | 50528 294 | 594432 _ 172
BP2CS50US84CE | 1.2V 50528 294 594432 172
EP2C50U48418 | 1.2V | 50528 294 594432 | 172
BP2CTOFG72C6 1.2V 63416 422 1152000 300
EP2CTOF672C7 | 1.2V 68416 | 422 1152000 300
BP2CTOFG72C8 1.2V 63416 422 1152000 300 L
EP2C/OFG7A8 |12V 68416 422 11152000 300 E
EP2CTOFBS6CE | 1.2V 68416 622 1152000 300 al
<] l"J (2]
| Mgration Devices. HardCopy: v
0 migration devices selected | |- Limit DSP & RAM to HardCopy device resources

Al 2-49 EFES|I R E

TEE 2-49 h B 5 “Device and Pin Options” % £, 3 i} 40 & 2-50 By 7~ % mm, §7 JF
“Unused Pins” %1k , £ “Reserve all unused pins” F $7#E HF % $F“ As input tri_stated”
i, B OK”F . iR 7] Quartus [[ F .,
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m

Category:

General
Configuration
-Programming Files
Unused Pins
DualPurpose Pins
Capaative Loading
Board Trace Model
1/0 Timing

Voltage

Pin Placement
Error Detecton CRC
CvP Settings

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

Description:

Reserv ol used pes: | ASIBUR TSI 11000 v

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

Heset

K 2-50 WEAEHIIEN=8

2.2.2.6 E=HEFEXH

PR BB

S BoSE 52 05, By Rl A | B S B

3101 “ Processing—>start compilation” 3 7 {8

CTRL+L #4743 . 4 il H TRCE FPGA . sof BAr X4, ik

-

2-51 Fr 7~

Processing lools WHindow Help

i @ atop Fro

CESE1INE

1B Analyze Current File

- Start

FHRIF

- Update Memory Initialization File

@i Compilation Report

CirltE

Start Compilation and SimulationCirl+tShift+K

K 2-51

Quartus || B 40 15 5 e fb 19 4 15

#x Compiler, %4 1% 75 2 &
% 2-52 P78 . Analysis and Synthesis 5%

LI

e,

W 525 & . Fitter XPicit bt 40 Ja A

2% , Assembler £ X H #5ts i L H

1% H

ﬂ%lﬁﬂﬂfﬁ IEEﬂFE‘L: 171 I‘ﬁ?ﬂuﬁj:
1 4mFe L4, Timing Analyzer 73 81 1 45

ez i

IR O

4 9158 UG - AT DL TEAE ) G i

zenerate Functional Simulation Metlist

P s |

alyzsis & Synthezsiz Summary

Re
To

@ Compilation Report - Analysis

Analysis & Synthesis Status
Buartuz IT Verzion

vislion Name

p~level Entity Hame

Family

HEAT 2 9 7

Tasks

| - X

Flow: |Compilation

ITa:kB"

-

+w [E P Compile Design
w |:"—.| P Analysis & Synthesis
w [#-- P Fitter (Place & Route)
w F Azsembler (Generate programming files)
' [+~ Classic Timing Analysis
[+ EDA Netlist Writer
@ Frogram Dewvice (Dpen Programmer)

Kl 2-52 e &S HUAR B

i

g
2
=
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45 A 2-53 Fras . BRRKE KFEFEE B F 2 %S P ) Warning 5 B, f &
Warning {5 B L X B2, F L Warning 15 B V200 1F 0 f## P A 68 7= 26 1F W 19 25 5, 2 4F o
15 AR ALY o P PO R R B o =l =

+ Quartus II - D:fexeftestftestl/test]l — test]l — [Compilation Report — Flow Summary]

@Eile Edit Wiew Froject Assignments Frocessing Teols Window Help

~u = - ; _ B
IDEEd|2|4BR|o o |fen A2 @2 % | r2rch|k &0 w
Project Navioakor 1~ 5% @ i | @- Commpilation Bepoit - Flow Summary I
Entit Logic Cells |Dedicat:
: : TR i Sy
@. Cyeclone II: IFZCTOFSHGCE
e [ — ) %. Legal Hotice "
b BB gt ] E@ 1 1] o omy )i %g Flow Summary Flow Status Successful - Mon Sep 20 17:13:20 2009 —
..... %E Flow Settings Huartns IT Version 9.0 Build 132 02/25/2008 5T Full Ver=iom
----- BB Flow Won—Defanlt Glebal | Revision Hame testl
----- @E Flow Elapzed Time Top—lewel Entity Hame testl
[i—l 1] ] [El """ %E Flow 02 Zammary Famils Crrolone IT
[ — _ —————— ||| - -&HB Flow Log Devi ca EPZCTOFE960E
@Hlerarch}l [ Files | & Design Units . 467 Analysiz & Synthesis e Find
Tasks s X Yes =
Flow: IEnmpilatinn ;I 4 /68,416 [ <1 %)
= . . : funciions 1 £ B8 416 [ <L %]
1 Full Compilation was successful (534 warnings) | 3
Task [ Y 1sters 0/ B8 416 [0 %)
A Compile Je=ign j ]
i " fnaly=1s & Stnthesis 1 d i SRR L1 %)
W B Fitter (Flace & Boute] o
i [ P Assembler [Generste prozramming tlleﬂ Total memory bits 0/ 1,152,000 (0O %)
e . Enbedded Multiplier 9-bit elemeniz 0O f 300 €0 % )
< il *
s [ < U | 2] Tata1 PrI= N4 rn%
% Tvpe Messaoge @
[ ]
4,,-' Info: Comwand: cuartus tan --read settings files=off --write settings files=off testl -c testl --tining analysis only
_i.i' Info: Parallel compilation i=s enabhled and will use 2 of the 2 processors detected
i"'. Warning: No paths found for timing analysis
[+ 4,,-' Info: Quartus II Classic Timing fnalyzer was successful. 0 errors, 1 warning -
'j.r‘] Iwmfor: Ouartus IT FPull Compilation was succes=sful. 0 errors, L5324 warnings
Iioa) | >
% Syzhern [4) ,]'-..Plut:essing [Eﬂ],-'-[.. E=tra Info _.]'-.. [nfo [45] _.]'-.. W arning (7] _.]'-.. Criizal W arning _.]'-.. Erru:nrh Supprezzed [B) }-.. FI.E|g|I||F
EIMessage. 573of 614 ‘El ‘Plancatu:.r_ j Lozate |
For Help, pres:z Fl | rﬁh*. » I |dle | |H-|'"'1 | y

F 2-53 24 PERIh

2.2.2.7 WFEHE

i e J WA RO AR B e ZEoR it . 78 B4R B bR 7 iy e
Fe e i 2 00 H 2R . R 2% velm, KM DI RE DT 5 1Y Modelsim T /E ¥R 5% , B 5 B % 4
A Ji'z;;f]HHL 705 5. 78 B 89 X 55 HE “ Timing model” 2 Ty T
113 $E“ Slow Model” , il ] 2 54 7N, B

ER P ESE NG . EEMN TP ESER, i EER £
B AT MLEER B E. M ESAMZ A Bl 2-54  PEFEEETE
o2 L an ] 2-55 B . FEEITR AT LLE L AR AR T TSR
J FIE B 2 AN RD (ns) 209 PR ] 1Y) S ) R ABE 7E JL A BD L BRI AR 55 280 28 A A 38 A ] R, A5
D) TG 75 40 HE S RS B 2 Al g AR AL R RN S R e R R . — B E R R T 4R
40ns VL b @) 8] B A8 4L — IR

|l

pm| Wave - Default i  H o
- Mggg

B4 Jtest_and_vig_tst/isw |111 000 00 1010 011 00 10 110
4 [ | I '
4 [1] 1 | | .

-4 /test_and vig_tstjo... |St1 | | | |

K 2-55 BIF{FESER
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A% & 2—5&@*%%’(?&%%%%%&3%f'& N FE H A A BCE A L
F 8 5m AR T [ B SR L B S 2R R — AN TT R Rl A KA R Xl s LA, 5
T G5 R TG 1 K B[R] Y A A5 %%I_ﬂélﬁiﬁﬂfﬁiﬁ“m Ao BANTE L, P28 T H B4
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Fun EDA Timing Analwysis Tool
Launch EDA Simulation Library Compiler
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ompilation Report - Flow Summary |
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I Version 9.0 Build 132 02,/25/2009 ST Ful
Advisors p | Hame testl]
Entity Name testl
@ Chip Planner (Floorplan and Chip Editor) Cyclone II

C@ Design Fartition Flanmer

EFZCTOFS36C5 -‘?ﬁ E

dels Final
Hetlist Viewers 4 ;
g requirements Yes
) 55 gnallap IT Logic Analyzer ic el\j!merdlzs _ 1 /68,416 (<1 %)
| combinational ctions 1 /68,416 (<1 %)
#m In-System Memory Content Editor SR = e M 0 /668,416 (0 %)
[E] Logic Analyzer Interface Editor _Eisters 0
[% In-System Sources and Probes Edi tljJ:;:-' sl ¥ 2 /622 (<1%)
tual pins 0

Si1gznalFrobe Pins. .

@’ Multiplier 9-bit elements 0 f 300 (0 %)

d 1.,,‘ Megallizard Flugz—In Manager. ..

p SOPC Builder
Tel Seripts. ..

= nsy4r1n%1

off testl -c testl --timing analysis only
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Blaster ¥ A& 75 F3F 5 4L IE 6 AH 3% . &5 A5 DE2-70 JF & Az i) i U 2 75 3538 L I B i € DE2-
70 JF % °F 6 iy 22 rh i 5 T G AR FE“RUNV AL E

T & . USB-Blaster 7~ g8 2 #3534,

47 F USB-Blaster J5 817 “ Hardware Setup” % i . 7£ “Currently selected hardware” [y
TP £ USB-Blaster [ USB-0 |7 5630, @1 [# 2-58 Frz~ ., By “Close” ¥ £ 5€ bl o
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&Eﬁﬁﬂﬁmlmmmbﬂ

L&;HiﬂWiESEWPuJ Mo Hardware Huh1|ﬂ1£ v Progress:
[ ] Enable real-time ISP to allow backoround programming (for MAX IT and MAX V devices)

File Device Chedksum Usercode Program/ d
pb start Configure
test_and.sof EP2C/0F896 005ESFA4 FRFFAFFF
s Stop

gkl Auto Detect

K Delete

| @ AddFile...

[ change File...

E#Ehveﬁm

| 8 Add Device...

< | i b
R

il

EP2C70F896

Feadback

F 2-57 KA

Hardware Setup

Hardware Settings IJ’[AG Settings I

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

Currently selected hardware: Mo Hardware |
. e Mo Hardware
—Available hardware items: LISB-Blaster [USB-0]
Hardware: Server Port Add Hardware. ..
LISB-Elaster Local USE-0

Remove Hardware

| Close I

K 2-58 #Ki#r USB-Blaster £ % &%

K Zh 2 Fp A % TR B My P2 A . W& 2-59 fr7n . 78 USB-Blaster |8
bR A7 8, BB IR s 2 J7 » Quartus [l B9 3 H Sk T USB-Blaster #J4K gl #2 )7 .

WE O A 4R F mmE 2-60 fras. R T Z LKA, sof "B 4
ESCFEs R T, B A WA Add File” B SCfF . “T )2 SEK 4 . sof” S & 4w 155 o
P B RE SO 0 1 FPGA B EC & & . AR By “ Add File” Z 5 7 T4 H 5 FA52A
ToEF R T Z AR 2. sof” S, I B IR K A 4 4w 7RI P22k 1) Warning {5 B . & A iR 77
AR L mE LAY R R R Quartus [ BY license % & A 1IE 6 .
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+-.b DVD/CO-ROM 3E=H3R
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=

o AhIPER
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' H’tﬂlﬁﬁ

EI fa. ATEE
‘f‘ USB Bliitir

ﬁﬁ]’ﬁ!&%
m . VRIS
g-T Eiﬁﬂﬁ’ﬁiﬁ%ﬁiﬁ
18 BT 21T hlsE
§ Intel (R) ICHY Family USE Uniwersal Host Controller = 2934

Intel (R) ICHI Family USE Uniwverszal Host Comtroller - 28935
Intel (R) ICHY Family USE Universal Host Controller - 2936
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K 2-59 USB-Blaster & Z % /R~

File Edit

View Processing Tools Window

Iéuarﬂm Setup...

USB-Elaster [USB-0]

I@Prngrmer - D:fexeftest _and/test and - test _and — [test a...

Help &

=Joed

Search altera.com @

Mode: |JTAG
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File Device Checksum Lisercode
[ Whstat | Cond
o 5o test_and.sof EP2CT0F896 DOSESFA4 FFFFFFFF V]
Lﬂ- Auto Detect
X Delete
(@ Add File
E Chanage File...
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@ Add Device...
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Fle Edit View Processing Tools Window Hep & |Search altera.com @

léﬁ Hardware Setup.. I USB-Blaster [USB-0] Mode: |JTAG v Progress: |100% (Successful)

[ ] Enable real-time ISP to allow backaround programming (for MAX II and MAX V devices)

File ‘ Device Checksum Usercode Program/ Verify ‘
| P Start ] Configure
test_and,sof EP2C70F896 D0SESFA4 FFFFFFFF
mi Stcp
I w 1
P
E 2-61 4 FE5e

223 2K A& 1t—NLK

Al A2 ik DA 3 H Y SE 5 .

(1) BE — 80 86 P B — AT FEAS R i B | 1 i b i a3 — > T G0k
E%J:‘ii“i‘**)ﬁ@?iﬂﬁ@ﬁﬁ ANTFXARRE T AT B & LT

(2) Wit—PT = ARRAGS  WRAWNDHENDLL EWARE, MER N HE”, H
1Ly a2 N i = ua

(3) it— 1 i A P A X () va) Y Cyyoye) s TR X =Y W4 A
“17, A W 5 07,

(D) HWEHFAE PS5 H ey —A> ) L0 205 2 55 Bk S
X — 4, I HAE FPGA 5 uk Fr sz it 19 v B2 A5 15,

2.3 Verilog HDL iZ 5 &It

LRAMH FPGA 1 2 VA XT BT i v i e A7 05 B, 1 5500 250K FRATT i e i i A 3]
I 1 CE Y . TR G PR T A R et T A PR R L R LR H U R AL
A —Fh 7 i s R FH B AR AR T R S

i A4 iR 1 5 (Hardware DL&LI‘I]JUDI] Language, HDL) & —ff HHIE 2 Ak )7 = 2 i ik
BB F 2R RGENE ST . B0 DU E B BB A X R S Ok
it B C AL AR R A st H sk (EDA) TR EIF HshZ8 5 21180
e, fH ASIC,CPLD 5t FPGA SEBLHYyHE . HAv, & 3 % 09 88 £F il A 1 = 72 VHDL A
Verilog HDL, W& #45F & 1EEE #n#fE. VHDL %k AR, 15 ™4, il Verilog HDL
e Ciiim WA B R R — M b E . ik LB H i, BHAj, VHDL A
Verilog W)W AR iz . FEtERE WA R B L Z 00, =5 17 Horh AT fl — i &
AR Zy b B b —PhiE 5

AFHHI 2 Verilog HDL 15 . AR R BT 4 Verilog HDL B9#ES . A C i &
SR EEE LI AT 25 K BEE1E1E Verilog HDL #2757 , IR A 4 5 XA B 1511
Verilog HDL &% , i85 2% IEEE Standard Verilog ® Hardware Description Language Fl

HAbAH 5 5E .
231 VerilogHL 1% & 42 /5 7 4 #4
L (module) ;&2 Verilog i 5 7 WA BRI, W iHE Wi Z 8 B . T R K
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INERSE SAE A module . A5 AMHEH R T R 2 48 3 7T o B ?
R ARG T . =
module FREBE @i 025 1,35 02450 2,---);

v 1 Z £ B

J 35 2 B B

fii AR A5 HL T BE /Y 1 )
endnodule

B DLOCHE Y module JHIG , B EEEA — 2 F N2 . B i A Z 2
ik Z 80, X B F O im H . S804 MR 24 B an 24 2R DL B IF =k, Ko m] DL 35 57
BB, FRIZLAMA S $. 556, Verilog HDL 2 XF 5 £ K /NS 8/, namel F
Namel 7~ FDA 6 Z 20, BONTE a5 72 7 I A 22 F 52 0 KNS 19 A 6] O X 5 A [a] i)
Z 80, R R 0 SR 12 e #8432 B KNS AU 3R BT R 2 R AR Y R B

P B X v 280, B A A S 2 2 T U B AR B N R Y e i AR R e
PR ST DE AT U0 B L B B 1) ey 2 2 B0 b & A AT UL

A L 11 = B A o i A I H B B SE B TN RE L B Verilog 18] . Verilog 1% 4] 7] DL $5
ERLAELT N BB AE - 9] AR i /m) 55 5 o T DL SE 8 Ak CRP ] B Hofth A e, — A>T 2 4%
Ben] LL s 46 22 K2 IR i AL e, 22 4> T 2 A Bl ] DL SIE ] A6 AIG 2= Ok i) ] — SR e, 4
&l 2-62 7w .

Verilog HDL Wi 5 13X A o A% 58 98 486 1912 35X, B 2 A4E b & A9 A0S KA AR
i 1 2 G HEAS 25 2 D) 52 - AT LR FH AT 4 0 023 47 2k B AR 89 A [m] 3B 43 A AU &1 1 1)
REfHe—H R .55 M, A 258 b in AFREIERT LA R 7 0. — 2L
RIS/ /" TF IR H R AT RE . 5 — M2 A EEEMN S/ = "M = /7 Z 81581
R A DL R endmodule G5 % . Verilog HDL 1 5 22K . % T endmodule i&/8] 7, B
b ) FUEE € ) i A o 5

% I8 AN 2-63 B B9 — 4~ Ta) B 1 47 FE B AR 2 HL A

fELERA

PR A

i i
/

~
wm ) BHCN_

[EE7 T BRI 1 B

1R iE ) RS A
| — |

ﬁmal ,ﬂf@;u l . I ,
LTS L 15 )
R 4 N %fﬁli:}_

[l 2-62  Verilog 5 3 52 5| fk 7~ = FE 2-63 — TR ARG 2 4 R
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2 fa] B B BB B8 T B Verilog HDL AU E /R0 F .

module cam 1(x,y,£);
it x,v; /5 A%
output  f; / /5 1 25X
/ * P HRELSE L) Z DI fE * /

assign f=x| (~x & ~vy);
endrodule

BB 1Y 24 752 com_1, BEER P 1 R R 2 0 /) e BT 0B B Y B A Ve 1L 5 = SR
] i A 1A R YRR ER, i 55 4 B FE B DD RE

232 B84 4% X ETFT T

Verilog [ HMEEZBR ARG — 1 VMG WESTRMEBUE ML T 4 FZz—.
0-—ZH“0"H X (false) ;

1 — #1758 H (true) ;

x—— R AIRZS 5

L %Iﬂzﬁﬁ

Verilog HDL W3 - JLFp &3 28 A8, Hop 5 FH 19 52 wire B reg #Y | integer Y Al
parameter Y,

wire 152 Verilog Z048E 2 M ZE /Y (net type) i % FH B — B &6 W T #8419
Yy 2K ) %‘ﬂ%ﬁﬁﬂxﬁzwﬂﬂﬂlﬁ.ﬁ 7 B leﬂg ZRUNE ISR AN T8 E B PE 2R
UL TJE:%!WJ\%J wire %Y, 7 BH wire ZERI AR TN T .

wire[n-1:0] 2% 1,245 2, 2% m; [ mak B & BRI T & n

wire[O:n—-1] 2% 1,248 2, 28 m; [ mak B & BRI T & n

wiren:1] Z8 1,258 2, 2% m; /AR mac B, BRI T E & n

{5 an .

wire net a; JHE X T —A> LA wire BIZ 4L ret a

wire[7:0] net b, net c; [/ ST A 801 wire B Z 4L net bHI net c

wire[16:1] net d; //E LT —A> 1605711 wire BIZHL ret d

reg 42 Verilog HDL H28& ii K R reg ZERN YA | 8B B T 7 Verilog

RE 7 A ZUE iliTrrElﬁﬁ%tﬁﬂﬁ*ﬁﬁﬁﬁﬁ#_ﬁﬁ!ﬂﬁi%ﬁ,mgﬂm S Bk A DL A
B g WA DI TAHESZHE S . 7 reg B F YA M B wire 26
B A& ZAH ] . B an .

rey reg a; JIESL T — MVl regBIZH reg a
reg [7:01] reg b, reg c; //EXTWA 8l regBI B reg bl reg c
reg [16:1] reg d; [IESL T — 16l reg B 2% reg d

|
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integer BBt Verilog HDL 285 i ) — b 22 ik 28 B0, E A0 {2 — 4> 32 {3
_,\Z%?E K BB (U T AU A Ir R FH 2 1K) . integer 28— X FE Verilog 2y v 4% il
i 5 1 A) ) IRAT (A for PEERIER]) , Ho= BRAS A0 T

integer integer a,integer b; //7E ST PRI ZE] integer a fl integer b

FAHZBEABFR N memory B, Verilog HDL 18 13 X} reg B Z: £ 8 7 B0 H K € AT
AT Rl o N HR g Sk, memory RIS B A RS U0 F .

||'|' |

reg [n—1:0] mem alm 1:0];

reg mem bm1:0];

XTFH DA regln—1:0 & X T frfass b8 — 116G oo iy K/, Bl 59
PTHRITE D n VB FF A4 M mem alm—1:0|WE X T m DX TFHFar. X
T AR ECN R BHE LT om S 1 ALY AT B

i 4n

reg [8-1:0] mem al5:0],mam Db[255:0];

X BE T M4 memory,mem _a & — & 6 1> 8 i A AF 4 I memory;mem _b Jj&—
DA 256 4 8 LAV ff 4 B memory,

W EEEFEITSEP AR &, Verilog HDL 1B & Ry & B8 4 AR JE
il iR B . IR (b 38 B) L \NHEHI 2L (o B O) | i ﬁﬁnhmﬁﬁ+ﬂ-ﬂﬁ
(h 8¢ H) .2 7w &L R .

