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3.1.180-183 Module 1 : fefses sz stifaeeria (Digital Storage Oscilloscope)
v % fore Amae 991 feror d@=fera #¥AT (Operate the front panel controls
of a digital storage oscilloscope) 1
u# Tite fimer =T (Capturing a single shot signal) 8
Fre<t fearga 1w DSO v (Interface the DSO to external devices) 9
HaT ST¥e¥ |C 8038 &T ITANT &¥ (Function generator using IC 8038) 12
3.2.184-199 Module 2 : gf=TEr SMD (2,3,4 =ff=a ') (Basic SMD (2, 3, 4 terminal
components))
ESD SMT &i¥ IC &%= & forg 9= (Introduction to ESD, SMT & SMD IC
packages) 14
e TS T=fT oY dqe Arse ffams# (Surface Mount Technology and Surface
Mount Devices) 21
Ade A3 SAfET (Ta vy &) (Surface Mount Technology (SMT)) 28
SMD IC %3 &7 afis<r (Classification of SMD IC packages) 30
fafSrr g % ST ST ITHUN ST F=H A F I § WEH0 (Explanation
about different types of tools & equipments & raw materials required for SMD
soldering and desoldering work) 43
AT dg T T8% THR (Soldering guns and its types) 53
fafsrer SMD IC %t & fi9 1 3w & we=e (Identification of Pin 1 marking in
various SMD IC packages) 56
g firg @eoft e faw fire @it =es (Ball grid array and pin grid array
components) 60
-7t AR (Re-flow soldering) 63
AT-TIe AT fevaam =T gfea afde ai€ & fog aR==r (Introduction to non
-soldering interconnection and printed circuit boards) 65
FIET FET A THX AT 39% se & a<ia (Types of conformal coating and its
removal methods) 67
T & T F M ATV #T AT 2 & forg aRk==r (Introduction to rework
and repair concepts) 71
3.3.200 - 202 Module 3 : & 9=l (Protection Devices)
- TE e -TH-a 3T (Fuses-terminology-types-uses) 80
o
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g dfthe d&< (TH & oY) ww-fAmtor- fafadem (Miniature circuit breaker (MCB)-
types- construction- working- specification) 84
ELCB-war-afdr fiferaer-fafader (ELCB-types-working principle-specification) 88
A HAT - WRM - HF - FHET f[{=Ror - gt (Contactors-parts-functions
troubleshooting-symbols) 91
B.I.S. @Yshadt SAI¥ Tl & defere g (B.1.S symbols pertaining to contactor
and machines) 94
Re-yare-arrfEr-fafader-udiw (Relays-types-operating-specification-symbols) 98
3.4.203 - 206 Module 4 : fagga Tt &fde (Electrical control circuits)
9%, SROT T AieY Hfey g%, §YrRa Tor 7ieX (Single phase induction
motors-types-resistance start-induction run motor, centrifugal switch-capacitor
start, induction run motor-capacitor start, capacitor run motor) 106
A =0T SR wied- - fAmtor-fastaret-gyeee, o g™ (Three phase
induction motors-principle-construction-characteristics - insulation test-types) 116
SROT el & forg gresend - D.O.L 73T ®Te-3wT weY, §Hi-warford @e-3wet
T A @HTlord WX /3T &Te¥ (Starters for induction motors -D.O.L, manual
star-delta starter, semi automatic star-delta starter and automatic star/delta
starter) 130
3.5.207-211 Module 5 : Tawg it~ *a ¥ FA%< (Electronic cables and connectors)
stfeaT e fafeat sxaed & y& (Types of audio and video connectors) 137
Tt ofte fafe=t/RF &=t (Audio and Video/RF Cables) 146
TRl s et e & Feaer f=d &7 @wfe (Termination of cable ends of
crimping and soldering) 150
LAN & ST 30 s+ arer fafersr s & e i s=%ed (Different types of
cable and connectors used in LAN) 154
T# PC X Faa ¥ ##ed (Cables and Connectors of a PC system) 158
3.6.212 - 218 Module 6 : #=I¥ ZersgTie (Communication Electronics)
IR 4T TR - §9R seagree (Radio wave propagation - principles, fading
etc) 173
ASTAYA & ATEIHAT AL AT & FH¢ (Need for modulation & types
of modulation)
AT & o Tt s adet, w@r @i sy (Fundamentals of antenna,
various parameters, types & applications) 180
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AM FM X PM, SSB-SC, DCB-SC AiSgaeM ¥ SHTSIAa adaial &1 qfeaw
(Introduction to AM, FM & PM, SSB-SC, DCB-SC modulaion & demoulation
techniquies) 184
AM 3T FM giasfieY, FM SaTee $iiT 9aT o+ & =% sted (Block diagram of AM
& FM transmitter, FM generation & detection) 191
J%a1 (Type of radio receivers, superhetrodyne receiver, block diagram,
principles, characteristics, advantages and disadvantages) 199
FM R&faT, AM/FM-RF #3@W & st @ (Block diagram of FM Receivers, AM
/FM-RF Alignment) 207
feforea ategevm v Ruregavm awdis, duforT, Fifese, T=ifeT (Digital
modulation and demodulation techniques, sampling, quantization, encoding) 206
3.7.219-227 Module 7 : args®isgta? (Microcontroller (8051))
8051 #t aregaar (Architecture of 8051) 227
8051 % fa= =T fawur, stiaf¥s 221 AW, SRF #i¥ &19-f7 (Pin details of 8051,
Internal data memory, SFR and on-chip features) 232
8051 SIERTIUIr 3T d T 1 e &< (Instruction set of 8051, arithmatic
and logical function) 235
Timer on the microcontroller kit (RTg#TagaR fhe 9X 2TEHAR)
8051 =T mae (Wiex, ararana fa==mr) (Application of 8051 (motor, traffic control)) 236
3.8.228 - 232 ATEA 8 : AOH, FOegAY ¥ Ao (Sensors, Transducers and Appli-
cations)
fafirer TR % ©@X & "ae® 1T I HEaE (Different types of Level Sensors
and their working 246
faferr e afer giaegae &t g ard (Basics of passive and active transducers) 247
Jffwe (Thermistors) 251
gfa=Ty araa ¥y (RTD) (Resistance Temperature Detectors) 255
ot (Thermocouple) 259
9T AT A oS 97 (Strain gauges and load cell) 262
fApear &a¥ (Proximity sensors) 266
LVDT &T 9T #¥ah faeamas 717 (Displacement measurement using LVDT) 27
fafsrr s & =ed (Different types of charts) 272
o
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SYLLABUS FORELECTRONIC MECHANIC TRADE

THIRDSEMESTER Duration: 06 Months
Week . Professional Skills
No. Leaming (Trade Practical) Professional Knowledge

Outcome Reference

with Indicative hrs.

(Trade Practical)

Measure the various
parameters by DSO and
execute the result with
standard one.

Digital Storage Oscilloscope

180. Identify the different front
panel control of a DSO. (5
hrs)

181. Measure the Amplitude,
Frequency and time period
of typical electronic signals
using DSO. (7 hrs)

182.Take a print of a signal from
DSO by connecting it to a
printer and tally with applied
signal. (6 hrs)

183.Construct and test function
generator using IC 8038. (7
hrs)

Advantages and features of
DSO. Block diagram of Digital
storage oscilloscope (DSO)/
CRO and applications.
Applications of digital CRO.
Block diagram of function
generator. Differentiate a CRO
with DSO.

Identify, place, solder
and desolder and test
different SMD discrete
components and IC,s
package with due care
and following safety
norms using proper
tools/setup.

Basic SMD (2, 3, 4 terminal
components)

184. Identification of 2, 3, 4
terminal SMD components.
(5hrs)

185. De-solder the SMD
components from the given

PCB. (5 hrs)

186. Solder the SMD
components in the same
PCB. (5 hrs)

187. Check for cold continuity
of PCB. (3 hrs)

188. Identification of loose /dry
solder, broken tracks on
printed wired assemblies.
(7 hrs)

Introduction to SMD
technology Identification of 2,
3, 4 terminal SMD
components. Advantages of
SMD components over
conventional lead
components. Soldering of SM
assemblies - Reflow soldering.
Tips for selection of hardware,
Inspection of SM.

55-56

Identify, place, solder
and desolder and test
different SMD discrete
components and IC,s
package with due care
and following safety
norms using proper
tools/setup.

SMD Soldering and De-soldering

189. Identify various connections
and setup required for SMD
Soldering station. (5 hrs)

190. Identify crimping tools for
various IC packages. (3 hrs)

191. Make the necessary settings
on SMD soldering station to
de-solder various ICs of
different packages (at least
four) by choosing proper
crimping tools (14 hrs)

192. Make the necessary settings
on SMD soldering station to
solder various ICs of different
packages (at least four) by
choosing proper crimping tools

Introduction to Surface Mount
Technology (SMT).
Advantages, Surface Mount
components and packages.
Introduction to solder paste
(flux). Soldering of SM
assemblies, reflow soldering.
Tips for selection of hardware,
Inspection of SM. Identification
of Programmable Gate array
(PGA) packages. Specification
of various tracks, calculation of
track width for different current
ratings. Cold/ Continuity check
of PCBs. Identification of lose
/ dry solders, broken tracks on
printed wiring assemblies.




(14 hrs)

193. Make the necessary setting rework
of defective surface mount
component used soldering / de-
soldering method. (14 hrs)

Introduction to Pick place
Machine, Reflow Oven, Preparing
stencil,& stencil printer

57-58

Rework on PCB
after identifying
defects from
SMD soldering
and desoldering.

PCB Rework

194.Checked and Repair Printed
Circuit Boards single, Double
layer, and important tests for
PCBs. (12 hrs)

195. Inspect soldered joints, detect
the defects and test the PCB for
rework. (8 hrs)

196. Remove the conformal coatings
by different methods. (8 hrs)

197 .Perform replacement of coating.
(8 hrs)

198.Perform baking and preheating. (8
hrs)

199. Repair solder mask and damage
pad. (6 hrs)

Introduction to Static charges,
prevention, handling of static
sensitive devices, various
standards for ESD. Introduction
to non soldering
interconnections. Construction
of Printed Circuit Boards
(single, Double, multilayer),
Important tests for PCBs.
Introduction to rework and
repair concepts. Repair of
damaged track. Repair of
damaged pad and plated
through hole. Repair of solder
mask.

Construct different
electrical control
circuits and test for
their proper
functioning with due
care and safety.

Protection devices

200. Identify different types of fuses
along with fuse holders, overload
(no volt coil), current adjust
(Biometric strips to set the
current). (9 hrs)

201. Test the given MCBs. (8 hrs)

202. Connect an ELCB and test the
leakage of an electrical motor
control circuit. (8 hrs)

Necessity of fuse, fuse
ratings, types of fuses, fuse
bases. Single/ three phase
MCBs, single phase ELCBs.
Types of contactors, relays
and working voltages. Contact
currents, protection to
contactors and high current
applications.

60

Construct different
electrical control
circuits and test for
their proper functioning
with due care and safety

Electrical control circuits

203. Measure the coil winding
resistance of the given motor. (6
hrs.)

204. Prepare the setup of DOL starter
and Control an induction motor.
(7 hrs)

205. Construct a direction control
circuit to change direction of an
induction motor. (6 hrs.)

206. Connect an overload relay and
test for its proper functioning. (6
hrs)

Fundamentals of single
phase Induction motors,
synchronous speed, slip,
rotor frequency. Torque-
speed characteristics,
Starters used for Induction
motors.

61-62

Prepare, crimp, terminate
and test various cables
used in different
electronics industries.

Electronic Cables & Connectors

207. Identify various types of cables
viz. RF coxial feeder, screened
cable, ribbon cable, RCA
connector cable, digital optical
audio, video cable, RJ45, RJ11,

Cable signal diagram
conventions Classification of
electronic cables as per the
application w.r.t. insulation,
gauge, current capacity,
flexibility etc. Different types of




Ethernet cable, fiber optic cable
splicing, fiber optic cable
mechanical splices, insulation,
gauge, current capacity, flexibility
etc. used in various electronics
products, different input output
sockets (15 hrs)

208.Identify suitable connectors,
solder/crimp /terminate & test the
cable sets. (10 hrs)

209. Check the continuity as per the
marking on the connector for
preparing the cable set. (10 hrs)

210. ldentify and select various
connectors and cables inside the
CPU cabinet of PC. (10 hrs)

211. Identify the suitable connector and
cable to connect a computer with
a network switch and prepare a
cross over cable to connect two
network computers. (5 hrs)

connector & their terminations

to the cables. Male / Female
type DB connectors. Ethernet

10 Base cross over cables and
pin out assignments, UTP and
STP, SCTP, TPC, coxoial,

types of fibre optical Cables

and Cable trays. Different

types of connectors Servo 0.1”
connectors, FTP,

RCA,BNC,HDMI Audio/video

connectors like XLR, RCA

(phono), 6.3 mm PHONO, 3.5

/2.5 mm PHONO, BANTAM,

SPEAKON, DIN, mini DIN, RF
connectors, USB, Fire wire,
SATA Connectors, VGA, DVI
connectors, MIDI and
RJ45,RJ11 etc.

63-65

Assemble and test a
commercial AM/ FM
receiver and evaluate
performance.

Communication electronics

212.Modulate and Demodulate
various signals using AM and FM
on the trainer kit and observe
waveforms (10 hrs)

213.Construct and test IC based AM
Receiver (10 hrs)

214. Construct and test IC based FM
transmitter (10 hrs)

215. Construct and test IC based AM
transmitter and test the
transmitter power. Calculate the
modulation index. (10 hrs)

216.Dismantle the given FM receiver
set and identify different stages
(AM section, audio amplifier
section etc) (10 hrs)

217.Modulate two signals using AM
kit draw the way from and
calculate percent (%) of
modulation. (10 hrs)
218.Modulate and Demodulate a
signal using PAM, PPM, PWM
Techniques (15 hrs)

Radio Wave Propagation —
principle, fading. Need for
Modulation, types of
modulation and
demodulation. Fundamentals
of Antenna, various
parameters, types of
Antennas & application.
Introduction to AM, FM &
PM, SSB-SC & DSB-SC.
Block diagram of AM and FM
transmitter. FM Generation
& Detection. Digital
modulation and demodulation
techniques, sampling,
quantization & encoding.
Concept of multiplexing and
de multiplexing of AM/ FM/
PAM/ PPM /PWM signals.
A simple block diagram
approach to be adopted for
explaining the above mod/
demod. techniques

66-68

Test, service and
troubleshoot the
various components of
different domestic/
industrial
programmable
systems.

Microcontroller (8051)

219.l1dentify various ICs & their
functions on the given
Microcontroller Kit. (5 hrs)

220.Identify the address range of
RAM & ROM. (5 hrs)

221. Measure the crystal frequency,
connect it to the controller. (5
hrs)

Introduction Microprocessor
& 8051Microcontroller,
architecture, pin details & the
bus system. Function of
different ICs used in the
Microcontroller Kit.
Differentiate microcontroller
with microprocessor.
Interfacing of memory to the




222.Identify the port pins of the
controller & configure the ports
for Input & Output operation.
(7 hrs)

223.Use 8051 microcontroller,
connect 8 LED to the port,
blink the LED with a switch.
(10 hrs)

224. Perform the initialization, load
& turn on a LED with delay
using Timer. (8 hrs)

225. Perform the use of a Timer as
an Event counter to count
external events. (10 hrs)

226. Demonstrate entering of
simple programs, execute &
monitor the results. (10 hrs)

227. Perform with 8051
microcontroller assembling
language program, check the
reading of an input port and
sending the received bytes to
the output port of the
microcontroller, used switches
and LCD for the input and
output. (15 hrs)

microcontroller. Internal
hardware resources of
microcontroller. 1/O port pin
configuration. Different
variants of 8051 & their
resources. Register banks &
their functioning. SFRs & their
configuration for different
applications.

Comparative study of 8051
with 8052. Introduction to PIC
Architecture.

69-71

Execute the operation
of different process
sensors, identify, wire
& test various sensors
of different industrial
processes by
selecting appropriate
test instruments.

Sensors, Transducers and
Applications

228. ldentify sensors used in
process industries such as
RTDs, Temperature ICs,
Thermocouples, proximity
switches (inductive, capacitive
and photo electric), load cells,
strain gauge. LVDT PT 100
(platinum resistance sensor),
water level sensor, thermostat
float switch, float valve by their
appearance (15 hrs)

229. Measure temperature of a lit
fire using a Thermocouple and
record the readings referring to
data chart. (15 hrs)

230.Measure temperature of a lit fire
using RTD and record the
readings referring to data chart
(15 hrs.)

231. Measure the DC voltage of a
LVDT (15 hrs)

232. Detect different objectives
using capacitive, inductive and
photoelectric proximity sensors
(15 hrs)

Basics of passive and active
transducers. Role, selection
and characteristics. Sensor
voltage and current formats.

Thermistors / Thermocouples -
Basic principle, salient
features, operating range,
composition, advantages and
disadvantages.

Strain gauges/ Load cell —
principle, gauge factor, types of
strain gauges.

Inductive/ capacitive
transducers - Principle of
operation, advantages and
disadvantages.

Principle of operation of LVDT,
advantages and disadvantages.

Proximity sensors -
applications, working principles
of eddy current, capacitive and
inductive proximity sensors




72-73

Plan and carry out the

Selection of a project,
assemble the project
and evaluate
performance for a
domestic/commer cial
applications.

Analog IC Applications
233-237
Make simple projects/ Applications
using ICs 741, 723, 555, 7106,
7107 Sample projects:
« Laptop protector
» Mobile cell phone charger
« Battery monitor
» Metal detector
» Mains detector
 Lead acid battery charger
» Smoke detector
« Solar charger
* Emergency light
» Water level controller
» Door watcher
(Instructor will pick up any five of the
projects for implementation) (50
Hrs)

Discussion on the
identified projects with
respect to data of the
concerned ICs.
Components used in the
project.

74-75

Plan and carry out the
Selection of a project,
assemble the project
and evaluate
performance for a
domestic/commer cial
applications

Digital IC Applications

238-242

Make simple projects/Applications
using various digital ICs (digital
display, event counter, stepper
motor driver etc)

Duty cycle selector
» Frequency Multiplier
« Digital Mains Resumption Alarm
« Digital Lucky Random number

generator

» Dancing LEDs
» Count down timer
« Clap switch
« Stepper motor control
« Digital clock
 Event counter
* Remote jammer

(Instructor will pick up any five of the
projects for implementation) (50
Hrs)

Discussion on the
identified projects with
respect to data of the
concerned ICs.
Components used in the
project.

76-77

Revision

78

Examination




TAFRIE AR FTEAAX
TRTF dhiw - Rivea =R sidien @i

s 3.1.180 & 3.1.183 & wwifea f=ia

s & forg e 9 fesror wenferer = (Operate the front panel controls of a digital

storage oscilloscope)

IR [ T IS F A A A Ffortaa wr Fwe avw e

+ iR =R sty #t ol #39 # qaw g
+ DSO ¥ Tt CRO #Y Tl F

+ T(F ARG T AR TA@F A(F & FET B X B

* e e ¥ wew e F & gee a9 |

TR IJTHIUN [ &1 THY & TATAT AR e & o
frar o "war 2| AT TR AT afRkaddg dieest &
TATT HTH FAT &, i eforee I fFemur e (=
Fav) (1 1T 0) % & FH FLAT & Al alees T FT T(AA A
FY THAT & | IITEX & oI, U IR F8e ©IY T TATATT
fRarzw 2 T ftw oY o s Raea 2|
AR TATanT A fes syt & o sma 2| wArenr
AT TS T Fieest B AR BT I T aTel
AT 1 & forw ATAT A7 @Y @ | At dleds S 9¥ aGT &
o arar i U & A= AgI # 8T IdT & TE JAH
FIE HT UF bl a@e aar &, fRfSreer srtfaeieng dwn &1
AT 3T & AT TRAfda FA & forg gAranT-g-ffoea Fadx
(ADC) T ST F¥AT &| TATanT sAtfaeten i ffsea
ST & A Hl GATHA FA % fold S [TATAnT ATt
71X fefSrea siifeeienT & wee § § $9 | a9 7 a@q & fou,
fefoed Se1 &R &7, e W ATt &3, R W & 8
T AT WX IqTA FA T &TH/AT I 2|

uF fea Ao & wmer gfa & @ Rfseasa
THFNT & AT A 3T ITAETHRAT F FqAd ITHET S
ateest A, k=il Y gfe & a9 % AgAR T @iferd 719
FEA AT eHAT ofF EeT

fefSe sitfeneria == (Digital Storage Oscilloscopes
(DS0O))

fefsrear srifaera & sme e @R siifeiesT ar
fefotea Tyamw sftfateia % &7 § ST v @

feforea sifeciierd & f® S@URIT gaTanT @i % forg 3
T F

IS IO UF TATANT HO H HFAl & @@TEd #ed gy,
fefsrea srtfteieria =i 3= Rfsrest w7 (ADC) & wATatT
FT ITANT F¥ e wrew & gfafda &< 2ar 8, fw 7=
feforea o1 gfa & dufed #ar 2, WX IaF aE dhdl #
fSreer &7 & @@Tfa F¥aT 8, 3d § a2 9T’ H afkafdd
FAT &, TAL FT BT I TS 9 & = 2|

4% aw e s § @ufeq &ar &, safaw Fer &
AT % Wiaw @9 § 93 PC gy garfya foar s asar
2| fRfSree AtfaeierT &7 ST FA *T TF HEET I ¢ &
dufed ser et off aaa e #t fageress ar gafed w3
& forg IuFhT 3R S "aT €| uATT =i § e A9 e
gHforg et Fael depter Yefia b i awar &1 Jyfa 72 &
gafere e Faer deete Tefia BT o awar €| e i
7fors e (S fremaswvs & off o & awdar 8) # uATenT
ATRAATERIT HT ITANT FLH 3@T AL ST qHbId & S ug Ay &7
TS & § 376 SATTARN AT TG0 FF 3@ gy F3 gt
# IuAnT fERar Star &1

Fig 1 # DSO & =it IR & aferer {3 mam 2|
1 grer stferaRer (Data acquisition)

2 R (Storage)

3 zrer few=t (Data display)

T AfwEer &t v & Rfvea @i Rfves & wamemr
Fradd Ft Tag § Aford o srar 8, foraser Iwi fRfresfia,
SR A TATANT aawid e &< & forg f&Far sar 21
Tt ATREE &1 A= affe g FEfa GFar smr @
ST ATHAIY 9 ATEHT THEeY &iar |

forew & Ser atfereer wnT #§ uw AyAT-ae-uws (S/H) afde
AT fefrest F7a¢X (ADC) ¥ forw U wATetsr gtar & S JyAr
FArH a1 fAaiRa 3¢ o¥ gqe Reaer & @A g (Fe)
3T & o Rfsecfiga o1 e #Fwar & & amar e fig
AMARE T =W § ded € a1 T8, S anae @l wi
FIST FT AT ST 2|

S AR 9 ST 8, @7 ADC & ST 3T uige IRT 37 0¥
fora arel e AEIT e # WX g § a7 SRR WY
TS THRAT q9 % AT L&t & a7 afdbe A siereor wfn
fiaY € s a= f& e afde &t gge adr a1 aed o
od & o fmae gma 7 & Sl 99 i e @) ar
forew d9 & ST € AR s & vt Aie # waAw & @
oo A Ser & @it a1 3o oW F FT Y TE W
HEREIE GRS



feeat sttoee #, & DAC &1 3w faa star € < |jfa &
CRT a1 & fau &fasr iy Fwfaw faguw giesr 2ar 2,
TAFE( A & aad e ar &, JTafh a=a 99 Frgex ddr
= e % w7 | fast fFeiger 3ar 2

e fevet § srerT-sremt Ser faget &1 ufa Afem & a
soaq fag eia € afsa Ste &1 @@= 1000 a7 394 1fds & =
# Igd 97 BT & St 3 U " e #2a § oY uE
fAae a3 fearg 3 2|

BUFFER

AMPLIFIER DATA ACQUISITION

DATA DISPLAY

|

I

I

I

|

SAMPLE AND !
HOLD S/H )‘ ADC !
I

I

I

I

I

INTERNAL
TRIGGER

EXTERNAL TRIGGER

CONTROL
CIRCUITS

VERTICAL
AMPLIFIER

MEMORY

DAC |

ADDRESS
COUNTER

HORIZONTAL
AMPLIFIER

TIME BASE [

CLOCK SAMPLE

Tt

BLOCK DIAGRAM DSO

COUNTER | ]

|
|
|
|
|
T
|
|
T
|
|
|
|
|
| DISPLAY
} UNIT
|
|
|
|
|
|
|
|
|
|
|
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feeer AT FHT ST & S T he-07el da garar &
Y fefSree @ivsr ATdieeniT &1 T 741 2 ARuser =%
& FIF & forg e dar 2

T A W T ATl A aeT AT e & € A7 A
mefar faawor|
STINT T STH-He 3T 717 o & forw &¥ g6 2|

Attt Ft w @Az (Understanding Oscilloscope
Functions)

T AT | UH SAAAEHT FT ITANT FH & T&ot ATTHT
TS T ATIHAT & I H SR AT & | I ATAeriehy
THTET &1 & ITAN FeA & forg, smawt fae rtfaetentT wet
F I H A AT ATTIIRAT &

o SAifHeneRT @i &A1 (Setting up the oscilloscope)

o fEfar =rfia & (Triggering)

o fowrer (@da) #t 9TE AT (Acquiring signals
(waveforms))

o @ferT Y JawH WfSerfa (Scaling and positioning
waveforms)

o AU AT A Bt &1 FAT | (Measuring waveforms)

ATAAIERT =T 34T (Setting Up the Oscilloscope)

ATYHT A BT F AT qRATRE F997 IRy [ o e
AU AMAATGRIT FT HATAT Fd T ITIANT FT T &,
HATerEe, TF AT & TeoT, 0T GesTT i 15 (Repfer) FAT
SATerde FT ITIANT F¥ah B % forg ua fre ar vauta
T FXAT & | a€ @eEfod € & d9ad 99 afasr due i)
fewe afdwm amaifom #xar §1 stterae o Ifeage &7 & w2
wETferd AT i #ear €, e T F e 9w |

TF ®TAY T AL (Saving a Setup)

AR AAHTT FEAT FT Tl & AT AT AR
dT FA & Ted sifqw afRads & 9f9 e wolrer #wa |
SATTAETERT ST a9 AT el a1 #3d € af 9 qesr
F ATE FIA S| AT T AAT-TAT HeAT FF LI T § qoet
T A T ITANT FT T © |

% #earw & (Reiw) arg #34 gu (Recalling a Setup) :

AHERIT qET 36, A% fHar off @@s 7 deq ar
fehice @eaT & geer ifaw 3T &t T ST T 2 |

@it dzemm (Default Setup)

AR T ATReE & forg wnfd B @ & 9 53

FREH & A A7 1T 2 | T2 Rwice o7 8| 39 deiT &7

a1 (Rater) Fe= & forg, fewiee @esra e @ |

femiar (Triggering) :

fo futRa Fxar & & e S aTa F39 AX aaT

TefiTa X & forg g% gtar 8 | 99 us faae s & wfua e

T, AT gl dX AR T&9 AT @Telt B J& 1

FAT €| T T TF AR Y& FA F fog FHA[=T AT

et T3 9e7 39 €, At AHAET (F3 TR0 § oA

g

o o fag & AT o AT WY & W & oy 9 et
T FAT & | 57 ffg of F=r ey 21

o o & BT &8 F dau F S ST T w3 & g
SIS

o fow & fafq #1 gar a2

o I TF qGT RETE IUF Bt a ST I FXA &l F @l
2l

2 TAFTER Hberh - (NSQF w2 5) - 39t 3.1.180 & 3.1.183 & "wifera Rrgia



o Aa-ftERd avw qefiia #war g1

TS A T ford F forw, Sifieenia I® 3¢ @ TOET At
g forg ¥ R geat & F A=t gl # § R st
& qEaEa & forg gy 21

@ (Source)

AT TF O & w7 F AtfenenT e &1 997 #34 & fag
o e fasedt &7 ST F Jad & | w= i Y 39 BNC
& T &I ol &1 @l &, a1t fgar BNC ar AC afax arss
(et T e & ary I 2) |

Tk (Types)

ATRTER T 19 T & foored, uor, fafest oY oo Sierg wom
FAT 2

7T (Modes) :

AT UF R wie &7 999 F¢ @d ¢ T2 fAuifta s & oo
o srifaeiieriT a1 &8 9T Far @ 99 I8 e & Ry =
geT T AT €| Wi sffer iR " g uw e sgwd
e Fed % oY gFa U" § FY 9 g4 |

et (Coupling) :

a1 foR g fawer &1 I 3w fAuiRa &= & fog e
& f& Rraer &1 a9 ar e for affe & S| 7=
TeRT a4 & fRIT ygsi &t 9T ¢+ § Heg HT gohaT 2 |

o geae 7wt A & forg, fovw A @eq g9, ugw ar
e {1 79 &Y, T e fawer #1997 # |

fo= g aaw fge Reew & wiRA e &t gwifaq #war
2| 7% Jefagy ® wwifad FE #ar € AT S W gefia
o & g &1 THIEa 81 Har 2|

sgfor e o feare afhe &t ariRa famm stmar €, Trigviev
T T T & ST Y 9 | fFw g daer foe foeew =t
aiRa R & wwifad #war €1 aw dSefagy & wwifaq w&
FAT € AT B I II faer & g &t wwiiad T8t
gl

f&fa (Position) :

gfasr fRrfa fe=mr fe v == F2 & &9 %1 gy enfia
FEAT &

T AR @7 (Slope and Level) :

T MY WY = e & afRnfe &= § #eg #=a 2|
g farser (FFm fEare s ahaer) feriRa #ar & f& sifa-
AT UF B & agd ar fed fme ax foa fag orar & an
72t | foe w93 faer siet R e faaw g st 21

e @ F2A1 (Acquiring Signals) :

S AT AT I Fd ot 39 fvedr w7 § aftafda
T JAT & S TF a7 Tafa #xar | st A aRsfua
FedT & & qua sy siftnew & gwg sEfy o fomw &
T FT HH TATET et 2|

sRerEYer /T (Acquisition Modes):
i AfwRw A, FHAT, fiF a1 A AR e |

AT (Sample) :

T AR Hie § ARy aant & f[utr w= & fog
e aaT = & g AT F AAT AT © AT WIS qEF T
# foraer Fwfafafae #zar 21 eeifs, a8 #ie = & @= a8
arel e & asit & fr=ar s & #ar 2| gaewr gk
TforaTRAT & AT @ Y "It aret & ATg AT AT gsdr &1
T ATHAT, § ST 9T FXA & forg smosht fra qe=m aie &7
ITINT FHEAT ATRT |

firae =™ (Peak Detect) :

39 ATERET AiS |, AfHAET J&s THAT a7 e
et % I=aaw Y Aaw a9 qrar @ R d9w veiEa
FEF % T 37 AT &7 ITANT FXAT €| 39 AXE & AR
TN IEhT I ITH FLAT & AT TSTT FT ThaT &, ST =447
AT WIS H TF TAT & AFAT | T A | o Afww fewrd
&l

d|a (Average) :

T AfREY wie #, Afbeie &% a@i &1 9| Fdr §,
ST AT AT &, Y IR q Tef¥a #ear & o av
Tfe5F MR F FH FIA & (o7 37 AS H ITAN T &t |

TEH a9 (Time Base) :

AEAGT SAT-Te fageti T¢ §9Ye e & e & ar
FH daRE F IEES FAT | THA AT IR TS
it # F sgafa 3ar & & 7= &t far ar Rfers

F| N I F AGATX TF &Afol T O G0 AT
AT FE % forg SEC/DIV AT T I9=T #:3d 2 |

ThienT AT wifstwiea aw®™ (Scaling and Positioning
Waveforms):

AT = Ther A fIfy it garifo #3F a4 & 99 it
I T & | S ATT Thel 9eeld &, AT JaH Tod AThE &
T | o oy fRrfy ggaa &, at 39w a7g a1 ard A= F
ST | 39 @29 gaF (Fega F a5 oM frfa) weew o
TAF AT FT T FAT & | Hohdd a1 RFE F TGS T H
T Far 21

FER \E MY fRafa (Vertical Scale and Position) :

AT I2 TS9 H FUT AT A1 o ST a4t &0 Fearew &afa
T AFA | T F AT FIA % foIT T UF qAGT F AL H
a¥fad ¥ & 2|

AT Hobieh - (NSQF ®¥ 5) - 319am® 3.1.180 & 3.1.183 & wwitera fria 3



AT TF ITHH & dgad AW FT GG Thd & dTRH o=t
TSE ddd & R | Agad a7 =T FAM|

gfast twm e f&afa (Horizontal Scale and Position) ;

Hifge st e & a6, TR & ", a1 &F F8 aar
ger 3a+ & forw sifas fRrfa = aumaifoa & aaa 81 59
AT FAT | fY i 929l & Fg & 19 F71 a0 98 W@ 2|
(VT AT & fF JaRH &7 3T S AT a1 Y o ST g
AT 2) | IR % oIy, AT o719 g@AT ATed © ST ¥ Afhe
H TSl HT FHILU, AT e T fHR FT gohd & Teasl &
Ted T FEY Fe & forg qata fifgwe srafer aar @ &1 fox
T g ar F1 fHFwu #X d6d & MY e TeaEr #;
FOT §& AFd & | T SEC/DIV AT & Faase a4l am %
Afast TH W T8 €, IIEW F oI o s Fed AR
¥ AR FE & AT % oY UF qG1 & Fad UF 9% F a@a0
aTed €|

AT et Searrse ® gfq fsmew o & w0 § 8faw
T & feEmar 2| 9 aft afr a3t &1 uF & au smEw
FT ITANT & | gafery stfteen Faar aft afe 39 &
forg us A wefia #ar 2, fae gas & s oy faet g #
STANT F 2|

Fig 2

CURSOR — = ———————A——f——Ff—— b

VOLTAGE —=
—~—
T

CURSOR — & —4——+d——+A——4 ——F L | —— | —— |- — ]
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TIME —=

AT &A1 (Taking Measurements)

AIAAERT FATH T0T & FFA qleesl AT fa@mar & Jar &
fig. 2 & IUTET AT & ST WSRTA a1 H AT H AT 7T
FT FHAT S| AT A F F5 A<+ & AT I, FH AT TH
T AT FT ITANT FT T ¢ |

afegw (Graticule)

7% fafyr st uw @A, g9 AgAW aa & SgAfT qdr 2|
e F for, o9 UF a9 AFW & 39 Thd @ AT TE
fraiRa % #%a & % a8 100 mV =T #X a1fds 2| =
e a8 WY B¢ ey Rdfiemi #t TET F3F o &
AT GIT U F¥F 8¢ AT of T © | IqTeew & forw, afs
AT AqHH F FAAH A ATTRAR AT & dT T TG
afdaa dfeage Rfasmt # ToET & 2 =T 100 mV/REsm,
T @hel e T, a7 T AT & I TLH-IXH dieesT 1
TUET F @Fd & 5 e x 100 mV/Rdsw = 500 mV |

FY (Cursors)

7 fafer susht FET FT F ATH AT of AhT &, AT SHAT A
T 2fia et 2, fRwer fiesse & I TS Al &t ggd
¥ THR F FY B &

e #T 9T (Voltage and Time)

ST AT FET FT ITANT FId &, AT &G H &AT B 39 Tt
T qET & €7 § §e FeAr gAfad ¥ o o wrom /e €
FAT HT TN FLA & oIy FHHY T g9y |

TFiwew #4T (Voltage Cursors)

Fieasl HAT 29 9¥ &fasr Yaret & w9 # R 2ar & v
Faad AHIeT ® 7O 2

Etera (Time Cursors)

T FET TG X FHATH A4l & ©F § [GEE ad &, AY
Sfas ATIE=t it AT 2|

srferrEer (Automatic)

AT A | 9 @ATCd AT o &6 § | STF AT @i 7T
A T, A Al s o sy et Far 21 F=itE
w1 ar RFts-Rats fHgett #1 ST #ar 2, 7 dfewga ar
FAT AT F aT8 AT+ AT eid € | |ratferd 719, q19 qiRmAT
& i & fog Sesnse &1 3w F3a 21| 39 fesrsed &t
qUI-THT I AT T Sar @ i i qu et
T AT & |

e &I (Acquire)
srferreer derHieT &t @C wew & foru srfiuewr e garu |
e afe feorfmEd
AT STfArter dawid & qTA
F MY Tdiw w7 q
Tefita &< & forg Iu=
Y Ie fewe Aie 2|
fore gar @
o &1 9T T Y
uferarfi T & gvmaAr &1
FH FA & forg e &1
ST &Y |
frad et feemt # arstow
IqT JEF T H FA
FA & forg, T &
g 999 A ©
T T&T FT =TIT HY |

i e

A 4
16
64
128

4 FAFI® A - (NSQF ®¥ 5) - 3rwrm 3.1.180 & 3.1.183 & wwifea R



TA/[R™ Fe= (RUN/STOP Button) : T[T sed &M oa
ATHATERT T TATATE FTHIH T FAT FATed & | Aferer Fr
T & o geq & {5 | gam|

T&a SEQ e (SINGLE SEQ Button) : Tsa SEQ e
TITAT T ATT ATAATERIT &l Th dT BH I H & g
Ted € A fi ¥F | 3% 9 99 917 THa SEQ &1 &
FeA, AR UF e &1 9ar aemar & St AfenE #it R
FLAT & AT ThaT 2|

T T W=9 (Scan Mode Display) : & €iR-¢fiR agera
Toat it fEr 9 & forg afaw =9 stiftner @i (S
Ate off FET SATAT &) T ITANT X Tod ¢ | AT BT &
IS A & AN & qGN H TGT Fa1 & i g fogett #t
farer Gar € w=ifs 7= 7 fog wafa #war 2|

T & UF 99 AT, U [AHTSH-ard el W QI dat
g & ST FEAT & | ARy S aftnre 7ie # a5
STET & ST T SEC/DIV Ata &t 100 ms/div a1 €iH #¥ 3
g, ¥R f@R A § et A faswer &1 =9 1|

FRmETT 7 THa SEQ weA

AT, frE T qdr e | U rfireer el g 1Y
AIFHW O & ST ©

a STFA TOF B AT & T
srferreer &t aRkwTiua den
a% 9gT ATr 2|

T A & TeTW A & forg, fr ) qew qam #iw #te faser
H T 9T A< FI |

AfRET #t Tahd THT ATRETT THAT, dGT TG, TII
ATET & | ATUIRT Y THAT (ST 3T TH/EAT T qa1d ©) fewer
T W FaT €, et oft wie § ) a9 T # St A1 FETET
e dfast e & ary wwala e o awar 21

Tt &2 (Auto set)

ST ATT ATSIEE T2 gaTd &, AT ARt T dT & THE BT
TEA FIAT © AT FAYC e & STANT A TG H1 IqS

F & forg fe=or aamEifoE #ar 21
% (Function) afdw (Setting)
st At qqT T & forg JAr & forg gwmEtoE
ST & TEET FE YT &€ &<
SR ST fafkat fommer & forg Sfew O¥ @ #X, 0F OF. OE. & (FFT)
FFE,; % oy a9y 9) e F o=, AuRatid
afos ferfa EEIRIEG]
fo g DC, ¥ s | HF sEfiae &¢= % fore aamifea
feame d =4 ekl
fo daer 50% X & F
fgme wte o
fa e aumEo; €t & iR e 9 stede &1 SuET A8 #Y awd
fae g EEIPIECE
fae g o a7 ey
fo = w3 GEIRIEL
fafeat ame foe & GEIRNEG
e et e
EEECIC L] DC (7T GND T&a JAT a7 o); T fifedr fawaar & forg AC srafafda;

Ataae bR e & fog asft Sqe 1 S F3ar € #iY

gfafafad #2ar & dawig dlede sgadr ferfaal & e

¥ fae g FaifRa wear €

o+ Ife umIfes Aqew § A gt 8, @ Feaw smaf d@%d &
qTT AT

o FE e 7 e, S sitede #t gemar @ ar e
HE@AT ATAT A TS g |

o 3 e T8 e AT FE A v € g | st
YA FAT & A 99 1 &1 ITANT e |

AT Aehterd - (NSQF &2 5) - 33w 3.1.180 & 3.1.183 & wwitera fraia 5




F (Cursor)

AT FAT A T F3 & forg FH ded g

EET) aftm ot
THTT et q9 AT FET FT TIT F¢ AT TSBT FY; dledst IUET AT Y
EES AT IUAT A q9T AL Ao
2o CH1 AR I o 9T FALT 9T AT &
CH2
CH3**
CH4* HeA3T 50 9T H TS Fd &
MATH
REFA
REFB
REFC**
REFD**
T FT & I AT (<) TS Far &
FAT 1 FAT 1 ¥ TefHa #ar & (qug fowe f&fa & d@ef § 2, simam
T 9 defia @)
FAT 2 vt iR 2w wefia #ar @ (g faw frfy & gt 7 @) aiees
i aT e )
wrforg FET & & forg, wma afkwmr i smaf) wes (Display)
fevt 3w amg atfe dawie 9 TRgA g 98 dR ) e
Fr Suferfa #t Te a% |
. e Freforar
THT X I TSN H AT AHAT fageAt & d= A e war 2|
ST et T fig i Fear 2|
g &l CES
1 8% (sec)
2 8% (sec)
5 8% (sec)
i Y% Wefid T gy g &t sy fafRa swar 2|
T YT YT TS G9F % G99 | daqd aleest Tgiud wedr & | (GFfas dum) XY
TTET T&F X AHAT & 399 1 R =99et 2 9 91 ¥ smar 2|
I 1 FieeT Sfe & X a0=ag &t [AuilRa #wxar & (@fas i 39 2 aiees
a1s g fAuifRa #wxar & (caaq)
faordia gfe STERT WS, gEAT § UF ATt AL Hl AT HEAT SATH FATAT 2 |
e Y I Ht &bl FXAT & |

TAFTE bk - (NSQF ®¥ 5) - 33w 3.1.180 & 3.1.183 & wwiterar fria




o FET &ia & forg, Amg afRome e s

IgifmEar (Utility)
STAAT 7Y & TR FA & oI ITAAr ae =il

T afew feofora
foreew @ frfa siferetteRrT e % " e #ear |
fase TG Sl T AT IT HTd WM F ®T § Bhi 2T T FLAT &, AT Fel T
q%T & ©7 # TS Far 2|
fifex w7 = fiiex & forg desry wafda #3a1 8; % 131 # 39|
RS232 FesT RS-232 9t€ % fog #eatT YR FaT 8; T FHiF 134 7 39 |
GPIB #eaa GPIB 7€ & oy #esr el #Y; I #wis 143 # 39 |
@ HeT Fw TF @I ST HEAT & |
e dwe AT 3 &1 15 foelt off e &7 oF gt wefdi@ #xar 2| weg & fog
FFIAe a1 v @ @UF Fd GG A€ TSl A YA g 2|
FeTar & fory gt ST v & @U% Fd qAT A€ G ITAAT
AT EPEil srfoefedt fiew &Y gaefe Wi &1 99 #W |
S
St
geTferaT
T
qr<ffrer
St
FIRAT
e S
qERE HiT

AT Aehierd - (NSQF &2 5) - 33w 3.1.180 & 3.1.183 & wwitera Rraia 7




ECCHILE G LI EER Y
AT A - Rived =Re sidien @

s 3.1.180 & 3.1.183 & awifea =ia

us wie fraw dwiRa (Capturing a single shot signal)

IgA [ W 96 & o § o ffafad w6 a3 avw g

» TF 7 e w FE wW
o srfrrEer ®t SgFHie FEAT
o TR F A |

W & ®T @7 (Capturing)

TS HEATU A FHIY qS| Bl &, Al qHA H BIEr AT &
fore aga & 9 &t 8, e sitfaiens # weg & d@r o
FqEAT €| gEY ot |, e & arforw fowr ot 3o facass &
T & Sar 8, RfSee stifaeien &1 IuIhT #3% d@r o
TqehaT 2 |

Ierevw & forw (For example)

ArEREEY #§ Rh, Re @ffe, A ¥ E fwer it gifiae sfafsar,
F3fET e ganfe faw #+X)

DSO F=¥ fhy 7 227 &t fafira adswt & I5ia #¢ a6 2|

Rraa-ite Reaer &t Fw=R w1 (Capturing a Single-
Shot Signal)

STHIUT & TF ghe § Rt & fruwdaar ave @ & @7
ATTH THET HT AT FEA B ATEATIRAT & | STt o & &
et @k gerar & 9@ Rt gaar 2| g8 a9 o @ a%d &
AT §% FT T & AW UF q GO 8, FATY ATTH e
g AfREw & w9 § Rt & aieest 1 =¥ F¥ & SAra9aqhar
gl

R (Optimizing the Acquisition)

ifer srfimrewr fig = gem & forg Ret @ fammr &1 9%
918 TF S WEF Sl & S Afhe § TU% IDTA AT Afereaa
F 0@ FeaT & | ARSI q9F AT(HT (arcing) AT THALA
R frweraT &1 FROT 99 Thar 2| SETel Rd-arie g9 WY
BN & Tedl AT FT SATHICId FIA & (oIg AT FEATHL, &feroT
A fEre =0Tt 7 ST Y Tht & | T AT AR 7
afdwm & ary e e mar € (99 9w feae SEQ e &t
Y & gard €), O o7 39 A9 ¢, R duF @e & a |
famr 71

weAquT faeis ®t AwAT (Measuring Propagation Delay)

AT Hew ¢ fF uw wemmaey afde § gyfa qw i 2|
oo aren frwer sie AR fRamsw # a1 snseye & @it
TR fada & AT & fog AtfRarenT & & w1



TAFRIE AR FTEAAX
TRTF dhiw - Rivea =R sidien @i

s 3.1.180 & 3.1.183 & wwifea f=ia

sret feargw ww DSO gewww (Interface the DSO to external devices)

IR [ T IS F A A A Ffortaa wr Fwew v w

+ USB 118 ¥ A qi¢ & ATt 1 Jard
* HERA/ATE AY F I

+ T% USB W91 T2 & IYANT FIA % L TaTC
o TN RRaEa W USB 9i¢ Zev%y

o T O qiE T A TE B deAw FTEH |

T ATAT DSO 3 USB 91 & T 31T A%dT 8, F ITHIVI %
AT FATEAA FRIAGIAE 0 STATT FaT 2 |

AT & a USB 8t T ®&MiaRd &€ g%l 8

o TF USB i3 159 & 32T FI ATHT 3N ATAT FT Toht &
« U USB gr3a # fau &im sfaar

AtfererrenT & fie USB fRatga id wmmiafka & @ 2|
o FYE & FYL T F forg AT AW earw |

o G Sfaat &t Fge W

o e St ® @9 s o fawr § | fex)
AT F T 9¥ USB i & fmaer USB wir gi8a &7

quAT Feq & forg g fFam mar €1 i USB & & I9IiT
T uHTTed USB I e &1 aaqdq J&l &3 |

Aiff@reR & 7o USB fRama @€ a1 @t #ex & a1 0%
fraferst @ fiex & stier ST @=har &, Ak g U ary A8t
2l

Fawiw FuTen (d@9)/aE w®¥ (R#ta) (SAVE/RECALL
waveforms)

AT TS /ATE FIA ATA A HT STANT FT Tl &, ST q15eq
AR AR e & IMERT # g USB W $139 &
oo & fog dam Ao ® @8« a%d & | o7 qeol ardt
aan # wefia &= F fou Reg dawid w7 fawer #1 3w
F aFd ¢ | R dad a4 % ©7 § ff e A 8| I
o gefiia gid & X F9 dfimar & ary fre a = 2|

o fif Few ar |a/REd A # ST & aFd §, TAdW
& fa F USB T 139 WX F3d § #ew & forg faeer
F g9 FX | fiie qeq e agget € af fawer e, F=ifF a8
et off A # A< FFar 2|

F99 USB i3l ST29 U¥ ATHT ATARF FHRT H a9 2T I

FE FAS T

+ TF USB <9 $15d # AT S % aTg agd AfaH &rar
BT 2

T HEAT F FYET T a8 TEET 1 SSee T &
FIT F T 2 |

o IUTT TAT FZT Hl qTdF A7 ¢ Tt 2 |

AT F UF d FAT FTIT FT ITANT F T © YT & TH
FAT ATRAATEHT | HIAT HIA & forg |

I FermferRaa we= & forg fie e & %% @=a 2 (You can

set the print button to do the following)

a1 fife #31 # fog fiie e @ #¥ @& & | adwe sfa &
1w USB wt¢ 7 o forar foret & fifex an Fgex o2 9 |

o AW BT ST FT F3 ITeTl § & TH USB wI9r § 89 &4 |

o AN B F TR, TAF e Jawid srer g A e
FeT I & a1 USB Ter 3189 X HiS@T qeT dentex |

ag BT @ qed fafafaa faweat i oft @ #7 a9a @

(You can also set the following options before
printing)

@R &4 (Ink saver) : TF fiiT a% T<5E W T Fa¢ dawd
7= e =¥ ST I & 0F Fod G760 TSYH T &7 FY, a0
fF 7 &9 o fam=e 39 €1

foem fféw (Abort printing) : fifle o= 2T wo+ #iY filex
N FATH FA & oIy 797 &2 |

T (@ese) (Layout) : = a1 goqfar &t giea & & fog
i Bfa &1 srffa=me 94 |

Iq¥ &R (Paper size) : (W ey g wwfda &% 9w
d # § gA 1) e fawer filer &t s Rwiee &RTer
ATHTT T FIT FIA D A JdT |

B smwR (Image size) : o= ey grT gaf¥ia sfa st
N UF A & g4 | Rebee fawer smaaR o qaw a9 s
ATHT BT & St fiex #t o7 war &t et we i sgafa
3R % forg e 7x fibe ghm|

e aramT (Print quality) : s fifex g aafda fe qort

# o gt & g | e e e quEsr § sgafa e & oo
fewiee w97 |



ZeT fite (Data print) : &T€ HdT 9= fiAis o qw gad w1
F forg =ow # | 32 fiex 30 fawer &1 andT 7287 #¢d 2|

st o fife 9% #a © af Futia e fawer agst o,
3% fReiee &7 & Fgaar 2|

TARF AT ST
TAFIE Ahiw - e @R et @i

s 3.1.180 & 3.1.183 & wwitia i

DSO % ara CRO = sewt #3 (Differentiate
a CRO with DSO)

e faeor stiftetenT e Rfved ©'Rw snfieteT & fi=
Hax |
Digital storage Oscilloscope (DSO):

fraforfaa faget soat Fute R sifdatem s R
TS AT & at= gt fraar #t a@=i1t |

* THTEANT RS AT F a1 I € fF a7 Jefogy @i
foram 2 f 2, fox wa feforee wvet stifeeiesia, s 15 3
(GHz) & wify = Frer & T 2|

+ RfSted =R AtfaeteT g1 w9 @ ffored Faee & ageq
TATART &t GaATS &THaT & i & Hfifda & | uferfEr g o
AR & ITAR( TR Jsfagy & g g1 iy 7y
A 9 HfHT Far 2|

o fAzme & (C) &1 AW fdgelt & &9 IwT & S arer
FexTiom fafer e fsie #ear 2| v efe fewet & (C) & form
TN 25, EHT AMRY, T TG9 a4 & forg, & A
ZeTA9 & ol og T 10, BT 91T, HAX ATeAaiEsa
FexieE & (C) % 9% § &1 =1y 2.51

o feforee @it Mifeeria & U CRT & ST U TATANT &
ATRATERT agd Tfereh T &, ST, sifee frwmed 21
foreer wie o, gt fRfses gy &1 IuIiT F1 |

* TEF eTET, % AT CRT Roker @94 & &7 F Y qhedT
&, gafo aga s e 1f ¥ o uF Iorae sfa § wr
feforea =er sitfiettenty emif ua afRads gedr = are
# FTH FA § AT T |

o feforee @ivs Atfereienia & au srame o et ot arer
I BHAT € ATt 78 UF CRO, & are Afs adi® =1 ferx
&, 919 a9 AT I qihe §RT I Siav 2|

« 1% fEfotea @iRer AtfieiehiT & sauTe i aTe fefored Faex
F TATANT F TE TH I Ghed a1 €, e us uAranT
AifeeRT (CRO) 3aTexw & forw, us ae fue RfSemsw

10

4096 ® UH WNT H B FY Thdl & Ush AL TATANT
ATAERT STHATY 9T 50, F ST TF ST 6T THTHTT HAT
&, quHeT 6 faT deT 21

o fefsea =R AifeiET dawd Rered & fog afta ow
JHAF AE § Y FTH T4 § G897 &, TF TATANT AT T
faR & ¥ e ST TR FAT 2|

o U feforee @t ATRIERT 289 a7 UFT FY TET 8, Y
fo & e & forg wear 2| sitfteneiy gia i o o=
gEhar g, arfs gt gufea s fiferw &, afe @9
ATRAATERIT T T &19dT & tfes &, at aft 59y Sy
T faae &, S9 uF TATEnT st & forg g1

o fefStea =R sifeeieiT o & =31 & " | #1 &2 |
qeIw | 5 I1ANT {3 etar € ar 7% aufed JfRemat # uw
T FdT RATET (A1 feww w=iRwT), ¢ FTear &, ¥ 39+ 918
gT F TF AT T8 & forg dame Far 2|

fefotea stifieeania =Rer &1 3T -

+ gffe afin # ¢ aies & & forg ITahT Far €
o faffwmt & aeror

o fewmefin

o IRAT TR ITFION A REAeT FieasT FT qLI&I0

o AU & & |

o ofifeat v fifeat RaffEr Igam|



T SRR

Rftew st

e Ficest 92 MY BT 9¢ TSR &ear 2|

TS TATANT T&dT & AT ST 9¢ Iefia e & T2 24 feforee
wq § qieafdd sar 2|

ADC, %I ATSHITEET Y AfEe<or AT Srasashar aat
g

el el a¢ e &1 ey &% gwar & =i S
ST AT Iqere &t & |

qrcTfae AT | REeer &7 fA3wr T Gohar & Hite 1 &St
AT ST T 2 |

et aua § ffEeer 1 fagewer ¢ awa €, & der
#T giaer F ara Tedt IeT F Aftwled a9 T w7 e w7
aad 2|

I=T g Ao gfe a0 gifaure &1 fawewor T8 #T ad |

FrIeHE ST DSP & FROT 3= AGHT giferge &7 faweor 78t
F TFd & | ASP URIREH IUee & Y ATSHMEE T qe
farar mar @ forEd FYe Aiew & dulid TR O AT g% ¢ |

Fig 1

VERTICAL DEFLECTION
PLATES HORIZONTAL DEFLECTION

PLATES

FLUROSCENT
COATING

oom L L
ELECTRON GUN —L

CRO SCREEN

EMN3118021

Fig 3

EMN3218423

Fig 2

EMN3218422

Fig 4
SUCCESSIVE SAMPLE
POINT

RO
W TIVE SIGNAL

SAMPLING

TIME BASE

(CLOCK)

VOLTAGE

EMN3118024

DIGITAL STORAGE OSCILLOSCOPE TRACE
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ECCHILE G LI EER Y
AT A - Rived =Re sidien @

s 3.1.180 & 3.1.183 & awifea =ia

IC 8038 #1 Swamt #¥& ww @wwe¥ (Function generator using IC 8038)

SEEW 3 UG & o= | o fAfafd # wew av g

+ IC 8038 # faiwamd afvwifve #¥

* |C 8038 % HHFTS AV F &G | F FIA Hl AT HY

* |C 8038 FT ITANT FTk HHH JAAYLT AT ATRH &1 qlhe G

* ATIERT A AT F IT0ET F
« ol fiw & fg R R C & e & sgf = #R0)

IC 8038 s JYET UF WAITCIAF THiFd dfhe & A I
HEHAT A5, TA, Baivia, qigeie diX Al adit & &9
H FH e TeH & AT IAGT FIA A G&H qA1ar & | g
(AT FETT IX) H AR €T & 0.001Hz & 300Hz & Aferw
Sfertet a1 FAfed FT ITART F7F AL €T § AT AT qhal
&, Mg AGAT AT ATTH ATSLT alees & T 7 AT ST Fhelt
£ 11C 8038 @hifedt dRAX STATE FT ITANT L IAA HIATTCA T
TR o AT T & A TAAT (el TTARTerh, Y AT ATTaT
A g fafaaar & fawga e = AR 2|

TF qredt @il (C) 9t Hi fAdew ofiw 3t wisgar &al gy
e o stmar € s & fig. 1 & fRemar mn | adume &=
#2 & UF floT-oaiT gRT 91 AT @8 e sar €| ada
FAT #1 TMAR 7 &7 | T8 gAtvaq wear & oo
I € UF W A9 fF adwe Sia #2 99 8, A quiR &
FAAT |, % AT TS0 AT ST &, FUTRT | dieest a0 %
Ifa® =7 § Fed1 ©| 99 I dlees gad #1 F T aF 98
ST & (Mgt dtes & 2/3 9 #e), -t fw G
STAT & e Fit TIAAT & A TAAT #2 ST FAT & | 37 e
T § AWAR 9 Fe 2|, AT &, 37 TH6R 9T & g&
e | % a1y et fFar 9T € iR 38% 9% dies a9g &
a9 s w7 & f=ar €| 919 78 qafia #2 & ¥ a% Ted
ST © (ATf alees & 1/3 X #e), fFaT-waiT & 566 9

ser # foe famar smar € o 9% R & g el 81 9
LT F 56 AART T Afhe & EMT & WA fFHar o
FEHAT & | WiSET & | A% 2 | 9% #e fFhy 7T Fe St & am,
aTst Y et & w9 avE g €| a8 uw s a3 #
Rt gtar & @uTfRa X fRrT-%etT Us a9 de< 9a7 Fedr &
TYTRT A fFAT-FATT T a7 A& 9T Far & | A1 A i
THT LU § % AT T F X 3 3R 9 U¥ I i 7 |
IC (IC 8038 function generator (fig. 2))

g, Fe SNa H @Y & qed Targs & arr fFawgd
@A § AT AT TFAT & | FAfONY, I AT A | AR 21, & e
AT 9T &< fFT T 2, v swethd |y fime 3 Wi aew
& LT ATEFa & are fIwrg v & # & F4 1 wfowa & s
At 99% v effiTer 9 U= Iy | /e de¥ By @e¥ #t
UF AATEA Aeah (A3 FAdeY) H Hegd ¥ aq18 % & | I8
deas a7 aLH HwTe H A By # A F ' H FH 9
gafie-9aTe F¥Ar 2|

Fig 2 o R:
Jj/RA J}/ Ry R

Ic
|: 8 8038 o AN/

10 2\
J-C D82K
T

IC 8038 FUNCTION GENERATOR

o V.OR GND

EMN3118032

Fig 1
9 Ve
CURRENT 6
SOURCE COMPARATOR
# ;1 W #
10
‘21
c=—— COMPARATOR
#2
————————
CURRENT FLIP - FLOP
SOURCE
#2
V-OR
GND
1
SINE
BUFFER  [=— BUFFER ¢ CONVERTER
5
2
8
nn| " } «J
9 3 2 %

12

fig 2 & HTT JA9¥e T Afhe E famr mr 2| & b
SAYEY ATHA Fig 3 =i A& 4 & Afde @ wwer: 50%
ST 80 % ST =@l & forg a<r feam 2|

aar g9° (Waveform Timing)

Toft T & qHEAT a9 TSl % ary et
F AT G & | T/ T FEA & &7 FATEA aLh g, 3 AR
4% fR@m 9 € | @ F qfaieH F# R, SR R, SO w@d



Fig 3

Fig 4
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EMN3118033

gU a9 = TR 9Ta e € (A) U, R, Bre @ #it
qRRorm 1/ 3 aTes arfd 9 @ €, Aoy Bryst # agar
fewr &

) :(;xV:Cx1/3xV5upp|yxRA _RaxC

Yo 0.22X Veupply 0.66

e o amEa @sy & A aren e o & @'y # 0
ferfar 21

_CxV _ CX1/I3XVgpy XRA R, XR,C

t

| T0.66(2R, -R,)

V V.
2(0.22) —ePY. _ (22 —PeY.
RB R A

3 T TF 50% T I 9T el & 99 R, = R,
¥ STT-3TelT G SIS % AT & &, Agfer &F v &1

1 1

“t+t, R,C 1. Rs
0.66 |~ 2R, —Rg

or,IfR, =R, =R

0.33
f= ——

RC

feft Wit seye smgfw & fog R, R, #® C &1 www
(Selecting R,, R, and C)

et off sSeye smgft & fog RC &1 d@veiwor & u& fawga
HqEAT & S F FEN, SA(TH Fo AT FEAw o F forg
FRRT #ie aREmr 9¥ &Y AT €| #9 & F9, 1pA & g
TS © FifF fthe R 357 AT X Hahds it &
HaTRa H4 | I= gt (1 > 5mA), gifowex diter i aqfa
dieast astt & Y At & ANreT & | 3= wah gww gwfor,
s f3har ST = rfRT 10pA & 1mA #Y gTRTeTt # 9Tt #e &
Aty afs {99 7 T 8 uF @y e ok o €, at R, % Fweor
g =TT = & 2

_Ryx(v.-v) 1 _022(V,-V)

R1 #¥ R2 & 11K ¥ 39 KQ % &7 ¥ fe@mr &1 @ear &
gt A% 1 AT R, F forg gt 2 |

HTRA AeT Zaat GwTfad €9 & S8 SR 9® g
T AR

TAFEIF Ahierw - (NSQF ®¥ 5) - srwrm® 3.1.180 & 3.1.183 & gwifea R 13




TATRIE AR FTEAAX
TATIE dhE - afw SMD

v 3.2.184 & 3.2.199 ¥ mwifta =

ESD SMT sttt SMD IC @&« & fow af=rr (Introduction to ESD, SMT & SMD IC
packages)

SgA [ W 96 & o § o fefafad w1 a3 avw g

+ gfdte] TF SMD #ieeRAT STt # ae #3 % forg s g, aaanteEt 9 W A w9 H{ 98 ant
o T3] TITINET AT T § AeeRIT #1 F:A F W Fowgt ®iew et (ESD) |

ATATY FLEAT AT a¥aq & oI geshl & T & T4 &
o AraTaT wed F forg, arEeT svaw | e & At |

o AT AT & aa ar foq Ft FAT ff w9 T F| F a|gd

T & § (@ 300°C) Y IaT g A%E & ST o |

AT &Y T & AT T Fael FF G & T4 & oI g
LT a3 | AT & T AT g & fog T g%
AT AT ATFRY | ATAT AT e THT & JE forerer vt
g T S & fasTelt ¥ e F1 @A &t qwdr 2

o IUANT H RN BN G¥ SHIAT Tl STALA &l (I L€ I

FTIE FX & | T8 UF I % forg oY 379+ a3 a9 1@ 9y 7 37 |
AHATE 9 ufre] adaT a¥ w7 Tl | At a¥ ity
FE FEA AT I & IT TT TH TAeg¥ AT H 1@ MY
FF FEA AT el & I T TH Heg¥ AT H @ MY
F g9 H ST A (CROS) aAT HTT SH¥EY, ST 37T
HET JTHTUT AT fasTelt e 1 e F STAT F g AT
FT T Fed o | gaforg wfivers #t wivtegett wr gRiea 1
STEAT &7 AT HIA HEA & (oI Y& | &7 TR Fear
=feu|

o SISt & A & 98 TF fHAe a1 av 3T FA |
o UF AT d¥e § BAETY Tt | F H< | ST ATIH Tlee¥

T & @t g1 % SHATETA SAT8 HIH! T 8l © | o
o &t 99" F19 F U W@ 99, T99 919 o & a9 |

o HleeS¥ & ITANT FIA & 15 A9AT 1 &f o |

AT Afae" a4 w1 (Preparing the soldering
iron):

o TSR ATILT T AT TS H T ¥ AT TS F9 | Fiea R

ST HF FIL & AT 300°C 7% Tga | F9 fime i |

o W H T F GUAT F | VAT FIA T G AT ALH A

& & 58 =2 ata=a & foq &t S & = & forg styga oy
T ITANT FLh T8 AT FY T, AT ATARTE T 1 22 &
g =R

o AT ATAEA F TH Fe & forw F© e wefterr &< | ey

14

e ST b [ I TH & AT AVST AT Fiee ¥ (8T I¢ 71T IE
oo @@, @ I a9 2|

e T ATaea & fow &t Mo wor & 79 | 7 oo =t @
Fa|

AT FY Al IT AT AT dies¥ forarermsti | g8 'fefdr war
STAT € Y T8 1% & G976 €T & TH @A § 787 HOM|
AT FAH-FAT AR F S AT W w) foq &7 ar
FEA HT TELA BT €, T Hael AT H T FLA THT &
T ST =Ry

T T Fiee (T w4 a9 2|

ESD gva (ESD protection) :

SMDs & @Wrewt § Ifd qmEart azadr arfs ESD
(serrgieefas - feeamst) & s & forg |

TAFSIHT e BiE A O &f W@ & afdh § ESD % ufa
AferF dagaeiier et @ &1

seagTe fAde wifas fasrel #t Rete aidt & 59 a7 awqy
AT ATAT & (ESD) % R~ IaTe<vn § &9 91 I e
g, 59 B A ¢ FAd & AT 91 % AT & $ H &9
FXd &, AT wfas g #t 3 & St g9 Fuet % g% # wust
F A & 18 7egy Fd & | ESD & UF X IIeL0 TH
farsTelt e & | emseT ESD weamd &1 T & 7 % staifis
FTATE | TH HeIlt THET & qohdl & |

ESD % T U Soaawaicsh JTot %1 SATa9ashel Eldl & Sia
TE 3T AT-3elT IERIAT FT TF TT Wredr g | at afgger
FT TF TATHSG & & A 81 AT 8, FA ThAHF &7 &
I ATAT & | TATHF & & AT 1 TE ATHRAT A/ g2 e fdsh
AT BT & I 98 T T, @9 | a1 € a7 38 =R
f3FaT STTaT @ X W 99 uF ESD 34 giar & | ESD gde
# ff dg T EdY &, FAfF T TH FASH AT & A e
0 gy "El FXd | STl 5T T qewgitn feargd %
TTet A 3R st & S & G w1, = @ A T
F1S | Bte fewat a1 foraer a1 arefiga # awdr & g fearsa
fawer & ST 2| #fi-weY tw ESD wrear fawft eama &t
THAT TEAT Tl &, Al A8 HTH A @A & | 78 T T
ZIT FET ST &, St Hi & fa18q F Sfraw &7 9dq1 7o 3%
TEAT &7 & FF T & (g

ferafes el - &g oY TS F19 &5 § Ae-are & au
& fomT omae & w9 o % "t 2|



o ¥t e g (AT a1 #ifiex) ESD-% @dv
T &1 qahcl ©, (R HATeiel Seahl it Shive & g¥ UF gRiaTd
T @ AR & F g F T |

o FF TAARAF feargd 9 Fieest ESD weqmsn & fou
srforgaesiier gla & | IeTew & fory, e grEa oes Faa 10
e & W daaaeiiar eid & | 37 F0 & FoFg (e ITHLT
& famtar faffafo, oeor, iftr st Sefir sfEamsi &
TR & ESD FTHAT H e & SUTAT T AT e & |
IETE & fory, Uk U ITHLU F AT FH Fd & TAT
FTE HT TZT T8 TFT & AT &3 T8 aret ESD fe=ror o
TEAd & AT ESD WiiT 32 U¥ FW Fd € ST golagid (s
Tl 1 fRarea & S & forg 1oy aear @ | Hageefier fearga
T ATAT & OF AT ST AFaT & S IATE F oA &, A
AT o ATl T fEaTEH & ST &7 F1L01 9947 & | Gag9fier
fRarea =it 3@ arft F arr O 3T S 6T & S AT Hi
T & et 2 |

ESD & ToTa &1 &7 &% & forg faery e fesme g s
% forg qafasr, favi &9 & 9 gfaame & At sreaat
& T It & f6 ESD, & HROr Iyl IuEt &7 60-90
farere srfawra & 7T & Y g9 & 70 faerd 37 frwerarst
F THAT & FIOT TR SELAT AT THAT & AT HHH
AT ATead § AUl & o © f o7 ESD o &, freew
F 9iRAT & A #3d €, a1 =T, gFEAE IS
T § I=F & qdT 2|

. u% gfAamet ESD, o= ffew sefie oX & avft wfaw &
AT FH AT & oo =fFat #1 e gtar &, 4, ESD
fer=ror SoTTeft # g FOEATIEE FTH HAT © A fEmad
Y & TH 9T ESD &7 3aT & THY ISt yoredt & forg,
7% Ay ¢ fF FAT wwar # fARe v yoret @@t
BT A1RY | AT JAFTAT i AR seecet Ft qearhd
AT, AT AT THA & AT % F&r art & forg G san
il

T FelTs HT TgT AHHT & oIy us Tt a<isr | goagie e
feeaTst gaifme @€ S1.1-2006 (ANSI/ESD) TF Fel1s #1
qgT aRWTNA F3aT & o uF Felrs &% ST & A ATSE Hie
ST STH 9 UF G =T & R e e ST § | 0w
FTETEAST L AYE § FATS oo & AT, @piar A Fatas
T & WIAHT BT JUA AT & | 30 FH Fearast JifF i
foR[a AT T a0 FaT & | o 9= 0F FATE F; g1 AT
AT FT T A SEaeTFHar gl €, a6 F FEE qeeaqe
Tt & fof TS 1 T8t AT A% afa<ty, Sy @it F fog
1 meg - ohm 20 Sfasra M1 ATfRT | gErast Wt gae forg araqor
STaT T AT a7 & | 389 I AT ISR awt @dig @
g, e % T F IuItE ATeE AT oY fAfREe & arer #a
gl

S AT AT TAFEIh Tl % AT HH HT L& & at STt

AT THERIA & fory ITHYOT @éie" I A= e =Ry e

Udr-wfes a1 ESD & w9 & &3 {3t o 8 | e St areft

FeRfereh & dAfebe ded¥ geraglah dferd & (EPA)

1 ESD- 3aH, FRET T Fa¥ & forg Iwamr fem s aaar
g

2 ESD - &% g fahe (Fex, feaies i un anfa)

3 ESD - 8% ST S Alesi T AraeT

4 ESD - 8% &9

5 ESD - gzfaa ¢, fead ofix sramaniat |

ESD grféra wdwee aetse (ESD safe workstation layout)

% ESD a8 it ATt sii¥ STHOM & A7 1 &7 & ¥
# aftwifid fm sar @ St eemefes aiews @iv ESD
(3errgreafes fewamst) &t @ifa wear & | Sar &1 fig. 1 & gortaT @
gl

Fig 1 3.WRIST STRAP

WRIST BAND

2.COMMON POINT
GROUND CORD
COIL CORE

N4

@\
//
“\"
= >
\

6.HEEL GROUNDER

GROUND
POINT

FOUNDATION BOLTS(COMMOM TYPES)

EMN3218411

e T2 (Table Mat)

TF F A€ Al (R Jarea g aeget & @fas i fKwfive w3
& ot fF fig. 2 & aurtar @ 2

amT fig #t€ (Common point ground cord)

T HaeT AT FAFEL ST ST B ATF IT &7 FHeA1g L& T THIA
T Sredr € T & fig. 3 3T 4 & guriar v 2|

FATE 1 9T (Wrist strap)

TF FATE € A FATE HIS Afed at WHT {Ea188 1 UF =feh &
Tt yr9e ESD =it fr ware afgat & w9 & S e
&, T STANT (AT STTAT & Sersra (<o STHLIT AT TAF ek AReAT
ghaem I FH F T ARE B GIUad €T § TSET Fh
Tz ieefes fewamst #t Taa & forw so9 F92 & AT % a1 o=
TATEHT HIEAT Bl & | FIZAY ATHAR I FHEF AT HET § 9
TS & 99 B €, AT U7 UF &9 =il Fo1ed IT e F a8
Eid €| AHAR 9X g%a 9¥ (ESD) 3ae &< T a9 GdE T

TAFIF Ahierh - (NSQF ®¥ 5) - 3w 3.2.184 & 3.2.199 & awifea Rraia 15



Fig 3

Fig 5

STEP 1: ‘ STEP 2:
SET CHECK
SELECTOR INDICATOR

SET RANGE TO
MEGA OHMS
|

STEP 3: IF THE RESISTANCE IS OUTSIDE THIS
RANGE DISCARD THE WRIST STRAP.

DISCARD

STEP 1:SET THE RANGE OF THE MULTIMETER TO MEGOHMS(MQ)
STEP 2:PLUG THE WRIST STRAP'S BANANA JACK INTO THE

VOLTAGE / OHM (VQ) PORT ONTHE MULTIMETER.CONNEC

A PROBE TO THE COM PORT ON THE MULTIMETER .

STEP 3: TEST THE CONDUCTIVE METAL BUTTON INSIDE THE WRIST
STRAP TO VETIFYTHAT THE RESISTANCE READING IS BETWEEN 0.9 MQ
AND 1.1 MQ.

ESD WRIST STRAP TESTING USING A MULTIMETER

EMN3218415

uF faviy Sifas faga «nfees gae & aaree % @ s=i fon
ST 2|

ESD % T TgT T TF A I FT ST F:3& (ESD

wrist strap testing using a multimeter)

T 1 ; AHIET #F EAT /7 37 (megohms) (M) 9% &€ #X |
T 2 : Ao THIeX IX ateest/3H (V) T & FHelTs Lo a=TT b
F @ Y | AR 9 (COM) TE =¥ ot ¥ |

T 3 FATE % TGT & S{ET TATSHT 9T qed HT TS FLr

& forg, 7w sttem & forw fF afae RS 0.9 M eite 1.1 M dfiex
& orer &, 4 & fig. 5§ guitar maw 2|

(Floor Mat)

TF T ATel qdE AT IH I MY MY FaTeahd aegait & ford
TSt & STt & | ST A fig. 6 § grtar W&

ESD faiet ot il #e 3/8” Wil dg-8el THTiwes TieiI{awget
FANEE & 9 Ed & ST RR Fagasiier aramEeer § 99T
ST I SATTH TG ¥ A FHIARAT TH FI FH FEA & o7
festre fFg st & | Fae sfa=ierear 109-10"°0hm ESD %ef 9e1g
7 famtor fesTTe & U et w1 JaTe 3¢ u% 9T R =t
ge™ & forg srgafa dar & | =fe vty det =it wfawreft avar 21
I gwg ESD &M wers UF fAkax fAdeq aame wa F fou
ST ST & FeTE & X St | Trasfiardt 7 18 Jea i frae
TEN 2 | ST TR, ek Ulere, feasie Tt srehiee AT
gfast der g fiRmae & form sfaiedt €1 & &1 a|e 20°F
& +160°F gamam @ 2|

® WeTE WA ®i$ (Floor mat ground cord)
TF FAA AT FAFEL AT B’ T8 B THA § T |

16 AT Aehieeh - (NSQF WX 5) - 309w 3.2.184 & 3.2.199 # gt Rraia



&« 7Ss (Heel grounder)

IR & FAFE % BT § S # THT BT JTANT HLh T AT ST
feh o TH (FAE) & ST % oI Teh ITHTIT U TMATH TeT8
T A & FAFE & T § JGqEHT @ g |

ESD &= assH (ESD Heel grounders)

ESD et TTSed sffarex ¥ faawr & fiw us fiway ase oo
TG Fed &, ESD @xfara w9t | F e § Ut & forg fesmes
g U @ wet IuEnEat @ afadfiear srawE @, S| A
Aree ¥ fafT et urae fa=r | “ESD srgatfed w9t & #1e 9
GLEATHF I, TS FATA & [T FHATE TgT TUTeAT % faaveq & &7
H 3T o ST aehar € | et IS Sedt S et & | i
& TSI g7 U ot T e arie &t ger a1 | sWESD
&t afgat oI goTei{vE SThacl T &1 T | 7gg Hedr ©
ST % fig. 7 ¥ 8 # gwiia o

& | I T U TATEsh T TS & ST ST ({1 ST bt T FHec T
& wfae =t & | Fae s1fafRe o a1 €| grftre = & sie 9=
& forg deav g & forg ferewy aerat ot =9 %Y | 3= gfar v
100 T&S T 3 T 9 7ot & €7 § S a7 star €| s
fig.9 # guitar T 2

Fig 7

Fig 9

Fig 8

fewre: ESD =roer 3T €1« we=¥ (Durable ESD slipper &
Heel grounder)

TaTEH i AT #4¥ (Conductive shoe covers)

SATEH T AT FAT Y TATITITZA AT FAL % T H AT ATAT
2, AT g gU, o ate Hfaw & 7 fheed &0 &t FeTaar &ed

ESD f&® & ®iew (ESD Finger cots)

ESD 1< & Fie a1 J@rdr ESD Fied AWdX X Faag s
STEET, Fre e, Afewe AT FHTRIfewer Ahara 3T § ITART
forT o & | wfaty Sl & #ie arasy g6 Eid © Wi T 100%
@@WW#W%I%W%MIL—STD—105E@?,3ﬁ'€1,
I A FelFg e feeh Ut o forg faed & [eret O & | Jeat faaw
g1 s ¥ fig. 10 X 11 § gwiiar @ 2|

& & &

waER I g (Conductive gloves_ (shown in fig.12))

TATEHIT EATH {AaTe TS ATAATT AT AT FIEE AT & a9 &
g &t g F:ifdr & awr & €| 'aw wfarewar 7.5 x 107

TAFI® A% - (NSQF ®¥ 5) - 309« 3.2.184 & 3.2.199 & wwifea Frgia 17



Iagefed e (ESD) wRaY a1 & fore a&a & arg
farfare gt & ST goragTie STl § J8d¥ Y39l & forg qwem
#¥ ade T o foce-o &7 R & womar 21 o & fig.12 &
gt T F

Fig 12

ESD & (ESD Aprons)

ESD st%e, i€ ESD @ ot F&T J1T €, e asi aTel gid
& A ITIT % forg feswres & a1 e #ed € el goigl-
wfew ot uw T 2| 399 UF due Irelt & S Fiew A 3/4
waTE, 3 5 % | €| 7T ECX -500 9 Selrg e ddaelr
TfRAT & S FW AR 1ol SAF-gTer 3at 2| ek Y T%he
1A Iqarey & | <4 & fig.13 & gurfar mam 2|

Fig 13

ESD & =1 3= % forg (To install ESD workstation)

1 T G 3o T TS TEAT ATINE 3 T TIP | gesbt Tft
(Tt & ure) FfT % FRer #ier # ser |

2 g fig 76T FE F dad F€TE § ATY AT IMC W FH
Fee HY 4T ok fig.14 § qurtar W@

3 H3A FTE F ATH fAg UTIS FTE & SASHT T @1 & ATSE
FTES TATT AT | T b T-FATS B F HATS A€ H 98
X ot f& fig.15 # gortar 7@ 21

4 FATE HIE H FeATs S B @TFL (TIP): glafeaa # fF smex
T AT T FATE IS TSAAT & AR IS F AAGA FaT & avfs

Fig 14

EMN321841E

EMN321841F

FOUNDATION BOLTS(COMMOM TYPES)

T A 9T & 1= FE AT WigE 7 a7 | 4T ¥ fig. 16 gurtan
T 2l

5 e % A A A AT TG F AT AL TT F AT |

6 I WIS STHIT HIS Bl HI =T[5 I T T § Frae HY dT
f% fig.17 ® gurtar 7T 2|

Fig 16

EMN321841G

Fig 17

—

EMN321841H

FOUNDATION BOLTS(COMMOM TYPES)

18 TATEIF Akt - (NSQF &R 5) - 3™ 3.2.184 & 3.2.199 & qwifa frgiar



7 A g ATeT &I A Wl AT ST FE H TGS § FAde
FX EOS/ESD A1 6 § Ifeatfiaa i arax fafeesr wise aige
T ITANT FX | 0 T(SE qTEe & FAF g (AC) ATSTeAE @i
FAC G F SCTHT ATAHT & QT AT 1@ &, T ATy &
ATEASH F ATEAN & U9 T@H, AR T A & agaq & forg |
FF % AT 1Y 3T fFT 9 o ST 1 qoelT & ATl 3 SSeae
H aTeT 7 Tl | S fF fig.18 # gwriar v #

Fig 18
==
? o) D/
S sl
3
FOUNDATION BOLTS(COMMOM TYPES) %
Jqra- Afew (Cautionary notices)

JaraAt (Warning) : i o w1 vraias (AC) seeded
T HH FT & | TSV FAF S & oI straeas & ar ar=
TAFLIT & FeTe o | (AC) FieesT GAXATH & |

(Caution) : T ESD a5 | @i STHTIT HT ITANT Hed
T FTTLTAT T+ ATRY | Tt & F9+ & forg ase Ao geslex
¥ forame fEaT ST =i | et ®fesw Iuser, aieest 250 volts
T AR & ITANT 3 & forg 78 g frar o &1

8 @M & F FUT ESD ST e it A9 #X STet gl
AT T FFAT HF I arer ey oft ==fte & forg we
wq & 3w 3 er € | e ded & Ted, Jea¥ st & forg
ST & T draT & faet off e av der A w | 37h
a1, T areft afgat & I & Fa¥ 39 &t gar &, S W
fore <@, T Q¥ AT 9% AT & qarg avE ae e
T dHETX § §9% FT @ | v fF fig.19 § gurtar @ &1

Fig 19
4 N

ATTENTTION

STATIC-SAFEGLIARDED WORK AREA

- /

FOUNDATION BOLTS(COMMOM TYPES)

EMN321841J

9 & WS (Heel grounders) : 3@t fga & @t | a0 &
47 qTeY (AT AT 3T F Y @ | AEaES e 9 o &

F 2 weg & qfafes el Fe | oF I 0 ¥ R
AT AT 8 T T TS FT ATTE TG | 37 00601 9 Fi a8
FX| T S & forg off a2t sl seag | 4 & fig.20 &
Furfar T 2

Fig 20

<0

FOUNDATION BOLTS(COMMOM TYPES)

EMN321841K

T AT F1e et 1 fAavar & forg adveror B strar anfee
gae gfary, sfadty dex, s & wfa<y % wro siw # fog
T faraar &1 averor e & forg aheder & aeft fewa ae adreror
F ¥ oy g & ot et aw aeror R S aekar &1

A (ArETESR) (lonizers) (shown in fig.21)

Fig 21

& ot STTHFRTRY T ITANT G2 Ta=or & & & ESD (gt @ifas
e &t efm w7 & fog 2 9= awdis fafamtor st
# fa ST @ | EDS sretfasiy g & wrerd § o ferw arst
F AL FA ¢ | A T & gar 7, F fafire w7 & guw Fewe
7 w@ifs #t e 7 & o swiT & e 21 (O e
A AT ATetaed (WTAF @ReH F1 A¥e) TET (AT ST Tl
& | ESD sraifasiy eifass s &t fe &3 & ary-ar eifas
et &l fAferr we & forg off &t & | =, Ffea ar e &
T 3T &= &, AT Tl Sat AT T 3 TG Srhaelt
& T HTH FL THT ATIARLOT TGS & | St fof Iaeies fig &
FoTtaT @ |

ANSI/ESD S20.20 % 8T STavas ST + 50V ATHAe ateest
(Sgfer) & F7 | 38 STaTar fewars aaa &t + 1000V & +100
V& FH FIA A -1000V & - 100 V FF &7 FIA HT 7T 79T
ST AT | AT & IN[el &9 ¥ ¢ | AT avrar & f& ANSI
/ESD S20.20 A& FT #&iT & I &t |

AT Hobieh - (NSQF &2 5) - 319 3.2.184 & 3.2.199 & Fwite fraia 19



ESD &t (ESD bags) (as shown in fig. 22)

Fig 22

ESD &7 &t @ 359 ESD ar @ifas g aret a7 & &7
# ot ST ST € F 97g & T B G FL QAT & AN HH AW
IX dEd¥ W1 I8 FaT & | g ESD & AR fasaeia
F wq H qEAE A &, ATEET & I & A gAFE A IANT
# qaw wAfee Sfqerdl geram (R grer o & | ST ST uet
wifass & fafaa = & gt ofid a1 & ot | arge gafiew §
Iuere & at 50% famr fer g o S & stem g
% for ergwfa v 2|

ESD & us firsy arq seiagiee o sfiee & aiferawe @eaqor #it s
T3 uea & @y fAffa gia €, S U qeeeft @t 3 # qed Fr
ot g7 Y g=v gfadty #T 7 Yo A8l #d 2|

ESD = sfiw #ew¥ (ESD Bins and containers) (shownin
fig. 23 t0 29)

Fig 23 @

ESD SHELF BINS WITH CORRUGATED BASE

Fig 24

ESD SHELF BIN

Fig 25 o
ESD SMALL PARTS DRAWERS
Fig 26
ESD STACKING BINS
Fig 27 l
B s
ESD PICKING BINS
Fig 28
=
LARGE ESD STACKING BINS
Fig 29

-

ESD STORAGE BOXES
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TR AN FTEAAX
TAFEIE dew - aftw SMD

v 3.2.184 & 3.2.199 ¥ gwitem R«

e AEe WAREr @R @ag Aee Ragw (Surface Mount Technology and Surface

Mount Devices)

IR [ T IS F A A A Ffortaa wr Fwe avw e

* §AT # SMT ¥ SMD & fawor faforg

+ SMD # fafa

+ SMDs # ATt H Gl qa1 T &

+ SMDs #t Hiqd GL&AT AT q2d

+ SMT # ZWHTA ITFTIT T IYFTUN HT TV

o Afhe & qR=T AT aeTor, 719 w3 F e qw= )

qfi=a: A8 AiSe FeHl F a= A TAg AWa & ¥ @ |
af¥== (Introduction)

ade wise feared (SMDs) T STIRT @t i straifis
IATET T gedl @@= & T AT @ F 8t S AR, Teeny
fafamtor, gafdma sfiv wewaa givwd & adl & #i¥ 38 daar®
F forg fafire e aaat #1 STIRT F3% aduwS yeviq T
ST HHAT & | I AHATHl Ft Hrad & Aeg fHenlt g i geat &
qATT FW A THT AT T &id & SMT Tt Tl &
fafrrareionT =iw fraesiaar § gfe & arem & wEe i A

ATTANT GreAdT & |

qaer wiede fIarzd (SMD) afa siw ffers safes oo &
Y o arel & s & W e 2|

TEERTTA §1RT - &iet et (THT) § ses gfaa afde (PCB)
F TaF T8 | T AT 8, d¥ 8% H ST N ara & U &
A, "aieeY 7&" PCB & U&7 ® #iee<e #1|

(SMD) =res (PCB) & #tee¥ 98T 9¥ ¥@T ST ¥ (PCB) &
dtar 9 # Atee &y 7 g F #t w@r sw | @ty (PCB)
FAT T IXA B THAT & UF AT A H AT AT 2
(SMD) % forT g&awTer (PCB) &1 #ietE 0.8 3% 1.00mm & =
| ofqefrs & & (SMD) #t 12 o qaged (dw< & wer)
7R gTEfere afdhe € Afa (SMD) &7 U fawner st srgsamT
ST &Y g | g gl

At ae gwiaEs ag sgwfa qar @ & sifésior (SMD)
3T TeHl & I TF W JUA qGL & | FAF T TqEH & St
ATHR & ©T | 3¢ IS & a7 aad har 1 & | gafeg 3t
AT FEATASA IR & foAT "Teawt fF vw fAfvaq qe=m sy
€ 39 srarar At et At g e fm-ase & e s
% famT TeamT A€ S GwAT €1 3T FROT F, FEATAT A &
fore (SMD) aga #few % a7 T 2|

TqeE AT MRt it sawewar € (Need of surface mount
technology)

(SMD) 7 397 BIE MY, BT AT e, T I qIE
AATIC & FU BT TeH T V9 # IR T 21 T 37
affie Tt dRremm T a9ar &t #7 Fed & (SMD) st
Afer AR THTET & T &, BT JIS ATHE, HF gIS Il
T F4 B § MSD &I@Y FAl & &Far g, Ay
TaR® ATAW & B% ged SMD & AT FH FIA H AT
FEA T TEA IS TSH! IX AT e el HIGHAT qad 3757
gl

1 Y & §iT (PCBs) &7 TRUR# ATEAH 8% Hew! g7 agd
sier 2|

2 FifH (PCB) &1 g1 Teal &7 SUANT a1 ST |6t & v
TagT XA F fou, sifaw affe & fog, sifaw (PCBs) &=
50% wfawra & & f3Far S Jar 2|

3 AXA HASH-AT FEHAT A FTe |
4 ATl @A g AT | AT H HH A0 |

5 weH H BleT ATHR agd Afew AT avc dwa amar 1
St @fhe & forg SMD & &y gagr atega &t A Hi
TwEa fRaEd F 30% dF He™T AT gFAT & IO
AFATE & a1 | FAfTY ¥ ITHIT HT ATHR A FH 8 A1
2l

6 FitF e AT Fa & forg aga i afadg |
7 FH @R AR 9REeT and | FH € 4T AT Al
8 BT e X argaor & T |

9 Tadt ¥

10 =<t 9maT & forw, #w fAfawior amre)

ISMD (SMD safety precautions)

HdE AiSE TeHl agd e & MY gafory fFwy amaenft (83
HEHT & ATT HH FA THA ATTE AN % Srerar) form s
TrfRul

21



* TAE HISC TCH & ATT FW FXd THT AT T FAT TEH
Sl

* AT, W< & ITANT 7 &Y, AT TAST A3 THT H ¥@ AT
W Fe & forg faeft off @rer dafoa awger &1 ST 9 &Y

* TASI AISC HSHN & T=AT AT A AAL & gL 4 |

° THIT G T T |

* UF SF AT THad & AT e ghfvaa #¥ fF geF v w
e | ge & &1 F:7|

o wIf 9¥ fiX U HeA A @ F foy uE werga Qe ST
T ITAH T |

SMD & fAuewt & foro ®mfe= (Work area for dealing

with SMD)

Fifs a9 (SMDs) agd 81 &id &, 3= a7 fa@mr
T 2| 7% agd & Iorad THW F qTT FH B ade B
T FTh T T ST FHAT 2| FTH A AAC F IS T TF
100-aTe T qed & AT UF fET-AT 3 A7 agd A1 dAve
F F HaT ¢ | % ST § F 6 § 24 39 d% Tt e
arfeu | fAafia A & QT ar gFE B QAT I IsoAad
TE T gAY ATA [ ALE & FH FIAT S| %S FOS FSHl &
faadia 3T & Y B w5 SMDs @ & Ta | 7eg e 2|

SMD % forT st ITOT T T (Tools and Equip-
ment required for SMD)

SMD % forg sIavars geq ¥ ITE, @ AT(aT (Hel &
Feax fafhd fmd & ag dedaw FW AT S| aw -
7o &1 At ITANT AT ST wFAT @ A TE HET AW T | FH
ate &HdT g (15 3T 25 are) A1 araae R (600°F) i
Hice ATILH T Tabier A% & are |

I AR ITHLO A gAT

1 eI a9

2 @ atfET e (Fig.1)

600°F AT T ATE &HAT ! AleS (AT ag% T q3eC FIA Y
few

B =W F AreeT A (63/37)

RMA #iteeX T%

featefir aus

wTfEes @R i

1 Hide

qF

10 100w IS & AT FAFAAA Tad o T T

11 smads @e |

Aleefr & Tea afdhe a1 F A% F & (o7 TThT TF A2-
Hefreg srafE | &l & ar & o e 92 &
ST ALY FAT ATRY, A F SIS (FLT-FLNT ATGHIUH)

w

© 0o N o o b

Fig 1
TOP VIEW

i S
——— ) —_—

SIDE VIEW

L —

EMN3218421

T AT B S SIS q9hd & | UF Agd gaF [0 T weawt
& Gio & forg ITT | ST UH ATaeE o ar off
AT BT | o gfatest i saagienges Fafied w
e foel it Ted % forg seet T #¥ |

SMD =est & w&¥ (Types of SMD components)

9T Uh 3, T aefr afbr gew uw ww € (SMD) 99 |
I & IeTE & forw e, gifore uw FET, gnfe | eifde
faferr & seat Faar gfae i Fafey B st @0
AT § 9 2 | AR AR a3 drert & oy g9
ZTEGET AT ITHOT & SMDs § Iuare 9l &, F§ ada
gt g @ adae et & aon @ifea e o
Syee & #Y T fF & g F forg SMDs €t aqe @
T ek Bk forg dHems # SavEEar gl & Safh
SMDs B¢ & # & &1

SMD ¥f=T (SMD resistors)

SMD wfawte® PCBs TX &t & forg gfqarsas & fog atst
F 31 A<l § aTggd & ATy AATAHR F AFR § |

SMD wfa<test &1 STanT us RRfis geade a @idr fenr
aFAE & are G amar &1 v % St B 9w g F e
Bid ©, S Al # AgAfd ar & St 9 W UF
LAt Sien arae g sfa=vest & ara Fa< e o €,
T AT AT aFAEl & AT Aee fFAT S " 2|
awds o, d8¢ AR Al AR & TF T941, SMD
st Fig 2 @ gerra @ 2|

Fig 2

aglutive layer

insuiative c&tﬁ\ng

Contastares

Ceramic ship

EMN3218422

IAT SMD =% & 9 wrHT H Gl 1 & areoiae far =
gl

SMD sfer @it &%t (SMD resistor packages)
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SMD ufaziy® fafse Jar & Toei # Iuaer & § e}
famfar & fafwtaren & fafads #1 3o fowm fow &1 awder
gfe & Frur faF-afafes sfagst 1 e §t FA ar o
TET 8| T T Yoot S Sk ATHTX ATforsT A 1 7 3wy
T 2

SMD wfa=iedt fafsser (SMD resistor specifications)

SMD wife=reft fafader s famfar & ga¥ # frer g &1 SMD
gfa<iy &7 99 #= & forg, fdy oft fRatar fdw = gefifa
FIA Y ATIRRAT BT 2 |

S gad weay fafvde fi anE o 2|

a. ara¥ W (Power rating) : Sfa=iet #1 smwre fasretr
T @R \% g1 GEr W™ FE YA | g wn|

SforeT &t 7 arfes Yfe gaem PCB w=a #¥e e & are
BT &A1 FRY | F8 wax AT atfeswr w@iF 1 § gurian
T 2l

b. afewET (Tolerance) : SMD ¥fatgs AREY ATaTES

forer wfaeret gt @ oo srfas adis aregm e & | safoo
F stfeae uw faea & ofg wfqea q% sifis weaefiear
T €| dfF 3o fauie sguei § § #9 § &9 uE gfaea
afEwEAT § Iuder & g% 2|

c. @mw s (Temperature coefficient) : SMD st=s1

ATTHE [UIF ST & A7 AT Sfgs g1g AtaEe
e ATERIT % FTROT ATHAIR 9¥ T =0 & at ppm/c &
ITTE & T € |

SMD Resistors Code Table
[owe | [ ][ s ] [ [z
[ I I [

01005 B:+0.1% L:Standard & High Precision 0:7" Reel 15Kpcs ---1R2: 1.2Q

0201 C:+0.25% E: TC50 4:7" Reel 4Kpcs ---3K3: 3.3Q

0402 D:+0.5% P: High Power 6:7" Reel 10Kpcs ---10K:10KQ

0603 F:£1% H: Ultra High Power 7:7" Reel 5Kpcs ---100:100KQ

0805 J:£5% 9:10" Reel 8Kpcs --- to fill up

1206 A:10" Reel 10Kpcs 6 spaces

1210 B:10" Reel 20Kpcs

2010 C:13" Reel 40Kpcs

2512 D:13" Reel 20Kpcs

F: Bulk
arferaT 1 SMD #afed (SMD capacitors)
Form Power (watt) | Length (mm) [ Width (mm) SMD #fired SmeTax stifors ot affhe & SMD sfarerst
0402 0.063 1.0 0.5 & 91 TCH HT ITAA Bld & A Faa siae Je & fF Aiea &
0503 0.063 1.27 0.75 For SMD Fafdred & gt Al 9X agga FAae & 2 |
0505 1.27 1.25 SMD % amT=r F9fied & e ¢
0603 0.062 1.60 0.80 !
0705 1.91 127 1. Rer fieft dfteeter <, famior R qfiet 31 ST #%
0805 0.1 2.00 1.25 SARLRLL " &
1005 0.125 255 1.25 2. @HETfed ¥ & g AT A @aTed 7 & fFfawtor
1010 2,55 255 AT & HISE FHET |
1206 0.25 3.2 1.6 3. R &7 X Wagigas TWE § F9 yifad
1210 0.25 3.2 2.6
SMD % W&
1505 3.8 1.25
2010 05 5.08 255 1. SMD fafars Fiferex
2208 5.72 1.90 2. SMD deem Fafiex
2512 1.0 6.5 3.25 3 =dEEamERE SMD R
MELF 55 2.2
MINIMELE 36 14 a¥fw aweae R e (Ceramic multilayer chip
' ' capacitors)

MICROMELH 2.0 1.27
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AYfE wediere faw F9feT 0.47pF & 1 F a%, gt #t 0% Fig 3 -
foega sj@ar & AT IUee €| 9% WA AT F49 & Eq § T H\__B :
_g,.q. ~ -~
g1 w7 Fuffed 9o wx Y F7ar & qad AT F4 0805 | g
1T 1206 2 | N g
T fw Ao v Fafed ame @t | it 2

& BIHT L (mm) B (mm) H (mm) A (mm)

0508 20 1.25 0.51t01.27 0.25t00.75

0603 1.6 0.8 0.80

1206 3.2 1.6 0.51t01.6 0.251t00.75

1210 3.2 25 0.51t01.9 0.3t0 1.0

1808 4.5 2.0 0.51t01.9 0.3t0 1.0

1812 4.5 3.5 0.51t01.9 0.3t0 1.0

2220 57 5.0 0.51t01.9 0.3t0 1.0
SMD aw #aféest (SMD tantalum capacitors) Fig 5
SMD e Faffed STenT-STeiT &6 BAT § IToel & AT -w_"_w
=0 & giad et & fadT| 7 + TeiRdr atbe Tar ar abe "M" o
a7 fafRd & ¥ ot Ffied d9) o AT s ) 330 =
faeix e 2 s GO g
SMD deaH Faffe AT F ATH & <
3.2x1.8 mm SMD sHiteH X gifsrey SmemaY aue St & Suere 2|
3.5x2.8mm . s
6.0 x 3.2 mm TS T €7 & 37 & # Iuded & A b A= fi6 § Fortan
7.3x 4.3 mm T 2

AT S, AT AHAEH AU 6 AT Hirsd i & |

Fig 4

EMN3218424

q B AN AT SIS TR % G1F ATHFET Faeed & |

TAFEIATI AF FARIET T SMD & doft & ITT 5y o7 @ &
T e foee |fed a1 y&i § Suae © |

1. STE g gEuT

2. HITST qshelten

ATAR ¥ SMD &¥fi X TEow Fafied F T Tod &
FAET Ao &7 T & A F v famfar & ga¥ fwiar o &
TaFd & | Aferwier gegrarsies Fafed & o 3% 99 ade 87

F T8 § ITH g8 I Yfad 3% I FIA a7 dfeest & a1
T ot g 2

SMD TMEER A7 gifere® (SMD Diodes and transistors)

e

1. U&d ST B
a. XA SIS
b. 3EX TAlE
c. X FAE

2. X TER &7
. A T

o
¥

DIODE PAKAGE LEAD CODE

?3 §3 ?3
1 3 1 F] 1 2

SIMFLE DUAL DUAL
DIODE ANODE CATHODE

Fig A SINGLE DIODE SMD TYPES

35 35 35 1 3
1 H 1 z 1 z H;
COMMON COMMON SERIES DUAL

ANODE CATHODE DIODE PAIE
Fig B. DUAL DIODE SMD TYPES

EMN3218426
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T T ASE MY eEE SfY gifieY SMD Y SOT -

Fig7 COLLECTOR
3

23, SOT - 89 =T SOT - 143 FWU § ATHA TAFEIWE 0
wTH # Iuers & | SMD #iR giforer qivafies qreet § ge l_;:

@5 THE ¥ a2 SOT - 23, 3T SOT - 143 Arat #v T s
ITANT fasTelt st9= T cases are used for components with - -
power dissipation 200 to 400 mW. SOT - 89 cases are 3

used for power dissipation 500 mW & 1W | SMD LEDs .@ chie 4s

2

SOT - 23 #THeAT & Suerer & | @it SMD gifsex & & ara

S MARKING DUAGRAM

SMD &iE REX] fearew #1 a9 Sl ger

A7 SOT-23 BAV99 T faf e

A7 SOT-23 BAV99 Zowie et st

A7 SOT-323 BAVI99WT1 BICiCl et staie

A7 SOT-523 MMBD4448H TC| BL wotaft T st
EEEER

A7 - SOT-23 BAV99 NXP et st

A7 SOT-23 BAV99 T &t ste

A7 SOT-23 BAV99 T &t st

A7 SOT-23 BAV99 Zowie et st

A7 SOT-323 BAVI99WT1 BICICI & st

A7 SOT-523 MMBD4448H TC| BL woaft et st
ECEEER

A7 SOT-23 BAV99 National et st

Tt a¥E FET sfiX 0 ot t@ u% € & (MOSFET) # SMD 7= guriu 77 o= % srgeme |

Fig 8 TO-236 SMD rlo®

ENIN3218428

EMN3218429
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Fig 10 SMD u=iga afdes (SMD Integrated circuits)
SMD MOSFET FgawerH SMD &€ #F (ICs) # gEfas datis & forg 70" &
D 50 F & ¥ fAffa fFar = ar serser (weEs 1999) SMD #
.y'* . ffifa % 7€ aé @i (ICs) 21
L.:E_-_El_i‘- :{J | SMD ¥ & (ICs) ¥ DIL & & faea =7 & & ave &
G Ds : gid | gafere gt & 91 uF & 37 giar & | a8 SMD (SO-
SOT-223 N-Channel MOSFE] XX aﬂ:l') F ﬁl‘Q’ 3o T & e &7 sifaw aRy ot T UH (LM)
o §  324N(DIL)=LM324D (SO)
% SO ¥ it T AT-3TelT U &1 & JrF It e S &
SMD zifrex FfeT 3 SaTeser 1. T3 & et g gy
= qTH B Fig 11
1J BC848A SOT-23
A
4G BC860C SOT-23 ; g
1F* MMBT5550 SOT-23 :
1F* BC847B SOT-23 o R 3 & sfaT 317"“% gu
AA* BCW60A SOT-23
O 1 Y 39 & U AT FT F WA UF Fc T TF % @1 J
AA* BCX51 SOT -89

* Hint
uF & A9 7 AqeT @9 qeF S 2

gfd SMD ifores U & i F AT SAeT-31elT # BH id &
at 3% adrer fafade oft s e @

SMT & Hiwe? I ¥ TqH A= (Solder paste and its
Application in SMT)

TleeT FIW a9 TF I dTe- § 3% Alee¥ qicshd & e g,
AleeT WISE eatatrstt (SMT) & gfad #3 & forg ey o &t
ST T ST @ |ffie i | o it dv=er gifted e Y
AT & T HT IATET FA & o1y A = s aar €| faww
g & forg 9w "Rl F ggem & forg afafkw angstt #
ST AT q%aT & | AfEF AT X AR, 91g amr di
TaTE & THIY B FAFH & IATET & (o1 TeNT- el Tlea¥ I
# T e Suaerdar & g srent T S " 21

HieeT 9% AT (A% & aTY) X o Gk (o o F arr) =i &
STee €| a8 A-fFaw a1 ar gaeiia & awar & | A e
Hiee TRe & #1d, AlSRT I F I18 9IS H 61F FeF
ST AR & | Oy gaaeiier ey O, famr Rl gEe &
T AT § AT § oAt giar S

Tlee? I Tersha & G99 diee SiE $a I 9 |

1. TSI qlee 9 YEU & TR 91 FA & oy qEv afeex
I TRy, @€ ST Y |@E TRk #T @A a2 |
FT dieey O fafdmmr & us fawgia s 2|

e foar star 21

HAT! ATSC STATHET | FEAATA (67 T MeF & IO &7 & ferd
el
SMD #dE AecE fearH

(e, fAferr =i soel-aRwa geF)

SMT  ®de AT9es ST
GRISEIE IS EC R IGITE))
SMA  Tde Afeds Jhaal

TqleeT AT, Flee¥ d1Y, Tlee¥ T IS Tfed Ales T arft |
B ATIfwdt qifod ey T R @i a1 =ffw JiX
TSI e TeT ¥ & forg gk e Suseor 9% & et
FXAT BRI | &R aRemat wF giafead & forg aes st
Alee¥ T, IUFW A Ultersror fafermt qata 727 2|

AleeT T FHT ITANT HIAT

fRrdt 1 ITAET FF, TeF H ruHT At fRrfa § v | "R
ATAA AT ATk 1 TAF U I TG ATl Atee? frael 90 ey
& AT TeH AR TS I (FAS) & S 7= Fedeae Y |
7% fafyr aiee fF s+ arelt oy & forw @ | s &9 & o
F Afthe qS T 98 A & FE BiaT & | FS AleaT F ITAN
¥ fog & i &1 A1 & & o # o O | v 7| glAfvaa
#X & 7 O ) S & TedyT 2|

FreSRAT AL T A% & a1 H 9 F A G0 7T F 0ohT
arfe dieeY U oY d€ & us vy fOuer a =9 d¥er &
= # |
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If3 7% g% = ) 986 2, at T o #t den w1 9w
& S & TXfad w & oI e e R & A 1®
JIST AT Alee T & J18 [l &9 9 s ST <,
o affe a1 #t gu X & & a9g | 7 | faw & asf
ot & forg g wfkar ue-uF we |

ot ol dies F3F & AT AT g¥ ST AT AleeX Al ar
S % fo ATERERT AT T & @7 @@ @E Al
fteror et =flRUl

Rt @eey afkan f@wor (Reflow solder process De-
scription)

girardt R ateex wikar & o € @ uF g affe a1
(PCB) %% & it #t fagfan e aifed e w wx aiey i
FT AEST| @Al X & FA F HRO 99T § Aoy H
e & forw fareer dar @ (Rowt) PCB s smr @9 &+
& FIT FTTFA Aleeg¥ TIZHT el ST &

TF AiceY 9, Alee} 9 o SMT gfe & g wame atefar
AN & T H G| §2AW T H FAT A A= I
TATE AieeY TR § Weaqur a¥] © |

B o< fewirzw # &1 siguai i @eAviear & A ¢ O H

i @ gl giver i st 2 (GO & a5 T € &
KEMET ITaae geifed #ae Arse-ATsfeT e s i fa=m)

PCB % 7Rae" & 3R 3@, Alcey T H GoaAT FIA AT
RN HF SATART FXF & T8l A THY AR | wieie gt
F T iR AT & a8 73 X A gfe |

C iam: dleey &g § TRumaEsy Wl & sraed # A
forfea STomT-31erT ofTgew 8id -9 & &9 & 8 & T8
I # ffeq srfeier sfer arcded &t 9@ & forg qd amT =%
F A =fud T ST €| 7w wihe g & oy genfen &
HETIAT FAT € PCB, & amwE & de & forg stfafis @
TH #T qEI-Atey & e g & 99 & amwe # forg
Alee¥ T A TIfe Hiee¥ & avel {9g T ATIHE 1 98 &
forg srfafes T exdiaeor o = & foy e aie] &
a¥a feer faig 8-60 Sn/40 Pb At # for aver fg... 188C
63 Sn/37 Pb |t=e... 183C 62 Sn/36 Pb/2 Ag #@itee 179C
afafR it qfem F afo & o @ & fog i
faar ST 2| ETitE o fow ® Al W & I %
AT FF HH FA & o1 THT ST ST AR | A0HT F =7
¥ Hice Alcg & dAT9HTT | ST & ST €, 30% a8 fiv-ei¥
(eforer) ST AT & ATTH | 3T &1 & | gATgii+ | ade
Fed & fore srfeefir Sumewr anft a& TR €T garm 8| AR
# TEE-¥ AT A 9 @A AETeTor e & 3 e THT
& | ETaif AfAhier sasreTiae FUfAaT aed® o & ATghERT
T ITIART FH 2 & 10x, T g9 FAdreror ax fsie #edt &1
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Aqeg A wrEhE (T| v &) (Surface Mount Technology (SMT))

SEEW 1 3 UG & o | o ffafad w1 wew av g

* TAE WS TR F1 ST FIF | qeW & ATQH
* |AT WIS TTH F EAL T THATH &1 JUA |

(Surface-mount technology (SMT)) seiagia afdhe T
% fore us adier ¢ forew wes gfaa afde aiet (PCBs) & @ag
TETE WSS AT T W4 €, 36 oI Uk gt gy e
Hde WISe ¥ated Fer1 9T & (SMD) | 39T & % o= 9 T
affic i€ & B & A<l & arg (BET geat & Ay & agadr
2| g SrenfafEat &1 ST I a1 u¥ AT S awdr & ST
Tewl & foy IUYT ALl & O a9 giEwmE Y THi-fiee
TR ST |

fa@Ty MU fig.1 % €T # TH SMT e A X Se-3ie 8
* faodia gid & Fith ga9 a1 at S @ o gidr & @A
sie e a1 7fi sifermt, wie dud, uF Aieey awed & afg
g T & (BGAS), aT Tek & aiel I¥ gfiqu |

TEA: A & Tt a9 dww o i e eedar waw
HTSe Waitiet, SMT wefi das Age feargq, v SMDs &t
ST e i e sar @) ffmir @i sy seelE &
F § I g a1t gl I FF HEAL TS FA 2|

1980 % FUF TF AT A1 AIIH TaArATsit SMT T ITAT &=
3T AT AT | ORI i gew & Aqgl arse fkawy, SMT
% AT, AT AT9 & e § STedl & g SMD &7 ITT &%
AT AT =ATRY |

SMT COMPONENT

T T IR IATRA S afeha aret & At £ qad w7
AN gAfTad w1 & o srfas aefiiiga ads & @i
o ST =Ry | R A9 At soEgiAE gew w6 w
= gfeehior § IR TE 34 &, FTAIF T TIAIHLT G9 T,
HEF dA1S F TA-FEA e & sravaswar o | 59 off dew aret
H ST T & aF EATfold ©F & TS HT AT HEaAT Tt
AT i AT TFIY IATET I & AT FIA ATl I At
fhe & Fea T

28

g a% far o1 & s w1 & wAwe & o gmar
T S aret AT & awda § giaa afde i fwin F g
AEF TE AT| Tq% T AISerd & ATAH & oS el €,
TTH! FT AE IX U2 IR Tlee AT 1 TheT 2 | 399 TSt | ofie
ST g9 | off 9 &1 S 7% PCB & IATeT § R a8 o |

e weal F qIS T dag T @I W@ AT, q4r F fig. 2, #
ZITTAT AT € Ffch J1S | ST & ATHT & FAHT & & 97, 45
et faeT it AdEr WSe St a1 SMT iR geaT
T o™ ATl ITFTON FT FET A@T AT dd€ ASe Raww
SMD | SMT % forg fa= aga St STIWTaT T o7 Fifd T8
el reer & stftrs &< #T ITANT FLA W FEH AT, AKX
fafemtor e o= F =T M= AT

Fig 2

TYPICAL SMT BOARD WITH TRANSISTORS, AND
PASSIVE COMPONENTS

FAEr ATdE TrEfEr, SMT, &t o #31 & forg, med &1
% fqaga T91 & qEwE avl U SMT & EREr Aaws
off, ¥ Y q€T "ok, ISRV & oy, TWORE e ST
#Y SMT 3 gt &, fig. 3 & gy 0 sgame &9 v 9|
3HF aTaE, SMT &7 START FIA FT ATH AT TST Hifad gl
% 58 agd e o =} vl

Fig 3

ICS WERE SOLDERED IN PCB BOARD




ffeper |C %t & |19 SMT &€ (SMT board with typical
IC packages)

SMT =&t (SMT Components)

#ag Ase fSamg®, SMDs ST Y3fd & TRUIN g ata
T % oI agd stenT & 3= St & gen # fawfoa fr
ST 2|

faferr SMD (Passive SMD) : faferr SMD fferr SMD &
forg et fa st amer fafrer s & fafer 3 &) @t a%
#t faferr SMD & agwa ar at wfa<ius a1 Fufdey st s
T et TeRTe ST w9 & o=t avE & @R & | %igew, e
MY o ied o\ Tt § AT KT AMa=ahary edr &
ZferT 3% @ & Yoot &l 2|

gfaeter o FfeT & o e 1R & 39 ER g 2
T ueaw & S e @ 1812, 1206, 0805, 0603,
0402, ¥ 0201 | ga¥ et # 1206 JH T3 ATH T8 FEwTT
T T F| F 9@ FF €T § ITART F AEH T FAAF AHAR
I 9gA BIC TEH B ATIRFAT SNl & | FTA(Th o IT ATTART
# IUANT 97 TFA & Tl a9 AT T B ATIREAT Sl & AT
STet 1=y faTy it a8 AT A Aavawar gdr ¢ | giaa afbe
TS &F FATA TG F &7 & AAW F AT Fher 7 FU A1 2|

TR AT e (Transistors and diodes) : &7 Tt &t
AT U BIS W oot A AR strar & | s, e
& AT § U a1 & S 496 @ Ao € iR A gEA & At
T IIS & P T | 3T AST & (o7 SHIAT AT A1 & ITANT febalm
AT & 39 d¥E § Ig TeaHT e € fF fRaww & = eiw
e avg | 9T TRy

sufafaa afée (Integrated circuits) : & fafts s &
Fahet & foraT ST wHiga afdhe & forg o s & | s
35 T Fhe gex FAfFefadt F daer ax R war 2| aremr
Attors ey S w5 ey & Faer 14 ar 16 O 3 sravaear et
Tl & Safs VLS| sEav st gafaa foer S s & 200
a7 IAY AfeF FT ATTRFAT BT bl &, Tl Fifea Afaear
% fawga fafaear & ara #2 AeT-sem e Iuae |

B1e fa & forw, SOIC (Ste Tt THigd afthe) & S 7
SIART T ST @ar & | F st oA 74 sjen o e &
forg afifSa DIL (U 37 ATEA) @5t & SMT &&heor THiET &7
T 2| g% AfafRes TSOP (St qdet TRw@T FaeT) 31T SSOP
(BT TIXET Sohot HF F7 FY) AT Si¢ G 2|

VLS| e &t wa sTert gfeeshior &Y siavershdr gidt & | Sl
IX T HiE U5 & €T H ST S qTeAm Fobot START 3T Srar
gl TOH UF T AT A FX Tafae & A T@H AR AE
e arer fomr 21 U fhe & 99t & amex fAsoa & oF -
far o7 FET T € @ifF T A & faw @S| O A gl
Faws M fiden R el s msmwm = s

20 &4 & FF & GFdl | 39 | i 3 Fed X I=2
i & &9 § 99TeM & I 9gd AEgEl a¥adt v |
A et off U @ BGA (3t fie areoft) & &7 § Smr
STTaT & o8 #F gy # IwEn R St € 8 & A
FAFA B H qT, F A | AR 9T § HAee T e
gt & ST AteeRar afkar & e feedr &, Sad o€ % am
=S Y FATT ¢ Y AF BT F 7 e | Fifh Tt &
Fr=r %1 ST fRAT ST awar €, FeE @ U Jmuw @ Y
I ffers et g Star &1

BGA, #T TF ST H&IT ATEH BGA F T § ST ST €,
& 3T (ICs) & forw off forar s wer 2| staT & a9 & war
FadT @ & 92 BGA #T & Siel §&0 2|

w&e (Advantages)
TR, BT aFA1d 7 SMT & &I %S

. B FeF 2012 % g9 ster 0.4 x 0.2 mm =T (0.016 x
0.008 #: 01005) 2013 & FHAT & &t 37ig 0.25 x 0.125
mm & (0.010 x 0.005 ST # 371+ % AW T2l )

g ATUF TeF A9 (VA & HeH) X Afq "eF 7%
FoRT |

« Iamed ¥ fou, wnfia &= & fou &9 Al ana Y
aa |

o &Y BT H fIA FIA F ATIRHAT 2|

o YA AT AT WAElferd el | §8 @dHe AT wfe =5
136,000 & Ifer et # Tad & Ta1q € |

. HeF waHe H S oAt @anfod €7 & HF F Al §
T foraeT g dieeY & 68 aATd "l F aie? 9% %
qTT T § Fr=ar 2|

