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An Analog Electronic System (#:Lad (A58l alss

)

= Original sound waves
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Microphone N ﬂ Reproduced

Linear amplifier | L ‘
Audio signal I
“ Speaker

Amplified audio signal

Figure 1-3 A basic audio public address system jw ageall Jjga duklia alis



Digital and Analog Quantities
* Analog quantities have continuous values
(s S J j.L.) 3 yallisa a8 led Allaill S
 Digital quantities have discrete sets of values
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Most natural quantities that we see are analog and vary continuously.
) sy ytose Sy iy AL o Ll i) dgmpalal) cilpa)) dlle

Analog systems can generally handle higher power than digital systems.
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Digital systems can process, store, and transmit data more efficiently but can
only assign discrete values to each point.
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Digital and Analog Quantities
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Digital and Analog Quantities

Types of electronic devices or instruments:

A5 SVl gl 5 dadasV) & gl
* Analog S
 Digital )
- Combination analog and digital = tilais ) e hada

Is mobile device analog or digital or combination of them?
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Analog and Digital Systems

Many systems use a mix of analog and digital electronics to take advantage
of each technology.
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A typical CD player accepts digital data from the CD drive and converts it to
an analog signal for amplification.
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Figure 1-4  Basic block diagram of a CD player 4asall gal ) Jidal abal 8 gaia Jabada,



2. Binary Digits, Logic Levels, and Digital Waveforms

Decimal Numbers

* The decimal number system has ten
digits: 0,1, 2, 3,4, 5,6, 7, 8,and 9

* The decimal numbering system has a
base of 10 with each position weighted by
a factor of 10:

102110210 10" ho Tho4ho-Fho4
Decimal/
Foint




Binary Numbers

* The binary number system has two digits: 0 and 1

« The binary numbering system has a base of 2 with
each position weighted by a factor of 2:
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POSITIVE POWERS OF TWO
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Binary Numbers

2 bits 3 bits 4 bits 5 bits 8 bits word byte)

« 0 00 000 0000 00000 00000000
- 1 01 001 0001 00001 00000001
« 2 10 010 0010 00010 00000010
« 3 11 011 0011

¢« 4 100 0100

« 5 101 0101

c 6 110 0110

« 7 111 0111

- 8 1000

« 9 1001

« 10 1010 01010 00001010

2 bits word represents 4 different codes 22=4
3 bits word gives 2°=8 codes

4 bits word gives 24=16 codes

8 bits word (byte) gives 28=256 codes,

n bits word gives 2" codes



Digital Waveforms (pulse)

Binary values are also
represented by voltage levels

HIGH -- HIGH —— —
Rising or > Falling or Falling or > o Rising or
leading edge trailing edge leading edge trailing edge
LOW — — LOW --
f, f f [
{) | () |

(a) Positive-going pulse (b) Negative-going pulse



Non-ideal pulse 4dlia & Ly

Actual pulses are not ideal but are described by the rise
time, fall time, amplitude, and other characteristics.

Major parts of a digital pulse
drad ) Aoyt & Ay ) e 32yl

« Base line: oY) ha

« Amplitude dall 5 JUaall

« Rise time (t,) 2yl (1)
 Pulse width (t,) 4=l = e
« Fall time (t) Ll o)
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Periodic Pulse Waveforms 4 gl (cila gall) cibiail)

Periodic pulse waveforms are composed of pulses that repeats in a fixed
Interval called the period.

) oo A At 5 )y (55 Ay pal) il s sl
The frequency Is the rate it repeats and is measured in hertz.
el ol 5 Al 3 s gl ol ilaill ) S5 Jana g8 23 il

« t,=pulse width “=ill = e
» T = period of the waveform 4s sl s y

« f=frequency of the waveform as sall 2 i

1 7.1
f == T Clock = periodic waveform

=
The duty cycle of a binary waveform is defined as:
Duty cycle = (%)100%



A Digital Waveform carries binary information

When the Waveform is high, a binary 1 is represented, When low, a binary O is used.
Each bit in a sequence occupies a defined time interval called a bit time
sl @}Gcﬁ@)s)ﬁdeM\@faj&ds

The clock: In digital systems, all waveform a are synchronized with a basic timing
waveform called the Clock

Ae Ll slassall Luuls) el 31l A ga ae Lgtiial e oy il gl JS Al ) Aalail) b
The clock is a periodic waveform in which each interval between pulses (the period)

equals the time for one bit.
B g LAl & 50U e ) g A 311 ol 8l (6 gl Ay ) 90 A 50 O Bk Ae Ll
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Figure 1-10 Example of a clock waveform synchronized with a waveform representation of a sequence of bits.
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Timing Diagram

A timing diagram is used to show the relationship between two or
more digital waveforms,

lock I | [ | | | [ [
I ] | . | 3 I 4 I S I 6 | 7 [ 8
I | | I I I | I
Y. — I
I | I | |
I ' I J
I [ | [
B | | | | ‘
I | I I
I | | | | [
I | [ - 1 !
I | [ I [ |
@ | | | I I | 1
A, B,and CH

A diagram like this can be observed
directly on a logic analyzer.

Figure 1.11 Example of a timing diagram.




Data Transfer «lilud) Ja
Serial and Parallel Data = & Jaiy Lulod Ja

Data can be transmitted by either serial transfer or parallel transfer.

Computer [ Printer
I |

|
JI()I|I()|()I() >

Ih 1, b I3 ly 15 tg 4 i
Computer > Modem

(a) Serial transfer of 8 bits of binary data from computer to modem. Interval (b) Parallel transfer of 8 bits of binary data from computer to
toto 1, is first. printer. The beginning time is #,.

Figure 1-12  lllustration of serial and parallel transfer of binary data. Only the data lines are shown.



