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Experiment No. : 1
Study of Electonics Compunents

Aim : To get familiar with basic electronic components such as Resistor, capacitors, diodes, transistors,
light emitter diode (LED).

Apparatus Required :
1. Resistors
2. Capacitors
3. Diode (PN diode & zener diode)
4. Transistors
5. DMM (Digital Multimeter)

Theory

1. Resistor : A resistor is an electronic passive component whose function is to control the flow of
electric current in a circuit. Its value is measured in ohms. The value and tolerance of a resistor can be
identified by the colour bands printed on it.

Identification :

I. Color-Coded Resistor : In this type of resistor, the value, multiplier, and tolerance are indicated by
colored bands.

II. Printed Resistor : In this type of resistor, the value is written directly on the body of the resistor.

Color Codes :

Example :

If a resistor has Brwon, Green, Orange and Gold bands -
Br - 1, G- 5, O-103, Gold - ±5%
Value = 15 x 103 = 15kΩ±5%
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Specification

• Resistors are available in power rating from 1/8W to 20W.
• Values are expressed in Ω, kΩ and MΩ

(1kΩ = 103Ω, 1 MΩ = 106Ω)

Applications :
• Used in various electronic circuits to control the flow of current.

2. Capacitor : A capacitor is a component that stores electric charge. It blocks DC current but allows
AC current to pass through. The unit of capacitance is the Farad (F).

Formula : C = ЄA/d
where,
A = Area of the plates,
d = Distance between the plates,
Є = Dielectric constant.

Identification :
Based on the type of dieletric material used, capacitors are of various types - Air, Mica, Ceramic, Plastic
Film, Electrolytic, Tantalum etc.

Two types :
1. Electrolytic : Has positive and negative leads.
2. Non-electrolytic : Can be connected in any polarity.

Determining Capacitor Values : For example - A capacitor marked “102K” means :
102K = 1,000 pF ±10%

Where -
1st Significant Digit - 1
2nd Significant Digit - 0
Multiplier - 2 - 102

Tolerance - K =  ±10%
Therefore, Total Value = 10 x 102 pF = 1000 pF (i.e., 1 nF)
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Units:
1µF = 10-6F
1nF = 10-9F
1pF = 10-12F

Tolerance Code Table :

Applications:
1. In tuning circuits.
2. As bypass capcitors (to allow AC to pass)
3. As blocking capacitors (to block DC)

3. Didode : A diode is a two terminal device and conducts only in one direction i.e. they conducts only
in forward bias; in reverse biasing there is no flow of current. The basic symbol of a diode is as shown
in the following figure.

4. Light Emitting Diode : a light-emitting diode (LED) is a semiconductor light source. LEDs are used
as indicator lamps in many devices and are increasingly used for other lighting. LEDs emitted low-
intensity red light, but modern versions are available across the visible, ultraviolet, and infrared wave-
lengths, with very high brightness.
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5. Zener Diode : The Zener diode is a special type of diode that allows reverse current to flow when
the reverse voltage exceed a certain value called Zener Breakdown Voltage. It is widely used in
voltage regulation circuits to provide stable reference voltage.

6. Transistor : A three-layer semiconductor device (NPN or PNP type), which is used for current
amplification and switching. A transistor can be regarded as a combination of two junction diodes
connected in opposite manner such that the middle part is common to both. When “n” is common to
both, the transistor is p-n-p type. When p is common to both, it is n-p-n transistor. Typically, there
are three parts and hence three connecting leads or legs in a transistor; called the emitter, the collec-
tor, and the base - or, in modern switching applications, the source, the drain, and the gate. A junction
diode conducts only when it is forward-biased. The basic symbol for a transistor is as shown in the
following figure-

(a) Identifying the base :
If one of the three terminals i.e. legs of the transistors is so chosen that conduction takes place in both
the cases when a multimeter is connected between this chosen terminal and either of the remaining
two terminals, then this chosen terminal is the base.

(b) To identify p-n-p or n-p-n :
For conduction to possible in both the cases, if the common terminal (i.e. base) has to be connected
to the positive then the transistor in n-p-n type, where as if the common terminal (i.e. base) has to be
connected to negative for making the conduction possible in both the cases then the transistor is p-n-
p type.
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2. Capacitor :
• Calculate thetheoretical capacitance value from the code written on the capacitor.
• Measure the practical value using DMM.
• Write the values for each capacitor in the following table.

Procedure :

1. Resistor :
• Calculate the resistor’s theoretical value using colour codes.
• Measure the practical resistance value using Digital multimeter.
• Fill the observation table with the resistance values for each resistor.

3. Diode :
• Set the selector switch of the digital multimeter (DMM) to position “diode testing mode”>
• Insert the probe metal ends in terminals marked on the multimeter as common and (VΩ).
• (+ve) such that the black one is in common an red probe is in (VΩ) of the DMM.
• Connect the two metal ends of the probes to the two terminals of the diode, observe the multim-

eter reading and then reverse the connection of the leads.
• If it conducts in one direction only, then the diode is in working order.
• If it conducts in both cases or does not conduct in both cases, then it is damaged.

Sl. No. Theoretical Value Measured Value using DMM Percentage of Error

1

2

3

Sl. No. Diode type FB Voltage RB Voltage

Sl. No. Colour Code Theoretical Value Measured Value using DMM Percentage of Error

1

2

3
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4. Transistor :
(a) identifying the Base of the transistor

1. Put the multimeter in ohm range I by using the selector switch.
2. Insert the probe metal ends in terminals marked on the multimeter as common and V(Ω)  such that

the black on e is in common and red probe is n V (Ω).
3. Connect any one of the legs of the transistor to the common and note the resistance value of the

multimeter by connecting the other lead (V(Ω)) of the multimeter to the remaining two leads of the
transistor one by one. Note down the multimeter reading. Now take down the reading by revers-
ing the polarity of the common leg i.e. connecting it to lead marked V(Ω)(+ve) of the multimeter..
If in any of the above two connection; the reading of the multimeter shows low in both the cases,
then the initially closen terminal connected to the common or V(Ω) is the base. In the first connec-
tion type, the transistor is p-n-p, whereas in the second connection type the transistor is n-p-n.

4. If the reading of the multimeter doesn’t show low in any of the above cases, then repeat step 3 by
choosing any of the remaining two leads of the transistor as common.

(b) Identifying the emitter and collector leads :
We know that in a transistor, the emitter region is heavily doped relative to the collector region.
Therefore, the forward resistance of emitter-base should be lower than that of collector-base.
Using ohm-meter (multimeter set to R) the forward resistance of the lead with the base having
lower value implies that the lead is the emitter and the other offering higher forward resistance with
the base is the collector.

(c) Checking whether the transistor in in working order :
Find any two terminals of the transistor between which there is no conduction in forward or
reverse bias, these will be emitter and collector. Further, now use the third terminal as the base
and check whether it conducts in the forward biasing showing lower resistance between base-
emitter and higher-resistance between base-collector. it these conditions are not shown by the
transistor, then the transistor is damaged.

Sl. No. Transistor type VBE Voltage VBC Voltage

Conclusion :

1

2

NPN

PNP
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_eúlY - 1
@bòaò\êýZþ C_û\û^MêWÿòKe @¤d^

flý : aòbò̂ Ü @bòaò\êýZþ C_û\û^MêWÿòK - ù~_eòKò ùeiòÁe (Resistor), ùK_ûiòUe (Capacitor),
WûAIWþ (Diode), Uâû¬òÁe (Transistor), LED I @^ýû^ýu  _eòPd, _âZúK (Symbol), MêY Gaõ
_âùdûM aòhdùe @¤d^ Keòaûö

@ûagýK C_KeY :
1. ùeiòÁe
2. ùK_ûiòUe
3. WûAIWþ (WûAIWþ I ùR^e ùWAIWþ)
4. Uâû^èòÁe
5. WòRòUûfþ cfÖòcòUe

iò¡û«  :
1. ùeiòÁe Resistor  : ùeiòÁe ùjCQò GK Aùfùpû^òK C_û\û^ ~ûjûe Kûc ùjCQò aò\êýZ

_eò_[ùe _âaûjòZ ]ûeûKê ^òdªY Keòaûö Gjûe GKK Icþ (Ω) ùe c_û~ûGö ùeiòÁe
C_ùe [ôaû ew `…ò \ßûeû Zûjûe cìfý I Ufùe^è RYû~ûGö

_eòPd (Identification) :
1. Colour Coded Resistor :

Gjò _âKûee ùeiòÁeùe ew _…ò \ßûeû Gjûe cìfý, cfÖò_æûGe Gaõ Ufùe^è ù\Lû~ûGö
2. Printer Resistor :

Gjò _âKûee ùeiòÁeùe cêfý iò]ûikL bûaùe ùfLû [ûGö
ew ùKûWÿþ (Color Code) :
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C\ûjeY : GKò ùeiòÁe Brown, Green, Orange Gaõ Gold _…ò [ôùf
Br - 1, G- 5, O-103, Gold - ±5%

cìfý  = 15 x 103 = 15kΩ±5%

aòaeYú :
• ùeiòÁeMêWÿòK 1/8W eê 20W _~ðý« gqò cû_ùe C_f²ö
• Values are expressed in Ω, kΩ, MΩ

• cìfýMêWÿòK Ω, kΩ, MΩ ùe ùfLû~ûGö
(1kΩ = 103Ω, 1 MΩ = 106Ω)

_âùdûM :
• ]ûeûKê ̂ òdªY Keòaû _ûAñ aòbò̂ Ü Aùfùpû^òK iKòðUùe aýajéZö

2. ùK_ûiòUe (Capacitor)  : ùK_ûiòUe ùjCQò GK C_û\û^ ~ûjû PûRð i*d Kùeö Gjû DC ]ûeûKê
@UKûA[ûG Kò«ê AC ]ûeûKê ~òaûKê ù\A[ûGö  Capacitance e GKK Farad (F)

iìZâ :
ù~CñVò A = @*k, d = \ìeZû, Є = WûAGùfpòKþ K^Áû<

_eòPd :
WûGùfpòKþ ]eY @^êiûùe ùK_ûiòUe aòbò̂ Ü _âKûee -
Gdûe, cûAKû, ùieûcòKþ, _äûÁòK ̀ òfà, AùfùpûfûAUòKþ, Uû<ûfcþ AZýû\òö

\êA _âKûe :
1. AùfùpûfûAUòKþ (]^ûcôK I EYûcôK fòWþ [ûG)
2. ^^þ-AùfùpûfûAUòKþ  (ù~ùKøYiò ù_ûfûeòUòùe ù~ûWÿòaû ~ûG)
ùK_ûiòUe cìfý ̂ ò‰ðd (Determining Capacitor Values)
C\ûjeY Êeì_ - 102K ùfLû [ôaû GK ùK_ûiòUee @[ð ùjCQò :
102K = 1,000 pF ±10%
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ù~CñVò -
• 1st Significant Digit  (_â[c @[ð_ì‰ð @u) -  1
• 2nd Significant Digit  (\ßòZúd @[ð_ì‰ð @u) -  0
• Multiplier (MêYK) - 2 - 102

• Tolerance (ij^ cûRòð̂ þ) - K =  ±10%
ùijò_eò, ùcûU cìfý = 10 x 102 pF = 1000 pF (@[ðûZþ 1 nF)

GKK :
1µF = 10-6F
1nF = 10-9F
1pF = 10-12F

ùUûùfùe è̂ ùKûWþ ZûfòKû (Tolerance Code Table)  :
ùKûWÿþ (Code) ij^ cûRòð̂  (Tolerance)

_âùdûM  :
1. Uêý^òõ iKòðUùe?
2. AC ]ûeûKê _ûiþ Keòaû _ûAñ (Bypass capacitor)ö
3. DC ]ûeûKê @UKûAaû _ûAñ (Blocking capacitor)ö

3. WûAIWÿ (Diode)  : GK ùicòKŠKÖe C_û\û^ ~ûjû ]ûeûKê ùKak ùMûUòG \òMùe _ûiþ Keò[ûGö
Gjû P-N Junction C_ùe @û]ûeòZö _âùdûM : ùeKÖò̀ ûde iKòðUþùeö
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4. LED (Light Emmitting Diode) : WûAIWÿþe GK aòùgh _âKûe ~ûjû ]ûeû _ûiþ ùjùf @ûùfûK
C›Rð̂  Kùeö ù_ûfûeòUò cù^ eLô ù~ûWÿòaû @ûagýKö fûAUþ AcòUòw WûAIWþ (LED) GK
ùicòKŠKÖe @û]ûeòZ @ûùfûK ùiâûZö  LED MêWÿòK @ù^K ~ªùe iìPK \ú_ (indicator lamps)
bûùa aýajéZ jêG Gaõ Gùa aòbò̂ Ü @ûùfûKúKeY Kûcùe aXÿò PûfòQòö _âûe¸òK LED MêWÿòK
@Ì ZúaâZûe fûf @ûùfûK C›Mð Keê[ôùf, Kò«ê @û]ê̂ òK eì_MêWÿòK \égý, @fUâûbûAIùfUþ I
A^þ̀ âûùeWÿ Zew \úNðZûùe C_f² @U«ò Gaõ @Zý]ôK C{ßkZû ù\A[û«òö

5. ùR^e WûAIWÿþ : ùR^e WûAIWÿþ GK aòùgh _âKûee WûAIWþ ~ûjû eòbið ùbûùfÖR ^òŸòðÁ
cû^ (~ûjKê ùR^eþ ùaâKþWûC þ̂ ùbûfþùURþ Kêjû~ûG) @ZòKâc Kùf eòbið Kùe< _âaûjòZ ùjaûKê
@ ê̂cZò \òGö Gjû ùbûùfÖRþ ̂ òdªY iKòðUþùe iÚòe ùe`ùe è̂ ùbûfþùURþ ù\aû _ûAñ aòùghbûùa
aýajéZ jêGö

6. Uâû¬òÁe (Transistor) : Gjû GK Zò̂ ò Éeúd ùicòKŠKÖe C_û\û^ - G^þ-_ò-G þ̂ (NPN) Kò́ û _ò-
G^þ-_ò (PNP) ]eYeö ]ûeû aé¡ò (amplification) I ÊòPòõ _ûAñ aýajéZö Uâû¬òÁeKê \êAUò Rui^þ
WûAIWþe aò_eúZ bûùa iõ~êq GK i¹òkòZ MV^ bûùa ù\Lû~ûA_ûùe, ù~CñVûùe c¤bûM Cbd
WûAIWÿþ _ûAñ iû]ûeY [ûGö ù~ùZùaùk “n” Cbd _ûAñ iû]ûeY [ûG, ùiùZùaùk Uâû¬òÁe p-n-
p _âKûee jêGö ù~ùZùaùk “p” iû]ûeY [ûG, ùiùZùaùk Gjû n-p-n Uâû¬òÁe jêGö iû]ûeûYZü
G[ôùe Zòù^ûUò @õg [ûG Gaõ ùZYê Zòù^ûUò Ucòð̂ ûfþ Kò́ û _û\ [ûG - ù~Cñcû^uê Emitter, Collector
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I Base Kêjû~ûG; @û]ê̂ òK ÊòPòõ _âùdûMùe ùiMêWÿòKê Source, Drain I Gate Kêjû~ûGö Rui þ̂ WûAIWþ
ùKak Zûjû forward-biased ùjùf cûZâ Kùe< _âaûj Kùeö Uâû¬òÁee ùcøkòK _âZúK ̂ òcÜfòLôZ
PòZâùe ù\Lû~ûAQò -

(K) ùaiþ (Base) PòjÜU Keòaû : ~\ò Uâû¬òÁee Zòù^ûUò Ucòð̂ ûfþ (@[ðûZþ _û\) c¤eê ùMûUòG G_eò
aûaùe Pd^ Keû~ûG ù~, cfÖòcòUeKê ùijò PdòZ Ucòð̂ ûfþ I @^ý \êAUò Ucòð̂ ûfþe ù~ùKøYiò
ùMûUòG ijòZ iõ~êq Kùf Cbd cûcfûùe K þ̂WKè̂ þ (Pûk^) NùU, ùZùa ùijò PdòZ Ucòð̂ ûfþKê
ùaiþ Kêjû~ûGö

(L) p-n-p Kò́ û n-p-n PòjÜU Keòaû _ûAñ :  ~\ò Cbd cûcfûùe K^þWKè̂ þ i¸a ùjaû _ûAñ iû]ûeY
Ucòð̂ ûfþ (@[ðûZþ ùaiþ) Kê ]^ûcôK (Positive) ijòZ iõ~êq KeòaûKê _ùWÿ, ùZùa ùijò Uâû¬òÁe
n-p-n _âKûee jêGö ~\ò Cbd cûcfûùe KŠKè̂ þ i¸a ùjaû _ûAñ iû]ûeY Ucòð̂ ûfþ (@[ðûZþ
ùaiþ) Kê EYûcôK (Negative) ijòZ iõ~êq KeòaûKê _ùW, ùZùa ijò Uâû¬òÁe p-n-p _âKûee
jêGö

_eúlû _âKâòdû (Testing Procedure) :
1. ùeiòÁe (Resistor) :

• ùeiòÁee ew ùKûWÿþ @^ê~ûdú cìfý ^ò‰ðd Ke«êö
• \ßûeû ùcRe Ke«ê Gaõ ZûfòKû _ìeY Ke«êö
• ùcReþ ùjûA[ôaû cìfý Ufùe^è bòZùe ùjaû CPòZö
_âùZýK ùeiòÁee ùcReþ ùjûA[ôaû cìfý Zùk [ôaû ZûfòKûùe ùfL«êö

Kâc iõLýû ew ùKûWÿþ aûÉaòK cìfý ùcReþ ùjûA[ôaû cìfý
(DMM \ßûeû) ZîUòe _âZògZ

fûf, fûf, Kkû, iê̂ û
fûf, Kkû, ùKieò@û, eì_û
^úk, ]ìie, iaêR, iê̂ û

1
2
3
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Uò®Yú (Note) :
1. ùcRe ùjûA[ôaû ùeiòÁû^è cìfý Gaõ ew ùKûWÿþ @^ê~ûdú cìfý ùeiòÁee Ufùe^è ùe¬

c¤ùe [ôaû CPòZö
2. ùcReùc< icdùe \êAUò fòWþKê jûZùe ]e«ê ̂ ûjó, KûeY @û_Yu geúee ùeiòÁû̂ è ijòZ ùeiòÁe

ùeiòÁû è̂Kê cògò ùcRe Keòaö

2. ùK_ûiòUe (Capacitor) :
• Capacitor e ùKûWÿþ @^ê~ûdú cìfý ^ò‰ðd Ke«êö
• DMM (Digital Multimeter) \ßûeû ùcRe Ke«ê Gaõ ZûfòKû _ìeY Ke«êö
_âùZýK ùK_ûiòUee ùcReþ ùjûA[ôaû cìfý Zùk [ôaû ZûfòKûùe ùfL«êö

3. WûAIWÿ (Diode) :
• fûaùe [ôaû DMM (Digital Multimeter) Kê Diode Testing Mode ùe ùiUþ Ke«êö
Gjûe Forward Bias Voltage ùcRe Ke«êö
• \ò@û~ûA[ôaû WûAIWÿþe Forward Gaõ Reverse Bias Voltage ùcRe Ke«ê Gaõ Zûjû ùeKWð
Ke«êö
(K) ̀ eIßûWð aûdûiþ (Forward Bias Voltage)
• fûf(RED) ù_âûaþKê Anode C_ùe eL«êö
• Kkû (BLACK) ù_âûaþKê Cathode C_ùe QêAñ\ò@«ê Gaõ WòùÆä eòWòõ ùfL«êö
(L) eòbið aûdûiþ ùbûfþùURþ (Reverse Bias Voltage) :
• fûf(RED) ù_âûaþKê Cathode C_ùe eL«êö
• Kkû (BLACK) ù_âûaþKê Anode C_ùe QêAñ\ò@«ê Gaõ WòùÆä eòWòõ ùeKWð Ke«êö

Kâc iõLýû aûÉaòK cìfý ùcReþ ùjûA[ôaû cìfý
(DMM \ßûeû) ZîUòe _âZògZ

1
2
3

Kâc iõLýû WûAIWþ `eIßûWð aûdûiþ ùbûfþùURþ eòbið aûdûiþ ùbûfþùURþ
1
2
3

4. Uâû¬òÁe (Transistor) :
• fûaùe [ôaû DMM (Digital Multimeter) Kê Diode Testing Mode ùe ùiUþ Ke«êö
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(K) Uâû è̂òÁee ùaiþ (Base) PòjÜU Keòaû :
1. ùiùfKÖe ÊòPþ aýajûe Keò cfÖòcòUeþKê ohm (Ω) ùe¬ I ùe ùiUþ Keö
2. cfÖòcòUeþùe [ôaû Common I V(Ω) Ucòð̂ ûfMêWÿòKê ]ûZêe ù_âûaþMêWÿòK iõ~êq Keö Black

probe Kê Common Gaõ Black probe Kê  V(Ω) ùe fMûö
3. Uâû^èòÁee Zòù^ûUò _û\ (legs) c¤eê ùMûUòGKê Common ijòZ iõ~êq Ke I @^ý \êAUò _û\

ijòZ V(Ω) fòWþKê GùKKûùe iõ~êq cfÖòcòUeþe ùeRòÁû^è cû^ _Xÿö Gjò cû^MêWÿòK ùfLö
_ùe Common fòWþe ù_ûfûeòUò _fUòù\A, GjûKê cfÖòcòUeþe V(Ω)(+ve)  ijòZ iõ~êq
Ke Gaõ ù`eò eòWòõ ^ò@ö ~\ò C_ùeûq \êA iõù~ûM c¤ùe ù~ùKøYiò ùMûUòG ùe
cfÖòcòUee eòWòõ Cbd cûcfûùe Low ù\LûG, ùZùa @ûe¸ùe Pd^ Keû~ûA[ôaû Ucòð̂ ûfþ
Base @ùUö _â[c iõù~ûM _âKûeùe Uâû^èòÁe p-n-p @ùU, ù~CñVûùe \ßòZúd iõù~ûM
_âKûeùe Gjû n-p-n Uâû^èòÁe jêGö

4. ~\ò C_ùeûq \êA cûcfûùe ùKøYiòUò eòWòõ Low ù\LûG ̂ ûjó, ùZùa Uâû^èòÁee @^ý \êAUò
fòWþ c¤eê ù~ùKøYiò ùMûUòGKê Common bûùa ù^A ZéZúd _\Kâc _ê̂ ü Keö

(L) GcòUe (Emitter) I KùfKÖe (Collector)  PòjÜU Keòaû : @ûùc RûYêQê ù~, Uâû^èòÁeùe
Emitter region Uò Colletor region Zêk^ûùe @]ôK ùWû_þ (heavily doped) ùjûA[ûGö ùi[ô_ûAñ
Emitter-Base e ̀ eIßûWð ùeRòÁû è̂ Collector-Base eê Kcþ ùjaû CPòZþö ohm-meter (cfÖòcòUeKê
R ùe ùiUþ Keò) aýajûe Keò, ùaiþ ijòZ ù~ fòWþe `eIßûWð ùeRòÁû^è cû^ Kcþ ù\LûG,
ùijò fòWþ Emitter Gaõ ~ûjû @]ôK `eIßûWð ùeRòÁû^è ù\LûG ùijò fòWþ Collector @ùUö