<AL 95> < HEEl > <EF > ;

X 2 — P o #E  R m Jr 2 H <L 58 > R << i) > 20 R DAERAE  Hrh i 467 58 2 FR BT
FEHL AR LA 0 ] 2 7 B9 62 B8 I AN 52 U ERCTE 45 2 DE R P B9 AR, s L 9 IR AR
WA TE , BRINAL BE [ BL A 7 1 5 sk ik ol {0 DU BRI Ok -

NI

[l
Rl y
wbt

{1 an .

1061010101010 /710 — 3EHI %% 1010101010

12'dz /712 A5+ 2 2, HAR R = B ES

8"hEx /7846 7N I ZL, K m AL E S FARALAE M A E1H

Verilog HDL H parameter 2k & X% 5 . X 7 0] DL 4@ B2 1SS /Y 7T 332 P H1n] 48 97 4
| parameter € X & B LB AT .

parameter a=FeihIl 1,b=FK A 2;
il 4n .
parameter &= 16,l0=37; J/E LT AE w28 a=16 Al =37

AR — AR AR 2R — A H R E L IR A7 A S A0 B X A bR TR B0 R N X
w o AE M HA SO BHER T LAY R B

%
2
i

EX




FPGA # 5 % #% 1% 7t

233 #AiEH Ak kK

Verilog HDL A2 i i {H 72 18 o 3 348 20K B AE 1Y 3R 08 20 o W (R o ) RF (R W 4 32

., MR FRAXGE RO E AR/,

BH A 5 i A7 B R B 45 B Y A i £
TR EHE & B MEEMSERN . & E M2 EE /NP E N4, A9
41 Verilog HDL & H B IRAEFRT .

2.3.3.1 THRIBIEF

A R PRAEAT AN 3R 2-2 i s WA N G L33 VR AT - H D BE 2 R 2 VR A P 0 A9 45 A 25094 £
(IRALXS 557, mAL#h O X TP IEATERIZEH . EARKRETREESMAR « M2 (HEH

i

T22 HREBIEHR

2B AR W AR 05 IR R RR G R 10

H. MR8 ATH - PTHEWN ARG oz, PRIES N E 528 = WEH . &
4y B H 2% 18 8.

®O1E H 7 X w® 1E a X
&. 5 ~", N~ 5 8 AE (R 2D
| By, ~ I
i 5 8K,

2.3.3.2 EARMBALIRIER

AR RS AR A 3 23 7 /% . 2 418 1 24 TG 4 5 MR AL B . A R0 O o T
Verilog 44 T H i — B & N 75 88 MR R 38 L TRk L & 45 & TR 38 L R AR RS
E G B FUBOREE B CRARME 738 T R A . X F IR R 2 00 R AR A L 7

1) A R AL 1A (RS 5 B 8 BB R 280 A 5 A 3 2 20 5 B CHUBD)

L) A
x23 BERARMBMARES
B 1E & -1 X B 1E #& -1 V4
+ il % i
- W << [ 2 %8 1L
x Te = = ] 5 B
/ 155

—_—
—_—
ke -

AL FRAERT 150 A IRAE BT B AL AL E, AL s = AL #h 0,
2.3.3.3 ZERIEF

Verilog THEHEBAEFFINE 2-4 s . EHRBESNEHEEREZE/E.
BN NECE” (true) . 1 1'b0 B{EBEA M E“IR” (false) , X

7E Verilog 11.,1'b1 HY/

fifE . R MAER S ALY 0,

HA R, ZHBENSRDZE 1 AL

. <17
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%
(E)/“0" (R, )
F2-4 BERBREH =
B E ® & X B 1 #® & X m
& &. B 45 > KF
| 1% 45 8l >= KFaFET
! i 48 A < /NF
== 2 48 4 % <= INF 8% T
= %8 A
2.3.3.4 FHEREFD
FHREMFEREISXIER N,
X2Y:7
U X ENEB ZIEAER Y. ENR Z,
2.3.3.5 EEEEIEFUD
MW B T ) B A I BT B8 ) i B, AT DA FH % B R AE A .
{Kr“'fy}
,ljf_}{! 1};%"“51_5‘}%/’{'%
{n{x}}

¥ x X n Ik,

234 & ARt 6 =AY R B A K
e G SRR i 7 I ) 4 i R R HE S SR <)

ﬂ%rl_' 1)1 Llr
P B AF)

'_I_' E!Jﬁ/ixﬂiyihr H,
b v ) 2 S ) e

12 48 FE 2% B 45 A 7 S 4 A

Verilog T & |
PR BT (T RE) 42 Fl & HH
xor (G 8O [T LA EATH AN, 245 not (FE) T
B EATE S S 1P B 1% 2
Xt A (0 RE S A9 PN LT g P O 22
AN Verilog Wil ML — S FE, R tiF 25 )

2.3.4.1

T 52 TR

252 Al
==

{H1E A Hl always F&

;i

WL YT
AS RN X

m A A

& 58 (gate level primitive) .

i Py $4 AT 1, 1T Verilog HDL &
) 2 BRSO b 19 25 o R 2 % BB T 1 B[R] 25 TR K U i
{11 FJf DL Verilog HDL e iy i5m) 2 — R 4 “ I &£ 7 AT 0015 1) . Bl Verilog
F ) — A5 e v i Ho At i ) “ [R] B $0F T . Veerilog HDL #EH 3L A 11 L

B A IR A 8 LR I

R,

wHETTHE®

124 TRl . Plil.and(5) ,or (5) F
155, XL E B TE ] LA AT =1 5 A U

Lo 2B N e 22 (8] B IR T BT
LTI N )t TN L e (2 TN
109 1 C2H 4F, il an . 5 5 dE
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] il A aw DL N S HAB R D RE A A . A P RO R b e SR A, A
X B8 ] A H At ZH 4 i R S ] ) R H SE AL

TE 45 16 12 3 HL e 41 3 B T o 2% 21 1A AT AR 4 S 5] A o 46 ok [) e 3k Do A 7% 1 4
& . SR AL R HL R AR A ST R R R 50 B A B R A

S B A R AHA R AT (M and) LR E XL B4 F (k) . &5
J= G S 5 A 8 . 5 4 A v AR N 39 5 A 8

Z B K 2-64 19—~ Ta] Y % B pR A H B Rl . FH Verilog HDL 45 #9464 A& 7 =X A9 A3 15
RKANTE X,

g
module mx2tol 1(x1,x2,x3,f); o] B p
input x,%2,%3; /i N5 B Y =
oot TS u Sy
wire g,k h; A 2-64 —A-fRi B
/ * P SE i) B I RE * / B 45 F
and (g,x1,%2);
not (k,x2);
and (h,k,x3);
or (f,g,h);
endmodule

2.3.4.2 ZEBEBNBFEREN ML

K FH T2 58 v 11 1) B0 028 P B U0 B fi o (2 G SR 10 0 1 R Y A9 2505 W B R T T 9
JFiER ZdEE B, Verilog HDL 1B 5 i SO UF R U8 2048 T 72 A e B 9 B AE R i 12 i
% X A AR B AR N BUE P Ay et . B 2-64 BB P T s 1Y HE B B D BE T

TN

f — (;ITIIE —I_E'g;rg}

| Verilog {CS £ F .

module mx2tol 2(x1,x2,x3,f);
imput  x1,x2,%3;
output f;
/% FH B2 WA v ) IE AT DI REE X * /
assign = (xl & X2) | (~ X2 & x3);
endnodule

“ET TR~ S B R R S BN R AR s assign REEFE MRS £ fE At
ZEMRAEL SE A L R E AT T A R WM 4 £, assign AR Oy % 22 W (E o ), 3% 22 W {E 0
Al A RATH . R AT IRy S HEM A TP B IR P oK. assign 1 ) /&
Verilog HDL i & W 2L A WAE 5 7] , B0 R G M2 B DL 7 SO RV 451, AP 20K
| assign 1& 1) A{E .
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2.3.4.3 ZIEBEEITAHNERIA

Vtrllﬂg HDL &4 —Fh sz 1% 88 o g 19 J7 3% . %5 8 Bl 2-64 Bt 7 19 | B, |3 (g B 4 0
(R T BT FE RS FOT o, B o A g BRI A % 2, — 0 B0
f=a v 2, =0 W) f=x3. FATHKHW T Verilog HDL A0 52 B, B T

module mx2tol 3(x1,x2,x3, ) ;

it x1,%2,53;
output: £
reg £;
/* TE always 45 T4 B P 52 I B D RE = /
always @ (x1 or x2 or x3)

if xX==1)

=x1;
else =x3;
endmodule

Sy if-else i) /& Verilog HDL & 5 Wy —F of #2 1k 1 1) , Verilog 1 5 22K
of B2 PR m) 2L B TE W always BUBLER P always R E @ 755 5 J5 T 5] 45 5 B a9 &8,
PR 8RS 3R, — BRURS R P R R — A & A 221 always BEH Y 1 ) 52 04T
XPRLH PRy £t T e, XER B FE P HE F KBRS RPN
B, f EA S EHIRE., HI, 25 F DA B reg BRI &,

WE B )2 . H Verilog HDL 528 — %€ 19 T g B, H A5 B vp 11 22 35 1) 58 02 JF &< A
Ty, Wit2ul. R RE DB E BB 7T 9075 ,assign 1F/n) Al always R,
TR A 52 W% L I T RE , X = T2 FF 9 AT i . 2R 10 . 7E always BN, 2 3
71 38 E B PRAT R B — & always WY IER) . VR 5625 B 18 a0 fe] 52 30 DD RE 1Y .
if-else,if et AT, AW HINEMEAEME X, A HADEE Z 1 always B AL
& [a] I PR AT By fH 2 always &5 &R Y 65 ) 2 0RF PR AT 19, P always #5205 o 1 15 R FR
Rt i AR)

X — 3R 7 A A T L B EE SE s D AR L B BE AT R RATFR Z M AT A ik

TEAEHe 2 b a8 KUAS AT DL A IR S8

FEAlEME . Verilog HDLIBEENAE T E Ij]ﬁﬁﬁj( HEENEEEEHA KR
R A L B R BT & TR A 22 55 3R B , Verilog HDL 1 = 78 2825 38 FH A4
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A Verilog HDL SZB %k — S 25 002 S g B . AR TP E 52 3-1 Fas,
FEFEE 3-1 mux2l.v

module mxZ1 (a,b,s,Vv);

imout  a,b,s;
output  vy;

assign V= (~s&a)| (s&b);

encdmodiile

FiRRHE It 5258 IR 1T E
(HL 119 94 725 T 2R 2% o AsF 1Y)
y=b, 80 v B o 1B 0228 i 2l 28, AT Y a

i

ﬂiﬂny%%ﬂ

£
4

fmux21 vig tstfilfa
fmux21 vig_tstfilb
£ /mux21_vig_tstfil/s
4o Jmux21_vig_tstfilfy

LG R T

B 3-4 ik —ikFERY Verilog #2575 H 45 R

312 @A — 2B %HER
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e

Eiﬁ ATy ﬂeﬂ 31

ao~as PH— 4 i BAKTE WL E(E &
#£ Verilog i 5 Y case i /) 7]
IR SN DI R E 3 | S
N 2 case 1 /) 2B o — 2 B O FE A 19 T I
BEFEE 32 muxdl.v

module mx4l (a,s,v) ;

inpout  [3:0] a5
input [1:0] s;
output reg y;
always @ (s or a)
case (s)
0: v=a
1l: yv=a

3: y=a

F

0]

1]
2: y=alll;

3.

r

F

i

UL gk A 2 i

detault: v=1"b0;

endcase
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encnodule

case Hi/A) & LA KT case FMl— PG AR B e R IA "Ik RIAX WG R KR
NEER, P SE case PRI, B e T H 0k 45 A 2% T L B 0 ) A R, ok B4 3R AT D &
AR AT LR A B 24 BB 2 1 LT B4 TF » 36 6 910 2 A0 o 2 i 1 2
UIVE S flan 0.1 y=al0];.

case 1AM PFAT LA XN . el F H i FEFR B HY(E , £ case w1 v 3k 21| F1 ik
FEFR IR FAEAH R 39 o — S e B v a) , AR e ST I {8 1 i A v )

case /A H) H B EFEY) K A B A GE 2wl & EE R A XA 1Y n] GE{H , X I G
if] default S ZHEAEN case BB R) Wi Ja — ki, B R n Rk PP s Rk gk v B9 ke
wm R A A E . — RGO T L B F 5 R Y 1 3k 38 B A7 18 20, a4 2 A AR
i default X —2EI, GORVEEES) R b A 40 & R85 R A Y Br Ay 28 2, i itk i SCER
default LI S AZE G ar =4 M — D 8iFar - URF AR E S0 FE 00 F iyt £ 1H .

- EA R EHIBE N P IR case A Tp 810w R 1 B default PEI,
PR B 3-2 R 07 B E A 3-6 Foi .

=4 fmux41_vig_tst/a
4 [3
4 2
4 [

“4 [0]

B4 fmux4l_vig_tst/s
4 [1]
4 [0]

B 3-6 DUk —ik AR 07 2 A
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Quartus [ L FFZ2 M icitfm AR AL, R R SCEK A Verilog HDL & 5 % A%t
£ DE2-70 JF -5 Bt — PR A GEHB R — ik —k . ALRE; 20
& Quartus I B4 H @A B 9227 2 FH Verilog HDL 1 5 Mk £ as 11T

Verilog HDL M1 CiEFIEFHBR HE2EMEAZHAE - TEZEZN XM E: CiES
R ) R AR IR — R — R TR, R E— R IR &
PAT5E T A JH e F — 498 2 B A1T. 1M 7E Verilog

HDL wr, K &R 73 i 15 8] L 45 2 F1 25 1~ module #f & 3F & _D Hew. . . Crl+H
PATH . A M’* [ B i 2 % % %5k Verilog HDL 9] | &%= P
FH KX S AR R B ), B Verilog HDL 2 [E——

S8 m | Eopen froyect o

Conwvert MAXHPLUS I Froject. ..
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3.1.3.2 iZit&E AN

AN Bt BT SCF . ASIR S5 56 3 o

Verilog &5 1T X3 1.7

21 &1 FE 8 B AT

Verilog & 5 2K i 8 Fr v i 09 68 4, B I 22 a8

B2k
A S LI “ File—> New” | BT

5B B DB i PR S Cerl + N SRoFr & — i i

£ £ Verilog HDL File”, W& 3-8 Fr7~ , BB “OK % #ll , @ 37 Verilog #ECHS SCHF
/\I}H‘I‘ﬁﬁ'ﬁ E Quartus |l ITJ:E{;E{JJ} E’Ji/i\ﬁmﬁ%%rh iﬂ H P 1 ﬁ“ H‘Jﬂ"ﬁ%
Verilog &5 &2 M FMAES  HEGS 22T 24 ESriiny, B A8 2

56 I — 18 A W B, S )
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19w ikar BEEFRME M ok G Y . sl 2 HA &
2. X THEHE . Quartus [ BEE A IRNTH4E 7% WAy

IS N AU 454 TR B X A I dn 5 B2 — S iRy B0 o, B 1Y SE BT8R AT
FE Verilog SUA % 85 45 19 25 H AL B BRUbR A 8, 5 B “Insert Template " 2E 101, 40 & 3-9

A7
Hew X
- S0PC Builder System fad Undo Ctrl+Z

I_I Design Files Fedo Cir14Y
-~ AHDL File
- Block Diagram/S chematic File Cut Ctrl+Y
. EDIF File =
P o Copy Ctrl+C
- State Machine File = :
- SysterVerilog HDL File FPaste Ctrl+V
;--Tl:| Script File Delete Del
& etilog HDL File
~ VHDL File Locate '
= M errn:nr‘;.lI Files
- Hexadecimal Intel-Format) File Increase Indent
- " Memory Initialization File = Decrease Indent
= Yerification/D ebugging Files | B T
|n-5_|'|$tem Snurcea and Prnbaﬂ FilE-' Fl l'l.d ”':.'I'. :élTlE ].-llé_'.l.lTll t ey Ltl'l'”ll
-~ Logic Analyzer Interface File .
~ SignalTap Il Logic Analyzer Fils Inzert File...
u Vector waveform File
El Elther Files ] |

- AHDL Include File Upen Selected Entaty

- Block Symbol File Jpen Symbol File

Chain DEEC[ipFiDH File o Open AHDL Include File

- Synopsys Design Constrants File

- Text File : Comment Selection

Uncomment Selection
0k | Cancel
4 Add Hode to Si1gnallap 11 Logic Analyzer

& 3-8 & Verilog

hun

7 5
e, WA 3-10 Fr s
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& 3-9  FH Verilog i 5 #iAR

L A R RE A B R B s, BB JF Verilog HDL. 7] DL 336 31— 265 F B9 fR

T Insert” % £ BP A 0 ACGZ R i

AT IG T Y S — A ik — B R AR E E— W Pk T 19 iR il 5 1
T ARG IR W B, RS A S A AR an &l 3-11 Pras . MARRS TRl LIFE o8 1 7 8,
i E 8 DE2-70 JF & A b % A G i 2 ok 0k FR AT e i, 7E AR s g B IRAT 4%
ek A S 0 R 1 Y 22 PROR B4

%
3
*
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Insert Template

Language templates:
= Yenlog HDL
+- Full Designs
Iil Constructs
=I- Logic
: El Fegisters
; Basic Posibive Edge Heagish
- Basic Positive Edge Regist
B asic Negative Edge Reqis
- Basic Negative Edge Regis
B asic Positive Edge Reagish
- Basic Negative Edge Regis
. Basic Positive Edge Regist

—
N

b azic Megative Edge Hegs
Full-Featured Positive Edge
: - Full-Featured Megative Edg

[+ Latches

@ Tri-State

+- Synthesis Attributes

|;| Altera Primitives

| Buffers
M- Reaqisters and Latches

Preview:

always @ (negedge <reset> or negedge <clock
= beqgin
/{ Reset whenever the reset signal goes b
/¢ or the clock enable
if (l<reset=)
B begin
<register_variable= <= 1'b0;
end
/¢ If not resetting, and the clock signal is
/f update the reqgister output on the clock’

else
= begin
if (<clock_enable=)
= begin
<reqgister_variable> <= <data
end
end

end

{ ]1 . i | [ﬂ [: ]L| E
Save | Insert Close |
A
Al 3-10 #E$F Verilog iF F Bl
| 533 test_and.v

@ Compilation Report - Flow 5. I @ Simulation Repart - Simulatio. .. I @ test_and.bdf

1 Emodule muxitol 1(i3W,oLEDG):;
Zieind, 2 input[2:0] 13W;

o P 3 putput[0:0] oLEDG;

S 4

i 5 wire o, k, h;

iE iF B

A 7 and (g, iSW[0],iSW[1]):
oF s not (k,iSW[1]):

% 7% - and (h,k,i3W[2]):
S e 10 or (oLEDG[O] ,q, k) ;

0 8|
 — 12 ehndmodule

¥ 13

="
=

i{] i |

B 3-11 45 Verilog 155 1015

3.1.3.3 9oth54%4&

i ACHS 5 i it R i T 52446 K IR Bt ,

3.1.3.4 EZEZ{FE MR T

&l 3-13 HilA 3-14 Fros .

oM S &Gl e H AL 07 B SR R SR Y L B AT DI RE A 5

iy
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reg [Z2:0]
ff wires
wire [0:0]

// assign

‘timescale 10 ns/ 1 ps=

module mux2tol 1 vlg tst():

// constants

// test vector input registers

1SW;

oLEDG;

statements (if anvy)

Create new test bench settings.