3. Basic Logic Operations

There are only three basic logic operations:

One input ~DO One output

NOT

Twi ar mare Z2222: Cne output
inputs e

AND

Twio ar more

inpits — [ne output




The NOT operation

LOW (0) —>o— HIGH (1)
HIGH (1) >o — LOW (0)

« When the input is LOW, the output is HIGH
« When the input is HIGH, the output iIs LOW

The output logic level is always opposite the input logic level.
eilaial) Jaal) (uSlay Laga Ahkiall 7 A0 ¢



LOW (0)

The AND operation

HIGH (1) —
LOW () ——

LOW ()

sls

LOW (0
— LOW (()
HIGH (1)

HIGH (1) =

JU

— HIGH (1)
HIGH (1) —

— When any input is LOW, the output is LOW
0 z_all gl 0 Jalaadl sl (58 Laie
— When both inputs are HIGH, the output is HIGH
(1) AN 0S¢ (1) aolall i IS 465 Lanie



The OR operation owin—)_>
LOWO D HIGH |
}l][{{}TI 1) D
) o

HIGH (1)

HIGH (1)
HIGH (1)

HIGH (1)

— When any input is HIGH, the output is HIGH
— When both inputs are LOW, the output is LOW



4. System Concept alaill a ggda

ne Comparison function 4l

The Arithmetic functions  4utuald) cllasl)

ne Code conversion function Jsa) Jagas

he Encoding function Jse ) 4

ne Decoding function Js Al &8

ne Data selection function <t (slaiil) clasi
ne Storage function s a3

ne Counting function 2=




The Comparison Function

Compares two binary values and determines whether or not they
are equal

(SO e STl g sban o) jraal Lagd gl OIS 131 La daa 5 il (e ol

Comparator Comparator
A>B — — Binary A>B — LOW
& code for 2 &
Two
binary A=B —— Outputs A=B — LOW
numbers .
L B Bl{1a.1‘y B
A= w code for 5 A<B HIGH
(a) Basic magnitude comparator (b) Example: A is less than B (2 < 5) as indicated by

the HIGH output (A < B)

Figure 1.19 The comparison function.



The Arithmetic Function

« Perform the basic arithmetic operations on two binary
values: 4ull Anbuall cilleall day

— Addition aeal!

— Subtraction z_kl
— Multiplication «_ =l
— Division 4l

Adder Adder
Binary

A . A
. 3 Sum code for 3 3, Binary
h_WO code for 2

inary

numbers C,, — Carry out Binary Cout > Binary |

B code for 9 =
Carry in —> C;, Binary 0 — G,

Binary

code for 12
(a) Basic adder (b) Example: A plus B(3+9=12)

Figure 1.20 The addition function.



The Encoding Function Jza Al
« Converts non-binary information into a binary code

A ey (G A Cud Silaslaa Jsa

HIGH
> O  Encoder
—
— '
— Binary code
— for 9 used for
— 4 storage and/or
: 3 computation
A [N [N —N
N =N [ i
J2J3])
o) J+-])

Calculator keypad

Figure 1-21  Used to encode a calculator keystroke into a binary code for storage or for calculation.
Aallaall g cp3aall AU Say A dsalad) DY) )50 dwsS Jgaa Saall



The Decoding Function Js sl &
« Converts binary-coded information into a non-binary form.

A et JSAI LA B ja ye il slaa (e i lSay) Jan

Decoder

Binary-coded input

7-segment display

Figure 1.22 A decoder used to convert a special binary code into a 7-segment decimal readout.



The Data Selection Function
« Multiplexer (mux) (ALY ¢ ,LaaYl) oY)
— Switches digital data from any number of input sources to a single output line
z A e lerian g Jalaa sae (e Al ) Dl glaa 80
« Demultiplexer (demux) &)
— switches digital data from a single input to any number of output lines
Z oS 33 e aaly (Jam g Jiae e dped ) Clln g H s

Multiplexer MLFMM Demultiplexer

Data from Data from Data from Data from
AtoD Bto E CtoF AtoD
At At, Aty At
g > L g
Switching Switching
sequence sequence
control input control input

Figure 1.23 lllustration of a basic multiplexing/demultiplexing application.



The Storage Function

* Retains binary data for a period of time
— Flip-flops (bistable multvibrators)
— Registers
— Semiconductor memories
— Magnetic-media memories
— Optical-media memories

Serial bits
on input line

O0101— O 1 O | O

Initially, the register contains only invalid
data or all zeros as shown here.

First bit (1) is shifted serially into the
register.

O10— 1 0 1 O

Second bit (0) is shifted serially into
O 1 —i O - 1 O register and first bit is shifted right.
Third bit (1) is shifted into register and
the first and second bits are shifted right.

CHC] C| O

O— I-=0-=1

Fourth bit (O) is shifted into register and

— O __>1 _>O __>1 the first, second, and third bits are shifted
right. The register now stores all four bits
and is full.

Figure 1.24 Example of the operation of a 4-bit serial shift register. Each block represents one storage “cell” or flip-flop.



The Counting Function

« Generates sequences of digital pulse that represent numbers
2301 Jiad il gy il (e Slaalas Ol

[nput pulses

Figure 1.26 lllustration of basic counter operation.

Parallel
ﬂ H |—| ﬂ l—l_ outputings Binary | Binary | Binary | Binary | Binary
- —  (ounter code | code | code | code | code
. ) for ] | for2 | ford | ford | for)

Sequence of binary codes that represent

the number of input pulses counted.