(M) Uâû è̂òÁe VòKþ bûaùe Kûc KeêQò ̂ ûjó ~û* Keòaû : Uâû^èòÁee ù~ùKøYiò \êAUò Ucòð̂ ûfþ c¤ùe
`eIßûWð Kò́ û eòbið aûdûiùe ~\ò ùKøYiò KŠKè̂ þ ùjûA^[ûG ùicûù^ Emitter I Collector
@U«òö Gùa ZéZúd Ucòð̂ ûfþKê Base bûùa ̂ ò@ I ̀ eIßûWð aûdûiùe ~û* Ke Base-Emitter c¤ùe
ùfû ùeRòÁû̂ è I Base-Collector c¤ùe jûA ùeRòÁû è̂ ù\Lû~òaû CPòZþö ~\ò Gjò _eòiÚòZò ù\Lû~ûG
^ûjó, ùZùa Uâû^èòÁe WûùcRþ (Damaged) ùjûAQòö

NPN
PNP

Kâc iõLýû Uâû¬òÁe VBE ùbûfþùURþ VBC  ùbûfþùURþ
1
2

_eúlûe C_iõjûe :
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_eúlY - 1
@bòaò\êýZþ C_û\û^MêWÿòKe @¤d^

flý : ùeiòÁe, ùK_ûiòUe, WûAIWþ, Uâû¬òÁe, @ûC fûAUþ WûùdûWþ (LED) bkò cìk AùfùKÖû^òKþ
C_û\û^MêWÿòK aòhdùe Rû^aûö

\eKûeþ Rò̂ òhþ :
1. ùeiòÁe
2. ùK_ûiòUe
3. WûAIWþ (PN WûAIWþ I ùR^e ùWAIWþ)
4. Uâû^èòÁe
5. WòRòUûfþ cfÖòcòUe

iò¡û«  :
1. ùeiòÁe Resistor  : ùeiòÁe ùjCùQ MêùU Aùfùpû^òK _ûiòbþ C_û\û^ ~ûjûe Kûcþ ùjCùQ

iKòðUþ bòZþùe aò\êýZþ ùiâûZùK ^òdªYþ Keòcûö AZûùK Ijcþ (Ω) ùe c_û~ûGiòö ùeiòÁe
cìfý @ûeþ ij^gúfZû AZûe C_ùe Q_û ùjûA[ôaû ewe _Uò \ßûeû ù\LôKeò PòjÜò ùjaûö

_eòPd (Identification) :
1. ew ùKûùWWþ ùeiòÁe : A[ôùe MY^û, MêY I ùUûùfùeYè ewú^ PòjÜû \ßûeû iìPòZ ùjAùQö
2. Printer Resistor :

_âòù<Wþ ùeiòÁe : Gjûe MY^û ]îaùe iò]ûikL fòLû~ûAùQö
ew ùKûWÿþ (Color Code) :
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C\ûjeY : ~\ò MYKùe aâûC^, iaêR, Iùe¬ I iê̂ jòe aýûŠ @Qò -
aâûC^ - 1, iaêR- 5, Iùe¬-103, iê̂ jòe - ±5%

cìfý  = 15 x 103 = 15kΩ±5%

aòaeYú (Specifications) :
• ùeiòÁe gqò ùeUòõ ùe 1/8W Vûeê 20W _~ðý« C_f² @Qòö
• cìfý ieYúùe Ω, kΩ Gaõ MΩ ùe _âKûgòZö

(1kΩ = 103Ω, 1 MΩ = 106Ω)

_âùdûM (Applications):
• Gjû @ù^Kþ eKcþe Aùfùpû ò̂Kþ iKòðUþùe aò\êýZ ùiâûZe PfûPfþùK ̂ òdªY Keþaûeþ[ô

ùabûe Keû~ûGiòö

2. ùK_ûiòUe (Capacitor)  : ùK_ûiòUe MêùU G«û Rò̂ òhþ ù~«û aòRêfò PûRð Rcû Keò eLþiò, Wòiò
Kùe< ùK a¦þ Keþiò @ûC Giò Kùe< ùK ~òaûeþùK ù\iòö AZûùK ̀ ûeûWþ  Farad (F) GKKùe
c_û~ûGiòö

`cêðfû : C = ЄA/d
AVûù^, A = ù_äUMêWÿòKeþ Geò@û (ùlZầ k), d = ù_äUMêWÿòKeþ \ìeZû, Є = WûAGùfpòKþ K^Áû<

_eòPd :
WûGùfpòKþ ùK«û @ùQ ùiUû jòiûùa ùK_ûiòUeþ @fMû @fMû eKcþ e @ùQ - Gdûeþ, cûAKû,
ùieûcòKþ, _äûÁòK ̀ òfà, AùfùpûfûAUòKþ, Uû<ûfcþ @û\òö

\êA eKce :
1. AùfùpûfûAUòKþ (]^û @ûeê E^þ fòWþ [ôiò)ö
2. ^^þ-AùfùpûfûAUòKþ  (ùR^þ ù_ûfûeòUòùe RêWÿþùa ùiUû Pfiò)ö
ùK_ûiòUe cìfý ùK«û Keò Rû^aû :
cù^Ke, MêùU ùK_ûiòUe C_ùe “102K” ùfLû @ùQ cûù^ ùjfû:
102K = 1,000 pF ±10%
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ùR^ -
• 1st Significant Digit  (_ùjfû @[ð [ôaûeþ @u) -  1
• 2nd Significant Digit  (\êiâû @[ð [ôaûeþ @u) -  0
• Multiplier (MêYû KZðû) - 2 - 102

• Tolerance (ij^ gqò) - K =  ±10%
G«û iòjûùa, _êeû \ûcþ = 10 x 102 pF = 1000 pF (cûù^ 1 nF)

GKK :
1µF = 10-6F
1nF = 10-9F
1pF = 10-12F

ùUûùfùe è̂ ùKûWþ ZûfòKû (Tolerance Code Table)  :
ùKûWÿþ (Code) ij^ cûRòð̂  (Tolerance)

ùabûeþ  :
1. Uêý^òõ iKòðU cûù^?
2. Giò Kùe<ùK ~òaûeþ ùK ù\aû fûMò (aûA _ûiþ ùK_ûiòUeþ)ö
3. Wòiò Kùe< ùK @UþKûaûeþ fûMò (aäKòõ ùK_ûiòUeþ)ö

3. WûAIWÿ (Diode)  : MêùU ùicòKŠKÖe Rò̂ òh ù~^þ ]ûeûùK Lûfò MêùU \òMþ[ô ~òaûeþùK ù\iòö
AUû P-N Junction C_ùe @û]ûe Keþiòö Kûcþ : ùeKÖò̀ ûde iKòðUþ cûù^ö
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4. LED (Light Emmitting Diode) : GfþAWò ùjCùQ WûAIWÿþe MêùU ùÆiò@ûf Kòic ù~ þ̂ ]ûeû
Mùf @ûfê@ aûjûe Keþiòö AUûùK ù~ûWÿaûeþ ùaùf ù_ûfûeòUò c^þ eLþaûùK _Wÿþiòö fûAUþ
AcòUòw WûAIWþ (LED) MêùU ùicòKŠKÖeþ bò òK @ûùfûKe ùiûiðö  LED MêWÿûK @ù^Kþ ùciò̂ þùe
AŠòùKUeþ fýûµþ jòiûùa aýajûe ùjiò @ûC Gùa @ûfê@û ù\aûeþ Kûcþùe aXÿò PûfòùQö @ûMeê
GfþAWò MêWÿûK Kcþ \ûcþe fûfþ CRûfû aûjûeþ Keê[ôùf, ùjùf @ûRòKûfòKû MêWÿûK \ògê[ôaû,
@fUâûbûAIùfUþ @ûC A^þ̀ âûùeWÿ Zewùe aò còfêùQ @ûC ajêZ ùZRþ CRûfû ù\CùQö

5. ùR^e WûAIWÿþ : ùR^e WûAIWÿþ MêùU ùÆiò@ûf WûAIWþ ù~ þ̂ eòbið ùbûùfÖR MêùU ̂ òŸòðÁ _G<
(~ûjKê Zener Breakdown Voltage Kùji^þ) @ZòKâcþ Kùf eòbið Kùe< ~òaûeþùK ù\iòö AUû
ùbûùfÖRþ ùeMêùfi þ̂ iKòðUþcûù^ ̀ òKèWþ ùe`ùe è̂ ùbûfþùURþ ù\aû fûMò ùagú ùabûeþ ùjiòö

6. Uâû¬òÁe (Transistor) : Uâû¬òÁe ùjCùQ MêùU Zò̂ ò-Éeúd ùicòKŠKÖe C_û\û^ - ù~«ûKò
NPN Kò́ û PNP ]e þ̂e ùjA_ûùeö AUûùK ]ûeû aXÿûaûeþ (amplification) @ûeþ iêAPþ Kfûùaùf
ùabûeþ Keû~ûGiòö Uâû¬òÁeKê \êAUû Rui^þ WûAIWþe IfUû Keò ~êWÿûùjA[ôaû MêùU^ i¹òkòZ
MXÿ̂ þ jòiûùañ ù\Lûù\A_ûùe, ù~ þ̂Vûù^ cSòbûM \êjò WûAIWÿþ fûMò iû]ûeY [ôiòö ù~ùZùaùf
“n” \êjò fûMò iû]ûeY [ôiò, ùiùZùaùf Uâû¬òÁe p-n-p ]e^eþ ùjiòö @ûeþ ù~ùZùaùf “p”
iû]ûe^þ [ôiò, ùiùZùaùf AUû n-p-n Uâû¬òÁe ùjiòö iû]ûeûYZü A[ôeþ Zò̂ þUû bûMþ [ôiò @ûeþ
ùi[ôeþfûMò Zò̂ þUû Ucòð̂ ûfþ Kò ùMûWÿ [ôiò - ù~^þcû^uê Emitter, Collector @ûeþ Base Kêjû~ûGiò;
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@ûRòKûfòKûeþ iêAPòwþ ùabûeþcûù^ ùiMêWÿûKê Source, Drain @ûeþ Gate afò Kêjû~ûGiòö MêùU
Rui þ̂ WûAIWþ ù~ùZùaùf forward-biased ùjiò ùiùZùaùf ]ûeû aûjûeþùK ù\iòö Uâû¬òÁeeþ
cìf iòwû (sybmol) Zùf \ò@û~ûA[ôaû Qaò[ô ù\Lû~ûAùQ -

(K) ùaiþ (Base) ùK«û PòjòÜ _ûeþcû : Uâû¬òÁee Zò̂ þUû Ucòð̂ ûfþ (cûù^ _û\þ) bòZþeê MêùUùK G«û
bûQþa ù~, cfÖòcòUeùK ùiA aQû Ucòð̂ ûfþ @ûeþ @fþMû \êAUò Ucòð̂ ûfþe ù~^þiò MêùU iùw
~êWÿþùf \êjò cûcfûùe aòRþfò ~òaûeþ @ûiþaûeþ Keþiò, ùi[ôeþfûMò ùiA aQû Ucòð̂ ûfþùK ùaiþ
Kêjû~ûGiòö

(L) p-n-p Kò n-p-n ùK«û PòjÜò _ûeþcû :  ~\ò \êjò cûcþfûùe aòRþfò ~òaûeþ @ûiþaûeþ i¸a ùjaû fûMò
iû]ûe^þ Ucòð̂ ûfþ (cûù^ ùaiþ) ùK ]^ûcôK (Positive) iõùM ~êWþaûùK _Wÿiò, ùZùa ùiA
Uâû¬òÁe  n-p-n jòiûùa [ôiòö ~\ò \êjò cûcfûùe KŠKè̂ þ i¸a ùjaû fûMò iû]ûeY Ucòð̂ ûfþ
(cûù^ ùaiþ) ùK EYûcôK (Negative) iùw ~êWÿþaûùK _Wÿiò, ùZùa ùiA Uâû¬òÁe p-n-p
jòiûùa [ôiòö

_eúlû _âKâòdû (Testing Procedure) :
1. ùeiòÁe (Resistor) :

• ùeiòÁee ew ùKûWÿþ ù\LôKeò cìfý aûjûe Keö
• WòGcþGcþ (WòRòUûfþ cfÖòcòUe) [ô cû_ @ûeþ ZûfòKûUûùK beö
• c_û~ûA[ôaû iõLýûUû ij^þgúfþZû bòZþùe ùjaûeþ K[ûö
ùjUû Zùf [ôaûe ZûfòKûe iaê ùeiòÁee ùcReþ Keþaû \ûcþùK ùfLö

Kâc iõLýû ew ùKûWÿþ aûÉaòK \ûcþ ùcReþ ùjA[ôaû \ûcþ
(DMM ùe) ZîUòe _âZògZ

fûf, fûf, Kkû, iê̂ û
fûf, Kkû, ùKieò@û, eì_û
^úk, ]ìie, iaêR, iê̂ û

1
2
3
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Uò®Yú (Note) :
1. ù~ þ̂ ùeiòÁû è̂ \ûcþ c_û ùjAùQ @ûeþ ew ùKûWÿþ jòiûùa ù~^þ \ûcþ aûjûeêùQ, ùiUû  ùeiòÁee

Ufùe^è ùe¬ bòZþùe eùjaûeþ K[ûö
2. ùcReùc< Keþfûùaùf \êAUû fòWþùK jûZþùe ̂ ûA ]eê̂ þ, KûGñKeò WòGcþGcþ Zêceþ ù\jeþ  ùeiòÁû̂ è

iûùw ùeiòÁeeþ ùeiòÁû̂ è  cùgAKeò ùcReþ Keòù\aûö

2. ùK_ûiòUe (Capacitor) :
• ùK_ûiòUeþe ùKûWÿþ ù\LôKeò Zûeþ \ûcþ aûjûe Keö
• WòGcþGcþ (WòMòZûf cfÖòcòUe) [ô cû_ò ùfL @ûC ZûfòK _ìeû Keö iaê ùK_ûiòUee cû_ò[ôaûe
\ûcþùK Zùf \ò@ûùjA[ôaûe ZûfòKûù^ ùfLö

3. WûAIWÿ (Diode) :
• fûaþùe [ôaûeþ DMM (Digital Multimeter) ùK Diode Testing Mode ùe ùiUþ Keö
A[ôeþ Forward Bias Voltage ùcReþ Keö
• \ò@û~ûA[ôaûeþ WûAIWÿþe Forward @ûeþ Reverse Bias Voltage ùcReþ Keþ @ûeþ ZûjûùK ùeKWð
Keö
(K) ̀ eIßûWð aûdûiþ (Forward Bias Voltage) :
• fûf(RED) ZûeþùK Anode C_þùe eLö
• Kkû (BLACK) ZûeþùK Cathode C_þùe Qê@ûñ@ @ûC WòùÆä eòWòõ Uû ùfLö
(L) eòbið aûdûiþ ùbûfþùURþ (Reverse Bias Voltage) :
• fûf(RED) ZûeþùK Cathode C_þùe eLö
• Kkû (BLACK) ZûeþùK Anode C_þùe Qê@ûñ@ @ûC eòWòõ ùeKWð Keö

Kâc iõLýû aûÉaòK \ûcþ ùcReþ ùjA[ôaû \ûcþ
(DMM ùe) ZîUòe _âZògZ

1
2
3

Kâc iõLýû WûAIWþ `eIßûWð aûdûiþ ùbûfþùURþ eòbið aûdûiþ ùbûfþùURþ
1
2
3

4. Uâû¬òÁe (Transistor) :
• fûaùe [ôaû DMM (Digital Multimeter) ùK Diode Testing Mode ùe ùiUþ Keö
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(K) Uâû è̂òÁee ùaiþ (Base) PòjÜU Keþcû :
1. iòùfKÖe iêAPþ ùabûeþ Keò cfÖòcòUeþùK ohm (Ω) ùe¬ I ùe ùiUþ Keö
2. cfÖòcòUeþùe [ôaûeþ Common @ûeþ V(Ω) Ucòð̂ ûfMêWÿûùK ]ûZêe ù_âûaþMêWÿûK ùRûWÿö Black

probe ùK Common @ûeþ Black probe ùK  V(Ω) ùe fMûö
3. Uâû^èòÁee Zò̂ þUû ùMûWÿ (legs) bòZþeê MêùUùK Common iûùw ~êWÿ @ûeþ @fMû \êAUû ùMûWÿ

iûùw V(Ω) fòWþùK GKûGKû ~êWÿòKeò cfÖòcòUeþe ùeRòÁû^è cû^ _Xÿö A cû^MêWÿûùK ùfLö
Zû _ùe Common fòWþe ù_ûfûeòUò a\þfûAKeò, AUûùK cfÖòcòUeþe V(Ω)(+ve) iûùw ~êWÿ
@ûeþ @ûC[ùe eòWòõ ̂ ò@ö ~\ò C_eeþ \êAUû ~êWÿû^þ bòZþeê ùK^þiò MêùUùe cfÖòcòUee eòWòõ
\êjò cûcfûùe Low ù\Lûfû, ùZùa _ùjfû aQû~ûA[ôaû Ucòð̂ ûfþ Uû Base @ûGö _ùjfû
~êWÿû _âKûùe Uâû^èòÁe p-n-p @ûG, ù~^þVûù^ \êZòdû ~êWÿû _âKûùe AUû n-p-n Uâû^èòÁe
ùjA[ôiòö

4. ~\ò C_eeþ \êjò cûcfûùe ùK^þiòbò eòWòõ Low ^ûAñ ù\ùLA, ùZùa Uâû^èòÁee @fþMû
\êAUò fòWþ bòZþeê ùK^þiò MêùUùK Common jòiûùa ù^AKeò ZéZúd _\ùK ù`eþ Keö

(L) GcòUe (Emitter) @ûeþ KùfKÖe (Collector)  PòjÜU Keþcû : @ûùc Rû^êQê ù~, Uâû^èòÁeùe
Emitter region Uò Colletor region Zêk^ûùe ùagò ùWû_þ (heavily doped) ùjûA[ôiòö ùi[ôeþfûMò
Emitter-Base e ̀ eIßûWð ùeRòÁû è̂ Collector-Base eê Kcþ ùjaû K[ûö ohm-meter (cfÖòcòUeùK
R ùe ùiUþ Keò) ùabûeþ Keò, ùaiþ iûùw ù~ fòWþe ̀ eIßûWð ùeRòÁû^è cû^ Kcþ ù\Lûiò, ùi
fòWþ Emitter @ûC ù~^þUû ùagò `eIßûWð ùeRòÁû^è ù\Lûiò ùi fòWþ Collector @ûGö

(M) Uâû è̂òÁe VòKþ jòiûùa Kûc KeêùQ Kò ^ûA ùPKþ Keþcû : Uâû^èòÁee ù~^þiò bò \êAUû Ucòð̂ ûfþ
bòZþùe ̀ eIßûWð Kò eòbið aûdûiùe ~\ò ùK^þiò KŠKè̂ þ ̂ ûAñ ùjA[ôiò, ùicûù^ Emitter @ûeê
Collectorö Gùa ZéZúd Ucòð̂ ûfþKê Base jòiûùa ^ò@ @ûC `eIßûWð aûdûiùe ùPKþ Ke -
Base-Emitter bòZþùe ùfû ùeRòÁû^è @ûeþê Base-Collector bòZþùe jûA ùeRòÁû^è ù\Lû~òaû
K[ûö ~\òò G«û ^ûA ù\Lû~òaûeþ, ùZùa Uâû^èòÁe Leû_þ (Damaged) ùjAùQö

NPN
PNP

Kâc iõLýû Uâû¬òÁe VBE ùbûfþùURþ VBC  ùbûfþùURþ
1
2

_eúlûe ùgh K[û :
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Experiment No. : 2

Aim of the the Experiment : Study and use of single beam dual trace Cathode ray oscilloscope to view
waveforms and measure its amplitude & frequency.

APPARATUS REQUIRED

1. CRO
2. Function generator (FG)
3. TPS
4. AC mill voltmeter / Digital multi meter

Theory :

The cathode-ray oscilloscope (CRO) is a common laboratory instrument that provides accurate time
and amplitude measurement of voltage singnal over a wide range of frequencies. Its reliability, stability,
and ease of operation make it suitable as a general purpose laboratory instrument. The cathode fay
is a beam of electrons which are emmitted by the heated cathode and accelerated toward the
fluorescent screen. The assembly of the cathode, intensity grid, focus grid, and accelerating anode is
called an electron gun. its purpose is to generate the electron beam and control its intensity and focus.
Betweeen the electron gun and the fluorescent screen are two pair of metal plates - one oriented to
provide horizontal deflection of the beam and one pair oriented to give vertical deflection to the
beam. These plates are thus referred to as the horizontal and vertical deflection plates. The combination
of these two deflections allows the beam to reach any portion of the flurescent screen.

BLOCK DIAGRAM :

AC voltage measurement
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Procedure :

1. Measurement of frequency :- Connect the function generator to CRO vertical I/P terminal (Y1/
CH1). set FG to frequency 1KHz and calculate the frequency from CRO. Similarly calculate the
frequency of 2KHz & 5KHz etc.

2. Measurements of Voltage : Set the AC voltage from FG i.e. 1vrmms and measure the voltage from
CRO. Similarly measure 2V, 4V & 5V etc.

3. Measurement of D.C. voltage : Set the TPS voltage i.e. 10V, 20V & 30V etc. and measure the
voltage from CRO.

Measurement of frequency

Cathode ray oscilloscope

Sl. No.
Input frequency

from AFG in
Hz/KHz

No. of
division in
X-axis = a

Time / div (b) Total
time = (a*b)

F=1/T In
Hz/KHz

% of
error
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Measurement of A.C. Voltage

Sl. No.
AC voltage

from FG / AG
in Volts

No. of
division in

Y axis = (a)
Volt / div b in

volts

Peak to peak
voltage = (a*b)

in volts

RMS volt.
V0/2 2

% of
error

Measurement of D.C. Voltage

Sl. No.
Input voltage from

TPS
in Volts.

