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(a) Analog (b) Digital

Fig. 2-1: Example of Analog and Digital Signal
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Table 2-1: Truth Tables of Basic Logic Operations

(a) Logical And (z = a - b) (b) Logical Or (z = a + b)
a b x a b x (¢) Logical Not (z = a)
0 0 O 0 0 O a a
1 0 0 1 0 1 0 1
0 1 0 0 1 1 1 0
1 1 1 1 1 1
at+a=a (Idempotent Law)
a-a=a (Idempotent Law)
a+1=1 (Identity Law)
a-0=0 (Identity Law)
a+(a-b)=a (Absorption Law) (2-1)
a-(a+b)=a (Absorption Law)
(a+b)+c=a+(b+c) (Associative Law)
(a-b)-c=a-(b-c) (Associative Law)
a=a (Double Negation)
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AND Gate OR Gate ~[>¢
N o= D NOT Gate

NAND Gate NOR Gate

Fig. 2-2: Symbols of Logic Gates
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Fig. 2-3: Karnaugh Mapofz = (a-b-¢)+(a-b-¢)+ (a-b-¢)
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Fig. 2-4: Example of State Transition Graph

Table 2-2: Example of State Transition Table




3 REBRFIE - x4
3.1 XER#%RE

e 7Ly FR—F

o HTZELEIR

e XU FAXA v F x4

e LED x4

e 77Xk LED

o H— R UIEPIEF 33092 or 4709 x12
e Uy U R=UAY

e AND % — k IC TC74HCO08

e NAND ~ — + IC HD14012BP
e OR 77— I IC TC74HC32

e NOT 7 — + IC TC74HC04

e 7t XY FFIANICTCE511

e D7V v 771y 7 ICTC74HC74 x2

e Nch MOSFET

3.2 FHE1-1

AND 77— F 2% W3E OR 7 — b OEMEZ R T 5.
2D0DREVEANE L, WHH%E 727 A FLED O Fy MCERRSEBEIEEZIERT 5.

33 FH&E1-2

4 AJ1NAND 7 — + O#i{E 2 RS 5.

4ODKREZ AN L, BNh%E 727X FLED O Fy MZRRSEZEIEZIERT 5.

3.4 FHE1-3

Fig. 3-1 \ITR T A G DR AR 2 /K LEEZ RS 5.
4ODKREZ AN L, BHh%E 727 A FLED O Fy MZRRSEZEIEZIERT 5.

AN —_|

B 1

O —|

DAl
Ba

Dy —

bR

Fig. 3-1: Circuit Diagram of Assignment 1-3
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Fig. 3-2: Circuit Diagram of Assignment 1-4
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Fig. 3-3: Circuit Diagram of Assignment 3-1
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Fig. 3-4: Circuit Diagram of Assignment 3-2
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Fig. 3-5: Circuit Diagram of Assignment 3-3
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Fig. 3-6: Circuit Diagram of Assignment 3-4
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(a)a=0,b=0 (b)a=1,b=0 (c)a=1,b=1

Fig. 4-1: 74HC08 AND Gate, Input A on Second from Right (z = a - b)



4.1.2 gAlTnIcHEER

Table 4-1: Observed Truth Tableof v = a - b
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(@A)a=0,b=0,¢c=0,d=0 (b)a=1,b=1,¢=0,d=0 (dJa=1b=1,c=1,d=1

422 BAThI-ERER

Table 4-2: Observed Truth Tableof x =a-b-c-d

_ O R O R O R O Fr O Fr O Fr O R O|w
_ Rk O 0O R P OO0 R PR OO RFR R o ol
N e T T = = T = N e T e T = S = S T S W s B e B e B e N BN o}
e e e = B = R o R o R ol e e R e N o}
[ I N e e e e T e T e T e T = O S S S S O Y




43 FR&E1-3

(a)a=0,b=0,¢=0,d=0 (b)a=0,b=1,¢=0,d=0 (0)a=1,b=1,c=1,d=1

Fig. 4-3: 4 Inputs AND Gate with Three 2 Inputs AND Gates,
Input A on Most Left (z = (a - b) - (¢ - d))
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Table 4-3: Observed Truth Table of x = (a - b) - (¢ d)
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(a)a=0,b=0,¢=0,d=0 b)a=1,b=0,c=1,d=0 (0)a=1,b=1,c=1,d=1

Fig. 4-4: 4 Inputs NAND Gate with Three 2 Inputs AND Gates and
a NOT Gate, Input A on Most Left (z = (a - b) - (c- d))
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Table 4-4: Observed Truth Table of x = (a - b) - (¢- d)
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7 2-1