618 $E f FR X 7T

Design instance name in test bench: |T~.|..l!.

Testbench name: mux2tol 1 wvig_tst

Top level module in testbench: mux2to1_1_vig_tst
7] Use test bench to perform VHDL timing simulation

Elmux2tol 1 il |
// port map - connection between master ports any Simulation period
_iSW(iSW),
DLEI;E{L"I-;EDG} @ Run simulation until all vector stimuli are used
) © End simulation at: | s ~]
initial
Elbegin Test bench and simulation files
// code executes for every event on sensitivity
// insert code here --> begin File name: L:J Add
iSW[2]=0; iSW[1]=0: iS5W[0]=0:; #10; _ .
iSW[2]=0; iSW[1]=0; iSW[0]=1; #10: — et L DL Version e
iSW[2]=0; 1SW[1]=1; iSW[O0]=0; #10; simulation/modelsim fmux2to1_1.vt o
iSW[2]=0; iSW[1]=1; iSW[0]=1; #10:
iSW[2]=1; iSW[1]=0:; iSW[0]=0: #10: T
iSW[2]=1; iSW[1]=0; iSW[O0]=1; #10;
iSW[2]=1; iSW[1]=1; iSW[0]=0; #10: Properties
iSW[2]=1: iSW[1]=1:; iSW[O0]=1; #10:
ff —->» end
=-and
endmodule OK J| Cancel || Help |
B 3-12 &S S A 3-13 =B EXH
Category: | Device...
Genera e o sat i
Files
Libraries Spedfy options for generating output files for use with other EDA tools.

Operating Settings and Conditions
Voltage
Temperature
Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Optimizations
EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
Analysis & Synthesis Settings
VHOL Input
Verilog HDL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Aszembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
55N Analyzer

Tool name: Ill"-'hdels.im—hltﬂ'a

Run gatedevel simulation automatically after compilation

EDA Metlist Writer settings

Format for output netist: |'u'erﬂng HOL - | Time scale: | 100 ns

Output directory:  simulation /modelsim

Map illegal HOL characters Enable glitch filtering

Options for Power Estimation

Generate Value Change Dump (VCD) file script |5|:ri|:|t Settings... |

Design instance name: |

[More EDA Netiist Writer Settings. . |

Mativelink settings

) Mone

@ Compile test bench: |n'H..|:-|:21:nl_1_~.rJ-g_tst

- | tl'estﬁawdwes...]

Use script to set up simulation: |

=

) Script to compile test bench: |

)

[ 1

3.1.3.5 #Bcs| B

Kl 3-14  EFE7 HiET0

ABTER 2 TP B LA 1T B i 7 200K 45 | i 0 BC 5 T RED, AR S50 vh 3 kg
X FH 75 b ﬁ%AblﬁﬁﬂxfiFH’JhJCI%malﬂiﬂ PIAR o BC 5 | Y O 202 S5 3T

15 A GG & SOy O 20 B o 1A 52 4 1 4 H s R 948 51 I BC &%) R K FPGA

B 51 Al o B, XA o BC 5 RED %) 7 4 e B A v E e 1 R B A 5 RO

2 F N IZ AL B

Import Assignment” 7€

ot A5 | VG B SO B AR XA HE , A 3-16 B s

APy g A —F . AW JSE A s BE S|, ik #E Assignment —>
N 3-15 Fras

A=

%
3
=
69




FPGA # 7 i # 1 5F

|5ssigments Processing Tools Window 1}

' Eﬁ’ Timing Analysiz Settings. ..
22 EDA Tool Settings. ..
& Settings. .. Ctrl1+Shi£t+E

Classic Timing Analyzer Wizard ..

(& Assignment Editer  Ctrl4Shift+h
.82 Pin Planner Ctrl+Shi ft+H
Remove Assigznments. ..
I_é Demote Assigznments. . .
i‘i‘. BaclAnmotate Assignments. ..

! Import Assiznments. . Import Assignments A

] Export Assigmments. .. Specify the source and categones of assignments to import.
! Assizmment (Time) Groups. .. :
' Eile name: | Categaries...
; @ Timing Closure Floorplan [v Copy existing assignments into test_and.gsf.bak before importing Advanced.
% LogicLock Regions Window Alt+L
| ok |  Ccancs
: .EE Design Partitions Window Alt+D v

A 3-15 S A5 F 3-16 ®£FE5| A E SCHF K2

5 R 3 C ST 30 A |l I A JF AR B 78 T 2 i BL £ /Y6 & DE2-70 System CD-ROM o
F“DE2 70 pin_assignments. csv” 4 R B IE BG4S o H S AL

FAGI B S R A A S I BC il A 3, Br A 1y FPGA #5825 i 43k 9=
ALSE 3-17 s .

E"ﬁﬂuarfnﬂ TT — D:fexeftest_andftest_and — tezt_and — [Fin Plannerl]

File Edit ¥iew Iroceszing Tools Window
e | Groups v X Tap Whkew - Uilre Band
@ M amed: I'H LI Cychoig Il - EFZCTOFSE0E
[}@l‘@ N‘:de”ame . 40 BT 1R A Tl 3
'PC [T iSW2..0] Inpuk
o oLECE[0.. 0] CkpL
= e BT P s G e SO G oD ]
=] of =, <<new node == ug f;”'-:-;ﬁ"” -t
i Lo '+
= T o R e )
; ?}.‘&r.ﬁﬂ.mwmmmr- G 5 b 3 0 0
W g lfaofeseadata i nte s agistal:
% o= b T ﬁﬁiﬁiﬁrﬂhﬁ'ﬁﬁﬂm‘.‘
o g AT,
LA
ARR et
b AT T Wi
L= Hy . ."l
el ke
% oa i
Ll A
}: M arned: E ;I g Edit Eﬂ Filter: IF'im: all ;I
MNode Mame Cirection Locakion Vo Bark YREF Group I/ Standard Feserved Eroup
1 (T g
z T4
3 (T g
% o
5 |©
6 |®
v |® iakso Unknown — [PIN_ADIS A A el i e
5 |®
s |@
0 |9 iClk S04 Unknown — |PIN_R3 B EE 3.3V LTI (defaulty |
n |11 ©
E = r
For Help, press Fl | |]'UM | i

K 3-17 FAGIHESIHECEE O



2 G153 KX T

. L2

FAETH GG  JE T 24 V2 H K E B E A X 2 O G o B SCF b A 3

Kot 195 AR AR R S5 P A g 2 — R O T . 1T 20 WX Se 3545, A 5] 3-18 A 3-19 =
FIr 7S

o
- | ) Full Compilation was successful (529 warnings)

F 3-18 2 4iPERIh

g

Message IE

= _fi-. Warning: Immored locations or region assimments to the following nodes
— Warning: Node "AUD ADCLRCE"™ 13 assi¢gmed to location or region, but does not exist in design

)
jﬂ Warning: Node "AUD BCLE"™ is assiimed to location or region, but does not exist in design
_ﬂ Warning: Node "AUD DACLRECE"™ 13 assigmed To locatlon or region, but does not exist 1n design
jﬂ Warning: Node "DEAM DQ[0]™ i= aszsigned to location or region, but does not exist in design
_ﬂ Warning: Node "DRAM DQ[10]"™ 1is assigned to location or region, but does not exist in design
iﬂjﬂ Warning: Node "DEAM DQ[1ll]™ i3 assigmed to location or region, but does not exiat in design
—_ﬂ Warning: MNode "DRAM DQ[12]"™ 1s assigned to location or region, but does not exist in design
----- 13 Warning: Node "DREAM DQ[1l3]" 13 assigmed to location or region, but does not exXist in design
_ﬁ Warning: MNode "DRAM DQ[14]" is assigned to location or region, but does not exist in design
‘ji Warning: Node "DEAM DQ[1l5]" 13 assigmed to location or region, but does not exXist in design
.ﬂh Warning: Node "DREAM DO[1l6]" is assigmed to location or region, but does not exist in design
15 Warning: Node "DRAM DQ[1l7]" 13 assigmed to location or region, but does not exist in design
jﬂ Warning: Node "DREAM DO[18]" iz assigmed to location or region, but does not exist in design
)

,_ Warning: Node "DREAM DQ[1l7]" 13 assigmed to location or region, but does not exist in design a

%F\ System (20) A Processing(52) ) Estralnfo J Info(49) ) Warning (3) A Citical Waming ) Emor A Suppressed (B) A Flag /

K 3-19 #F Warning

MR X WA G, HIcHE ARSI BB HFIT A TEB X T
“LgstT S AR 2 “mux2to]l 1. qsf”. & B K i 1Y “set_location _assignment PIN
XXX -to YYYY™GE R .. ARSI E (5 S M ER, B~ 2 ey LA S,

set location assigrment PIN AAZ3-to 1SW[O]
set location assigrment PIN ABZ26— to 1SW[1]

set location assigrment PIN ABZ25- to 1SW[Z]
set location assigrment PIN W27- to olEDG[0]

A 2| Quartus [l P EFOWER S A, HE F A TR P28 JLA 558, an & 3-20
Fhi7s .

g H AL R E B E N =8, Wi Quartus Il &£ F A B Cyclone Il :
EP2C70F896C6. #RJG . B “device and Pins Options” £ , £ £E“ Unused Pins”$= 4 H:
W B N As Input tri-stated”,

3.1.3.6 EFERIF

TG I KR Z S ER D LHEE. A 3-21 Fis.

R RS S IR O T AR

|1}




FPGA # Fi¥ # 3% 7f

File Edit ¥iew Frocessing Tools Window

(aroups T X Top “ew - Wiire Bond
%‘ M armed: IH ;l Cyclone |- EP2CT0FI96CH
B & J . == ==
Mode Mamne D ection Location T S IS I S T O TS
B = OLED4E[0..0] Cutput Group ' §3333§8G33{’33§3 GiE SAAGA WEE&'
79 A= ISW[Z..0] Inpuk Group ggﬂ Eﬁg 3@*’3“?%@% 2 E e}ég ﬁﬁ@%@%ggc :
- Sorer otz L e e
o aa&i/ﬁnn S ST PR AT B A A £
= == [5d ) Viagotdend
A DG GG 7 e ¥ alnlets tajars R ===
W =m ot S o ASd GoD T et atatele vl
s i El EGD&QEOGG QGGGGEE.GE-E
R S T K-:}-D--!IIC- SHd
ﬁﬁ g ’ mmm e Tt Cetet iyl B
o SR e
_— : %ggﬁﬂgg ;\}%EE“:} Aty gng
i% 7 E S c::--::--::a E} (H et ta el Tall
L ﬁ':":":l-ﬁ 1l H { ﬁﬂﬂﬁﬁﬂﬂﬁﬁﬂ-ﬂ
A +:u:-c: oo A wqm-::-mmﬂ
,ﬁ i el . -;:..:. % -:‘:- -::--::-na- ' B i |
S : -:}-:}G{}Gggﬂ-{:- -::-ggg '.Q{"H E %%g
oL, SenE G el '
gb ¥, feees S § G B AR RSB AE B
o O e o I o (o S T O Y
; Gﬂc}c}n*ge}{;,.c: -:}-:}DJGC-QDQ%X-:} aFlepotalola
< Sl D S S R o ""-.l'
AT S S ﬂhﬁx#ﬂﬂ-ﬁﬂﬁﬂﬂ-&ﬁﬁnf
Sl w | Ed ]
3': M amed: Ii ;I E}I E dit: Eﬂ Filter: IPing all ll
Mode Mame Direckion Location I)O Bank. YREF E@roup I/ Skandard Reseried aroup
1 ¢ OLEDG[O] Cukput PIN W27 6 B6_M1 3.3 LYTTL {defaut) OLEDE[D. 0]
z W[z Irout PIN_AEZS 6 BE_MZ 3,34 LYTTL {defaut) iSW[z. 0]
5 = i5w[l] Trout PIN_AEZE & B6_NZ 3.3 LVTTL {deFaut) iSW[Z. 0]
4 W= aw[0] Irpt; PIM_&&23 B Be M2 3.3 LNTTL defaut) I=W[Z, 0]
3 Larew node x>
i
('
= i| 11l ] l|
For Help, press Fl | |H'LH | ..-'5

E 3-20 5| A E

Quartus I1 g

1 ) Full Compilation was successful (2 warnings)

3.1.3.7 BHEHE
YR JE T AT B R TR R B W 3-22 B

g Wave - Defauilt 3

B4 /mux2tol_1 vig_ts... |[NoDatjooo  J001 010 011 1100 1101 1110 111

4 [2] o Dat

4 [1] o Dat

4 [0] No Dat
4 /mux2tol_1 vig_ts

K 3-22 B ESE R

3.1.3.8 TR T#H

R it & 23 FPGA v, s A ink e 5 H 25 F2 R0 Jm - 58 0T DORE H B8 F 20 2 T A& die ot
TRk © L 3-23 Fras . B ESE R T B T 2 B BT OG L R AT T A R R A i AR
PR,



20 518 37 @ KX T

Fle Edit View Processing Tools Window Help

(& Hordwere Setup...| | USESlaster [USE0] Mode: |ITAG ~

[] Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

File Device Checksum Usercode Program/ Verify
| P Start ] Configure
mux2tol_1.sof EP2C70FB36 00605EE2 FRFFFFFF
mi Stop

A 3-23 T#EEMW

314 RFHB AR
3.1.4.1 8" ik—ik+¥sE

Hif i&a) S8l —A4~ 8 i ik — A #ERF, W El 3-24 Pros ., HEEESRAT PO 5 A S, o7
WA X MY s sl F ﬁmymxfﬁ'lﬁm%}f%] o
P i g A O I i e e X BDF = X SRR Oy 1 Q\
A R YL B F=Y A0
PEHE DE2-70 45 I 0 iSWLSTIE W # I3 iSW0]~ A e
. g a1 o . a1 s TIAY —F—]
ISWL71E R4 Ad X.iSW[10]~iSW[ 17 14E J i A i s |
Y ORf v R B B0 R BUE A O S E BN T K 3-24 8 ik —ikkEae
52 BRI T BB TF & AR b 5030 o B R
BRSSP 7E S A S A B SR AT A g TR, 2 BN HR S B X
DE2-70 JF /& Al 1Y) 152 &[] 8, an &l 3-25 Fras .

diyHierachy | B Fies | of Design Units | EFZCTOFS9ECE
Final 3
Tasks | - X 0 A
Flow: IEOI‘lPil&tiDl’L ll 1 _|'r EIE_,{].E [ 21w :|
‘ .
Task [+ ~ 1 Full Compilation was HOT successful (4 errors) lfmctlms R b S
x E W Compile Desien 3 ""I;f isters 0/ 654168 [0 %)
v Bl hnalysis & Synthesis e ] 0 k|
% Bl W Fitter (Flace & Route) i BMAE i 36 S BEE LB W)
[ I O R L, L . B - J:."lﬂ:EI o
% 1T ’ Total memory bits o 1,152,000 C0 &%)
B [
% Tvpe Message
=] Info: Fitter converted 23 uscr ping into dedicated programming pilnhs
+ Error: Can't place multiple pinz assigned to pin location Pin ADSS (IOC X95 T2 N1)
g Info: Fitter preparation operations ending: elapsed time iz 00:00:00
Error: Can't fit dezigm in dewvice
+ ﬁ Error: Quartusz II Fitter was unsuccessful. Z errors, 0 warnings E
Error: Quartua ITI Pull Compilation was unauccegsful. 4 errora, 0 warningsa
e £ 11 |
% Syzhem (3] thc&ssing [22],-'-1 Eutra Info }L [ [18) _.]'-.. YW arning }1 Critical "/ arming }1 Error [4] _.]'1 Supprezzed _.]'1 Flag_!'
é Meszage: O of 42 tl ‘Pl IL::n::atin:nn: ﬂ Locaiz I

& 3-25 5| AL E R

Mo 7 R B “ Assignment —> Device” ¥ 1T, 58 H Device ¥ B X if £, &
“Device and Pin Options” #E51 , g0 1% 3-26 Fr7~ .

FE 55 H 39 6T TE AE 28 4% Dual-Purpose Pins” #E5i1 . X5 “ Use as programming pin” P&t ,
TESH T H7 S B b %8 Use as regular I/ O” %501, 4N & 3-27 fr, i€ BEHT gn EEI AT,
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m

Select the family and device you want to target for compilation.

~Device family + Show in 'Avalable devices' ist

Eamily: |Cydone II - S Any ”

Devices: |All Fin count: Tﬁ;_l;-——-——----——---_...___._____ ________';_
i " Speed grade: |Any -
~Target device
MName filter:
() Auto device selected by the Fitter
(3) Specific device selected in ‘Available devices' list [¥] Show advanced devices =~ HardCopy compatible only

sl vice and Pin
Available devices:
Name | Core Voltage LEs | User I/0s Memory Bits Embedded multiplier 9-bit elements |
BP2CS0F672CE | LAV 50528 450 594432 172
EP2C50F67218 | 1.2V 150528  |450 594432 172
BP2CS0U484CE 1.2V 50528 294 594432 172
EP2C50U484CT | 1.2V (90528 | 294 594432 172
EP2CS0U434CE 1.2V 50528 294 594432 172
EP2CS0U484I8 | 1.2V 50528 | 294 594432 | 172
EP2CTOF672C6 | 1.2V (68416 | 422 1152000 300
EP2CTOFE72CT L2V 68416 |422 1152000 | 300
EP2CTOF672C8 | L2V 68416 | 422 1152000 300 =
EP2CTOFG72I3 | L2V 68416 |422 | 1152000 1300 E
EP2C70FB96C6 | 1.2V 68416 622 1152000 300 ]
<] 1 | B
~Migration compatibility Companion device
[ Mgration Devices... HardCopy:
0 migration devices selected ~ Limit DSP & RAM to HardCopy device resources

& 3-26 EFET|HIAC & 0

m

Category:
oo
- Configuration
-~ Programming Files Specify how dual-purpose pins should be used after device configuration is complete. The default
Unused Pins settings for each pin depend on the current configuration scheme selected in the Configuration
g'd dﬁhml Pins tab, which is: Active Serial
ais IurE n
- Capacitive Loadng Note: For HardCopy, these settings apply to the FPGA prototype device.
1/0 Timing .
- Voltage Dual-purpose pins:
-~ Pin Placement
-~ Error Detection CRC Name | — |
- CvP Settings ASDO,nCS0 | Use as regular I/O
nCEQ Use as programming pin
Use as programming pi I

Kl 3-27 BM5IHECE

3.1.4.2 3 {FhiE—HEFFESE

H case i R) S —> 3 i Lk — ik EEar, R 3-28 s, 2o~ 72, =4l o, 5 1>
A Xo~ X, hiamg Y.

g EFE DE2-70 te b A9 3E = v HAE Dy 35 1 v L A v A5 H S RS R B 2 & DE2-
70 JF A&t b Sk H DI RE

fers s AR P TR A GG B SR AT 2 g iR, 2 - R R X 2
DE2-70 JF A& # i) 15 8 [0) 75, a0 & 3-29 Frow .
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XI 3 ,r’If 001 jitﬁ
X; / 010 #% Y
3
X; / 011 @
3
X, £ 100
a1 » w
Kl 3-28 3fiAiE—iEFFERS
&y Hiesarchy | B Files | g Design Units EFZCTOFS9ECEH
Final -
Tasks . - - Hf A
Flow: |E¢mp:.ltt:|.n:n lI 1 /68,416 (<1 %)
Task [ ~ @ Full Compilation was WOT successful (4 errors) Ifmctinns 1768416 (<1R%)
X E P Compile Dezign 13ters 0/ 68,416 (0 %)
il B Ansly=iz & Synthesis 0 A
X [$}-— P Fitter (Pluce & Route) 3% /62 (6%)
Rl Bk  berasllam (flasamad o sms e ames e F2l HM - 0
m (2] <] = E|| Total memory bits 0/ 1,152,000 (0 %) ™
= Type Message H
': Info: Fitter converted 3 user pins into dedicated programming pins
| Error: Can't place multiple pins assigned to pin location Pin AD=S (IOC X995 Y2 N1)
. g Info: Fitter preparation operations ending: elapsed time i=s 00:00:00
Error: Can't fit design in dewvice
ﬁ Error: Quartus I Fitter was unsuccessful. £ errors, 0 warnings E
: @ Error: Quartus II Full Compilation was unsuccessful. 4 errora2, 0 warnings
' 4 i ' E
E. System [8) A, Processing [22) A4 Ewhalnfo A Info[18] A Waming A Ciitical\Waming A Eror (4] A Suppressed A Flag /
E Message; 0 of 42 1] il | ocation ;I |
Kl 3-29 5| VEC B R4S
23 H oA L e I JF A T~ 1 T 2 *“Dervrice
WO 7 2 . B Assignment—>Device” ZE 5 . 58 H Device 15 B X i HE . B “ Device

and Pin

Options” ¥, 41 & 3-30 Fras .