No. of
division in
Y-axis = a

Volt / div (b) Total
voltage = (a*b)

% of error

Conclusion :
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_eúlY - 2

_eúlYe flý : Zew ù\Lôaû Gaõ Gjûe aýûiê@û Gaõ @ûaé©ò cû_òaû _ûAñ iòwfþ aòcþ Wê@ûfþ ùUâiþ
Kýûù[ûWþ ùeiþ IiòùfûÄ_þe @¤d^ Gaõ aýajûeö

@ûagýK C_KeY :
1. iò@ûeI
2. ̀ ui^þ ùRù^eûUeþ
3. Uðò_òGiþ
4. Giò còfòbfÖcòUeþ / iõLýûcôK ajê cû_K

iò¡û«  :
1. Kýûù[ûW-ùe IiòùfûùÄû_þ (iò-@ûeþ-I) ùjCQò GK iû]ûeY fûùaûùeùUûeú ~ª ù~Cñ[ôùe ̀ âòùKß̂ èò

C_ùe ùbûfùURþ iùuZe iVòKþ icd Gaõ aýûiê@ûe cû_ _â\û̂  Kùeö Gjûe aògßi^údZû, iÚòeZû
Gaõ Kû~ðýe ijRZû GjûKê GK iû]ûeY CùŸgý fûùaûùeùUûeú C_KeY bûaùe C_~êq Keò[ûGö
Kýûù[ûWþùe ùjCQò Aùfp þ̂e GK Zew ~ûjû C©  ̄Kýûù[ûWùe ̂ òcòðZ Gaõ ù ä̀ûùeûùi< Äâò̂ þ @ûWKê

ò̂MðZ ùjûA[ûGö Kýûù[ûWþ MâúWþ, ù`ûKè MâúWþ Gaõ GiòiòGfGeUòw Gù^ûW icìjKê Aùfùpû þ̂ M þ̂
Kêjû~ûGö Gjûe CùŸgý ùjCQò Aùfùpû̂ þ Zew iéÁò Keòaû Gaõ Gjûe ZúaâZû Gaõ ¤û̂ Kê ̂ òdªY
Keòaûö Aùfùpû þ̂  M^ Gaõ ù`äûùeûùi<þ Äâò̂ þ c¤ùe \êAUò ~êMk ]ûZê ù_äUþ [ûG, ~ûjû Kò aòcþ e
ùjûeòR<ûfþ ùWù ä̀Kè̂  Gaõ beUòKûf ùWù ä̀Kè̂  _â\û^ Keò[ûGö Gjò ù_äUMêWÿòK bìicû«e Gaõ
bìf´ Wòù` è̂ ù_äUþ bûaùe Kêjû~ûGö Gjò \êAUò Wòù ä̀Kè̂ e cògâY aòcþ Kê ̀ þùfûùeûùi<þ Äâò̂ þùe
_j*òaûKê iûjû~ý Kùeö

PòZâ aäKMêWÿòK :
Giò ùbûfþùURþ cû_ö
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Kýûù[ûWþ ùeiþ IiòùfûùÄû_þ

_âKâòdû : Giò Wòiò
1. @ûaé©ò cû_^ :

`ui^þ ùRù^ùeUeKê iò@ûeþIe bUòðKûfþ A^þ_êUþ Ucòð̂ ûfþ ijòZ iõ~êq Ke«êö
`ui þ̂ ùRù^ùeUeKê 1KHz @ûaé©òùe ùiUþ Ke«ê Gaõ iò@ûeþI e C_ùe @aé©ò MY^û Ke«êö
Gjò_eò KHz Gaõ 5 KHz @ûaé©ò _ûAñ c¤ MY^û Ke«êö

2. Giò ùbûùfÖRþ cû_^ :
`ui þ̂ ùRù^ùeUeþe Giò ùbûùfÖRþ 1V RMS ùe ùiUþ Ke«ê Gaõ iò@û ð̀eê ùbûùfÖRþ  cû_^
Ke«êö
Gjò_eò 2V, 4V Gaõ 5V ùbûùfÖRþ c¤ cû_^ Ke«êö

3. Wòiò ùbûùfÖRþ cû_^ :
Uò_òGiþeê 10V, 20V Gaõ 30V ùbûùfÖRþ ùiUþ Ke«ê Gaõ iò@ûeþIe cû¤cùe ùbûùfÖRþ
cû_^þ Ke«êö

KâcòK
iõLýû

AFG eê
A þ̂_êUþ @ûaé©ò

(Hz/KHz)

X @lùe
aòbûR^
iõLýû = a

UûAc /
WòbòR þ̂ (b)

ùcûU icd
(a*b)

F=1/T In
Hz/KHz ZîUòe %

@ûaé©ò cû_^
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KâcòK
iõLýû

ZîUòe %

G.iò. ùbûùfÖRþ cû_^

KâcòK
iõLýû

TPS eê A þ̂_êUþ
ùbûùfÖRþ

(ùbûfÖùe)

Y - @lùe
aòbûR^

iõLýû = (K)

ùbûfÖ / WòbòR þ̂ =
(L)

ùcûU
ùbûùfÖRþ  =

(K*L)
ZîUòe %

Wò.iò. ùbûùfÖRþ cû_^

_eúlYe ùgh K[û :

RMS ùbûfÖ
V0/2 2

_òKþ-Uê-_òKþ
ùbûùfÖRþ  =

(K*L)

ùbûfÖ /
WòbòR þ̂ = (L)

Y - @lùe
aòbûR^

iõLýû = (K)

FG / AG eê
AC ùbûùfÖRþ
(ùbûfÖùe)
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_eúlY - 2

_eúlYþe flý : Zewþ ù\Lþcû @ûeê AZûeþ aýûiê@û, @ûaé©ò cû_þcû fûMò iòwfþ aòcþ Wê@ûfþ ùUâiþ
Kýûù[ûWþ ùeiþ IiòùfûÄ_þe @¤d^ @ûeþ aýajûeö

@ûagýK C_þKeYþ :
1. iò@ûeI
2. ̀ ui^þ ùRù^eûUeþ
3. Uðò_òGiþ
4. Giò còfòùbûfÖcòUeþ / iõLýûcôKþ ajê cû_Kþ

iò¡û«  :
1. Kýûù[ûWþ-ùe IiòùfûùÄû_þ (iò-@ûeþ-I) ùjCùQ MêùU iû]ûe þ̂ fûùaûùeùUûeú C_KeYþ ù~ þ̂[ô

ầòùKß̂ èò C_ùe ùbûfþùURþ iùuZþe iVòKþ icd @ûeê aýûiê@û cû_ ùjiòö A[ôeþ aògßi^údZû, iÚòeþZû
@ûC Kûcþ Keþaûeþ ijRþZû AZûùK MêùU iû]ûeYþ CùŸgý fûùaûùeùUûeú ~ª aûMòeþ C_~êq Keþiòö
Kýûù[ûWþ ùjCùQ Aùfp þ̂e MêùU aòcþ ù~ þ̂Uû Mecþ Kýûù[ûWùe Zò@ûeò @ûC ù`äûùeûùi< Äâò̂ þ
@ûWùK aûjûeþiòö Kýûù[ûWþ MâúWþ, ù`ûKè MâúWþ @ûC GiòiòGfGeUòw Gù^ûW cû^Kê Aùfùpû þ̂ M þ̂
Kêjû~ûGiòö AZûe CùŸgþý ùjCùQ Aùfùpû̂ þ aòcþ a û̂aû @ûC AZûe ZúaâZûùK @ûeê ¤û̂ þùK ̂ òdªY
Keþiòö Aùfùpû þ̂ M^ @ûC ù ä̀ûùeûùi<þ Äâò̂ þ bòZþùe \êAUû ~êMk ]ûZê ù_äUþ [ôiò, ù~ þ̂Uû Kò aòcþ e
ùjûeòR<ûfþ Wòù ä̀Kè̂  @ûeê beþUòKûf Wòù ä̀Kè̂  ù\iòö A ù_äUMêWÿûK bì-icû«e @ûeê bì-f´ Wòù` è̂
ù_äUþ bûùa Kêjû~ûGiòö A \êjò Wòù ä̀Kè̂ e cògâYþ aòcþ ùK ù`äûùeûùi<þ Äâò̂ þùe _j*ûaûùK iûjû~ý
Keþiòö

aûKiþ PòZâ  :
Giò ùbûfþùURþ cû_þaûeþö
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Kýûù[ûWþ ùeiþ IiòùfûùÄû_þ

Keþaûeþ C_ûd : Giò Wòiò
1. @ûaé©ò cû_aûeþ :

`ui^þ ùRù^ùeUeùK iò@ûeþIe bUòðKûfþ A^þ_êUþ Ucòð̂ ûfþ iûùw iõ~êq Keê̂ þö
`ui þ̂ ùRù^ùeUe ùK 1KHz @ûaé©òùe ùiUþ Keê̂ þ @ûC iò@ûeþI C_þùe @ûaé©ò MYþ̂ û Keê̂ þö
G«ûKeò KHz @ûC 5 KHz @ûaé©ò fûMò bò MY^û Keê̂ þö

2. Giò ùbûùfÖRþ cû_þaûeþ :
`ui^þ ùRù^eûUeþe Giò ùbûùfÖRþ 1V RMS [ô ùiUþ Keê̂ þ @ûC iò@ûeþI ù^ ùbûùfÖRþ
cû_ê^þö
G«ûKeò 2V, 4V @ûeê 5V ùbûùfÖRþ aò cû_ê̂ þö

3. Wòiò ùbûùfÖRþ cû_þaûeþ :
Uò_òGiþ ^ê 10V, 20V @ûeê 30V ùbûùfÖRþ ùiUþ Keê̂ þ @ûC iò@ûeþI cû¤cþ[ô ùbûùfÖRþ
cû_ê^þö

KâcòK
iõLýû

AFG eê
A þ̂_êUþ @ûaé©ò

(Hz/KHz)

X @lùe
aòbûR^
iõLýû = a

UûAc /
WòbòR þ̂ (b)

ùcûU icd
(a*b)

F=1/T In
Hz/KHz ZîUòe %

@ûaé©ò cû_þaûeþ
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KâcòK
iõLýû

ZîUòe %

G.iò. ùbûùfÖRþ cû_þaûeþ

KâcòK
iõLýû

TPS eê A þ̂_êUþ
ùbûùfÖRþ

(ùbûfÖùe)

Y - @lùe
aòbûR^

iõLýû = (K)

ùbûfÖ / WòbòR þ̂ =
(L)

ùcûU
ùbûùfÖRþ  =

(K*L)
ZîUòe %

Wò.iò. ùbûùfÖRþ cû_þaûeþ

_eúlYe ùgh K[û :

RMS ùbûfÖ
V0/2 2

_òKþ-Uê-_òKþ
ùbûùfÖRþ  =

(K*L)

ùbûfÖ /
WòbòR þ̂ = (L)

Y - @lùe
aòbûR^

iõLýû = (K)

FG / AG eê
AC ùbûùfÖRþ
(ùbûfÖùe)
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Experiment No. : 3(a)

Aim of the the Experiment : Voltage-current (V-I) characteristics of semiconductor diode (Silicon
Diode).

APPARATUS REQUIRED :

1. Bread board
2. Transistor power supply (TPS)
3. Digital-multi meter
4. Silicon diode
5. Resistor (1K)
6. PN junction characteristics kit
7. Patch cords

Theory :

A p-n junction diode is formed by joining p-type and n-type semiconductor materials within a single
crystal of silicon or germanium. The p-type region is obtained by doping the semiconductor with
trivalent impurities such as boron or gallium, which create and abundance of holes as the majority
charge carriers, while electons act as the minority carriers. Conversely, the n-type region is doped
with pentavalent impurities like phosphorus or arsenic, producing an excess of free electrons as
majority carriers and holes as minority carriers. When these two regions are brought together, electrons
from the n-region diffuse into the p-region and recombine with holes, while holes from the p-region
diffucse into the n-region and remombine with electons. This proces leaves behind a thin region near
the junction depleted of free charge carriers, known as the depletion region. The immobile positive
donor ions in the n-region and negative aceptor ions in the p-region create and electric field across
the depletion region, forming a potential barrier or built-in potential, which typically measures
about 0.7 V for silicon and 0.3 V for germanium.

In the unbiased condition, when no external voltage is applied, the diffusion of carriers due to
concentration gradients is balanced by the drift of carriers under the electric field within the depletion
region, resulting in zero net current flow. When the diode is forward biased, the p-side is connected
to the positive terminal and the n-side to the negative terminal of an external source. This external
voltage reduces the potential barrier, narrows the depletion region, and allows majority carriers to
flow across the junction. Once the applied voltage exceeds the barrier potential, a significant cfurrent
flows through the diode, allowing it to conduct eaasily in the forward direction. In contrast, when the
diode is reverse biased, with the p-side connected to the negative terminal and the n-side to the
positive terminal, the external voltage increases the potential barrier and widens the depletion region.
As a result, only a very small current, known as the reverse saturation current, flows due to
monority carriers. The diode effectively blocks current in this condition, except when the reverse
voltage exceeds a critical level called the breakdown voltage, beyond which large current may
flow.
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The voltage-current (V-I) characteristic of a p-n junction diode shows negligible current under reverse
bias and a rapid increase in current once the foward bias exceeds the threshold voltage. This property
makes the diode a unidirectional device that allows current to pass only in one direction. Due to this
behavior, p-n junction diodes are widely used in electronic circuits as rectifiers for converting AC to
DC, in clipping and clamping circuits for waveform shaping, and in signal processing and voltage
regulation applications. Thus, the p-n junction diode is a fundamental and indispensable component
in modern electronic systems.

Characteristic curve :

PROCEDURE :
Forward bias
1. Connect the instruments and components as per the circuit diagram given below, by following the

proper rules of bread board.
2. The potentiometer must be at minimum value i.e. zero and voltage selection switch 3V/30V must be

at 3V position.
3. Range selection switch in ammeter must be at the milli-ammeter (15 mA) range.
4. vary the applied voltage V in steps of 0.1V.
5. Note the corresponding Ammeter Id readings & voltage across the diode in forwad direction Vd in

the multimeters
6. Records the readings in the tabulation column shown below and Plot a graph between Vd & Id.

Calculations :

i. Static Forward Resistance Rdc = Vd / Id

ii. Dynamic Forward Resistance Rac=  Vd / 
  Id

iii. Cut-in voltage VKNEE
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Reverse bias
1. Connect the circuit as per the connection diagram shown below.
2. 3V/30V switch should be at 30V and ammeter must be at micro-ampere (150uA) first, after the over

range, change over to milli-ammeter (mA) range.
3. Initially the potentiometer must be at minimum value i.e. zero and vary the applied voltage V in steps

of 1.0V.
4. Note down the corresponding Ammeter lr readings & voltage across the diode in forward direction

Vr in the table and Plot a graph between Vr & Ir.

Calculations :
i. Static Reverse Resistance Rdc = Vd / Id

ii. Dynamic Forward Resistance Rac=  Vd / 
  Id

iii. Reverse Breakdown voltage VB

TABULATION

Forward bias :

Sl. No. (i/p volt) (Vd) (Id) Sl. No. (i/p volt) (Vr) (Ir)

Forwar Bias Reverser Bias
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EXPERIMENT NO: 03(b)

AIM OF THE EXPERIMENT: To study the voltage current characteristics of Zener diode under
forward and reverse bias.

APPARATUS REQUIRED :

1. Zener Diode (e.g., 5.1V)

2. DC Regulated Power Supply

3. Resistor (1 ΚΩ)

4. Ammeter (0-50 mA)

5. Voltmeter (0-10 V)

6. Breadboard

7. Connecting Wires

Theory:

A Zener diode is a specially designed semiconductor device that allows current to flow not only in the
forward direction, like an ordinary p-n junction diode, but also in the reverse direction when the applied
voltage exceeds a specific critical value known as the Zener breakdown voltage. It is heavily doped
compared to a normal diode, resulting in a very thin depletion region. Because of this heavy doping, the
breakdown occurs at a relatively low reverse voltage, and the diode can operate safely in this region
without being damaged. The Zener diode is primarily used for voltage regulation, as it can maintain a
nearly constant voltage across its terminals despite variations in the input voltage or load current.

When a Zener diode is connected in the forward bias condition (p-side positive and n-side negative), it
behaves just like an ordinary p-n junction diode, conducting current once the forward voltage exceeds
about 0.7 V for silicon. However, the Zener diode’s distinctive operation occurs under reverse bias
(p-side connected to negative and n-side to positive). In this case, only a small leakage current flows
initially. As the reverse voltage increases, the electric field across the depletion region strengthens until it
reaches a critical value. At this point, the diode enters breakdown-but unlike an ordinary diode, it is
designed to handle this safely.

There are two mechanisms responsible for breakdown in a Zener diode:

1. Zener breakdown, which dominates at low breakdown voltages (below about 5 V), occurs due
to quantum mechanical tunneling of electrons across the narrow depletion region.

2. Avalanche breakdown, which occurs at higher voltages, results from impact ionization, where
energetic electrons collide with lattice atoms and generate additional charge carriers.

In both cases, once the diode reaches the breakdown voltage (called the Zener voltage Vz), it
conducts a large reverse current while the voltage across it remains almost constant. This voltage
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regulation property is what makes the Zener diode highly valuable in stabilizing voltage levels in
circuits.

The V-I characteristics of a Zener diode can be divided into two regions: the forward region and
the reverse region. In the forward region, the diode behaves like a conventional p-n junction,
showing a small voltage drop (about 0.7 V for Si). In the reverse region, initially only a small leakage
current flows until the reverse voltage reaches the breakdown voltage. At that point, the current
rises sharply while the voltage remains nearly constant at Vz . This constant voltage characteristic
under breakdown conditions is what enables the Zener diode to act as a voltage regulator.

In practical applications, a Zener diode is connected in reverse bias across the load to maintain a
constant voltage. When the supply voltage tends to rise, the Zener diode conducts more current,
keeping the voltage across the load constant. Conversely, if the supply voltage falls, the diode
conducts less, again maintaining nearly the same load voltage. This self-adjusting ability makes
Zener diodes essential in regulated power supplies, voltage reference circuits, and protection
circuits against overvoltage.

In summary, a Zener diode is a heavily doped p-n junction device that operates in the reverse
breakdown region to provide a constant voltage output. Its unique ability to maintain a fixed
voltage across a wide range of reverse currents makes it a key component for voltage stabilization
and regulation in electronic systems.

Procedure

FORWARD BIAS:

1. Connect the circuit as per the connection diagram given.

2. Connection made must be all the way right & consult your lab in-charge for verifications.

3. Vary the power supply in such a way that the readings are taken in steps of 1V in the voltmeter till 3v

4. Initially range selection Switch in ammeter must be at the micro-ammeter range, when Current
exceeds in the range change over to milli-ammeter range.

5. Note down the reading across the Zener diode & corresponding series current in Amineter.

6. Plot a graph between V & I, record the readings in tabular form.

7. Find the dynamic resistance r= ΔV/ΔΙ.

REVERSE BIAS:

1. Connect the circuit as per the connection diagram given.

2. Connection made must be all the way right & consult your lab in-charge for verifications.

3. Vary the power supply in such a way that the readings are taken in steps of 1V in the voltmeter.

4. Initially range selection Switch in ammeter must be at the micro-ammeter range, when Current
exceeds in the range change over to milli-ammeter range.
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5. Note down the reading across the Zener diode & corresponding series current in Ammeter. Plot a
graph between V & 1.

6. Record the readings in tabular form.

7. Find the dynamic resistance r= ΔV/ΔI.

8. Find the reverse voltage Vr at Iz -15 mA.

9. Do not apply the reverse current more than maximum current range.

Tabulation
Forward bias :

Conclusion :

Forward bias :

Sl. No. Input Voltage Diode Current (Id) Voltage across Zener diode (Vd)

Sl. No. Input Voltage Diode Current (Id) Voltage across Zener diode (Vd)



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  36  ]

_eúlY - 3 (K)

_eúlYe flý : ùicòKŠKÖe WûùdûW (iòfòK þ̂ WûùdûW) e ùbûùfÖRþ Kùe< (bò-@ûA) aýajûe flYö

@ûagýK C_KeY :
1. ùaâW ùaûWð
2. Uâû^RòÁe aò\êýZ ù~ûMûY (Uò_òGiþ)
3. iõLýûcôK ajê-cû_K
4. iòfòK^þ WûùdûWþ
5. ùeRòÁe (1K)
6. _òG^þ RõKè̂ þ ùa÷gòÁý KòUþ
7. _ýûPþ ùKûWèð

Z©ß :
iòfòK^þ Kò́ û Rcðû^òdce GKK ÆUòK c¤ùe p-UûA_þ Gaõ n-UûA_þ ùicòKŠKÖe iûcMâúKê ù~ûWÿò GK
p-n Rui þ̂ WûùdûWþ MVòZ jêGö p-UûA_þ @*k @¡ðaûjúKê ùaûe þ̂ Kò́ û Mûfòdcþ bkò ZâòbûR^ @gê¡Zû ijòZ
ùWû_òõ Keò _âû¯ jêG, ~ûjû iõLýûMeòÂ PûRð aûjK bûaùe _âPêe M©ð iéÁò Kùe, ù~ùZùaùk Aùfp þ̂
iõLýûMeòÂ aûjK bûaùe Kû~ðý Kùeö aò_eúZ bûaùe, n-UûA_ @*k ̀ i_eiþ Kò́ û @ûùið̂ òKþ _eò
_*bûR^ @gî¡Zû ijòZ ùWû_òõ Keû~ûG, ~ûjû iõLýûMeòÂ aûjK bûaùe @]ôK cêq Aùfp^þ Gaõ
iõLýûMeòÂ aûjK bûaùe M©ð C_ôû\^ Kùeö ù~ùZùaùk Gjò \êAUò @*kKê GKûVò @Yû~ûG, n-
ùlZâùeê Aùfp^þ -ùlZâùe aòÉûeòZ jêG Gaõ MûZ ijòZ _ê̂ ücòk^ jêG, ù~ùZùaùk p-ùlZâeê
M©ðMêWÿòK p-ùlZâùe aòÉûeòZ jêG Gaõ Aùfp þ̂ ijòZ _ê̂ ücòk^ jêGö Gjò _âKâòdû cêq PûRð aûjKcû^u
ld ùjûA[ôaû Rui^ ^òKUùe GK _Zkû @*k QûWÿò~ûG, ~ûjûKê @ald ùlZâ Kêjû~ûGö n-
ùlZâùe @Pk ]^ûcôK \ûZû @ûd^ Gaõ p- ùlZâùe EYûcôK MâjYKûeú @ûd^MêWÿòK @ald ùlZâ
c¤ùe GK ùa÷\êýZòK ùlZâ iéÁò Ke«ò, GK i¸ûaý aû]û Kò́ û @«^òðjòZ aòba iéÁò Ke«ò, ~ûjû
iû]ûeYZV iòfòK^þ _ûAñ _âûd 0-7 V Gaõ Rcðû^òdcþ _ûAñ 0.3 V cû_ Kùeö

^òeù_l @aiÚûùec ù~ùZùaùk ùKøYiò aûjý ùbûfþùURþ _âùdûM Keû~ûG ^ûjó, ùiùZùaùk
N^Zû MâûWòG< ù~ûMêñ aûjýcû^ue _âiûeY @ald ùlZâ c¤ùe ùa÷\êýZòK ùlZâ @]ú^ùe aûjý
_âaûj \ßûeû i«êkòZ jêG, ~ûjû `kùe gì̂ ý ù^Uþ KùeŠ _âaûj iéÁòò jêGö ù~ùZùak WûùdûWþ
@ûMKê _l_ûZòZ jêG p-_ûgßð ]^ûcôK Ucòð̂ ûf ijòZ Gaõ n-_ûgßð aûjý C›e EYûcôK Ucòð̂ ûf ijòZ
iõ~êq jêGö Gjò aûjý ùbûfùURþ i¸ûaý aû]ûKê jâûi Kùe, @ald ùlZâKê iõKêPòZ Kùe, Gaõ
iõLýûMeòÂ aûjý `kÊeì_, @Ì iõLýK aûjKu ù~ûMêñ ùKak GK @Zò lê\â aò\êýZ _âaûj, ~ûjûKê
eòbið iûPêùei^þ Kùe< Kêjû~ûGö Gjò @aiÚûùe WûùdûWþ _âbûbgûkú bûaùe aò\êýZþ _âaûjKê
@aùeû] Kùe, ùKak ù~ùZùaùk aò_eúZ ùbûfùURþ ùaâKWûC^þ ùbûfùURþ ̂ ûc GK MêeêZß_ì‰ð
Ée @ZòKâc Kùe, ~ûjûVûeê aWÿ aò\êýZ _âaûj _âaûjòZ ùjûA_ûùeö

