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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)

TR OREBHLREE L LTE « BEALHVOEHEND 3.
ZOEMII TH 37— NVROBEHEHEL, ROTOMHPBME L HmFHM 2 ANEZ =R, 2R E2BELER
YFELEZEE %) LW DT Eq. (2-2) k5N THRHEN 3.

fry, o, 4,) = f(@1,72, 0 +) (2-2)
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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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HAEDLEEEEZERT 212H72 0, X oMKk a R M HEEMOFIR EXWETH 2. Z Offiigt
THWSNZTED 1 OWBHNL ) —RTH 5.

Hv ) —RNEEEE R ORGSR 2 FE DTS T 24T FNCE L2 DT, 2 = (a-b-c)+(a-b-¢)+(a-b-¢)
DA —H Fig. 2-3 £ 725,
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Fig. 2-3: Karnaugh Mapofz = (a-b-¢)+(a-b-¢) + (a-b-¢)
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1/0 State Input NextState Output
A 0 B 1

@ A 1 C 0

Fig. 2-4: Example of State Transition Graph

Table 2-2: Example of State Transition Table
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3.1 XER#%RE

e 7Ly FR—F
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e XU MAA v F x4

e LED x4

e 77Xk LED

o H— R UEPIEF 33082 or 4709 x12
e Uy U R=UAY

e AND % — k IC TC74HCO08

e NAND #~ — + IC HD14012BP
e OR 77— b IC TC74HC32

e NOT 7 — k IC TC74HC04

e 7t XY FFIANICTCE511

e D7V vy 771y 7 ICTC74HC74 x2

e Nch MOSFET
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Fig. 3-1: Circuit Diagram of Assignment 1-3



35 HF&E1-4

Fig. 3-2 \ORIHHA G DR [EIE 2 (R L EE 2 iERE 5 5.
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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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D7Vy77uy 7 IC ZH\WT Fig. 3-4 DEIEEER L, Biff 2R T 5.
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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 gAlTncHEER

Table 4-1: Observed Truth Tableof x = a - b
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(a)a=0,b=0,¢=0,d=0 b)a=1,b=1,¢=0,d=0 ()a=1,b=1,c=1,d=1

Fig. 4-2: HD14012BP 4 Inputs NAND Gate (z =a-b-c- d)
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Table 4-2: Observed Truth Tableof x =a-b-c-d
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43 FR&E1-3

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

432 BRAlTnIcHEER

Table 4-3: Observed Truth Table of x = (a - b) - (¢ d)

_ O R O Rk, O R O FRr O FR O FR O R Ol
_ k) O O R R OO0 R Rk OO R LR o ol|loc
e N e T e = = T = N e T s N = S = S = S = W os B e B e B s N i o}
e i e e = B = B = B o i o R e R e Rl ol ol
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(a)a=0,b=0,¢c=0,d=0 (b)a=1,b=0,c=1,d=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))

442 BRATnI-HEER

Table 4-4: Observed Truth Table of x = (a - b) - (¢- d)

_ O R O R O ), O R, O Fr O FR,r O = Ol
_ k) O O R R OO0 R Rk OO R LR o ol|loc
e N e T e = = T = N e T s N = S = S = S = W os B e B e B s N i o}
e i e e = B = B = B o i o R e R e Rl ol ol
(=T L e e e e T e e N S
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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,¢c=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

11



4.6 R 2-2B
4.6.1 BHE

(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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4.6.2 BAlTnI-HIEER

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 0O 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 01110 0 1 1 1 0
101 1 0 1 1 1 1 0 1
o 111 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 BRTNnIEF

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&E3-2
481 EhfE

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

Fig. 4-8: D Flipflop Toggler

4.8.2 BAlTNnI-EF

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

CK @ (Qnext Action
T+ 0 1 Toggle
T 1 0  Toggle
3 * Q  Hold

4.9 & 3-3
49.1 #E

(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)
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492 BHAIINhI-ZEE

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

QQ CK Qnext 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 T 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 7 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

?2 I 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)

15



4.10.1 BAITNhIEH

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

Q@ CK Qnet Da Dp De Dp Action
0o 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 22 5 HRHE 1 1272 2 R DJNEIIEIE Fig. 4-11 72 o 7z,

(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

HHH1H TC74HC74 D H L _AD AN EEICEIE S 2 T TORRMZINERR L LU, ZhZ2n o E R O
WFE X Table 4-11 ¥ 725 7=.