FE 55 Y X 5 HE ik 2 Dual-Purpose Pins” 3 57 , X4
AP e Use as regular 1/O” %0t , @& 3-31 s, i€ J5 B

T FE SR H AR e B

PREDTT

3.1.4.3°

T 2 7% i 2%

T4 Use as programming pin’ &

2B i

I # AL %% (barrel shifter) & —MAHSEBB M, B8 A —1 o A EHE . SHH—1

n PR . H T AEJRH 2 .

RIEFEHIE = 8 g A BCIETE — IRERAE TP A sh &L, 2R R

S v . B TEARIE S AL A — OKRT DLAS s &0 B0 , ANl B R ], TAR R AR
P, B4l CPU HZ M —#41 .

b=

& 3-32 & —4

Do ~Dy, i’ﬂﬁ iy ﬁ% Qy —~ Qs » W‘j/i\”*gfﬁbftﬁ%
NLEEWTE B AR/ EHWAR/ A 4 1T,

JUAL.

U — 9 6 A1 4 A 30 35 0 P L A0 2

-

AT S BG HOR SE I 4 AR TE B L g L iE AL
i, g e Pk — R . A
£ ZE SN 3,3,

YE 1Y 17
i1t 7

- O | NG 3

i) i 42 i B2 7 g 19 T AE 7

So A Sy BRE I AL — IR B

AT H TAEIR R K SHIE AL 2 T
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Select the family and device you want to target for compilation.

rmmm e

E Eamily: |Cydone II v Package: Any -
Devices: Al W Pin count: Any v

l:-Tiﬂ_JetdE"ricE . o

O Auto device selected by the Fitter Name fiter:

(© Specific device selected in "Available devices' list [4] Show advanced devices | HardCopy compatble only

s s vice and Pin
Available devices:
Name | Core Voltage = LEs | User I/0s Memory Bits = Embedded multiplier 9-bit elements |
BP2CS0F67XCE | LAV 50528 450 594432 172
EP2C50F672IB | 1.2V | 50528 450 594432 | 172
BP2CS0U484CEs 1.2V 50528 294 594432 172
EP2C50U484CT | 1.2V | 90528 294 594432 | 172
EP2CS50U484CE | 1.2V 50528 294 594432 172
BEP2C50U4848 | 1.2V | 90528 294 | 994432 | 172
EP2CTOF672C6 |[1.2V 68416 422 1152000 300
EP2CTOFET2CT ([1.2V IEE"—'FIE 422 ' 1152000 | F00
EP2CTOF6T72CE [1.2V 68416 422 1152000 | 300
BEP2CTOFETAIE 1.2V 63416 422 | 1152000 300 N
EP2C70FE96CE | 1.2V IEH:IE 1152000 300 "
< N EY
~Migration compatibility Companion device
ation Devices... HardCopy: v
0 migration devices sedected | | |~ Limit DSP & RAM to HardCopy device resources

Lo [ cancel J[ e |
A 3-30  BEFET|HIAC &

e e e p— e R X

Category:
- Configuration
- Programming Files Specify how dual-purpose pins should be used after device configuration is complete, The default
~ Unused Pins settings for each pin depend on the current configuration scheme selected in the Configuration
- Dual-Purpose Pins tab, which is: Active Serial
— Capadtive Loading
.. Board Trace Model Mote: For HardCopy, these settings apply to the FPGA prototype device.,
- Voltage Dual-purpose pins:
= Pin Placement
. Error Detection CRE Name | Value ||
— CvP Settings ASDO,nCS0 | Use as regular 1/0
nCEQ Use as programming pin
Use as Bmmi i

Kl 3-31 Bk E



20 H18 3 B K X AT

-l — =

S o S o SN o SeE o
el o— o < el o= TN el o— o < el o= o TN

— A o . —
eyl o= < el o= o TN el o— o < P RN

& 3-32 4 MHRIE B AL A

umﬁmwnwf ? .
ool .I_"UX * * ! ]

“{]!!

[

iiD”‘

Co

C
%ﬁfﬁﬁfﬁﬁ”lf@”




FPGA #t F 1% # 3% 7F

3.2 FRHEMIEIT

R 5 22 A BT TR O R AR LA A (R
R o 0 0 B A I B T O 0 A 2R {3
TR — SRR BT o 6 A S R 250 2 T £ 25— O M 5 26 A
ﬁA%HF&%*%~AKE:ﬁm%HM%M

WRB TR A BAR 2 Y P
E%%HJ.LHEI{JL_?E’HDH% WP 3-33 Bk, fE 2 BEE g | {
(R S i (D ATR AT S N
REMS B .. E, =0 i, Cig i A T4 7715 2% 45 ™ "
WAL AR % E, =1 i AR ERE T e — 1 p

W RS E . TE IR, B E ) S G Y
B o {1 E 1 4B IR K n f A L BOAEf g P 3033 m BB 27 (A O RERD 2
20 sm Dk B b HEEH 1 AR R &R N
0, 12X FF 19 = JF 51 g 5 8% 1 0 il G 55 Cone-hot encoded) . BB I8 & 17 YIS & 2
e A2 Y T R A S AR S R it A G B

ARG HAKAN 2-4 R0 48 F 3-8 S 09 TAE B, 22 3] VR 85 1111, [
g > —Fp WL PR as i — LB LED U E 1 H .

321 24 % # &

2-4 AR (F 3-34 irs) s E/R Y AR 52 20 Al 2 0508 —4 il AR S 2
A ey JEATVERS , VR S HHJRTE yo vy w2 A s 4 PLPEFE 1 A h A KA & SRR 1Y
%ﬁjfﬁ_fuiﬁﬁﬁfc%‘tﬁ”ﬁﬁi‘i%"{tﬁtﬁﬂﬁfﬁ FEA G ok B2 = A AL
PERS A 19 22 45 L B P an 1] 3-35 BT .

D),

X0 Yo E, xy x, Yo 1 V2 )3 1 —'—"—>“
| T
X, », 0 x x 0O 0 0 0 )\ '—} Y
7.4 — 1 0 0 | 0 0 0 |
g | 02 1 01 |0 1 0 0 - = —»
E, s 1 10 0 0 1 0 |
11 0 0 0 1 ; ’_} %
A 3-34 2-4 iFmS 2% K 3-35 2-4 PFS 25 8 g

Al ITE Quartus || Ziisas T ELRE ) 2-4 109 25 09 2 B 3% I . 9 o8 Je 2 alg — 9F il
VA TR EIF AP P 2-4 PR a . WnT DUSK B4 R S S R S 2-4 IR A
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module decode?4 (x,en, V) ;

impout [1:0] x;
inout  en;
output reg [3:0]y;
always @ (x or en)
if (en) begin
case (x)
2'd0 : v=4"p0001;
2'dl : yv=4"p0010;
2'd2 : yv=4"p0100;
2'd3 : yv=4"pl1000;
endcase

end

else yv=4"b0000;

encdmodiile

AR

ol |

3-3 i T if-else 15 1], if-else 1 A] & Verilog i85 5

20 H1F 3 B K X I

| 1B R], if-

else i /m) i, if J i — LMY 2R AR R aR 2L T 2R 2 20 W PR Jm i 9 AR i )

WMRZERATIERA I — 5, B H
TN if 1 else BC-& 15

. 55 2% 1R

begin-end & A ¥ BEHATHI I A iEA)“FE7ENR, —MK

oM. AT else J5 BY L R 1B ], else 1B

G T L W LR S 54 B S 2t B 28 FEOR AR A W A2 0 i 2 £ 3
R0 25 ik 3 3506 AE 4L 4 B B B R R TR IR B . e 4
1 BAE B8 0073 BE R BRE RS — A i FE A AT — A else i

|

X E

2 15 /a) gk

Ty it

o |

EINE S E

S LB )

2 (literal) “n'Bdd---d”, Hirp n B 5°¢

I I RN

N B dd - d" X MMME A CELA T C 3R 6D Br A28, A2 H B i

il RN AL EL ., “BYRETE E BB F AL ] LLE b (i
B A h(F7S#El ., “dd---d” 2 EUE & . H“B” k] £ 7~ i91E..
: STt 556 . EaNSLGEe R AT UAR S

gz I | Quartus |l B RTL Viewer #ll Technology

Zh g

i A BT AR e AR e 6 T
45 R 2 5 5 B e A8 b ey st — 20 A

Map Viewer BI-~ T HuA] DLSCEE X — H /Yy,

Map Viewer”, & 3-36 i~ .
RTL Viewer 248 e G 25 I . H P 0] LUAR 98 110 B 2 5 AR 48 15 TGRS P2 4
1) 2747 o A% T 2 P 2 5 v R 115 oKL R BsH e vl L& B TR0 )2 IR G f 91 36 B AN 5T /Y

%)

| Quartus Il Y Netlist Viewers T.E&EH4wmiEFENMBERE., FTF FE: £FERE
Iji* Tools—>Netlist Viewers>RTL Viewer”a% # “Tools—>Netlist Viewers—> Technology

SEB FEAR BT 5| AN ZS . 1 Technology Map Viewer £ 143t iy /2 152 11 Y e 2% 55 3L Tt 2
TR R RNE B R & RTL P8 E 1w HAK #5 4F 25 17 25 4 W5 i) 45
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| Tools Window Help

Run EDA Simulation Tool b ng‘b‘l@{b‘t‘@‘@‘g
Fun ElA Timing Analysiz Tool

Launch EDA Simulation Library Compiler eport - Flow S... ﬁ Technology Map Viewer - F...
ﬂ Launch Design Space Explorer | '-H' Page Title: I lprmn_shiftreq:lprn_s
S
{F} TimeQuest Timing Analyzer
fdvisors »
@ Chip Planner (Floorplan and Chip Editor)
reg COmpons =
@ Dezsign Fartition Planner
Netlist Viewers 4 A} BRIL Viewer

4R State Machine Viewer
ﬁ Technology Map Viewer (Fost-Mapping)
ﬁ Technology Map Viewer

Yol SignalTap II Logie Analyzer
= In—System Memory Content Editor
[E] Logic Analyzer Interface Editor

K 3-36 ZrF Netlist Viewer

RATAT LA /g 3] AR FPGA 19 LUT B TAYE A R, AHH Y Technology Map
Viewer & . 11E 3-37 Fr s,

v-4

x[1.0] [D>——1— -
en[ > ,
y=3
' B
- g.._/
V-6

> y[3.0]

)
J

[ . o

FEl 3-37 2-4 FEW 281 Technology Map Viewer
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Rt 2-4 PERS A5 Y Technology Map Viewer FSGHI 5 11 i H o [t 3 & X BE & 21 . g A2

vt R A

X Fir vt e g e AT DI RE DT B AR E 3-38 B oA e B 2 3L G5 R AR R — 2L

gm| Wave - Default

4 [3]
4 2
4 [
all

322 38#F#H H

& 3-38 2-4 MR E

3-8 WM An A 2-4 Ve A 7 I HE B AE R Ay AN SE S 19 B By 257 2] 2 A 19 SOk

SR ) T AR .
3-8 PEIS A nY EAH F*

E, x x x Yo Ve Vs Vg Vi3 Vo Vi Do
0 X X X o o O 0 o0 0 0 0
1 0 0 0 o o o0 0 0 0 0 1
1 0 0 1 o o O 0 0 0 1 0
l 0 1 0 o o O 0 o0 1 0 0
1 0 1 I o o o0 0 1 0 0 0
1 1 0 0 0 0 0 1 0 0 0 0O
l 1 0 1 0 0 ] O o 0 0 0
1 1 10 o 1 0 0 0 0 0 0
l 1 l 1 1 0 0 0 0 0

A 3-39 3-8 EsE{EE

AL T #2 decode38, 7E Add Files #1i . Bt “File name” J5 [l /Y -« " $% £l , % 2

(22
SEETE TR A decode24. v BYEAE WA 3-40 Bz,

e SO R H AR T

A SCHE, I E 3-42

SERGHTE TR T

24T N SCHE N A

FIT 7

L, & 3-41 Fras .

I E AT file " rp 2 B BRI AT A B SCF 24 X SCAF

£ Quartus [l & File 8, 7& “Create/Update” 1 B {7 “ Create Symbol file for
Current project”ZE3 , 4NE 3-44 P~ , iXB] Quartus [ &8 X 4 SCH4E B — 4 Haw I oo

fF b Bl E A5 EE

TE Quartus [l P # &

Diagram/Schematic File’

tEDE Bt SO . B
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G File 28 F 49 “ New ” 25 301, %% £ “ Block
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New Project Wizard: Add Files [page 2 of 5]

Select the desian files you want to include in the project. Click Add &ll to add all desian files in the
project directory to the project. Mote: you can always add design files to the project later.

File name: I

b —————

Select File

ESHIaE 1) I 3 decode24
o
)incremental_db
FRITAIE

WiE ) decodeld

2SR (T Design Files (k. tdf;* vhd;* vhdl % +; ¥

& 3-40  FEhN AW SRR

New Project ¥Wizard: Add Files [page 2 of 5]

Select the design filez vou want to include in the project. Click Add All to add all design files in the
project directory to the project. Note: you can always add design hles to the project later,

File name; |../decodeZd/decodeld v

Add

Design entr... |HDL version Add All

Hemove

Eroperties

A 341 EFRENALG XM

Hew Project Wizard: Add Files [page 2 of 5]

Select the design files you want ta include in the project. Click Add All to add all desiagn files in the
project directory to the project. Mote: you can always add design files to the project later.

File name: I _I | Add I

File name Type Lib. .. |Design entr... |HDL wersion Add All
. fdecode2d4/. . Verilog H. ..

Hemove

i k. I

E 3-42  fn A SO
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5
4 Quartus II — I:/2012 11Diglab/project/decode?24/decode?24 — decode2d4d — [dec 3
aﬁbc File Edit View Froject Assigmmentz Procezsing Tools Window Help -
- - | =
D@ | & & BR | o o ||decode24 jHﬁj@@@‘
. - ' - e e
Project Navigator * 3¢ decode2d.v I@ Compilation Report
Entity —
Cyclone IT: EP2CTOFS96CE = 1 Emodule decode24(x,en,y):
o BBD decode?d ﬁi@ S— 2 input [1:0] =x:
- 3 input en:
A 49 output reqg [3:0]vy;
bl 5
ﬁ ] always @(x or en)
L 7T = if (en) begin
= 8 = case (x)
o g 2'dD : v = 4'b0001;
— 10 2'dl : v = 4'b0010;
/‘- 11 2'd2 : yv = 4"'b0100;
% 12 2'd3 : v = 4'b1000;
€L R 13 endcase
_ﬁF % 14 end
- S 3% 15 else vy = 4'b0000;
Tasks T 16
[Flow: |Compilation -] U B <ndmodule
E 18
Tazk W
w [E P Compile Design EI
' E".’ Analysiz & Synd|_ ﬁ
i i) Fdit Settin || zes
E 3-43 A RIS
Create / Update Lreate HIL Design File tor Lurrent File
Export_. . C:T;E;:: oymbol Files for Eurrentﬁ;}
Conwvert Frogramming Files. .. Create AHDL Include Files for Current File

o ¢ < Create Verilog Instantiation Template Files for Current File
age setup. ..

] _ Create VHIL Component Declaration Files for Curremt File
EL Print Preview

% Frint. .. Ctrl+F Lreate lesign File ftrom Selected bBlock
) Update Design File from Selected Block .
Recaent Files »
_ Create SiznalTap II File from Desizn Instance (5)
Kecent Projects 4

Lreate S1gnallap 11 List File
Exit AL t+F4 Create JAM, 5VF, or ISC File. ..
Create/Update IPS File. ..

o Elh‘ Fitter (Flace & Route —
w4 p Assembler (Generate p: Create Board-Level Boundary—5Scan File. . .

W B} Classic Timing Analys W

1 i

E Create Top—Level Design File From Pin Flanmer

5 3-44 FFHEEEMNS
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||- H9-u - R R Y Quartus IT E:z/fexefencoderd Bfencoderd 8 encoderd B [Blockl. bdf]
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1 A5z 4 % B9 15 T H AE O 17 B2, 3 R A AR A B B AT Tt — A Ik AR e L R Sk H
IEWRTE
AT N A FE ARG L P 8 A7 0 20 M e AR A% 2 B e 7, B2 AR J8E 5 2 PR 1)
A LA HH B 02 AR PR R0 B R AR B X R e AT Ak AR g R St it
(2 INEA JURR B B3 o S %8 i) [m) 2 W] DL A 38 95 8k B 352 .

352 RIL—/N84ateit B

Quartus [l 1 CAD 2GH — 1S XU E (LPM) . LPM FE iy PR RE 2 S
FEART KW, W28, W aT LA Z# X0 H, #la, LPM Ehf — 12 H
LPM_ADD_SUB ) n fi il s s, LPM_ADD_SUB iy ¥ E W& 3-76 i X 4~
ey JLAP-Z2aR vl Ll st CAD T HokR % E .

B #— 1 Quartus T2 . 02 A “adder” . W E 3-77 Fr 7w~ .

LPM ADD SUB

Ee¥W rrojec 1ZAar
add sub
i Directory, Name, Top-Level Entity [page 1 of 5]
| What is the working directory for this project?
dﬂlﬂal | D:\exe\adder
clock ﬁ TESLIH.[] What is the name of this project?
clken adder|
databl | /ﬂ/# What is the name of the topJevel desian entity for this project? This name is case sensitive 4
overflow der
aclr cout
Use Existing Project Settings...
inst
& 3-76 lpm-add-sub J& HE A B 3-77 #FEITE

PXJ5 F MegaFunction €] & il i% #x B2 B, 15 Jo K K B oy 58 B p |19 Tools —
MegaWizard Plug-In Manager” ¥ 3, a1 & 3-78 f 7~ .

I e FRmanE 3-79 s . & “Create a new custom megafunction variation”,
B — R, R R B Next” 3% 4,

ok & 3w & 3-80 Fron iy Fmn. 7E & 39 £ M % $E “ Installed Plug-Ins —
Arithmetic>LPM_ADD_SUB” g3t , 3 78 [# (1) 47 il gy tH SCF 28 — A= vh Oy A i — A4~
¥ . ABIT S A a4 8 adderlpm”, LB &R GUORE AR 45 P BE L 7R A B A
A H X (AHDL . VHDL 80# Verilog W55 ) » I SCPE W 7E B8 PR 348 3 5 52 T o B
HEMH., 55 B “Next" 4l .

5 A H BLIE 3-81 Firom 9 i . 4 PR e 0T L AR 91 H O Y 220K 5 N 5 A 79 J)
HE : DU AN s B AT i) ek, BN ’?E%H:L_)\T L,

E PN A 1 i AMEE 5 0 Iﬂnﬁﬁ ST, W 3-82 Prow., B Next”#
HIIEA T —L,

%
3
=
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raRegCore — HemEKegCore

Tools Window Help
Fun EDA Simulation Tool r
Bun EDA Timing Analysis Tool

n Launch Design Space Explorer

QI} TimeQuest Timing Analyzer

Advizors »

@' Chip Planner (Floorplan and Chip Editor)
@l Dezsign Fartition Flanmer
Hetlist Viewers g

md S1gnalTap IT Logic Analyzer

wmt In—System Memory Content Editor

HegaWizard Plug—In Manager |[page 1]

[E] Logic Analyzer Interface Editor

The Mega'Wizard Plugln Manager helps vou create or modify

2 In-System Sources and Frobes Editor dezign files that contain custom vanations of megafunctions.

SignalFrobe Fins. ..

Which action do you want to perform?

@ Frogrammer
j Megaffiizard Flug-In Manager. .. (" Edit an existing custom meagafunction varnation
J-_.} SOPC Builder (" Copy an existing custom megafunction variation

Tel Seraipts. ..
Copynight ¥1991-2008 Altera Corporation

Customize. ..