GK p-n Rui^þ WûùdûWþe ùbûfùURþ - Kùe< (V-I) ùa÷gòÁý aò_eúZ aûdûiþ @]ú^ùe ^MYý
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aò\êýZþ _âaûj Gaõ @ûMê@û ùa÷dûiþ ù[âùjûfØ @ZòKâc Keòaû _ùe aò\êýZþ _âaûjùe \îZ aé¡ò ù\LûGö
Gjò MêY WûùdûWKê GK \òM^òùŸðgK C_KeY Keò[ûG, ~ûjû aò\êýZ _âaûjKê ùKak ùMûUòG \òMùe
_âaûjòZ KeòaûKê @^êcZò \òGö Gjò @ûPeY ù~ûMêñ p-n Rui^þ WûùdûWþMêWÿòKê Aùfùpû^òKþ iKòðUþùe
AC Kê DC ùe _eòa©ð̂  Keòaû _ûAñ ùeKÖò̀ ûdeþ bûaùe, Zew eì_ ù\aû _ûAñ Käò_òõ Gaõ Käûµòõ
iKòðUþùe Gaõ iòM^ûf _âKâòdûKeY Gaõ ùbûfùURþ ̂ òdªY _âùdûMùe aýû_K bûaùe aýajéZ jêGö
ùZYê p-n Rui^þ WûùdûWþ @û]ê̂ òK Aùfùpû^òKþ iòÁcùe GK ùcøkòK Gaõ @_eòjû~ðý C_û\û^ö

WûùdûW PeòZâ aKâ :

_âKâòdû
`eêIßûWþ aûdi  :
1. iKòðU WûdûMâûc @ ê̂iûùe C_KeY I NUKMêWÿòKê iVòKþ bûùa ùaâWùaûWð ùe ù~ûMûù~ûM Ke«êö
2. ù_ûùU^èòIcòUeþ icùÉ iað̂ òcÜ cìfýùe @[ðûZþ gì̂ ý ùe [ôaû CPòZþ, Gaõ ùbûfùURþ Pd^ ÊòPþ

(3V/30V) Kê 3V ù_ûRòi^þùe eLôaû CPòZþö
3. @û¹òUùe ùe¬þ Pd^ ÊòPþ Kê còfò-@ûµòdûeþ (15mA) ùeTþùe eLôaû CPòZþö
4. _âùdûM ùjC[ôaû ùbûfùURþ V Kê 0.1V ùe ]ûeûajòK bûaùe a\kûAùaö
5. iµKòðZ @û¹òUeþ Id _Xÿòaû Gaõ WûùdûWþ C_ùe @Mâòc \òMùe ùbûfùURþ Vd cfÖòcòUe \ßûeû

cû_^ Ke«êö
6. Gjò _XÿòaûMêWÿòKê Zùk \ò@û~ûA[ôaû ùUaêfùe ùeKWð Keòùa Gaõ Vd I Id c¤ùe Mâû`þ _äU

Keòùaö

MY^û :
K. iÚûZòK `eIßûWð eòRòÁû^þi  Rdc = Vd / Id

L. MZògúk `eIßûWð eòRòÁû^þi Rac=  Vd / 
  Id

M. KUþ-A^þ ùbûfùURþ  VKNEE
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eòbið aûdûiþ  :
1. iõù~ûM PòZâ @^êiûùe iKòðU ù~ûWÿ«êö
2. 3V/30V ÊòPþ Kê 30V ù_ûRòi þ̂ùe eLôaû CPòZþ Gaõ @û¹òUeþKê _â[ùc cûAùKâû-@ûµòdûeþ (150uA)

ùe eLôaû CPòZþ, Ibe ùe¬þ ùjùf còfò-@ûµòdûeþ (mA) ùe ùP¬ Ke«êö
3. _â[ùc ù_ûùU^èòIcòUee cìfý iað̂ òcÜ @[ûðZþ gì̂  ejòaû CPòZþ Gaõ _â~êq ùbûfùURþ V Kê

1.0V jòiûaùe aXÿû~ûCö
4. iµKòðZ @û¹òUeþ Ir _Xÿòaû Gaõ WûùdûWþ C_ùe @Mâòc \òMùe ùbûfùURþ Vr ù^ûU Keòùaö
6. Gjò _XÿòaûMêWÿòKê Zùk \ò@û~ûA[ôaû ùUaêfùe ùeKWð Keòùa Gaõ Vr I Ir c¤ùe Mâû`þ _äU

Keòùaö
MY^û :
K. iÚûZòK eòbið eòRòÁû^þi  Rdc = Vr / Ir

L. MZògúk `eIßûWð eòRòÁû^þi Rac=  Vd / 
  Id

M. eòbið ùaâKWûC^þ ùbûfùURþ  VB

`eIßûWð aûdûiþ  :

`eþIßûWð aûdûiþ eòbið aûdûiþ
KâcòK
iõLýû

A þ̂_êU
ùbûfÖþ

(i/p volt)

WûùdûWþ
ùbûfþùURþ

(Vd)

WûùdûWþ
]ûeû
(Id)

KâcòK
iõLýû

A þ̂_êU
ùbûfÖþ

(i/p volt)

WûùdûWþ
ùbûfþùURþ

(Vr)

WûùdûWþ
]ûeû
(Ir)

iûeYúKeY :
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_eúlY - 3 (L)

_eúlYe flý : `eþIßûWð aûdûiþ I eòbið aûdûiþ @aiÚûùe ùR^eþ WûùdûWe ùbûfþùURþ Kùe<
(bò-@ûA) aýajûe flYö

@ûagýK C_KeY :
1. ùR^eþ WûùdûWþ (~[û 5.1V)
2. ùeRòÁe (1kΩ)
3. GcþcòUe (0-50mA)
4. bfÖcòUeþ (0-10V)
5. ùaâWùaûWð
6. iõù~ûM Zûe

Z©ß :
ùR^eþ WûùdûW GK ÊZª bûaùe WòRûA þ̂ Keû~ûA[ôaû ùicòK<KÖe WòaûAiþ ~ûjû iû]ûeY p-n Rui þ̂
WûùdûWþ _eò ùKak @ûM \òMùe ̂ êùjñ, aeõ _âùdûMòZ ùbûfùURþ ùR^eþ ùaâKWûC^ ùbûfùUR bûaùe
RYûgêYû GK ̂ òŸòðÁ MêeêZß_ì‰ð cìfý @ZòKâc Kùf aò_eúZ \òMùe c¤ Kùeö Gjû GK iû]ûeY WûùdûW
Zêk^ûùe ajêZ ùWû_ ùjûA[ûG, ~ûjû `kùe GK ajêZ _Zkû jâûi ùlZâ iéÁò jêGö Gjò bûeú
ùWû_òõ ù~ûMêñ, ùaâKWûC^ GK @ù_lûKéZ Kcþ eòbið ùbûfùURùe NùU Gaõ WûùdûW lZòMâÉ ̂ ùjûA
Gjò @*kùe iêelòZ bûaùe Kû~ðý Keò_ûeòaö ùR^eþ WûùdûW cêLýZü ùbûfùURþ ^òdªY _ûAñ
aýajéZ jêG, KûeY Gjû A^_êZ ùbûfùUR Kò´û ùfûWþ Kùe<ùe _eòa©ð^ iù©ß Gjûe
Ucòð̂ ûfMêWÿòKùe _âûd iÚòe ùbûfùUR aRûd eLô_ûùeö ù~ùZùaùk GK ùR^e WûùdûW @ûMê@û
aûdûiþ @aiÚûùe (p-_ûgßð iKûeûcôK Gaõ n-_ûgßð ̂ KûeûcôK) iõ~êq ùjûA[ûG, Gjû GK iû]ûeY p-n
Rui^ WûùdûW _eò @ûPeY Kùe, iòfòK^ _ûAñ @ûMê@û ùbûfùUR _âûd 0.7 V @ZòKâc Keòaû _ùe
Kùe< _eòPûk^û Kùeö Z[û_ò, ùR^e WûùdûWe ÊZª Kû~ðý aò_eúZ aûdûi (n-_ûgßð iKûeûcôK
Gaõ p-_ûgßð ^KûeûcôK ijòZ iõ~êq) @]ú^ùe NùUö Gjò ùlZâùe, _âûd¸ùe ùKak GK ùQûU
fòùKRþ Kùe< _âaûjòZ jêGö ù~ùZùaùk aò_eúZ ùbûfùURþ aé¡ò _ûG, @ald ùlZâ c¤ùe ùa÷\êZòK
ùlZâ GK MêeêZß_ì‰ð cìfýùe _j*òaû _~ðý« gqògûkú jêGö Gjò icdùe, WûùdûW bõMùe _âùag
Kùe - Kò«ê GK iû]ûeY WûùdûW _eò ̂ êùjñ, GjûKê iêelòZ bûaùe _eòPûk^û Keòaû _ûAñ WòRûA^þ
Keû~ûAQòö

ùR^e WûùdûWùe bõM _ûAñ \êAUò Kâòdûaò]ô \ûdú :

1. ùR^e bõM, ~ûjû Kcþ bõM ùbûfùURùe (_âûd 5 V Zùk) _âû]û^ý aòÉûe Kùe, iõKú‰ð
@ald ùlZâ c¤ùe Aùfp^MêWÿòKe Kßû<cþ ùcKû^òKûfþ Uù^fòõ ù~ûMêñ NùUö

2. Cy ùbûfùURùe NUê[ôaû jòcÅk^ bõM, _âbûa @ûd^ûAùRi^eê _eòYûc, ù~CñVûùe gqògûkú
Aùfp^MêaòK Rûfòiþ _ecûYê ijòZ ]KÑû LûA[ûG Gaõ @Zòeòq PûRð aûjK iéÁò Kùeö
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Cbd ùlZâùe, WûùdûW bõM ùbûfùURùe _j*òaû _ùe (ùR^e ùbûfùURþ Vz Kêjû~ûG), Gjû
GK aWÿ aò_eúZ Kùe< _eòPûk^û Kùe ù~ùZùaùk Gjû c¤ùe ùbûfùUR _âûd iÚòe ejò[ûGö
Gjò ùbûfùUR ̂ òdªY MêY ùjCQò iKòðUùe ùbûfùUR Ée iÚòe Keòaûùe ùR^e WûùdûWKê @Zý«
cìfýaû^ Keò[ûGö

ùR^e WûùdûWe V-I ùa÷gòÁýMêWÿòK \êAUò @*kùe aòbq Keû~ûA_ûeòa : @ûMê@û @*k Gaõ aò_eúZ
@*kö @ûMê@û @*kùe, WûùdûW GK _ûeµeòK p-n Rui^þ _eò Kû~ðý Kùe, GK ùQûU ùbûfùURþ
Wâ_þ (Si _ûAñ _âûd 0.7 V) ù\LûGö  aò_eúZ @*kùe, _âûd¸ùe ùKak GK ùQûU fòùKRþ Kùe<
_âaûjòZ jêG, ù~_~ðý« aò_eúZ ùbûfùURþ ùaâKWûC þ̂ ùbûfùURþ _~ðý« _j*ò ̂ [ûGö ùijò icdùe,
aò\êýZ Vz ùe _âûd iÚòe ejò[ûGö bõM _eòiÚòZòùe Gjò iÚòe ùbûfùURþ ùa÷gòÁý ùR^e WûùdûWKê GK
ùbûfùURþ ̂ òdûcK bûaùe Kû~ðý KeòaûKê ilc Keò[ûGö

aýajûeòK _âùdûMùe, GK ùR^e WûùdûW GK iÚòe ùbûfùURþ aRûd eLôaû _ûAñ ùfûWþ c¤ùe
aò_eúZ _l_ûZùe iõ~êq ùjûA[ûGö ù~ùZùaùk ù~ûMûY ùbûfùURþ aé¡ò _ûAaûKê _âaé© jêG,
ùR^e WûùdûW @]ôK Kùe< _eòPûk^û Kùe, ùfûWþ c¤ùe ùbûfùURþ iÚòe eùLö aò_eúZ bûaùe,
~\ò ù~ûMûY ùbûfùURþ jâûi _ûG, ùZùa WûùdûW Kcþ _eòPûk^û Kùe, _êYò _âûd icû^ ùfûWþ
ùbûfùURþ aRûd eùLö Gjò Êdõ icûùdûR^ lcZû ̂ òdªòZ aò\ýêZ ù~ûMûY, ùbûfùURþ ùe`ùe^è
iKòðU Gaõ @]ôK ùbûfùURþ aòeê¡ùe iêelû iKòðUþ _ûAñ ùR^e WûùdûWMêWÿòKê @ZýûagýK Keò[ûGö

iõùl_ùe, GK ùR^e WûùdûW ùjCQò GK @Zý]ôK ùWû_þ ùjûA[ôaû p-n Rui^ WòbûAiþ ~ûjû GK
iÚòe ùbûfùURþ @ûCU_êU _â\û^ Keòaû _ûAñ aò_eúZ ùaâKWûC þ̂ @*kùe Kû~ðý Kùeö aòÉéZ _eòiee
aò_eúZ KùeŠ c¤ùe GK iÚòe ùbûfùURþ aRûd eLôaûe Gjûe @^^ý lcZû GjûKê Aùfùpû^òKþ
iòÁcùe ùbûfùURþ iÚòeúKeY Gaõ ̂ òdªY _ûAñ GK _âcêL C_û\û^ Keò[ûGö

_âKâòdû :
`eIßûWð aûdûi
1. \ò@û~ûA[ôaû iõù~ûM PòZâ @^ê~ûdú iKòðUþ fMû«êö
2. icÉ iõù~ûM VòKþ bûaùe Keû~ûAQò Kò ^ûjó, fýûaþ A*ûRð ijòZ ~û* Ke«êö
3. _ûIßûe i_äûA Gbkò bûùa a\kû«ê ù~ bfÖcòUeùe _âZò 1V ùe GK _Xÿû ^ò@û~òa, Gaõ Gjû

3 V _~ðý« ùjaö
4. @ûe¸ùe @¹òUeþùe cûAùKâû ùe¬þ eL«ê, ù~ùZùaùk ]ûeû aXÿò~òa ùZùa còfò @¹òUeþ ùe¬þKê

_eòa©ð̂  Ke«êö
5. ùR^eþ WûùdûW C_ùe ùbûfùURþ I @^êKâcòK ]ûeû @¹òUeþùe ùfL«êö
6. _XÿûMêWÿòKê ùUaêfeþ ̀ cðùe ùeKWð Ke«êö
7. V I I c¤ùe GK Mâû`þ @u^ Ke«êö
8. WûA^ûcòKþ ùeRòÁû^è MY^û Ke«ê rac=  V /   Iö
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eòbið aûdûi
1. \ò@û~ûA[ôaû iõù~ûM PòZâ @ ê̂~ûdú iKòðUþ fMû«êö
2. icÉ iõù~ûM VòKþ bûaùe Keû~ûAQò Kò ^ûjó, fýûaþ A*ûRð ijòZ ~û* Ke«êö
3. _ûIßûe i_äûAKê 1V ùe aXÿûA aXÿûA _Xÿû ^ò@û~òaû bûùa iRû«êö
4. @ûe¸ùe @¹òUeþùe cûAùKâû @¹òUeþ ùe¬þ eL«ê, ]ûeû aXÿòùf còfò @¹òUeþ ùe¬þKê _eòa©ð̂

Ke«êö
5. ùR^eþ WûùdûW C_ùe ùbûfùURþ I @^êKâcòK ]ûeû @¹òUeþùe ùfL«êö
6. _XÿûMêWÿòKê ùUaêfeþ ̀ cðùe ùeKWð Ke«êö
7. V I I c¤ùe GK Mâû`þ @u^ Ke«êö
8. WûA^ûcòKþ ùeRòÁû^è MY^û Ke«ê rac=  Vr /   Irö
9. ù~ùZùaùk ùR^eþ ]ûeû Iz = 15mA jêG, ùi[ôùe eòbið ùbûfùURþ Vr ̂ ò‰ðd Ke«êö
10. ¤û^ \ò@«ê  :  eòbið ]ûeûKê @ûagýKZû Vûeê @]ôK aXÿû«ê ̂ ûjó ù~ Gjû @û_äûdWþ ùbûfùURþ 3

V Kê @ZòKâc Keò~òaö

KâcòK iõLýû A^þ_êU ùbûfùURþ WûùdûWþ Kùe<  (Id) WûùdûWþ ùbûfùURþ (Vd)
`eIßûWð aûdûi

KâcòK iõLýû A^þ_êU ùbûfùURþ WûùdûWþ Kùe<  (Id) WûùdûWþ ùbûfùURþ (Vd)
eòbið aûdûi

_eúlûe ùgh K[û :
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_eúlY - 3 (K)

_eúlû e CùŸgý : iòfòK^þ WûùdûWe ùbûùfÖRþ Kùe< (bò-@ûA) MêY]cð aKâö

@ûagýK C_KeY :
1. ùaâW ùaûWð
2. Uâû^RòÁe aò\êýZ ù~ûMûY (Uò_òGiþ)
3. WòRòUûf cfÖò còUe
4. iòfòK^þ WûùdûWþ
5. ùeRòÁe (1K)
6. _òG^þ RõKè̂ þ aòùghZû KòUþ
7. _ýûPþ ùKûWð

Z©ß  :
MêùU p-n Rui þ̂ WûùdûWþ, p-UûA_þ @ûeþ n-UûA_ @*kUû UâûAbûùf< AµêeòUò, ù~«ûKò ùaûe þ̂ Kò Mýûfò@cþ
còùgAKeò a^þiò ù~^þ[ôeþfûMò ùjûfcûù^ ùcReòUò PûRð ùKeò@e jòiûùa @]ôKþ cûZâûùe eùjiò @ûC
Aùfp^cûù^ cûA^eòUò ùKeò@e jòiûùa Kûcþ Keþi þ̂ö ùi«û jòñ  n-UûA_ @*kUû ù_<ûbûùf< AµêeòUò,
ù~«ûKò ̀ i`ei Kò́ û @ûùið̂ òK còùi÷AKeò a^ûRòiò, ù~ þ̂[ôeþ fûMò ̀ âò Aùfp^MêWÿûK ùcReòUò ùKeò@e
jòiûùa aXÿò~ûGi þ̂ @ûC ùjûfMêWÿûK  p-@*kùK Wò̀ êýRþ ùjA RûGi þ̂ @ûC Aùfp^MêWÿûK iûùw cògòRûGi þ̂ö
A _âKâòdûUû Rui^ _ûùL MêùU _Zfû @õPk QûWÿòù\iò  ù~CñVûù^ ̀ âò PûRð ùKeò@eþ ̂ ûAñ[ûG, ù~«û Kò
Wòù_äi^ @*k afò Kêjû~ûGiòö n-@*kùe [ôaû AùcûaûAf _RòUòb Wò̂ e @ûd^ @ûC p-@*kùe [ôaû
ù^ùMUòb GùKè_Öe @ûd^MêWÿûK Wòù_äi  ̂@*kùe MêùU AùfpòKþ ̀ òfØ Zò@ûeò Keiò, ù~«ûKò MêùU ù_ûUG è̂ò@ûf
ùaeò@e Kò aòfÖ-A^ ù_ûùU è̂ò@ûf a^ûi, ù~«û iû]ûeYZü iòfòK^ fûMò 0.7 V @ûC Rcðû ò̂@c fûMò 0.3 V
ùjiòö

 Ròùeû aûdiþùe ù~ùZùaùf ùK þ̂iò GKèU ð̂ûf ùbûfùURþ ̂ ûA \ò@û~ûA[ôiò Kù è̂̂ ùUâi^ ùMâWòG< fûMò
ùKeò@eMêWÿûKe Wò̀ êýR^, Wòù_äi^ @*k bòZùe [ôaû AùfpòK ̀ òfØ Zùk ùKeò@eMêWÿûKe Wâò_Ö \ßûeû
i«êkòZ ùjiò, ù~ þ̂[ôeþ fûMò ù^U Kùe< ù ä̀û Ròùeû ùjiòö ù~ùZùaùf WûùdûWþ Uû ̀ eIßûWð aûdûiþ ùjiò,
p-iûAWUû MêùU GKèU ð̂ûf ùiûiðe _RòUòb Ucòð̂ ûf iûùw @ûC n-iûAWUû ù^ùMUòb Ucòð̂ ûf iûùw ù~ûWÿû
ùjiòö A GKèU ð̂ûf ùbûfùURUû ù_ûùU è̂ò@ûf ùaeò@eùK KùcAù\iò, Wòù_äi^ @*kùK ieê Keòù\iò,
@ûC ùcReòUò ùKeò@eKê Rui^ _ûeþ ùjfûùK ù\iòö [ùe @û_äûGWÿ ùbûfùURUû ùaeò@e ù_ûùU è̂ò@ûfeþ
C_ùe Mùf, WûùdûW bòZeê ajêZ Kùe< ajòRòiò, @ûC GUû ̀ eIßûWð WòùeKè̂ ùe ijRùe KŠKÖ Keò_ûeþiòö
@fMû K[û ùjfû, ù~ùZùaùf WûùdûWÿUû eòbið aûdûiþ ùjiò, p-iûAWûUû ù^ùMUòb Ucòð̂ ûfþ iûùw @ûC
n-iûAWûUû _RòUòb Ucòð̂ ûf iûùw ù~ûWÿû ùjiòö GKèU ð̂ûf ùbûfùURþ ù_ûùU è̂ò@ûf ùaeò@eùK aùXÿAù\iò
@ûC Wòù_äi^ @*kùK PCWÿû Keòù\iòö ~ûjûe fûMò MêùU ùQûUþ Kùe<, ù~«ûKò eòbið iûPêùei^ Kùe<
afò Kêjû~ûGiòö cûA^eòUú ùKeò@e fûMò ajòRòiòö WûùdûW A @aiÚûùe a¦ Keòù\iò, Lûfò ùiZKò ̂ êùjñ
ù~ùZùaùf eòbið ùbûfùURþ KâòUòKûf ùfùbf, ~ûjûùK ùaâKWûC þ̂ ùbûfùURþ afò Kêjû~ûGiòö ~ûjûfûMò
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aWÿ Kùe< ajò_ûeþiòö

MêùU p-n Rui^ WûùdûWe ùbûfùUR Kùe< (V-I) KýûùeKÖeòÁò eòbið aûdiùe Lûfò UòùK Kùe<
ù\Lûiò @ûC [ùe ù~ùZùaùk ̀ eIßûWð aûdi ù[âiùjûfÖ ùbûfùUR U_òRòiò, Kùe< iûùw iûwþ aXÿòRòiòö
A _â_UòUû WûùdûWùK MêùU dê̂ òWòùeKè̂ ûf WòbûAi a^ûiò ù~«û Kò MêùU WòùeKè̂ ùe Kùe< _ûiþ
KùeAù\iòö A aòùjbò@e fûMò p-n Rui^ WûùdûWMêWÿûK Aùfùpû̂ òK iKòðUùe AC ùK DCùe a\ùfAaûeþ
fûMò ùeKÖò̀ ûde jòiûùa, ùIßb`cð ùi_òw fûMò Käò_òw @ûC Käûµòw iKòðUùe, @ûC iòM^ûf ù_âûùiiòw @ûC
ùbûfùUR ùeMêùfi^ @û_äòùKi^ùe ùagò ùabûe Keû~ûGiòö G«û jòiûùa, Rui^ WûùdûW cW^ð
Afùpû ò̂K iòÁcùe MêùU ùcøkòK @ûC Reêeú Kcùµù^< a ò̂ ~ûGiòö

