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Unit 1 Introduction to the DE(Q, DE1., or DE2 Development & Education Board

Project: Intro2DEDO, Intro2DE1, or Intro2DE2

S50MHz
CLK_ON
SEL[1]
SEL[0]

CLOCK

1.3

Logic Switches

Board
# switches

DEO
10

DEI
10

DE2
18

Logic Switch
SW1

LEDG1
(on/off)

Logic level
(high/low)

Voltage at
connector pin

Down

Off

Low

~0V

Up

On

High

~3.3V




1.4

1.5

1.6

1.7

LEDs
LED label Color DEO DE1 DE2
LEDR Red 0 10 18
LEDG Green 10 8 9
Pushbuttons — Normally High
Board DEO DE1 DE2
Pushbutton 3 4 4
Pushbutton | LEDG2 | LEDG3
#1 (on/off) | (on/off)
Normal On Off
Pressed Off On
Clock
CLK_ON (SW9) 1 1 1 0
SEL[1..0] (SW8, SW7) 00 01 10 XX
freqeo 0.5Hz 5Hz 25 Hz 50 Hz 0 Hz
Simple logic circuits
A B w X Y Z
(SW3) | (SW2) (LEDG4) (LEDG5) (LEDG6) (LEDG7)
0 0 0 1 0 0
0 1 1 0 1 0
1 0 0 1 1 0
1 1 1 0 1 1
W =R X =B Y = A +B = A B




Unit 2 Testing Combinational Logic Circuits Using DE(O, DE1, or DE2 Boards
Project: Lab2DEOQO, Lab2DE1, or Lab2DE2

Lab2_1 Lab2select
e I — A X Xin Xout e — N
B_sWo ——— B Y Yin Yout —
z Zin Zout SANRUL [ £.G2
T Tin Tout e —
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inst3 Kin Kout ———— > K_GE
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2.1

2.2

Simple circuits

X =A+AB=A Y = A B = A +

7 =A (A + B) =AB T=AB+AB+“AB =
AlBlT [z [ Y [ x[ ol ][w]/V
0 0 0 0 0 0 0 1 1 1
0 1 1 0 1 0 1 0 0 1
1 0 1 0 1 1 1 0 0 1
1 1 1 1 1 1 0 1 0 0

More circuit functions

V = A B W =2 +

J=AB+AB=2A®B =AB+AB




Unit 3 Schematic Capture & Analysis of Combinational Logic Circuits

3.1  Example 3-1 (see Lab Manual Example 3-1 & Quartus Tutorial 1 — Schematic)

3.2 Equivalent circuits

(a) vV o= W? true

Vv =A (B + C)

=
Il

A C+ A B
(b) X = Y? true

X =AB+AB+AC

Y=AB+AB+BC
A B C v W X Y
0 0 0 0 0 1 1
0 0 1 0 0 1 1
0 1 0 0 0 0 0
0 1 1 0 0 0 0
1 0 0 0 0 0 0
1 0 1 1 1 1 1
1 1 0 1 1 1 1
1 1 1 1 1 1 1
3.3  DeMorgan’s theorem
(a) pl = p2 = p3? true
plzgg p2=55 p3 = a + b
(b) ql = g2 = g3? true
q1:g+5 q2:g+g g3 = ab

=l Il K=l Kl BV
R|lolr|olo

o|lolo|r|v
oflr| | +—]|a




34 2-bit adder

0ps 20us 40us 6.0us 8.0us 100us 120us 140us 16.0 u4
Name [gps
i
>0 | @A 00 b4 01 e 10 i i
1 tm J
2 AD | [ |
>3 | @8 T00 01 10 W1 W00 01 W 0 W 1 W 00 W 01 W 0 W i1} 00 01 ) 0 i1
>4 0o . - '}
w5 BO [ | J ] [ ] ] | J | J | J | |
o6 | B@s 7000 ¥ 001 % 010 ¥ 011 ¥ 001 ¥ 010 % 011 % 100 ¥ 010 ¥ 011 % 100 ¥ 101 ¥ 011 ¥ 100 ¥ 101 ¥ 110
7 s2 1 J
w8 st | | | I— | — |
o9 S0 [ | | | | _ I




Unit 4 Design and Simulation of Combinational Circuits

4.1  Majority vote (see Lab Manual Example 4-1 & Quartus Tutorial 2 — Simulation)
Value at ps 1.0us 20us 3.0us 40us 5.0us 6.0us 70us 8.0 u4
Name | 416ans |/11675ns
4