« gffe NS F gl BFART I TeF @M AT T 2|

o FHHEE U B IRy HY Afiere, gad aRumEsy,
FH sAfSa A U6 (RF) e gwma ofie deaw s
st srgATHa I=a-Tg T Taei |

o 9% A Fuq A Rl & aed deaw it veil

o FZ SMT 9T it FH-D¢ & Rl & a¥EY 9 A0 aidv
gl

- ot fafEwor qfw &7 (Se I A a9 /) i S de
AT & FOT dga¥ EMC we9ia (et faferzor 3est) |

%9 (Disadvantages)

o AT TTEIETET SAHTAT AT HEH-ET4 HLHAT AeF Hed &
AR FF AT AR Afts 7l ey & staverear
gt &, Fifh SE ATHR A FF SMDs # e =T &
FTT |
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SMDs Y& @739 3T ae (T @R SU-Ug-o-SeterfuT
TT), & AT ITANT AL AT ST FHaAT, AT AT TAF TeIegq
AT 3AF ARE & U uF Fwew PCB & smavadr gl &
SMD fis ares fie ux, t% fafirs SMD =es & smaas
TerereT & T, UF F7 & JHATSE e &1 ITANT o
ST @At € | 3as Afafs, fEo-aie sl Jietete &1 ST
faer ST war € e & 39 weE SR F SMD uedt &
forw g wifier €1 wieterT & fog 'S e e Sifdw &
STFHT AT ST "ar 2|

SMDs' Aite¥ FFTT THT TR & qTeH & T ared
T &t 9T HF ATaue & T o |

SMT # &l HYh AT, AFT-FIed U9 T avw
TG % T TgA Bie & A & | WieaT ST #i fpweiaar
e &1 faw &= St ®, F;=ifE ToF @gw & fou w7

(Classification of SMD IC packages)

FH AR T AL B AAT & AT AHAAR T AL
HIh § IS UF Tl &, GEHT 79 SMT gfer # oh
Aieex % & 6 & F@mr| At & Iuferfa #gw® afth
F @F FT qFAT S| SfAd: @F6 fAwear # AR aT
FqFAT 2|

SMT &, 3=7 wifth, a1 =T dteest WA & oIy ST &,
Ierevr & foru fasrelr afficdy & PCB & #@tew & #isds,
e, o & faser arelr fastelt sreemers, iR w0
F a9 FUTHeH YA, FAFeL, AT 3a4 T A % a1y SMT
AT g8t B fAwior # G Fwar o ama 1

SMT I 5eahi & oy THATH sgeraa [afer & &9 § s
| ST TR (T TH & T Bl & A Friged Al A
IS U AT AT 3T T GTar ITHT % AT TSTHA FEA
% forg St fg o 2

SgA [ W 96 & o § o e w6 a3 avw g

o faftrr 7@ % SMD IC 3% # 3@® et MY e faeont aw gwia 21

st 1 irReOr (Package classifications)

% wgfeat (Packaging trends)

wEgEa afhe F LS|, VLS| T ULSI & 81 & awi | afigd
faram T 21

¢ gU FET A O Torret % @y, fred o aut 7 1C St
F T & T FATC TR F oI weaqol &7 & =16t HEAT T87
& srefrer faem 7|

QAR IC ¥ % forg stawas s fAemgamr €

1 FEd e & IC fowr & & % fow

2 IC fo %t d&fomr i gsfom & giaumsma aam % oy
3 IC o= & Ieaw I Ft fAaRa & & forg

4 IC % zofaeaa fauvare # & F3 & gl

|C AT gret-ga-arsa Gt (DIP), 3t faga fasiwarstt & wat
F % fou, s 57 gl savaEarei & T #ed €, ¥
T ITANT (AT & TAFE([ohT FLNT 5 ATell &, T&d T
Y 3= TfA & ICs, & AT, AT FASIAF ITHLUN % TLHL
% AT, SAN GIRT AU FohAt F Agay G @ § s A=
gaE AT B e T T e

1 sg-f=1/0
2 oo - A T
3 3= 99 ICs F fory Iugeh Foht

4 Rt @reefar ot & I9iT & fog Sugnr § et
ot & geme gor 2|

5 e i & AreAw # |
6 T = 7 gUR g 2 |
7 gfq O w7 A |

wefem faftr g o #f vw & Y29 WS B F wew |
e (Classification of ICS by the mounting method)
(Through - hole mount packages)

J-B Tahell § UF HL=AT et & fored ofte fay e o @
#Y 3T ® (0.8 & 1.0 mm =) gfaq affe & araw & o
g ST & A1 S SeARIaE ITHN § AT FAFIAT G
SeT are @ s 9 7€ & a7 Sel AN oF aTeT @

DIPs, #i¥ PGAs (= fire aweeit) & =0 #, 50 @ife & fafire
bt 2

Tag wise 9% (Surface mount packages)

Hde Wige Yool § UF q9Te d¢aT gl ¢ | ored ger fm &g
PC a1 9% Y89 37 717 #iee 37 (AT9e 9% FaT ST &) 1
Aiee faFam STTaT @, A S=-fF-sv § S5 S st @ 1C
e ferfaat, #ifd PC € & AT ARl a¢ IUH0T &0
"1 fam S g%ar & QFPs =T QFJs (PLCC) 3@ @78 &
fafsre e 21

FEH Gt (Custom packages)
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Ade AISE I § UF qUTE @¥=T1 el & o g o &g
PC &t¢, &7 #Rax ¥ (TCP) 2 w=fer it (TAB)
dais, 18 I 7T (COB) 9%t a1 IC &€ & STANT H¥h &5
TR ICs aMU ST €| @er, TCP 3w COB %< I
fafiee & ergeT Fww feomea 2|

Y9 gl gy e (Classication by package

materials)

Tohel TIF €7 § AT AR @feed e # aifiga e & |
T WA & 3% ATIGT AT AT ATATE & ATAR
AT ST FHAT & |

frfas 4% I S= feaT % fog o o &, afee
AR % el IT F anrd (ARfas 8% &t qormn #®) &
FOT AFUF AHT B @ | o o awi § «eed J
fafis & fou oF aga smad® faser fafed #er & #r
g T 2|

T qohoT ThTT Yoot R fae o
T WT
g-stet
aefeT yw | afiw w1 (DIP) T g T g 16, 16, 18, 20, 22, 24
(AS) (AA) | 28,40, 42, 48
@Y £ - o lerc s cd |8, 14,16,18,22, 24,
(CER- DIP) (AS) (AB) | 28, 32,40, 42
(PGA) T g E1RY
(AS) (BA)
73%2.88133*2 1772,
. 209%2, 2572 3012,
iy ol 240,365, 400
Irr||1 N |||”|
L

PGA fie fimet & o wfafe &t d&a & forg os faw nfier
gl

¥%st = (Package Name)

fagiwaTd (Characteristics)

el & - ATe Gehet

DIP &% e fafers &%t &1 dfe fra 2.54mm (100 mil) & =i & atsy
oo & aa7 2| &t ar arg Ft v Hferm aEEl & €7 F FFAT fF=T AU S|

Ty 7 ATET Tt (v HiA-97)

e IA-ATST Sohet &Y “CER-DIP” SaT a7 S(TaT ¢ | ofte U= 2.54 mm (100 mil)%
T SoheT FTeT & RTEE qiaeT & 19 Aiee T Siar & | @ifert FefRae o 2|

fog fre |t

PGA % I it T RETT A1 & St Td% Yool aie! &t daad &9 & dg Hd
2 @freEe it W oafem & &1 3 arsr i &1 a=r 2 @i ams s i
2.54 mm (100 mil) &1 PGA %= widt fimr §36f5rT & forg 3o &1

TH TN &t uEiga dfde 9Rar® (SMD integrated circuits
family)

HaE W& UHFd Afde F forg dFsr war aRawt § wgfed
o ST @ear 21

AT 4% TN qATeAE |
QUAD wie &% T TSOP 7€ dshrilsh &1 STINT ¢ |
ve® TRaR # o faftre oA ad @ o9 & fig. 1 & 2
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Ta TH  aE @ gRar REmewa (SMD IC family

overview)

Fig 1

PIN GRID ARRAY TSOP

OVER VIEW
SMD IC FAMILY

EMN3218441

e siferat (Lead styles)

SMD uaiga affe & diF T & qaf ofie St & ITHT W
IH AT X AT Fear 2|

T - {7 offe B ST F6r AGF € F A § Slued &
Had © A I= ggd ATaEMT § AT AT AT |

T - {7 i &1 ITAT IC 9% S=aaw ofis # 9T &3 & forg
faram straT 2| e f&T e %1 T ¥ uF IC o wfa
&= (15 & 33 &tz ufd cm) 40 & 80 <fie wre AT T 2|
diee & a8 fAdrerr e smee 2|

o - i & Gy AT e A € AT Hao UF IC e 9¥ gfa
Yfaw g9 (8 <frew wfa &) are #¥ adr 2|

e e FT ITART ICs a¥ ot o smar & e arfay & T &
o wie e & fAfire FRawm & verw #war TiRu| we
e aTet |C FIEH oS a9 ATt ITHLT & ITANT F3b TeA-
Tl § gHET ST €, e a9 & ITHr uF AR @ €,
Aoy wie offe, e ofie, fUw ofie @9 & aamrf 21

T e, fU e @9 & gamnT €|

¥t aafteeeT (Package classifications)

Fig 2
SMALLERSZE >

SURFACE MOUNTING TYPE

0 Ti%”&”@”@

.|H

\\

W2 e
AT

\ TCP
fee 3
SHRINK-DIP BGA/LGA \

SMD IC FAMILY

W

PGA csP

&
R

Fig 3
® GULL-WING w
® J-LEAD
® FLAT | ’ 3
LEADS STYLES %
e siferat (Leads styles)
fig. 3 # FUMT 7T HAA =€ e
e - far
- e
e |
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B ERET, THga atwe (Small outline, Integrated circuit)

(CEEIR ATHATHTOT T A AT KIEREIEd
8-16 firr % SO = Bt Ty 156 farsfiefee
8-16 fa % SOM = Ae&r® =Ia@n 220 frefiettex T 50 fietiettes fo=
16-32&7{ SOL = ua@-’a man.é_rr

SOP = “StE” SeaATsA

Gehor 300 faefietieT

16-40 faT SOJarSOL-J="J"-

FE ATSTATI 300 firefiefiex* J- ofte 50 faefiefiex
32-56 fam VSOP = agd s1é 9se

AT T 300 faefiefie et fafr 25 faefieiiey
8-30 fa=r ‘ SSOP= B¢ ®¥@r dast

T FL 208 faefieiteT o T 25 fiefieie
20-56 fo= f QSOP = 3¢ wqeEr Tl

N HH F 156 farcfieiieT T far 25 faeieftex

&I 2 ; JiSl &1 darg e & e & fFuifa edr 21
TF AT ATE @ kA (SOIC packaging)

13 g9 (330 mm) Sieft & forg SOICs #H & aTes T gRew
e BT & X |C ToheT ST % e 9¥ 12 fify & 32
foeft =teTE ATvAT € @feew egat H|

AT Hobieh - (NSQF &2 5) - 319 3.2.184 & 3.2.199 & Fwite fraia
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SOICs +ft M@ & SUae & 37 ogal & Fi-FT Tfea
afremd a7 8¢ &= v 21 fig. 4

39 AT A« 13 7w (Tape & Reel 13" standard)

zaa (Tube)

TSOP 9aett BT Ta@T Gt (TSOP thin small outline
package)

Fig 4

TUBE
TAPE &REEL

13" STANDARD

LEADS STYLES

g-l/ EMN3218444

TSOP (9ait St Tt teer) 19.7 fafems (5mm) wie
ATT TF FH TbIse oot (1.0 mm I=T) &t Tredr 21

TSOP Tek §eheT TSI HLAT & ST Uoh I =iedl ool | U ST
fafersta foo & awEE ST 2|

TSOP % &8y ATl § ofied (F Tafus) mfe & | sty
fig. 5 %< 6 & FwaT T 2|

Fig5

11 20 & 56 g 0.5 mm = eET &
12 20 T 1.27 mm =

PLCC atfa fra Rasw™ arer :

wifee® arer PLCC @@ A e i ates 2| 33t o-
it ghem 50 faefieliex (1.27 mm) fig &idt & F s ™=
18 & 100 i< d% 3Tee &l & | PLCC a9 &t # a1
T A e o amgf A e S|

wifee® & ara & fawer & w7 A, ofiw v aes ffas o
e &, i CLCC % &7 § T &TaT &, X o1 o
MLCC =T ST &

PLCC u# 39r% & 31fireh 897 q% ST § & 3% o1F UF
arg &1 st % fig.7 # gurtar @ € ¢

Fig 7

EMN3218447

LEADS STYLES

IC ®fhe # fihe daar &
« TERRIT =T
+ & - PLCC 71U fawm % forw ommw awg 2|
T HY @t (sfeetw g ate) (LCC (leadless chip carrier))

LCC @& Ug I%sil § & TH & Fi(%h gqal &g ols Aa1 & |
LCC & 37q #iee¥ O grer PC aiet & form dig aieey f&Fam
ST €, 5 STell (Fieae ) & ©T § T A € | stfdrwter
LCC 50 frrefiefiex faer &t & Fmeoe & @19 o € S Jgq &
TEd AT & "I 04 oAfud g =Arew | S f fig. 8 # Furtan
T F)

LCC smuaiY 9¥ fiet ua Ot df, waiey ¥ I=9 arum™
sgEanT & forg festea famm m 2

Fig 8

EMN3218448

LEADS STYLES
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LCC &t 2ga ar ¢ # 9 fear smar 2|

F-#ft LCC &t LCCC (Feetm firfisw foo &ReEw) et
ST 2|

LCC
. TEX F A FEIA I
16 e & 44 R (124 e 7)
. AT, FE AT T gEA ¥ forg
. firfas st
«  I=9 sl fAelT spec. smaEw
ATHAR T¢ 2T a7 ¢ |
FIT T % AHEr (Quad flat pack nomenclature)

et #feRaer (wnfes, B+ a7 fed) T o= AW &
AU IX FTE Foie I & &g foaan 2|

AEEHI9T (Nomenclature)

QFP - FTe tefe 9%

PQFP - wiifes FTe wie 9%
CQFP - &xfis #dielay QFP
CERQUAD - &¥fis a1 e 9%
MQUAD - e F4Te Fie I
MQFP - #ifes Fare wie 0%
TQFP - 9aelt #1e Fie O
TAPEPAK - wiee #fRaw v
BQFP - a7¥E e Fie 4%
LQFP - % F4Te Fie I%

N 7 UF @ - T F@E W 4% (BQFP - Bumpered
Quad Flat Pack)

TS FATE€ FAC U qTieeriass 9 HAIT &7 ITANT &Y ATHT
JEDEC ATt & forg s=mam =T 8 | 38T Aaag & @=4 4 5
milo &1 (.636 mm 7 .65 mm) st & fig. 9 # gwrfaT =T &1
FEORE FTel FAT HT 29 i, 2 X siaett & s
fre & e w2

BQFP wrfees et § a1 ST &, &Tetifeh, & off a1g & &9 &
Ty Iua & 58 BMQUAD & &9 § ST ST & |

Fig 9

EMN3218449

LEADS STYLES

BQFP # gH9T -3 ofie &t & =X ¢, =g@ a1 a1 & 9
&Y ST 2

JEDEC 5 (USA)

FIE FHTALT - TS HT T&IT FLAT &

T - far

196 e a%

Tt faseT - ¢, 7@ IR T iR R

e 25 mil (.636 mm) fa=|
& T gt € T & wieeT FIW 1 (TAPEPAK molded carrier
ring)
ot €@ U w arfaeer T e gRy R T
A g w5 it g e & fog agde aw @ gae
Hreeares R & forg we=mr star €, e wfy & gefea = &
T ated 7 feameq &1 #req oY v & forg fearga & s
FA &Y AATT FqT 2|

304 ¥ FUT aF F olg IUIF & qTT ITA & ST it fig. 10 &
goTtaT AT 2|

<UIE F AT YOI THFAW A€ aA & oy AfARTs @9 AR
STEH 2 |

Fig 10

LEADS STYLES

EMN321844A

FTar gt Fr Iwai #3 & fore wte sty Y i S @

FETfoIa TET0T 7 STgACT aaT &

120 fo= & 304 fo=r

zgal | R &1 e

e S & SUHIT T ATFTIIHAT Bl & |
oo &= (Flip chips)

foora 29 & e ©ie dieeY a9 & |1 A9 ST e & St e &
T § & ¢ 2

firo fa g PC i WX @i fFar stmar € (FR4 1€ &t
o) i€ TX T T@HY Y THY a9 & dieeY a9d PC Tt
¥ Hafdd 95 a% oo 21

frforfia aieeT & (SgefFes) #1 s s & forg G
ST ®

FR4 &< 63% - 37% %+ firsemr (183°C)
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fafis i€ 1 95% - 5% I=H AT aTIHT & ATaEEAT
gt 2|

TET 9 FEE g F omary AY wex ¥ off @ Fith 9
B¢ Bid 8, “wEwHa’ # & fafde 72 2|

100um = 1 millimeter

e e fafadee

A =T AHR

B Fmd & €@

C ¥ & o™

D md i Alee¥ daT

E swy fu=|

Fig11a

EMN321844B(a)

¥ Tel® AT w1 (Package symbols and codes)

1) T & (AT T FIS)

qSearEa F WX Iy T d%e e ED - 7303 (AW &
SO SSE THITUI gRT =i Ui afhe S A
A wre) % forg amr Faw/sar & = qufar w2

OO OO0 T HTTTOX O -1
1 2 3 4 5 6 7

EEER:CIEO

trebeT HEAAT STy
AT T ATH

Tt ofew & dwer
dast bl T
RISAEEH

—_

o A~ W N

Jq1E¥eT (Examples)

1 P-HQFP 208-40 x 40-0.65 - K (HQFP 208- P-4040-
0.65-K) 712 U= wrfeesd QFP Y1 93T & R #ar 2|
uw T e, e 208 i F St atey e ¥ 0.65
fnft &t @ gEa et e o= & | 40 mm x 40
mm e e 2|

2 P-DIP42-13.7 x51.98-2.54 (DIP42-P-600-2.54) 7€ T%
wrfees® DIP ot &1 Efa #ear @ e 42 e arfie 2,
T T FISr AeTE 13.7mm T3 SiSr # e 51.98
mm ¥ 2.54 mm #t e e &1

A F AW
T AFA FT AW
QFP FATS FAC Tl
QFJ FTE Fe F-efrg T
DIP ST AT T
SOP BIET ATISATET SA-efte Fobet
SoJ BIET ATITATE A-eATE Tl
zIP fSmTetT gemme e
PGA foer fire sy
BGA e fre areofy
LGA fy fire areft
AT FY HEAT TEAT (VAT ISTEL)
T AFA FT AW
0008 8
0014 14
0064 64
0144 144
0256 256
e AT

e AT AT FehoT

C ¥t AT axfs Taet

G ¥t T & AT e SAtes R

EEx]
P iy T & ATT Aies FohoT

FF TF U - F4IE Fre At gq (QFN - Quad flat no leads)

FATE FAe H1g Al Tahel 781 ©, a1 QFN UF T8 SteT @am-
ATHTT ATAT ATAATHE T8 € - fomr et ofte aret wnfees dae
FT WIS | 7% q €T & TH AHR FAC Tl & AT 306 T80 &
e arelt ofie it srquferfa #t sieaw &1 Jer ¥ a1 QFN
Fohel AT & A A TR F a9 aed g &
fore faga wawew fig & &9 ¥ | #=ifF QFN & #:ig e 78t
gl &, IT% I8 SIS a8 are #1 Ja18 Sidl &, I€ e Tohetl
# gar 7 ety afiemw #war € @ gmfae 3= gy
T&9 I&T F¥AT & | QFN 33T # fig.11a 31T 11b # fammy g
FIE AT & T e & g & fou 4 a9 w uw
T o G ot e &)

Rt % a1 @¥8% (Ceramic package, or cerpack)

foifies o, T eafewedt @ier A i e & o
Ta% T @d 9aT & faerRa gidt €, 37 Y gA-ared o &
3t ge g & | 7% (fig 12) # fawany srgam st s7-amse S
(DIP) CerDIP # a¥e &1
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Fig 11b

Fig 12

T TH M f e wavEr 9 (QSOP Quarter size
outline package)

FATEY ATH TIET Tt 4T QSOP UF BTeT AAATHT TAB-
A @fes Taet & fSrEw oo so% &9 qe & awe}
et &1 QSOP & AT (Sl AT § ATAT &, FHvr T
QSOP fS@® 150 mils #t AWET 9T & Alew &l & T
fawga 7T QSOP &tar @ | 300 mils &t ATet TR &
Htetg gt &1 38 QSOP &fie wvmT @il fasr & forg 16 &
28 e A% fawga o¥X & forg 36 & 44 e % ST 2
QSOP e fir swdlR 7% 25 mils &, st & (fig.13) #
famar T 2|

Fig 13

aE @ HF9 WX "W Aew (General notes on IC
packages)

i wtew Bre @l an & @ st T (Ceramic column
grid array, or CCGA)

fafis Fiew fie @meefl, a1 CCGA T% EHRR-ATHY a7
AR fRfE §F € o ofie a1 sl Aet F aery aed
eI FreR % fofg diee Fi@w 1 ITANT Fear & | 57 dfeex

Flew i fafis I& et ™ oF fe a1 aoft & =atem
fara ST €, gafoy A ffE #iaw e @it | CCGA @
=7 & ¥aa TF CBGA $3w & fmd (fig.14) & Ream ww
FIATR AT Al & a1 Al Haw 8 ¢ |

Fig 14

& T\ o - B qEAR ST A G (PSOP - Power
small outline package)

ITa¥ Bid EI@T Y Tohot, T PSOP TF ATIATHIT ST ¥9-
@ B S uHSY g Awfa e @ oar ot gEs
wTfees® & SIS ® UF qia 7 TH &0 Hw SAedr €1 T8 39
T T § T AT & A &Y W G FEA A Awar 7
g Fear & Y 37 T (fig.15) # feamr v srgaw v
oTfa & ST 2|

Fig 15

& T & & 71 e @ @ e sieew fw aew (CLce
or LCC - Ceramic leadless chip carrier)

firfas ofie @@ faw = a1 CLCC ar LCC, us &t ar
AIATHIY e Aige RRfas Toer & SEd &g ofie T8t 2|
aredt gfvar & faga Fwa F forg, LCC 30% awig wie o1g
I (AT ATATESE, FEATT) T STANT FXAT & i a5,
(fig.16) & T MY AR A= 9 N ¥ F ¥ & ST
ST &1

Fig 16
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qrEsew Yot (Sidebraze package)

ATESSST Uhol, TS T STANT | T aTel Fqad TRI= |C Tahott
7 & U T, 9% UF g BT 8 € o 7% I de
TeTt & fAwATRd BiaT © 39 THR g4-ara Gt (DIP) €| &F o7
% ®T & ITANT U 9 art DIP @ s&r & (fig.17) ®
faamar o 2|

VO

CPGA fRfas fam fire @meft (CPGA Ceramic pin grid
arrays)

farfis o fre ameoft, a1 CPGA u& a3t o staaree areaw-
BT ¢ frfaes S Rt e ar <fie S ardt & 9 uw it
AUl § Faferd g &1 CPGA am at 9edt geveas frfas
TFHT AT U AieeT-HIelaq oTg & &l g1 & | CPGA, PGA
Tl % % T & & U € 4 fF (fig.18) Ry 1w 5=
A & HTLUT HIZHT ATEER A8 I=7 /O FeT arer Iusheont
# forg POG witsfirer fasrer 21

Fig 18

DFNT wie f3=1 &figa (DFN- Dual flat no leads)

IR TIC X A8 A8l Tael &, a1 DNF UF agd SieT &y
HATHT AT ATIATHR qde-ATSe ©rfees oot & forad DFN
Tt & f=et R % QAT A% #ig offe 781 §| aresy g &
fore fag@ #aee fag & ®7 & &1 #2ar 2| DFN, QFN %
aur €, e ga% %S9 & DFN &1 a<e Fdor ot 98l &
T St A afRkfer & sEae v & st fF (fig.19)

DPAK - S@%tam 9% (DPAK - Decawatt package)

FETe dohet, a1 DPAK & Us 3= |C 93T & STt ATSieT §Ter
fasfa s=x wiive Ramat &t 9w & forg s B = &)
‘DPAK’ & TO-252 % &9 § off ST Smar & afaeff o=
DPAK 31erir St & forw ==t &t @&ar @ DPAK &% 3 a1 5
Zfieat &t "aa & st fF (fig.20)

Fig 19

Fig 20

JLCC- J-sire o fora ares (JLCC- J-Leaded ceramic
chip carrier)

F-eite frfos g =, a1 & JLCC, us &¥f a1 FdTehe

ade Aee i foe & Rew gast ofkfe & smaae o
fea siar 21 JLCC & s¥rey wiriees qise PLCC & st f&

Fig 21

(fig.21) & urtar T 2

2
G
"

& & TF TA- gl S wWeE FE g qE (TDFN- Thin
Dual flat no leads)

qAcT GTE<l FIC &5 oS Al Tl & a1 TDFN, U& agd ster
T IqaT I ATHY AT AFATHR qde AISe ©TREH Tahel &
o 1E e 7€ 1 a1 3t F &F A & Ay A 4% &
STANT AT & aredr g & forg famgar #+eem & forg St |
TE qA T § Il Fe A1 «igd (DFN) T &7 TaelT S0
g S & (fig.22) & gwrtaw @ 2

Fig 22
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LFBGA - %9 Wi%Ed ®2a-fu= St Brg et (LFBGA -
Low profile fine- pitch ball grid array) &7 TwEa 3%
fo=r afer Rre areolt, a1 LFPBGA, e fire aeufl (BGA) ¥t
FT UF SieT G0 ¢ | & I &7 & &% FBGA T © forad
1.2 mm ST 1.7 mm & e F9T% € 9iog 98 TFBGA #iX
VFBGA & #ter & st f (fig.23) & gurtar @ 21

Fig 26

Fig 23

LGA - &T firg sivft (LGA - Land grid array (Fig.24))

Fig 24

qfr B a1 LGA ©F T99 & &I oS & a=ig aredl fagq
Faed & forg g1g 9% 1 ITART AT © (39 T e aroft)
a7 AT AEt (T s aweft 7)1 37 ag 9%, &R g a=r
AT €, § FEfer Far srar €| 99 e & §i9 ww S ar
areeft & gaferg A qfr fre ameft 1 LGA ¥ yf &t R
AR TR # qE I A AT FIA A SAGANT 3T €,
s 58 3= 1/O stmawrsarsti atel ITwe & forw et
et fasher T e st 21

TQFP 9aeit FE %€ 4% (TQFP Thin quad flat pack)

Tl FTE Toie 4, a1 TQFP t& ade-urse IC Tow & Sod
- e AtSt & qT 9 Rl W ST 8| 9% g w9 8
MQFP & T qder @6 & st & (fig. 25) # gurfar @ 21

Fig 25

LQFP - %% Miwzad F1E we 4% (LQFP - Low profile
guad flat pack)

FH THIEA F1€ Fie 9% a1 LQFP, gdg-arse IC et & Tt
aoft At At & faAr & fawarfRa &tar & sar & (fig. 26) &
FoTraT T 2

TSSOP gaeht Btk St Tavan @& (TSSOP - Thin shrink
small outline package)

BT TIRET T3t a1 TSSOP, T JEATHR Tde-Hise W
ToheT & St qA-faw ofie & AT €| gaw wes O &1 g |
TF ST FIST 3T SiY A9 U= gt & Fobet SOIC A= foe
BT & Y U & fwedt F @rr TSOP #t gt | Sier 1Y
qqeT & st & (fig.27) & sortar = 2|

Fig 27

MQFP - #if¢® Fae wT &% (MQFP- Metric quad flat
pack)

#fgw e wIe % a1 MQFP U% @de - #ise |C oo @
o - dher & atet & aft at Pt o¥ gtar @ S
5 (fig.28) & Fwfar T 21

Fig 28

TSOP - gaeit B ¥a@t d%e (TSOP -Thin small outline
pacakge)

T BT wIRET bt a1 TSOP U& madtaie |C FaheT & STt
1.0 mm #T #ierE | F=T a7 T & TSOP 2| 2rsa TSOP &
T 2% i e &t 3 & et & S @g7 || TSOP
e YT F o At & fAskerdt @ star & (fig.29) # gwrtan
T 2|

MLP - #Tgs g %" % (MLP- Micro lead frame
package)

AT Hobieh - (NSQF &2 5) - 39t 3.2.184 & 3.2.199 & wwiter fraia 39



Fig 29

$.

HTEw e W %, a1 MLP u& JEDEC 3+ &, Jgd
qAT, 9T - CSP &3 - AT AT ATIATH Ade-HISC ATeH
oot TR gfaT & g e & forg ofie & aaet a1g G @
ITIHT FXAT &1 MLP us & faar sfieq d&e aftaw & d@«faa
g St QFN =i DFN % &9 & & s ¥ (fig.30) & gortar =
l

Fig 30

UTDFN - stfer qaeit et weie #ig wire 7at (UTDFN - Ultra
thin dual flat no leads)

3T Tl GEvl Fic Hig ofie Gehet Al & a1 UTDFN T siar
T IAAT q-ATHR AT AAATHR TAS-ATSE Tfeesh Fohol &
foras dfigw 721 ST © 7% fastell & Fae & forg e aier &
3t AT A% oTg 9% T ITART FAT  aredt g |, aw qw
T & AT qIE<t R Hig oite (TDFN) 43T FT Taar Hehee
1 (fig.31)

Fig 31

MSOP - #Tghl B wa@t Gt (MSOP - Micro small
out line package)

e Bie EET S a1 g&d- SOP a1 MSOP, agd ster
ATAATHY wATfees Gt & foed o & g8 o oa1t & amew
fAserdt &1 MSOP 9% &T U& Ster ar1 &&= ¢ e ang
art SSOP & gomT # U& Bier 9afa= & | st f& (fig.32) &
FTHAT =T 2

Fig 32

UTQFN - STegT qaet Fate TS g aite 78t (UTQFN- Ultra
thin quad flat no leads)

sifd oAt Fars 996, UTQFN TF agd sic i 9ad a7t %
HATH AT ATTATH TAS-AISE ATfees Tt fomT ofi & 2|
ed & T, 78 Al AT F faga Faee % forg dar
FIET & TR & 3 T &1g IS 7 STANT Fear ¢ | T8 qae
# qddl FaTe Fie A1 dred (TQFN) T &7 9aar H§&h &
s fF (fig.33) ® femmar m 2|

Fig 33

VSOP - Iga BieT &t S (VSOP- Very small outline
package)

TEA BIET AT ATEA Fobot I VSOP T & 7% Bic deaoit
# & uw g, S dgfua atet v sma @ A & forg ow
TEenee = g1 SOIC #T & #AiX SteT @& SOIC & o441 &
(fig.34) & Farfar T 1

Fig 34
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TFBGA - udelt Mg ®igw e ater Bre @it (TFBGA -
Thin profile fine ptich ball grid array)

T SThIEe B34 (9 ater e awoft a1 TFBGA, a4 BGA
T S FBGAWWWW%ITFBGAWW
FAw % fore 9w atet & A9 uw e ar aoft § =afen
Aieex afer & ITANT X | TFBGA s # T @&het % 99 &
Y 39 ¢ I 37 & St FBGA &Y gomm & off &fow & S
& (fig.35) & gwrtar =T 2|

Fig 35

TQFN - 9deit 912 T #g «ig A&t (TQFN - Thin quad
flat no leads)

T FATE FAC Fix 1€ 781 dahet, AT TQFN TF aga & ster
AT AT F TR AT AFATHY Tde ATSE TREH Fobel &
foraw dfieq #t a9 #1E A 781 2| I8 aresy g & fawga
T & oI Geher ater & =t wir & aRkfyr & smaame arg
TS FT ITANT FIAT © | T& qATT & FATS FIe v aitsd (QFN)
AT T qAqAT HEHO & St % (fig.36) # gwriaT w2

Fig 36

FBGA - w12+ fir sitet Bre &=oft (FBGA- Fine pitch ball
grid array)

%z fir ater firg @it tf FPBGA 3T FBGA % forg, &1 o
SieT T & W7 fire @il (BGA) ¥ | ST % @+t BGA
T W, FBGA #fee¥ &1 1 ITART &l & S aredy faga
e & forg FaheT STt & = fire ar awlt & Fafed e 2|
gTaif®, FBGA A& BGA T &1 o | B¢ SI¥ qael arer
& |1 TR § Ro-8het & I &, THH UF dedY A9 O (et
F 7 st gfY) off wfter &1 S 3 (fig.37) & gortar o 1

Fig 37

SSOP - B¢ TGN F&st F FH FY (SSOP-Shrink small
outline package)

B¢ TIET 9% a1 SSOP Ft #Ff¥q X, TF ddifed arer
AT F2 e fog aret SOIC T3t &7 Bier dwrewr & & &
(fig.38) # gurfaT T 2|

Fig 38

D3PAK - Swmate %% (D3PAK - Decawatt package 3)

FrEre Yoot 3 a1 D3PAK, D2PAK & T &T T 9T Gehe
2| D2PAK =t ave gumEifsa &% (DPAK 3w D2PAK’ &
Te8aY) D3PAK & UF Hde-ATSE € @Iftea-Alee Fohel 3oF
TR SEad IFIXT % forg awmar v @1 D3PAK & &t 3t
AT & ST F@T & J9 & TO-268" X e et 3| st
5 (fig.39) & wfar T 2|

Fig 39

SOJ - B TET J-dE FFs (SOJ : Small outline J-

lead package)

BT 3ATIe AT F-efte Fobet a1 SOJ 7 g & ary o sier
ATAATHY AAS-AISE @EeH Aies TG afhe Tt | ofie
It o e AT & fAsherdt &1 SOJ a1 Si-+fie s1e w7 w@r IC
oot & &7 | oft ST Star & S % (fig.40) # gwrtar @ 2

Fig 40
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D2PAK at DDPAK , Ta« S%mEiE 3 (D2PAK or DDPAK-
Double decawatt package)

T IFMEle ¥t a1 D2PAK ar DDPAK, DPAK &t &
SAERY & St FreIar geT 3= Nith SUHIV F 9 &
ferg festrea faam o a1 D2PAK, DPAK & aeT € v fafemr
it fmelt & aryr #% d@wot § o9rar & D2PAK fad fis
T UF Fie T HF € g7 €9 § dag-Ase 10-220 g-'ra
ToT F IYTEY € AT gafery 38 w-Fft 'SMD-220" % &7 |
Y ST AT @ | D2PAK &t ‘TO-263" & w9 & oft ST Srar &
s fF (fig.41) ® gwifa @ 2|

Fig 41

TH A A W - DR W@ Thiga afke (SOIC - Small
outline integrated circuit)

B TET Taigd afhe a1 SOIC TF SHEr AFAER dqe
AT QAT Ale® THFA Afhe Tohel & AT el {31 & a1 2
e ¥ & o AR & AT @ a8 oo gad sfere s
foFam ST AT AT ATEe G%he © St & (fig.42) ® gwiiaT =
gl

Fig 42

e woEr gitew (T st &) 99 (Small outline
Transistor (SOT) package)

B¢ TET giforee? (SOT) ¥ agd Bie &, &%, AdE 9+ af
e e 9X e F ary «rfees- Aed Yo Aise #ed €|
IAHT HH AR AT FH TEEA & HILOT JTHITHAT FAFL (T
# FIF ¥ § ST FA1 J@r &1 SOT - 23 i SC-70
YT STST A8 ATTH ©T & IJTINT 6T F arer SOT Fbet &
& § -: {3 &7 @ & uF 97 |1C ST § ITANT e S+ arer
# = SOT 3T W & | S % (fig.43) & guriar am 2|

o & uw § - RRFE FT@e we 9% (CQFP - Ceramic
quad flat pack)

fofiF Fare wie 9%, CQFP u# it IC = & foraw
Taher Arer & at =R faAeT & fawfRa el CQFP g=r =9
# SR # a9 €, I qdf AEaER aRkue Agg | CQFP
FATE Fie 9% (QFP) T3 & &% Y& § & UF = | a1 &
(fig.44) & Zrtar T 2|

Fig 43

Fig 44

7T frg @it 9% ft it w (Ball grid array aka BGA)

BGA 3T &7 ITTNT ATSHIMIEELT S8 ATSS ITHTUN & @Y
T & Oq€ W A F forg BT 9mEr @1 uh BGA @t g7
AT T IS Tahel T @ T & AT Fevaaame O seme
F FqFaT 8 | feamgm A ¥ f=relt aag #1 STt Faw aRkfy F
AT | Fa TF NAa ster @, fred 3= 1f ¥ d'daw yena
ElaT &, BGA IUFUIT % Alee T &1 qdis fAa=or &7 masasdr
gt & X ATHAR I¥ @ETferd Sfwansn gy B Smar 1
START # Althe | UF BGA fRargg &t &t avmmar strar @ s
f (fig.45) # gortar T 1

Fig 45

e FATE TE Yoot IF (A1) Gt 7 U% 9t (Plastic quad
flat package aka PQFP)

WIS FTE Fie 9%, a1 PQFP & IC 93w & o aoer
FET % 4 9 et & e &€ €1 PQFP §&1 =97 &
AHR | A €, il AFae &9 qse | PQFP F&me
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Tt 4 (QFP) T3 & %% TII | & UF & ST fF (fig.46) & @ o @ A - wnfR e fw aesw (PLCC- Plastic leaded
FoTHaT =T 2 chip carrier)

Fig 46 T o T ae® a1 PLCC TF 9T d¥®l ©e® Joahef &

- o «J” afRkfyr & smaumg )7 ST € F o ofigw ww A @
B € ar qA-far & oY At € % e §%w s SOIC @
PLCC &< a1 @t @it a7 JadmY & @&dar &1 PLCC &
wwEar JLCC & S fF (fig.47) awiar mar 21

Fig 47
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TAFITF AT BT I 3.2.184 & 3.2.199 & gwitta Reaia
TAFEI® Akt - SMD "l v femieR

fafir T & ST ST STHTOT 3T F=dl AT & ¢ § @WEweer, st SMD s i e wt

+ forw smaww & (Explanation about different types of tools & equipments & raw
materials required for SMD soldering and desoldering work)

SEE 3 UG F o | A Aot w1 wew av g

o wiTegert it TR R e feHETSt & Her 7ET SMD farza s gesl ¥ 1C % oA & a== & forg Suan {3y o e siieet
AT F=at AT w1 TR FA F forg akfm 2wt )| feEEa)

+ 9iTe] ITHRT, T SMD Fewhit & FTH F Hiee? AW Bieey w37 & g stravas w=2t A1 #1 v #34 & forg afvfm w5

SMD st & forg smaws @ e Sumeor R @o UF TR Al B & Rrad aleRT S
o S e T site T AT A &1 ek v R | e
Fig 1 FeragTE ged oie (QFP, PLCC, SOP FaITfe) TR sqate®

T e ® fa 2.,) 38 SMD wedt & JteefRa i
feaieeR % forg Swaift &1 S & fig.3, 4, sfix 5§ swian
T g

SMD faftmr areme sieEa e fefee wevi= & @y Ras

wuTrett (SMD rework system with different temperature)
profiles and digital display

Fig 3

XFc-210

-.F' rob 2:
gl a

Fig 2

-u o i

Fig 4
1 — !__3
St AR A\\ ¢ w’-l*_\iT
. . N \Q!‘"\. :q-,_;f':;-‘ \\\'\

THHT ITANT 9 AEHR & FFAR TH a1 & AR & ITIH

AT S AT AT A A2 AR SMD 9 e A e A / ,/ AN
=it 71 e e s 3 F g A ST & PCB iR %\&_ . \\

SMD et % st AThE 7 fig. 1 Y 2 ‘-.';\l AN N /
SMD #T ™, figd ®w= (Working of SMD Rework VARIOUS SOLDERING TIPS

station)
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Fig 5 T a7 Gfer U AleeY A F % BEe €, a99 Jed
~ AT Fa8 AeAYT, T &A1 4 1T e § A-ATHAT © Al
@ F‘Q 4 v, e & A T A gu, e, w e,

- ) (¥ T #et s e A A & S B fig. 6 awtar
&) e,

|- % afers - ¥t SMD’s % forw 5 stemr ®eew & wae o
= - i | TS T € |
DIFFERENT SHAPES OF HOT AIR TIPS

Fig 6

EMN3218456

Tew R (A=) (Heated Tweezers : (Optional))

w e & T gt & A LMt @ godar § «AtUw
aferd fFar @ &1 F @iy @i f-weey SMD s
stz o Fafied, SOT, wie 9% 31X DIP, ICs & forg uws

s =T ot fafyr wam #wa @ st & fig. 7 § gwiem @ 2

Fig 7

Fig 8

Anti - Static Desoldering Pump / Solder Sucker

T T ATEHF 7 AT sftaEl H ge H S LED & aXF de
T &1 SMD Fawe &t ®iforer Fe3 & forg wdr givwer &
LED w&7 & 39 &1 &T S<1 Agg € St I diee da9 &
forg e #t aga AT & St HeAT 9T & s fF fig. 9
¥ 10 oA @ 2|

Tiee? T femieeRa w1 (Solder suckers de - soldering
pumps)

T ST AT 97 T T ATH €T & TF Gies¥ e & ©7
H ST ST 8, J€ TH IR @ S gfhe AL &
dffe a1 s@adr & e gor ey d9gW FLar & a1 TewHt
& ge &1 Sl & fig. 8 # gurtar w@w 21

HiaTRA AFTHEEMT - At (Monocle Magnifier -
Illuminated)

Fig9
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90° T &1 IYHIVT (90° forming tool)

Fig 10

FAHEY fe@ TR (Parallel paddle tweezer)

ol wote, FOMETAT FAEAY T8 TdITY, THe Y |C
BI¢ el & I # agd =T & o fF fig. 15 # Foar @
gl

Fig 15

;:;'i_\

7™ ®e &% I (Tool cut kink forming)
Fig 11

faty IT=w S UF ATV H HeF A H FedT © A Td-
T FAET & | T AT LT F AT & darg AT & ATt
g S ¥ fig.11 & gwifar mar 21

90° SMD &d=i® (90° SMD tweezer)

ey #t Io AR TfT FA F g aEEiar =t et of
AR iz MY g s | st & fig 12 # gorar @
gl

Fig 12

M

gAEER gaee (Curved tweezer)

A SEaet & oY gAEeR (3) Gawe, a9 o a1 &t
AT FEA A A 34T 2| S oF o FarE adfioe
7% A TRaRE R A g § F q@ma & a9
TS 2| ST fF fig 13 i frt fig. 14 & gwrtan mar 2

Fig 13

e

Fig 14
\

—2G=——

TR g =@ (Rounded points tweezer)

AT & ATH AT fferwta, feer i st ot
% fore e fig o e @i O 2| e fF fig. 16
o goriEr T 2|

Fig 16

———

SMD st 31T @r=d (SMD probers & spudgers)

T¥fa, gren fog ofigw o1 ¢ #iey wig | o & fig. 17 &
FoTtaT =T |

Fig 17

T ———— g

R ———

e — |
e

THiFa AfFe (IC) TagwT F - &g, PLCC, PLCC dte,
FATY A PGA e ame)

AT & Y Tedt & REieefRa % a9 IC, PGA 81 #rex
F B FFEY F BT 3T €| IS F qr e &t B,
FI ATAT THS, AT H A=t ¥ forg gl Fi fAeedt 2 at€
F FIT JoM A ITeY I3 & forg| star & fig. 18 & guiian
I gl

Fig 18

PLCC &dfe ferdur Suseor (PLCC socket extraction
tool)
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ESD gefera & #<ar & &+ JEDED, - sfigw, SOJ o
PLCC, SMD ar PLCC &= 3fi¥ PLCC #AT*e | I8 #eF,
ArEsttHE ITEer PLCC e =fiw |ide #t 18 dsa/fim a%
124 dga/fm % ger ar 8| fEm-wika =fiw @9 @,
ITH BT T THTT T FH FLAT & AT Thel ST ATIIHT
Al 3T 8| B H gF ST A Ioiw | e/ S8 it T
# 7gg # | T PCB s=eiT siawas & 1 fig.19

Fig 19

e FAT, TN Fe¥ AR feww (Micro shears, flush
cutters and pliers)

Fig 20

Short Snub Nose vliers

SHORT SNUB NOSE PLIERS

20° T =01 F AT Faed A q GGl |’ Fwerdr | ST fF fig.
20 ¥ 21 ® Fortar 74T ¥

Fig 21

LONG REACH NEEDLE NOSE PLIERS

i PCB 3@ #fte Y aw 20A WG, #aar ¥ ar¢ gt &
forw | star % fig. 22 § gwiiar @ 2

Fig 22

WIRE, CABLE, WIRE TIE CUTTER

AT T AT FXd q9 get | a1 a9 & forg smet &
o Jas B¢ art & 1 mil fEr - enfia amwef ¥ fog
THIAT G FYAT 98 FY 3T & ST b fig.23 § qwrfar w@m 1

Fig 23

PCB LEADS FLUSH CUTTER & CLIP

FTE FE O T &g A Iq=Re9T (Quard flat pack pin &

lead straightening tool)

7% O e @ & for o stavas e e (QC)
ITFLU & fod a7t F AT Y ST QFP TeHt % g &
ary & ST fF fig. 24 T 25 § g @ &

Fig 24

iy ;
RESHAPES, RE-ALIGNS,
STRAIGHTENS QFP, TQFP & LQFP
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Fig 25

Easy to Use for Straightening Bent
Pins on QFP Packages. Ildeal for QC
‘or VWerifying Pin Counts, Pitch Sizes
and Straightness of Pins Like the
QFP 100 S hown Below.

7€ QFP =T TQFP’ X @87 #8-Rel amerns & a+
AERT & gara O & ranr o @i afad #3ar 2|
fre/fm o & arr ger war & T 0.4 mm & 1.0 mm

TUTAT 46 AT-TlT QPF TF et &1 TR Hear & i
ek RaFay ar 7#em QPF, TQPF X LQPF % s=ma & fog
TS & Taet/ o | R dwqeie wite @ At @Ter & forg QPF famr
Ao w3 & forg 4 gEifaat s fowd S8 aew et
AR T ITAT X

& =% (Hobby knife)

Fig 26

g9 PCB % @1 F1¥ F¥d 0T 7 a3 40 I¥ STINT e &
I Ber T1g o Fred, T F o F fow o=t A |
FH FIAT €, MY Tl * d¥e dRE &1 395 IAT B X
AN FE % oy o=t ave § FW FAT1 | A qH
THIew g9, UF Afd-as =ie ST gLAT U F AT AT
2fig. 26

I atEd JREY F9 (Pana vise junior clamp)
PCB &t : (3%fars)

TF BieT, AAgA T o aser faeft #or & F a1 U
@ % forg gHmET ST wFar 81 39 A & qge TH-Afredt
gid €2 7/8”, % forw g g1 2, ¥ giee @fdhe & aret & s+

Fig 27

# weg ¥ fou wRse @ ' | gefam s forar, @
Ted G & AT TF HF a9 H A fFar o @whar 2 | fig.27

ESD g=fara dagqw o (d%fcue)

TAUT AR TFH I3 AR Tt SMD T AW HR TR
fewt

Jog ST IO ST BIE AEN AR TEH F I3 & o
faforatT dog@ F7 % AT 99 AT S| 9 JHgH & ' @
AT FA T F [T AVS F¢F a0 ear g | s fF fig.28,
29, 30 # gurtaT AT 2
Fig 28

—

ESD - SAFE PEN VACUUM HANLDING TOOL THAT FEATURES

Fig 29

<

PEN VAC KITS INCLUDE 6 OR 10 SUCTION CUPS

Fig 30

MEERRRRY
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fefseesr s+ fiez (Digital multimeter)

TITE AT (AH(ATH) : TF AT AT & ST TeHT Bt AT |
e fRmdY &1 STAhT #¥ LCR w11 0.05 319 & 10 &9 o1\
Fafad=r 10pF & 1 uH & 1H & wfa<er a9 | 7e @meEtfed &9
& LCR w7 Ate & forg qeamar &1 &=l ar got aeie,
TEE 9w DC/AC aies +/- 8 aiee, g& Y awoiidt
SToraTeT et & TeA, ST ST YUrEaTT FEH F AT | F4AT
& fig. 31 & gwiar @ 2|

Fig 31

) SOLDERING & DESOLDERING TIP TEMPERUTE
THERMOMETER (OPTIONAL)

T i fmieRn Ry auwm wwifer (@)

I=F TEHAT & G ot & o7 araw #t Avr fig.32 # gortar
sl

Fig 32

9 g s (d%frw) fig.33  gurtar S|

Fig 33

AR &7 | STAFNF §U Ft g™ § Agg F< |
Fex Hefgem (Raw materials)

SMD PCB &€ (T TfiT 3fiT o geftr) S & fig. 34
T 35 & gorigr 4T 2

Fig 34

00ooQdo0o000000000000000000000000000000

7€ TieterET i€ At yH & SMD IC Yt &1 "JweA
AT &

TQFP 32 (0.65 mm)

TQFP 48 (0.5 mm)

TQFP 64 (0.5 mm)

SOP 28, SO- 8, SO-14, SO- 16, SOT - 25

QSOP - 28 (0.65 mm)

DB9

MSOP - 8, etc

A 90 * 110* 1.5 mm

Fig 35

% 39 & a9 frew == (Damp sponge with a hole)

= ¥ uF BT ATIRr AALA & Al FF G949 F forg o FAe
34T &, T I & forg off ww s & arfr s R Ao )
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Fig 36

foq #t aTF FEA A R T FC @ T TH AR AT
fae & 1 & == % oI oga o 1 ST F¥E TS A
e AT TR | ST % fig.36 # gurtar =T |

gt frw w=i=w (Dry tip cleaner)

TF TS AT, §7 AW |, 97q HIged HF TH ol &1 &l
e qia ¥9 & I & 997 yare #iY a6, Siee T AT
# giert & @ty aftd gid &1 78 Ru-few & ae™ # #Agg
FXAT 2| qE Y UF T AT g § AfAF Tl S & A
FIAT 2| 8% T F oIy, A & Figeq § 9 I AL |
ST £ fig. 37 & awtar T 21

Fzed ¢ T F @UF T F FAE T8 e g aie 98
FqHAT 2 |

Fig 37

TATE | AIERAT ASE TaE H Foll

TATE T § ATHATES F 8T AT & AT AlesY g6 & A
Hee wdT €, N Tl faafka #wa & oft wee #ar 2| we
FE, TieeY AT & ATY ATATT les T & I, ATIHT form
Tl & ATTIIHAT & 92 Aoy § Al 8| 7 ax o s
F FAT & TATE, TATE ToAT &, AST H ATF FIAT & AT AW
ATRHL ThaT €| BTAIfF, A€ T<e AT &, (Fg #t 399
FX) FF qN Al A W faa Jrar 8, A o @y
PFART & ST 8| 50 a9 ¥, JaTe el & 3Tl AT ©
AT FHR & FET 8, AU FARE 9 AfaRk<e yare &t

ATTHAT Sl 2| T 37 e & e B WA HAT
Hfewr T €, at e | TEd g % sunr # uw erw vk,
o a4 deY F&T AT 8, q9E 2| wae ae =iy
forereT gorT HieeY At uw fomer oA #X @ & S FAewe |
e 21

wate fafSe wad e s @t us a<t fafavar # smar &
7T UH A amanfRa, 3 RMA (S8 &=k &1 & afsa), &t
STIRT #XA # RwfRer @, "l F gid aw @ #® arw
F FCH AFAT FT ST & arfed T AEr @1 -l
FAT § agd FH QA T B &, A gAferg qbea waret &
FH TATET &id &, At arw e 1 Sk F1 w4t | sar &
fig. 38 & gwrtar =T &1

gfe e gffc @ ufcrkse a1 @ & a1 Jfe o g §
AT TaATE HT JTANT FXA & A ATNT FAR T ITANT Y,
FANT FERF &, A TH g7 & gar Ay smr =Ryl

Fig 38

—
£ Jo-T

"l‘“. S

Hice? AR WA U¥H, TS A 3%, e ar e

FIZ ATF Alee AT § S qTF GALT TATE FHIX T8l & AT T8
T g PCB At & forg aga s € v g-93 iR
Ade grde afed | MeieEy & forg sest, 7 7T ard 3, #iX
= ¥ gfaa Rak affe w1

Fig 39

diT ¥ @Y |iee? 9% (Solder paste with lead)

I Ae-Aieey T ATH Y 37 U+ uH (RoHs) FHTeie,
-3 AtceeY 9 & 9O qgE fomr, ArdY =¥ dfar fsr ang
F THTET ST & GETT a1 & AT U THIET ared e aes
& T U ATHYF ATe i & a1y arere fraraw fasradrsi
e fifter diee Sl # Yo #ar € Jar fF fig. 39 &
guriaT AT ¥ g i @Y T fET ww & gagiag 99
it & forg faesfera foam mam ot i Rt | &7 amn &

50 TAFIF Ahiereh - (NSQF ®¥ 5) - 319 3.2.184 & 3.2.199 &/ gwifee R



Ieara & fore e € gAH Ao 7 dave WaTE # A arelt sier
Aqlee T EldT 81 UF 9% 9T 9¥ 9% o@rar orar €, e a6
i ¥ T@T F1aT @, AW 9IS e A | AT I gar &
Ty (4% forae gam) | 98 ST €| 9% & famre u i ar
AT oY R F wra A R S @ 2| e § fF e
# 9% qHAIY 9¥ BIE GIAT F ATAN & qoA H 7IG FA &
forg ofteT 9 arg & Hua 2| afe oy B FT IR W R T
Al &1 ¥ e 9| au W % fory ger fawer #iE arw ar ar
gA9iie Gt & 9 8| 5T q% NI T faum w F# A
FTEOT 71 & fF U wew H QAT S AT w7 & "
XA % forg givwe &, a9 a5 3 aT% TaTS 1 eIy 72 a0
STt &1 qrelt gerefier 9 & sEuy denes €, gl 3
qET & H% FIAT gAfaa H2 |

afs st @RS faedt €, & oo wee g e R
FLEAT BN, (A 22) I g5 Y UF A=ST AT WE €, AR
AT R IR & A wfdw agrEe G% FT Ater #idt o
aFd 2|

TeHIE(d faaeoT 97 #T siaet (d%fe®) (Alcohol dispensing
pump bottle (optional))

Fig 40

Prmp Tﬂi‘.'[f"‘_ﬁl ;

aleoliol Wi m

keeps rcﬁw:mrw

FE T FATC A 9 Fg ESD G aiad gahe X UF o
H SITEATIIITAe STehiael &1 AST JEAT 9 Fear & | st f fig.
40 ® femmar 7T & | a8 A sTewted w Aoy T g & forg
fewmga e T @) oY ST &t 99 § ueg &edr 2| afe
AT FTohd AG9TT I A% FEAT FTed &, d ATZEIarEeT,
FHEA & AT UF TS F9 H1 I F | gfeaa ¢ fF av
Rt H UF foie-ges & fer § (99 o §i9) v 7 Faa a1
F I oM

w9 w2, (Swabs) et ®&fe® (Foam swabs, Anti -

static)

PC ai€ #t a¥®a & foru ufe o1, & 997 0¥ Foefie a9l
TATE T F ATSH & B & (e & FI FG1T AT © F6T &
fig. 41 ® gwrfar @ 2|

sferhe F9T (TS o197) e | a9 ST € ¥ afdfe
T & TAE & g FA & [0 §9 T AfAed & a19 Jare H

Fig 42

Remove Debris From
PCB Chips

Chip Leads

ge & forg fasie = & wgma ofn 8, few =9 & =g gan
g-gia e & @ | s & fig. 42,43,44,45 =% 46 ortn
T 2

Fig 43

NS

CLEANING BGA CHIPS

¥ " 5T (Desoldering braid)

ST-Hies AT #T STI9IHAT BT & T TAFE [ TEHhl Hf Alhe T
BT T AT(RY, ATHAIR T T 3 FMOq0 Bief & | T 7
AT & T FH-FAT T ATaF & AT &, AT T wwn
& fthe faFam T & ar uw "@oire B ST @) Gvee afde &
Hieex ge & forg, saet fig. 47 # fammy v srgam fawfofaa
afgaer & savaswar R
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Fig 44

Fig 45

Fig 46

SCRUBBING OLD FLUX AWAY WITH SOLVENT OFF I.C LEADS

1 el a1Ee
2 drefr staw
T 1 : GET 9SG

o TH SFS B WSS HT TAT HY S Glee¥ AlAT & ATHT &
AT GTaT 2|

o Ff% FF BIE A, A =F 99 T @ faga W &
gfear oft a1 & sroft |

Fig 47

BRI choosing the right braid

One wide braid suitable
for many small beads.

T 2 I FHT SEAATA FAT|

a. T U deeRar AtawT & ST FAT| ST & fig. 48 ®
gt & |

b. A=Y AT T I sk #t |

Cc. TH HieeX ATAXA & 97 HA & forg T |

forereT g Aiee, adw § e b g du fERET Sar 1

AT G, A7 aE W A & (@@ gi¥, GG T 38

3EAr 7 & | UF daad Tfq H SHIAT UF qTT JI€ A qlee? Hi

geTd|

Fig 48

d : Heat up Place Super Wick | Place heated solder
sy [T

S {IH

a) ATIYT & Fohl TH X |

b) A= AT T I sk #t |

c) T HleeY ATIARA H 9ae I & |
3 Fee ¥ S T yare FIfET & @y gearer T Sfar @
ST UF A ST A SEr @ o freer ga At |
ATHET LT HAT | ST ATTHT 5 SATST HY ST Ales T FLA
qUT AT 5 H GrerT N

ATer THT T FETAT HLAT & 3T ST Y GHTAT ST & v
STelT HehelT & |

b Place Super Wick on to solder bead
. Place heated solder iron on to braid

Molten solder is drawn up by capillary
action into the braid. Careful not to overheat,
or ‘drag whiskers' of solder over the board,
nor et the braid solify on the joint!
Aliays remove braid and solder ron
together in a vertical motion.
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AT 9% A % 7w (Soldering guns and its types)

IR [ T IS F A A oA Ffortaa wr Fwew avw e

o FIRAT T AT I7F TR & TN FHAEY
o FIRAT 9T F =Tq9 FT Ui FRRoQ
o foum T 9% TR F aRiRE w0

Aiee R sg# (Soldering guns)

TF HIeS T dgF T=S1 A q9h & 19 UF Aqd (4% au
T A & forg ET-smemRa aiey &7 ST 3 Jies (T
et & for aer fwdier & st &1, faedr = d=nfora
STV €| g # fgR-rerEa faw € arfs 51 e & uF ey
T HeTfera f36ar oI @ | IUFT F TR H TF SEEET Siar @
o fgae zaiy s ox g fasret & STyt g stdr
g, dIX agd F9 Sfade a 41 die # uw-aie et
AT BT S| TA Afd & a% & g7 § a9 & G e
ArenfhE % ofd a% gefaa fm Sar @1 99 gewnie &
i ST o strar &, at Areafisw & Averw & adA gare
& #% Af TR ST 9 &Y A% F agd ast & TH A S
9% fow § aga wfs gfa<y &ar @ af 9 egEew arar
YATEER EaT €, for aga w & St @ safE avafiw aw
I F T B T | TrAfHF AT F uF I F7 ITANT AT
UF TIEAC AW H THI F A forg fFer s @ o adfe
F o Ty 3 2|

e AT A=A & ¥ (Soldering iron types)

o e smae

o FSE ATALA

.« Fieefar &ve

IR A=A (Simple iron)

fasTell oY et & %] % forg, fastedt s, 15 31w 35
e & @9 fasrelr I &1 IuEnr BT sar @1 s=
ITAH 8, AT I=T ATIH IR AL Tl €, T a1 TET
oqHeT &THAT ATelt ST % AT Tlee¥ FAaa a1 & forg aifas
Wt ITer ST €, I3 F forw, uF urg AR | Fo st
e fRafa e @), o g ®&ve % w7 & uw fAfeaa
AT 9 Fad @, Saw aSt 7l srmar arer stier & o 3=
oifth STeer st 8| ave dged g feilRa uw afwfa
ATIH 9 T qTel 6 AT ; T FS a9 74 ¢ few
FXA & AT ST ATIH AT HH &7 JAE@T & | G qieey
foere % forg aga sifes gt 1

qrRfea t=eA (Cordless iron)

TF dadl g7 TH SIS A, T UF Sic § @7 fAfea & F
A N AW T8 g, faorelt srgueenn arefed d= AT @

ATTEHAT &M I STANT T ST @har &1 g9 sfa=eAt &7
& TUEITT F¥h fIoTell aaer @bt & | I d=vfera o=l &
ATT-ITAT AR & AlesA fowr, wnfies wed % forg wf
TE, TH AT F G qAT €, AR BiE T AT HaAers qfed
fafraw gftweat et awdt & star & fig 1 § guitar @ &) s
T g At egfan & FW FAT

Fig 1
e

DIFFERENT TYPES OF GAS FLOW IRON

a el @i sitaew (Temperature-controlled
soldering iron)

YA AT qHS @god grer [giRa amwe d% wgad §,
TFERr g fasdl $9Ye WX faad ¥ 9 #d § @)
ATAET & ATIH & T @6 § 3 qTedr arfiat it sie far
SO 59 S| 59 O1g F 99 §AEH & 894 #, UF SeT
AT O, AR FF Ggd ATAF ATTH GHHAT, Feragraa |
I % forw s s #Aew & fou sifts Swa st &
ATIHT, AT Haeah Y foq armam fRr @ & fog araam
e & 5t & @ o d= 2, Al wAe aer & ar afw
wifth ITere 8| AT A SR go-us 8 a%d |, A
&ifer ae iz for & g uw o e = a%ar &, &9
fFdr AT e gHESE gdr & JiY w-w fewer off
gar & s fF fig. 2 # gwiar @

A w Rt w9 & oo fRfser graat &1 SuEi e
ST 8| EH & GEE d¥d U IREdHT 96T Hgte 8, o &
& UAY &I d¥e €, S dT9HE H @ETed ®9 & 9 4r
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Fig 2

TEMPERATURE CONTROLLED SOLDERING IRON

faffafia g fomm sifaem % awger AT & agaar €1 &
AT TH FT TUTCAT AU FT IUANT FIAT &, T AL
fer & siex, 9t @aIfold ©7 & A & A0 AT §F FW S|
UF aWd HOY S % uF awigae 1 Iwa fow a fer
F ¥ fog affdr & Ay duem & G st @ i qifea
AT &t g9C YEd & fog §ifdw am @t fAaRa foswh
auTEif e s awar 21

e ©e (Soldering station)

UF fieex &9 (fig. 3), e &7 & amwe feta, sa|
uF faga faselt At syfd, aree ST weelw & I Far
qATS & forg sy & vy FEEe affed v uw o
ATTH HOX & T TF lee1 X mfde & |9 ame=
] F ITA ® TH W F fou, awE & forw uw dfem aw
ENMT| I8 ATHAR UX ST SeHhl & AT % forg
START T ST ¥ o= w0 6@ T ST st €
IR F oY T&F &7 & AAC-AEE qeH & (¢ TH TH gar
agF, AHgH fUF-a17 g & gFdT €, AT UF AR ' &
wrew & fogw mew F forg dww 90 & & v faga s
FreT fAY BN, iR uF Aiee R sttaea faw gnm|

Fig 3

SOLDERING STATION

A e (zde) (Soldering tweezers)

TR A SIS TH-ATIES TeHl & T SfHAAT % qTT Al &
ot (fig. 4) ¥ THE 9% =QIT Y 3 TH GG & © ek
JUFHLT H (BT a0 & s - erssy st G s

FqEHAT 8, 9 ATaR W, grat F ged & 3 e o ang
gid | e owdl &1 gor SR |80 e TR Alee}
foreremaT 2, FeH F1 AWAR 9T ave A a1 e e
ST WA fFar smar 21

Fig4

Soldering tweezers

AiesRAT ag# 1 === (Selection of soldering guns)

TR« W "agsh" gerrgriag Aiee R & forg srcrferss
HATfora BiAT & MY AT & Tl H1 T FT Tl & AT I
BTAHTLE dteest § IANR FT Tl & | STATTH, TS AT IG5
¥ HAg-AiSe ITHIVT I UHIAF e & forg I w2
Hiee T ageh R i agd W sy & forg &, efiw
AHAR 9¥ 100 afe & sifea St & | dg% gama & Arew 8§
& S Sorag((a® Tl F JHAT Tl & | gEwHY & g
Al & WATF e ot Tg GoFGIiHT Bt THATT TEAT T € |
o7 % R # & a@ T, TF Qi T a5 F T
F¢ ofiel # u& ara T Fe & forg frar s awar &1

A A T (Tips and types)

srfermier HieefRar SfoRa & ot § e av et
gl & o foea & &7 7 it S Strar @ o fafvw e &
FH & ATH AT AHR A agd AfeF & 2| uF o
Tt JBY Y UF fORga wie 988 F ary o et F ar
frafire gt st wfie arg # forg Imwlt €1 & oig ar
T ST fFAT ATHAR IX goFIAa &0 % forg o &t
STt €| fewr #idr 87 @Fd € A7 uF AiS & §%dT & | UF sie &
HIeEY & TS & oy wie &6 | UF staae ar fafdr giet
STee & MY 9 FTH & THX AT G a% 98T 7 iR
FAT & 0.5mm fig gae-urse ICs, &1 Ales T, I &
for, u a2 g § UF ST FAT B AIeS R & FHH AT & |
UF Fqq 7 TS AE & T v € b ardir & Jew anelt
et &t fosforT #t T § #eg &, g are faefonT &t adt
Fx % forg ffm st &Y RrerfRer &t ot @1 9de wioaet
& o gt famfarert g¥ s girt wem A€t #ed ©, favw
w7 § s § wfaay 21

R A 8T % AT AHAR 9¥ TF A amar o &
ST XA &, ST TF BIgeT AT G99 & AT ATH {47 Sar
gl 78 f-4R "y, fifsd feR i e & &= & g9
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ST €| Atar IRt 1980 & a9E | oSt & AT S MR E| AT IR FH Fd @9 I8 99 €7 § Ay 2 | 3 AR
AfF AR F e germ Atee AW & W A A S 'war o & # gieat w1 g @ w9 3w R s & =it
&, gafor s gor R sfts fRere elar &, R o Famatar & &9 i oy #7a @ o R v a=w # A qwd 2
giaT &, s ATew & 9% R TeAdT € HiY Sfaemaer #F SEr % (Fig.5) § gwiar ww )

ATAFAT Bt 8| ArgfAF fre-w ey & o sawrd 3=

Fig 5
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TATRIE AR FTEAAX
FawIE AHw® - SMD #ieiR #i e

v 3.2.184 / 3.2.199 & wwitya =i

faftsr SMD IC %%= & fam 1 siw= &t wg== (Identification of Pin 1 marking in various

SMD IC packages)

SEEW 1 3 9IS & o | A Aot w1 wew av g

+ fafte a8t & "@fasw fAftm SMD IC % & fm-1 s &t veam w3 & fog
o T AR & Fu & forg 1C 9 R faaeor & siftvfamrm &t stent w3 3w Aeaid 1C A w27 IC 99 it g 9gag

e anfd= IC & == % forg)

% DIP, SMD, IC & 4= 1 3f®e :

Fig 1

BRT e e

Fig2  20ee

THX1138D
1337 OHAL
O

)JLILILILILILILILILI

PIN 1

EMN3218472

Tl TF THIFA (O qa8 THFa afhe & g any et € | FE
g e 2 | S gdEar faee &, 5T & 9 Sie a<r i feww
# gAY, AT 1 & P S areit (o1 & ge 3 | 4 & fig. 1
H ForraT @ 2

forT & UF ST I UF AW AT AT FEHT AR ST 2 |
A< o1, o1 Ff-F+ s Ster Bt a1 &7 g uF ster av
fag €| F-F9T 377 & % ofF I o dFd © S & fig. 2
# guriar @

56

IR U 1 o & 19 & giar €, 31T I8 T 3T Fi F v
g-foe @ & 72T - O 31 g5 7 et grer R fFar smar
2|

I |C wIT &= “THX1138D,” #2013 & &re 37 # fafia,
R 3EH UF @R A AT AaRE Fe “OHAI” & ot Senfre
H qUATAT ST AHAT & AT AST | gAA iF 1Y T A A AT~
AT $SeT & Ar-ay U 1 g uE fag i S| 5w Ragw
20 fur &, 5 &F fhemed & |y 1 i 20 a% &7 e & #1dex
wT & fewm 7 2|

AT &Y, 3% F35 ISV 8, AT 50 FId F 4T A faeard & afdha
oH g oft @ STet &g gt fAen 7€ @ afdhe snw g @
aue & forg are & srferfa=me mifde 2 v 57 e & e
& forg (st fradia watt a¢ o9 & &) ST WRiaws 7T a9d §
& gdtwr e wTe & g =T ST 2|



Fig 3

forer & Fo T T Ha¥ Iereew 7=t Ry 1 ¥ | o= ave
# fafRe gdfterar & amr, 3 “Rfis DIP” whiga afde T 21

Fig4

T% § U &TelT S{TUT-91g ST S1dT & A ary &f -1 g
sifere Sufader fag +ff giar &1 st fF fig. 3 # gt mr 2

7% U & ReITe X U sy 3=7 e freran & 7 v fawga,
T SIS AT ATTeesh Fohet & 578 66-f4 TSSOP (31 128
M fae DDR SDRAM, &&T ST &, Afe 3117 I ¢ |) srfsrfawme
TS X F ATH-FEHAT & ATH A e g T e & F=er
FAT FAT| T 98 Sfe awad § U9 2 & gaae T 1% F49
famaT &, AT e B, FA F A AT & Tt o 1 AT §,
Ffepra o 7€ | s & fig. 4 X 5 § gwiiar @ 2|

AT Hobieh - (NSQF &2 5) - 319 3.2.184 & 3.2.199 & Fwite fraia
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T8 ‘74 HC245D”@'HT%fig. 6 3tieet 99 A aY (9 § gorraw
T 2, T4 BT AT T ATYT FEAT ATHE &, a7 & AST A
sETHT g foee gl €1 faw & @@ am - ae
foT 1 ofisT-orteT &7 &
Fig6

A 31T Tt o g & forad gaat snfRidem a1 et @ T8t
& &g fag AT smem AT s A€ € S fF sue gee 7=t A
off, AT §0 ALE & AHAT A TRC & IN[EIHLT T ATRATAHAT
T F 8% ©, A A7 F 918 N uF wwrer e o @i
FOIAT FT Thd & fa 1 o7 a18 avs 2|

afe o9 agd aTiET @ d@d & | v % fig. 7 # fewmr mv 7,
T 3E f uw arfafRem g siww giaer @ Ged g o A
agd oIIST |1 ATH aTelT AT 2
Fig7

T8 T 88 a% a1q-a1d (97 DIP 97 & 7% uF FH-aleed fSioea
e & AC AT atet (0.9 A® 240 VAC) TR 512 9IR & e
FEA | qEIH UF GTF AT - R & | dvwad: ga ara o
& arfs o fS T o T et % | 7w O 1 & Ay avw
e MRUSIH 31X ot & datee ax off iR zar 21 st
f& fig. 8 ® aurtaT =T 2|

YT : 78 T fig gt w@has 781 €; fo 1 o & i & onft
off & S £ fig. 9 & awtar mwm 2

Fig 8

TRt UF AR forear €| g dads & €7 § &1 F¢4 & (o 39
forg & a1 =T giea a” &, g =FAr F AHN A AT

Fig 9

FS I ATT Tgd &€ AT AT & Q17 Tgd e faaw aret
o & o STUW | Tele | 39 T ¥ SU a1d & 9¥ U |0
Tgr & = fF fig. 10 # gortar @ 21

Fig 10
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f=r 1 wz=m= (Pin 1 identification)

-l T & T F AT F4 ST @ T% 06T we % forg
& for 1 fig. 11 & femman man 2| @ffe i w= a%e W &hie
fArer a0 i & 3| Arefr &t uw srfaifoe aeie fRardy 21

Fig 11

486 U I 1T Fi ATAT FIT T TF AT IITE0 &, Afh
68030 ® T 1 fita &%= & forw uws @iy 7t agt 21

W aSHm g # T 1 % " w1 & uF g @, AfFw aw ww
ga¥ 3uge fowe & S & fig. 12 § qwiiar @ €1 afy s
o geet @ & 91 X AigedE €, at ¥ fwfaem #t genfua
FXA & o T F8dT AHHRY TS FT qF € | 3T F fore,
7w o &7 o 1 wfde 918 = oF a9 g g o fafed far
SATAT R, 3 A= A1 F 1 § (A9 ST &, A IT F AT 6 ATEAH
& e T STar arl

Fig 12

T
uui“;’.’”{?;

A LI ITITT]

o

iln‘J . d
(W

75t uF dX foa & St 3o ewTe 2| i 1 & affe gk wuE
A% & 7y o v & fafea e smar €1 sew g e & w
AT I% AT FH T ST i 47 1, g e v fig 995 F,
St fig. 13 ¥ 14 7 fammar mar & | @t gok e, e
F & o fag ft ¥ | 7 Rk o i Aiee ATdEt awar €, AfaT
7 oft oft dwfaa = & wfia 21

Fig 13

o

LICLDICAGS

o 5
\
-
D
)
%
&b
pes

BN YRS
NPy w > LA

b

7% uF fawgd gt & 9gd g2 €, afaw 3o avwr adet i few
F fou & % A sifwfamme stemr s 2|

Fig 14
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7T Bz gt v s R =it wew (Ball grid array and pin grid array components)

S 3 IS F o | o Aot # wew av g

o Jiat BT aoft SMD, IC % ST==Tar® faaTor &7 3reae w39 # forg

+ BGA 33 & e ${iT JHAW HT JeqT1 w2 & forg

o o R "ol 49 & dvates faaeor &1 e w31 & fm)

TF ater fIe Avil (BGA) t#igd dfde BGA ¥t  forg weh
Aae A1 TRfSnT (R Rraes aTelT) &7 U T & S Argahis el
A ITFLU B LT T F WSS FA & forg v fBFwar strar
2| UF BGA & A1 IT Tl Jobol I @ ST bt & {8 g2¥
FAFRE 07 98 X @Far © fSaww & & =t qqs &1
START Fad IR & oy fFar s @war 21 e ofea 97 oft
F0 gidl 8, fy akfa-Faa v & o, G 3= nfa
AT U Btar & 4 fF fig. 1 § gwiar v 2|

Fig 1
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BGA ST & @ieeRT i ddte fFa=or &t syrasaear ety &
T ATHAI I @=rford ghsharen gy & sar &1 atehe
#3féT % forg BGA fRarsa Sy =t 21

T F TS A3 afbe a1 F ded Tek ad AT agd
At dF T F TRUTHEST, F35 diSl U¥ FA(Feddl UTH
qUET 99 T8 & | F&t d% PCB & forg awat &t 1fys der #
wEIE A § FF aEETS A g¥ qEl @A 91 awar € 5w
AT F & FIA § G80@AT & {7 UF udhigd afhe $ forg
7 firg Aeft | BGA % 719 & ST ST € | BGA 52 %% atet
% foTT UF Sedax FHI e F7d &, AfET BGA @ies¥ SfHar
HEY & 3 7w gRfvaa w3 & fore & w7 & %7 a9 @ @
€ A7 d8a¥ €7 & gUR fHar @ 2, 9w giftaa & & o
BGA =gl &l AleeiT FXd THT 3@l b1 ATTvHAT ST & |

BGA, &I 9T firg avoft, e wie 9% sd {1 ST &<
Tt % forg uw agd & 9o d9 €1 BGA e & fiw fire
Tod # FAfed &id & Y 369 g6 STeaT A 98 ST §,
T AT e % forg e qieafis aw i & @, g%
I HieeY # G & AT U w1 ITAN AT 1@ €1 ghaa
gffe a1 1¢, PCB, BGA =i &t fhe #ea & forg smawgs &

60

FAfarefadt arfad F74 & forg afa o€ 1 vk e &e €|

BGA %% Y 30 FE Tl U TfagiEal o %5 w6 &
T AATSTAT & gl dfehe & fAwior & forg ash & geawrer
T s =T S

BGA & wmae (Advantages of BGA)
I= "9 (High density)

BGA #% &%t fa % ara us uaiga afde & forg s g $ae
& IaaTed & quET & gArye 21 i fre aeoft s qied-
-3 A WNe (SOIC) ¥t aftrs & wifvs famt & &y
Sartfaa g o @ 4, i fm % i (e &t 77 #57 F am,
At a® AT whwar & forg wfew aRkferfaat & arl 9f%
Taet O Fa-F49 8 MY, dfeey & ar Aweaw =t #t
qfRaTR® &7 & fAfShT #1 @awr 98 ™| 3n diey G W
FHL-AT] BT & dAf a8 FHer Tel it 2|

TRt "@=ee (Heat conduction)

S-S A1 & AT Tohot TX BGA ¥3eT UF T o1 (I
A % AT FoheT) Tt 3T PCB & i & avfer wfaiyr €1 7%
Tt % 3fe¥ T Ioq+ Afehe wF PCB, TX 3tfers et & a=
#t srgafa aar &, foa & oifq sagAefiar & et 1

FH Afrsm T (Low - inductance leads)

TF G9fT ST S WA AT gadgiiae qihe ® dohdl & 4TS
o &1 FROT gt S| ¥ A PCB, & @t IAaT agd
Bt gt & Ata PCB, &% g ata sffreme &, fed 3=
fom feams® WX deax faga wevw fRam stmar 2|

e % ava & TR Jgav PCB fewmge : 7% Gt
F ATE-TTH °9c ¢F F o9 e T 4% O & aga s
fAsedr & FRW agd TfF &7 9T €| uF BGA T aXE &
HUHT H1 FATAT & FohoT Y THEAT FF agd FH FHAT 2 |

BGA %< sioee & (The BGA package is robust) :

FTE Fie 4% ToheT agd o= fie &l 8, % 3% a9 aae
& F9TA & o stet & sfoued &t oar 2 | {9 3 aga o=
TgA TS T T P & d18 Ie A HIAT AT 6N 2 |
BGA #ie¥ 73t & A &% & wwifdd &id & e gaam

qgATT agd gewet st 2|



FH 9 gt (Lower thermal resistance) : BGA fafest
T & ww aeier gfaty &Y e Far €, e wie 9% F siew
THFd afhe ERT I« THT F PCB 9 asit & ¥ atfera
THEITAT &1 & fearsd & arex e i sgafa aar 21

e ifer wgstsr § ¥y (Improved high speed
performance) : Fif# dFeder T aws & f= &1 g@w
Haad & & g F fiaw @t o #0 ¢ dageEr sEife dew
ARSI @Y FH 8, A AT I a¥e A, i g aull
feams® s QF P @#&&t & gt § 9391 &7 I=9 @< Yq™
FEA | T4 2|

BGA @ie=¥ ufat (BGA solder process)

BGA weai & ITINT ¢ TRIWE 9T § & U&F I qree<dr
AT FARE & TRARE &7 F| 9fF 9 fRaw F fiv ¢ v
e €t & wer & g giafeaa s & forg s & & A
gfokaT & ITRT fFr S SR aE g ave sggfad vl
fAdteror ofiw g e o AT @ fawe o)

AT & BGA AT ddri agd [aae i a1fad g5 &, AR
TF G G T(HAT TET &1 & ST & AT & at BGA Aleex
fraaiadaT araTd: F e e 3% % forg sae stfee gidr 2|
TAFT AT & & FE W BGA et stfers faaesiig & st
2| TEHT ST AT 92 40 X PCB @aelt ¥ Sietesy
PCB @it § 9% %97 & A9 & Sel afhe fawfaa g s
@ 2l

Tiee¥ Thkar & forg, Rt a1 SganT R smar
T g FRW A7 & F O sEEe F 99 amHe aw
T AT AT AST Aiee? @I BGA ®esl & ==
fraemn | 7 Faw et aww F1 ST w3 T
o s Far 21

BGA arefr % forg, 43 a¥ #iee et § #tee¥ & agd
gy & fEfE amr g6 8, iR 99 AR gk |
TRH AT STET €, At "iee} fUuar dar 8| #qel aqra e
TAT AlceY Afdhe AIS & ATT T L@ H ool F1 THSA H(
FILUT FAAT &, STk HAee¥ ST A 31 IATAT & Tles ey
Tg ST @R AT &1 HagAT amEaE & A qr §
AT Ateey T ave & fua 7 &%, dAfFa df-awa v g,
s a@% T 9O TSifeEl & oA &t |

BGA #iee? g fateror (BGA solder joint inspection)

BGA fateror us fafemfor wfrar & & o= & oaw =t BGA
qehl & IR=T F T8 FHN & a% gewde T & BGA
frdreror &g wikad sAtfese awiawl &1 ITANT FLh AT
A% & U A2l T ST ahar &, FifE T 2% a% desy
e BGA Tesi & #19 gid € 3fix 3 fRmE a8 ¢ w1 7=
BGA fadreqor & forw awean 491 #Xar €1 g8+ Jgal a% 997

AT Hobieh - (NSQF &2 5) - 319 3.2.184 & 3.2.199 & Fw=ife fRraia

Fig 2

3T ST oY S & A § BT g d e AT o
7 7e gifeaa & & fog odeor fbo fF & BGA =eat &t
TATIST & & Alee¥ Fed § T&TH ¥ | AleeRT BGA =i &
T IF g ag € fF ot A § Wi & g2 gefvad
FA & forg @ fa s =nfey & O § @+ A g@F BGA
AR Y & g HATTo=s &1 & foraer S|

fasTelt % JR9 & i ¥ AfeeT AST F LT ave & T
&l T S gwar 21 g9 S9 BGA AieeY SfFhar & adierr &
T0 w9 H I HT ATAHRAT 3@ T, I8 BGA Tieex Tfwar
HHA B & A W QR AT T8I a1 & | 4% €9 © fF @
Tl ®T & qE S9ET ST AT € AR GHT F G 3N
ST | g o T¥TeTor T GHAT HATISE AT TR-Y A
ST F¥% BGA faderor &1 us &7 21 BGA faetor &1 7%
w9 & 6 o ¥ Saq F 36w # gud ¢ | 490 q,
T I ST & fF uF 9 dieee w9l & forg wlt wierger A
T & W & Jr & at BGA @ieeY AT & A9 arHA
AT 2

Fig 3 MAKE PIN A1
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Fig 4
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BGA Ra® (BGA rework)

ST % AGA T T qFAT 8, [T FE FEAT A TN,
T qF %I Aol ITHLI ITALT 7 & a9 e gahgl H | 3T foredt
BGA we& F SI9qUl WHT 91T &, AT fSameq & e §+a 2 |
7T W ¥ & BGA Te& & 19 #¥h dteey faem & forg
gTfrer forar star &1 star & fig. 2 # gurfar @ 2|

BGA Ra® wfar & &fdw &t seme u faviv Rad <ww &
gifter fFT Star @1 3ad dwRe €eY & Ty @A T uE
S, aroeT @ At Fe F forg o awiguer S G #
I F fog uw A fRaw withe 2| 7' gRfvad &3 %
fore aga amauTt avawt TRy fF Faa BGA TH &t W ger
foar S| o 9T & o ST At oA d@vWa @r 3aer
T FXA T ATTHAT & AT T Mg AT &t S|

AT ®7 & A a9y &7 & BGA aieefar ufFar & BGA
AHATE § GT F dgd A% AT (HAT & Fh § Toel T 99
5 T T 3 o9 99 dH 9 Sared & oy ST wetersT PCB
FHTAT & forg ITIRT #¥ S ATt PCB st@aeil IGHT T T
AT i 2

fo=r fre |l @3 (Pin grid array package)

% i fre avooft, s d@fara PGA, 9% # udiga afde
T T UF TR | oot AR Y aif O it S
fFafia aroft & safem B smEr @1 T smaar ) 2.54
mm (0.1”) (@ 81 & A e & X B # FAT T/l 5
" 2| ST ¥ fig. 3 3w 4 & Fwriam T 21

PGA T# Y TF Aidhe H J-Bid [@fer FT ST #:3F qfad
#ffe aiel X @me 99 21 PGA # fou sifes faw & forg
Al AT & a7 R Tae S gredl-ga-ared 3t (DIP)

et | qret 37 e 2.54 mm & T & 9 oF iaY & iy
68 i a% & gwar | =T ares 9Rew & uw fUw T g r
g S 1.274 mm ¥ fuw R & @12 20 & 84, a= =il & 84

F FUT H AR G- T0ET 7 IeeA T ST FHaAT © B forT
F1 Tuer 84 fum & wrfer wefiw & Sty @ (84 U ares arswr
30 x 30 mm) AT 2| PGA (R fire aweft) &t 144 R a%
TEHT & (2.54 mm 37AY) TEH UF I=T 9(h AT &THAT &
A AT T FH AN aT AT TR dF T AT AT T&T &,
g% PC a1€ T¢ AN $ev@m e JEhd 8 | FX Faw &
fAeTor AT gfewra 8| Ade e awE | aSt dern #
Yo FaT & IC #t Fgfts @=nfoa gt J1fey oMY dieefi
THA % TLIXET A2l €, ETelifeh FTE Feie 9% 36 & 128 fu a&
g, @ 1 mm & 0.65 mm %t g | gt AT ana 9
| Af sgfiaaten & e aga afas 2|

= Bre wwoft (PGA/SPGA/CPGA/PPGA) (Pin grid array
and variations (PGA/SPGA/CPGA/PPGA))

faT i a1 PGA t% 39 T8 g 80286 & % &l aTell
Afawier atwdt it & fow 7w @1 PGA 3 =RmET I
ARTATHIY g & Y 3% TR & 9wt e fag & av a7 aF
GftRat idl & S Aeale AT feX #1e X UH fAuiy athe #
TET ST &1 PGA 9% &7 srfasere 3 mar o w=ifs
FTIF 2T A USH T8 JTet AT AT FT AILATS I a1 H&AT
T g U &1 rawashdar gidT off, 31 DIP 93fonT fd &
% el o

PGA 3t SeRT g&1 Gl Y&l § o[ & | A1s PGA stfaaier
AT IT T & | U A¥fis g & a7 @ i 39 &
& CPGA f &1 1T €| $8 AU T8uT UF WIes Sl &
ITINT FXd &, ’rd PPGA =T AT 2| wifes et CPGA
T WET T IH T/ FHH dead<, el | gan wdi i § wff
BT & oI a8 T UF ISMAT 1g & &7 & 5 CPGA &
FEAY FH HAT 2|

ATRITE, 9feaw i a1g & Tiaax & forg s &7 @@= 200
T arfer i 300 & " foham T, 33t it ST U # o fue
U T W T ST TGS AT | AT e & forg, g 7 o
AT H At 3ar arfa 3= srfers waee afifea o o o
(T =T JuT % U IRET ¥ FE aiad F1 ST AT 8) 3/
FY-Fft PGA &1 omar & | dfew X arg # fr 37 Reome
F AT 99 B4 | AT, 9feaw Wr-adY uF qresl dad
PGA & PGA & t& 3T 2| e fafsad w7 & & #=ifs
dfesm ot # ww foa, Fo-9%e gar & o g T iR gus
Y THGA, TG ATAHE BT |
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vt mieRa (Re-flow soldering)

IR [ T IS F A A oA Ffortaa wr Fwew avw e

» Rt gl e afdr iftae & e +=0)

I(Reflow soldering and working principle)

Rt dieeRr us &t afar & foed & Jieex T (1Y
AleeY MY woae &1 faafmr fyson) semft ©7 & uF av &%
g wewt 1 % @9F 9T § Honw wed & forg wanr R
SiTar €, o atg g siaelt i wit # erefim &t &, o
AteeY & fraar It €, 2wt ® & #g® FAfaew| Jur &
fig. 1 ® g o & Rt At wfken # fewm 1 sgew
uF Rl sftad & AT § A7 $9RRE o7 % A= ar T ogar
Tt % wr AR ST F Aesy FLH FEIAT T HH T2
faam S | 2|

Rt AteefT @@ 1 € uF afdhe a1 | adg AiSe qeH H
Srea @1 fafYr, et gast ST ey U & A1 B% &
Teat & forg oft e ST awar 2| F=ifE aar e o i
TqEAT B TFAT &, WA T J& AT2H-87 qret 9 ot
ITANT A& AT ST @A S uE SMT ¥ THT wedl &
freror aTer el U IR AT AT 8, aF Ed-Rur SEadr
SfaT & a1 Aiee T 90T & FHT FA F FIAA 4T T,
AT &7 & STEaet AT Ht FH HAT 2 |

Fig 1
SOLDER PASTE COMPONENT REFLOE
PRINTING PLACEMENT SOLDERING

* RIGHT COMPOUNENT * RIGHT TEMPERATURE
* RIGHT PLACE PROFILE
» GOOD REFLOW

* RIGHT AMOUNT
* RIGHT PLACE

EMN3218491

REFLOW SOLDERING PROCESS

Rt wfhar &1 e dieeY &1 froer &7 7 smaI % adst
& T AT, fomr Gy srfa aro siw faselt % et #t gEam
TgATET AT € | TR Rt st wfkr #, S o)
SRR qI-THT 81T 8, a¥e |1 (T araq & fog ste),
Rt T Fient &war 2|

f-fiT &&= (Preheat zone)

afeaw gam UE aTEE/ART @9y & S "/ar @ fF g
affe a1 9X A fhaet st & sgoar & fide s sy
ST T TG AT BT & AT TFT T3¢ Y T FeeAT & |
Y7-317 3 ATHAR I 2t 1.0 °C ¥ 3.0 °C uf &% & =
gt & ot 9fq &%e 2.0 °C 3T 3.0 °C (4 °F & 5 °F) % 1w
gl & | 7T 2% tfirsay go & stftrs & order o am i &
AT H THAT & aFaT ¢ | Gieex T § Sefar ywma o &t

qar & fiEle d & Sel dw grfvet & faemges arefisor
giar 8, 3T af3 gfe o (A1 A W) 959 F9 €, a7 wow
qieest & ATHIT AT 2 |

¥Fa @@ &= (Thermal soak zone)

FA G, 9N |G, AW AT T @IS U ATl & ge
& forg 60 & 120 HFe TFIIISY EdT & X TaTe (Felad), 39,
STEl FoToh TCh, Teh oig Y U q¥ ATaaTge FHT ef ' 2|
I AAF ATIHT Fiee¥ ST AT FIfCAT F FATI-ATT 9 &
ATRITHOT, SdaHe O MY T HATT FT HIT a9 qohell 2 |
Y aYE, ATIH Jgd F 8 I Fa [XT A% § "k et
T g &7 F ofd § QL S@ac F1 UF qHA quA qi(od &
& 3% Tea aifSd €| UF 61 Twrge Ht A Sl & geat
& are faeft oY STl Ft 7 FYA A1 PCB s aelt agd a<t &
F fou gama fRam omar ¥ a7 "l wEw daw § Al
(voiding) ® &7 ¥ & for wa &t Sierger ot frerfRer & 21

et S9 (Reflow zone)

ey @, Ror S, it U a9 I ava ety (TAL), &
I F AT & wF A off AT Sav &, A I Tk #v e
€ et sAfmaw @iwd aee € 98 Jr 8 uF Aeaqer
e fiw aroT €, S g St F stfmaw @iwrd e
€ UF 3 A &7 ATIHE a<er 9arf & 20-40 °C 39X | 7%
HAT sraelt 0¥ gew g fuiRa & e & Sed aowe
(s &aafq & forg @ew ifers dagaelier ges) % forw aed &0
Feasfierar €| us "W fRanfader stf¥eaw arae & 5 °C &t
T AT & S HEH YeAa ged Tiwar & forg stfmaw qroAre
T 9ga & forg aATT T @war €| 39 i & 9 w1 & fore
ST AT @ R AT weEer @ | g9E Sterar S
ATTAT (260 °C & qX) FEH % ATAE STEH F JHAT Tgarar
g, ATY-ATY e} fexdertas fawm oft| zow e, o
ATTA ST w7 T & I F @i w9 & R F dF
Tt 2

a¥er 9qTd (TAL), & X &7 999, a7 FIY Ifedtad a0, TE
HaT & foF ey et awa avat €| WaTe argEHT aEe v
TR A F T aigeti & Sae 9X @ae <9 F FH FEal
e AAftmTd dieey TaY &7 TeaET FIA N TS adT 2 |
afe Jrerge @wa faffee & s ¢, @t ok &5 & 9ed
TATE AFEAT AT @UA &1 AT ©, AT AlEL GITH & TS & T8
TR H T & § g@ TET ¢ | UF I aua /T qay
JATE AT HAEE F FHT F FWO I4qT €, SmE aRumaEey
GYE eue, fFemEs #iY TaTe # AUt ge, HiY avad:
Y AT S Bl | oS AR W gaw FH 89
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Fig 2

SOLDERING USING SURFACE MOUNT TECHNOLOGY AND REFLOW METHOD

SOLDER PASTE IMPRINT CHIP TYPE COMPONENT

wo F—5 = % =

MOUNT CHIP TYPE
COMPONENT ON PCB

REFLOW SOLDERING USING SURFACE MOUNT TECHNOLOGY

S

HEAT IN REFLOW OVEN

oy —-

MELTED SOLDER AND
TERMINAL ELECTRODE ARE JOINED

EMN3218492

TAL % SIqeiaT #3d &, gTaifs, St 9% 30 8% &l JAdaq
TAL fAfde #=a g, e=ifs 3v fafte aux & o #1% o=
FRO &I 2| uF gwraar a8 € f& PCB fig. 2 # fe@my
FIER PCB X T1IE & fo WwrsfelT & Jer /T A8t Sirav
g, Wi gafore, FAaw @ aag 30 §%€ aF 4 F & UF
sfaafaa &= & d9rEaT #7 &t Adr & S Reerg T 78 gdr
gl T 3= Aaw R qag o fad amwe aRkade &
e GLaT 1 A 9aT FXaT 2 | e & Fue.. e
T eteet w7 & Wor gy | fofFae & s safalRe @
qAF eTHelos gfa & FO & g&ar 8, fored smie
AT &7 A&l | 1€ JRX TeH & fafaae & FuY fawia
a7 ofr sferred o o dear €, e siftrsier geet &1 uw
fFRutRa awa far & forw o o=t A & afenfua aw
gt &, 5 faeft Ry a0 st o= arowe % @9 § & awd
| fafFas & SO aga &9 0T Alcdgd A FoAT H o7 T
HHAT & A 3T AT & AT & ATI-A1 qlee aAT3eH % oy
&THAT FATY |

Ffert s (Cooling zone)

sifaw o, s a1 & fiR-ofi¥ 31 F37 SfiT Hiee et A
A FXA F forg e & 2 | I ofiaew Teat # dAfa®
geTHeford o AT A Ik H AhdT & 30-100 °C (86-212
°F) & FioW T ¥ H A qTIH | T a1 e 3¢ &
TF F dIRAS 8T A & forg g Sar € o wad
T =7 & aft giar 2| sftmaw fo-aw ¥ & fFrda -
TS T Y AFEY AFET T 1w 2| a@ &7 wkar © o I
I T ATIAE & T AU ©; eraits, Bt off wew F fow
siferma @ @ AN ST AR F wew W ar wer € A
3T & TeT & AT AEi | 4°C/s &1 ofidqem 3¢ WA 9= gaATs
ST @ | 7 e oot &1 feawer Fed gw = a2 &
fore ww Rnfiex & e Rt wiwed diee | st & fig. 3 #
FuTfar T 2|

Fig 3
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TAFIE AR T

FaEIE Awe® - SMD aieRn s RaieRa

T 3.2.184 &/ 3.2.199 & wwtda R

TR-AeeR gevaam diR g affe i€ & o aR== (Introduction to non-soldering
interconnection and printed circuit boards)

IqA 1 3 UG F F § o At F w an g

- fraftT, a oo, AT e T, 9 W R e 3 mEntoa su o w9

- iz afFe T X T@F THR TR F+W)

Rl (Crimping)

uF fFafi Iusw uF fRamgy € St o1g & 3 ¢Sl & uF AT
T F P T TF gAY H THSH oIy ITANT AT AT &
o 3% UF gAY F THSA FT FTL q9AT & ITH & FH %
qfRum & T, UF ST SeTeR #RT o © afe feEfi uw
Faer % i a% FRC F=aey 2 wfdr & &t f fig.1 # aoiar
T 2|
Fig 1

FRC CRIMPING TOOLS

AR TeET (Wire wrapping)

X ¥ A i g9 & forw uw adar 2| stfafae aid w
TG T TAFE( (% Tk Tk SH IS AT Alhe (99 & I AT
F AT TAUCHT fFU MU FARE F AT, ITh AT & a7
IGACT ATIH & @aTE & I B & | T F ST & AT 7
FIRT T4, Y 918 § v dunfea & ST a%ar €1 a= 60 %
FNF A 70 & IUF & YEATAT 39F § 8 FA o fafawmior &
o sl o, i 3@ w9 W AR Melery F fou gwee
faram st veT 2| fafyr uw gfew affe a1 % fRemea i Hladm
& FHTT HLaT 2 | e T o= Ty grEifeat & §iw
JAETT & I Tg @ATford STFRLUN gRT e Fiih I8
AT ITHTU GTRT AT SEAAT & IeATae i SAFAT a1 &,
Afshe fhe off aror & e & T AT gty AT S 2
a7 % fig 2 7 femmar mav 2|

TR fRawA amer (Conductive adhesives)

uF faga yarea faaa arem e e =r ©9 & seagra
% fore Swarr famm st @ st & fig.3 # wiiar war €1 faee
ATAFAT TF HCH & HIO B[l © Al & [@3d Tarea s
AT ot FAAT & 80 WAwTd FAW FT UF @1 Aredl & | TE
ST gew Uw faafudr wew # feifad g er & St e
saTER I s atr uF Ay 2|

Fig 2

CONDUCTIVE ADHESIVES

(Chip on Board)
fraai€ #1 s=@ (Chipboard may refer to)

ATHA X AT 9% ®=iw § a9 99¢ §1¢ F7 UF T 2|
ST & fig. 4 # femmar @ 2

Fig 4

CHIP ON BOARD

The AT aTell (HUaie, 9I¥ 91 #T 0% IS
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o FAE, T AW (AUGE F T H AT AW ATAT So({IC
THS! HT T THE

I T T a1 T AT @ AR SIS @ 99 a1, AT 3HF AT
TH FAT 38 URAfdd #ed Y i = % o Fae
et SR & fou, 9T i e s R 21 '
arge 7 fewmar @ & aw v &t gfeq affe 9t (PCB) # faw
&4 Sttear & S % fig.5 & qwiar m 2|

I @t s (Tape automated bounding)

Fig5
Ercagsulant ("ghobiop’)

[ aftach

q-EaTferd Su (TAB) T Ut Wik & ot v gfaa affe o
(PCB) % qiefaTee o aiefiurze fhew & 3=a dheded #f Jewe
T wHFa afhe TEAT €, T TFN e afhe § HE FAae
Fed % forw ya #xar g1 99 & o fig.6 # swtar /= 2|

wfoka € & uw giea affe o w & | & = I’ =
qreiATEe el & AT Gone w3, el &1 erle &IF I o
ST AT &, 3T ASq H Fehe, i€ § Alee AT J1aT 2|
g® "aq FRET e off Fea 2, e av v & gur an

wifeses & d19 g far Srar g |
Fig6
i |
BE =8
it BB 2
i iy
-3
g~ E
u ié/l i
ST LI 83
--------- E"" |
TAPE AUTOMATED BONDING

gfea afhe s (Printed Circuit Board)

u# gfaq affe i (PCB) #ifys &7 & audq #i¥ seagis
saTEHE Tefkat, 9T ST ata At wel § U ot giaeme v
STIRT F¥F IX-TATEHT qHgeE T ghe-gHhe (60 1 & | PCB
TFA TET (TF dfaT 9¥d), 9 (37 AlaT 9Rd) q€ 9g I%d
(FmEd T At wd) & wwdT 8| ag a PCB agd Afis
TeF HAA A FgAfd dar &1 fafew wat W Fewe
(vias) ATHE FETT 8%, 8 & I3 &I & ot PCB # gage &
UHERE Tk Fufded, gfaius ar afkr fargw e awar 21

FTeT qeat 7 PCB #t "1 oz d&" (~35um #tet ar 1.4 mils)
F ary fAffa fFer sar 8, afe Tet @ omaR® w=d, F @
/9T "1/2 S| atar” (~17.5um thick or 0.7 mils) & &
fafia &t 1

I ATET I HT AT S T S1aaw Fe a7 9ad § 77ad
2| I ArgwHeY, & ar faee & oft R star @1

FR-4 e gieil Srrfies sgeifen dege & e oY #sie
PCB T faurer agwa gtar & atar Teit &t Jaclt 73a uF FR4
&S % TF AT ST AL THS-GHS H AT & Al SeTeheararT
gfea afde aiet #1 IART Fe & forg dtar qwat § oy I
g Jfe TxAl B FF IRAT A IATRA fhar ST #1 s
fig. 7 & fammar T &1

Fig 7

Top Routing Layer

Internal Ground Plane

Prepreg
Internal Power Plane

Heat Bottom Routing Layer

CONSTRUCTION OF MULTI LAYER PCB

gfaq affhe At F1 ITAnT @+t sogie Jeat & fFar strar &
PCB & faseat # am ¥ MY uige-g-uige famfor anfier 21
PCB # afhe & awey v@w & fuau sfalRkw s s
ATIIFAT BT &, A fATTor i @eeir @atferd &r aadr
2| PCB % arx fafamfor affe awr oiw a9 & ar o= amfar
fafer & @ wew ged € oY uF & R & 979 AN g € 369k
FATET, ATET AT & AT & ' F A T T

PBC % w& (Types of PCB)

e Tkl 98T PCB

.+ g9« @1ge PCB

+ &g 7 PCB

THA 987 PCB (Single side PCB)

faTer it g affe a1 s & festea # fag ot @ sfie
st & fafie gid & S fF fig.8 # gurtar o & | uw avwr
€ #ag A GieEl & qr ST § Saw dAfew adqe gRen
(OSP),fa@st =iaT, o X &A1 F@MT 341 Ae AT AS-5hr
gfe Ta¥ Ay @Y (HASL) % a7 |

qd (Ex) : faswelt &t smyfd, Re (wanfor @i i),
afhe, HO¥ IATET |
Ta@ @1 PCB (Double Side PCB)

g gsfir PCB (& et wafiter aiee ar DSPT st et strar
1) s f fig. 9 # e o 2 | |fdhe =7 it syt
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Fig 8

-0

“—0

$0 o009

Feepeew

SINGLE SIDE PCB

E
E E LTI ESTH "N ]

MULTI LAYER PCB

& 949 I 2| iesT -8 & ATH Jedl & SATHio 6T 7T
& Y g gwoTeil it &T8aT § T A $ifas e
H F FYA A IS & TE T | AT A Aies Yl Afdbe A
S sEaelt ITNT # FrEwAr N g8 &1 W ST A9
fewmeat & fom sefifia st 21

Fig9

DOUBLE SIDE PCD BOARD

(Ex) : sttentfir faearor, fastelt &t smyfd, ww=dd, faor Re |
Ig-9¥d PCB (Multi- layer PCB)

Aee gfed affe ai$ (PCB) %o aaatarst # emet
Fe @ & qAsttaa far #2ar ¢ s & fig. 10 # feamn
T & T9 AYE WS {HAT AT AOT & Wiew § UF agd o
TR ofiT sifea wafa org ot affe aiS feamga<l #t fexaae
AR ATTANT &F TfAeiiaar &1 &0 AgAfa i

agaevty Afhe a1S swfd & sawrs o syl Fegfr w7l
AaT PCB Ha fAATor oY $feraer ATl SR 9% #A1gt

forg & fosem & aam @ wifas datsmt # sger qa SoeEr
T | UEEieE s we & forg s € | weleray R,
Atar Y T 9T g o @Far 2| StEY S T vias
ATA 9 ST & Areay 9 & Ay, AT AT Srar |

(EX) : e, HIEe qAY, HA Hie |
PCB &t adta1vr (Test of PCB)

3 @OT § PCB % AT 319 @it 1Y 39 3 #1 31F F %
o Fo gad wfFard &) goa awdfEat i ol
ST & oy Ao # #% affe adew S i |
SucE €, Tl F1E AW MgSerEd Fel & | (T A 3=
RS ATt & 5 % 9@ o PCB R UF €9 ¢ (UF "9eF
# FAY FAH) FT ST © AT AT FAFT & A% FA & forg
AT & HATYRO gHS & ITANT F¢ qahd & | A€ & aF &t &t
Aieey TRt Aa @var € % #Hee PCB ¥ #igg gir
Tl (fig. 11)

Fig 11

TESTING OF PCB

A IR T TR AR g g & avrw (Types of conformal coating and its removal

methods)

IEA 1 30 IS F o | A ot # wew av g

o ATET FET AT T0SH THRT F qRiRa w2
o TS T S, SgET | F W
o FET FRT A gew F v ey #wv aviw)

AIET FET TF GLATEH TEEAF ST a1 qiferdy frew
25-75um Wes € St giaa afde a1 9 on) &t &, g8
TR aTeT % FOr PCB it &1fq & = & forw faam strar
2| 9 Afd, I€ UF W A THFHSE AT F &7 F W T
& fewrg dar & star &% Fig. 1 & gwrfar @ €1

JIET HRT F 7FW (Types of Conformal Coating)

FIET TAAE FIET B ITST G GT9T GIT 9 J&A
sftret 7 afiga fr s awar 2|

1 fafmiT ¥w (SR)
2 gavdt ¥ (ER)
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Fig 1

CONFORMAL
COATING
APPLIED

3 q%i%ﬁa(AR)
4 qfeft 9T xylylene (XY)

5 diell XA (703) ¥ (UR)
faferet= (Silicone)

Fig 2 % AT Ig&T ifen 4% fewmar 2|

(Fig.3b) fammar & f& SMD, IC a¥ gutait iféT F& any &< |

Fig 2

Fig 3b

(Fig. 4) gutaft @ COB (fi a1 1v)

Fig 4

faforiT sgeT FET I= AMHE FAET § IFE L&
TSI FA & | 3AY TS THT ATEAT, TATAAF Tfa<rer A Ao
o gfadry ¥ gah arT araee 9T -65 °C & 200 °C €,
7% g & e & ESIfeT # gew & fouw fawy ateden
AT o qHT dF drEd F AT HAT v 2|

TRt (Epoxy)

FatRT Hifew g Wt awiafd fsor & w9 § Sqeer ) &
AT FICHT TgA FSA AT AW ATl Ay & | TEAH
wfaety T I=x =for| gatadl ST an) Fe & forg wrr
AT & | AT et F THA T AT gem & forg swiva
el

(Fig.3a) PCB % SMD, IC @ &1

Fig 3a

uffer® (Acrylic)

ufthford T gam arell 9 draRa g1 7% I @ AR
HHT GL&AT W& T 2|

F FH AN, AN FA A g€ F 0 9@ €| q@ FA T
ST TEAA FIAT & AR FH @ F1 G907 sl 2 |

T T % HIfET § 3= & gelfFgs wiive, ador wfaty &far &
zaa faftre ezaffes qmm 1500 aiee & afes & gaer
AT #HT -59 °C & 132 °C 2|

(Fig. 5) ufefors W s1geT &ifew fewmar 2|

Fig 5

%1 - Xylylene (Para - Xylylene)

&7 xylene FifeT TETEfAE A stATEE (CVD) BT @1 8t
2| 7 Fifew ¥ IFe T-gelfeah darha AT Afeded & Sfa<re
# arfea &

gtergas (Poly Urethene)
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LT Ffd F AR e g & e forg aferdwen & forg
IFe YAy gar €| g8 wHford A ffowt & awe T
gfoter & 38 AT FAT Gk § AT 58 gemT ot g €
At #Hwr ufkfos & au 2|

Fig. 6 I¥4 & &ew¥ & w9 # fa@mn @ 2|

Fig6

Clear

URETHANE
SEAL COAT

9108 & GeNERaTOR WHDF

COATING INSULATOR

Ical - Electronic -

Hard, Fiibie, purable 1™

i, ,OChemical resistant
2, Alrdry - one comy

CO0E 208

Fitew afskam (Coating process)

Fifew weRae fafvww ad=wt & any fFar s aFar & afim,
T v ffe &l

uF i afhe a1 FIET FA & T8t aT% fFar e Jnfey
T dr-ATTRRTES T ST =ik

FHIfeT & forg o fahg i aet fafsrr ==or (The following
steps are used for coating)

1 T ar% foar srar @

2 wxfara &= S efimer O #eey & e a1 et fIar
ST 2|

3 FfEw & PCB ¥ 3% AT & 91 a¥® ¥ TF &F
STRAT & ITANT F¥a A fhar St 2|

4 FEr F, FET @R F FgAR TR G s TRl
(Fg g&, Taw gEt ar UV I&mr #9R)

5 TR geT 47 STy € e 3Rt off gety Ty fewt 7 e &
gagT f3RaT Strar &1

forgtwament g wifET % v (Characteristics Conformal Coating Type)

fagiward (Characteristics) FIET FRT * TFR (Conformal Coating Type)

Ut | Uhkle® AR fafer= (Paraxylylene)
IS v v v
qH TS v v
TATIH v v
Tt st v v v
Aqde 944, 9gd aoqd 4 v v
qde d44, TSqd 4 v
qde JEF, A v v
AT e, el v
e wfafwar v
IRERIR:GES v v v v v
T foeqt aqe v v v v
THHSY e v v v
qef THFI qAT v
T (FeT) AT v
ECEIRCES v
X v v
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YT FHET I g™ F a<rk (Conformal Coating Removal
Methods)

et sraT aX afue gedt #t agad & fog afde a1 & uF
FIET FST F ECHT ATAWF S| FH F g™ & forg
ITANT &Y T arelt At st amft #fEr e F arr-ary
87 % e g iR famar smar @ gl faftat e
gl

R CEIRED

. Slaw arr
/A - g

* HTEh faepre

o e /e

fa@m® g™ (Solvent Removal) : stfeeier sigew aifer
faemas gem % forg @fey 2, et 78 & fFar smn =fe
& faems atfde aic 9% AW ar ged F JEE agETT
uffes @cden & forg @ew dagsiiar & g@forg S sam
ge; AT, A oM s w9 & F#9 gagmfiar 21
faomers % ar axfora (Parlylene) Reqae 7@€t famm st asar
gl

B aren (Peeling) : 8 SgwT &ifew dfde aic & A
form smar w@ar 2| fafowa sgEr #ifén R 3B A=
FGET FIT Ster A A & gerar s Gwar 2|

qHa/a= ¥ (Thermal/Burn - through) : FfET ge™ it uF
ATH A FF BT & ATSH § ATHE & ST 347 & FAifH
S T T & amar S €| g # ageT F Sie et H
g™ & forg famm < a@ar 2|

wTEw famwie (Micro blasting) : @ger faesie FifeT i st
% forw gemew wdwr iR @ fifeq gar & uw Ffea o v

STIRT F¥a ST HSTE H geT aar & | Tfkar & e
FIfTE & SIS &A1 B ge™ & forg STANT fam T FReT
Tl ST gutRdt RS F1 ged GHT THHT g9 AFAF
ST faar Srar 2|

drae /@R (Grinding/Scraping) : & fafer & affe a1 =t
uF FfET g AgET F:ET ger & At g1 aw fafy '
FIARAA FISH, S A, gl AT WA gLaT & aro
ferh ToTaeTTelt & | 39 fafer &1 ST daer sifaw Samr fafer &
w9 ¥ o omar @, #®itEs w9 erfa @1 = R s aewar @1

qHe (Thermal) : o9 BeT dai® (ATET qAT % ATEAT &
o % o Seefar Staa &1 ST |ftd) ST #it e
W FH G HH A awA1 © | AfEewier dgew #i fow & fou
I AMF ATIH AR/AT oS TEEAS HT A SATaeAHAT
Al © | 99 BeW & atSt § qde ATSC IS H IS HT HIL &
HHAT | ATIH HAGAIA TeFh SlAuwd e dhd | Ageq
FIET & ATAT & TAd qAT AAIH AE@EHT qLA4T A8y
T F& F{eW agd Ao AT IATA HIAT & AT AT &l
T FIA AT IS ATHIE & ARN & (o7 GALATE Sl 2 |

git=t (Mechanical)

T T AFATH B & (oIT FI(CHT & &F F FTeA, A,
FFST a7 BHiGT ;A S| T, AT ATET FifeT aga
FHieT AT TYOT Ffreft & o aE F THAW 7 AWEAT aga
sifere &t St 2

TEEt® (Chemical) : TA™AE ge™ it a@dis e ar
IEF TEH FT TAT(AA Y AT e Ffew F:1 ge™ 31 qaq
AR bt oY | fhT @t ergeE & forw w6 ofr @
o 7€ 2, T 3o Al § w3 faos ffagd sy
TE gl
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TAFTF AT BT I 3.2.184 & 3.2.199 3 gwfRE ReEia
TAFIE Ahtaw - SMD gl 3w o

I FE FAT AR AW & F@meenst 8 saw (Introduction to rework and repair
concepts)

IqA 1 3 UG F F § oA At F w an g
* Tieg ATEH, Aiee? A, =RAT, 9T T e Y- aree |

Tqiee¥ /e (Solder mask) Fig 1b
Tqleey HIwh AT LT HEh AT Tlegy TTawre ARSI e
afthe, e i quenst & faors gean # fov s g
gf¥e a1 (PCB) & afaT Tefat 0¥ W] UF 9dell I¥d agas
2| AT AiEh agaF #1 UF qact 9d & A Awean gt awt
Hiee¥ 9T § HieeY Il &t UHA & forg | U Ay foet, Ay
& UF DI § aled & WA & &1 A1aH & a1 U 9 [aga
FAFE € | TF I AN 81 I, ies¥ A § Gra & forg stet
ff gew diee gd &1 I8 Welforaurd =T G SmEr €,
TleeY Hi®h ST O § 8¢ Sar € dAfh o/ &g Wi #
I 2 |

o & (Green)

+ ¥eo 84 (Matte Green)

o < (Red)

. (Blue)

e (Yellow)

. @ (White)

o & (Black)

+  Hea Frar (Matte Black)

HieeY AiEh § SATETEY &Y OT HT YAWT fobar Simar & s f
(Fig.1a) gotam T 21| =¥ (fig 1b) ® gwrian @ 1

Aieex Awies star & (fig. 2a s 2b) & fwmar mar & siae it
Tt & e a¥ fafSer difear & smar 2|

Fig 1a

Fig 2b

SOLDER MASK COVERS UP THE SIGNAL TRACES BUT LEAVES
THE PADS TO SOLDER.
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TIE FH AR aTedT les ¥ ATEh ST a¥ar & &t f PCB 9¥
e & AT | W9 &6 T S @, o g At
g,

AT Flerisad dleeY #Aieh (LPSM)
Tdt fe weristad (DFSM)

LPSM frea¥ &fier &t st &1 SiidY @ ¥ PCB, 9 f@esE
fFar st @, fed ST AT ST @ R i ' A fFu
S ATt fewmt & St & forw e § @iow & forw e B
ST 2

PCB # DFSM dag# dfte © fihe waaaia =ix fasfad |

ded & qfeaTiia 8 & arg ¥ di gfhard aeer =T &
A & S 2

Tqiee? ST (Solder joints)

PCB & famfur # #ieex Siig agd Aeayuf & %41 % (Fig.3a
#T 3b) ® FwriAT AT T

Fig 3a

-

PR Y 'ﬂ"'
o ;

: R L AV vl

b { TEE |

~, W TR LA { iV
L Do T T |
R ‘.:‘:;r:'-ﬂ'i: wmqa‘l;__ '.