WûùdûWþ MêY]cð aKâ :

_âKâòdû
`eêIßûWþ aûdûi  :
1. \ò@û~ûA[ôaûeþ iKòðU WûdûMâûcþ jòiûùa C_KeY @ûC C_û\û^cû þ̂Kê ùaâWùaûWð e ̂ òdc jòiûùa

RêWÿò \òdû RûCö
2. ù_ûùU è̂òIcòUeþe cìfý iaêVûeê Kcþ @[ðûZþ gì̂ ý @ûeê ùbûfùURþ iòùfKè̂ þ iêAPþ 3V, 30V, 3V

iÚòZòùe eùjaûeþ CPòZþö
3. @û¹òUeþù[ðôaû ùe¬þ iòùfKè̂ þ iêAPþ còfò-@û¹òUeþ (15mA) ùeTþùe eùjaûeþ CPòZþö
4. _â~êq ùbûfùURþ V ùK 0.1V jòiûùa aXÿû~ûCö
5. cfÖòcòUeùe `eIßûWð \òMùe [ôaû WûùdûWþe ùbûfùURþ  Vd _Xÿòaû @ûC @û¹òUe Id  eòWòwþ

Uò_ûRûCö
6. Zùk \ò@û~ûA[ôaû ùUaêfùe eòWòwcû^uê Uò_ûRûC @ûC Vd @ûeê Id bòZþùe Mâû þ̀ @u^ Keû~ûCö

MY^û :
K. iÚòe `eIßûWð eòRòÁû^þi  Rdc = Vd / Id

L. WûA^ûcòKþ `eIßûWð eòRòÁû^þi Rac=  Vd / 
  Id

M. KUþ-A^þ ùbûfùURþ  VKNEE
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eòbið aûdûiþ  :
1. Zùk \ò@û~ûA[ôaû iõù~ûM WûAMâûc @^êiûùe iKòðU RêWÿò \òdûRûCö
2. 3V/30V  iêAPþ 30V ùe ejòaû CPòZþ @ûC @û¹òUeþ _ùjfû cûAùKâû-@ûµòdûeþ (150uA) ùe

eùjaûeþ CPòZþþ, ~\ò Ibeþ ùe¬þ ùjCùQ, ùZùa còfò-@û¹òUeþ (mA) ùe¬ ùK a\fûRûCö
3. _ùjfû ù_ûùU^èòIcòUee cìfý iaêVûeê Kcþ @[ûðZþ gì̂  eùjaû @ûC _â~êq ùbûfùURþ V ùK

1.0V jòiûaùe aXÿû~ûCö
4. ùUaêfùe [ôaû WûùdûWþe eòbið \òMþ [ôaû Vr @ûC @û¹òUe Ir e eòWòw Uò_ûRûC @ûeê Vr @ûC Ir

bòZþùe Mâû`þ @uûRûCö
MY^û :
K. iÚòe eòbið eòRòÁû^þi  Rdc = Vr / Ir

L. WûA^ûcòKþ `eIßûWð eòRòÁû^þi Rac=  Vd / 
  Id

M. eòbið ùaâKWûC^þ ùbûfùURþ  VB

_eò_[ PòZâ :

`eþIßûWð aûdûiþ eòbið aûdûiþ

KâcòK
iõLýû

A þ̂_êU
ùbûfÖþ

(i/p volt)

WûùdûWþ
ùbûfþùURþ

(Vd)

WûùdûWþ
]ûeû
(Id)

KâcòK
iõLýû

A þ̂_êU
ùbûfÖþ

(i/p volt)

WûùdûWþ
ùbûfþùURþ

(Vr)

WûùdûWþ
]ûeû
(Ir)

iûeYúKeY :

`eIßûWð aûdûiþ  :



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  45  ]

_eúlY - 3 (L)

_eúlYe flý : `eþIßûWð aûdûiþ @ûeþ eòbið aûdûiþ [ô [ôaûeþ ùR^eþ WûùdûWþe ùbûfþùURþ Kùe<
PûeûÁeòÁòKè @ûõKþaûeþUûö

@ûagýK C_KeY :
1. ùR^eþ WûùdûWþ (5.1V)
2. ùeRòÁe (1kΩ)
3. GcòUe (0-50mA)
4. ùbûfÖcòUeþ (0-10V)
5. ùaâWùaûWð
6. RêWÿaûeþ Zûe

Z©ß  :
ùR^eþ WûùdûW MêùU G«û WûùdûWþ @ûG ù~ þ̂UûKò iû]ûeY p-n Rui^þ WûùdûWþ bfò @ûMþùK Pûfiòö
CfUû aûdûiþùe bò MêùU ̂ òŸòðÁ ùbûfùURþùe Pûfò _ûeþiòö ̂ òŸòðÁ ùbûfùURþ ùR^eþ bõMþ ùbûfùURþ
KêjûRòiòö ùR^e WûùdûWþùe ùagò ùWû_òõ Keû~ûA[ôiòö ùj[ôeþfûMò Zûe _ò_äòi^þ eòR^ ajêZ _Zþfû
ùjiòö \eKûe ùjùf AUû Kcþ ùbûfùURþùe aò eòbið \òMþùK Pûfò_ûeiòö ùR^e WûùdûW cêLýZü ùbûfùURþ
ùeMêùfi^þ fûMò aýajûe KeûRòiò, ù~^Kò A ùbûfùURþ ùK iÚòe eLô[ôiò ù~ùZ A^_êU ùbûfùUR Kò
ùfûWþ Kùe<ùe a\þfûiò aòö

ù~ùZùaùk MêùU ùR^e WûùdûWùK ̀ eIßûWð aûdûiþùe fMûRòiò p iûAWþùe iKûeûcôK @ûC n-iûAWþùe
^KûeûcôK) AUû MêùU iû]ûeY WùdûW aûMòeþ Pûfþiò @ûC _âûd 0.7 V ùe Kùe< @ecþ ùjiòö ùfKò̂ þ
ù~ùZùaùf AZûùK eòbið aûdûiþùe fMûRòiò  (n-_ûgßð iKûeûcôK Gaõ p-_ûgßð ̂ KûeûcôK _ùjfû UòùK
fòùKRþ Kùe< ù\iòö ùbûfùURþ aXþùf Wò_äòi þ̂ eòR þ̂ùe AùfpòKþ ̀ òfþWþ aXÿòRòiò @ûC MêùU icòdûùe AUû
bõM eòR þ̂ ùK _j*ôiòö A^ ùR^e WûùdûWþ MêùU aWþ eòbið Kùe< i¸ùfA _ûeiò Z[û_ò ùbûfùURþ iÚòeþ
eùjiòö A icòdûùe ùbûfùURþùK ùR^e ùbûfùURþ (VZ) KêjûRòiòö

ùR^e WûùdûWùe \êA _âKûee bõM  ùjiò  : (1) ùR^eþ bõM @ûC (2) @ûbûfû* bõM

1. ùR^e bõM : Kcþ ùbûfùURùe ùjiò (iû]ûeYZü 5 V eê Kcþ) @ûC AUû Kßû<cþ Uù^fòõ fûMò ùjiòö

2. @ûbûfû* bõM : ùagò ùbûfùURþùe ùjiò @ûC AµûKþUþ @ûùdû^ûAùRi þ̂ fûMò ùjiòö
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ùR^e WûùdûWe ùbûfùURþ V-I aògòÁZû \êAUû bûùM aòbûRòZþ : ̀ eIßûWð eòR þ̂ @ûC eòbið eòR þ̂ö  ̀ eIßûWð
eòR þ̂ùe AUû iû]ûeY WûùdûW aûMòeþ Pûfþiò ù~^ _âûd 0.7 V Kùe< aXÿòRòiòö eòbið eòR þ̂ùe ùbûfùURþ
aXþùf MêùU iûùw bõM ùjiò @ûC Kùe< ùagò aXÿòRòiò, Kò«ê ùbûfùURþ iÚòeþ eùjiòö A MêYþ fûMò ùR^eþ
WûùdûW ùbûfùURþ ùeMêùfUeþ aûMòeþ ùabûeþ ùjiòö

_âùdûMòK bûùa ùR^e WûùdûWùK ùfûWþ C_ùe eòbið aûdûiùe fMûRòiò, ù~^Uû ùbûfùURþùK
iÚòe eLþiòö ~\ò A^_êUþ ùbûfùURþ aXÿòRòiò, ùZùa ùR^eþ WûùdûW ùagò Kùe< PùfA ùbûfùURþùK
i^þZû eLiò ~\ò ùbûfùURþ KcòRòiò, ùZùa Gjû Kcþ Kùe< PùfA Keò aò ùiA ùbûfùURþ ùK
eLþiòö A MêYþ fûMò ùR^eþ WûùdûW ùbûfùURþ ùeMêùfUeþ, ùbûfùURþ ùeù`e^è @ûC iKòðUþ
ù_âûùUKi^þ ùe ajêZ Kûcþùe @ûGiòö

iûeþK[û ùjfû ùR^eþ WûùdûW MêùU ùagò ùWû_òõ [ôaû p-n Rui^ ~ûjû eòbið bõM eòR^þùe Kûc
Keò MêùU iÚòe ùbûfùURþ ù\iòö A MêYþ fûMò AUû MêùU aòùghþ @ûC @ûagýK C_þKeYþ bûùa iaê
Aùfùpû ò̂Kþ iKòðUþùe aýajûeþ ùjiòö

_âKâòdû :
`eIßûWð aûdûi
1. iKòðUþùK \ò@û~ûA[ôaû ̀ ùUû @^êiûùe bfbûùa ù~ûWÿö
2. iaê ù~ûWÿû VòKþ ùjAùQ Kò ̂ ûA ù\Lôù^aû @ûC Zêce fýûaþ A þ̂PûRð iûwùK ù\LûA ùbeò̀ ûA

Keö
3. _ûIßûe i_äûA ùK G«û a\þfû@ ù~ bfÖcòUeùe _âZò 1 ùbûfÖùe eòWòõ ù^cû, G«û 3 ùbûfÖ

ZKþö
4. _ùjfûeê @û¹òUeþ ùe¬þ iêAPþ ùK cûAùKâû ùe¬ùe eLþcûö ù~ùZùaùf Kùe<þ aXÿò~ûGiò còfò

@ûcòUeþ ùe¬ùK a\fûA ù\cûö
5. ùR^eþ WûùdûW C_þùe ùbûfùURþ @ûC iòeòRþ @û¹òUeþùe eòWòõ ùfLôù^cûö
6. ùbûfùURþ V @ûC I bòZþùe Mâû`þ @uòcû @ûC WûUûùK ùUaêfþùe ùfLþcûö
7. WûA^ûcòKþ ùeRòÁû^è ^ò‰ðd Ke«ê rac=  V /   Iö

eòbið aûdûi :
1.  iKòðUþ \ò@û~ûA[ôaû WûdûMâûc @ ê̂iûùe VòKþ bûùa ù~ûWÿöö
2. iaê Kù^Kþi þ̂ bûfbûùa RêWÿû ùjûAùQ Kò ̂ ûA, fýûaþ A*ûRð _ûùL ùbeò̀ ûA Keö
3. _ûIßûe i_äûAùK a\þfûA ùbûfÖcòUe ùe _âZò 1 ùbûfÖ ùe eòWòõ ù^cûö
4. _ùjfûùe @û¹òUeþ iêAPþ ùK cûAùKâû @û¹òUeþ ùe¬þ ùe eLþcûö ~\ò Kùe< aXÿò~ûCùQ, Zûùjùf còfò

@û¹òUeþ ùe¬þùe a\þùfA ù\cûö
5. ùR^eþ WûùdûW C_ùe [ôaû ùbûfùURþ @ûC @û¹òUeþ eòWòõ ùfLôù^cû @ûC Mâû`þ @ûuòcûö
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KâcòK iõLýû A^þ_êU ùbûfùURþ WûùdûWþ Kùe<  (Id) WûùdûWþ ùbûfùURþ (Vd)
`eIßûWð aûdûi

KâcòK iõLýû A^þ_êU ùbûfùURþ WûùdûWþ Kùe<  (Id) WûùdûWþ ùbûfùURþ (Vd)
eòbið aûdûi

_eúlûe ùgh K[û :

6. iaê eòWòõùK ùUaêfþùe ùeKWð Keþcûö
7. WûA^ûcòKþ ùeRòÁû^è ^ò‰ðd Keþcû rac=  Vr /   Irö
9. eòbið Kùe<ùK \ò@û~ûA[ôaû ùeTþ Vû ê̂ @]ôKû @û_äûA Keþùf WùdûW ùK ̂ Á Keò_ûeþiòö

iûeYúKeY :
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Experiment No. : 4

Aim of the the Experiment : Study of Half wave, Full wave Rectifiers without Capacitor Filter. Record
of waveforms, measurement of avg, rms value and ripple factor.

APPARATUS REQUIRED :

1.CRO (0-20 MHz)

2. Training Board

3. Patch chords

Theory :

1. Half Wave Rectification:

A rectifier is a circuit which converts the Alternating Current (AC) input power into a Direct Current (DC)
output power. The input power supply may be either a single-phase or a multi-phase supply with the
simplest of all the rectifier circuits being that of the Half Wave Rectifier. The power diode in a half wave
rectifier circuit passes just one half of each complete sine wave of the AC supply in order to convert it into
a DC supply. Then this type of circuit is called a “half-wave” rectifier because it passes only half of the
incoming AC power supply as shown below.

During each “positive” half cycle of the AC sine wave, the diode is forward biased as the anode is positive
with respect to the cathode resulting in current flowing through the diode. Since the DC load is resistive
(resistor, R), the current flowing in the load resistor is therefore proportional to the voltage (Ohm’s Law),
and the voltage across the load resistor will therefore be the same as the supply voltage, Vs (minus Vi),
that is the “DC” voltage across the load is sinusoidal for the first half cycle only so Vout Vs. During each
“negative” half cycle of the AC sinusoidal input waveform, the diode is reverse biased as the anode is
negative with respect to the cathode. Therefore, no current flows through the diode or circuit. Then in the
negative half cycle of the supply, no current flows in the load resistor as no voltage appears across it so
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therefore, Vout = 0. The current on the DC side of the circuit flows in one direction only making the circuit
Unidirectional. As the load resistor receives from the diode a positive half of the waveform, zero volts, a
positive half of the waveform, zero volts, etc, the value of this irregular voltage would be equal in value to
an equivalent DC voltage of  0.318 x Vmax of the input sinusoidal waveform or 0.45 x Vrms of the input
sinusoidalwaveform.

2.Full Wave Rectifier Circuit

The full wave rectifier circuit consists of two power diodes connected to a single load resistance (R) with
each diode taking it in turn to supply current to the load. When point A of the transformer is positive with
respect to point C, diode D1  conducts in the forward direction as indicated by the arrows. When point
B is positive (in the negative half of the cycle) with respect to point C, diode Da conducts in the forward
direction and the current flowing through resistor R is in the same direction for both half-cycles. As the
output voltage across the resistor R is the phasor sum of the two waveforms combined, this type of full
wave rectifier circuit is also known as a “bi-phase” circuit.

As the spaces between each half-wave developed by each diode is now being filled in by the other diode,
the average DC output voltage across the load resistor is now double that of the single half-wave rectifier
circuit and is about 0.637Vmax of the peak voltage, assuming no losses.

Vdc = (2Vmax / π) = 0.637Vmax = 0.9Vrms

Where: VMAX is the maximum peak value in one half of the secondary winding and VRMS is the rms
value. The peak voltage of the output waveform is the same as before for the half-wave rectifier provided
each half of the transformer windings have the same rms voltage value.

PROCEDURE:
Test your transformer: Give 230V, 50Hz source to the primary coil of the transformer and observe the AC
waveform of rated value without any distortion at the secondary of the transformer.
Connect your circuit to the secondary terminals of the transformer.
Connect your CRO across the load.
Keep the CRO switch in ground-mode and observe the horizontal line and adjust it to X-axis.
Switch the CRO into DC mode and observe the waveform. Note down its Amplitude Vm and frequency
from the screen along with its multiplication factor.
Calculate Vdc using the relation:
VdcVm/π (half wave)
Vdc=2Vm/π (full wave)
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Forward bias :

Switch the CRO into AC mode and observe the waveform. Note down its Amplitude Vm and frequency
from the screen along with its multiplication factor.
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RECTIFIER EXPERIMENT CALCULATIONS
1. Calculate

Vac using the relation: Vrms2 = Vac2 + Vdc2

2. (Half wave) Vrms =Vm /2
3. V rms =Vm /     2 (Full wave)
4. Calculate the Ripple Factor from given formula : Y=Vac /Vdc

TABULATION

Conclusion :

Case
Input

Voltage (V) Vm (V) Vrms (V) Vac (V) Vdc (V) y = Vac/Vdc

HWR

FWR
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_eúlY - 4

_eúlûe CùŸgý :
Kýû_ûiòUe ̀ òfÖe aò̂ û jû`þ I ̀ êfþ ùIßbþ ùeKÖò̀ ûde (Half wave I Full wave Rectifiers) e @¤d^
Keòaûö Zew eì_ (Waveforms) ùeKWð Keòaû ijòZ jûeûjûeò cìfý (Average value) aMð-cìf-icû^þ
(RMS value) Gaõ eò_fþ ̀ ýûKÖe (Ripple factor) cû_ Keòaûö

@ûagýK ~ª_ûZò :
1. CRO (0-20 MHz) Kûù[ûWþùe @iòùfûiþùKû_þ
2. ùUâ̂ òw ùaûWÿð
3. _ýûPþ ùKûWÿð iõù~ûM Zûe

iò¡û«  :
1. jû þ̀ ùIßbþ ùeKÖò̀ òùKi þ̂ :
ùeKÖò̀ ûdeþ ùjCQò GK iKòðU ~ûjû G.iò. (AC) A^_êUþ gqòKê Wò.iò. (DC) @ûCU_êU gqòùe
_eòa©ð̂  Kùeö A^_êUþ gqò ù~ûMûY GK ù`Rþ (Single-phase) Kò́ û ajê ù`Rþ (Multi-phase)
ùjûA_ûùeö icÉ ùeKÖò̀ ûde iKòðUþcû^u c¤ùe iaêVûeê iek ùjCQò jû þ̀ ùIßbþ ùeKÖò̀ ûdeö
jû`þ ùIßbþ ùeKÖò̀ ûde iKòðUþùe [ôaû _ûIßûe WûIWþ (Power Diode) G.iò. A^_êUþ i_äûde _âùZýK
iµì‰ð iûA^þ Zewe cûZâ ùMûUòG @õg (@¡ð)Kê @ZòKâc Keò Wò.iò. i_äûdùe _eòYZ Kùeö Gjò
_âKûee iKòðUþKê “jû þ̀ ùIßbþ ùeKÖò̀ ûde” ùaûfò Kêjû~ûG, KûeY Gjû A^_êUþ G.iò. gqòe cûZâ @¡ð
@õgKê _ûe KeòaûKê ù\A[ûG, ~ûjûKò ̂ òùcÜûq PòZâùe _â\gòðZö
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jû þ̀ ùIßbþ ùeKÖò̀ òùKi þ̂e Kû~ðý _âYûkú :
_âùZýK “]^ûcôK” @¡ð iûAùKfþ \òù^, G.iò. iûA^þ Zewùe WûIWþ ̀ eIßûWð aûdûiþ jêG, KûeY
G[ôùe @ûù^ûWþ, Kûù[ûW þ Vûeê ]^ûcôK eùjö Gjû `kùe WûIWþ cû¤cùe _âaûjòZ ùjC[ôaû ]ûeû
Pûfò[ûGö

ù~ùjZê Wò.iò. ùfûWþ Uò ùeiòÁòbþ @ùU (~ûjû ùjCQò ùeiòÁe R), ùZYê ùfûWþ ùeiòÁe cû¤cùe ~ûC[ôaû
]ûeû ùbûùfÖRþ ij icû ê̂_ûZòK @ùUö Gjò_eò, ùfûWÿ ùeiòÁe C_ùe [ôaû ùbûùfÖRþ ùjCQò i_äûd
ùbûùfÖR (Vs) (cûA^iþ WûIWþ ùbûùfÖRþ Wâ_þ (Vf) ij icû^ö ùZYê, _â[c @¡ð iûAùKfþ _ûAñ ùfûWþ
C_ùe còkê[ôaû Wò.iò. ùbûùfÖRþ iûAù^ûùiûAWûfþ eì_ùe eùj, @[ðûZþ Vout = Vsö

_âùZýK “ù^ùMUòbþ” @¡ð iûAùKfþ \òù^, WûIWþ eòbið aûdûiþ jêG, KûeY G[ôùe @ûù^ûWÿ EYûcôK
eùj Kûù[ûWÿ ijòZ Zêk^ûùeö Gjò icdùe ùKøYiò ]ûeû WûIWþ Kò́ û iKòðUþ cû¤cùe _âaûjòZ jêG
^ûjóö
ù^ùMUòbþ jû þ̀ iûAùKfþùe Kû~ðý _âYûkú :
i_äûde ù^ùMUòbþ @¡ð iûAùKfþ icdùe, WûIWþ eòbið aûdûiþ [ôaûeê ùfûWþ ùeiòÁe cû¤cùe
ùKøYiò ]ûeû _âaûjòZ jêG ̂ ûjó, Gaõ Gjû C_ùe ùKøYiò ùbûfþùUR þ còkê̂ ûjóö ùZYê, Vout = 0 jêGö
Wò.iò. _ûgßðùe [ôaû ]ûeû ùKak ùMûUòG \òMùe _âaûjòZ jêG, ~ûjûe ̀ kùe iKòðUþUò GK \òMMûcú jêGö
ùfûWþ ùeiòÁe WûIWþ Vûeê ù~bkò Zew _ûC[ûG - ] û̂côK @¡ð Zew - gì̂ ý ùbûfÖ - ] û̂côK @¡ð Zew
-  gì̂ ý ùbûfÖ Gjò_eò Pkò[ûGö Gjò @ic Zewe ieûieò Wò.iò. cìfý (Equivalent DC Value) ùjCQò -
0.318xVmax (A^_êUþ iûAù û̂ùiûAWûfþ Zewe iaðû]ôK cìfý) Kò́ û 0.45 x Vrms (A þ̂_êUþ iûAù^ûùiûAWûfþ
Zewe cìfý)ö