Options. .. —

License Setup. .. Cancel | ¢ Back I\ﬂl Firgh |
&l 3-78 FTH MegaWizard & 3-79 MegaFunction % —#

Nega¥Wizard Pluge—In Nanager [page 2al

Which megafunchion would you like to customize?  ‘which device family will you be Cuclone Il -
. |
Select a megafunction from the list below sl
=@ Arithmetic A Which type of output file do you want to create?
 [7] ALTACCUMULATE B e
] ALTECC ‘
r-i
ALTFP_ABS EHI_:IL
1 ALTFP_ADD_SUB @ Verilog HDL
aLTFP_COMPARE
: - ? B I
ALTFP CONVERT What name do you warili:_r:be' output file’s rowse
1 ALTEP DIV C@tegtﬁdder‘xadderlpm o
| ALTFP_EXP e
1] ALTFP_INY =
{~] ALTFP_INV_SORT
-] ALTFP_LOG : :
SLTFP MATRIX MULT I Retumn to this page for another create operation
ALTFP_MULT MNate: To compile a project successfully in the Quartus || software,
1 ALTFP SGRT your design files must be in the project directory, in the global user
) ALTMEMMULT vy spcied 1 the Lses Lixadet page of e S 440g
] ALTMULT_ACCUM MAC) Ll o e mments menu) i ks
] ALTMULT_ADD
1 ALTMULT COMPLEX Your current user library directories are:
] ALTSQRT
LPM_ABS
[PM_ADD_SUB
LPM_COMPARE
-] LPM_COUMTER
LPM_DIVIDE ~

Cancel I < Back | Mext » | Einish I

B 3-80 EFEAEIR



Nega¥izard Plug—In Nanager — LPE_ADD SUB [page 3 of 8]

Parameter

Settings

adderlpm

Resource Usage
a lut

Currently selected device Family:

[1 adds; 0 subtracts)

21 15 37 KX 1

= LT (2

Cyclone I1

o

! Match project/default

How wide should the 'dataa’ and 'datab’ input buses be?

—Which operating mode do wou want for the adder/subtractor? —
@) addition anly
' Subtraction only

() Create an 'add_sub' input port ko allow me ko do both

E . bits

& 3-81 EFEINEEAEER

Cancel

< Back

Next =

Finish

Nega¥izard Plug—In Nanager — LPE _ADD SUB [page 4 of 8]

p

Parameter

sethings

adderlpm

A+H

| datab]7. 0] g,J

Resource Usage
& lut

}aﬁdm aal’..0] E\"
result[7. 018

LPM_ADD_SUB

—Is the 'dataa’ or 'datab’ input bus value a constant? —

) Yes, dataa = I_

Dec

) Yes, datab = |

Dec

w
—

-
—

@ Unsigned

' Signed

—tWhich type of additionfsubtraction do you want?

K 3-82

Cancel

< Back

Mext =

Finish

WEIWAZ
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e HE Nk AR A A AL S A 2 A L ] 3-83 B . B
AT —m

aramecer

General General 2 'orks Pipelining

, adder sl — Do wou want any optional inputs or outpuks? —
Jcin
dataa[7 .0 e
ydataal7 b)) ¥ Create a carry input
.xdﬂtﬂh[? 0] Outputs:
| Create a carry output
/1 Create an overflow output

Resource Usage
ot

Cancel < Back Mext = Finish

K 3-83 EFESEAL A A

Ve FE 2= 5 H T i K #AE (Pipelining) . W0 &l 3-84 Fran . B “Next” 7§ #F A

Parameter

Settings

General ,,r General 2 L_,# Ports > |F ||:n-||r||ru:| }-

Pt — Do you want to pipeline the function?
Hdﬁtaa[?'__[l] ﬁ"\\\l o) !:.Iu::
A4R result[7 .01}
datab(7 0] () Yes, I want an output lakency of | Clock cycles

[ ] Create an asynchronous Clear inpuk

|| Create a Clock Enable input

Resource Usage
& It

Cancel < Back MNext = Finish

& 3-84 EFFRE FAKERIE

AOAFRIE . B Next” &l . EA T —

HL “ Next"$% Hlm th BLIEN 3-85 Frs i 1] LA 45 2 AR B i) 7 3507 5 AR S
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Nega¥izard Plug—In Nanager — LPEN _ADD SUB I[page T of 8] — EDA

_ﬁa LPM_ADD_SUB

[1] Parameter
Settings

— Simulation Libraries

adderlpm i To properly simulate the generated desiagn files, the following simulation model
}e':i" fileis) are needed
)MJMLA\H File | Description
Ll tesult]7. 0 lprn  LPM megafunction simulation library

L+6
Jdatabl7. 0] E""H

~ Timing and resource eskimation

Generates a netlist For timing and resource estimation For this megafunction. IF
wou are synthesizing your design with a third-party synthesis tool, using a
tirming and resource estimation netlist can allow For better design optimization.

Mot all third-party synthesis toals support this feature - check with the tool
vendor for complete support information.

Note: Netlist generation can be a time-intensive process. The size of the

design and the speed of vour system affect the time it takes For netlist
genetration ko complete.

|| Generate netlist

Fesource Usage
& It

Cancel < Back Next = Finish

&l 3-85 SiFETHEEO

SERE WA 3-86 Firn. iz 0z i 1 Al g A i SO . B R “adderlpm. bsf” X
DL A AT 5 SO R AT T HE R AR TE SO . R 2B L adderlpm. v SO,
SER A BB “ Finish” #% £l 58 i MegaFunction %1t . 5 5 1 5 A X1 i HE ] /R

T AR AN ip, EYNO”,
O = T SEAR A A SO . AR A5

AR 2. 3

i

|

L=

i “Block Diagram/Schematic File” #E30 , 40 [& 3-87 F1& 3-88 Frs .

i b ax 518
Verilog 155 LT JZ AR SE 2540 . B cB o B 8 S B 10 “ File—> New” , £ £ H.

AN LA, 72 0= H AR Wy bR A2 s fE A B AR X TR . 7 A2 Il 37k
“Project—adderlpm” &1t , B} Wil A~ G @ Ay AL P, B “ OK” % £l vl DA B4 A e Y &

PTE Ao AL TN IE 3-89 A 3-90 Fiws .

A G A S B 5| ARAE B — 20 e 2 5w A b S R A B SRR i F

SR B4 B TE R AR ] BB IS R O ISWL7..0T. 0K 5 B R i
ISW[7:0 | A[H] .

5

7170 AT FE AT LA Verilog w5 ok 56 it 72 TR2 H o . Al AR 2] —4-24 8

“adderlpm. v”BY SCHF, FTIF SO, A8 7 3 112 200, I SCF AT DL T2 SRR B P 4 E

E:A

iﬁ; ] !ﬁn'%' 3'9]. ﬂfﬁn

%
3
=
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Nega¥izard Plug-In Nanager — LPE_ADD SUB [page 8 of 8] —— Summary

LPM_ADD_SUB

[1]Parameter |[2]EDA Summary
Settings

Turn on the files vou wish ko generate, & gray checkmark indicates a file that is

Resource

Usage

i hut

= 00X

4 adderlpm_waveforms. html
... adderlpm_wave” |pg

adderlpm automatically generated, and a red checkmark indicates an optional file. Click
. Finish to generate the selected files, The state of each checkbox is maintained in
)s':ln subsequent MegaWizard Plug-In Manager sessions.
xdataa[?..l]] 'E"J\l
result[y..0
databl7 A+d The Mega'wizard Plug-In Manager creates the selected files in the Following
)-(—l'—D]—B direckaory:
D iexeitestiadder)
File Description
A" adderlpm.v Yaniation file
O adderlpm.inc AHDL Inchude file
[ adderlprn.crmp WHDL component declaration file
4 adderlprm. bsf Quartus |l symbaol file
[ adderlpm_inst. v Instantiation template file
O adderlprn_bb. v Werlog HDL black-box file

Sample wavetorms in summary
Sample wavetorm file[z)

Cancel

< Back [ext = Finish

El 3-86 EFEA BIOCHF

- SOPC Builder System |
= Design Files )
- AHDLFile
B ock Lagramss chermatic File
- EDIF File
- State Machine File
- Systerverilog HOL File
- Tel Script File
- Yerilag HDL File
- VHDLFile
= Memory Files
: Hexadecimal (Intel-Format) File
- Memory Initialization File =
El Yernfication/Debugaging Files
' Ir-System Sources and Probes File
- Logic Analyzer Interface File
SignalT ap Il Logic Analyzer File
e Wector Wavetorm File
=) Other Files
- AHDL Include File
- Black Symbal File
- Chain Description File
- Synopsys Design Constraints File
- Teut File —
‘ oK I Cancel
[ 3-87 A EETHZE SCAR S
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Syabol

Libraries:

E & Project
i#lj| adderlprm

£ c:/falera/S0/quartus/libranes/

< | i ™
Name:
|a:|der|pm =

I Repeat-insert mode

I Insert symbol as block
™ Launch Megawizard Plugn

Megawizard Plug-in Manager. ..

0K LCancel

X
e el adderlpm e
--------------- I:il-l + ¥ B ® a4 ¥ ® ® a4 ¥ B ® a4 ¥ ® = a
SESRSEEEEEE overflow: 11l

cout: -

|||||||||||||||||||||||||||||||||||||||||||||||||||||

................ I:nm..a...a....a.

ﬂ """""""" overflove -~ - -0
b

|||||||||||||||||||||||||||||||||||||||||||||

& 3-90 1HAIMETFFES

2
3

-
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Block1.bdf 3Bt adderlpm.v I i addertest.v I &b Compilation Re... I
1 Emodule addertest |
= 2 input [16:0] iSW,
A ?-F!E: ﬁ“ 3 putput [9:0] oLEDER]:
S 4 [@Eadderlpm |
i= <= 5 .Ccin{i5W[0O] ),
6 Aataa (12W[3:1])
/‘%% 7 Adatab (153W[16:2] ),
% 0 & g .zout (oLEDR[O] ),
i = .overflow (oLEDR[1]),
E 10 .result (oLEDR[2:2]));
IE i | 11
265 T 12 endmodule |
o et — et
I{ R—— >
K 3-91 Verilog Tl JZ 52 {K

Ve 5 1E 1Y J7 3G VR AR , 52 W2 1E e A A S R 46 R . TE AR TRE B o FH Y32 35 30T

ORI 5 A K S BN T 25 T P 9 32 B BT ROIEAT HEAR
363 %A AR

3.5.3.1 4B {TmmEFTHIEIT

ARG R ESRIT - 1 e mes, RGN 4 B irmkes., HIkshIT
KAE M 5w A v FHEOWS A B0E 2O W EFE vt Bon . B9 F ) B ig F 28 2 FPGA
A e R ORI E N 20

3.5.3.2 HAEARAWEIZAILIN 8 ALmiEzs

F3A 4 AL AT IR A HO BT WSR2 B 2 A0 ax B BT B AU R & A 1 57
WIS BT RBCR R ARG . FE Verilog i/ 1, AT LUE AR AR W AE 05 /) Al m] 52 2K $047 31X
MR AREZER . WRKATE ST b5 .

i[lllt (n—-1:0] X,Y;
output [n—1:0] S;

K N (=R 7T
S=Xt+Y;

SEAT LS o TN

F R A E ST A] DLAR B 7 N2 A 1Y HE B (H 20z N 3w B B8 O AN 0 8 2 6 S
Mﬁﬁﬁ%*mmﬁJnmuﬂ%ﬁKWMﬁﬁmu,PEM% %%@

Overflow= (% 1==Va1) && (5n1!=%1)

g H A — T Verilog SCHF H it NN 8 7 Nk #v - eIk 2 22 5K S I 1Y
VR A dm AL AL A AT AL . H Quartus I 9 RTL Viewer T, B & FHACH A B
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W 9 3 1) HL B 2302 FPGA O

3.5.3.3" @& B ALU &It

21 3] AH 7R, 58 Al —
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e IR L B T RE

20 618 FE B B AT

%
3
-

ﬁﬁuﬂbh‘%bnﬂil_ﬁ [ 32 i ALU, I ALU B8 .0 344
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g HATi T B IhEER ALU, WA L2 % K 3-92 Uit . 038 v B v AR 38 fiff 44 9% I3
R, FEVREMEMN T .o LB E ., RS ALU N2 s 568 iz el i n 2

ﬁE#ﬁ?J P50 BN U R E R A FFie /. K] 3-92 &1
WA 32 MRS . — /s s . SR 32 40

IR 0/17
= CTin
32
e 4
HA (54 — Carry
I 32
e ~ = Result
o = /10
HL/ERY B 32 = Overflow
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IIVE/ N
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K 4-2  BPP iR A RS BiFF S

41.3 D4 BG B

RS #ifFas A — 1 Q MQ [ H“1”M RO .axX /&2 R M S [a] i A 17 & . an
Ruridil R #1S S AH R 248, gl AT DLk S X — g =4, Gl 4-3 P, X 4 o gk
= D WA M. Y ek 2455 07, f B AR RS AR s b ek 5 5 ON 17T,
Qi D ByfE . Bl Q FEE D 1H A2k 22 M dit 22 .

D—s _
}}Q CkD| O O —D O
Clk —— %< 0 x| qy Gy PRFF
XZ _ 1 olo 1 D
}}Q 1 1|1 0 D ——Clk Op—
(a) FELES[FEE [ (b) H{H%* (c) fRHRHE ]
& 4-3 D @ifrds

Quartus I ZiEas A IHHE AL T 877 48 AR BN, 4n B (CAS I 7] L 2 2% A0 1%
W dn 527 . FEAC IS g 45 X B o A 8, PE 4 “Insert Template”, 7& 58 H 059 X1 0 HE 1€ £¢
“Verilog HDL—>Logic—=>Latches—>Basic Latch”. 8.7 “Insert”f&Z £l B A ,

R AR A AR L AR5 L PRGOS AT B 2, 465 Hh A O B BAE a AN AR, a0 ] 4-4
ME 4-5 Frw

XD B ar AT DIREDT B, & 4-6 Fron Bt R DUE H . 3 cddk R 5 A RCHE1)
iNF, Fag v g W B i A i d BB TR ZE . 2 clk JCARLCH*07) I, JCie d B8 1 {e]
AR O g PR AR AN 2R
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“timescale 10 ns/ 1 ps
module D latch vlg tst():
reg clk,d:
wire d;
ED latch il (
// port map - connection between master p
.clk(clk),
.d(d),
.q(q)
) ;
always
1 module D latch({d,clk,q): #20 clk= ~clk;
2 input d,clk; -
3 output reg g initial
4 [Flbegin
5 d = 0;
6 always @ (%) c}% = 0 ‘
7 [Hbegin #17 d = 1;
8 if (clk) // Update the variab ¥17 d = 0;
S [ begin $17 d = 1;
10 g <= d; #:j d = ?:
11 - end #17 d = 1;
12 - and $17 d = 0;
13 endmodule $stop:
14 =-and
endmodule
- e g - NERT S .
& 4-4 SifF4% Verilog & 5 IS Bl 4-5 D 8ifE 2% A
g Wave - Default

4. D latch_vig_tst/dk |4No Data- I R

4 D latch_vig_tst/d |40 Data- ' L ] ' N '
4 D latch_vig_tst/q - I N S e B S e

E 4-6 DEifFestiEAE

414 &f 4 5 AL & 6 DAk & &

|9 A~ B A7 A% 1T DA R i 2 2%, ANl 4-7 Ca) P . B RSAS D 87 8% , & b
(Master) #iffar . Ja & MM (Slave) 8iffrar. X CIkK{F5 H“170F, F8iIF40 Q. BEEH D

i) 22 Ak T A2 AL ﬁ'ﬁM%ﬂiT%ﬁH{Jiﬂiﬁﬂﬂﬁ%mﬁg H A E 5 AN 07 e, 8 A BIRES
AHARAL i A BAF ar FIRZS I BR B Q. IRZS W 2L im 246 . i T3 Clk=0 i}, Q. A=
ek A s B O S LA TSPV 2 T = ¢ “’“HTWHEHWQHTI: Clk 1774880 CE]
f A Y B Bk AR T BB R B I A AR — A, PG FRAT R AT DLl (R 5 Q 2 TE

Master Slave )
D D Q QJTI D Q ("5 Q
— g?.____
Clk Clk Qp Clk QOp——0
[ —ap @ o—
e
(a) IFFE[A] (b) FEIRAE

& 4-7 D fih & 28



B P B FRvE RS2 5 AR

it 5 1% 7 o 59X i

=5 D WBERI{E . D it ks EIES S wE 4-7(b) i s,

] Verilog i 5 L8 D fil ZasdE & (8. D fik & 25 19 HDL 1S K H 8 A5 an & 4-8

FT 7 .

B M EE 44NN B MT EE 4%%%% 0T
1 module D trigger(d,clk,q): 28 module D trigger vlg tst():
2 input d,clk; 29
3 output reg q: 30 reg clk,d;

4 31 wire qg:
5 // Update the wvariable only 32
6 always @ (posedge clk) 33 [HD trigger il (
7 [ Dbegin 34 // port map - connection between
8 L g <= d: 35 .clk(clk),
9 end 36 .d(d),
10 endmodule 27 .ala)
. | 38 |):

39 =

40 always

41 #20 clk= ~clk;

42

43 initial

44 []begin

45 d = 0z

46 clk = 0;

47 #17 d = 1;

48 ¥17 d = 0;

49 #17 d = 0;

50 $17 d = 1;

51 #17 d = 1;

52 #17 4 = 0;

53 $stop;

54 ~end

55 endmodule
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FIHIER R g BHEBERJ BIE.
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J& 7. BPRE AR W 25 22 30 19 28 &

i1 HE PH 28 W AR 15 /) 20 A [6] L AE FH 28 i B 72 ST I u%jﬂﬂ-iir%%@tfﬁiﬁ’jﬁiﬂ%i’%i_
=0 AE B H ARG 5 38 57 B AR 25 A2 i 19 28 L i 2 B A5 B B always BT 28 R . £
i — A~ TE55 /N ZE B A58 AR

M T P 481 - T RT LR X R R A ) FE 2R S B S e AN A

B 4.1 FHBHZEWAE 8 ) R BT H I fih A& 2% . H: Verilog 1 S AU 21 E 4-10(a) s,
S ZEE R ERE T AR E ., K 4-10(b) Fras . W RTL B R] LUE L, 27
Zia W TP il & 2%, p Fl g BB R BR & S AR5 o 61 g A2 T g 25

q~reg0

module Blocking(d,clk,q,p): d [
input d,clk: Clk
cutput reqg 4q,p-

always @ (posedge clk)
] begin

{ a = d: p~regld
P = q: ,
end .
endmodule
(a) Verilogif = {14 (b) RTL Viewer

P 4-10  BH %8 WCAEE ) it 1Y ik % 4%

BT T o B AT ThRE O B, W El 4-11 B

g Wave - Default S30s

[Blocking_vig_tst/ck
/Blodking_vig_tst/d

fBlodking _vig_tst/g
fBlocking_vig_tst/p

B 4-11 BHZEWAE B A1 rY il & 25 1905 2

ME 4-11 H Al DB L FERAEB TR 2R, & g ERE AR S 4 BI{E.q 1
(B B2 [l g B{ERGE G T p. B Y T p BB AR d B{H.

Bl 4.2 FHAEBH 2 WAE & A) ok B i H P A fil & 2% . B Verilog i 5 A5 a0 & 4-12 (a) Fy
™, T SGEERAERHRAFREmIPRE, WK 4- 120 Fian . NE AT LLE H L #2F

g~reg0 p~reql

module Nonblocking(d,clk,q,p):

input d,clk; d

ogutput req d,p: clk — ]
always @ (posedge clk)

[ begin

q <= d:;
—
end

B <= 4;

endmodul e

(a) Verilogi& = {ThE (h) RTI. Viewer
Bl 4-12  HFFH ZEW{E1E A) i T By fish A& 4%
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b B A g 19 A A 0 B A S e . TS R R p Y Rk R A

e B . K 4-13 Fras .

