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B> vs. 5+ Digital vs. Analog
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Basic Digital Logic Gates
g2 - HEEL, Gl :D- =g ID- ID’-

= oo NAND
A7 s

L;gl c gates E= —l>°' - :D'

| NOT XOR XNOR
' k AANDB | 4.
& AORB |A+B
o NOTA |A

AXORB |AEPB
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2 (or gate)

°* OR gateﬁ%l, MEE > d 5 :1}@]» MEEw A > HP ,@;ﬁﬂ;\ B % ] ’%J:”;%%‘]}KI
* ol & P P F A A ERAR ,r:g_ga FoERRTLE) T L FIR

(1) -
OR Gate

Voo Symbol :

¥ iy
2 :D_ out

Truth tabkle: COR Gate

a a2 a
a 1 1
1 a 1
1 1 1
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AND Gate

Symbol:

: :|D— out
Truth table: AND Gate
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NOT Gate WA L
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Vcc
¥ Truth table: NCT Gate 1 O

A Cut

) g> q._.b

12

NYCU i



:’:HE EEﬁﬂH |1—|;—I:Ei

THE WORLD OF SEMICONDU

A Al B | Out
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0 1 1

11 0 1
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Data Sheet

CD54HC283, COT4HC283, CDS4HCT283, COT4HCT283

Tharmal Information
4-bit Adder Circuit Diagram DS TY Theeml Risistongs (e, Note 1) 1, (0]
I
D(F' Pull lram ©onbeparation
o
ety
= =
]
o E ~10a0)
B ]" Cuneriliniing
T E [
Su
]
oG
Inp
H
4
¢ +
SVQ
=% it
ot GNDD
s b1l 5
Ao

CD54HC283, CD74HC283, CD54HCT283,

Q’ Texas

CD54HC283, CD74HC283,
INSTRUMENTS CD54HCT283, CDT4HCT283

SCHATTED High-Spead CMOS Logic
FowemTieer 1937 « Hevisexd Kcaber 2K 4-Bit Binary Full Adder with Fast Carry

CD74HCT283 datasheet (Rev. D) (ti.com)

TR R LR A
YANG HING CHIAG TUNG IHIV.

NYC

Foatures

+ Adds Tae Binary Numbers

= Full Internal Lochabesd

+ Fast Ripple Carry for Economical Expansion

= Ciparaias with Bodh Pagitive arsd Nagativs Logic

+ Famaut {Ovver Temperature Range)
- Btavedand Oudpus. ... ... ..o 10 LETTL Leacs
- Bus Difwwr Gutputs ., 000000 15 LETTL Loacks

* Wide Operaing Temperature Range .- - -6E"C to 125°C
» Halancad Propegaticn Dalay and Tranaitian Tienes

+ Gignidicant Power Reducton Compared ko LSTTL
Legic ICs
+ HG Types.
= 2% 1o BV Oparaticn
- High Noiss Immunity: My = 30%, Ny = 50% of Vo
at Ve = 5V
* HET Types
- 4.8% o S5V Oparaticn

= Direct LSTTL Inpud Logic Compat bty
W= 08V (W), Vi = 2V [Min)
- CMOE input Compatibdlity, | = 158 at Yoy, Von

Description

The 'HC283 sl HCT263 bivary il sdier add] e 4461
Eirary rimbars and generata & canecil bR P dw sum
[

Beoouse of e symmetry of 1he add funcfon, this dovios
ca b ussd wilh eier 2l adive-high operands Cpoziing
ki) or with all activadoe cpsraca (agativa ocis), Whan
usng pasite iogio the cerg-in inpul sk bz Sod e Sene
1% N0 GATEN.

Ordering Infarmation

PART HUMBEER | TEMP. RANGE (°Ci | PAGKAGE
OGS 35m 12 16 Ld GERTIF
COSHCTZAIF A =5 1w 123 18 Ld CERCIF
AN A8 1A 1 16| d e
COTEHCEAIM 36w 123 1 Ld S0
eI ==hn 12 1H L S0
COTEHCZAIMED 36t 120 1 L F005
O eHCTIRAE S5 1 A Lo PP
COTEHCTIRM 35w 123 16 L H005
LT e CTRMAT a6 123 18 Ld S0
COTECTINGE 35 m 12 16 Ld 500

MOTE ‘When erdering, use e online pam nombar, The silfs 28
dencizs tage and redd. The olx T denclzs @ soalb-auant Iy rezl ol