2. ̀ êfþ ùIßbþ ùeKÖò̀ ûdeþ iKòðUþ :
`êfþ ùIßbþ ùeKÖò̀ ûde iKòðUþùe \êAUò _ûIßûe WûIWþ (D1 I D2) Gaõ ùMûUòG ùfûWþ ùeiòÁe (R1)
iõù~ûRòZ [ûGö _âùZýK WûIWþ Kâùc ùfûWþKê ]ûeû ù~ûMûA[ûGö ù~ùZùaùk Uâû̂ è̀ cðee _G< A, _G<
C Vûeê ]^ûcôK [ûG, ùiùZùaùk WûIWþ D1 `eIßûWð aûdûiþ ùjûA ]ûeû _âaûj Kùe (Zúe ijòZ
ù\Lû~ûA[ôaû \òMùe)ö Zû_ùe, iûAùKfþe ù^ùMUòbþ @õgùe, ù~ùZùaùk _G< B, _G< C Vûeê
]^ûcôK jêG, ùiùZùaùk WûIWþ D2 ̀ eIßûWð aûdûiþ ùjûA ]ûeû _âaûj Kùeö Gjò \êA @aiÚûùe, ùfûWþ
ùeiòÁe R cû¤cùe ]ûeû \êAUò @¡ð iûAùKfþ _ûAñ icû^ \òMùe _âaûjòZ jêGö ù~ùjZê ùfûWþ ùeiòÁe
C_ùe [ôaû @ûCU_êUþ ùbûùfÖRþ  \êAUò Zewe ù`Re icûjûe eìù_ còkò[ûG, ùi[ô_ûAñ Gjò _âKûee ̀ êfþ
ùIßbþ ùeKÖò̀ ûde iKòðUþKê “aûA-ù`Rþ iKòðUþ” ùaûfò c¤ Kêjû~ûGö

_âùZýK WûIWþ \ßûeû C_ô̂ Ü ùjûA[ôaû _âùZýK @¡ð-Zew c¤ùe [ôaû gì̂ ýiÚû̂ MêWÿòKê @^ý WûIWþ beòù\CQò,
ùZYê ùfûWþ ùeiòÁe C_ùe còkê[ôaû ieûieò Wò.iò. ùbûùfÖRþ  Gùa ùMûUòG jû þ̀ ùIßbþ  ùeKÖò̀ ûde
ùbûùfÖRþe \êAMêYû ùjûA~ûGö ~\ò ùKøYiò jûeûjûeò ̂ [ûG ùaûfò ]eû~ûG, ùZùa Gjû _òKþ ùbûùfÖRþ
Vmax e 0.637 MêYû ùjûA[ûGö

Vdc = (2Vmax / π) = 0.637Vmax = 0.9Vrms
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ù~CñVûùe :

VMAX ùjCQò \ßòZúd ùKûGfþ e ùMûUòG @¡ð iûAùKfþe iaðû]ôK _òKþ cìfýö

VRMS ùjCQò RMS cìfýö

@ûCUþ_êUþ Zewe _òKþ ùbûùfÖRþ jû̀ þ ùIßbþ ùeKÖò̀ ûde _ûAñ ~[û_ìað ejò[ûG, agZ : Gjû icdùe, ~\ò
Uâû è̂̀ cðee \êAUò @¡ð ùKûAfþe RMS ùbûùfÖRþ cìfý icû^ [ûGö

_âKâòdû  :

1. @û_Yue Uâû è̀̂ cðeKê _eúlû Ke«ê  : Uâû è̀̂ cðee _âû[còK ùKûAfþ Kê 230V, 50Hz ùiâûZ \ò@«ê Gaõ
\ßòZúd ùKûAfþ C_ùe AC Zewe ùeùUWþ cìfý ̂ òaòðKÌ bûaùe ù\L«êö

2. @û_Yue iKòðUþKê Uâû è̀̂ cðee \ßòZúd Ucòð̂ ûfþ ijòZ iõù~ûR^ Ke«êö

3. CRO Kê ùfûWþ C_ùe iõù~ûR^ Ke«êö

4. CRO ÊòPþKê MâûCŠ ùcûWþùe eL«ê Gaõ jeòùRû<ûfþ fûA þ̂Kê X-axis ijòZ ic ß̂d Ke«êö

5. CRO ÊòPþKê DC ùcûWþùe Ke«ê Gaõ Zew ù\L«êö
Gjûe @ûµäòUêýWþ (Vm) Gaõ ̀ âòKêG è̂òKê Äâò̂ þeê ù\Lô MêYûKûe ijòZ ùfL«êö

6. Vdc MY^û Ke«ê i´§òZ iìZâ \ßûeû :

•   Half wave : VdcVm / π
•   Full wave : Vdc=2Vm / π

7. ÊòPþKê ùcûWþùe Ke«ê Gaõ Zew ù\L«êö
Gjûe @ûµäòUêýWþ (Vm) Gaõ ̀ âòKêG è̂òKê Äâò̂ þeê ù\Lô MêYûKûe ijòZ ùfL«êö
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ùeKÖò̀ ûde _eúlû MY^û :
1. V_ac  MY^û Ke«ê :

i´§òZ iìZâ : Vac
Vrms2 = Vac2 + Vdc2

2. V _rms MY^û
      Half Wave : Vrms =Vm /2
      Full Wave : V rms =Vm /     2



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  56  ]

3. eò_fþ `ýûKÖe MY^û iìZâ :
Y=Vac /Vdc

ZûfòKû (TABULATION)

A^_êUþ
ùbûùfÖRþ (V) Vm (V) Vrms (V) Vac (V) Vdc (V) y = Vac/Vdc

HWR

FWR

ùKiþ

icû ò̄K ̂ òÃhð :
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_eúlY - 4

_eúlûe CùŸgý :
jû þ̀ ùIßbþ, ̀ êfþ ùIßbþ ùeKÖò̀ ûde aò̂ û ùK_ûiòUeþ ̀ òfÖeþùe _Xÿûö GùbRþ, @ûeþ.Gcþ.Giþ. cìfý @ûC eò_fþ
`ýûKÖe c_û~òaû @ûC ùIßbþ̀ cð ùK cû_þcûö

\eKûeú iûcû þ̂ :
1. CRO (0-20 MHz)
2. ùUâ̂ òõ ùaûWÿð
3. ù_Pþ KWÿð

iò¡û«  :
1. jû þ̀ ùIßbþ ùeKÖò̀ òùKi þ̂ :
ùeKÖò̀ ûdeþ ùjCùQ MêùU iKòðU ù~«ûKò @fÖeù^Uòwþ G.iò. (AC) A^_êUþ _ûIßûeþùK WûAùeKÖ Kùe<
Wò.iò. (DC) @ûCU_êU _ûIßûeùe a\ùfA[òiòö A^_êUþ _ûIßûe i_äûG MêùU iòwf-ù`Rþ Kò cfÖò-ù`Rþ i_äûG
ùjA_ûùe, iaêVê ijRþ icÉ ùeKÖò̀ ûde iKòðUþ bòZþùe jû þ̀ ùIßbþ ùeKÖò̀ ûde MêùUö jû̀ þ ùIßbþ ùeKÖò̀ ûde
iKòðUþùe _ûIßûe WûIWþ (Power Diode) G.iò. i_äûde MêùU _ûKþùL  Wò.iò. i_äûdùe a\ùfAaûùK
jùeKþ _êeû iûA^þ ùIßbþùe @]û _ûiþ Keiþòö A iKòðUþùK “jû þ̀ ùIßbþ ùeKÖò̀ ûde” ùeKÖò̀ ûdeþ afò
Kùji þ̂ö KGñ[ôeþfûMò aGùf AUû ùKafþ @ûiê[ôaûeþ G.iò. _ûIßûeþ i_äûGe @]û _ûiþ Keiòö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  58  ]

jû þ̀ ùIßbþ ùeKÖò̀ òùKi þ̂e Kû~ðý _âYûkú :
G.iò. iûA^þ ùIßbþe iaê “_RòUòbþ” @]û iûAùKfþ ùaùk, WûùdûWþ ̀ eIßûWð aûdûiþ ùjiò, KûGñ[ôeþfûMò
aGùf  @ûù^ûWþ, Kûù[ûW þ Zêf^ûùe _RòUòbþ [ôiòö ù~^þ[ôeþfûMò WûùdûWþ bòZþùe Kùe< ajò~ûGiòö
ù~ùjZê DC ùfûWÿþ ùeiòÁòbþ (ùeRòÁe, R) @ûG, ùfûWþ ùeRòÁeþùe ~ûC[ôaûeþ Kùe< ùbûfþùURþ iûùw
icû̂ ê_ûZú (Icþu ̂ òdc) @ûG, @ûeê ùfûWþ ùeRòÁeþe ùbûfþùURþ i_äûA ùbûfþùURþ, Vs (cûA^iþ Vf) iûùw
icû^ ùjaû, @[ðûZþ ùfûWþùe “DC” ùbûfùURþ ùKaf _ùjfû iûAùKfþ fûMò iûA ê̂iGWûfþ @ûG Vout
= Vsö AC iûA^êiGWûfþ A^þ_êU ùIßbþ̀ cðe _âùZýK “ù^ùMUòbþ” @]û iûAùKfþùe ùK^þiò @ûù^ûWþ
Kýûù[ûWþ @ûWþùK ù^ùMUòbþ [ûA WûùdûWþ eòbið aûdûiþ ùjiòö ùj[ôeþfûMò WûùdûWþ  Kò iKòðUþ ù\A ùK þ̂iò
Kùe< ̂ ûA ~ûGö AC iûA ê̂iûAUûfþ A^_êUþ ùIßb`cðe jùeKþ “Negative” iûAùKfþ ùe, ùfûWþ ùeRòÁe
bòZeê Kùe< ̂ ûAñ aùj ù~«û Kò Zûe C_ùe ùbûfþùURþ ̂ ûA [ûG, ùi[ôeþ fûMò Vout = 0ö iKòðUþ e DC
iûAWþ ùe Kùe< GKû WòùeKè̂ þùe aùjiò ù~«û Kò iKòðUþùK dê̂ òWûAùeKè̂ ûfþ Keiò WûùdûWþeê ùfûWþ
ùeRòÁe _RòUòbþ jû̀ þ ùIßb`cð _ûGiò, Ròùeû ùbûfÖ _RòUòbþ jû̀ þ ùIßb`cð, Ròùeû ùbûfÖcûù^ A AùeMêfûeþ
ùbûfþùURþe cìfý A^_êUþ iû ê̂iGWûfþ ùIßb`cð e 0.318xVmax Kò́ û A^_êUþ iûA ê̂iGWûf ùIßb`cð e
0.45 x Vrms e ùbûfþùURþ iûùw icû þ̂ ùjaûö

2. ̀ êfþ ùIßbþ ùeKÖò̀ ûdeþ iKòðUþ :
`êfþ ùIßbþ ùeKÖò̀ ûde iKòðUþùe \êAUû _ûIßûe WûùdûWþ ù\A[ôi^þ MêùU ùfûWþ ùeiòÁe (R1) iûùw
@ûC \êAUû aûeò aûeò Keò ùfûWþùK Kùe< ù\A[ôi þ̂ö ù~ùZùaùk Uâû̂ è̀ cðee _G< A, _G< C Zêk^û[ô
_RòUòbþ [ôiò, ùiùZùaùk WûùdûWþ D1 @ûMþùK Kùe< ~òaûeþ eûÉû ù\ùLA[ôiòö ù~ùZùaùk _G< B,
_RòUòbþ [ôiò (iûAKfþe ù^ùMUòbþ @]ûùe) _G< C Zêk^ûùe WûùdûWþ D2 @ûMþùK Kùe< ~òaûe eûÉû
ù\ùLA[ôiò, @ûC ùeRòÁeþ R bòZþeê Kùe< \êA @]û iûAùKf fûMò MêùU \òMùe ajò[ôiòö ù~«ûKò ùeRòÁe
R e @ûe_ûeþ ùjA[ôaûeþ @ûCUþ_êUþ ùbûfùURþ ùjCùQ \êAUû ùIßb`cðe cògûY ̀ k, A _âKûeeþ ̀ êfùIßb
ùeKÖò̀ ûdeþ iKòðUþùK “aûA-ù`Rþ” iKòðUþ afò aò Kêjû~ûGiòö

ù~«û WûùdûWþ \ßûeû Zò@ûeþ ùjA[ôaûe _âZò @]û-ùIßb bòZùe [ôaûeþ RûMû Gùa @fMû WûùdûW _ìeYþ ùjA
~ûC[ôaûeþ fûMò, ùfûWþ ùeRòÁee ùi_ûeþùK @ûùbùeRþ DC @ûCU_êU ùbûfùURþ Gùa ùiUû MêùU @]û-
ùIßb ùeKÖò̀ ûde iKòðUþ Zêk^ûùe \êAMêYû ùjA ~ûAùQ ùK þ̂iò lZò ̂ ûAñ ùjùf ùiUû _òKþ ùbûfþùURþe
_ûLû_ûLô 0.637Vmax [ôiòö

Vdc = (2Vmax / π) = 0.637Vmax = 0.9Vrms

AVûù^ : VMAX ùjCùQ ùiùKŠûeú IßûAwþe MêùU @]ûùe iaêVê aWÿ _òKþ bûfêý @ûC VRMS ùjCQò RMS
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bûfêýö @ûCUþ_êUþ ùIßbþ̀ cð _òKþ ùbûùfÖRþ MêùU @]û-ùIßbþ ùeKÖò̀ ûde fûMò @ûMeþ ù~«û [ôfû ùi«û jó [ôiò,
~\ò Uâû è̀̂ cðeþe _âZò @]ûùe GKû RMS ùbûùfÖRþ [ôiòö

ò̂dcûakú  :

1. Uâû è̀̂ cðee _eúlû Keê̂ þ  : Uâû̂ è̀ cðee _âû[còK ùKûAfþùK 230V, 50Hz ùiûið \ò@ @ûeê Uâû̂ è̀ cðee
ùiùKŠûeúùe ùeùUWþ cìfýe AC ùIßb`cðûUþùK aò̂ û ùK þ̂iò aòKéZòùe ù\Lê̂ þö

2. Zêceþ iKòðUþùK Uâû è̀̂ cðee ùiùKŠûeú Ucòð̂ ûfþcû þ̂ùK ~êWê̂ þö

3. Zêceþ  CRO ùK ùfûWþ @ûe_ûeþùe ~êWê̂ þö

4. CRO iêAPþùK MâûCŠþ ùcûWþùe eLê̂ þ @ûC jeòùRû<ûfþ fûA þ̂ùK ù\L AUûùK X @l [ô iRûC þ̂ö

5. CRO ùK DC ùcûWþùe iêAPþ Keê̂ þ @ûC ùIßb`cðûUþùK ù\Lê̂ þö AZûe @ûµäòUêýWþ (Vm) @ûC ̀ âòKêG è̂ò
Äâò̂ þeê Zûe MêY^ Keò Keò ùfLê̂ þö

6.  Zùf ù\A[ôaû iµKð aýajûe Keò Vdc M^:

•   Half wave : VdcVm / π
•   Full wave : Vdc=2Vm / π

7. CRO ùK AC ùcûWþùe iêAPþ Keê̂ þ @ûC ùIßb`cðûUþùK ù\Lê̂ þö AZûe @ûµäòUêýWþ (Vm) @ûC
ầòKêG è̂ò Äâò̂ þeê Zûe MêY^ Keò Keò ùfLê̂ þö
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ùeKÖò̀ ûde _âùdûM MY^û :
1. Vac  MY^û Ke :

i´§þ aýajûeþe iìZâ :
Vrms2 = Vac2 + Vdc2

2. Vrms MY^û
      Half Wave : Vrms =Vm /2
      Full Wave : V rms =Vm /     2

3. eò_fþ `ýûKÖe MY^û iìZâ :
Y=Vac /Vdc

_eúlûeþ ùgh K[û:

ZûfòKû :
A^_êUþ

ùbûùfÖRþ (V) Vm (V) Vrms (V) Vac (V) Vdc (V) y = Vac/Vdc

HWR

FWR

ùKiþ
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Experiment No. : 5

Aim : To Study the input and output characteristics of NPN transistor in CE configuration.

Theory: A transistor is constructed by defusing oppositely doped semiconductor material in exactly between
similarly doped semiconductors. Defusing n-type material in between p-type material forms PNP-transistor.
Defusing a p-type material in between n-type semiconductor forms NPN-transistor.

The above diagram shows the schematic construction of a NPN transistor. As you can see an p-type
silicon is sandwiched between two N type materials. The left part is indicated by N+ which means its
highly doped N-type material. This highly doped portion is called Emitter that is the piece of semiconductor
that supplies majority carriers for the transistor to function. At the extreme right is moderately doped N.
type material which is called as the Collector. This portion collects the majority charge carriers that is been
emitted by Emitter and that manage to cross the collector. The middle region is denoted by p’ because it’s
doped with P-type impurities. The minus’ sign indicates it’s lightly doped. The middle region is called the
Base, and it’s this region that serves as a gate, regulating flow of charge from Emitter to collector. The
doping of base is just one tenth of that of collector. In a real transistor, the width of base is very thin. The
total width of the transistor will be 150 times that of the width of the base.

In a similar way sandwiching a lightly doped N region between highly and moderately doped P region is
called PNP transistor.

Circuit to determine CE static characteristics
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Transistor can be connected to the circuit in three different configurations namely common emitter (CE),
common base (CB) and common collector (CC). Common emitter configuration is the most frequently
used configuration because it provides gain more than unity.

The name CE is because the emitter of the transistor is common to the input and the output circuit Input
signal is supplied across the base and the emitter and the output is taken across the collector and the
emitter. CE configuration is also called ground emitter configuration. Package used for characteristics
SL100 (NPN), SK100 (PNP).

PROCEDURE ((NPN)): For CE Mode

1. Setup the circuit as shown in the connection diagram above. Connect the patch cords one by one
looking up the connection diagram for input characteristics.

2. Both Voltmeter (1V & 10V) are connected internally (shown by dotted lines).

3. Verify the connection using the multimeter.

4. Please show your connection to the instructor or teacher for verification

5. Now after verification of each connection, first make all variable potentiometer to initial zero position

6. Switch on the power to the instrument.

7. Voltage supply connected across Base and Emitter is called here V BB & Voltage supply connected
across collector and emitter called as v cc Current which is entering into the base named la and
Voltage between the base emitter junctions called as V BE silicon transistor (We used here the
transistor SL100 which is NPN transistor made of Silicon). The voltage across the collector emitter
junction is called as V CE .

8. First keep the potentiometer (which is placed right hand side of the equipment) P2 (0-10V variable
Voltage) to some Fixed voltage say OV or 1V.

9. Now vary the potentiometer P1 (placed at the Left hand side of the equipment) from initial zero value
to 1V in the steps of 0.1 V.

10. Set the Base blasing Voltage by varying P1 potentiometer to 0.1 volts and see the base current in
ammeter It will be zero. Note down the readings in the observation table-1. I SP

11. Now increase the voltage and see the corresponding reading of base current in the 250µA Range.

12. You will observe that there will be small amount of current as the voltage is increasing. At the voltage
near to 0.5V or 0.6V Current increases rapidly.

13. Records the readings in the observation table at each step of input voltage.

14. Repeat the procedure for the another value of fixed voltage V CE at 2V, 4V respectively and follow
the procedure points 9 to 12 once again to record for different set of VBE& IB readings and records
them into the observation table.

15. Draw the characteristics on the graph with V BE on X axis and le on y axis.
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PROCEDURE (OUTPUT CHARACTERISTICS (NPN):

1. Connection will be same as above.

2. Now after verification of each connection, first make all variable potentiometer to initial zero position.

3. Switch on the power to the instrument.

4. Vary the potentiometer (which is placed Left hand side of the equipment) P1 (0-1V) to some extent
so that base current la will be 10uA in ammeter.

5. Now vary the potentiometer P2 (placed at the right hand side of the equipment) from initial zero value
to 10V in the steps of 1 V

6. Set the collector biasing Voltage by varying P2 (right side of the equipment) potentiometer to 1 volts
and see the collector current in ammeter Ic, It will be zero initially and becomes constant at some
value(in spite it may increase slightly). Note down the readings in the observation table- II

7. Now increase the voltage and see the corresponding reading of collector current ic in the 50 mA
Range.

8. You will observe that current goes constant after some voltage. For another set the value of collector
current will be different.

9. Records the readings in the observation table-ll at each step of input voltage.

10. Repeat the procedure for the another value of fixed current la at 20uA, 30uA respectively and follow
the procedure points 9 to 12 once again to record for different set of V mathfrak CE ; Ic readings and
records them into the observation table.