Test and Measurement Instruments

Analog Oscilloscope Ll 3 L3} aul
Digital Oscilloscope &) 3 L) aul
Logic Analyzer fhis Jas

DC Power Supply & _aius 433555 )
Function Generator 3,3} al s
Digital Multi-meter 23zt <8 ) (slia



Key Terms

* Analog * Input
 Digital «  Output
+ Binary * Gate
e Pulse  |nverter
« Duty Cycle * AND
« Clock « OR
« Timing diagram  Integrated Circuits ICs
e Serial « Fixed Logic Function
« Parallel
« Logic
Text book

Digital Fundamentals by Thomas Floyd, 10t edition
Pearson Prentice Hall



Jiaall [3m JUla ggpiraS n3paii ighhall jlall Gle Capaiin Juaall 1am dylsy

8ylall i o Laagll

Lilial culga o of culga g)Ssall diigo (o w9Si willg pauall o dxiliygSIl calyLislll yallaiul

Slall ye g Glall <)) i
guS lell sl :1lgl

R R a_uysiw pSoll lam yail sad Lle capeill
: i f

z, [ iz . vy = -y
: 1

g0 0ll (lgali osc glosag 8Ll yuSi jlaios eSaill uslell Jasall Lle dwsell éi3aill grag go casgll
£lua vgs 8jLintll Sle Blaallg yiyguhill araas Lgiljoo

ousSlell pé psell :Lili

sl Gl byl ausspaion pSoll Iam gailias Lle Cayeill
/\/FQ/\, dralall &y 383l go slsjiglaa dulle pa Al lim J3s deiloo o]
L v O_J}Z Y gyLal Jas dlape 0esa ull aliag gga ellilg Zpy, > Z; sl dulluall

Ve < (1 - —Rz) JA
= k q
0 R1 A

om Josll ligs poiy o Jrdilg 8)lit ll 0am puinscil alini Lils Ll LiyS3 oS T2 8pasan g 8L 411 ol Loy
Labdoell pso



i gadill - g il dlSirall
Uigdill ol dpua b o bl oSy «dsio Sl Sjgaly Ulii atlgm o dbyrall dipll dayii ylugubill Ciaay
Sill 0jlaall pSall dlysuini Jooin g gl o 8)Lin ] cldi ylosalg «sglusio JSuiny punall JolS e g jgo

IS mg ¢ inaguiiil] ali GILillg (whisiiall hoill gAs) duwi) 1aa dglle CMRR Joai

R, R, gl (53 (0
NV NNVN—
(_A_\
- o V, R R R
> V0=——2E1+[E2(—4)(1+—2)] (D
A R, R, + R, R,
Rs R. e paaall = —
sl

E;=E, — E ...(2):abalaill &Ll

_ E1+E;

E. = 2E, = E, + E; ... (3) :chyisiiall haill 3Ll

1321 (3) 9 (2) il sleall gos
E
E,+2E, =2E, = E,=E, +— ..(4)

2
taai guilsleall 3yhug
E
E,—2E, = —2E, = E, =E, —7‘1 ..(5)

(1) dlslasll ,a (5) g (4) puilsleall agei
VO - GC'EC + Gd'Ed

vliiiiell hedl |e.u G :Cua
L".,J.m'nl.i:.'i.ll]:\.c;.i.lle.u Gy

sl 9%y Lo sl elyiiall auyll o Jani ol cany ails wgsy Lo ST CMRR 0gsy Sl

Ry Ry
GC:O$R4_R1:R2R3 :>R—1:R—3

Ry Ry
““TR,R,
1 3



ops1a Jaall doglio rdunilill dlSuinoll

Spall ciloglaoll ?ﬂajl.lil Ul o eja &uAg ,_,Jl.x.ll.ng dé.\]liijhi':!oadlghﬁlgjﬂal.ﬁﬁndé.\ll doglao puiel
liojla s ,_,JLLJLng Jaall ,__,n alle dailoo U.l.oLIJ ausyill oam e.l_m.l 1 ._,Jl.lJl-lg wWlipe 1a ylioglioall glilm
lle clyisite b yad) i gody il G JSill 3 sage ling Jase JS le d1aLua] cililoc ciloa s

:oulasall IS La dglle Jas dailasg

1095 lnsicg G, = 08I Rg. Rs = Ry. Ry 1095u 0l wuau dulle wlyiiuo bhai yad) duwi Gadailg
Vo = —k(1 + G)E,

i Rg R
=" — —— |5 k=—=—7
R, R, Ry Rg

ileilooll §algi o e :dillill dlSuioll

Ry

lig il ol sin @il Lgil3 pouill Lgl Caloglio elp JU o 22 = %leh@mlmup ashll
cils Cilogliall oam (oSl b Luy §anii ol & will gla R, = Ry = 1 kQ pyé uilsg Rs = R, = 10 kQ
JLaall gosa gii R, gl Rs pas ol ey Iim glé %5 calialoull cails gl wlling dsans cibalo
lgass 0lé Ry = R Gl dsomilly ol <lliS .@asua U] R, g Rs puii s9lanii ol lillig 9500 — 10500 Q
|iglg 8yaio dasylll culogliall oim sal Joa Gé ga sagll Jall Gllillig 950 — 1050 Q yut aglyiiu dxleall

yydio apail Ry lisi cagan

CQ, = 7)) dig 8j9Shall duwill §aali Sia Ry doyd lua el wasS Slg



paudall Jase Lle guihiill pad pgdi liila elyidiall hoill le cba il gam cun Ll 1m go casgll ol Lallh
R; dogliall spleny issi pi (lis balga d e gi iaa 0gSy a8 3320 3g2 sic logasdgg (E; o E; Giby iun)
Calogliall i ol Wnaic plai o sall sglawi g jall dogs asai Gill daalll Gag V) paadall aja cidlsig
agplally i sl sic . soluuillig pulasall Sl Lgishi i Gill chisisall haill )L e Cias Lgill cuiani

