o] =

2026 FE BFHIEIFE 3 F

2026 £ 06 A 30 H

EFHIHITFERE 1 LAR—+

BERES T2
RRT—VEB T ORER

eihE : REM - RINBES 15 KB KHERER

HRERERE : 7L

RERE R : 1. 2026 £ 06 H 02 H
2. 2026 £ 06 A 16 H
3. 2026 £ 06 H 23 H




1 RERER

SHEOERBRTIZT 4 ¥ ZNVEROIEFE L ICHICOWTER DT 7.

2
21 Faval

T4 YV BRNRMAFET 2WHETH D, HN TRANEMPFELRWT Fa 7 e xficinsg.
DI/NEALE WS DIRIHRELEL E DR AIEZRD 2 5 DO THMEEL H V5. DEEE & < THhUE, EDfH
EBAMEDRED NS KT8 %. T4 P20 TEB o TRRICICR2) 2kt 2L A XBRE-TH
KLK) WS EHDH D, ¥ TRANEA KX DN WS DRV E WS FEFDRH S, T4 P XMTKD,
HFEM AR O & RBISR % B 5 —E OREFECBUBMN N - BT 2 Z e k2 X5 1cko2e Y

./assets/t-2/analog-example.png ./assets/t-2/digitize-example.png

(a) Analog (b) Digital

Fig. 2-1: Example of Analog and Digital Signal
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THEXIZ 0 1 R0 BHOE S EHWIERORTLETHS. I ERDA Y - A 7R YHEERT
PN T WETHA LR T AR Z k510 ko722.

23 T-IARE

TR E e E ELE BT L, HAETFRERZER L BFONETH 5. 7 - A ARETIETEERN
TRIEE T RN, R, REEETH 5 Y. Tho OEE T OB R Table 2-1 @ & 5 ZEFHE T
Y5 ek Y.

NS HEFITNT 27ERI% Eq. (2-1) 1TRF.



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 OREBRHLREE L LTE «- BT VOEHEND 3.
ZOEMII TH 37— VROBEHEHEL, ROTOHPME L HmFHM 2 ANEZ R, 22 GELER
YFELEZEE %) LW DT Eq. (2-2) k57N THRHEN 3.

fry, e, 4,) = f(@1,72, 0 +) (2-2)

24 BT —Fk

WS — MIMEEE 2 RO TRI L 2 b 0T, MG S Fig. 22 TREh 5 Y,

AND Gate OR Gate ~[>¢
N o= D NOT Gate

NAND Gate NOR Gate

Fig. 2-2: Symbols of Logic Gates

Mo NAND 7 — % NOR 7' — M3IZhZH AND 7 — & OR 7 — P OFEROmHEEEEZH 1 5.
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2.5 HHEHEER

MM S 2 00 AR O R I GRTE S — b 1 O CIREB T E RV, Wy — b 2 EEEEE - WA S
LETELNLERZHEAGDEEE L WS,

HAEDLEEEEZERT 212H72 0, im0tk a R M HEEMOFIR EXWETH 2. Z Offilg(t
THWSNZTED 1 OWBHNL ) —RTH 5.

Hv ) —RNEEEE R O R 2 FE DTS T 24T 2 FNCE L2 DT, 2 = (a-b-c)+(a-b-¢)+(a-b-¢)
DA —H Fig. 2-3 L 725,

c|c
ab

ab 1
ab |1
ab |1

Fig. 2-3: Karnaugh Mapofz = (a-b-¢)+(a-b-¢)+ (a-b-¢)

IV —RDLEEET S 1 0% (KK 5] LB E KT 3 2 22 Hk2 5. SEOFTIEa b-C
DENLE a-b-cDEATEDDHEICELT 1ICHR>TVWEDT, {»>Tar=(a-¢)+(a-b-c) #55.