Table 4-11: Response Time of Each Bit

Bit Response Time (ns)

0 30
1 60
2 80
3 75

16
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5.1 R 1-1

Z DEETIX TC74HC08 ® AND " — +ZfEH L 7-.
AND 7" — MEEFi[EF& 1 Fig. 5-1 O X 1A 4 v 753 2 DEFNHE R S W[ T, Wi D A4 v FHEH
Uilosa HLLz2lhd5.

Vobp Output

4\ A B I

Fig. 5-1: AND Gate Equivalent Circuit

ZDZ e, Table 4-1 TRUZERETHADANSB H LAANVORETHEAP H LN L RoTWS T2
b, HiRe —WIT 2 ehnmrb.
5.2 RRE 1-2

Table 4-2 & D, 2 TOANDB H LAV DOREDAH IR L LAV E o TWS. NAND 77— FE AND 77—
FOEERDT, HRIFERICHA->TV3.
53 & 1-3

Fig.3-1 & b, &% — F OHIE Eq. (5-1) L7 5.

01 = AN - Bin

02 =Cin - Din (5-1)
D,=0;-02= (AN Bn) - (Cix - D)

Eq. (5-1) & b, HEM{ERIZ Table 5-1 £ 72 5.
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Table 5-1: Theoretical Truth Table of D, = (AN - Biv) - (Civ - Din)

An Bn OCn Dw D,

o
o
o
o

_ O Rk O Rk O Rk O R O R O Rk O = O
_ k), O O Rk kPR O O R kR OO R ~, O
e e = R = T e R e R R i e S e B e
e e i e e = B = i o B e B e Bl e Bl e

_ O O O O O O O ©O © © o o o o

Table5-1 & D, 71 D, # 1 ¥ 22 DERANS 1 OBEITH D, Z0%&MFEHIERICT 5 & Eq. (5-2)
v 7D, Eq. (5-1) TRL%E D, ¥ %ffinRici 3.

dp = AN - Bin - Oin - Din (5-2)

54 FHR&E1-4

Fig. 3-2 D113 Eq. (5-3) TREN, ¥+ BAH Y OEHTEH LTV & BEq. (54) L7525,

Dy = (AN - Bi) - (Cin - Din) (5-3)

D, = (A Bn) - (Cin- Din) = A - Bin + Oiv - Div

Y (5-4)
=AN+ BN+ Cn+Din=AnN-Bin - O - Div

RO EMIIEREERO B EERT 20T, Eq. (54) TRLEAERNOBEEMERD 2T KT 3.
Table 4-4 D EFERIX Table 42 DB DL —H L TW3, ko TIhH 2 >DOmBERIIEMTH 2

55 & 2-1

Fa— XA XD IEKEFO/NERa—-FEJHOXMIET 2 I D KERa— FADOE{RERZEKDZ &
TH3. SHEOGEE T4 LY PO S 71827 X b LED OELTRE — U ANDOEMSZ HmPEREI I CTHE L
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W3,

727X+ LED 7a—&® TC4511 i3z h zh ot ih iAot i e k- Ts.

5.6 R 2-2B

ORI ZHIES 21CH72 > T, £33 Table 5-2 DEFERZEZ 5.

Table 5-2: Truth Table for Designing 7 Segment Hexadecimal Decoder

a b ¢ d A B CD E F G
o101 1 1 1 0 1 1 1
110 1 0 O 1 1 1 1 1
o 0111 0 0 1 1 1 0
1 0 1 1 0 1 1 1 1 0 1
o1 1 1 1 0 0 1 1 1 1
111 1 1 0 0 O 1 1 1

ZZC,dOEFRETHLLTHEZDT, —HEWKT 2. COoBEHERICD T WthZhot s X b

DHPIRIE Eq. (5-5) 725,
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(5-5)

EX XY MIREBL T -d D% 1 L O@mEREr LTRLE. chsimBERichr ), —RE#EL L7z
B, b B HOHEBILE N TN =00, DEDERTIE G- b i, BERIcHET 2 102

ELTHALTHEAT 2 ZiCLT.