.ollei liakul LoS doglaoll bhua sslel wiaa cilogliaallg

R, Rs

—1 T |

— {1+

Rs R?’
\ g\ J

alell Jasll deilas dlage il fanyg LAlAT G
ualall pruaily ol
adl aupll @ tle oSlg ciplle Ja s dnilong dplle clyi o gasy @i li Ganidaslwll gl gla d3Smg
palaall 5ale] ili sy limg 7 Jasais ugejlo ila Mals auyll Jysai lisyf glg diili 4, = > = —=(1 +
ol Judiy dllallosm g E Jusail Taliiglg dlle o o yd) dpami le clislll 3133 5o 1 Cilogliall

lgguug asl J1sei o Sl in Spusio doglio R, Jeai

2R,
R3

r —AM————

E, - | R,

—+

aic o aall dosd ""Zx':i.l".xﬁ&oglii.ollolmaﬂjlp.x_.m"" Ul psel iza Ayey JS—aull 13gs R, 6pusioll doglaoall vyl

ZRﬁ.\aJl Olé ja_all dasd 33l Losicg .guSleoll caghll Injigai sic ohiell dasdll 3alig calyhill sail lnpigai
2

13lg iyl g Ml 8pasinll R, paandi cang wllilg (gludilll) jlhdsiwll psc gai pudoall gésy lamg Lilgill auay



e.!j.” H Lm.\.i..cg .al.! lijl 'O_l.l.l.ajl OC RGF 9 J..!.é.'l..bjl P—I.I.Iﬁ]l O.C RGV ‘H.Q..I.dl..l:a "RZ = RGV + RGF" _}..I..é..l..o
Rgy = max beaic 85lall (sy2uaill ayyll Loi R;y = 0 yoSi Losic ladaio 6)lall oobacldll

-e-!J-" dalle yo Rir g Rpy slaul S

R, R,
Rar V,
Rav Rs Rs e
R;
E, )
Vee (+V) roylaall pSall Joos psii &

old ol Jasall Gle sgall o psiaagall Jasall Gle sgall ols 13]
-asua yusally caagall &13sill sga uesu 3l

V>V -V

Vee (V) V- >Vt oV
lga g)Ssall dsipo go Jasll (383 gut Gpall casiisy ol psall lim gy

siliall days ol e jlgall liple Ll yayiail ;2310 382 le jlgall Splaal jgiuosill go hulag pua padiisui
ilg 4 Lghlas 25 8)lall daysg culga 2 Lglilay 18

Y

L

% dllall ainalall a)lya days guudy 3l joiueyill 2ya daliw oIl
:5ylall 03m Guhig «ylanall Jaas

+ Vs el lga Ml ililly aupilljlga 1l Joll gyall 33l




Vin > Vi ol (a1l pleall casun) cilga 4 o ST Jasll g2 09sa 25 go S §jlall days gosi bo sic
341l 3g2 23l asay lilug Jo il psall Ll Jasall 3g2 o p15T caagall Jasall sga aral g
1l jlga Jooss ON dlla Juldy s3ll caagall

Vin <V, 1 (@asbudl 3plell cun) cilga 2 oo yiual Jasll sga 9gsa 18 (o jsual §jljall days g gSi loaic Lol
it g U3 3011382 00 18102 0all Y3 1011 12 pisal Sl g
dy323ll sg2 2l araay SIlill g Gilidl pSall cal Ll
sl b 5o otuse diasill jlga Joous ON dlls Jildy sl wingall

V, A\~

Vot A siglaall oam Uil JSull qugy

R $ilea Jooud da9sje Jac &l tigaa ySay Ul ail aall
Voo A cilga 4 oo ST aga igan ySou U aill dao supillg dfaaill

sl guai 6 g 2 (o yiualg

Joall Vor Voo gl ollasy I gajlgall 1S dgigdl alall G ail Lagl aalig

1 ljlgal 0 0 v <1, < v, | Jaell Gb @i salall&ylha days jhEiwl Gasy limg

Ullooy
uuliodl euhll
Jeey sqpill 1 0 Vin > Vy ) -

 dtanill 0 1 Vo <V, ol Window comparator :u1 gjlaoll 1xm (ouu
mn
udlazy uljlgall ; ” V, > Vi > Vy 6aalill yjlao

(adgaa ySay )

lal) clizay dlae
ol daalall )L dslll sl oyliall g gill o cililoc S0 plsai wly o yaapall ili iloagi se Gilb (23]
diago diai giaai ulill §)Lii] b iago drasi JS uld HIlillg clluall Jasall yaylig psell iagall Jasall
A Yl dylaall 03m osig «pSall 13

Vic +

Vi —
Sl Lg.il Lle pSall ln sey 8aalgll dudall & anill gi aalli
waglhall Jasll 351 4l gially limg ajall b cibiaui

283 douis Ll Ll Jaxall Gauyli Jsusiswi d1S_dioll o3m Jal
i elligg Jalis R &plill & ill dad 23 iah go Jil
Vv, L O @ayill dodg Leapell sgall 13m Gy dilaall




ByLislll Cansi glgil Gl e wipaill JoSiou puuill lim

Zero Drift Remover

Sraall gl jidll 8jlsa 8jlsdl o3m o
ujle—il 5)ls gi Zero Drift Remover
p9di .Biasing jLuailll 5515 gi Balancing
.Spoiuoll aSyoll Lasau gylall oim

v; Jasll sga p2uAi §jlall odm gla (s)i Los
( logals of Tpaiuse gf Uglite ylsi clgu)
.Syoimoll sggall dijlgo Jglaig