SR DA |

(Fig.4) |teex sTret &1 fafer =t 1€ PCB fewmar &1

Fig 4

GOOD JOINT

(volcano shape)

shiny ' :

I | dull
soider copper tracks solder
oomponemL PCB or

oad I I I stripboard

component

BAD JOINT
(dry joint)

=BT FieeY ST (Good solder joint)

AT leex TIe 9= Bl & N feft off gwerm &1
& a9 | T = Flee¥ Sl wwhe A forg g, v
Tad agd i Atee A2 &A1 =TT S & (fig.5) § gurtar
T 2|

Fig 5

IERREERN r}"I

1

¢ X AT AS Y9 8

o TE ITFI F HH HIA A8l T |

o HWEAT ¥ fF Sy @Y swaT | fawd war g
« 7% gffe § MY AT 2|

HYH % T AIeY F1 G ST T AaA AT AT |
FUT Atee? AEeH (Poor solder joints)

YT €T § a5 ATUF Alee @ FAIST FT FHI a9 T &
ST f¥ (fig. 6a, 6b, 6¢) & FurtaT TAT &

Fig 6a
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Set w¥ sAfaf¥ a@ee¥ (Excess solder on joints)

gfeq affe aiet ov afs aga (fos diee &1 ITART e Srar
€ a1 T8 UF A Afdhe & FLT gAY ¢F T el T & o F
(fig.7a i< 7b) & Furtar mm 2|

Fig 7a

Fig 7b

'YEEXEEEEEERRR D DD D
]

A1)

7k g (Dry joints)

e Se, Aty el @ ger auen 98 & ¥ A s
e g AvE & afte @i #%d €, A7 T SfaveaT, I
Sfa=ter ar ¥ & "@ad | gl A1 smavaw & % Gy o
TG ITHLOT | FE FaAT Ales < 1S Aog 7 & |

I SIST &1 Te9™ HAT ATE € s 3 (fig.8a 1Y 8b) &
AT T 2| =0 Al ATS THFIAR Bid &, el Yo sArst
# ged a1 #e e gt 21

Fig 8a

Fig 8b
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S UF Y AE TAT AT & A A I Ao F FerAT AT
TR X 7% gfeaa #e & fow & o sro1 Siw awmn
AU, 3T fRT & giee far smar =R

¥ (Tracks)

ATHAT X & A & forer i ergeifaa wes 78 &1 ¢ &7
ara fewme, wfdw @w i fam & forg smavasargar
fsiT waT | o Roea § AR saweard #1 uw de g
ST IS T ¢F & 19 agd 8t q%aT & | UF AT IHET & w7
¥ dF Ae ded¥ €| 9 &% ® 7 DC wfadiy gar &, &9
sfereTaw w&® # forg fmfar & forg smam i @& & awar
g, e e o Read =< & off e & ahar 21 & &
e # A=l @i 3w | oW Retgym w el s
SereYw & fow, uF fAmtar 10/8 ¢ /@9 Iga #T a&ar |
T AT I € fF &% 10 thou & oft 9 =Y & @k &, A
&%, a1 9T a1 ¢F & faeft fRwd & dfiw v g afar 118 thou
# T TE BT AFd © TeA AR G F AT, AW AT I 4
(thou) & Iza ok maT | IPC &2 4 thou mast fe &ar
* ®T H FgAAT FLAT 2

ST TF £ %7 1/1000th = 1 thou (0.001 3=)

ST 6 (Fig.9) ® aurtar 7= & it PCB WX ¢ fimmar &1
Fig 9

(Fig. 10) PCB X &rfenre ¢ famamar & foms aewa &t strer
zl

Fig 10

Igw (Pads)
(Fig. 11) PCB &ew & auifar &1

Fig 11

cn‘oanauuun aouaaauo aan_eoao oaacun"cn CEX

U ATHY, ATHT N ATATH 1S T THGT FIA & folg ITART
faFT o ATt Tew 9 AR F3T | 9/8T g F w9 | S
T ATl U AR IR 8| 98 87 & AR 7 9%
ATHTY & JGIT 2 | 4 & BT & &« 9 § FH 1.8 AT, a1 FH
&9 0.5 fieft s=7 emr Tfeu| o' @@ geasfiaar & forg
oY fyer T i oAt w® Fegla @ sy &1 9w s
fomer 9 =i 37 aw & fog o srfdes weayet &t omar §,
MY fasia =7 & vias & forw gl | gfaest, Fafex «@iv
TEE JF FeH & forg 98 @rsEr 70 thou g7 =R, mam
A €| ey e (DIL) Tes I |C e AR & 9% &1

T 7 O 1 AT TR BT F1RY Y o fOe et
7 eI S|

(Fig.12) srfemre S fewmar & @ q=: et o st 21

Fig 12
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wee g-giw (Plated-Through Hole)

g B s, PCB § STl T goiaglfa® gehi & fog
ITATT Y ST ATeAT TSAT Tt Ft T FEAT & Y AG3TA
AT AT WETTord Fafe Arde wefiat g fAudia 91 § At
# AT & | PCB #t %aet g%t v gfad &% g el ag
It &l F ITAET AT AT 2, AR Y ag-ma A oA
ITAT FX @ 2| 3T a¥e, BT F AT & UF XA, A e §
8% & Wrew ¥ % av | (PTH), @S ¢ &« (Fig.13) &
FA T 9T a1 § UF ©Wee-9%, 99 2|

Fig 13

©de-BT, DT FT IUINT THl &1 ATTRF JAEHT I2dl &
e A 3N vias qTHS Tl & a e SdC-heoar a1+ & forg
o Strar @

PTH, segiforfae stmae & 8¢ e [y st % are b swar
g, f #ier a9 & forg afer seagicee eidar €, siad: aref
FT @A T ST €, WY o4Tg % 6 qgr A & 3% #
T e & WAT Yfad Afbe g€ F q=xAl @1 g@r W AR
FXAT 8, FTAi 37 W & forw Faer &7 & W 47g F STANT
f3aT STaT €1 TF PCB & #Tead & 87 AR 0% Sic &9 &
ary 3o fe st &, e fem siw afta dme #efge & o=
g & (Fig.14) stEted =i faamr &, 5@ PTH a vias sifarea
g X 7ewE & fore gwwer R S ' 2

Fig 14
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TATRIE AR FTEAAX

FawIE Ahe® - SMD #ieR siv R

v 3.2.184 & 3.2.199 ¥ mwifta =

ser-se@m SMDs &1 deedn e |eedint (Desoldering & soldering of individual

SMDs)

T2 - 39 T1S & AT § N9 Aeferfad &1 w3 I 8 ¢

o - SMD frarres #r faftat sand

o FAN-HAT SMD’s F et w2t A iRt &+t qamex
* qaE AEe Rargw w1 srivae afkar (SMT) &t gt =gy
o JT-THAE AEA & SMT F FIE FR THa |

SMD wrei EEteeRat (Desoldering of SMD components)

SMD #t FTEor A T fe a7 gfe Ta¥ sied i Faifora #37
arer fasiT GieeRa el T ITAT F¥F AT ST bl &
I IqAl T & aAT ST 9IS T oA HT ITANT
T TCHl H TT & |

TF SMD &t g2 & forg &t et & & affe 9 ¥ A¥e €,
AT AT TSR o X RMA (Ufae, &e & & afe)
TATE (A¥ AT U%E) & TF A &1 ATaSHaT SRl | a9 & Ay
Y AT 3 ATFHL FIAT 2, FAY AT I8 Fo et &
GUECEEE ]

FAHT & AT S AT S aTedT s3I T uF & g 7
(7R IE 3T d¥e § Tl AT Fieex, TS T ST 3T -
¥ TF ARy 9ffe &1 9i% § | ey, due ¥ faww
(wick) B ST | 7T % S &1 &7 ITANT el T aTe fhar
ST AT &, TATTT T T & 918 39 37 #¢ | T30 Aiee¥
Se & oI #% a) 380 99 a% & ¥l s (Jgd adar
fhew 1 Sie®<) & g1 faar 7= & |

fradt & AT gew H THSr M} T i Bied F fow fiR-fiR
Tl (Fer 72T A AT 9 IoT " 7) | AT Tew e & Refier
A&l AT & af aru| ATd Y AT HieeY g 1 TA™
Eadl

TE THAIE, B FA & 0 g Y T €, @ty uw
HEATU TRATTHAT 9¢ JAE T & T8 AR S W d 55
TEHT FI TRATSTAT IT T FLA & ool AN F1€ I F FE
TEH H BT BT TIATH FY |

SMD =es#t % S|t (Soldering of SMDs compo-
nents)

#fthe T H AFAATIES Aee¥ SMD el & HicE FA & 75
% 2| T8 gAY # godT A e W B 8, HiY 39
faoiy g (F9 AieY T, STt T3S Afey X FAae &l
forsror gtar @) ar o Iy (SMD €t dieeY &) & ITAT
# ATFTHIFAT Bl 2 |

Tiee¥ SMD & e @4 d¥isi & & U% & fF g2 PC a1 W
fRrfa o aewt F Fuwd, R Faema w7 dieeT w9 | Tk
o e &

76

o o AT ST FT ITINT FXF, A UL Tl & f&d
F | sTSefeT &t gae |

o I F Ald W ATHE UH AT ATAAS =AY U F AT W@ AT
a% f& 75 =wiear | us oy WX AT wgfas sowed & arx
fareft oft sraiw & forer 91

o THN HiWe F ITAN F¥H GeH Ht feafd § o | uw
TAfF & oid § HiHe oy, e afdhe a1 § e 3 97
AN FEA & forg gafie w1 Imnr #¢ | 8% av Ot o sere
TR Fg MG 7 o T8l AT AL H JaT€ FIAT =78t © |

o oY TAfF & AT FTHl & ha aiawt F T o 2 |
afe TeF Foar &, af 3 6T & T T F T FH

*  UF TAIF FT ITAN FT HeF A A I8 ¥ RMA T6R
TATE AT | ST FAFH HI AT F A8l AT qles¥ TATE
FIAT AR & | TATE FT F14 9% AR 72 F oy sma=ans
w9 § Aiee A foF & W &7 d=1a FAT © | ¥are o daqe
ATHATSE FI &1 AT &, ST Hiee¥ AT HF % HhT 2|

o T H A=l o (600°F) &ef #¥ | Hew ¥ drer Wt oy
T FY (TE e & dFHar 2 )

* UIF FW F (e I H Bid &A™ 63/37 Aee¥ (0.020"
F= AE F FW FAT ) AN F| ieeX qeH T 8
ST Y ek MY O & S UF Iigar o471 37|

o Tl F 3TT &M 3 31X RATET stewiea & a1 Ya1€ H
BT 3 | 4X FST T AT T AT SAEEF W19 & A1y Freror
FY| FleeT S TH Aaqel TIgHT, Isoaer AT oy fHeher
gift =fee ST & Fig 1 & sortar @ €1

fa=r¥ (Conclusion)

Fig 1
SOLDER FILLET
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SMD & |T & FTAT FAIATIUT 8F T&T &, AT T aF® §
HEA BT Fe AeT 9 T AW g7 =ATfey | TEe-g-
qtse AR & gfea afde aiet § dFa0 A1 a¥E, T8 TRARE
J-BIT AHAE % TH & Al AT B D ATIIHAT € |

Tqag-ATSE ™= qiwaT (Surface - Mount Assembly pro-
cess)

MICRO FOOT Wig#ed Tde- ATSHe ATl ATIRIA § TAles<
v ffd, sewt wt TEnT, Y dteeY vt & wfde €1 7
gfaT flow chart & R mw 21

SMT & sEeett ufwan yare e (SMT Assembly process
flow chart)

T AT 29 T et e

N
Ares T awe fuféw

kY

W

EMN32184E3

@i fesrgs (Stencil design) : & fesiregw dieex st
Tl (S & e oY st dieey 7)) & et Iuw
FaeAtar o srftrraw diee v swmEe giafsaa & #it
Foft 2| Rfier UF 9 afar 9% R, "ieeY Aieh gied, 1Y
Aleey Tee &1 AT ¥ AR 2

FEAN WA Wiers FoH O (A3 $e) 0.80mm foer Iamat,
0.1mm (4 mils) wTget $e 0.5 faeft fo=r 7ehed (MOSFETS),

oA @, g @ uw f (UCSP) AT &=, i 0.4 et
forer 7ee (MOSFET) @&t & forw 0.125 firft (5 mils) 21

Tiee? 9= BiféT (Solder Paste Printing)

Hiee¥ I It § qa19 % aed & Arew § f-fewize oy
& ATEAT & HieeY I H TqeAT MAST & Hies¥ I uifad &
eutectic 63Sn/37Pb X &% #ieex U& AT e (Pb)-wr
95.5Sn3.8Ag0.7Cu T HTF Aice¥ T WA HX@UT TEHdAT
+ 50um &mr =rfeu | faféw & forg ew 3 (25 um & 45 um
Fifor e #AT) a1 SiF deey U FT ITANT FIA At
ST # ST | AteeY e ffET dxnfiew i faftre e
wefat & forg weE wiwaret &1 ITET W Sggiod
ST =R arfF R® A w @t i % fow seew v s
gfafeaa et a% | fifdr o= & dvm s &afee & amw

FIAT qgd A & |

Fig 4

Squeeg

Pastr solder
(for screen printing)

|~———— Mask

Pad

-
EMN32184E4

e T@F Ufeshe a1 8Y gAY e & ame, foradr
T G & Hob QAT H qT6 <, I 9T & Al Meil aorg
# qET AT AMRY | 360G IO 190 B &7 F9 § AGS (AT,
FrEAR T 9 AT a9 § f & A7

R f= i w@#e (Chip Pick and Placement)

HIEHT FE AT & qihe Tt qTed o Tl & ISTAT AT qhal &
AR T fUh-ue-Tad ITHL0 & ary He PCB 9= T@&r o1
Tar & | Rarga &Y ofid dde @<= & g9+ & fom s A%
A fIFaT ITHI (ATS) F ITART fFar ST AR,
forers TR wrEwE R % fore | fFeee arsd wmw
et &1 TfRumwet "wdr &1 fw-ve-ow weiv gfe yomedt o
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Arge-ATgen fawer &1 I g fFFr S =Ry 99 U
FRETT T97 A IR F ITIANT FIA & a9 TEA R
qfw eredr gfeaa & o g% | F F Gy o e @,
HIET H =BT d¥e & qATY T AT AT aATfeh FAT 3T HF
S ged F aF e & Hiae ITHN F TAd G@T AT IO
faeTa &7 FRT a9 @ |

el oft Suaewr & fRagw & d@9d § oW 9¥ ITATHAT H
Fafis @ FAT ARy | fRAferst i o & a7 € o)
AT & HEE & AefA & dwar § e oiv weHe &
FI ST HiEHT F1 Wb & for, freerT % e fisw-ve-<w
ad 150 g & F9 g1 =1fev | fFgfe & W FiE aa ar) F
FY ATTTIHAT TSI & | T FFEHAT HF AT & o 9 A1 FAE &
20 % % 918 PCB ¥ Afeey 9% a8 # el 91 | eretifes feear
Tieex Rt & W @ Faa e | siftrwaw <iadie sitwde
0.02 mm &1 S f¥ (fig 5) & Fwrfar w21

Fig 5

EMN32184E5

-t wfskam (Reflow Process)

AIEHT Fe IAE qHT ITNT diee Rt wiwamst & ar &va
A Pt sfrarett & forg &@va 8 | seaw ateRfaferd gifeaa
A & forw Rt Atee & S Arggee g% & e
F AT &1 FE T TLO H 9A0OAA &

* gd-TR (Preheat) : Ted THA FAT F HreAH § qfRaw F |

o iwt (Preflow) : I& WO qF T AT IT-91T THI
futRa war 21

o e Rw=t (Reflow (wetting)) : o€ fewaT awafas Rer
F1 &w fAEifae #3ar & FAaw e ar (TP) sy g
F foraer fog & aifds &t st 2|

e 3T-TEA (Cooldown) : FET & ATIA ITA & & 19,
PCB o=t sfiaw & T e & ot & | ofidad ax - 4
°Cls & =ifer 72t gt =rfeu |

wate a6 (Flux Cleaning)

HAEH FE IATE g AT Tee-Aics? qlg TfHate & arg
1 gia &, fomd o o, dnifaeee i ataas i
g | SIS ITHLON A T ITHUI & 9 = F F &l @9
TETE THATH 1 SATI9IHAT &l 2 |

Aieew @ fAteror (Solder Joint Inspection)

7 Ao ar ArgwEE T 9% T @vEn JiR feafdr @ gfe
X T & | TEE-¥ Aeror F1 ST A¥ gerEE ey st

gt st o arefe, ater fafSeT siie amvar w6t & feafoa &
& forg faem ST dFar @1 s SR a7 SR ey
TS UrETT H AATAT HF & forg G S a6 €| avferst 7
H ATEHT e IRl F oy ST s fafden & e 1

Fig 6

Crack in 1005-sizo
capacitor due 1o solder
wetting failure

Soldar joint failure in
] 1005-size resistor g
| due 1o “floating”
i e

EMN32184E6

9= &1 (Rework)

PCB 9% ATE#! Fe IaTal #t Sfaerfid #3= & fog, RareRr

gfeam #w® BGA a1 CSP, & fog Retesfiar wferar & awe 2,

A THT dF T Qs ST I Rt TeEd it gierhe

FAT 2| Yor =0 AR &

1. go Rt THEd & @9 ®HEgd a9 & [ TF daed
TS T ITANT FH ATEH Fe amsd # ger 3| A= &
T8 & TEH FX |

2. U X AT 7 AT98 + 190 °C, 8 S+ & ara, Sfaeertua
FE & g 9T &t gem & forw e & s w1

3. A i SR sERa &7 ITFnT #3h O # I
qor FX |

4. I3 % i« yaTE AT #|

5. Sfeemas & T A & forg degw g8 fos-a fow &1 Iwwr
FX, A 3/ qdF T & forg wede T w1 3T w1 |

6. o HaEF TS § A @A gU, AT Fae Aol AL A=
# T8t & TH FTH AET S |

QI Y-E qFeE T SMT T AT R T

ITAfEr @ Fedt Wi & vy fAwfha gar 2| Atew PCBA
fests # uF PCB: WX Wed wewl & af g adis ¢, 8% aad
A ade T8d & " q|

¥-8e AefeT (& v wH) (Through Hole Mounting (THM)):

ST F ATAT | TSH &1 Y g&4 & ATAT & 3 PCB 1€ &
w1 & f3e 3y U S & @ 9t @ | THM gfea afde i€

Fig 7

EMN32184E7
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SEAAT T IeIEH XA & (oY A award o, dAfeee 78 o
aRferfoat # waer Aise fAous g @rw T O a¥e & a5
fR=m = o)

®™e (Advantages) : THM ASigd & atwe a=me SMT
THATE TG FLAT &, ST TeH & fog B¢ ATe & ATHAA F 47
TEAT & S AT a9 & oY a1 € | 3T & forg, 8% &
AT &, STY(AE STEaclt AT § Faded qT AR F9eF o F UF
FEEEY & fBdes ifae gmWT Sar €, g st
gfeear &1 e 78 &1

FFa™ (Disadvantages) : a¥ PCB 7&7 #, THM &t 8%
f3fenr ot sraweswar eidt & S 37 Tfs gug FArdt &I
AT AT IATET F3 & forg | THM farefy +ft wdietae aiet o®
IqAe w7 H off e wear &, :ife e s aft
PCB Al & TTeAT BRI | sTdaet 787 9¢, THM % forg wres
& Wt Sl €| 3@% sramar, THM &t ar, gfHar, an em-
AT TEHATHRT & ITINT & ATATIAFAT ST & ST TART TS
F forw ST fabg s ater Roelt sftaq & &9 weads #ix
Frew T &l

Roet Aieew wiFwam &1 fa@wor (Reflow Solder Process

Description)

gramdr Rt ey wiwar & it © s gea afde o
(PCB) % # w7 & fAgfth X a1fea 9T o¥ uF aiey 9% &1
IUANT, ST STETAT FF T & et & e 9w # Ay o
Srar @ (Reett) | PCB & et fewd & sfierr &t siar & aifeq
Tleex IfgaT FraRE & TRUTHEET qaTfe |

A) SMT g firsror SMT g % Rt atee R #t 7T & &7 &
IR FX @ | TN T qES # wu dw fAafader R
gk & uF Aeaqe 9% ¢ |

B) u% fe=irza &t &+t @[ @eeiiear &t J&d gy 9% # W
#r fgfteat givwa 72t et & (3@, KEMET gfterde gafed
Tde ATSe - WIS 9% oA S fa=me) | |ty 9w &t
YT FIA AT AN HT @AIRA F % forg PCB & gieaiefe &
T IGHA & A AR | Do TREN & [ JiX
e 9 AT & q18 AT JAAC B AIGS (T & d1G ATHA §¢
# gfe % fog femmr w2

C) aRumEeT gy sitg, TRumEsT W & g
fraforfaa feyet smeed T a1lew: Ted & & gEam, g&
g & Ted T ¥ fAfed sttty aieergst areded #t grEd we
& forg e StaT 21 g% dieeY TSN MY UTg & #as W
FARAT TFE JE FXA H GEEAr #¥ar & PCB, Aty %,

TaE Aise MARE (Td 7o &) (Surface Mount Technol-
ogy (SMT)) : SMT U= THY dais & e e & #e PCB
ddE I FEMT MH & |

wr™e (Advantages) : SMT 8¢ PCB AT 3= 92 ¥4,
A S ST HRT & qTT FH FLA B SAGAT ol & | TH
feferT ST &1 ArawHdr dr & SMT FH aFd a9 SATeT a9
# SAfT AT | FAHIAT & 3T SMT e e, J_t dF
o got, ufer 9 W & @ 9¥ & @%6dT 8, THM UF &9
F off &7 | Hice¥ G Tod awals & AreAw § MurHe Rt
AT FT ITANT X AGH fFaaa i geww aww |
SMT &t =tferss fee e e i o feemt § sgax weela
e & forg feamer mar 21

FFa= (Disadvantages) : SMT &t @&t & stfawadT s
Fifxat a9ma % T & forg uwATy oeme fafeyr & w0 & 3w
T3 STTAT (AT ATEET ITHT AT AT J AT FAT B §) |

T AT, Ade 981 & DT dgH & HIAW § AWT SHIAT
it Fore A AW THET Arfed S | g|eT ITT oS 90
gfaed PCBA & f3m Strar € | grerifs # faham strar | ertif,
famty #ife, faga o wvie faamet & wiier § o=t e &
AT w@a F o, THM, &1 smasarehar sy &y

AR AT % fUaem fag & @ ame & forg efiRew &t
T & oy i -t #T a9 | Jiee aH e & ava
T fag O AT W FT IS & forg srfarfes T sEaer
Aiee¥ % vl foee fag 8-60 Sn/36 Pb/2 Ag AT # forg
aea fag 179 C 2| srfafes wit & @it w7 # fog it
farar ST =fey, Fo fowt § Aedql AT ST ATTHTT
T FUX &, IS ATIH & I SIGho aTIHT d% o7 &f |

Ade ded & forg Afgdia ST & geragifAeg & dde Jem &
forg fAeror o v | Aiee R Iusver anfier €, onft a%
qfRua 2T gelT & | FTSTY Tae-¥ MY oY qeeatod et
STHIW F 37 G THR | TTAi’F, 2 & 10X, % g9 fdveqor
T ATRAHII FAFTR HATAIT, AT AT ATTLR AT F ATGRIERT
& ITANT w3 afes fRr fRedr @ (X 9% i & ferfaet
# Sgd¥ Te9d wedr |

QAT 4= #T SMT & @t smaed (Solder Paste and
Its Application in SMT) :

Aleey 9 AT AleeY FIW I8 UF 4T aTeh # 3% qles¥ HIT
& fAcia | goiagifaerT STNT §, Glee¥ T &1 TATT dder
we SEfET (SMT) & gfé affe at€ o atee SMD &=+
& ferg f3ham Star 2| Tifdawar & Hae &t aifed free &t I
FT U FAM & oIy Farar S Gar & | faviw grgett & forg o
TEATEA &l dgaq & forg sifafRes emgett #t ST A1 @t 2|
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AT ATHIY AR AT, &7 AR =T yare & fafswe ot
F fou 9w g & fo e R ST d%dar @) deeY 9 &
ST |

Hiee¥ U T o1 (TS % aT1) 31 efre-i (famr faeft ofie %)
T e 2| 7 foar el o Aieex 9% &, #i5 ' A7 qrr
oefier AET &7 FHAT &, AR & a1 9IS FT ATE FLA Al
ATAYAHAT TR &, THT goaefiiet Atee¥ I et & fom famefr
THFAE & T § gAaeia

Aiee¥ T Uferhor & 99 Alee¥ SIS H I &< |

1 o= dAfey T ffEr aRumat & sa w7 & o, ==
Alee? T qIAT FT TGOS, TET ITHRIUT AT TET qfshar
AT 2| FEY TF Tlee? T 3T Alee¥ dlY, Alee¥ 91X,
AleeT T TS Afd T e T 7efRaer s+ # s
T 1S 8, AT F AT § qifed deey I A S a1
RART ST TS =g T8 e & forg stffam w7 & e
&, ITATTERAT H TfkAT & e #war TR st s
F ITT FA & forg ST et gkt @ giafraa w9 &
fog 7=t a% & aed =T Aleey W, IUFIOT MY uferharT
faftrar oft sota 7= 2|

Tqles? U= F1 I9=WT FA1 (Using Solder Paste) :

Affe qI< I § JaATE AT FF L& F | IT Te¢H & g1 I8 7
HieeT 9 AN FX fore T &fee¥ AT =med 2 |

Frdt &7 ITANT Xk, geF & quq "qer R 7 @ A =
Fo-di W@ | "R Tawa & 7% w1 I3 9T 9 @ are
TieeY o ST AT T2k AT e & a9 0= F a1g |

Aiee? & A we (Flood with solder) :
AR fore % fog fafy 2

T %ehd § Afbhe 1€ T 98 9 T8 (FAT) AN HEAAT
& | TS Alea¥ H ITAN ¥ (5T & Fi O & & TF Ht
a2 § @ 7| giafeaa # &F fo & i 1w 3 & wedv
foFam T 2|

AlesT 9% & P & W i 98 F oy a9 T F @ a1l
Aiee? i X 9% & g% & foreer & |

o &t dEer #F A9 F7 | Al TE SEE = 9w A9 @ ar fow
2T & & w7 fw w SF & @t w F oy e
AT (RAT AT #T A% I TF Aoy A & 18 [Foia wi
X AR Y TEdt €, f us € awg § affe i€ 9w oiw
o &7 v 2|

o & asft fomt & forg 8 oh-uh e w1

Toft fOY & ieeY (T ST & 919 STIhT T SISt a7 JieeY
I AT AT & org AR AT T F AT AALHIGAF AT
&1 et weAT 9TRul

3t siiw -&fém (Baking and Preheating)

=g wfkar & are & 1t & o I dar w3 & oo gl
#f¥e aE HX PCB s@aefe & afdr efte qd&ifen mfuer 2|
1 afaT (Baking)

ST sraenifya THY #F @ Fe & forg s et star &1 5"
F4 off "daw gfag afde a1 =fiw PCB s@ae Al & o
AR T AT | femefRar, aow a1 o= gae g@e | fiREe
# T % forg fewtee R siiw #ifdw Ao |

2 g (Preheating)

AT T ITANT TS & T T A JTelt Uit & e
& FETET 3 & forg fFFar Sirar & i afdhe S &1 araHe w®it
e % forg FAesR i fediee R sitaRe =+t siftrs aoft &
IRT A FT At e 2|

3 #ew gt (Auxiliary Heating)

FeTIF Eifew THT & gE¥ e & Afafies 2| a€ uw TH gar
ITF, AT UF gAY Alee LI & & 6Fal & Aara ofeh av
TET QAT & FAA AT B HeH & WHAH & T a9
sfafRe Tl gam FAT uF g 2|

4 =¥t wieEe (Thermal Profiles)

g e aoft, f &a 39w, 9 fGor fw 3t &
ITHIITT FT B AT WG FE & [T T ATOATT TThEd &
ot Y srTEvERAT & dHar 2|

arayTar (Caution)

afdmr e fidifer wftmnet & @@ & g1 S =R
arfe 78 giafeaa e o a% fF amme o a9 7% I
fFu U I W oFH A FA | wafawer & Rafoar w®
g & Fg Wt ghfeaa G s =R & a gt &
IR I 1o, A7 AT Ieag #1 adqel & gfoa 7 5 |

EEATT ITHIW &1 =79 (Selection of Haedware Tools):
TR T A 3T DR Fed & forg afR=mr

Aferrior 33w & foru, s iR < wefiw &1 === &9 a<ar
ot § fasnfora fFar ST |sar @

1 78 qass & foru Iusw 8 Suaewr fAfde #3 2|
2 U IS ATASAHATAT HF TIAT:

o wfa/eraar

o AFAW AT FAAH TEHF ATHR

o FEF AR FEFAT

¢ T AR T ATHR

* HTH BT H q@AT AR THR

80 TAFEIF Ahierh - (NSQF ®¥ 5) - 319 3.2.184 & 3.2.199 &/ qwifee R



Fig 1

EMN32184F1

SMD et st (SMD Reflow Oven)

Rt sfaw 7= w9 & gfaa afde 7€ (PCB) % forw waet
IS TS Tl & Rt Ao & forg Suar #t 9=
Freir 79t 2

Rt sitae afsear fiftoer v o=

Rt eftaw qaet AT M § Fa8 Ayl e dari®
| SHH ATTF T & HETEA B, FYET, e aTed gaaei 4,
farar affe, =, LED «nsfen X &2 o= Iann afeq &2
SANT F AF ©T & ITANT fHAT Sar &1 wafew & i
TAFETH STFLUN H D% & A€ HISS & ATATW & TRafdd
T SITaT @, 3R SiiaT STaem T 89 dies R afes T SahT §
ae w1

¥ SMT e Jgd ATEd | T & ot atee¥ 9%, Jiad wofi,
SMT wefi ¥ Rt stiaw weie ot i e gid & | wofi &
forg, T e & gomT 7, T ITHT W AL HAN UR,
g fafén wofim & forg, efiw wifas o & -t &t Foft
Rt stfa & 2

e 9% (Sn63Pb37) 183 feaft & fuerer oy, afe wimw ws
AT € a9MT qTed & Al dfeeT echesfed AfF o
ATTHT & 0.5-3. 5um gexdartont AR # Ater g J1Ry,
STt 10-15, & fireer fig & e 83fe 195-200 2 | affe 7€
U AT IUHLON HT ATTHAH ATIH ATHAAIX 9T 240
foft 2, safom <fie afeew & fow, smest afe sl faeat
195-240 it 21

AT g AleeY T F faew &1 fag #1 aRadw & Fror &
afed wfkar # de-geh afew & 2 g afedw o €1 -t
Tles¥ I Sn96AGO.5Cu—3.5um%3ﬁTﬁﬂ?~lﬁﬁ§217—221
fft 21 srsor fie-t @ieey Y 0.5-35um #ieTs Sexdersfos
A e arowe wfea &g 10-15 f&ft & v gr =y,
Ao 3T F frg, 230-230 fafr 21 G dfesht Az
TAFZ(H ITFLUN T IJeAAH ATIHTT AT T, AT eAre-
o AR & forg smmaet afeeT gl et 230-245 ffr 21
ke et & et &+t afesr quraar gafeaa s & oo ot
FAHAAT AT &, Y A= a9 AieeRar Iuweon & fRrar
A fFvmEar & e S=1 smawsan o o &1 w=itE
ST @ TAFE (A agg gigad amue fear & ary
foere glar 8, Tt atar % e § frwar & e fRfdw
g & amEE fear Saw g @, gafe de-wr R
sftaer & fsear e § afesw & wiwar & qurenfoa B s
HHAT & ATIH et agd St & I €, 7€ wfeArs & forg
Ot ofre-%r Rt 2|

Fig 1

EMN32184D1
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TAFT® T B
TATNE AH(TH - T IJTHIT

s 3.3.200 & 3.3.202 & wwfta Rraia

FA-Trae-awr-ar 3w (Fuses-terminology-types-uses)

IgA [ W 96 & o § o ffafad w6 a3 avw g

o gife # ST T AT T
o WA IH F THR H AT F
o faftrer waR & w= ST S ST w ariina #0

WIS &1 I3 (Purpose of fuses) : T% RIS UF GL&T ITHIT
& ot srfafes wate & faers affe 3 gear & I3 & Iw
far ST 8| srafes adw & fafa &, w& ae fear dar e
Y Affe # af & g9 & g 98t gaar 2|

foreed (Symbols) : & ikt Idfist &1 ITANT FeFE AT
AHAES Al § UF [Fgd ® ® e w3 & o
ST 2

TF TS & A T (Fig. 1a)
e ST geaTes A & 9’/ (Fig. 1b)

Fig 1

EMN3320011

ww A fgleat (Placement of fuses) : faga wfoemt 7,
TS EH arEd art (L, L, ML, fig. 2 ¥ i ogEw) #
aTfier gid € Y off dewr t (N) # geanes 7=t Y@ (PE)
dt £ § Tl g 2|

Fig 2

I

EMN3320012

w=gTaat (Terminology)

™= @ (Fuse element) : W1 & 0% fe@m ot & afdhe
e oY @t & forg festreer e mam )

v A (Fuse - carrier) : |9 d@ & oW % fow ge™
ar fewl

W= 99 (Fuse base) : B« #A F T2 F forw Uy
#ffe & w4 & forg efime & ar sew e Tg o w7
fAfeaa fewn|

82

#ve IR (Current rating) : gfema sifteraw w3 st fomm
TR U AT ST gt g 2|

#E # W (Fusing current) : #e @ W ®« d@
et gar &1

FE-ATE FF (Cut - off factor) : Tardt &t feafa & afde =t
Frfea # % fore == & forg g () form stmar 21

wRET #1%F (Fusing factor) | FAAH R FiE AR Fe
T & &=, sgua |

Minimum fusing current
Rated current

T FE =

TF I AEEd TS & (g N wRE 1.4 & 1.7 &% @
FEAAT & A 2.0, dF AT FHAT & Al HRC R F forw 71
1.121

BTeAT(, ATUF AIET E&TT % oI I 7T T § R0 FF
T2 g TRy 1.4 & stfes |

TR AR A FEAAT fohy ST et R W & (Types of fuses

used in domestic wiring) :

ASBESTOS TUBE

FUSE ELEMENT

FUSE-CARRIER

a) FUSE CARRIER CONTACT

FUSE-BASE
CONTACT

b) FUSE BASE UNIT
SEMI - ENCLOSED (KIT - KAT) FUSE UNIT

EMN3320013

o I qEEA TR (up & 200A)

s FREE THR (Up & 1250A)

Ramaa w&g« 791 (Rewirable type fuse (Fig. 3)) : g9
THR & T § FA ad A TF qTE (T & o Aawd® e 9%

FEAT AT THAT & | T RIS AT # 3 & AR AqARF A0 &
HT-AT TS AW agd 5 2 |



3H T | SHAATA (o0 T RS Acl B Ald % dATL, WS AL F4AT
AT fom frr g feme foFarm oaT 2| ot "o oo | ST
% forg femges dtar a1 ar v fafaes a1 % woet adi & sgaTfaa
AT arfordr 1 & fe@m 7 2|

S dd e 2 fufie & are fouen s@ #e Ft #ie v s
T & FXEY qT6F AT & | STeAl(%, Fe ATF THT HILE (37T
& Freor g e giar @

o TATEF H AAT (RIS aTeH/3T9TE F {S)

o @ q0F & TS q A ™|

o TS A @wT ITT |/ A7

o gfR3e #T AW

o FC FH |EAT ATl

TF §S VATE § GEATAE § SIS TS AT H FATEET & T ST
=7fe | aredfas® IfET rferTa ATt @t AT & F0 ar At £ 10.7
& 0.8 FT AHIAL HILH ATHATIH AT LT T FXA o forg sremT-
ST AT 36 I & AT #7 qon FA F forg IwEwT A Strar
gl

I2TE : 35 SWG - afdr & a & 5 Trfta &1 R IS St
g, ¥ GAMIAY | 3 &eq 1 adHT ST 5x3%0.8=12 T
% JYEY Sl & 919 0.8 HHIAY #1¥F & & | forar Simar &1

RarRee v~ ®= # g (Disadvantages of rewirable
type fuse):

o BT F FRO ATFF FRT A ad § rae|
o W@ HT FHI |

el
JAAE | AFATA o ad ¥ AR | et
I T qw T
FEE | SWG |Refrd=am| fefv#
T
15 3 40 12192 --
25 4 39 .13208 -
3.0 5 38 1524 195
4.0 6 37 17272 -
5.0 8 35 21336
55 9 34 23368 -
6.0 10 33 254 307
7.0 11 3R 27432 -
8.0 12 31 29464
85 13 30 .31496 -
9.5 15 -~ 400
10.0 16 29 34544 -
12.0 18 28 37592 -
13.0 20 - A75
13.5 25 - -—- .560
14.0 28 26 4572 -

15.0 30 25 .508 .630
17.0 33 24 .5588 -
18.0 35 - - .710
20.0 38 23 .6096 -
21.0 - -
22.0 45 - - .750
24.0 48 22 7112 .850
25.0 50 - - .90
29.0 58 21 .8128 -
30.0 60 - - 1.00
34.0 70 20 9144 1.22
37.5 80 - - 1.25
38.0 81 19 1.016 --
40.0 90 - - 1.32
43.0 98 - 11176 -
43.5 100 - — 1.40
45.0 106 18 1.2192 -
55.0 120 - - 1.60
62.0 130 - - 1.70
65.0 135 17 1.4224 -
66.0 140 - - 1.80
69.0 150 - - 1.85
73.0 166 16 1.6256 -
75.0 175 - --- 2.06
78.0 197 15 1.8288 -
80.0 200 - - 2.24
102.0 230 14 2.032 -
130.0 295 13 2.3368

o 9RAYT F ATIHE § AR =TT & TATAS

o | AR F ded [eEe & H0 q9aqd fahear
o T A SATIRIA (TS FE-3ATF FHLH)

o IIW TN JEE FAT AT AT

« TG gEA F AAAT (ME Afhe A & d8a)

o AWT I F Toq IET d9T T

16A 3¢ TAATH d RATILEA-THTE T HT ITANT I &AL T¢
& T st =Ry stet e affe @ 2 KA, & afas &, 3w
I AT # = IS AT AT 72t S.C. @Y 4 KA & 1 2|
(1.5.2086-963)

FRIESS T, F(ESE TS Hf AT TS & JHET & IJaA
F forg fasefra o o @ | = aTIeT, |9 39 a% SUANT HiY
ATRAHL & FR0, RaNad ®/ GO 8 A1 & AR A
=1 B 9% o AT F AT FEA & | FAAE BRI T qA
T 4T o1 %87 § Torid gid &, faredt 78 eidl & | 3 0% FRfdee
RIS AT LIS & TEE € & O i & (gt e s awar
| BieTfh, FRgeS T & TfAemoa 7 ana Rawad w7
F goraT | At 2|

FRIZE WA F IT AW F €T A THEG AT AT Fhal &

(Cartridge fuses can be grouped as those with a) :

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia 83



o & gaA T &HaAr (50 FT T geA N &HA)
o I g&A I &THaT (80 KA & FUT T&A &l &THAT Fe)

g &t & oA foret ot sfe & toqer afde F ata
% forg o = a1 SwaT € | F Sl % o1y, F ge & &7war
T ITANT fFHAT 1T @ =l I=9 fth FeE™ SfawsEl & forg,
AT orfe EAtat & g wfawsml & forg, 3= e 3t &war (HRC)
RIS T TN A Srar 2|

FH e H ATHAT FEieE TA F AR Forfor e sw wswan
g
o HEA-8ETE FigsS B (Fig. 4)

Fig4

: GLASS TUBING
—

B Ji=— METAL
END CAP

SOLDER

FUSE OPEN
ELEMENT

(c) OPEN FUSE

EMN3320014

FERRULE - CONTACT CATRIDGE FUSE UNIT

s IES F-IFR FRigS H (Fig. 5)

Fig 5

FOOT
CONTACT

DIAZED SCREW TYPE CATRIDGE FUSE UNIT

EMN3320015

FE-HTE Hfese TS @ 39 IF, (Fig. 4) § fE@mr @ 21
fage e gorgifve afhe # geem & forg s B s 2
¥ 25,50, 100, 200, 250, 500 feft wsew, 31t 1,2,5,6,10,16
T 32 U a7qar § off Sueter € | SITHAIR 9% & If ot
& Y foraT SiTar & 31 gfaenfis F#3a a5 quT &T9aT STFhT
FIAT AT | ITHT ATET HE § FAT & AR TS a1 3 1 FH
& & =7 g 2|

W RS W WS Ade (Fig 4a) § AT ST FHAT © AT
(Fig. 4b) % f3@TT 10 TR & T 91%F ¥, TF 99 & a9 0F
TS a9 W AT A7 FHAT 2 |

STES & THR FR{gse W« a8 (Fig. 5)  fe@mn w e a8 w&
I TATSH T H AT T2 8 | 37 AXE F TS T ITAN F3 a9
# o AR AEtE faga wfaemt & fFr s @ (Fig. 5) ®
famy v fAeferfaa am & aR & gard 21

o 99 W AT B IR 9 (1)

© IS FNE (2)

. i dor o wwE g (3)

o GIEATEF wrteed a1 RfEw R (4)

* ISR AT FA Ak (5)

RIS HIL(goE €S Folfaga GTerell & (o ITaed 8 2, 4, 6, 10,
16, 20, 25, 35, 50 X 63 TFET | T Ffg8 & 3@ & AAH
et LT Ft qeow & oy v e FRfgss it affrfod Fiea
# TF & oy, BT Fiefese & I @961 § Tds AT aqam
% foTT U STT-3TelT AT &1 & (FdAT | 4% @94 & AT St
Eid @) 1% e off AT & T T & Frefgse & forg i
9= # 7% 25 fnft & wfen 99 # uF 35 ufEeR ®e #ries
T ARl qdT|

(Fig. 6) ® ITU®-FT Ffgee # & UF % 3iq¥ fe@mr | 7%
Fges & FAHE TR F1 9 Te & a1 fFamr & o duat
Ft 3% FEAT © | & HUSHT H UF B AR & T6e {HAT v [H
T | THEREE g @ | I3T FiRigee § UF % ieFax erar e | o
TS AT AT AT 1T € @t Ffgss & arex e S|
(Fig. 6) # fe@my 7T 580 FRige & F© WWT 2

Fig 6

EMN3320016

FUSE CATRIDGE

o THT gk (1)
o g% EfeHeT (2)
* HT AT (3)

84 FAFI® Ak - (NSQF & 5) - 309 3.3.200 & 3.3.202 & wwifea Rrgia



o @ 9T (4)

» ffiw w=g= st (5)

o AT A% (6)

S Hifgoe A Tt ffer & & smam wewm & fog, 3%
(Fig. 7) % few@ry s fafers et ox fafss @ & arr fafea
o ST @ | g e 3 & g, us srent v #r eI R
ST 2|

Fig 9

EMN3320019

Fig 7

COLOUR-CODE

A T & | HRC &« 0.013 %S & +fidx TF wie afhe
F @I qHAT & | TS T I8 TAT o7 7 U & © | SR T
Ft frmfafed g & omr &t S wFdT € 9t 98 dHaT F G

EMN3320017

Tt - 2 ufERR fer - 20 TfEER
aed - 4 ufERR dfiemr - 25 ufEEr
Ay - 6 TfEER FT - 35 UERR
@ - 10 TR whs - 50 TfEER
T - 16 AR ara - 63 TfEER

(Fig 8) ® T[T 3 ¥ T[S o ATearw & faa ware &1 yare fa@mar
T UF ATZT ATRA & ATHOF Tf F AFA & forg, fage sy
F A & ST AT =ARY AT ATIR & A Ol & & a1
ger 2|

Fig 8

EMN3320018

TS THE & T 3t Afor § Iuerey 2|

a)@fka afafFar yR #iX b) H-FEEE THR| afFe 0w
TTAT AT & TH Fed & oy @Ra-afafrar sy &1 swmr
o strar & stafE 39-Frar wer Atex affe six s affe
& forg ST fERam Star &1

e ged are WS (Fig. 9): & &R # daTahi € i famft
ot 3T & @AY F AT St & o9 e & forw e =g
T ATST WL arett s a1 farferr & wiv {9t & 3 &
2l

ATHAIR T TF Ala1 (0 €1q H1 TN acd & ©T 7 IJTA0T T
ST & Y T IE AATIF JATE F HIT fUaer a7 &, aF T8
TAT XA/TEEY & | AT 8, A =TT, &M 1 49 F foa7 1

FY T B

Za # &HAT MVA =

Fault current x Circuit

in amperes

voltage

108

FitH HRC RIS aga (e IITYUl a=Tet aTet qiehe @re §
T €, 372 TTARATIAT AW & ATeAH § I Wieh afehe § ofF
srrfereRar &t ST 21

H.R.C. X Ramraw ®«@ & da gemn

EEIREEE] HRC ®==
e 200 A & STf 9T & | AT gt
HAT fore am 600V & stfa ar | 2500 KVA @&

Set S.C. & §WIEAT 8, % | Wiee WK F I
fore ereifaa 7€ & SMVA| #=a1 &, 39
N T | sty & forg,
50MVA d&
WA AT FEA
7 g 2
Zas & W | ST AT Fe-oiw g | agd as Awar
(Fe-ams | fawesT A€ @ T AC sy
HTLF) TATE TE BTSN
TH | He-SATH &
BERICH I3 () adr
Tare § | WY ey &7 el & ded) #E st adr
TFAT-TAT & ACEH
firmae Al T TR | FE sttt
EhfeT HE-HFHT URAT | dd T ave
# Fft T FRO qq@ar &, | 7 &9 2|
T THE dedl o @ 8,
A wfers ar HiY qw
# TEA gad & FLI aAdAT
2l
wforT Al % AW 20A 1.7 & 20A| L1FETHFAI
FHLH 2.0.

TaEETE A%t - (NSQF ®v 5) - v 3.3.200 & 3.3.202 & "t faa
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TAFITE AT BT
TATE AW - G IUH

s 3.3.200 & 3.3.202 & wwfta Rraia

g Afhe dwe (79 @ ) wwr-twio- fJafedww (Miniature circuit breaker (MCB)- types-

construction- working- specification)

SEEW 1 3 9IS & o | A Aot w1 wew av g

* THR, FW FI a9 AR iR ag afke 9 & 3o Rt @ awen w°

+ MCB % ®/™e ¥ erfeai Jaa &

o GEa qfhe 3T (ELCB + MCB) #T % % I | =t &3

+ MCB #t Siforat sama 2
+ MCB % SIgsr&nt &t 51y |

afée F=w (Circuit Breaker)

U Affic d6¢ uF Tt i T Raea & ot am afde
#1 ferfar & qed aret &1 dted A wie afdhe st s affe
ferfat & dea gTerett #t diedT § & aArdar 2|

g afehe AT (T AT ) (Miniature circuit breaker (MCB))

TF oY Hlthe S AT HISIA 31T JAAH A N afebe g
s ferfaat & uw qfde a9 A#ie e & fou o s
Hrehfaeher feamza 2|

MCB % & (Types of MCB’s)

MCB %t aTHT=Id: e terT-31enT feaidt & arer ffe o sar
gl

a IJHe gEHI

b FEE eTESio® A

c weEEs fBusi|

JHe gawg MCB (Thermal magnetic MCB)

S % (Fig. 1) ® femama o & | farf=em a2 & Aiee g o simamg
# FAifers Aies U 7T I AT T & Aoga et St

Fig 1

TERMINAL SHROUD

CONTACT TIPS ARC GRID

ARC CHAMBER

CONTACT ——|

<2

MAIN SPRING ——

TRIP FREE MECHANISM —1 BIMETALLIC STRIP FOR

SHORT CIRCUIT

TRIP LEVER ——= PROTECTION

@ | ——— SOLENOID FOR SHORT

UNIVERSAL TERMINAL CIRCUIT PROTECTION

FOR FRONT OR BACK
ENTRY

NOTE: THE HATCHED PORTION SHOWS THE PATH OF CURRENT FROM
TOP TERMINAL TO BOTTOM

THERMAL MAGNETIC TYPE MCB

EMN3320021

86

& AT @1 T 8 | 50 T F MCB &t aiumgefers are, ate el
& @y oft ge T ST @

fasge waTe ot | gt & Arerw | fHear ©, ToE UF & 9t
& ATHTTE F Fad e fAfvad dud 9 foear 1

T ATfT ey o fearr i @l % forg Sr-smamear s
FeH S & | AT FT TAF &1 IH & d19 | ¥ & ¥a fFFar
SITaT € | 39H g fire a1 d9 uw R @t & o At & dfea
AT A A AgEfa J@T 2|

AaT-are A Mie-afhe & faers gean & forg, MCB # avia
g Refier gaTe & | stiaw-aie =i fewsfia odt, oité-afde amaei
A 100% & Tfas srgad! Wi &1 &nd @n aar &, e
ATAATIE T =Tl LT AT 2 |

af$r (Working)

ATIHATT & d@+ & HILU FATRT Fed ar fgusfiar adt 130%
sfaera & S1fdes T IeT AR ded & BT TH AHEE o
ST & S T g & &9 § a/@y 991 € |  dbae &
T 700% 3TERATES AT AThTIo INe-afthe adAT & =<
F qof fafa § safia # & forg fewme fran ma 1

HioaT e a1sd (130% & 400%) afdhe e &t f3fir & sffire
feed & forw o v % 400 & 700% wfaera & == & sfdea
fefti dges avier o g e it ave & gae o & weo
700% wfrera & s1fer 2|

gawiT erggifer® MCB (Magnetic hydraulic MCB)

TR ETEgifer® Afthe ST TF AlAMIES AT SEgifos &9 &
g7 fFy U @e & fafiae 9% w1 #ear g1

femtor e ®1& (Construction and working)

T FAAT AT HLH rei¥ TF H-TeH g & el gtar ¢ foraw
AT e 20 & 60°C ATt # fasear evdt € | aertee
MCB & afée # U% gaar &1 a ¢ | i T 0% g9 & ghs
F AT FBAT © FAHT T A AT



ATHET o6 Gl & § FH &1 A1 & 0" F© a6 7503
T AMAT TG TATE HT IATE ST & | AT A & ATAT F¥A
A AR 7 Wie-afthe 9= A== e & FOT SS{dd g
&, areptfors fEfET qof ofte amrert & 7 & 8 AT aga at arret
X BTt & | JAH STggie® (o o &1 fAwir (Fig. 2) gwran

T 2l

Fig 2
BIMETAL STRIP
TRIP LEVER
i ‘ SOLENOID
ANGULAR/ cooooooo .
VENTSS 0000000
ARC-CHUTES /
Il
PLUNGER — |

MOVING CONTACT

SILVER GRAPHITE

CONTACT TIP FIXED CONTACT

MAGNETIC HYDRAULIC MCB

EMN3320022

e fFaeh fftr oa @ it (Assisted Bimetal Tripping
MCB) (Fig. 3)

Fig 3
TERMINAL

SWITCHING
DOLLY

MOVABLE
CONTACT

BIMETAL ELEMENT

FIXED
CONTACT

FLUID FILLED

EMN3320023

ASSISTED BIMETAL TRIPPING MCB

fator & gers fBuelr w0 &, au e Aouar s 9w
grford dHee acd T TSI a0 ATdT & St &8 I7 a9ier &9 F

Fig 4

‘ CURRENT
\
CURRENT
A e
:
\

|~-—— BIMETAL

CURRENT

ASSISTED BIMETAL TRIPPING

EMN3320024

T 2 Akl & | 7S Afhe BTed | aTehtiors 2O it s orfererrett
AT T 1 AT F¥h S (HE &l ST & (o1 ST (AT ST
& 9= fF (Fig. 4) # femmar @ &1

e ffr G &1 T ST FAT & S Fe | FeAeN F HTAT
H Tt & | e avnlt & uF 92 e F e fgwei &1 war oo
F grer, fawefiwr ware # faga yate & v gede 87 aghed
AT ¥ ] BT &, AT He aT A7 o Bafa s
FXAT & | 36 fOATe & I &1 el stigtem i am @ &
ary e # Aq @ & fou @aferm fer s 2, 5t & aEr
& AT & forg guta ©9 & arghed (W a1 e afde Rrfa )
F ge™ & fou qate rfveemedt 2

MCB # fewrz=r T ¥ (Design and rating of MCBs)

MCB &t STHAE 9¥ 25°C Tfasr & araHT & forg ¥ far strar
& T ygat A adwme e & fafer doiemt § Iuaer g 1
(st&T f% Fig. 5 & gurtar = )

ST N S T
1 firer 9t MCB 0.5 & 60A
2 g Tt MCB (3T 5& 60A
% % ar7 2 MCB
H IUee ©)
3 fouer gter MCB 5& 60A
4 4T 97t MCB 5& 60A

Fig 5

SINGLE POLE 2 POLE (1 POLE + N)

NOTE: ALL DIMENSIONS ARE IN MM

3 POLE 4 POLE (3 POLE + N)
DIFFERENT TYPES OF MCB'S

EMN3320025
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ArEEtae (Isolators)

TF ATIHICET FaeT UF (60T & | 378 wanterd (2T % forg ST
eI 9T ST FhaT & | ATSHISIE A1 4TINS qiehe G Afehe i &g
FA ATATE & forg 781 & | ATEATeleT & T MCB &7 U & Wifas

JrH ¥ AR e FifeRe s e
o e e
T T 30, 60, 3T 100A
THA YT AT qSeT 30, 60, ¥ 100A
& g 60, 31T 100A
foaer g 60, 31T 100A
TR g 60 ¥ 100A

& T FaT To 2 & 3 faciiade 1 fawiw & & eew fag
TT ATH geH, ATE WY AR AE IwEE qUF WA I
T =T U o TEeaTd o6 TRETe staw giAfead sear
gl

AT FE AT T A ZrEa®Hy fEid 9 H #3d 2 |
AT a9 e @ ST Iugd 2t &t @ #=9 & forg aaeaan
1 I3 Ol & A7 | FX S F TEBRR & AT FE Tehel I
TF GU¥ Hagasier @t Ret & e star €1 37 R &7 srafire
FE FAT I W 100 HIEHT diee TR 9 HATferd &ed &
fore Sferste foram straT & | Rt &1 d=mere a9 giar & 519 R aew
JOElee I & J1aT @ ¥ MCB faft d= &1 stiafys v & afer

e (VIg) F AT AFH (Breakers with neutral)

e ST o forg e g TTo Aewer % arer Suee € Set g
4T B T dee & RewAwe fFar s €1 F adwe T 7 5
# 60 TfEw @i i ifRpree § Iude g1

1 TS Yd aeer

2 97 YT dee

3 fouar ga deer

ELCB +MCB @& affes®< (ELCB + MCB combination
circuit breaker)

o9 F fAmiaret F ud ELCB + MCB #@atei |fdhe srse 991 faham
& | foraeT ITAT STt MCB ¥ ELCB (72 fRam affe 9#v)
FT ITANT YA % T AT ST THAT & T€ HAIS T el AT
# et &t srgAfa 3ar &, afer adam 7 7w off #9 g, o7
AW qleest ([AFd @AY & e AL AT & HLO AAAF Fo0A
Heeror giafeaa #ar 2|

1 aFdue |
2 wite afde
3 gt REm
4 3 e

7Y o affe 9 s sE W@ safire #3E (RC)
afhe AT FET ST 2

gfdaT (Working)

RC + MCB #aleI¥ U&% ASIaX # JHa {30 (qEAcfos) &
srfereITe HreeTor & forw i wite afthe & forg uw eeeT R (Fas) |

At fwew (Operating system)

awtefes arded § garar feft & famr e gean sem
F & forg faee storia &t 21

wfteT fg afaer witspar dfire yomrelt wite afdfe % dR 9= gew
T &THAT & Hedt & | i Afdhe Ft qumerree % forg amm faw

FdT & | @t faftr d=r aree § e d=fera @ | 3= Terdt Rama
FE ST AT HT ATIRHAT 72T 2 |

RC + MCB @TIoI9 & ¥d€ @1l T4 6A, 10A, 16A, 20A, 25A,
32A A 35A |aTgHe {30 ga-T qamiforT @ fF e adumw #1.3
O q%F Fig (T 7€ et |

MCB sifewt (Categories of MCBs)

=T (Indo) F17 (Kopp) 58 F3 fAatareti & MCB i stemt-31ermt
sftrt § famtor e & L @ iRe, ‘G’ @ik, i 'DC Hik= |
‘L’ %@ar MCB (‘L' series MCBs)

‘L’ sj@ar MCB wfa=ieft s & arey afde va & forg fesme fag
TE10AT FWRARET T F fw 1.61 & AT10A & I
wteger e & fow 1.35 1 21 & fiee, sftad X amrr sere
FAET G ITHLUT H AT & forg emeet 2|

‘G’ gt MCB (‘G’ series MCBs)

‘G’ T MCB &t STRad+a WX & a1e afdhe & & & fog
festree G wra & | |y wisget Y & forg staw ate fgfir s
1.11 & FuT 2 | gash fEfr A adwm & 7 71 @ F gE
giar & | St H@ar MCB #ieH, Ta¥ HS19MY, 88 ¢, Ao o
AT AT et & fory Sy 2 |

‘DC’ §f@eT MCB (‘DC’ series MCBs)

‘DC’ §@aT MCB 220V DC @ ateest & forg I9gh & 31T 6KA

% ST erwar |

fefir famimain L', ‘G’ g@er & &ww € 3% DC e,

AHHAIET, SISl SF¥eY < AT | ATIH Aaa {oerar 21

MCB % ®/™e (Advantages of MCB)

1 fagiwar & S feft fagaar afdr & o gy @ o s
FIAT TE AT THAT &

2 7 uF fAiaw afrar & g a @

3 IUYUl dfhe ATEEN & TEAET AT &

88 TAFTE bk - (NSQF ®¥ 5) - 319m® 3.3.200 & 3.3.202 & gwitea fraia



4 oTf & & q_Te T S 6 ©
5 T IH
6 UHIfeF $hTs ITere 2|

9%a™ (Disadvantages)
1 w&w
2 fee Fits =erdr v

3 I% HAISE AT gAead Fed & forg At adveror @1
ATTTIHAT BT 2 |

4 3t fasivard afkaw & aroee & s gidr 2|

Fig 6
ARC HANDLE

EXTINGUISHING
DEVICE ‘\

QUICK-MAKE QUICK-BREAK
TRIP FREE MECHANISM

| oo LOAD
p, i TERMINAL
LINE .§§: /Y
TERMINAL ﬁ IS=——2IFC o
‘

FULL MAGNETIC
TYPE TRIPPING
MECHANISM

: I v Yl m—
= \; =
MOULDED CASE
MOVABLE CONTACT

FIXED CONTACT

EMN3320026

FULLY MAGNETIC TYPEM.C.C.B

Aiee #9 @hhe I (MCCB) (Moulded case circuit
breakers (MCCB))

Hiee 9 Afhe 3 aHgaa [ THR MCB favios & aam & f&
g 500V 3-9297 & 100 & 800 ufeme &t 3= 3w # Iuaey 2|

MCCB #, o¥e ¥ gaa Refisr awmss 8 | MCCB # fgfi
3T SET-ATTT o forg e gie FRelist off ofirer @ | MCCB aieast
e & ded Je= 4T smar 21 & g % MCCB |

1 JHa gEST TER
2 T8 @E § gaag IR

T ave & e MCCB fewimew &t fawtor gfaw (Fig. 6) #
Forrar @ 2

MCCB % ®m™e (Advantages of MCCB)

1 MCCB W= &= W« g1l &l JoqT # agd % e 9¢
FAT Y AT 2 |

2 MCCB 3= g6l & [aT® gue Ar=r § @707 J&T H4ar
g Fif% HRC w« atar fe & 2|

%9 (Disadvantages)
1 MCCB aga w& 2|

(RC + MCB) &t Afthe AFT HT ATIAN :

1 =+t smamfr aftay & ®iom wme @i ger e @ o
aTelt & wFdr 2 |

2 &ft T ST S atex dex, e @, sfEw
T, 99 | 3T |

3 @ft fmfor s stiSesie favga S s & forve, arewem,
Fa, aTfer3nT wefte gefs |

4 gt eifis faaver v U]

5 g+t FY 97 q< |

6 ATIe fuex i gafagsd guarfoa ffFaT ST s&
TH-¥ T |

7 |+t i |iEa i |
8 AW FA AT WA dqtees fagq faaor |

MCB % a==ist fafvdw (Technical specification of
MCBSs)

GEIECEEIE 240/ 415V AC 50Hz
% FIX 220V DC

Fee L 0.5,1,16,2,25,3,4,5,6,7.5,
10, 16, 20, 25, 32, 35, 40 ¥ 63A

qier &t T 1,23

THTY ‘L ‘G i 'DC o=

ares & eraar OkA & %

ENEEASIEE] 1,00, 000 stfa<erg

o Sftaw 50,000 sfaer

AR &AHaT 15% sTfereme

AT AT HTEAY Taford qifereey

fRfaar 35 mm DIN 39e 9% o &=

i & w AR A AT X 25mm?
T 2T A |

MCB %t ST ear &t gfvwmm (Definition of Breaking
capacity of MCB)

qfehe ST & TE Alche ATHT STHAT Alehe FHT T LTI & fog
T AT AT e & | AT TeAcT aHT SR AT B
g & affe s g arfea e ST g% awdar 21

TaEETE A%0F - (NSQF %R 5) - v 3.3.200 & 3.3.202 & "t faa 89



TARAF AT BT
TATEINE AH(TH - LT STHROT

e 3.3.200 & 3.3.202 & gwitua Rr=ia

ELCB-wwr-atdn fiftme-fafedw (ELCB-types-working principle-specification)

SEEW 3 UG & o= | o fAfafd # wew av g

+ Fraea Rifee Al = st gt Rama afée dww & i & awen =

o ELCB % &t fafeden & e

gt e affe 3¢ (Earth Leakage Circuit Breakers)

fastelt & s & aqadr A9 IR & AT 8 fagd @w &
FTYOT ErdT & | ST g =16 qTT % Erex, arfenT wai, selfdes
AT, TATIS AF FAAgHell AT Aleotaed & q1 qUF § ATav
g, a7 0 SIRT % FILOT S aTelt &Tfd & FrT gaey TRAT HiY
Fafyr 9¥ fasiR aeet =1

3 AYE & Fe B AT FXe FaT v & feft uftm & e
21 % Rama e oo # agd ster &, Fs/MCB &R S1d T8t
farar st €, fastelt & Freer o F fow s #rer 2|

gt % A F TRumAEET 1 #F Farar A foset o
st fafenT #1 Iwamr 7€ R ST 2|

afIre Fe AT Gha FFT FAWRTET TX I {Iotelt F ek
AT AW A AT F F0T S ATl AW F stfraaw gea gaw
FXA % ATEAT HT FARTE T I & by o & i fawga
o1t & AafITe it oY Wbt & | 7 srafire Fie afde s (RCCB)
N AT w7 & gHT Rema affe s (ELCB) &1 9 &
(Fig 1) # or% & wfafafaer g mu fafeer @<t & A o v
7= fagd ware #1 w9 fewmar 21

@ ¥7 & ELCB & T%1X F 8id &, §4Tfeid ateest ELCB X
e ATIeE ELCB
Fiew =t ELCB (Voltage operated ELCB) (Fig. 2)

7 fRaTed &7 IwhT afhe s ¥ dtew & forg fmam smar &1
IE WATTd & & Afhe H AT © oTd STIAT % @I &1 &
FTH ST TT & AT G & S19 G AT 24V & AfF
& 1T & | dicest R Ret it d=ford #e4 &7 FR0T a9a1 &
Fleest GaTrord ELCB T ST {1 ST AT(RY STet Teret gt
oift sfafRes geer aede ©, set aufar fafew IEE &
STERIHAT B I FIA & oG Faeis 7t ¢ (Fig. 2) # Fwvan
T El

Y Gfehe Fieast @=tierd ELCB & = e &1 feamar
2|

3¢ "attera ELCB (Current operated ELCB)

26 fSa18E T ITANT Gfehe I I dte AT afhe dted & forg
e STTaT @ St afehe g et affe w5 fer @ aeft s

90

PROTECTED METALWORK

_o/ L
L o AN

} 2

LIMITING |

} RESISTOR LOAD
. 1<
N——o" o
OPERATING
colL
E

E —

EMN3320032

Fig 1
DIRECT CONTACT

KR,
[ lLJILP
i

PRICKLING

INDIRECT CONTACT

TETANIZATION RESPIRATORY VENTRICULAR HEART
TROUBLE FIBRILLATION ARREST

10000
5000

2000
1000
500

TIME (MILLISECONDS)
N
=]
S]

|
|
|
|
®!||®
|
|
|
|
]

01 02 05 1 2 5 10 20 50 100200 500 2000 5000

CURRENT (mA) ——— 1000 10000
D USUALLY NO REACTION EFFECT

D USUALLY NO PATHOPYSIOLOGICALLY DANGEROUS EFFECT

. USUALLY NO DANGER OF FIBRILLATION

CNONONO

J FIBRALLATION DANGER (MORE THAN 50% PROBABILITY)

EFFECT OF ELECTRIC CURRENT ON HUMAN BODY

EMN3320031

# FT | AT AN LA & AT BiaT & U 79 il afr &
FAHTT dTferd ELCB Ao & stferes forsaerfier & | =i s
T 9T W H A 2



ELCB =t fAtur (Construction of ELCB)

THH I TIEAT Gah AT § a9 2rse R et €| g
3t wrafiE gHTE gt © oH & Y% gare & Arer § 4T Hi
RIIAT % de YaTe &1 & 9 2| fodos g s srafas
agmfier gergia garehr fa et & et e & it fo o= dafera
FAT 2|

ELCB (RCB %) % &l fSifaer (Working principle
of ELCB (RCD breaker))

safire wie feamsw us affhe J9¢ & S AN a2 § #e &

AEer § o1 FXAT & | §A1 & d ) F7 3fa afine yare & &9
F ST AT & g 9 T =T 2

sEfire wie fRamgy &1 sgAW safine yate &t At wear
AT Al Ft a7 FIAT € Al I8 Mo T & agar & | RCD &
Hogat (Fig. 3) # gwram @ 2|

Fig 3

PRIMARY

SECONDARY

RELAY
COlL

TORROID /

MAGNETIC
MATERIAL

PRIMARY

EMN3320033

T 694 BT & a9 & e §9 gid &, oIt Rasa & fgu &
T 3% @i & foIg ST T8 FIAT & | TF Faa 1 dfhe T
i oo & qwe Fatger & AW § 907 AW deE JaTe TRd
AT , ATl T® Higel aaT Al (AT AT & HLT
S FIE AAE FE T 8T ¢ | At uftEw Ate 7 8t o
AT Fig @ qfhe & H13 g Afhe Tl el

TN FE HT AN deeT § Fee & aay & A G Fe &
FFET AT I F aeET €| AT affe § FF ggane Todt & ar
R ware 7ot o= st € | 7 srafive ware == & N F A
& afdhe & Strar & Afa gt % oo & AT & Atedr € AW de
Figer & T91aT &, FHE w9 yare giar € | gafery 9r uffer aga
STAT & SR FIX H UF a6 Ta18 TRH agadr € | fedas stz
AT & AT T foish JET Gaahial Aiche T TF § TH TF H IR
FXA | 59 £ TH UF HT o7 AR JaTe R A+ F3ze 2, 3@forg
7z faftr e & forw us F¥e grea F¥aT & S 3% A daeT
waTE & S AT 9 AR Far 2|

S &ee | g afde dwe fgd g fraiRa @< aF =
& ST IoF €9 @idl & A 36 THE qihe | ardr stav & |
(Fig 4 T% a7 4) AATIe Fiie Afhe qa< T 3-907 4 IR e
e affhe § Ser o e 2

et i@ (Test Switch)

ST f& (Fig 5) # switar @ & f& adter &= (BS842) &t
ATIHFAT & T€ (ELCB) % FTH FHTT HT T FXA o forg ST
3T ST & ST I Fe T AT & df I8 de a1 &
HTEAW & ATARTE TaTe HF THRA FAT & S Fe qfa sfarer
(R) % g7 & fAerifRa &tar & Fefistas =<or ofix e Figd &
ATEAH § q8 AT TaT8 | ¥ /i9g & AW 3@ferg (ELCB) a7
& ST

Fig 5
4 POLE VERSION FOR 3PHASE - 4 WIRE CONNECTIONS
LOAD

—
OOO®

3 ,5 N

b |

W

2 4 6 N

Y}
-

SUPPLY

Pag

2 POLE VERSION FOR SINGLE PHASE - 2 WIRE CONNECTIONS
LOAD

f—j%
0000

SUPPLY

4 POLE VERSION FOR 3PHASE - 3 WIRE CONNECTIONS
LOAD

f—/%
0000

3 5§ N

b |

W

2 4 6 N

3}
\%/—/

SUPPLY

Pag

EMN3320035
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-t fafeEer (Technical specification)
ELCB & ad#m ¥fdT 25A, 40A =i 63A |
gat # derm - 244

ATHATT dteest - 240/415V 50Hz

gagmeiterdar : ELCB 30mA, 100mA, 3T 300mA & Reama e
¥ fou w3 & foru fewmga f&Far mar g1

faga sfraw © 10,000 & srfers d=tem
Tif3eT sfaw : 20000 & 100000 HE=Ta

EARTH TERMINAL I

PROTECTED
EARTH METALWORK

ELECTRODE — LOAD

EMN3320034

fafdr o - < 30ms
9T 3 RCCB (Time delayed RCCB)

UH ATH &, S8l UF &9 § UF 3 RCCB T I9AT f&Far
ST €, S8Te0r & forg 100mA 9% ¥¢€ RCCB &RT U& Ut

ERETCAT TFRTe FohaT ST bl & STarfeh SU=hel o forw f=sa atehe
30mA feaTee grer g fara o ST ashar € | 37 TR T AW
A HEAYOT BT ATAT & IITELT & forg 250mMA Ft JHT & Hice
FVE I AT ITHLUN H Gt A et Brelt & | AfF hiee Fe Afi®
g, ar g feamgat &t dRfeET =g et 2w F0mw| aw At
SUHIUT & d = weWTa A FHT & | I stewra gfvaa # &
T, u% a3 AT Fie F a7y Ay, 9O AEH § iF
S e @9 337 €| 3@ @9 feeie RCCB F&T S €1

Wi A Nfaarer &t 7ot (Calculation of Earth faultloop
impedance)

JAY & FOFEIS FT T TR & G & AT 1 Y T FeT STelT
| 3 # @ Sfaqarar 50 § St Tt Biee @ Tfaarer ae
g =Ry R.C.C.B.(ELCB) % Y= ffiw #de & o fawar strar
& ufir & 50 & wfe T & =Ry (i.e) Z x|, < 50
W&l Z = gt AT qa gfoarar

|, = ufeEe & e fafdm wéc
IqEYeT (Example)

30mA % e fEfi #ie & ara ELCB, STfsd® §Wa T %ice
qa gfcarer gl

50
Z_ (max)= 50/ = 003 1666 ohm

92 TFTE At - (NSQF &@¥ 5) - st 3.3.200 & 3.3.202 & awtea Ria



TARIF A TR
TATENE AH(AF - AT ITHI

s 3.3.200 & 3.3.202 & wwfta Rraia

Tk AT - WITH - T - wrRe et - wevwt (Contactors-parts-functions-troubleshooting-

symbols)

IqA 1 3 UG F F § oA At F w an g

« W AR ' F g R qu-gew Ry & | g9 "9 afhe wit awsg
o T-TiT FITA F FEA, TART 2T Tiede, ATV *1 RAfY, T W RAT, ITH FROT AW I |

i) "awwdt (Contactors) : @9&wdl @+l ©e™ # & 7T
FATAT & | T Hushardt & uw fefE feaey & w0 # afRfug
foharT STTaT © S 60 =% If e AT 37" AfAF # gy W AS
affe g9, o ST AT dted & T&TH eidT 2 | 28 & (Fhfasa),
fergel e, gu e ar geisrat-ga e Ret g dwfer o
ST T 2 |

FushaT (Fig. 1) T €%, AeTae G A1 Al-diee Higel JHA
2| (Fig 1) % 31gaTe, =fiaer 131 2, 33T 4, 5 ¥ 6, & &=
A &7 & G, &I HI&T & 9 9 i &, e 23 #iY
24,13 3T 14, % i< AT €T & G SIS I & 3F 9
g 8, ¥ U @< i 21 ¥ 22 & §i9 AW W qerd®

Fig 1

PROTECTIVE HOUSING

NOTE
(1-2),(3-4) & (5-6) ARE FIXED MAIN
CONTACTS (13-14),(21-22) & (23-24)
ARE ALSO FIXED CONTACTS

X' IS MOVING MAIN CONTACT.

"Y' IS MOVING AUXILIARY CONTACT. 4
(13-14) & (23-24) ARE NORMALLY OPEN 3
CONTACTS AND 21-22 ARE NORMALLY
CLOSED CONTACT.

MAGNETIC COIL

RESET SPRINGS TO RETURN THE
ARMATURE AND THE MOVING
CONTACTS TO THEIR NORMAL
REST POSITION.

SUPPORT FOR THE YOKE

EMN33200A1

Hud §g FY 3T AT & | HeTIE §UE YF ST & FH FE B
| AR T q9F FTAl # I-qed L AT O.L. 7L 8 |
TF TEgd W & €9 7 Ret, dfFa @y d@e aq & fog
HIHHTT % FT M- TSI JTHLT % & § ITACT foharr
ST =Ry

TF FaAH §9% g A (Fig. 1 =0T Fig. 2) § fa=m o 2|
#ud fabg T &= (ICTP), Tor-ge & e OL Ret % ara
START 3T AT T HUhabll & ATATEE AT ATl Y feardr
& | g8t ae wiefY sti-oiree ey # U ders OL Ret 3w gor-
Fe W A ST &

FEte® faawor (Functional description)

qra @fdhe : star & (Fig.2), # fewamar = 8, 59 ger ICTP
ferm d &t st & T d@wdEar K, @anfo gt &, at #tew
Y i arsfe™ UV eiie W emgfd efima sk am & (RY
B) & ICTP f&r=, gusaat v OL et & #rem & St &idi 1

Fig 2
L4
L
LJ
N
PE—F———"———— -1 T+ ——
| Ly Lo |L4 | PROTECTIVE
\ =11 | EARTHING
I [ A |
Sq | |
| 1 | (L </ | |
I | 4 — _IPE
|
} }F1|:| le:l F3|:| } ICTP
| Ty Ty Jw!
| i L LA R
} T -
‘ []F4 }1 80 ° CON#ACTOR
) e
CONTACTOR 2% 4 67 24|14 \
I cdo o =
‘ L e I I R -
| | 95 |
OVERLOAD O'| [ [t ]-—+H f———— — 3 RESET
RELAY | Vi 9 | BUTTON
| -4+ 1r_r | |
[ 2¢ 4% 6 rF———1 =1
i T3 s
\ ul v| w 3 2
\ } 2 JOFFPUSH-
\ | BUTTON
\

1
-
I
I
I
I
I
I
[
EMN33200A2

aferwe Fie e (Rwafier Rer) wiex #t st (wiex gear),
F FATAT &, At T F1/F2/F3 T2 3T 907 A7 FR0-3¢-T 0
B¢ afhe &1 ferfa & wtex affe & & wxar |

93



=T \fde (Control circuits)

TF AT ¥ & qo-Te U@ (Push-button actuation
from one operating location) : &t f&% quf &fde (Fig. 3),

Fig 3 33
oiL RELAY (e}
L1

N

FUSE
240 V NO- VOLT COIL
CONTACTOR

13 14

EMN33200A3

CONTROL CIRCUIT

# fammam w8, T uF dgre afhe (Fig. 3) ®, 59 qor-aed
S, T ST &, @ feEr afde @ & AT €, A higa
Aok BT & AT doehebelt K, 9 &1 SA1dT & | U SRt arar
w9 & Gof @9 13,14 T o K, & T 696 & a1, TF a1
Tt foberm smar 21 afe o' a9 & gar @9 S, %
AT AL § ST AT &, AT 30 @H-TEHLT T8TIF GH FaT
ST 2|

S, ST & % a8, Tk Aoh-eifes @0 13,14, % ATEH & HE
TATE, AT @9F 47 T © | @9 Grer & oy S, wgues fFar
ST ATRT | AfE S, #Y S, uF Ay ket gl €, @t dve
AT har &1

qraT e | rferae 7 ferfa & ammr =9 & §¢ du 95 31iY
96 sTtavare Ret "O' gaar &, Wi f=w afdhe #t &8 Far |
Tl #ieY afhe K ferT & &g &t 2|

T 1Y favare e ‘O’ % afharor & &reor 95 ¥ 96, & i
HF AT ATAT &, HIF Gl 7@ € A S, g g e &

Fig 4

L1

L

L3

N

PE-—t———————1 i I B t~—— -~~~ PROTECTIVE
} } EARTHING
I 1 I
| S1 } |
} ‘L,JF’E
|
| |
| Fa []
|
|
) AN A A
| |
|

CONTACTORK 4 == CONTACTOR col
} \
[T R e S e e e e e et _
[ N e e e e e 5]
|

OVER LOAD RELAY "O' - _.g RESET

| 96 |7 BUTTON
|
bl 21 a1 el T T A
| PUSH |
‘ BUTTON |
} STATION 1
|

| BUTTON -3
| STATION 2
COMPLETE CIRCUIT DIAGRAM OF THE CONTACTOR AND THE
3 PHASE SQUIRREL CAGE INDUCTION MOTOR

EMN33200A4

PUSH BUTTON
STATION 1
et *********T—\ O/LRELAY N

r*** ———

\ |
| L_
} NO VOLT COIL
R
KPUSH BUTTON

STATION 2

EMN33200A5

& qet et A1 Gwar| REe geq # qam 39 Ol o ave
#1 9g ferfa & e #3a1 a0, 33© =ed |, savare O Ra
& AT ATF qed qarhe dae fHar et 21

R AR @t & qU-gew gwRguEA (Push-button
actuation from two operating locations) : af3 7 gt &t
H & foredt U & "9 e & forg qifed &, at dafaa, offw fiks
A ATT I97 Fed a9, ST & (Fig 4) i e sma
(Fig. 5) ® femamar = 21

afe At i qor-aedt § & Fig ot gFgAe fher o 8, av K
Al B 1T & ST A &9 & AW d% i A6T § a9
&l ST & e @9 13 ¥ 14 S dvsdal K, g7 &% gfar
& AT &1 AT To-aeH TFAC €, €% @i 2 |

sTferae Rt &7 339 stiaeare R, & a9 a% wisar, AAT®
&7 @St AT it Aty & forg | srferse, ar ferer-sienr
TS &TXT &1 A0 § &1 aTelt I UTeTshi & faes Ae< &Y T&T
Fear g | 37 Ret & oY fawiard gt @ s Rer &t 10 @& #
HU% & Tl | 7EF FAT & A(S AT Fe q0 ATS FLe F1 500
gfoerd €, a1 4 frfe # afe #¥e gt ats F¥e &1 150 gfaem 2|

wtex # f2fi (Tripping of starters) : T& wiex fwfafaa
FRUT & 3T FT gar 2|

— FH Fieest AT fastelt & smqfd & farwerar |
— T 9¥ Jae A

TEe IeTeYw |, {2 wiger & AreAw & BT € S g9 w7 AT
GieTdT & ST dleesl UF (A{vad @< & A Awer & mar & | 9
F ATYfT ATAT & AT &, WX &l I I e S aahadr
gl

UF AR g W R wdr a1 g wxar g | Rt fge e &
g & T8 TANRH AT ST " €, S oS AT 8 AT
2l

3 aiee Higd 781 (No-volt coil) : TF Al-aTee Higel &’ ATHATT
T AT Iae A7 % Arer & fdes de@r gdr 2|

FrEd-diees (Coil voltages) : #1gar dtcest T 93 ARATIF
AT Fteest T AR Fear 8 | Fia atees o9 fafsra &= DC
v24V,40V, 110V, 220V 230/250V, 380V 400/440V AC It
DC aushatett sN¥ w@red % g a9 & &7 & g &

94 FAFI® Ak - (NSQF & 5) - 309 3.3.200 & 3.3.202 & wwifea Rrgia



o § gweEn fAawer (Troubleshooting in contactor) : @TferT 1 3% A&T0TT 31Y ST % HATHT A&7 &l 2 |

arfersrt 1
arfersr FTTOT I
TR Feq a0 1 9% AieX & T8t GaAT A-Atee Bz qrhe | e @ert 79 & o e atest
BaT | BTAifH, AT €T F HIahahlf F AT FX | T dieest U | A
% ATHAY &I FATHY, Al & &l 8, T & forg feeor afdhe at &

T Ferar 2|

T e FATY A 9T e TH
FHAT & ST, AT’ ded Sy & T
T AT 95 & T &

& WTE-TeA AT AT & af Ale
& Al | (S, UF TSSTEe
AT FATIFHT M LI § Aar 2 |

NO alee &igd & agd A(e® SHfeT &
HOT U] F7 AHerar |

OL Re f#e =i % amass Atex OL
Ra &t o & @id a@ e & =
TE BT €| B3 & FoAT AT (HAAT
g, et &1 My ateest A-alee F13
efaet | 9T ST 2|

fet-#iger g Ay v 2| ewifs
w"TE-ge FATY AW I¢ Al J& qal
gt 21

MY 7 T2l

WE - g & T gHHaY 9
eI U §¢ el af wEr g

TAT T ATHAY AT Feg e
&t fafeaa o &t e =7 &
erfua 727 T sar @

S=T AW ATt g IS | Ar-atee
Fizer e 3= T 2|

oHer fiHed & ST AW Tae FH
# oSt g9 ot 2|

gt gfdhe NVC, NVC a+ am3e |

Rt & fortarr e o 31

F qleesT

A AR AL & a1 AT
qTF ALl & e F¥ q¥ qfew v
AT 2|

ST Y | Y Yo TSl aTg(eT 7 Tfa<rer
S e | Ffe Tod qrET T4 At arw
gfaearfoa &Y

HOshatll & TeTF §9% H S e
Fed AT & FHMIAT Fae & e
FX I 1 G | &7eor A ffdr & fog
gud fagert it st FY |

SR T qTET AT & At gt
|

g AT T AT faggd gEaT i A
#few gag & =g fre, 32 am w1 |
FH ATeesl AT | FTT g& AT T &
gaw |

AC 9% & AT § BT {7 § a5 |
AT & AfF Sl ateest | o
FTCAT FiedsT FT HH FY |

‘NO'-atee FTEe HT dlees 3¢ FH & eI
Mg & SIgA AWF ¢ g qga |

JARITH F3A & T8 2 & 4 fee e weftern
w7 |

et a¥ At ggr # S 1

T G & A1 ATIAT g 1 = Fe |
Ife g & ar gfaenfua w91
=T % forg fReeror |fdhe it st e |
f=ror Q9 Ut T ATE HE AR
e @ 7 2|

TS qAlees 6

T A ATHIY &7 gde dT% F2 |
e FIT § SR R T2 &9 |

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia 95




i) B.l.S. dadkedat i A=l & Gaia aodiw
B.I.S. &I T8 FX AX FT F< | UA-AA AT A FAGHT & Frad Tt (BIS 2032 Part VII) &9, feaw, few i 71t
=T (BIS 2032 9T VII, 2032 SR XXV 91T XX VII)

Frel &1 T qferRT A TATRIBTEA FTRT STANT FFT T Tt STTAHTT AEeTqul S it | A 2, TTAT(eh, A Iga B.1.S.
Tt G FIA T TATE 31 AT & AW # Afaieed Tt & forg araet |
arfererT

F =T BIS o qdtw ot
T .

BIS 2032
(STRT XXV)-
1980

1 9.3 EHE L]

2 9.4 qHieRe

4 95.1 FepfATeh Tciteh

e Tl 9.5 F TAHCATEHA A FS Hehel ST ATTRY
T affhe S w1 a9 )

5 9.5.2 gffe a9 & forw a=fs adi=w

6 9.9 Ul , ATATT &7 &

7 9.9.1 FAFIY GlAdT &, ATAAIY I &8

1]
| R

8 9.10 TT-Fed ATHAR ¢ d9F @I |

96 TAFTE bk - (NSQF ®¥ 5) - 319m® 3.3.200 & 3.3.202 & gwitea fraia



%9 9= BIS CAl] ot
T .

9 9.10.1 | T § 48 HI% & AT TI-dA

1
10 9.11 AT \T
11 9.16 qHe AT "9 )\T
12 9.17 Aise (frer) j/
13 9172 &= % 4y afke T/E
14 9.18 T (He) ‘
15 919 @ X Alke (W A o) \+}
16 9.20 WY, AT T
17 9.22 WR-3T EeX

A
18 9.23 ATT-ZTAHTHT T

-0~

19 924  Gro-aRedNa wieY (331w, 8/4 Tew) 8/4P

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia
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20 9.25 frefes wrée

21 9.26 JIET ATA-ATST &aT DOL

2 9271 FAAT T, ATHTT Tt & arey Sfaeret

-t
1
)

24 9291 W & AT %% TATH
25 9.31 - ST FEAT

BIS2032  quwedl

AR(XXV11)
1932

3.2 TRIAT TdTH

26 322  &ffe g b ><
27 324 fom Rawiae (snaee ) swEe @

28 3.14 argfem
TV ATLT Alhel T HAT A AT 1 ST ThT |, ATHT
S Fifed Aefte % fafirr g & forg ue s o — Y Y
ST @ar & s 5 3.2,3.3 31X 3.4 7 fafde 2|

29 3.24 gfagfd gAEER R

08 TAFTE bk - (NSQF ®¥ 5) - 319m® 3.3.200 & 3.3.202 & gwitea fraia



30

31

32

33

35

36

37

38

39

3.34

3.44

3.54

3.64

42.1

4.2.2

43.1

4.3.2

5.1

5.11

512

5.13

argfer s

g aEfE a1 e qiEfeT

aor a7 fera-fRar

FET T AN

JAET FIC TS, ATATT TdTH

ToHET e ALY, AT Tih

AC S¥ReY, T Tdis®

AC He¥, SF¥eY graT Jdis

T T

SIAETHT 31 STeT aTsfe & are

TEEMET dI9 T aEe™ & ary

AT el-ZTHHTHT

ATAFA Ui Tg-
Tg-ATA CIED
ftte et

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia 99




TARTNF AT BEAA
TATEIIAEH Hboh - FLET TYHTT

s 3.3.200 & 3.3.202 & wwfta Rraia

Re-wwr-vemem-fatdm-wdiwt  (Relays-types-operations-specification-symbols)

IR [ W S F o A A fAfoiaa w Fe aww g

 oF R ® afewfva w°
o AR T T v & JgAR RS aftga =2

o HYFH AR Tt Fi WiEE w3 F oo svm e am T @ #iw qa

. 7% R ARe W
o TH AC &t & I FIZA & G T TSV HY
» R ¥ faweman & Fror Fard

+ 1.5 2032 (Part XXVII) T% & AFAR ITIT fFT vt 1 gz ¢ |

R (Relay) : & R 0% ST#0 & &It gex afdhe # 4 faifa
ferfa % ded o aers affe giear 2|

o I ©7 & T, S {Fgeher SoaF T Y FE 3
&= § IgAnT AT Sar 2|

o8 ot @ ot ateast &t fRafast & afa daeasfiar gia 2, w3
AT, g a1 39 Rafoat & 3wt |

Rt it 37 g AT ot & STgaTe avfiepa T sirar & star
f& @=r M 2|

- faga geaa Ra
- gHa R

fam@ g RS (Electromagnetic relay) : & Ra fea=
ST T A A ATaT w0 afa=ver arer @9t #1 g
g S @fdhe & @iad a7 95 #¢d = | e dud B av d%e
IR Wise i &, oH F eiierme gt € | gaae @ B ar
TF ACH AT A I a0 o ¢ | <7 R § g g% g
e T star €| S|t & (Fig. 1) § gortar @ 21

Fig 1 ,— CONTACT POINTS

TERMINALS

ADJUSTABLE
BACK REST

ARMATURE
AIR GAP

SPRING

° 5
COlIL
IRON CORE
IRON FRAME

O SUPPLY O

INSULATORS

EMN33200B1

ELECTRO MAGNETIC RELAY

E
:
1
E
3
a
1
:
§

w3 AR R« (Current sensing relay) : 5t Y #fgel § #ide
ST HHT TF TEAAT & At e G (et hawreT, {7 & forg
ffde #¥e & S &7 ¥ (F9Tferd g7 A1ReY) 37 AT -7

100

(Frafera T 2T =1fReY) At 9 s & e gtar 21
FC W AAY B Bred & forg arivst & fa=ifaa e s asar
(Rt g7 =R ) 3w g sree (Refier 4t gfar =) |

#3¢ ¥& & @=a (Under-current relay) : #¥e Rt & ded t&
FAT AT gIeTHS R €| 7% Aoy = & dunfoa # # forg
fewte fobmm T @ s e g fratRa am & A= foer gt strar
2l

Feew AT R (Voltage sensing relay) : ateest &fT et
& ITANT AT T GFdT & ST&T 3iST dicesT AT 3aX dleest &t
ferfr SHaer it THET agAt aFdl ¢ | I & oy, qrees
RAATESH | 37 ThY & Rl T STANT 31 Srar @ a7 af o
TEEET § FAaw Aafas AC qieesl a7 ZEHHT A
LFEHTIR & e ATATI® DC T ITANT 367 359 % forw faprm
ST &1

et = (Latching relays)
Afer Rt #izar § a0 @ #ie & fom sifaw sgmfaa frfa
# Gt T aTC T@q § g7 2| fastelt & werdr & ae 3 fRa
A+ "kt &t fRrfa 7 wEd 2|

AT e AR 3AfFgaa T ATF a7 qot THR & Af= Ret
2l

gt f-8¢ & (Mechanical re-set relays) : &&=
e R & & Figd, TF  AHAX AFHISH 6T €, 31 Th
Heh (el AT [SATEE BHAT & ST HIFA HI SI-UAS G HIA & AT
Harfera fRafa & =y &t At AT & AT 3 & Ager
fefir, Rer & fo & de # |

o -8 R (Electrical reset relays) : (Fig. 2) # fe@mg
T uF faga g & Ra § uw & dAtfen d7 8, afew mH
fo & fore g Fitger 1Y e aTifHe & AifEeT &= | 7@ Joret
e S-afdr wt vt g fEafa & sgwfa dar 21



MAGNET

R LATCH COIL

r I 1%“« BASE PLATE
CONTACTS

Fig 2 OFF POSITION ON POSITION

ARMATURE

UNLATCH .
COIL H

LATCH RELAY ELECTRICAL RE-SET TYPE

EMN33200B2

e f= (Reed relays)

e R ifRs &7 & o =R & Ra & ser e 21 3
HIAAIES AT FgeH F1 HATTT FA & a0, A €T § a0
wT § FrEed e fEw mive gar 2|

Tre Rt =T AU S Ford wET i e §, 1 s
TAFE AR et & %8 Fohar & o | ST % afafen, doh
Sfaere 1 FATH ATAT { @1 AT 8, 37 a2 F forg fF qwk
fag @ a1 vifew & ara ek &1 & | 369 oamar, 39 R #
gaferd w3 & forg aga w0 fastelt it staversar gt 8, 39+
TIET I¥ 250 FTe AIAMIEE TS F THTAT ST THdT & |

Tie e & 7 = f 2

- gu-de Ra

- e O R

— el g "9 R

ek 9 R (Dry reed relay) : (Fig.3) 3@ w&1< & Ret feardr
| a7 faeret S uF a9l W@ ega 7 93 2 | e o g
I AETAT FA € | TUF & §, ATAAIR T¢ FH 95 TIALre

I HA & forw I= a A1 ATEAH & a1 TS S1ar 8 | 396
I H ATl Aedlshee feeTTg af ahd & |

Fig 3 STATIONARY ELEMENT MOVABLE ELEMENT

DRY REED RELAY

w3T R (Ferreed relay) : ¥z R 7= w Sie Rar deie
FXar & o gep-die fEm uF v afs gea geet & ary
fafea etar € | dafaa Figeq § Fie T0T G JERAHI qqaAT
ST HHaT 2

ST {3 (Fig. 4) & qoTtay a7 &, gaaia R §, gai 936 894
F d9 A & forg wafe &7 #t TYfd Fed S| o= g 'e
H, @ &7 TEd % forg & agd AN & | F5 & ATAT & Th
ATRFET oo T8 ®e ¥aT FAT 8 | UF ReAsr 9e; gay e F:
AT FXAT & | T 5 ATTH-AFE Gfe % fia< dle T & a7
AT Tt 2 |

Tt T "9 R« (Mercury wetted contact relay) : st
& (Fig. 5) # guttar w7 €, 59 e § v W@ dere S atar

EMN33200B3

¢ e o1 & q@ # faafea smame gtar @ ffvea i 9fea
HUaT & A1 |

Fig 4 STRONG WEAK
MAGNETISATION MAGNETISATION

EMN33200B4

MAGNETIC FIELD

Fig 5

EE MERCURY

MERCURY-WETTED REED RELAY

e R« (Impulserelay) : (Fig. 6) & g9taT 1=, 3maT Ret
% fauiw frer-aza Rer €1 306 & Sr=-g=rfed o & 5
IHfcqs €9 & 37 931 § & UF AWAT & 59 Feo H Teds har
AT & | % &7 @9 w UF Rafa & gAY e 9 o S @ S
farteft & aee &1 o & e famarm st @ | Rt AC ar DC afaw
I FHTH FT T © |

EMN33200B5

Fig 6

EMN33200B6

IMPULSE RELAY

FAYL-TH A= RS (Clapper-type armature relay) :
AR R § ITANT &t T ATelt qad TXe §Uh AT -
A AT SABL-HIS TS & | TF Felax-Ta dm=y, (Fig. 7)
# FNET T 2 | HUF @AdT © AT 48 FIAT © | TF Aad q9%
S oTg & AT T F ATHAE ATHAL § JST AT & | 5
TAFE I E TATIOTd &1AT €, AT SITHEY §Uhi & &7 A< Fier 31
7 FeA % for 560 Tuh i @EEafRa war &1

e Ret (Thermal relay) : © @#« R (Fig. 8) # surtar
T &, 98 € S A9EE § 9Raant & darferd tar € | rfersie
el R o Rwsfiar @ 9% 9= &t agaarn €, arwe &
qfRade & AT | 37 TYE & HANd ATav & | ST A F ATav9H
AT A T Y faafiar e & aramm &t aer & forw sifee
Uy 7T | gafey, oda o s auga Re F =0 §
ST T ST 21

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia 101



Fig 7 I

—— =——— CONTACT GAP

NC CONTACT
(FIXED)

NC CONTACT

D I:H (FIXED)

POLEFACE

COIL

CORE ———f| | MOVABLE
__l CONTACT
HEELPIECE —=| L ARMATURE
— HINGE
§ ~
a
&
8
SPRING g
i
Fig 8 STATIONARY CONTACT
- VACUUM
BIMETALLIC
a STRIP
Q\
N HEATER
\ ELEMENT
CONTACT | g
ADJUSTMENT N
SCREW N
\
(I \
[l .
BACK STOP 2
3
(a) (b) £
w

¥at st qast (Poles and contacts) : Rer user a1 ag-gat
& ATl H T & Y e dusdh @i a1 98 F¢ a6 2|
forfeaa fafacen # = aftia Fo d&di 1 T A 9 e
ST &

SP - T&a g9

SB - TFd %

ST - Tset AT

DB - sad %

DP -gaa g4

DM - 9 #&

DT - saa gt

NO - aTaT=r gert

3P - &

NC - &= &g

4P - 9 g

IETEXW & forg Uk PDT 4 97 81d €, Sad 9T ave e |
NO Efira #ear & ff Rer &Y swiva frfy & du gor € sfiw s
T &7 § Gl (AET) dI F=T 1T 2 |

NC @ et &t s e # a9 2 € oY 3= am &7
T 9% (NC) Hu FeT 1aT 2|

A= & 7 arferar 1 3o Rt @vF g 97 2|

TSt SR wEEd (Enclosures and mounts) : e smAaR a8
AT AT GTg 0 | He Bl & ATl AT 9T H1 geT

AR TATaT & e geiara @ o &% | Rt #t wr-39 fwew
gTeT "4 |fdhe & gEET S @%ar & | PCB a&d € a1 & e[
FT ITAET FF AT & I a1 ST FFham S| 39 TH6 i
(Fig. 9) & gutfar mar 21

Fig 9

STANDARD SCREW TERMINALS QUICK CONNECT SOLDERLESS

@

PLUG PRINTED CIRCUIT

EMN33200B9

ACTR& (ACrelay): AC Ja® |, Jaahia &1 eIvTaTe faw agetar
€150 Hz #t sTqfct & arer gaahrer &= 5= Tfer 100 IO & ot
S| I & & qHT, FHAT ReAST 81 ovar 2 | &7 % AreAw
T et & A 3o & a9ar & U e e 9oy & "Jehar
2l

srstte SR % forg us s $<a Sar fF (Fig. 10) F gortar
AT & | FEF g ABY H AlE % I TG AT S | T8 BTATHA Higat
TF FEHT & ST FIAT & S FF JAHT & F AST-AT
SSAT & X YoF &7 I & ATAN § [oIA I ad H diel
FA H TEEAT FEAT 2|

Fig 10
SHADING COIL

MAGNETIC CORE

EMN33200BA

DC gt # us AC Rt 1 Swain 72t e s =iz |

AC Rer st& DC syl & et SITaT & sTmererss St
F SRt ®§ FE TG G At FEA AAH A
gfRoms e

R srperarett & Heor ; R Sawadrsti SHAR 9¥ 90T |/
FHuF ferae & o gtar ¢ | 78 fae st § fawga, it
a1 TATIE & dhdr &

qataeei fiteer St Wifa gent § aRmeT At €, I a9 AT
qfade, 3Tt HU AT Fieest AT FIe TREAT AT & | gAforg
7€ AUl & f% 5 et &t Rt & faraaia sgoi &1 giafead
F¥a % forg fa=me & star 21

T w9 &, 59 R fAwer g g @ at e & dere w1

1 st = aies |
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arfersr 1

= IES] HATHA TR
SPST-NO FATET 1
=, %
SPST-NC EEa
SPDT 9% 28 R 9% 1 e
SPDT W 2 & wEer 1 A T
SPDT I 3 & TEd 3T 2 & TEA ——Xxz1,
—=
(B-M-B) 1 TS
=3,
SPDT-NO HeX AT e— L
—a t
SPDT-NC-NO T 3% 1 ,
(DB-DM) T B 2 '_,L,_.'_'A PR
i
SPST-NO T e 3% 1 — |
(D™) 1
SPST-NC Tl WE 1 S
(bB)
SPDT-NC T 9% 1 — -f—-
(DB-DM) I HE 2 ’ )
2 d9&t A1 guTEe few 9 TS, dd av W ST T A
3 W o SYcfere e : diger AT AT TT HATAHLIT IT TS AT Ayt e
g i s ofer
4 TAd AT F FgHE S v
5 oTg AN 9% LT T STATHAT ko) g ot S
6 FAAT AR 9% FAfaE o gt o s
7 & FAEe .
ATSE & THT
8 sgfea fErr aama e AT e
9 ST T T Rt b T T R T SR - 2032(Part XXV 3 ST
10 g&7 331 fRamsw & srgfua s | R % @ 1.S. wds Rer qffe & swnT &y 1w gds &
= e e e e e e = .S.2032(Part XX V1) g et % e it frfra e & forg doeh
Lo SRl & AT TN AT ST HehaT 2|
ATIRTET qieesT & THT
AC aTDC

AT Hbie - (NSQF ®¥ 5) - 319m@ 3.3.200 & 3.3.202 & gw=itea fraia 103



TR AR FA R F ad
(FT A graTw R & sewy)

R wE=
1 R Figa (FmE= vdi)

2 ofnf afa & R

3 ofift wfq & = arer Rt

4 gay Uw i afvErad ofe it -RferfEer e

5 Uk I=F i Ret (@S & aR=me sie asft & Refien) & Retr #wea
AT TH TlF FT START Faell a9t FFAT AT TRT F9 T2 FR 30
2 & o= ffvae Re @ T & it aw € o e o Ra s
ZaHT ITANT FEt FHAr S )

6 UFAC = F R« 5

7 FFaq @=s R & Ret #3a

8 e fwr izl & R wiger # aF argfST &7 U & dha & w9 # R
T ST =Ry, Seer & forw, we ul

9 uF gHa R F fou Raw wagufdr

f=t 4 445

o
10 o Refier Ret % amgfer

X

11 o aft=mas Re & aufEn

12 uF giiga Ra &t T

13 @rEr Ra & aEe

14 F9-9 & FoI] g4qTS ——

15 d9-9X & a¥E Fell ga1e
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st &t #1 29 (Purpose of overload relays) :
Afrae Rt Atex, sev sfes arfts ast ar o« safyr &
forg T rfera & faerT® Wi it Sideae wear &, AT -
ST T9TT &7 A0 | S ATl S HTIsH % HL gdT 2|
7 et & Y faiwarg &idt & s Rt &t 10 S § @ @re
H 73T FEAT © AfE /e FLe IO Are HLe H 500 Ffewra a1 4
fome 7 21

R = & s (Types of overload relay)
AR R F T wR T T 8!

e b

— e (fawefor) stftre R

ATHAR TX UF Faa Rt # 3 %5 8id € 9 % fafeas Ra
# &Y FEA F A A d & ATl a7 FIgAT F1H FT T Tl
IO ST AIET & o & a9+ | 7eg war 2|

gew At R& (Magnetic overload relay) : g8#
arferaT Rt et Atex afde % ard o § g1 € | gaahe
e T A U aT & a7 a1S+€ ST A1RY, HIET e &l qTied
FIA & oY AT &R & 99 sAr 7Ry | % ¥ siawdts
Rt e &Y dfigar & darford gt €, 7 & it &, 3 3f & Rusfia
Rt &t 21

S fF (Fig. 11) ® gortar =T &, e #iger efime 2 i
2' % ATEAH § WieX AT FXAT & A fIstelt yare F arer gEen
# gtar & | Ret @9 95 =¥ 96, FTede Afdhe & w1y HaaT & 2|
s Rt @ whar g fgiRa o ffeaa FaiRa go & st
FE, UEY Afhe & qreAw & qTRd AT SA1Ar € ar e ger
TR AT TaTe @i H FU {9 | IoTwT | 7% Fa¢ &t
T T ATl GaHe Rt % oY F1 496 39 & forg o e
forq A &, % efimer 95 ¥ 96 & &= HuF Goar & T8 FE
i Higel Hithe AtSdT & ST ATkl AleX I¥ Ira¥ qfehe Fierar
2 | =ffer 95 #1¥ 96 ¥ = Rt wush o e (R & = e
T §) d% gar & 2|

Fig 11
9 OVERLOAD RELAY
CONTACTS
s
RELAY CONTACT LEVER ] }ﬂ; %
RELAY SETTING SCREW —» 95 I
PLUNGER TIP = ©
(MOVES UP) [T J{~f] 2 SUPPLY
@z —— FROM THE
INSULATED '4: O CONTACTOR
BRACKET
=y O
maGNETIC coL— | | T }@DZ Soiting
; .
= MOTOR
PLUNGER .
RELAY CURRENT RELAY‘J//é
SETTING LEVER SETTING C
SCALE ]

MAGNETIC OVERLOAD RELAY
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TRt s R« (Bimetallic overload relays) :
srferrter el Ret e $a1E &t s feo ¥fer 85 & 115
gfaora & @rar & ofiaw fgo & forg gurnfsa B s asar 21
7 giEagr dd@ IRt et W9 qgEifa geY amR &
AT AT TEI 39T | TRAT T ATTHT AHAT-HATICTd STEATAS
Rt & wefaa @ear 21

fEwefiar e & fe=ror @fehe & fafir ooy gt sremr-sremT
Tgent & fawdTe & Y & &7 &, Sfigie 8T & 99 UF o1g
FAX & e FAar © 9 THT & T ST & | Th T-ATHE B
78T A X ad F Aefaw e ¥ fAfqyar F s dwfaa
AT SIS & = & forg g-feaa & %z § St 1 Eex ad |

s % (fig. 12) ® gwitar o &, " afkferfaet 7, fusfia
7t A7 & aete % Raare O &1 aeer 3T 8, o7 g @ud
95 &Y 96 a7 feurfar # € ¥ gafor wiex J@ F S Aldtee
FI3e fehe IRT &T AT 8 | T UF I=F aTe e 2 #iw 2, I
&YX iz & WILAH & [oTeal &, av dT¢ § Jeae J7 fgwafir a2t
FY T FIAT & S 3G AT I Fgahet | g@forg O 14 3y
T & a9E & AT @ A S BrT d9% "t & forg 95 siw
96 F &= dud @t €| Rt & gia de 78 fwm s awar
& Fife fRuefier afgat & wif & de1 #ex & forw 3o wm &
ATIFIHAT gl 2 |

Fig 12

@) HEATER COIL

>

O.L. ADJUST
SCREW

PIN 7
LEAF

SPRING |9511{{96

BIMETAL STRIP

POINT CONTACT ( ]
NO-VOLT COIL
CIRCUIT

EMN33200BC

BIMETALLIC OVERLOAD RELAY

e afdw (Relay setting) : sferame et drg wtex =réx =t
aeeror Fyg 2 | Rer w2 Sy § oma @ | ey & forw et &1 ==
T THE F ATAATET WX F forg Aex g, (& T et
¥ AT #=ar 2|

e ATeX & ardfas WX 941 & e fFar ST /e | a8 9w
AIET F ATH-TE T AlH(F IO AT FXE % aa< AT IaH FH
EAT ATfRU | arfas AR Fie # o #e # & fog 7=t affa
TF ¥ TfHAT 2

Rt &1 qof dte Fe & T 80% Ffaerd aF & F< | AT 78
faa Rt 85% wferora a1 I&# stfersk a ag ST & | R &t 7iex
X G 7Y qreafas yare & a1 w9 oft @ T2 fFar s ey
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(VX ETRT =T AT AT e Jare SATead ArHal § U ars
FE | FH SN, FATH HISLT 1 &THAT H SIS A2 (AT ST FhelT
)1

e AT Wiew @ & forg SunT faar sar € g &9
T ofer Stfrs Y Rl qa® J¥e T #7 TF Fe G¥e & aHd
gfewe R &1 &1t freia (Fig .13) # fem@mar @ aga a3
o stferae Rt &1 $1E o) us ammaitsy s @ ufee
for fdr &t srgmfa 3ar € | Ret fer=ror set % weer & srgamfa
FaT e | R fAe=ror et & Harer &1 Tverr F & forg uw dgere
0T Feq ST AT StraT |

7% F1q & % fora amnft § oviw faww &1 foe o gt 2|
3AfIT AT T AAT-TeT UF 61T S AT &, A THA TFq9o

Fig 13

CURRENT ADJUSMENT

TESTBUTTON

RESET BUTTON

EMN33200BD

& T[T HT AAF o qTAT 9T TAL & JoaT § Afers fFwae
T | 31% 7% (Fig 14 a ¥ 14 b) # gwrtar = & favafier ot
H Wi &7 FHROT a9 Tt & |

oefer srferame Rt ; erfernior el et &t Eex g & @
foa ¥fdw & 85 & 115 ufcrora #i &var & sfiae fow & forg ammnifoa

Fig 14
(a)

EMN33200BE

T3t ST HaaT € | 39 T AT A ITANN & TG A A &rex
TS | 2 AT a9 ITANMT eldl & S guitad ey AR &
Tt GIEAT AE aT| IRAY ATITHE AW JHA- ST
savere R

fEwefia Ret & fe=ror afdhe & fefir ey &t semr-semr
T & THAU (e & THR & 8iaT ¢ | ga#e ad eid1 & 94 &1g
# g UF T T A7g H & TF gAY & AfUF Faar s AU
ATHTE % femefiar agt 1 v R § o srar & s & s
& feuefiar agt &1 SwA Rar & f&Far smar @ s & (fig. 12)
| FuTiar 19T @ | €e¥ acd % gad W | SaeTal & HIE0T AHTEd
A ST & a9 & foy -fest 38 # g-o1aw &t 95 A}
% EeY I ST 4T 2 |

ST % (fig 12) & gortar @y &, "mar aRkfefaat & fusfa
TET Tl -TRAT T % et O ot ererepr 3t @ Y @Ee dush
o5 ferfar & &, sfie gafory Atex-dex Figa & Fade g X Al-
aqtee g Afhe TR &1 AT & SfiAe 2 ¥ 27, Figer H Ieaet TH
famafier ot &7 o et & S faom i axft-fenT st et
| Faehl i @ie & forg 95 31 96 & i Rt vk | Ret &t
R i¥e 7L G o awar & Fifs Buefw ot 7 Wit et
FA % o0 F© FHT AT ATEIHAT Bl 2 |

Fig 15

o b oo

s

(1) EQUIPMENT DESIGNATION LABEL

(2) MANUAUAUTOMATIC RESET SELECTOR SWITCH

@ STOP BUTTON

(4) COMPLETE ORDER NUMBER ON THE FRONT OF THE DEVICE
(5) SWITCHING POSITION INDICATION AND TEST FUNCTION
(6) TRANSPERANT COVER, SEALABE

{SECURES ADJUSTER KNOB FOR RATED MOTOR CURRENT,
TEST FUNCTION AND MANUAL/AUTOMATIC RESET SRETTING)

(7) ADJUSTER KNOB FOR FOR RATED MOTOR CURRENT
REPEAT COIL TERMINAL

@ AUXILIARY SWITCH REPEAT TERMINAL

1NO+1NC

EMN33200BF
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fer afdw ; srfersme et 2612 Wiew =rdY &1 42eTw & 2 |
w2 AT § o @ | e & forw et &1 =9 " w=he, e
AT & T AR Far 2

aoft ToreT AT-ared wrew e, e mex & arferfas e Fe
T #e fa S 1R | 7% AT AieT & AH-©ie 9T 0| g i
FXE F IYEY T ITH FH AT A1 | F&t aftia awafas e
Fe ¥ e de 3= & oy uw axer wiFwar 21

Rt # Iuf Ate e & T 80% A% e FY, AT ag {30 Fear
g ar e % 85% ar 3a& stfes a% afdr aerd | awafaswar it
HYex g7 9 7T JaTe 9% 31 31fers e 7 oy s =nfeu |
(TeT ERT T AW ATAT AT (9 a1 ATHAH ATHAl § T
IS AA & FF ST, F((%F AIeX THAT § oS TEI &7 Thal
I

(Fig-15) ® guriar Ta7 o#a savare R, siaware ar =9
faTheraT & HTLO AATAF ATTHE Tg & T qTAT AT

& @19 100A % ATe &1 Fie-fAe geaT & fou feew feam
T 2l

TF AW AT 920 fawaar & gRumEesT gfa g8 de Alex
T q¥ #ieY Fe fFamed & sigx §ifdw aat & aArew & e W
&, e #ie gia fuefia w1 T F2ar & St a9 FgHdl & % e
o f2ftr &9 & ATy | AeTdE Gt SR FAT & qEdF
TS d9 U F ATAH & AT H a8 F¥ ad 2|

% e i e & di= s a¥ feie #ear & i st e
“feqe” sttarfen fem frfa daas & wrerm & d@aa faear 2|
QAT q9T qHIA & A & d18 STt AT at ATl &7 &
AT FATTT &7 & T8 & AT 2, F Fedqol el ©ess

AT AFATET HT ATATAT F2A € |
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TAFITE AT BT
TATIE A%iw - fea Fresor afde

v 3.4.203 & 3.4.206 & gwtaa R=ia

Tl T, ARV A WHY, TAier, TR 907, Aie? Ia, dauans, Fa wiee g%, 1w @ A
fer %, guaiRa ww@m "X (Single phase induction motors-types-resistance

start-induction run motor, centrifugal switch-capacitor start, induction run
motor-capacitor start, capacitor run motor)

SEA [ TH 9IS & o § o ot w0 #wA av e

 HAT # AC T %t Hied & THRI Ft TFACAT T

o U IR AT AT F AT FA F [ g IR F i #A @ stragaswar ST /9t #1969 @y
+ Tftiam, frmtor, stieem Srarfes #iv Tewa avo afoRiy/desm RTE/AR0T-3 AieT & ATIENT &1 96T @y |

i) Ter =91 /e (Single phase induction motors)

el IYOT AT 9, FATGT, G, FLEH A AR TfAsT=T
T IUART Tt 3 U a<t fAfaa & w2 | 39 wiet # rHA
9| H.P & &% &Y e & arer HAifees srawrfte AleY & ®9 §
Tt 3T STTar @ | 39 2Ioft & T et 90 Jiex 14 € | Ushe
w0 #teY oY 1.5,2,3 =¥ 10 H.P. # fafia &1 s famw
qAfdaeT & &7 § |

THel TLOT ST &l I (AT 3T I F3F 31 A & Tgam
fede-==or 9207 Wied X FRCeT Al & & # afigd fHar
ST qhaT 2

fedre-=wor 9= Ated & A afigd AT S qwar €

—  gfaery-9, SRO-3A Aied

— SRU-3[%, RO HATfOIT HieY

— wmf-gaRa #tex

— HgTRA-E, WO-IA dted

— Fufer-aa wiex gailRa g=

— EifHa ga Aled

FRESY AIET F JA(GA (AT AT qFHaAT &

— wferpfar wew

— sy Hew

TF fEAe-a<0r 90T wiew &7 g fifme aiciies 3 #ie &
HH S1aT & | T ST T © % Tohel T2 Aie qUi are gasia

S FT IATET A&l HLAT & | Tk FA U HIGATHS &7 qATAT
& | safory gHTEEY qAST S FT IeaT FIH & fog, Wie< F
& FIA % oIy & FX07 Ale & ¥ § FH FIA & o7 IL0-
[EEIECRACIRA

TG T8, BH JaA T &7 & AT 6l (14 H¥ Fq11h Tohel I
&7 gaW § UF AC e &nfud & (Fig 1), §a4 #, us faui
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T/, &7 JATEETE TATE | 8 aTell Fee Jabhid &7 IcTe HIdAT
& T (Fig la) & feamar wm & | 9fF sanfeq g &= form
AT &, 7€ Ve Y § grers & 9Ra FE0 A a5 § e
TATE 9T FA | 37 e & IRA T6%, ‘o= F FA & qaras
T &7 &7 a2ty F3ar € | 59 e & o7 gofm, Ve avw &
Fe faom #t (Fig 1la) ¥ fa@mr mr &, a9 & &7 #iY dex
ST % a1 FATT U et H ft fetfRa e s a@ar & o=
T o FALT Te Feaed G IJAT(ed A1 & el Hf (A=t We<
e G SATEA HULT 2ok G Sce el et e & ; gafery
FE LY TROmH TET | el oo #, ST 6 (Fig 1b), & Ramar
TAT €, STYE ATI( A Aleesl 3AHT gaATaar Hf agaal 8, feem &
FEATT % AT TF T&F &F a7 a7 & | T8 T &7 FI H8ae