11. Draw the characteristics on the graph with V CE on X axis and Ic on y axis.

Observation Table-I (Input characteristics (NPN):

1

2

3

4

5

Sl.
No. VCE = 1 V VCE = 2 V VCE = 3 V VCE = 4 V VCE = 15 V

VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA)



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  64  ]

Observation Table-II (Output characteristics (NPN):

Conclusion :

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS

1

2

3

4

5

Sl.
No. IB = 10 µA

VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA)

IB = 20 µA IB = 30 µA IB = 40 µA IB = 50 µA
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_eúlY ^õ. - 5

flý : G^þ _ò G^þ Uâû¬òÁee iòA aò̂ ýûie @¤d^ Keòaûö
Z©ß  : icû^ bûaùe ùWû_þ ùjûA[ôaû @¡ð_eòaûjú _\û[ð c¤ùe aò_eúZ ùWû_þ ùjûA[ôaû @¡ð_eòaûjú
_\û[ðKê @«üiÚû_^ Keò GK Uâû¬òÁe ^òcðûY Keû~ûGö P-_âKûe iûcMâú c¤ùe n-_âKûe iûcMâú
@«üiÚû_^ Keòaû \ßûeû ùi _ò G^þ _ò- Uâû¬òÁe iéÁò jêGö G^þ - _âKûe @¡ð_eòaûjú _\û[ð c¤ùe P-
_âKûe iûcMâú @«üiÚû_^ Keòaû \ßûeû G^þ _ò G^þ Uâû¬òÁe iéÁò jêGö

C_ùeûq PòZâUò GK ùi G^þ-_ò-G^þ Uâû¬òÁee ù~ûR^ûa¡ ^òcðûY \gðûCQòö @û_Y ù\Lô_ûeê[ôùa
ù~ _ò-_âKûe iòfòK^þ Uò ùi G^þ-_âKûe iûcMâú c¤ùe @«üiÚû_^ Keû~ûAQòö aûc @õg G^þ + \ßûeû
iìPòZ ùjûAQò ~ûjûe @[ð ùjCQò Gjûe @Zý]ôK ùWû_þ ùjûA[ôaû G^þ-_âKûe iûcMâúö Gjò @Zý]ôK
ùWû_þ ùjûA[ôaû @õgKê GcòUeþ Kêjû~ûGö ~ûjû @¡ð_eòaûjúe LŠ ~ûjû Uâû¬òÁeKê Kû~ðý Keòaû _ûAñ
iõLýûMeòÂ aûjK ù~ûMûA[ûGö WûjûY _ûgßðùe c¤c ùWû_þ ùjûA[ôaû G^þ-_âKûe iûcMâú @Qò ~ûjûKê
KùfKÖe Kêjû~ûGö Gjò @õg GcòUeþ \ßûeû ^òMðZ ùjûA[ôaû Gaõ iõMâjKûeúKê _ûe KeòaûKê i`k
ùjC[ôaû iõLýûMeòÂ PûRð aûjK iõMâj Kùeö c¤ @*kKê _ò-\ßûeû iìPòZ Keû~ûAQò KûeY Gjû _ò-_âKûe
@gê¡Zû ijòZ ùWû_þ ùjûAQòö aòù~ûM PòjÜ iìPûA[ûG ù~ Gjû jûfêKû ùWû_þ ùjûAQòö c¤ @*kKê ùaiþ
Kêjû~ûG Gaõ Gjò @*kUò GK ùMUþ bûaùe Kû~ðý Kùe, GcòUeþeê iõMâjKûeúKê PûRð _âaûjKê ̂ òdªY Kùeö
ùaiþe ùWû_òõ iõMâjKûeúe ùKak \gcûõgö GK _âKéZ Uâû¬òÁeùe, ùaiþe _âiÚ ajêZ _Zkûö Uâû¬òÁee
ùcûU _âiÚ ùaiþe _âiÚ @ù_lû 150 MêY ùjaö ùijò_eò bûaùe GK jûfêKû ù_û_þ ùjûA[ôaû _ò @*kKê Cy
Gaõ c¤c ùWû_þ ùjûA[ôaû G þ̂ @*k c¤ùe @«üiÚû_^ Keò @ûùc _ò-G þ̂-_ò Uâû¬òÁeKê ̂ òcðûY Keêö

Circuit to determine CE static characteristics
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Uâû¬òÁKê iKòðU ijòZ Zòù^ûUò bò̂ Ü aò̂ ýûiùe iõù~ûM Keû~ûA_ûeòa ~[û iòA, iòaò Gaõ iòiòö iòA aò̂ ýûi
ùjCQò iaðû]ôK aýajéZ aò̂ ýûi KûeY Gjû GKZû @ù_lû @]ôK fûb _â\û^ Kùeö iòA ̂ ûc \ò@û~ûAQò
KûeY Uâû¬òÁee GcòUe A^_êU Gaõ @ûCU_êU iKòðU _ûAñ iû]ûeYö A^_êU iòM^ûfþ ùaiþ Gaõ GcòUe
c¤ùe ù~ûMA \ò@û~ûG Gaõ @ûCU_êUþ iõMâjKûeú Gaõ GcòUe c¤ùe ̂ ò@û~ûGö iòA aò̂ ýûiKê MâûCŠ
GcòUe aò̂ ýûi c¤ Kêjû~ûGö Giþ Gfþ 100 (G^þ _ò G^þ), Giþ ùK 100 (_ò G^þ _ò) ùa÷gòÁý _ûAñ
aýajéZ _ýûùKRþö

_âKâòdû (A^_êUþ ùa÷gòÁý (NPN)) : CE ùcûWþ _ûAñ
1. C_ùeûq iõù~ûM PòZâùe ù\Lû~ûA[ôaû _eò iKòðUKê ùiU@_þ Ke«êö A^_êUþ ùa÷gòÁýMêWÿòK _ûAñ

iõù~ûM PòZâKê ù\Lô _ýûPþ KWðMêWÿòKê ùMûUòG ùMûUòG Keò iõù~ûM Ke«êö

2. Cbd ùbûfUcòUe (1V Gaõ10V) @ûbý«eúY bûaùe iõ~êq (aò¦ê~êq ùeLû \ßûeû \gðûAQò)ö

3. cfÖòcòUe aýajûe Keò iõù~ûM ~û* Ke«êö

4. ~û* _ûAñ \dûKeò _âgòlY Kò́ û gòlKuê iKòðU ù\Lû«êö

5. _âùZýK iõù~ûMe ~û* _ùe, _â[ùc icÉ _eòa©ð̂ gúk ù_ûùU<òIcòUeKê _âûe ò̧K gì̂ ý iÚòZòùe
Ke«ê.

6. C_KeY _ûIßûe Pûfê Ke«êö

7. ùaiþ Gaõ GcòUeþ c¤ùe iõ~êq ùbûfþùURþ ù~ûMûYKê GVûùe VBB Kêjû~ûG I KùfKÖe Gaõ
GcòUe c¤ùe iõ~êq ùbûfþùURþ ù~ûMûYKê Vcc Kêjû~ûG Kùe< ~ûjû IB ̂ ûcK ùaiþ Gaõ ùaiþ
GcòUeþ Rui^þ c¤ùe ùbûfþùURþ _âùag KeêQò ~ûjûKê VBE Kêjû~ûGö iòfòK^þ Uâû¬òÁe _ûAñ
(@ûùc GVûùe Uâû¬òÁe Giþ Gfþ 100 aýajûe Keò[ôfê ~ûjû iòfòK^þùe Zò@ûeò NPN
Uâû¬òÁe)ö KùfKÖe GcòUeþ Rui^þ c¤ùe ùbûfþùURþ Kê VCE Kêjû~ûGö

8. _â[ùc ù_ûùU<òIcòUe (~ûjû C_KeYe WûjûY _ûgßðùe eLû~ûA[ûG) _ò2 (1-10V _eòa©ð̂ gúk
ùbûfþùURþ) Kê KòQò iÚòe ùbûfùURþ ù~_eòKò 0V Kò́ û 1V ùe eL«êö

9. Gùa 0.1V _ù\l_ùe ù_ûùU<òIcòUe P1 (C_KeYe aûc _ûgßðùe eLû~ûA[ôaû) _âûe ò̧K gì̂ ý
cìfýeê 1V _~ðý« _eòa©ð̂  Ke«êö

10. P1 ù_ûùU<òIcòUeKê 0.1V _eòa©ð̂  Keò ùaiþ aûdûiòõ ùbûfþùURþ ùiUþ Ke«ê Gaõ @ûcòUe IB ùe
ùaiþ Kùe< ù\L«ê, Gjû gì̂ ý ùjaö Zùk ù\Lû~ûA[ôaû _~ðýùalY iûeYú-I ùe Uò®Yú Ke«êö

11. Gùa ùbûfþùURþ aé¡ò Ke«ê Gaõ 250µA ùe¬ùe ùaiþ Kùe< @ ê̂eì_ eòWòõ ù\L«êö

12. Zêùc ù\Lôa ù~ ùbûfùURþ aé¡ò _ûCQò, ùZYê @Ì _eòcûYe Kùe< ejòaö 0.5V Kò́ û 0.6V
_ûLû_ûLôùe Kùe< \îZ MZòùe aé¡ò _ûGö

13. A^_êUþ ùbûfùURe _âùZýK _~ðýûdùe _~ðýùalY iûeYúùe _ûVýMêWÿòKê ùeKWð Ke«êö

14. iÚòe ùbûfþùURþ VCEe @^ý GK cìfý _ûAñ ~[ûKâùc 2V, 4Vùe _âKâòdû _ê̂ eûaé©ò Gaõ aòbò̂ Ü VBE
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& IB_ûVý ùiUþ _ûAñ ùeKWð Keòaû _ûAñ _âKâòdû aò¦ê 9 eê 12 Kê _êYò [ùe @^êieY Ke«ê Gaõ
ùiMêWÿòKê _~ðýùalY iûeYúùe-I ùeKWð Ke«êö

15. X @lùe VBE Gaõ y @lùe IB ijòZ Mâû`ùe ùa÷gòÁýMêWÿòK @ûu«êö

_âKâòdû (@ûCU_êUþ ùa÷gòÁý (G þ̂ _ò G þ̂)) :
1. iõù~ûM C_ùe [ôaû _eò icû^ ùjaö

2. _âùZýK iõù~ûMe ~û* _ùe, _â[ùc icÉ _eòa©ð̂ gúk ù_ûùU<òIcòUeKê _âûe ò̧K gì̂ ý iÚòeòùe
Ke«êö

3. C_KeY _ûIßûe Pûfê Ke«êö

4. ù_ûùU<òIcòUe (~ûjû C_KeY aûc _ûgßðùe eLû~ûA[ûG) P1(0-1V) Kê KòQò _eòcûYùe _eòa©ð̂
Ke«ê, ~ûjû \ßûeû ùijò ùaiþ Kùe< IB @ûcòUeùe 10 µA ùjaö

5. Gùa ù_ûùU<òIcòUe P2 (C_KeYe WûjûY _ûgßðùe eLû~ûA[ôaû) Kê _âûe ò̧K gì̂ ý cìfýeê 10V
_~ðý« 1V _\ùl_ùe _eòa©ð̂  Ke«êö

6. P2(C_KeYe WûjûY _ûgßð) ù_ûùU<òIcòUeKê 1V ùbûfþùURþùe _eòa©ð̂  Keò KùfKÖe aûdûiòõ
ùbûfùURþKê ùiUþ Ke«ê Gaõ @ûcòUe IC ùe KùfKÖe Kùe< ù\L«ê, Gjû _âûe¸ùe gì̂ ý ùjaû Gaõ
KòQò cìfýùe iÚòe ùjûA~òa (~\òI Gjû iûcû^ý aé¡ò _ûA_ûùe)ö Zùk ù\Lû~ûA[ôaû _~ýðùalY
iûeYú-II ùe _ûVýMêWÿòK ùfLû«êö

7. Gùa ùbûfùURþ aXÿû«ê Gaõ 50mA ùe¬ùe KùfKÖe Kùe< e @ ê̂eì_ eòWòwþ ù\L«êö

8. @û_Y ù\Lôùa ù~ KòQò ùbûfþùURþ _ùe Kùe< iÚòe ejò[ûGö @^ý GK ùiUþ _ûAñ iõMâûjK Kùe<e
cìfý bò̂ Ü ùjaö

9. @ûCU_êUþ ùbûfþùURþe _âùZýK _~ðýûdùe _~ðýùalY iûeYúùe _ûVýMêWÿòKê ùeKWð Ke«êö

10. iÚòe Kùe< þ IBe @^ý GK cìfý _ûAñ ~[ûKâùc 20µA, 30µAùe _âKâòdû _ê̂ eûaé©ò Ke«ê Gaõ aòbò̂ Ü
VCE  & IC _ûVý ùiUþ _ûAñ ùeKWð Keòaû _ûAñ _âKâòdû aò¦ê 9 eê 12 Kê _êYò [ùe @^êieY Ke«ê
Gaõ ùiMêWÿòKê _~ðýùalY iûeYúùe-II ùeKWð Ke«êö

11. X @lùe VCE Gaõ y @lùe IC ijòZ Mâû`ùe ùa÷gòÁýMêWÿòK @ûu«êö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  68  ]

_~ðýùalY iûeYú -I (A^_êUþ ùa÷gòÁý (NPN)) :

_eúlY ùgh K[û :

A^_êUþ ùa÷gòÁý @ûCU_êUþ ùa÷gòÁý

1

2

3

4

5

VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA)

Sl.
No. VCE = 1 V VCE = 2 V VCE = 3 V VCE = 4 V VCE = 15 V

_~ðýùalY iûeYú -I (@ûCU_êUþ ùa÷gòÁý (NPN)) :

1

2

3

4

5

Sl.
No. IB = 10 µA

VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA)

IB = 20 µA IB = 30 µA IB = 40 µA IB = 50 µA
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_eúlY ^õ. - 5

flý : G^þ _ò G^þ Uâû¬òÁee iòA @ûeþ iòaò aò̂ ýûie @¤d^þ Keþcûö
Z©ß  : icû̂ þ bûùa ùWû_þ ùjûA[ôaûeþ @¡ð_eòaûjú _\û[ð bòZþùe aò_eúZþ ùWû_þ ùjûA[ôaû @¡ð_eòaûjú _\û[ð
cû þ̂Kê ̂ òùÉRþ Keò GK Uâû¬òÁe a^û ùjiòö _ò-_âKûe Rò̂ òiþ [ê G þ̂-_âKûe  Rò̂ òiþ ̂ òùÉRþ Kùf ùi _ò G þ̂
_ò- Uâû¬òÁe a^þiòö G^þ - _âKûe @¡ð_eòaûjú _\û[ð bòZþùe _ò-_âKûe Rò̂ òiþ ̂ òùÉRþ Kùf  G^þ _ò G^þ
Uâû¬òÁe a þ̂iòö

C_eþ PòZâUû ùjfû _ò-G^þ-_ò Uâû¬òÁeeö @û_Yþcûù^ ù\Lô_ûeê[ôùa ù~ G^þ-_ò-G^þ UûA_þ iòfòK^þ
\êAUû _ò-_âKûe Rò̂ òiþ bòZþùe iýûŠIßòPþ ùjAùQö AZûeþ Mê\êðùU ùWû_þ ùjA[ôiò _ò-_âKûeþ Rò̂ òhþ [ôö
AZûeþ ùagò ùWû_þ ùjA[ôaû `ûfþùK GcòUeþ Kêjû~ûGiò, ù~^þUûKò @¡ð_eòaûjúeþ `ûfþ ù~^þUþ
Uâû¬òÁeþ ùK Pfûaûeþ fûMò iõLýûMeòÂþ aûjKþ ù\iòö bêRê̂ ò _ûùL cSòcSû ùWû_þ ùjA[ôaû G^-_âûKe
Rò̂ òhþ ùU @ùQ ù~^þUû Kò KùfKÖeþ Kêjû~ûGiòö A[ôeþ ̀ ûfþ GcòUeþ ̂ ê aûjûeò[ôaû @ûeê iõMâjKûeúùK
_ûeþ KeþaûfûMò i`fþ ùjA[ôaû iõLýûMeòÂ PûRð aûjKþ ùK eLþiòö cSò _ûLeþUû _ò-Kêjû~ûGiò
KûeYþ AUû _ò-_âKûeþ cAfû iûõùM ùWû_þ ùjAùQö (-) PòjÜû aêSûiò ù~ AZûeþ ù^ Kcþ ùWû_þ ùjAùQö
cSò~ûMûùK ùaiþ Kêjû~ûGiò, @ûeê AZûeþ A RûMûUû ùMûùU ùMUþ aûMòeþ Kûcþ Keþiò, GcòUeþ̂ ê eLê[ôaû
PûRð _âaûjùK ^òdªYþ Keþiòö ùaiþe ùWû_òõ iõMâjKûeúeþ Lûfò \gcûõg @ûGö MêùU Uâû¬òÁeþe
ùaiþe _âiÚ ajêZþ _Zþfûö Uâû¬òÁeþe _êeû _âiÚ ùaiþe _âiÚ @ù_lû 150 MêYþ ùjiòö ùi«û MêùU Kcþ
ùWû_þ ùjA[ôaû _ò-~ûMûùK Cyû @ûeþ c¤cþ ùWû_þ ùjA[eaû G^-~ûMû KSòVû^ê @«üiÚû_^þ KeòKò
@ûùc _ò-G^þ-_ò Uâû¬òÁeþ a^ûiêö

Circuit to determine CE static characteristics
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Uâû¬òÁKê iKòðU iûùw Z þ̂Uû @fþMû aò̂ ýûiþùe ù~ûMþ Keû~ûA_ûeþiò, ù~^þUû Kò iòA, iòaò @ûC iòiòö iòA
aò̂ ýûi ùjCùQ iaêVû^ê ùagò ùabûeþ aò̂ ýûiþ KûeYþ AUû GKfû Vû^ê ùagò fûb ù\gòö iòA ^ûcþ
\ò@û~ûAùQ KûeYþ Uâû¬òÁeþe GcòUeþ A^_êUþ @ûeê @ûCU_êUþ iKòðUþ fûMò iû]ûeYþö A^_êU iòMþ̂ ûfþ ùaiþ @ûeê
GcòUeþ ùK ù~ûMA \ò@û~ûGi @ûeê @ûCU_êUþ iõMâjKûeú @ûeê GcòUe ùK ̂ ò@û~ûGiòö iòA aò̂ ýûiùK MâûCŠþ
GcòUeþ aò̂ ýûi aò Kêjû~ûGiòö Giþ Gfþ 100 (G^þ _ò G^þ), Giþ ùK 100 (_ò G^þ _ò) ùa÷gòÁý fûMò
aýajûeþ Keû~ûGiòö
_âKâòdû (A^_êUþ ùa÷gòÁý (NPN)) : CE ùcûWþ fûMò
1. C_þùe \ò@û~ûA[ôaû iKòðUþùK ùiU@_þ Keê̂ þö PòZâùK ù\Lô Keò _ýûPþ KWð cû^þùK MêùU MêùU

Keò RêWÿê̂ þö
2. \êjò ùbûfUþcòUeþ (1V @ûeê10V) bòZþeò@û bûùa ùjAùQö
3. cfÖòcòUe RêWÿò Keò cû_ö
4. cû_þaûeþ fûMò \dûKeò _âgòlY Kò gòlKuê WûKòKeò iKòðU ù\LûC^þö
5. iaê iõù~ûMe cû_þfû _ùe, _ùjfû iaê _eòa©ð̂ gúfþ ù_ûùU<òIcòUeþùK (0) Keê̂ þö
6. C_KeYþùe _ûIßûeþ Pûfê Keê̂ þö
7. ùaiþ @ûC GcòUeþ cSòùe iõ~êqþ ùbûfþùURþ ù~ûMûYùK Aù^ VBB Kùji^þ @ûC KùfKÖe @ûeê

GcòUe cSòùe iõ~êq ùbûfþùURþ ù~ûMûYùK Vcc Kùji^þ Kùe< ~ûjû IB ̂ ûcþ ùaiþ @ûC ùaiþ
GcòUeþ Rui^þ bòZþùe ùbûfþùURþ _âùag KeêùQ ~ûjûùK VBE Kêjû~ûGiòö iòfòK^þ Uâû¬òÁeþ
fûMò (@ûùc AVûù^ Uâû¬òÁeþ Giþ Gfþ 100 aýajûeþ Keò[ôfê ù~^þUû Kò iòfòK^þùe Zò@ûeò
NPN  Uâû¬òÁe)ö KùfKÖeþ GcòUeþ Rui^þ bòZþùe ùbûfþùURþùK VCE Kêjû~ûGiòö

8. _ùjfû ù_ûùU<òIcòUeþ _ò2 (1-10V _eòa©ð̂ gúk ùbûfþùURþ) ùK KòQò iÚòeþ ùbûfùURþ ù~ þ̂UûKò
0V ̂ ûAùjùf 1V ùe eLê̂ þö

9. AjûQò̂ þ 0.1V _\ùl_þùe ù_ûùU<òIcòUeþ P1 gì̂ þ cìfýeê 1V ZKþ @û̂ ö
10. P1 ùK ù_ûùU<òIcòUe eêê 0.1V ZKþ @û̂ òKeò ùaiþ aûdûiòõ ùbûfþùURþùe ùiUþ Keê̂ þ @ûeê @ûcòUeþ

IB ùe ùaiþ Kùe<þ ù\Lê̂ þ, Gjû gì̂ þ ùjaûö Zùk ùR þ̂ ùUaêfþ \ò@û~ûAùQ ùjZòùe ùfLö
11. AjûQò̂ þ ùbûfþùURþ̂ ßXÿC þ̂ @ûeê 250µA ùe¬ùe ùaiþ Kùe<þe eòWòõ ù\Lê̂ þö
12. Zêùc ù\Lþa ù~ ùbûfùURþ aXÿêùQ, ùj[ôeþ fûMò Kcþ _eòcûYþe Kùe< eLþaö  0.5V ̂ ûAùjùf

0.6V _ûLû_ûLô Kùe< ùagò aXÿþiòö
13. A^_êUþ ùbûfùURþùe iaê cû_þ Ke ùfLö
14. iÚòeþ ùbûfþùURþ VCEe @ûeþMêùU cìfý fûMò ~[ûKâùc 2V, 4Vùe _âKâòdûùK @ûC [ùe Kecû @ûC \êiþeû

\êiþeû VBE & IB _ûVý ùiUþ fûMò ùeKWð Keþaûeþ _âKâòdû aò¦ê 9 eê 12ùK @ûC [ùe ù\Lê̂ þ
@ûeþ AZûùK _~ðýùalY iûeYú[ô-I ùeKWð Keê̂ þö

15. X @l [ô VBE @ûC y @le [ô IB iûùw Mâû`þ KûUê̂ þö
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_âKâòdû (@ûCU_êUþ ùa÷gòÁý (G þ̂ _ò G þ̂)) :
1. iõù~ûMþ C_ùe [ôaû aûMòeþ icû^þ ùjaûö

2. iaê iõù~ûMe cû_þ, _ùjfû iaê _eòa©ð̂ gúk ù_ûùU<òIcòUeùK gì̂ þ [ô eLê̂ þö

3. C_KeYþe _ûIßûe Pûfê Keê̂ þö

4. ù_ûùU<òIcòUe (~ûjû C_KeY aûc _ûgßðùe eLû~ûA[ûG) P1(0-1V)ùK KòQò _eòcûYeþ _eòa©ð̂
Keê̂ þ, ù~^þ[ô fûMò ùi ùaiþ Kùe< IB @ûcòUeùe10 µA ùjaûö

5. AjûQò̂ þ ù_ûùU<òIcòUeþ P2  ùK _âûe ò̧K gì̂ þ cìfý [ô 10V ZKþ 1V Keê̂ þö

6. P2 (C_KeYe bêRþ̂ ò _ûùL) ù_ûùU<òIcòUeùK 1V ùbûfþùURþùe _eòa©ð̂ þ Keò KùfKÖeþ aûdûiòõ
ùbûfùURþùK ùiUþ Keê̂ þ @ûC @ûcòUe IC ùe KùfKÖe Kùe< ù\Lþcû, AZûeþ _ùjfûeê gì̂ þ ùjaû
@ûC KòQò cìfý[ô @UKò ~òaûö (~\òI AUû iûcû^ý UòùK aXÿò_ûùe)ö Zùk ù~^þ@ùQ _~ðýùalY
iûeYú-II ùe _ûVýcû̂ þùK ùfLþcûö

7. AjûQò̂ þ ùbûfùURþ aXÿûC þ̂ @ûeê 50 cû ùe¬ùe KùfKÖe Kùe<þ e @ ê̂eì_ eòWòwþ ù\Lê̂ þö

8. @û_Yþ ù\Lþùa ù~ KòQò ùbûfþùURþ _ùe Kùe<þ iÚòe ùjA~ûGiòö @ûC MêùU ùiUþ fûMò iõMâûjK
Kùe<eþ \ûcþ @fMû ùjaûö

9. @ûCU_êUþ ùbûfþùURþe iaê `fû`fþ ùUaêfþùe ùfLþcûö

10. iÚòe Kùe< þ IBe @fMû MêùU cìfý fûMò ~[ûKâùc 20µA, 30µAùe _âKâòdû @ûC [ùe Keê̂ þ @ûC VCE

& IC _ûVýMêWÿòKeþ @fMû ùiUþ fûMò ùeKWð Keþaûeþ fûMò _âKâòdû aò¦ê 9 eê 12 ùK @ûC [ùe @ ê̂ieYþ
Keþcû @ûC ùiMêWÿûùK _~ðýùalY iûeYúùe-II ùe ùeKWð Keþcûö

11. X @l[ô VCE @ûC y @lùe IC iûùw ùa÷gòÁýMêWÿûK @u^ Keê̂ þö

_~ðýùalY iûeYú -I (A^_êUþ ùa÷gòÁý (NPN)) :

1

2

3

4

5

VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA) VBE (V) IB (µA)

Sl.
No. VCE = 1 V VCE = 2 V VCE = 3 V VCE = 4 V VCE = 15 V
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_eúlûeþ ùghþ K[û :

A^_êUþ ùa÷gòÁý @ûCU_êUþ ùa÷gòÁý

_~ðýùalY iûeYú -I (@ûCU_êUþ ùa÷gòÁý (NPN)) :

1

2

3

4

5

Sl.
No. IB = 10 µA

VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA) VCE (V) IC (mA)

IB = 20 µA IB = 30 µA IB = 40 µA IB = 50 µA

Mâû þ̀ :



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  73  ]

Experiment No. : 6

AIM OF THE EXPERIMENT:

To draw the drain and transfer characteristics of a given FET.