4.5

BiF

4.5.1

(6)a=0,b=1,¢=0,d=1

(b)a=1,b=1,¢c=1,d=0

(a)a=0,b=0,¢=0,d=0

Fig. 4-5: 7 Segment Driver (4 Bits BDC Input, LSB on Left)

452 BHAThI-EEER

Table 4-5: Observed Truth Table of 7 Segment Driver

d A B C D E F G

a b c
0 0 0 O
1

1
0

1

0 0 O

1
1

1
1

0 0 0

1

0 0
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4.6.1 BE

fla=1,b=1,¢c=1,d=1

(g)a=1,b=0,c=0,d=1

Fig. 4-6: 7 Segment Hexadecimal Decoder 10-15 Only (4 Bits BCD Input, LSB on Left)
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46.2 BAlTnIcHIEER

Table 4-6: Observed Truth Table of 7 Segment Hexadecimal Decoder (* Indicates Don’t Care Term)

a b c¢cd A B C D E F G
** * 0 0 0 0 0 0 0 O
**)}0 01 0 0 0 0 0 0 O
o1 0 1 1 1 1 0 1 1 1
11 0 1 0 0 1 1 1 1 1
0 o111 0 0 1 1 1 0
101 1 0 1 1 1 1 0 1
o111 1 0 0 1 1 1 1
111 1 1 0 0 0 1 1 1

4.7 &R%E 3-1

471 EhfE

(c) Set Release (d) Reset Hold

Fig. 4-7: RS Latch with OR Gates and NOT Gates (LEDs Represent
Set, Reset, Inverted Output, Output from Left)
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472 BRTnIEF

Table 4-7: Observed State Transition Table of RS Latch

R S @ @ Action

0 0 Q @ Hold

0 1 1 0 Set

1 0 0 1 Reset

1 1 X X Unstable Behaviour
4.8 FR&E 3-2
481 Bk

(a) Initial State (b) Clocked Once from Initial State ~ (c¢) Clocked Twice from Initial State

Fig. 4-8: D Flipflop Toggler

482 BAlTNnIEF

Table 4-8: Observed State Transition Table of D Flipflop Toggler

CK @ (Qnet Action

T+ 0 1 Toggle
T 1 0  Toggle
3 * Q  Hold
49 HE3-3
49.1 #fF

(b) Clocked Six Times from Initial (c¢) Clocked Fifteen Times from Initial
State State

(a) Initial State

Fig. 4-9: 4 Bits D Flipflop Counter (LSB on Right)

14



492 BHAIINhI-ZEE

Table 4-9: Observed State Transition Table of 4 Bits D Flipflop Counter

QQ CK Quext Da Dp D¢ Dp Action
0 T 1 0 0 0 0  Count
1 0 2 1 1 1 1 Count
2 T 3 0 1 1 1 Count
3 0 4 1 0 1 1  Count
4 0 5 0 0 1 1 Count
5 T 6 1 1 0 1 Count
6 T 7 0 1 0 1 Count
7 T 8 1 0 0 1 Count
8 T 9 0 0 0 1 Count
9 T 10 1 1 1 0 Count
10 7 11 0 1 1 0  Count
1 71 12 1 0 1 0  Count
12 7 13 0 0 1 0 Count
13 7 14 1 1 0 0  Count
14 1 15 0 1 0 0 Count
5 1 0 1 0 0 0  Count
L@ * * * * Hold

410 &R&E 34

21T AND 7' — M 2R L 7=,

(@) Initial State (b) Clocked 3 Times from Initial State (c) Halt State

Fig. 4-10: 4 Bits D Flipflop Counter with Halt Condition (LSB on Right)
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4.10.1 BAITNhIEH

Table 4-10: Observed State Transition Table of 4 Bits D Flipflop Counter with Halt Condition

Q CK Qnetx Da Dp De Dp Action
0 7 1 0 0 0 0 Count
1 T 2 1 1 1 1  Count
2 1 3 0 1 1 1  Count
3 T 4 1 0 1 1  Count
4 T 5 0 0 1 1 Count
5 1 6 1 1 0 1  Count
6 T 7 0 1 0 1 Count
7 7 7 1 0 0 1  Halt
o Q * * * *  Hold

411 ICHFEEA

Table 4-9 TODIREE 0 2> 5 1RHE 1 1272 2 R DJREIIE L Fig. 4-11 725 7z,

T U W R ™

(a) First and Second Bits (b) Third and Forth Bits

Fig. 4-11: Response Signals of Counter Output when State Transitions from 0 to 1

HH N2 TC74HC74 O H L RAD ANEEICE - T 2 $TORMZINERH L L, Zh2hoibERHE O
B Table 4-11 & 72 o 72,

Table 4-11: Response Time of Each Bit

Bit Response Time (ns)

0 30
1 60
2 80
3 75
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