Vb
vo = 10 (v; + 7)

m.nm._;gl.:mulu_mqu.omul

Time H@élﬁdlwlwlﬁm
GugSan &)Ll ySlg Jasll aga

pasaallgls v; < 0.l Jaall ggsy losie
JS i Tjlaio oSy sguall gl Jac dllay oSy

o AN

+15V — \/0
- R, -+
+10V

v T .

ov — L 2\_

-1ov L Ye
Full Wave Rectifier 4ldS 4a g0 a 580 5 )
R=2KQ R, =1KQ

V, —AAT—AAN oV,

- R, =3KQ

Ry
Rr + R, +R;

UOIUi'

vy = dallalls ajall Ghay SILillg Goloal
Jaall guse cny ail iadli —v; - L =
ula v; > 0 ¢l Lingo J5adl yesy Losic Lol
Jasy il gng_use JS iy ljlaio 9gSy sgaall
dy3aill dils oll Jasy Ul paidall Js Slidug
&)Lt ye 8jle gm 2jall gla 3Smg dc ghiio

1382 S)0

Vo = 5 v; sagall Jaall 8)lil] chuai e Lias 35 ugSi il



Ry Ry Ry
V R-] Rf Uo—_(vl R_1+v2 R_2+v3 R_3
| o A NN — AN\ —4m )
R1=R2=R3=RQP
R —af
v, A o v0=T(v1+v2+v3)
R
v N t vy = —(v; + v, +v3)
3
A
btract (1+Rf) By
=3 = . — ) — R
R, R, subtracter = vy = vy R, 121 R,
V.
! . R (1+Rf) Ry
Vo = (V2 o p) R,) "R,
s VO R1=R2=R3=Rfu‘55~.3u.l.\c

1 1 1
V20 AAA——AN— vo=(vg) (1+9) - mg

JolSall

R

1
- —
|| i—_vi =>v—i _vi-dt
k = (V.
Vin RI Ri Cf Ri
—\VVV 2 Vo -1
- R; = Constant = vy = Cf-RJvi - dt




LPF o o o o Hjojaﬁp

BPF doja uyal gz
fu>1L
i -
f
Rf A
—AA————
Ci R
Vl”—| W : Vo f \ f
—e L >

4 fl i




Ci

BSF doja yaa a.u.l_po

e

fo>fu
V. /V.
A
TR



Logic Circuits Course

Faculty of Medical Sciences

Ch.3
Logic Gates

Dr. Hani Amasha



SR O D

The Inverter

The AND Gate

The OR Gate

The NAND Gate

The NOR Gate

The Exclusive-OR and Exclusive-NOR Gates

The term gate i1s used to describe a circuit that performs a
basic logic operation



1. The Inverter

1
A >c X A —— S X
1
A —O} X A —D X
Distinctive shape symbols Rectangular outline symbols
AlX ]
0| 1 A #
1 [:I X = E : 1 1
: A
Truth table Boolean expression | L |
0=LOW v Al
1= HIGH 1 !

w I “d

Pulsed waveforms

The output of an inverter is always the
complement (opposite) of the input.



Binary number

l 0

TYYYYYYY

1’s complement



2. The AND Gate

A — A—I &
om S
B B

Distinctive shape symbol Rectangular outline symbaol
| |
A 1 0 1 : 1 0 :
— | — A — 1
A B |X X
0 00 —+— i i B—
mFr1 ! 1 0 0
‘ B | | ' '
o 1o X =AB —~ 2J | I
1T 010 ~ | I I | | |
1 1|1 Boolean expression : : : : : :
Truth table N U R N M B s~
| | |
0=LOW . | | | : : !
1=HIGH u : :
= 1 0 1 0,0 | =
LA I R eea . W 4“ = :
The output of an AND gate is HIGH Timing diagram shows input

_ output relationship
only when all inputs are HIGH. 5



The AND Gate

3 inputs >>> 8 combinations

_'.._'._'._'.|:||:||:||:|:D,

_'.._'..|:||:|_'..4|:||:|m

= 0= O0O=0=0|

e I o o 4

= F OO

3-Input AND Gate




The AND Gate

4 inputs >>>16 combinations

oy I sy s e e O

O O— O —O— O— O —C — 0 —

Do — ——— DO 00— — — —

A B C D|X

i o I I el i i el

>

X =ABCD

4-Input AND Gate



A seat belt alarm system

HIGH = On [gnition o
LOW = Off switch

HIGH = Unbuckled Seat B o

Audible

LOW = Buckled belt

Timer

alarm
a circuit

HIGH activates
alarm.

Ignition on = HIGH for 30 s

Audible alarm is generated to remind the driver to fasten seat belt



3. The OR Gate

A A— =1
X — X
B B =

Distinctive shape symbol Rectangular outline symbaol

X=A+B '

|
|
|
, |
Boolean expression I B L -a A 0
|
|
|
|

_x_x.:..:.I:u
—= = —= o |[[
N = . 4

Truth table |

0=LOW
1=HIGH

.
VAL R u

The output of an OR gate is HIGH

: - )
whenever one or more inputs are HIGH 'ming ciagram Snows

input output relationship



The OR Gate

d—m=m= == ™= —

J—0—d—03r

X =A+B+C

3-Input OR Gate

10



A simplified intrusion detection system using an OR gate.
Open door or window alarm (aroom with two windows and a door)

D

Open door/window
Sensors

— HIGH activates
alarm.




4. The NAND Gate

A.— .
B BN
B — B —

Distinctive shape symbaol

4;.:..:.1:-
—= = —= O | M

X
1
1
1
0

Truth table

0=LOW
1=HIGH

il

Rectangular outline symbaol

F

X =AB

Boolean expression

a

i S . .‘.‘

pip iy NS
IEEIIEED =

R LA T
g L Y
A and B are both HIGH during these
four time intervals. Therefore X is LOW.