Fig 1
SQUIRREL CAGE ROTOR
SIMPLE FIELD
N\IINDING
@ ROTOR FLUX @
— MAIN FLUX
)
SINGLE PHASE
DIRECTION OF
TORQUE
\/ TORQUE PRODUCTION IN SINGLE PHASE MOTOR
~_-" WITH ONE WINDING DURING +VE CYCLE OF SUPPLY
(a)
SQUIRREL-CAGE ROTOR
SIMPLE FIELD
WINDING
@ ROTOR FLUX@
o FoToRAux T MAIN FLUX
e
SINGLE PHASE
AC
o
DIRECTION OF
. TORQUE
SN TORQUE PRODUCTION IN SINGLE PHASE MOTOR 5
ﬁ WITH ONE WINDING DURING -VE CYCLE OF SUPPLY §
b3
(b) Z
w




F T #Y 37T UF 2 T SATEH FEAT &, T FAL T A F
FHEFET § T BiaT & forges TR Tex F et off qave
% AT € A T2 7t R oA | = de afein & e 3,
3Hforg 2 a¥t AvE AUl T #Y TET 8, [ 9% T HS & aiF
T AE Srar 2|

afe ITY ATl | T H et it fawn # o ster ar et
faam ST 2, @t 7% gHAT S W@ 8, AR We AW ReX Fwa
F i ST F w1 39 faEy o & us atd =2 7l ared
& forg, ol & € 8 & forg Fa e U gHEeR & savasdar
Bl €| 78 v € {3 U =7 9T Wiew, FAA UF YATARR B
Y, @ g% T8 gt 8| A% T &7 Ft BT F a9y gwa
TU FATAT AT 8 | TeX H UF g ek HT IATEA (AT ST @t
gl

T 90° FT-AH-TXU Wiee : fawifora =wor gy gah &7 &
IS & ARl H | T | (T & HT IdTe | IJ§ TfoTH
AT ATF Ve F ATz FT gEA HE T FA FF AT
ST & | 9 aTgfeT #t g arsfe & 90 fagya feaft v ok
T # T@T FET ARY, AT FeT arEfET & 920 & Fie aws
& ST AT | 7, T TATE FT Ferdl T qF(ET F e St
FTelT ST aefeT & wiafss & sra fm 5t #aar €, 7= gt
FrefEw & quT gfafwar i sfaarer erdr 8, s aRemreasy
T T AT TTLIF ARSI GIRT a7 AT &, AT ATehed oA
TR BN ST Aie e AL gni

forafore & 3t (g A W) wiee e A & &7 7 qoiv
Tl HHTESH & &7 IATa YA & forg The & |

(Fig 2) ® zommaf & & g (1,1') o1 gera (2,2") asfesd &t
e § 90° 9% UF A & forg @ ofrar ¢ | fa=e & fog, Fae
T =% 45° gfe T w9 F A fEmr @ 2

o

Fig 2

|
CURRENT IN S
STARTING

& @

EMN3420352

PRODUCING ROTATING FIELD FROM TWO 90° OUT-OF-PHASE FIELDS

o fRrfd A 1v, Fae ger arEfe gare 1 SAEd #¥ @ ¢,
T A T U Siead @9 § 2, S & @ = § e
AT 8 | dekTel "B, 45° 91E |, &A1 aTfed JaTE HT IATET
IR FW @ 8, AR gF vare feur off gt & 45° a2 | fufa
“C' qx, Aferehaw gaTe o« gfast # & Faer yiE agfer yae
FT IATET FY &Y & | ke D' U, Yo A & e e &

femtor &t <ot 8, afde % 7 Rwn #, s AT g& Fe
§ 319 e e €| 3afore, 39 99 § g vare frfa D # femmn
st | ferf B! ar, stferaw wate Faw 3 fada F ol
| 99 7T TE AT AMRY F 3T ATSS-ATE-FL Hieg A€ oA
ST TAT ITH FLA & {oIg FAH F @ 2|

e =T AT FEW (Working of split-phase motor):
[ YA T, AT AT &7 § SST AT A1 | e Th
et & fioR % T &7 8, Y gATEaR gaar & BT e
& e fEme, Tex # & £ oW UF WO | {fF e are aie-
dfthe gid &, TAleTT 3% AT § UF a9 &7 H7 IeE Siar
| TE FEHT & FATAET Jahid &7 H1 Ay F2aT1 & Y 0
AT ATAT &7 HT ICAEH FXA o (o1Q Fe&T &7 & arg et S |
39 fhaT &, TeX guTEeR gaa &7 & 0F & o # gHe
& FY AT & A freredt fie S7or /e & A |, 5 qea
FHATAT AT 2

AT, T(eT YU [ &f 9 % aTa, TRIHE FATTER 8T T
& UF AMCF Faa T &7 § WS AR e Hiee & &7 # Fo (4%
qTEAT ST A & fewpaae fohar |

wfaty-¥eera, SRu-AaTte @Y (Resistance-start,
induction-run motor) : Jf% §& THT AT AT H FEATAT €l
TYETFA BIE & AR THET YEATAT LT AT &, 7 /et H
START AWAR 9¢ 0.5 HP Ifdr & forg famm sar € st a@s
dmaTr & g T S awar 2

AEwE AT F (Fig 3a) ® gurian @ |

— ger Al a1 aEfEr =« @ 2|

— HEEE ATRET AT AERT I FAT

fa] CENTRIFUGAL
SWITCH

S
4
2
z
@

z

STARTING (AUXILIARY) WINDING
(a) RESISTANCE START INDUCTION RUN MOTOR

| VLINE

\ |
LINE
{b) PHASOR DIAGRAM AT THE INSTANT OF STARTING

EMN3420353
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STfe gl & yer anEfe &t gt # = AT oA w9
Sfarferar ST &3 & forg fesmea o o 21 7' ger aEfew
F AT § TETAF AT A BIe-FSALL HT ITANT HLah BTA
forarT STTaT © | s1feres ofteT & forv ger e angfen # 9= srferesrm
BT, ST 30 Wa¥ Wi | el & Y@ 9T & ThaT g | TE
wre ¢ f% #¥e (Fig 3b) # g9y 77 sgaw, & &9 § fawfea
B0 | =Tl e | @Te' g ATYf dteest V' Arg’ 15° Y
T ATEET FXE AU AT, H T qheest B AT 40° 7 |
Fafery, & oI @wE == # T S ST I g 8 U
TAR AT FAHT & FT IAATEH FIA & oI A 8 |

S ATeT AT 75 & 80% HITHAH T d% Tga Al &, af
TS AT it U JHTo e grer d=ferd e smar @ =i
HeY UF 90 AeY & ®7 H &0 F¥+ & forg fAae e | 39
fag o¥ et Wil afen Reraae e st &, |rer & /v gt
aEfET 2 &1 ¥ | AT 37 HWieT & AW rE-fa fawreare
q FEMET ST GhaT & st & (Fig 4) # gwrfar = &1

Fig4

COMBINED WINDINGS
FOR STARTING

SWITCH OPERATES

MAIN WINDING
ONLY

TORQUE

0 SPEED 100%

TORQUE SPEED CHARACTERISTIC OF SPLIT PHASE MOTOR

uF fEde-awor wiew & R oy o gews anfe™ & adw
& gt etdt 2 | 3aforg, av at ger aEfe i #t agaa
a1 S arEfE afimet #t agas, Teum # 3o Soe ara
fohaT ST |Far €| Ui B0, R gl fAaadia w9 € &%, At
Z, (figba) U, &, mim e afez, U, s fmlafe z,, U, & for|
afe z, U, & wifher &7 o7 &, @t Teew a<t st e
(Fig 5b) & femamam mar 21

EMN3420354

Fig5
SQUIRREL-CAGE ROTOR
Y Z
w w
¢ 5 gl
2 [©] K =)
o| zZ Al P A Q z2
o Zo (7] <=
wl £z ° ° w| =22
w| =£ o o |l Xz
< = o o < 5=
E 26 oo =) E <<
U CENTRIFUGAL
Yz 22 2 SWITCH =
(a) COUNTERCLOCKWISE ROTATION (b) CLOCKWISE ROTATION £
METHOD OF CHANGING THE DIRECTION OF ROTATION OF %
RESISTANCE START INDUCTION RUN MOTOR Z
w

TfAr-9%, SRO-H1e & ITART, F(( el & el aidh
FTATFA DI & AT THAHT FEATT Fe I ¢, 3¢ 0.5 HP %
#¥ ¥ & for ffita e star & stet s 9T gt gtar
2| T WIaX HT TEHTA & &1 T, ATTSTT ATRAT A9 AT
AFST F HH A Tl AR & forg B s 2

SROT-ITEH, SROT-TA Hie : A2 &t YEATT & a1, e H
TF AATF TRAAIT TIHF AT % AT & HieT Y& HA
% forg T o ST @ O AThe §, AT arsfe | st
@ | 8N, oY WX @i & fiast &= & a9 A
Tt et et & foRy snm | 4% sneTay At § e
Y g ArEfeT us &F 99 % Al ax & o= &id & ar arsgfer
Fr gEA™ FeA & forg wfaxra AT T ST =fRv | 3| Awiex
H 7 JTL I 81T, 3= I Fea 3N A= aia< e g |
i) F=sa® f&=r (Centrifugal switch)

FewEs &= (The centrifugal switch) : 3w sawe e
Hiex & 3ie¥ ford @ i FAfeT-amst SXur-39 Aie & Ao
H wT o arE e % A et # 7 g €, oY Ao e
Ft fewrde # & for aF gor, Fafe-wrd, Faftee-3a Aex
FT ATHAT| TeX e Tfq & 75 & 80 Tiawd a% 9g=+ & a1g
TAHT 1 TRIHF A & Rerdae FEAT € | G 9% &
I g W &1 & UF 8 s (Fig 1) § g9rfar 4T sie us
Ui AT (Fig 2) ® g91ar a7 | feR 9nr Sfaie 9% #fe? &
the -3ifaw-wie Tx ford & i ot @94 €, STt v et aier, fivrer
a7 o, FEAE F &9 © | T GO AW AT § AT S[Iar
&, @t TE 3E QT TAAT 8 | ST e e giar €, gui Wi &
3geteY & R aama & s uF siais fafa § g 2|
zgaeY {1 #1 77 oriafks gade for G dust #t 4 F
#t srgafa da1 & o ferw # au-fEn a9 & faars s aw
Y @ & FOT ghaT 2|

Fig 1
CONTACTS

MOVABLE
LEVER FOR
CONTACT
OPERATION
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LEAF SPRING

Fig 2
GOVERNOR

SPRING

INSULATOR RING
GOVERNOR WEIGHT
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T V2T TS (A % T 75% A9 I F3aT &, F5Ia9sH
T & HILT, TAAL HIX IS &, A & 3geie? [T aey 5= &
fore AT 2| sgetes R % 3/ oI & SATaTSer & F, I8
FAF AT FA FATAT €, AR AT CS,| F A6 & 8 &9,
#IY CS, aTeferd afeT 1 @ierr 2 |

W Y& & AaRad e fea #, {9 # 3 ata, srefamas
g & @t | & UF gAY & 3gaes 8ld © I he-3id wie & 3fav
AT &I & | FEIaTea [T s atar Surferdt it 34w strar
g S g @t % 9T MY Hise #¥d &, TafF JieY A )
g 9T FH T FH I =T € a 75% wfawa e wfa & (Fig 3) &
a7 9 TR

Fig 3

COPPER FINGERS

Ry

INSULATION

ROTATING PART STATIONARY PART

EMN3420363

CENTRIFUGAL SWITCH

& XA & GHT, A q AT Il F FH &9 &, T4 TH
Hrex wfthe § W arEfe &1 mide fFr s 81 o afy
& ST 75 SfA9rd IY | FeEIaTee aof % 10 ArHel & 3T forat
F ISTAT T &7 FH a7 &, Forad afebe & yreeredt graer
fem=rrae &t & 2|

Faqas = ® T@w@™ (Maintenance of centrifugal
switch) : #ETETes = d& T8 e < #t ge &ar
ST AT & | WieT & 3d Fa< § @7 7| 987 & Al |, o
e T §TY A X &= gorw & o €| g9 fer= # o%: 7
H HH G FH TF I AT & AT I ST Ht GiAead Hed
F ATEaEAT & | FohHa fagett § weaft ar g av fifer &
forg srgferm gawe & forg g an Fwetie B &t aermor ¢ | giafeaa
FX {3 it a1 aresEr F foAr #19 Fd ¢ | e a9, oY
FIOYOT 9T AT € |

TF FIUARE = & d=ew & gherr (Testing the
operation of a centrifugal switch) : F#gmans &= &
Ty & U fer ferfa & afteror 3 st aewar & wfasfra fRrfa
X 39S HATAT & ATHAT HIAT qga Groshel SN | FAh SR
T STferax T it 3fd e @ia & foer = T o S Jehar
&, s et i aifere & st 2| et gemat & G
o Trferefier @amere Y ST e o forg | s fef st smefr arfe
& FEaaTea & SeFAaeT Al &1 Swae # | IEara
(F=TIF) F 15 UfEER, UEd gd, ey (&= i (Fig 4) # framg
Y 3T AE H A, S ey e w ot fafa § w

FETATRE % STAAAT HT FHride FY U 9% & ATAT & f&ra w9,
St f% (Fig 4) ® gutiar @ 2 | giex e &3 | 59 Fguans
fer dg &Y forfa @ 2, o J=1er F3T | S9 # Are} & afa

Fig 4

5 AMPS AUXILARY WINDING
LO ~—=

| Z Zy
! Ui
SINGLE I MAIN
PHASE AC I
240V | WINDING
} u 15 AMPS
2 250V
N O—A\—D TRUMBLER

SWITCH

CENTRIFUGAL

LAMP 40W SWITGH

230V

EMN3420364

AT & ST &, FTHT 20 §he | e, JEATAT ars e #f fewmwae
A & forg T e @iet | ST Aie< &7 i ¥ 719 75% S
FAT &, AT FEIAE [WF 0K 30 AL &7 & H@ATferd 8idT 8,
T (I AIHT HT GieT QT AT 19 & 3% & 3@T ST Tl & |
e ATfd & AT FEA gId arg, AT duE AT &7 A &
Afha 30-40 @< (75% Tfdd 7fd) & a8 JTex 7Ll Il & ar
FETETE [ T ALl FY TET &, A T 7 Tfcrem= fFaw
ST =Ry

AFAA .30 W (Manual D.O.L. starter) : U% &©éx
HIET J& A AR S & oIy smawas &, i qframe d@eeqo
ST HedAT 2

TF AN =T s & (Fig 5), # fe@mm mm & =iw stiafik®
AT St o (Fig 7), 8 R mam € &Y @ &7 gar g9 star
(Fig 6), ¥ faamar 7 € | U Fei=1a@ d & &9 § | U Hgere
T BT § GATIOd UF @9 o= & A1 e (= & | us or-
e F(Th FH{AoTT & WA & o &1 GATieid HLdT € (T fF
Figs 6 31X 7 & g9riar 17 §), =WeT § aar sifasy R eiw
SFAHTT L&A AT A Afehe HLAT % forg U gaarg A«
et T &t At & | /e & oy # fewrwe F31 % forg w=re-
T ST FX & foru siawerte a1 wie afhe & araet § gt e
AT €T F Fa 3t el B 8, A WIET Fa AaweArs et
& T -1 e gar 2|

Fig 5
OUT GOING TERMINAL TO THE MOTOR

PUSH BUTTON

INCOMING TERMINAL
FROM THE SUPPLY

EMN3420365
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Fig 7

EMN3420367

SCHEMATIC DIAGRAM OF A MANUAL D.O.L STARTER

Fig 6

OUTGOING TERMINAL
TO THE MOTOR

THERMAL OVER
LOAD RELAY

INCOMING TERMINAL
FROM THE SUPPLY

OPEN VIEW OF MANUAL D.O.L STARTER

EMN3420366

AT FTCH T & I AT TG FLd © |

A=A (Operation) : a7 & g TYF a8 X ad & |
% WY g3 €T A8 @A AT € A7 Aaware Rer ar ad
affe o =y g #=ar & a9 % gud &g T&ar 2|

T (Fig 7 ® 911 74T 8), 919 i r-aed (6) & Srar
2 | ferfRer s (10) sg &r strar &, o a5 f2afa & wear e, w=ifs
Fehfrer eitax fwew (5) & amma & faars Tt (11) =T =T
T TEAT & | TAT Feo (7) T TATAT F¥eh, Hehfeish A1aY Aeen
(5) AT Fe7T & & & arad B & o 2, o i aus
Tred & (10) |

it Rt & d=ew (Operation of overload relay) :
e § fAae srferame, aeder stferse R & &ifder aea & Ay
F T arelr WK g fgafi ot @ wf w8, Gew |
(Fig 8) ® guttar 741 &, U=¥ a1=T fF=mar war wte a7 f3ar stmar

g, o afda & star & s dus @es & forg 7t oae
JOTTeAT |

Fig 8

OPERATION OF O/L RELAY IN A MANUAL D.O.L. STARTER

EMN3420368

e AR Rt % F¥e @feT #t 39 Faio & oy 1o & 15
AfeT g F FwES F agen o1 a%ar © (o § 78F qwriar
T @)1

7ite Athe R #1 @=mest (Operation of short-circuitrelay)
Hrex Afthe & o11¢ wfthe & AT | A Afhe F¥e aga stfers arn
T ENIT | et Aradeis ¥l & ATeqw & 39 a¥e & U < afhe
TATE & AT HEAT § o7 &, TT AT | G & AT gt AT,
F FXA & (o7 HTHT THT AT €, 3T AT & 39 G0 F
v oife Afdhe Fie, AleT AR F THAW Tgara, fasredt
F AT IS AT A

TS WAl § gaad e doft & H1 &4, a9 e [
il

HTHTT AAHTE F S Fe H Feo G I gaar &7 §
ATHEE &1 ATHT F3 & forw qafe @i 727 ey, dAfeT o
Tfthe % AT |, F¥e agd STFH SN Y Higel AHAL F ATHAY
STSTATE HAAE & ATHUA FA % (o7 T Fawhed 3T Fear
&, S A offaw &= it (Fig 9) ® 1% a7 = i & i
feafemT wtcae goar 2| 37 d9F F d9 aF qe| SIS AT THAT
S dF WY I &I WY Fe qarhe A A1 o St &1

Fig 9
ARMATURE
SN ! 0
o t T ,.
— o &
s == Yq
[ g
g
g
3
OPERATING OF MAGNETIC RELAY DURING SHORT CIRCUIT é
w

F TTEH T ITANT 9T 3p9Tieh 7w & forg fawam sirar 21
T AWAR T I AT P& G & TOF ©IEH FF dleest AT
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T TAt-Ftee RS T2T7 72T X A% @ | 30T fasrelt fawer &7 sty
&, at Tud 92 TedT 8, 3T I fastell arqd A1y € at #rex e
& 9% &1 AT | 99, %, AT A d a9 {7 TE HEaT
2| dfth Tefiadt At § 9% STHLO AN AT qR & forg
GAXATH & AT €, 3T AT, g7 W 07 Agerel e &
START FIA & AT qLT A AT & |

forera et Rt (Electromagnetic relay) : T =22or ST
AieH, S Fg-=L Y7 AleH AR T HE I e F R
IH THT & WY TGTE o € | 37 I= TfWE Fie #1 are faga
FawE TH R &t d=rierd we % forg foram Strar & it Fgoane
fearzm & aue F9 Fwar € 0w R & fouw Fawm o,
(Fig 10) ® gurtaT =T 2|

Fig 10
RELAY
\ L ARMATURE

o —h | RELAY COIL

I g

SR

I | AUXILARY WINDING

—2 L o——"rrr e ——
L= z z
1 2

v~ Ui

MAIN
WINDING
)
o

WIRING DIAGRAM FOR AN ELECTROMAGNETIC RELAY

EMN342036A

RS & us ae it geor aifET Juar & arg g@ar § T g+l
& | T aTEfe R & AT 9 & g @9 % A AT
# =T g 2| gfF fEere-awr Aiex AWARY ¥ AR 97 Hig
% B 8, TRWF Fie gais T F4e § ur9 & : AT Ao
& @t € | IR srafy & S, 99 g aiEfe e §9h
a9 8t SITeH | gafere, HeTe ars i smyft § v e, 39w
HIET & U & T 7 AgS fHont | I e gl g% ardr
2, YT fiR-¢Y et 57 T 2 | Atex 3 1f q% age e F A,
e AR e F9 g T { S @ oY srw=e av Ra A
T AT AAHA &1 AT & A qI% Grerar, o emyfe qemes
ATl #t Fre fear stmar 2| 08 R wiex & e fm & aifs
3= AT & Ftaw o S s ar sfaerfd G s e | Fits
FFUHETE BT ATARF €T & AT AaT-Fie R & €T & Iaa1
AT T T

iii) FeenRa-y%, SYv-dEie AteX  (Capacitor-start,

induction-run motor)

TF $T3T ST 3= TRINF T H ATavaTdr eiel & 39 Frie-
W, IRUT-TF T & AT TATIT AT ThaT &, P Th 308 Tfarer
[ FHIA, U7 A AT | Iepte WA 2t BT &, #ieT T |

femfor e ®® (Construction and working) : (Fig 1)
Fafirex IXO-TT WieX & ASHTEE JRE it f3wmar €| Sar
o= & femmen o €, ger aEfew syfd 7 Jer g €, wat
g aEfET uw gy oY uF devas faw & arew g
T ST | T g e | g atat angfent 90° fazya fesft % sremar

TS T@T 4T & 3 U fepaver fUoTe TohTe e 1 ST f&Far
AT 2|

Fig 1
STARTING
L z, WINDING 7

——= CAPACITOR
SINGLE

PHASE
AC
SUPPLY

RUNNING

\
\
\
\
\
\
} WINDING

Up

CENTRIFUGAL
SWITCH

\
|
\
0—0\‘\‘

EMN3420371

N

st f (Fig 2), § fa@m @ 8, % 8 % a9, g arEfeT
# Fee SAYf ateest aersT 70° fRft &fcoem a% onft &, ot 3o
AT X Ifaery & e 9 © | gAY a9, 39S qeTA
% FTIT FYEATAT AL | FLe AN Aleeo & 1S FT, 20°
it aferee |

ggfere, ger =i arfwes arEfeer & dtg == sfaw 90 fsft &
FUG ATAT & | T0% 9T § ATgT FC H 9% AN dleesT & a1

Fig 2
CURRENT IN
_ -~ STARTING
A\ WINDING

LINE CURRENT
AT STARTING

\ ~

\" CURRENT IN MAIN WINDING

EMN3420372

IO § FH AT FH & ST @ Sored fastel #es I= & S
e uF I TRINF 2tE ad o 2 |

ETeAiTeh , 33T AT & 75% T F3 & aTe, FUaTH (& Tisrs
TSI &1 Gt FT =TT FIAT &, T AT aa Y07 [leX F
T H HH FAT €, T AT & I3 g arEfeT & arg 2|

Teww & e 1 o #2401 (Reversing the direction
of rotation) : TETR T, 0T IF AiexX & Ve & o
ST FIA & forg, a1 af A AT G aE (T fHAat &1 agear
FRT| 37 qT FT FW & & o 31 9w g e wa
7= TR FEdt €| 3aforg et uF e @ gfawar ST Fed 8§
s # faafRa |

fagtweT (Characteristic) : ST &t (Fig 2), & fI@mm = €,
e | Fee A faeamae diY giefwa aigfer st 80/90 fft
g, AIY AN ales AR ATET e & 419 ¥ ey F agd
BIET 8 | T8 UF I Ieh FTLH A TF IFE T 2eh 1 I
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FXA | IROMH AT &, AT A AT (% & FF AT T(AF,
ST & (Fig 3) # fewmar mar & | =re arelt et (Fig 3) # fastwar
a% # fRETY Y ATAR o ATCl b AT & HAE STeAT-SAeT
forerar & oie & a1y @ & qEEisa #3dr 21
ATIART © IFE TRIHF eheh AL AT fIom-Ieter fawroar &
FHTLOT, T HINAT BT STANT dec TET, ATITH, SAH, TR, 9
AT FWET § B At 2|

Fig 3

COMBINED WINDING ONLY

SWITCH OPERATES

MAIN WINDING ONLY

TORQUE

SPEED ————— = 100

TORQUE-SPEED CHARACTERISTIC OF
CAPACITOR START INDUCTION RUN MOTOR

EMN3420373

iv) FeTaE THer IO SR Al § IqANT e Srar @

TF HLTRA UF ITHI & ST gAFE e e ATof & &7 | fage Foft
F WY F TFAT & | FTATTH Tl I Aied § HUTRA HT &I
I AT FEH & & A& & forQ =07 &l AT 3T
2| g% Iamar, F Uil gare o aEfid wa €, Sea foeret
FLE | G EaT 2|

T O VT AT § Tk TTRE FT STANT HIA T a1
FLAAT AR : AL-YAFA THT % TIT AT SAFEIATS (6 FA (e
FT ITART AT AT & AC HETRA THT AieT Y& F3A & o |
A Fufed # AC Afdhe & STANT & forg e sisd star &, =i
gdtr s A8l gl DC affe § v & fou duw ar
TAFZIATEICF FU e § g (S 8id © | 3% AC Afthe # geaTer
AR o ST =T FifE AC aiees & Iae & HUTRA B T
F f3ar oI "ar &, S| F9 F sig A A9 FT AR BdT
&, e =& gel § ST Tear 2

Ferfar a¥ sifed AC dteest I # @t e et aies &
stfereme ™ e % oIy Aieest 19 XA % fofg UF A gawr | afr
AT RM.S. Ft @& Fear €| smafa sat it T sats
siferpaw AT AC diF ateest ehft st &€ RIM.S., /2 TAT
FicesT BRI | gAfery, ua &@eTfa #t se ad qae, aveest e
T AT AT ST TETAF Sl &, STreT HET et &f ashar
& AT fawrie ot & @Far 2|

FAST T A FT UF A Ay fag &, srfeamier Fafied 7,
i S0 HT 7w Al (e 34 At e (AT = 79)
e & fog @ ar 7Y | sienfE fAaw e Fafred 1 s
siafym 3w & forg fram ot a@whar 2, e 3fdw & forg s
Y U fafe (1fé s ¥ Ffeex F1 IunT At O s

TRY| JE FETHE BT AT, TN T a8 AT dre it
TG & AT TS HaAY © | T A WL 81T & AT Hgqas (e
St 7E1 SiaT, af FAfe & ara, d GO aF geF afhe §
& forg wiefire arEfE & forg wier R | U8 ArHen § duri,
STt AT T ¥, AATH TRH & & FEOT A6 & S|
TE ST T AT AIRY AT HLTRA TFAL U (Afa9r qera-
TN e | A% vearn 2|

FA e & arAar, forg ArgREre | o S €, wiew & fawtar
g fafde o s =nfew| #9 gar & aRomAEsT e
FY IET W % TG & AGAf TEH & Tl & Forerss afRvmmeaey
G THTA S FETAT H T 1 & oS THI A T are i
e T@T § & dadt & | #fieY @, Fafer-a Aex |, &
Fafirey gt | Fifs S durRea Fow arer gura i T
% 5IAT 15 AT 81T, ST Tl qTet HETRART JoT § Se¥Hice-
T TAFEIATE A THTT AT ST AT AT &S, At | 9T T
BT | HieY & 39 FAHad F1 e, Tod 99+ 3N FAT & qeast
FXd TR I F@AT A JET =AY |

T TETRA HT AT % I, FeH & T9 & forg I I@oret
T ST TR | Uk =T Gemf= &% G de ST 9Tst T HehelT
g, AIY oI 21, T 917 § ThaT &, FAfTY ST & T ared
gl & et off = fiima &t g7 & Tedt, fasTelt % =t #t &
AT % ATSAR § AT 100 FHA F AR & SIS AT AR 100
aTe gttt star & (Fig 1) # feamar mn & | fdew & o aanfe
mer &t drefY arifear &t gumEys & a9y ST ARy =i I
afurm genfis F riafis R & 9 a9 987 #¥ W 8 AW
IE AEEHA B THAT 2 |

Teror wufde # & (Method of testing capacitors) :
T % fory HieT Feae & UF G H gL & Ted, g4
HTA% Ak & q97 & oy gat &7 qr =nfey | ffotaa fafeet

Fig 1

100 OHMS, 10W

“<— INSULATED CABLE

~— SKINNED ENDS OF
CABLE TOUCHING
THE CAPACITOR
TERMINALS

CAPACITOR

NS

METHOD OD DISCHARGING A CAPACITOR

EMN3420381

F TS TA-T7, TAFLATZCH AT A & A FAHSH FT A0
Fed & ey & ST 2|

Tt Y femamst 3 (Charge-discharge test) : @&l 9=
ThfaT HTH Ficest H T F< | I AT IET A1 A giar @
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At AT, Uhel =T et #T FeT &, 230V AC 50 Hz, &1
FEAT &, 87 g8 100 ohms, 25 ared sfaiet sar % (Fig 2) &
FITAT AT &, F AR F A § A A € | HRA W, 0F
FAT AIS AT & 3GY, AT dleast T¥ TLETI HXd 79 | F9HI-
FT, S FuTfA Sraget gtar €, at 7% fawke #¥ a%ar € di
ST A TEAT Tl © | AT 3-4 Fahs & forg afdhe = o=
F | o6 oyl &1 d% FY T UF 3ies WEs 4 7eg & AT
Zfiae # e & ger &, famr Faftex efifma #t gu famr|
o & STIaY #t #ee & AU THaal & SieT F< | U Swaa
T TF Hebdl & [ AT HW F T € | TF G &6 a7 15
=T e #ear & ff gariRe FEei ar gor ga & | gady a7,
ATl e & g & 31 S & SR T & o e e
F ATE | TUTRA ST JATAT €, FH &THAT FTHET F ATHA |,
IR Ffae o=t fRafa & @ aa off wrsh Fasti i € | enrer
A & aftta g7 9% ar snweieT afverr, durfs -vee A &
e T AT @ | AT STHaAT S ATavE € 918 | 36 aHATAT
SO |

Fig 2

N
AC VOLTAGE —h“
AS RATED WITH |

250 Q, 26 W
CAPACITOR

_o\l_l I

L

CAPACITOR

N

CHARGE TEST ON CAPACITOR

EMN3420382

Fig 3

FIRST ZERO THEN
MOVING TO «

S

METER SHOWS INFINITY METER SHOWS ZERO
POSITION ALWAYS IN AN
OPEN CAPACITOR

POSITION ALWAYS IN A
SHORTED CAPACITOR

EMN3420383

TESTING A CAPACITOR WITH A MULTIMETER

HeTlRa #F grwar & C_ e =

27 FV

. Ix10 °
HqEH BE § gwar C o =
2 7FV

_ 3182 x|
\Y

afe swar 20 wfoera stfes ar & ¢ ar fes giua qe, 38
fererfad #X |

HTRA I T 9@ (Insulation test on capacitors):
1709-1984 BIS & SIgaTY, MTe Huffes afiae i< a1g & =
AT SGATA T 500V FR/EGATT T8 FIT AT
STATE, At 100 FTEES 6T 8, AT FUTHET SHAT AT el IS
AT T % 98T & e W9 T o qear 2 |

N Hiex 2 : 3TH HeT FT ITAN FIF & Tao, TR i 0w
HYe &7 THAT & Fa & ATST § WS AL T FaT &1 A A1 |
i Hex & afady Fr wfawy § e W AT g A" |
AT FX | G % efimer & a9t F2 AT Hre< 7 Faiaor
39 | 3T G P A AE Gt © A T AT A T F@dr
 at gl w19 ¥ @ 8| 3w ofie Ft Rad ¥ o g8 Fa
STH g ST FAHeT | UF &7 Ao {67 & Fontt | gE gett 2,
gz o frfa & 781 st Afa siaa #rer 7 @ | gaEdy a7,
UF TS e § GE YT T8 | SR Afehe Sreftfie wet & 7
STt | & g (Fig 3) ® gwitar @ &1

TR q3eTvT (Capacity test) : & # AT 9rfey sar fF
(Fig 4) & gurtaT 71T & | THfieT & Tl F¥ Hed & forg e
e e = % forg denfa &t #1€ Jie a7 The! & T & 3iEY
@ | THHEx (1) 3R diee Hex (V) & R dar anfee g«
gfoerd @ffe & ave & Fer amr @) dew AT &,
ATERHLTST § YT 1 eraar T & 70T 7 S1 Feohedit 2

Fig 4

1000 Q, 50 W

AC VOLTAGE AS
RATED IN THE
CAPACITOR

80 uF, 250V
AC 50 Hz

N

CAPACITY TEST ON CAPACITOR

EMN3420384

v) "eriRa-ame, damia "=ntea #wiew (Capacitor-start,

capacitor-run motor)
FTRA-ITes, GeTR=-3 Aied A1 adq1Q T4 &7 TH & id &
— Tt qUTRE AieY (Thd g §41T #iex)
—  HYTRA-TW, AT d1foid AieY (31 o FLTRa Aie)
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W G |iew (Permanent capacitor motor) : 39
TR 3t wiex (Fig 1) § fawamam man & o7t et & e stferes SaamT
22T ST €| 39 Wiew &1 gred | SrAfiear & et 8, FitE
EATAT 2l HT I=A B & ATAAHAT 81 Bl &, Al AT
# FETEE T % ITAT X AT TEEE & (o ATa9h
| Fenfr geTa® el & arr gEen § J7 g €, MW @
AT | TedT & | 98 Sified da-gare & At &1 emr 9y
A Az =gt T gar =nfeul

FH F&AT & 994 & oy, FSAEY 1 I87qT FH @l JEl g, |
Fa H TIF Tk B 0T ArS & Tt 50 & 80% T a
= et 2|

AqTeX # IF SH-Tid f&A9ar (Fig 2) fRemar = 21 7% gtex
FATHET-TTE, 0T T Aied & ¥ § UF & {faer 9% 1 F3dr
g St %7 G 2fF & ary el 2|

Fig 1
Lo

z
U, 1

SINGLE PHASE

SUPPLY AC MAIN AUXILARY
240V 50Hz WINDING WINDING
U, c Z,
Il

N O %
I

3 uF, 400V
CONTINUOUS DUTY RATING

EMN3420391

CIRCUIT DIAGRAM OF PERMANENT CAPACITOR MOTOR

Fig 2

TORQUE

0 _—— 100 %
SPEED
TORQUE-SPEED CHARACTERISTIC OF PERMANENT CAPACITOR MOTOR

EMN3420392

AT I=F 71f*E HTF F ATT-TTT & ToA & ST T AICT T
% forg @ atfers Suge ¢, oo g aiw & sem #49 2t
FY ATIIHAT ST &, Foia &F o & e afkadw, fer e
SATIRIT AT ATAIT F ST I= I7(eh HTLH | e & forg-
Tt TRadAH T TERe, ST e, w9 e i ars
afee faer=or at Safaed-wre, 3T YT &t sor-g=rfora Aex |
HITRA-IF, ST I AT FT 81 ST & J8 AT Tl 2 |
HTR=-y1%, @RS denfew #@teY (Capacitor-start,
capacitor-run motors) : 34T & Tea FofeT-weré w =t
FY S oY, ST Wied § IFT TRIHF (& T 300%

AT QT W 2 Foct & | AT & B % FIH I T et
e % F T TET & I I8 B F7dT W Sl & A 30 Ao
T o FhaT 2|

T qHETAT F &1-Jod HYTRA Al & ITANT § TATA T (@21
ST & o geagiaTe e (TS S THTE T UF F7 HUTRA
9[% FYA & foTT ITART 6T ST & Srafeh et &7 UF Ster gani=-
et fibee (R i) T &1 99T (Fig 3) & Ry 7w
FIATY YEATAT AT & Fde FF, T & forg fFmar s
€, 39 dYE q-Ye HYTRA "X # UF arA g, (Fig 4)
famamaT o ¥ 1 9 AieY uF FAfe-IE WO AeY & '
# giar & foed Few arel 939 F FH 87 aF I QAT AT
2l

a
Q
w

3 uF , 400V
CONTINUOUS RATING

11
c
O A 2 Z
Uy cs 1

—

Q=——— PHASE — =9

w
-
0 10 uF, 400V
5 INTERMITTANT
w MAIN 5 o O\ RATING AUXILIARY
g WINDING WINDING
2
o) o o
3 O
Uz 2 S Z;

N

EMN3420393

SCHEMATIC DIAGRAM OF A CAPACITOR-START CAPACITOR-RUN MOTOR

Fig 4

CAPACITOR-START CAPACITOR-RUN MOTOR
ST TR ST anid-SoEr XS #f UF FaTarea (e & 7eg
H EATAT AT & FAAARIA BT AT, TG TR0F T 2
T & T 75% TTA FEAT 2 |

feiwad (Characteristic)

T WieX &1 afdh-7fa faswar (Fig 5) # f3amm = €1 g1 #tex
#r ffofaa w=e &

— fee 2% gt @te &1 300% wferd 21
— EATAT FIE FH & 9 T8 FE F 2 § 3 AT Fed & |
— YW AT T T E P.F. o= 2

EMN3420394

—  Afu® PO FT @I
— deg AR-TRd Afawr
— qUf A€ &THAT & 125% % dte T 1 Johat 2 |
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Fig 5

/ START & RUN CAPACITOR
400%
CENTRIFUGAL SWITCH
/ OPERATION
300% —
| RUN CAPACITOR
| ONLY
200% ;
| \
[
100% I
\
/ ‘
FULL LOAD

TORQUE 0

TORQUE IN
PERCENTAGE

SYN SPEED
SPEED

e
TORQUE-SPEED CHARACTERSTIC OF
CAPACITOR-START CAPACITOR-RUN MOTOR

gy (Application)

T T T ITANT HUAT, IFoTiey, [T FHEIIMT 3AT(S & forg
TETAT, I=F Tk FILF AT ATTATEY FT AFT FLaT & | T Ated
T B &, fhe Fofier-werd, ST &/9ar & Sur-39 "iex |

Vi) TEe =21 (T =I2oT) A/ie?l it q910 T@ET, |49r {7
e e

el Y07 (FAHTsT-9=er) Aiex & ST TEYETd ST afafT
7 famforfaa g & s anfare 21

— W AT Faed

- w=r f&= 1.C.D.P.
- WX

— Al

AT AT AT BT STr=aAT G fAawor are & P fohar S =nrev |
et o T T U g9 ST & Fohel (AT o Sharert et fobar a2
€ Y TfAeTas Y STaeashar € a7 78 | Faeq #t foafed wva
gU, Afdhe & ATeAH § Hew &1 (e & ded 3 g €, efifme
T & I Y 9 fareres #¢ & et e o ferar &1

faaor ai€ o¥ efiRee & & Aegar & Fi 7 o g e
AT WET A AleT & ATAW § Aa9F ¢ |

7= ferm &t siw (Checking the main switch) : g1 fe=
#1 oA et & g &9 § g et & o weeer,
ST SwAT RS ST @9 & g ave & for At R et |
Sfa d% g & are it B guTe |

WY A A= (Checking the starter) : &iex &= @iew &
Tee fasTett it Sy Ft & F | T a T % Ay qE FHI
% forg werdx |ueht &1 STr= Y ST ARy | adw fae 7 stferater
WIET HUhl T T a1 Y fAfeaa dewt % 9 uF s gau
FTE qIE Y TAHY A HUHHTT HF AT & & 95 F¥F 9%
faFaT ST wFaT €| BT & STl A A0 dF TS gY I
TIE Gl #7 FIer 2 | TR A #1 aFte gwe I dve g
FGT | U T T 3T TUH § of ATT A T AXE T ST 3 |

EMN3420395

T et ade & forg dweh fagert #t str= &< | fmfare & gt
& STFATE Hu fagert #t ar at foset ¥a-99¢ #Y 738 & ar% e
ST #@FaT €| g avE § fige ar acee dvwl H Afawras &
ATATIAFAT Bl 2 |

SAFAAR F & = F % AT Afew Fe W& & amr aawa
FT TEN AT AST | AfT ATa9IF B AF I el &1 F q€ FL |
GATE FTHHIS & (o7 Teol aleest HI3A & (oIT Al-aleest o
& & o ¢ | gfaty g § frwar a1 ar F AT & d@aa
foetaT € &t A &7 I A%E Fgan 2|

AieT A S FIAT (Checking the motor) : T8« AteY & g2
g Rt & forw fdreror famart ST =nfew | /et @wer o, g e
AT %W & i AR R R go w1 qAfad g fAere
T geo foram ST 9| &7 9t #°, Y@y giaee w6 #
qTT Y G T B AT H, AT e & % 9 '
AFAIEE H @ fF= |

38 Rt off Reriae F37 & Tedl SfiAa ¢ & FAae g H
e #x &1 us fag aad aewr & forg ofte Ate fMda=ar
(ST |fdhe) 3 #t ST G A THE AT dX Fas
ferr & off o s =nfew | Rrete == #ie<d § gt afde s
A AT TG FAT AT g Y AR % HR Bt 2 |

UF AT GAT AT &7 9dqT FadT €, Wied & Grar i fd &
AT TG A ATSIT SeTFHATINA A 3 1 < | L7 H Aferhier
T HF SF T T qFAT 2| R AR F AT F I G
qqT =TT & | AieY Ft RaiEe FAT ded7 2

TTeq & fory Ae< arEfET &t STi= F¥a a0, ITINT AT TF AaRH
TS T8 AT ITH ¢ | FATgam ot @~ Wie Fi ger
3 1T WX Ht 82T 3 | R F Tol T AFAL H 76, HT § TF
g =S T@ AT g4 AT AL o A, AR & AL ATH & 47
e & A fa=e & e Figd & dad e |

T3 36T qTeAT (T STT @Rl @ ST SeITaa AT il LATAIARA
FEAT ST ATT &Y ATT =S T FIT & TTT (g of AT | dbfors
w9 & qMES AT FH qieest DC AT & ITANT & S &7 A1
Fabclt & | A@fever argfar & F#7 areest DC ATgfef & e #1 | Taw
HIe | AleasT ST Y AT | ITE FTIA HH FTeesT ST TG BT |
e AT T T I AT & AT TS AHA A FEHT TROMH
o IS & foAT aEfEm # gt o Sier &) faly oft A #
HIET Ff T F T AT AR(ST & 3G | FAT AT AR AT
e oY IIfRNfa & Je=ET sE 2

afs ger &% 9 uw wie afde wigE ¢ AT aEfET gw e @
& at sida: ST At § 9 &t a%ar 8 | wie afhe gar
FT TAT A & forg, TEreqor e & Arerw & ATYf A5 § g
aEfET & UF ofie F FAFE FY | THAT AT H THSF AT &
&= e Ft M Fear 2|
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TS T TAT T o fore, FTEFET ®THT 9% Uah BTga a1 &1 STANT
FH UF AT & Y AT Ht et & garg | afe drow et
9T =T § d &A1 & a1 59 I U (S HT Tohel G447 SATAT
g | arEfem & i o deiae 9UT ST & TR & &1 ST |

TR FgaEF e =t fRrfay & wefi &tar 2, Afa v gt
qTT ST &, A N H THEIT I AL $H FA & forg §9a
fag stavas € | fAwior o o g & Fgrane e &1 d=rem
(Fig 1) & gorfar T &1
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Fig 1

HACKSAW BLADE
WINDING

DETECTION OF SHORTED COIL WITH THE HELP OF INTERNAL GROWLER
(FULL WINDING IS NOT SHOWN TO HAVE BETTER CLARITY)

EMN34203A1




ERERAIECIC | L EED
TAFEIE Hahia - Fege Feisor afe

3T 3.4.203 | 3.4.206 & gwtaa R=ia

= =T o Ared-ARue- - fasaret-gaee, e swr (Three phase induction
motors-principle-construction-characteristics - insulation test-types)

IqA 1 3 UG F F § oA At F w an g

o -9 407 A} & Piue v e w0
o HAT § gUiv &F T W fafdy awem #)

A =T AieX IXOT, 39 a1 faElt off s wee & fawa Avew,
2t wifer faeraar & sor sferss s w7 & I & Sar
2l

i) dE-Tr 99T Hiew &1 WS (Principle of 3-phase
induction motor) : a8 T& DC #teX & THT fIRETer 9 &
FAT | ETeATfeh, I¥0T Afex DC Aiex & el € aredd § 94X Aiex
FT Te¥ TolfFgs @7 & el & ST ALl 8, dAfha e & qieest/
TATE HT ZEHHT TR ST IRA FaT &, Fifh ©e gaas
& TeX # HerdT & | ST WieY 39 a2 & 9T 417 I FLAT
& f TreT # ade syl & @ 7E diar Sar e, Af Te e
A We gITeA ST SaTfad o & #t araet T & IR
gt 2l

3-9T GXOT HieX FT WX AR &7 ThY & 3-90 Jahfcas®
* qu € | ReX § aiEfE diF = ®ex FiX # aEfeT gawe
& I FXAT & A % 918 F T iapor f3ar S | S=or giew
& e 7 AT at Tk Freret fis & &9 # a1 us o afdhe & arew
g F¥e TRE=T & giagr & forg Iaor #it aEfET & w9 7 e
FEFe H T X FAT & TFar €| g7 7Ha & fF 9o Aex
% MY IO UF HSY Av {3 F gur wer € 4 fF (Fig. 1) ®
femamar @ & | 7= (Fig. 1) ® feamam 77 sigame s vt o
H Trew &1 arder Tfq F forg aemar €| arfes ava & et #t ang
FA % forw, Tex § 9Ra 3, w7 v & o wiaers &7 o enfr
st 6 (Fig. 2) # fammar mar 2| 9fF Tex Feder & e 0w
§% faga wnt &t &, FifE I qiET F FL TF TEEET &
yiid-Afhe ATt & 7 | 3% qTeAW yaTE e 2 |

Fig 1

ROTATING MAGNETIC FIELD OF THE STATOR

EMN3320041

RELATIVE MOTION OF THE ROTOR

T TRTeAT §T Jeqnfad gaa & faada fGom # g s
% Faeaa #id & (o & sgam (Fig 2) # feam morn & | ®ex
TSI A AT Ve qET &4F F d9 Y FeHAwH &
TRUTTEREET e &t 3T {39 § RIaiaRa # & forg us ©ex
# qfere &= = &, star % (Fig. 3) # wita /@ & | 5 Tex
TR e F AT FIAT & AI(CH &7 UM FIA qTef e &l
qeaTior® Tfd & A Tfd 9¢ afen uw & ke =)

Fig 2

ROTATING MAGNETIC FIELD OF THE STATOR

RELATIVE MOTION OF THE ROTOR

EMN3320042

Fig 3
ROTATING MAGNETIC FIELD OF THE STATOR

ACTUAL ROTATION OF THE ROTOR

EMN3320043

Tex it = i o= fswia 7fa & e, Tew v @e¥ F afer
TG AT & AT IR AT FH BT A & AL AROTHEET
e # uF st & ¥Ra emf & aRormw giar 2| d=ifs w7 &,
X B AW ¢ f e Rex & arEfr gaaw 87 & fwqa
wfie & FXEY A 9T FAT &, a7 LT Fiee 3T W & 7
FIE ATIET T TET ST W AdTSTAT WX § HIg i Ael SR |
gafery SR AYeX T WeX U fwae 7fq ax 72 9o a@ar &1
J & wieY |ie & Tl &, TeX # i Fit A7 For & e
& oy AT =ar @ 39 TR Ades i 9 ST @ 3% e
# 9fRa emf ¥ #¥e gfa § gfz g ot et 2|
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TF WX & gUiA W f3I # I 41 ¥ (To reverse the
direction of rotation of arotor) : ®ex Ja& &7 % oA
1 famm gl % F0r ATHA T (AT FEAT & | W & A=A
e & Ui & fewm i faafa 3 & forg et & =27 srgawe
F Wex & 2 T off 3t ofie &7 aga & ager =T 2|

A-TT0T R | AT & PO w47 (Rotatting magnetic
field from athree-phase stator) : ST #1e¥ FT Ied &ex
# aisfe gt 2| 37 v & fagga 120 Rfy o o e =<
F AR St €| 37 AW & AT-er e Hiee ga a
% forg ®ex FY I¥ TWT AT & | T ReX & q19-920 Fieest
amgfd & aferr o ST 2, & g&s =92 § aiefen uw aed
£ ST H3 | ETerif, g oY ==or sfaw & &= #t g
& AT T AT &7 L FIX & I H qd8 & 9R A
T T i o= ol ATt &= #7 ST FeA & fofg TeaeT Fd
| yaTe % 36 TR qawe # WS T JawE @', FT AT
g, ST gaaT i & gersTiord T F-T S1ar 2|

o ave & e Rl &= wnfua e W@ @) 9% & S e
HIHE FATAT | I AT A1 feorent 9% fa=me &3 afa
faerT ST JaaT € | ST % (Fig. 4a) aXigd @R & I, diF =920
we¥ e fawmar €| fewmar mar aEfe & ga 9= Aex &
forT 2 | (Fig .4b) di-=reor argfeer & forg =T eyt &1 feamar
& =2 g 120 faege feft sremt-srem &wit S % (Fig. 4b)
7 femmer @ & | Ry gEa a7 d9 gt § Y@
THTE G IcATfed FXe TATE & TF o & forg 60° # g 92
faamar mar &

Fig 4 /~ —

2 B1

SINUSOIDAL WAVE FORM OF 3 PHASE CURRENTS

EMN3320044

ferfar 7 (1) (Fig 4b) &, =wwr #e 1 9 ¢, WY safa &g
R 9 YATE HT IeTGT FT| ETeA((F, FX00 FEE I, TATHE &
X T e 2|

3T A -0 AR & dh Fe feumet o¥ f=mw w2 gy,
ST % (Fig 4b) # feafar 1, o fewmmar s & & (Fig. 5)(1) #e
it fewr #t R #T awd |

POSITION POSITION

POSITION POSITION

@

POSITION

EMN3320045

e % oy +ve FT +ve HFhd & &7 # fe@m T € AR -ve
Fe 3T (+) e & =7 # @ 1w 8| aagar Y, SR B, #t
AT & S # REm T € iR Y| AR B, F T &
# fe@mer T € | AFEdd Hiw G & (A7 H STANT FXA gY, I
RIS & qRumEed yare (Fig 5) (1) # fmr v yare &1
IATE FT | AT, o &7 A 7oy ofie Rex FT A gaa
gat & feamar 1

ferfa 2 o, st & (Fig. 5) (2), 60 faga it ame # fawmma w
& =T FE I YA €, FC I, TATHT & AT Fee I, FTHT
2| (Fig 5a) ¥ #e § ®igeT § Hedex § ae & oIy #ie | q@T
STATE, R, ARY,, GHTG AT € | AT FeFT R, AR Y, H Fgaey
q areY gar 1 sar & (Fig. 5¢)(2), # fRmmm @ 2,
TRUTEET Jaa ga 99 Le FIX A UF A3 RIfd 9 e | araq
# gat & ferfy 2 7 of fafa & 60° gofw o 21

Hioar @eY ferfa 3, 4, 5, 6 X 7, % forw Iui a% & @,
7€ 3@ AT % g@w & forg 60 faga fesft &t emar g,
TRVTEET ®eX Hiee 3Rt 60° gATwT | st % (Fig. 5) #
fFamr e 2 | e § e (1) 7 frfa (7)), % aRvmresy
TATE & 7% T & {F AN A & TAF TF % oIy I gF &
F &7 ff 395 g & =T A TF Rategwe & AT |

TAY Y F WX § I T B A & oI a1t gaahia &
it 3-=0r fera aEfew & @< g Sanfed fhar ST |Jsar & s

120 AT At - (NSQF ¥ 5) - 3 3.4.203 & 3.4.206 & awitaa Rraia



120° famgd f3ft g8t 9= @1 St €, Y 3-9%9 qieed & AT
amgfed & S 2|

forg arfer 9= &= gwaAT & I/ JeAHTiord T FBT AT &, A TS
amgfd &t smgftr =i Rex gas & @@ 1 AR At 21

HENED
N, = gererfers fe r.p.m &

120F

=P
SEt P! ®e § gat at ge@ & A F ATl & sy &
i) e, nifer, Aew smgfe, At @ FH AR 2 & S 3-==w
feraver U Swor wiee-wey #1 fRetor

A =T 97 AieT &1 IAS (AR & FFA FFAGha fFHar Srar
€ ASYHY, BAT 919 & Y& Y& ¢

—  fepaeer fUse 9o "e™
— f&g-far gvor |ied

fepawer fisR & Ated & wiié affe arer ARl 91T e eiar &
gid &, a7 a7 =X AT ST A IS & €| fera-Rar Ated # tew
FrEfe % efifmet &t faa-fRar & arerm & sre o star € ot
for g F g ga 2|

T 3t T & SO Hied & fAwm g7 7= F Fwor @ G g9
ATeX | 2% 97 e gfate a2 ¥R Far & | 3=9 Tex afady
I TRIF e & FXAT © oA (e 9 I8 Sl # g 8T AT
G FTEAT & AT FH SN0 | A1 & FS AFIARN & forg STet 3=
ST e ST T Fert aTelt 2ih &1 Teh AT STTa9ahal aidt
&, TeX afaiy % S & a9 I=F g7 A11eT | 3T Alex Toq
& FIN FH ST A1 | 7f3 Atex afdhe 3= wfawty & a7 ster
AT 8, AT ST AlAT ATF 1 & g THam, foras aiRommEeT
FH T ST T F&AT BT & | FATNY ATILIA % FA Uex
H &9 gfaere g9 & dote &f STt &1

g oA gfawy ewe ffaw-Rar wted § 57 am
ATTTIHATT AHG EMAT & AT A2 ToA1d A9T 3= Fed & | IE
feraver fis wied § d@wa 21 @, ST ATAHTHATY ool
feraver o Te ams e fawfya w3 faedt @1 Tee d
e afde I % 3t d< et

TF SO HiEY & ®e? (Stator of an induction motor) :
fEpava-fior sfie fer-Rar Atex ®ex & fiw #iE siaw 721 &1

SRT AT e UF TAN AT Hies, d9-9¢0 ATaeAey & o9
e femmar 81 Rex a1 fer wnr § fiF-awor #it arEfe avd
& o U gae aTel & FX & wite gid & & (Fig.1) # famm
TT FE AR AT T g7 qAiAA g & | = 120 faga &

T H AT €, M B %1  fF W a1 =T H awed ' a
2 T2, fomr form s e diex % 4w ) weee i ata
# TG A | TG R F A I areS & ST rar &1 ar

e FT quieer G S e w |

Fig 1

TERMINAL BOX

3PHASE WINDING

EMN3320051

LAMINATED STEEL CORE

fepava-fis Swor #Miew & T2 (Rotor of a squirrel cage
induction motor) : (Fig. 2) ® faw@mg v feraver fiey geor
AleT & TeX § g AT 761 & | 6% a0 78 UF ffeey #iX
& ST &t affeere &1 i gtar @ fed dede I o &
TAHHAE Bd & A WL FHIT F Tde & 79 TEeE e & | e
FIY & el off B IR 39 dgae IR & sia-fRar gy e afde
gid & | 9T TulT u¥, g Fedex a1 Y ue-3id o & w7
# f3amy 7T aRT & AT AT % 99 g1 & | A & Food A Ao
gd & (Fig.3) | ST #HefiAl 9x dheee aTX i siq-Rar oft &+fi-

Fig 2

CAGE-TYPE ROTOR IN PART SECTION SHOWING
CAST ALUMINIUM BARS AND END RINGS

EMN3320052

FH1 TeT F & W & w7 § ar st R & avy vgfafe
F a9 gl € | Tew ar Tefe wir fastelt &t smyfe & forg fastefy
T FAde TEl SIaT & AT 308 ©eX § & SEhHET TR g0
AR FiedsT 37 FOT &, WX & Fr-F3l 128 FaT J1@T T,
AT e F AT F FHedl & €T F JE7 A1 & | g Awex
=T % fIfiver a¥ &\ FdT & 3R Tex ¥ fmiv F ' F,
T MY AA-Deed & 1T TF Freret s Sar Rear &, 9w
fepaver fis Seor Aiex &1 ST f&Far ST 21 (Fig.3)

HIET FI & WX FE & Yol Te! AT a1 & F=fH T H
F W wfaere arer argett & a= gid 8 | 9Ra yare ger w9 § 399

AT Hobieh - (NSQF ®¥ 5) - 319m® 3.4.203 & 3.4.206 & qwitea fraia 121



FE SITTIT | STY ATHAE T e AT & THIIAL 721 81 & Aot
< w0 fRafa & Agee &t € g% giaww uw o FHArent e
& AT e T IATEA FIAT &, T8 AIET % T T SATARF Fahid
X F HTH Fed § Y 735 Far &1

Fig 3

(SLIGHTLY SKEWED)

END RING

DETATCHED VIEW OF THE SQUIRREL CAGE MOTOR ROTOR BARS

#a-3fteed (End shields) : Trex 9w T 94T 4 & forg &t
si-ofiee & &1 | 7 39T & A e e & R &< a1 aas
#Y AEE & el %W § I3 g 2|

Tod fFaRa-fis? 9vor #®iew (Double squirrel cage

induction motor)

Te¥ femior e g@& w (Rotor construction and its
working) : $a% #eaeT A< & 3T 8¢ 81d & ATHA AT AT
o= st (Fig. 4) 7 fammar mr & | amedt fis) & s= wfaisdt
gTgett & fider S8 a) gl &, ¥ siq-Ras & e afde g
2| stiaf= i & aier #t ave &7 yfawry a1g 9 8 8, Ji
a-Rar & o affe gtar €| aed fior § g=v wfawiy sie w9
wfafeaT 1 uF a<r g gtar & |

EMN3320053

ROTOR OF A DOUBLE SQUIRREL GENERATOR

OUTER CAGE
BARS OF LESS
CROSS SECTION
HIGHR

LOW X

INNER CAGE
BARS OF LARGER
CROSS SECTION
LOWR

HIGH X

EMN3320054

ENLARGED VIEW OF THE ROTOR

& FXd qHT, Ve Agh e Amgha & a9 & ¥ gafery
AiafRa o St I=a TRAA ST ST #aT &, I HI
& AT AaaE o & forg srfes wfaty wem #ar 21

& BN & 7T e Y418 #1 g e awd fow & wrem
¥ a8 Todr & e = gfa<y gt & | 98 S= Ifaay U 3=
g Sieh ITe HYA § HEH aw1aT & |

T FF & AT, e AGRT FA 8 A § | 7 AGRT W,
i oo & Fie yare & forg swafaa gor sfa=rdt (X = 2nfL),
H T % FTLT FHH S AT & | 7 e TaTe 1 I fewm safes
gt aredt fio F awmr stfafis fiow # sl

T THY, AT e &1 w9 afa<rer nfq & a9 =+ & fou
It 3 g & forg e & Srar 2|

fet@ 3T Tew wfa (Slip and rotor speed) : &7 Teet & &
9T Y & fF S=OT Aiew & e Ui AT gawid & & Al
FHT T & A TSN THAT & | FaA A AT LT aa i &7 H
AT H FH (A & FAdT &, AT Ve Fede JRa & & forg uw
emf % foTg e o &= F F1e ThdT & | Ve TATE a9 JaT8
FT GHAT & AT WX JAHT &7 UF 2leh &l IAAIH FIA % (o7
T fohar s |

for e o= ew AT & I§ wiew # e A ar faw e
e F-T AT & | JeAHTfers T A ardfas e Tfq F =
F1 A ‘e wfer &=t st @ fo & wfy wfy fome Rarfemr
it weT & foraes g ansf wafes &= % f fear Sy waar
2l

s fea wfq it gerstfors Tfq & sior & ©9 & & A sar
g, 50 A3 T Fer oA 2 |

gafere, M fera S

at wfaera & (% feor)

_ Mxloo
N

S

Sef N, = e Jaaia &0 # gearatiors Ti
r.p.m. # JeT A ATEAEEF LA
wfer

srferspier fepawer fsry Sor /ied | 38 & 2 & 5 gfaerd & gfaerd
ferT &t

Je1eYur (Example)

TF ST e H T(A9d T a0 T F SEH - 960 gar &t
ATATES T & AT GO & AT 50 T AT & AT 6 gAl B
% faar @ 2|

Z
I
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gat = 6

N = ex &g = 960 r.p.m.
F = smgfd &t smafr = 50 Hz
N, = qeashrier® e

= 1201
P

_ 120é(50:1000 r.p.m

Ng -N
T o = ———-x100

S

= MX100=4%
1000
e A ZEET AGHT A A T (Generated voltage
in the rotor and its frequency) : & Tex YaTe # Ferdr
FAT & IE VY Heded § dicadsl o1dT & A 37 U aieesT
FBT AT & | 7 Wex alees & g & =i wex (Amgf)
JMgiT & IAEE & FLEx ¢ |

e qreest H ATgheT
f = thermer ferd x & argh

N.- N
- L x f or sf
N

S

U & &9 I ¢ F, IF e F #9T, WeT qRH W § AR}
T U arEw Rt Y WeX g Le Ff g & qAw
ST | ST HiexY S=F Tfd & 97 Tl &, a1 77T &7 & St i
TeT it AGHT W FH B0l |

Iqre¥w (Example 1)

39207 X7 Hie¥, 4 yai % forg ke &, ¥ 50 Hz s @
ATYfel & | U AT F @) JeArwTiers Al b) Tew & iy 51 feorT
4 gfera, ¥ ) Atex Al

120f
a qearswtfers WA = N = 5
= 120 x50 =1500r.p.m.
4
b Te AT arEdfas® &fie = N,
st e = %MOO
S
N x Percentage slip
N,=N, = 100

N X %slip
N, = Ns- S100

1500 x 4
100

1500 -

1440r.p.m.
ferT x ®ew sy

Ns'Nr X
= N

c e Arghe f

f

S

1500 - 1440 x 50
1500

60X 50
1500

2Hz.

Je1eYo (Example 2)

TF 12-94, 3-90 seedAex 500 r.p.m. ¥ T & d=rferd , 8-94,
3-3X07 U0 WX & fastelt g3 Far € | 7fF quf Ae 9 A
# a=f 3% 2, At Wew quf dte Tfd & ToEr Y|

sef N, = At &t awdfas afd

amgfd smgfT = etewdex @t smgha
_ 12X500 gy
120
qeATiere T N_ SEFT HieT &
= 120X50=750r.p.m.
8
N. -N
wfeas = S ' x100=3
S
_ 750-Ne 100-3
= 750
3x 750
750—Nr = 100 =225

N = 727.5r.p.m.

Iq1E¥wr (Example 3)

TF 400V, 3-920, A13-ga 50 Hz ferawa et Atex & 720r1.p.m.
fratRa #= #it of are wifa &t 3 fmr 2|

GIREAIRERI

b T de T Tex e

b T @re WX gfawa f&aw

d 9% 8W & gid a8 &< yfaed Raw

o}
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e ¥dg e I¥ WX A
f % & & A a8 UeX AT

A (Solution)

120 x f
a qerewtfers A N, = 0
= 120X50=750r.p.m.
8
b e AR W T = 750-720=30r.p.m.
30 x100
¢ fRrT sfivm e gReE W = ;Tz“%

o

% FIA & g q18 UeX &1 T I &, H¥ gaferg wfaera
=t 100 wferera gt

e T diE Y ST AghT

(f x percentage slip)
100

_ S0x4 o,

100

f e #A & gia arg 100 Sfaed 8, 3afory, 39 a9 e
ATgieT "X AT & axrE enit f (7w &) = f = 50 Hz

<Y dta &t AT (Rotor copper l0ss) : Tex dtaT 1 g6
TfArer Sfi¥ TeX JaTe % HIX0T &1 aTell 71 & | Toh feraeer &t
ATeY & forg Tex & ufaiy & areqy & R war e, Ve d e
ferT o= forsfT T & U Ret A ke f&rT, Tew dieest 31X Tex
gfthe & safRaddra gfafrr & i gEwn dgaa 9 79
AT 2 |

T g7 fasfad Tex § "iex

P, = uifts Tex # fawfia

P = o< ® #%feher qmE¥ % w9 § qf¥afad i
ng = r.p.m. geaehrfers i

n = r.p.m.® e Tfa

P, = 2mnTafe

—
1l

P = 2mnTaie

P, - P % &= %7 ofd< Tex ard 1 w2 |
P,—P_ = ez atar &4t

e atar FH = 2nT(n—n)

Rotor copper loss
2nT

= (n~-n)

Rotor copper loss (ng-n,)

2nn T = N
= %EEd g
T dtaT FHT = e fRT x Qe &t
ERECARICEY
= SX27'cnST.

2T U IO § (e IcATe DC HieX F T & w7 & | DC Hiex
# wfr g ware =i yaTe & FguTd & forg srgunfas® et #ie #
ATHE F¥c | THT ¥ 9207 A # e T e ga U Fe
AT TeX qrax Taex & g aTe F forg srganfas 21

T IHE AR I €,

T AR = X JaTe X e FE X

e dfax FeY
el E, @ dfees &t
@ & FAH & AT E, & AAINAE €
S SR feaT
R, ¥e¥ gfare &t

X, oY "ewlar uT Ae Aqfead-a gfafwar et
SX, Wereiae ferd S ¥ e wufiad+a Rarwew et
K ®ex oY Tex aieee % d= g Iqard &f
E, Ttex Ra emf #iX SKE, & @< &t

I, Ve FLT &F

Cos0 ex IrET FFeT &

Z, e gefieE &

g Tfada w0 & fefofaa sifaw oo ferd e @
g

T o @1,Co0s62
T UF A H AT ST Fhal &

SKE,°R,
R,? +52X,?

o Rotor copper loss
Fractional slip

RZ
R22 + Xzz as fractional slip S =1

Starting torque o

. 1
Maximum torque oo —
XZ
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stel ferRar ux Tex A aufRad-ta sfafkr X, feaw 2|

Hie¥ & 7o (Motor torque calculation) : gf% T S=or
ATex  forw Bex yate AR IR e e A TE a7 SArar
&, gafry 2% @ T= K @ I, Cos 6, & #lex 0% &
fetRa #37 # forg ITaiT #37 % forw @aw AATasTRe aHiw
TE 2| 3HF T Teet Al W 9% e qEishor FT START
3T ST FeaT god @ieY IAred wifte ¥ Rev/min AT & |

271 X torque X Rev/min
60

TIeYE qaY areq |

(60 x output watts)
(2n x Rev/min)

T (e #iew)

(9.55 x output watts)
(Rev/min)

forfasT spaerf<e & U= Wiex orfve #¥ F=T AT @har & (hp) 3 qT
H 9feq § ATSeYE AT ATICYE F(h & aray ST ATy
ST 746 (1 hp = 746w) & O &F AT & |

AYex Hifgw erddtax & fRar smar &, 735.6 (1 Hifes et amax
= 735.6 a1eH) & o T v 2|

IeEY9l (Example)

1440r.p.m. o FAA U 5 hp feraet & At g Iatfed e
Hrex 7t 2t fauifa w1

7% AT g0 & 7 farfewr &t qraw, arel # oM<eye are 2|

hp x 746
5 x 746 = 3730 watts.

(60 x output watts)
(2n x Rev/min)

T (e #iex)

(60 x 3730)
(2x3.14 x1440)

24.75 newton metres.

ji) SO Aed W gRgemW qewr (Insulation test on

induction motors)

TET FT ST & fasrelt v sr=s1 9w & AT uw gry Ay
| var gafay & FAifF sl At STl & df gacan &t
AT & AT AT qF H1 ATILATE! TF & A &f @bt & | g
AT § B ATell gHeATel &l UF ai &A1, Ale< & da1ed Wi
& AT-TATAT W AF FLE a1 AT % HET ST & | F&T FTI0
AT & AR ST AT % HOT FAAR TR0 & |

AT AT % 1 A g AT A 3 wite 3 o AT e e
1 RS e e @ A & frt w8

— FIgHSA | THY (IT: TEad 7 faga #ew)|

—  STTAITE % TRl | TATAAT 3T IT% g0 (IIT: THTE q4
# farega) |

-

—  ofRET & =T AT (IIT: TETST AT AET IR fawd wefid st
qAcAT 29T T SST FLA HT &THAT T et 2) |

— o, TG, A & AT ST AR FaaA! T T 81 & (IaT:
dHe ga=t, do fet, TamEt=s gy onfe § fFmd 7uie) |

— T #Y IW e |

Fie fagga wofi & e # Rema &€ a7 € | 3P 7efiq 3t avs
H & 1 g5 &, a (AT & i 9% UF @d¥ATS a9 fawtad
FT AFAT & | ST IS HH AT H ATAT & AT I ATqH Feh Wi
forer @ € | 37 e e AT are Suaeen § s3eas Qi
f I FXA €, A A YT ITHIUN & FH F THIAS FLA
T 9% T famga e 7 et wfaey gor % forg $o e
et & fraia e 2| g & sger gfaere &1 ol
¥ & forgl

TAfRwA WIeT ¥ AT AR F G R AT TET
e e & srgaR wfety & sreifie Jea &1 it : st
# grer & T , fagge AieT it g ggerar Sfaeier  forg a¥teror
fara ST =R | 7 gfafeaa @ & forw & Atex #iser aes
fewt Y Atex & AX-TFie aTeF UTg W & d19 I3 (A79 T8
& | Frifeh S SfeetfRad FTeen & SATaRer & ST see Sfaeier
fawer & @ar €, U s a9 & w0 |, G of
AT AT @A § &, AN T TYANA TfAL & T FHLAT
ATAAF T | FEAN AT & 3T AT FF @A FE H T
fara st =R i s o Wi wiw g & A= S 8, ar
Arex gaTa Ft TRiefaE § g & fou gt s =1ty @i
aTfeer grAT =R |

R sitw =t wveror afors (Condition and acceptable
test results) : NE # & AT, %A & faars =i arsfer &
i AT I T & YA (AL H AT AT | TH
ATEAH-Hrex 500V a1 1000V ST &7 3w faar Sar 2|
T F FIRTT @I qEed &t fFae fFar s =i

FHIE FHAYA % FHIL, FHEATHT & o % o7, T8t T &
fareft oft Faraw Wi e wefie & e ¥ e gt wfaste
A &7 T 3 ST =1y, Y /T 719 981 ST A1ey
S % FFH & w7 d uF Afern ATAT w7 €T, AT AL fagd
F | &Y T qieest MY A & T 9a¥ & AR I AAE
FqEF ¥T F FH qel BT ATy |

20 XE
FE AR, = 0057 op
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)

STet

R, 25°C #eiH # ggere Sfa<ry 2|
E, #efera =27 aieest T
P e fastelt KW

e wfawter 25°C, & STolT ATTHIA T /9T SATET & at §oF 25°C
it @t T s |

THoTE gfay % 7w % fou awme FEw (General

instruction for the measurement of insulation

resistance) : U% goifags Ale< #1 g Sfawre 10 & 100
HITSTH &1 AT § &7 T & AR geifags FieX F aTaqT i
STHAT % SAFATT TS HI6! (5791 BHAT 8, T TF (w9 g (37)
3T giHa BRI | S Ut WieY &1 JTIHE ISTT @ €, ar
T S T w7 & & e & ot F9 gt S |
AT T ST T Fg §IE AGE &, Al AL ATE(ST & AT |
ST AHIHT, FHIHLT A & €T H A Tfarer Toram
FIA % foIT ST 6T 1T 8, BTAif q€ UF @ o & &
# 1 WWAH F FW AL ST AR

A AT, AETREH % AT AT F WA H A-FE 91
AT & ST % forg, ueh e frew giar =nfe o oot (Rema)
yaTe % forg FAaw gfoarar 92 YqT FeAr Ay | a8t we av
Ffhe-se a1 gt Rema affe dw¢ a1 goft Tt R 99
GIEATHS STHL 1T IOl AT qehe i, AT Fif [SehTe
# feam s

BT, TE A9 d% AHT 7ol BN d dd SHIA (T&T) Tl &

AR Sarar 7 8, 38 Ffataa qremt & stee G s

qEHAT &

— W % 19 HA Sfaatg T Remear areet & STANT HeAr
AT AX gaFgrEe |

— W & ATI-AT GO IAagie & ar JAT fA¥awar dedey
(ECC) & Site % forg dtee, 7eq X @@ 99 ST-J% €7
AT 98T F € (TAATEeS TeH AT qiead &7 FFAATA (6T
ST FaT 7) |

— Gl FAFgS Tt g & fSaer &9 & Iaq1 F9 T@ar
2 for Rema & wrret #, wiefaea fmew & i o 3918 sy
& WeT & AT FA & forg FH FEA |

TR TLIRTVT & TEel ARaan qreror it sawasar (Necessity
of continuity testbeforeinsulation test) : argfET e
& i I T F AT T 9T, R F TF qGHF
(STTE) &1 %6 & AT A ATz & efifmen # & faeft uw i st
TS H SIS T AT 1 ¢ | g6t v ot angfewm & fiw
I AL T LA ST &, AT AT % F1 TS B U ST
arEfe & f foY & STiew &7 AT 31T gtar & | Feft areert
H I |7 STTaT & o anefe st fRafer & & ot amg e faawar

T ETAl(F, TE €9a © | & il 7 3% et awar €, AR agten
% ford # =9 TP TAere 87 &l © A T 9T S
Tfa=Te TXYeAT it fraaeaaT it agT o ford T3S faram ST dahar
2, T AT H AT & o Sgae qfarer TeTor & T8t #iex
# sratfor faeam o &, 7 giafvad s & forg fa afEr smars
& AT 3ga wfay & @ g i 2

fazar wferor (Continuity test) : aefE & fAazar
(Fig.1) # famamy g srgame foe fafer & weh adveqor ofw 7 39T
Tk = AT AT & | e efime & fiw & o ger Ry s
S =R

Fig 1

LAMP
U1 V4 J}W1
pPo—s — —o “+——SHORTING
|_ P U, Vo LINKS
° —9 —° REMOVED

v T

CONTINUITY TEST CIRCUIT
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&R AT HEAT § TF T AR I AR F g 0w &= F qr
ST g 2| (F= U, Fig. 1) stqfed a % &gt gAY cHad &f
TH-UF F3h AT © | et foras dias Q9w F07 AT &7 gaeT
BT { AT I3T 8 (F= U, Fig. 1) | SISt TF FH a<i+ & 91g
ST 2 | 31 AT & = droe A e arefe At fvawar et
& T & srfer efimett & i dr &1 Stoe A & fiw e
feardt 21

faw Fawar aderor & @\ (Limitations of lamp
continuity test) : e a& TeTT FHaer fAaar fGamr &
afte Y el & eat & fiw FiE TE FT Tha T2 FM| TH
Feax TLreTor T aTg i & gfarer & o & forg uw adis
FH gfaty AT arer o1 HeX FT ITART FIAT e | 3-707
YT "ieX |, i aEfew &1 gfady aum e Filku| e
S = il & #7 & ar ge amr & & aEfEr ol &=
= T 21

FERT & fr= ggewE e (Insulation test between
windings) : st & (Fig. 2) & feamar mr &, & efifqet &
g ux flt it vw aEfew & uw i & v gour ©
(F= U, Fig. 2 #) 3T # 7R &7 gaer i o= aEfe™ & &
e & ST germ € (FE W, Fig. 2 9) |

S AR 82 ghaT ¥e€ i 9 gHET A1ar &, at RiSw uw &
iferes TS BAT =AY | U Awrenw & A (ST anfew %
&= FHS 3 feamar &, ford g s =nfen | srwr agfér
F = F1 Fee it oo R Sar @ ST qer qreeir
7 Rard famr o 21
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Fig 2

EMN3320062

2 UiV
3 V T W

TR T B % i TRgeeH wfaie (Insulation resistance
between winding and frame) : st&T & (Fig. 3) & Fwriar
AT €, WK HT UF AT A0 A AR H & TF & T gl
&, WY W & gAY e % & et effi e & e gern &
S AR S8 Ye€ Tl & FHATAT AT S, AT Tt <11 U & sfera
AT ST AT | U Freiie & F7 T & argfem #iv sa
& T T T 01T FLAT & AT AR AT F@ FRT
GETIH T SATI9IHAT ST |

Fig 3

Q@

Uq \71 \KI1

Py o
WaU2 V2

e—
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Y e o arEfew &1 Teror foham srar @ e S arfersr

2 femmar U sgER aofaE B 2|
aToret 2
wod| Aty | g ey | Rl
#r T S &
1 U e %
2 U e %
3 V ST 51

% AT T ATITIRAT ; faSTedT & Iuheor/aefiea &1 sreat &

T # aE H

—  STCFT SoTTeY et Y Terferat & e =fteat i Saweon
% forg geear AT

— UF AP WA FT IT AN Al & A+ UF qqg G
FIAT & ST FATT &THAT FT ST, AT AT = AT o oA
SAT % w9 § g9 2|

(1.E.) st & @, GTaT, AeT & %H & &1 STaT-37T gt

FARAT & T JAT gAFGIS & SAST AT AT(RY ATk qLET g0 &

AT 1 T (ATARar arasht %1 7ag &, AT Jt Toredt iy

(72t wfa=ter 5 ohms =T gt fAkawar Fedex us v, afe

fafde 78 2) mafa &7 & F7 @1 Ty atfe wiew afde &

GLATHS ITHIU THT & TAKAT & ATAA H Alhe Hl FehT HT

% |

iv) feraee IS 9ot #ew # fawiwatd (Characteristics of

squirrel cage induction motor)

ST AT &1 qad Heeaqut i 2t farerear & ford fasfaas faoar
S T AT €| 3T FANTAT F UF qeEed § 7Y FaeR & I
# fa=met it ATS Fra | AT S | 4% wte< A @t ot 9=
7¥ feiT & zafer o, efie e s e & = Rea &t wiee
& forg fepaer o7 ST wiew &Y fawuar &7 sterae s fae=ren
g

nfa, 2k, v o femwaret (Speed, torque and slip
characteristics) : 7€ e & & T & f3ar v & & feed
fOeTY Atex &Y Tex i gHoTT "X & &7 geasriers Td & TS
TE ST | Hiex 2fd & forg stavas ey amerstt &t IR &
% fore ex & smaves €| famTete &, @iex & aifrs gHam
F g FHIA ¥ 70 Faer UF SIE S A ATIIAHAT Sl &, M
Tex T (7) aga & snit, A 2 gfawra &% | g% aitw
WX ® g g8 &, eTife, Tex 1 id &7 & ST, 3 gt
ferT & gfe enft| faw & s & == gfe 9Rka e awsi #t
FeTdl §, HY IRA Tex amre, 3i¥ 95t # gfe g Al Fie
# FBA AT &F T FIA & (oI TH 3= (% & IeIEA H |

(Fig.1) @mare= ifer 2tk i fawmat & o1 aries frerey fiss Aex
& foru farstoaT ask o=, =fie a9 & 9aT et & fF v 7 fedr
fie¥ Atex erdenga A i & de 78 &t ardr 21

Fit Feredt fio Tee 7 40 & & 9 atd/TgH i=aw are
F1 AT BtaT 2, S & B & Sier gl © |, e qfaaren
TTATHA FH SR AT gAY, Ve FRA qAeo § TF Siel gr|
T TATE | AT aSt e F1 Ieqred Fedt | gafery, ey
fioT wiee &t AT 3T 9T &, Tats & qUf Als d%, e Ta1e
AT gfa F ATHAT | AT H TH SIET FHT B ATG9AHAT Bl
£ 39 FRO 8§, uF fraedt e Atex & fafme aga st
2| AfFa Atex &1 AT v o i fRamw & w7 § awfiga
forar stmar 21
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Flg 1 SPEED,SLIP AND TORQUE CURVES FOR A
STANDARD SQUIRREL - CAGE MOTOR

N
a
|

2000 —
SPEED

N
o
|

1600 —

B
|

1200 —

(¢
— Q=
800 <0

FULL LOAD

TORQUE IN NEWTON METRE
>
|
SPEED IN R/min

400 —

PERCENTAGE SLIP
o =)
|
| o
L
L
\
\
\ w
[
)
\
\
\
\
\
) Fuom N\ ]
\
\
\

1 | 1 | 3
ZLOAD ELOAD ZLOAD 1LOAD

OUTPUT POWER (WATTS)
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T @k & 9ar =erar & & gfaoa o= 5% & 7 9w @, #iY
U dreft var 2l

Ffoh 2eh AT T e & & forg dre ST, T e
% & A & s (Fig. 1) ®§ fRmm = 2|

Tk, e Tew wfawty & fi= "9y wiv Qe saaag
gfaf®ar (Relationship between torque, slip rotor
resistance and rotorinductive reactance) : 98 T&a &1
T o7 {3 T T ST e Y WX TaTE & 9 & Y07 Hiex
H ST SITAT & SeATfae eth Y |TAT 7 JAT &A1 HF qTshed A
Ik i =TT Hery a¥ AR 2 | 59 e w7 § @ren G .
T 2 |

T=K¢/,Cosd

Set T = afd e HieT
K =tus fA¥ax

0, = q9T # "X FA®

|, = TeT Fie e &
Cos ¢ = TeX TraY %X

Ats F qUf Ats aF, 2 T (K), Rex o (¢,) AT fered
T witex & forw Tex (Cos ¢) ZaeTlRs v & fer g | gafn
Ated Tl IR T (1,,) % AT T+ #vedk T | v Rrere <t
o wieX & 2% &t fafeuar s (Fig. 2) # faamg v Tex
ferT & fRaerrs g g ST 21

Trex yare # g i 3afory, Tew o=ff § &t 7 gfe * forg Trew
T | gfe e Tax HaeY 7X [ 2 | oF Faed fo Atex
% forg Tex wfoery fer g | et o=t # gfa # e amgf
T, A WX F TRITHEET JqRad= 17 U ar-ae &
qut ATS dF AT T&T % H ¥es AlS ak 125 Tfwrd a, AT
freredt fosr wtex % forg Trew o=t &Y AT ervenga 81 € o
Trex gt ome & #4 2 & 5 Hz & aifes & sost | gafor,
e ITLIH HHT & forg sferare ox g far afkads &7 g awre

g ST s & (Fig. 2) e o €, Tex et feaw & amr
TS I HEy A el

Fig 2
300

MAXIMUM TORQUE
— /(BREAK DOWN TORQUE)

200

STARTING TORQUE

PERCENTAGE FULL LOAD TORQUE

100 —| [=—— | FULL LOAD TORQUE

20 40 60 80 100
PERCENTAGE SLIP

SPEED

TORQUE VARIATION VERSUS SLIP FOR A
STANDARD SQUIRREL - CAGE MOTOR
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feraer &1 Atex % 10 & 25 fawra &g & &= 7 stferpawn dwa
2l IT T | 56 ¥ it STTAFAH THF e AT ST | §6 (b
1 ARFAT FHSSA aH F ©T F JET A@T &, T IE
(Fig. 2) % femry 7w ¥ 2fs % 200 & 300 Sfaerd & Tg= daar
2| srferspaw 2t 9¥, Ted safady fafear sas afay &
ERCES U

BT, 9 Are A TRt ferT YT At & o srfer &t
STl 8, Tex Amgfer # g gt 8, 1 3aforg Tex Rugm =i
ferareT § gfe 3T & FH FIOT a7 A o 9 WX Fe |’
7= # gfe % AT aar &, AT A, T gE Aex Ay Fae
# gfe gift, st Adee © fF, Rex fiF v g89% g™ e
F 918 Ve JaTe gt Afawan HuT aF 9T AT | g7 3
&A1 & d T AX-IT-ALW HHY IAH ATAAA AT Ik TROTH
T FT FH F 30| FATAY, ST AET A A AHSTIA b a7
FEY 8, at 2 IUIH qF THTET & FO Aol F fawer gt S
g, AIX AleY ©F AT |

(Effect of rotor resistance upon the torque/slip
relationship) : (Fig. 3) Te¥ Sfa<ie Iaad a0 (% 31 T= T
& e gae faamar €| @ &1 seifhd fwr awafas o=
& fImar €| &9 Tex Tfawre arer 920 /e & g aw A, 1
ohm, @ B, 2 ohm % forw @, @ C, 4 ohm & forg & sfiw 8 ohm
& forg aw D &1

FweTeA 2tk (Breakdown torque) : 37 &t AT & Tex
# ferfer srafeadser afafar aum 2, 8 ohm #2, 9% & JE =
& f stferpaw (FFeTs) 2fd ot R & geai & forg a7 2| et
7 off 7 & o stfersaw otk 5= wfaery & forg stfers fea o=
gtar 2|
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Tk W (Starting torque) : I & & 7, A -
18, ST SR efE et 300% & e & forg oot ats 2
7 faera stfireras gfawie gt & S % (Fig. 3) gafeg &=
FE dad & {3 I=F Tex Tfa<ty arer S¥or 7ieY #t IF F1 &
AT UF I=A b T HL |

Fig 3
g N g S S O S N N
300%
A, R=y4.
w / \Q(D:é?
: <&
WA
O 200% R
2 (o] < Xosg
o
= el
—
} D R=q.
2 100% ™~ &:g _
N

0 01 02 03 04 05 06 07 08 09 10
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FRACTIONAL SLIPS TORQUE/SLIP CURVES FOR AN INDUCTION MOTOR

I 2 (Running torque) : 9% & STifed ffe ® amT=
TR &7 H 3@d Y, AT TTAT SATYT foh FA AT et 7
Sfater Tex Atext & forg Frt 7fa & Y a& FTor &9 g
3= gfaery e Atex # |

FitF freedt s 9o Aed & #7 Tex gfaty e, 9T
STF® a1 F7 & Al To aTelt et HH0 Garase s § | 56
qifTE = & saa fered e wted g1 germas &
2, ST = TR S AT T ATl 2o JeTs HaT & | AL
awh, feera Rar 9=or Wtew, g8k e T & 10T, el & &I
& T AT I FH FIA & G T(AUL & AT FLA A0
FTEAT 2|

Rt e St wiew &t smae (Application of squirrel
cage induction motor) : T&e fieedt sy Atex S=m &
A f=TE 97 det § ATIF ¥ § ITAN FC A9 & | 37 Aex
FT TN I=T TETAT FT ATTIHAT AT 8, AN T il & ¥
fomtor § wsrgA amET ST 2|

Tae freredt fastY ST 7ed FusT et i €1 FTeAT ITH
AT | IJTART faaT 1T € =t I=a AAoH et Sava & |
V) 99T /e #1 garar (Efficiency of induction motor)

S A T YROT H{E A-eATS T A T &, AT TH % 9 I
& agd FT Yo eiaT 2 | Ve | fawfaa i wwof i garst
& 6 YU BTAT FF g FAT € | FAYE TET AleT, AeX &e
ST Y T AT AT % THAT Y G FA & o7 & | e A1
(wEt e AR feetfam & 7o) amqfd smgftr 1T smra & &
TATE g X R FEar €| 7% FaeiRE w9 § R g1 tew
FT ST JHEA, ST, T & Fits qra By & aea
TeT greret # AT SHAT BrET Bt

afg Atex ate 9 FifF e an) e Sar €, at W de F
forw stiaf sfafwer o<t finfr wfe & giex ofy & F7 =3 &
for eteft 2, o 7=t ag et 8| a1e 7 a%t g v |, # s«
AT | I T HILOT a0 &, T (% TUET & forg g &
STAT ST € (T T =K, |, COS ¢,) T HIe T&TH FTA & forg
Tt 2feh 9T FEAT & | 37 THN UF S enfud e sar @
A AT T4 % UF (G0 1 9° o 2| awad #, 9%
STHTIh 3 SATATIAHAT % TAT T & (o7, T=T &7 TF a7 TA
AT 8, UF a1 7= e gl € 99 fastelt 3e, e e,
fasfara it fastelt Saamae e gerar @+t fAuiRa e &1 s
frRT® & qrax w1 9w #t (Fig. 1) Remr wmr e aw 3 &
wate fig & aTE i =1 #F aE i S € (Fig. 2) &
(A FAT ST & | AR 37 Tg9ie &t 7T et & forg sqrarvers
T+t Stua Reat & @t # = frar mar 21

Flg 1 ELECTRICAL POWER INPUT

- STATOR CORE LOSS POWER TRANSFERED ACROSS THE AIR-GAP
- STATOR COPPERLOSS (ie ROTOR INPUT POWER)

ROTOR COPPERLOSS MECHANICAL POWER DEVELOPED

ROTATIONAL LOSSES = MECHANICAL
POWER OUTPUT

EMN3320081

Fig 2 P; =3V4l1cos B4

Pe, Pg=31Z 2=3E 105Dy = To
-3 19714 |

|
31215= 313 =Py Pm=Pg(1-s) =Tom

Pg = ROTOR INPUT POWER

Pm = MECHANICAL POWER
DEVELOPED IN THE ROTOR

Po = POWER OUTPUT

wm= MECHANICAL ANGULAR VELOCITY

Prot=Pw Po=Pm—Prot=Tom

EMN3320082

T Wehfhe AT A e AFTYE | Ve A P, = BT
ATICYE + e THAT

T ALY e Afehe H T T § AIRad 1 &7 & giawy
faram stmar 21

SR @, FeX FYe P = #X A¥eYe

T Hhel HTSCYE AR P = XX §IE P =T cu. THATT
IE VeT ATITYE AT Fo11 § qRafdd & a1 & A 399 Ife
BT € A%t 2 T | 30 Tt atd & (Asfad, 3 Aexd § garet
Y ol TR % HTLor @t 747 &, 31 9 ars 3 arer ST
e T 2

r.p.s Tex & ardfas® wfer & #i¥ afg 78 Nm, & & ar

AT Hobieh - (NSQF ®¥ 5) - 319m® 3.4.203 & 3.4.206 & qwitea fraia 129



T X 27n = TS FT qFA ATFEYE A€ H, P

rotor gross output in watts, P
2z n

Therefore, T = M N.m

kg.m & &% €% T qoA &GaT ST 2|

__rotor gross output in watts Kam
9.81x27zn

T

Pm
=———7—Kgm
9.81x 27z n

X e | g ATaT THATT qel Bial &, af Ve ATIeYe, Wex
TAYE % FLET BN AT X TAFICrE T T T |

rotor input Py
Therefore, T=—— —=
27 ng

STdE T &W faear 2|
T @l A¥YE =P =Tw =T x 27n
TeX FIE =P =T, =T x 2nn,
ggfere, AT % i oia¥ e aid & e’ % avrEx 2|
AT Te afd @t 8T = s X WX e
= S X power across air gap
=sP,.

. rotor copper loss
Also rotor input, Py = PP

S
e Fo AT P = §Ye P - ¥e cu.at
=(1-9) Pg
rotor gross output, p,,
or =1-s

rotor input, p

e #Fel ASeYE Pm = (1 - S)P

- n
Therefore rotor efficiency =—
S

Ie1eYer (Example)

TR ga #§ fastelt §9ge, 3-79%0r, 50 Hz SR #iex SR #iex
50kW &, 7=t 5% Jfaerd 8 | &e gHam 1.2 kW € iR aisfen
AT Tor 1.8 KW | (i) Trex &Y 71fe (i) Trex atem =i, (iii) gerar

T Rar mar @

I FT g P=4
gt f=50 Hz
EEyl =3

gge fahettare =50
feera s=5%
e JHAT =1.2 kW
T ST ATEET THATT = 1.8 kW
AT HTT:
e & T =N
T ATaT THATT = s X YT #T gAY whte
SEAT =1
&d (Solution)
Synchronous speed =N, = % =$‘?0 =1500rpm
Fractional slip=s :NSN—_SNr
5 _1500-N,
100 1500
75=1500-N,

gafery Tex #r afa, Nr = 1500 - 75 = 1425 rpm.

e Ft FAYE AT = (50 - 1.2)kW

TeT qTET THAH = s X input power to rotor
=0.05x48.8

= 2.44 KW.

= e Y - (T AT THFAT +

e CU.THA)
=48.8- (1.8 + 2.44)

= 44.56 kW

Tex A¥eye e

Output  44.56 x100
Input 50

vi) Rreedt e #iiew & s (Types of squirrel cage

motors)

i =T, fieedt ok & dted &t 3% gafaes fAouaret &
FIAR AAGA 641 7 2, Roea & &7 § Jifaa s% wwwt
" A, B, C,D, E#RF, ama freredt s g<or qied st 39
F, TAE TR HT F&T A F ¥ & 7108 FF2m 712 21 59 For
T & fog uF died it @ F w7 § IuAnT R @ @ e
a7 § JET ST 2|

et fe? /e & @t (Classes of squirrel-cage

motors)

Tt fasraarett & A (According to starting
characteristics)

Efficiency = =89.12%.
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i TRINF Th TR FE T
A qHT= AT AT
B T wH AT
C I FH AT
D I= FH =

E E AT FH

F wH wH AT

T | @ 9 A sz A & #@rew & D a e
ot Hiew @ | gTetifeh, 37 9T a9 & ST it & e auiy
FARTRE AFIATT AT 2|

FTT A Hie" (Class A motors) : 7 Hiexl & 7 WeX-aihe
sfaeter T wfafeer e % #reor afiga e 8| of aies &
AT WeX FIE ALE (AT AT & ATHAR T 0 ATE FXE & 6
AT AT BrAT 8| I FH Afawry & a9 F, YEATT G
A AfUF 2| F q0f AE & d8d agd Siel &ad 9 (s < 0.01)
ATRE € 30 F&7 | A Faot 37 TRt # g & st
T FH JEATAT ST BT SATAAHAT BHel & | T ALE F AL &
Tex I famtor (Fig. 1) # fIwmg mu &1

Flg 1 LOW LEAKAGE FLUX

MOST POPULAR TYPE. ROTOR BARS
CLOSE TO THE SURFACE GIVE
RELATIVELY LOW ROTOR REACTANCE.
SLIP IS LOW.

HIGH USEFUL
FLUX

CLASS A MOTOR

EMN3320091

87T B Wied (Class B motors) : T 1T STfe 2t o arr
I WleT ¢ AR FeE § Y 8id 8| quf ofte a¥ e fafeeme
(SITHAIY 9¥ 5% & FH) ¥ TRIHF b FH T A a2 Ared
# forg Fw ¥&T i & 15% % %W | siaT & | T8 7egd fHar Srar
ATfey fF AT FaTe # FHT F7 €, I8 AWAR T I0F a1
T 600% SR 1 (Fig .2)

Fig 2

HIGH LEAKAGE FLUX

DEEP AND NARROW ROTOR BARS
PRODUCE HIGH REACTANCE DURING
STARTING. SLIP IS LOW.

MEDIUM
USEFUL FLUX

CLASS B MOTOR

EMN3320092

F2AT C Aied (Class Cmotors) : F&T B /el & ot &Y, Fall
C HIexl § 3=F YW s eiaT &, aTaT= I JaTe etar
& ST quf @t 0.05 FH TdaT BiaT | IRIHF efd ¥es T %

AT 200% T AR AieH AHAR T 0 ATS T & FI7 &
forg s e ST € | 58 FeAT & WieT &7 AieT &7 38 AT
FEIT TAT T &, 901 A FAEL &1 TR F =T 2| 5w &
(Fig. 3) & gurtaT =T 2|

Fig 3
HIGH-RESISTANCE
WINDING

HIGH LEAKAGE FLUX

MEDIUM LOW-RESISTANCE WINDING

USEFUL FLUX

THE OUTER BARS GIVE BETTER STARTING.
AT NORMAL SPEED, MORE CURRENT FLOWS
IN THE INNER WINDINGS. SLIP IS LOW.

CLASS C MOTOR

EMN3320093

&1 D Aied (Class D motors) : & 3= f&tw wied & st 3=3
ST 2T AT STIEATEHA FH TTLAHE e & | 3= T07 oAfS T=1
F TR ITH AT ATHATY T =T HEX 0 &1 g
" BT & | T o1 T sk 7 =T, o afRumaesy aersmr
300% 2t STefie 2t & T & | st ¥ (Fig.4) & gertar
gl

Fig4 LOW LEAKAGE FLUX

HIGH USEFUL FLUX
THE ROTOR BARS MAKE THE

USEFUL FLUX HIGH. SLIP IS
HIGH AND EFFICIENCY IS LOW

CLASS D MOTOR

EMN3320094

F&TT E wied (fig.5) § gwriar mar &1

Fig 5 LOW LEAKAGE FLUX

HIGH USEFUL FLUX
THE BARS ARE A LOW-

RESISTANCE WINDING PLACED TO
GIVE LOW REACTANCE.
SLIP IS LOW

CLASS E MOTOR

EMN3320095

%eTT F Ated (fig.6) & ortar ar |

a1 Aie X e, Al TeX TaTe & AgHRT smgfe #t sawasmar
F A Bt €| AT ST WeX guA et €, v gy avger
wfer A few & wfr o fsie @t 2| fd o o & ofy o=
AT, WX FL T AgT o f & ar
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120f, Fig 6

N -N =
s p Mgg’l}d’\ﬁl FLUX MEDIUM LEAKAGE FLUX
also, N, =
120f
p

uF gaY & i #wa gu, & faaar &
THE BARS HAVE LOW RESISTANCE
AND ARE PLACED TO GIVE HIGH

: Ns -N REACTANCE
T - = CLASS F MOTOR
f Ng

EMN3320096

f = sf

r
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TAFIE AT BEAAT
TATIE Wik - e feisror afhe

s 3.4.203 & 3.4.206 & wwitw R

TR e & forg geema- D.O. L A9 ®TE-3wRT 'Y, FH-Teiiod ©R-30T ®eY A @aiied ©R/
@t "R (Starters for induction motors-D.O.L, manual star-delta starter, semi
automatic star-delta starter and automatic star/delta starter)

I 1 3 A F o § o fAfafad w1 Fwew av g

* WEH T THRT F1 ATTEIHAT F GRT F

« @& D.O.L. ®red & fafedw & fuifRa %, zo% deem sie sy & srern w3
o IFH-TT TA H ATAFAT F T AT g IR F wgEw Aew IR

i) TTed #Y srawawar (Necessity of starter) : T fieey fase
SRUT ATeX & FIA A S T8t TH IE qhel & ard Tei e
ST & GHTA ST & | ST AT diees (@I #ieY T AT
BHaT &, AT BT & WA |, UF agd a7 TNE Fee, g7
% oI T YaT8 # 5 & 6 IAT, AleX & g €9 § AHUd
o ST | 7 eife srafas yare safes €, Fifs I8
TSI AT qheesT 1T IeT HAM, S F5cr § AT g war &
IS ITHIUN X QT & FATAT HF TS FHT |

FRE HT ATAT 31 it HH FEA o GT=T (A= e srar & o

At F I A, A 6T Aex @ i) & 707 & @

T qteest AN &f 8T & | SIET &77ar #ie<l & forg, 3 Hp, d%

Fe, YEAT | TF ATAT alees AN (AT 97 FFaT & | STt

ATET I FIA AR TFA & o, A AleT Fit AR Fie HiT

FH FieeoT & T % o7, Tie< qihe | WY FT ATTwIHAT Ell

| % AT, WIET Y B & q9F WeT T AT areest B W

FH FY qhaT & |

WY & T (Types of starters) : feer s S=or @i
& A & forg 3w oW At fafve gar & www
frfafaa 21

— Y ST weY

- WR-SRTEET

— RY-IST ZEEHT R

—  3TeY ZHHMHEY ©eX

STRITH T # &G ATT-ATZA CIEL Fl BISHT, L& BIA & a7
et fiery 9=T % AYex & e ATERT &1 F3 diees o] T

STAT & MY /e A Tfd a1 S & a1g fFafia ateest any
gl

WIT F=AA (Selection of starter) : ST STHTUN T 97
FXA T T HIH T (=1L (AT AT AR | 37 FEH A ASE
FE, T A€ Fee, AeT I Aleeo (e, dlees (ATEA) FI9,
SATIRI &7 e, WX T THT AET LT AT AT & GT&r
amfeer 2|

Fig1 L,

PROTECTIVE EARTHING
1T

Ty |
! MAIN SWITCH

N R

D.O.L STARTER
]
|
|
e A
|
|
|
|
|
|
[

71‘ MAINTAINING
CONTACT

— THERMAL ELEMENT
T

777777777777

OVERLOAD RELAY
CONTACTS

WIRING DIAGRAM OF A DIRECT ON-LINE STARTER
WITH PROTECTIVE DEVICES

EMN3420311

T D.O.L. &Y U & fS5ra# Ar-atee et o Y i @e &
T Ueh GUehebelt, 3N a¥ars fer &1 Uk Aervees § amirer f&am
ST 2|

femtoT #fte s=ee (Construction and operation) : T 9T-
oA THR, TAGT AA-ATZd &L, JT AT I & &
(Fig. 1) & f@mar mar &, I8 U TR €Y & S a6l 3T
T FY Y 9977 @ | A 2|

TFACATES 12 X D.O.L. # FHATAT M7 IUf §9 Afshe & d=
FS 3fa¥ Tl & | =Ty, fram g@a % D.O.L. ®erex gng ar PVC
TR § Hol &, AT SATETAY At §, Ar-aiee Higel ®t 415V
% forg Y famam o @ v (Fig 1) # R 7e &7 =<ort | see
3T ST & | 39 ane srferame R ICTP fer i dudharat i
AteT & dr=9 At @TeY femga 9w v @1 wfdrget & D.O.L.
% T H forad # adATE I A © | TF IOr @F |qfhe F g
12 fAonfea e # fOU T eriaeur & AT & U T IX
=X |

D.O.L %t faf"dw Wz (pecification of D.O.L. starters)
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fafadw 3o guy, fAmtafaa et fear T 21

D.O.L.®TeT

%Y - Ukl T A1 I

Fieest 230 AT 415V.

e I 10, 16, 32, 40, 63, 125 ar 300 vfermea
Tt-Fiee Higer dteest T AC ar DC 12, 24, 36, 48, 110,
230/250, 360, 380 AT 400/440 atee |

T q9F 2, 3 AT 4 FF HLAT AT AT ¥ & Gl © |
HETIF T & @1 2ar 31 LNC + L NOar2 NC + 1
NO sfreui

JOT-qEA-UF A A TF A e

srferme afé 8- uffrr-a-uffer g e sfrear PVC |

STERT (Applications) : T SR AT #D.O. L. % 619 @,
FEATAT TATE T0F A1 FXe A § 68 7 AT 80 | 54 D.O.L.
wred & Fad 3 HP freest fise S9=or #ted d sfie 1.5 kW
saa IS¢ e wied aF T HA 0 STgIET Hf Al 2 |

%—Wﬂwa&mﬂw (Necessity of back-up fuses):
HIET WIEH & IF-AT T & {7 &+t ot Iy 72 famam srram
T1few | dagasfier wfer Rer a7 Fae sitawete & s Tt

AT Y& A & forg feome i #foreies 8 | 919 s wiiee
sfe R, 37 sfaffea aifer &7 & Frw, afee #
HATOIA F3 AT Tiei § dal G AT & | qE qfehe v
# AT a5TE § WeH AleY AT FAFes Afhe H THAT Tgar
# T & forg U 33 99T Mt | a8 @fia Fearg, Se9-ged
TCHT &THAT F T STANT STAT AT qhelT &, AT AT Aehe § ITANT
3T ST 9, A g d=rferd €iaT @ ¥ affe gierar €| gafog
H.R.C. SIS (DZ) 3T T &l SECTAA ahl G&T o forg ST
F AT F ATF Arew wred & gHa davare R ore affe F
fgares &f, e wfdhe % ArTer # a7 T faad € Hiw afde
FT TR F Gl & | TAT-AT Aew e & forg fafer wiex 3w
% forg wrer YT FE ATt uF dast arfora & € 2

IE ST A AT & 3 ered-were, g wove, femges atar w=e
FT ITAT T dWa & 7 § F=7 A7 67* |

o= e qd e T g =vr, Fafee-wre o Aed
F WA | @] &l 2, Y AH-=R F A |, R
o & T SROT Ated Ft Ul WX 9R e st a1
T T2AAT ST & WY Y T FH 7S @t =y 7501.p.m

63 A 9% T ¥ DZ WHR W= & 100 A 3R TR | IS
THER ® (HM T&TR)

AteT Rt gear % forw I RS o aF-or w=ot & arforsdr

*. Aew #r I Aiew #r I = = AFAT THAT
|, 240V 1-%] 415V 3-% A WA FATHI
hp | kW |qur &g ®%2| hp | kW |qor @tE #e a c
1 |0.05 |0.04 0.175 0.15 0.5 1A
2 |0.05 |0.04 0.1 | 0.075 0.28 0.25- 0.4 2A
3 0.25| 0.19 0.70 06 - 10 6A
4 (0.125|0.11 0.50| 0.37 1.2 10 - 16 6A
5 | 05 (018 2.0 1.0 | 0.75 1.8 15 - 25 6A
6 | 05 |04 3.6 15| 1.1 2.6 25 - 40 10A
7 20| 15 35 25 - 40 15A
8 |0.75|055 25| 18 48 40 - 65 15A
9 30| 22 5.0 40 - 65 15A
10 | 1.0 [0.75 75 50| 3.7 75 6.0 - 10 20A
11 |20 | 15 9.5 75| 55 11.0 9.0 - 140 25A
12 | 30 [225 14 10.0| 7.5 14 10.0 - 16.0 35A

Ao WR-¥T fE=/erR (Manual star-delta switch/
starter)

3-T0T feraRe 1 /e F {0 "R-3wT ®WTET #1 ATawwar

(Necessity of star-delta starter for 3-phase squirrel
cage motor) : 7% 3-97 et o #tex #re = ef et

&, A1 o dhe & forg quf ale #¥e § AT 5-6 AT &iaT €, %
Y e ST T 1 A Tf 319+ 3T AT & 9€ AT & AT T
T FH 81 A1 8 | i wiew Fag fwfor € i 3o a9 & fog
e & sfaue 72 gl
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ETATfh IV &THAT TIe % AT, AEATAT JaTe fastell dArei &
TgA ATUF Alee IAX-FGTT FT FXUT q9aT & AT FAY WK &
T FXAT & | AL ST, ST A et 1 wie? faotelt qrgi
IS g €, AT 3 TF S GAT | Y= 81 A & 87107 &7 § ity
ATEAT, SERHT TBT d% fF seewe sframr|

3 Fo &, freedt foste Atex & forg any atees i safy
F T FH FLA H T 8, A Jd Fla¥ Iaa1 € ar T
amgfed &t ST AT & g|ar i F

& # freedt i Aty ™ an] aiees & &7 #4 H f[&f
frafofaa 2|

— WR-sSw & ar @}
— STl ZEHHT WTET
— WU-TS TEEHET &Y

WR-IRT VWY (Star-delta starter) : Td ®R-3T &9 ©H
fer Y oF ava Fraen ¢ e gra affe ®e & sew
ATCATE IT ST FleaoT WY § fiaelre Rl & q&ar @ i
AleesT AT & Aed TS G & AT/ AFRR-SeeT = /e
#, % g & au, fered fio wie @ # S=r g © atfe
TR AR TR AR 1/4/3 AT FH & A, A Y o
HIET AT T ISTAT €, AT ATSFET Seer | T gt & areh =0
FleasT ATET dieast & G &F & | T =R-3el /e &t
3-=r firere <t fUo #iex & Fae Fe & forg, di9-=<or agfer
& it T et # T g AR

ST % (Fig 1a) # fe@mm o 8 er-3wr ffw wwem fees
faee AieY &1 3 A #f @R & Fae a1 1 %67 8, AX
foe Swer # | e feafa & e wwng L, L, 7 L, Feen a9
fore gy amefem U, W, iRV, &t &era & S8 gU 8, Sfaf®
B1e foreh ot V, U, SR W, Ft Fae 3 8, B BTl 34 % (oY
FET Faer gRT SieT BFAT AT & WX 95 I FA0T TH
TS e % ©7 § fI=mr @ €, (Fig.1b)

ST fr gsar Seet ferfa o @ stmar &, @ emgfa L, L, %
L, 2@ U, V,, W, U, =RV, W, FHeT: STt Fem & sTfa i
a2 fo T (Fig. 1c)

AYA WR-¥RT WY (Manual star-delta starter) :
(Fig. 2) a¥afa Agere =R-3eT e & soaes s f&m
IR 8, 72 aa a% & oft frfa & aroe s smovn o & &
Tr-atee (FTee-31) AR FAEM & | T Sfes-ATT Higd athe U,
AT W, & At 15 & SYft % AT § 49 & AT 2, ar Hised
& g1 BT AT e et fRrfa § srenifom gtar € | e giee-
AT Blzer S-UASThd &1dT & a7 SoiY fawer Tear & ¥ ofiaw
I A & GATCIT HAT & dATfh BT 39 & FR0 a2 o &%
ferfy & % o s a5 | dea & ww a7 & (o & 7 fmman

Fig 1

(a)
Uz \Z
U1 \L\Vz

@ MOTOR

CONNECTIONS OF MANUALLY OPERATED ROTARY
TYPE STAR-DELTA SWITCH WITH INDUCTION MOTOR

SHORTING
CABLE

SHORT LINK

STARTER LARGER LINK

(b) IsT © V3lgc
L1 —

Lo —

L3

EMN3420321

AT 8) ATIRe & fory weet oot # Seer ey & St St stwiva
& ST & I8 Fad a9 AT & 59 88 &t Tedl w@e ferfa & awar
STTAT & 30T 6 o wie< &Y i a1 & J1dt & aF g #t Seer
#r ferfa & goher e strar 21

227 § UF-gaY & AW &5 & 3goie fHY MU aTheA 1 UF &<
glaT €| 99 g2 & @ fRafa & %% R stwar €, af amhew 3-
T AR W, & gera & forg smgfe amgat L, L, e L,
F gl 21V, $fiw UL Fer: IE awe 31 areed V,, W, T
U, &t oiiféT aaa & arerd & @ qige § sted ¢ | (Fig 2b)

T g1 &I Soar fRAfa & B 397 STaT &, aF SThed T ST A
ST FATE a1 o forg Fwvem: angfer efifmet W U, V W, 3T
U,V, # Jer smgfef @ L, L, s L, & stear € (Fig. 2c)

savare Ra wie afdm sgees e A wf fgw aefifess s
AT #F 7 TFAT | T AVS Fe iR g § i et
ST e, @ Rt drex aca § s it gtee-s1ia #ige afdhe @iom
% forg Tte F gt AT 8, ST 3 TR Fi3d SI-UAs(13a &, M
f8rT aam & Frewr 2o e fRafy & arae o Star &1

AT i (T a7 &t GTord H<eh WY T/hT ST ThT & | ST a8t
H Eiee-AT HISeT Bl SI-TAS HLAT & |

%-317 ® (Back-up fuse protection) : aité @féhe % e
RR-Sel WX AleT Afhe # T AT ATTIF © | AT T
# 415V, 3-=20 faed-fie % wied & forg sips few & =9
#, Iof @S Fe F 1.5a H.P. & &7 # foran a1 &sar & el
ISTER & T, wa 10 HP 3-9X0r 415V Aiex & I T 15
uffeed g, ot % Oof de #ie & &7 # gnm |
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OVER LOAD E——Ft-e-—-F&g——-
RELAY SETTING @ R D ERR I R sToP
BUTTON

LEVER PLATE
L2 L1

ﬁﬁééiﬂﬁt

UNGER

HANDLE
SHOWN
IN DELTA
POSITION

=

L3 Ly Ly
U1 Vibwy

U2 VoL W,

(] Ny 3V|-2 L1
RIS AR ST & AR IS & q97 & {oIg /e #f 0 AlS

F¥e T 1.5 AT &+t =nfey | gufey 10 HP, 15 uffees Atex
% forg, wor ¥fewm 23 uffeme e, a1 25 ufEee F= |

TROT AIEY F FE AT ek P& FIA T WX AT Ie2T FAR

% wTa ) gt (Comparison of impact of star and delta
connections on starting current and torque of the

induction motor) : & fEra<er %t AIeX & A9 =TT Y AT
T G @R S el &, a7 TAF asfe & a2 aieest #9
&1 ST & AR AT atees (58%) F 1/4/3 %1 U F1ea i< gaferg
JEATAT JATE I & % 1/3 T FHTH & ST & T Aed & @
ST H g fOr T 2| 39 YEAT FHE # FHY, FEATAT AF
F 1/3 & ATt EF H1 ft 79 F I, A Wie? H oI &rer
2| W g% dtem T § gar|

IULITH HAT T (AT AT ISTEXTT & AW & THATAT ST bl
2l
IqEYeT (Example)

T freret fUsTe ST wiex &t 3-=<or anefE & o= a9 #ied,
w&% | 20 ohms &T Ifa=ter gtar & 3T 15 ohms, % srafkad+
RuF aid & (a) ©X (b) ST | ©R-3wT &I & AT & 3-930
400V 50 Hz =g sqa |

T ATHA § ST TS Fe ST Fet Tfeh T 0T FX T

EMN3420322

STAR - DELTA STARTER

7S | fawfda ets & goT #1 |
& (Solution)
gfd ==or gfaarem
Zn = JRZ2+X2

= 4202 4152

W e
B, = EL_490 _ 531 v0lts
R
E
I = e =—231:9.24amps
T Zy 25
I, = I_=9.24amps.

wf smwifia = 3 E, 1,Cosf
= 3 x400x9.24x1

PFAMA = 1, 29 919 & = 6401 aied
ST FART
E, = E =400V

ph

E
I = Spn _400 6
M= Z 25

1, = J31,=1732x16=27.7A

wifth s@wifua = /3 E I,Cos6
(PF = 1 Ad ©)
= J3x400x27.7x1
= 19190W.
frwfaa ats e 7 aies & aif & forg sigufas €|
TN & A TEET E ) # et
E
Eph: ﬁ
2
= ET?,LKinstar
ST & WA H AT E |, # ateeswinding
E = E.
ph L
ETAif 2t

(E)K = E2K.
TATHE T & & 814 & G0 LR FAa | [G&ad i 0F
IeeT FAH (Fo) § a2t &1 1/3 21
FA(h T FATIA % HILW 2teh 3 AT FH &, T A Ae H 247

IS & AT PE (AT AT &, A WR-Seel TIEL HT ITANT T8t
T2 STTAT & | U ATl TIEHUY AT RI-STSAHHT L1 T TAAT
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2T ST AT & i dieest fUT & T8 % 58% ¥ a5t f3AT
ST @FAT © i & ATATIAHAT & AIET AT |

i) df-mafod @R-3WT ®WEY (Semi-automatic star-

delta starter)

AT frere<y fasT S=or gied &t i ot & & 9o & gt st
& A (3: efier) @ star 8, SR wR-dwT el & €7 |
ST STET & | 3R WEY &1 ITANT 6T rar & av |2t &7 &
ATAE HUHEHTATAT 7 ATATAHAT HSAT BT &, AE F =R F F&
oI ST @At @ Y ST AT ST 2|

AT TR-ST TEL T I JTANT T FT HATEA H T faoT
AU & AT FXAT & | AYHAA AT & AT AT AT
HRTT TT-Se2T WX | Forw i< (Afvae dui i e agamd
gl

(Fig.1) femmar & f& amafRar s =¥ (Fig. 2) amex affe i
e affe & Yar s #t KT 21

Htqee= (Operation) : (Fig. 2) # famamy g faesmr affe st
T Afhe AE 7 @4 o | 5Td T ge7 S, FFET A1 8 ar
P, P, 3 K & Terd & Sushail igel & K, TATE amr &7
# &g 6% 12 AIX L1 &t & | 9/ K &7 & o1 & af 7€ 11 1T
12 % &= qrer ¥ & &g 69 K, @tear € K F P, 10 1T
9% = @ T € | K, % P,, 10 31T 9 HTesw & H&F Avahcbeit
K, ff, T A K| N, 8 9fge ST 7 % HT% § Afhel & % a5
K, 2 10 =¥ 9 & dwMiae 0 & Far |

ST % I 9 g1 FL @I AT &, qF % L&IE dupapedi K,
Ak TEAT | UF A% "R aed A g a1g, K, Figd -
TSifesh &f ST 2|

#7e K, % g $eTarh % FT0r F=1ferd Tt T S qohell
& AT A w7 & et 11 i 12 9 w9 & @5 K&
Hrieh AT &1, A Aehebett K, & @9 & &9 F< | o Afhe, SeeT
H TN K, a5 & 1A 2 |

HATTSTAE AIeY Y HIA AT AT & forg S0 #reT 70% Sfaora
% agaq % forg sAtaver #Wex & axfara #ar |

(Fig. 2(c)) ET=T el Afthe & AegAted fg@m@r 2|
iii) AEATe® = IRTRET (Automatic star-deltastarter)