/Nonblocking_vig_tstfq
/Nonblocking_vig_tst/p

/Nonblocking_vig_tst/dk
/Nonblocking_vig_tst/d

Bl 4-13  HEBH ZE WA W Rl it 1Y ik & 4% 19 05 5 &

ME 4-13 Hha] LLE W £ BB 80 E T 2 2k m), F AR always $uiT Hop iy i&

b, XL RS d WE
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ffE H Modelsim Xt 3 g A7 05 B . & FH = A7 BT Y B iF 45 2R HEB = PP A7 Aif 30T

ENER

A o 2 B Y s

4.2 FiFE=XW

% SR HL o — PP HL S . AT AT A B AT B 2 BiAT

fir IR 2 g R4 RSG5 TR O — A AT e B & Aw BE AT 1 AL IR R0 Fr KAl N 847 o

oo~ W




FPGA # 5 i% $f 3% 7F

ay fith A A AT AR B N AL & A7 4
AR S 56 G A 3 JLAR H A A7 A B BT iR 2 2 A AT A 1Y B B 25 2] A A7 A AR
HY RS L AF A7 s BY BT

421 44538
D& awl LHTFAHELSES .4 D %xh?i%%ﬁﬂiﬁ#ﬁﬁﬁm)t BT 1A A AR
wmE 4-15 frzs . | ﬂ*TLlﬁmeﬁn%lﬂdd{ = N1 M E AES in g6 A ] .ak

T A — T Adm 0" it D=in, T LTETF — T8 HE g=in. 4 load H N “0"HF,
g HB OB S b, BT S — 5 AE 07 el D=q. K7 T — 080 5 3 B g
(B % e Al i E AN 2R

load Tbvi} i p 5 ]
in }
clk > Op—7q

Bl 4-15 1 & 77 4n

| Verilog i 5 Wi AT e IR R BB, N FIFH 4. 1 Pros,
Fig#d4.1 1 (iFfEe.

module register] (load,clk,clr,inp,q);
input  load,clr,clk, inp;

output reg g;
always @ (posedge clk)
1if (clr==1)
<=0y
else 1if (load==1)
g<= 11p
endmodule

jmn
—_
ol

PP B 4. 1 AR () £ EC P A0 P 4-16 F

4. jregister1_vig_tst/dk
4. fregister1_vig_tst/dr

Bl 4-16 1 o %547 ax 05 5 A

AP S B — A 0" m B 1 LA A A . B B A AT A A B (BT Y
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Bl A-17 S EEE AR 07 5 FVE 175 1 A7 fF o 2 BB R &

AR H T AATIE A

KA ETA L L0 1 R FF R AT ', X
RS — A S B R T 2 s, s o
LD B ) g 4 A BUE F A%, BIF ok— o—7
%$42ﬂEﬂJVumgmﬁﬁ#%u%ﬁ%mmf cr

BB 4.2 4IRS B 4-17 1 (L fEas 2 4 A

set

ey

In

reg

module registerd (load, clk,clr,d,q);
input load,clr,clk;
inpat  [3:0] 4;
output reg [3:0] g;
always @ (posedge clk)
if (clr==1)

a<=0;
else 1f (load==1)

a<=dq;

endmodule

PP IEE 4. 2 LB IR EE W E 4-18 s,

gm| Wave - Default i

4, fregister4 vig_tst/ck
4 fregisterd_vig_tstfdr
-4 Jregisterd vig_tst/d

4, Jregister4 vig_tstfload
B4 fregister4_vig_tst/q
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]n—DSETQ Ql DSF*TQ QE DSETQ Q?r DSF‘TO Qq
Clock —+— > N s
CLR Qp CLR Op CLR Qp CLR Qp
. ®
(a) BB F 1725
m O 0, 0, O0=0ut
h |1 0 0 0 0
Hhlo 1 0 0 0
L 1T 0 1 0 0
51 1 0 1 0
11T 1 1 0 ]
5 1o 1 1 1 0
s 10 0 1 |1 1
o 0 0 1 1
(b) T4 A5

Bl 4-19 BN A7 774
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Q<= {Q[01,Q[7: 11}; /B
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D0

clr O

s clk

D0

L ©

B 4-20 3 i et Ees
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‘g Wave - Default 33

4 [adder3_vig_tst/ck A [ A S 0 SO

4 [adder3_vig_tst/dr
B4 /adder3_vig_tst/g i 1 12 3 2 5 3 17 i

4 [
4 [1] | | ' | |
4 [0]

B 4-22  ZEd kT EEs O 5 A

Bl 4-24 JE M 3 7 — dE i S0 A T B R IR S

0, 0, 0,
clr T T J
clr O—e clr O}—e clr O
clk b clk > clk > clk
D O p— D 0 p— D  0Op—

B 4-23 3 i il 7 A kT R e B 4-24 3 7 it H B A EE TR R E A

A Verilog &5 Wl DLy (F 48 & i 20 a5 . FE P 15 B2 4. 3 & — > 3 5 — 1 il oak 2%
THEEs o mT DL R AC RS # mlon 2 E RS .
RSB 4.3 3 (v JrHmEitEes.

module vminus3 (clk, clr,q) ;
input  clk,clr;
output reg [2:0] g;

always @ (posedge clk)
1f (clr)

begin o= 0;end
else
begin g<=g~ 1;end
endnodule
P IE 4.3 M E R ETHEER 05 B A A 4-25 FroR .,

433 R£EKB AR
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452 #at 4% £ X o RAM
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& 4-31 B,
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Insert Template

Language templates: Preview:
= Verilog HDL e // Quartus 11 Yerilog Template -
I : — /f Simple Dual Port RAM with separate read/write addresses ar|
- Full Designs /¢ separate read/write clocks
=I- RAMs and ROMs
-~ Single Port RAM = module simple_dual_port_ram_dual_clock
~ Simple Dual Port R&M [sine #lparameter DATA_WIDTH=8, parameter ADDR_WIDTH=6)
- Simple Dual Port RAM [du: .
- 2iple DudFon TN 1 input [(DATA_WIDTH-1):0] data,
fue Liual For [single input [{ADDR_WIDTH-1):0] read_addr, write_addr,
- True Dual Port RaAM [dual input we, read_clock, write_clock,
- Single Part ROM A output reg [{(DATA_WIDTH-1):0] g |
- Dual Port ROM 3 ); 3
- Shit Fleglsh_am /f Declare the RAM variable
- State Machines req [DATA_WIDTH-1:0] ram[2**ADDR_WIDTH-1:0];
[+ Arithmetic
¥ Constructs always @ (posedge write_clock)
o = beqin
Logc /7 Wirite
[+ Synthemjs :?.!:trlbutas if (we)
[+ Altera Primitives ram[write_addr] <= data;
- User end R |
+- SystermVeril
&) systemVerliog always @ (posedge read_clock)
ta] YHDL = beqgin
- AHDL Read
: = AL {"II- .Ea..-_-l'..--.l R IE
a M | (7% R——
Save Insert I Close |
A 4-27 RAM Bt
i simple_dual_port_ram_single_clock.v I &b Compilation Report - Flow Summar
I 1 // Duartus II Verilog Template
2 S4 True Dual Port RAM with single clock
ik 3
Az -
B 5 S Quartus II Verilog Template
s & /4 Simple Dual Port RAM with separate read/write addresses and
e 7 /¢ 3ingle read/write clock
tE g
i= 9 Bwodule simple dual port ram single clock
' 10 # (parameter DATA WIDTH=8, parameter ADDR WIDTH=6)
A 11 =8¢
S‘# 12 input [(DATA WIDTH-1):0] data,
13 input [ {ADDR WIDTH-1) :0] read addr, write addr,
% 14 input we, clk,
ﬁ 15 output reg [(DATA WIDTH-1):0] g
16 1z
([ i,
= 18 /¢ Declare the RAM variable
19 reg [DATA WIDTH-1:0] ream[2**ADDR WIDTH-1:0]:
k] 20
— 21 always @ (posedge clk)
26e 22 =  begin
ab/ 23 S Write
24 if (we)
| 25 ram[write addr] <= data;
— 26
S 27 f4 BRead [1if read addr == write addr, return OLD data). To return
= 28 // NEW data, use = (blocking write) rather than <= (non-blocking write)
W 29 /f in the write assigrnment. NOTE: NEW data may require extra bypass
R 30 // logic around the RAM.
31 g <= ram[read addr]:
32 end
33
34 encimocdule

E 4-28 FHiwih EFFar RSO RAM



we
clk

data[7..0]

write addr|5..0]

read addr|5..0]

“timescale 10 ns/ 10 ns
module simple dual port ram single clock vlg tst();

reg clk:
reg [T7:0] data;
req [5:0] read addr:;
reg we;
reg [5:0] write addr:
wire [T7:0] gq: // wires
E] simple_clual_pnrt_ram_single_clnc}[ il ¢
f// port map - connection between master ports and signals/registers
.clk(clk),
.data (data),
-qgi(q),
-read addr (read addr),
.wetwe}J
-Wwrite addr (write addr)

i B
alwavys
£10 clk = ~clk:

initial
[Flbegin

clk = 0; write_addr =6'h00; data =8'hff; read addr =6'h00; we = 1;

$20 write addr =6'hO02; data =8'h22; read addr =6"h0Z;

$20 write addr =6'hl0; dacta =8'hl8;

£20 read addr =6'h00:

£40 write addr =6'h03; data =8'h33; read addr =6"h03; we = 0:

#20 write addr =6'h00; data =8'h00; read addr =6"h03:

£20

Sstop: |
~end

IEndrnﬂdule r L

K 4-29 TFEfE28HY Testbench
ram

A_write_enable
PRE raim

D 0 A write enable

A

> A data[7..0]

it f- 1% H 8 B 3K i

7..0]~reg0
PRE

A data out[7..0]

ENA A_write_address[5..0]
CLR _|A_read address[5..0]

A data SYNC RAM

PRE

V

D 0
D
ENA

CLR

A write address

PRE

\

D OF—
>
ENA

CLR

V

A 4-30 kB aifFas 1y RAM i) RTL Viewer

El 4-31 Bl FEa e 0 RAM 5 E K

ENA

CLR

D OF

[ >q|7..0]

;
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FPGA #t F 1% # 3% 7f

bt B AT . i 5 ReA 2L 205 A B e, 78 Sy v . S A 0”5 ik Y
(H" RE " W5 2 1 g v, TP RN L AR IR

5 2 IR B TV BT L S A bk A S S kAR 27 h A BE 227, 458 2 A
P B THE DR, SRR R, BAE 227 8B AC2” S o, JE ok Y27 S BT Y {H (V] 4R
(8 TCAUED 9% 4 B 3 4 B v g 56 3 ANETBP BT RO AT S s bk A5 AR 2 2 5
BATTH 9 {E 227 9% i 2 g v g b

C IR I P R S B N I RN NG LB S LB TN € R S R (PSSR N o v v e €
ARERE S A, By AFESS 7 -0k b T Bk 6 L 4 H i g BB 2R o “ 37 5 A fis
BT IR TR .

it ae i A A A 20T AR B 1 . X R FE s ot — T ACH, A8 4.4
WA — I A S AT A A Y B B R BA XL T RAM,

BRFEE 4.4 B8 n R B X RAM.,

modiile simple dual port ram single clock

# (parameter DATA WIDTH= 8, parameter ADLR WIDTH= 6)

(
input [ (DATA WIDTH- 1) :0] data,
input [ (ADDR WIDTH- 1) :0] read addr, write addr,
input we, clk,
output [ (DATA WIDTH-1):0] g
)7
//Declare the RAM variable
reg [DATA WIDIH- 1:0] ram[2**ADDR WIDIH- 1:0];
always @ (posedge clk)
begin
/Mrite
if (we)
ram[write addr]|<=data;
end
//Read
assilgn g=ram[read addr];
endnodule

H: RTL Viewer MIhEEDT B E 4 50 & 4-32 F1E 4-33 s, 15 LK 4-31 FE 4-33 F
A A AT DX 51, PR BE HIIE A A4 9

453 2B AR

| LPM =8 RAM,
Quartus || AHE HBZ BB B, Bl aninikas i 2sr . & e LA AR e 55 . e it T




it f5- 1% HE 8 F& X 5T

=
ram 4
A write enable °
PRE ram =
wel > D Q0 A_write_enable
ck 2> D — A data[7..0]
ENA A write address[5..0] A_data_out[7..0] | >q[7.0]
CLR | A read address|[5..0]
SYNC RAM
A data
PRE
data[7..0] [ > D 0
P
ENA
CLR
A write address
PRE
write_addr[5..0] [ > D 0
D
ENA
CLR
read addr[5..0] [ >

E 4-32 T aifFast RAM B RTL Viewer

K 4-33 ThihEFFes 0BR8N O RAM 5 E A

ZRAL DI RERE B HHZ B D R A B mT LA ] B3 i) sl AT A R U A7 fiiam o 1R 2 MUINMER 4n
G A 2 S B DI BEAR B A 5 R A Ay . TR T 2 B 8 TR A JE AT i e
RS, RESEN S B2 — e . o 545/ &%H H RTL Viewer,
%t H AT DB 07 5L o0 A 07 E 1B ) BB 4 B 15 0 R R AT KR
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RENTE LB FRGERH

5.1 RESHLESELE

A FRARZEVL (Finite State Machine, FSMD) fa] FRAR S AL . & — DA RAIRE Z 8] 317
e MaER iR, AIRREIEH - PEBRES. T AS KGR PEET 1A
A ] RER S AME SR  — D IREFH R R ZA— A i v, RS DLTE TARB B RS
PR ZR 3 AR S M AE ZoR 00 E B — RS 4 i o RS HL— AAR 2 DOR 15 RS T
AL ARIERE AG S RSB RS EREIH T —PIRE.

ARREVZEFHEBERGE T —F 0 & A B BB, & —Fhf ok T 24
AFY 1 S A B e B i R A A BN R R R — M S, A E
B NPT . — B R T AR RREV T - REHREZH] ., 50 2H
TrrAmhfESEm 2, BT A M o REVGEF —HBE A “C12” ThRE 1 7
fia5 . X e A A7 ) T RE = 112 BRI N HAR TS . 8 B RS A 74

ARSI H B2 >RSI TAEREBE, T #R S 4a % 07 3K, F5 27 3 T BLRZSHL
T

5.1.1 AKX

rESLBR N P A BRARE VL #E 40 A PR : Moore B A FRAR B YL A Mealy & A FR AR
S,

Moore BIF RAARESVL W B FEZ R S5SHRREIWW LICRER L. SWAGFSHY
AEIC K 5 AR 5 1 S AE 2 252 i BLIR S VLA RS A 252w SRS DL 25 1080 5 i
Bl Moore B BRARESVLEV S H 5 52 HEHREFHF4ar 151152, Moore A PRARTS
PHLEERT 8P CLK {5 5 A 25 B2 — Boish (8] (19 28R L 4 s IS e (. B 7 X A h 4 s
W N5 A5 &2 2B 280 fai & 78 X 0 58 B B RS B N DR e RS e (B T A 22 fE .
A g H Y 5200 ZE 2 R — > i g SR B A RE SR HH Ok . Moore 3 BRAR P 5 L E AU FF S
AR A S S SRR Tk

Mealy JRKEVLS Moore A PRAREHLA [F] . Mealy A FRIREVLH 5 B AN S REVLAY
HAPREA K. MHSH ARG SHEAM{EERA K. Mealy f1 FBRARSHL B 5 i B 8252 50 A




5519 41

A FRARZEHY

B

5.1.2

M =,

I

KREDA ] BT F LKL

e i AR B R AT HE 2 R 3 e R (RS

X A BRARZS LAY I 1A

Clock J_

T

I

Ny

Z

s

1 |
T 1

& 5-1

X AR SYLACR S E I E 5-2 s,

Reset

w=() 0 ]
w=()

K 5-2 FSM kA E

. .
| ] |
| ] |
T L L

FSM i) B Fr [&]

S I N e R

(B 52 W 1 %5 AR 5 AT REAE — A B R ) AT B 22 e A2 A8 iX {45 Mealy
X S A W) I &2 A= HE =4 RITESEER RN B L B Moore A7 FRAR S LX) 40 AR 5 7Y i) 1

M £ 4K A& AU FM

AT g B A PR AR S ALK 1 AR AR S HLEY TAE
i T DO A e S 15 e A9 A BRAIRZSHIL FSM: iz A3 BRARSHLA — 15 A w H
w4 PNELERC07ECE 4 DN EZRCR LV R 2 =1, 850 =0, B
FVFES A w B 5 D170 MRS 4 A 5 MM Z e, #2817, Bl 5-1

| Verilog fCAS S AN & 5-2 o PR ENL., ARSI 9 MIRE . 20T E 4 IR
A AT e 18 B R dw b IE SCE EEX  FSML, W3R 5-1 Fras

Fx5-1 FSMB_—#tH4mEg
R Y3 y2 Y1 Yo
A 0 0 0 0
B 0 0 0 1
C 0 0 1 0
D 0 0 1 1
E 0 1 0 0
F 0 1 0 1
G 0 1 1 0
H 0 1 1 1
I 1 0 0 0

;
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AL —> Verilog X4, H iSW[L0 #EN FSM ik lnde Lz
HL - 2 TR) A 2 47 s, O iSW LT E A A w, Cut Crel
KEY[ 0 [/ERF s it 4 A . FH oLEDG[ 0 /E 4 i %:::E EZHF

ILH e T GLEDR[B]WGLEDR[GJEF 9 A/{;& AR :,"E Locate »

ZARS LI BRI Decresse Taden
Quartus |1 B[ (4 7 H HDL #5284k 4 o
WL . 76 Quartus |1 B9 SCH-a s o 1 B0 5 47 vk — =
“insert template”,Z% template A] PL$2 S AR S P o Tactate Fie
g, g 5-3 FE 5-4 i, FRIFIEE 5.1 Bk nomat. SeLecton

SR HLAY Verilog HDLAUHS . M 5-3 #4% Quartus [l B

Insert Template

Language templates: Preview:

EJ Verilog HDL ff Quartus II Yerilog Template
=l Full Designs /¢ Safe state machine

_ RAMs and ROMs B module safe_state_machine
[+ Shift Registers =

=] State Machines input clk, in, reset,

- 45tate Mealy State Machine ' output reg [1:0] out
4-State Moore State Machine )
B S afe State Machine /{ Declare the state register to be "safe" to implement
... User-Encoded State Machine // a safe state machine that can recover gracefully from

[ﬂ Arithrnetic /7 an illegal state (by returning to the reset state),

b : = " " o \ .
+ Constructs (* syn_encoding = "safe” *) req [1:0] state;

+- Logic /7 Declare states
[+ Synthesis Attributes parameter S0 =0,5S1=1,52 =2, 53 = 3;

[+]- Altera Priritives
£ Output depends only on the state

- ser _
- always @ (state) beaqin
+)- System¥erilog ‘fl:a - ':( statgj -

- WHDL S0

#- AHDL out = 2'b01;

-- Cuartus || TCL S1:

B TLL Sz

- Megafunctions out = 2'b11;
=3

out = 2'b10;

out = 2'b00;
default:
out = 2'b00;
endcase
end

/¢ Determine the next state
= always @ (posedge clk or posedae reset) beqgin
if (reset)

£ m |

Bl 5-4 AR

ERFIERES. L X PR ACIRZES B RS HL

module FSM bin

input clk, in, reset,

output reg out
)7



//Declare the state register to be "safe" to implement
//a safe state machine that can recover gracefully fram
//an illegal state (by returning to the reset state).
(* syn encoding="safe" * ) reg [3:0] state;

//Declare states

K EIA fB] BHKF R AKX

paraneter SO0=0, S1=1, SZ=2, S3=3, S4&=4, S>=5, S=6, S~='1, S8=8;

//Output depends only on the state
always @ (state) begin

case (state)

S0: out=1"b0;
S1: out=1"00;
SZ: ouat=1"b0;
S3: out=1"b0;
S4: out=1"bl;
So: out=1"b0;
S6: out=1"b0;
ST: out=1"00;
S8: out=1"bl;

default: oat=1"bx;

endcase
end

//Determine the next state
always @ (posedge clk) begin

1f (reset) state<=S0;
else
case (state)
S0: 1f (an) state<=55;
Sl: 1if (1n) state<=55;
S2: if (in) state<=55;
S3: 1if (1n) state<=55;
S4: 1f (1n) state<=55;
Sh: if (in) state<= 56;
So: 1f (1n) state<=57;
S7: 1if (1n) state<=58;
S8: if (in) state<=58;
endcase
end
endmnodule

else
else
else
else
else
else
else
else

else

state<=51;
state<=57;
state<=53;
state<=54;
state<=54;
state<=51;
state<=51;
state<=5]1;
state<=51;

441 T 72, HH Netlist Viewers T B HCH A RS E WK 5-5 Fras . 05 45 15
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HRARAWE 5-5 i RER L WTRE2H P 5 9L AR & Quartus Il 45548
FR BRSPS KAE . E B R Quartus [l 4w iE 28 GE 898 0 1 7 3 4% SRS L, 50T L)
fﬁ:_l_4j:JLﬁ ~

S7 )\ S8

@ @

il

Kl 5-5 A RUIRZE A

% e ST L » . kY
F MRS YL S TSRS, an & 5-6 fras . B 5-7 B2 IHCIRES UL Dh e 545

27 “timescale 10 ns/ 1 ps h

28 module F5M bin vlg tst():

29 // constants

30 // test wvector input registers

31 reg clk;

32 reqg in;

33 req resetc;

34 [/ wires

35 Wire out;

36

37 FlFSM bin il

38 // port map - connection between master ports and signals/registers

39 .clk(clk),

40 .in(in),

41 . Out (outc) ,

g2 . reset (reset)

43 =) s

44 initial

45 [Hbegin

46 clk = 0; in = 0; reset = 1;

47 #¥15 in = 1; reset = 0;

48 #20 in = 0;

49 #40 in = 1;

50 #150 reset = 1;

51 $#20 in = 0;

52 #50;

53 $stop:;

o4 -end

55 always

56 #10 clk = ~clk;

o7 endmodule k

A 5-6 4

fFSM_bin_vig_tst/dk LML L e
JFSM_bin_vig_tstfin

JFSM_bin_wvlg_tstfreset
fFSM_bin_vig_tstfout

K57 DhaeliE
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6.1 PS/2#[OJRFIE KSR

PS/2 BN ANTEVEFT /O OB —FirifE, K H T3 X E IBM PS/2 (Personal
System/2)¥las FFF M4 .PS/2 B2 O 0] L& PS/2 #43Fl PS/2 bR,
AR B REY PS/2 @80 8,223 PS/2 S 023 i,

61.1 PS24 o f/

6.1.1.1 PS/2 #DO5pA F035] B Th g€

PS/2 2 —AFIEM 6 £ (3K 6 fFLO#E O . Kl 6-1 Fiw. —A4> PS/2 #: O 0] L%
B TR ARE, AT XHGEW, EHIHMITFEI P20 PS/2 O H TEEE . 0
1 PS/2 B O H TR AR AT FEVL RO —BRE A PS/2 1 md H USB 2
17,

& 6-2 52 PS/2 B Lk 5] s &2 B A5 R Shag ik an g 6-1 Fs .