The output of a NAND gate is HIGH
whenever one or more inputs are LOW.

Bubble indicates
an active-LOW
output.

A

12



The NAND Gate

—r— —— — — — ]

A B C |X

O—0—0—0—

O ——QO 0 — —

0000~ ——~—

s

X =ABC

13

3-Input NAND Gate



The NAND Gate

o

NAND Negative-OR

Inputs | Output

A B X

—] — Output is low when both

0 0 - inputs are high

0O 1 1

1 O 1

1 1 0

Standard symbols representing the two equivalent
operations of a NAND gate.

14



Liquid Level detector, green light off

e w

Tank A
Level sensor

X

| = HIGH %
: LOW

Green light

P N indicates both
HIGH

N N\ tanks are

greater than

Tank B 1/4 full.

N/ Level sensor

The Level sensors produce High level of 5 volt when the tanks are more than one-quarter full.
When the volume of chemical drop to one-quarter full, the sensor puts out a Low level of 0 volt



Liquid Level detector, Red light on

/’\
— ="
Tank A ‘NAND Negative-OR
HIGH
HIGH
/—\ .
N1 LOW Red light
 Indicates
Tank B one or both
tanks are less
than 1/4 full.

the volume of chemical drop to one-quarter full, the sensor puts out a Low level
of 0 volt



5. The NOR Gate

A 4 e
D D T LD
B e T

Distinctive shape symbal Fectangular outline symboal
A
A B |X A
0 01 1 I | | 5 X
I I I I
o 1|0 I | B | : |
1T 0|0 X=A+B i — l I
T 1]0 Boolean expression : : : : : :
I I I I |
Truth table | | I | : I
0=LOW I | | | I |
1=HIGH

A

N
JX
T

The output of a NOR gate is LOW

whenever one or more inputs are HIGH. 17



The NOR Gate

Sl N T

O— O— 2O — O

OO0 ——00——

OO Qo — — — —

A B C |X

X=~A+B+C

A —
B
-

18

3-Input NOR Gate



NOR Gate

==

ﬁ

NOR Negative-AND
Inputs | Output
A B X
| L Output is high when
0 O 1 both inputs are low
Of L 0
1 O 0
1NN 0

Standard symbols representing the two

equivalent operations of a NOR gate. 19



part of an aircraft’s functional monitoring system
Indicates the status of the landing gears before landing

+V
Landing gear sensors @)
Extended = LOW
Retracted = HIGH @ i Red LED
X' QGear retracted
—) >
©
—g
—g
® O

Green LED
XAl gear extended

Y4V,



6. Exclusive-OR Gate
D =

Distinctive shape symbaol Rectangular outline symbol
A 1 0 0 1
- I M—
| | I | I
A B |X | [ l [ |
0 00 ‘ - . o |
o 111 [ [ |
1 ol X=A@B ~ B _J 1 : 1 0 | 0 |
1 110 Boolean expression : : : : :
Truth table : : : : j
I | | | | I
0=LOW b | | | I |
1= HIGH SR SR amlT a
| | I | |
l | | | | |
- T ™ S T |
|
X : 0 1 0 1

The output of an XOR gate is HIGH
whenever the two inputs are different.




Exclusive-NOR Gate

A A
B:)DO*X B

=~ X

Distinctive shape symbal

Rectangular outline symbaol

A B|X ! |
o 011 :
[:] 1 [:] — | [ |
1 010 X=A®B . : |
T 111 Boolean expression | :
| |
Truth table : : : |
0=LOW | |
1 =HIGH T aik
—
XNOR

The output of an XNOR gate is HIGH
whenever the two inputs are identical.

A

A

22




3 gaal) iy das
Diode Applications

1, D32 Bloquées
02, D Fas=santes

t

L1, 2 Pas=zantes
02, D9 Bloquees

N Juad g 4 9 AN Aigh) (gl 1



Diode Applications

Su Juai . A g yShY) Autigh (pud 2



Diode Applications

Jaall Jad .2
it e Aakilis aday (AN o ddaall Jaad) Siay asiiane 3 52
allaill (s dal il ddall yal gAl)

) Jal Dy
E-V, Vg =0
E=V,+I,R
E

v -E)

E

E=V,+I5R "R
KVp g*“*ﬁ‘dﬂ‘ l,=0=>V, =E 5 >
I, =1s(e T -1) Voe E Vb

N Juad g 4 9 AN Aigh) (gl 3



Diode Applications

Rectification :dugsal) 3 Lay) aye&i .3

Transforme

oA i 'l|'|||.|.1_|"_|‘ Hildf-vweave

rectified violiage Filered vohage Hepulated voluage

i il i L t——————

120 W, 60 He

f
|(\ 1
h/\/ \ III I -_'i_ Tmnsformer — - Rectifier, = Filer — Regulator — —
|
VoV

Linad
1.
(i} Complete power supply with truonsformer, rectifier, filler, and regulaior
S Judal o 4 9 AN Aigh) (gl 4



Diode Applications

Half wave Rectifier :4a sall ciai 2 o m

>

&l |]'|_|||!|:_' ihe il Gllermabiod 8 nhe= ) Hiz ingpisE visllags, ihe TR '||-|=;|:g|." levoks ke the oEElie
hadl of the: inpat volage. The curremt path s throogh ground back 1o the source

= +

LS &

=11

ibi Dunng the negative aliernaison ol the mpai voliage, the curreni s 0, soihe outpai volinge is ol 0

|
1
e
J—
]

g.ﬁ',: i

ign o

S Jual L

A g S durigh (o

5



Diode Applications

Area
Vivg —— -f . . _ . ..
0
F 2T >
V. =V_sinat
T/2
. V.
Ve = jv —dt— = 0318V,
V,=V_-0.7