2.6 JEFF[EIEE

FREREIE I BAE DIRBE ¥ AN K > TROREAZIT ZEBEHTEE T 2. 205 OEIEIINEFE K &
BERTW3. flZiE, H2KE A TANIH 0O, H1% 1ICUIREEB ~, AJ1d3 1 Of§, 1% 0 1 LIKRE C
NEBBTZLWVWI X RAKOZ L TH B0,

JE 5 [ 8% D BIE % A S 5 I ITIREBEB RSP IREER XD ENTH 2. WEBEBRIIZKEEZ  — F, A
NN DIE TR ENIZREOBRE Ty VLT 2HM 7 7 LTREIN S, REEBRIZIAT L B
BEDRICE DR W E2 T 200 %2 RICE L Db DT H 3 digital-logicstate-transition iR o) 5] % IR AEEFS X
CIREEBEBRCTRIT 2 £ 2h 2N Fig. 2-4 £ Table 2-2 £ 72 5.

"

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




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—+ 2 W3 OR 7 — b OEMEZ R T 5.
2D0DREVEANE L, WHH%E 727X FLED O Fy MERRSEBEIEEZIERT 5.

33 FH&E1-2

4 AJ1NAND 7 — + O#i{EZ RS 5.

4ODKREZ AN L, BN %E 727 A 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 727X 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 \TRIHHA G DR [EIE 2 (R L EE 2 HERE 5 5.
4ODKREEANE L, BN %E 727 A FLED O Fy MIRRESEZEIEEIERT 5.

AN |
f}: |

Dp
D

Dy — 1

Fig. 3-2: Circuit Diagram of Assignment 1-4

3.6

;!!.!I

7 2-1

77X RIANIC ZHWT 1#iD BDC 7a—XZ2{EKT 3.

3.7 & 2-2B

A — MR EBEEA L, 0-9 AN ORI ZER T 2 ERZERT 5. 4B, BEFED 0-9 1T 3 %
BDC a2 — FBANSNEREZIZL I/ XY M2 rdlSERn T L.

3.8 FH& 3-1

MY — P EHAGDETFE 33D RS 7Yy Fyuy 7ERERL, BINEETHERS 5.

[ o

2 Da * Dy % Do Y Dp
330 Q 330 330 Q 330 Q

Fig. 3-3: Circuit Diagram of Assignment 3-1



3.9 &ReE 3-2

D7Vy77uy 7 IC ZH\WT Fig. 3-4 DEIEEER L, BiIfF 2R T 5.

5 Q
L
o 9 \AxDa
2 Pr

3300 |:| 33092

Fig. 3-4: Circuit Diagram of Assignment 3-2

3.10 & 3-3

D7Vy77uy7IC % 2 f8HWT Fig. 3-5 OIEFIEHE 2 ER L, BifE iR %

Vbp
L D Q L D Q L D Q L D Q
6 lbj_ 6 "j_ 6 lbj_ 6
Dy, N Dy N Dg N D¢ X Dp X
33012 33012 33092 33002 33092

Fig. 3-5: Circuit Diagram of Assignment 3-3
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Fig. 3-6: Circuit Diagram of Assignment 3-4

3.12 BHAZFEA

Section 3.10 TER L 724 ¥y b ATV RIZBWT, &R MLy bOD 7V vy F7may 7D CKIZ/SILA%R
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4 HERER
4.1 FReE 1-1
411 B

./assets/t-2/result/and-gasedssdte20@eypgt/and-gassdssdte2@tespgt/and-gate/state-1

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

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



412 BASHhI-EEER

Table 4-1: Observed Truth Tableof v = a - b

a b =z
0 0 O
1 0 O
0 1 0
1 1 1
4.2 R 1-2
4.2.1 BIfE
./assets/t-2/result/nand/4gseas¢t0Q@Respdt/nand/4gseasdt0RQ T espd