(a) PS/2§% 1 £k (b) PS/2§% [Tk
Kl 6-1 PS/2#0 Bl 6-2 PS/2 & O fLk5| Hx EE

6.1.1.2 PS/2 EHBOWIIERFF

HE 2 A AR TE UM 2 s AR T BOBOT A A N PS2_KBDAT 5] REE S35l . =
Fig BB H T B 6 R B RS R AR R “ 38 A (Make Code)” 5 24 ¢ 58 8% FF Al A 25 4 B9 43 5 04



FPGA #t 5 i¥% # 3% 7F

Fo6-1 PS/2#EOS|IHIhEE

Pin NO. Signal Name Description
1 DATA PS/2 data
2 NC Not connected(reserved for second PS/2 device)
3 GND Ground
4 Vee +5V DC
5 CLK Clock
6 NC Not connected(reserved for second PS/2 device)

PN WS (Break Code)”, PA“W HEE K6, “ W7 @S5 1DH, i 8 W” 8 8% F . |
PS2_KBDAT 5| fi ¥4t 1DH, an 52« W” g — B 3% A B AL, WA W7 4 3 36 7% 1DH.,
1DH, -, 1DH, B 2 HAb % a0 W7 0T . A s iy Bt J& FOH e 32 58 Y
A, AR AW R s A B RS FOHL 1DH,

Z A EERY [A] A e T B BB S e RS . B e A2 Shif B (TS O 12HD
P W7 RO W7 | O A2 Shif o7 8, D b ok F2 25  my ea 3 e oy 12HL.1DH,
FOH,1DH.FOH,12H.

B 2 AN T ALIRI AT DA VE A7 B8 X e A% 25, X B O i B A el T35 AL A 25 BOHE AR AL
1 KBDAT fl KBCLK g 54 & Mm-S RO EEA TS FILAXES .,
F ALK KBD Clock 155 B AIC, 88 80K & 52 LA R a2
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PS24# o 5 FPGA 49 & #

& 6-6 Flrs 142 DE2-70 JF & it | PS/2 B2 0y N3P i B & B2 s B, Hopo iy 4 4~ AL

(1.3,5,6) 7 W E 4G .GND VB, BN EAMHEHFL 2.8 1% 8 & HIEL
5 A o, 76 A Lo HEPLE & FPGA |, BA —4 PS/2 #0 , Wit a] LLA| FH X 34~ %

A

TR /L FH—A> Y B9 % 2 A [n] i 5% 422 BUb AT 2

VEES VOCS WEES  VECES

- :
RAG RAT g mﬁl R173
2K 2K 2% 7K J4
P82 KBOAT RAS o n 120 KBDAT :
P32 KBCLK R48 ... 120 |
" PRJ MSDAT | . R174,7.Y 120 1] mspar I_L;i @ I:l )
> PRI MBCLK R17 120
- . sﬁ\/\/‘- - KECLK g @ @.
93 VCes MSCLE 5 ® 0
‘ _E TH4S ‘ E ATS548 TH45 ‘ _KHE 1 5
_— — | Bcas o1
VCGCaa Ve 0.1u =

& 6-6 DE2-70 7 & #t | PS/2 £: 0 T i B




FPGA #t 7 i¥% # 3% 7f

PS/2 #2026l FPGA myoh g &R 3% 6-2 Fras.
+* 6-2 PS/2 #OZF FPGA RIS ER S| B iZE

Signal Name FPGA Pin No. Description

PS2 KBCLK PIN _F24 PS/2 Clock

PS2 KBDAT PIN_ EZ24 PS/2 Data

PS2 MSCLK PIN D26 PS/2 Clock(reserved for second PS/2 device)
PS2 MSDAT PIN D25 PS/2 Data(reserved for second PS/2 device)

61.3 PSR4t & 12 4] & 69 +% ¢+t

VL~ AW R AR Y Verilog HDL 4GRS, AT S H i 57 432 WO 35 26 O] i) B4 . A
LS H e 0 30 2 R AR B ] 7% £ 0 0 ok 26 BT A e
HfTiit.

WORE T 8 SRS K DB E R L R A B b TR A
T 04 5 i 45 i M35 A B 1K . B X A e 0 BA B BT S 46 B 4
o HAPIAZE ] K Y ready (55 . Fn I A B#EFZ T 5 55 A % oY B . 525 5 overflow

=
-

T

BFEEG6.1 AR,
modile psZ2 keyboard (clk,clm,psZ clk,ps2 data,data, ready,
overflow,count) ;

input clk,clrn,psZ clk,psZ data;

output [7:0] data;

reg [/:0] data;

output ready;

reg ready;

output reg overflow; //fifo overflow

output reg [3:0] count; //ocount ps2 data bits
//intemal signal, for test

reg [9:0] buffer; //ps2 data bits

reg [7:0] fifo[7:0]; //data fifo

reg [2:0] w ptr,r ptr; //fifo write and read pointers

//detect falling edge of ps2 clk
reg [2:0] ps2 clk sync;
always @ (posedge clk)
begin
psZ2 clk sync<= {ps2 clk sync[l:0],ps2 clk};
end



B B AE o I 3 25 5K it

wire sampling=ps2 clk sync[Z2] & ~psZ2 clk sync[l];
always @ (posedge clk)
begin
1f (clir==0) //reset
begin
cont<=0; w ptr<=0; r ptr<=0; overflow=0;
end
else
1f (sampling)
begin
1f (count==14"'dl0)
begin
1f ((ouffer([0]==0) && //start bit
(os2 data) & //stop bit
("buffer(9:1])) //odd parity
begin
fifo[w ptr]<=buffer[8:1]; //Kbd scan code
W ptr<=w ptr+3'bl;
ready<=1"bl;
overflow<=overflow| (r ptr== (w ptr+ 3'bl));
end

count<= 0; J/for next
end

else
begin
buffer [count]<=ps2 data; //store ps2 data
comnt<= count+ 3'bl;
end
end

if (ready) //read to output next data
begin
data= fifo[r ptr];
r ptr<=r ptr+3'dl;
ready<=1"b0;
end
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5] 6-7 J2& X B 1905 B P . BoR iy 2 B A S Shift” s A W7 EBE R 435 /5% 12H
1DH WBIE ., EEEVEW 12H A6, PS/2 B OBk Wiy A . IR (1'h0) +8
R YEN (IR &) + s HEE kA7 (1'b1D) AR 2448 32% 12H B M kb data ¥k H /Y
- BRI N %2 0010 0100 011,

Spligiglipgligliplipipligigipiginigigiglieinligligigligigigiy

| . . . T -
@oo0010 T 111011101

r

F 6-7 PS/2 ##5EHIEE

6.2 LCD#OFEIENI

LCD J2 3L T3 & HL 6 AUN 1 7 2 18 - W50 0 s 2 DA AR RN T #E A 2 i R 1%
355 R N ,F”M TE AT A 3 v Bl AL AT DL UL B0 9 A o AR L O AnEL R L T 3R LA
Has & MP3 55, Wb B aas il LUar RS, KRG, n X EF/FUN. A
S T8 W S s w al E AR OK L AT DL R R B VMR SR L T AT B W s R — R S
EIE Rk B AR FAMW M T s EmA/h HEE B A FA A — SR EmEE. - EfA
PIAT . a8 5 458 ) HL A IR, TR 2B 3 i A T2 W H

ARSCEG R B B REE S FAA LCD T HEJ?EE,%_J LCD £ D=l #% it ik .

621 LOD % /M

6.2.1.1 LCD B5pF05]| B T g€

DE2-70 FF &M EECE T — 8 CFAH1602B-TMC-JP B i & 7 /7 M B os 2 14, B &2
247 16 FHFMAF B a4, 7T DL R 192 Ff
(5XDFAFL32 F (5 X 10) F4F. H 9% 8 Fbh
(5XTYEL 4 P (5X10)F4F,. & 6-8 Fras.

ZE Nt TAEHETE N 5V, B 5]
W N 14 A5 e E 16 51, 16 4~ 5]
b T e 14 S5 2 A IR 5] ) (Ve fl
GND) #k, H 2 5 B A 14 > 5] 869 25 4
., CFAH1602B-TMC-JP &I & & 7~ 2% 1 5
A o Th e A tn 3k 6-3 Fiws .,

CFAH1602B-TMC-JP B & 2.7~ s N b A3 — 3l /i HD44780, 7= 4B il =
il WA T A ) B . P A 048 28R R A ik 45 T g HD44780 H{J,meﬁﬁmﬁﬁﬁﬁ.l-
VE rh 47 il £ P ]

& 6-8 CFAHI1602B-TMC-]JP % ¥
FAFR BN 3%
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%+ 6-3 CFAH1602B-TMC-JP B RETSHNSI B E X I8k

51 B S H = Ih BE # iR
1 Vs Ground
2 Vaa Supply Voltage for logic
3 V, Operating voltage for LCD
4 RS H:DATA., L:Instruction code
5 R/W H:Read(MPU—>Module) L : Write(MPU-—>Maodule)
6 E Chip enable signal
7~14 DB, ~DBb; Data bit 0~ Data bit 7
15 A/V., Power supply for LED backlight(—+)
16 K Power supply for LED backlight(—)

6.2.1.2 LCDHIEH#

5 6-9 7= CFAH1602B-TMC-JP B f Bn as UGS M B R . LCD B & T TH T B
s RS HD44780 FeAE 45 5 . 35 H] LCD f B n , 35H 8F HD44780 32 J Aok B 25
R, AL TR B 4 B M RIS 545 LCD A NEHI 8%, 35 LCD /9 .7~ ik 4k 7
o O PRI,

——————— — ——————————————————— —— ———— ———————— — —

|

|
RS L Com1-~16 l
RIW I Controller/Com Driver V :
MPU £ | HD44780 |
:_, or 16X2 LCD |
80 series | PBo~DB, ! Equivalent :
or K | D |
68 series | |
T ’
|
| = Segl~40 W W |
Vaa 1|2 E :
S Segd1~80 |
J’ 0 | H . |
R -— 5 D Seg Driver |

I, M =

10k~20k SS I_, - - |
2 |

|
e z LT
| . CL, :
| = |
Ve | |Z 8 — '
- 1% 5 Vaas Vsss Vi=Vs :
External contrast adjustment | o |
l Optional |
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0, 8050 0, 8550

\/ | \/ [
Cs
‘ccd © ¢ R g
V430 680 =
——~_ LCD ON  #5 680 O,
— 8050
Veed3
0, 8550
V{-_f‘{l-S REE
T 1k
O 1.LCD D[{Lﬂ
Ry ®
mlqildjdjlﬂjﬁrll qjldqlqﬁﬁl xIIEIUIIb:; ;RIQ
——___LCD BLON Ry 630 O: clalplalalkelalalalalalalala 47
— vV sos0 313[23 (3SR IR 1R R1R IS IS
L ]
el T B EAT R Rl Rl P N 1020 F o R R R R e M
DISI
g A r::“n:ﬂ”m“ﬂﬂ“m”ﬁfﬁli = .j%
o o O
-
2 X 16 DIGIT L.CD
LCD-2x16
& 6-10 LCD 7E DE2-70 F & # | 19 &b B 8, %
%+ 6-4 LCD 5| B)F0 FPGA B \ & 4 5| B 7Y & 2
LCD 5| B FPGA 35| jJ I g€ # &
I.CD D[0] PIN El I.CD DATA[O]
LCD D[1] PIN E3 LCD DATA[1"
LCD D[2] PIN D2 LLCD DATA[ 2"
.CD D[3] PIN D3 I.CD DATA[3]
.LCD D[4 ] PIN C1 I.LCD DATA[ 4]
LCD D[5] PIN C2 LLCD DATA[S5]
LCD D[6] PIN C3 LCD DATA[®6
.LCD D[7] PIN B2 I.CD DATA[ 7]
oLCD RW PIN F3 LLCD Read/Write Select, 0= Write, 1= Read
oLCD EN PIN E2 [.CD Enable
oLCD RS PIN F2 LLCD Command/Data Select, 0=Command, 1= Data
oLLCD ON PIN F1 [.CD Power ON/OFF
oLLCD BLON PIN G3 LLCD Back Light ON/OFF
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623 L0 & & 4| & HM/B0

6.2.3.1 HD44780 AR FFHE=RNF 75

HD44780 N & Ffig sy, FH T &4 7] B8 19 F 4, CGROM (Character Generator

ROM) &2 45 77 2L 2% . FE it bn 1 ASCIL %5 75 b3 — B H FAE U P A € 45 19 77 i
2= 8], 8 & CGRAMC(Character Generator RAM) , EN1FEAER NS —whl , 0 5E 6-5
Fr 7 .
F* 6-5 HD44780 N B 7 fifi 2 dmilt
ith HE Ih BE

0x00~0x0F HEXWFHFEL RAMGB H 5X8 MR FAF. 803 4 H 5X10 S BEMFM)

0x10~0x1F 7 E X

0x20~0x7F F e 28 CGROM, kR HE 9 ASCII 74

0x80~0x9F I E X

0xA0~0xFF FAF 7= A 4% CGROM, 71 B SCFAF Fl A ig SCF A7

% 1 CGROM #1 CGRAM %}, LCD Wikt DDRAM(Display Data RAM) , H T
WA BRI NE (FF BRI FR, Bl CGROM h it 47 i ik ) . DDRAM iy P 25
LA AL ] LCD W R 45 Ak . T DDRAM [ ik 2 F /45 B R 3 LCD |
(i HE .16 X2 BFAFRI LCD #y DDRAM #b ik 5 &7 B 59 X0 O 2R W3 6-6 Fr,

% 6-6 DDRAM it 5B R E

OOH | 01H | 02H | 03H | 04H | 05H | 06H | 07H | O8H | 09H |{0OAH | 0BH | 0OCH |ODH | OEH | OFH

40H | 41H | 42H | 43H | 44H | 45H | 46H | 47H | 48H | 49H {4AH | 4BH | 4CH |4DH | 4EH | 4FH

LCD #E il a8 2 R ME . EFF B FAANIS M TE 2 Z 07, 5235 DDRAM (1 i
Ak, BPUDSRAEE LCOWE —FEMNER A E - FEFM . AR ERFTE B RN
B HE AL A D i A A Hi bt

LCD NBEHRI # N A A 8 M A frdr . — IR Al — T e .

642 i a8 (IR A i 45 2N, iE Br Bon . 38 5 B 42, 34k B /8 2 i RAM
(DDRAM) g B A FZ 4724 28 RAM(CGRAM) {5 B35, 184 h i ab B 2% Gt 2 TR
PV TRES) 5 AER ZR . BEF A (DR HHFE S 2| DDRAM 1 CGRAM 1)
B, s Hm b EE . SR, Y hkS A IR B B4 5 DR fF i DDRAM (5%
CGRAM)Hhr e N e 1. 8 2 AF A7 s e B2 (RS) SR EHE W A~ 37 77 %7 (0-1R . 1-DR) ,
i W% 6-7,

(1) %5 & (BF)

Hizbrai Ay 1R s AR T AR A L AR R84S . I RS=01M
H R/W =1 AU 45 & B 5m h 3 DB, . F — 4098 2 2 A 7 1L bR A& ﬁﬁﬁlﬁfﬁﬁ‘é’%/\f

il i <

E2
0
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F 6-7 RS 1 R/W TheEHiiA
RS R/W Ih g # i

IR write as an internal operation (display clear. etc. )

Read busy flag (DB;) and address counter (DB, to DB;)

Write data to DDRAM or CGRAM (DR to DDRAM or CGRAM)
Read data from DDRAM or CGRAM (DDRAM or CGRAM to DR)

e = R
—_— O = O

(2) HbhkitZEas (AC)

skt Ees H T3 7F DDRAM #1 CGRAM ) #hk .

(3) BaEHE RAM(DDRAM)

DDRAM HF 1 8 AL FF EACHS Bl LY 8~ 80 X 8 i i 7~ B 48 5 80 1~ F47F .
&l 6-11 g2 DDRAM b il F1 3% & 27 2% 08 7 B i X6 0 C &R .

High bits Low bits
AC - - — Example: DDRAM addresses 4E
(hexadecimal) | ACg | ACs| AC, | AC; | AC, | AC, | AC, ] 0ol o l | | 0
(a) DDRAM 1}

Display position DDRAM address
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
00 | O [ 02 103 |04 |05]06 |07 |08]09]|0A]0B|0C]|0OD]|OE/| OF
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

(b) 21T X 1674 o
# 6-11 DDRAM Hhihk F1 dd 27w 4% B 7 00 B 59X Rk R

(4) FHrr= 48 ROM(CGROM)

CGROM M 8 fiF ity = 5X8 A~ miml 52X 10 4~ iV B s =, W3k 6-8 IR 6-10
T 7R

(5) Fred 48 RAM(CGRAM)

7t CGRAM H, ,F'Tw, HRFESFMH,.EE 8 N5 X8 N ANFMAEL, B E
4 4~ 5X10 PRI FAR L 1F LR 6-9 FE 6-10,

% 6-9 1 6-10 h BIR H@EW%E CGRAM i1y 22 75 1) S A7 i A5 X, H: ik A7 i
£ DDRAM .13k 6-9 W =P Boan 8. XKk XK B8 I CGRAM Hbht | 5 75 14
(DDRAM) FI #8520 (CGRAM %4l Z B 1) K &

6.2.3.2 FHERRETRERESTE

=k
1. 755

RS R/W DB, DB, DB, DB, DB, DB, DB, DB,

0 0 0 0 0 0 0 0 0 1

iz fTHFE] . (250kHz) 1. 64ms,
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Ee: (1) {FERH AL B, B DDRAM N B2 dPH A2 H 7y ASCIL S 20H
(2) FehpITA7, B Yehn U &G s B A F s

(3) ¥ibhkit#as (ACO {E R 0.
2. EFRIF{L

] EFE o ) 329 T

;
0
-

RS R/W DB: DBs DB DB, DB, DB,
0 0 0 0 0 0 1 *
iz frifE . (250kHz) 1. 64ms,
hEe: (1) fEEPrdEn 2] Bosas i A B
(2) 3B R (ACO BIEIRE N 0;

(3) 48 DDRAM N A AAS
3. IANFTRIZEE

RS R/W DB; DBs DB DB, DB, DB,

0 0 (0 0 0 0 I/D S

iz E] ;. (250kHz2)40pus,

TiRe: WRERKEG A 1 ABEER P AL [ JF HiE R IKE A —1F 445 =2

R

Hrp. 1/D=1##EEEH#IER AC A3 —;
/D=0 FIaix5#/ER AC A 31— ;

S=15 AHBHERBRBEEERLGE 1 NF5;
S=0B AN#HEHEEBRFEAED.