FIIAET (Applications) : ®TX-3eeT Aiew HT STAfHE et
UL, AT, T AT HRETe oo s Wie & forg o<t &
TIY FHE AT SHIZAT & HFEIAE (AT H T F forg &, 3%
37 ot & forg et UF F7 ST 9T #F SArawahar atet
gl

WR-3T Ated § aeft argfe &1 Iuaiv & srar @ i stat-
TEEHER F gfaies I8 w2 ffa Iuwor T8 eld 8 | "R-gr
Aed I SISAT T od T &1 Taf ared WX I¢ 2ATIH BT
T I AT S @1

Fig 1 L L
B1CIATAZBACZ MOTOR TERMINALS
SUPPLY
TERMINALS
<<
°3
[a]
[
STOP/RESET
e
A 4
m
K1 2l 4, 6} 80l
STAR j 1% ﬂt 11 MAIN %@\1 *aot. %ﬁ b
5
g
3
WIRING DIAGRAM Z
w
Fig 2
(a)
1135
Faf] [|
2 14 6
1l =
USRS STAR
AK2 - CONTACTORT?A\
2 1 Jo

MAIN
CONTACTORF%
Co B1
B2/ M A1

o [T

A2\ 3~ L4

POWER CIRCUIT

Sz K1 K
START | p,
l 11
K3
Kq12 Ks 8 12
11 7
a a a
ALKz K4 A Ky
b b b

L3

P
STOP Lo ﬁ !
RESET Py
P4 18 J:lO
K3

6?
L3

ALTERNATIVE FORM OF CONTROL CIRCUIT
LINE DIAGRAM OF SEMI - AUTOMATIC STAR - DELTA STARTER

EMN3420332
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avere e affmm (Overload relay settings) : ®R-3wr ATqeeE (Operation) : (Fig 1) & arax Afdhe #Y 18 31w i
JEATT § ot A9 Rt 97 g 91d 81 39 R #1300 wanford ®R-SwT ©1eY & A=y afde &t fawmar ™ | ')
fob2rT ST & T o Hiex argfear o1 7 | goft wera Fe & o qeT F S-UASiES FLA & "R Fiehe? K Fragrare, (K, TNC
Rt gt Ft AEfET A F SR I AT A7 Ay, T et 15 1% 16 F Arerd § F gared gar ) # K, NC
IR FAFLE A AN Fe | e A7-WC & T ST F9eS Fo  Flode a8 &t AT & (fiaer 23 ¥ 24) ¥ Fie quaawal H
AN FLE H A FLATE, FHAG FT L. 737 AMOAFH AT HidT & 09 & Y X1 & K FIehebedt K FT &% 37 K| % ATes
FXE T FLAT & A AT eaTm R #1 g7 ST e Fe & Jed Y& FI9 & (oY UF dAfad A &ifud wedr & A fiwe

F AT % T § 3F ATZIST FIC F ITAN &< | % ATAW § qed Y& FIA & (oY dfad A6t SIfd Fear 2 |
Fig 1
||:1 Lq
(a) ; (b) Ps | Py
1 13 15 S1 P
,:1_3"] |]] STOP/RESET | " 2
2 4 6
‘ K3 Sz P4 23
I l3 5 STAR F A\ K1
K2\-% -\  CONTACTOR T j =\ START 1Pa 2
2 1 6 l
il e
MAIN
CONTACTOR l
33
Co B K
B i KaT< ] EREZ
16

2( M A1 18
~ Il I |
A2\ 3~ [Cq
11 11 12
K2 Kq Kq
POWER CIRCUIT 12 12 1
Aq Aq Aq Aq
L L K3 l A K L Ka4T| N Kq 1
1
(C) R Ls 2 2 2 MAIN 2
5141,,<J 1
STOP/RESET
P2 115,12 1112 65 13 14
211,22 18 25724
s Py 2572 -
2 ” 33
START 1P, Ky L
24
Ky _J: S 4:23 CONTROL CIRCUIT
14 24
15 |15 |33
K4aT # T
16 K4[18 Ko ]34
1 1 21
K2 '2 Ka Ko #£
T2 T2 T22
Aq Aq Aq Aq

K3 Ky K4 K1
A2 A2 A2 A2
L3

ALTERNATIVE FORM OF CONTROL CIRCUIT

EMN3420341

138 TAFLTE Hbierh - (NSQF ®¥ 5) - 319m® 3.4.203 & 3.4.206 & gw=iteea fraia



(Fig 2) 3% fe@my 7T 1A #ie o X @9t & FAraT &

Z9Ttar 21

Fig 2 Ly L
(@) S

K4T <

Ko @
L3 @ @

STAR  DELTA MAIN
STAR CONTACT CLOSES FIRST

K4T <

K2
Kz "
L3

MAIN CONTACT CLOSES

— INDICATES THE DIRECTION OF MOVEMENT OF CONTACT
o INDICATES CLOSING OF CONTACTOR

EMN3420342

7T @ (Fig 3) @ Rt K4T stfer ergwx e oo &
TS B Tt FHTAATE! & AT & |

DELTA

MAIN

EMN3420343
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ECCHIEE G L CER Y

v 3.5.207 & 3.5.211 & wwifaa R

TaaetE Ah® (Electronic Cables & Connectors) - saagt=e® #aw WY Hushedl

it s fafesr w=wed & v (Types of audio and video connectors)

SEEW 3 UG & o= | o fAfafd # wew av g

. it ste fafeat Fawe & fafim @t #t gehee w2
. ife s fafeat wawet & fawior A e #%
o FATH & ATIAEH H A FW |

gf¥== (Introduction) : T X ATSHIET & & § ITANT
fohT ST arer fafsrsr g & ITHT 91g A el 9 qH aE
F 48 Ffaeme F T F 2| FAE-ATSTYE FAR, TETIF 7Y
Y ATIEYE 3T ITHI & 3 FAFIN FAFEH & ©T § AT
TAT & ST ITHL & TS H ATE A & AP {7 7197 2 |
HTOTT et §TXT ITHLUN HY FAHIA AT TRE Hael G ARH
FT AFA € | HFAA B § SAYE a4 AT ITHLV § ALY A &
forg Suges AfdT wwed it gar TfRu|

T FAhE] HT ITANT & {3 ST oY sTrarvera &7 STheor &t fHahrerr
T IUHRT TEAAT ATATAT & | T el 31T ITHLI FAFed & ar
T (T ST & A7 Shelol Friered i 37T STHLUN | STEATHT & Faell
ST @hT & | §H% STTaT UF Feaed T SUFNT B 1Y s
FAFIT T B TETIF SdT & | T FATAT, FF ATHAT § heisrad
FT ITART TAT FARA & FRLOT (A & a9 % [T T TF
AT | HEE HXAT 2|

HAiteat w=w= (Audio Connectors)

FT AlfAT Faded & fFawer st & seEy I § 2,
frTge €1

RCA @t ¥ @te (RCA plug and sockets) : (fig 1) RCA
& Fhex gheaiee g9 (Fig.1) ® gt mar &1

Fig 1

A - CENTRAL CONDUCTOR

B - METAL OUTER TUBE

C - HOLE & SCREW ARRAGEMENT
D - CLAMP LEAD

E - PVC COVER

EMN3520711

RCA PLUG

(fig 1) & gorfam 72T &, RCA @ 31T ATdhe T ATHAIY I¢ ATt
Fare, Redy, TV REfifeed oefeeri/crm it 3
aTforforet TreliwaY & /9T ITANT T ST | 39 Feded
FT ITART Faet AT ASAT Faer & arey G v whar 1

140

T AHAR T I FfAareT g7Ye A ATPTYE H ASH % oy
ST o ST 2

RCA =1 &7 gaeettes g9 (fig.1) ® gurtar 741 & | RCA < §
Al ega (B) X UF AMARSF FeF FeaeT (A) BH AT
REARFATE TEY §T7 UF gAY 4 3gacs ¢ | Fad q15s AT 3%
FTFEL UF BIE dAATHE U< & € § BT & fora# srag o Hae
F g HeFaY H SIS & fory B it T 4= F¥ Fraer gl & (C)
et Arferdt & forg <fte (D) # avE uF v o gt €, e
AT Ha I(ee H GHEAT ITHIIT AT IS TEAT HT ITANT
FLH SAIST AT 8T 2|

FAFEY H FAGT 9T (Fa 3(d) UF 7oigd PVC Fa< (E) g7
HfETd @ St eTg FaeT & & T mar 2| AiafiE deaes &t
B AT Ftee T fohed &1 bl & oI Faer FR X I9Ywh
T &Y U el &1 g T S awar &1

RCA @1 &7 I difeat &aer & arr i e o asar &
(RG58/59) atfurfors Iqaeur # difeat 3AYE ¥ 3T i e
F forgl

RCA afae (foser) fafer siferat & Sueter &, g7 dmhet &1 fawtor
T PBC ATS TY AT 99T A3 T ST T &, A
(fig. 2A =T 2B) ® gurfaT 7T & | F Ao iadt ega & e
AT AT T T GIT AT8 S § ST (36T S & | sTidR®
T A TR T & AT OF € 5 7ot o1 FaaHe d0 FIA
% forg daar 2|

Fig 2a Fig 2b

PCB MOUNT TYPE
PANEL MOUNT TYPE

I S (i) (Phono Jack (Unbalanced)) : &t &t
o STV | Stfersh Teieiae Y ATagIhaT il &, T8l FiAl b
T ITANT AT 1T & | IgTE0r % oy O 99 |, et faf=



IUFIU % IAYE A ATICYE ITAH & & FiAl S ITHLUN &l
Sred & o 9= #189 # €9 § 37 2|

g AT A ATHAR 9T & RAT, BESHIA IR 3€T AT 2, A=At
farse, & wi srfe it & forg stifeat gqe & aror-are sseye
Ffed ITART #t UF fawgd Haer 2| 3/ TRS %I © FA9e &
T H ft FT ATAT € e T 3 @k ST & 61 3T SAN Tl
FRT e b e @ star & (fig.3) & swrtar o &1

Fig 3

Phone Connectors
6.3mm, 1.4")

Mini-Phone Connectors
(3.5mm, 1/8")

TRS o + 51 + i &1 wfafAfae #3 ara us dierd am
2| aud (o + witg a1 TS) Gw=heor AT 9¢ AT feat &
forg gtar & i e Jush dewer (TRS) smwate a¢ &t sttt
& forg gtar £ | U8 oty Jueh oft & S =T A9 ST ST ST
Faiey, fifeat fawer % forg sifafs [ a1 syfas @ &=
X AT ITHLM & fory dame fovw it &, foresr S s
HTSHIE HATSH &€ & & giaem gidr 1

TRAATSS FT T I S & (AA{T &7 ITAT (Fig. 4) § feamn
AT € | §8% THT T BT A Ao afehe & qre TAT foba
ST & | 3HH 3T HHhfad egaae Feae? e & (A T B) it &
& Aftd e ST @ oY uF gAY § 3gaes ed © | qiaikE
HEFET UF & THTHIY TG A T AT I | 7 FeFe el &
eH &1 Fae 15 (C 3T D) T ATAT ATAT & | Fa % T FEFeT
& gAY il | Tlee¥ 3T SIAT & X Feet sfiee &7 U hfEmT
T AT A AR & AT AT ofiS F forg ofre faam v €1
v foe & & PVC eTfE avT #ax & o @ & s
Hedl %7 & & T T €| F (E) F A qi # @i famm
AT & IJTHT UF AT A (agehet T TG FY | ST T Bt St
T ITANT SATETAL ATIHTIAE ITHIVIT H AT(LAT & AT FohaT Srar
2| Farer, 30 R#Eey, T 99a v sAifeatr wefiemst & gaer
AT g 2|

®l A% (igfer) (Phono Jack (Balanced)) : &t St
dqford Afdhe & forg it Iuerer & | Hgford it i HT (AT FHa
S & A © AT 5609 {6 2% a1 o1 deohfad Fads Hsaet

Fig 4

A.B - TUBULAR CONDUCTOR
C.D - LEADS CONNECTOR
E -PVC HOUSING

EMN3520714

PHONO JACK (UNBALANCED)

gd & st % sgfoa o & At | grarn 2 | At & (Fig.
# feEmar = 2|

Ul

)

Fig 5

| ¢
iﬂ%\\\)

A,B - TUBULAR CONDUCTOR
C.D - LEADS CONNECTOR
E -PVC HOUSING

EMN3520715

PHONO JACK (BALANCED)

Hhfad egaaT Heaex (C ¥ D) & 1S (A WX B) Faet 4138 T
ATAT STAT € | AN el % 3T AT oIS Fa 1 a1 HeFel d I
B & Sath Shid (3f1es) Fa® aredl TgaaY Heaey qay arsl
TAAT T A At § wrwe ey w2 | o R fred fw
F UF PVC AaT8 g7 Fax¥ 3T o & =i d@xfara faa o
£ (E) STt a7 % g&e & <7 ger & | @gfora STseye oY 3Ye
aTer | ATAT ITFLN § Fooke FEA & {7 & Gt & T FiSH
% forg dgferd ®iT St &7 JuanT R Sar | er-wE et
SUHI A ATAFTI ATIATAF ITHIUN | YL, AT &
forsror gt 2|

XLR &« =07 (F=«r 7%1) (XLR Male plug (cable type)) :
T adw Rl & fiF fm T & siey o sgeiex fow & ary
UF oTq F 56 et & | {9 & Faw R § e diee # asw
e & forg aEfeT fAR 8| Frded & Faa T A @ e
FAT AT FHaTel FT FAFY THSH H TGG HLAT & ATl Hhalel &
fRem & fi 9¥ Aiee aTel Fa9 IX 30X 7 92 | Fae H 3E¥
N AR A ST % forg o A1t Yag 0 Arell S TG A SATAT
g A FATex § TEl A= a7 | 7gg Fdt ¢ | (fig 6) F uh
fafire XLR # @t fRmamar o &1

% XLR &1 <7 ® U7 &t =y &t (Fig. 7) § feamr @ 2|
AT Faer & AW i i qF e e ¥ e Ft et
ot o & el oft foer & STt o1 @b @ | Afa faferer Saseont
& &9 A AAT-FAF & FA o [o[Q TF ATAE AGHA & AT
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3 ST =TT | sl wE B (TEe) # N 1 dA &
forT A1 et % wigd ofed &t fUT 2 e famr 3 & stien & forw|
T TS & T off XLR FAaex &t sfed & forg A faem
ST = TfRY |

Fig 6

- METAL CASE
- FIXING SCREW

- CLAMP

- RUBBER TAPERED TUBE

o0 w>

EMN3520716

MALE PLUG

Fig 7

Fig 9

PIN ARRANGEMENT

EMN3520719

XLR &\ A9 WY wHa RA<we &t A6 (XLR panel
mount Male and Female receptacles) : &« #Se
REesed (Fig. 10 31X 11) # femmar w1 & 399 & A =i
SUHLO & IATE o+ & oIy ITHTOT & q7 F¥ W@ & | AT Faer
e T g helaedl § STl SITaT & 31 e gre aven faert strar
2 | AT & BT Fael ATSE FFT H A Hael FAFEL ATF LA
% forT 1Y T Shael ey § STHT § a7 3 10 #er Raewe
H Al H & forg At TaTe 3T ST 2 | 37e/#AtSeye Fam
H ST HHaT € Y gad Ao |

EMN3520717

PIN ARRANGEMENT

XLR W« @ (%9« 9FR) (XLR Female plug (cable
type)) : XLR @i @ (Ferer) % (Fig .8) & fi=mar mam & I XLR
WIS ©1T Tk Heo e eidm & s wreae @ g faufy #
I Adhe T &t €| 9T % 9 H UF AT(HT ZawdT e foba
STAT & STt heiare T og T fRfa & T & #ag edT & | =it fshrerd
THA, @ Ht qTe¥ AEed a7 @ OF &7 JiLT &6 S
MR | FAFET FT Fael FA FUT T AT FAFL % TATT 2|

Fig 8 D

- METAL CASE
-LOCK

- CLAMP

- RUBBER TAPERED TUBE ¥
- FIXING SCREW

moo w>

EMN35207

FEMALE PLUG

ATTEAT Faret & XLR Fded & Faae F¥ & (o ITANT T ST
AT &1 ITer Tet o f36ar ST 91w | B (I1se) &1 e Jax
18 SteT ST Frfev | Y argd U 2 e 3 fae & siw Sar
2| fam fa=me (Fig. 9) & i = &1

XLR A @ IUH0 H AgiRa de 99eT ATdeS Faded H
FfFTford ¥ ITHLTT H 39Ye e & forg v et sr
Trfeu |

Fig 10

EMN352071A

FEMALE PANEL MOUNT XLR

Fig 11

0

EMN352071B

MALE PANEL MOUNT XLR

FERAT B & affid & FHE € AT I WS FT ITART AT
ST FRT | A e ASe RAEHeT ITHT &7 FeYe & Y
FH A9 RACHT ITHII FT AL 2 |

T AU & XLR FATe T ITANT Ha 1 &I Thi aTel ATt

FIeAl BT ITANT FLH Aferd 3TIE 3T ATIEYE Ft e & forg
farar stmar 21

fifeat A% (Video Connectors)
TS AW FadeY & faawor femgar &

BNC (&= wm1) (BNC (Male plugs)) : BNC & =T difeat
forew ST ITaeor & o1 @ 3A O oY ared o1g & ereste
% T § UF AT hede¥ e & o4 fF (fig.12) # e
AT & | 37T AR T T&T Fed & forg siiafRe famr amarr
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T & AT e AT SAar | 3¢ 49 # wndeE av v
FHY G ATE ATAH & FHCS T@T AT & | JTet e
AT AT B FAEAT & | @ &l HrH RIAewe & A7 I
foharT ST 8| AR T gfauad AT © FAdeL oJiF 8t FA1ar 2 |
e w9 e & el & amEd gHET AT § HiY
i 2|

Fig 12

A -INNER PIN

B - LOCKING SLOT
C - METAL BODY
D - PVC COVER

EMN352071C

BNC MALE PLUG

FAFEY FT A T8 UF I & &7 § i1 <, forersh aves & Fae
& AR Feaey # w31 U & forg sifemfRa fm smar 21
AT Faa & TSl ¥itee &1 fawe o knurled &8 # Sar garm
2| UF AR IATEHI T T 39 fawa¥ = q@TE ATt @ A A%
IEE AT & | 1 AT o i aredt ang smamw fifeat daa
F 3T ofic & ¥ § FF XA & | FIA FAFA T A9E H FH
FA & oI Faex & T UF earets PVC Fa< 9314 T
gl

fafeat <t & BNC =t &1 9= e whie & @e-erefier sherett
% @y fFar Star 2|

RG58 RG59 BNC Fased %71 ITIT
RG174A RG223/U 50 1Y 75 ohms &erer
RG8A/U RG55B/U gt & forg far strar 2|
RG142B/U | RG188A/U

RG213/U RG400/U

RG179B/U | RG214/U

BNC (##w) ®a%ed (BNC (Female) connectors) : BNC
WA FAFad AT AT hael THIL AT Al ATSE THTY & &F Tt & |
HTEAY F e WIde W & St faferer fafea suweo & e
AT ATFeYe Tie | @rfya & = 21 (Fig.13) ¥ 99 #ise
BNC FHee< guTtaT 79T & | 300 ATdRE €T & Tdcil ad=THT
T BT €, S qTeT UTq T ST & ¥ Hfwad et 2|
TEHEAFT AT B T ITANT GHT & o @AY & & 7 63w
STAT & ey A9 B el @ & Al H¢ & forg gt sie i
g 2|

FrdeY & TS & W & AaRT Fede ¥ e qrex AT ATdT
SITAT &, Ford et 7 g o1 Hiee < (AT ST & | Fheet 7 firce
SR W FAFe T T § | AF FAFEL F AT B AT 9
erfia faam Sar € o JiseT & AT &1

BNC % Fhael TaTX e ¥, fIsar i (Fae a15e) it @ T
& G | Y Fae FAF o 1 Tiwar o FH

Fig 13

A - CYLINDERICAL TUBE

B - LOCK PIN

C - METAL TUBE HOUSUNG
D - PRESSURE WASHER

E - CHECK NUT

EMN3520710

BNC (FEMALE)

HDMI #==< (HDMI connector)

HDMI (3= AeriteaT gav%d) (HDMI (High-Definition
Multimedia Interface)) T# srawfifed fifeat et @mmidRa
F¥A & for us It sttfean/fafeat gevdm € v v HDMI-
FgET e fearsw & Rfvrea stifeat S & afifed ar smefifen
FAT &, 98 & Reer #giee, U6 & #9ex Aidrey, fifear
ey, fefSree aehifas ar fefree stifeat feaga & e HDMI
uaTanT fafeat amwr & forg uw fefsreer sftemm €1

e #TE DVI-8-HDMI TS &7 ITFHT {36541 a1 &, af &g gtar
£ | CEC (Fg#¥ soag e dgier) ear HDMI fearsas #t s
FAX 1 = = & oy smaves e 9 A 3ar € Sfiw
STANTHAT &1 Tk AT Figier Se8e & a1 %2 (Sargai #t garferd
FIA A SgATT AT 2|

HDMI & &% Fereont &1 faswfaa e @ @ s senfiet &
TR RISt & &g & a9 e Srar & At aeft o € Faa
Y FAFET HT ITANT FA & | Feax At i difear e,
yeu, RSAtegee iR T1 R = & sremar 9 asi9 | 3D,
FITAT T FAHE, AX CEC (STHIHT gersrgii-ad =)
T |

st fof @i swa gfaemd @ HDMI fafader 5 #aee swrt
Ft qfRTia #ar € | e qur-orma, uFa-fos TR # (14a
X 14b & gwiiar @ 8) |

S/PDIF ®#A%e¥ (S/PDIF connector)

S/IPDIF (ait/fferar feforeet gexsm wede) ddaes © T &t
(fig.15a 1% 15b) & fe@mar 7= & | us g &1 e sfeat
Fevanae & ST ST TN SUFvl |’ Atfeat & 3t
T T AT F3A % forg o Sirar & | fwer it wrgaw stifes
Fael T TOSLINK #Faex & a9 Sfua o smar &1

T Ahterd - (NSQF &Y 5) - 3vam® 3.5.207 & 3.5.211 & q=ife Rraia 143



L 21.J mm |

HDMI Type A (Receptacle)
HDMI SOCKET

T 4 & 7 & IENIg] i e
L)
-'iiﬁi:li;i o
1 4 8 810

12 1418

HDMI PLUG CONNECTOR

Fig 15a
SIPDIF
CONNECTOR
I PLUG
Fig 15b -

S/PDIF SOCKET

Fig 16

A -INNER PIN
B - METAL BODY
C -HOUSING

'F CONNECTOR

EMN352071G

S/PDIF Ze¥a-ae Tasi #1 19 fruav 3w st e foree 3= fAer
gurTferat # |

S/PDIF 93a¥ AES3 ge¥aae @uee 9 At | S/PDIF
rEfifed PCM TRt & a7 et of @haT 2 415,137 7.1 a9sS
ATSE (S DTS AT #i) 7% 31w YR @edi &1 awed+ T&
FT AHAT S (4 STt AT DTS-HD ¥ g HD, HD AT #Atfe)
& HDMI & &t srfers Jefaue & smawaresar eidr g1

T TS HT STANT A(fhet AT A & A" & DVD I a1
FYET % ATITYE H SAred & forg B srar €, ot & stedt ar
DTS &1 @RI FYAT € | UF A A ITANT TF CD <% & TF
el TTET ey & form smefifea fefSreer sifeat & ot et
o o & fog 2

‘F ®A%ed | 39 FAde< &1 G 397 (Fig.16) # fIwmar mar
2 | 58 UF A U ST aredl ey UF gy § 1o §ees
TEdT & | ST ATET § UEHIV & Y 35 F deATHE AN AT
& | 3T e w1 e % forg ST fher s @ e Reeae
H 97 FXA HT A1 | HaA H1 a<h & AT RCATHT & WIS % G
gid &, STef #ad & AaRH A g8 A IS 8 2|

‘P FFeY F ATHAY I¥ et TV Tfhe ITHLOr § 75 ohm
TfaaTeT & Seaer & 19 ST 4T S 2|

‘F’ 25T FAFET U STelT &7/ o7 37T & | STe’l (ThaT &) 7 5
e M T F FAT FeFe & €T § ITANT AT ST 2|
FHaer #T T % FlT #T Tg & A FAFEY F IeL FeTex &
forg forere 21

T AT ATHTT Faed & SAATAT, ATT FS A= THL & ITHLT
# off ITAIT T ST | ST ITax Frde 39 § UF & S fawy
T F T STFHOT T FaSTell FATT TSI H3A & forg I faam
ST & st & f{u T (fig. 17) § e w2

Fig 17

INSERTION
DETECTION

TIP

]

/

SLEEVE

A T FFe H FETETT qa¥ FAse ff F=1 J@r & | 7%
iy &7 & STsHeunt it fastelt Faae Ja = w3 & for ST
23T STTAT @ | S Sl R a1 'S’ PCB ATSe, Fhad ATse,
T ISl ATSC ThIY ©T § ST & | Hel I¥eT HeFex AT T HF
Frafar /AR & STl 9 & 9/ S1ar €1 @7 FHae]
oo i weiter & st 3 (fig.17) & e wa & | whita &1 sredr
g g&d fer® 5.5mm a1 3.5mm & 1Y 1.3mm = & arr
FfET M, it T foq & gdigar aew ™ uF e sy
g f@rar w2

% A (Jack connectors)

vt 3.5 feft =@t (Stereo 3.5 mm Plugs) : 5= (Fig.18)
# T T € | 3 HER § ST 8, SAGAT @ AT i arar
T SACE 2TET | halel T eI &l & a7y Aiess arel sidl
& Y TIST ey # Ao a1l & A1 AiesS ol & e
wfia gt 81 &g 2.5 mm T | 3T ' 2
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207 to 211

Fig 17

(i) INSULATED PLUG

AR
T

(ii) SCREENED PLUG

EMN3520711

Aftm AT PCB wit#e (Chassis Mounting PCB Socket)
: 7% (Fig. 19) # femmar war €| dena =fer atehe o =idr
TEET AT AT &7 § 98 §U% (I9f Afehe) ST & | Fegamn
TEd g & ST gud (RIRAT atke) |

Fig 19

CHASSIS MOUNTING PCB SOCKET

afim |the (Chassis Socket) : I ey wiee i afde
Fieae (=T Afhe) F @1 (Fig. 20) # femamar w | aedt g
T | gt HUF gor § T gAAT 2|

Fig 20

CHASSIS MOUNT SOCKET

= famm e 2, R s & |tk /A® T @ F1 ST Afrei/Aieat ¥ DC qraw wAwed & fog R e 20

FH GEAT | Ak [ FARL AN qiFe | FAFY B
1 RCA AT&e - HrHe
2 RCA & - &el
3 TRS S - % (6.35mm)
4 TRS =T - &< (6.35mm)
Ring
=l
AT Aehierd - (NSQF ®¥ 5) - 33 3.5.207 & 3.5.211 & qe=tera Rraia 145




FH U | Hike | FAFL AN qiFe | FAFEL It
5 TRS S - %A (6.35mm)

6 TRS @I - e (6.35mm)

7 XLR FAee - B

8 XLR FAee? - A

9 TRRS &% - $i¥9d

10 TRRS @ - &

11 TSHA b - BT
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F GEAT|  Hihe | FAFL AR
12 SSHI ©AT-Hel
13 TOS fer-arnfeser Sw-Hrae
14 TOS for-arfese -3
k‘h
15 S/PDIF e I-8d
16 SIPDIF Fex-wrier ‘
17 HDMI = 13 5 7 811431517 19 :
24 6 3101214 1818
18 HDMI 8« Faea¥

=i

HOMI Type A (Receptacle)

TAFIF Ahierh - (NSQF ®¥ 5) - 3w 3.5.207 & 3.5.211 & awifea Rrgia
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FGET e | FAFL AH

qi%e [ FAFEL B

19 BNC ®19T FaeeT
== e,
20 BNC #e FeT 6\‘; ’
21 F - fmeaT
Male Female
22 ¥ DC e -
23 AT DC FrgeT-sth ‘[
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ECERIE IR | ClH EE R

v 3.5.207 & 3.5.211 & wwifaa R

et " (Electronic Cables & Connectors) - gaagi=e® #aw T dqseddl

szt v fafn/RF &e=t (Audio and Video/RF Cables)

IqA 1 3 UG F F § A At F ww an g

- faftmr e i sttt et &

o it Faert & fEior #1 auie w9

o At Faal F AT N G TAQ

« fafmr vt & fafR=/RF Fa=

« IRF |

o fifeat Fat 3T RF Faer fmior w7 aui #9)

sttt e (Audio Cables): stifeat smgfr 20 Hz & 20kHz
% il © | gAY Tt § 20Hz & 20kHz @% smgfeat #t A
F T A A e 1 g9 gt ox aqE ww #E A
A AT Hohet & | ATTLAT ITHTVIT T et F(fS BT T
#ura & forg festrea i gaeer fFu g 2| 5 ave wAtfear
ITFTUN T ITANT AT TR & 3ig¥ AT SF1ar & % ot
AT &1 & arftrs ITHTT AT JUHLON F strew F forg geATer
e st =R, arfe 7 sraifesd d@%at &t srdis R #X 3| 5
TS & forg Sitfeat eae &t v sfiee & aryr were o strar
2| S Faet & FHl A 9T TR ST € I€ Tl TF i
F €T § T FIAT & 3T MY F A7 T AT | ATET o€ &
AT # sfiee GTq (FIUR) T AT F TG F ool Y AdTE H
Tt |

AT et &1 G FHi (fig.1) ® RFamar = 2|

Fig 1

A - PVC SHEATH
B - MEATL MESH SHIELD
C - INSULATION

D - CONDUCTORS

AUDIO CABLE

EMN3520721

3T Hg#e< (D,D) T T THhel & & a4 Bld & IT TAH HSFeL F
AT qiferefie gAe (C) % @19 9g-%4 &id ¢ | 3ftee (B) &F
e W 31X a7 #T T AT & €T § o1g & T4 &t & AT
Tt FT SIS % JI TAd! & | AT T FeleT o {oIg A= e Ta
3= & forg ofie 3T sfiee & 9 e g off o omar 2| wewm
& Fae F GLAT TG FIA % (70 AT AT 916 TIH FA %
fore g1 sfiee % F u&w PVC 99 (A) 9&T9 &1 STt 2

S SAFIANT AR ITAN & AR 02 fafors yww & safea
e Bid & | et At sigferd oy T afdhe e 8id &, fnde w1
I Tl Heel F1 ITANT a1 STaT & | 9 Fu¥iaer qEwiwy
HaE AT3eye aq ¢ ek forg fraa wiv enfeat e (@)
FT ITANT far St 2

T H FEAT AT T A9 FAT €| S o F:1 @ w79
BIAT &, a7 &6 A5 A7 Faet # THA & FoAT AT | ITTe
% foTg, UF AT AEHHA & e A18eye agd &9 ¢ | 78
TIEHET % TgaaT A1ey | 39+ forg e/ sifes d@er # =
AT HAA HT ITANT FIAT AT | FAA B AH AT T&TH HIA
& T I® we #T A9 udr & awar 2|

3w fafa # et uF I=% wfth THeHER &7 SAeeye gAY &
F ST SIAT &, 8 o1eA A & F9 AT et H1 ST F FH
FA F forg Faer it 1frs He ¥ o7 wiers a4 & 91w
FEAT T8 2 |

ol 1 THE T @Y, Fad & W1 A FaoT F A9 W
e et 2| durs A oft o e 2|

ATAAIT T ATHA 6T ST aret fafsmr oo & stifeat et
F1 faawor frgar 2|

A= 3 (Standard Round) : (Fig. 2) & 9aT FdT & &e¥
3T @ Feer | 7 f-wde afe affe § o & oo s
MY & TIRT FA 2

16/0.2mm & aTet dta & 3SS AT HsFex, PVC 3gaies, 98€
i ST T PVC = |

F2d (Cores) : ATel (Thet), FelT A et ()

Fig 2

(i) TWIN

EMN3520722

STANDARD ROUND

Ffe=w (Capacitance) : 360 pF/m (T&a); F1¥ & Ghi 288
pF/m, 171 pF/m (J=a7) HIT & HIX | 7 (Hum) &t 7 FI1 &
forg feaw ey @ qeT g ER 2
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&t TE aTferEt # A AT(AT A, ITh THR, A FY AgIEnn A gE 2 |

Azt F=q & v (Types of Audio cables)

FH HET TR e T

1 ATSHIBIT el FH Uhel T BT TTEHIHI, T-TelIRa FdwT &1 qffad
10 x 0.2mm (srEgfer) faam T 2

2 HTSHIBIT Harel FH MY & FX 26 x 0.1mm HTSHEA, T8 THCATHTIT FAHH TRefrHaet

e, sftes (eigfor)

3 AT ATRRAT 3T X 14 x 0.2mm FI= ATET THATRERT, ATMLAT Fdler, a0 RFrey,
EEK) o # qfRefera TR, THETRE

4 AT JFTA 3T FT 26 x 0.1mm FIE ot oft =i st & forg
aTfeAr Fae AT TTA

5 A ST T X AREET T & 7 X e grafiee
SAtfear Fad 0.2mm ST g

6 A ST e =9 & 7 x 0.2mm e gEfee
AT Farer e fhg U B wiel

HIZHIEE %ot (Microphone Cables) : (Fig. 3) T# 2 #I¥
HIFE THTY ATGHIBI had QETEr &1 I8 &7 MY qreir Shie
Fael =l 2| i #F vy sifeat @Y e @Y & sedwa
Afde § Fifoa gEfiee qom # gHfead #ar g1 3t 55/0.1
mm |1 AlF 1 FEFeX PVC ST A UF a1 T g |

Fig 3

EMN3520723

MICROPHONE CABLE

(Fig. 4) T 2 T AHTAT ST HTGHIRIT helel FITAT & | I shefel
FY AT ST TSt ST It Y Teeqe et straversharett
FT ORT FA & o st T 7 &, 37 TR e &7 & TS
€U AT Geb-T ATSAHIBI ATSAT % forg I7eh & | &1 28/0.1mm
AR TF AT dlaT &€ wede¥, PVC & a7 ThaT AT &I &
a1 3gee PVC t® PVC aTe<t =\ & &g dtar fHamar 1

Fafresm 273pF/m Dia.5.4mm |

Fig 4

EMN3520724

MICROPHONE CABLE

(Fig. 5 9TtaT &), 4-HIT aTeil ATASF THIY ATSHIBI hered |

7T Fae 91X 14/0.12 mm f7 atet ata % & dede, PVC
TCIeS ST AT @9 # forder gofm siar & | §6rE 125 PF/
m | 7 f UF I=F U, FA-TIX, Bhivg, ST 1 T Fad A
formtor %2 duraw sTifea i &7 MY @Y | ars- g=eor quit
F giafoad Hzar 2|

Fig 5

EMN3520725

4 CORE CABLE

d=r/arae =« (Patch/instrument Cable) : 7= (Fig. 6) &
g 14T 2|

T STHLT[A Fae forgr At frar i e faga weeta
IR S 3 & are fawfa @ €| 9% F 1 6mm Fae =
% forg smeet 2

Fig 6

EMN3520726

PATCH/INSTRUMENT CABLE

fafadw (Specifications) : &/ Fg#e<: 7 x 0.202 mm s
: T HTIL THI T S 9ieg, FAfaed 110 PF/m, afaxier: 78.2
Q /kml

¥R =gé 8w (Heavy Duty Twin) @ (Fig.7) &fema =0 &
AT B & AT 2 FY 2t T fEaw fewmar 2|

oY Fa« (Speaker cable) : &ffx am@X # ITIRT

Fig 7

EMN3520727

HEAVY DUTY TWIN
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ATITEFT AT ATfAT THATHER & i faga day aae &
forg e ST & | styfaes ety aEe | & faw dares @

Fig 8

St AR € § wiifees & SRa gd & (39 % PVC, PE 4t
AT AT, FH ATHATAA: 3T AT A 7 qo1 &, Aot qey sttt
Hobel gATaT 0 Te=T A % forg fafed €| s 7, wftww
e 57 #7E & ®q F 7t € 4 & (fig. 8) # gwrtay w@w

1T TS TF TR T g [aghel $ad & [oT6H 31 HSFeT Uh Tl
Si%he GTXT UF 619 1@ A1 & e STTATHT § STenT {6 ST a1
| ot &t festra Feae<i #t T | TTE a 1T & o defa
farg |t Ft UF AT o A A FAAT & IATA F FAA A
AT Fd € | HFSHEY &I TYATT I¥ TF T gAY GIRT AT T AT
% T | gTel T RS g7 A1 S F 3 UF i gax
9% ERT TEAMT o1 @FaT ¢ | T F1E aresefi® # qfwsd 2|

AIE AT TfA<Td i F7 Fed ¢ | e Ffcarar # g&f & 9 4,
A ST (WTY) AT T FORT & e & forg e & strawarehar
gt &, forad arrarst ufeefier 1 @19 it rrarst wga &) fRrfa
¥ et faam o &% | 2-0hm & &7 ST &3 ga-Atfeat,
FY Affear few #t 9f¥s @ier @ 91fRe 4 & 8-ohm 11
AAT ATTART & AT, ATTHAT ITAH TeTahaT a1 Fede
AT T ITINT FXA & | 27 67 a7 7 2 % wftew arex
&1 wfarer e % e afdamy & 5% & srfers 7 g arfeu|

FY AR & & ST &1 7€ 7/0.2 mm & arer aie % & el
& T Teie (fig 8) ¥ PVC et ®=Ie & &9 & & Ay Tar
T @1 B & forg w8 |mTE - 320 pF/m

fafe=t #=«1/RF *=«1 (Video Cables/RF Cables) : @+t
AT T RF Affe A ITH0 Faa F@gferd 37ge A
ATITYE & STAN Fd ¢ | sfora 7 ¢ % fmwer amza e
FT o ST © e ewar gwen qSs & d9g # sl & A
{3 o1 2 | gETo 37 Afdhe ST STHIOT & 3 AfSAN/RF FAde
A ARAVRF Faa it sragfora 2| g6 ave/RF fafeat Faa
H U ATEA fofd g1t & o S 316 ATl 51T 91es & gees

T@T ST & | UF /R Faa &7 fAwior a4t amme § a6
AT ATH & | Faelt % THE ATIA & AT 9T 7 & 2

Fael & " At (Fig. 9) # flmma @ 2|
Faa & fafads famgar &

A -PVC SHEATH
——— B - COPPER MESH
C - INSULATION
D- CONDUCTOR

EMN3520729

VIDEO/RF CABLE

1/0.6mm ATET ASATAT 1 HEFe L, 3T AeidaAd gt | a3
atar =FEr AT FTer AT T PVC F foraer |

HRAN/RF Faer 29T Te-1efiT Fee aia 2|

He-&T Faet H UF $419 Hede? eidT & S UFha AT H g ardl
#¥ Ay a1 atar aftd & arft & a%ar €| 98 wedeY Uh
TSIl (SThdT geiT) T (C) & siex T@r 7 € | 78 ofiee
F o ot € 1 e & St SATelt % €9 H & (B) | R ST SEastt
& wE PVC 9fter (A) g=r @xfera f&am srar & S et & it
T A 9 HIGH ddeATei & F91dT € A & Ft Y 9@ Fdr
gl

AT AT ITANT & T ¢ A7 fafors wae & RF #-a7afia
Fae &1 RG58 a1 RG59 S¥ Iat &hael &7 ITANT FH fastefr
STIATT | T ST & St RG8 & Fad i At % 3= ivh
ate eefort & forg SueT fhg st & | gefiee dee i e
ot AT T ST AT Feet & THE H qF FAT & | Fe-tefia
FIT ATHAR I¥ &1 &I THRT | ITA it & S I fafire
sfaaTemstt g gfafesd gia & | U Feer it AT sfasrer st
sfaaTer & &9 § aRwfea G star @ @ sea & & s=ey
Tt TS % forg W % fd@ § 997 faher A stroar | we-sraf
Fael &1 THIY % Bd € (@) 50 ohms T&-37aft Faet 31t¥ (b) 75
ohms T&-31&f1a Feer | T3t RF ST%0r 50 ohms & & 3w fifear
ATIR § ITHI 75 ohms TF AEEA & |

ATy RF &ael T G419 auiigs Sfaardr, e ataw @<, Fa o
FY ofaTg 1T wfe ax fsfT Far 2|

TF AT AW THR F RF Faa, 37 fAfE9 AT Aaa o 7o
% fig g g
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RF #aa & &t (Types of RF cables)

fafdet (Specifications)
s\ fargraar 100 MHZ W= T FS
wferaern 10m #HeT &
o efro=
1 RG58C/U 50 3db 5mm B EIF A GE T EREEIGE
2 RG214/U 50 0.76db 10.8mm RF =0T aeq
3 RG223/U 50 1.41db 5.5mm ST date RF Faa fos™
4 RG213/U 50 0.62db 10.3mm RF @07 a8
5 RG18A/U 50 0.3db 24mm et oaTe RF &= TS
6 RG174/U 50 2db 2.5mm RF IOl &% E¥ arl & fog
RG59B/U 75 1.9db 6.15mm AT TS d1eAT dhad faosm
RG179B/U 75 3.2db 2.5mm ST o fafeat saa
CT167 75 3.7db 10.1mm FaATV
CT100 75 3.9db 6.65mm
CT125 75 4.9db 78mm
RG6U 75 6.96 Fadt TV - ddt A8
RG11U 75 0.6db 10.29mm dT affe TV (fifea) Faer srrar

T THE % AITSAT Fae {Siett & Y ATE & a1 e & </
He-Mef Faa % arg = fiu 1w 2|

RG59 #e-3efa s« + 2 F¥ ¥ CCTV #F&« (RG59
Coaxial Cable + 2 Core Power CCTV cable)

RG59 @e-31&fia Fhael+2 HIX Fwtfore e (fig.10) | g9t mar
gl

Fig 10

Foam Gas Injected  48x0.12mm Strand AL CCTV Video Cable
Polyethylene Braid 36% Coverage

0.71mm Bare

LAUP/AL Foll
\—n—’:ﬁ? |

Copper
Conductor

PVCSheath ~ FPESheath  Power Cable

2x 16 Bare Copper
Conductor

T ol HI T heol ST FET FATAT &, T ATTH SEETATT THT
A o fRfear 1t = & forg 2 3% sty 1 Fharer 7 stfres frsrarey
€ | € STIHT qTaX T &T HIY A UF fifeat e #F ge-aafi
FeT & AT TF Hael Ao T SFATT JAT & | M Heft § =T
ATAT &7 Feel H ATATT & (W HAT 7 qheT & aArfer e
FI¥ & difeat R#rEx (DVR), difeat Fa=r, ar 7ifaey & Fx=e
% forg RG59 Bie & forw qrae &Y &t q1a¥ e I o Sar o[
T |

PTZ #rat %=« (PTZ combo cable) - PTZ it Fael &t
(fig.11) & gurtar =T &1

Fig 11

78 841 & 99 fowe 57 - (PTZ) o« 8, foee o o[ ga
AT % 1T AT % forg et fawe & | PTZ #twat #aet 3
T 1 Fad & S 22T, IEY AR At e #F quid F2ar
qTae 1Y 0.15 X 30 THIEE FT LA & oI FF gU & ST Foaer
# ot oft 3fe & a9 & forw &1 @ 12V AR F OV @ | 5
qTEaY FY HT 24V AC, T & forg off smwrer =T AT |ehar
g, St stfarrier PTZ afaesit & forg srmeef 21
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TAFTE AR TR
AL e S e

v 3.5.207 & 3.5.211 & wwifaa R

R e T e & Faa Bt i e (Termination of cable ends of crimping and

soldering)

IqA 1 3 UG F F § oA At F w an g

+ BNC =T & srgwai &t fafde &%
o FARY 'N' A0 FAFRY & AL F T€qTG
+ 'F FA%eY F ATIFNT F q@TC

o FE-AT Faer AT FAFEH A ITART HT AR qTel HIGT THHAT HT qO Fla &

* UF ¥ (GO & 9 F3a gu i shen &1 aviw w5 2

- BT % we SR gEEE A )

TEIAT A THE & AT AR TF Figred 3T qe-Aafier Faert
& U 9T =TT 7% | TE-31efi et #f e 39 s w3t
T T AT ITT ALY o ST "ear €| RF afdel s
TTHAT & ST aTett aremd ot a@l aifi ST a&t T & et
A I FATed g J2 & | gEY = § RF @féhe 39% WY
q A G0N, 9 1% & JST R | SR Te-31efa ad 1 Sl
T ITART T Sar @ ar sfafda & Fro a9 e S o
RF affe & ITaeo # JHA & @&dT & | RF #fde § Img®
TR & AT IFoa qof IfAGTeT (Z0) % AE-31afiT et 1 STIRT
RF sheeed ®T SITaa & ST 9% 50 ¥ 75w fagar &
fore fesee famam mam 2

BNC #A%e< % 1Y &l &1 =999 (Selection of cable with
BNC connector) : 75 ohms faareT (Zo) &t BNC Fdex
% RG59 Faa & g1 (fSrast Zo #f 75 siiww) difeat afde &
arafiar % forg g € | |+t fafea afde straie o 3ae fesmea
H 0T & ®q H 75 STTHE FT ITAT Fd & | Z0 50 17 % BNC
FAeH H ITANT 20 75 AW & de-37af eer & @y T
ST AR | T2 ST, Tfafaa AT Tehl & arT HT HET T |

N TR & FAFY & a7 qe-31efgar #1 =299 (Selection of
co-axiablewith Ntype connectors): &t a¥e ‘N’ #vhed
F AT |, ‘N’ FaeT i faeraar sfaarsr Faer 50 31w & | 37
ST Fael Te-3T&NT Haelt & qry foFar S =mtey o+ 50
S VAT € | Ferere ¥ & AT T STANT T T8 el o Tamer
T BT @Y ATRY | FHhalel e T8aal &1 Sfaarer o Sushon
& TfaTeT & Aol @T A1(RY | STET ITHT ITANT SeT-Frfaeder
& forg fram smar 21

ATferT 1 3t T & BNC #Faex & forg 39 daet T adT
gl

arfersr - 1
75 R BNC & FTAT
F AT Had
RG59B/U fafeat afde ix Fafemr
RG179B/U g% fhe
RG6 v
50 v BNC Faed FITAT
F AT Had
RG58C/U T qTEX
RG174A/U RF afdeq
RG8A/U A FexAfaaT
RG213/U 9 q1a¥ RF
RG214/U STHTOI
RG188/U
RG223/U

He-Tef & Tl § & F© Z0 ATt 50 N7 & &7 | FAde< & ard
STANT 3y W aTet 2aet 2 § Iy 17 | 37 Faat #1 e &
TET BT & o & Fae< | fthe 8 71 ¢ | F ae-erafiay Faa e
fasTett & fave it araar & forg o 21

F Fae & Ay qe-31af Fee #1994 (Selection of co-
axial cable with F connectors) : F #Aded & AT |, 37
T 1 Sfaarer 75 3w & | 75 1w it fagivar sfaars £ |

TE-3NEfT Faret STTAT, FHAAT AT THT Tl BT I AARE
Z AT HAA B ST % FS T (e | TAH ATAETAT T =T
TR | T 3 SR AT it ST X G0 Ao (W e Ireq
F THSA §Y T o FAFeH (G & ety | F5 I T Fowe
& arel fewd # Faa i Fard gu Wi fawar 781 e =rfeu |

ffuT 7 (The Crimping tool) : % q1ax &ae & ard JTART
foF T aret fRfT 2o / S €, SRt Faw B @ & 93 8
& Y & Huh & forg ffoe 2ia € | Y v eaw o we-srafia
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et - 2

He-3ef Fat qHT TR A Forgtwar wfearen ST

BEIRS (inch)
RG8A/U 0.285 50 BIET A Tew arE A
RG9 0.280 50 gafeT AEAT AT gav-
RG9A 0.280 50 FATFET Feret | WTEAH TR
RG55B 0.116 50 RF I9&ell ® I9r faam
RG400 0.116 50 STTET & (L00W )
RG213 0.285 50
RG214 0.285 50

-3 Shelel T ITANT ATHAI G ‘F FaeT & 19 far sar € arfersr-3 9 f&ar mar 21

arfersT -3
FaA & TFR | TAT qEL AT | Zo AT I
i e |/
RG6 0.185 75 B ddTE ATIE-TIT AT Faed TV &7 § Fhaet faw |
RG59 0.146 75 33ET: LNBC # forg Iwwe REiaw, Ategaes-Ure ey Faae,
CT100 0.25 75 e, TV Refiax & forg =% ata & Reftax a0 sae, fsr o |

Fig 1

JAW

HANDLE

EMN3520731
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el ST o forg ST T ST At forfuiaT Suereor @ | fonfany
TR =BT T G99 FIAT & AT Hael % ged & Wl q=ar &
ST 6 2t aret seeT | g 2|

ffoRT 2o 23T HT 301C FT START 6THT TFR & difear i
RF #weed F qHed % forg fm st €1 HT 301C w=-srafiar
FAA FAFCL FHA! aATd qwg BNC Fged & fhfam F fog
EEpIniA

(Fig 1) & ffT 9T 9aT =@ar €1 a8 8.7" 99a¥ weys |
fSHI TFN & F ¥ F, BNC, TNC, N, ®rEaifes e -

TR S % @19 | DIE & U 8¢ & A1 Sae #1 U SISt aiar
2| DIE @< ® a9 a7 9 2T 9 g g |

T IAAA 3 F forw dea mat €9 & d ¢ | qa9 [{ a
T dg & AT & df TS JIA ATT Al &F AT € | TS IT ool
FATT AT Ht RIS HAT & 3N TS @rerar & | srar o o &
FATAT AT &, ST &1 RAFamade % ATe 9% DIE &t gfaenfia
et ST AT 2

fafacer atfersr 4 & fig 77 € 7 @1 &7 g 7 Al s %
STATHT [ BT FIAT & AT IT THR & FaAl A1 BT % oIy

PVC ST Frered % forg Suaiy 2| SYAT {6 o7 @ | ITe0 & forg HT 301C ® =< s=H
£ 8.1mm, 6.5mm, 5.41mm ¥ 1.72mm
arfersT - 4
Tt ST 3T RG AT &7 e (A specification of all dimension and RG size)
HT <:> <:> PIN SQ m | FORCRIMPING RG TYPE CABLE
() OO R
301A .256" 213" .698" 59, 62, 140, 210, BELDEN 8279
6.5mm| 5.41mm 1.72 mm 55,58,141,142,223,303,400, Fiber Optic
301B 319" 213" .187" 6, 55, 58, 141, 142, 223, 303, 400
8.1mm 5.41mm 4.75mm 174, Fiber Optic
301C 319" .256" 213" .068" 6,59, 62, 140, 210, BELDEN 8279
8.1mm 6.5mm 5.41mm 1.72mm 55, 58, 141, 142, 223, 303, 400, Fiber Optic
301D 324" .256" 213" .068" 5,6,58,59, 62, 140, 141, 142, 212, 222, 303
8.3mm | 6.5mm | 5.41mm 1.72mm Fiber Optic BELDEDN 8281, 8279, 9231, 9141

RG 59B/U @e-31&fiT Faet | 6.15mm &T U% JTe<t TE gidr
g (PVC = afed) ¥ sAiafes @oes &1 2ma 0.6mm & Jafs
BNC (G#eAT 1Y) Frere < & g I &7 a1t =16 & 2mm i
T UG W 7mm e | 37 341 & a¥ed % for, 8 Tias Heae
& for At 1.72mm ¥ sfiee & g 5.41mm &7 ST et
=T

PVC 3T Y AT S &l T % a1 SATARH Hedey Fi &g
I (D) &Y v # afdrford #% | 7€ 1.72 mm T8 &1 I9FHT
FT T 2

BNC @ &7 & (Fig. 2) # faaman @ 2 | 569 a1 91g a6t
difora (C) sTa & a1e, Geadl #ag (B), T et @i 9 47g fcfia
& THed & forw 5.41mm 1€ FT ITART FX |

FrftT 1 o= 99 w1 @E (The advantages of using

crimping are) :
a) fiT gffeaa aifim siv e dvd gifeam & 2

b) ae I ISl & Arew & F=TaT & o &7 T €97 & diee
T MU A § W a2

c) FrfET & aga awer =TT €| uiwkar aga et &t Ardr 2|

Fig 2 D
C

(2 mm)

(7 mm)

- METAL BODY

- KNURLED SURFACE
- METAL SLEEVE
-CENTER PIN

o0w>

BNC PLUG

foRfT & AT JEaTe, uE A i & forg Swam R s
ATAT FFE, I JTANT TE! fHam SI1 a1 8 | 38/ et % faan
ST =R | FE FT0T € fF et F Fred A AT F SF
FIA ST U & Teot ST § AT A % forg FTaemeit et St
Trfeu|

Faw f&a¥ (Cable stripper) : a8 & AT Fael % =ITH & 8eTT
& forg AfaT =i T ST A F 1ed 7 ¢ | gE gt gaeATE
| FIf%F q8T UF S F qie TgA At €| AL a1 T§
% =T *t FTed TUT =S | HeFeT F IEY & A He U A
2| uF Ae-EfiT Faa & AT | St PVC ™= & Fe =T 2|
T % Ted ot 38 FAFe FYd THT FASY TS FF HS Thd
gl

EMN3520732
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IINTH HISATE &1 g F % forg forameas srgua & forg Faer
feTe I | I 2|

Faar fegae fAwior § ava 2 | 39H F3 ad13e B & a9 Jas
FT TF LT &t 8 | TS BT ofte &t & ST S g dwfera
TF BIE Aa% g Gied 7 G & | 6 § UF 95 giar & foras
AT & SIeAT ST ATeAT hael Ht TGS Hf A & TG STAT SATAT
139 BT F e TTAT AT AT &7 UF THST FATH H FTe & forg
START 34T 1T €| =T it Fad PVC B9 &t Fre & fRrfa
H TET AT &

TS | Fad ST & 918, TH ol T H1 ATGTF a1 Hed
F forg grauTt & a9 FAT Bl

U T TEAT =S it shaol JTT 3V TR F AT Fed § qe17
FATAT & | STt PVC 9t & 9RT 31X &S #t J d¥E A1 a0
T & FTeA H AGATT ad & foIg JF a1 AT a6 T e |

T e 31X FaeT i STTT-3TeT W9 & shael & arg-arq PVC
ity &7 waTE e ST |

Farer fEIIT T ITANT At AT A & A q7T a97d71 2 | T2 Aqe-
FefIT FaT F T AT FF ALT Frear & | Te off ITHIr w1 &
fore gefara 21

(Fig 3) fr=ferfaa fe=or &t we ot o= Ramar @

IBEE

1 &S F Gidd gC gAY BT I 3O 3[[S Ff FATHL & 3
T FIUF ol STl | T AF FITRT Fhalel TSI I &, T
& 95 FA F oy, 7w Fw (et FW |

2 2o [ it T | Eieet e &t |79 oY fae & A,
STfS AT gAY BT & FIUHT Hael F1 THSd U AT 3-
5 9T FA1H ATESH HIS |

3 % 91e, feux &1 39 aty @ uwhe, o e feue & A
&, T T | G F | FUF Haef T gAY ST Al AT
TS qATY T@AT AT(RT, AT Hae &1 Tl Hf I HLAT AT |
dq |, T2 & fgux & arex e & forg steer @t |

qrawifrer BrfiT SaswoT (Universal crimping tools) : 3t
arawifie it Suwwer fafser aEs i st & S 21
afred ITHTT TE-37eT et Y o= Faed & forg g #
ST & | 'F'- Feaed, BNC- Fraed ¥ RCA- Fded &l ¥
3 forT ST 36T ST et &1 b1 3 et e fofeT sie adfie
STHTT {19 (fig.4a, 4b ¥ 4¢) # fI@mw U 2|

156 TAFTE Wbk - (NSQF ®¥ 5) - 319m® 3.5.207 & 3.5.211 & qeitee fraia

4a

4b

Fig 3

STEP -1

STEP -3

EMN3520733




4c

foftT a¥ geuie Y =T 2|

AT Aahiweh - (NSQF @ 5) - 39| 3.5.207 & 3.5.211 & qwitee Rraia

Z9 ITHRLUI T ITANT'F, BNC, ¥ RG6 ¥ RG59 #ueftar
helol T FrieFa¥ i ST o ford foharT STT aehcdT € | 3 EfieT STheor
fohe & forg s & fore o gt @ ot S= qwreiia el
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ECCHIEE G L CER Y

TATEIR Hh(TH - TATEIH Fael AT HYehhebell

v 3.5.207 & 3.5.211 & wwifaa R

LAN & Sqamn fvg ot atet fafver wee & #aer siiw #==ed (Different types of cable and

connectors used in LAN)

SEEW 1 3 9IS & o | A Aot w1 wew av g

o ATITET F TIH FAT-STEAT Haell H1 AT
 TF I gE A Faw F FwAtor A @ven w1
o UF FATENT Fae & Fwior A awer w1

el T QAT ML= (Cables or Transmission media)

Teah FUET H A FSI T ATSH % oIy TF AT ST ATV |
T wifa® T, foras arerw & farga g arn & sare it
AT FAA FBT AT 2 |

HaeT HIfSAT & A & S fosTet/Reae &1 d9reT 9 8|
fferfaa g & el &1 ST LAN & 33 Strar 21

1 faws 9% Fao (Twisted pair cable)
2 Te-sfT Fao (Co-axial cable)
1. f@aws ¥« (Twisted pair cable)

fEawes ST dfa & AR F FLEA Had & €T H IJTAN FEA
% forT ueh T ST € i AT S (AT BT T 3T=ST ey
2| fTawde afa & AT w19 i A el Jasi 1 F7 F¥d & |

feawe IS a7 dgeies 22 3% 26 9 dfa & dT & a°d & S
UF A & AW | g ¢ | ST (Fig. 1) § Futar @ &1 T g8
el &1 T H IucTe 2 |

3 TR § IAH 2
— o= aw it g3 S Faa
— T AT g3 SISt ad |

st fEawd widt & =@ (UTP) (Unshielded twisted pair
cable (UTP))

Iiees fEawde 9o Faet fEawds TR F e damreiar | e
AT TAHT Fe =it & | 56T (Fig. 2) ® goriar 74w 2|

Fig 2

PLASTIC
ENCASEMENT

COLOR-CODED

INSULATION COPPER WIRE

CONDUCTOR
UNSHIELDED TWISTED PAIR CABLE

EMN3520742

o TE ATHATE T SATHIT TUTTeAT § ST AT AT & T a2 To=
W&ﬁ Wuﬂqﬁaﬁﬁm‘rq’q‘r%|
INSULLTION COPPER WIRE é Aeadh &t & o T % oI g3 STST Aeas Fael w1 IAaT &war
TWISTED PAIR < & "o ¥ Yo T 7 @ 3= Avft 3, 4 Se X AW 6 F w4 F
defsta T Smar 21
Suft 3/%e 3 10 Mbps Ftgd I TABIT AT 10 mbps AT F forg
Suft 4/%e 4 16 Mbps i 7 Aeas
Suft 5/%e 5 100 Mbps 100 Mbps =A< & form
[E&e 5 100/1000 Mbps
%2 6 %=« (CAT 6 cable) mfae, favme, areds, aifeat/fifeat v geem awarst &

2 6 UF "feareT X" Jeadk Haa ¢ SrEwr wEnT defrue &
550MHz % & Tfa FeT fimaer & s & forg faham st 2 1 72
FaA AAF ITA Aeata gfaemt & forg giea & stet ame=
T srferss defaue &t smawsar e 2|
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a1, e 6 faeft ot weaef dead e & forg sesf &, =
HY, AR a7 X 99 |/ qrEafar & forg 8, ew o derae
& forg = gwTy™ 2|

26 % 3, 5, 5e FHad TS % ary T8 # AX da & Fe 5
3 % 5e FafeRT & ATT, H26 Facd | Hadl & Hg H AT TETTH



I & AT atd & Al & 4 {37 A e g3 wS(UTP) g
& st fF (fig. 3) & aurtar @ 2|

Fig 3

)

e 6 /I § %19 (e Y Rreew e & forw erfers e fafaede
St arrferer 2

E Svft 5 31X &vft 5 UTP STAAR 9% F2ex deafdr § ITar
forar Strar 21

UTP #acT I Ale & 89 #4989 & forg 100 Hiex (328 #ie)
#T ofarg as e 2|

i HT At A« (Shielded twisted pair cable)
AT SATETAY T Faer UTP 2 | fsee afzfara g st & 3
w9 (STP) 31+t 9 wigje & | = (Fig. 4) § &Y Faer fam@mar 21
TEHT ITANT 39 @] 9 5 st & et faga wtedd, faga
ATIAT T = TAAT & FRO A7 Jraa gaaT s 2|

Fig 4 SHIELDING

PLASTIC
ENCASEMENT

COLOR-CODED

INSULATION COPPER WIRE

CONDUCTOR

EMN3520744

SHIELDED TWISTED PAIR CABLE

STP scies &aa giaT & o wreer forafr # forae sea o9
Tfirer g 2|

g & 9t (UTP)

UTP wafRa et fireew & forg ue atan S fashen & | v Saamr
FATAT Feash & ITAET § AIH &7 & fFar mar | @<tz
T TUITAT Tk Aadh hel(oliT G & ST aeT oiiaa 2y fesme
et &7 qTer AT 2| FE omEn, Ser o} fafest wr ouw &
Faer AEew T TEIR, 9T FIA H JGAS 37 2 | T§ TS H
AT & FFA, S AT F@e Hf AT aaT & | ZawaT H
(Fig. 5) & fe@mar mar 21

T F helol ST AT ST ¥ & WeA | TGT SI1AT & | U 9 sherel
(STHAIY 9 6-10 HIe odT) & I¥ U T it U 94 1 & Sredr
2 Sl ¥ § 9% SI¥ I¢ RJ-45 Faee? &7 ITANT H¥eh Wl &idr

Fig 5 WALL PANEL
PATCH CABLE

PATCH PANEL

PATCH CABLE I:I

-y
oy

fy

A TYPICAL TWISTED-PAIR NETWORK ARRANGEMENT

HARD-WIRED UTP

o i}

HUB

EMN3520745

21 49 3 fi8 &t av%, UTP #ad ES-a1ae T 99 ddey
FISTRAT S | T e &, AT At U AT o1 AT AT ATIeAT
(1/0) TF ATATE FAAT & | FHAT TFeeAe | UF RI-45 5 BHar
g & 1/0 F=T ST 2|

UTP &aa gaT STSeae & forg 3 2 | U o1 99 shaet =t
ATITAE § RJ-45 9% & AT & ¥ g BT #geX FNICH
ST BT € & & fF F e & NIC = FadeT & 89 aF &1 gLr
Fae & @ars 100 He & wAfes TEt &t awdr 2|

2. gHTEf™ A (Co-axial cable)

TE-31&f1T sharer S8 AR T2 (“HIUE”) FET SATAT &, 3T Fede<
T AT AT & ST U ATHT &7 ATAT XA &, AT 19 (“7e”,
") § | ATHAL T, Fa T H5 ATAFA FS 3 ATS qATC
a7 HH gU AT &1d € S goY dhewex & fovy gtar €, (Fig. 6) ®
UF AT W g qAT T |

Fig 6 OUTER COVER
BRAIDED METAL

COPPER
CONDUCTOR

DIELECTRIC
INSULATOR

COAXIAL CABLE CROSS-SECTION

EMN3520746

FET AeathT & oy F3 He-1alT Fad AWF A ITAET
T2 aad o R feffaq sim iR s d a7 &
o | e 21

— 50T RG-8#IXRG-11 (A e fafaden & uai
ST 2)

— 50 31" RG-58 (Teer uvmie fafadw & su=t &y s @)
75 W RG-59 (ot rax fafeat v RF & forg o= faam
ST §)

— 7538 RG-62 (ARC < fafagen & forg Sw=t o= strar
?)
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Ae-efir Faer Faer 10 Mbps stfésraw 7fd 1 d9rer @aar &
AT TE F39 FT qHaT & g #ad 185 m TreeFaw 2|

TqE-3efiT e e (Types of Co-axial cable)
3t TFR AT T FAA Sl ©

_ et (Pt )

— w1 (o )

qAet 4 : 0.25 $ HIeTE aTelt U dA=ieil quTefier dhael & | F i
T THTY HT THTET AHAT E1dT & ST T8 TT FTH FHLAT AT
EAT & ST TRt START rs T faedY oft JehTe & Araas Srarator
# foFar o @har & s £ (fig.7) ® swrtar = 2|

HIET Ae : FFAe T Fo1T THTE T Hadl & [T AT AT
0.405 = 2| FTIX FIX TF fIAe #¥ gomr | wrer 2|

RJ45 %e am@tr (RJ45 Cable Wiring) :

RJ O Si% & oIy @7 & | 39T ITART Sferhiey 1Y STer o
Fe | e sar €| RJ-45 ush 8-f&xfa, 10 99 T #i¥ 100 s
T 2q¥AC ¥ 8-Fewe S T ITINT a7 o1 &

Fig 7
STANDED WIRE (RG-59 A/U)

THICKNET

THICKNET CABLE HAS A THICKER CORE THAN THINNET

EMN3520747

RJ-45 FeaeT 32T #hadl 4 SIS AR Ed & 5\ d & 9 | 0 319
T & AT 3T TH & G1 &7 0 927 it 2 | RI-45 aafar &
fere gt aafRr AE € | T-568A 31X T-568B | &Tei (% Fael 2 F%
FT ITANT FHAT &: ATEIT T 2T

S 31 T (FT ST 9qRT) FT STAE B FAG9 6 oIy gags
q¥HE ATET AT WIA FwAFeE & fog fFET SmEr 2
(TH BRI T-568A X gL BT T T-568B), a1 UF e ad |
ST & (fig. 8 1T 9) ¥ Furtar 74T 2|

(Fig.10), T568A et & forw amafRar & & i faw Jaw|
(Fig.11), T568B #eet & forw amafRar & G &Y e =]

3TT F AW § We-f FAA H1 JTAN AT AT S| Ter H=w
ITFH (DTE) HH Fe¥ A TS § AISH () a1 T (FITAe
fer=e)

Fig 8

RJ45 PLUG

Fig9

Pin 4: Pin &
FReserved Resenved

Pin 3: Pin 6
Receive + Receive -

Fin2: Pin 7.
Tranzmit - Reserved

Pin1: Pin &
Transmit + Reserved

RJ45 socket

Fig 10

TIA/EIA 568A Wiring

(I I ] White and Green
T Green
(I T ] White and Orange
I Blue
CIC T I ] White and Blue
T Orange

(I I W W] White and Brown
I Brown

0o -~ OO0 O &~ W N =
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Fig 11

TIA/EIA 568B Wiring

1 I I ] White and Orange
» [ Orange

3 =0 T ] White and Green

4 I Slue

5 I T W ] White and Blue

6 ] Green

7 O W] White and Brown

8 I Srown

Fad & AT A fhue v & o et daer & At A
T-568A 31T T-568B T ST F¥AT 21T | st {3 (Fig.12) &
FartaT AT

Fig 12

STRAIGHT-THROUGH
Wiring Standards Used
T568A T568A

TX+1 E — 11 R+
1} O J — Y A
RX+ 3 @ = 13 T®+
4 I 4
5L 15
RY- § ) 6 TX-
7 — 17

5 Eeeeesee———— §
PC HUB,
SWITCH
or ROUTER

HIH-3TIT FHael FT ITART DTE & DTE, & FAFEL Hd A9, AT
DCE % DCE ST & FAde F¥ & forg 3 st &, 3 &
FT H FHY, FHEIH S %, AT 1ea § & Heiawr | Hid-
AT FAA TA & (o7, ATTH A & AL BIY T & BT T
T-568A 3T T-568B &T ITART AT ghT | st fF (fig.13) #
F9TrAT =T 2

Fig 13

- PC CROSSOVER HUB

RJ45 gage/smeeqe st (RJ45 Input / Output box) (1/0)
TR Ueh ST Shelel & ST o deas & forg RJA5 Fieei= 3

g7 efiive 3T T 3191 SR &t &: 38 o i Fer mar g | Fe
st & (fig.14(a)) & 91T T 8 | Fe 3% § T Fie & o
AT & T o AT BT FEA % fo1g o & F1 AA X B AWH
F AATAT & | TF G STSA A T ITANT F<b A<t & (fig. 14b)
& w7 # 37T MU A JF | 319 hedes] & a1 M A
% fore fRewtrer fbw w0 = & 9= faRaT StaT €| 7% R4S Aishe
F AT T A U ol & ATAW | UF &< % &9 § a1 Far
SITAT & | ST STANT TS Ff THAT Fge? AR few anfe &t
Feafdr & sted & forw T staT 21 so9 uF a1 uw & qfw
"I § RJA5 #Y & Hiche o¥l 81d & S HH ©e I gid ¢ |
AT TH T Fael & AT &I SAANRE SEAA! B G FLH AARE
w7 & arde fFar star & sar & (fig.14c) & ot = 2|

Fig 14a

Fig 14b

Fig 14c

7% RJA5 Aihed & 79 A1 S T AT I & HILH & FITT
fFar mar &1 g\ /O StF # T Afwaw 100% e &t
sftrmaw e g F fore deas FAfFefad & fawmfa &
& forg fawam smar 21
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TR AT T
TATEIR Aoh(Th - TATIH FA A Gehehl

v 3.5.207 & 3.5.211 & wwifaa R

u% PC ¥ Faw 3w #%ed (Cables and Connectors of a PC system)

SEEW [ T TS F a9 | o fAfafad # Fwew an g
o T PC JOTTell § Fael 3T FAFEE Y ATATRAT HY 2T FY

* PC 9mEd SYFRUN &t ATTH § A % oI ITANT T T T Fa@/FA9ed & THRl & AE T
* HERAIE & AT RamEaw Fit AeA & 07 ST Y I T Fa@/FAaed & T6R ® ghaE w7 |

giwaTet F=e¥ (Basic Computer)

TF THAT HYeY § UF A< alS, FE, W RAM - 0T, 5T feww
g1Ea (HDD), wiidT fewr giga & FDD, 9max A«re, &fede,
Atfe, F-ATE AT TF ATSH B1AT & | T R SeT-3TAT ATSTA
F ET H ITA 2 | 5 T ITHLN FT FATH e FAFC & AT
TF qUT 3H1E § UAGd FAT 499 2 | FABR | F AT Fag
FAFEL A TH Fae FT ITAT F3 ATTH | I U T | 37 a<e
T AT FFACT ITAT AT A AT A ZAA [T H SATHTAT T&TH
FXAT 2|

Faed T FAFH (Cables and connectors)

FET | ITANT (0 ST arer fafSrer wabre & et staersiie Averent
F ATAN ARHT TIT RS Hael, AAIRT Fafed, AT
A IheTe Fi€ Fael g | 91 -1 & PC ATIH, #T 1€ 31 ATfHaY
H I U 9 e fJAfer g F Faaed & Remar @) ot
Fa F AT AT &, 0 UF B X FAFed F Ay FAv Sraw
2| ere-fe=F, FDD, CD-ROM 3fiX & A% & 37 STl &l
40 fo=/50 fom/34 faer FRC #erext & &y awre 36 star 2 |
HDD, FDD =T CD-ROM 3#1EaT 1 fasteit &t sryfef off o
ST FAFET & ATAT § IS &1 JAAT 2|

HDD, 2eT giafiem & fog us wie & (40 fi) i 9fex &
forg 4 fie =T e FaeeY & a7 AeX a1 & T & | F A
T AYE | SA1C 1 € 6 &7 U a0 § aF ITHN &l SATS qohd
2 (T AT 3T 37 aT) | v fafere srorredt & seer feferfaa
THRX § & Fig oY & gHar &1

i) M/B & HDD T CD grget
i) M/B & @ HDDs
i) M/B & & CD gr=ga

FDD T giawe & fore 34 i wte & oo & a1 MB & 31 &
Y qTE & o1 4 fOF 1€ @i Aicieg FAaeT & e shae &l
START F¥h TF AT | & FAT9T (S6F FAde F qhd 21 T “5
1/4 “aT 77 “3 1/2” AT FIAT &7 TAST &F Tohcd & AT SATSTHS
Fae1 “3 1/2 “°TT 1.44MB gTEa T TN A7 14T € 31 “5
1/2" srgezes = |

162

I 9t Fased FY TEE 3% ATHF TH 9 D 8T, DIN
18T, AT DIN 2189, a1 PS/2 28T, RJ 5T, BNC, RCA ¥
USB =T & STt | 77 a9t St § 87 oY $ieT F9ey
B &1 38 IT3 & i § =1 1 fAfsrer st i et ux e
TR AT 2 |

DB-9 T& D-215q | fHH==¥ #dae< AT D- T TH1T FT Flae
T T Fgex & forg | 89 2| 3t DB 9 SmeTaY feamss &t
Hifterer FegfEo & forw Sexsm FT ITT F =T €1 D ey
25 {9 Al Frded Hfane & O 1 avs & & 5= sma
¥ COM-1 & &9 ® 39T 1T € 31T COM -2 #Hif¥arer d=me
& forg ot foar SITar @1 3 &1 10 X el T ITANT Heh
HIYEE & I & 2| AD Y& 25 fiT (¥ide) quEiae e
e & 98 & avw o @ SEsr suT aaEET 89 &
forw fama straT 2 | 38 e 9 ar ufisrag e & &9 § off strar
ST &, ST 25 FIX Fele Hael T ITANT FLh AIL aTe & T Jiar
& | fiieT aAMTaY 91é & I3 & | UF " ArsH % 9 i D ety
THS FAFCL & AT AT & A qaa 9 & T 2 |

gfvade Hiftae a@ (USB) it AT, @AY 31X a9-HaT 31
#T Stred & forg ST &y s aret dfifRarer 9 & que & uw
HAX 91 & | USB T &7 37T USB FHaeT #f Siie & forg
35T StTaT @1 &7 5 FIT AT 4 FY Faa PC F i T av® #Ae¥
€ =T USB #AT & &9 9 gU 2|

foreft St e &1 ITAT SAtfRat & aredt sftfeat & ‘g i
"I | AT & fory et o1 € | 1SS &1 et #gedl § 19
1 AT el Y St e R T & | Wk A ey
AT &, TEHT F do e Fed a6 gt a1 & PC, CD-ROM
3TEa, AT F1E & ATARF €T & JST g1 &

RCA Faed T ITanT fifeat & forg ‘g sz “ose” & amest
difeat & =t & fow fr sar 81 TV egae wEfdfeat
feforeTese 1S aret #geat a1 fie #t AT BiHa 25T & RCA
FAFEL & ATT TG AT T 2|

A q1E U 15 O D wa e (A1) FHae? © ol e & T
FT ATE FAFE FIA & (oI &4 fFar T €1 JOY fes it e
T G % forT ITFT T ST aTelt U wArew s ag feomers argfdw
feamem 21



Aifex 15 fU D 8T S et wqex & areqw & CPU &
ST 3T & | IE FAdeT TF IoF 7 qTell Friwex &, e 9 fe
D 219 St fAwtor § g foham o 2|

Tt St (RJ) Fared &1 AT 31 8 AT AHI & T § ITere
2152 RJ 11( 4 fam) 3T RJ 45 ( 8 fae) snifs & w7 & quifam
STAT & | RJ-HAA Faex Fge & o &t avs & 8id ¢ afe
FYET F AISH AT Aea® H1S & A fhe fFm smar 1 RJ 11
T ITANT SSTHE FeaaTe & forg fobam strar & (7w & forw) | RJ
45 qeadh LT FAFI % ford - (Feas & forg), BNC -"ave A3
FAFeY” I AHTENT I BT IJTANT FIA Il HH |

STE HaS HT ITANT FF Aearet Fged § W BNC Frged
ST o ST 2

TATHT F-aE TH DIN THX & B FAdex & a1 (0L 2id &
& DIN TR BH Faae PC & T &t av® Ia e strar
& o Arerm & -3 PC & 91 8a1 € | PC/2 e & |14
e ATSH & a1 Fae FXA & forg PC/2 % a1 2fimes Arsd
& AT FAFE FA & (g PC 9X &g DIN Fiae it wom
ST 2|

FAFH/F=eH (Connector /converters)

ATA I FoAded Hi Hade AT ITHLUN & = 3 & foer
o srar | wsf-Fft FaeeT Ao A9 @1 A & | 39 ST
T faem #3= % fore Fadd 3uaer €1 IeTeRw & forw uw PS/
2 e (fa DIN) 71ed &1 9 e fifRae Frde< & faem w2
& forg afRafda o str asar &, s wevaie PS/2 Fade (et
DIN) &l & | 30 ¥ &9 U 1 Y9156 #1 a9 Free? a=d arid
% ATy faTEd &1 ITAT FX T & | Fadd qieq, Fiale, AT
F forw Iuerey 2|

HDMI (&€ e aeidifear sevtm) smedfifea fifeat 2ar
sreafifea ar srawfifea Rfsrea stifeat et w it HDMI-Frefite
Fa fasa o e Fgiae & & F9ges Afiex, difsat
Tteiaex, fefSrea Ififas o Rfsea srifear feama & gmwx
FA F g sroerer srifeat/difeat gevwm &1 HDMI TaTanT
Fifeat At & forw uw Rfses sfawmm 21

wRR aER (FireWire) EEE 1394 3= Y899 gRTaTeS a9
(HPSB), %M 9% T I+ Td gevshd & o smemav fifear
s & fore uwer g fawfEa e maw #1 2000, # 9% A
gaTRa 1 T, FAFEY AT A/V ITFRT F AT F forg
HEATIR & ST 7| F&f e &1 AT AT BEEER
& ATEAN & I "Fd ¢ | 7T off 7% Avetw X WY FeT
I IMTAA &, ATSH FHFSY A HRETH Ht USB, HDMI 1T 311
AfeAT =eye F AT agdt A 21 F 7 UFW & N & o
HEY AT 400 ¥ wEREmER 800 |

USB 3.0 arawifas grmarfes ae (USB) &7 fe=T e §e 6o
2 ST T A ToFg (7 STHLUT & SeXHA & forg a1l & AT

AT gart & &=, USB 3.0 7% W At gu¥ #fie (SS) sttgar
g &t f% 5 Gbit/s (625 MB/s), % 32T ZEET FT AhdT & o1
USB 2.0 A& & AT &6 AT o & |

T AT AT THT qiE (eSATA & USB Hybrid Port)

TF HIET TS S aTest arer (eSATA) $15a #iX USB ST
%I 3T HieX o heer & SiiedT & | Farer USB eTEfae i (EUHP)
T eSATAp (eSATA #=for) $T13a | 3 &t 91 &t At
w9 § aTe<l eSATA $T39 & &Aae ¥ 54T 12 afce & aryfd
F¥H FTEXT ITaX Heel H THATT FT aaT 2|

giarfs, egfore 1€ ft eSATAp g2 & arr-arr USB STt
F ITaY YeT FAT € | AfE 7 AT €, av 7= USB 3.0, F1 a|dT
FLAT & I=AT Faet USB 2.0

S/PDIF (@i+t/fferer fefores devwa wmte) (S/PDIF (Sony/
Philips Digital Interface Format)) & S&X &1 feforea
AT Fexaae & ST ITIRT ST et ITHeor |
st &t I g X Seye FXA & forg o st @ | Hah
TOSLINK &FHeeY & a7 UF HIEa¥ A hael 9¢ Afq etar
2| Rt 1 & Prex o ot Reftea 3= fet sonferrt &
S/PDIF Ee3#ae Heahi & AT HIEa¥ SAifed T2 FTua &t Srar
gl

S/PDIF 93ta¥ AES3 gaveanae AT S/PDIF 9 et & s
Fwfifed PCM ATt & & 39T of @l & a7 5.1/7.1 9SS
A3 (S€ DTS stifeat #ie)

e fageer gex%w (DVI) (Digital Visual Interface
(DVI)) feforee fewst afiar o (DDWG) et frshfira w ife=it
fewet dexthg &1 ST Siftat efg & Fade w3 & o far
ST &, 9 ff e Atfies s fovet feamsw # fewm #giaw |
TE Teh GITF & 330 & fasfad B mar ot o (o fifea
FIeAC & f ZAH & foIg TF AW ATE a1 el & |

ZeTohe T steres fforee fifeat warfa w3 & forg fesmew
TIT & T 30 Aot #re s@ DVI-D (fefsreet Farer), a1 DVI-
A (Refsrest =X wamanT), | DVI-I (digital and analog)

S/PDIF (@i+/fferer s devwa wwte) (S/PDIF (Sony/
Philips Digital Interface Format)) & S&X &1 feforea
Tfeat gevdaae & frEaT ST ST sifeat Suswer #
STt it 3t gL X ASeye FA & fory ot srar 2 | e
# & e six s RfSes 3=v et wonferat & S/PDIF
FEXFAFCY HEH & AT HIEaY Al T qfoa fFhar s 2|

S/PDIF 991a¥ AES3 geade AT® S/PDIF 9% Sreia & st
saufifed PCM iRt & &t =et o @haT € a1 5.1/7.1 a9se
IS (FF DTS AT Fie); Tg FIu=fed STt &7 qwed T
FT qHAT & (4 fF STt g HD #¥ DTS-HD wee sitfet) it
HDML =T feeet 91 & a1l SUaTed & 99 a2 defaere & Arawrshdr
gl
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wTEaY ATMe* *aot (Fiber optic cable)

B ATEF dhael (UF T & ©T § TH-ATerd Hi= AT
STfEe® FIT & FAT SdT & AY TF Gl aresy =\ ST &
(Fig 1) & Fotfam a7 & | &g I T8 AT FATST FEd THI THTT
T AT TG TEE TS FLAT & | IS H H1 TLAT & a7 2her
g | e AT FATET AT T &Y S-S T q¥at & a7 2 |
AT AT FAfST fHdweiier ™ &1 STenT-31enT qedi & a7 2dr
| T AT &1 ga=T F H a19d A & forg stz o
T & | TAF FIT T FATST T T A7 fa=re & Uk 97 a1 Ered
R G A 3T i €, & ¥ ave & anedl wifies =
F forer ger & | et famrmer T i gRetTes B & A U av
ST AT A AT HT START Fd 2 |

Fig 1 PLASTIC ENCASEMENT GLASS OR PLASTIC

FIBRE

LOOSE
CONFIGUATION

LIQUID GEL

TIGHT
CONFIGUATION

PLASTIC
SHEATH

GLASS OR PLASTIC
FIBRE

PLASTIC STRENGTH
ENCASEMENT WIRES

FIBRE OPTIC CABLE

FTfede wREY & TFa § Ame a7 e 7t & a5 2|
e #ie ®IEaY F1 Fa UF TH I B AFAT a7 & (g
sggfoa far mr € safF adme wEae fafvw i &
sgafa 3ar & | fefafaa foe e At =i a<imie wEaw
&I gurfar | (Fig 2)

Fig 2

EMN3520751

CLADDING CORE

O

CLADDING CORE

(L@%

MULTI-MODE

EMN3520752

FIBRE OPTIC CABLE

e Ate T e & ST 10kms dF & T & forg
fFar s @ar @ i 2.5km Bt % &1 g Fad BN
fafer 7f3 100/1000 Mbpz & | snfes et & Jared &t 7,
IR (AT AT ATREH) AT FIY[FATST ATRR F 1o
ST 2|

B SA(EF ol & AT THIL:

- 8.3 ATTHIT FIT/125 AIEHF FAfST Fer Al

- 62.5 ATSHIT FIY/125 ATSHA FA T AR

- 50 HTZHIT HIY/125 ATEHIT Tt ST AL HIS

-100 HTEHI HIT/140 ATEH FATT &Ter 7S

ATHT BTEEY AT heedd BT &7 wfeafad (Fig 3) & €t
TE 2|

Fig 3 CONNECTION
(SPLICE) CENTER

{CONNECTIVITY DEVICE)

[YY{1YYYT)

MECHANICAL
SPLICE (USING ST
CONNECTORS)

EMN3520753

T Wie e UH AW T g AT AT & e o &
TF THIT IS A1 (LED) ERT UF AeerdrE i 50 a3
wfas g aF @ gor § 3= defay W gErfera Fe A
sgafa 3aT 2| e At e Ao A gt |§ awr @ /Y
T AT 3= Aie o € S 39 wie # &9 w4 F forg
M- FATAT & | FHA TWMMF 392 & strar &1

wTEaY A(ew wA%ed (Fiber optic connectors)

FAFEL HT ITANT FIEAX A(LH Faed & ST (Fe fo7) FaTex
FET ST & STt (Fig 4) § gwrtar @ 2|

Fig 4

FIBRE-OPTIC SC (LEFT) AND ST (RIGHT) CONNECTORS

EMN3520754

TF 3T FAFET THR SC (THET HAFL) &, ATHIT & T
T TO¥ UF @AY arEr € A Ald G IR FEd atde
"2

MTRJ &9% &9 & IUI0T a7 o7 @7 & UF 97 ®gay
At FAFe &, IE ATEHT & MhremEe dave afte (1000
Mbps) 9% &H F¥ TFaT & MT-RJ & RJ-45 UTP #A#e< &
AT AT 7 €| UF 79a MT-RJ FAa0 # 3 9 &id &
UF A Fae? (T & arr), U $rHe Fees MT-RJ (TES 89
& ar) WX MTRJ USTeX & ©7 ¥, 36 MGAT & ®&TUd Y
FATT T@AT § AR G off Av sewvw & fog A G
ST =TRU | (fig 5 3% 6) STANT & MTRJ FA9eH 1Y Heaar
feama 2|
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Fig 5 PATCH PANEL

PINLESS

TRANSCEVER/  jUMPER
SWITCH

JUMPER  TRANSCEIVER/
SWITCH

TYPICAL PATCH PANEL TO PATCH PANEL SYSTEM WITH MT-RJ CONNECTORS

EMN3520755

Fig6 MT-RJ CONNECTOR

MT-RJ  NOPINS
ADATER

5 grEY

6 =S

1 Transmission media connectors:

e[ e &1 HIEAH § U 47 U & fers Wifas saae & Sma
o fafrs ST & Sie @wd @1 (Fig 7 § g9rtar mam 2)

g
%
3
;
%
EMN3520757

EMN3520756

MATING OF A PINNED MT-RJ CONNECTOR TO PINLESS MT-RJ CONNECTOR

FTEAC-AT T FATFEY Faol Ff HE AYE & ATE Thd &, AT Al TH
FHS U FHYwA G a1 U gurrdt TS F ITANT F |

FEAY Fae T ©T § B & TR G & Sl FAfae(ael
forg star gt UTP et HiaT g1 9 J&1 fam S @sar o1
ST qeTH T T BT AT & Flw § 2|

FIEAY Had HT STANT & S8 & AT T qW (Fedt | o
gl

1 zARAt & Hiae-ga 2=d ST F o geiY Fad

2 THIY & AUE H A T &3 § ATICSIY helol/T&ILas
Faer w1 ITANT T Srar 21 R oft swfars afa &
T & form uw srfafes e sfiee &1

3 3T MY ITET AT THRAT § FASIY/ATISIT Fael HT ITANT

T ST @ehar & | aTEt Fad & T § AN @1 ARl of ST 8,

AfFT TSI 9T & Feae 2|

ot ww & Aea® FAfRAE eEd=w (Diffrent types of

network connectivity hardware)

TAF Fge Hifear e & sed & forg eeduw feargw &
AT qGY &1 ITANT AT STar 2| F feaEg 8

1 gataem fifear Faeex

2 ATaH ZaThd e

3 A=A

W UF g€ dAcd% & g4 & forg grafiea fifear & #5 srem-
elT GEl &l SIe d%d o | 3@ I & forg 89 Awefertad
Feafdr ITHTUN T ITAIT Hed & |

1 fedfied

2 B

3
4 AT

BNC (amtse = #=#e3) (BNC (Bayonet nut connector))

IE TE-ITET e % [T TF FAHICL & AT Th FAFEL Hl gAY
# ST 9X At &f 91T @ (Fig 8) # ave 90 feft wx gwmm
ST 2|

EMN3520758

BNC BARREL CONNECTOR

wfwie Fae¥ (Speakon connector)

iR UF TAfFgdel FAdeT & Sff 9uEe sfear fowew #
ATSSENFT T THATEER & e & forg Sw=rir & sar @
i Faed Ft 40 ARMS & fAiax wferar & forw e faram
T & 1/4-39 TS ®IF 19T, 31-01e1 {eaee Al A ATSSeHT
& forg XLR @ & sifers 1

(Fig 9) ® gurtaT 1T #fiehY Feerex (deT) &1

Fig9

EMN3520759

TF T HIRIET Th AT e & ary fesea o
¢ o sl a1 F-ew Fwe & faul s far s
TAHAT & | AT FIAhIeT (BHAA) FHT ORI 9T (FA) I Frdared
& ary foe #3a &| ere & 7 fAuiv & #E ywar g & @ e
STX #=T Jar @ forad #a argd dadey ff e & #ix
FHA 9T | TR Fidhied THT Faar § ITANT & forw
festea fg 7w &1 1/4’ &5 wfia¥ S A XLR FAF & are |
STANTHRATAT & forg e ais & fe-we aR<faa argsiee
T SEHC FAA HT IUANT FLAT GHT &, Feael I=F FIC AMSAT
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AT # ITANT % g &1 #fiiq A Alohe HT FHelaod
s (Fig 10) & griar 1&m 2|

Fig 10

STEREO/MONO MODE

2+ Negative output
SPEAKON

Positive output

To loudspeakers

EMN352075A

FAFEH AT HIH F1 q GH(ad Jqd H FARAT FLAT 8,
fSehr stiafe dueh +1,+2, gA1fe & T & A aed du
e (4-TieT 3N 8-Tter TEHOT §) A7 -1, -2, A1 | [5] =2or
F IO FE ¢ F + HU% R GgAIF qeeo & HOT g H
3T g% AT AT © A F T F T H g QA1 v 2 |

wffhiT ey 3f, TN AT ATS-Td BRI | AT AT
2| F-TT AR FAFEL +1 AT -1; & FAFET ST, TL-IT
T FAFAY F Aty e R, dfEa Rad @9 w1 a@
FAT | ATS-TTeT FrisreX ATARTE gal w1 GuEIoIT HeA % forg
TIRE €7 & F27 & | IE-TieT e FH & H7 a41¢ U 710
e &1 ITAAT qag A & FifE e fF-ufen sef st &
forg srgafa 3T & (3=7 sty formaer & forg = et & &
3T, 0 ST & forg er=r &t & & &) &t oFel ' e & famr

Faed MY FAFT (Cables & Connectors)

T UF Aifas St & oo ST #ed UF qd-av feamsd
F FYET & ST AT FFHAT © | I& TUTHEH ST T3 o &F
a2, forae wrerw § Gl T § FYe a1 feiie | wAr
F AT At €| FgeT § T fFY T AT STeAT-SenT
TN & Tie (Fig 11) # &9y g &1

qiew #t fagaarg (Characteristics of ports)
uF e # frafafaa aems IuHE i @ -

o FTELT ITHIW FaA AT TE FT JTAN FF e § I &1
gl

o ¢ HEEIE X Wi id & fay aredy SUHIuI #1 UF Fad
# Hq9e gtar 2|

o TTCH & ATEAH & S a8 < ITHLUN & ISTEU-HISH, Fiats,
Aqifrex, arghie, &fiwy e |

91E & HEequl TFW (Important Types Of Ports)
@iR=e @€ (Serial port)

o FTEY AW AR [T FHS ATSH & forg ITANT fohaam Srar
gl

o 31 "@@eor 9 fie, 25 fue Atea

+ 327 115 fFatarse gf &% # 3T & AT FAT ¢ |
auiax 9¢ (Parallel port)

o &Y AR fier T & fog ST e smar @

o @ fifex o€ o @ ST @

+ 25 fom At

* |EEE 1284-Fmferde dgifaee aie

PS/2 atd (PS/2 Port)

« R FFeX A a1 Y qSE F forg IwT FFAr S &
o @ mreE T o FRT ST @

o SAFAHIE I FHET at PS/2 TE T XA & TAF | A<H
AT FaTE Bd 8

* |EEE 1284-fsmmaa agifaa oé
gfada difae aq (a1 USB) a1

o 7% F41 THR & a1edt USB W€ &l FAdH & &9 | S8 a%dl
2l

* T 1997 ¥ 9w AT AT o1

o SAFAFHIT FeX 3T USB € T8 & |
VGA 9 (VGA Port)

o Hifex i ey Akt 1 & sigAr &

o 3AH 15 8T &4 €
o HIRTT TE FAF & qU, BTAT(H , IR T Frrex 7 U
g, VGA T ¥ &7 2|

Fig11 IES Power Conneclors
) %SB
i Dplayhon
Ethenet /[R5 Modoem / Rj11 " "_@‘
. FeMCiA/ Cardous
[ ——

P VGA Port 5 -Video HOMI

o' E&® w00 =

T Digital Vidoo Interface

-
=
e e @ =
= @@ ~o— = 5
P g Z
Ll
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e 1 (Chart 1)

fem=or (Description) FgwET (Application) * aof/FA9eT (Cable/connector)
40 fo9 FRC 9« F¥ M/B HDD &% |19 MB &9 &3 & forg
R g
34 {9 FRC A« ®44<¥ M/B MB &t FDD & a1 stied & forg|
w fRE g
25 99 FRC &« 9T M/B THIAE T & a1 PC % 18 &7
o ferg & MY ger T T 2|
10 o9 FRC @<t #e¥ M/B PC # fi® &1 av® difvaer aid
o fem e “D” Fnee¥ & AT MB FAee F¢ |
PC &% zie¥ f&ra &ar FDD MB &t FDD & 1Y stied & forg|
AT (ITeT)
PC % sig¥ fera @« HDD MB =t HDD & steT|
AT (ITeT)

HARD DISK CABLE
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femwor (Description) FIgIEET (Application) Faw/FAFeT (Cable/connector)
SMPS I & 4 Pin #teea SMPS & HDD,FDD,DVD- ROM
FAFET
SMPS Ifie & 4 fam =it SMPS & FDD (3 1/2")
FAFET
SMPS Ffire & 20 i ot SMPS (ATX) & MB gggggggggg
FAFEL
IIIIIIIIIIII[I
12 ﬁ_rr an q’ﬁw SMPS (AT) ﬁ MB 12 PIN BERG CONNECTOR
F-aE Faa 7 5 T # 9 & MB I
DIN <1
PC % f® &t avw fag v MB & #i-a1e
5 ﬁ—.{ DlN ;ﬁ% 5-PIN DIN SOCKET
F-are ¥ 5 fa= &g DIN #-arE & MB
WT 5-PIN MINI-DIN PLUG
PC % fi® &t av% 5 fom MB & #i-a1e
forfRg=e DN diehe f@am
% | 5-PIN MINI-DIN SOCKET
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femwor (Description) FIgET (Application) Faor/FAFeT (Cable/connector)
PS/2 &t 91 #aex ATSq & MB
PC & 1 #F avw% 15 fia MB & #ifqex
g1e RS VGA ey FEMALE
o)
15 fit D s R S e o e b S 9
_ Lo
i
PC & 91 &t av® D-25 fua AR T (F9-1E)
I At FTeT
PC & d1® #f av% D-9 fua AR T (F9-T1E)
ﬁa’ aﬁw 9 PIN MALE CONNECTOR
PC & fi® & av% D-25 fa= FquTaY T (fee-ie)
25-PIN FEMALE CONNECTOR
PC % fi& &t avw ot o= sttt &1 /MIC
I Alhe

MINI JACK SOCKET
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fermwor (Description) sy (Application)

Fad/FA%T (Cable/connector)

EED

USB % #aeeY PC & MB & USB 9¥T%h<et
e & 3fY e &7 Srar &

USB feargq & UCB d« USB ¥ & MB
FFaT

e Aifeat fRaea @ ol et Aifeat feasa & aiss &1 ﬁ

FEMALE USB CONNECTOR

MALE USB CONNECTOR

Fere? e i ST w9 o€ & forg Swi By oW g e e & A /al @i @ R a = (Chart

showing various types of sockets /ports and plugs used for Computer Rear Panel & Mother board)

%®. 9. qtE/qiHe AT TT-ATH qtE/qtke T @@ I
1 e fawrett & i Faes T

2 e fasrelt & syt ueiew v @

3 atfeat st (3.5mm)
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®. ° qiE/qtde AT T-AH qiE[ATRE T T St
4 Stfeat = T (3.5mm)

5 USB -2.0- ®&e

6 USB-2.0- &<

7 RJ-45%%- $oe

8 RJ-45 @rT-8et

9 PS-2 #T3H q1e =

10 PS-2 HISH T

n PS-2 #&te =i
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®. 9 qiE/qihe AT TT-ATH qiE/Athe AT T DA
Connector Pin § Purpose
12 PS-2 #atE @ = e
Fin3 oD
Find WOC (5
PR KBOCLE {chock)
Fing ot s
. DVH Single Linl
13 DVI 3 Feet _
DVI Dual Link :
T ] EEE EER
t: T IIIJ [- T lll]
EEE EEE EEN  EEE
14 DVI T OV (gl Liw) DVID (Soge Lk
2 » INREREER [TTTTT 1]
— EEEEEEEE l- llllllll]
t' . llllllllJ EIRERERE
DV (Dual Link) DVID (Duial Linik)
15 HDMI =7
16 HDMI Tt
17 DPO-Fif¥ger A =R T
18 DPO-Fif¥ger A =R T
19 DP-25WW el g e L
NEANREEREEYS
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®. ° qiE/qtde AT T-AH qiE/qtHe AT T A
20 DP-25 #idx 9t
21 g ATer-HHd
2 g AreT-are
23 VGA 1ie (DP-15)
24 VGA & =T (DP-15)
25 USB -3.0 9té-Aa
USB10A USB 3.0 micro-B USE3.08
plug pinout plug pinout plug pinout
standard A plug p perSpeed standard B plug pinoul
26 USB-3.0 Tie-wiie .
IEEE 1394 a 000
Firewire Firewire 400 (IEEE 1394a) Firewire 800 {JEEE 1394b)
27 IEEE 1394(%r¥ 41%)- Hider
‘(;I:fa"[‘!‘:ilr G Pin Female (Receptacle) 9 pi;iﬁ:;rzl:ll!n[:i;gr:llcle]
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®. 9 qiE/Aihe AT CT-ATH TiE[ATRE T T S
1234 z 0B
28 IEEE 1394 (%X amX)- #T ] :
= 0
e h e
&=
a3 21
29 40 9 FRC $er #meat
30 40 f FRC #et Fee /\3
ﬂw 5, f
31 34 7 FRC At Fe<
R 34 9 FRC $el m#at
33 26 fo FRC ®H #eex
34 26 fa FRC AT #m#e¥
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®. ° qiE/qtde AT T-AH qiE[ATRE T T St
35 10 fo FRC st X

36 10 fo FRC $ioet Frwex

37 S/PDIF #Aae3-#d

38 S/PDIF FA#eI-%Ha

39 qreT FAA

40 qrer T
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TAFNE AT S
TATAE Ah(F - G AT

v 3.6.212 & 3.6.218 & gwtua Rr=ia

I @@ v - Rgiat, ®Ew snfe (Radio wave propagation - principles, fading etc)

IGA 1 3 UG F o § A FAfafad w1 wew an g

o A a4 R & g Rt @ aven =1

o faftr difean & wreaw & &R i T fagwaret ® some w9 0

I 7% W\ (Radio wave propagation)

A a9 qE U AT a9 S S (gt
IfEue) &1 =7 & S FHWr & Tfd & @R F#AT € (186,000
Hrer @ 300, 000,000 Hiex wfd #&g) | Ter Ty JHR =t
AL & FAER ¢ 99 § T 7% 0% fag & g g war ag
Hea & fafss vnn § y\ka eid 2| faga gae fafeor &
T H, THET TG a1 d¥e, Aea 4T srqad+, fGad=, sraerr,
AFT ST T A TeATt & gHIfAd v S|

At ar wE@R gF & R UL agHed § arHed A
ATIHHL | e a1 & e aRadw & ywfaa star &1 IR

R o) fafse akferfaat & gwe &t gasa gu, A
AT THRVEATAT % oI g it A & A< e
AETE SAThA JurTely, IR AR Y W JOmedt %
HATAT qF T3 ATATRF AFIANT & |

At s off fag @ fag a% g% ant aw faifa #% o=
FH & TWIfad gar €1 F o e oo & Hfreft T ar
AIAEHEAT | A g7 geEar ard fafast @ 9w &t
AT &, ST 60 31T 600 km F i & &7 | FAEAEHAT
et e T\ ® g9l Fe T FE fSeqe -E, aiaw

qIeA gded &I A HT Tl 2 |
atferr 1 : IR g iR I7E TR # wratEE adiw
T T g o TR
ELF  uasHett AghT 3-30Hz 100, 000 km
10,000 km
SLF g 7 wmgfr 30-300 Hz 10,000
Frequency 1,000 km
ULF  a&gd & amgf 0.3-3 kHz 1000-
100 km
VLF  agd &% smghe 3-30 kHz 100 km-10 km| gt T sEATERR F @ FERm
LF aa‘rranqﬁr 30-300 kHz 10 km-1 km Waﬁmaﬁﬁ%gﬁﬁ?DW%
Fra f3hE
qde aam
MF qAH ATGT 300-3000 kHz 1000-100m E, F &9¥ AT Sq4a 9d &, 519 D @99
AT I FAA & AT &
HF I= AgHT 3-30 MHz 100-10m E &< smamHsd d9adq F1, F2 9Rd sma-dsd|
(ST am) AIqAT
VHF  agd sr=s7 st 30-3000 MHz 10-1m qufue E s (E,) dA9ade S &9
q F2 Ia smaasead s9add 50 MHz a& afw
A I=ax g & wH 80 MHz d | swate
¥ |t a9l
UHF  37egT 3= STlaﬁr 300-300 MHz 100-10cm et aar, w-Fft graesRes
SHF g 3= srmgfe 3-30 GHz 10-1cm eft a
EHF usadmet 3= 30-300 GHz 10-1 mm TTET AT SIINTOT FIRT ST &
amgfr
THF W@EW&'@% 0.3-3THz 1-0.1 mm
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TdE AT (AST a9) (Surface modes (ground wave))

Surface wave

W sgfeat (30 X 3, 000 KHz) & et #Y asaT &1 Jga
FA A AT B T ARfE arfrfers T aeaw R
afae fasiy &7 & &t q8Y, F AgHEl AR THA a6 TEq)
7% fAfT Fea A

3T FATAT & AT SEAAT F UHA & oI MHAT A I
giaHiex ar 3= (HF) sgfat as & @ifva o, #=ife It
THA-aGT o HfFd ff | 7w a&T gt 9% 9 a9
TETE ATEAT 1 @il a2, o AT 8= 32wt & e HE &
FIS T B AT & | dF I{HAT TN 37 EAT § ot Afgha
g Gt aF & difa 4l

T AT (ATEA-ATE-T122) (Direct modes (line-of-sight))

gfte &Y YT, g & S IRAT AT F IFA TR & T F
A 1 f3@TE 3 ¥ | 7% wme VHF i 3= engfoat it
T & a4 | "9 oW 8, #ith At e w2 div-ung
FEGAT F ATANW F ATAT F qFA ¢, AT F AT F ATSHAA
T IS A1 GFT | FE eroft off gfe A &1 amgA-aite 2
IIELT H UF ITE AR UF AEE UEAT F A9 gA@W AT
LI TV giadiey & cfifastT dohdl &1 @HTd arfaer & |

AEAHEA | (3w a9 ) (lonospheric modes (sky
wave))

AT a9 (Sky wave)

AT AT 9T, ford fopT & =7 § off ST 1T € AT
# At aon & aRads ¥ Y F2 arer o a$er ) S
ST agHed F2 - Ra § UF A1 AF A axdi & ae
BAT & F2- 79X #98 Aol SEAeIT aaT 8, 9 dd J0T
T =rft | #F5-81T HF s8) & @ F1, E =X D - 399 & Aarew
& WUt AT f9maT 2| D- daw, 51a gF F W Ay saty

% I AIS[E elaT &, Aeaqol AT | e &1 BTi FT HROT
aar &, S fF E - e St «fiwaw ST & av
JgT 4 MHz X I8¢ aifes & g TEst &€ a&dt &, 39
= YR F2 - 9% d% 9§97 & I=9 Agfa e ® ard
FIAT & | T, AT Ao I w7 § /7, gF @ o gwnlaa
=%, TF AIEHT 9% AT 11- A1 % GII8 9% AT TR 5
Tyt Y ITAfAr & @ garfad gl €| |Jiere afdr, v
HETE SHTE ST =ifeat & e 30 MHz % #t =7 HF 3=
FT ITANT AWAR T TS0 &F TR AR 0 o1 a1 & d%
50 MHzF a% % F2 8T &1 < are ffamr & g, 2fqs
#T yate 10.7 cm fafd=or 3 & e 9% F@r | ©, a
FAaN wEe g & A= fmr S @, 15 MHz § SR
Mgt 1 THRY AHAR 9 safE €|

Ty % s (Multipath fading basics)

AT ST uw @ G IR d= gumelt it oSt ar
ol #Xd a9 oW § T A AR | T off s
AT T TOITelt §, H@eh RETaY a% T Fao TAT T F
AW & G, afch IHTLAT, TETEl SHIA, Il ST St
FEgelt & gfafaat & JfomAEeT o s | S ger 7 § |3
gl

aT At aEr G | i & ¥t SAT-TenT 9 Feg Aot
gid &, Fhd ITh @9 IO 9 fY @ @ g e o
forerfea &t smow |

AT 9X QAGIT T F AQTE | qRadq sH Av at a8 I
giaHte & TR &t #%ar © ar, Reaw g, a1 et
TF TRTadS dde T AT & | 37 R @ Reaw ®
AW FTel Hohdl % aX0T Jeid T, A 30F TROEEET
et & wrfeh reT-3reT a4 @ e et S aftomaeey
e O @1 AT FGT| TE FF Hbdl TT AR BT A
FHTLT AT & |
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TAFE AT BT
TAFITF Ah(AF - AAN TARHT

v 3.6.212 & 3.6.218 & gwtua Rr=ia

AT 1 AEAFAT A Aegevw & @ www (Need for modulation & types of

modulation)

SEEW 1 3 9IS & o | A Aot w1 wew av g

o ATSTAYH 1 ATAAFAT F AT FY

« faftrr mR & wremTE st Reregaee aww @ F=we w0

Atesetoe &1 smawwar (Need for modulation)

fagge g AT F1 AT 3 x 108 ms & gEdT o, |
AT & AT T ITAN AT FF G q%F JAMRA FA & (g
TR AT ST FFAT € UAT FEA & fog Fae faga gaae aon
& ST ST G 2 |

frfofaa sRo & @9 Joret § Atedo @ Savad
gl

I9-faw =t (Sub topics)

1 FrEeTR® vdmT #@ars (L)

2 FETEE HA

3 e &

FaeTv® gt &g (L) (Practical antenna length (L))

ST W W G Al B1AT @, A7 GaAT et ot T9rEl Sidr &
ST Ik AT Rt &Y a9 a8 % AT & #9 F e 2|

8
o, L=a =2 =310,
v v

\ =39 oaTg
U = SAFEAEIEE a9 T T
v =Hz # fa#it g & smgfr

sifear smafir 20 Hz & 20 kHz @ &t & | 7 sferg f 20
kHz @t smgfer &t #id siafRer § walRa famn smem @ 599
fer,

8
e e = &Oamzwoom:w km

20x10
7% AEEIRE w9 & fAfia & arar aga ofar gémn 2| gafo,
Ie d@e iafver # efifeat e et +#39 F forg e
2|

HATEY 1 UreAT &1 oa1g & TUAET F2 AT a1 T Far 2 |
fraer &t & 9 & forw 1000 kHz 71 ST f3Far smar 21

3x108

m=300m
10°

GEAT & o =

178

300 m &g & GEMT e & fAwtor R S aewar 21
FERaE FWFTE (Wireless communication)

fear ziafaem & o giodg fAvivar aE @ & 2@ at &
famr & ST =few (o) stafkear & faaiof | stfeat smafet
7, fafaor @maeRE @€ & wifE fafFe gear ave 2|
Eeif®, 3= sgfrat (>20kHz) T faga o=t &1 ffaor
9T 2| T0 FRO &, FAX TN § ASLAT T 1T 2 |
FmqefdT 39 (Operating range)

TF T AT IFAT AGFT 9X AT FdT 8, aar & g
St wrferes &t @, Ia-t & siftss oot S|% T1E 2 2|
sifeat e Mg =it 8 & #0, 5% aSf g W
THIRA el T ST @%al 8 SR &g eiafier § 9g=r S|
THATT JFETTHd AT AfSAT e & a1 & I=F Aghe
ATEH AT F AU FIA A I=A AGT (AEH AGT) T
HET & SgAfd v 2|

Areg@w= #0872 (What is modulation?)

AN FT TRATT FIA HT a8 =T qLH 8 |

FH AT qGT T TATRT FIA &0 qiowar, S| ares a@r Far
SAT €, a7 a7 SHEN AT, Argi A7 fAviearet & agawy
T FAO FT ASTANA FT AT & |

AtegowH & oy oF A ffefem 2|

T, gy AT @ #t fEwaret ® aga @ wiEar =i
ASAATET AGT & ATHITF 9 & AA I=a AT e
F ARV FT AT 2 |

ATy & TFR (Types of modulation)

sinusoidal aTe® TXT FHIHTOT ART ST & 1 FqFHedT 2 |
Ve =Vc Sin (Wct+8) = Ve Sin 2xf t+0)

Ve = sfeamad A



<ok A = AT, AT A =L FT &, T AW
AR Atfear e % forg smgft Ategeee & @ e sar
gl

© AW AT (AM)

ATgfr Aregee (FM)
=X AT (PM)
qRd #, AT TR A, A AN & ATEHA |
foFaT ST €| efifast swmeer difeat d@wat & fog Atsgeee
AR Atfear e % forg smgft Ategee™ & @ e smar
2l
J™ Aeg@w= (AM) (Amplitude modulation (AM))
gt (Definition)

d9Ra N aTell gaAT & AgET I AGRT qEH aal &
fafire s & fafyr, smafey v ==wr #t awes awr ®
FRAfdd @ gu AT Aegae fiad AT ST € R
7T THT & ATSFAL T AT FF A% T I uaee f&ar
ST €| ST Arege fiEd gu fawga s e
g1 (Fig.1)

Fig 1

MODULATING SIGNAL

AAAARAAARAAAAR
CARRIER WAVE — U VIV VIV VIV VIV VIV VL

avputupe A AA /\\/\ll\\ )\ /

MODULATED V V V
WAVE

EMN3621211

AMPLITUDE MODULATION

ST f FOT fewma o 2, aeE 987 § aAE A gUeHT
AT TF €| qTeF | ATEA AGN erd & It SAAw ArSqAten
AN & AW Afrgarst #1 AgERT FTdr ©| aws #i
HISATST AT G ASA ATELT § @M ST & | AT &,
a7 7% ff 3@ a%d © fF 3= it W™ T 9w #; aEmw
afRuee e gt = 2 ST ae® aar &t g T
AT A ATghT & THA 2|

AT ATEIRANA qTe® avdm &1 fawawor (Analysis of
amplitude modulation carrier wave)

Letv =V _Sin ot

V_=v_Sino t

V,_ - aTeF T T&d g

V- aTes & o AT

- ATSTATT Hebel &7 ATHIToTH T

v, -HTSIATT et 7 sAfershd® AT

V_- aregefe feaer &7 Fiofi &

®, - ATSFATET Hebel T HIUF Tl

f,- Fregafe fover smfer

7€ o TEAT ARy fF g\ wikar § % e R = |

T TR T a9 & 91 3fersl fhar ST =1Ry| ares aar
s f 9w forer gtar 2|

AT & g T8 AT THHIOT g7 &7 18 2|

A=v +v =v+v_Sine t=v [1+(v /v _Sin o, t)]

M - AT GSHT T ATATA VIV,

FHIHTT §RT ATATH a7 & Teol A &1 S 2|
v=ASinot=v_(1+mSin o t) Sin ot
=v_Sinot+mv_(Sin o tSin ot)

v=V_Sinot+[mv /2 Cos (o, - )t-mv /2 Cos (o +o )]
SR AL A sin TN F AN HFAAT € TR°AT V,
AT & AT AR (0, - 0 )2 B AGHT A TH=T my /2
ATATH & AT AR (0, + @ ) 2 B g

FFAETE | ATEH % FIVF A B ALIATT &l (00, >> 0 ) &
I/ ARF AT AT T I THR GAL A AT AR

FHEHO qTEF g & AfF FT ¢ | GHHT F @i
T | guiar @ & Sar % (Fig.2) ® gwrtar @ 2|

Fig 2
(+mpVe ‘ /VC (1+m sin Wmt)
Ve (1+m sin Wmt) sin wet
ve (T e (tm sin W) sin w
UL ALY
R AR RIANATA L
TATATATATA VAV e ==
LAYV N
N
~_| Q
AMPLITUDE MODULATED SINEWAVE WITH m < 1
¢ 1 CARRIER
w
ua
=
E g m
Sz
= m/2 LsB usB
T Wm / We /
(WC - Wm) (WC +Wm)
FREQUENCY SPECTRUM OF A SINUSOIDALLY MODULATED WAVE S
g
ANALYSIS OF AMPLITUDE MODULATION CARRIER WAVE %

H @WFA (Amplitude modulation
ATgIATE STgta

frequency spectrum)

AM 3T % sraf Sagw
et et TR - (0, - 0,) 2
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FULT TET AT - (0, + 0 ) 2

ATGIT AT § HISE TeF & afdwhar g Afedhe & & g
&7 & Ay o e Star 8| e St T # AT 36w
A F dgIa § G St &1 IfF qwew w1 Ao &
sftr gtar €, safoe g e #1 #frr 3, aEe d
F AT FT ATAH 6T A & AT F Ao F T80 8t
AT 2 |

I WER G AgRT H HE agemd A6l SN, AfHT aAEe dT
AR (0, - 0 )2 d7 (0, + 0 )2 T8 [T qF B FIT
a1zE d (USB) gt &1 9T & oY arg # A=t oa7 =iw
d% (LSB) mgftr & ©7 | ST ST 2 |

4f% fawa smgft o /2 @138 9% # #i9E ¢, e I8 @ §
fa FRoe ateest a7 AT3e a<T AGHRT FT IAEH AT JF UF
areF UF e Agha g d@emfed s g | i, uF
AM 3T # J% %1 =19TE (0, - 0, )2 % (o, + o, )/2, T e =t fF
20 /2771 3t AR e AgiT S eldl € | S UF Ae g
foraer # uw & atfos smgfir &t &, av 9@F g e ot
A1EE §€ ATgirat 1 Ieqrew b 1A & g ave o & at
smgfeat & forw 2 LSB's 3t 2 USB's smgftrat &7 Iaama
faar st |

TEF AG & FIL ASE AGAT & ATES 98 Ff FIL ATES
4 F T { T A@1 & AR FRAT AGRT & A= arer a9t
fr=et @1ge dT ¥ &id €1 USB smgftrat aftmma wregafen
Fgftal § & F© & IfaHEaa #d @ e LSB i
AEATST AGRT & T’ § IET T € AR 88 AGhT &
TN & aeET 2|

Aregewe 22 (M) (Modulation index (m))

AT A6 dUT & AN % [oQ @ATEH qTeH aail & A
qfRadd & 9 F FAgI F AN A FET AT & T4
FET ‘M’ g g TR R S 21

g @mT F w9 & ff aRkafda frar ST awar €, s aes o
F AAH ATSTAIA FwTer

m=V _/V_

gferera fore, %m=m*100 =V /V_*100

et Aregee 0 X 80% e % i+ 2|

TfoTT SSRT FT T FLA FT TH A ALHT &, GO aresd
AT & AT & FAqH AT % g3 7 | I8 9= o7 7 femmn
T 21 (Fig.3)

AW HIHa arEd a9 (Amplitude modualted carrier
wave)

ITY AIHA qTes® aaT
gw o agfa &t s @

Fig3 CREST
UNMODULATED (MOESE:&%EEZ?@YEPE)
. prare—
4 AL It AR <
S N AT TRVAVAVRIRVAN VATAVATAVAVAIAY
veo 11 PP
VEr vmaxve=v_| L7~ 1V
>§ \CREST

EMN3621213

AMPLITUDE MODULATED CARRIER WAVE

2Vin=Vmax_ Vmin

Vi = ( max'Vmin)/ 2
V=V -V
Vinor™ Vg Va2
=V __+V )2

T m =Vm/Ve, #V, = V_ T Ve % am i Sfcerfia
FCH, TH AT e € |
M=V_V NNV +V

max min max

ST fF gee SAET W AT ‘m A T AW 0 AR 0.8 F T E I m
FT | ofeh A FeaiRa d@ad & qoraar 1 ard & f[Feaiia
FEdT €| AM 39 & Reer aes S & sgomat § Afed giar
2| SfYa ATt feaer ate® a3 & FHAIY SN Fad TF agd
Ber At & forg @wnifem € dfea afs m &1 79 give & sfes

&, Al giasieT sMSeye Tad g e Fear 1

AM & & famer |@eter (Power relations in an AM wave)
TF ATSTAACs 49 § Aol & Teed HRAT a9 A1 g1 &
1T ofeh Bl & ST WIS W 3o (dgd Jeal & foram
ST @FAT €,

P oter=P carr +PLSB+ PUSB

total carrier

udiAT gfaey RS9 sfafs sfawy o =
P ame = [(V /N2)/R]2=V2 /2R

TAF A1ES a8 H m/w V_ & A ST r.ms F A mV, /2V2
gtar ¢ | gaferg LSB =it USB & ufa¥ & &9 & foram <1 &t
2l

PLes = Puss = (MV /2V22/R=m?/4*V2C/2R=m /4P _

P, . =V2C/2R+[m?/4*V2C/2R]+[m?/4*V2C/2R] = V2 /

2R(1+m22)=P_ _ (1+m22)

IO AGIANT |, qEF FF ATGAAESA AIATT Fhal g
TF AT HIA ©| 3 d%E & UF IRV A, TS ATSIANA
qIFE & w7 § A S 2|
Mt=v(m12+m22+m32+m42+...)