[/nand-4/state-111

(@A)a=0,b=0,¢c=0,d=0

422 BRAShI-HEBEER

(b)a=1,b=1,¢=0,d=0

(da=1,b=1,c=1,d=1

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

a b ¢ d x
0 0 0 0 1
1 0 0 0 1
01 0 0 1
1 1 0 0 1
0 01 0 1
1 0 1 0 1
0 1 1 0 1
1 1 1 0 1
0 0 0 1 1
1 0 0 1 1
0O 1 0 1 1
1 1 0 1 1
0 0 1 1 1
1 0 1 1 1
01 1 1 1
1 1 1 1 0




43 FHR&E1-3
431 #fF

./assets/t-2/result

[ /and

<-4Astats/@0QPrgpglt/and-4Assats/ 0020 rgpg 11

[/and-4/state-1111

(A)a=0,b=0,¢c=0,d=0

(b)a=0,b=1,¢=0,d=0

(d)a=1b=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 BATHhI-EEER

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

_ O = O = O = O = O = O = O = O

_= = O O R R OO R Rk OO0 R = o ol

e = = i e T e T U S S = e S e B e BN« l I o}

e e e e = i = N o N o i o N e N e R e N [ oW

_ O O O O O © O © O O © O o o o|Xx
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441 #fF

./assets/t-2/result

[/nar

d/fsertarids2¢retal@@fanigdscntaids2¢tasal@l@angpgrom-ands/s

(A)a=0,b=0,¢c=0,d=0

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

442 BRASNhI-EEER

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

a b ¢ d x
0 0 0 0 1
1 0 0 0 1
01 0 0 1
1 1 0 0 1
0 01 0 1
1 0 1 0 1
01 1 0 1
1 1 1 0 1
0 0 0 1 1
1 0 0 1 1
01 0 1 1
1 1 0 1 1
0 0 1 1 1
1 0 1 1 1
0 1 1 1 1
1 1 1 1 0
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4.5 & 2-1
451 #fF

./assets/t-2/result

[/ 756

g/bhsdéssdte20rgpglt/7se

g/bedgssdte2/ rgpglt

[/7seg-bcd/invalid

(A)a=0,b=0,¢c=0,d=0

(b)a=1,b=1,¢c=1,d=0

()a=0,b=1,c¢=0d=1

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

452 BATHhI-EEER

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

a b ¢ d A B CD E F G
o 0o 0o 0o 111 1 1 1 0
10 00 01 1 0 0 0 O
o 1.0 0 11 0 1 1 0 1
11 0 0 1 1 1 1 0 0 1
0o o100 01 1 0 01 1
101 0 1 0 1 1 0 1 1
o110 0 0 1 1 1 1 1
111 0 1 1 1 0 0 0 0
o o0 1 1 1 1 1 1 1 1
10 01 1 1 1 0 0 1 1
0101 0 0 0 O 0 0 O
110 1 0 0 0 O O 0 O
0 0110 0 0 00 0 O
101 1 0 0 0 0O 0 0 O
0111 0 0 0 O 0 0 O
111 1 0 0 0 0 0 0 O

11



4.6

4.6.1

Rl 2-2B

BE

./assets/t-2/result/7se

g-hexa/stat

(a)a=0,b=1,¢=0,d=1

./assets/t-2/result/7se

g-hexa/stat

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

./assets/t-2/result/7se

g-hexa/stat

(e)a=0,b=1,¢c=1,d=1

./assets/t-2/result/7se

g-hexa/inva

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

e/aspEts/t-2/result/7se

g-hexa/state-b.jpg

(b)a=1,b=1,¢=0,d=1

e/aspets/t-2/result/7se

g-hexa/state-d.jpg

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

e/aspets/t-2/result/7se

g-hexa/state-f.jpg

fla=1,b=1,¢c=1,d=1

lid.jpg

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

4.7

4.7.1

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 o0
*»)}0 0 1 0 0 0 0 O 0 O
o 1 0 1 1 1 1 0 1 1 1
11 0 1 0 0 1 1 1 1 1
o 0111 0 0 1 1 1 O
1 01 1 0 1 1 1 1 0 1
o1 11 1 0 0 1 1 1 1
1 111 1 0 O O 1 1 1