4. BRFXEH

RS R/W DB; DB; DB DB, DB, DB,
0 O 0 0 0 0 C B
EATHfE] . (250kH2z)40ps,

DhRg . & s as I/ K ehr W / K DL A OSEhR & & N K .
Hr, DERREARIFRX.D=1HF.D=0 KK;

C EZmERIFX.C=1 HF.C=0 KK,

B RaRNEIF K .B=1 NI .B=0 HK,

5. iR\ EIEBAL

RS R/W DB; DB; DB DB, DB, DB Db, DB,
0 0 0 0 0 1 S/C R/L * *

iz ATt [E) . (250kHz)40ps,
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TIRE : WCHRFE A B0 B A i 7R B 2 A7, D6 18] 1 A% 3 A 52 i) DDRAM,
Hrp, S/C=1 Bads LFEME mmm) & — 74500, B AC{EI 1;
S/C=0 36— PFafe. H AC{E /W 1;

R/L=1H#%.R/L=0 E#¥,

6. ThEEiZE &
RS R/W DB, DB, DB; DB, DB, DB, DB, DB,
0 0 0 0 1 DL N F * *

iz AT E] . (250kH2)40pus,

hae: TAE NI EVRILTE S . i E IR B 2. B T8 L FIE .
Hrp, DL=1,8u%dr&0:;DL=0, 4 VE IO .
N=1.M17Em~;N=0,—1TB~,

F=1.5X10 5 MEFM/BFM: F=0.5 X7 8 FEFN /B4,

7. CGRAM #iitig &

RS R/W DB; DBs DBs DB, DB; DB DB, DB,

0 0 0 1 As A, A; A A, Ao

iz 47 i E] . (Zﬁokl—lz}ilﬂ‘usu
hig. KB F —1TEHEAEIERN CGRAM #iht A, ~A,=0~3FH.
8. DDRAM b ibi%Z &

RS R/W DB; DBs DBs DB, DB, DB DB, DB,

0 0 1 As As A, Aj; A, A, A,

EATAFE . (250kH2)40ps,
hRe. WHIKE F—1T2HFAZIER DDRAM iy 4k .

9. i BF ¥ AC &
RS R/W DB; DB; DB- DB, DB, DB, DB, DB,
0 1 BEF AC& ACE. ACq AC;{ ACE ACl AC{;

B T E] ;. (250kH2z)40ps,

IIRE . SR BF {H AL 4E 118038 AC {H.

Hirp, (D) B#BUCERES BF BNE . BF=1 /a5 5w a8 10, 8 ik 6 2k 82 e s i
a5 I EE 5L TE 2 s 24 BF=0 B, ¥ i 7 a0 DL A HE il # 25 Of i B I8 5 48 &

(2) UGB A (AC) N2 LAt AC {H & b il — K Hb ik 1% & (CGRAM 1§
DDRAM) %E X,




By B AR o I B 55k At
, i s 2

10. SEIE.Z3ES N\ DDRAM = CGRAM :
RS R/W DB; DB, DB. DB, DB, DB, DB, DB, =
1 0 D, D, D. D, D, D, D, D,

EATHFE . (250kH2z)40pus,

HEE. (1) BFHEE A DDRAM, DI{d & s B 5 oA 6 N 1 4% .

(2) ¥ HE B it EIEHFE A CGRAM,

11. FE#3E . M CGRAM = DDRAM iE H #1 3
RS R/W DB: DBs DB DB, DB, DB DB, DB,

1 1 - Dy D: D, D D, 1D} D,

EATHFIE] . (250kH2z)40ps,

188 . MR AR i B A9 aEPE T DDRAM 5% CGRAM #5045 58 H

MOMZEEELN T . EIIELED A RS.R/W Ml 8 s 8. 40T

MMERESL E, [HREQL E X
FTREE—>0),

AT LCD 38

5 AN R/W o8 1, W fidas il s T LUK LCD i3 IR ZS 7
PR TE 2 LCD $hA7 HZ A B9 45 2 808 B H3e AR £ .

&l 6-12 J& HD44780 M5 ¥EAERT T |

S CHAE
Y E NEHAER, SR R/W 0,0 LCD M il 2 52 A

. EAMPTAZCRE . SHEF) M
SR
(BF RS fidb bk, i E @Y

4
>§ VIHI VIHI
RS VILI VIL1
: 3
RIW \\.VILI ALI
pwEH (Al
i T [Ef -
VIHI vnu\\ }/_
E VIL1 VILI1 VILI
.;fE" IDSW IH
—— | [ — —
" VIHI VIHI
DB,~DB, X\VILI Valid data VILI
Ic}-'cE
&l 6-12 LCD B#AER ¥

& 6-13 & HD44780 HyiZA/ER .

624 LD 2 F i 4 & %+t

L F R LCD B #H 2849 Verilog HDL A0S, L BA LA SZ 80 T 7 LCD | 8w —

an
Ui

FRW P, BEXHCA M sh, 25t v LA7E LCD FB/n B OB E BRI FA.
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'd
VIH] VIHI
RS ><‘s VIL | lejD<
5 AH
ot EA - — t —
B <
R/ yd VIH VIH]1 \
- PWHH _ - IA'H _
' (Ef
VIHI Vllll\\ }/_
E VILEI VILI VIL1
R N R ¢DDR - S -
BB DR /VOH] * VOHI
o~ DB5 VOL1* Valid data *VOL1
rcch

B 6-13 LCD iEZ#4ER F

EFEERG6.2 LCDEHZCH,

modile TCD(

input  1CIK 30,
input  [0:0] 1SW,
output [7:0]LCD D,
output olCD RW,
output olCD EN,
output ollCD RS,
output olCD ON,
output olCD BLON

)7

// Internal Wires/Registers
reg(o:0] LUT INDEX;
reg(8:0] LUT DATA;
reg(o:0] mlCD ST;
reg[1/:0] mDLY;

reg mlCD Start;
reg[/:0] mlCD Dy
reg molCD RS;
wire mLCD Done;

parameter ICD INTTAI= O;
parameter ICD LINEl=5;
parameter ICD CH LINE=ICD LINEl+ 16;
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2
parameter ICD LINEZ2=ICD LINEl+ 16+ 1; q
paraneter IUT SIZF=ICD LINEl+ 32+ 1; //39 =
assign olCD ON=1"bl;
assign olCD BION=1'bl;
always@ (posedge 1CIK 50)
begin

1f (11SW[0])

begin

IUT INDEX <=0;

mlCD ST <=0;
mDLY <=0;
mlCD Start <=0;
mlCD D <=0;
molCD RS <=0;
end
else
begin
11 (LUT INDEX< IUT SIZE)
begin
case (mLCD ST)
0: begin
mlLCD D <=I1UT DATA[/:0];
molCD RS <=IUT DATA[8];
mlCD Start <=1;

mlCD ST <=1;
end
1: begin
1f (mICD Done)
begin
mlCD Start <=0;
mlCD ST <=2;
end
end
2: begin

1f (mDLY< 18"h3FFEE)
mDLY<=mDLY+ 1;
else

begin
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end
end
3: begin
LOT INDEX <=1UT INDEX+1;
mlCD ST <=0;
end
endcase
end
end
end
//always
always begin
case (LUT INDEX)
//Initial
ICD INTIAL+ O: IUT DATA <= 9'h038; //TAE T N &
ICD INTIAL+ 1: IUT DATA <= 9'h00C; /A 7 T G
ICD INTIAL# 2: TUT DRTA <= 9'h001; /[ 5t
ICD INTTAL+ 3: IUT [RTA <= 9'h006; / /5 A7
ICD INTIAL+ 4: LUT DATA <= 9'h080; /I E T — %3 1Y DDRAM 3l i
//Line 1
ICD LINEl+ O: IOT DATA  <=9'hl48; //H
ICD LINEl+1: IOT DATA <= 9'hl169; //i
ICD LINEl+2: IUT DATA  <=9'h121; //!
ICD IINEl+ 3: TUT DATA <= 9'h120;
ICD LINEl+4: IUT DATA  <=9'hl57; /W
ICD LINEl+ 5: IOT DRTA  <=9'hl65; //e
ICD LINEl+ 6: IUT DATA  <=9'hléC; //1
ICD LINEl+ 7: IUT DATA  <=9'hl6€3; //c
ICD LINEl+8: IUT DATA <= 9'hl6F; //o
ICD LINEl+ 9: TUT DRTA <= 9'hleD; //m
ICD IINEI+ 10: TUT DRTA <= 9'h165; //e
ICD LINEI+11: TOT DATA <=9'hl20;
ICD LINEl+ 12: TOT DRTA  <=9'hl74; //t
ICD LINE1+ 13: IUT DATA <= 9'hloF; //o

ICD LINEI+ 14: TUT DATA <=9'hl20;
ICD LINEI+ 15: IUT DATA <=9'hl120;



//Change Line

ICD CH LINE: IUT DATA <= 9'h0C0;

//Line 2

ICD LINEZ2+ O: IOT TATA  <=9'hl20;

ICD LINE2+ 1: IUT DATA <= 9'h120;
ICD LINE2+2: IUT DATA <= 9'h120;

ICD LINE2+ 3: IUT DATA <= 9'h120;
ICD LINE2+4: IUT DATA <= 9'hldE;
ICD LINE2+ 5: IUT DATA <= 9'hldA;
ICD LINE2+ 6: IUT DATA <= 9'h155;

ICD LINE2+ 7: IOT DATA <= 9'h120;
ICD LINE2+8: IUT DRTA <= 9'h143;

ICD LINE2+ 9: IUT DATA <= 9'hl53;

ICD LINE2+ 10: IUT DATA <= 9'h120;

ICD LINE2+ 11: IUT DRTA <= 9'h120;
ICD LINE2+ 12: IUT DRTA <= 9'h144;

ICD LINE2+ 13: IUT DRTA <= 9'h145;
ICD LINE2+ 14: IUT DRTA <= 9'h150;

ICD LINE2+15: IUT DRTA <= 9'hl21;

default: IUT DATA
endcase
end

ICD Controller  u0(

endmodiile

<= 9'h000;

//Host Side

.iDATA (uICD D),
.1RS (moICD RS),
.1Start (mLCD Start),
-obone (mLCD Done) ,
1CIK(1CIK 20),
ARST (1SW[0]),

//ICD Interface
ICD D(ICD D),
.OLCD RW(coLCD RW),
.OLCD EN(cLCD EN),
.0lCD RS(alCD RS));

//To display one letter on ICD

module ICD Controller ( //Host Side

1DATA, 1RS,

o] B o ) 5Bkt

//CE T — B3 #Y DDRAM 3l ik

//
//
//
//
//N
//J
//U0
//
//C
//S

//

//D
//E
//P
/]!

=

%
0
-
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1Start, cDone,
iCIK, iRST,
//ICD Interface
ICD D,

oLCD RW,
oLCD EN,
olCD RS);
//CIK
parameter CIK Divide=16;
//Host Side
input [7:0] 1DATA;
input  1RS,1iStart;
imput 1CIK,1RST;
outpput reg obDone;
//ICD Interface
output  [7:0] ICD D;
output reg  olCD EN;
output oLCD RW;
output olCD RS5;
//Internal Register
reg [4:0] Cont;
reg [1:0] ST;
reg prestart,msStart;
[1177177777777777777777777777717777777177777
//Only write to ICD, bypass iRS to olCD RS
assign ICD D = 1DATA;
assign olCD RW =1"b0;
assign oILCD RS =1RS;
[11717777777777777777777777777777777777777177
always@ (posedge iCIK)
begin
1f (11RST)
begin
oDone <=1"b0;
olCD EN <=1"00;
preStart <=1'b0;
mStart <=1"b0;
Cont <=0;



//////Irput Start Detect///////
preStart<=iStart;
1f ({preStart,1Start}==2"b01)
begin

mStart <=1"bl;

oDone <=1"b0;

end
1771177777 7777777777777777717717
1f (mStart)
begin
case (ST)
0: ST <=1; //Mait Setup
1: begin
olCD EN <=1'bl;
ST <=2;
end
2: begin
1f (Cont< CIK Divide)
Cont <=Cont+ 1;
else
ST <=3;
end
3: begin
olCD EN <=1"b0;
mStart <=1"p0;
oDone <=1"bl;
Cont <=0;
ST <=0;
end
endcase
end

) B Bk

i o W
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6.3 VGA EOFRIE K

VGA 1 32& IMB il 22 19 — B A8 40 20 3 iy A% S b E , 2 HL N oo s s e R g 2 10,

A HA 2% VGA #2053, 22> VGA B OEHI st .
631 VGA # /M
6.3.1.1 VGA EORSMNRF05| B Th &8

VGA (Video Graphics Array) 4% 1, BI #) Ji
CRT B/a#ri#E O ,CRT BRssP

AP B8

R il E b

I

,.h

VGA 0O & ¥ 2 HF

% %

AR Z B T A X

AL REMmEENGE S . VGAEOMERE F B EMESHED LV EESER CRT
Waash AR E VGA #1H. VGA 12 15 /L4 3k . 0 8 3 HE. 5 4HE 5
AL 6-14 B s,

VGAENOWEOGEES FEEA 5 1. R(Red),.G(Green) ., B(Blue) . HS(Horizontal
Synchronization) fl VS(Vertical Synchronization) . BIZT 2 | & e £ [6] 22 FK - [6) 25 (W
P17 [A] 25 At [a] 25 )

6.3.1.2 VGARTITIERIE

KR B EU R RS NEEA, Baas R 2R aBITAZ DN BE N
Wi £ /D47 AR UER VGA P2 640 X480, 4 B 5 M4 HE 2, 11 1024 X 768.1280 X

1024,1920X1200 55, M AHR B #0950 %80 382 2% 15, B 7 Wl 8 1 401 238 (s R0 4 5 7 ) ot 50) g
ZRT 24, X mEGEERAASNG . VGA s a5 — B 1 R 5 i R 2 60Hz.

H
Ly

—1

_i'..

iGN B R EMNFERNL EAITE TN TR ESE 1T
Bk A7 R S A 205 . RGB ik Haits B &5 % 419 RGB B JR{E . 24—l
BN WH G, i[5 5% AN bk e, 3158 TR R 5 9 A2 i T R s R — 1ol K]
1%, tE 6-15 Frs .
4 N\
\nnuun/ \cacnn/ ””””” s
00000 00000 - >~
00000 00000 — >
(a) o /
Kl 6-14 VGAEOERRREHE K 6-15 Bz~ EHE
RGB Wit AT A R E A EE ZE S . T CRT W RN E—170917 E 3

A

2 A EMAITEE T — Wit 7 R, X RGB

T W7k T 2t m, N A T A




B B4R 2 4] 52 9E T

15 1Y LR AR N O CRRAB) o X 2B i 8] B O B, 1 R 1Y 47 TH B s [8) A1 3% 15 BR8], 47 78 BeUis [E] LA
18 2% B Wi JH B sk (8] AAT A B . VGA fra s At P s ZEE N E 6-16 frs .,

96 48 16
R 640 |
I-- l.--I
HS I I
| I
| I
I I
RGB  HFE | —1T640{% ZEiE HETS!
233 480 10
- =~ 1
vs L :
I I
I I
I I
RGB JHF& —fifi4801T HFE

& 6-16 VGAfTHI . BHEHEN F~ERE

& 6-16 AT A H , A8 B/R — 1715 5% & 96 +481+640+16 =800 & & & i it
6], Horpgr [a] 26 fa ik b 55 B2 R 96 ME R St 8] AT IH BRUR 1AW B 48 MR =R SR, B AT
W~ 640 MRR A ATHBEWE T Z 16 MR R S B E], —47 Ba B E o 640 MR R A
6], — AT IH BRI [E] 28 160 MR R T[],

AR — Wi E AT 2+33+480+ 10=525 Fr st [a] . H b 35 [6 2 7 bk v 95 B 4
2 T BonEtE] L B R G E W 2 33 My B oaatE, 8 B R 480 17, 3 H BTG W
10 M7 W BF (8], — Wi i 7 15F [6] 4 480 47 i 7= Bt 8] , — g 7 B2 Y 18] A7 45 47 I 7 B [6]

632 VGA f« FPGA ) i 4%

WRig VGA W TAE R, VGA T AERF /Y [ 25 bk b HS 1 VS 52 — 4> 1 ik o, 72
FPGA F=4: 1. {H RGB 2 H, JE(H . 285 5, ] P= 4 mg 2

B gy ADV7123 B— 3B, =i, Sl sy, HNE =15,
10 A7 7 B AN an B9 A A B 5% i 8% . — S iE TTL % A 82 0 LA L& — > v BT A5 40 S
HE IR, DE2-70 TP A G HE =4 Boanss B IG5 (4.4 . 1) . ADV7123 &7
Cyclone [I FPGA 1 VGA £ 1 Z [0, FH T 205 RGB (7 5 ¥ il 00 e iy . Hof
i E i 6-17 B

ADV7123 By TAER 8P HE Z MEHE K H T Cyclone Il FPGA,R, ~Ry .G, ~
Gy M Bo~Bs 7= =4k H T FPGA B4 ., FH T # RGB 19 %0 i 1%, 5 7s A 8] 2 0,
VGA BLANK N = #I1{E S EA R, H TiEH] ADV7123 MEE S E 1 .Y VGA

BLANK_N MK B Ry ~Ry .G, ~Gy Fl By~By i AR ZGE B IR, VGA_SYNC

N EHIESHEMCB AR 2 ADV7123 N af it 57 /% A4 &) 25 35 il 4 A U — i &
R HL, VGA CLOCK & ADV7123 By T /F i &, HoBm R B e+ B 7s 28 09 il B 4
CHE AP 2758 Wl 2 B9 ot 250 1 20 B 2R (Rl R R RS20 . AR ZOK, B B2R 60 Wi, B
800X 525 & £ A, 60 X 800 X 525 = 25200000, HJ 45 b Z B 7/~ 25. 2M 4~ &, it it
ADV7123 ) TAESZE 5K 25. 2MHz,

%
0
-
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633 VA 2 7 42 4] & &+t

%

6
TS B A B i T2 B 9 VGA R s e e s |
TN ARG . R W L D P Y SR 25 M Hz
RRFEE8 6.3 VGA SaadsdH 2/t

modile 1o voa(
1CIK 50, //TE2 10 clock  S(MHz
1CIRN, //clear N connect to iSW[0]
//to ADVI123
oOVA R,

OVE G,

OV B,

OVEA SYNC N,

OVEA BIANK N,

oV CLOCK,
//to VG
OVEA HS5,
OVEA V5,);
1nput 1CIK 50;
input 1CLRN;

output [9:0] VA R, oVEA G, VA B;

output oVGA SYNC N, oVGA BIANK N, oVGA CLOCK;
output oVEA HS, oVEA V5;

reg vga clk;

reg [9:0] h count, v count;

reg [11:0] data reg;

//Horizontal Parameter (Pixel)

parameter H SYNC CYC  =96;

parameter H SYNC BACK =48;

parameter H SYNC ACT  =0o40;

parameter H SYNC FRONT =16;

parameter H SYNC TOTAL = 800; //96+ 48+ 640+ 16= 800
//Virtical Parameter (Line)

parameter V SYNC CYC =2;
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parameter V SYNC BACK =32;
parameter V SYNC ACT  =480;

parameter V SYNC FRONT =11;
parameter V SYNC TOTAL = 525; //2+ 32+ 480+ 11= 525

//Start Offset

parameter X START =H SYNC CYC+H SYNC BACK;
//96+ 48=144 before 640
parameter Y START =V SYNC CYC+V SYNC BACK;

//2+32=34 before 480

//color of back ground
parameter Color R=0;

parameter Color G=10'b1111111111;

parameter Color B=0;

//OVGA CIK Generator, 50MHz to 29VHz

always @ (posedge iCIK 50 or negedge iCIRN) begin
1 ACIRN==0) vga clk<=1'bl;
else vga clk<=~vga clk;
end

//H Sync Counter

always @ (posedge vga clk or negedge 1CIRN) begin

1f (ACIRN==10) h count<=10"'d0;
else 1f (h comt==H SYNC TOTAL) h count<=10'd0;
else h count=h count+10'dl;
end
//V_Sync Counter
always @ (posedge vga_clk or negedge 1CIRN) begin
1f (1CIRN==10) v _count<=10'd0;
else 1f (h commt==H SYNC TOTAL) begin
1f (v count==V SYNC TOTAL) v count<=10'd0;
else v count=v count+10'dl;
end
end

assign video out = ((h count>=X START)
&& (h cont<X STARTH+H SYNC ACT))

&& ((v count>=Y START)

&& (v count<Y STARTH+V SYNC ACT)));



) B2 I Bk

assign oV HS= (h count>=10"'d%);
assign oVEA V5= (v count>=10'd2);

it o W

assign oVEA R= (video out)?Color R:0;

assign oV G= (video out)?Color G:0;
assign oVEA B= (video out)?Color B:0;
assign oVEA SYNC Ne=1'b0;

assign oVGA BIANK N=oVGA HS & oVEA VS;
assign oVEA CIOCK=vga clk;

endnodule
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