AR | AT TE ATATSTACE FEE A Ted ATSTACS H3C &
r.m.s W g Y IrH 1 agrd @ forad & w3 vl w@ar ¢ |
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P
P

/P =(It.R/Ic.RY = (It/Ic)?

total' * carrier

=(1+m?/2)

totaI/Pcarrier

(112 = 1+m2/2
AW ATEIRTW # HATG (Limitations of amplitude

modulation)

1

FH THTEHRAT (Low efficiency) - ITaifiaT arfts st Ste
e ¥ fafeqd eidr &, F19r et &, gafou gurEtaes AM
faem w0 €

#@faa st 397 (Limited operating range) - 3itaRem
F AT/FT TAAT F FINOT ST &, T@ TR @A
fommer gfvwer 2|

faw & e (Noise in reception) - star f& Ife=t
RefaT &t IT 9 quAl & S Y FAT givwa
TAAT & S MY w1 AT G & N kAl & ATy,
ITH @R’ W 9 &iar &1

T stfeat Farferér (Poor audio quality) - 15 fet gest
% qt gleat gt & I &3 F g g ST
o ST TTfRT Y 3HE sWET # FH FA & forg 10
et gt @t d% AlSE A sEwEEar st ¢ | et
FISHIEET &I, ATTSAT TOrEAT & TR § AW A &
GYE {ET ST 2 |

smgf Areg@w= (Frequency modulation)

ATgfT HI9 ATEF & LAY A= F AW H @A gU HIw
Hebel AT FATIT bl & ATHCTE ATATH % AT 37 St &
& smafr Fet ST @ (s & Fig.4 & o @ )

Fig 4

ALV AR AL AL
VVTVITTIVUTVUUVTIvuy

CARRIER SIGNAL

MODULATING SINE WAVE SIGNAL

FREQUENCY MODULATED SIGNAL

SIGNALS

EMN3621214

smgfer wreg@w & @ (Advantages of frequency
modualtion)

AT AT | = AN A Hf gadl |
sifere e Sfates swar eidl € |  JoF &7 & ArSHieeT

AT AT @91 g =9 § q90 F forg sy Aregeee
FT ITART FAT & | B A & fF M goF &7 & mgi
Ao § fa & qmm & fog gtar ©| smw Br
BHaT & Y Ao s fre gt 8, safow e smarr &
TF HAFE HT ITAN FF ATAH | T T TAT 707 Fohel & |

Mg AR ot & frmer ® aftuew % forg stfas
gfaiy giar 8, St ST gq FM 3fear & oft 37,
Saf® &0 ATAT FY @ & AR ATgRT AT FT ITANT
& €T & AaEd g9 I2wt # far Sar 2|

STGIRT AT § HIW & TARA A & oy, 7€ faow
STHTUI T ATITIHAT TeT il & JAd I e BT av
frfied s giafiee @ S99 o U &1 rawsar
& gt &1 gerar seW & fou @ et off vt C ar B
TETHER FT M9l Tei gidl 2|

ATGIT ATSIAIH, AT FT T=DT & T FT ATSIANT &

T | g ATSgee g &6 1200 & 2400 fagw @
HaTRa #T a6 2|

amgfr wregeye W uF faEw g s @ B dew
T e forad I AT e S9er 1 Tehe S A
TEART & HH ATGRT AT FAAL ebell &1 AT 2T |

sgfa Areg@ & JwA (Disadvantages of frequency

modulation)

FrafHee dF §, 9 Rt faeT Isaeer &t stravesddr 791 §,
Afe REwm &, a7 |39 a1 #ew frae & SRew e &t
feuregde #3= & forg st sifeq Swregae &t strawasar
gt 2|

TF A a5 #1 AT ST AT F oI e & forg g
ATSTAYA HT AT A8l (AT T AHAT & | T AISIANA &F
gt | @faw sweT e AfvF | arey #1 swsy Ay
AT | a8 99T JHAM & | T & SAgTd =9, 9o
formtor atar-ataret sfe wt weor fysror & awar 2|

AT AT | o€ &7 =118 H AT Feo & o7, a0 F5
fiheex FT ITINT Fed © o 5 & fa § g fgfaat #v
= 3 |

TR A RAET uF & 99 7 g ARy o e &
= UF ORI A9l g1 ALY |

srgfer wregRw= & sgwAt (FM) (Application of
frequency modulation (FM))

TG ATSTAT &7 ITANT A | FFAT 1T © S BAC
& Sfrawr & aga o 2|

AT AT T ITART ATFSAT AT & el bt doeifoe
F % forg fom sar 21
FEST T WSV F FFIART H ITACT AT 1w |
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TRor Aregww (Phase modulation)

PM, Tt i fefsee fmmer gt &t of s & forg &%
AR § ITA fFAr SEAr €1 ared fead F e a6
fer Tad gu, gaaT d%dl & Ted AW & Jga =730 [Afay
2l

T AT F S HY gEA (Advantages and

disadvantages of phase modulation)

TR ARGV FT JA a1 AT © % gmd Sfaw & w7
FEAHT AT &, TET IRV ¢ fF W W TR & Ao
& ITANT T Tfasfiear awg & afq ar wfq & atew |®
FXA | AT ARV |, B TAH I8 & AT FT TAT
TE T "= 2

T THAT X0 SETEAT € AT EH AL ATSTANA 3897
F T &, Y a7 &1 tfere St & 3i% &d gem & forg
AT IO wH AR ITEH AT SATEwEEHAT Bl 8 AL
HISTAT GAHTF |
JIIT HAIEIANA & FIwn (Applications of phase
modulation)

T AT ATHANT ATGRT ATSTANA & AT Al 2 |
HATT qTerat # +ff ATSAe 1 STANT fFar St g1

TE gy =90 e FET § g@Ater A S qsar 2|
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TAFNE AT BT
TAFIAT AHF - GO TAFETNET

v 3.6.212 | 3.6.218 & mwtua R=ia

&t & o Rrmat, e AmEst, @R st s (Fundamentals of antenna, various

parameters, types & applications)

IqA 1 3 UG F F § oA At F w an g

o GET & Ao Rriat @ =mEr w1
o faftrr wart s ddeT % wragvet | aRnive w1
* CAT-AT GEMT &F AT T T H3 |

deT % 9@ R (Antenna fundamentals)

TAAT Fedeel § faga emerent # siafRer & frga gae ffswor
gfRafda #= a1 arEE-a4qt & fu o IwEor &, S 3@ 9
7e fsfe & i 28 wre & & forg o gmfafdr & forg swermr
o o =T @ wuen: fAferr IR ST AT T Y @
2| WA 9T UEAT &7 TATRA FIA & OO & AT FHLAT
AEE | NI &, Uk gEtafdr oder (S8 gae A
fest) &t sttt faviadT gEAT & uTa F % fog T
forT st o srafRafda &t &, safoe aw s ARt vt
H qTe g atel GEAT & que & forg uw grafafdr oder &
frgetaor &1 ITFRT Fd 2

uF U faga gaa (EM) a3 &1 fasror a1 = #3 &
forg fafee & faR@ STseor 2| 3@ aftwmr & ¢ avE &
AEAT FXA & oy, o Uk W F w9 § udmr F wifaw
Furem & forg, g9 3o gihamdt faga ga saamonet &
AT qT8%F H TRFA FLAT SN |

Y oTeAt SeFgrEieE TeaTet % forg S arer wifaw we
FAFEAA & FHHT & | 1864 | Tedt A TS AAF S
FATH AFAAA AT TG FATHF “TAFGATCH &7 % Th
Ttaefier faeeia, &1 af==r R

U UEET atavaw fwew # di wtfos o e, e i
AR AT & | ATH orfer 7 g 1 a2 | far d=reer et
T ATHY & TH 3T TATANT UF 2+ | Roeisre g | qrads
u e o & sweror fERRer & g oY g Far e o fF
U qeaatas fur gdar et frew § RF & forg &)

TEAT A9 (Antenna gain)

UedT AT FF SHEA H AT @7 &, S 3 qe AT & arT UF
gfed 2| uw faftre odaT & forw ars #F gomr uw At
S AT & o9 & ¥ A1dT €| U ATAIIU USHT Th
Tetfers tdET & e uw aae & smandt ffEer g atar
g (TR FoT F FHIT S GEdAE F a1 72l gidr ) dBi &
Sy faft Ry T ddar & wfte @w @ o dwrts
ATEAIHIS UeAT & FXA & forg e strar &1 U.S FCC srasT
T U AT TEAT 1 0 dB, ¥ qra< YT et AT &,

foraar orf € % ot g # g arw/eT 8 |

st AT & e, feyder ddmr awafas odmr 2|
UEAT & AWT-3eT AT Gad 8ld & | SATgHIg s GeHT &0
ot | feuter Ieuem ¥ fafas @7 # 360 it ofiw st
@ | 75 it @ (fewier 4T Satux =<t 2) v s | v
Tie ST fa@ar € | Fifs @ ofeT v e 2, feyda gdmm
Afas w7 ® 2.14 dB & SedEigifUs EHT 9% U a1 9
FEAT & | Tl ST & Ry ¢aT & uw gt g
T T § 2.14 dBi FT aTv 2|

Fo U ® fRygdr odm & germt 7 Y e s 2, G
S dBd T gurar T € gty fEydie odmr &1 @ 0
dBd (=2.14 dBi) gar 2|

AT ATATEAF TIAT F AT ITANT & oy dB d&4T F7 ITAHT
T gl 2|

dBi - fegdier 4T & da

dBd- wTEaTgife TEAT % arer S & forg

dBd &< dBi & i fostelt &t e 1 ia¥ sirr 2.2 9w,
0dBd =2.2 dBil

TET WF R (Antennatypes)

TAF T & UEHT FT-3TeRT FaT &HAT T&T9 Fed &, S
& GEMT &7 A9 TBaAT 8, IS FANH & W TO g€ A (T
T AHAR T I ATH- T VST At g GO FA €,
AfT Faar o ffvaa R 7)1 e o 7o fafewor de ¢
FT Stferat & Fawsr &A1 & E § 7eg A & S gAY,
Iy, S 9= O &
Tafemter® dé=T (Omnidirectional antenna)

T gafRuTes Tt (Fig. 1) festme fram mar & ws 360 feft
fafeor 9o wem F3 & for | ¢ % 38 I #7 IuEiT 2|
AT 2.14 dBi “Ta< %" Gafe3TcAs UdiAT & Tk et 2 |

EGEEIEEICERYAT
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feoer® 9= (Directional Antennas)

Fig 1

EMN3621221

OMNIDIRECTIONAL ANTENNAS

feomTerer UEAT #% reT-3rer Siferdt Y AR # A, UE
TAAT e & #ig qAfaRe qfeax ye 72 #ar €, g€ 99
giEHeT & 9T FAT F AEERE FAT | T I H
qAfERE #X &, 98 UF o § Af¥F I gqW FA AR
o= Ay fRerrert & #7 oAt IS FEA FT TAT & | F9-99 Th
feemee 4T F @1 (W) At <, At & Fier A )
Tear sar €, g afdw Favsr g faedr €, afe aw
FHAXST FI0T & AT | ureres G § 99 gt wihe 2 (Fig 2)
FnfT GET (Fig 3) dRraifors feost @1 dretfers feoni & =
aga & @%v RF ot 79 AT 8 X $iaY & UF gy u%
T IHE & AT &I AT 4 § qdis gmr Ayl

(Fig 2) : feerers g&=T

Fig 2

EMN3621222

DIRECTIONAL ANTENNA

(Fig 3) : anft d&mT

Fig 3

68-78 DEGREES
AT 900 GHz

28-80 DEGREES AT
24 GHz

EMN3621223

DIRECTIONAL YAGI

auit gdAr/Aani/Uda 9ést (Yagi antenna / Yagi /Uda
antenna)

auft G @ -t anft - Uda RF G&ET #8T ST 8,
FT AF €T & ITANT AT a1 & Jef RF ddmr s
(Fig.4) & T fT TeAetdT &1 {9kt atal 2 |

A @3 H (In this section)
+ gnT 9T (Yagi antenna)

anft géaT frET= (Yagi antenna theory)
9@l g @1 (Yagi antenna gain)

Irft gEeHe e (Yagi impedance & matching)
Feft GdET Ar Anft - Uda déaT / oRere fadwer ddien
FPIATT & forg we® g% RF gémr fewmei # & uF 2|
anft AT Anf - Uda gémT srguatnt & oF fawga fafqgar 9

ST AT SiaT @ stet RF gdAT fRsee 9 v gorerdr &
AT HY AT HAT & |

arf efifas Rawem & fou o & & aie & W@ 8,
AT SEHT ITANT agd & A TG AT ATIATIAF SATIANT
# o for Smar 8, et RF &A1 &t siawashar eidr & oaw
A ST TeTerar Srdr 2|

T Fae AN GEMAT T 9 ATl € Fi(+ I8 [ % dea<
WA B TEH FIAT & dAT(H AT G F1 T 53T AT 8F,
af ae off Adem &1 s BFar s gwar @ & gl
Aq HT BT FA F oI TATRA TG T BIFT FIRT Hq fHaT
ST el € AT €, AT e 9T #¥ <=1 8| a99 =1
set & fAwaar ¢ | Tifaes Reemw & foo g fafre anf

Fig 4

EMN3621224

TYPICAL YAGI UDA ANTENNA USED FOR TELEVISION RECEPTION

Uda ©&t=t (Typical Yagi Uda antenna used for
television reception)

auft géeT #1 Zfae™ (Yagi antenna history)

GEMAT FT qRT AW IR - Uda SEAT €1 amft GéaT o at
ST ATl [eargy AR e At Ie7 & T & Foaw
2| RF UdAT fRSme a4 it =l a¥ 99¢ § Y@ifhd
fobarT s o, ford 1928 # s faw o |
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IR G- q&@ A (Yagi antenna - the basics (Fig.5))

Fig 5 REFLECTOR
(ABOUT 5%
LONGER THAN DRIVEN

DRIVEN ELEMENT
ELEMENT DIRECTORS

{(ABOUT 5% SHORTER

THAN DRIVEN ELEMENT

*

MAXIMUM
RADIATION

BOOM

FEEDER

EMN3621225

BASIC CONCEPT OF YAGI UDA ANTENNA

AW TEAT it qA @eRen (Basic concept of Yagi
Uda antenna)
ARt 4T festrzw # g fafwor ar d=nford a & ®9 § uF
g 2| oy aa e A & | F @G FEferT ae & A9
IS & 2

¥ oesiEr e At géaT % A fydaar wftE # e ©
fY 38 e & il #ed gl R @ Ave ¥ & % 7@ RF
GEAT & IO FT UF R & T F TA109q Far 2, foraq ot
o faviy feom & Ffaa &t St € o gast & ger & oAt 2

AR UEMAT & TS dd e & qAGaT gy @4Terd 8id ¢ |
Tferd dcd & folT U 1ot =201 § I Hohadl 39 a¥e & dohd
# Fo faomet # wafad fFar AT @ @i gaet § e FEe
T ST &, 7E 9T SEr  F adw B A S =¥or S
TSN dcl H I AdTS 3T ITh A9 & AT A g AT
et et ae st 21 (Fig.6)

Fig 6
REFLECTOR

MULTIPLE DIRECTORS

DRIVEN ELEMENT

EMN3621226

YAGI UDA ANTENNA SHOWING ELEMENT TYPES

auft gdAr i@ s« @& (Yagi Uda antenna showing
element types)

T IO GdAT & Hidqe i 96 & ad g @

o gurfod ac ; "@9ferd d Il odiAT dg @ s forg
qEaY AN Bl & IS ATHANR ¢ UF AT a< Bgda av
AT UF T AT f3ygetar gtar 2|

¢ QAYNEA® ; AR GEAT H ATHAR 9T Fad UF qad® srdr
2| 7% e ganferd ad & 9§ &, JT tfdsmaw dagaeiiedr
# fewm & g2

a9 qed foreet &t stiew & 9 ot % Roctaex | aifs, 72
fesirze Roci@ex & Tad® a1 WY 88 & UF H&qdr &
I &, ST IRTaAS e T SR Fd & | Tg TS | AT
U FIAT &, 1 0T & T, At fre #it 3o & fafeeor &
T & FH FLAT 2 |

ATAAIY I¥ Tk GLTad s AT 0 fR9m & A9 &1 awer 4 & 5 dB
STrE 3|

s : anft o & A, oF a1 oF & wfew Reed w2
gid 2| fAdus ar fAders &1 9Ra a= F g w@r | 2,
et srferhaw dagAetiear #t 3o 71

T U e ded wefiia wwar & Sad uF g wies
AT AT T AR AlH M B | I F UF g
qRTEd® & [T & HOT &1 areT e g & | T &7 39
FH FIA & (I gl FFAT A1 &FaT & a7 AW F 49 %
AN T FT IJAEA X qFHAT & FANT & A1 [Gagad At
TR AT € 3T YSUA U UF FHA ATAET F ATIN U
AT gt 2 | (Fig.7)

Fig 7

DIRECTION OF

-
>

MAIN "BEAM"

EMN3621227

YAGI UDA ANTENNA SHOWING ELEMENT TYPES

auft gdir IRUww ¥=+ (Yagi antenna radiation
pattern)

dyrifer® gt (Parabolic antenna (Fig.8))

Fig 8
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TF TRafaas T Tk GEAT & S YA A # AEfe w
% forT oF TREed & TR-TERIET ATHR & AT UF Rada®
IREd®, UF AR 8q8 & SUANT FaT ¢ | qa8 H &9
uF fRwr & s #1 2| Y @ A w7 & R o ar
TRAAIE [ FET T & | TF TRARIF GEAT H7 T aTH T8
g & soH I=F woreraT € aw uw gt S § S a6t
i #x & forw uw @i dEge a1 wiv e Reaey &
ATT T HF FLAT &, IT Faer 1 Ao [Fem & Ifeat awm
YT FAT & | TRaaAd® GEMT & T8 IoAdH AT &, AT F
ot off T & THAT THE & e de filw AeE wv
IATET FT Thd g | @B S0 FEE F T FA & fog,
AT TS HT JTART AT AN & q¢ dQqTE & goar
# agd AT AT AT, FAf AR T FT ST Y
FgH & o gy arer WiT 7, UHF 3 wrgsiaa (SHF)
gfeEt 9= & Smar &, a%T @ darg gadr sl adr ¢ &
AT & MR & Rerae &7 ITT fFFar S gear 21

Teratferd TEMT T FT I2T ITANT TR U & forw & s
SeTl, gars e e fEfia fammeer sl awget & war
A & forg At a@n & oF Sl S| B TART FA A
ATTIIHAT BT & | 8T deaTge Tefifao Reftat & 9w &
a1, GerEtfors gdET smygfasd 3o & afRgwr &1 uw @wme
fartgar a7 7E 2|

Tt UEET, dRTAiAiEe AT ST a9t 9% smetRa
gld & st 7 FP.Q,, FP,Q,, FP,Q, @t u% & dars % 8 2,
gafert fRor #F ®iwd F ¥ U& ®ie UEHT g7 S UF
TIAHE TG 7 & 97 % 3787 VF % a0Hiax o Fed arel
ATIE T ©F a9 | gaar fear S | (Fig.9)

IIUET 1T TF FreAfad TdAT oY fF=R w3 2 | v Renars
TEMT 9% & S gael #1 gorT | 2 fewment & stfte sl @
& fomga gas a<an &t [t av ara #T a@ar e | siafee §
fRom & v gue & w7 § fafewr afe & amer e
(3rrter 0 X ¢ % *1 & & #) TdeT & fafwwor de v F=r
STAT | 3D AT & T WY i T YfeueE g e
A a1d € | E- =¥ X H- <iv e 3t @8 fgaq = ad
2| E-= e u& 8 € o R feuee diee &t stfawaw oo
A R § T ST & T IAfAed Hies a9 & o |
fafed etar €| T av® 919 39 d%E % W & fordn Sav §,
At Jo & e H %ies 3R stfersaw e fRom # 2

uF fafere IRuem et wite &t (fig.10) # FurtaT om 2|
g fews A fafire fafweor 4= (Typical radiation

pattern in polar coordinates)

Fig 9

<

EMN3621229

PARABOLIC ANTENNA

Fig 10

907 HPBW

MAJOR LOBE

180°

270°

EMN362122A

TYPICAL RADIATION PATTERN IN POLAR COORDINATES

Frmarw frdww |/ Rivre fafwzor ded (Typical
radiationpattern in rectangular coordinates) (Fig.11)

Fig 11
RADIATION INTENSITY
HPBW
| |
20dB [
——
FNBW
40dB WDE LOBE
* - 5 - + -

EMN362122B

PARABOLIC ANTENNA

gt ddeT deRieR (Basic antenna parameters)

u U aeft et & au v & Aol 72 #ear 2| d@ed
F forg, v aft fewmett # s fafa=or aet uF sEEIgifos
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TAFNE AT BT
TAFIAT AHF - GO TAFETNET

v 3.6.212 | 3.6.218 & mwtua R=ia

AM,FM sz PM, SSB-SC, DSB-SC stegevm iR fenregae= &1 == (Introduction to
AM, FM & PM, SSB-SC, DSB - SC modulation & demodulation techniques)

IR 1 3 IS F 9 | o Frfafad w w5 av i
« AM ATegRTE SR Ruregeem awiw #t e #

+ AM® SSB-SC, DSB - SC &I ATegau™ T&Ihl H1 ATAT FX

« FM wTegaee iR feAregeem asis &t s
+ PM wTegeee X Reotegeem aF s 3t e w1 |

HTATH AN T A TewE (Amplitude modulation
index & depth)

ST ATSTAA 29 A ATgeoe o faheft off grasioe
F fou weeql dnfier € FfF fawaw o s F A9
A & forT godi® a1 TR F AAT F AT @A AaEE
gl

FFEY AT & T H TRWINA FIAT ATT9IF ST & A
uF e 9% @ e 2

T T FEA & foIT UF AE &G a1 S8 & w9 | ST A
T TF qEE f3fer & forg =mus w7 & s G smEr 2|
FE HIF T AT ATV TETE F T H ST A arer
TF & AlwsT | 3@ S1av 2 |

UF AT ATV e 9% AT & & & UF dhdd
& €T |, ATV 39 AUl € - ATegavH & = wY
AT ATSIAN ATEF HT FIAT & Tgd AT ITART TEI FAT
g A aTes WISgAee & 8%l & J ITANTHATAT % e
& FTLO A JefIeT & W & e #37 & fog dmgede #7v
FHTLO FT 2 |

AM wiegaeW g2 A (AM modulation index basics)

AT FEaiH H Aregaee & &t w0 & fog afia
o T 2| T AR, AM, WIRIEE 9 & UF
FA-ATETces HRAT & q H AT foaar &t @ & 717 &
Y § qRTea R S g 2

=T ATSIONTT AHEHTH! & AT, ASTAT 30 TR HE HISZeTT
(AM) I THTSE it ST Fear & foras gRT §ures ares
o @6 Ty F @Y F AEIE ageddr &l § |

S gfaed & € =k FAT ST € at Aoy # e
& T ST & | gAY WEl § 3/ AH {hAr A1 g 2|

M

AT a9 m= -+
A = Hv weefege
M = ATegAe THeiede

)

FET
TF qEF ATAW € | TSI SATAH &l TAd FLal & AT 39
FAAIA A & RF AW # 937 qfadq giar 2 |

3 FT @7 1 qFaT € fF 0.5, Wegev 29 AM =E F
forg, wregeT & FRwr a7 gfe &t €1 0.5 # 1 FE
Y 37% g T & 0.5 d% e v €1

AT AT # &g (Amplitude modulation depth)
AR 299 F forg us = ttaer it Iwai fobam e 1
AT 0 TEXE & €T § JE[ Al &, T§ AWAR )
gfoeTd & &7 § 2Ieh ATS I 594 ¢ |

39 THE 0.5 & AT 899 Hit 50% Tiawra 1 Aregae
TEXTE & ©T § & AT ST |

ST FAT aF T3 [ATHST T TLET IJTINT AT ST & A
50% Sfarerd & ATSAT 389 & ATHS AT oW AT & &t
ga%% 0.5 2|

HSTATA IS0 / AISAT S I&TeT

ATHA I T Rer 7 ATeTee 394 agd & HIET@vE &
T | E(AT ¢ | Hha T agadl € | Bt Fo R 79 8
W H ATEF AT & FoqdT FIA | &I a1 2 |

0.5 # SAgwTHG Fome®w gaw® (Amplitude modulated
index of 0.5 (Fig.1))

Fig 1

+50%

m NOMINAL LEVEL
TR S
AT

L]
Hift

EMN3621231

AMPLITUDE MODULATED INDEX OF 0.5
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S ATSTA 899 1.0, d% Tg+aT &, ar 100% ares® @Y T

AT F1 TS A B Al & A g8 A-ATSTATA
T & THAT &€ 1T 2 |

FE™ 1.0 ¥ sgATt® gaw® (Amplitude modualted
index of 1.0 (Fig. 2))

1.0, & T ARIATT AH(F & fhar W gle ot Aregeto
7% 100% ATSIATA S HT FHTLIT AT & | ATAaTEF 180° I
% IEHA FT AW FXAT © STef aTeH T A fag & = 7
FT FIAT FAAT| T =TT JATIAT (T ATSTATA) TS &l
Ffaf® o 9 F =7 # 3 2| s aRvmmEss ==
ST BT & S 2y 3Rt | fawarRa gt € fhee 7
T ST 9X g® 9 ST Fdte & forw iR EayT der
F qFHaAT 2 |

Fig 2
+100%

[y
W,
A

AM \rEg#AEY My fTAreg#@e (AM - Modulator &
demodulator)

W @ # gH it Y o & fawer & Seregaee & g
T Afthe FT a0 FXA & | UF TATART Ao |C AD633
(TAtamT fEared) &1 7T AM fmaer Iaw #3+ & forg
T £ AD 633 UF FTATd € & TOf, A FGATT, TATATT
T & SR IoF UfdETeT, ¥ X ¥ Y 3 wiEa €, /i
TF I=F TfAQTLT AR 3AYE (Z) FH AfASTem ATIeYe ateesl Th
39 g AT g1 Yo AT T AT 10V 9 e 2|
ADG633 T FieH® R fig 4 § Fortar 747 |

B o [1] = ay
. E}Ii >
Y1 E Zl z
- E}D g

ADG633JN/AD6E33AN

EMN3621234

FUNCTIONAL BLOCK DIAGRAM

EMN3621232

AMPLITUDE MODULATED INDEX OF 1.0

[N

Fig 3
OVER 100%

NOMINAL LEVEL

EMN3621233

AMPLITUDE MODULATED INDEX OF MORE THAN 1.0

1.0 & IR & AW AT ATTTARE FSH-HAX-ATSIANA

(Amplitude modulated index of more than 1.0 i.e
over - modulated (Fig. 3))

THROT @A fA9T ¥ & I FA € At I8 giAtvad e
ST aF fF I TERO # oared FE A Aregecs T |
giaHet § 100% & T Wgae™ & AFd & (g HA
T €| ETeish, & AAT @Y &t IATC @ & forw qramw
®q § @ATferd et 9 = #i e #2a &, o9 &
SfwTer T 100% ATRIAYA T T &id & |

(Fig 4) & FrafaTs =ii® dAR@, &7 I1d & f&

_(X1=X2)(Y1-Y2)
10V

AD633 &7 e 21 Ifie & ITere 2|

AD633 % |1 W ATt afhe (Amplitude modulator
circuit with AD633)

AD633 ATEAT ATATH FATF & TT § FFAATA (64T ST qohell
& foraw 1 smnfas ges 72 €1 (Fig 5) # @fthe fEwmar 2|
AD T 633 & g aTe® ATSTATA I Sad ATgSaS e
SETEA FXA & forg Ui faFar Strar €| ares e #AD633 %
Z 39 % AT wie T S €, St 39 qe} aneds e
% AT ATeH ATSCYC & AT AR AEE 48 & IATGT FIA &
forg awifera e stmar 21

w

Fig5 15V

MODULATION +O
*Ey -O

CARRIER O—¢
INPUT
Ecsin ot

O
-15v

AMPLITUDE MODULATOR CIRCUIT WITH AD633

EMN3621235
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e @ wegeW & forw B A, Sin(o,t) Aegee™ &
I3HT I qEATY AT (AT ST THT € |

AM Rreer @1 femres@w= (Demodulation of AM signal)
stEr & qeat F=T M 9, feAsgeeE # oy a8t uw uAe
(T )feedeT #1 IwET fFar o 2| uw ueen fedwex
(Fig 6) U 3ctagi(<a afthe & STt gAYE & & | UF 3= Ager
HUTET "t AT © AR TF ATICYE T&W FAT 8 A1 q (o
F “Taer” 8| affe =R § durlRa agd R ax =t #3ar &

AT fomer & i o g8 fR-R T arer & w@rew &
BIEdT & | JEaT | TS AW a1el et &1 S FaT &, Faer
FXC TATE H AFATT 3T © AT THRTHT ITIE SFHAA THRIHAT
3 e efi=a (Fig 6) &1 gormT § 1fer® & war 9% gtar 2 |

T qaT T #F S6RAT (Envelope detection process)

TF ATEAAESTel Aleie e & forg afg feaex &1 aug fRr
AT SATET & At

Fig 6

V_IN() c

Ol

O
+

R V_OUT()

RC TOO LARGE

N NS ENVELOPE DETECTOR OUTPUT —\ e N NN

ENVELOPE \ =

O

AMPLITUDE MODULATOR CIRCUIT WITH AD633

EMN3621236

Fig 7

fe- fm fe+
SPECTRUM PLOT OF AN DSB-SC SIGNAL

EMN3621237

m

1 1-m?
RCSchm , feeaex =R d@39r ORAT F AT

Y FhaT 2|

TaA Q2T 4T IAF arEw =2t (DSB-SC) (Double - side
band suppressed carrier transmission (DSB-SC))

7€ F= forad S Aregee (AM) 8- e gt &t
FAAA ©T & aTe® AgRT & F A = w7 o mw @
MY aTe® ©¥ qa8 F9 TR d% 7 & a1 & &<, AEH
w7 & 7 a¥e @ A1 =T 2

DSB - SC #tegae™ # AM #, @37 ate® & Sfud Te &
STAT €, 30 WS, AAH( q7a¥ #15e 59 & ara fa=fod et
g, e aaaa ¢ & gfe DSB-SC & #a¥, AM &t gaT #,
T atax & fore v AT S 2|

DSB-SC gafiee o a15e 9 9 ae® |ya &1 UF
iy amae 1 gaer ST IRA S fawew & fow fEr
ST 2|

WFH (Spectrum)

DSB- SC faaT &A% &7 a9 UF THfciede ATSgele a<in
&, gafo fastelt & gatdt & 77 # & forg, uw 50% o
FAAT T&TH FAT € | JE " AM giatie (DSB), #F gert
7 gfe &, Sraw 33.333%, &1 stfewaw qear €, #=ifF 2/3
qtaY aTe® W gt & S foAr giear Smaey # aed gl §,
A TAF T8 5 TH & SAWH &7 e aid1 ¢ | v ae
dT (SSB) 7aT g3t aes 100% Sfaera Forer 2 |

DSB- SC férmet &t wegw wite (Fig.7)
FRTE (Generation)

DSB- SC u# fieaY & I+ &iar1 2| Tad qres R gy
TorT fak 7T A3 e g & | 56 i &t i sfafafaa
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g feEmr = 8, s'f Sar-a-autta FEvfada ==
& ST faT ST & (Fig.8)

Vim €08 (1) .V, cos (wct)
Message Carrier

m*'c

2 Modulated signal

[cos (o + o )t) +cos (o, — o )t)]

Fig 8
MIXER

MESSAGE
SIGNAL

MODULATED
OUTPUT

CARRIER SIGNAL

EMN3621238

TITLE

SWregew= (Demodulation)

STy # DSB - SC fwaer &t awes ffwae & @y
AT SOHAT & dTE IO F3F 6T Sar & | 37 TRomHr
Hohd I (e & @l 60 T SO0 T IR FEH & (g
U w9 I {heay & arerw & qrRa fFar sar €1 DSB-SC,
cab &1 @¥er forerer fedswey gy e fFar mr €, AM €,
R ATV 96 UHaT & &7 2| IO Terg ASgeo
aew e & Aftem & aeEs 2|

Horiferd s

Vin €S (@t) , Vc cOS (1)
Message Carrier

Vch
2 Modulated signal

[cos (o, + o )t) +cos((o,, — o, )t)]

1 V,, Cos(opt)
“ |2 "°"° ) Original message |

%VchVm [Cos((o — 20, )]

Fa¢ fau U @i & qdr F@ar € % awes e s
HeTferd e #F IO Fa, TROMH g &9 e F 0F @
faFg 7T AR & ATI-ATT UF gAT e 2| qF o, > o, T®
FAYT & YA T AT JAAT § AGT H agd AfUw | uF A
S I8 Hahd UF FH T {hee? & Toeal €, Al I=A AgId 7
F BT AT T €, T A HIW DS AT 2 |

fasfa v afioer (Distortion and attenuation (Fig. 9))

fenregeym & fog, fowmegmem sAtftced smgfa o =<o
g Aregae ATfiees & a9 gFT A1y st=raT, feweoe

A/AT &for wfed gl

T T i 3@ F forgl

Haw Hahd IS faRar ST 2 f(Y)

AN (aTeF) et -V, cos(ot)

fenregeem e (Frege fmae & e gt i =2

fa=e & &)V, cos [(o, + Aot + 0]
afRureft d@eha d9 g=T 39T S "ewar &1
f(t)x V, cos(m,t)x Vi, cos[(w, + Am)t + 6]

= %vcv; f(t)cos (Awt+0) +%vcv; f(t)cos

(2o, + Aw)t + 6]

0 9 e & a1e

= %vcv; f(t)cos (Awt+0)

cos (Awt+0) = faey =7 & yo @w e F faaor i
e § qfRume 3at €, afe smafat @ €, afe == | @
0 & FFTE UF A &five & €1 Aot axreTe e
F =% IoTeT F Al F2ar & o fagfa &1 uw e =7 2|

Fig 9

470K

470K
BOTH MUST
BE 470K ELSE
WE GET
DISTORTION

EMN3621239

DISTORTION AND ATTENUATION

€ F/ FH Fa1 ¢ (How it works (Fig.10))

e gad o1 ey w0 & e = & A9 o g3y @6
T % % 0% aEs ¥ "egae AT 9% qFar 8, foraw uw
AEAAESd Tk T 2|

(fig 10) & & Hew dahd & forg wefiaeor &
s(t) :lcos (2 7800t) —l cos (271200t)
2 2
are® g9 "I §, UF @161 5 kHz £¢(t) = cos (2n5000t)

A A § O §RT WS hAT ST €, &t 5 KHz
ATEH Hehel AT & [STHHT STTATH HT &bl & TH dALh 4 o
gtar 2|

1 cos(2n800t)— 1cos(2n1 200t)
cos (2n5000t) X 2 2

Carrier

x(t)

Message signal
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Fig 10
MESSAGE SIGNAL (800Hz - 1.2kHz

AMPLITUDE (VOLTS)

25 3 35
TIME (SECONDS) <10

DISTORTION AND ATTENUATION

EMN362123A

Fig 13 MODULATED SIGNAL

i

- 0 1000 2000 3000 4000 5000 6000 7000 8000
FREQUENCY (Hz)

N N
4]
T T

AMPLITUDE (VOLTS)
&
T

DISTORTION AND ATTENUATION

EMN362123D

Fig 11
CARRIER SIGNAL (5kHz)

06 b

04 I

0.2~

AMPLITUDE (VOLTS)

02
04
061

-0.8 ‘

1 ! ! ! !

0 05 1 15 2 25 3 35 4 45 5
TIME (SECONDS) <10

EMN362123B

DISTORTION AND ATTENUATION

AT ATSTATH UF ATSCYE el &7 IEd Heal © o
T AT 9T e & defagy # S et €| fma-ans
I ARYHTH 3 dT TR & AT AT &, AW TF A8H
T AE &9 ATell 91a%, TGT g5 [SaATEd Afeadr Ae RefEe &
e e egfm &t #Fwa o

Fig 12
MODULATED SIGNAL
.
0.8
__ 06
g
2 041
=3
[a)
2 I
—
o
=
<

A1

"o 05 1 15 2 25 3 35 4 4.5 5
TIME (SECONDS) x 10

EMN362123C

DISTORTION AND ATTENUATION

TSeye e # TE1 @ €| 9% a9 T (a1 © 99 WAgH,
+T3eye fer #1 @1 AT & (Fig.11, 12 ¥ 13)

fre-arge = wregeeE (Single - side band modulation)

At @9 #, fea-amEs d wegaeE (SSB) a1 fwa-
ATEE dS FAT-aTeH (SSB- SC) UF STATH ATSLAN &l TRATER
g o ZEHeT qia¥ A d€ & AfT a7 & IUANT FLAT 2|

Fig 14

BASE BAND SIGNAL

FULL AM MODULATION

[\

SSB MODULATION (LSB)

a

SSB MODULATION (LSB)

EMN362123E

SINGLE-SIDE BAND MODULATION
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AM 37T SSB firaer & wagw &1 e (fig14) # gwrfa =
g | 3HdE # T | fA=ern aEe §€ (LSB) ®agH Ier 8 | uF
SIEY & ¥ H UH 2 KHz sfifeat aw o fomaer st % 5
MHz a® 9 ¥dl &, 5.002 MHz #t gty Ia= &4 afe
U<t ArEe § (USB) &1 9T fohar et @ a1 4.998 MHz
#T LSB 3w o Sirar &1

sgfa Ateg@w= (Frequency modulation)
s fomer AM a1 FM I3t a9 % gy ares &f d%dr 2|

FEEATE A frmer TrafieT |, syt aregaee (FM) @@ #it
ATepTfors AT & 9 3% UF ae® aar ® gaqar &0
TS & (SATATH HISAUA & 619 JoAT &2, fored qrea aaw
F1 s forer gtar &, safE smafv PR = d ?) (fig.15)

TATATT fEel AT |, AT & ATehliold ST AT ATg T
& Ao i 3AYe- et ST % atehtfors T & #rd srgarfae
gl

fRfSreet et &t ae® & WHTT g aTe® avT & ATH &
TS A TATRA o o gwar | sy & @it @
& dt= qgfT oF dais o sgia-fre #ET (FSK) & =
H ST 1T @ | FSK &7 STANT TieH X Sa-TieH § 219
w9 & AT AT 8, 31 T8 ITANT A Fie e & forg of
T o "har 21 AT Fetergy, ft FSK &1 ST <t 2|

AT AT & ITAT IRAT, AL, TR, qFIA
qEETTT § T Sar @, A qawa frerett @ et EEG &

HqTSAH & & AT &1 FM &7 &I9% ®7 & J9R0 & i
AT, FY-avw IR fawew, gaae au-RaEfe e =i
Fo difeat grathee frew & forg G strar & | vt Jefagy
& drer Iear fwew, smgftr Aegeye # @rifas w7 8 g
Tl MY H ¥F FLA | Th BT Hedr 2|

ATgRT AN FT T ARIANA & T H FET AT & A
TEF T WEgAvH FM R &1 qwer sifersr gt &

Ategae™ g2 (Modulation index)

st 3 o1y Aty fwed & ATSgeler 399 &1 A1 aarl
g f& wfegeem aRuaed oo sATEYdes @Y & HEIE
foraT s 2| 7 arew g & foraar & d@&fem 2|

CAf fA|xm(t)|
T fm f

m

Stet fm aregefen fmaa xm(t), # #ivE 3= Mg @ew g,
A 7 fiF wiwad - = - ar aes smgfn & drerfors

AT &1 wAfeewaw e €1 aed A & aEE & fog
HIEAT 39ATET a9 % ST & g7 | arEd & forg (Tt 1)

ATl |G qT % AW & g e & forg, s h< 1,
AFAYA & qEHOT a8 FM, F&T ST €, HiT g7t defagy
AT 2fm | FH-F ATSgReE =29 h<0.3 ¥® # AT
FM & &9 ® AT AT & (=47 argsas FM |

Y & FH (Noise reduction)

HaX Afde § FM #T U&F @ AT, IS & forg AM & &
AT #, MR A (SNR) & g dgae dFa i d&nr 2 |
T Fead AM FSET & a1 goqr #, FM § SAAiE 9% mY
Juetee % Afvaa e @ & s =xe SNR &t 8, aff
TF I=9 @Y § FUC IO IR A7 I i dr, SNR FAM
TR U BT AT IR AT @Y A fa=wad ™
9T wear 2| faftre srmarst #= S9at & forg, g smaae
¢ 5-15 dB &d &, & s fa=es &1 3maT #d g FM
THTOT A Y AfE e ar Far | Al aww, |
fF Reflax & "@aftm S-aiw & @y 3= A sngfat &
TE-SY, AR 7 FM afde § @sw SNR # gae &3+ &
forg ST e star €1 g% FM d@aat § fiaw s e
g, z@feg FM Reffaw & a9 & €W gt € st AM
MY & ¥ Fedr 2| s SNR # gume &t 1

IC menf¥a AM gi@#ieT afde (IC based AM transmitter
circuit)

IC 555 (IC1) &T ST U& % T At argaey &7 | faFar
ST & o @mEr 600 kHz #t smgfr & forg festemr fomm
TAT & ARIATEAET HT ATGT H1 56 TH TUAT a1 AT FhelT
g :f=1.443(R1+2R2) C1 5=l R1 3T R2 # &, #4fdex C1
AEHHLE | AT AT F hertz | F399Y ATZH®E &
ST sifeat frae 3ge & fom faa smar 21

IC 555 #Ifase T ITANT Ale-A-ATGT FAaEL & &
faFaT ST € | FIAET ATEHEE F A<$eYe F ICIF fm 5,
fea S &, S gYe atees a1 ae e # aseqe i 7
Sug Ay # aRkafdd #<ar & f= 3| 7 smgf uF faga
FaHE A e Al §, b AM e Refaw gy war
TTET ST qHAT &, T AT 37 AT H oy At g asd
gl (e & : o afe Reftae & 9 oie 71 &, a1 5@ 600 kHz
T I )

affe 9V fafrafaa faswelt #t sgfet am 9V &t aedt & w=nfoa
gtar & | g & forg, fom 3 9% 2-3m e &t g aw FAae
FI
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Fig 15

/\_/\ SIGNAL

AM

T

FREQUENCY MODULATION

EMN362123F

Fig 16
+9VvV DC
ANTENNA
c2
J_ 10000
I 25V
OUTPUT
COND.| +
MIC
GND
o

2

N

N

o

o

=z

=

w
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TAFE AT BT
TAFITF Ah(AF - AAN TARHT

v 3.6.212 & 3.6.218 @ gwtaa Rr=ia

AM sk FM gimdiier, FM fift sk war «omet & =@rw s (Block diagram of AM & FM
transmitter, FM generation & detection)

SEEW 1 3 9IS & o | A Aot w1 wew av g

o AM TEHEA F F F JTET FW
o FM giwsiedl & 1 # =en &3
+ FM 929 & =T & g a
o - THWR F FM T qihel ®t T F¥, TN |

AM giEHeRt (AM transmitters)

AM #&at & TR FI ate giaHed & AM giasiedt &
T § FET FAET | 39 grasieds & ST 787 a1 (MW)
AR Y a4 (SW) stmgfr d=d & AM samer & forg fomam star
g1 MW d # 530 KHz =T 1650 KHz, % &= smgftrat stdr
&, 3T SW &= # smgferat 3 MHz & 30 MHz a &idr &1 at
THFY & AM ZEHET St 399 S@9R0 AREAT & YU 9%
ST g ST 2

3= @Y AM gieHieY
=1 = AM giadiex

FH L ASTAIA FT ITANT &< |

3 ASTATA AT & dr9 gaa AM giedies & Jae
qta¥ 9 fAsfT F3ar & TEer gaHet § guer it fharare
% FH A1 B TFAT &, I T & ASTANA B (Ao AT
ST & | FH A giEHiel |, el Had FS are B §=e
TIfch & AETHAT el &, [ TX F ATSTAwE HT STANT
forar Strar &1

= WY R o wme gimses (High level and low
level transmitters)

A few Ty (fig 1) & S &% A e @¢ % giasiiedt & =t
ATCE T AT TAT 2 | qF giEwiedt & At giAamEt sa¥ aew
AT ATGIAT debell 7 feh el 2 |

I=x @Y AM gimsHeR (High level AM transmitter)

Fig 1

TRANSMITTING
ANTENNA

CARRIER BUFFER FREQUENCY POWER
OSCILLATOR AMPLIFIER MULTIPLIER AMPLIFIER

CARRIER CHAIN
MODULATED CLASS
IC POWER AMPLIFIER

AUDIO DRIVER AUDIO POWER
AMPLIFIER AMPLIFIER

AUDIO SECTION

EMN3621241

BLOCK DIAGRAM OF HIGH LEVEL AM TRANSMITTER

(fig 1) 3= @ & JEW | Atfeat grafaoe & forg damw fFar
T ¥, aTe® HIY AR frmer #t qtEwl & "Aregaes
T TR AT FIA & Ted qardd A swar €, 6 & (fig 1)
# fewmar mar & fawm @Y & Aiegaed #, AT a2 F aF
ge fomer & afax yafda @€t gidr 1

(fig1) * fafrr wwt & (The various sections of the (fig
1) are) :

o JTEF AWK

o THY THATHIEAY

L LA

o Tfa¥ TEATEEY

o ifeat d=ae

o HYTEF FATE C T(aT THATHEIY

T AH@eX (Carrier oscillator)

FTEH ATHIET ATEF Hebdll Hl I FAT &, 5T RF I # fafea
g ae® @ AgRT SAIT aga Af¥F Al 8, FfH T
AT AT % | 3= AGRET Ft IA= FIAT qgd qvhel
BiAT €, aTe® AHcie UF IT-Seae HedT & F3 gt #f
ATATAF qTEF ATGRT T FIA & o egfRy qor =< & qom
fFar StaT 21| s9% sremar, Uh e Eee & SUANT g9
IO § FATH Mg RRAT & | FH g qoF A1 aq
aTeF 1 AT H IaF AT9AF A qF T a7 © |

FEY TEEER (Buffer amplifier)

T TR & IfAeq0 & 98 aed & & AgT
SCraTET % FAYE AT % AT aTeh ATEeT & e Tarer
# 9 T & | I€ qF qTeF AT AT U7 ST F aal
2l

I ATIWIF € AT U qTeF AT & a7 THE T & |
X IS BIAT €, AT a8 AeteT #t Agh fere 78 @i
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srgtw o (Frequency multiplier)

aeF AT §T IoT q6F Ao & O Wee(qed g,
THT THAHET T A AT T & ATH & Ar =
STAT & | 3/ T FF SN AA¥e & €T H o AT 1T 2

TG OTF ATEF ATHAC AT Fl I=F ST (aT IoTd HLAT
| sgftr IurE #1 uF g afde & O smaws ares g
& forg o7 fam o |%ar € it % 99 geeiEe F S
FAT 2|

aTe® hdl &1 N(th A9 THATHAT I & T8 UF I &
ZiaHteT At FAATEr sravasar & | FrE C qiaY Ty SR
ATITYE TX ATeF fawer &1 I= itk FLe Tod I 2 |

SAtfeAT SIgHTT (Audio section)

ST farem e arer stifeat e ATgwRie & ST 8T
S % (fig 1) ® e & st =mes gq fomae & dicest it
TETAT & T AT I TelIHET & 91 & for sravers
2| 3FTET, U A F A7 3T B 9T9¥ TR Atfeat e &Y
oifts &7 Femar 2|

e @w AM g (Low level AM transmitter)

Fig 2

ANTENNA
CARRIER BUFFER MODULATED CLASS C
OSCILLATOR AMPLIFIER POWER AMPLIFIER

AUDIO
Mic AMPLIFIER

BLOCK DIAGRAM OF LOW LEVEL AM TRANSMITTER

EMN3621242

o =T AM gieiex o # femmar @ 2 (fig 2) S=v @
giaHtex & avg 2, famw g% & ares =i Attt e
sifrat wafda 72t &1 2 &7 e g Aregeds #@m@ C 9iax
TIAHRER 9% @1 & © |

ATSTATA =0 & AT 8, AR ATSGeles et & 97k srawas
= v @Y a% Yafd gidr & | 9 udET a9 dahd
TR Fear &1

ASeE VA Y G&=T IHT (Coupling of output stage
and antenna)

HISTATH AT C TaT THATHEAT FT SIS & graHT(eT
TEAT foAe i T & SATe #F e & UIAT aF Afdshdy
oI @iafRa &2 % for ae smavas & & ot ant & wfqemen
&7 forer &t | 595 forg, ok e deas &Y savwar g | gt %
= foeme aft g smgfrat o @@ g R s
FAT-31eT gt ¢ fFe &t smawasdar sy &, e
deas | fafsr srgfoat o fora sfaarer sem 3 ara d6as
AT FATEY F1 ITART BT AT &1

g fAfor sl &1 ITT w3 e aead &0 fRmir e
ST =R | 7w (fig 3) # fam@mar e 2|

Fig 3 L1 L2
1 T._—MM, — Tz
INPUT FROM QUTPUT STAGE L L OUTPUT TO ANTENNA
—|— c1 —|— c2
o
1 T S
I
g
DOUBLE Pl MATCHING NETWORK -

FEHTEY 3 UIMT & Zma ==0 & forg Suahr e e arer
e deah & g9 TT Aeah el Jar €| 39 deas | 7 ar
gge? L1 ¥ L2 #i¥ gt #afdew, C1 ¥ C2 it 81 39
HEHT & W F 39 a¥e & A7 AT & 6 1 3 1 F fi= qeas
FT 379e Sfaqarem, (Fig 3) § feamm mar €, giaies & eeye
IO & ATIeYe AfAETET F ATH A GAT &, AW, qAeah &
TIege gfqarer &1 A gtar 8| gdmr & wfqarem & ||
g TT fiae deah giadiey & sifaw =30 & A"eye W
sEifed geawt &t WY fiey #war 2| wegees @™ C iy
TEEATREY & ATSeYe § I=F W, 7 AAF sraredra
| foer deas &t smgfy sfafrar sg e F de A s &
¥ Eifod 3= eI I A & A O &, AT Fad
aifed da giaT ® giwa fFar Jmar &

FM giwsie® (FM transmitter (Fig. 4))

FM giesfieT § € g @< & 2|

1 ufFdex &RW ¥ aed JEHarar, Ruem e =i
TR TIATHET B 2 |

2 gty AR Gw, e #2 smaftet s g
2|

3 UER A=¥eye w0, fomd W §\T 1 9EY e wEe
T &, 0¥ AT SfaaTer & qrer qraY G & 3% &
e w & forg afdeTeT fem deas |

Fig 4

EXCITER SECTION

ANTENNA
FREQUENCY

POWER SECTION
MULTIPLIER

CARRIER BUFFER
OSCILLATOR| " |AMPLIFIER
A
REACTANCE
MODULATOR

I
AUDIO INPUT
USING REACTANCE MODULATOR DIRECT METHOD

FREQUENCY DRIVER
MULTIPLIER AMPLIFIER

POWER OUTPUT
AMPLIFIER

EMN3621244

FM TRANSMITTER

FM giafiey & g+ @fhe & mawgs &1 & aforg &ar s
qEHaT 2 |

uf®e? (The exciter)

1 AT Affcey & F& arl argfer o7 uF R aneT 97
el S FAT °, 99 Fg ATV AT AST Srar 2|
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78 X A%E § HUEH BN U AT # IREnd FeA §
T ST AR, AW § HIE AT gt &l qRad= Tel
=

2 TET THAHER Afhde AT & BT &3 § 783 F7
% forg sftfireiey o s Ay S=x afqamen e & w7 §
F FLAT & | THY THATHTIY T UF ST ATH & ThaT 2 |

3 AT FW FIAT © HIW HHA & ATIANT T AEH
ATHACT ATFIT TI AT & | HIT Fohel HT AR 7@
ATHAR T AfAe AghT #t amar gha & 4 fag a®
FH FLAT ©, AR AHREF qe9 rEw et mgia & Fu
FAT G F agrar ©| AfeF & wfEE P & few
HIT A q9T Al = |

smgia T (Frequency multiplier)

amgftt AR @gF 3Ye, @97 RF uwelwed € few
seeye A=Y afdhe F §AYe G & F3 W g7 (a1 A8
€| | ST O 2X, 3X AT 4X [OF € | TF 5x AGHT

oriE FH-F @ Sar €, afed sEer gefus &9 ogsar
SATTF ITANT & FAT FAT & | &1 3 T oI et qut devent
gRT BT B

fostelt Semew @ (Power output section)

F0 91tk THelrEER ifaw it yae® d=rferd 2|

gfaarer firem deas AM giaiier & o qare @ iR geiiey
¥ Sfaw 9 9% gdAT afcerer & Ao grar 2|

srgf™ I (Frequency Multiplier)

U faeiT &7 FmE C TEelwEe g o ¢ | R off ot
C THAHEIY ATGRT IO F3 § qa 2|

SR & fou uw smgfa sgew &1 At FEa uE &t C
THAEER & Fodey § UF GUHAY g9 affe & dAsH
AT ST FFaT & S fF FogeT B Fee fEIfa F a1 AR FIe
Mg T SfqeAtaa star & UAT 8iar §, I8 3 a1 §AYe g
TR A Afhe F I Far & v {1 Fear 21

Fig 5
Cow ] 3
6 MHz 18 MHz
3 MH. |
|

| CLASS C AMPLIFIERS

]
150MHz

5 MHz I

10 MHz 30 MHz

é%% %

FREQUENCY DOUBLER BY SIMPLY CONNECTING A PARALLEL TUNED CIRCUIT

FREQUENCY DOUBLER

EMN3621245

(fig 5) FIFEH Tq@ Ft TH AAWEAY LT Alhe q ATHT
(Fig 5: Frequency doubler by simply connecting a
parallel tuned circuit)

3AYE % 8Y gAY 9% & (oY UF A1 Te6 JaTfed siar & | uF
fauere afde a1 fAmi St awe & BFar smar @ Sad ae s
# AT @ % ey affe 3 a7 e st W wm aw |

196 TFETE Aktaw - (NSQF ¥ 5) - 9™ 3.6.212 & 3.6.218 & gwifa Rraia



sfreafad gtar €| a7 g T afde F Ftem & & o =t &
forg ge sy # gem ¥ fou fawiw fem o oawar &
TN 10 TF o1 F1eF | ST o O FF AfF &1 Srar
<, TUT% &7 faga Seae e ST © | AFHi Faeta g
% o, @a® st afRvmw 2 iR 3 & UiE F ArF ura fer
ST &1 FE C AR & 896 # qE@ &1 UF A
ALHT 7€ ATE TEAT & {5 g ATgalged Hie oF el &
qE el ¢ | BT a9 BT 8, gAY, dEY, A, 9rEd JiY
I I I B & FoFeY W e Alhe F IW
FifSd eifeT &7 999 F & oY 0F e & 9 § &
FIAT 2

FE AGEANT § T b O IO F AfE O FE AT
ATavIFAT Bt €| OF ATAAT | a7 v &t & e qurEt &
ATARFAT BIAT & | Y ¥ & 6 | gAY IR § A IUIF TH
AT U 30 YT FA & | FA O FLEF I FATRIA T
O FIHT HT IS 2 |

Rusem Ategmer (Reactance modulator)

Ruae wTegder 5@ & & ooAT 9w dar & fF afhe &
sfaare s Rugem (Fafafes ar dsfFea) & 0 & w14 Far e
S AtfaeeY & Ifua @ffe & ar quEET § 37 ger 2|
AREFT FaT TF TUTE F T F THS & AHAT & ST A(AAT
affe #t sgf fuieor wmar &1 ffwr &= sar g1 etents,
T AT ITHLIT T TTRA & ©F H AT A((Aeex % Tl
* ¥ H T B d%hd €, T€ 30 a1 9 A Fwar & fF affe
FE FAMT &A1 €| UF izafie Affeey UF F9fheT aiees
fRaresiy &1 ITANT FXaT & FifF by Radfent o & w7 &
FiAT & ST Hiea® T § %ot Rawfen ufode & 9 § #iger
F FATEAT qIE SATET BT & AT AWAR T TF ATSTACT T
ITART FAT & A $efea fiwg v 2|

FM Seme ¥ gat e (FM generation & Detection)

FM Reftae % forg e e & fog o aret d@eha &1 g
forsr =t % 9fq @daefier sFr =1l | S fF e & S
faem o @ % fasga an @t d &7 A%ar 2| gt @ &
FrEmw fAfymaret & o srEeTfiar aqmer @ 2 9w
I=F T |F TeIelihra &1 & S o Star € | aet @bt it
0 B8 a% yafdd fFar srar @ & verefreray @ity & strar
2| 29 ave @ fEy off sy frsar it ger A sar 21

e alew aRuew # emgfar aRuew #t aRafdd =
A B, TATEGeier H AT W R g =nfen| A=
fefear smgft famaren & forg & ave & aEe aled 2|
7=t T T@T S G & b ¥ A sgfer wfafer a% 9w F &=
# gt & T€ 98 e & Tel e & fmae & q€t &1 & g
B Y IMAEgees Haw fer sl gEy w=t #, &
sifee DC atwt Higg 7&f e | (Fig.6)

el SffeRaT ST Fe A 21 © Ai(h q¥l Jorferat § Uh
#ifea o fagyr & =i aRummeasy gfafwer a% &1 "S" a% &
T § AT AT & | feew & dsfagy # amey, wfafwar fawa
B ST 8, o4 % Iwfie & St & e 3| o awar © &
foreer &t smafr far atest fear # aRafda & o &
o STHA, AW § IAT I & T8 U ST T (6
FIRT gated AT ST @har €, a1 389 ariRd AT ST gehar 2|
IYAH T & forg =1 gaFgitae afbedr |

Fig 6

OUTPUT
VOLTAGE

I I I I I I I I =

FREQUENCY

EMN3621246

CHARACTERISTIC "S8" CURVE OF AN FM DEMODULATOR

foreer &t wfes w2 % forg wew st fedom & @ww w4 &
fore o & wer & A # Ffwd s ARy | Al 7% agd g Fr
ST € af fA9var #7 agaw X 3= @ F fFwwr gy
T STAT 8| THAR ATEAX &7 &1 aer At defagy & W o=t
e & farafRa #x= & foru festrew far stmar & anfs oar =
g 30 a¥e § gedy Ifaswdr gt & At @ | Aa 9% 9T
W%%‘Q@Hﬁﬁﬁ%ﬁgﬁVHFFMW1MHZ%
TR § & AFaT & Jafh Tohd Faer 200 KHz 912 2|

U #% Afhe & ST SwanT FM &t frsdw s & form e
ST AT € | TAF T % T FAS AT AT &M &, FS &(
ST a9 fFar star @1 99 Reftaw smaa gewt &1 s
FA €, AT AT A 99 [Cs 2IF w9 & ITA U S 2|

= 3o g v F FM fastes/feqer #t tv g S| FM &
T ITANT & A2, Tel a% % e g & gfqeat &
qT S AT AYF ®T A ITAN FU A 2| serEgrEd
STFLU & F% e § FM feAtsgeer &t strawaaar erdt
gl

@ FM fe®T (Slope FM detector) (Fig.7)

FM ReAegee & qa8 avawaiy feedes a1 feaegae™ &
w9 H AT AT €| 37H T FT UF egq afdhe siav 2|

s® f e @ Sgi oI Aegeee & Sgae AghT §
I, = qEAdl TEdl ¢, gAY e o7 afde F 3% d)
= =TT BT & | 7 gf fradret & avr T e §

AT At - (NSQF &Y 5) - 319 3.6.212 & 3.6.218 & gt Rraia 197



% AT & FHOT a4dT ¢ | ada | 39 fag 0¥ d%ha & g
Y T gt 9 fafaeand gdr 2|

Fig 7

IMPEDANCE

MAX OUTPUT

CENTRE

MIN OUTPUT

—
FREQUENCY

CARRIER
FREQUENCY

EMN3621247

FM SLOPE DETECTION CONCEPT

Tg A & 3@ AT qFdT € o fhea? F &9 § agadr €,
femregeem wiwkar & Yfaw = & wfafdfam wwar €1 s =
Fae fhee? g TX agd ¥R 8, #ifE a8 g¥ fiar €, afer
fRefiae #r-egfim ft Reflae #t smafer & © & 5 fog
FavEE & A uF fag stet fhey faouar srenga s 2|

FM @it federex afde &t us fher &1 ST 36 s aehar &,
Ao = o T UF AN AT w9 E 6T UE 69 T
faTar 2| Ye e uF smgf Atege d@ad €| 38 eFF
fahg MU gEwEiE (T1, C1, C2 #9te) T @ et ST & ot
FF qEF AGT & AHAC BiaT & | T& AW AT et &t &
FM & ©& # aRafad @ear ¢, Sew e ov goedtsa
qTITH AT 2|

78 S e ararer sEte ey afde o any g g,
D1, T=7 SIS TfA€ROT Jei9 F3dar €, safh C3 fdt oft
saifed =2 Amgf weat # g €, i R1 0% o€ we
FXAT 2|

FM &g fRdem & wme v g (FM slope detection

advantages & disadvantages)

FM %t fedaeme &7 &as &9 & ITANT 7El 6T S ot 8,
A T ff 3% 3o Hifva agyaiv €, v JY g &t

ST % F18 dAS H A1 F § a5 Farar ¢ | (Fig.8)
Fig8

MY

* o
™ n -
1l

S ST SR ATeTeT F SHISHEIA AT & T UF o - = C
Y SIS Afhe T ITANT F¥h I AT 7 Fqhe1 1 38 l g
qu}—rm WW qg%% aﬁa"ﬁ ﬁ?rl:'?’rﬁ- FM SLOPE DETECTOR CIRCUIT SHOWING WAVEFORMS %
AT AR g frear 3t seeye # @ aa € atenf,
SEHIE F fSeqeT & Teot fifie amay e o1 a&dr ¢ |
we (Advantages) %9 (Disadvantages)
AT - FM fRwTegee v &%= & forg Ioawr fem s ATIEYE & T A& & FAAF a% UF fheee 9¥ fAviw @
ST FFAT & 9 Faa AM fedaew Az =

fomr fredt srfafRes affet & FM &7 91 = ST gehar @

fagia =7 & g9t 7= @ w=itE a2 e % & T
forer R/ T FfEq giar & ool R &t drs6d &7 8t &

Mg A A &1 | EiaT @R F a § @)
Hfore aga atferd ®Y & A3H T g@aT &1 9ga
STaT 2

s R (Ratio detector)

T AT Tewt H A we aret afhe F1 =aE w9 &
START AT STTaT o7, IRAT AT wieew-Hielt fFFet F1 2w
T F ITANT AT STAT 97| 7 qgOd fSeqe § qaq A

o Fi{% A€ ATATH ATSTATA & AT AISAUA STETPI HT

TF F8AY T TG FAT & | I8 T8 MY I T TF a7 &%
TS FYA H THH JATAT & FI(6 ATTHT MG MY &, AR
ae ReaT & gdadt, IF =eon & @iffa @2 & arg darasas
T & gaTferd e & forw @fde it oft @ery #war 21 (Fig.9)
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Fig 9 D'
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RATIO DETECTOR CIRCUIT

UF ZIAHIBHL & A1 UF AT Hagasiia a0 e Feash &
AT AT I ReaeT FAT FT ST T UF gAY & a1
HEAT H TATE T & SIS 9 TF R aes dfbe ¥ @y
gaT € dt e UF AR aies I &I & FE FT
e afate® R1 &R R2, T #fdex C3 =1t &t o 2|

FTEEHT A ATl e & srgfer #§ aRad &1 91 a e &
foo afde & agm Fxar 21 a8 &9 aEfEr & amer s

TTafiE €9 § & FAT & S APy W e F Ia@nad
FIAT 2| AELT AERET & T FWF qgd FST & AL FEqH
Aaad © f& 37 q¥ aEfen # d@&dl & §ia aLvaEdar a9 2 |

Tt AT Gl AEfRET & egq fFAr Sar € o gk &
gfva o T 2| gmeT Adee @ fF 7 emgf ow w9t &
&= 90 fAft #1 uF == siaw 2| At fwaw 7 smgfo & 2
STET € A =X f¥edar aga e, g § =2 G v
9% AR & i faw #f fora gtar 8| 99 77 dew fBdas
% UF a¢F § °E AT | AR gAY & Fg & at qfaerat R1
#Y R2 & &9 srqed 97 &nn | aRummEesT 98 #We &
Aradt aEfRr § yarfed #XA F1 FR0 a9dT © AW A<$eYE W
Tefa 1 & AT & HO a7aT 2 |

Fafirex C1 v C2 7t it 71w RF former &t fbeey #e & ot
wfaeret & T T @ awd @ | @urla C4 =i R3 ot fbeew
F T W HE FLAT & A I8 gAreaaq war ¢ & e &
ATfeAt e aF 5 RF 7 69+ |

s fewey & wE Wiv gFEE (Ratio detector
advantages & disadvantages)

et off affe & arr #2 et & fig =37 w3 ™ A
foFg ST arer . wEE 2

w=e (Advantages) J%a™ (Disadvantages)
AT ITANT FT Aty F & forg awer st SRR # I AR
WY TSI TG HAT & MY ATHAIY IX FHAT TSHl BT STANT F¥h Hael dAihe B ITANT FLA
% fore gg #t YaW FAT €| T 0F |C & fia¥ vdigd a8 gtar €1

% FAS T THA & TRUMTHEET AT eeaey 37 &
FMOF €T F ITANT A2 AT Sar &1 oHy qserh S
ATTFHAT TEI &idl &1 TFh TEABEY FT ITANT ZHHT Gaej|
ARTET & AT T 97 FHar @ Y 3T Aq Ry STANT 3y
I aTet U IC & ofiaw stfers srart & sfier o ST aswdar
=

wET-H FM ffdez (Foster -Seeley FM detector)

wieeY o fedaey ar sar & wfi-wfy auia B strar @
wieeY @i feferfimey & ey fedaex & #2 guend 2| affe
At agd SToss fewdt €, e gimwre @i eEie &t
T g &, dAfFT & dewr qiEew T8 gar @ @i gww
TSI TF =ik T ITANT {1 A & (Fig.10)

AT AT it aTE, Hhdl & a4l TF I AT & STANT
FT HEX-Aier dfhe | Afhe Afe =awor adsa o w3 &
T u HuTRE T ITAT FH SEEET & ITAHE daE TH
FAFIT FATIT SATAT & | TE TF Hohet 3aT & it 90 ffy ==or &
ElES

Fig 10 >
| D
" R fo—
1 - ——
[l
i — AUDIO
11 OUTPUT
Il - — —
i R S
D
| Loy
RF CHOKE
<
i } 3
S
g
RATIO DETECTOR CIRCUIT e

T UF FA-ATSTACS HAL FI &g AGT T v & | ar q
T TS ATALOT FXd &, TH A AT aterest Iaer #33
% forw 3% Hafaa e et # | T qies ASeye W UF
FAY F T FIA & AlF &3 alees AlgE 7 o | IfF ae® &5
ATGIT & UF dTF & & AT &, He & ferfy T & ATt €
AT UF TETE AT F JoAT | AfAF AT FLAT | AT
wfaeiel § & UF # qieest gAY % THES a7 ST €, AT A

TAFTIE Ak - (NSQF & 5) - 309 3.6.212 & 3.6.218 & awifea Rraia 199



e e X ATSTATA & ST APCYE T TF Alees &
JAeITET HEAT &

#13 RF gfafeaa aww & fore affe & 9ta Y smavasar gy |1
fereer seeye e famr gtar € | F9fex C1 &fiv C2 us a7
e T S we e 2|

FHT AT AT wiee-fre daex, fedaex fwtor & form wét
& ®izl A Tew v fafase & fore Iemes Far A
TE & siY zafw F gomters w9 § @ET | aggA, 9

SUHTUT HT ITANT TS &7 FHT g Iueont & & srar
gl

wrev-Hiet Ry & wme #iw gFaw (Foster - Seeley

detector advantages & disadvantages)

foreft affe & @ F FM Ssgenw & fog Iueer fafws
TFATH! & I =TT w9 = &5y o e %52 *Ee oY

GELIC

wE (Advantages)

T%a (Disadvantages)

=BT TSI TG H3T & I s

AT HTHI HT ITANT FE AT we & forg awer |

STATT & & & Thigd afhe | AHA 8 & g IuR
TE qaT @
TEEEY T I=F A |

IHE BT AT JHFAW & IRTEEET 39 et wier #id
feeae a1 fRferer #1 =ms w7 & IutT A€t o sar 1
AT &I ITIANT A HFAT HT ITANT Feeh A et &
AT vl

PLL =¥or 58 g9 FM $megeex (PLL, Phase locked
loop FM demodulator) (Fig.11)

o a%e & u& =01 % q, PLL FM STegee? & FTar
& a8 TIEATEHA HYET & TS qA ATFS T § FE G8ATT A&l HAT
2, g% F AU ATITYE TT F3A & oIg qT & A =TT &7
START FAT 2|

Fig 11
PHASE
DETECTOR

INPUT FROM

RADIO IF STAGES DEMODULATED

SIGNAL OUTPUT

LOOP
FILTER

PHASE LOCKED LOOP PLL FM DEMODULATOR

EMN362124B

S TF FM Segee & &9 | STAnT 6T S 8, at qa
T AE A FT ITANT {1 foheft agerma & G o @ 2|
AN AN (AT T ST e i TE-d8 A 65 a7
TIA ATEA 9X dqteest &t VCO WX &e fam wa it £ femiforer
T #< €| ETIifh SR ares AgfT e Fzar €, ar g,
F1 Stk Ta A B H | g8 forg VCO aArgfer it gaspfa
e 1 Bt FIAT B0, AR F@S O A A Ao
S-S BT AT(RY | T A1g & et & 9ar =aar 8
% aiees # aea e X AT AT & AgET 2| gn
T Alees § ARTI H F@TEe, RATegdex ffaa Iasr Fear
#9 g 2|

PLL FM STegaex & At 9¢ FM Sraregeey at fsddex

F ATATFHA I TG AT AT & | Agga, F 7% FM fRefrax
ATIART § ITAT fFU ST 2

IRgwar (Linearity) : PLL FM Staregeer &t Ifawar &t
PPL & +ftax VCO it smgf fasiwar & forg ateest &t feifa
fararT StTaT 2| etrae d@%a @ g fwes & w7 § am €9
# Faq dSfasy ¥ UF e *W W gadr €, #X VCO &
fasioar #t srierga IaE AT A gHAT €, ;WO 49 g9
fenregetym # fawawr @Y WA W agd &9 e\
ATHA ¢ UF Tfaed & g8 &d 2|

fafemmor @t (Manufacturing costs) : PLL FM fRwrgaex
gT 1 UAHGA dfhe M0 & oy 39 a1 2| Faa 39
ATELT HEH! I ATATHAAT Biel 8, AR FS Iqe0 # VCO &
fore soamme affe & W & €7 # de@e F ITAN FAT
ATAWIF ARl o aFdT ¢ | T T2 g srgwann % fow PLL
FM fRwigee &t fasis &9 & smads aama |

PLL FM Smregaer aig fa=m (PLL FM demodulator

design considerations)

S UF FM ST & &9 § IT90 & forg ud FM faweew
et AT o fhex 2| 3/ Tt ©7 & =S AT AT [0
=1y & smgfer @umes fwae &t et fafawarst &1 e
FA H G ¢ | ATTAR, A T THT FH ST AMRY o
Hohd H SIS AT A7 @ 2

TF Y feme faeme VCO & Yas w7 & 2| 7% ateew & forw
AT @ & forg fewimsa o sr =Ry, T @wa et &%
foraer ¥ aw ¥ 8, e gueEr #wAr e, A Fw
Mgty @\ A g & sfdwan faua sgfaa &

W =T & PLL VCO Yfasar 721 2| sttea yonferat % forg
T qEET, dfFT 8 gRfEad & & fow 39 oW o= &t
ATavIFAT & Fahet & 3 Yfawar erE-wE few & @t =7 &
a5t 2|

TgeRviE FM SMregee? (Quadrature FM demodulator)

(Fig.12)
TGS T T A fammr i 2|
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7€ @7 ST @hdr @ fF foreer ot | el @) s g &
UF deawh % ATHAH § [OAT & A UF giarar 90° et =wor
firde JgTe AT €, Y UF T FT TF dd fa=aq 9¥ i
FEAT &

T foeer i =2or e fmaar &t fie o o o e &
RIGREE IS

Fig 12

MIXER
Low

o PASS 0O
FILTER

-CZ
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DEMODULATED AUDIO

L R TC1
O ® O

EMN362124C

QUADRATURE FM DEMODULATOR CIRCUIT

firraR aSegeT ot e & di T & =X Sfa¥ ¥ e ear
&, 3raia U =2 feddeT & w0 # F1d FAT @ A UF et
ST FAT & | ATIEYE AT 70 ¥ & forw qwme & v gafow
T 9¥ fo=e % @Y 1% 21 (Fig.13)

Fig 13

PHASE
m DIFFERENCE

PHASE DETECTOR OUTPUT
3
o

MIXER PHASE RESPONSE FOR QUADRATURE FM DETECTOR

EMN362124D

TE TUTA! HATA H T8 gHTaa ded & forg foomea
T 2 f famem 90° feuft sidt & o=t ave & g w'ar &, e
YT aga =T &t 2|

TR % A |, FASVAY [Seae AUEFa FH gAYe @ &
ATy HATIT F3T # a57 & AAAR X 100 AEHEe &
dEIE & @ & fog fi A T R g Fad o e
Aead # EawEEdT & fore enfid #= % g aga s §,
st & fmer & wer sy & %% sy & oy o7 =t o=
=5t YT Y ¥aT FEAT © AR g8 g F7 @ & arar
gl

" FM fregee® (Coincidence FM demodulator)

AT F 3 €T H FeaY FeFe A FF aHEar |
7% fSfored aa i FT ITANT FIAT & AR UF (7 & 0% d&
AND % ®T 93¢ 3aT & | @Y TATAT E [UF & TF d&
AND 7E g7 a8« {3 Tar & iR 39Ye e uF =9 Agh
TG & Iaared & forg #fw giar 21 (Fig.14)

gfe &1 graw Aifos 7 & a1 T 8, AT 33 % ganr
e & &7 & ST St €1 AND e & SSeye # e
AT A¥eYe T A F oy smeeqe dawid & "sad
w4 % forw v EEeT oft @ =T 3|y ¥ a9 9o A U
ST I et 2|

Fig 14
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- |
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FM COINCIDENCE DEMODULATOR USING AN AND GATE

FaTevEy fRwT wE v gwW (Quadrature detector
advantages & disadvantages)

FareLaY fSeaeT &% Afhel & [y AEAU ATH T&H FAT 8,
A et off fotr & @, FM Resgeew & fog fig o
gfde F e F ¥ Ay ard iR gEaEt o fEw
FIAT T=AT 2 |

w™e (Advantages)

T%a™ (Disadvantages)

TSI FT =T T¥ IS HaTl & A 3q9 Ygepar
orfieT 2

F TF THIFA Afhe | A a1 ST qha 2|

TS HIg B ITANT F1 ATTIHaT eidl &

Fo feomeat & afdr & savadar fAwir # g+ &t a@dr |

THFAN & sz Farevas FM feeaex 75 Iean Refraw & o
THE FT Afe 2 |

AT Aehierd - (NSQF ®¥ 5) - 33| 3.6.212 & 3.6.218 & Awifer Rrgia
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TAFE AT BT
TAFITF Ah(AF - AAN TARHT

v 3.6.212 & 3.6.218 & gwtua Rr=ia

I Reftaw & v, guRegiesd Rfiaw, <ite s, Piftiver, fastwanest, v s g (Type of
radio receivers, superhetrodyne receiver, block diagram, principles,
characteristics, advantages and disadvantages)

SEEW 1 3 UG & o | A fAfafad w1 wew av g

« et RAwm i g Bifwat st Retwaren & = #°
o ¥ Reffa & Rl st i g=t a= g

+ faftrr war & IRt Rt & we @R g9 & TR | qa

» gRRvteTEA et Refawt & «itw & w1

e e *1 R (Principle of radio receivers)
foga g a8 & 7 # UF 90 GEEAr § IAfd
TSI AT (FHAT) THIA H AT & Yok ATATET | ATAT HLAT
2 (3x108metres/sec) | faa Fasa a A= & g G
AT AT o1fth & 9 g T 9 R Far 2

st % (Fig.1) ® fammar mm €, afe 3w &5 § o9 & 3
% AR fefad € et faga ges aar am=r &¥ @ 2
Al faRd a4 gasE aid de § UF BIC aleesd H ARA

(¢ >>>>>)>>>>

Fig 1
55 =

Ffy feifad a & SRd aleds ATghiaieed & AR 1 agd
BT BT &, YRA ateest FT AW-ET Hhd & TH T® TfAHid
& HER UET g gEdieY | 39 Y Aefad e uw are
UEAT % &9 § FH1F FaT 2|

T 9T Thd I¥ 9T FAAR e @ garfea G sar 2,
Al gAAT (AT ST @i ofe) S giedier § s #i
et wxar &, & g 99 T S awar €1

sawEE e e awn &1 33w (Reww) (Selecting
required electromagnetic waves (signal))

4fF #F VoAl F FF TR dwE gAATen F AR w2
F(mET ST G onf}) gar, § # 2wl & R gaee
AT UF |1 Y6 &\ § Aog ¢ | 39 Y faga gad aon
FT FE RIA & G e (Fe) UF & a9 § 9 Far
T3 § & 3 WY UF gAY F AT FIA aTel GEAT F aeesT &f
SRa #xar & s&r & (Fig. 2) # fe@mr mr &1 gafew, st
FIA AT GEAT AT URAT § FE AT ©IF & AgET
et ateest &t S fF (Fig 2) # fewman m 21

EMN3621251
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Fig 2

TRANSMITTER - D

TRANSMITTER - D

EMN3621252

Ifear @Y #1 =t #19 s fauw seve feaa &1 =999
T & forad aw wfy wad @ Y A9 dhdl i SEiwe w1 |
IE ATATT & TF A Alhe HT ITANT F3a (HAT AT qFhal © |
ST % (Fig 3a) # fammar = 2|

Fig 3

OUTPUT LEVEL
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gom
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o~ = 0 T
Eow
o =0
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EMN3621253

— (a) (b)

ST o faraelt smeat ® weet & & w=f €1 (Fig 3a) # awHiax
T wfhe Y sgf wiafwar &t (Fig. 3b) # fewman w 21
faeft faoiw smgfer R &t g9 A a8 gAY egq afde
et ot @, 3@ Tl &1 SIAETHEAT FBT ST @1 uR
Reftaw # g afde @ 798 FaTerEwar a7 Fr @ & Refae
TAGT LIl & I € AT T




AM Frdiaw T w=dy a2 (AM receiver and frequency
bands)

AM FteaTfET famforfad st agor a% Hifia €,
e 99 (MW) a< 530KHz & 1650KHz
9té a7 (SW) &< 3MHz & 26 MHz

TR &I, $fUq qEmw wegeeE (AM) MW §s e
TR & forg s A an o) AR Far @1 e & an
X R #ar 21 gEdr Y SW a= AM giEfie sameT &
forg st & At oY st an gl aw Y et @
ZAfT MW RS 81T aF T8 g< SW &Mt &t gom §
aga A 2|

AM Rfiasf %1 s 9T (The receiving antenna of AM
receivers)

Ted & faT & uE ey atd & AT AT UF qAAT ara B are v
STt & FAT U o9 dtd &7 &0, St & (Fig 4) # fewmma mwm
AT, T T TEAT ITT HA & &9 § Hhar =7y ov|

Fig 6
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39 UEAT §RT &eo(l fhU MU a8 1 & H10, UF g7 UeHm
I GEMT giEwiEe star & (Fig 5) # fewmar wr 21

Fig 5
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HeTEe W AT (fig 6) # fI@mam W €1 %REe & 9 7w
ST, UF AT I=H ITAT & 6T I fU-31T/ura
Fe @t favivary |

A T & FAMA A F A FIA & g 3T Y
T ATel GEAT SE®THT & &Sy UHT &7 d¥ F&l Sdm 2 |
GEAT iz (TEMT SIEHEHA) 7 STAHERAT g g atdhe &
TEAT T&T & STl FXdT & MY Uemr & 3fa sfdemem sem
FEAT &

AT Aehierd - (NSQF ®¥ 5) - 33| 3.6.212 & 3.6.218 & Awifer Rrgia

ATAATY IX HTZE FIY VST B3 TIT AT QTS FAAT SATST
AT TX A8 &l € | ST {36y T a1 & T AT MW S
QI Y SW d€ R a1 e & forg fester fhg 1w ddiam
Figet & oIy ITAT fob o et arsfe &t Hwer fore g 2|

Ieat fftae & v (Types of radio receivers)

At Refiar & g7 &7 8 4 99 2d €| T 39 T gHaa
g

1 gy e Iear ety

2 T.R.Ffear Remax

3 Rebem gt Rafiew

4 goevend WA R

1 g frew et Reftew (Basic crystal Radio

Receiver)
TET UF dgd & qa (weea fear Reae qex (fig.7) % fog
AT AR © | gg gt Ieat, IRt 2w & graifdr
ST 5T Y819 &1 T8 (¥ & Serar et o= oifts &1 3wy
TE Far 2|

Fig 7
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afthe & us I F arar (9 o Figer o F=1 517 2),
=< gyt (o ws aRuaer F29ax w=1 9@ €), uh TRiEw
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grtE (e gect us foeee F@T STrar A7), s foheefRar derfar
ST i & agd I FfaareT arar i |

T T §SHET § UEMT & S ¥ fFewes st & e &
fere st &t 21

T FATRA AWAR X TR & JT &iar & | g foveew <feat
#e F fou u# o= afdhe aa & forg ¥ S F3 arar|

e IR A & fog gy A== (Earth connection for

crystal radio set)

foreear et ae affe F o o=t ave & wevie &< & forw
ATTH TG TS JoAT FAFT 0 ATIHAT Shel & |

TS FA AT AT Higel A 9 FU1RA & T & JST T
T AT & FMAT & | 3= A &<t (50 ar 17 m) Fg Ui,
TAY @HT & FHET & |

e fommer (@) S o AM & @t #3a ot de % &t
dT & a7 fow €| uF =g wHwr # qfq & gt # qdw w
AT, SATEAT ST T IE3T % ATAW & ATAT Heam 2| o=
ATeT, UF v SfF, gt & "as & A= Amw A 2 3|
et aar & fafdad o @t €1 gm darg sy s
o webrer &7 wfy @ g9 IRAT a4 F# ew quA e
AT @< & AT AT =ATE 2|

I "a1iea (Variable Capacitor) : Us ®eTRT STt @170
15 pF & 365 pF a% 29+ Far 2|

TN FIA AT A1 Higa (Inductor or Coil) : T&t & ITTH
T 4T ¥ 9¢ T TIY HIY T HI a1l a198 |

TEte (Diode) : T firee fedae & aget § 1N34 a1 OA90
THY F Uk THAIH SEATE &1 ITINT F |

freae "= (Fixed Capacitor) : o€ fhefRw & fou 2
T 7g 0.001 pF, 1 nF a1 1000 pF ST & @hdt & (F @it
9 @9 @ - fafie gewat & @ g ) |

g (Headphones) : € 9Td &< & forg ged w37 e
gl EE-%E F foru IuAi R S e SRR T8l Adds
| reEel ©T & ATIhr I=x Gfdarer 2,000 ohm T &t
ATTIFAT ElAT &, AfhT T T FHAT | AT FAT-FAT
1,000 ohm et % gawdie @ie a&d & | & fhea da &
fore s I== wfdqarem W € e S % &W gar & g6 qiaw
U FHTH FY T2 & &0 T8 A1 A8l HY qohdT & | IraY STl TEi
2| are <fEu fF =9 T & W 9rEe U F#Y @ 2|

sgtw 3 (Frequency range) : 38 a¥e U @e¥ & smgfr
I g w § A UIRA & AT GAE & ATHAT TATE &
AT % A G (AR & e S|

A.M. ¥fe=t 9T (A.M. Radio band) : & &+ 530 KHz
F AT 1650 KHz # aifer &3 | 78 3:1 % A9 & st
sifer 2|

2. T.R.F. R#fia® (T.R.F. Receiver)

Fig 8
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POWER
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1STRF 1STRF AUDIO

AMPLIFIER AMPLIFIER DETECTOR AMPLIFIER

/ / /
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% e At smgfa Refaw (ar TRF REeR) oF s e #1
et fefae & <t o a1 wfts @ B o YR emafr
(RF) Trefi®m@e =u & a1 =it &, 5o aw s fedwex
(Reregeier) afde gtar ¢ e sifeat smgfn ooefwEe |
3 YHR & REET 1920s # 9% § AGT oAT| JEEATAr
SITEXUN &1 TATIIT HXA & folT THTS; & AT & FiH T
UF WU § g g@E G F @At @ gt F fog
FHTT & & THESA AT ST o7, Al a8 § ATSgelwrT
T g & A T o @9 SN F e /9 & uF A
ST ST TET o1, M ok uw feEe dw § R o o)
=tw dw (fig 8) & gt =T 2|

1930 & 3% & WA A% 30 gIT SUSEd RHEY gl a5
fe=m T

foree REfrax & SiaTd 1 88 a5 TRF ReEfax & & § Sy
St 21 3 R F e # wafted = & et sngh
TR & U H@eT Bidt & 1 (a1 REET & Faretahdr
A THET HIRAIMNAAT H G FaT 2 |

o o foree Refiaw & ifes ot gam ST € | FaaTeadr
# GUTY gAT FAI(H A (S Afdhe & Teat & RF wa€T
FT TF =07 997 AT 2

. Huifad =7 & 7€ € % afe #2 7 der di st ot
dEd gy Al RF 5945 =07 Sea RATaT &t daaasiiar
F A d8dY T AT RF w6 a0 Ao 2| 379 39
FHeargat &1 A= gHae fFar @ e,

o JAfRRAT W gEET F FWO, ITANT FY T GFA a1 RF
TR0 F HEr v 2| a8 AEeIRE ' & e § %
TF I=F A1 RF THefiwE &1 A #ad uF a3
IO B TSH T Y| T&F =TT W€ FT & UF &
AT T FW F TET & AT q@ F TN & IAIE qAF
FHEHS TFAGRAT ST aga e €1 J_t aF & areest
wfafaaT ST aga 9ma € A8t aF & dteest Afarwar &
ATEH & 9gd Bl & G&al &, Fifh THelHET e &
TF I A F FT, AR AT & forg ferfaat gdom A
it 2 | FAfeTy THEHET g7 JFdT 8 T UF Aifaee &
T H FH F q&6dT 2 |
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o FELE AHET ST F AT FIAT €| 8T AT F AT T
affe giar & Y gaF g afhe A1 [eEAe g &
3 A HAAT-TAT FIAT A@9qF 2iar ¢ &% aff =
affe # UF & [eEawE AGRT &7 | F= a & arg ne
Hafrer gt #x A FERTRE F3AE F eramwan, affe &
fafsrr soTt & ererw SaT G TS 990 & A #i
T FAT 2 |

AT gEET & sifaw et e<eye & fAwr & A
FAT €| Eaifs Al egq afde F@aaT@®ar § gare
FXA & A I HAGAerar & TRUTHEET, T0Y Tifamr
FEA a1 B AT €1 7 ET € 99 fF uF 3= Q A A
e e |fde 1 Im e o @ 2 | wEwe
F SAFHRT 9T w2 % e, v Refiaw st T Faar aew
F FEE T qHAT 8, aAfcw qES d€ AT smEwEs 2| gfF
Ry stfes & siftrs w9 & 9 8, @1ge 9 ot &
FATA & At €| gafory sifeat smgf gfafeer sfodfem
&t STt 2|

o A I FiEAT TR &7 F TRF-REE & 3T &t
ifoe et &, 37 Rt &1 Iw $o sy §
SiTar & o et Rt #t Faw 38 =W O F A
Iufig &Y AT & ST FAH & ITAT AT AT 2

3 wraa® RdEw (Reflectional receiver)

uF qerEds et R (Fig 9) (e Rt Ifeam «ff =t
Smar @) e Reftae & Paw o & werelieEe 1 v
3=7 gf arer At (RF) 3R &9 smgfr aretr @t (AF)
T % forw e Sar @1 @ € TEelteE & oseye &
IRt R e & orear & o f Teeiene % 39ge
# 5T & waw FXAr| gAY I & IR, Ay # gh #i
TATEHRA H JAAT H FSTAT AT | FTHA dOA efoweh A
Rt REfiaw % forg af 1913 & s+ 9@ 293300 @y fa
gl

Fig 9
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qRTads YAt REa 1 ITART ST 1@ FifE 7 o e
FT ATIIHRAT Al & | T 3T ST THEeiwEsl & ar s
forw U ReftaT &7 g #§ F0 faret @ gud w3 2|

giarts, 78 feoizw #0 fr 2, s@ifed sem § geq &
AEAT & @1 | FW P& FA & T8 3hg (SAEH H e
FIA & forg o T AgWa & UF 99 T A Aavawar e

2| Rocew affe & &F & #0 F9 F oy, aeuw @i
e +ff wga fa=mw 2|

7% giffad &1 weaqt & & fma ev o o e &
TEATEER #1 I far F fiaw F1 # w@r 2, av Y ge-
Aregeee (IM) =feq | 5@ THewER § e-awdr &t
BIEr 7TAT BT €, at 78 fgiRa #Fwar giewar 2| gaer afde
gia e gy o @wa siom dar 0 S & dEa afbr
et & s @A & sifew & sar 21 4fF uw aw farfa @
STEt Afd ITHLW UF fedaeT & €T § HH FLAT Y& FT odl
g, e of @ % o2 g%a #t fe & forg @ & i wie
faaT o1 =T | 7% uk affe s § wrr HfAE StteAr € S
Syerey @+t @at % fore fAfvaa =7 & queret & g 2|

4, guwgeteza RAEaw (Superheterodyne Receiver)
(Fig.10)

Tefam e R F US $Siiffa & grede a1 gueeedissa
ey &1 afawr fFer w=ifE SE ew o oma @ ww
fafeaa smaftr, weradt smgfy, fhey @i & =% =
AiffcreT & @1g S €| 3% A= 1918 # fawfaa fe
T AT

guegexiersd Refaw fosor & wftar & smeam gwar 8| =t
RF fieay &1 swaiv far simar & (Fg ot 3= # 9w
i % awe 981 € 98! e oF ard J=q 9) |

Sa &7 e UF 9T g9F @ & § al I8 9T 9 ©
sTSeye ¥ & gaYe AGT & sTAmar o sgfat 9 e
Bd € | 7Y Al T I AGITAT I IG@T JAET & T T AR &F
3Ye e gt €, srrta afe &7 g9ge smgft 1 e f2, at /v
Hahat & (F1+f2) % (F1-f2) & gty o =T S 2|

TF 33T & oy, AT & e 600 KHz &t sgfir =% oF
A 1055KHz #t 9gfT 9% u& ga¥ & Hemar Sar & ar
455KHz ¥ 1655KHZ #t gt a¥ 9u e = atd
gl

ez sfiv @=wem & =i (Design and principle of
operation)

guefee AT §, I daha (a0 & UF ST | a9 Fear & |
TF IO T (AT ATfAele Thd) 5= | faermar strar 1
TRum aE ¢ % 79U e S g © | F uF [fvaa sy,
Feradt Mg (IF) Teery Hi fe 9¥ @) &td €| #:15
ft " st aRafda eid @ & IF goelieEe & q@-d8 &
Hia¥ fawet gid € it wafda fa sroe | St e % o dT &
AT AW ¢, S R X fAr Jmar g1 g #t e
AfcIe 0 AGHRT F agd a¥aar & 0 & v |

af 78 9fwar € ar agd & gar fhRe Jgfa e &
ST T ST "AT €1 F AHAR 9 qW e e av
AT § FH AGHT T B © | 3G ITHT TI9 a8a? A T
gEAT & q%al & |

AT At - (NSQF &Y 5) - 319 3.6.212 & 3.6.218 & gt Rraia 205



uF faardt wiiw sk @i & fstwar (Basic
superheterodyne block diagram and functionality)

T AT &AiF guiee REET & qa «iw (fig.11) # =
fammar o 2| 7' Refiaw & aad giardt w7 &1 fGaww dar
Y FAATET AT A 37k w1 &1 BT F w1 w1 Far

gl

o o awe & Rdlaw @ #xar & a8 e &1 9o w2d
gU W1 ST AT © Fl1F qe RAET & qoear 2|

Fig 10
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*  The UF TEEHET A ST &ts © e 0EET & e i
it § 997 Far 2|

ag T 3t T 1 w2 & (This block performs two

main functions):

+ =gRT (Tuning) : =T & RF & 92 @] fFar s &

THFT I DA AT GIRT T HhAT FF ARNHE FEAT AT
Fifed sMgfr o IT A H FEFER FET | A8 A
2 Sificler & 9% &4 § #5H g1 A1ty arte
Reftax &t e faar sy, safay RF & smawrean
ATIHRT T T g% | ATHA U 39 T U & T AAAHGAT
ferF TET it o | 3T oI I99 Sf AT T &l Ht
FEHR FAT & S RF + 2IF % a¥raw amgf ox &1 sar
& @ =ttw & fiav egfa sty afafear & forg asf
FEF YW FAT €, TE UF Wwe |\ W S F oA
FXA & forg ot &9 & a9 g7 7nfeu | eraif® RF g
ff Reffax & wawr #3 o Reftaw & stfawiRa aat &
A ATH- (e HF UHA § AIG FL qFaT 2 |

A (Amplification) : yaga & dgd ®, @ &t
ATALTAITEF AT STAT € AT(h AoTgd Hoel WIS eI T I8
oA Ft fWe 7 ¢, AfSh MY AT F UF AT Ao
gfafeaa w7 & forg d&ai & afg w7 & yafdq & &
T aA1aT & | TEeiwER W ud w9 me oo &mr
Y| 56 =% & e By T G i o & 9w &
Reftae # agrar sl

fram/sgfa gE@er stw (Mixer / frequency
translator block) : f&¥ zg= v wrrfiwEe fraa
foae & uw T F q39 FAr €| e Aifiete @6
FAX e F yaw Far | frame & weelw aww Refew

206

TSI & &% Al % (oI Aee@qur & | 78 ford=r dv 8t 3ar
s gwr =R | afe, a9 a% fERgse e saw 7@
B ST & 'FeH' & w9 § Ihe & qad ¢ | (Y7 w9 & fF@rg
& ) e s |

e sitfaeex (Local oscillator) : &I sAtficieT
TF 9 AGT AfHcAe & aA7 B 6T & o aease g
fFar S @ehaT & Us 9 GuTRA 9¥ | dwford ' & 98 uw
smgf fdamEe 8t a%ar © | s ferar s afér adiwan
& srfers &=y F T FaM|

+ wemadt sgfe wweiwmR IF =1t  (Intermediate
frequency amplifier, IF block) : & aX e freae
F BIEd & a8 T IF a0 | YA Fd | 3T a0 A
Refraw & ga sifts yadw gtar € =i arr & feef s
TF ATGIT T bl Hl AT T & AT A | T&TH a7
g1 St fa srmavas € o AT #Xa @1 uF g weAad!
Mgy &0 ga= & FErer ¢ IF A el orfeemet Yt
I (AT I FHIWET) A AGRT & @1 AA qRT @0
TR ITH adl H & | @d gu fafvws = &
Reftast & forw gergitae S &9 (EIA) g ot
IF #Tt & ATaiga far o @ S g WY o§ ST
fob st €

fflae stewie §T IF 3 & = (Types of receiver
Broadcast band IF value)

AM fREax 530 KHz & 25 MHz
FM fi¥ta 88 KHz & 108 MHz

o SR/ ATegder &9 UF IR e gueeetiend RaEw
F |IF & & T & a18, I SHTSTCT FTd &l Ted

TATINF AHF - (NSQF &R 5) - 1vmd 3.6.212 & 3.6.218 & awifde Rz




Fig 12
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BT 8| STCRT-3TelT T & grafiee & oy sem-senr
TS A AEWHFAT el 8, AR TR TET T8
Refrast & fafss gae STegeier & @@ & o= T
FIAT T8aT & | T g 9w At uregeer &
Tt & &% &

«  AMzmTE fRdaey, fimme AM fedses (AM Refax #),3fes
FM fedaex PLL FM fR@@ex ar Fates=e FM fReaex FM
Rfae & (FM R #)

o AT THAEER : AR gre & 1Seye axme Atfear
2| e erifeat svon & qrfva far srar @) set 3% et
foFaT STTaT € S 8% Wi AT ATSSE T & AT TR fHar
ST 21

3fa smgfa em=sa (Image frequency interference)

A o fF q7 St &9 w99T, 800 KHz 31X 1710 KHz
Tt ST Gt 9% FATeid 8F @ © | A Aforg & uF
feeftaT %t 800 KHz, 9 aesTieeT v & forg eg= faham st
g, af =T gl 1255 KHz (800 KHz + 455 KHz =1255
KHz ) &t smafer & forg 455 KHz #t o IF % forg Semee #ar
g, A &g, 1710 KHz 7% yamiRa & atar u& sraifod
= fHEET 3 d% TgAT & fog 8w ©, ar 1255 KHz, #t
2 gt 1710 KHz & 38 s@ifed d@6a & arF | o
Tt &1 3T 455 KHz (1710 KHz -1255KHz = 455 KHz)
&7 famfor w2t 1455 KHz & &1 @l ® I 7R yae+ &
fore IF == % ag=ar 2|

4% IF gmefteet 455 KHz & sgfr & # a4 &@%at &t
TG &, T LT el Jafdd gid & oY a1 aome & forg
IUAH A & | T Hohd & AT AT AT & M AT
TETETERT ® AR TR AT 8, df AT At e
3 "I & yATRa gEAret # faer gl ' oaw A7

TAFTIF Ak - (NSQF ®¥ 5) - 9™ 3.6.212 & 3.6.218 & awifea Rrgia

FHAAT AAFTL FT FL q9aT €| 30 Hear # sS4 sgfa
quits FT ST &1 1710 KHz #t smaifea smgfa & sfa
sgfer Fer omar €| sy smafr ewmew &1 wwa (Fig.12) #
Furem T 2|

o BT smghy deviw gueedera RHEw sfwew &1
T THE 2 |

o BfT smgfr devdia & qEET, T FH FIA A GWEATT
AT g TR fi= g €

o BT 9T Ft s@fes T RF tedsER afde &1
START FF VHT AT TFT 2 |

o i, arfrferes IRt Ry & RF 9= &1 @@y
FTHT FESIT AT | I=T IIATHE & TROMH @ I AT5S
I & uw *W & qrI-11% A A7 Gohar 2

o AegEd! AGHRT (IF) 719 &t fSaar @99 8t &% Iaar Fu%
IeTH, ATl Bfa rgfaat Reaw & RF 9T & a7 &t |

*  BTAIf, 3 RF &7 719 F9ATHS #1 JoT | agd {9 8,
ar aifea amew @ § IF ffmaa &7 «ff S s
o TRTEET gAY TER FT ST 6T 3
AT BT FET AT & T FweATEAr # IF aRumw @
TF I A | gAY IF aga 1fa 72 8t @& ¢ |

e : ¢ RF s amgfa & I & e g
e 455 KHz &t agfer &3 & &t 21

o frafofaa Gl e somelt & weradt smgfr & o #=
THTTEA XA a1l ST HEF S,

o WX FEEdl Agftn agd dfEE 2, e FEEEE ST

YT AT el STETHA TROMH T T a7 werdl (SF
foreeet) fhee &1 STaT =t & f3Fam S 21
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« ZewfifRue smgfy &1 s = AW fd A wfeArsar &
agrar 2|

o AHAAT MG FA B & HIL0T, Bfa AT srdigfa s
& ST 2| 38w FRW A% ¢ fF qwfiga & gana F foag
BT AGRT & SgIT & €T F Hhd AGT § gl & AT
g, Y Te, @raTfas w9 &, UF 39 |F &7 ATa9dehvar grdr
gl

o UF 9gd B ®W Al AT FAATHSAT H AT q FT
bl &, ATSE 9€ I Nl Fh T€ T a9 T it &
% |F F7 8« ¥ Q FH AT A1y, A¥ gAfery wfd
FieasT FH AT &1 T T TF gAY it Armfers=e
FY G TG HT ol § Q & ag &t sifersw Fwramr 2|

o AT IF aga #0 &, aF & stad & gi Brar &
quE w9 § fe aamar S Arfen FifE G of st
TBE 9T UF I=F IF # gar # F4 |F &7 a7 g 2|

o Reftae #t egfir & ftae 781 fan =nfey, s sferar
et T FeierET el garg &, fag smafa ae #t
A FIAT FHWT & T

e %t famiwatd (Characteristics of receiver)

FJIATHHRAT (Selectivity)

U ey § queme § & U A199s QU dsit & 99T S
# srEwdar ¢ | uw At Ry &1 98 =99 999 989 egq
@ w LC affe &t fvarst o s #ear & | Faa
Fifed TgitT F WFT FIAT T2A4T &, Tl aral H TR
#¥ fGar T & & fviwar &t Rdew & 99T €9 &
FE 1T 2|

TAATHSFAT el Sraifod 39 afr & iR #3d Y UF
Fifed S9e AgRT T F A1 I FA & forg s Refaw #
AT 2|

Reftaw # g affe #t defigy g fuffa e smar gl 2
Teol ¥ TFS Afhe & Q T 9T Fear ¢ | gaforg, afe stawaswar
TAATHAT & TF THed TqF Afhe g7 AT A1 (AT ST FhelT
g, (QF I I | HA1 F FO) AR TAAEHAT T
Reftae & It g Ty egq |fde 3 d@e § ghe #3 aF S0
FFAT T

Hagagierar (Sensitivity)

U e & HagoieldT #f aieest § JTT SITAT & ST THelThraT
q UF AW AfeAT A3eye fawfea w3 & forg faga gase
Hahal g gemr § 9 fr s =Rl 5@ aeE seeye
F AR &7 & 50 m qre & €T § AT AT 2 |

% Reftaw &t dagaeiiaar A e dies a3 dqie &t

SaTE & & forg RefEw i swar €| gAY ot |, dagastiear
% ffde sreege #1 Semed #3 & foy smavas =Aaw e
TAYE dfeed ©

s REfaY & dagasiiear 100 Argwiaice & fY® 721 |
aferpier srger aRfEfEt & fvir &= & fesmew fFu
da AT # 1 AEFiaee & AR # I=AT dagsiiedr
gt 21

Hagsfiear & T &7 g sfiweT | #ear 8, sea}
fReftae &, Semewwr & forg, afy fRefiaw-A &7 100 Argshiaree &t
TagAgddT FBT a7 &, dl 39T Adad ¢ % 3 ey %
forg AdtTsE & & F FA & o FAaw 100 AEHEteE
Aravdar | afe Gt s Reftaw-B &t #ar omar & fF g+
Rty & ddtoss w7 & # wed & fo dagmefiear &
Tt & gafey, Refee-B Refaw-A 7 g § st daemsier
gl

weferdt (Fidelity)

% ae &7 sefordt s e & amar awaa o 3fua
AT F@hat FF IT: 997 FLA AT

feferdt ot &7 SuET YRAT e % I § Ruies
T FTHaT A 0T F % forg f=r ST 2|

AWAR IX J& 9097 T & % v Iear g sanfia e+
FAY AT & AT BT | TT WY & FifF A RAaw
giaHIeY g7 9fha a9 Atfear AgiT I Ioaw F3 af fafa
# €T & ear 2|

Rt &t freferdt faferer et ax fAede et & o, Refee
# qesd g dv@n AF. &t favae gfafer, oeeene
AT AT |

MR g F F forg @a (Signal to noise ratio)

e Refaw & 71 uF iR oAyt WRnfee ot Rt %
TorE w1 AR #ar €, my IRar # @6 2|
fere-g-aY sgud A8eye uiaY § e 9fae & g
fag o RF. # sgfer| s 7 a8 g v smgfia ™
qET AT € SAGATd ST agd SATUF B SWIE | gAY
st ¥, fa-g-oi sgod fSraar sfes s, Iaan & deav
et R =l

guegedieTeA feonga % e e #HAi (Advantages and

drawbacks of the superheterodyne design)

gUREeeTEd R 7 0% Aeayur a1v 78 & fF jexeifene-
TgfRT TEEfRER & oW are e A sgfr @ ey fEy
fomT e FER AT ATITIEAT TR S | T FRO §, GURRCUSTEA
Refradt &t a7 FEAT e 2 | Fae 3Ye afhe, RAr-emgfy
ISR T S gl & awsdal | 59 ave &
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T & AWAR TR UF W Hgid Aq & qrew g
STaT 2 | I e iSue-ufeiRigs! TrciwE aqF F3 I
TEl €, ZAfTT 3= TAATHHAT TS FLH & o7 T8 T iaiahe
Todfhgsd fheay &1 AT & ITRT 5T o7 |@har g1 Y
Aravas et Sadfe STt & S f3Far ST @ehar & | st
sgfer fT =i @Erford arw feEr &6t off wfearE & famr
ot f3Far ST @ear 2|

guieeiesd REEd &1 UF JHaM AgRT A & H0
Fest afafwaret & dwraer €| sfa-sngfr st atfed @%a it
amgfr qavt Seft FHETAT wefa Fedr €| uF gfafwr &1 uw
ST IITEY MY-Ehiad faFd da & o @ & =7 § fFarg
3 | gt & wfafraret & ster # & adat 7 Refae 3
IRA-smgfT F@ATEFAT B gQET AY HeHGAT gl w
AT FSA ATIF Hohedl @ SATgHT ZFawdaT & qe 2|

guegeierza R¥faw & forg st & wemA (Further develo

-pments for superheterodynereceiver

I Taw guedeRiezA Refaw fe (Basic Doublesuper-

heterodyne receiver concept)

Saa guieeisrsd oAt R & ©8 a0 s@gmon oF 3=
FFdT ATGRT F ITANT SAT & AT AAwF SA AEFA
=T T H AT A & o0 BidT 8, A Ie ¢ & forg us
Y FH HAGAT SATGIRT | ST ATl TAATHFAT & oI a9
TR % &

FHAR T REET 9 A e #@ ooeega S= Juw
Heradt A (IF) =20 # a8 a7 | a8 s swfigfa & 5=
T & T HIA | TGF a7 & | T (%6 S G af ae 0%
smgfar o= fAfed & <t g ar aifod da & gL 2|

TF FeETE ey guedediena Heat Rifaw & =it aRw

(Block diagram of a basic double superheterodyne
radio receiver)

(fig 13) # =I¥@ qTeY uveeeE RHEY & UF agd &f qd
HERTO F AT S| FF qe 39 oAy w AfUF qfeA S| Fw
guvee At # uw & swfds sgfn 9w e €, #iY gaviw
& ATIEF Y I wA & forg stfafRRe affedt & s &=
g & | BT qor GueeeisIsd SagTev UF & a+t g3 &, St
former &t 7F g # age F fore =T w7 @ a9 e
& AT A ATt foeeer & e & o= &1 ST w21

Fig 13

FILTERING PROVIDES
IMAGE REJECTION

!

ADJACENT CHANNEL
FILTERING

!

RF AMPLIFIER 18T IF
SFILTER = MIXER |—=| AMPLIFIER

2ND IF
AMPLIFIER =
AND FILTER

MIXER -

AND FILTER

1ST LOCAL
OSCILLATOR

I <

BLOCK DIAGRAM OF A BASIC DOUBLE SUPERHETERODYNE RADIO RECEIVER

%

2ND LOCAL
OSCILLATOR
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TAFE AT BT
TAFITF Ah(AF - AAN TARHT

v 3.6.212 & 3.6.218 & gwtua Rr=ia

FM ffiaw, AM/FM-RF #@w % st s (Block diagram of FM Receivers, AM/FM-

RF Alignment)

SEEW 1 3 9IS & o | A Aot w1 wew av g

o FM Rt & =it 1 & &9

« FM e & fifsm affe & = & amen w2

o THAET % F& FM F1 9aT @@= AM & 3wt

. Referfrmer affe & =@ #t s/ W

. Rferfmer w IRt twe & @ F a9 A T@d

o et fREwT A FrwvTEr F Qi Afhe Rew #v e W

e AM 9% FM %1 @19 a8
+ et Refaw & @@ i s sarg

+ U% RHET # 31 T TFR & @G F A@EFAT F1 AW TAq=0

o T | |IF @@ T RF d3@or # =wem &3

FM Refta® (FM Receiver)

% FM gueediend REET & @& @i # (Fig.1) ®
feamar mm 2|

(fig.1) & Ramam ar uF faftre FM Reftax =tF s, AM
fRefraT % g 2| RF uweliere 6édmT g devde fag o
ot &t aemar €| a7 yafda @&a F1 e 7w # any
AT & | foae #T gET 3AYe = giad § ot ¢ | e F
3t gge smgfeEt 10.7 MHz &7 0% IF @%d S #3d & | 78

Hohd T IF T g7 Safda & | IF Thefierr & deeye
Ft fafirex affe 9w anp fmm sar @ fafier s feaa &
9T FT 8T 3T & A TF BT s faer dar 2|

@ Affc FT ATAIHRAT a9 BT & T TF bl A H
feuTegde #x % forg =wor Rfesfime &1 Swat far strar
2|

o &7 arseye oa FM feférfier a1 fReaev 7 any &tar
&, S ATegAfeT e # I ST At €|

Fig 1

ANTENNA

RATIO DETECTOR T

DE-EMPHASIS

SPEAKER

10.7MHz E

RF AMPLIFIER |—={ MIXER AMPLIFIER

AUDIO

LIMITER —= DISCRIMINATOR AMPLIFIER

-

?

!

LOCAL
OSCILLATOR

AGC

AGC

FM SUPERHETERODYNE RECEIVER

EMN3621261

gTaifs, ag fEaer oft off o Ategee e 7€t €| sifet
THCATHEY T H I ] FeH & Ted, 39 drawgse fhar
ST @1 S-S I F I= argherat F IAE qA AT A
amg o & fog SRa B smar &1 w=ifE F g & 9w
Ty ar e fFar v 2|

SIS A F ATPYE AffeAl e grar €, o ae #
Aifear B AR oid § & 9 amEr A 2|

7% @ fear s =1tey & FM farvest & ara @ afde i
STawEEAT gt €| afe Ruregeer = Rfgrfrer & aom

210

TF AT AT T ITANT FAT &, AT TF HIHE B ATTeIehelT
TE & | THHT FRO 78 € fF g fRdwey ura %A F dmw
F o Far 2|

FM Ry & srwate a AGC &1 saashdT 7&1 gidl & F#ifs
qTESF F ATATH T GIHE Grhe GRT TR T@T ST €, gatory,
AMSAT FXON &7 3AIC THeegs H WA FAT & AR
AW WX | I8 78 AfAfTaq 7Radw eid | &tenf®, AGC &t
uF f¥edex &7 ITANT F¥F IgW T o "&ar &1 78 AGC
AT |F weefierae & o9 & e w3 & forw ws DC
Aot Ieqe HEAT & |



TifF & § &%t dmsw =2 |F =2 iy fRdaey 9= &
& g a1 ¥| 7 uw vEy e € fmd FM Reew me
& ST FY qaar € (Fig.2) fwamar & fF o= wfiws seor &
T &ar 2|

(Fig.2) ® fammu &u #iw® § Ye d%d agd N 2| A¥eYe
foraer o ¥fR@a @) @ifaa a1 smaw Fawa gy, oofr mie
TEA F FAT F @A T 2| IS FM R § s

FAL g aTeT A oM & &eT &, AfhT AT Ft A&
gerar &1

o w2 &1 ST AM Refax & 7 G o asar #=ifs
AT TATIT AR & ey a% o J@r &1 FM Rawe
#, smgfer frmaret & sSwwEer gd 81 o FM Refae &
TITH FA¥A €S aTal % MY &1 8T 39T, AfhT AT
& TE gerr &1

Fig 2 NOISE

LIMITER

INPUT SIGNAL

OPERATION OF A LIMITER

=AY

OUTPUT SIGNAL

EMN3621262

FM & 91 &wr AM &t gemrent § sifers sifeer = | 9% FM A
HRAT F FUT T 1 7 A5 o€ & &, U et amfatag
feeger (S8 # % st e #t fRAtsgee T8 F4T| 1%

FM ffraer &1 qar @ & forg (Fig.3) ® i@y v us oo
T U TT SN A AT afhe AT SEwEHar el 8 |

Fig 3

O

N4

OUTPUT

)
\
Cy Ry
P
+
p
N4

Ly Gl -
RS ™~
Dy
~ N
~ L1
FROM Lp
LIMITER
® > e
D>
+
L~ L~
L C, C, R,
O ) OUTPUT

DISCRIMINATOR

- L

EMN3621263

(Fig.3) ® fammar mar fasies affe ws FM fReaey & &7 &
FTH FT qHAT & WIWTaHdT a1 [OTTAT fagaa & arey F19 FHdT
2| uF qew AgRT & FUX 8, A UF qeF AT & A

(Fig.3), # femmy wu fferfimes afte #, @ aes swaegres
gHar &, at D1 ¥ D2 T TATT T80 H7 @1 FIt | SHET
FTOT e & f% Afdhe F19 FT =T & | T_l AgT qfafrar qedt

2 39 fag o qAt egw afde % forg s w9m & R2 & Arew
& Foadt | afe R1 gfay & away €, at atedst g o awreay
g | Ff 37 ateest HEafardt €, 3afw deeye atew g
ENIT | 3HHT Adad & HRAT qEr & (FE G9ree), qG9T
ATITYe I & | 37 AW & ATgfer il wear & (Fig.4) &
fameT ™ 2|
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Fig 4

fr FOR fr FOR
L1 C1 L2 CQ

AMPLITUDE

FREQUENCY

fo
DISCRIMINATOR RESPONSE CURVES
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feferfimey affie & forg srgfer Rexier =t 4 f awes & forg
a® ¥ #er fag @1 wfafafaa #war &1 FM Refrae &, =&
FRFT wmgfer & f 7% wg=m s, 7€ dtewre FM Refae
% forw 10.7 MHz strgfRy guriar & | fedierss i g¥ arforfors
FM de 9% faft ot R &t RRewregee e & forg us favies
gfde 1 srgAfa adT &

7 & f RATSgew &t avie & are® I=7 Agi | a7 v
g, 388 L,C, ¥ fvaa & smamw & gfeg ehft i L, C, & smamw
FH & T | g1 g R, % 91 aAf ateest el AR, &
I FH M| 56 TR fGd=9s T IAET g1 &t v 2 |

A A S arew L C, % f & = ot 2 | sfe atest R,
IR ST AR R, F T FH AY ASEYE AFAF &F
ST 2 |

feferfimer affe & seege @ (The output from the

discriminator circuit will be) :

- I 9F dTeF AR 9T BT g,

- HFNIHE TG qTEF I AT A FoAaT & |

- TERIHE AF aTed AGId F9 A Tl 8

T Y& fadas &1 Iamed aes & ghy &1 uF w1 2|
sEATe® sgha Fgiw (Automatic frequency control)

Refrae sier stafer & faelt aema =t a8 739 & forw Rferfamex
% ATIeYe F TAAT fHar o1 &%t & | FM e sitfeat
TR & oI @hd e #¥ar € Y UF 920 § AFC &t
fefa farmar star & | @mranfera sty fe= % forw AFC &
7f% Tt Iearew srgfer Rt wor & =t #e % forg gt &
ar f, faeger 10.7 MHz =&t &rm| fad=e & us e DC
ATIeYe qieesl BT 58 DC e Ht Aifdcied AGRT &t
=aTferd &9 & gaed #¥10.7 MHz #t amae &< #31 % forg
UF gl aledsl & ©F § SEAT [HAT AT TohaT 2|

o= afthe FUX FTH TT FTE T d<e F T97 &, AfRT F
Fr IRads & gfy ddeasiia €| a8 & € fF o g

@nE % o uw ar & diwret & smavsar gidt €1 FM
e 1 uF s'a¥ adar RRfesfirey & s et eaex
FT ITAN Fear & | At Rdaex e & smaw & 9fq aga
Tagaiier TE & | ft draren & faar ffda Rt % fog gwa
FATAT & AR ot o st e sEliEfawe™ w¥ar €1 FM
Reftax affie & FM fedaex affe 1 ST staaiY 7= géhies
afthe (IC's) F @IS | fFaT SaT €1 S= &g §¥@r AT Faed
TH GEIAST # ATEIISAT &1 AT & Jafs fadast i
g fedaet % forg sv@or sifes a9 o A e |

Refer @¥@er F forw o= (Introduction to receiver

alignment)
d¥@er /=91 22 (What is Alignment?)