N Juad g 4 9 AN Aigh) (gl



Diode Applications

Peak I nverse Voltage : qusall 4ddll 342 m

r|

PIV att,

" i 3 N + N

/ \ =0

.r'; \ 1, -

Ve 0 g
| Y R,
: +
BV o
PIV =V, -V,

S Jual L



Diode Applications

23 Ugae L sal) il pgie m

F N pri . N.\'t’t'

T > 2
o el
V. 1 ‘ ‘ 1‘,. SR

£8

170V S\ P ¥
/\ IN4002 i
Vis Q Ry \
\/ 10kQ Vo

Gy Juai . A3 g SN Auatigh (pund 8




Diode Applications

Full wave Rectifier :dlalsl) 45 gall a5 m

AN AN A ,
oV , Full-wave v 0V —

\‘ ‘ o -
\/ \/ \// , rectifier
o—o»F 'L 5

v, =V_snat
T
Ve :ijvmsinz—’tdt = A = 0.636xV,_
LY T T

Gy Juai . A3 g SN Auatigh (pund 9



Diode Applications

PO g g Ja g Adadl 93§ gaa aladiuly dlalsY) da gall asia m

N Juad g 4 9 AN Aigh) (gl 10



Diode Applications

S Jual L

P
} -5
+
I,
ik I'hllriu_!: megutive I1.|II'--.':.-';:!-|:~.L _J']_-. 15 v -Bigsed sl .l'.lI i pervierae- sl

A g S durigh (o
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Diode Applications

r Dy
: ; H

A
v, T (J‘@& Y Vow 0——

Sy Jlal L




Diode Applications

_. . + — — (L7 N
= |
+ ]
A Dl
\
_+,,
llll
R.f V - ! — T\
y D2 ‘ _ B
I._ | ||:. . ——
Sl T 1

N Juad g 4 9 AN Aigh) (gl 13



Diode Applications

F 2:1 i
+100V -— IN4001
L J (=]
V., 0V
\/ :
~100V == = B 10 k()
1N4001

N Juad g 4 9 AN Aigh) (gl 14



Diode Applications

ta gl Cpa e aladiuly Alalsl) da gall asia m

iy —

T

N Juad g 4 9 AN Aigh) (gl 15



Diode Applications

{a) During the positive Balf-cycle of the wpul, £ and £ ane forward- biased ond conduct curmenl
1¥y andd £ are reverse-biaed,

85

ik Diwring ihe pepative hall-cycle of the inpat, £ and 1Y, ire forward-bisised and conduict curreni.
£3; orid B are reverse-hinsed.

N Juad g 4 9 AN Aigh) (gl 16



Diode Applications

(a) For the ideal diode model (forward-biased diodes D and D, are
shown in green), PIV= V.

(b) For the practical diode model (forward-biased diodes D and D, are

shown in green), PIV =V, + 0.7 V.

N Juad g 4 9 AN Aigh) (gl 17



Diode Applications

) aulal

{W/\ /\ Full-wave = / \ \V

\/ rectifier

{a) Rectilier without a filter

1".,:; Vai | 4
oV /\\//\ Fr‘ﬁu‘]':_’.lf Filter ]

o— —_

(b} Rectifier with a filter (output ripple is exaggerated)

S Judal o 4 9 AN Aigh) (gl
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Diode Applications

Sy Jual Lo

At g SN Autigh
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Diode Applications

”\\ " i [ / R /- 3\ A i 7\
/ B \ \ / [\ \ \
\ | \ | / \ | \ | /
! \ \ ! \ \
\ | \ ! / \ / \ / {
I \ \ ! \ / \
\ I \ I \ ; ! I \ I \
! \ ] \
| : I ‘ ! \ [ \ f ‘ I ! ! \ ! \
0 ——- |\ | L] A ', - Y h il o L
a) Larger ripple means less effective filtering. (b) Smaller ripple means more effective filtering. Generally, the larger the
g Pp g pPp g y g

capacitor value, the smaller the ripple for the same input and load.

sSume slope (capacilor

Ripple discharge rate)
' 1
fﬂ\\ j.r\ '.r'_",'. If.\ ’/llll
! \ \
by £ f v o f
f \ ! | ) 1] 1 \ |
| ! I 1 | ] |
{J rE LY. | !I____j L e e I____f | - JIII
(a) Hall-wave |
Ripple /
s Pt K i P P i Pt J

0 l il | i i il il il i

(b) Full-wave

N Juad g 4 9 AN Aigh) (gl 20



Diode Applications

ﬁiu\hﬂ\ugﬂa\éﬂahlaﬁfcﬁwuhdyaﬂuwdﬂeJM\uM\wum

VQ LineA LineB m, =Vm_ax LAl 38y CiSall ek
T/2  :m2 duall 53 B piiesal
Vmax ...................... :
Vmin b/ .0 t, = A\ = R. C.AV i = Vmin - T-Vmin
mq Vimax my 2V max
| I T T TVgin _RL.CAV _T(2-AV/V )
> L=+t =—+ = =
T2 . t2= 1/2 2 2 2NVpax Vmax 2
f1 AV 1 AV 1 AV
< > R C—F & Tad¥"" Ji- = (1- )
v FEVFe F Y v
AV =Vmax - Vmin
4y <l= RLC Sl = 1
. R e max max Fp
m1=_vmax L) (5 p ddiads Sl £y .
RL.C ‘ml Jaall JJAHEM\ C= max
AV .Fp R

WIS AR A g yShY) Autigh (pud 21



Diode Applications

:WJM&ALJ&AJJ:MGJ&\MQM

— o —— e m— i mm  m—— — — o — o — —— — — — %

WIS AR A g yShY) Autigh (pud 22



Diode Applications

120V rms : . Ghiput
60 Hz ) plsec)
o i R,
T 1000uFE " [~ 22200
- = =
All diodes are IN4001.
Oy i L SV uasigh (puud ”



Diode Applications

S Jual L

A g S durigh (o
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Diode Applications

2013/2014 4duass cila 3 10/ :SE) J) g
tslaall (Agllie ) T (o h g olial SN Al 5l

3\9ﬁ(2+5) .................................... VOEJL&;‘JSAZHJ\EZQ._LNA\ .1
%JJ (3) ...................................... PlV u_uSAJ\ aaall RPEN L_Lu;\ 2
Fo
+
L v;
2 k2 2 k82
.