-0 a BO |

1 b BO J | |

2 c BO | |

o3 v BO L
4.2  Two-input multiplexer

Rl R|lololololn
Rl |lo|lolr|r|lolol
—lo|lr|o|lr|o|lr|olw
—lo|lr|o|lr|r|lo|lolx

SAB+SAB+SABGY+SARB

ps 1.0us 20us 30us 40us 50us 6.0us 7.0us 8.0 u4
N Value at 1 1 1 1 1 1 1
ame 1155 ns ]1.55 ns
0 s BO J
1 a BO J | |
2 b BO
o3 y BO J _I |—|




Non-BCD input

4.3

GT9

ABCD+ABCD+ABCD M+“ABCD

GT9

+ ABCD+ABCD

16.0ug

14.0us

ps
11.55ns

Value at
11.55ns

Name

BO
BO
BO
BO
BO

at9

-0

2

>3

fo 24




e :

Two-bit comparator

4.4

EQ

BO

Bl

A0

Al

A1 AQ0 Bl BO + A1l A0 B1 BO + A1 A0 Bl BO + Al A0 Bl BO

EQ

10



ps 20us 40us 6.0us 80us 100us 12.0us 140us 16.0 u4
Name Value at ! ! 1 ! !
11.55ns }155”5

0 Al BO J
1 AD BO | | |
2 B1 BO | |
3 B0 BO I [ [ | | [ [ |
P 22 EQ B1 [ |
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4.5  Binary number detector
YO = G B A Yl = G B A
Value at ps 1 Q us Z.Q us 3.Q us 4.Q us 5.Q us G.Q us 7.Q us 8.0 u4
Name | 1155ns |[1155ns
f

0 G BO |
1 B BO | 1 |
2 A BO ] —— e
o3 Y0 BO |
o4 Y1 BO I
o5 Y2 BO e
6 Y3 BO —

12



4.6

Alarm circuit

aall

=l Bl el Bl el Rl Bl el K=l K@) H @) [ ol fol o) ol Fo) |
= Bl Hanll Hand K@) H @&l ol Re) N eul Bl Bl Bl fol ol Ho) Nl Rav)
=l Bl K=l Hel ol Bl Hol ol sl Bl ol ol Bl Bl Ho) Neol ey

=l K=l Ll Kol Nl Fol i ol Nol il Nel Bl Nl Bosl Neol Bl Nl Nl

Pl elolr|lolr|r|lolo|lo|lo|o|of &

=
|
o |

TPFL+TPFL

L+TPFL

Name

Value at
Ops

0ps 20us

80us

10.0us

120us

140us

16.0 u%

-0

1

2

>3

o»4

b SR e 1 B = B

BO
BO
BO
BO
BO

0ps
i

13
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4.7

Elevator control

Pl e e o]lololo|o|lo|o|of &
Pl |lololololr| | r|lololo|lo|w
Rlelololr|r|lololr| ool |r|lolola
Rlo|lr|olr|o|r|olr|olr|o|r|olr|lolo
Plelrlolrlolololr|olololo|lo|o|lolH

= ABCD+ABCD+ABCD+ABCD M+“ABTCD

Name Dps
0 A BO
[ B BO
2 C BO
3 D BO
Lo 24 F BO

15



Unit 5 Creating Hierarchical Logic Circuits

5.1  1-out-of-4 data selector (see Lab Manual Example 5-1 & Quartus Tutorial 3 —
Hierarchical)
5.2 2-channel, 4-bit multiplexer
: | T
AR 3.3 H*ﬂ ~ea 1y e
oo ata—sel2
....................... sel v QUTEUT s y0
i | e PO I
£ : B 51 SRS S S S
S S S BSE SRS S S S
oo T e LI
oo gtasel2
....................... sel v SQUTELT syt
: C=os d0 i
: = a1 oo
Cooiiiiiiiiiiiiiiiiio| il eem SRS S S S
oo T e LI
oo ata—sel2
....................... sel v QUTEUT [ y2
53 e PO I
=== a HHHHHHHHH
S S S FRE - SRS S S S
oo ato oAl
i ata_gel2 .. %
......... sel v e
= C=os d0 i
o = a1 oo
DIIIIIIIIIIIII I e SRS S S S
LI 5 S S S S S
CEED , N }c .....................................
i Vi . . e T
....................... o l
{6 e il R ) Lo
T SES) EEERRREERRNS = e 0 i L
.............................................. D ——— I D S
.................................. s ) o
SRR S S S S S EEEESEEEEL = i CLLIiiiiiiiiiiiiiiiiioon
B gy S
B VMM cc?s 0 0t s e e e e e e e e e InStT -------------------------------------
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5.3  Multiplexer & decoder

detector_2bit
a y0 DT cnd
y1 DTEJT [ cnl
y2 —_—




5.4 3-bit decoder

detector_2bit
a y0

v
y2
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