TG HIH =BT @RI (FAGAT AT, TAATHHRAT A der &
srqaferfa) & for IF =fiw RF @fde &t qamaifor we & st
& MY smgfir | a6 d5f % wd® Hahd AT Thet | § &7 Sraet
# Fea fear Srom s g fAwier T @ v o=y #ioaew
SH Fd AIY FE1T & FIOT AT A GA: TXEG0T &Y ATl &
FEHAT & AT FAF Fg (Fed) Teot & fier gorr | e afde,
T aeft Fifed 9 & avft Rt F o garosHs v 8 &
F & forg fefraw & foro 7 w2t smgfert o= e
ST =R | Afdhe Ft ITE @t AgREt 98 AT FA H 56
st it R @x@ & w7 § W1 9@ 2|

UF guvee At Ry § &y o aret &7 gy §En § F
- |IF '@

- RF @@

IF @¥=or gar far sirar @ & Rdae & asft IF giewrde @€t
A Fewifeue dgft ¥ egq fFy o 2|

T-TATEHE & folg =T ATawIadl S @9 Agieat § egq
Fe & g =i g =fUe &7 & | RF 8@3@vr & &1 9er
g 21 UF d & fA=et BT ¥ oY gEeT d€ & I=9 o0 H|
e X ox, a1 ar e #iga a1 9S8 FUReY &

AT e Smar 21 3= oid smgfoat @), fome @afa
T ITANT AT F44 & forg fBFam strar &1

AM f¥fieae @¥@or @< #7 (Test set up for receiver
alignment for AM)

TF AR T REET ® FEr off o ader g
FY ATAIAHAT & AT TedET T T "EaT €, HEw # qéE
T AT TH AT a0 § F H (o, FO-FAAH TLAT
SIHT g ATAHIF &,

- WEFHeE ATSSYE  forw Fiaem & &y RF e sieey
- AC dieHtex

- us DC Tiwediex
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- T AT U
- UF AT oTg TR

IF @¥@or wfwamd (IF alignment procedures)

IF TeIefiehra<t &7 o1 @ 455 kHZ & IF % Argfar 9 stferaaw
ATITYE Hahed AT XA & oY |F g Ht e HaAr| IF
dvEe & fou 7% wfiga f@afy 8| smade w Refrae fmfar
arfert & ®7 |, @@ & forw gt # S arerr fafer wv
fafde w3 2| = fafa &t g #2a gu, IF @%@ & &t
ey fafeat &

[1] IF &¥=or & IF @t &1 ST #3d gU, IF &% smgf a2
#e A |F @%a & faeft off Ategeee & famrl

sierar gRT (o e T & S= A de R de F U 6

gfskaT &t A 9¥ IfErerr ararEeer § At T2 G
ST 2|

[2] IF @%@ IF &= =g X 0F RF faa d@e &1 39
FH AT 30% WEIATH F At 400 HZ R #1 37T
FF Ffea e srar 21

g THAT 1T & T |F ares #7 ITAET, 400 HZ |reT a<r
F ST FF 30% AT & AT HAT| T8 qhAT
TETaR Attt et fEiew & o IF avaw & fow aee
srfes faifora @1 IF & &t g8 gefa & o d@fera gfear
= & T 2

=T 1

9Tte GEAT g afde & A Fawe W F ster &1 | i &t
SEHT SATHT AT qF FX (ATET GoAT) | 7 % o A1 1T aefy
forde % FIY @2 |

TS FH 9 1000 KHZ & aig=< &7 37 g g Theraie &t
AT |

|IT 2:

fedseT @i VAC & T% 0-2 @Tell dieediey Fae ¢ |

|7 3!
RF e s¥ex & Semed @ & &7 F3 & oy 455 kHZ
HUTEF |
=T 4
firaY Tl & e & fog 0.22 pF 3w qaiiia &
HqTEH # 455 kHZ #@onifea RF fma @t | Reftae afew =1

¥ | fedsey X AC Tieediex & forg evmsmr 0.5 1.0 aee AC
F 98 & fofg qotd RF (T¥eYe AW # & |

|7 5

TF AT-GTT TAHT FT JTAN 3%, Feae 967 & Y& FY, g
X AC Hiex 1¥ siferdaw e smeeye & forg sifaw IFT 1%

(IFT-3) f=, qdadt IFT (IFT-2) #t 237 #% 9% a9 a0t a8
S d% {6 o g'd IFT(IFT-1) a% 7 9§89 o4 99 & AC
ateest e srfdman 21

S § © 3 I AT = & fewwwe 78t fFwar &, av s
#fiFT FT 400 Hz 9 G+ | AT 3 a1 i &< A(&aa+ &t
STAT @ S @+ IFT @2t &1 & 277 & 9 2|

HX@ F JULH THAT F1 QI A & d18, TRafdd =0 &

TR & YT 9X %S (U T dutes® RF & &1 gar o |

RF @@t sfwan (RF alignment procedures)

718 ¥@ % RF 3@ S/ 9¥ @81 @99 gl # egd F3

& forg =i Saw & sgfat #t ¢ &7

RF @@ & 91 9wt € (RF alignment has two parts) ;

1) RF #@w § # A=t 8 ¥ (MW s & s 1500
kHz F&d 2) 3iaw g e Gt &g Fied % ol

2) RF @@ g g ST UEET & 2aan & forg a2 &
3= Id (MW a< & e+ 1500 kHz F=d €)

& 7 ¥ |F @¥@or §, RF #¢@vr JATee ares® &1 ST F i

= fou srgaw R o F%ar =

RF #@¥@ur-#ures RF e &7 I9anT 3T

THH 3T W & 8

1] srifaerex smafer &t

2] MW i &fer

1] wAtfeey smgfa aftm-2fdn &t geaw wwR & fou

(Oscillator frequency setting- to adjust tracking)
(a) d€ #t @ g3 F foru @ snficies smafe
T 1:
AT FTIET HT ITANT FXah e STALex & 530 kHz T
e F | GTes (A9F) Rraa e & R #t At
% forg fomaer STve i UF wre AT T 7 F1C @ € AT

FeY e & 0.01 yF o1l &1 ST & a&d 2| 39
geaT & e & a9 |

T 2:

AT T =% 1 520 kHz frfa 9= s ¢ (Fa| #7 g
) |

A &l feraw ategw fafa & w9 |

T 3:

e q% & o7 're w7 & fAfFEv @%a e @ w2 €, 79

aF MW e #igd #IT & g1 & ffom # aga fk &
HATS & aF [ o &e &9 & AfEfom d%a g 7 w1 |

UF G § UF AR (W) & 9 7, F E qFar 2|
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(b) = F == i@ % forg Atfciex sgfT & =TT

X 4.

o e SeX &1 1630 kHz Aregee? 9T # #X |

=X 5!

SO 9 1630 kHz @it 9% staer aigee &t @ | aiegw &t
sTfeeaw atew ferfa & = |

T 6.

MW sitfeerex feme &t ik & gumenfoa &%, 59 a% & e
¥Ruex foraa &t @ w7 a g 727 |

& FUT #r gfafkaret &t ar 9@ qewd, #:ifE AiffeeT
fauv &7 TaTEIS AR Figer TATATST H TATAT FLdT &
fa= gt Y RF |ffe &1 qed st 3T ara #34 & forg
gl

2] MW dé&ET awme= (MW antenna setting)

(a) F/ Hagasiedar & forg MW gt #1 ar feafa &t &7 sia
H dea¥ ddeasiiadr & fore aumenfoa #ar 391

LT 1

640 kHz #ames (AT®) #t e SweeY e &Y | Rdaw &

ST gaT AT o A

I 2:

S T ga% 640 kHz forfa & sme W <@, aiegw #

FAIHAT ategw #f ferfa 7 @ |

T 3:

FTET & FIT MW TEHT izl TM1ES FY | BLrge WS H odars

% A e 400Hz #egfom e @= Refaw & agar 2|

F3A 1 feHf STet 9eye AfEFaw & UEHAT Figd & eref

T & I W I AT HEA % oIl TF el o9 |

(b) = & S=7 3@ & forg Swax HagAMAAT & fory TEAT Hig
faae =1 gumEfsa |

3T 1:

gt gdiT #r ferfa it a5 foamT, e sWe #1630 kHz
X §¢ FX (AFH) |

LT 2:

Ttaa 7Y 1630 kHz #t fafa & Staar aigex &t 7@, aiegH &t
sfaw ategw frfa # w9 |

LT 3:

aaq as MW et fauy &t i & uesiwe &3, 59 a% & oo
400 Hz ¥fRuex a9 & JiT & ¥ T2ar & 9T T #< o |

LA G U 0 Ee T £ 2 e O - . e O o 7 e

SfRaTst Ft FeTd UEHT Higer GHIANSIT &I THIEAT FHEar €|

(c) wex dT ® VYW & = [Agia F forg FAt MW ddar
Tl A IO Ft gEEIa FAT)

LT 1

et S¥ex &t 1000 kHz (F9me<®) 9 8¢ &< |

IO 2:

T 9¥ 1000 kHz ferfa & saer argex &t fRrd w1

T 3:

Refrax % for 7% 9% A% 400 KHz FregafT o i @
Y wre = & Reffay wfiwy 7w gar §|

aIo 4

T gdAT & fRrfa &t aee faer, feaa see & aeeye
AT N FH F2 A {5 Auex fraar #it wfts agd &9 € =i
i T ATSTYE agA Bf Hisad ¢ Aq a« A |

IRUET e &1 7 FEAT FAeT & U el & FHsiT
I & ATHLIT &< |

I 5:

GEAT % for a7 &Y 7 A # ger § | 't & srfermaw Rrfa
400 Hz &= &f¥ Iamed sra #39 & g s fisd & &
T X ATST-ATST FF FES U T GEMAT Higed &1 et
& T & frde 3| et emd ev/ar 3u fRrfy & dodmr #ga
& =T ¥ & AT B & oG9 o |

I 6:

MW G&HT f3aT &7 a9 aF &= § qauEifa &2 J9 % &
AT FUX % &7 § fafEfora d@a ara 727 w2 |

T giwaT @¥@ ok FM R (General procedure
for aligning an FM receiver)

= # Fiohar TF A AT TR0 0F FM ais T d3an
% FM g9 § oA €| UAT 981 81 A1ey 5 d% e
I FAAH ITH T & AT RF F@T qFhd i § A9 & |
Fo 9o ¢ o et @Xfad Fe &1 AR ure #A & forg
SRS BT 91T | st G ; (fig.5) # gurtar o &1

Fig 5

EMN3621265

GENERAL PROCEDURE FOR ALIGNING AN FM RECEIVER
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G & fwey seeye ¥ ¥ @2 ¥ (The main sections
from antennato detector output are) ;

T AX@U § HE AUl UF dahd da€ Usd dgas ¢ | AT
fedaeT T IF dear Saet A€ &, al a6y WauT &t JHam
| PR gw Redtaw & wfafer @ & av FM &iRat
JUFHL G g | fedaeT &t IF smgfty 9 g g
ART| AT 9= T § T & T8t Hfed ST A1y |

U Aear &t Sieae, fSrad veswead IF (10/B,18,19,20/B),
&, T8 UHATH |F &R & | 639 qumsr o st =
FEAT ATRY | FAX Ifeatfad Trfers Farfirs wiee g6 gwmas &
PR § W & AR T % AT 99 I(q JTH aF Tgd 7
gl T Afea IF fheee sIgwd 8, a9 a% JaT8 qel (Al ST
arfey, BTt fReaey ofiv RF t%he ofd a@mES an g 2|

TRt ST TRt & STageRdT BNl A ©
1 FM SiexX

2 gt #8ex
3 fawuer fAveas

4 DC 3fHa =irser DVM
(Detector alignment)

1 10mv/RE=H & @9 T F TS &Y, AT 0, T A=A
F Hg ¥ 7@, a1 DVM Ft 7 DC Fiee Sl I¥ A< F |

AT H fewrae Y |

fSeae & DC s3eye # i a1 DVM e FX |
At Meeye | fawaer fwauer # Fdde F¥ |

dT # UF ggd & &7 @i OaH Fig =9 A8l 8, I8
dHAR W f=e §8 & AN ) e 2| g & T
AT A & RaTa ffdaes seeye a1 §ex ogq HieL #
T # g DC 9Radd a8l sMr =ATrey | FH-F+r ddmr
3YE & X UF BT AT AT A€ T@ & H 918 fHer

STt | 3T ey &t IF/fAfe g Saa e & F2 |
fud w7 @ 2|

6 UF IR-a1g AT gA & STANT Fd gY, fw #
AHAR T¢ TF FY (ATHAR 9T 9T &) gy &
0VDC # 9t & ferw |

7 1 KuV, +/- 75 KHz (100%) ATSge & T3eqe &Y &
AT T AT ATGRT % oI Us feer sve? e & 3T
0 VDC & form seat smgfr &t swmaifora &9 e fhe
e faeaer & forg arafas @ # qAEta #0355
g Hiex Ft &fed fF@mr iyl

8 JIERT 5 X 6 7 % F< oa a® (% w3 (ad AT
e € ¥ feFex & 0 VDC 8eye F a1 FAaH faeaqor
&l

a A 0N

%e T srEIEe (Front end alignment)

88-108Mhzam%é‘r%ﬁz%5m%’rq¢raﬂferMaﬁ?
& AR IF (weradt amgfn) @ #2 & fml $i% 10.7 MHz
forerer & et 97 gu = & afRkafda #%A1| R.F @ ¢ &
TIATHIEIY 90 & TF AT, JAF =0 & a2 IRuad
Faffer & & M g egq A S € St g ata e |

A & B # AWAR 9 N § FF FAEASA e &, ar
(T I % I= ofd & forg eiar €| A W) OFH Sd A
3= 3id & forg @R & forg SR 3 arar gtar & | Gy oft
T & i axEl #t quErst ¥ J9 Y AHd #W,
Tt T a1 geft ax faeft off 9@ #1 Sew F I T FW,
FifF g8 TERed (tm) 9w 9 fhaad enft| o st
A O T % A 3F & FH FET a1 UF AL A8
% UF DT A AL B aF T FH § FH STAHT ais & gF i
o e =mfeu | afe gar @ 8iaT af U& arersy av
ool geT & SF @@ & qea S T ST R

TF ATGRT FEET FT ITANT FXh A4 H 88 MHz 9 &e
F A fedaey 7w 0 VDC #F forw wriir atffieie T e
ATAT HE FY; (X IS UF & af #ex T FF A )

SAYeT F 108 MHz 9% #T ¥ X i ReFeT W g+ %
forg e sitfacter fomr Fafies & #¥1

1 -2 & 9 d% SEXTd 9 a & F1E aedid T &f, S d% il
B TEN T &, 3= 3 AT 4 9 o T 2|

afd o Faw @ S 8 FET AR § A UF g
FTIEX dF TgH el ¢ | T FAT d€ F fFA & I FB A
I F ITAN FT Tt ¢ |

98 MHz,9% &% #E&aT &t J(d &¥, T8 dgd Hd a1 A2y |
F oo I dT AT # s T @ e swiie #
w2 & e # e o) e stfieey anmEtee
Frewrd At & Fa 90 WY 106 MHz X #Fed & | st
T I ATIWF TRl & Al e f&ar S At

W T &1 d<e & el ae e & forg RF 9o & fow
HTRreT w1 uF ar Afdew sie off 21

1 S¥eT &t 88 MHz a1 99 # o 99 % oy @ F,
TAEY & 3 - 5 pV X & forw & # stferaaw sifeat av
Faw e & forg gurfora #3 | 3 dagsiiadn aHmEtsy
2, TAfry ot Aeaqet e Tk & fi F @ W e
F forg Sex eeye & A fhew FXAT 9% "t 2 |

2 S¥eX F1 108 MHz aT 3T I & got e % forg e #¥,

aftrepaw sSege a1 FAaw Regroem & fou awmEifoa
F|
3 W71 - 2 3 & a7 AT AR ALl © |
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ATed % AU I UF dee qUEST & T g1 I8 Tea
T FT G FA & AFA S FH AT AT gy g a7 &
forg IwerrT farar st @ | stafE g gad & g8 aaEte @i
ATITIHAT St &, TH AWHAT § a7 RF 907 3rel #¥ =T &,
BIe FAfkAe gfa & wamaifom #¥ fSma == R &t srar 21
A = % afg @9 1= WY A7 9 T A a6y gagefierar
FH &, A7 HA o FY @7 2 | AT o ofq & ~fgermgstom fgax
T TS FXd &, a7 =T &t 1 - 3 & FUL, T S FAifH
T gexfaeq &, afte dhaar Tee & |

a5 RF 9201 | §89e<d &H 3fd & forg gia @ =Y &9
3= 3id & forw & 2|

R FE aie fHaEe gawne @ ar @ el ff smaft w
Hdgauiiel Uesitede (FAIY ) &t ave & de faar o
FEHAT €| AfT AT T AT AT €, AT FEEHT AR €, At
fedaeT AT qEw |

afe fraer &t afax Hex g €, a S\ee & 100 pyVv
I¥ 82 F A 90% fFavwr & forw de #¥ |
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TAFNE AT BT
TAFIAT AHF - GO TAFETNET

v 3.6.212 & 3.5.218 & gwtaa R=ia

Rivew AregrTm #R Reregeem awivewt, T, A, geRie (Digital modulation
and demodulation techniques, sampling, quantization, encoding)

IqA 1 3 UG F F § oA At F w an g

. R daw ¥ R i arEr W

+ fefrea AregRTm R Ruregeym it qen@ aFw F®t gEEE wW

o THATHRII] & TF H AT F
o qRETOiERTeT FT Y THEE
o TRRITSIT & AT T T ®Y |

fefSres g us efsrea fae =i ot qige-g-qize a1 e &
Aige §49T¢ X UF Rforea warei fraer &t safy & et
ifF 2 (Fig.1)

geot # a1 ar wfaffaa frr s 2| Rfses aregeee
qEfd FT ITANT FXFH AT HiS (IS AHI), AT T
FEAdT AN & ¥ H (TH-d EAwE), & T G g
qeHT HT ATHA |

TH-d€ ATEgAw At ¥ #atad Emregay (e fedam &
w7 # off IET SAET €) AeH ITHOr gRT AT SArer 2|
(Fig.2)

feforee fmaer &t @ad oW oW & AR, duds oY
qra-g¢ e s fae-ghiw w1 sfafafaa Rfses gafiom &
T H AMET AT &, TafF UF dohfoqs TRETET Fad dqas
forer =t RfSted & ©7 & At &, siw Rfvea giasfom &
w1 | fSrea-uaranT wuiaeer & &9 # e der & mw-de
ST |

Fig 1

SOURCE CHANNEL
SOURCE ENCODER ENCODER MODULATOR
CHANNEL

L%DEBASTDE%LTAJSW Steoben || ecnper| TS NATON
fefSree grafuem & At §, @29t d@3a 0 3iY 1 & w9 ¥ afva
gtar 2| afe e &t g wifas ard & greaw @ v G
AT € A AT Tha TATAT &, a7 3@ T8l PCM &1 ITaRT
Fea feforea # aftafaa fFar smar @ iy e gwefia sea
T 3AT{ehel wIEET S8 Wifd® aret & wreaw & Sfva & san
2l

fefoee wtegevm &, oF wAtaw sRaw fma &1 s@aa
former g gmifea fam st @)

fefrea ategeom fafet #t RfSea-g-mmm iAo &
T H HET ST Fohal & |

EMNB3621271

Fig 2

i
Digial data [ e B

AN [,
altfiall!
\ 1 (]
| I|| |
|

TATIN
TRIRTRIRTA
ul IJ v ul

Hifer® a®-1® (Fundamental Techniques)

Faw #ifors feforea Aregee™ da i Feiiad o¥ Araria &

(Fig.3)

e ASK (%o-forre Foitem): srgfer &t uw @ifva d@r &
T fFar ST &1
FSK (smgf-foree geiram): smgfn &t us difva @ &1
ST faFaT ST 21

« PSK (%1-firde goftam): =xon #v difoa @@= &1 3uar
foFa ST 21
QAM (fEaTa T AISATH): &7 & FH &1 901 & Th
aRfaa H@m ST #7 & FH qF AT # I
ST 2

Fig 3

DIGITAL / ANALOG
MODULATION

FUNDAMENTAL TECHNIQUES

EMN3621273
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s e et ASK (Amplitude Shift Keying - ASK)

feforee d@ewr e &t I=¢ smgfer are® & @y dentaa e
TAT | HIW HHA F AGATE ATEF FT ATATH q&A AT & | T8
AM & AT | 99 3 = I=F AAT, TF 1, ATSIS ATAH
=T AT qTEF ATAH & a0 & | TG 37 = AV AT AT
0 &TaT €, sSeye 0 etar 2| gaforg d@dwr frae &t A
ares frwer & s § fafta & & afy afe e 1, aws
¢ @Y afe g9qe 0 2, T 39Ye &% &, 3afoy, afe d8 Foiaq &
T § ST et €1 (Fig.4)

Fig 4

1 0 1 1 0 0 1

|
DIGITAL |
MESSAGE |
SIGNAL |

o ANA A A A A AL NA

S NAVATAVAVAVATAVAVAVATAVATAY
AN

RVAVATAV I

AMPLITUDE SHIFT KEYING - ASK

ASK

AWA NN
V'V VV

EMN3621274

ASK ftgee= (ASK demodulation)

fentegeem Ategaes R & ifewa #aw e & Reax
FA A AT 2| ATegeer # Rad g@w # AtegawE &
Ted AR FO e & wHE &) ATSeye T SEnad HYAT
Trfeu|

AR FaeTid ©7 & T8 9T T2l &, FI & MY & dledr
(Sr& T MY, 9%a MY, dg MY eATe...), gafery, f=ee
¥ 918 fa=a giar €, 38 faeuw & w9 § SE7 Jrar 2|

feAtegaer & ASK &t fawiw =7 & wes-ae F forg fesme
farar mar €| At aw, Rl R o awe siawe # uE
qrzAdize & IRt a1 Aguterfa & sra feaa & s &t
fratRa #3 &t srawEar eidt € o 38 i &3 a
Tl 9 AT AT FIAT €, 37 THE qA ST B TS FAv
g\ arew & gftr s =wor #t R @ ST 21 (Fig.5)

Fig 5
ASK DIGITAL WITH AMPLITUDES
15

AR o AL AR e AL
SV UYLV VYT

1 2 3 4 5 6 7 8
TIME ( BIT PERIOD)

ORIGINAL DIGITAL SIGNAL

AMPLITUDE

15
1
05
0
-05
0

AMPLITUDE

3 4 5 6 7 8
TIME ( BIT PERIOD)

EMN3621275

WAVE FORM

FraH-ftee Fsfraw F @ (ASK)(Advantages of
Amplitude-shift keying (ASK))

A ASK & g @t I ¢ & i #f wir aga smamw
T I AR oY feATegaeE whk srdwga awlt €|
ASK T&I% T ITINT ATHAR I 3fifeswa wrEax ¥ e
TeT yETRa #¥A & forg off faem Smar &1 ASK & &8 s o
&S smamH-firee gofae giefies aga ave @ Y gy
e FH T

FA-Ae Feiaw F gFaE (ASK) (Disadvantages of
Amplitude-shift keying (ASK))

s oM agevedE oWy, faeaw & wfy daeasia o
PSTN (ATasifaa Iefieia Jeas) & fafsmer anr o woe &t
ferfa| % fou srafus defagy &t smawsar &dt & i
gafory e fasteft 1 aaidy 2|

sgfe B Fetaw FSK (Frequency Shift Keying - FSK)
(Fig.6)

sgfa-free gettem (FSK) grE-smgftr Yfeat wwgw # Rfsea
AIAA FT F9 AT €T € AT 300 TG qfbe A
HEAUl AT & |

feforea d@3wr @%a I= Mgy ae® & @1 qUEF © | ATH A
ATGFRT HI9 Wb & AAX T &1 At & FM & &9 & | 51
ZAYE = I TR 1 9%, q1es AGHT Ht FA¥ I f&ar srar
& wfx gty ag St € | 99 3Ye = FH uld aF 0 U, aeF
dg f= ®|EARa & 9y @ af Jgit me S 2|
THIOTT H9T Hohed &Y FAHIY aTesh @b &1 g ffea 1

Fig6

1 0 1 1 0 0 1

|
DIGITAL |
MESSAGE |
SIGNAL |

o LA A AN A AANA
e NAVATAVAVAVATAVATAVATAVATAY

w0 A A T A A A T
RVRV T AYAYAYAVALIIL

FREQUENCY SHIFT KEYING -FSK

EMN3621276

FSK witegae™ (FSK demodulation)

FSK & fog FSK fRwmegety & adist &t amga<t 1 & a+f
qiforfed atees AIX argadt 0 # | Wifea qieest & aarar s
AT & | feTegees Y 7% oroelt wrelt & FOr agd A
o o gaar fed® egfiw | so-ats-qa (PLL) fRwregeex
T SfAe BTfordT dai <, At I T FM feeae fewmegre
% gga aA weud & (Fig.7)

Fig 7
DIGITAL -
DATA &
&
g
FSK DEMODULATION E
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FSK =1 @ (Advantages of FSK)

o fooTelt & stavEdar AT &

o arga: fael off aEve = § Sueer §

s IHIAR

o o g & FER F AT A Srar @

o EHE FTET AEE &
TSI HagaEiaar|

FSK & g#am (Disadvantages of FSK)

o e affe

o Haefy FSK &7 ST @MY Fae™ § A8l & e &
Tt ae Reftaw # & a1 ot @99 sgfoal & 3w FeA
H FHEATE 3T AnT G9T FAr 2|

o Za® forg wfie defagy &t arawaswar e &

o I Afd F WA F foayg FSK &t wifaa 7&i fFam stmar &
Fifs T # gha & A, foe At 3 ag A 2|

%H firwe Feftew - PSK (Phase Shift Keying - PSK):
o firde Feite (PSK) % fefoted Aregee™ & & &t 684

fommer (FRAT 39) F B FT q@ARL AT ATSIWACC FLH ST H
FaTar €|

feforea 48 frer I=a & w1y WiegaE &iaT © g atew |
HIWT Fohd % ST qT8F HT 90 98 @47 AT &1 I@ a9
BT & 9T FAYE = FH AT % 0 IY, ATIeYE qLT FIT % qTo
180 f3ft & arex &t €, st f PM & v &t 8| 1 g9qe
= =T Ul aF 1 T, ATSTIE AT ATEH & A1 =07 | el
& arf 0 f&sft ==or | (Fig.8)

Fig 8

1 0 1 1 0 0 1

|
DIGITAL |
MESSAGE |
SIGNAL |

o AL A AL AL AL A
e VAV ATAYATAVATAVATAVATAVATAY
o AN NANA AN AAAA
TRVYA AT AV A AVARLAY

WAVEFORM

% off Rfsrea ategeem @ Rftes a1 &1 wfaffae #=
F T srerT-stenT @At & difdd "@er #w T At &
PSK =2urt &1 us Hifia @=1m 7 ST FIAT &, TAT a5y
SiT T UF ST e |iar @ 2|

fewTegeier, ot faviw =9 & JATF FT 7AW &7 TG Tt
ge & fou fesgm fFar = 2, yra e 3o & fFuiRa

EMN3621278

FIAT & 3H aT9H TA1& T AT FXAm & | & qA ST & AT
FIA FT AfAMIT FT 2 | 3706 forg R #t wra e &
IO A JAT UF W el & FEA A Aaeawar gt
(Fig.9)

Fi

«Q
[(e]

PSK SIGNAL
15

oL MM RAARAR A
LA LAY

3 4 5
TIME ( BIT PERIOD)
ORIGINAL DIGITAL SIGNAL

AMPLITUDE

15

05

AMPLITUDE

-05
0

[+
~
[e1]

3 4 5
TIME ( BIT PERIOD)

EMN3621279

WAVEFORM

PSK & &t (Advantages of PSK)

« ASK#T ot #, PSK # Ffeat & fo srfodaeaefiar 0 €,
SafF 38 IAT JSfagy # sravasar el & ot ASK 2|

FSK & gaet # Jefagy (3= Ser-av) &t s1fdre goret I
9T &
o I 9Ifeh g|AT
THFT ITANT FH LT ¢ AT A & fFFar Srar 2|
PSK % g%am™ (Disadvantages of PSK)

sfts Sfee daha #T aar aEma/ager @t gfwar, ASK =T
FSK &t gemT &

 FH FHAT aSAST |

feam s wegeTw QAM (Quadrature Amplitude
Modulation - QAM)

feama s ATegeeE (QAM) TF THiaW AR uF (fed
ASTAT @A 8 | T8 3T TATGANT a9 bt AT &7 f$forea fae
eTeTt # qRafdd #ar €, &7 ae® aw & SATEr &
TEATE, ATATH-TITE Fotae T ITAT F3 8¢ (ASK) fSfores
ASTAT @ H AT TF AA AL (AM) TatenT fafias
T |

3t aTe® AWM, ATHA Argaazed, 90° & UF TAY % ard T30
% T BT & Y 3/ AYE 3¢ FTFAY qTeh IT FTAY Teh
FET ATAT &, ZATTY AT &1 ATH | HIATEF AL &1 afeqford
o ST @ o sifaw a@r et ==ur-foree gefrae (PSK)
A Amaw-free Foftam (ASK) &7 U& &9 2|

fefsrest QAM amaet &, %1 & %7 qF w=on &1 U difda de
AT FH & FH &7 ARET FT ITAN FAT J@v & A7 72
feforea gea=w wonferat & fog oF ATSTeo ater & &9 |
i o fFar Smar 2|
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QAM ATsgeeT I QAM fetsgaex fa +ff Ftev= smamw
AegAw e % 7@ a@ 2 |

AR AR RuTege #1 3T e #t tAse F3 &
forg farm st @, s ¥feEt smgfy SRew A e @ @
i giafie = gar 2| fhe feursgeer # ST RF
are® @ e e & fog Rete siq 9= o s @ |

FATEAL A WAV UF Sfed At 8, e QAM
AtSgeeY AR TS gwe #F AEwwHar el 2 |
QAM wTEgwex # {«@ a9 (QAM modulator basics)

QAM ATegeer I & & I8 = &7 Jgam a1 & o
T QAM fo=ia & 3@ Jar & S8t 3% arg 90° et #t =<
qTET % AT 37 ATed Hohd & | T 918 SATATH | AT =TT A
Q a7 FTEEY T YRS & ATT TATEH AT 1T 2 | dase
AR 8@ § 3ew g 21 (Fig.10)

Fig 10
I INPUT

MIXER

<>

OSCILLATOR

90° PHASE
SHIFT

QINPUT

MIXER

QAM MODULATOR BASICS

3t qiRurTHT "hat & afsrers e sar € @R R RF fma
HEAT § AT €T qAIAA AT AT 2, AHAR W IR
sawEs sifaw smgfa # aRafda &% S© 9eaws w9 8
wafera o smar 21

IE oI 3 A1 & fF da #1 o 8 F w1 w8 of
RF el #t Hhd 1 Sravedr & @¥fard &ed & forg
WHaw gar =Tyl #g o - @@ e & e
WY H FGT AT Y A AT Ft gl o, o e
faga &t smoa iR Fer FfeAr & wwraAr & 9= gnml
(Fig.11)

QAM fEwTegeeT aga sifas QAM ATegwe? & A 2 |

Hahe TOITET § Fa97 e &, F favfora g & oY aoiE aer &t
uE ey 9T an R S @1 uE od wvEE R
ATTECIeY TET T & AR Y oy e o fBund ais &
arman &1 (Fig.12)

T FATEE AWar © ff & JgeiT @6 aggs A fqaga
I & 2

U AR dEEEar ¢ fRuregeye & oy s Sem deahd
T AT S e # forg smavew amgft wog| i oA
AR SATHe SR I i d & 930 § UF Jgard g
foraw @wy RBeee & 37 St A1gsdS AT aTed Hedl & a9y |
g |

EMN362127A

Fig 11

2-BIT MESSAGE
SIGNAL

[ 1
1ST MESSAGE BIT

|
\ \ \ !
[\/\/\ }/\ /\ /\}ﬂ/\ﬂh/\[\} CARRIER SIGNAL 1
\/\/b{UUU‘\/\/\ﬂ‘\/\/\J}

WY m

0 0 [ 1

2ND MESSAGE BIT

|
I
|
|
AAA N A DAL
VAVAVAVAVAVAVRVATIVAVAY
|

i CARRIER SIGNAL 2
I
| | I
|

QAM OUTPUT

EMN362127B

Fig 12

MIXER | INPUT

QINPUT

EMN362127C

BASIC QAM DEMODULATOR DIAGRAM

gurreit & et & forg affdt ofter @ s sreae o =5wor |e
T F I FIAT 8-FD § UF AR AT aredt g «ff gtar 2|
TEF F AT H AT FLAT AEATY & FAT I F forg fare
I 3 & uatar fFar S|

QAM & wme (Advantages of QAM)

o QAM T MY FOT fH=ar #T ITAHT e AT J=w
SUTTforat & forg =T &Y F&TaT &1 F@TaT g Aefid erdr & |

+  QAM FT ITITT FIA & ATH I8 & fF 78 A9 7 0%
I T FT 8 AR FEF TRUEET I8 If Toliw AT
SR & foga # o I 7 @ww T

o UF I AR ITET FT 939 F¥ah QAM T off o et
¥ FI TSAT ST Tl 2|

+ die 3% (afe (Baud) aX - @@ Ifq & Tt #1) 3= 2 |
QAM % g&a (Disadvantages of QAM)

o TER A8 WX & fou afq d@dEsia @1 w%or ar i
HIEIAT & 8T ITANT HIA Aol RATEAT FAT THA B
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F THT FA | 67 Sid & S ol Wi T & M
X T | 7 B © AR g o # fviar § gaw
giar 1

o AN HAT A RS & s & ddgat @ JEF st 8 | 9
TF T AT AGRT GUSF dhd AT giEHeT H qfada
T ST @, @t Iaw TEelEERt w1 SuAnT & A
ATIIHAT 2T 2l &, Fafd QAM T ITINT FXd T0T
UF A FeF 2id 8, YHaT &1 9910 T@T JHT 9rey|

o TITYRT EHUM ATRET & R et fifieeT & smavsgar
grr gl

Aiftedwer SHA § I8 agd He & |
AHATHRLT (Sampling)
forer AT &, st d@%a & forg Ay famaer & & 21

TF ATHT 3T UF A qGT B T IEr & (TF A
HeheT) THA T UF FA | (FAd qA7 d4hd) | (Fig.13)

T & W (Types of Sampling)
afeam # ST T T T T & A & AL S |

T AYT IATST AT G IATRd oY ITH AT Tfehar i
T T T & |

1) smest 7w (Ideal Sampling) (Fig.14)
« I YA H 37 AT & IS T |
o ZEF AT TH ASTAVA FIT AT AT et T

o U T[S Aok AT T ARH ®I & HHF ALl &, AT TAHT
START FFifas 329 & forg foham star €1

Fig 13
S (1)
SI\<

/ :
9 10
I i 4

112 13

Fig 14
AMPLITUDE

/
/
/
/

ANALOG SIGNAL
g \\/
\
\
\
\

/ TIME
/ Ts
/ [~

P

IDEAL SAMPLING

EMN362127E

EMN3621270

SAMPLING OF A RANDOM WAVE

UF THAT FHT AT W W UF T AT AT F dC € TH
HBTI TR TATEHAT AT(SA (@Gl T LA & % ATewtio®
T % fog TF & I FLaT S| AT AF F A6, TF
frae-qeam smaq-awg A &t (Sfvea (smaa-geam-
a0 fmaa # afafaa &= # gfwar & gaanr (e
FAA F €T H JAET AT 2 |

AT PAM (I TR HISTWM) & ITANT Fidah fhar
ST € 88 vt e # fdu mu afder smgf o daa
faam smar 21

T & forg wrwEE (Criteria for Sampling) :

T % ATEE ArsfAaee g Ry € o Aefdw awar
T & ET H W1 AT 8| AfFawe T w1 awtent &
T % oI STTaeers ATHATS THAT ST & forg o gear Ja=
FAT S| T8 Fa T THR a1 AT qFaT &

"THAT AGRT T G FA 37 AR IeAqAA g e 7 fAfed
BT TRyl

2) wptasw 9T (Natural Sampling) (Fig.15)

o 3F TN | awfa A€ 2, afew st safy F fow @)

« 7% PAM g7 9T faRam s 21

o TE JWAR W e @%al ) AT deee #F ot &
fore IuT fRar srar g1

+ za% F° SNR (e IRat X - qot fmaa & A ot fag
T e § AigE @) 2

Fig 15
AMPLITUDE
N ANALOG SIGNAL
Ve \/
/ \
/
\
/ \
\
/T ) TIME
/
| T
N =
NATURAL SAMPLING %

3) |uTe Y FHATELW (Flat- top Sampling) (Fig.16)
o TE FHAW TYAT 2|
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o 3 ofif & @ ¥ F FTaSE qUIE AT T T
o ZEHT ITANT AHAR TR 36T 1T 8 | a8 T T
#Y T § =4 SNR & A1+ 2T |

Fig 16
AMPLITUDE

= \/ﬁANALOG SIGNAL
/

Vi \
/ \

\
\
§ SInE

FLAT-TOP SAMPLING

TIME
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gR\TefiERer (Quantization)

Refree Stafe & afamfir, T1ge gt & T AR de A
e S e e e e e o e e
THE % forg AT FF e FEATI

U fearEd a1 e weR ST |/TET #T 999 AT €, 39
FIfESIY FeT ST 2 |

TRATHEFT §RT & & T ASS-ATE I(C F TRATI ST
I & = § d@efia faar smar 2|
TATANT-3Tel-feforee wqiaew &, awafds oeT 79 Y
gfRenfaa Rfses wm & @t & sfaw & aRwmfiwr Ffe ar
gfkATefiEeer fagfr w1 smar & | aw I av ar Marg & Few
gl Ffe @ Ff-Ff ww afaRw aefos d6a & =1 4
e 3T ST & o/ g0 wiwftes =aeTe & weor aRkeriiwer
MY FeT AT & | 7 [fvess w7 F e &1 wfafafaa w1
F¥ IfAT § AHAIY X Marg i gtar &1 (Fig.17, 18 i
19)

FA(CHAIN FT AFeYe FeRa & Reregem = [ Fzar
g, gt afe us argaaiged a4 & aRkEr fFar s oar 2-
fore Faterso faar ST €, At sseye F Seye | 4 @¥ &
2l

afz 7% 3-fae FAferEs €, At ASeye # 8 @X &, 3/ YFH< &l

F HEAT &7 qFAl © FEO & RAIEH & ATaR 92 f&Gaw
T & AT FATE & A9eye faea & dwer|

FierEsee T (Quantization Error)

o o9 uF e & " aifRa & o @, ar ew uw e
I FXA -HIST el ATl FTATH A FT UF STTAT
gl

o AMET AT Fied T (AAfGg) & d=9 F AT &
qfmTeiiEeer I w1 ST 2|

Fig 17
N 11
/ N 10
/ 01
77777777777 00
Fig 18 111
110
101
100
011
010
001
000
Fig 19
15
PN
I AN
12 /I \l
11 A \]
10 L \
9 _/l \
s A N
7 [l A /
6 \ /1
5 \ /
4 \| 4
3 \ /1
2 \ /
1 \ /l
0 \ 4 T
QUANTIZATION %

g=kits (Encoding)

Ueh Uwh éll Teh ITRIT, QT%{ ;1:333? T, lv Ea!{ S,
TRNREH & S AW, A T geam & 389 & fou
AT F TF ST (FS) & gAY § qRafad wear 2 |

I #9R ¥ IE TF UAT STE0 @ O Fead & o e
2T ST 2 | UF o o e ¥ fae &

TR T ITANT AT T T F3A % forg & srar @
ATk TF gAY W SO THT qAHT THAT &7 T90fad T &
NRZ-S & 74T USB 89X # BRaaY & TH & aTd9s
faaT StaT €, 39 R F s weE gAvad @ €| A
IX SEAATS H1 AT ATl FITST qAhelleh ATGA-FIST qsheiieh & |
I UF GHT § Ao U a2 & Fifed &1 & forg F:fST aw s
gl

e Fifew ® Rfsea fomae w1 afafafee o smam stz
TqUT AT Hohel GIXT 36T AT &, ST wifas et (0¥ s
FXA AT ITHLUT & fafiree o) & forg srromandt & | gresfio
fore X Refsea a1 & 1 3w 0 &1 ufafafae == & fog
STANT U S 9T dieest a7 FRe & A0 @wT F AR
TAHITET FET SATar &
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A TR & G %) € (The common types of
line encoding are)

a. wHygdE TRt (Unipolar encoding)

+ I X a9 A1 (RZ)

b. (Polar encoding)

= 9T amE are (NRZ-L)

o I W 9 AT-amaEt (NRZ-S)
FE-gEeAATAr % forg AT-@w (NRZ-1)

. de-amE g fee(NRZ-M)

c. Tt T=ifew (Bipolar encoding)

o At o Ierer (AMI)

d. #=RT TRt (Manchester encoding)

TF ga TRt (Unipolar Encoding)

UF AT TSI AT YA AT AledAT UF AR B 2| UF
HATH dlees UF arzadl 1 & Sfafaea #2ar 8, i 99
Fiee TH a1E<T 0 &t T FXAT €, T A9 T ATS HIE

#re fore & FT THST FAT S| AT ASTATH | AA-A1F

Foftam % ageT 2| (Fig.20)

oF gdT H & Fafy 9k e () It &ie #f datd (To) &

T 21 (Fig.21)

w@e (Advantages)

o FETEAT H AT |

o grafiem % fow aga sifes defaue it smavasar 781 sy
gl

T%a™ (Disadvantages)
DC @¥ &t Iufeafa (0 Hz 9= avikedfiar 3@ g $fa)

o AR FA AGRT A HEF Bd 2| "RrEEer g H Fr
AT & (ITE H FHATAT TAT F) |

«  FE I IR &AAT Tl 2|

o ATEHATEAIA | JTEET & forg ot off Ftfa weHe 9w
FH TE =ToAdT |

o % qEeft AE €| g w7 v g, fwmrEee g
T FTLO BT 2

Fig 20

| 1 | 0 1 0 1
v

—

RETURN TO ZERO WAVEFORM

EMN3621271

g T=Rite (Polar encoding) (Fig.22) w@e (Advantages)
AEAET 1 H UF A 1 A Ted g1(t) X UF Ay 0 o FHrEiedd & a¥erdr
fardia (o dEred) Tem go(t) = -g1(t) eT femmr @ @ . .
e foer 1 NRZ i RZ | e D e
Fig 21
" | 1 | 0 | 1 | 0 | 1 1 | 1 | 0 | 0 | 0 |
o B A R S A I . o
. L] L I )
T%Fa (Disadvantage) Fig 22 . 1 1 . . 1 .
+ 0 Hz 7 AT 9T % 9= 2 | R a3 | ]
o aﬁéwwaﬁ‘r%ﬁ’r% NRZ -1 ,_l |
o HTERMATESAIA H AEET & forg 1 Fonfar ges T& Taar
%' NRZ -M I_, I—,_
o OEelt A9 2l e é
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Y (Types)
1 NRZ-L

2 NRZ

3 NRZ-M

4 NRZ-S

g w=nifEm (Bipolar encoding) (Fig.23)

faydl daaa #t "dFfcaw o " ot F=T J1@T € (AMI) 3T
e st w1 gfafafe w9 & forg i aiees @ (+V, 0,
-V) FT STANT FAT & | TF gaaar & €9 7 T4, U6 T A
AT & Tguferfa & FoET SEr § (AT ) F +V T -V F
depfors @t g F9TAT ST &1

o =X F atest &t a-at & I8 gifvad #war & &

faydft @ew & DC 9¥ uF 7« & 31X AC 9% 98 |39 g7 &
gfea Tarert & a9 Sar 2

AEIATET AT Ateest YT % Uawe FfE F IaT ae % forg off
Hha AT e |

s e g A A awe, B § ot NRZ 9/ RZ
AT g 2|

Fig 23
'+l ol o+l ol o |+ 1] 1] ol
+V
ol S N A AU
\ I_,
BIPOLAR (AMI) WAVEFORM %
we (Advantages)

« &5 DC wew T8 |

+  UF gdr NRZ Fstreit &t goret § &9 defagy ara wear
2l

o fomme g0 & o 727 © (AC oA agAt 9% @92 & fog
ST THA F(S FT TAT T & &HAT Tl 2) |

o UFA A FT AT A AT &HAT AT |

T%a™ (Disadvantages)
o R WY & wror & smETer & forg & gew w9 2|

R e
AT TR (Manchester encoding) (Fig.24)

A uRife o, fae &1 srafer &1 ot Rt o fasnfoe B
T 2| Tl SHTET & S dicesl U &Y 9¥ edl & Y
FAL BATEN F I gAY T I FdAT 7T & |

HeEeT Teniter XOR I3 & ae siar 2|
ATART TR
0

)

FATEH |

e o B le)
- O |= |O

1
1
0

Fig 24

-

MANCHESTER
(AS PER IEEE
802.3)

MANCHESTER WAVEFORM

EMN362127M

& foe ofaue F 7 § gwAor &7 IuET REEY 9 aEst
ATESI & forg R ST | A= UeRife o faew & wer
it ST FLA a1l HAI T Alh Heh U1 AT S G T 2|

w@e (Advantages)

+ i DC " e |

o e STT & AT & IR AR © ATgaEe w1 |
o ot 2|

T%a (Disadvantages)

o EHAV AT AAF HAT F FROT TS FGT a5 Isagy H =T
2l

o & T gaT A A erwAr T2 2
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PAM, PPM, PWM T ST #¥% TATART Reet &% Aregeee

W Atz (Modulation and Demodulation of
analog signal using PAM,PPM,PWM)

T Teegs Aegaed (PAM) 9 ATSge & afes &
o frer &t et siava ™ &da far s @ e

T qU A JUT $e T ARgee fAWa F ergad #®
AT ST 2

PAM =t Srafint @3 (Fig 1) # aoitar swor &1 &t fvder anfy
ATegHfeT frmer i Fufert fovaer a1 HRew fmme #t &
(TRETTER) & I AT JET &, Set e & s &
forer % wrew & smfas fFer oar @ Pas "o |
SR &t & 78 PAM fraer 21

Fig 1

MODULATING
SIGNAL ———N| SAMPLER

wEssace) | V] (MULTIPLER) :(>PAM SIGNAL

I

SAMPLING
SIGNAL
(CARRIER)

EMN3621281

PROCESSING OF PAM SIGNAL

Ta e o AuferT feer & arar PAM foraer, stafa aa=r
AT | e fhy TU qemt #t a4 ares oF (Fig 2) # flwms
ST 21

Fig 2

Sinusoidal modulating signal

t_ Message

\/ signal

t Sampling

signal

t PAM
signal

EMN3621282

PAM affe 1C555 s NPN gi@fswex &1 ST (Fig 3)
Futar T 2| fiFe amseye fm NPN a9 & @19 eae
AR # er3Ax =T &t are e @ 2| oo s
F F O FH I G A e & feomea w21
ity & Feige? &t FfeY C1 A eEre D1 &7 I9ahT
FLh AHNF FATL % TAH & F7 Ay Afear e &
arer g e strar 2|

qifsrfea Fifir siifeat fmmer & @ & ‘O’ diee & FUX WHiART
FX M| gifoex & Fadex TX amseye (Fig 3) PAN wave ®
FAT AT & | FIAT & "ol % ATGHICIw ATAW % a1 1C555
HELIT & G 3T TH & T 1893 |

Fig 3 10V
+ C1]| [10uF
. +|[-
MODULATING
SIGNAL
(AUDIO)
R3
47kQ
8

IC
555

Q1

2N2222A

AUDIO SIGNAL

(IR

32 kHz PULSE TRAIN

PAM
OUTPUT

PAM SAMPLED
OUTPUT
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PAM &t SMtege® (Demodulation of PAM)

PAM frer &t (Fig 4) & goitar mm &1 %9 a1 feex affe
g fewTeygae famar star €1 RC dea® 3=a gy awn &t
AT AT © X PAM 3°7e e & foro sgmfas fmaa
e FAT 2 |

@R FM I3 (Stereo FM Radio)

star o srfereior IR samet & war €, FM IR F ger
At # & tH AM/AfifeE ag ox yerla #=Ar €At a6s
F FIHAT S TAH grEiHe AT FHA 9T FAT aiwet & | fogia
w7 §, g7 @R aee 9o & fow gw @t Ot giesfiey/
fRefrar forew @ #%d 8| =aER #, EWifs I8 aguHed &

Fig4 STANT FE & for =i @wer § oAt 21
1kQ
= 2 sTa TV-% o uF aedw qar-wEifen i geend &, ar TV -
pAIA input Ci| + Demodulated a; %-Q: W i aﬁ Eﬁ- W Trql
signal o output signal TE T AE & T R esRi/eTET Aar/avE ent, St TE ewE
i i T TS FAT BT AT AT TET THA € I TS ISR
gETEAT € 5| FM ¥Rt & forg &ifRat g& 3 ts awe |
= 8 T FHIAT AT AT T%A G AAT (AT FT ITART b et a0
PAM DEMODULATOR CIRCUIT % ot IE;;. F AW A=l @7 T8 FEern FAT =T, IqTE
AT | ATAF HFHe & ST 37 HIA B ATq9=qHAT ST |
Fig 5
19 kHz 38 kHz .
Osc Osc Pilot
Tone
Left
—— + LR DSBSC
- (diff) Mod Multiplexed
Output
Right —+ L+R
— 1 - (sum)
38 kHz
|
|
|
|
L+R 19 kH
T (Mono) Pt L-R : L-R
Power |
|
% |
oh | | H
z 15 kHz 23 kHz 53 kHz
w0
Frequency e &
g
FM STEREO MULTIPLEX SIGNAL <
w

AE AT feew FM, STt g WY & SETeat g1 SO
mr g fox § guar e @, & frew smgf e @
STIRT FEAT & ST T4 MY 7T BT F ATSSTHY & forg fraw
T Fehedl & GATSTT FLAT & | Fhal Ht Teol {hee¥ & AT &
arRa {3 ST & S Fad 15KHz a% & srgirat & wrers

& erAfa aq 2|

L X R @at & fhe us aw e &1 3ameT &= & fog
SIST J@T & AR UF e & doed &3 & oy gaw &
TIET ST 2| Jir A aE ®9 & U wiAreiee g €| S
g forae areeefiF & ATew | G & oy 99 @ DSBSC
& 38 kHz @Tgaa &t duiifed wed & forg fewds forer &1
T foFar ST &1
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DSBSC <eqe & I (7iAT) fwmer & Sier omar € sie
FAT giAHe FM Aisges 9% §o1 Sam € | UF Al
ReftaT 1@ 15kHz & 39X 99 F8 @A F37 & (g 99 FM
fSuTegeer & " % fheex &1 ST F3 &iiRAt Ay
F AT FY THAT © | TF LT e & 7| FM fSaisgeer
& a1 afafis afde gtar &, sit DSBSC aa &1 9aT &1 &ehdT
g Y Rureygre X #%d1 €| UF qR 99 I8 UAT B 1T 8,
Al q8 faT AFHRT F I7: TG FT oddT & AT AS/qETH
TG FHha F HeT FaT 2 |

DSBSC fémaar #t fenregee Fizamames it siguferfa & For
forer 7€ &t w%ar & ot syt iR ==2or #it SHregee
FA AT ATAEIFRAT el g1 A few ¥ @ gwen #@
T T § AT faT Smar €, S| 19kHz aeere o=
g 81 7€ 19 kHz amex Aiffeey & giadiey 9 AT €,
S 9% 38 kHz |« #Raw #ifeieT ot T @1 19kHz
AT ATffcie St giaHieY 9T 38 kHz STates sfifieey St
e =2 dT § 19 kHz ameY Affieex St gaHiey 9% 38
kHz S9ates® Affree? ST giadieT 9vur 52 €1 19 kHz Tree
T T I AT & FUR UE @agd & # v DSBSC
¥ fome ey & = osar & (DSBSC faeer e
=15kHz, 38 kHzﬁg?%Wﬁlﬂﬁ'ﬁﬁ'%Tf?ﬂW 15kHz
% Hifea 2)

it REfaw o aret FM Sregees e #t qaar | 7
ST @ fF 15-23 kHz @ist 397 @Telt g1 =y 99 a% &
uF @Rat e 9fve @€t fr sar @1 afe s 19kHz
e S WIS €, al 3§ TeEET o7 §%ar @ dR REEw
&Rt fewter & 38 kHz sitfaeer &t smafr =fiw =wor =t
e wa & forg sw e Smar ) soF T fewaw &t
ST & feATegee S awar & 3@ &ifkar a6 #;
Revax #x & forg w1 () e & ary sie @ &1 19
kHz @t &t Iaferfa &1 Iwr sty Reftaw &t wemer & aryr
T Tehds a1 & forg 3 srar @ | foraw s &iRket s
former gt T Strar @ (3w ST Atw &, |y & It
iRt # gidt 8| yarvwal sy /it arnlt d=rika #¥a
g fred # Si 3d €, d9 299 R & S¥EY 2dr @ HAiX
DSBSCWWW@W%I)

FM 7= g8 ST & &7 9 & % 0% eAegees FM e
F T A7(TH ATIRA T Hed ATSgAAes ATGRT & & & q1F a8
ST €| 3HST Aaea 7% & % 23 - 53 kHz dT # stfes oiw
gam, St freer & forg Iwe fbg s At 0 - 15 kHz 3% %
garaa fewa e & forg It famr o 8| afRummeas
W AT e & g9 ¥eye S/N F 619 s &Rt gt
T FA & (o7 FHN IoF g7 e &X & Srawaahar atar
g uF AEgTgES Ao & gqr aear € & we F w5 A7
=Rt % fog a9 S/N It 3 & forw ar e @ |
TN G AT g B AEvEHAr & | a2 wewr @ F w2 e
AT FM 2gAT 7t &Y goreT § ©ifat § efaat me a2 S|
TF qA @ el 9% AN eiar & | ©iar Raww 7t &
ot | sy % forg wrer srfer edaeiiar 2|

AM % oo a=ets| s (Multiplexing of AM signal)

gifaee & fore Attt AM fraa % fog smaf fediom
ARIATRAT (FDM) ds s & ITANT ¥ TATANT e it
AT & Aediad T Srar €| FDM UF deafdr asdis &
s us FiET §9% & ATEH § & ST dhdl B G d9w0
# forg stier oAt @ | FDM s&% 21 & & forw o ey
dgRT T TF qeF A F ITART FAT & A B %
Ategaes fmd & UF # 39 a¥e & sl & & goF afmd
et &7 sqer 9 g ST T S "

famferfaa (Fig 1) & FDM &t sfan et @ 81 e
FRAT smghr & A §i9 ataw e & Aregees fFHar s
g Y TF Fad 9T TH a1 FDM daia &7 STANT FT AT
ST 2|

FDM & 9 khz #t U% € §€ Agfer #t UF gav & a1 oI
F forer v & fog form AM =9at & i wer e ST 21
AM R & et I fohaT #¥ 39 TThAT T SEHET | STq-1T
STaT @ A% T smgftr & stont-srent wite & Hifear § S 1

4f% PAM, PPM =ttt PNM wAtam fmae €, gafog g7 g
% AR T &t FDM aeheiteh % AT a9 ¢ |

Fig 1
LONG WAVE
BROADCASTING

= | A = (14852835)Hz %
f

MEDIUM WAVE
BROADCASTING

I

AM
MODULATOR

Foq /P

AM

(ADDER OR
MIXER)

iy
MUX
I I I

MODULATOR B ——=(531-1602)kHz

Fe. 2 SHORT WAVE
BROADCASTING

AM
MODULATOR c

Feg ﬁ

(2.3-26.1)MHz

/SELECT LINES

DIAGRAM OF MULTIPLEXING OF AM SIGNAL

e

60kHz 75kHz
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F-A=TA R AM f\er (Demultiplexing of AM signal)
TR A [T, AT T &1 Raed afer &) g -
At & SHe’ (DEMUX) % &7 & +ff ST o1 &1

TF WA afde FF AT ar (Sfves daied # AT
& U Hohd & ITT Ueh foeeel |17 AT 9 S 9T G1ET AT
BEAY Aol dhelel T R ey |

T H 9T 8 IR SISy Aeeiaad § [ g F¥dT &
dY q8 A9 Yo w7 ¥ qRafdd & sar 21 (Fig 2) uF

AT e & da AM et 7 fe-wed et T e &7
[EEricEidl

e HRae & Faifore fmaer &1 gfter dftmt (Ser feeex)
T ITANT FHTh SHEA LT 3ol fohar ST & | fhe g fmer
dT 9 f¥ee (BPF) & Twedr & &l @+t a1es STeT-37ert
g gl

9q, IAF ASgees Y T e & fRAegeer T AN
faFaT STaT € ATl Sfd | ST &1 aret @t i g dQer et
T IAT AT ST T |

Fig 2

(BAND PASS FILTER)

BPF Eég;z§&

FC1

MESSAGINGS

DEMODULATOR —

DEMUX

BPF %i%}i}
FILTER

L =1

DEMODULATOR —

Fc2 \; ;/

T

SELECT
LINES

BPF

f

Fc2

DEMODULATOR —
Fc3

DEMULTIPLEXING OF AM SIGNAL

Fc 3

EMN3621292
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TARF AT BEAAT
TAFETE AH® - AEwRmr (8051)

v 3.7.219 |/ 3.7.227 & wwida Re=ia

8051 & awg®war (Architecture of 8051)

IR [ T IS F A A A Ffortaa wr Fwew v w
+ 8051 ATEHIHZIT I TRIHAT H TS

* ATEHRINEAT AT AEHHLER & q A<

o ATTHIHZAY & ATl w1 Ferdraqor ¥\

AEHRgR (Microcontroller)

ATEHEHGIAT & A &1 q&r HI0 HgHuaay aiwemdr
IUHIW &, AT I= ATl for S I, TH 3L ATSeYE e
A e & STawrEdT Btell € | 3/ F eI STHITH SATIAT
& UHIE IX s wear onfie w7 & ST aur o w=ifE
forew 2t A agd wfaF €| AEFdg e 7 Aty aid § &

AT SIS Fhe-ATA-U (=7 &7 fhe #3a & #if* 3a99 uF
T TERET I a1 THEY & a7-ary S 9 92F e ¢ |
e At U fafire Argwwgian |C T AisE &id €, 3 CPU, AN,
FYE/ATSTYE e AT STFAT B & | U ATEHIHGIA & &A1 AE
# (fig.1) Rerar wam 21

Fig 1

EXTERNAL
INTERRUPT

oo

COUNTER
INPUT

INTERRUPTS 4K 128 TIMER 1
CONTROL FLASH RAM TIMER 0
|
CPU
\ I
BUS BUS
Osc. CONTROL 41/0 PORT CONTROL

-

PO

1

11

ADDRESS / DATA

EMN3721911

ARG I &7 & tEse fwew § s fFu s )
HIEHFHIAT 1 a6 &1 9rels, AANT T AT S a¢ &

T T AHRET TEEE A9 @ o g fou aed oo
ATTHAT Bl &1 AToTher Tl ATEHHE Y TESE AHINT

SATYTE X FAGd (AT ST qT & | a9 3 A1STE TT T & ATH
F I et 2|

ATEH Y HT a9 H1 4118 AT I¥ 8-fae, 16- faw a1 32-
fae & = # afiga o 1 J%ar & | =9 a9 AIST% HT TR0
FFAY FEAY TG & ATHT I ST & | HIShishgiord i ITh!
BHINT GAATSN I¥ &1 b § 9o 3 o aar 8, s
AT IC | TEee f3Far Siar €| Safs et FHiNT ' dgiered

Areshehgiar & | fAder @ o smetRa avfieeor aEwveaT &
AW & | F a7 at CISC (Sfewt fAder & #gex) ar RISC (79
A HE FYEX) B @ © | ATSHHEIed F gaadr 80 & ek
At & |1 CISC ATFhaaFaY T TTeiT ¥l & | ATZhiehg (e i
I FYET ATfdHeFAY & ATI IT AT AT AT gTa | Y
farsfora famm s awar 21
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AEhihgia? e R IUAT fF o T faftmer IC & =/ b
(Functions of different ICs used inthe microcontroller
kit)

1 EPROM: 27256 ( 32k x 8 EPROM)

e -51 EB LCD # 32KB, %7 U& qT% EPROM =hi{=mTear

g Aifiey EPROM % for@ 9d1 0000-3FFF @ EPROM famm
COO0O0-FFFF

2 RAM: 61256 (256K x 16 BIT SRAM)

ATEHT - 51 EB LCD ® U% 61256 &7 IUART F¥ah THTH/ST
FAAIT #T geq/feraw % 32 KB & | forast at & 4000 & BFFFF
2| ATgeRt - 51 EB LCD # U# 61256 forast ST C000-
3FFFF 2, & SUF0T %Y+ a7 A9y &t ggq/forae & & i<
32KB &1

3 FAEEE /O %A : 8255 PP| (SIUTHee HivhIe SET%A)

e 8255 TRITH R $2Thd 24 TRITHE /O A5 F =7
# @ 8 fae °t¢ srEe fae de/ R awar Aigw & At
s afEF 1/0 WX arEEEe a9 |

4 RSA485 grEavY MTRS232 grEad : ICL 232 (RS232) 3w
74LBC184D (RS485)

8051 &T ITANT HRAA FRIAHe & fory Feyaor erEasid &
ATT IFAAT Frga™ & AT AT A7 2|

5 ugAad: (74LS273)

TAHT ITANT AD aTEAt (A0-A7) & TaT (ADO-AD7) F3H & forg
f3FaT SraT 21 3t ST 99 & Fa¥ eseye & 8051 sWT AL
Fedr & | atf LED &t feft off 8 fae gt e & @y steman
ST Tk |

6 I qW AW : (72L.S244)

7% 8 fae 3Ye et &1 1/0 ke Rargw & sigar &1

7 LCD 2<% T LCD wfega : (1C74174)

LCD feeat 3t aar FEt ¥ SeT a9 q%< g1 Harferd ¢ |

frferfaa arforaT ATEHTART ST AEHHE AT & dF F9 fa¥
femaTdt 2|

ATEFEEY (Micropocessor)

ATgwwGa (Microcontroller)

TTSHIITAEY T Fo1d THERLUT SHIE & H1 ol ATHATT
FIAT & (CPU) T UFa T3 (IC) 7T |

ATEHIHGIAL FT TF BIE HFET & &T & AHT AT qHelT 2,
foras tF TEEY A T 9 qeF i ©, AT 3/ AT
Fex fod aA &7 e aq 2|

AEHTHET T ITAN TF &7 & Bie § a8 AR qAfed

gorTferat Ft e &= # faan Smar @ o9 gue Fegex |

gurtferat & forw amTr wES gorferst & forw @t g

T ®7 & FEfa STheot § Arghihg i 1 STAnT
e srar ©

ATEHITEEY AT FYeX F FAAE TeF &

ATEHIHE AT ATAAIY TX THes foed § 3o &y o 2|

T ATSHIATEEY AT Tl 5 1 FT Tl &

TF AT SATHTRA TUITell Igd w7 F1AT § & TH H
I FT AT 2 |

ATEHITEEY &1 §oF &1 Ao 7% 7 ae-aw #341 €
AR %9, SHS AR THAHE A 2 |

%=, fewie oiv fAormes &2 & FEt #t 3 F FomET, UF
ATEAHEHGIAT W e ¥ F SAET F ATIR T A0
TtERor & A #=ar 2|

w Rreew a9 % forg ot festme #e & forg (Fgex), &

3 ATITYE TE § qTeLT T & SSAT ILaT 2 |

HATEAHAY & S I Tl o d AR (30 AT W) 3%

TF ATEHHE AT % |C § AR Sl & (31 I, TH) 34
R F9 9 TeH o 1/0 Rargde Y @y &
AT T F /T TG o @

UF WIEHTEET HT STAN F¥h A Tt 3 Fof A0
e & JE el qehl H ATEaEERT & H 2|

U HISHIE Y HT STANT F¥eh a-T0 U ey &t and
w0 &, Tt T AT & I 2 |

srferss 2iar € gafery 5@ aredt sfider T Jorrelt & srasgedr
gdr 21

THAIY ¥ STET STHUN % H faoreil &7 @uq Y AT

foreteit Y @9 %9 = 8|

T st & ww S A g agA A e 3

TS A STgRT AT TS F HH H AWAR T FH SeAv 2 |
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Fig 2

CONTROL
UNIT

MICROCONTROLLER

1O PORTS ROM
ALU CPU REGISTER
COUNTERS TIMERS
MICROPROCESSOR
ADDRESS BUS DATA BUS CONTROL BUS ADDRESS BUS DATA BUS CONTROL BUS %

ATEHEEY & wAe (Advantages of microcontroller) : arfersr - 1
ATEHHET & €T & A1-f7 1/0 71T, T /Freey, #g Y
FeT AR () Bt &) S SR TR aTe Y & FeA 8051 T 8052 I wreT= fargtwamd
#(Fig.2) EL I e 8051 8052
8051 ¥ 8052 F1 gaATeH 3™ (Comparative study of 1| e s 12 15
8051 and 8052)

2. | UARTs/difRae 7t 1 1

gieTi® 8051 HTZH IS &l Teat 8 faa eraar & vy dur fFwam
T AT A 918 & 8051 F S Heheor & At T
& 8052 WIEHIHETAT FaT ATAT & | 8052 HIEHIFHAAT dAHATaHT
w7 § Fo AfaR favwarst & arr oo far @ &1
HTghhg o™ &1 AT faoraard arferser - 1 & & 7 € & fiar
ATferT - 2 ® sia¥ Iy 1w &

arfereT - 2

8051 3T 8052 # = 3T
e 8051 8052
ATas I
(2T A=) 128fae 256 fae
At T
(FrE AT 4Kb 8Kb
ARHY/FTIET 2 3
TGA FT =T 5 6

3. TET o o faer
tfersaw T M | 64K 64K

4. Aferepaw PIO o€ fo=g | 32 32

5. TR gfae gfae

gt gevsa fE=or (Peripheral Interface Controller)

qfReftr dexda feEer (PIC) gffam &1 @a® Ster =T agd
A wTEhg oY & S s et & o § @t @ 0w
faremer sjmem #t fronfia # & forg s feer s AT 21
T TR % 37 ArEwihgiee a1 frees i # affe
fasTe atreaae gy fFar o @shar €1 PIC 9Tgwishgie] Uh
IC & ¥ &t aregaar & CPU, RAM, ROM, 21g8Y, FTdex
AT Werwia s9 SPI, UART, CAN wrifirer 2| former o
T AT ITFLUN & AT SR F¥ % forg e strar &1 59
HTEhIHEIT T ITANT i 2w & forg f&Fam star 22 |
T HISHEEIAY FT ITANT FXA & B1AS HT fostelt & @ua,
I WS, EWA FAT 2| BEAAY AW AlwEAAT T AF
fergetex, FarEar i e |
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PIC ATEHIshgax ATfhdaay &7 =i v (Fig-1) & gortar
T &, o Fia sEeRer grE (CPU), 1/0 11, A/D 943X,
AR ANATES, TEAT/FNER, Hifeaa FRYFAHe, deved
AfdeY A CCP #rege mida | foms aw # = faar
T

Fig 1
OSCILLATOR SPI sFRr ||RAM
(0-20MHz) 12C USART TO| |T1| [T2] (368)
SERIAL TIMERS PROGARM
INTERNAL COMMUNICATION MEMORY
OSCILLATOR 8K
EEPROM(256)
cPU
(35INSTRUCTIONS) MEMORY
AD
INTERRUPTS | [WDT
ISONVERTER cepr.cep2 wor]
RESET
[ ver | [ Pwm |
CCP/PWM
MODULES POWER
I/O PORTS (25mA) SUPPLY
(2V-5V)

PORT-A| [PORT-B| [PORTC] [PORT-D] [PORTE]

EMN3721921

ARCHITECTURE OF PIC MICROCONTROLLER

PIC ATg#ihgiae & awgsar (Architecture of

PIC Microcontroller)

He¥ WAfAT gfe (CPU) (Central Processing Unit (CPU))

PIC ATgstsgiar CPU /= ATE#dgay CPU &t dv8 Sier
TE 2, fored ALU, dgiere gfe, 79T gfie o d=ms mida
g1 ALU &7 I9IT g1 &9 § Ao A arfebes d=rad &
forg fara strar & | AW i &7 ST AR § 9w ey
& "X F F fog G sar @) fEEe g & suE
AT aTer IUH &1 A w2 F forg fFar smar @) e
sfam afRumy i o & afdaret & duda w3 F fou
T HT ITANT AT SArar &1

RARY @A (Memory Organization)

PIC ATSHIhgIaY aRgHhell &l AAIRT ATegd ATSfwss AHTH
AU & T @ (3|) Fad AU (T9) T STACK 92 |

AAT WIS (Memory Organization)

Jw AT #Wr (RAM) (Random Access Memory (RAM))

(T arsfes afimm ggfa &1 Iwi geare & srarf &7
F 3% el & @UEa F¥A % forg e star €1 58 & St
# Ffiga fFar smar €, s oy e e (SFR)
AT T o (GPR)

AT T= Toe? (GPR) (General Purpose Registers
(GPR))

st fF am & & we € fF 7 Wre s wotem F fore €
ITART fby ST 2| 3F'Ww & fory, afd ew 3@ AiEwEg AT &
ITART F¥a faeft oft 37 et &t o AT A e @ | A
q¥, TR &1 ITANT o= TRreed | IO 31X werwr & forg
faFa st 2| gAforg, GPR Ifome<l § #13 dga¥ a9 T8 8-
CPU #aw et § e a% Tg9 a%al & |

fomiw wemm I™WT (SFR)(Special Function Registers
(SFR))

ot % 9| #7 a7 €, SFR T ITAT Fad 0w 2wl F
for forarm StTar €1 3 TRy 3= T T F AT 9w
T &, MY F IO T I & €T F FH AL Y
T & | IR & oy, AT o goam & sieww & fou fafa
(STATUS) e & I & & @&a & | af SFRs &7
ITEhT FwEwd @t fRrfa & dew & forg T star @1 gafee
STARTAT SFR % F1 it A8l agat AT &, fAwtar gy A
& aug S f3ar ST 21

AART @sA (Memory Organization)

afedfer dexdw fefs #F ®pfy @ e (PIC) # (Fig 2) &
feamaT = 2| few feferfaa wfie €

Fig 2

AHOWIN
NOYd3d
M8 AMOWIN

NYHO0Hd

o Fad FART 98 (ROM)

o g &7 @ faem S A T A9 Fad 1@
(usit)

o AT WA

° wWF

ZAYe, Seye (I/0) @€ (Input Output (I/0) Ports)

PIC ATEHEhaae | 5-01¢ 2id & | 9 q1d-A, 91e-B, 9id-C, Tie-
D SR qie-E
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| (BUS)

T FHT ITIART IeT H TF TRAT & gAY § WAAARA FH A
T #eA & forg T strar & S &% (Fig 3) # switar m &1
TH aF TR H anfied faa o @ S dered i srgw v |
T JH FT IJTANT ST H WHIARA FLA AT I FIA & foIg
o strar 21

AT S T ITANT a1 THEHIT & AHET TSE HT a1 TR0
THE (CPU)  ©rmiaRa w3 & forg B sar 2 | gge /smseyge
I STt aTET IUHT Ft TeTHA A F oI ITANT AT STTaT
2UART iR USART st fafRaet fRaga & GPS, GSM, IR,
T AT & AT FeTH A & forg o s 2|

Fig 3

CPU

INPUT
DEVICE ALY
CONTROL
UNIT
REGISTER

OUTPUT
DEVICE

DATA BUS

ADRESS BUS

RAM

EMN3721923

BUS

fefvrew (A/D) ®F9aEY % 59w (Analog to Digital (A/D)
Converter)

A/D F9dX &I (Fig 4) & 3oriam 47 € | T80T SUFRT TATANT
AT HAT FT TRATAT FEA & {o1g FAT 1T 2 | ATEHSHGAT

Fgiae & A/D wTega | 28-f7 fRamgat & fog 5377 8 ©
A 40-fw feamsat & forw 8-39ge wifie & A/D #AaeA
dare fagiw TforeT | ADCONO ¥ ADCON1 grer faeifa
T ST € | e & FAY SR = faew &t ugw (ADRESH)
T U8 (ADRESL) s Yot ® dufea far smar &1 57
IfRaT &, € TF TATANT G dieadst & 5V F TEd 2|

TEAR[FSY (Timer/Counters)

PIC WTEwisglae § aR-2EHY/F$eY el &, o us 8- fae
TEAT A AT AT § 8 AT 16 foe #e &1 =37 w2+ &7
faser giar 2| adtEar FRATE IAT A F oY T[T A
ST fFaT ST @, 391w & oy, & starer & o fafire
quT FY I TST FLATI

gaved (Interrupts)

PIC ATgwishg e § 20 Aafs AT 3-TFeAd Ja<ied Sld
g & ot f& fafser e suswon s USART, ADC, 215X,

Fig 4

AT T d<e & "@am e 2|

Analog Signal —={ Analog to Digital Converter —= Digital Signal

EMN3721924

Analog to Digital Converter
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ECCHIEE G L CER Y
AT Ahiw - Agwwger (8051)

e 3.7.219 / 3.7.227 & wwida Re=ia

8051 % famr &t fam=or, stiafe 2ar 9 Y, SRF sitw siw-ferw (Pin details of 8051, Internal data

memory, SFR and on-chip features)

SR [ I U F a7 o9 FeAfafad w9 # av e
+ 8051 #1 fm s

o 37 AR AR Fawiw wwe TR

« ADC S® stA-forq samesi &1 g |

8051 =T = 3 : 8051 U% 40 faw AtEwiwgiae & s
T /O @< (Fig.1)

8051 IC# 4 7€ &1t & (T 0, T 1, 7€ 2 ¥ 71 3) 32 fuer
/0 9t gl & T § & A & A g9 & 24 o1E gre}
339 (PO, P1, P3) | & |/O, a1 fA==ror Y&t a1 at a7 et

I F 9T & T H & FT qhdT & | TAF T | 78 dfvwat
T ITIRT THAR feamgq 9F fax, DAC 3nfe., & forg ewsfaT
" T o @@ar &, a1 g@w aed & 9T LED e,
gifomer 99 e fae o & forw dexwfamr & & o
T & | AoEe, Hied, Y ASew i |

o Tte 0 (32-39 f=m)
ig
\__/ IE TF e 359 (P0.0-P0.7) | &« fewimea & forw 5# 1/0
F’”’S1 ‘“’SV“ 9IE % T K TN AT (AT & A GHN F AT a2
P1.1 2 39 P0.0 (ADO)
P12 |3 38 ([ ] P0.1(AD1) Igllsl%ﬁ{q’g IEERL ifl |31§Ha%éaaﬁ%"<€cr
P13 |4 37 [[_] Po.2 (AD2) H fFar strar 21 (ADO-AD7)
P14 |5 8051 36 |[ ] P0.3(AD3)
P15 |6 35 ([ | P0.4 (AD4) e 1 (1-8 ﬁi‘l’)
:j% ' ’ S e & TR & 1/0 T (P1.0-P1.7) & | 26T ST Faer e
rst | w2 | Po7aon) STHLU & AT TSTHA FEA & fory fHar Smar 21
(RXD)P3.0 [ |[10 31|[_] EAvPP
(TXD)P3.1 [ J[11 30 [[ ] ALE/PROG '-ﬁé 2 (21_28 ﬁi‘l’)
oy Pz [_]12 2| peen TE FEL S ATl WE (P2.0-P2.7) | FHET ST q@T a9
Nty P33 [ |13 28 |[ ] P2.7(A15) ¥ o~ ¥ 3 foear 5
(roypaa [|e 27| res i (A8-A15) &% 1/O IqT I=H d18C & ©F AT g
TnP35 [ |15 26 |[ ] P2.5(A13) tﬁé 3 (10_17 ﬁi‘l’)
WRyP3s [ |[16 25| ] P2.4(A12)
®oyPa7 []|17 24| P23t IE qTeY I qTaT 91 & (P3.0- P3.7) | T8 ITANT /O T
i 2|2z ¥ w7 & frar oA & a7 8051 % v gfyer ¥ frg s
XTALT[ |19 22 ([ ] P2.1(A9) s
GND [ |[20 21|[] P2.0(A8) § [ERUEICI (Fl'l'ﬁ'l?h'l' 1)
Table 1
fae (BIT) am (Name) foe war (BIT Address) Fwfer® w1 (Alternate function)
P3.0 RXD BOH e ae F forg et e Fed @
P3.1 ™D B1H Hifteer i & forg d@=ria Sar
P32 INTO B2H el §eXe 0
P33 INTL B3H el g 1
P34 TO B4H T[FHL[FHFET 0 ATEL 374
P 3.5 T1 B5H TEAY[FPeT 1 aredl ERRC
P 3.6 WR B6H T ST AT i foraqr
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fae (BIT) a®m (Name) fee war (BIT Address) Jwfer® # (Alternate function)
P37 RD B7H et T AT O wE

P1.0 ™ 90H T[T 2 ATEH TAIE

P11 T2EX 91H TEAT | Fige 2 F=x [ Rt

RST (9 fa=r s=@)

7E AT ¥ 3Ye U9 §| 3 wré-aw 8051 d% I= @l
ST =Ry |

sAA-faa sttfees (18-19 )

7% i 18 =¥ 19 da¥ & J= |u1RA &1 PR &3 & aren
e © | am ffees smgfr 12 MHz =1

st (20,40 )

8051, +5V DC 9% &\ H¥at 2| fi= 40 Vee & fa7 5a% 20
Vss (GND)

PSEN (Sium =¥ gasw) (e e 29)

PSEN U# (T9eqe X Fgidl e ST € | are<y AHiLr #i
e e & forg |

ALE (739 &= za=w) (e =12 30)

ALE U# =13eye i 8| St Uev X 2T a9 il e ot
= (A s & forg @ ALE freer 2 MHz 92 g@ter &ar 21

EA (amest ag=) (e w=e 31)

7% gYe el siwae 9 37 (+5VDC) a1 7+ (GND) Tt
STET & | 3T EA S=9 @ 8051 stiafRs o & rbww fawfaa
FXAT | X EA &% & df I8 amedl ARy & T &t
fAomfea #<ar 2|

Hiaiy® a1 AFRT (Internal data memory)

SATARF ST AN & 128 A5 (1 a1 AWM | fawrfor

STET &, AT | & 3| (00- 7FH) 9 || & i srwy ey
(SFR) (80-FFH) (Fig. 2)

I (RAM)

) ¥forET &% (00H-1FH) =Te §% (3% 0,1,2,3) I&% a% & 8
e (RO-R7)

i) fae ggdee 37 (20 H-2FH)

iii) |TETT TS ¥ (30 H-7FH)

i. TR &% (Register banks)

AtafR® AR & f=er 32 =T # Iomex o= gia €1 8051
I B2 R7 & Wrerw & 8 Towel RO &1 gHAT &¥aT & Y
e & & TRweT 00H-07H |

Fig 2
RAM
Byte .
address Bit address
27 3F [3E 3D |3c |3B|3A |30 |38
26 37|36 | 35|34 |33|32|31]|30
25 2F | 2E | 2D |2C | 2B | 2A [ 29 | 28
24 27 |26 | 25 |24 | 23|22 |21]20
23 IF| IE| ID| IC| IB| IA| 19| 18
22 17 116 | 15 | 14 | 13 | 12 | 11 | 10
21 OF |OE |OD |OC | 0B | OA | 09 | 08
20 07| 06| 05|04 |03|02]|01]00
Summary 1F
of the 8051 Bank 3
on-chip 17
data Bank 2
memory 10
(RAM) oF Bank 1
08
07 Default register
00 bank for RO-R7

Byte
address Bit address
7F

[%2]

c
9o

s General
o Purpose
(0]
= RAM
@

@

<4
o
o

[0

|
=

30
/

2F |7F|7E|7D|7C | 7B |7A |79 | 78
28 |77|76 |75 |74 |73 | 72|71 |70
2D | 6F |6E | 6D | 6C | 6B | 6A | 69 | 68
2C |67 |66 |65|64|63]|62|61]|60
2B | 5F |5E | 5D | 5C | 5B | 5A | 59 | 58
2A |57 |56 |55 |54 |53|52|51]|50
29 | 4F |4E | 4D | 4C | 4B | 4A | 49 | 48
28 |47 |46 | 45 | 44 | 43 | 42 | 41 | 40

Bit-addressable locations

TAFLTE Hobieh - (NSQF &2 5) - 313 3.7.219 & 3.7.227 & qwte fraia
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ii. et I fye ¥ (Bit addressable RAM)

128 @A™ ¥, 2FH (8 faea/atsa X 16 amse = 128 atged) &
ATSAH | d15€ A9 20H & 3597 fae qar arg @& | 39 aat
F fAger % AT 9X agen AT faew F w7 F vAw A S

2l

IeTexw % fou, fe 67H @< Fx+ & foru, faferfaa ke =1

Iy fRaT Srar 21

B 67H @< &<T
& § “fe tg| 67H” w9 Feayl fae & “arge ug| 2CH”

iii. AT IE9 3 (General purpose RAM)

AT 3297 39 S| ad @ (30H-7FH) smfirer &tar &, i

FST/TITH W FA NI & g Iuerer aEe 2|

21 SFR S9ete & 21, 11 & STe¥ 9T U3H & A 10 a2 &

T

PO (80 H)
SP (81 H)
DPL (82 H)
DPH (83 H)
PCON (87H)
TCON (88H)
TMOD (89H)
TLO (8AH)
TL1 (8BH)
THO (8CH)
TH1 (8DH)
P1 (90H)
SCON (98H)
SBUF (99H)
P2 (AOH)

IE (A8H)

P3 (BOH)

IP (B8H)
PSW (DOH)
ACC (EOH)

236

;e 0, foe ugdea

| TF AfEe

: 32T T3 FH dAT_E

: 32T T(EeY I 152

; OfaY Fald oY

| TEAT Fhgler Yoy, fae ighee
: TEAT AIE e

| TEAT 0 FW aTC

| TFAT 1 FW qRE

1 TEAT 0 3= 918

| TEAY 1 I qTEE

:are 1, foe ugaea

: #ifterer qid sgter Yoy, fae tgdaa
: RIS TeT THY, a5 UgHaA
e 2, fae igdeaw

: g€ e, fae UgdHeaw

;i 3, fae ogdeao

: g gy, foe igge

L T wew %, fae igdad

R EICE E ARG

8051 ITuifw AIZHihga? ®1 AA-faq fageamd (On-chip

features of 8051 philips microcontroller)

8051 IToif® ATEHIHEIAY 1 Feara #ag w8 fae
ATEFHEHEAY & | 37 Fgiar ufterer & forg srgsfoa 8 fae CPU
fem 81 64 K T 8T @9, 64K 3T 39T @H, 4K
aTEeH A-T AR | - Se1 A9t % 128 amged, 32
g Rerers e =ftma w9 & "@afea %= T /O «gA, &t
16 fae 23T [ F&e, UF TOF 59 HRAT e AT 6 TAd/5-
% 3geye a1 TatHE & % argl

Ar-FRra @greEt &1 ITERT S ADC (Utilization of on -

chip resources such as ADC)

PCF 8591 U% T&d-f, uwhar-amgfd, F#-arf# 8 fae CMOS
geT AfERR, AR AT §Ye & Ay fearsw & ary feamw,
TF TATANT ATIeYe AT 0% HRAA 12C a9 gevt ¢ | fRamw
F FET § TATANT Y Aeeet T, SiA-faT ¢& 3fiY giee
wRE, 8- fae wATemT & fRfsreer wuiawwr v 8 uw fae
fefSresr & wATamT TR e @) AfFrEw SR 5%
12C- 7@ & stferpaw wfq gy &t 1 2|

gfaumd T @ (Features and benefits)

o UFA fasrelt @ smyfa

o TR Ates 2.5V & 6.0V A%

o &w Jfafeh FT

+ #@iREe 3YE AR AMSTYE 12C- a9 & ArAW &
 12C ar 3 EEaaY 9 T g7 w=T

+ 12C 77 =T g fear war sftewaw dufenr e

* 4 TATANT SAYE UHA FATA AT fd¥ 37Ye & &7 § fa=mg
DIED)

o oTel ferfed Sa Taw
e VSS & VDD @% TATANT dteest I
o AA-faw dF WX gtee afde
+ 8-fae #fH= aferswed AID waiawe
* UF TATANT & arq DAC U FAT|
sIgoanT (Applications)
amgfed 7 faerrr
#a+ afa|
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TARF AT BEAAT
TRTINF AHwF - AEFEEET (8051)

v 3.7.219 |/ 3.7.227 & wwida Re=ia

8051 it v o W &1 "@wmaw #e (Instruction set of 8051, arithmatic and

logical function)

IR [ T IS F A A A Ffortaa wr Fwe avw e

+ 31 8-fae wemstt #t SiER, gEW, o F AR e w9 & fo wee

o qriser 3T a1 8 fae dEmt % forg s o |

8051 % forw sEwell @AY (Assembly software for
8051)

8051 wTEHIHgIAY & oIy F& aXa r@act WiaT w1 faferr
fadert & "o & gwem oY Ay wte F f9 & aF &
aasw & forg fRw g 2|

MOVCA, @ A+DPTR ; A« ext_code_mem (A+DPTR)
MOVC A, @ A+PC ; A « ext_code_mem (A+PC)

8051 f&wr &< (8051 Instruction set)

8051, 8-fae Argwisg o afRa sgaer de # 111 fder wfae
2, o & 49 uFa-arge, 45 ar-arse 17 d\-a1ge Fgey 2
fAEw T Fe ITET F TdH AR Sd d9eE 87 g T
U S AT uw F mide @) ke @ #@ AR FEias
et # fawfo famr @ 21

. a7 EEE
SRTIOTT

. TH

R ERELESICICE

i. 3aT gimwe fAEe (Data transfer instructions)

2T TEEHT AT H A & § fawrfora fFw smar

s -3

o dumEE-fafite

. g

T FET § & His THIET T81 FaT & PSW wrr afdw dig
PSW & @ POP at MOV & S®fig &3l 8|

Iq1e¥w (Examples)

MOV A, # 45 - Gl 9aT AiE

MOV A, R1 - tgfEr #re T

MOV 45h, A - Tae SR A

MOV @ R1, 32 h - gAsmReae i3 are

ii. st e (Arithmetic instructions)

51 9RATT & ATEHEEIAE & AT FIAATE TOHT F7F | Fae
8 fae st &7 SuaT 3 mar & S fomm Rt siamrforder
& drg gufda 2| sfauare, aw ewifE, e @i
FEATARA aTEAET UIE gt % forg &ar ¥ e AW qerm
HATAT & SAATT a1 €| &% U T BCD tvrme dadt 9 ot
e sispora fEFem ST g 2|

Ja18YvT (Examples)

ADD A, #84-@1?[@%“%

SUBB A, R2 - ¥fowex tgfir ae

ADD 73h, a - STEe B3R Ate

ADDC @R1, 25h - gaemaee tgfT @ig|

iii. @k f&w (Logic instructions)

MCS - 51 9RaR ATEFisgaT e #iY age At iR ™
aftre, tfor stfoera & TXwH Fd

ST daw (e stfaee) smaeeA (Bit level (single operand)

operations)

8051 # 37iafk® ¥ ¥ SFR # UF arze & Hfiax v+ fae &
T4 & G T ST gsar €1 59 89 uE 915 & uF fae At
T TTed € ar ae foe T aga glaumw @) afea
fargq o 9 FIR AT AT I F A A ATEAHAT IaT FAT &
S o fae &7 am=r Fe aret 227 9 2 2 | fae gat wt 00H
& fmT Smar @, <t 128d fae wat w1 afafafeer wear & s gar
20H & 2FH a% AiSg &tar |

CLR &z a1 &3 off @g war @ ava fae &t 9= (0)
SETB &e ¥ ¥ fae-ugdea« fae & v (1).

CPL & ST A Ifowex &t anft & e & fog faman strar
g | foar oy e, o foly oft e geifee s avg fae ==
Ft gwTlaa g famml

RL, RLC, RR, RRC, SWAP i sifaxer & fore A 9x &
ST @ear & | RL, st o game, RR, g o1 gAms, RLC,
T & ATEAW & 70 gAY, HY Swap, AR SHE arf Y
gaTeAT | ¥ RLC ¥ RRC 3T CY i amgay woi sifaw fae
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% fore v &t o 2 | @ 3 A foew &t uaEs Fed & fog 9w
=1t &7 4 foee & arew & 0 fae % #rem 0 fae 4 & arew ||

12T W (3t AeE) @@ (Byte level (two operand)
operations)

ANL faeg amgst arfd® AND & &7 fagg % fou (3T fae =i
TEe ATIYE & forw) i aRumA & qeer sffiie & ™ W)
Arear 2|

ORL fare amgw amge sitaie (foe ofix amge g+t & forg) #ear &
A Teel ATIRE & W& I Alerdr 2|

XRL At uaaaqfia OR 3t #fid SATI¥eH (15 ATIE) FIAT
€ e aRum Aerdr @ Ted ATIE & @ 9 qRumy dqr €|

3areu (Example)

ANL A, #45h - Tfowex ogRET #re

ORLA, R2 - ST U3 At

XRL 52h, A - TR TR At

ANL @R3, 65h - g7emaae tgfET aie |

iv. f=ror Z=iaeor g (Control transfer instructions)

=T EwATaRer At & i @ & 5AT ad e Red s,
A ST AR gAYS | g A siaww =, 3w faftre
frfy o, Fewa fAomeT &1 FRo T AW § uE Y-
AIHHEG S & A @7 2 |

IqEYeT (Example)
CJINE A, #22H, loop - dchta i Are
DJNZ R1, loop - e tgfET wie

(Instruction set summary)

DJNZ 30H, loop - e™xae TgiEnT ae
JMP @A + DPTR - 3T9c& 9aT #iE
a1 ogfit Wi w¥ Rweft (Notes on data addressing

modes)
Rn- aféT I™eweT RO-R7

TRRF (Direct) - 128 7exAd RAM =159, g §¥ /O T,
FHeler a1 ©ed e |

@R - TT RO AT R1 g1RT 1S T8 ATq iR AT are<y
3 A |

#data - 8-fae faia¥ sgawr & wfder |

#data 16- 16- fae fidae s & aEc 2 iR 3 & &7 &
e 21

fae (bit) - 128 ATweaax e, T off fae-Ugdaer 7 1/0 fu=,
=T a7 farfa fae)
A - GIEF |

wiom 3R #ie ¥ Aem (Notes on program addressing

modes)

addrl6- LCALL 31X LIMP % fo@ sidex qar 64-fhertarge
THTH BHINT UgH @F F fia¥ Fr off & a%dr g1

addrll- ACALL 3T AJMP & forg viqer qar faer fder &
e 913C % ©F H NI AHNT & 2- darge 9o & Hiaw Snm|

rel - SIMP 3T &+t q3rd AJMP & us 8-fae % &< arge
e @ & feferfaa e & T=a age & |mer +127/-
128 13 2|

#AwitA® (Mnemonic)
ADD A, Rn s | e 9 1 1
ADD A, direct = & forg werer e 2 1
ADD A @Ri HEIHAT H AT W A 1 1
ADD A, # data ACHTA ST HAAF A9 2 1
ADDC A, Rn I T & AqT HEAEF F IO AR 1 1
ADDC A, direct q A & AT A F oI Tet arge i HeT 2 1
ADDC A, @ Ri T T & ATT A H I 37 A 1 1
ADDC A, # data T T F AT A F dHA T A 2 1
SUBB A, Rn SUN ¥ AT A & ¥fSrex "er 1 1
SUBB A, IREE IR & T A F TI&T a5 ge™T 2 1
SUBB A, @Ri SUTY & ATT A H STTAET IH H T T 1 1
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SUBB A, #3TeT SYR & AT AT T & T 2 1
INC A gAfhde HaTa® 1 1
INC Rn ERIE A (o2 1 1
INC SIRECCY FATRAE JTeT a1ge 2 1
DEC @RI TAfRAE STTTET I 1 1
DEC A &7 HTE 1 1
DEC Rn fefore Tfomex 1 1
DEC TERFE fiRmae goret arge 2 1
DEC @RI firrae sroerer 3w 1 1
INC DPTR gAfkde 22T afzex 1 2
MUL AB A T B T 1 4
DIV AB AF B & TR 1 4
DA A FIWAT HTASA TAIH 1 1
EY AT o 1 Ex TF
ANL A, Rn AND #=maa & forg Tforex 1 1
ANL A, I AND T gT=T T8 2 1
ANL A, @RI AND #=mae & forg stoerst 37 1 1
ANL A, @zeT AND I H9TaF &l dhTel ST 2 1
ANL 2T, A AND #ag&dT &l ST d15e 2 1
ANL TeTET, #3eT AND e ST Hl aT15¢ F3A & (oI 3 2
ORL A, Rn OR H9Ta® 9¥ IR ¥ 1 1
ORL A, e OR STIaE aAT3C T &A= 2 1
ORL A, @RI OR #=ma& & for stoersr ¥ 1 1
ORL A, #3eT OR 4TI HT dchiel IeT 2 1
ORL TE, A OR H9T9® #T IAFE dT5e & forw 2 1
ORL TTeT, #3eT OR AT ITEE &t SMERFE FLA & forg IaT 3 2
XRL A, Rn TFEA] T OR #=1eq # forg Tfomex 1 1
XRL A, ST TFAF T OR HH1F &l STALET d15E 2 1
XRL A, @RI TFEA I OR FASTEe W & forg d=ms 1 1
XRL A, #3eT T OR H9TIE & dchTe ST 2 1
XRL TeTET, A THFAF T OR STAYACY A18C &l H9F FA & oIy 2 1
XRL T, H3aT TFAEd OR ST d15¢ & oy e set 3 2
CLR T A 1 1
CPL A & HAEF 1 1
RL A U FEEF H gAY 1 1
RLC A I F ATAW & T Y HATAF I TS A 1 1
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RR dFTEF H IT(RAT Y 1 1
RRC X & AT & G9EF F T FATY 1 1
SWAP s & Wiy fHeem @v w1 | 1 1
EG T [ECR] RLEES D
MOV A, Rn daras & oy e & 1 1
MOV A, T8t g & forg @9 a1ge # WA 71 2 1
MOV A, @RI ATTET I FT GAEF § LIATANRE F 1 1
MOV A, #3eT HATEE % oIy deTe 8T & oY 2 1
MOV Rn, A ey F & forg w=ms o s 1 1
MOV RN, Scet TR e F 70 SR 918 & WG 3 2 2
MOV Rn, #3eT TR F4 % forw qerer a1 & oY 2 1
MOV e, A T q15E & oI @9 & &aRd & 2 1
MOV g8, Rn I TRmeY Ff TEREE 95d W o A1 2 2
MOV TeeT, TTeT TRVFT 15 H SMEAVAE I8¢ I¥ of AT 3 2
MOV qT, @RI THET 913 & [olT STTET ¥ &l WEIART HY 2 2
MOV TE, #3CT TERFE qTEE & T kel FeT & 1Y 3 2
MOV @RI, A ATE I & o d=md # eaka w7 1 1
MOV @RI, YE AT & IR FA F forg FEEE # emaka #¥ 2 2
MOV @RI, #3eT AME W & fory depter SeT o A 2 1
MOV DPTR, #3116 16 - foe feri® % a1 a7 uige Al F: 3 2
MOV A, @A+DPTR #E arze H DPTR & H9M& aF o S0 1 2
MOVC A, @A, +PC A & forg PC % ardet &7 5 a1ge of S 1 2
MOVX A, @RI TR I WA w1 (8-foe ugH) A 1 2
MOVX A, @DPTR, A ‘A & aTE ¥ (16-fae ugE) w o S 1 2
PUSH TerET ®E ¥ TI& qge Taas 2 2
XCH A, Rn IS % ATT TAAES Ioey 1 1
XCH A, TTeT TIIF & ATT TAET A5 HT TRl 2 1
XCH a, @Ri IS & ATT AT I FT TFAEA 1 1
XCHD A, @RI THIES HH-ATEY AaEd s WA F a1y 1 1
gierw =% T

E [EEEA] e T
CLR C faFerae 4 T 1 1
CLR bit Ao v fae 2 1
SETB C T H @ 1 1
SETB bit T fae de #X 2 1
CPL C TF A o AT 1 1
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eed oo e T
CPL fae e fae &1 @ 2 1
ANL C,fae AND &% v & forg weret fae 2 2
ANL C,[fae AND ¥ & fog st fae & =% 2 2
ORL C,fae OR ¥ w7 & forg seret fae 2 2
ORL C, /e OR & & & forg gerer fae 1 Q2 2 2
MOV c, fae & H o A & forg v foe @i w3 2 1
MOV fae, C ST o 9 & forg gewet fae 2 2
FEFHA A A =T (Program and Machine control)

E o e T
ACALL addr16 e @9 =& Fa 3 2
LCALL addr16 EEIRELAC A 3 2
RET - e & aTTEr 1 2
RETI - gade & araEr 1 2
AIMP addr16 qof s 3 2
LIMP addr16 REIRCE:] 3 2
SIMP rel oy o (Retfe o) 3 2
IMP @A +DPTR S#T DPTR & #T9eT @8t 1 2
N4 rel afe d=mE g & ar 5. 2 2
INZ rel SR EST I T8 & ar & 2 2
Jc rel F T A fhAT AT © ar T 2 2
INC rel F T FE T B T AT 2 2
JB bit, rel R T foe a4 & ar 5 &3 3 2
INB bit, rel X TEREE fae # § ar o W 3 2
JBC bit, rel ST & Af TR fae @ ¢ o foe wfae g 3 2
CJINE A, direct, rel TERAE d5e & goT A® F T T w1 af

a7 & 3 2
CINE A, #data, rel A FT gRA goET F AR AT aE@EY T &7 ar S FW 3 2
CINE Rn, #data, rel e Fxa & forg Tfomex & gomT #X oM afy
TR F TLEE T ar T H 3 2
CINE @RI, #data, rel ATAE A X AST & aa & aAl gid godT &< 3 2
DINZ Rn, rel fefafire Thme @ik = T 8 ™ s 2 2
DINZ direct, rel T dT5C § HAT AT A T B T AT 3 2
NOP FIE ATILIA A&l 1 1
w®N 1: 16 fae st (Program 1: 16 - bit addition) 16-fae =it at 1 16-fae sfafRam seeiT # & for acpra
TREAT &7 STANT ¥ T =Y FW AR qRumw @ wwi §
32 (Objective)

=T |
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fr=ia (Theory) :

9f% 8051 # #awr uw 16-fae fowew &1 8051 #, 16-fae
e 16-fae &It &t a7 aw ADDC g9 &1 ITIANT &
o Strar @, i geer LSD i 3t MSD &t e} |

Jq1EY9T (Example)

FTHHT 5678 2T & A7 16-fae 221 1234 it Sfre Y aRoma
F qIA ST FIA HT ITANT F¥ah 4150 3T 4151 & =
I AT T

qfRurm : (4150) = AC (LSB); (4151) = 68 (MSB)
DATALL = 34; DATAL2=78

DATAM1 = 12; DATAM2 = 56

DATAM1 - MSD OF DATAL,

DATAM2 - MSD OF DATAZ,

DATAL - LSD OF DATA1,

DATA2 - LSD OF DATA 2,

wargat= (Flowchart)
ST 16 fare srfarfees ¥ form (st Ager)
16- foe ufeem
l
O
l
(A) = MSB of | sTs
l
ADD (A) with MSB of Il sTTaRe
l
=¥ MSB & afturms st |
l
(A) = LSB of Il stma<e
l
ADD (A) with LSB of Il stmave
l
LSB & 9fRume ®=iX 79T |
l
= O
F®A (Program)
CLR C
MOV A, #DATAL1
ADDC A, #DATAL2
MOV DPTR, #4150
MOVX @DPTR,A

INC DPTR

MOV A, #DATAM1

ADDC A, #DATAM2

MOVX @DPTR, A

HLT : SIMP  HLT

Atsswe Fg (Object codes)
AEY 39 AEAFE FT  AAAIWEH
4100 C3 CLRC
4101 74 MOV A #DATAL1
4102 34
4103 34 ADDC. A, #DATALZ2
4104 78
4105 0 MOV DPTR, #4150
4106 41
4107 50
4108 FO MOVX @DPTR, A
4109 A3 INCDPTR
410A 74 MOV A, #DATAM1
410B 12
410C 34 ADDC A, #DATAM1
410D 56
410E FO MOVX @DPTR,A
410F 80
4110 FE HERE, SIMP HERE

Frwd 2-8 fae wem (Program 2 - 8 bit subtraction)
329 (Objective)

ATl HETE FT STANT F¢F a7 8-fae a1 F wema &t fAonfea
FA AR TR F iy 7§ dufed w1 ¥ fawl

fr=gia (Theory)

T9OEF FT ITANT FLd U, T YS9 AT AT € A}
qfRoTH TR T ST @ | TSR ® ackte gatted | SUBB

T dugaal § aRem foraar 21

Je1eYer (Example)

ATAT 3T DATA1 =20
DATA2 =10

qfRo (4500) = 10
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%t ae (Flow chart)

8 - fae wem
|’
C mn )
2
e &8 w
J
AH | ATIRE I F
2
AF || AT =T
2
AR # we gk
2
C = D
CLR C
MOV A, #DATAL
SUBB A, #DATA2
MOV DPTR, #4500
MOVX @DPTR,A
7=l SIMP =&t
AT i (Object codes)
RN O Al HIT | AARITAR
4100 C3 CLRC
4101 74 MOV A #DATAL1
4102 20
4103 94 SUBBA, #DATAL?2
4104 10
4105 90 MOV DPTR, #4500
4106 45
4107 00
4108 FO MOVX @DPTR, A
4109 80 Here: SIMP here
410A FE
st (Procedure)
i X H OP #iE AT 32T af #¥
i wrEw w fFerfea #¥ s aRum & fow genfia %
i SeT FEF AT 39 F @Y aRemw yTa gu 2|

TRarss (Exercises)

i. & 4501 & gfaenfiet & @ 4500 & gfaenfiet &t g
MY g F 4600 T FIEIT F2 |

FvTe aT (4500) = 56
(4501) = 6A
TfoT (4600) = 14

ii. & % TTF TS H ITANT FLh TA T FT T ¥ |
Frww 3-8 fae om (Program 3 - 8 bit multiplication)
32 (Objective)

AHT I T STANT ¥ a1 8-fe T F Iaame & e Fedt
A Fgia # aReme #t @ &3 & ol

fgia (Theory)

8051 # 8 fae widaY & farda “MUL” fader &, MUL fRger A
A B # eRATea sie-fae quii® & U Fear 8 | Iee
AT I A ® X 3= #9 a5 B ® siw Iy amr & afy
IATE > 255 7, at sl a9 de fhar mr 1 s aw
ATE & AT & | T Tl it SR/9T qr% fFar Smar |

Je1eYer (Example)
Tt @t audt #t A i B # T Y #t 16-fae & afomw

&t 4500 AT 4501 =T ¢ &I H3 |
T 22T DATA 1= 0A
DATA2 = 88

(4500) =50 (LSB)
(4501) =05 (MSB)
8-fae Tom
C ™ )
2
A F T F
\2
B # U 9T &Y
\2
B % AT A &l U X
2
AU | oo
\2
C = D
FE®A (Program)
MOV A, #DATAL
MOV B, #DATA2
MUL AB
MOV DPTR, #4500
MOVX @DPTR,A
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INC DPTR

MOV A B

MOVX @DPTR,A

Here : SIMP Here

ATsAF FE (Object codes)

AARY O3 AleAFE HT LELIEBEL]

4100 74 MOV A#DATAL1
4101 O0A
4102 75 MOV A #DATALZ2
4103 FO
4104 88
4105 Ad MUL AB
4106 90 MOV DPTR, #4500
4107 45
4108 00
4109 FO MOVX @DPTR, A
410A A3 INCDPTR
410B E5 MOV A, B
410C FO
410D FO MOVX, @DPTR, A
410E 80 Here : SIMP here
410F FE

wfar (Procedure)

i. 4100 & FT AT HIS T FL

ii. Frwd & fonfed #¢; 3@ F ok ag adE | @a
gl

iii. ST FIF AR AT AT TROMH B IR T B 2 |

THIAEA (Exercises)

i, AENY ® EUEd =T #7999 HY

TEAT : (4500) = 0A

g ; (4600) = 64

ii. MUL f@er &7 Imir #3% 08 & =t afay 9ra #¥ A
e &1 AERT § &I FH |

g :(4500) = 10 (MSB)

(4501) = 00 (LSB)

iii. UF AT AR -arze e F| 32-fae § e aRemw #t

AART | = &

ger:  (4500) =04 - Count
(4551) = 99 - First number

(4552) =99
(4553) =99
(4554) =99
(4561) =99 - Second number
(4562) =99
(4563) =99
(4564) =99
af¥eme : (4570) = 98
(4571) = 99
(4572) =99
(4573) =99
(4574) =01
FwA 4-8 fae faws= (Program 4 - 8 bit division)
32 (Objective)

8-fae d@@m &t o 8-fae d@@T & fawa e MY wrTH
AT /AN & 9T e & ol

fr=ta (Theory)

8051 # &% 1= 8-fae wEwx & faudia us “DIV’ g & DIV
e A ¥ seramRa sie-fae quis &t favifea #zar & st
sEEAERA 8-fae quis F Wowex B # T@Ar g #EEE
ARTHA & U HIT & 9T FLal © AL Aowed BH w@ar 2|
HATIH AR & qUIH 9T & ST FAT & A oex B H
qUITe AT TT BIAT & Hel AR T F FLT & &7 A1l 2 |
Ia1eYer (Example)
fRamev s RRfase & wwwr ex B s A # &+ 3|
ger:  DATA1=65-RfEe

DATA2 = 08 - 55
gfRem :(4500) = OC - SRTHA

(4501) = 05= 3w
v (Flow Chart)

8 fae g 8- fae fefismbit division
C
{

A ® fasee ara w7
d
B H WIS 9T HY
d
A &t B & fawfoa &%
{

LSB ¥ MSB afRurms &t &9t # w=@ie
d

= D
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FEwHA (Program)
MOV A, #DATA1L ; Rfase & a1 &l =9I
MOV B # DATA2 ; faumsi & A1 s YT B

DIV AB
MOV  DPTR, #4500

MOVX @DPTR, A ; 4500 9% ®IX WRTHA
INC DPTR
MOV A, B; 4501 ¥ ®€X 39

MOVX @DPTR,A
HLT : SIMP HLT

Atssiwe #1T (Object codes)

AARY U39 | AR FE LELUECL
4100 74 MOV A#DATAL1
4101 65
4102 75 MOV B,#DATALZ2
4103 FO
4104 08
4105 84 DIV AB
4106 90 MOV DPTR, # 4500
4107 45
4108 00
4109 FO MOVX @DPTR, A
410A A3 INC DPTR
410B E5 MOV A, B
410C FO
410D FO MOVX, @DPTR, A
410E 80 Here : SIMP here
410F OE
4110 41

st (Procedure)

i, Sffgeie Y gAY & T Ft gIied

i, SO & ORI F AR TROTE] B AF B
jii. FeT ® ager 3T Fefea afRort &Y St w1 |

=1 (Discussion)

ST AN IXF &, 210 # fou arfebw At ‘NOT W 3
ff & ¢ CPL fadw & #rika| IfF et o "= &1 g
FAAHE IJqF ARN &1 F +1, ST & INC $egae gren

faeifsa fram mar @ a= it ADD e g o
T @ 78 W ADD SR & TN Fieh a7 1 F TF &
T H ST ST ThdT & |

TRaEA (Exercise)
) ST FIA AT UF AR 3 F F ©, ST 77 AR 37 AR
H @ #|
qfRorm : U% 9% (4500) = 88
3T T JgIYH (4501) = 89
FER 5 (Program 5)
32 (Objective)
8 fae d@er & f=ia &1 OR Ff &= 2|
farmia (Theory)

#féw faea # 3@ fa9iw fae g 1 ORing &T T ST @shar
2| = wrdww aa & & o= faviw fae &t 8051 &1 ORL
e &1 ST w8 foe d@T § dc Y a9 2|

Je1e¥er (Example)
fmfafad FEwa &, @9F% URl # AEWEE S FA &

forT dehter 21 % |19 ORed T ST &

AT BT DATAL = 2F
DATA2 =45

TR ; (4500) = 6F

FE®A (Program)

MOV A, #DATA 1

ORL A, # DATA 2

MOV DPTR, #4500

MOVX @DPTR,A

Here: SIJIMP  Here

HAtstwe *ie (Object codes)

AR U3H AieAFE FE LEEIEES]
4100 74 MOV A#DATAL1
4101 2F
4102 44 ORL A#DATAZ2
4103 45
4104 90 MOV DPTR, #4500
4105 45
4106 00
4107 FO MOVX @DPTR,A
4108 80 Here; SIMP here
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wisaT (Procedure)

i, STTTRISE H AT FL A T H YR F1

ii. Stta Y % For dafa faew qegar faiRa fFe 2|
==t (Discussion)

ORL fager &1 I &t fasiv fae &t @ &= & fog G
ST HFHAT & S FHATS ol &t T #x3 a aed
STHTU & Tt # [FEa Fear & i 3@Er ST a7

fratfRa s & forg it fFam s @war @ & = R Ter ™
T ATET IFALUN & YT F ATET 2 |

JT (Exercises)
i, defors faem 1 8-fae g # de #¥, fie 07 & #¢ R
RO H AR @ 4200 TR B F|
i. 0& 2 & Ffow wiekt & €I & 4300 & & S AT
AR Ffq &t 7 7 |
qf¥orm : (4300) = 01
(4301) = 02
(4302) = 04
(4303) =08
(4304) =10
(4305) = 20
(4306) = 40
(4307) =80
FTEER 6 (Program 6)
329 (Objective)
Y39 #XA & g AND uF 8 fae d@em 1 #1d |
faia (Theory)

8051 & ANL fader &1 Imanr fagw &t e = & forg fomm
ST &@FAT & | 3 9 & a1 AND ing U &7 fare &t Far 2|
ufe us fae & A f&rfa &1 aRkada 7 #w<ar 21

g ¥ faoiw fae 39 @< #¥ 8051 &7 fAgw 2|
Ie1eYer (Example)

fae 0 i 7, # #iek w¢= & forg, fae 8- e &1 7E % @y
G et =i, S fF et |§ 01111110 =)

AT T ; DATA1 = 87
DATA2 =7E

o (4500) = 06

T (Program)

MOV A, #DATA 1

ANL A, # DATA 2

MOV DPTR, # 4500

MOVX @DPTR, A

Here: SIJIMP  Here

HAtstwe *ie (Object codes)
AAIT O3H AleAFe HT LELIBES]
4100 74 MOV A #DATAL
4101 87
4102 54 ANL A, #DATA 2
4103 TE
4104 0 MOV DPTR, #4500
4105 45
4106 00
4107 FO MOVX @DPTR, A
4108 80 Here; SIMP here
4109 08
410A 41

aisaT (Procedure)

i. 4100 & ATahis gof HY AT HAHA H Aorfed w3
ii. ST & & sr afRomw 4500 % a1E 06 2
==t (Discussion)

ANL fdsr &1 39T e stew & forg e o aear @ &
faeft faotw feafa @ og= mar 1 afefiwr Swweor ORL g
#Y a¥e | 8051 % fAder e & Iueter o= arfeha fder uw XRL
(vrEEfE -OR) &1 CLR (faemr stfaye) fder off us arfds
e & frEsr ST F16er Atew | IR F JF &
& forg B St Aear 21
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ERERAIECIC | L EED
TAFIE A - Agwiwmer (8051)

v 3.7.219 |/ 3.7.227 & wwida Re=ia

Azt Fgioe ¥ @A (Timer on the microcontroller kit)

IqA 1 3 UG F F § A At F ww an g

o T(EAT & HTA &t JTET &Y 8051

* ATZHHZAY e A AT T ITIT FIA Y UF I FREA & oo

8051 ATEHIHEIA & ITe gAY 0 MY TEAT 1 911 & 16 fae
AT FITT aTel STEaT @ 3T 8051 AT T ITANT ik o7
F I I FA & AN | ¢ | YF A(FEAIT T FT ITANT FeA
F 3 & 9N | qeat & Fw ==l @ 91 ga 2, afew oE &
FEHAT § GG © AR FAGAIA ATTANT § FHFT JTART AST
AT ST Rt | STEAY T TN e § 31 qad I AT
ffeaa =0 & sreo7 fafyr 2

UF TEAY H ag-fae FEeT F €T § qW=iga fFHar S a@wdr
g St uSt & whd W FH 9 &7 glE/a wear € 6N
VAT I¥ UF JHYS Hoha 9T FXAT 8 | 9 Naay, 7t 0o
Y qEfaiRa @@ # far € HiY TmHed 39 e war
2| T FTSeT TRl T T I T &7 &1 & (2 Thar & b
7z Nift=fes a1 vhft=ifes aredt @ o) at 38 “Figex” &
FET AT & ST SASFT ITANT qTey FeArst & fmdt % forg
3 st @A )

8051 # =fiférciex s<eye &t 12 & fawifor famar smar 21 12
Fead g TS Y O wohd % w9 |/ gAY # B T
SITAT € | 37 Aawd © 5 TEET &Y 1uS ¥ UF A% A agar
g Y uF et 8051 ETEAY T IUANT F¥dh ATIHad qug
¥ "@9F & (2%6) x (1uS) = 65536uS IHE AferE quT I &
TEAT FT IJTART FH UF JAAET I FAFH F AT Hh
AR e 58 s a9 & oY g &9 an] G s asar
2| 5w 7 asfi & nrer faefofe @<t § o & 3E|

8051 AT T ITANT FIQ T TF I3 FEFA HF T2
FAT (Designing adelay program using 8051 timers)

8051 # facia Friwat Fit fSoET Fea a7d TH R TL Ireex
# e U S AT TeT g & AT FTAT UF dgd e
AUl aTd & | Y dud @ fF 7w &4 e star 2|

AW & % aa 12MHz e g 3@t ST 2|
ZEHT AAad € 4 TEAY w<t g9YE 12MHz/12=1MHz gl

TEHT WA &, AT % forg foram mar 2rgaw 1 2rgae uF ghe
= 1/1MHz= 1ps.