Gy Juai . A3 g SN Auatigh (pund 25



Diode Applications

S Jual L

A g S durigh (o
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Diode Applications

-] : )
’ 5 o slaall oLl Al 5 Al 8
‘;lad\ CJ)A.\S‘ [PREEGIA (BJ\.&}[\ 93 JUaa Lu.m) Voyt: C);S\ E‘)UJ:;\ 95.5: C.a.a\j JS&U fu.u‘)\(l

R, = 220 3 Ll (3 el
4a (6) ..................................................................... Q

(3)-g > Jole Aaf ol 1000 U 4508 284 Ry e g5l o 5530 g 53 ) il (2
a

aAJJ (3) ........... Al N LD/ (Daals Inviarea \/Inltana) o (| Jea daa (3

5:1 D, D,
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Diode Applications

S Jual L

A g S durigh (o
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Diode Applications

B
Tk

T

Clippers :paill & s .3

+H17 Y

{a) Limiiiag of the positive aliermation. The diode B forwiind-blased duriig thé positive aliemation (above LT 4
and peverse-busad during the negative altermnlion

&y

07V

(b Limdidng of the pegative alternation, The diode is forwand-Hosed during the negotive alicmotion (bebow

~{L. 7 % und reverse-binsed during the pesidive aliernation,

S Jual L

A g S durigh (o
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Diode Applications

R,

AW +

10 k(2

+10V——;
/\ by .i Rf
V. 0V IN9I4 AV, ;

100 k€

Y
—T—__
+9.09V ——~ >
Fr it 0
0.7V

WIS AR A g yShY) Autigh (pud 30



Diode Applications

S Jual L

A g S durigh (o 31



Diode Applications

o——AW——9 o———A\ "
22kl 2.2 kil
+30V : .I +30V
i o % 5 il oV Dv & ‘ :
30V 12V = 30V 12V -
7 B & e I ®
(1) (b}
o My o AN o
2.2kl 2.2
+30V : +_1“v—!{\ kil
ov AF = V. 0oV L9 e - |
30V \] 12V =" A0V \\_/? N —
+ +
0 o 0
{c) (d)
S Juai . A g yShY) Autigh (pud 32



Diode Applications

O Juad L2

RI
A
A —o 7
1.0kQ i +.IVE -5
D, A D
P! & | V... 0
=_ 5y e
-l—_ i STV
L 2 £y =

Diodes are IN914.,

A g ) duig)
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Diode Applications

4

Cr

+10Y f;-\\

by f—

qov

1.0 kd)

C
()
+
D—l]
+10W 3V
b Y _&\_
-0 Y v/r

r

1.+1n11§ \

(d)

+10V
Y
e LAY

+101 %
TRY
10V

ﬁv mm? |

i

—te——
iV +10 ¥ iy

ﬁ\—[ 0k T | V. OV —r  10KAZ V,,
-10'Y 'Irll

+10V /-\ 3V
: A% ) 1.0 ki)
\
Y \_/II

i

{c)

—{[IF—pt——
3y

O I 0
=

i

Sy Jlal L
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Diode Applications

Sy Jlal L

Clampers :4a) N < o .3
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Diode Applications

ey
{:I .!'I J’:. f3 X fJ‘J [} I
Bl B R$10010 7,
e | Fssv
) B ..__.;:ﬁ— .1_ E— l ;
L—r—-«-! . =
S Judal o 4 9 AN Aigh) (gl
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Diode Applications

Clampers :4a) ¥ < o .3
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Diode Applications

Sy Jlal L

I( @ O & K
) |- i 0
N ¥ §R,_ A S | BN 1 .7V
T
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Diode Applications

A
S
B

RS e

S=A

B

ducaly ) Aalaal

S Jual L

Addal) Jgan

A g S durigh (o

A

—Pt-

D1

P

D2

T

t A gl aladialy Joadl) & a3

S
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Diode Applications

V1= 0.7V ¢l Lale 401l 5 1Al VO agal) aas 1l

E1 740V _» % _.i‘ o

D1 D1 VT = 0.7V‘
)
o — P P s
Do (D liov | D2 10v D2
E1—— = —
1kallr 1KQ IR 1KQUR
I
‘ (O) ov ov
Vo=E;-Vp=10 -07 =93V | =E1=Vp _10-07_,. ,
R 1IKQ
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Diode Applications

A_
D
B_

S 3a
S=A

B

dacaly ) Ualaal

S Jual L

Aagal) Jgaa

A g S durigh (o

D1
Vo
E2=0V _|¢
D2
1KQ ] R
E =10V
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Diode Applications

(1)

14—

Ei1=10V
D1
(0) Vo
E2=0V
D2
1 KQ” R
E=10V—A—
S Jual L

(1)
E1

D1

o——

Vo

0.7i/
|
i .

r<—1

1KQ| IR

E |10V

Vo =V =0.7V
I _ E—VD
R
=10_O'7=9.3mA
1KQ
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