14



https://www.ti.com/lit/ds/symlink/cd74hc283.pdf?ts=1656561479508&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FCD74HC283
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Invartineg Bty

A —
.ﬁ -
B_)—Q @— it = AA = A I:?&:' 5—>A

G =ANAND B
Truth Table A AB AR A
HAND b | manD |_> AMD Al
Input A Input B Output Q §— ' B —
0 0 1
L ! ! . i A=A+ B
- +
1 0 1 | MAND : . A .
9 -
MAND e
E|—-—
g
i}

Transistor .
MAMD Gate

TA0D Cuad 2-input NAND Galas

an Voo 4B 4A 4Y 3B 3A 3Y

[+a] 1zl [1z] [11] el Je] 8]
| | |

A o 5
MAND Gate fraom Ar [ |
o] | :
7400 1C R (s P B O a0 i
B 1A 1B 1Y 2A 2B 2¥ GND
File: 7400 Quad 2-input NAMND Gates. PN.. JRe'S 7400 ic NAND gate (sel of 5 pee) | Amazon.
= commens.wikimedia.ong amazan.in
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Binary

 Example: Base 10 number (Decimal)
¢ (123.456);p=1%x10%+2x 101 +3x10°+4x 1071 +5%x1072 +6x 1073

; The subscripts indicate “base-10 numeral system”

* Example: Base 2 number (Binary)
¢ (101.101),=1%x224+0x2'+1x2°+1x21 +0x27%2 +1x273

 Example: Base 8 number (Octal)
* (101.101)g=1%x8%2+0x8' +1x8°+1x81 +0x82 +1x83

 Example: Base 16 number (Hexadecimal )

+ (101.101);,=1x162+0x 161 +1x16°+1x 16" +0x 1672 +1x 1673

NYCU i
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Integer Number to Base-R Number Conversion

HEEER R0

53

26

13

6

El

1
0

* FEINVERBEGE AR

* Example: 53;,->Binary number

Convert 53, to binary.

rem.=1=aqa,

rem.=0=a,

rem.=1=a,
rem.=0=a,
rem.=1=a,

rem.=1=as

; aEpepgtt R

THE WORLD OF SEMICONDU
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Arithmetic Operation: Addition
« NUNRHEENEZINEAEZE A2

e Binary number addition
e Example: 00011010 + 00001100 =7

/ Carry (11> 1/ - 00 or 01 or 10 >0) One bit Adder ‘

10475 - A o
0001|7010 [ an_?j>_°5””

AB X
+0 000|111 OO0 ﬁgﬁ:—ﬂ: » D—omnw
101
0010|0/110
N
~ SUM (00or11 20/ 201 0r10 1) FW@
A Al B | Out 0 1 1 0
ﬂ@JB olo| o 1 0 1 0
° ol 1 1 1 0 1
1 0 1
1 1 0

NYCU i



Arithmetic Operation: Subtraction

* Binary number subtraction
* Example: 00100101-00010001 =7

1
00170010 1 37-17=20
-0 0010001
00010100

How to simplify/
the calculation?

n
NYCU &:pas®nq

Source: https://commons.wikimedia.org/wiki/File:WhiteStork.svg
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Transistor level

Gate level PR 1
Ciw %

F H__I
A O— 1
SUM e
: W?Dﬁ 4o o o ! -
. . — | q 3 e
J—o CARRY 0 L _L _:J" o
1

14 transistor 1-bit full adder

]

-—h

= O = O
B = =k

-

3-Bit Full Adder

o A48
:I J Sum=ACHB(IC
= f [

i M2l & B A
NYcu YANG MING CHIAD TURG LEHIV, (74HC283) - YOUTUbe

(57) Digital Electronics: The 4-bit Adder 20



https://www.youtube.com/watch?v=_LEeDTXJWT8
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4—digit Sighed Binary Numbers

Signed-2’s Signed-2’s
complement complement

0111 1000
+6 0110 -7 1001
+5 0101 -6 1010
+4 0100 -5 1011
+3 0011 -4 1100
+2 0010 -3 1101
+1 0001 -2 1110
0 0000 -1 1111

NYCU i
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Binary Information Processing

MEMORY UNIT
Sum

0000000000

r

Operand 1

0011100001

Operand 2
0001000010

0001000010 | R

h 4

Digital logic
circuits for
binary addition

9

0100100011 |R3

A 4

4

0011100001 |R2

PROCESSOR UNIT

NYC PR | . .
A Source: Yu-Te Liao (NYCUEE Professor) 2019 Lecture Notes for Logic Design
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