XA & forT us a7 3 & forg “X” uS 2rgAT “X” g HEAT
gl

216= 65536, 16 fae Trgax & foru dva demst #t rfewanw
e 2|

TH & &t st TH & forg «fie {6 st & e TL 9 |19 & S
TL o1& # ote foar st 2|

g THTL = 2aaefma & awma¥ (65536-X) &t (65536-X)
gIHee | fa=meefier 21

Ie1e¥er (Example)

v et #1 1000 pS =(3rafe; 1mS)
&7 of & f& X = 1000

65536- X = 65536 - 1000 = 64536

645536 SIS § AT SITAT & A 56 e eAe | gf¥afad
FLFC183aT 2|

zger o @ f% THTL = FC18
3I9% a1e TH=FC and TL =18
8051 T(EAT FT ITANT F¥F 1M S I IAT FIA T FEAFA

(Program for generating 1ImS delay using 8051 timer)

T T MU wEET F ST AmS 3 I wA F forg
far ST Fwar & T 38 gEede & w9 | o Sar & arfe
AT T FEFA | Fel A goT &% | F0F FAAmEr AT 37 A
AT q% 3T (1ms ¥ 0F) a9 & forg 7 & 7@ a6 & | Tt
8051 T (AT 0 TEHT 3T T & ¥ & MODE1 (16
fae o) # =« T 2|

faei e : MOV TMOD< #0000001B/ @1ga¥ @94 0 & MODE 1
(16 fae 21EwR), eEAT 1 FT ITANT TE Fd |

MOV THO, #0FCH // THO ¥fS/&ex & @t FCH
MOV TLO, #018H // &€ TLO Tfore< & arr 18H
SETB TRO // EA% 0 I[& &¥d ¢ |

7=t : JNB TFO, #=t//q® 7= 919 a% TF &< faan s €
(3791 ; 59 % T AaR)

CLR TRO // &1 28a< 0
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CLR TFO // &< TFOQ %=1
RET

SURIh fawe fem=at # 2mS 3 & I A F foy & aw
T T S @Far € R @ A= [y Ty s | e @
2l

ger : MOV R6, #2D

T . ACALL DELAY
DJNZ R6, LOOP

SIMP ger

&< : MOV TMOD, #00000001B
MOV THO, #0FCH

MOV TLO, #018H

SETBTRO

set : INB TFO, sTet

CLRTRO

CLRTFO

RET

TMEAT & ITART FTAd qOT AE @ I 9 f9g (Few

points to remember while using timers)

o UF IX EHY T (TF) & f&Fam mm &, T &t 349
fhT & @ X9 & T2 g9 TTH FIAT SO0

o CTEHY R A< EIF & 1€ AT 9 A8l BT & | TUTHY &t
TEAT &1 bt & forg TR fae &t a1 T =Ry |

o TEEY F AATHAT B U, TATHY & ARWF AT I
e FEAT ATRT TH AT TL TRt &t siefdrs e &
& BT 159 37 dF (Adl HeAr SRl |

o & TF &7 &< 37 ST & af 89 uF g aae F oy
FifSd TTAT H HIRHIT FHT Tt & |

o |F afe g T U ALY AT AT @ ar 86 QY W
T ST FHEAT AT (TF) TS G FCT SEHT T JTART
F<% A< T T 2|

o UF fiTer 8051 TTEAT HT ITANT F¥h ATHAR 38T HHT

65536US & T FAaW 1 uS T a9d % AT AEHHE AT
& FATH HXA F o0 12MHz Fheer &7 ST #¥ @ 21
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TAFINE A AT
TAFETE AR - AR (8051)

v 3.7.219 |/ 3.7.227 & wwida Re=ia

8051 = stmaew (Wiew, amawma fE=or) (Application of 8051 (motor, traffic control))

S 1 3 IS F o | A ffafd #w wew av e

* 8051 ATTHIHEIAT & ATASH HY TTEAT FY

* 8051 FT ITIRT <& DC AieY * f=ror & forg afke fRomga w0

8051 wgshishgter it FATTART (Application of 8051 micro-
controller)

UF ATEHEGIAY UF agadl 0 & o swan At s |
TIA IJTHIH TAFEAF & A I=F o (fFaar, A=
A e &7 § oY Far o awar 2| gafw s sfaw &
B 8 § AIEhHgAy T ST 2 |

L293D T IUANT FA & for@ DC AieT & FTTHA FIAT
(Interfacing DC motor to 8051 using L293D)

AW DC #¥e & Sam™ # U& DC Aiex =F@dl & a8 faga =i
FAHT &7 FT JTANT FLH (% T IAEH FedT & | DC A §

e, Hiee FaF F97, M9e, FeeX gATfe | DC Atew srfeara
29 & forT 400 MA & 0 | a8 FLE FT ATTIIHAT BT & |
afe #e & a8 agd afas AT AEAheeY & dier g
SAYE TR & A7 qE @ | gafry afe g @ s & aet &
DC HieX &I SiedT € df I T & 360 Ta1e & oy 3= Fe
B THAT & AT AT AIEH gAY & 8t a%ar & | 3afery
T ATl ATZHTET & AT UF a8 ST gfhe HT ITART HIdA
&, ST ST U & HIEAGGIY &1 UF Afafad geer gae
F2T 2| (fig 1)

Fig 1
5v 12v
y 19 B XTAL1 P0.0/ADO gg
PO.1/AD1
E crysta 18 PO2/AD2 3!
XTAL 2 - 36
PO.3/AD3 |— 2
PO.4/AD4 |—
POSIADS (— 16 8
PO.G/ADE |——
o 9 RSt P0.7/AD7 Ves Vg our1 13
10uF 21 21N
8051 P20O/A8 [—— -
‘ P2.1/A9 IN2 6
p ; ouT2
P2.2/A10 —— EN1
2 L293D
P2.3/A11 9
2 25 — 1 EN2 1" DC
PSEN P2.4/A12 26 10 { N3 ouTs H— MOTOR
" S0 AE P25/A13 15 1 1Na "
a1 27 out4 P2—
10K EA P26IAT4 — GND GND
P2.7/A15 2 2
— ; P1.0 P3.0/RXD 1?
- P1.1 P3.1/TXD
3 12
P12 P3.2/INTO
4 13
. P13 PRB/INTY [~
. P14 P3ATO [— -
P15 P3.5/T1
7 16
P16 P3.6/WR
8 17
P17 P3.7/RD
20
1 3
— S
— &
z
=
w
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8051 %1 ITIHT F¥* DC A # fEfm #37 F forg siwen «ffest siwm™ (Assembly lanuage program to control DC

motor using 8051)

ORG 0000H feoqofi=t
qeT e B P1.2
MOV P1, # 000000018 Atex faurad! aadt &
ACALL ERll
MOV P1,#00000010B Aiex TaiFarsst aedl &
ACALL LR
SIMP qeT HieX F8 quF & forw gfaromad § enma
AT & Y ARt afiromad
ERdl MOV R4, # FFH FF & @1 R4 T o &%
MOV R3, #FFH FF & arr R3 Ifomex a@te ¥
LOOP1 DINZ R3, LOOP1 I a% R3 AT gf
LOOP2 DINZ R4, LOOP2 I B 7% R4 & g
RET g&T FEFA | aT9d are |

e wrge fe=or (Traffic light control)

¢fF ar3e o wiv amge, Tate ar &few o, ¢fes e,
o @ge a1 AW & w9 & off ST o gehar 8, famafonr
feamgm & s aew & =wrel, deo ar =l e 2w &
sare & ot w3 & forw s e e fera @)

8051 # @ty ¢fhw wrzw &t fEB@  ®w=T (Interfacing
traffic light with 8051)

ofth aTge Fgra @99 § 12 Nos &id €, g LEDS #t PS/
8051 ¥ fihe ¥ 4 & gy Faferd AT 1T 8 | I&F 99 ¥
ST (8X7), GAT (FaT) 3 &7 (A7) LED =g o @ &
(Referfig.2)

ifhw @mEe wgiw & [0 F I | (About the colors of
traffic light control)

ofe @Eew uF dwferd 1 (AT, fien/uE, AT Ew), @
ATl At TSI ek TSF STATTHATAT % T BT TSl ITART
FLAT €, TH ATEHIHE TT HIS HT ITIT Heh (A TH qélh
ATHH TEH FIA & (oI | S AT ofe 8, I FeT qHeA) ThA
i F fafire sgww A1

g ot #t e & few w frefa R & omt aeq &
sgafer fae 21

/TR g & Fefd #ed gg, afe gar & & oy
gefard &, & WA & forg du &Y Fe & FHY, AT

AT et &t Qo faRet oft Frama it T ged & Tl 2|
ATHATY I AT A<l 9 7 | FB G O7 Adv &, A a4

gl § 3o e O & & &, Ae-8¥ T & {99 arel AN &
AT & forw, i &5 &= § ‘g9 aag § fi 92 et {1 #
AT AT & (ST U A 2 fREE & ?) |

8051 & @ty PIN st (PIN assignment with 8051)

8051 @TE=

LAN e

gfaror P1.0
P11
P1.2

ECl P1.3

AR
ST
el
T
STAT
P1.4 gt
P1.5 EaEn)
STAT
el
EaEn)
ST
el
T

Siskd P1.6
P1.7
P3.0

qfvaw P3.1
P3.2
P3.3

PWR 13-16 NC
17,19 Vcc

18,20 GND
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Fig 2

LED 10
LED 1 4
LED 11
LED2 4
LED 12
/
U2 LED3 /
pa— T Poo/ab 2
pram—— NI Po.1/ADT |2 X
W2 p22sat0 Po2/AD2 [ ——¥
W2 pagyan Po3/ADS |2 Y
pram—  YYINY. Po4/AD4 |2 X /;Em
LED4
pram——- Y IINE PO5/ADS |2 X
2| pogiama POG/ADE | Y LEDS
K2 p27/n15 Po7/ap7 2 LED5 v
LED9 10 1 LED 1
P3.0 /RXD P1.0/T2 /';ED9
LED 10 1 2 LED2
P3.1/TXD P1.1/T2 EX LEDE 7
LED 11 12 3 LED3
P3.2/INTO P12
LED 12 13 4 LED4
P3.3/INTT P13
14 __ | s LED5
K1 P34/T0 P14/88
15 6 LED6
Y——— P35/T P1.5/MOSI
16 _ 7 LED7
Y¥———— P36/WR P1.6/MISO
17 8 LED8
¥———— P37/RD P1.7 /SCK LED 1
PSEN 29 19 LED7 4
PSEN XTALIG——
XTAL2 LED2
30
X———]> ALE/PROG _ 31 EA LED8 7
EANVPP
S MC _RST LED3
2 /5
VCC LED9 7
AT89S52 5 vee |20 .
ca
o T 0.1uF
N
LED4
—_— LED 10 7
LED5
LED 11 4
LED6
LED 12 7

R10 330E

R11 330E

R12 330E

R7 330E

R8 330E

R9 330E

R1330E

R2 330E

R3 330E

R4 330E

R5 330E

R6 330E

EMN3721942

ifthE @rge A et FA * forg siEwel W™ (Assembly

program to interface traffic light)

sAfuwE (Opcode)
ARG

SHTH g g

& e 8051 & AT
CNTL PORT : 4003

PORTA: 4000
PORT B : 4001

AAAit"=aw (Mnemonics)

TAFITE Hobieeh - (NSQF &Y 5) - 319m® 3.7.219 & 3.7.227 & qwitea fRraia
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AR O3 SIEE] SERNEES] AR T3 SIEES CERIEES]
8500 908545 | Start:MOVDPTR, #TRE 8526 904001 | MOV DPTR,#PORTB
8503 7A0C MOV R2, #0C 8529 FO MOVX @DPTR, A
8505 EO MOVX @DPTR, A 852A 128536 | LCALLDELAY
8506 C083 PUSH DPH 852D D0 82 POP DPL
8508 Co83 PUSH DPL 852F D083 POP DPH
850A 904003 | MOV DPTR, #CNTL PORT 8531 A3 INCDPTR
850D FO MOVX @DPTR, A 8532 DADF DJNZ R2, LOOP 1
850E D082 POP DPL 8534 80 CA SIMP START
8510 D0 82 POP DPL 8536 7F 10 DELAY: MOV
8512 A3 INCDPTR R7.# 100
8513 EO LOOP 1: MOVX @DPTR,A 9538 DFF Ié(g'O#POIIZi,HMOV
8514 C083 PUSH DPH 853C 00 LOOP?2 : NOP
8516 C082 PUSH DPL 853D 00 NOP
8518 904000 | MOV DPTR,#PORTA 853E DE EC DINZ R6, LOOP2
8518 FO MOVX @ DPTR, A 8540 DDF8 DINZ R5, LOOP3
851C Do 82 POP DPL 8542 DF F4 DINZ R7,LOOP4
851E D083 POP DPH 8544 22 RET
8520 A3 INCDPTR TRE : 8545
8521 EO MOVX @DPTR, A 8545 21H, 09H, 10H, 00H (South way)
8522 co83 PUSH DPH 8549 0CH, 09H, 80J, O0H (East way)
8524 co82 PUSH DPL 854D 64H, 08H, O0H, 04H (North way)
8551 24H, 03H, 02H, 00H (West way)
8555 End
e : FeEE @ I T @, e 1 S 9ie 3 § 37 ofew
ATEE AT FAFA 8255 TX ATERA 2|
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ECERIE IR | ClH EE R

s 3.8.228 & 3.8.232 & wwiftw R

fafve 7R & @R & Hagw e 39+ wmw (Different types of Level Sensors and their

workings)

IqA 1 3 UG F F § o At F we an g

. FiEegEY, HER i fferr i afer siaegar #i o T o w9 &

o qffET, @ T AN Fmior R #f amen w9

o F R, e, Sy #1 qoiH w9, I H FHEEE |

THEgEY WY &9 (Transducers and sensors)

Ti|egae (Transducer)

UF ZESIAY UF ¢ frmaT ST wifas e & Iew g9t
e d@%a a1 g% fawda A afkafda & % fow s
2| srfamter famga wonferat #, 3Ye foraa uw faga @ At
g, afew U Av-fag@ @%a el afe faset & adewt &7
START FF FAHT A AT AT &, a7 30 9% gafea faga
"ol | gEeAT B0 |

"ATF (Sensor) : St ITH UF "gYe” TR FA &, I
AHAR 9% §OT Fe AT & HMiF 4 Fo fAowdret § oF
Hifasw TfRadT & "gHA" Id & S FB IAAAT & A9 H

FEAAT &, TR & forg Wt A7 A uF faRpa d@wa § afkafda
gt 2|

Fafrer fafim sor & da¥ oY giaegay 2, @Al AT
A fefsed iR 3 @R =eye Iuae 2| o v &
IAYE AT ATICYE HSTAT FT ITAN faar & =T 8, '
arad § e ar wiwar & v 9w daet ar REta e
™ AT #=ar €, afed & uF dE @R gihegaY & Sq
STFI & T H TRATUA FT qFhc & A7 AifdF AT F g
# afafda #x 2|

YA TAYE/sSeye Rwew el gimegar #1 ST #3E S
& (fig 1) ® F=faw & 2 (Simple Input/Output System
using Sound Transducers as shown in) (fig. 1)

AMPLIFIED

ELECTRICAL SIGNAL

UiNyeES

Fig 1 \ CONTROLLER OR SYSTEM

Ve

J

ELECTRICA SIGNAL

INPUT
DEVICE

Eqos

MICROPHONE

OUTPUT
ACOUSTIC DEVICE

PRESSURE

AMPLIFIER

| —

Sou ND
WAVES

N

LOUDSPEAKER

N J ‘
|

EMN3822811

INPUT/OUTPUT SYSTEM USING SOUND TRANSDUCERS

FoR # fafie war & d6Y oY gesgEY Iude g, Y
fSrad & o F7 IR aEdg § 919 oW A fafEa g W 1w

favie swear 2| arfersr 1 # oy ww srfee = g

arfert 1
AT T AT A1 T Wi A ZAge feargw (Fadh) Feeye feamEw (TRauw)
KIECECEL] TR AT IfRIeX (LDR) wieere THTI T AT A LED X wIgax
Hier-gifoe T, AT e At gefiia F¥ar 2|
e Srex, var
EEIEEIE] wE 19, Yo% few o @ forre sfiT 9% geag@e, aEavH
RIEIEE) T fIEeT, tAaiey, ReifFea/mes dter | Aiex, aidiEs o fied
= LVDT
wfy THR-TALE, T[T ATSIFIY, SaY | AC ¥ DC Hied BUR lex, 3%
THTT HEX

253



Tt 3 RS @48t (Analogue and Digital Sensors)

TATEnT d9¢ (Analogue Sensors)

TATANT &6 U& fARa¥ emseqe faa a1 dies &1 3amed
FIA & AT ATHAIY 9 AT AT &Y AT F JgAd F v
TRE AT G argaE, wfd, g9 AR g9 ganfe a9dt
THATANT /AT & (%6 & THfd § Faw gid 2| 33w & fog,
TF JHHIA AT JHHCT HT STIT F¥h TH d<el & arqq
T AT AT 6T & ST WA AT9HE & 9Radl & 9d
sfafear #xar & #=ifE ava &t 7 &=y JEr @ ar e G
st 21 (fig. 2)

YHFIA TF AN e &7 IARAT FA & (@0 IITAT
e St 2

Fig 2

SIGNAL
VARYING VOLTAGE CONDITIONER
OR SYSTEM

ANALOGUE
OUTPUT SIGNAL

ANALOGUE SIGNAL

—LIQUID

-
P4
z
o
2]
=
o}
o
=
2
o

TIME

EMN3822812

THERMOCOUPLE USED TO PRODUCE AN ANALOGUE SIGNAL

TATANT HOY ATIeYe e 7 IAET Fed & S G097 & arg
A% €7 § AR AR 987 @ 8| T d%d Fo "EHae
(UV) & & # 9ga Bic BId §, AT FS &l AW & Aa9qH
gid 8 | a9 gfhe St TATART Aol %1 AT &, IT/ ATHA I
it wfa & afafar et @ fie/ar 97 adiwar & daar &t
JmaTT & Rfttest ey Reqer & ST & g wEwEeee
forew # It wATanT-g-fefoea #=¢d (ADCs) g1 aRafaa
o ST @ear 21

fRfSres &@¥ (Digital Sensors)

ST & 3@% 9 & gar "oar ¢ % [fed dav uw smaa
fefotea smeeye frme a1 aies #T ITeT Fed & St /T o
& AT 1 UF RfSrea g €| Rfsew dad uw ad 1"
I & "0, ('S AT "ATE") F TT H UF qRAU ATICIE
et &1 IaTeT #Xd & | 3aT Adas 7€ € F ww ke
e aa feetie (AX-fAaw) gt &t 31w &3 €, & fmea
"fae, (FRA grEiem) a1 arsed & A g1 e "age”
ATIeYE (AATAY FAHe) & 9 § e S a&ar 1

T Tagw uF Rfvea Reme #1 swmi saes # # fog

ot Sa=iar fFam ST # (Light Sensor used to produce
an Digital Signal)

AN H¥a IITeXOr #, ster fF (fig.3) # Fwier ww @ o
o @ A F (fsled LED/sATeifeede a3 &1 ITaRT
FF AT @ 2| 5w o uF o e & fog aw @
(IR % forg, wiew a1 are 7fet /), @+ ez # sfaw
F% giEUiE We &, T S8k ATE & T % qrF gaar g,
T F(E age # HHY G Il € UF a6 "1" a1 q& "0" &
FT gfafAfee #3d gU UF ATIeYe @F F (A7 FHeAT |

Fig 3
9 DIGITAL OUTPUT SIGNAL '-'
DIGITAL
gyl COUNTER l '
DIGITAL OF REGISTER (S
LIGHT DISPLAY
SENSOR
o
w
-
s 5 DISCRETE DIGITAL SIGNAL
=
— o
7 #Z‘I; |< DETECTOR =
S 3 ON
o "j ROTATING <
=
SHAFT 5
a OFF
ROTATING DISC TIME o
WITH SLOTS 8
g
8
LIGHT SENSOR USED TO PRODUCE AN DIGITAL SIGNAL Z
w

faferr siie ot gimegae & 7= aw@ (Basics of passive and active transducers)

SEEW 1 3 IS F o | A fAfafed # wew av g

o TESFAY F TR HT TRATNG FLeAt &

» fafm wer & ffor st abr givsgar & =ren w3 @

* ZHETEY % 999 & forw giken &1 auiw w20

TF ZIHSIAY UF TR & Sraet Iuah wifas 7m0 & a9
Hafi fagd woha & aRafda w3 % forg o sar &1 sifereior
farga woferat #, §M9e e % faga d@&a T8t enm, afeh
TF LAY Haha SO | WX ATt & Al F7 ITANT F4h
TAHT W AT @7 &, a7 g8 6T gelfagdhal et & agemr
il

UF ZESIEY § o w7 § I geF i, s fF 3= (fig.1) H
gt 4T 2|

Fig 1

INPUT OUTPUT

SENSING
ELEMENT

TRANSDUCTION
ELEMENT

INPUT - RESISTANCE, CAPACITANCE,
INDUCTANCE, STRESS, STRAIN, HEAT.

OUTPUT - FORCE, DISPLACEMENT,
PRESSURE, SOUND,MAGNETIC FLUX,
VOLTAGE, CURRENT.

TRANSDUCTION BLOCK DIAGRAM

EMN3822821

"aew = (Sensing Element) wifas amam ot g aftadq
FT I F IR & T8 AT g7 |94t A afaare far smar
gl
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gimemE @« (Transduction Element) : &R uferde a1
ATSTYE TSI & T a1 Sar 8| 78 dd Ae-faga dohd
F srgTfas e @wa 7§ aRkafda # & fog e &) |
AT & T & I IET dcd ITEMA Y #@ded gt &0
frar wear 21

o T & = "62 Y 5% wwww (Diffrent Types
of Level Sensors and their Workings)

T FC GAY TF THY & ITHI & STt ST a2t &< i
& fatRa #x % forg farar star & St oF gelt sorer ar &
fomew § F=ar 8| T 9T & IFRT § T B o © AT
AT AT MY fag T 9 1 ITANT | F1 UF qErF qT
% AT & oy T sar @ satE 6y @ 6 & s
AT & T & fgiRa #2 & forg famam strar & e fofwar
i 3= a1 fae 2|

2y i

= - s L

EMN3822814

LEVEL SENSORS

AWAR 9¢ F HA¥ UF et gurredt & 9o so= & fog
TF ATPCYE THAT & I3 Bid ¢ | aaw Sreniiear e
TUITCT &1 FEAT & AT F=ELT H IJTAN FIAT €, A7 T8 &
GAATH AT GALATH SN | ST it &, B Faer s
syfrat T T w@ AT ST awar 21

T @9Y 1 @i (Classification of Level sensors)
gt ¥ &9¢ (Ultrasonic Level sensors)

Y HAT & 3% FE @i A ITF ATIARN F SAGAR
Ffga B s 21

A IS T & ¢ FT ITANT T ave IT-& 1Y
ATARIET & T &7 94T e & forg 3 smar &1 F 20 & 200
kHz @& %t STgfer =& ain &1 Ianed &¢d H19 & ¢ | 39
T Ft Y UF grEegEY # e AT €| A mitaE |
AT T ITANT d¥ &< i (AafEd s & forg & siar g,
AT AT TIPS, WIS A T I 3T T AF THHCO
& oY 7 THER 3|

UF qATE WY 49Y (Capacitance Level Sensors)

T O F ITANT aX @Y S F O (slurries) Y
ST qeTEt HT qar oo & forg AT sar @1 7 @ &
af¥adat & st & forg us S &1 ST & e AT san

g1 ¥ WX aRads wATanT fa § a9a o @ | S A
¥ PTFE g9 §RT A¥ & Hataq & av & &l dfea
R W @ AT § AAfiF gfafFer gt & i gwfoy &
AT-aATEH T ITATLHE AT AT FH ST gt i ameft
AT T AR & 7 ITYH 2 | 37 THR & d9¢ ITAN FeA
% for agd & ava ST AT B © HifH I9% I Fg At
TTF qEl EdT ¢ |

F ATHAR T TEEAF, ST ITATE, AT, JeIT JANT § 3%
T A AT iR =9 9T Y ATIHE B R #EA A
AR § ITANT fFFar Srar 2|

HAif@wer @ §9T (Optical Level Sensors)

ATfewer T F TAY BT ITANT AL TSTAT HT IaT o7+ % forg
o st €, o ofer @ amft, & afie ave qerd siw
ATSE H TeAT & a1 Tevhd | 7 UF IR LED & I gewiRe
AEe | grafyea & qRaddat & YR 9% #19 ¥ @ 2|
IATfed g & o AT Uk 3= S0 IR SEiE Y T
Aregaey fafer #1 IwT Fed 4 = o qwar 2|

FT TN FL AT g & ATATEI H AFAT FE THA & AR
AT TETAT B AN FT T & | T AHAR 9% RArT 1 gar
TR AT &F T IT AT AF AIAE § IJTAT g S 2 |

RTD fa=ma (RTD Configuration)

% RTD T, &, &9 a7 9% % = & st S @t 21
Fr-ATe e @ag a3 € AT qad STt g aren W el 5|
#eT §, RTD &1 Al & UF &leweid ool & Afhe & T Srar
2 ST qF TSeYe AT T AT AT@T €| 37 Afbe 1 JHA
7% ¢ % af FAfFe ofic g wfay &g &7 RTD wfawy
Sied & Y Ffe Saaw eidt 21

Fig 5

EMN3822815

2 AT FRTRIE (2-Wire Configuration)

TR-ATE FIIERIA § &7 G ST & 31T a7 gwifaa o<t
gd & ST RTD ¥ aleast ST T AT & | AT & 1T F& aret
Fiees T & TATT H THRA & forg g gwrfaa fie 3=
sfaeter 2|

T FIFRNIE Afhe | e arEY I &1 W@ &34 & q19-
aror fafss e & qaen # &0 & & forg smesf €| wfawty,

AT Hobieh - (NSQF &Y 5) - 319m® 3.8.228 & 3.8.232 & gt fraia 255



St - FEERTE & 7Y @99 gudr off Edie W
START AT AT @ 9@ AgTT & Oy S@tiE qdiw A A
ATIIFHAT Bl 2|

Fig 6

EMN3822816

3 WIRE CONFIGURATION

e f&= (Float Switch)

T @Y Y a7 FAie &9 #T ITINT &F a1 1T e o
e & A fret & forg fem star @ st fraiRa s=
a1 f @ & sgEr gfatsar #x & forg s G star
T & amgfd & ary sgar § 97 /e & I3

Teite fer= #t (Fig 8) ® switar wam €| s9/ us Agw fa
BT & S T SHEEet & J37 eiaT & e uF @l ST
Hierag wele gidt & S U Fi e Ford 2|

ATEHIE N/C TR & T Tt & a1 97 F34 & forg
AT it foerelt A sgfa ®t Agar 2

S T FAE F FAL ISTAT & A el ElaT €, dl «ae
ATEHIETT & G & g1 aqT & | Afde g &t Rewaae
2| 39 T 9T " ‘§97 T

g Y IET FT T TSAT & AT Al A AT AT &, ATSH
o g =mTfora ©9 & "iex & fasiet #nde it 2|

Fig 8

EMN3822818

FLOAT SWITCH

Telie are (Float Value)

TF TFATE aTed T STANT A< TeTdl & YATE &' &% FIF & (o
e Srar @, s o¥ urr, 9d faifRa @ 9w, e
FAEINT AR 3% & F1, TF FAC aTed agd de® A Aea

Fig 7

=
3
EMN3822817

4 WIRE CONFIGURATION

e € | Felie aTed TS &¥ Sfa¥ 8% && ® °¥ & aTd-
AT %% S TR # 9T AT € | FArE e TR0
A AXA €, AT FEH! [AREAIAT T AIF THARX ITIART &
forw fSrweTe & | wefte w1 (Fig 9)

Fig 9

OUTLET
TO TANK

EMN3822819

FLOAT VALVE

IR UF GiEd ard & T gAT UF HIA &7 &, S it FAle &
Y S 8, UF A A9 I8 [@-AaiRa @7 a5 ag 9 2,
At & faY & aTed & a8 FLA A qTHT & TATE B 9F FA &
forg wetge #ar 2|

zimegay (Tfera s wfwa) ®1 wfweor (Classification of

transducers (Passive & Active))

ek zimeg@R (Passive transducers)

fferr greegER &t d=fod & & fog aed ot syt
FT ATIREAT BT &, 9 uF SAHT @ FeT AT & S

O g7 ASeYe et &7 Iamed &3 & forg IwamT famam
ST 2|

| gi|megd (Active transducers)

A ZHSTAY @-SAEE SUF © FAAF qeLl TWE A
sfafaza # 7% @9 & [ a8 A 2 |

1. fafer gieg@R & W (Passive Type Transducers)
a) wfaeter fraT w1 (Resistance Variation Type)

wfadiy a9 A (Resistance Strain Gauge) - 981 a7
HfeT % FROT g1g AF-ATAF & AW F 7T § qRAAT &
2, I % fIeamas & /19 & [ SArar &1
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Fiaty YR /afaty ae fRew? (RTD) (Resistance
Thermometer / Resistance Temperature Detector
(RTD)) - ATIHT & 71T & FT ATTHE § TRAAT & HL 471G
& e & gfay § afkad+|

wfaiy ErEHeY (Resistance Hygrometer) - SaTesi
9l & gfaay & afads adt & afads & Heor gqey ddted
ATAT &F T & T AT 2|

Wi A #eX (Hot Wire Meter) - i & WaTe % #agd Ffert
& & AT ae F wfadty & aRkadw # gowr 6@ gaw
AT FAE & ST AT 2 |

wietwi=ied &« (Photoconductive Cell) - & & ufaziy &
IREAT THTIT TATE § Tk AT TRad" SHST ZET THI daar
& ST ST 2

qffRR (Thermistor) - TF T-a1a® & AT T YoT®
AqE-FIA AT &, ATTH & EI AT & AT AT 2 |

TReREHEY gFR (Potentiometer Type) - @] fFu ww
JEN I F TH WNT & €T § @S F A7 & FET TH
TrefiEfiey get & wfawty ® afRadw 9% @ gara ar
e g ST S 2|

b) @wtE Rrear w* ™ (Capacitance Variation Type)

WX FARET 9 A (Variable Capacitance Pressure
Gauge) - {3t aredt s & FIOr &7 qAWEEE el & = it
T % TRAdT F 36 dafea faerw a1 g & S v 2|

sTEAfE® A (Dielectric Gauge) - SEwtFgs & TReEd &
FI0T FAfEEE # aRad # g dEa a¥er WY AT A
FRT ST STt 2 |

Faf¥eT ArEwe (Capacitor Microphone) - & gamd 7
formar & #w FAfde # aRad S SEmEH #1518
S & ST ST &

c) S¥ur fsar v (Inductance Variation Type)

TEr FE gmegaY (Eddy Current Transducer) - 387 #¥e
wie # fear & F0 Figa & aftreroT § ofada #t @
forerma 91 A & g ST Sr 2|

gi¥aaEier stfvest s (Variable Reluctance Type) -
IREAT & FRO BN AT Jahd dfcbe & AfT=sr § fF=arl
AT & HIT AT Higd #1 (RIfT F 30F Tq " a1 919 &
FTRT ST ST 2 |

ferean 9o W R (Proximity Inductance Type) - g8
gfhe ¥ qRade F FRO UF IHfcAd FHd I HigeT &l
TSI TR 7 GTLT ST T & g g A7 fowr |

s gimwR (Differential Transformer) - ga@m &IT &t
ferfa & aRads & w1 TE®rER #Y 2 Ghe argfe & Ia¥

Fiees | gfRade ga% Fefed g, am9 a1 e & s
ST 2|

TerRfea gimegae (Magnetostrictive Transducer) -
qfade gaa T aATE § TRAAT % FRO FAGT o0 § 366
A AT I, TAE AT IA & AT ATAT 2 |

d) At #T w9 T (Voltage and Current Type)

wiet-utafa &« (Photo-emissive Cell) - wel-sfafaa @
AT TT THIIT TSAT & FT FAFEA IS HI g0F daterd
TR AT & ST ST 2

gtw 7w (Hall Effect) - U% St-a1a# ©ie & ATEW & gaa
YATE & FRO IS diees foras ATew & fRqd yame &iar 2,
T YA TATE AT T & G Ao & ST @ 2

rEwAeE #7 (lonisation Chamber) - o SaTe fr=ar
& FHTeor LfeArerdT fafeor & H1or S areit {19 &7 AT
=% geted fafeeor a1 & st star 2|

2. af®a 7w (Active Type)

wiet-atwrz® a4« (Photo-voltaic Cell) - s fafa=or &

FUT p-n ST | 4 aTel diedst TRad Ft 30 daied A

TS | AT TR & AlerdT & STET St 2|

qwiFTe (Thermocouple) - atwsr TRadT ¥ fa&faa &t

frafed emgett #1 uF S 3\E qEIAreT 719 & a7, 4e

a7 J9TE % FRT SET ST 2 |

fisitgaf®® ww® (Piezoelectric Type) - 919 U&F &TES

e 9 aTEdl a9 AT AT 8, aF S99 dde 9 I Y

Fieest ® IfRadw enmr| ade g0 IRadq &t afq a1 &a7 &

T AT & AT 9T AT AT 2

Tl Fgw TFR (Moving Coil Type) - TF ga& &= |

AT dleest # TRAAT Ft FIT AT AT F THE AT HT STIRT

F<H HTIT AT THAT 2 |

TIESTAT #1949 (Selection of Transducer)

UF ZHSTAY F1 999 d98 WA O A & UF & A qEF

TR 9T FIA H 7SS FAT & | I "uEst § 4 3w A9

faw g 2|

o =T & AR % forg wifas amEr o i awar 2

 fiu o wifes s9e & fou qaw st gieegEr frEtd 1
AT #ar 21

o TEFAT F HT I AT 9T FeA X 4R F=ar 2|

o giHegEY afFEa ar [ferr € a1 727, 39% A Wl

FiegER A fawward (Characteristic of transducer)

T4 ZESAR, ITH! A@HATAT & AAE, I, T AT S
quT faeaaTy #1 veee a2 |
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e (Thermistors)

SEEW 1 3 UG & o | o ffafad w1 wew av g
o YFTRT AT ITH THT Ht TR F

o fomtor s w1 Rria @ aRwive w1, afier i 7= Retvai

* HTAEH, BT Y THAT HT U F9 |

ffwex (Thermistor) :

uF afifeey uw gfoiy awide a1 gfadys gar & S
sfaeter arET a¥ 3R gar 21 7% e "ade s Yfee
F HIO 2| g7g AtFTEe & a1 ©, S waer ar & o
T, e a1 e arEft § g9 T@4w 2|

TF AfiEY UF amIEE 95w § S steEes gard @ fAfia
BT & St UF SiE & UTd § A< # UF a7 §9iee ge e
FLAT €| FH HIATHA ATIH | THHIET AT dge &, A}
ot & oY Stedt wfafsam @#xar &1 7 o & &
JfifEed &7 START AT ATIH AT w1 A9+ & forg
AT 8, dfthd I=7 amee & fog 92| afiey &1 s
weTae fefea awfifer v =xg IwFn 9w ey,
aT AT Za= I¥ 6T Siar @ | frar, ddesiiaar i au
fawar afie & sifaw qu € ot 37 afies # 9wgd,
qiead, AT FIA, HIgA0 A TG =BT AT F forg
T 2| amEe, gffed e, tww, fie atr, aft =
fafsrs st & Suerer @1 9% o afifey aW & A
frftmer s sgeatT &1 SaeiwT adr ¢ |

i & s (Types of thermistor) :

T FE A% & S affer & Rt affer § affga
foraT <1 @Far 2 | weeT adiar © f & wHT 9% wfafear w2
FS T&A ATTHI & AT O Tfaerg i a@d &, JAa(h 07
wfoty # frae #1 a9y #¥d 2|

¥ o &t @w & & foru s afiex @ a% & forw agd
AT FHIHLOT T ITANT HLAT AN &

AR =kx AT

wiet (Where)

AR = ¥foaetg # afads

AT =amae | aRadq

K = SoH-%H AT UM% &1 T |

SATETAY HATHAT § ATTHI AT Tl<rer & e &7 gaer Av-3fas
giar &, A sie afadat 9¥ us Y g g1 S Johar 2 |

e 37 TR & i &
1 =R ATTAT ot (NTC)

2 AT AT ot (PTC)

258

FOM® araw oniw (NTC) (Negative Temperature
Coefficient (NTC)) :

Fig 1
[[e] A

RESISTANCE DECREASING
WITH TEMPERATURE

TEMPERATURE

>

RESISTANCE
NTC TEMPERATURE VS RESISTANCE CURVE

EMN3822831

AHTTHS ATTET uiieh (NTC) ¥y, S/ ara|Te agar &, ar
gty &9 & Sar €1 g@d fAeda, 9 amaee gear €, v
gfa<rer g Srar & star # (fig 1) ® gorfar @7 €1 59 ThY &
e &7 qad fes ST R ST 2|

TATR® araA quniw (PTC) (Positive Temperature
coefficient (PTC)):

Fig 2

T1 EN— =

TEMPERATURE
R -T CHARACTERISTICS OF PTC THERMISTORS
PTC TEMPERATURE VS RESISTANCE

EMN3822832

% PTC 9fiee $8 e a<is & &H &<l & | G araq=
FedT @, Tfaae Fgdr & Y Sa araH "gedr €, at gfawry
Tedr & ST % (fig 2) # gwriar @7 €1 569 IR & g &7
STANT AWAR T FS & & 7 fOar s 21

=T (Construction)

T8 IULHI HT AT A, A, FiaTes AT FERA St
aTget & AtFTEe & A & G sar €1 39 gfawy 0.4
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ohms & &Y 75 FT-1¥ a% & AX 7 f&Ffs & & s
A ATHR | a9 A7 @ 2| BYe afiwex 0.15 fieffrer &
1.5 foefidiex =rma & #wifaat & ®9 § & 2| 37 a<e & fie
F T % oI 3 w9 & BT & AH § A a1 SAar & A

Fig 3 ELECTRODE

PLATING

CERAMIC MATERIAL

LASER TRIM AREA
THERMISTOR WITH

THERMISTOR WITHOUT ENCAPSULATION

ENCAPSULATION
CONSTRUCTION OF THERMISTORS

die & g § HiSE FAT AT € | IHferw w7 & Afiwe 3
fefteftex & 25 facfisfie a% & = & a1y 3= S | 3=
TAT % ded JfHE Al g9 gAY e i ame &
T H & hd | IR T &F H @1 A7 qHhdAT 2| A Y
AITHT AT F g8 & forg dRFe A aaeiaT & @r
Srar & s i (fig. 3) ® fewmmar mr 21

FH F= & g (Working Principle)

EMN3822833

Fig 4

THERMISTORS SYMBOL

T AT UF AT 31T AT & 9T @4 aTelT araaT dadt
ATy &, AT w1 F1H FIA F7 G T gqH61 Tfa<rer araar
o AT Fxar €| Ja aEE & aRkada gar @, afiwew &
gfoete qaiga adi®s & agaar 8, al UF A & ITF
FLA & ATH AAHAT A RRAT Bl 8, 31 I & Affieex a
g ot 5 NTC ik PTC % &7 # IUG& & 3% bl i
(Fig 4) & gortar am &1

ey it = fagiwand (Salient features of thermistor)
1 offey Fidae, W AT a 2|
2 7% 3= ferar sefia #ar 2|

3 gfifer & faoivar iR d@F=9 & dER 9 g &
SfafeaT &1 aua d%e & dF (At & Jaxre a% & v
2l

4 gfafEar #1 a9 9= FF & a7 foer gar g1

5 offwe? & oie e & W F A e s e
gar gl

6 FUL ATIHT F dET AfdEer oY '@ et & wifaw
af¥adat & e 9¥ gt g |

EMN3822834

7 AR-AfdT & g F fow afiex & wrem & w1 w3 &
et &7 STr 2
smaed (Application)

1 wIT ST Y IheeeT &1 ame fReEr
2 &HY & qrqu & R
3 fastelr % @meAt # 3w SMPS

4 TH IUHI FT ITANT ZAFGEC & ATTH & AT & forg
fara ST 21

5 NTC afied %1 ITahT sl e A Aif4e? H & forg
T STTaT @ o1 & =TS e % forg W@ S 2 |

6 TAHT STFNT ACHHICT S5 & MY AT &I arel ool
AT sfiaer® & ATTHIT &1 S % forg &= siar 2|

yffw % ®=e (Advantages of Thermistor)

1 & gfaeret % faega oo § Ster 9T 8, av 9= F gare
& 0T ST IR | fFafsia e 9t € | 78 F gfaiys
& AT it Jerdr ¢ s w1 3% gfawy § afkadw
giar g, afifex & fou ufody & fAfssa aw o 7w
qfae # g AT @ e FOT 37 IWI F AE FH &
ST 2

2 Fo wmal & o aRdw @ Rl agedt = @, g e
EUTE AffiEey & THERIEE e Avigdarst & Sidr 2|
T I ATHEEAT & GHTE Hroer Glaemeras & o arowr
& oo gerrers gfay fReand 21

3 qfETl &1 STANRT T el ih ATE T AT & forg araar
71T & forg T Stmar 21

4 ZH IT = F w=w § off Ay SqmEr @) saare
Treagd, AdTa=T AT T |

5 ofieed &7 A& agd SieT (a1 & AR & AW § agd &7
B & | &1, i ST AFN BteT 2har 8, @y 3
et @Y o "@=fera T ST =Rl

T%a™ (Disadvantages)

1 offeed &t 3= Sfaeasdr OF Fed U a9 ©, F;ifH a8
Igd Siet e & A & Sar &, it fF RTD % A%
FfeAt & o | & AT Dter | & qFHAr |

2 A A 9, Ffieey qfiF aF g €, R RTD s
TR A A A& Ssform T A6e & &
AITIHAT Bl & I/ & Th A 30 Jg ¢ & F=ifs T
FefATAS B &, F 2t S-S (3T ffde afewEr
T 9TeY &) & forg waur g &1 RTD 3T J#i®ier
ST & fauda, afied &1 ST A W Fs 9t
it aferem & amoame Hfar q= Hifva gar 21
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3 B AWM Ao Afieed W 3% w@g-difdw Ffeat F forw
srforddaefier AT 2 |

y#tRe (The Theromostat)

JUTEE Ueh T THT HT FATE-Hoh{eehel qTIHT AaY AT =
&, oo ga &7 & 3 STeT-1er o1 St fAwe, atar S
AT T AR AT A Bt &, S fF-ang & 78 a= & forg
el g3 UF AT a9 Bl © | 3T SAET-TAT SAGAT GTGAT 3 ATZAL
oA 3% uF F0F gaA AT 98T FIAT © TG T H A &
Tefi faa S 2

fe-eq &1 9ET FT ITANT A = & = § ar amreees e
# faga feaw & d@=re & #iftE ads & &7 § fGar o awar
& Y T ITANT SAALL, AGTEN, TH I & FSTL0r ot &
ATT-ATT qTe § T q1 & a19 acl & [ s & forg oft
fFar smar &1 IRuew sfiaem goredt| B-arfes awiee =t
(Fig 5) & zurfar =T 2|

qWIEEE § a1 JHAT STAT-SAAT 9T 81 & ST UF AT 9F g 9%
forms ST €| ST9 9% AT AT & AT @ Y gt 8
FIE AT & | T T &Y AT €, a7 UF &1 gAY A e §
1fer et SITeT @ A aeft g f-amdeTe agt S (v ) gaEdr
| fSrEd dwd yate # AT A & qad 2

Fig 5

Electrical connection

Bi-metallic strip

/ /Higher Metal Strip

[ /Lower Metal Strip
Electrical contacts [

closed
/ —=— Electrical

Electrical connection
contacts

Electrical contacts Contact
open due to heat movement

o

condition

Fixed HEAT
Point

EMN3822835

A /AT® G| (On/Off thermostat)

ATTAT TRA & ST i 9% Y&F & & I% JaAE & ST
I &1 g TFR & fB-u7g s gt & | 'S 9-uaee’ YR S uF
AT “SATT AT SATF” AT AT AT " F iR are fog
T IR HUst 9¥ @Y URE HiY fiH LE-uee 95 |
ST FXd & ST oY st fRrfy & agea

AT ® qREdT S9-UH THE qHe &t (Fig 6) | g9rtaw
T €| € ATHA 9¥ SHIE U | 39, St faafsra et
qT &Y Rt % aroee de fog & feEfE e & o dard
o off qmET ST AT 2

FIY ATHATY ¢ U fg-e1g & Frermse a=dt € | arowme aRkady
F ¥ H B3 AT T AT - GAdr & AT AT FLAT

Fig 6

SNAP ACTION TYPE THERMOSTAT

EMN3822836

g | ATHAR X, H19 T G-Fefors wiger a1 wrger araqme a5
A T ATFE 36 FAT & ATTHT GfRad & iy 1fer dagastie
ga &l

BT I-UHRT E9 THCH agd a8 8id & ¥ uF fawgd
T ATI(ET ST T¢ ITAH &id &, AAH SI-TFH ThT
JHIE & UF oI THAM I€ ¢ & T qaAe dadl & & |«
ST T ST 8, At I I U el Re Rt I giar @
9 § fasteft & duaf @ as eid & | T fre & dg FT aad & IqTe
% forg 7:% 20°C &< & @%ar © Al 22°C d% 1 gof ahelT &
a1 18°C a e & &7 & dar 2|

R TN & forg @i w7 Iuee @ fg-urg awieen &
AT AT & S1aT & o7 UF it adi aifod araw
Fe #t FgAfd 3qT € Tge dR RwRfEfw daa fi-ge gl

e &9 IC (Temperature sensor ICs)

T fforhie AT S6% UF THiga afhe ©, 6T % qaT doe
F i amaw R wRfT affed miva 2| amme d6e
IC % fore & afdfe siew 1 STevd & | 378 & T© ateest qafTat
% AT ST TATANT § (T A(ehed &l A8 ¢ | FS 7 |C TATANT-
FfET afehedr # feforee 379 | MSeye T Figia Il & ar
stted €, g a wewiwaey sratfRa sonfert & forg s
HATI a7 1 2 |

Tt ATTHT F6Y |C 3t v fawga fafarerar & fo arowmy & farerf
FY ATTH HHT AT F1 A T & o7 ITre 2 |

AT AT &1 IC & fafers w&Rl o aies A8eqe, e
seeye Rfvea smeeye, Wy weeye fafosia «fie sme
AT ST H A1 (HAT ATAT & | ATSH SH[HSHC ATTHI HET
AT 55°C & +150°C ATART TSR & AT I 9T
I FEHAT AT IoA ATEARET T&H FIA &, AT ATICYE AT H
10mV/°C ¥ 3¢ 39T 9% 719 8% © UF ST & &I & LM
35 ATIHT g wavar (Fig 7 a 3i¥ b) & gortar mar 21
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Fig 7(a)

EMN3822837a

Fig 7(b)

(supply
voltage)
Vour (10mV/°c

analog output)

EMN3822837b

LM 35 e | st giaen (Feature of LM35 Temperature
Sensor):

o g afcaae 7 Sfeeiee

+  UT-55°C & +150°C =it % forg ¥ foham
. qeer s % R 9T

o graT-dad T & FU F7 AW

+ 4% 30dte & Harferd gaT &

o +1/4°C &7 AATFAARET |

IYLITE ATIHT Hagah § i fier el | 39 9 § U arniy
BT & ST IfARTe it ST Fe & forg aTTHT % ST SttaRer
FXAT | Wty % 37 afkada & afde g wege G smar
& AT TE ATTHTT 3 0T FHAT & | T qledsT a T & dl aradqr
st 5@ AT 2|

ATTHT HEY Hd ATIHTEEY I § I3 &1 € Y 39 THE
ATSHITTEAT & TTT T A g @9 33 § qa0d aid
2| #9Y gfAe &9 ana a EaY & arg A/ID FAded @t
ATIYIHAT & AT Ty &7 & Harg ¥ ghar ¢ |

AT HEGY |C LM 35 T STIHT &2 ITeT U ATeTRF Afdhe
(Fig 8) # guttar =t 2, o &6¥ emsege Op-Amp IC 741 %
Ae-faawr gge § et g | g faifRa arowe aF g ™
Hfhe ATIeYe FT IS FLAT & LED Hahda &1 ferfa #t agarar
gl

Flg 8 &5)v 012V
470Q

x® o, > GREEN

N
iC uA741

L B

470Q

SENSOR

RED

TEMPERATURE SENSOR USING IC LM35

EMN3822838
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ECCHIEE G L CER Y

s 3.8.228 & 3.8.232 & wwiftw Rraia

yfety e fdwew (RTD) (Resistance Temperature Detectors (RTD))

SEEW 3 UG & o= | o fAfafd # wew av g

o RTD 31i¥ Z09% TRt & 9% | Farg
« RTD (PT100) % feafor 3w #r fria & afvwfya #3
* TaEA, HHT, TR S THRA H GUE FW

AT afavi feee (Resistance Temperature Detectors)

gfaty araa fedeex (RTD), s@T & a1 & 9ar =efdr &,
AT F &7 RTD ad & Jfaeier i g erd fsh arar
o & forg I R S arer daY g

RTD fagga iz % forg wioweners w0 & wfaws e gafag
AF ATATELT § AT 79 F oy o=t ave & 997 ¢,
a9y &7 & [ieT, ST Y I Fieesl ITHIIT & ATIIH |

TF glady y@HeT ar gfady auae R oF fRaea @
st frar smar 2| 9= faga ar & wfoee & A
ATIHT 7 fAeieor #3 | g8 aTIH da5s & €9 § agfyd fHar
STAT € | 3R &/ I=T GNSHAT % AT qTTH HF B FHLAT A8
£ ST # RTD & THAT AT & | T8 aT9H &1 0 fowgd
T 9T =t frfiee faviuard & srenr-sent sifas srvermat
&t (fig 1a ¥ 1b) ® gurtaT =T 2|

Fig 1a

Fig 1b

PLATINUM WIRES
TAPE WINDING

PLATINUM

THIN FILM

) PLATINUM WIRES
COIL IN CERAMIC
POWDER @:@

SUBSTRATE

CERAMIC RTD
WIRE WOUND

GLASS RTD

WIRE WOUND THIN-FILM RTD

EMN38228A1

DEFFERENT TYPES OF RTDs

262

RTD Iw#ull # dtar, et oY «ifeqw &mas &7 & argen
FT ITANT faT ST & | 57 AT engett § araHe e & g9y
# forer forsmmo 21 v 5 (fig.2) & aurtar w 8| Sfefem &
ATTAT AT 650°C ¥ & atar, s e 120°C ¥
300°C ¥ (fig-2) ® i STenT-TeT angett & Sfaere-araa e &
gfd = % &t guriar @ 8| wiiefimw F fog, gaewr oy
T 0.4 ohms wfar fesft afcaemr araw= sgerar 21

Fig2 44
PLATINUAPT)

0 // COPRER4€T)
g 300
NRPar=
0
é 100 v / /

0

0 100 200 300 400 500 600
TEMPERATURE °C

EMN3822842

wifeqw & g@Ear # R100/RO Ff A& 3% fahar smar €1
Fi(%, o arrRll #7 89 a/ag & ST #X W® €, 3% RTD
A & forg ST T sar 2| At aw e 4@ e, at a8
qafys gfatg-aoae e & fa=foa & sl gafow
gTgAT % ATIR 9T o A B A I AT |

RTD @l &% W1 #T & AW W & (Types of RTDs
based on wires color code) : (Fig 3)

Attt wfaery amwe feaex # fou ger de wifas frar
=T AN ATTA & HRO ©feqw RTD g1

=1 RTD @ 99 fasher, wifeam-siaree, ¥ 34t ave |
RTD ®ifR&mee= (RTD Configuration)

% RTD U% &t i a1 =¥ ar fa=ma § st o7 @oar 1 ai-
A fa=me qad ava € oY qan AfiF e amn f 2| =
HeT § RTD U& &iar &I fot afhe & aF amt & 1 ger
AT ATISYE dteest WIAT AT & | 37 Afehe FT JHaW T8 ©
3t FAfFew e arl & wfawty & g RTD afawryg & et
ST € ST T e et £



Fig 3
2 WIRE 3 WIRE 4 WIRE
no: RED WHITE RED RED WHITE RED RED WHITEWHITE R2 R3 R4
e —(C >0 <20 —( >0
[%2]
Ll | S|
£ —(C 0
R3
RED WHITE RED RED WHITE RED RED WHITE WHITE FIJ FIJ FIJ
2 — —C—0 —C—0
O
2 LT
2]
Q YELLOW BLACK YELLOW BLACK BLACK|YELLOW YELLOW BLACK BLACK - . (:) O (:) O
N R1 R1 R1
1
| S
o)
&
N
3
RTD WIRE TYPES AND ITS COLOR CODE %
w
. . _ - .
2- IR FRWRTE (Wire Configuration) F-a FREREE & a1 uF g9Tad qu5er ff ) sadiY 9w

TR-ATY BRI F 37 FI oS &id & AT a7 FIe olg aid
& MY a1 9T ofie 8ld & 5t RTD ¥ aledst $19 & Aq 2|
AT % FIN T& aTet dieest T 1 AT € | 7T % I JaT8
T qledsT ST F THTT & THA & g gF dwifad ofie 3=1
gfaie 2|

T FIHRI afhe T i aEY Tfaret it © &3 & arg-
ary fafier e wfae & auma &= & fou faew @, s

THHT ITANT dd (AT STTaT & S U (A2 qdis 919 & forg
I FATEIA T ST 2 eAeed a7 |

A T WIS FAY & THT & (€ RTD STATHRAT
A IeTeie &1 HIH o |

Fig 4a RESISTANCE

MATERIAL IS PLATINUM

Pt -100
0°C

RESISTANCE VALUE

R =100Q

L)

AT ROOM TEMPERATURE
Hﬁ -100 ‘Lf hd
25°C .J

Pt - 100 CONNECTION WIRING DIAGRAM

R=109.73Q

4b

RESISTANCE (R/R ;)

NICKEL
6
_
// _
COPPE
4 / /
/ o

0

-200 0 +200 +1000
TEMPERATURE °C

RESISTANCE VS TEMPERATURE CURVE

+400 +600 +800

EMN3822844

Pt-100 % Rr=iar (Pt-100 working principle)

TF wifeaw gfaiy ara feewe (RTD) Pt100 UTF ST &
T 0°C 7% 100 Q ¥ fafire wf=iyr (38 Pt100 #=T Sar
) | 7= A=t 719 &7 93T & FifF TF THIT & & 918
THHT ATTH 9qedl & (ATTHH Jed I STadAT aedT & ST
) (fig 4a ¥ 4b)

AT Hobieh - (NSQF &Y 5) - 319m® 3.8.228 & 3.8.232 & gt fraia

TARTITAT Y A=ifes gfFEaren & arawe &1 qad F forg
IHT ITART FF aut & o siar €, o adiwar, e
A forar & forw 4o gotvm frsfia fFem @ | us RTD smaate
I ATIHTE 850 °C dF AT HahaT 2 |
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Pt100 % w*1¥ (Pt100 types)

A &9 & Pt100 Hagq aal &1 diq gferat €1 T&F Hefr &
Sl famvard «fiT wme 2|

aw Fige ad (Wire wound Element) : aR  a<ks dd
HaeF TaH A HagH © WRET AT H TF AT A9 AT
FIT & AT AR A%l AT | aEfEr Fie Mo a1 @ure &
AT 8, Al UF faga Igaie? ST AU | Fiza =g Aif®
forar i ar & IR &t v @i R g'E & Fw#91
FIA A AFAfT 3T © St (fig. 5) § Forrar @ 1

Fig 5

CONNECTING
HEAD

PROTECTING
TUBE W

1

)

SENSING
ELEMENT

FITTING

EMN3822845

Pt-100 WIRE WOUND TUBE

FiEgwee a (Coiled Element) : (fig. 6) ¥ 39177 77 | Higaee
FAY F g W feemg A wea & fafy @) uw ga W

Fig 6

EMN3822846

Pt-100 COILED ELEMENT

feomea A &t s@ac & o= aWiEt & THE & g Y
foeaTRa & i srgafa dar €| 5@ feomew # s # 9
ATCAT AHA T BT STANT HIHF ©ifeaHq Tfaerer qw@ide (SPRT)
# forar Sar &, ST ST ST aEE & w9 § R
ST 2|

gaet e @« (Thin Film Element) : gaci fohem d@adt
AcT UF Igd Tae! XA THT F¥h qATAT AT & W EaT w1 g
firfas gerge 8 @1 98 W mHar ¥ fak 10 & 100
THENT (1e-8 HdfieR) AT el 8 | wifeaw fher & uatwit
AT FT T 9T AT | T8 AT TAT =i few £t Taar Fx
H 7qg FYAT & A It e ant & for a9 R & w7 #
T Fear & st (fig. 7) § gwrian /@ @1 gdqelt fhew <feaw
RTD ¥ ®M™@E FH AWd ¥ H7 T g=0q & | F7 arfir
T 32 asil & Ifafkar 3ar @ #iX T S I3t § ghaar
FIAT AT &l & A I & % F a a6e & RTD % &9
7 for a& 21

Fig 7

EMN3822847

Pt-100 THIN FILM ELEMENT

RTD #t @\ (Limitations of RTD)

RTD wfa<iy &, fearga gwr @3 &1 12R fasteft sta= g s
I & ST g9 FT FR F7ar 1 7@ RTD ® &% e
FBT ST € | 7 Toad ST &7 Fer off & dFar 2| 37 ThR
RTD sfaie & #reas & faga yare &7 doh-aife & a=+ & for
I w9 & FH Y R @ W A | 56 a5e & RTD &1
ST AferFaw 600°C d & o s &1

RTD &% srgs=ntt & (Applications of RTDs include)
o TR FEEM AR Teiaad qiEEEr o §

o W THERII

« w=Wa e S

. FTST IETEA

o ATEEH THEIT

o UEIh{HHeT THEHTIT

* HIEH-FAREIAR

o G, A AR AT ATTAE AT

o f@® | amEE A

RTD #1 S9ai1 fFan sirn =nfew (RTD's should be used)

o S HhdT Y fRrear ureswt & fafagsr & sravgehar siar
gl

o T FESHAT B g aTTHE AT F FAF ST AU
o o@ &7, afer g ddT o &t dgaw aamar 21
o ST AHEHI F IoF & qBAT 2 |

et arqaT fReweet & @ (Advantages of Resistance
Temperature Detectors)

« RTD % S9a & @l & afirer €
o FF qfRETed @ aw Ew

o fomga amwmE st

o fomga I w s

o I= ATIHN 9T =T fRrar|
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wfeRty AR fewewt & gwaW (Disadvantages of
Resistance Temperature Detectors)

RTD T STIRT F¥A % THA | AT &

o FH HaAGAUEAr

o gEIEHS & g1 § AeF AN

o AT qige dfET

o FeF AT FUA § TWIEAA A9 AT AR-ATY ATIRIT AT
ATATIHAT BT & |

AT ;. [T AT ATTH 40/ Sy a6 & e RTD
ITTHAT AFHAA 3 |

TITITAT HEHY & dEd AH(HIA A9 FT 707 (Testing of

thermocouple sensor under laboratory setup)

THIHTA HAT HT TV TAREMAT § qHAA ded B Th
HEaTt & TS gF SN & A uw W wR R s
ST 8, 3] W W H AT E7 § e F Sgan e 9w w v
TAT BT | STIEYE dteesl IATfed BT HAT & I X & oIy
s DC (Fig 8) faferateesiiex T ITaT &¢adh wrdT STaT & i

g amae & forg AT oSt Y Sl @ iR gwmer gorr
THIHTA GET & TSl HW B I FA & forg & et 2 |

TR &1 I fafy 7, wwecht & See gu e sarar & S
we q¥ oft RTD @7 f&ar o1 asar & Sar f& (Fig 9) # gortar
TAT & AT F AT-AET FAT8 & forg, RTD & A1SeYe efHaai
H T Tt get gfarer fear & o e & 3T
FCH HTIT AT & AT % FM HLA BT TAT AT AT ThelT
gl

Fig 8

N\
MILLI VOLTMETER
s
@ 4—
S
w

- 2 —
Nl

o

3

I\

N

j— j— 3

4

=

w
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ECCHIEE G L CER Y

e 3.8.228 & 3.8.232 @ gwtua Rr=ia

ywiwaw (Thermocouple)

IgA [ W 96 & o § o ffafad w6 a3 avw g

o YHHTA AT ITqF P Rrgia # aRiRE w2

« o woe & awiwTw # aven w7

o FAITANT, TS R JHA HT T FE

o mV # Foiwarsi a% I® T W AOEE A9 FH =T w9

YHiHI A I * = (Thermocouple and its
working principle)

JHIFIT UF Gar Sueaw & Ged @ Rfafrer dewex 7
FATAF Bl €, A UF AT UF & AfUF fAgei W uw gEw &
s F¥d & st & (fig.1) & ot 7 €| S JHigdfrgher
THIT & W | ST AT €, dF U @0 fag § & uF F arowe
FAY & AT & f 81 9 UF aleeo 99T FA © | aniaed
AT A A= F g aroe daew # AIE ' SIANT
3T STar @ T uw sl @men @ faselt § aRkafda w7
TqhaT 2 |

AT & T (Type of thermocouples)

awtHTe % forg fawrar &1 it weradl arEe J% 9gad
st fo feer sy g awisaer 9@ E,J,K,M,N, T 81T #Fa%
o T & 7 Y Remar @ @& Aee a1g fay TR P, @)

Fig 1
VOLTMETER

MEASURING
JUNCTION (HOT)

REFERANCE
JUNCTION (COLD )

||

ﬁ'\ HEAT SAURCE

THERMOCOUPLE AND ITS WORKING PRINCIPLE

DISSIMILAR
METAL WIRES

EMN3822851

i
:
|
|
§
5
|
i

ArferT - 1 fafere gs6< & omiwaer oY gasr AT &t g
T 2

yHTRTe F fagraarert arfersr - 1
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Color Coding
ANSI/ Symbol . .. Overall jacket | Magnetic Environment
f Generic Names | Individual . .
ASTM Single extension Yes/No (Bare Wire)
Conductor .
grade wire
Copper Mild OX|q|Z|ng,
Constantan Reducing,
T TP Nominal ’ Blue Blue X Vacuum or Inert,
TN e Red X Good where
Composition: moisture is
55% Cu, 45% Ni
present
Reducing
Vacuum, Inert,
Iron Constantan, Limited use in
Nominal White X oxidizing at High
J JPJN Composition : Red Black X Temperatures,
55% Cu, 45% Ni Not
recommended
for low temps.
Chromel &,
Nominal
Composition: Oxidizing or
E EP 90% Ni, 10% Cr Purple Purole X Inert, Limited
EN Constantan, Red P use in Vacuum
Nominal or Reducing
Composition :
55% Cu, 45% Ni




Color Coding

ANSI/ Symbol . .. Overall jacket | Magnetic Environment
. Generic Names | Individual . .
ASTM Single extension Yes/No (Bare Wire)
Conductor .
grade wire
Chromel,
Nominal
Composition: Clean Oxidizing
o, 1 [v)
KP 90% Ni, 10*/0 Cr Yellow X lar.1d Inert, .
K Alumel*, Yellow Limited use in
KN . Red X
Nominal Vacuum or
Composition: Reducing
95% Ni, 2% Mn,
2% Al
Nicrosil*,
Nominal
Compositions : e
N NP 14.2%, Cr, 1.4% Orange Oranae X Limited usé in
NN Si Nisil*, Red 9 X
) Vacuum or
Nominal Reducin
Composition: 9
95.5%, Ni, 4.4%
Si, 1% Mg
Oxidizing or
Inert
H 0,
sp Plathum 10% Black X Atmospheres.,
S Rhodium Pure Green Do not Insert in
SN . Red X
Platinum metal tubes.
Beware of
contamination.
Oxidizing in Inert
Platinum 13% Atmospheres.
RP . 0 Black X Do not insert in
R Rhodium Pure Green
RN . Red X metal tubes.
Platinum
Beware of
contamination
Oxidizing or
Platinum 30% Inert
S Ou Atmospheres.
B BP PlRpodmng()/ Gray Gray X Do notinsert in
BN atinum 57 Red X metal tubes.
Rhodium
Beware of
contamination. °
Tungsten 5% Vaﬁug:r;, Ien:rt,
c P Rhenium Green Red X A Y P?
N Tungsten 26% Red X tmospheres,
Rhenium Beware of
Embrittlement.
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yHH % A s & forg arsme s mV o ¢ (fig 2)

Fig 2
80
E
70 J
60
_|K
2]
5 50
Q
> N
4 /
=
= ~
40
- -C
| —
~ |
//
30
I L —
~ / L —
/
2 T e / | — o R
- L 71 IS
L —1 | 1 — T
10 | — |t + 1 —
| ——T — I —
2 /////’//4’ [
// [ _———— ] b —
0 4/__‘ = —|— T
i o =] =] =3 =3 =] =] =] o o o =] o o o o
€ 8§ 8 8 8 8 R 8 8 8 8 8§ B &8 B 8B &8 B B 8 ¢ § B §
TEMPRATURE (C) o
@
&
TEMPERATURE Vs mV GRAPH FOR VARIOUS TYPE OF THERMOCOUPLES %
z
=
w

T (Applications)
1 w3l % amee 919, §9 axargq e, 9 g9

2 st afsarst oY #ey gefat &1 a9
3 e, §e, Ugihifeher T & T899 araq T |
w™e (Advantage) :

1 UF g AIHE I B AT F oI 39 & - 270 & 3000
°C a% (Jte 07 & forw, fferr aramawor #) |

2 39 AGIAN & foIg FH ITYH & &l Sie ATIHT & HAT
F I=F ASIHAT % T [TAT FATET A1RY, ISTEL0r & forg 0-
100 °C10.1 °C |t & arer|

J%a™ (Disadvantage) :

1 JHiHTer A9 qTIHT & AT 2|

2 JHTEIS IJEHT A ATTHI F TgH H IfE F AFA &,
faey w7 & 9T X F fou gmue g9 F 91E, a7 Y
ARl & 9 TPeo T AT qHe Rrfaat F FRer s
wfaety @t & 21

3 JHTEHIA FT ITAET FXA gU faotelt & @a<i & qEge @,
7 faga deaex 2 | RTD faga mi & ufq #w ddgasiiar eid
2l

4 IHIFHIA ST I 71T el A & | T TEl H¢ qohd &, TE
Hifasd w7 & v € % 7 uF fig ™ ame T e
FEWT 2|

5 oIHiHIA A e a & d14 i T TF a9 Aa<e IeTeT
Fo ot afagfa e fFeEF gry #t o @ 2|
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ECERIE IR | ClH EE R

s 3.8.228 & 3.8.232 & wwiftw R

a9 AW R &g 3« (Strain gauges and load cell)

IR [ T IS F A A A Ffortaa wr Fwew v w

o qETE T 3T THF THRRT H1 AT F

- fRwtor 3w w1 Rria i oW Sy Fit afenie w1
* T AT AT FA AN A A JATAT Y

o AT ETAS T THATH F JO H |

[ AR (Strain Gauges)

TG WS (AT T W) UF ITHT & orawr IwAnr At awg
IX AT T & oIy faFaT SiraT €| @ed S| Y6 % a9 e
H UF TgAC FA @A afT Sl & St U 9T a0 Telt Ged
AT FLAT | A TFH IJUGeh (A9 arer Aeiqey & T
AT &, I ATEAT Aw¥gie | S & axg fga e &, =i gw
STt €, s I faga wfady aga ST 21 98 vy
qf¥ads, ATHAR 9% UF RIS Ao HT ITIRT H<h qTaT
ST §, AT FEF & €T A Fd AT G a9 & Feferd &
St (fig 1) & gurtar @ 2|

Fig 1

-

DIRECTION OF STRAIN

——

STRAIN GAUGE

EMN3822861

T T F T (Types of strain gauges)

AT AT % AR T TR & : Ai0F, grggiters, fGaga sfady
#% fstteat iz

RlIEED

HEIRED

faga wfa<te

KIEIESIEFE

it @« 7w (Mechanical strain Gauge)

A A & 9mE aX A tF fAR § W) 9w S ¥, Y
ATT AT e & & F& o% wva at 78 & @ 2| Al
FEFE F gATH AT T AT T, WA W gEHe foraw
FIX A F S wAE AlEAl hd TS §, I ghS UX WS
TR, TR 9 Fawrdt | w7 Feft FF aifaeT F w0 7 of
ST SATAT & | ST I § &1 SAeT-3TeT TS qedi & qeat
& a9 gU 39 | A= A7 TRd I UF TS G0 FHar € A o’

A W N P

Fig 2

MECHANICAL STRAIN GAUGE

TRA X ATA AT AT FF B © | T I & TF A F M
T & A TF T A H, FATCIY AF B I GoAar & |
agd f-fi¥ UH-uF it At F| AT 9 A3 F HHA ©
St B (fig 2) & Furiam @ 2

grggifor® &= AW (Hydraulic strain Gauge)

T AT & AqTT AT FT UF 9gd Sl JTHGT HT IAT T T
2| Ierevwr & foru, oo uw vt fRafa &Y Foar #X % §,
STEl STIET " d—dY F S @ 2, AlGd g6 I AT
AT F9 & % 7% a9 a% e 72 3, 99 a% 1 /T A2
& STTAT | T AT e f¥dse S f& Fuw aviar & m 2,
#% feeaeT #1 ade W 1mm & qase &1 f[ar &2 F oy
Imm 1 fwfor qade #zar €1 afdw #=m g R W s
DI YIRS FTIAT AT A1 & oA Bl e ox femng a2
3d 87 3@ WA |, A W aAd | AT a8 & IAAT & ATy
T AT AT9H T G TdT &, TATCIT STT-3TT HYA aTet acd 7
TF BEN A W TF T R UF g9 & UF dgd a8 qAR
AT & e a5t F1 gade 93T FAr

BTEgifors fedey uFh FHTI &1 99 FXA € AW g H
e & A o Aremer i # ave w9 w1 qfFad '
T gregifors fUe gid € el % a9 fiwed & avar gard #7 us
BT A =1l (T R S/ g Sedt & g @) uF s fuwe
# aver erd &Y i 97 FAT & A 3HE T BT & (S TR
v qaTd fAshetdT &) | 7% ST ST & {3 58 aqra a9 |’
AT AT ST FEHAT & AT 99 379w 9% U & S aohd
g St ot 7% AT 49T FT /T € AR UF ST T H UF St
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e %1 ST FAT &, Tuw & ar e @) 7w 3 w3
% forg T forae qavie gorm €| fiwew & amiferd she & war
Fadr & o O gade F1 94T e @ F F W@ S qaw
AHA X fHaT ST €, SEgia® & 39 ave & JaAc &l
10 3T A FEF & OU FIAT & AR AWAR X o= AT
gAY fase # IuE R star @ | s % (fig 3) # gt e
1

o
—

HYDRAULIC STRAIN GAUGE

EMN3822863

fae@ wfeier awma A= #1 @9 (Electrical Resistance
strain gauge)

a3 T TF TATE TETS F T Y AE FO oA FX @ F, A
ATHATY T AT STFF TREpd 717 (R ITH & ) T #7
ATawIEAT 8, fohT uF Aremer AitAE aqra A A AgHfT S|
AT THATE & I A9 H TTIET ITed &, SITEX & forg,
T E SAfUFRAT Y HT IATEA FY @ & | 97 &7 9% oqer
e 9 fawET T8 91 g9d € Y S F R 3%
AT & forg arex fawar @@d 21 afee o #Efe § wmse
RAfET & us & w19 Fe & forg afaeder &9 49 &1 3720
T T T

g A faeTell & a919 9Tt 9 qad, ATATATRY TR &
e & BT &id 8, S I o @t ave aEfii ded gid
g, o foRId At & Se &7 q A A S| T g+ #; oI9
At ax o @ R & Sfe & Y o Sa @ | T a& iy i
3% AT ¥ faaaEr @ o e st Fegex At e afdhe
AT FAT H ATIAT 3T A FLAT FTed & | ST FA&AT FIA
aTelt AT &1 e far Smar € ar o=t & 98t e &
TS gET g2 et € Y WO Sl e &t ar ar = o
AT & (3T 3% dT=T &t AT I a1 Jar €) ar o
AT HAT AT & (FATTT AT F1 TH ATT FEMEAT AT & 3T
AIET WieT a9 STaT 8) | TF Fea a1 FISTE Hf JaeT g8
forga wia<y #t a8 3T &, T (% ForagEl & oIy @ At
& o faga arre # o T FET gt &1 ar uw a9
gaT FeAT @ o afaete &0 ard Y oS TuET F ary, oy
AT F AT HE T | AT FHE WHA a9 I ¥, A
o F=ER € ST a9 A SfAd: I g AR § Ay
AT SATAT B-AT AT THT FT AGfer § 9T < T &, 94 F v
TreterzT famme it odeor IeW & SR | s fF (fig 4) #
FoTrAT =T 2|

Fig4

ELECTRICAL RESISTANCE STRAIN GAUGE

Tisiigatae® &4 9 (Piezoelectric Strain Gauge)

FT TER # arel, fad Fmds e o fGfve gw e &
ferfis mfue 2, gwmE =7 & "Wt g W 2| afe o
S UFH 3d € T diwd g, At 7 o | S & i
Bic A S [ aies e Fd & | 30 TeAT H Tolzaagoer
FeT ar gl (Te f-u-or fasrel) v a' wwEa: @
g § SHSIT e I F¥ & a<h & €9 |’ AT
ST €| UF feizafag® §9¥ § diees H1 71T AT AT a8
SATATAT & AT 1 TUET FT Tt & | Toniget{agesd @ 197 g
Hagefter oY fosaear @ o (fig 5) # fI@mw v Iw=hr &
auT HT ATAAT FT Tt 2 |

Fig5

PIEZOELECTRIC STRAIN GAUGE

e fw-® & i@ (Principle of Working - Strain
Gauges)

s fl o1g & A% W UF a9 o Sar @ at faud &
FRU IFH daTE a¢ AT 8 | AT aw A 2, AfAF qa T
AT wfers are 7 gfa &1 af L1 aw & TR oo @ o
I F ATaET & a1g L2 ifaw derg &, af a3 sar 2

e = (L)L,

AT -9 G AT &1 FaTE gedt &, I AT FedT JArar
2| ue, & Sa fF Feae @1 afawre Farg 7 Ieer w1 2|
T HEFET FT AT I SATAT &, AT SHHT T(ALET FH & AT 2 |
HeFey & Iy & I8 TRad+ IET & /AT ST Tl & Y
AR a & s Hforsie e ST @t € | 58 TR & AT HT
SUANT F1 Y AT ATIGST Si€ AR e q9ra wr AT
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% forg R S @ar @ | q9 A9 % gAY AT ATISYS Heferwt
AT HFET AT WA F(A FRT AAH AT A1 qFHaT €, O Ay
T e % iy U g & fou sl R # 9RadT & €9
afesfid far @ 21 S % g1 a9 F (fig 6) # Rt &
fammen o

Fig 6 TENSION CAUSES

RESISTNCE INCREASE BONDED STRAIN GAUGE

GAUGE
INSENSITIVE
TO LATERAL
FORCES

RESISTANCE
MEASURED
BETWEEN
THESE POINTS

——)
——

COMPRESSION CAUSES
RESISTANCE DECREASE

STRAIN GAUGES WORKING PRINCIPLE

EMN3822866

W %¥e¥ (Gauge factor)
T %e¥ GF & &7 # qRwifua far strar &

)

Sk
AT & FHTOr gfare § qfad,

sufasfea s &1 gfawy, @i
BEICES

o1 # THT AT & forg, S FE AWAR 9 AT AAF v
& 2 UHdT AhhT T AR UF @ieeiq faw = & &= et
sfaetat & forg, 97 & Seye & &

_ AR/Rg
€

GF

)

sTet

AR @ % HO a9y § qfadT eidr g,
R, st s #7 gfoery €, o
GRIERA

uTg T A F fog, A FEF ATHAR 9 AiST AfE giar &
2. 0% AfFT AT X UF Frewed o § &9 e/ fawret &

forg, sGege g A v

BV.GF.g
v=
4

)

sTet
BV fsrr weamgee aieest 2|

Tl AT H STHAR I¥ T 2-10 mm2 AR F afse &=
Eid & | AT TTIAT & AT T ST, 3N} gel I arer,
FH A T 10% aF & &A & T H1F (G.F)=1+2 ATIT ST
FEHAT & SR W = poisson's & A |

@ts &« (Load cell) :

e T UFH ITHLW & et 3w faeft aor #t faga daa §
aRafda #x % forg & star & | a9 Jra &7 @ ot &
AT HIPEHTST F Tad H THN | 3§ THR & A aF &
s foh erggifons (A1 eTgg e fes), aad i &, fisiigtaas
AE A, BESIF AlS dA TEAHT ATS q AT(S |

TS T T ITANT @Rd A TS AT & forg fFFar smar 21
A FAY F AT ACE A AUSGA AfAF FEAT ST &1 AW
T ST et gar & Sar & (fig 7) § gwtar w@w &1

Fig7 LOAD

EMN3822867

@iT 8« & SwEnT (Uses of Load Cells)

A T FT ITANT F35 THT & ATIH AT ITHL0T 99
qero welte ® R Sar €1 WA &« # wEaw wed J§
seargte e & ao % enfud B smar @1 @ & &7
ST fAfsre s & avget § e sar @ 99 fF aa-e
TEHT AT FAE I F B GeAT FA & fog IJwnr G
ST 2

T T @E A« (Strain gauge load cell)

o it fAwtor & Arerd &, @94) €1 9% g UF a9 AT w0
faga #xar ¢ (fig 8), faga wfawry & uw aRads & &7 #
faequr (@9T) #1 Aar 8, S % a9 &7 U ST 2 MY
AT AT a4 & | UF A8 8 STAAIE 9 Bl oo @
H AR aE 0 & fAese a9ar €| UF &4 A9 (FeL g) AT
3 a9 A (ATeT ) & @t & off Iuer €| faga @@
ATITYE ATAR X F fiefiare & #7 # 2id & i 38 ST
FCA A UGB TELHCIT THSTEREY BT ST H ATl
Bl T | gAY & ATITYE F ZASTAT Y AT I &Y IT0AT
F % forg s s 2 |

AT T S 8 SSET § a8 9 | T ol a1 oy &0 &
H & Sftaq @ g & | a91 IS Al & 39 fAwid 9% &
A ¢ F a1 (vF = o) fAgfa/ga/mtae s
AT Ge8 & WA THT @ &f A1 & | T 7T 9gd B &
T a1 =/AT aaTT & et & o aenlt ot @« 39 a1
I ET & | 89 I & gfaere & qRade 9a &edr & S e
A T T MY WX 9T hfersie A star &1
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A AT A 8 39 0 Are qfoa i o d@ar § aRkafda
FA 2| AT Gg UF W AT AATHS 9 X a9 B & A
T AT & X faga & 9 & | ST "Wt §, Afgwan
Hagauiiear ST ATTHE AT Id F & oy F% a9
AT T ITANT T Sar €1 AR qF dheA |, A g &
AT & AT aTE S €| a9 a A o w7 § uF B
STt AT AT % oY sggiod € | a9 S &= # @y A @
ST HHSA AT AT H AT F TS FId © | AT qEHar
T & forg amat # o faves fosr § @ o 8| 99 aww
AT ST &, A7 a1d A1S % Tgd | aara § &z Sferer
F FI AT & | 3T oS T STETeAT § o & @l &, T
AT T TS HA AT HEHAT AT AT TIAT SHTE AT HT
FH FIA & forg Y @ 2

Fig 8 fSTRAIN GAUGE

DELICATE WIRES

CONNECTOR

i g STRAIN GAUGE f
&> P >
S A /

DOWN STOP
STRAIN GAUGE

STRAIN GAUGE g

STRAIN GAUGE LOAD CELL

EMN3822868

T[T TS F A (Advantages of strain Gauge)
1 g wfaefiear wmr 727 2|
2 IE Ster AT T« 2|

a9 W & g% (Disadvantages of strain Gauge)

1

2

e v-ifas 2|
T Hfcrld HLA FY ATIIRAT & |

®/A A & JgwanT (Application of Strain gauge)

1
2
3
4
5
6

safire a
EREEIC]

G IR

FqFA AT fasor 71y
Hfe Y A9 AT

SGIERGIE

#iT &« & @9 (Advantages of load cells)

5
6

FE TAd g WIT TET

T ITANT Rfesh AT sl aifew & forg frar s asar
g

st @éw

AT # fawga gaer
ifaes & nfasiier afer & forg gewmer f4=m o dear 21

we &« & gFa (Disadvantages of load cells)

1

ST Ush 1S, T 2 |
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ECERIE IR | ClH EE R

s 3.8.228 & 3.8.232 & wwiftw R

et ®\¥ (Proximity sensors)

IqA 1 3 UG F F § A At F ww an g

o Frwea R & Rwlve =
o Frwea o & Rafve =t & = =
* TO, TET HT THAW FT J0F FY |

fAerear @9 (Proximity sensors)

fReear dux wifas @od & faar awget & suferfa &1 gar
T 2| uw faga gEae &=, ww d) A &1 osTE
aegert &t Iuferfa ot srgafeafa #1 aar @mar 21 F #E R &
g 8, Yo fafire g o e & g |

foreat & ww (Types of proximity)

1 wafafes

2 gefaea

3 wier-faga

Ffifea gimegas (Capacitive Transducers)

AT e FAET A1 G aTd AT Aeeaqor & | FLrisy &7
qaH YA ©F B4 F AT, §HH &7 (AL HATET @S il &
ST % TF 2(Har g1 AT 3geieT GRT UH gAY & STeT &f ATt
S FEF gor w7 & (241 & forw) giar €| F1, a9y e

ef-sheae T RAIHTor & & STeTar, a9 &7 ST [HaAT ST
AT FhAT gAT 84T & | A4 & (fig 1) & o mam 2|

Flg 1 TARGET INCREASES
CAPACITANCE

NO TARGET FIELD LINES TARGET

N‘ CAPACITOR PLATES

HOUSED IN SENSING HEAD

CAPACITIVE SENSING

EMN3822871

TF G AT & FE H8deL, IYete & T UF &g &7
fawfia gar 21 I8 UF < W AFRIAS qIS STHT FIA H
FTLIT qFAT & A A T ST M % oy FHreT =7t |
FATET AT FT ATHAIY T T8 FATHE ILT FAT AT 2 |
o wEH & 71T AT 2| qE TAF Fae I G AT F
A F ITH T Aleest HA¥ & €T H qRwrid =«
T 2 |

HFfedd &t TH FHMIOY @ FAReY C g ea
ST €, C = [A*e *9.85%10% F/M]/d

A - e & &7 (m)
d - @i et & d A g9 (m)
€, - ATIE ST Felfagd MYax gal

AT 9.85%10% F/M, € , 8T fAesfud o fiaw € X a8 I
I T SAgA (e (% Fel Sar 2|

T & e o @ % FREd C %1 919 iR auEiaY wet
% &= a1 g, d UF T F AHATGATAT Biell & | FHAia wet
F @ & g ¥ gfe @ FafEdw A § w9 et | uw &
forgta #1 Soei afafer geeaaw § fFa T €1 39 giaegay
F ITANT AGRT & da9 A fawmoT ar g § 79 § aRafaq
Fed & forg fFar star 21

Fafdw gimezgue & s (Parts of Capacitance
Transducer) (fig 2)

ST i (fig 2) # Fotan T @ uF s gieegeY § UF
fer <c o fw § seEafdes & g o Gt o=
TETRTH ST &1 ST SATH & aTedy av® UF g oiar
STAT € A7 SRR Y w@fas we A §i= A1 g3 a8d v |
IE UF FUATAEH FT IAATET FIAT & o T Tt Fve g a1

UF 3% Afhe FT START FLH AT SATAT & |
Fig 2 CAPACITIVE TRANDUCER
DEFLECTED
DIAPHRAGM STATIC PLATE
I~ INSULATING
MATERIAL
UNDEFLECTED ——==|
DIAPHRAGM .}
PRESSURE —=—|
g
DIELECTRIC REAR CAVITY &
TERMINATION &
CAPACITIVE TRANSDUCER Z
3

uF & afte & wfs qd@e fFar sar & w=ifs a8 Fufbeq
qfRads & IgA AGRT § Jgaa F1 IAed Fal | g
FT IE AW gYc 3T MU e ar ad & AgET snm|
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wE (Advantages)

7% aifas sie afaefiar st wmo & o uw @dE s
gfafsar de1 #ear 2|

T%am (Disadvantages)

o I WY I ATIHE § & K gie & feama &t adiwar §
FE agera 7€l g |

o ST & AT AT &, TE dhat ® FeA av faFfa wv wor
a9 FFAT 2 |

FeHM o120 gefRa gimeg@e (Inductance Type Inductive
Transducers)

ISH TET & SSfaed ZASTAT ATHTE U HI3d &l A0
THSTEY & ©7 ¥ far sar 8| s« faende d ), e
foer 1T ST @ & ;AR w7 @9 s @) at e
afdhe g Ieae Fore 9 & TRHE T 93 a7 € S Afdhe
HATIA TTSeYe & ATIBA H a3t a1 & | Afde § F9eqe
e AT S Aol IXEfeX # 9 S 2

(fig 3) Tt FIo FAS(FeT affe t Furiar &1 F=f g
T faga TRy & T € Y a° Terad! d¥e g St
gt & | i v AT gadT wmeRae € St e & w9 § F
FIAT & AT fF A= Ft ©EaRa = S €, & g
qfRaddi T affhe g7 e e & JgAfd & ST gar #;v
AT e & U0 A IFH IR & FaadT & | A3eye &g
e AT WAT & AT 3T 2|

Fig 3

:ﬁ}%—e{e%

\ TARGET
TARGET

TARGET
TARGET

TRIGGER
TARGET

EMN3822873

INDUCTANCE TYPE INDUCTIVE TRANSDUCERS

Cin Ay d e e e A e 5 S e A
AT T T BT S e g AT F e e
2| X & Afhe & e 7eRae &t amr § aRkadq gar 2|
TG % forg us srguias Sared Fe & forg gwiwrer fobam s

qEHaT |

Flger 1 U AT e (fig 3) # e w8 2, siet o #igd 7|
affe & Iuam U s & w9 # afy @ wEd & ane
gftraraT ¥ affe & auft 9eor &t ager 3t 21 2@ gorret &
ST ITHIOI | gefFeq fost afde & ary G sar 21 &
#ffe & I Fgd & SFH JGIT H TRAAT ACF g &
fore srgaTfa® we Fd 2

CORE
MOVEMENT

NV

METER ) MAGNETIC
4 CORE
EXCITER
CORE OR ARMATURE OF
MAGNETIC MATERIAL
ZARINNMINY AW
EEHHH

FHR]]

» V]
7T

AIR GAP

%

SIMPLE SELF INDUCTANCE
ARRANGEMENT

NONMAGNETIC
MATERIAL

EMN3822874

INDUCTANCE TYPE INDUCTIVE TRANSDUCERS

ST FFETAl § w¥e i At AR ASeye uF & Figer A
gfde & gt faFr ST 21

w@e (Advantages)

AT HIh THT

TELEE o

pnp a1 npn THT

A W N B

AT HATAT AT @@ & forg 360°- @+ TR ASeYe
Hepelh |

5 wite afdhe ATWR, a1fts e & faes faga g, gt
7o Y e TafRdr (DC Ated) STeery Y @eanT
AR & FH FIA F T35 F3A & o1

T%am (Disadvantages)

TR YA dAfee faforfea w2 e e s awar €
1 HTHA TEl A ST FhAT

2 A A gt & Ge6 ST ATMRY

3 frafim = & ite #1 F forg Faa Faa |
wreigata® 97 (Photoelectric sensors)

Helafag® daY 3a4 aggat ¢ & T s dd9ew & forw
TG T aHETH % AF HB & HLAT €| FAH BialgAFeh
AHATE § 3A4T ol & Jfa g5 ©, T § AAAR 9T A A
1 mm & FH a7 60 m HieT g & a8 F IaT a0 & 39 Aty
F T I tar € i o Reftax a% ag=mn @ g,
ERT Ffigd #E Wielsaided A= Iueer €| etets, a9
weigdfFes da¥l § $9 AAE Furl g €, T9F § uF
IS TR SN & (TR I STATS, A TS, S ford
THIIT T AT oW & {70 UF BIESEIE a7 gy
fRefaw, v Refraw @%a @t gem F foru fesmew fFw o
TAFSIRT &1 THAT AT & UfeT &t FH-F0r Jus F=r
ST &, T€ IAT T Aot REEY &7 A7 at g9 a7 Sav®
THTT AT UF o agEar 21
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Tt wieizdfaes 0¥ U a0 REiar & d8d &0 #2d &
sar & (fig. 5) & F9aT @7 | T@ THR IAF AT w
TEATT FEAT SATATT €, TExXT IT Sohl A (e q¥ Jahror R
AT GO Samed Tfafafa # d@efia #wxar &1 afe w5 g
I B I¥ ATSEYE 3T B(AT &, Al {AY H-AW © | I
THTI & IATEA AT 30F TH9T & a7 et oft axe &, gvror &
TEd Wi WX v AT smavEsE € 99 a% @ d9% ST
FAT & g AUy 7 & | (I §, ©Ed # ST &
I oF T F fFAT FF AT IAF ATAR HAT AR
g gfera e &I @t 2) |

Fig 5
RETRO-REFLECTIVE

THROUGH
BEAM REFLECTOR

DIFFUSE

WITH NO
TARGET

THE TARGET
INTERCEPTS
SIGNAL

LASERS OF SOUND WAVES SERVE AS THE SIGNAL IN THREE SETUPS. IN THROUGH
BEAM AND RETRO-REFLECTIVE, THE SIGNAL SHOOTS FROM THE EMITTER TO
RECEIVER UNTIL THE TARGET CUTS IT OFF. IN DIFFUSE SENSING, THE SIGNAL

DIVERGES UNTIL A TARGET MOVES IN AND REFLECTS SOME BACK TO THE
RECEIVER.

PHOTOELECTRIC / ULTRASONIC SENSING SETUPS

EMN3822875

§\ & \remw & (Through-beam)

g fraaT weEafaes afT g-diw 67 & a8 | [Reaw
& e ST AT EIRT ST 36T AT & ufiex gshmer & o
fAax 2o ye™ At 8, Rudswe &7 qar a9 9adr € 54
FAT & ST & [T ATelt 9] S w1 argdl & gha fraasiar
& AT -AH FH & FA AGET Blel3dags qead ¢ | q
At et & ufiey siv Relew & &de, @ @i

HX@O, AT FTHN T T BT qFHaT ©, W AT #wared €| 7Y
fawfaa feseat & ary, fim-wicEdFes 9T AMHAR T
Hetgefagd GaY - 25 M #1 T el HAgT gL T TIAHIA FLA
€ Y 3 T& W a1 ¢ | 7% A9 SIS UHeT Aled a4l g3
AEFHAT 3T Tea & forw us =St a¥e & <& i 60 m
AT FXd S| 37 T W, TS -0 qo¥ GO UF g
AT T H GETH & S Uk Tl & ATHY FT & FHeld AT 9%,
% 0.01 mm & STaT & dffT S« T 9T F qrI-ard T
500 Hz & &A1 il 2|

e dww & srmaew 3w === (Application and selection
of proximity sensor):

frr fi-wieEdfFes qod & foau afEdo = awar & 7
TGS HEUF 1 JTAT § TATET G 2 | 3R TGS dver
ufieT a1 REET 9% aad &, at g fgalar &t dwraen st
gl &, gt Fo fAutar dox affedt § et srsee &
aifier #ed & o1 REAEY & A=A arer g A AT #6y
et e 2| Ffg ar s ma fF e uw fAuiRa @x
7= fomT et e % wear € at §ax fawesa LED a1 sseye
T &% ATHAA & T Aqradl dofdr 2 |

A wreigafags HaY & AT & aTioroe Y Soiar ST
g 81 ¥ 9%, e & forg, F AT ATt & T & At
T IAT TG &; GG 7 F3 ATgheAl Y FIL Hl < 4 &
AT 2| gAY AW SEifiE FEuer A aege, ufier efiw
Refraw & di7 &0 oft a1 o awdr €, 99 a% @ AR
TS aEgE & A AN €, AT FET A1ge 3% A Al HAT
g (FF- Tad AT Tk TT A awIAT & AT B AHAT & AV
Sty & REfaw & e @ et 3ar 9) |

feean @\ gomT afer®t 1 (Proximity Sensor comparison table) -1

BIEUED] HagT I T e ATy
ANTHATHE <4-40 mm e ATt & e of - AreT, WA, atar
HHAT &7 qa@T T L IERL
»r” f
Fafafes <3-60 mm IeAE ATHIT & HIa-eT Y 9T AFST ©ATEH
T qdqT T & Igele FIAT & |
I.f-i'i
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Hagd I FTAT T _EEA
RACIECIEroeD <1mm - 60 mm ST 4 AT BT AT Ay frfort wnfes Tue
TET T TAT T Trae ATfe

<30 mm - 3 mm FHST A I & AT A&t
T UF A -TGET HT 94T
AT | T/aRTac dHagA9iier

AR BT TG AL
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ECERIE IR | ClH EE R

s 3.8.228 & 3.8.232 & wwiftw R

LVDT # Swamr #w+ fawmew s (Displacement measurement using LVDT)

IqA 1 3 UG F F § A At F ww an g
o qRia LVDT

o LVDT & & frgia ¥ d=mes 31 e &9

« LVDT & w2, THA HX A@ed & % § a9 |

LDVT 3T za& fasior &1 faw (Details of LVDT and its

construction)

I =¥ fax gEwrET (LVDT) &7 ST e &t 71+ &
forg f3Far st 8 1 LVDT U giawriR & i a2 #19 #3d &
S f& (Fig 1) # gottam @m € | U LVDT & ®iget sdeeit Y
FIT A | FIEA AGTAT I ATAR TR R &7 & T@r Arar
&, saf® FiY 39 Atetae & geia eiar & et fafy & arar
ST ¥ET | Fige @Al H Giaget q19€ I A & a19€ & i
Figd Bid € | TS arft T UF FIY BTH & FF & ATSAN G
AT ©F & TEE FY AT & | ATaRF Higer IrAfHF &, S uF
AC @ g7 Ired & Jar & fFamr @ &1 wrafas arr
IATfed gEHE YaTe 3 ATATHF Fizd F g Iied €, T@E
Figdl § UH AC TieesT &I IS FLdT & |

Fig 1 AC SOURCE

MOVEABLE CARE PRIMARY FARM

ﬁv} EIED)

GENERAL LVDT ASSEMBLY

N

SECONDARY -2

EMN3822881

LVDT afér fraia (LVDTs Working principle)

LVDT a7 #fiffer adiee e giasHy U o=t ave &
=fud giesgar fewmew ¢, o faemm & aé% am & g
A forfa & feor & forw dg o7 & fiay %2 qorl a%
ST e Srar @1 ar, Tk LVDT 8 &8 Hedr 82 39
TLAaH &9 |, fTogT & UF TehT ¥ doaqTHE &I F arg
UF ATAfaE AR AretuE aEfew # oy uw e a3l
gt € &t #7 (Fig 2a) & Tt 2|

srerfies arEfe (P) wh fHvae & &y afdg edr 211 & 10
kHz &t sgfer o2 s A.C. s | 9% grEsgay & %% #

Fig 2 BoDY O / BODY
Ls|rp|s]

-~ {core }——
[sT[ P [ 8]
BORE @
A.C.OUTPUT

N

EXCITATION

| CORE POSITION

LINEAR RANGE
LVDTs WORKING PRINCIPLE

EMN3822882

TF I AT ST F ICAEH FAT & oAt wI¥ ar ferfq &
AT X fEeiae arEfew (S ¥ S) # uF Hohd &l I H¥Al
el

@ 7 & A #Y #1 1fq F FR e § qgdra gar @
(Fig 2b) % = # a7 wreafae arsfeT ua faifa @ (qor-
I ) § a9 AY I &1 &, 5T %5 | HT B a1d fHar
STAT €, UF I " AT B 2|

a1 at feemw & 37 fig & T A aEer (Fig 2¢) # 9@ &
Hha F R wAT 2| gfF aERT uw ey a5 ads |
IS Y TR ¥, Fer sheeye # #X & arafas Jifr stigia
* FRU UF I doe giar 2|

fadtas srseye e #t 5 IRur-Hagaeia RuTegeet grr
Farfaa e smar @ G I smgf o G G s 21
TARE ST # AT & FT A | TE uF Sifaw o<eqe #
afReme gfar &, s & giewr o fReRT & amw, &
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Hawe ¥ forg emgTfa® =7 & D.C. a1 4-20mA TSeTe 3T §
A F% 9 (Fig 2d) & 8 &9, FHHS AT THRIEH H
T At 2

w@e (Advantage) :

T LVDT faeas gidsgay &1 ITaRT F3+ &7 f[Afire or a2
& & gfaw F1 eact & o= faselt % et % ar @9 T8t
Fear @, ser &% afay gt & |y eidr g, gafow 3=
faraeiEaT T d SiiaT JoT FedT @ | 39% FmET, HIY AT
Hfaa faar o @t © & 9% = AR g 1 Siaw AieE
&Y, el gyt & forw smmaef & Stet gy & fog sast
Bl el FAan Fita® avl

LVDT fe=ire atat & srgeem™ @i 3= # f&afe it uF g
e F RT FF & oy e "@oee & oy 3umw 39 2|

LVDT & g&am™ (Disadvantages of LVDT)

o I qleS IT FIA % (o7 TgA I=F (AedTa & ATaeIaHham
gt T

o FEEHE A & Tfq FAGAINA S A6 F TRIEAT FIA AF
ATATIAFHAT Bl 2 |

o ZESIAT F TG FUA & THTAT Srar 2|
o ZEeT UREAT araHT F 9f"ds | giar 2|

o AMARE €T & I qUF AfHT a7 § JST &A1 & At
71T foaT ST 2|

o Fgd d@dT g & 79 & forg @9 w9 )
LVDT & st (Applications of LVDT)

LVDT &7 I9IRT 391 fAeiidieT & gdwieY a% femaa &t
"o % forg fe=m smar 2|

% fecta® gEegay & &7 § & #d gQ, LVDT & 35T
I, FI9 MY I AT FF AT & o0 0% ITFL0r & &7 &
T ST " ® e, |
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fafs wwr % =wed (Different types of charts)
A SMD =@t & faaor famm wer @ (EX NO 184)

-1
JFR AR FF 7 SMD # Free
Tk (Component) AH (Shape) == (Markings)
o e Y | I F AT A9 (39 arfert 3)
o "y (] fafed a2t fomm
EEiEniCRlIE o — are a1 a€ ww U ffea
Diode s AT (notch) aT &€ & &1y e e fafea
SOT (SEr T — fafRa a1 wam Fwifea, U= J9w= aEe, e,
THFA TRIY) dw a7 A= & fufea G gal
qE - 2
W SMD #8 ATH
¥ ATHR qeF F S qTw FY TeTE fire SfarTers AT
(F) (F= #) 4701 4.7k
0603 0.063 0.030 1002 10k
0805 0.080 0.050 1502 15k
1206* 0.126 0.063 2493 549k
2010 0.200 0.100 1004 1M
2512 0.250 0.125 e-4
. ) HOETIARSE TUT & ATT HFTT
g SMD gfaeret e o guris & forg aad omw s 2|
. ond s i
-3 ¥ i (2nd 37 T )
BRrwa TRt F R it d9Re e Faferds pF 1]115(22 |33 |47 |68
fiie & wferter 7 Fre Al E | J N s | w
101 100 10| 10 | 10 | 10 |10 |10
471 470 e
102 1k FE 5/ 6 4 | 3 2 1
122 1.2k e e (A )
103 10k
123 12k T 4 63| 10| 16 |20 |25 | 35
104 100k e G J A C|D |E |V
124 120k
IaTETr 1
ar4 470K 1. OpF, 16V...CA
100R 100 2. 2pF, 6.3V....JJ
634 634
909 909
1001 1k
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SMD #ieefr o Ryw # Sy fFu @ a s #[%eT (Various connectors used in SMD soldering work
stations)

SMD @R g &3 & I9er (e 3T q8Es ITHI qE

Fig 1

Fig 2

SMD TteRTT/Sate R #™ & forw sy fFe S aret a3ft wohe & fastw St/ Rt Saweor &

f@m™ st =€ (Chart Showing all types of special tool/ crimping tools used for SMD solder-
ing / Desoldering work)

Fig 1 Fig 2

POPULAR OVAL FAN ROUND ANGLED FINE/JET

Fig 3

-

wi] i 5
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Fig 4

Fig 5

90° FATA HT ITHIIT

™ R
Fig7
Fig 6
it wifes AR dw/ateT THe
Fig 8 Fig 9
90° SMD TH=¥ .
Fig 10 Fig 11
#
PGA THRRERT Ret o g
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Fig 12

Fig 13

THTAER Y5 ey

Fig 14

e fog et

Fig 15
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SMD =e®t, SMD, IC "reeRar/SmteeRa & forg Saatn e o ae vy Saeor e T« = e

(Chart showing special tools used for SMD components, SMD IC soldering / desoldering)

Fig 1
'9 Fig 2

wf-wifew ReieRn uv

Fig 4

90° TATA ITHIT g

Fig 6
Fig 5

PGA et

Fig 7
g Fig 8

PLCC wifke frers 90° SMD =Y
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faftrer wwe & a@eeRaT @y it # g aren =9 (Chart showing various types of soldering

joint defects)

Fig 1 Fig 2

GOOD JOINT ~ BAD JOINT

fwalgang shaps) idry jaint)

o ||/ | X
il
sokder eepper racks solder
PCH o
{l:l'l'l[H:lr'ﬂ‘l'ﬂL I I I wrpbaird

pampanan|

T HieeT AS

Fig 4

Fig 5 Fig 6

Fig 7 Fig 8

A1)
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Fig 9

Y THR & WA Y WA gee¥ H W= qwn =9 (Chart Showing all types of fuses and fuse
holders)

Fig 1 Fig 3
M (1) vz | ASBESTOS TUBE
% Y
\ W FUSE ELEMENT

FUSE CATRIDGE y

FUSE-CARRIER
a) FUSE CARRIER CONTACT

b) FUSE BASE UNIT
SEMI - ENCLOSED (KIT - KAT) FUSE UNIT

EMN3320013

Fig 4

EMN3320011

DIAZED SCREW TYPE CATRIDGE FUSE UNIT

: GLASS TUBING
Fig 2
9 S dl~— METAL
END CAP
I p FUSE OPEN SOLDER
- ELEMENT

(c) OPEN FUSE

(b)
FERRULE - CONTACT CATRIDGE FUSE UNIT

EMN3320014

FUSE CATRIDGE

EMN3320012
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Fig 5 Fig 7

Fig 6

Fig 8

0
.

(@

stz fafent s RF st & forg St @ o are @ty & sAeee/atthe /< e
are =e (Chart showing all types of connectors/socket/plugs used for Audio, Video and
RF Applications)

Fig 3

Fig 4

F- ®eeY
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Fig 5 MALE
FEMALE

1. CHASSIS GROUND (CABLE SHIELD)
2. POSITIVE POLARITY TERMINAL FOR BALANCED AUDIO CIRCUITS (AKA "HOT")
3. NEGATIVE POLARITY TERMINAL FOR BALANCED CIRCUITS (AKA "COLD")

PIN AND FUNCTIONS

EMNB3520715

C

EMN3520716

Fig 7

Fig 8 /,,-f"' '
- e
-{:""*" & '
" S
; h" i-?
= o4
RJ45 &[T RJ45 @the
Fig 9(a)
1""'-.-__ (i) SCREENED PLUG
: ;I‘;
ol
iy
RJ11 §
s
Fig 10 Fig 11

RJ11 @the

=f@ AEe |k 3.5mm

AT Hobieeh - (NSQF &2 5) - 33w 3.8.228 & 3.8.232 & Hwte i
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Fig 12

AfE wrefe PCB &t#e 3.5mm

aE 1 AR FgeY # RAaw 49w o @

£ (Chart - 1 Showing rear panel of multime-
dia computer)

Fig 1

Fig 13

AT 2 AARF e AT AR AT F FHLX & AIY

T & wie f@r v & (Chart - 2 : Showing

internal ports and slots of mother board of
multimedia computer)

Fig 2

3rd Ganeraton Inteld Core™
Processors Support

Dubug LED

Dual Channel DOR3
mSATA connector

DVID pod —3
o o) Onboard
Display Pont : ) US8 3.0 Conneclors

SATAY 6Gbps

HD Audio

Japanesa Soid Cags !

Onboard
Usa30
Connectors

SATA3 6Gbps

NVIDIASLI and -
CrossFireX Support

On/Of Charga

UEF| DualBI0§™ USE Por
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AR TEA5591A F fmsrse sew/er i 3w AM/FM et Refiar & @stse &t o+ aren =
(Chart showing the Pinout Diagram/Data sheet of the IC TEA5591A and the layout Of AM/FM

Radio receivers)

Fig 1
ANT T 7
L1
AM/RF
; U 22pF
L2 =c4 ] N— A b
22pF C5 VC1
[l [I 2 23 = 27pF
€ —] ———
470 pF 4 n 0 c2
® — 471 F35V _/m\_o
GND <2 | B 4 TEA 21 a
i / 2N \ |
= 0.02uF| 10.7MHZ | || 5591A l T ? I]l]ca ?
c6 2 270F o
19 c1 vez
6 VDC 39pF
='—0—\ 47KPF P
€ 4
1N4007 s |18
8 17
™ 1 2] 7, s
* 9 16
D1 220uF /25V ) 2 16, =
C12
— 10 15 [C10 |4 |
47 }J F - =] 0.010F
8200 1 14
AUDIO OUTPUT TO ALX“ 2] 113
POWER AMPLIFIER 0.01uF -
470pF 10.7MHz o
N
= = = .
- - - CIRCUIT DIAGRAM OF F.M RECEIVER %
w
Fig 2
AM
FI AM-FM yixeR
AFC INPUT o TpuT OSCILLATOR
PN
v A 4 v
2 13 7 "
12 A VOLTAGE STABILIZER
| ¥V +1.8V AMPART
Fi ; 8 M Al
AM AM
OSCILLATOR | osé:lIJLFLFgLOR AM MIXER OS&EF}:ETROR IF AMPLIFIER| DETECTOR [ |
M MIXER 4 L OSCILLATOR 15
ouTeuT FMMIXER :r;ﬂp':rﬂsn CONTROL ; :gc
— CIRCUIT AGC CIRCUIT,
| 6 A FM-IF 1
VOLTAGE STABILIZER g 18 ¥ outpur
+1.8V FIM FRONTAND ¥ ] 8 4 POWER
I I I I SUPPLY
STABILIZER AVIFM
FM-RF 1 ST‘;E'.L..LZ R ST‘:;L'ZER SWITCH
20
FU-RF g
outpur € I RF FI ST
ruar > 1 AMPLIFIER AR
10 ) AFOUTPUT
F2nd
TEAS591 —— IF AMPLIFIER DISCRWINATION s : AMIFM
4 S]AGES | v DEMODULATOR
7 14 4 5 3 |E'
- V'S A 4 *
1.111.5v FM-IF 1 AM-IF INPUT VOLTAGE STABILIZER GND 5
DISCOUPLED INPUT FM-IF 2 +1.8Y FM-IF PART ©
INPUT ™
3
P4
=
w
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wH e faa=or fis dae
1 FM sitfereex 17,18
2 T 16
3 RF gge-faa 1
4 T3y 20
5 1st |F THET®RT 14
6 2nd |F THeTREIT 4
7 FM feRTegeto
8 AM/FM - #T3eqe 10
9 fastett syl 8
10 AGC (AM) 15
11 AM 3fifirereT 11
12 AM RF g9e 13
13 AM fiET g2 7
14 AM AFC 17

[T & AR 3= o & a @R F §9 @ aren = (Chart showing all types of Sesors,

T -1

RF Tudl g99e
|7 - 2

FM Osc
| - 3

fire sReye
T - 4

IF amp 1stgaY<
| - 5

IF amp 2nd 13<I<
T - 6

FM ST
T - 7

AF =13eqe
argfet

TS + Ve
= 1SS

22

20

18

10

11

with colour codes and other details) (EX.N0.3.8.228 to 232)

Fig 1 ELECTRODE

PLATING

CERAMIC MATERIAL

LASER TRIM AREA

THERMISTOR WITHOUT
ENCAPSULATION
CONSTRUCTION OF THERMISTORS

THERMISTOR WITH
ENCAPSULATION

EMN3822811

290

Fig 1a

Fig 1b
PLATINUM WIRES
)0\ PLATINUM WIRES
COIL IN CERAMIC
POWDER
CERAMIC RTD GLASS RTD
WIRE WOUND WIRE WOUND

DEFFERENT TYPES OF RTDs

PLATINUM WIRES

TAPE WINDING

H

PLATINUM
THIN FILM

SUBSTRATE

THIN-FILM RTD

EMN38228A1
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Fig5 Fig 6 CAPACITIVE TRANDUCER
TARGET
TARGET DEFLECTED
DIAPHRAGM STATIC PLATE
\
7 — INSULATING
MATERIAL
N \ UNDEFLECTED —=—
—] = | DIAPHRAGM ./
AN > \ TARGET
TRIGGER TARGET -
TARGET & PRESSURE —=
g N
INDUCTANCE TYPE INDUCTIVE TRANSDUCERS = N
©
DIELECTRIC REAR CAVITY  §
TERMINATION &
CAPACITIVE TRANSDUCER Z
w

Fig 8

— DIRECTION OF STRAIN e

Fig 7

STRAIN GAUGE

EMN3822818

g v & i
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fererean @\ gemT (Proximity Sensor Comparison)

CIECH KECRRIE FITART TETHTAIT
CIEC] <4-40 mm TR AT B FAF-FS A & T
AT ®T qAT T atar sf |
r”
Sufefed <3-60 mm - AT & FEET AL AHST, WA AT
. T &1 94T AT & FTAGTT TATAT |
A
KICIERIEFE <1mm - 60 mm et g1 @ BIE AT ALY
AT TEATT

<30 mm -3 mm

AT Y At HHAT T TAqT AT

FHe adqe o F FrAT 2|
wr/Remfefadt saesfiar

faenteT w9 e
frfeae areev afz |
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T
Q
©

2 WIRE 3 WIRE 4 WIRE
v RED WHITE RED RED WHITE RED RED WHITEWHITE R2 R3 R4
e
HEJ LT
R3
RED WHITE RED RED WHITE RED RED WHITE ~ WHITE FIJ FIJ FIJ
R2 R2
T _EF Eo [
(%2}
g YELLOW BLACK YELLOW BLACK BLACK|YELLOW YELLOW BLACK BLACK - e e >0
~ R1 R1 R1
1
RTD WIRE TYPES AND ITS COLOR CODE %
Yt fagwaTd (Thermocouple Characteristics)
Color Coding
ANSI/ Symbol . .. Overall jacket | Magnetic | Environment
f Generic Names | Individual . -
ASTM Single extension Yes/No (Bare Wire)
Conductor .
grade wire
Copper Mild OX|q|Z|ng,
Constantan Reducing,
T TP Nominal ’ Blue Blue X Vacuum or Inert,
TN o Red X Good where
Composition: moisture is
55% Cu, 45% Ni
present
Reducing
Vacuum, Inert,
Iron Constantan, Limited use in
Nominal White X oxidizing at High
J JPJN Composition : Red Black X Temperatures,
55% Cu, 45% Ni Not
recommended
for low temps.
Chromel &,
Nominal
Composition: Oxidizing or
E EP 90% Ni, 10% Cr Purple Purple X Inert, Limited
EN Constantan, Red P use in Vacuum
Nominal or Reducing
Composition :
55% Cu, 45% Ni
AT Hobie - (NSQF ®¥ 5) - 319m® 3.8.228 & 3.8.232 & gt fraia 293



Color Coding
ANSI/ Symbol . . Overall jacket | Magnetic Environment
i Generic Names | Individual . R
ASTM Single extension Yes/No (Bare Wire)
Conductor .
grade wire
Copper Mild OX|d'|Z|ng,
Constantan Reducing,
T TP Nominal ’ Blue Blue X Vacuum or Inert,
TN i Red u X Good where
Composition: moisture is
55% Cu, 45% Ni
present
Reducing
Vacuum, Inert,
Iron Constantan, Limited use in
Nominal White X oxidizing at High
J JPJN Composition : Red Black X Temperatures,
55% Cu, 45% Ni Not
recommended
for low temps.
Chromel &,
Nominal
Composition: Oxidizing or
E EP 90% Ni, 10% Cr Purple Purole X Inert, Limited
EN Constantan, Red P use in Vacuum
Nominal or Reducing
Composition :
55% Cu, 45% Ni
Chromel,
Nominal
Composition: Clean Oxidizing
0, H o,
KP 90% Ni, 10*/0 Cr Yellow X .ar.wd Inert,.
K Alumel*, Yellow Limited use in
KN . Red X
Nominal Vacuum or
Composition: Reducing
95% Ni, 2% Mn,
2% Al
Nicrosil*,
Nominal
Compositions : e
N NP 14.2%, Cr, 1.4% Orange Orange X Limited se’ i
NN Si Nisil*, Red 9 X u
; Vacuum or
Nominal Reducin
Composition: g
95.5%, Ni, 4.4%
Si, 1% Mg
Oxidizing or
Inert
1 )
Sp Platln.um 10% Black X Atmosphereg,
S Rhodium Pure Green Do not Insert in
SN . Red X
Platinum metal tubes.
Beware of
contamination.
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Fite, ifeat v RF Rraer st & e swern fre o aret @it s & Feat i R

graT =€ (Chart Showing all types of cables used for Audio, Video, and RF signal Applica-
tions)

Fig 1

A B A-PVC SHEATH
B - MEATL MESH SHIELD .
C - INSULATION [
D - CONDUCTORS P
z
AUDIO CABLE :

Fig 2
Foam Gasinjected 482 0.7 2mim Stranc AL CCTY Wideo Cabiis
Palethydene Braid 8% Crvermge
0.7 rmm Bire ALPRLEDE
(ii) TWIN £ Ew - -
STANDARD ROUND % L —=
Fig 3 2 16 Bare Copper ML shemh  FPESnemh  FowerCable
Londuchon
’/
%%

MICROPHONE CABLE

EMN3520723

Fig 4

EMN3520724

4 CORE CABLE

A - PVC SHEATH
[——— B - COPPER MESH
C - INSULATION
D- CONDUCTOR
VIDEO/RF CABLE

EMN3520725
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