R 3-1

B1F

./assets/t-2/result/rs-ff/initial.jp@assets/t-2/result/rs-

(a) Initial State

./assets/t-2/result/rs-

ff/s-releas

(c) Set Release

ff/s-hold.jpg

(b) Set Hold

e/HAssets/t-2/result/rs-

ff/r-hold. jpg

(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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4.7.2 BAShIEF

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 3RRE3-2
48.1 ENE

./assets/t-2/result/d-ff/assetaltipgresult/d-tf/atketsjpe2/result/d-ff/clk-2.jpg

(@) Initial State (b) Clocked Once from Initial State  (c) Clocked Twice from Initial State

Fig. 4-8: D Flipflop Toggler

482 BAShIEH

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

CK @Q (Qnext Action

T 0 1 Toggle
T 1 0 Toggle
L Q Hold
49 R 3-3
49.1 BfF

/d_ff[g§g$§7{g{g{§f§%%£/d-ff/ésbét$¢tk26r§pg1t/d-ff-4-bit/clk-l

S

./assets/t-2/result

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

Initial Stat
(a) Initial State State State

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

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

Q CK Qnext Da Dp D¢ Dp Action
0 T 1 0 0 0 0  Count
1 0 2 1 1 1 1  Count
2 0 3 0 1 1 1 Count
3 T 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 0 8 1 0 0 1 Count
8 1T 9 0 0 0 1 Count
9 T 10 1 1 1 0 Count
10 1 11 0 1 1 0  Count
1 ¢ 12 1 0 1 0 Count
12 1 13 0 0 1 0 Count
13 1 14 1 1 0 0 Count
14 7 15 0 1 0 0 Count
5 1 0 1 0 0 0  Count
* 4 Q * * * *  Hold

410 =R&E 34

?2 I AND 7' — 2 L 7-.

./assets/t-2/result/d-ff/dsbets¢and/restlaldifig/dsbets¢and/cekultjdgff-4-bit-cond/

(@) 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 BHASTNIEF

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

Q CK Qnext Da Dp D¢ Dp Action
o 1 1 0 0 0 0 Count
1 T 2 1 1 1 1  Count
2 1 3 0 1 1 1  Count
3 0 4 1 0 1 1 Count
4 T 5 0 0 1 1 Count
5 0 6 1 1 0 1 Count
6 T 7 0 1 0 1  Count
7 7 7 1 0 0 1  Halt
) Q * * * *  Hold

411 ICHFEEA

Table 4-9 TODIKFE 0 7 HIRHE 11272 2 R DIGE BRIV Fig. 4-11 L iz o 7.

./assets/t-2/result/signal-tjiming/

(a) First and Second Bits

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

£V iestsetaydnd-resujlpg signal-t

(b) Third and Forth Bits

iming/third-fourth:

HZHF10 TC74HC74 D H L RNAD ANEBILISE -T2 T TORBZINEREE L, 2R 2hoiERE O

WE X Table 4-11 ¥ 72 o 7=.

Table 4-11: Response Time of Each Bit

Bit

Response Time (ns)

W NN = O

30
60
80
75

16



5 EZE
5.1 R 1-1

Z DEETIX TC74HC08 ® AND #— +ZfEH L 7-.
AND 7" — MEEFli[EF& 1 Fig. 5-1 O X 512 R4 v 753 2 DEFNHE R S N2 [EFE T, Wi D A4 v FHEH
Uilosa HLLz2Hhd 5.