=v b
Hom

JHIZ Eq. (5-6) & L 7.

X=(a-b-0
Y =(a-b-c)
Z=(a-b-¢c)

72, BB A S IR0 B EEZR X Table 5-3 ¥ 72 - 7.
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Table 5-3: Truth Table for Disallowed Conditions

a b ¢ d EN

RO EIEED SRR EERT 3 ¥ Bq. (57) Lok,
EN=d-(b+c) (5-7)

Z oA o 1T Nch MOSFET 2@ x4, 77X LED OaEr s Y — F2§#EIT 32T
HEOHTEE3Z 212 L .
NSRS 2 HlfE S % & Fig. 5-2 /2o 7.

Common Cathode

1 1 b d
¢ -——oE C:Di
! ! 330 0
Cathode ¢ G

L — — a2

330 0 = =

l Common Cathode

Fig. 5-2: Circuit Diagram of 7 Segment Hexadecimal Decoder

5.7 &R 3-1

4B DEERTIE Fig. 5-3 DIREER 2175 NORBRO RS 7V v F7ay FE2/ER L 7.

COMETIE R & ST 1 AT SN MEHEEILIRAE L 72 5. ZEIEIRRETIE, M 5D NOR 7 — M iz 1 DL
FOHVUVARAVDANDB 2D, WA 0D 7Yy Foay T LTOKEZRAT . ¥5600A
B L LI % E T OREKEIE L.



01/1

00,0 00/1

10/0

Fig. 5-3: State Transition Graph of RS Flipflop, the Edge Labels
Show Input R, Input S, and Output Q from Left

5.8 R 3-3

SEIOFEBETER LAY Y REZHEROL Yy P DEEEHNTE2dD ko7, ZHIIYHIRE T
ETOMHIT QDL LNLT, ROKETAS D ICHIMEINZ2DFLETEEHT QDOH LNLERZ72DT
H5.

CORBEIEROD 7Yy 77y ZORIBRO 7V vy Foay DI vy 7 ASI~NEERES L 7-IEF
Mohvorxeiks.

59 &R& 3-4

BIMIOD 7y ony Forny 7% LR XE3121X? OFES— o 1% NAND 7 — FD AT
BRELICARZ YD ODF Y « AT TR INIBIRBENDS. FILICH 25— bOHFTIDIZ 0y 7% UL
REH B BHRZDIZ AND 77— b TH o 7225, NAND 7 — FOHIB L LR_VZKREZ A 2 HTTD
HAEHLETIREOERIMEILLTLE .

ZHEFEAND F—FOHIZ HLARUZFBIZE2 OO AN H LRV TH EBEND 55, NAND #
—FOHARL LN TLESLE, AR OHIDATAND ¥ — O EEZ 3 Z e h3tki
{oT LEoZ L ICERAT .

DAY RE—KEXEZIZWE12OH LXAVANDATHIE LZAZE, hOliABH L NLDE &
W2 LY\ 3 2 2 e R 25ES — M OSRETH 5. 20wy — b Z % XOR(HHthATFHIET)
TH3. ZOwmEs — b OEEERIL Table 5-4 T, —/TDOANDPH LV TH B3 HT1E HL LTS
B eatiks ).

Table 5-4: Truth Table of XOR Gate

_ O Rk O
_ =, O oo
(= =R
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Fig. 4-11 ¥ Table 4-11 & D, E5 3R UL v A SIEFICLD Ao TOBKTFHADHS. LaL, 2 D
By ME 23 Oy MSEBNTTC74HC74 D H LNV DOANEETH 2 315 VICEIE L. ZHIZICH
%, AN FOFERRSEBRL TV L bz Y,

NS BIERIEFM A Y > X OWE LG SR WIEET, 7 1y 2 LIZIERICREDER § 2 R0
B YRES ZDEERDIRLTHIENTES.

ZDIhb, ZORBETANTE 2 BARBMOBERMES s = 126 MHz £ 7% 5. EF, 77> 7> =
YY 24 L —&T 16 MHz fHEDREBEZ 7 v v ZICATT 2 L IWEDNEZEITTR > 7.
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