Vobp Output

4\ A B I

Fig. 5-1: AND Gate Equivalent Circuit

ZDZ e, Table 4-1 TRUZERETHADANSE H LARANVORETHEAPH LN L RoTWS T2
b, Hie —WIT 2 ehnmrb.
5.2 &RRE 1-2

Table 4-2 & D, 2 TOANDB H LNV DOREDAHB IR L LAV e oTWS. NAND 77— ~E AND 7 —
FOEERDT, HRIFER A>TV 3.
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, HEMERIZ Table 5-1 £ 72 5.
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Table 5-1: Theoretical Truth Table of D, = (AN - Biv) - (Civ - Din)

An Bn On Dw D,

o
o
o
o

_ O Rk O R O Rk O R O Rk O Rk O = O
_ k) O O Rk Rk O O R kR OO R, ~, O
e e = R = T e R e R R N e S e B e}
e e e e = B = R e B e B e B e Bl e

_ O O O O O O O ©O © © o o o o

Table5-1 & D, 71 D, # 1 ¥ %22 DERANS 1 OBETTH D, Z0&FEHERICT 5 & Eq. (5-2)
v 7D, Eq. (5-1) TRL%E D, ¥ %ffinRicis.

dp = AN - Binv - Oiv - Div (5-2)

5.4 RE1-4

Fig. 3-2 D113 Eq. (5-3) TREN, ¥+ BAH Y OEHTEH LTV & BEq. (54) 2755,

Dy = (An - BiN) - (Civ - Div) (5-3)

D, = (AN - Bnw) - (Cinv - Din) = Av - Biv + O - Din

Y (5-4)
=AN+Bn+ON+ DN =An - Bin - O - Din

Eq. (5-4) &1,

Table 4-4 DEF{ER X Table 4-2 DB DL —H L TW 5. R OEMIEFHERO—HE2ERKT 30DT,
Eq. (5-4) TRL7ZimMAOHMER D 2T KT 5.
5.5 &R 2-1

Fa—XEKLEZH2EHEFE > a— FEHOMET 20— FADEREWMAMEDOZ 2 TH 3. SHEDE
BlE4by rOTHERDNS 727 X2t LED OSSR — U AD B E A THEIEL TV S,

18



7% X+ LED 7a—x® TC4511 iz 2h ot ihGmHA ot 1 e k- T3.

5.6 RE 2-2B

C DR ZHIEST 212H 7> T, £33 Table 5-2 DHIEKXZE X 5.

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

a b ¢ d A B C D E F G
o 1.0 1 1 1 1 0 1 1 1
11 0 1 0 0 1 1 1 1 1
o o111 00 1 1 1 0
101 1 0 1 1 1 1 0 1
o0 111 1 0 0 1 1 1 1
111 1 1 0 0 0 1 1 1

ZZT,dDEPETHLNLVTHZDT, ~HEKT 3. ZOEHEERICb T VWEZAThOEI XV b
O Eq. (5-5) 72 5.

S
St o

I
— —
Ql

|
@

+(a-b-¢)

[l N~
)
~

)
~

I
IS
SH
o

Qv mT QW e
Il
)

I
QA
S
o

-0+ (a-

b-c)

(5-5)

IhsmBic N, —RZ @B L70, & et lLEnTn27200, HEDHHTRR» o7 H

b, BERoLET2EE2 1 202y Fe LTHELTHERAT S Z 2T L.

H3HIEE Eq. (5-6) & L7z

X=(a-b-0
Y =(a-b-c)
Z=(a-b-¢c)

K7z, BULSRMEN AN SN0 EFE(ESR X Table 5-3 £ 720 7.

Table 5-3: Truth Table for Disallowed Conditions

a b ¢ d EN
* * * 0 1
*0 0 1 1

19
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LR O HIEED S REREERT 5 & Bq. (5-7) £ o7,

EN=d-(b+c) (5-7)

ZNSHRIERD & FEEHIIET 5 ¢ Fig. 52 k2o 7.

Z
a o— ao—]
D 2D DD
Co—(g Y C o—]
ao—
D D e e
Co— Z
ao—(g B ao—-(g
bo— V4 C bo—- G
Co—(g X Co—]

7segGND

]
-]

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