•   To find the drain resistance (ra), amplification factor (µ) and tans-conductance (gm) of the given FET.

EQUIPMENT REQUIRED :

• FET(BFW-10).

• Regulated power supplies.

• Voltmeter(0-20V).
• Ammeter (0-100mA).

• Connecting wires.

THEORY:

A FET is a three terminal device, having the characteristics of high input impedance and less noise, the
Gate to source junction of the FET is always reverse biased. In response to small applied voltage from
drain to source, the n-type bar acts as sample resistor, and the drain current increases linearly with VDS.
with increases in ID the ohmic voltage drop between the source and the channel region reverse biases the
junction and the conducting position of the channel begins to remain constant. The VDSos at this instant is
called “pinch of voltage”.

If the gate to source voltage (VGS) is applied in the direction to provide additional reverse bias, the pinch
of voltage will decreased.

In amplifier application, the FET is always used in the region beyond the pinch-off.

•    ID = IDSS (1-VGS/Vp)2

CIRCUIT DIAGRAM :
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PROCEDURE :

1. All the connection are made as per the connection & circuit diagram

2. Verify the connections, must be proper in all respect. Wrong or loose connections may cause hazards.

3. To plot the drain characteristics, keep VGS constant at 0V

4. Vary the VDD and observe the values of VDS and ID.(don’t vary the voltage VDD more than 20V since
FET is low voltage device)

5. Repeat the above steps 2,3 for different values of VGSs at 0.5V to 3V.

6. All the reading are tabulated.

7. To plot the transfer characteristics, keep VDS constant at 3V.

8. Vary VGS and observe the values of VGS and ID.
9. Repeat steps 6 and 7 for different values of VDS at 5V and 7.5V.

10. The readings are tabulated.

11. From drain characteristics, calculate the values of dynamic resistance (rd) by using the formula rd

= VDS/ ID

12. From transfer characteristics, calculate the value of trans-conductance (gm) by using the formula Gm
=  ld/ Vds. gm =  lD /  VDS

13. Amplification factor µ =  VDS /  VG
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DRAIN CHARACTERISTICS :

1

2

3

Serial
Number VGS = 0V VGS = 1V VGS = 2V

VDS (V) ID (mA)VDS (V) ID (mA)VDS (V) ID (mA)

MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

JEET Transfer Characteristics from Drain Characteristics

TRANSFER CHARACTERISTICS :

Serial Number VDS = 0.5V

VGS (V) ID (mA)

VDS = -5V VDS = 0.5V VDS =-10V

VGS (V) ID (mA) VGS (V) ID (mA) VGS (V) ID (mA)
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PRECAUTIONS :

• The three terminals of the FET must be carefully identified.

• Practically FET contains four terminals, which are called source, drain, gate, substrate.

• Source and substracts should be short circuited.

• Voltage exceeding the rating of the FET should not be applied.

RESULT:

• The drain and transfer characteristics of a given FET are drawn.

• The dynamic resistance ((ra), amplification factor (µ) and transconductance ((gm) of the given FET
are calculated.

Conclusion:
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_eúlY ^õ. - 6
_eúlûe CùŸgý :
FET e V-I (ùa÷gòÁýMêWÿòKe @¤d^)
Gjò \ò@û~ûA[ôaû FET e drain _âZòùeû] (ra) aé¡ò MêYK (µ) I Uâû^þi-KŠKÖû^þi (gm) e cìfý ^ò‰ðd
Keòaûö

@ûagýK C_KeYMêWÿòK  :
• FET (BFW-10)ö
• ^òdªòZ _ûIßûe i_äûdö
• ùbûfÖ còUe (0-2 ùbûfÖ)
• Gcþ còUe (0-100còG)
• iõù~ûM Keû~ûCQò Zûeö

iò¡û« :
GK FET ùjCQò GK Zòù^ûUò Ucòð̂ ûf WòbûAiþ, ~ûjûe ùa÷gòÁý ùjCQò Cy A^_êU AµòWû^è I Kc,
^GRö FETe Gate I Source c¤ùe ~õKè̂  iað\û eòbið aûGi, [ûGö Drain eê Source _~ðý« ùQûU
_âùdûM ùbûfùURe _âZòKâòdûùe, n-UûA_þ aûeþ ̂ cê̂ û _âZòùeû]K bûaùe Kû~ðý Kùe Gaõ ùWâ̂ þ Kùe VDS

ijòZ ùeLúd bûaùe aé¡ò _ûGö ID aé¡ò _ûAaû ijòZ Source I Channel c¤ùe [ôaû IjcòKþ ùbûfùURþ Wâ_þ,
~õKè̂ þKê @]ôK eòbiY aûGiþ, KeûG Gaõ _eòPûk^û iÚòZò e Channel Uò iÚòe ejòaû @ûe¸ Kùeö Gjò
cìjê©ðùe VDS cìfýKê “_ò*-@` ùbûfþùURþ” ùaûfò Kêjû~ûG
~\ò Gjò ùMUþ I ùiûið c¤ùe ùbûfùURþ (VGS) fûMê Keû~ûG ~ûjû @]ôK eòbiY aûGi \òG, _ò*-@`
ùbûfùURþKê jâûi KeûGö
@ûµäò̀ ûdeþ _âùdûMùe, FETKê _ò*-@`, aûjûùe [ôaû @*kùe iað\û aýajûe Keû~ûGö

•    ID = IDSS (1-VGS/Vp)2

iKòðUþ WûAMâûc :
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_âKâòdû :
1. icÉ iõù~ûMMêWÿòKê iõù~ûM Gaõ iKòðU, PòZâû^êiûùe Keû~ûAQòö
2. iõù~ûMMêWÿòKê iìPòZ Ke«ê, icÉ ùlZâùe iVòKþ ùjaû Reêeúö bêfþ Kò́ û Lûfò iõù~ûMMêWÿòK aò_\ iéÁò

Keò_ûùeö
3. ùWâ̂ þ characteristics ùa÷gòÁýMêWÿòK _äU KeòaûKê VGS  0V ùe iÚòe eL«êö
4. VDD e aòbò̂ Ü cìfýKê a\kû«ê Gaõ VDS I ID e cìfýMêWÿòKê ù\L«êö (VDD Kê 20V eê @]ôK a\kû«ê

^ûjó KûeY FET GK Kc ùbûfùURþ, WòbûAi)
5. C_ùeûq _\ùl_ 2 Gaõ 3 Kê VGSse aòbò̂ Ü cìfý ( 0.5V eê 3V. _~ðý«) _ûAñ _ê̂ eûaé©ò Ke«êö
6. icÉ _V^ûõgKê UýûaùfWþ @ûKûeùe _âÉêZ Keû~ûAQòö
7. Uâû è̀̂ e ùa÷gòÁýMêWÿòK _äU KeòaûKê VDS  Kê 3V ùe iÚòe eL«êö
8. VGS e cìfýKê a\kû«ê Gaõ VGS  I ID e cìfýMêWÿòKê ù\L«êö
9. VDS e aòbò̂ Ü cýfý (5V Gaõ 7.5V) _ûAñ _\ùl_ 6 Gaõ 7 Kê _êYò[ùe Ke«êö
10. _V^ûõgKê UýûaùfùUWþ @ûKûeùe _âÉêZ Keû~ûAQòö
11. ùWâ̂ þ ùa÷gòÂýeê rd = VDS/ ID iìZâ aýajûe Keò MZògúk _âZòùeû] / ùWâ̂  bûfûcòKþ _âZòùeû] (rd)e

cìfý MY^û Ke«êö
12. gm =  lD /  VDS iìZâ aýajûe Keò Uâû^è-KŠKÖ̂ è (gm) e cìfý MY^û Ke«êö
13. @µäò̀ òùKi þ̂ ̀ ýûKÖe µ =  VDS /  VG
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DRAIN CHARACTERISTICS :

1

2

3

VGS = 0V VGS = 1V VGS = 2V

VDS (V) ID (mA)VDS (V) ID (mA)VDS (V) ID (mA)

MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

JEET Transfer Characteristics from Drain Characteristics

TRANSFER CHARACTERISTICS :

VDS = 0.5V

VGS (V) ID (mA)

VDS = -5V VDS = 0.5V VDS =-10V

VGS (V) ID (mA) VGS (V) ID (mA) VGS (V) ID (mA)

KâcòK
iõLýû

KâcòK iõLýû
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iûa]û^ú  :
• FET e Zòù^ûUò Ucòð̂ ûfþ MêWÿòK ~^ôe ijòZ PòjÜU ùjaû Reêeúö
• aýajûeKûeú jòiûaùe FET PûùeûUò Ucòð̂ ûfþ, ]ûeY Kùe, ~ûjûKê ùiûið, ùWâ̂ þ, ùMUþ, iaùÁâUþ

Kêjû~ûGö
• ùiûið Gaõ iaÁâûU iUð iKòðUþ ùjaû CPòZþö
• FET e cìfýûd^ @ZòKâc Keê[ôaû ùbûfùURþ _âùdûM Keû~òaû CPòZþ ̂ êùjñö
`kû`k :
• \ò@û~ûA[ôaû FET e ùWâ̂ þ Gaõ Uâû^è̀ e PeòZâMêWÿòKê @ûuòZ Keû~ûAQòö
• \ò@û~ûA[ôaû FET e WûA^ûcòK, _âZòùeû] (rd), amplification ̀ ýûKÖe (µ) Gaõ Uâû^ÄYþWêýKÖû^è

(gm) MY^û Keû~ûGö

_eúlûe C_iõjûe :
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Circuit to determine CE static characteristics

_eúlY ^õ. - 6
_eúlûe flý :
\ò@û~ûA[ôaû FET e ùWâ̂ þ Uâû^è̀ eþ KûeûKÖeòÁòKè @u^ Keþcûö
\ò@û~ûA[ôaû FET e ùWâ̂ þ _âZòùeû] (ra) aé¡ò MêYKþ (µ) I Uâû^þi-KŠKÖû^þi (gm) LêRòKeò aûjûe
Keþcûö

Reêeú Rò̂ òhþcûù^  :
• FET (BFW-10)ö
• ^òdªòZ _ûIßûe i_äûGö
• ùbûfÖ còUe (0-2 ùbûfÖ)
• Gcþ còUe (0-100GcG)
• ~êWÿþaûeþ Zûeö

Z©ß :
MêùU FET ùjCùQ Zò̂ þUû Ucòð̂ ûf cfÖò-WòbûAiþ, ~ûjûeþ MêYþ ùjCùQ ùagò A^_êU AµòWû^è @ûC Kc
^GRö FETe Gate I Source ~õKè̂  iaêùaùk eòbið aûGi [ôiòö Drain eê Source ùK \ò@û~ûA[ôaû
ùQûU _âùdûMþ ùbûfþùURþe _âZòKâòdûùe, n-UûA_þ aûeþ ^cê̂ û _âZòùeû]Kþ jòiûaþùe Kûcþ Keþiò @ûC
ùWâ̂ þ Kùe  VDS iûùw Pûk^þ aXÿaûeþ fûMò iò]û ùjiòö ID aXÿaûeþ iûùw Source @ûC Channel @*kþ
iû]ûeYþ ùbûfþùURþ MâûjKþe eòbið aûAiþ Keþiò @ûC Channel ejYú iÚòeþ eùjiòö A icdùe VDS ùK  “_ò*-
@` ùbûfþùURþ” ùaûfò Kùji þ̂ö
~\ò A ùMUþ I ùiûið cSòùe ùbûfùURþ (VGS) @Zòeòq eòbið aûAiþ ù\A[ôaû \òMþùK \ò@û~ûGiò,
ùZùa _ò*-@` ùbûfùURþ Kcò~òaûö
MêùU @ûµäò̀ ûdeþ Kûcþùe, FET i\û ùgh _ò*-@` @*kùe aýajûe Keþi þ̂ö

•    ID = IDSS (1-VGS/Vp)2

iKòðUþ WûAMâûc :
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_âKâòdû :
1. iaê iõù~ûMMêWÿûùK iõù~ûM @ûC iKòðU, PòZâ jòiûùa Keû~ûAùQö
2. iõù~ûMMêWÿûK iìPòZþ Keê̂ þ, iaêVûù^ iVòKþ ùjaûeþ Reêeú @ûGö bêfþ Kò Lûfò iõù~ûMMêWÿûK

aò_\þ Zò@ûeþ Keò_ûeþaûö
3. ùWâ̂ þ characteristics ùa÷gòÁýMêWÿûK _äU KeþaûùK VGS  0V ùe iÚòe eLê̂ þö
4. VDD e bò̂ þ bò̂ þ cìfýùK a\kûC^þ @ûeê VDS @ûC ID e cìfýMêWÿûùK ù\Lê̂ þö (VDD ùK 20V eê

@]ôKû ^ûA a\kûC^þö KûeYþ FET MêùU Kcþ ùbûfùURþ, WòbûAi @ûG)
5. C_ùe _\ùl_þ 2 @ûC 3 ùK VGS e bò̂ þ bò̂ þ cìfý ( 0.5V eê 3V ZKþ) fûMò @ûC[ùe Keê̂ þö
6. iaê _V^ûõgùK UýûaùfWþ @ûKûeþùe Zò@ûeþ Keû~ûAùQö
7. Uâû^è̀ e ùa÷gòÁýMêWÿûK _äU KeòaûùK VDS  ùK 3V ùe iÚòe eLê̂ þö
8. VGS e cìfýùK a\kûC^þ @ûeê VGS  @ûC ID e cìfýMêWÿûK ù\Lê̂ þö
9. VDS e bò̂ þ bò̂ þ cìfý (5V @ûC 7.5V) fûMò _\ùl_þ 6 @ûC 7 ùK @ûC[ùe Keê̂ þö
10. _V^ûõgùK UýûaùfùUWþ @ûKûeþùe Zò@ûeþ Keû~ûAùQö
11. ùWâ̂ þ ùa÷gòÂýeê rd = VDS/ ID iìZâ ùabûe Keò Pûfê[ôaûeþ _âZòùeû] / ùWâ̂  bûfûcòKþ _âZòùeû]

(rd)e cìfý MY^û Keê̂ þö
12. gm =  lD /  VDS iìZâ  ùabûeþ Keò Uâû^è-KŠKÖ̂ è (gm) e cìfý MYþ̂ û Keê̂ þö
13. @µäò̀ òùKi^þ `ýûKÖeþ µ =  VDS /  VG
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DRAIN CHARACTERISTICS :

1

2

3

VGS = 0V VGS = 1V VGS = 2V

VDS (V) ID (mA)VDS (V) ID (mA)VDS (V) ID (mA)

MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

JEET Transfer Characteristics from Drain Characteristics

TRANSFER CHARACTERISTICS :

VDS = 0.5V

VGS (V) ID (mA)

VDS = -5V VDS = 0.5V VDS =-10V

VGS (V) ID (mA) VGS (V) ID (mA) VGS (V) ID (mA)

KâcòK
iõLýû

KâcòK iõLýû
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iûa]û^ú  :
• FET e Zò̂ þUû Ucòð̂ ûfþ MêWÿûK iûa]û^ bûùa PòjÜUþ Keþcûö
• FET ùe PûeþUû Ucòð̂ ûfþ, ]ûeY Keþiò, ~ûjûùK ùiûið, ùWâ̂ þ, ùMUþ, iaùÁâUþ Kêùji^þö
• ùiûið @ûC iaÁâûU ùQûUþ iKòðUþ Keþcûö
• FET e ùeUòw eê @]ôKû ùbûfùURþ _âùdûMþ Keû~òaûeþ C_þùe c^û @ùQö
_eòYûc :
• MêùU ^ò¡ûðeòZþ FET e ùWâ̂ þ @ûeþ Uâû^è̀ eþMðêY \gðû~ûAùQö
• G«û \ò@û~ûA[ôaû FET e WûA^ûcòKþ, _âZòùeû]þ (rd), amplification `ýûKÖe (µ) Gaõ

Uâû^ÄYþWêýKÖû^è (gm) jòiûa Keû~ûCùQö

_eúlûe C_iõjûe :
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Experiment No. : 7

AIM OF THE EXPERIMENT : Application of op-amp as inverting and noninverting amplifier.

EQUIPMENT REQUIRED:

Power supplies:

•  Dual DC power supply IC regulated  ±15Vdc, 150Ma.

•  DC power supply IC regulated 0-12V DC, 150Ma.

•  Operated on mains power 230V, 50Hz ±10%

Digital meter:

•  Voltmeter 20V

Components mounted on panels:

•  741 IC (Op-amp)

•  Resistors

•  Capacitors

•  Multimeter

THEORY:-

An operational amplifier is a amplifier, which has high open loop gain, very high input impedance, very low
output impedance and large bandwidth. It can be connected in two basic amplifier circuit;

1. The inverting and

2. The non-inverting

Virtually all others operational amplifier circuits are based in some these two basic configurations.

The inverting amplifier:

FIG. 1 illustrate the first basic operational amplifier configuration the inverting amplifier. In this circuit, the
input signal is applied to the (-) terminal through Rin, with feedback returned through RF, by applying ideal
operational amplifier properties, the distinguished features of this circuit may be analyzed as follows
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Since the amplifier has infinite gain, it will developed it output voltage E0 with zero input. The differential
input is Es is made zero by driving the (-) voltage equal to the (+) voltage by connecting ground through a
resistor R’ therefore the full input voltage, Ein must appear Rin making current:

Iin =Ein /Rin

Also, since Is = 0 due to infinite input impedance, the input current, Iin must also flow in Rf, thus If =Iin

The output voltage E0 appears across Rf and is negative due to sign inversion in the amplifier. Starting in
term of E0 and Rf then,

If = (- E0) / Rf

Since Iin are equal, we may state Ein /Rin = -Eo/Rf Ein / Eo =-Rf /Rin =AVo

This gives the gain equation for ideal inverting amplifier, which can be varied from 0 to infinity either Rf or
Rin

CIRCUIT DIAGRAM TO IMPLEMENT APPLICATION ON THE TRAINER KIT

Procedure to follow:

1. Connect the circuit diagram as shown above,

2. Switch on the power to the trainer.

3. Apply the input DC signal to the circuit say in 1v. (measure this signal with the help of external
multimeter.)

4. See the output voltage in the voltmeter which can read both +Ve and -Ve side.

5. We hereby applied the +ve signal, observe output will be the negative.

6. Record the reading in the tabulation column both input and output voltage.

7. Calculate the gain Vout /Vin and compare with the theoretical gain. Which can be obtained by the
putting the value of Rf , R1

8. Repear the procedure for the different set of readings.

V in Vout Theoretical gain (Rf/R1) Practical gain (Vout/Vin)
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The Non-inverting amplifier :

The second basic configuration of the ideal op-amp is the non-inverting amplifier, shown in figure. in this
circuit, voltage, Ein is applied to the (+)input, and a fraction of the output signal

Eo, is applied to the (-) input from the Rf-Rin voltage divider. since no input bais current flows in to either
input terminal (as Ri is ideally infinite), and since Es = 0, the voltage Ein is equal to E.

Hence by the

Rin*Bo-Ein(Rin+Rf) Eo/Ein=1+Rf/Rin=AVo

The gives the gain equation for ideal Non-inverting amplifier, which varies from unity to infinity depending
upon the combination of Rf and Rin.

Application of op-amp;

Amplification:

Inverting Amplifier: Op-amps can amplify an input signal while inverting its phase. This configuration is
widely used in audio processing and signal conditioning.

Non-Inverting Amplifier: This configuration amplifies the input signal without inverting it, providing high
input impedance and low output impedance, making it suitable for buffering applications.

Summing Amplifier:

Op-amps can sum multiple input voltages into a single output voltage. This is useful in audio mixing and
signal processing applications where multiple signals need to be combined.

Filters:

Op-amps are used to create various types of filters, including low-pass, high-pass, band-pass, and band-
stop filters. These filters are essential in audio processing, communication systems, and signal conditioning.

Comparators:

Op-amps can function as comparators, comparing two input voltages and providing a digital output indicating
which input is higher. This application is common in analog-to-digital converters (ADCs) and threshold
detection circuits.

Integration and Differentiation:

Op-amps can perform mathematical operations such as integration and differentiation, making them useful
in analog computing applications.
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Logarithmic Amplifiers:

These op-amps are used in applications requiring logarithmic signal processing, such as signal compression
and decompression, and in industrial process control.

Voltage Followers:

Also known as buffer amplifiers, op-amps can be configured to provide high input impedance and low
output impedance, isolating different stages of a circuit without loading the previous stage.

Procedure to follow:

1. Connect the circuit diagram as shown above.

2. Switch on the power of the trainer.

3. Apply the input DC signal to circuit say in IV. (measure the input signal with the help of external
multimeter.)

4. See the output voltage in the voltmeter which can read both +ve and -ve side.

5. We hereby applied the +ve signal, and observe output will be pasitive.

6. Record the readings in the tabular column both input and output voltage,

7. Calculate the gain vout/vin and compare with the theoretical gain. Which can be obtained by the
putting the values of RF, R1.

8. Repeat the procedure for the different set of readings.

Conclusion:

V in Vout Theoretical gain (1+Rf/R1) Practical gain (Vout/Vin)
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_eúlY ^õ. - 7
_eúlûYe flý : A^bUòðõ Gaõ ̂ þ̂-A^bUòðõ @ûµäò̀ ûde bûaùe @_-@ûµe _âùdûMö

@ûagýK C_KeY  :
_ûIßûe ù~ûMûY :

• Wê@ûfþ DC _ûIßûe ù~ûMûY IC ^òdªòZ  ±15Vdc, 150Maö
• DC _ûIßûe ù~ûMY IC ^òdªòZ 0-12V DC, 150Ma ö
• cêLý _ûIßûe 230V, 50Hz ±10%C_ùe _eòPûkòZ

WòRòUûfþ còUe :
• ùbûfUþ còUe 20V

_ûIßûe ù~ûMûY :
• 741 IC (Op-amp)
• _âZòùeû]K
• Kýû_ûiòUe
• cfÖòcòUe

Z©ß :
GK Kû~ðýlc @ûµäò̀ ûde ùjCQò GK @ûµäò̀ ûde, ~ûjûe Cy ùLûfû fê_þ fûb, ajêZ Cy A^_êUþ
_âZòùeû], ajêZ Kcþ @ûCU_êUþ _âZòùeû] Gaõ aWÿ aýûŠIßòW[þ @Qòö GjûKê \êAUò ùcøkòK @ûµäò̀ ûde
iKòðUùe iõù~ûM Keû~ûA_ûeòa;
1. A^bUòðõ
2. ̂ ^þ-A^bUòðõ
_âûdZü @^ý icÉ Kû~ðýlc @ûµäò̀ ûde iKòðUþ Gjò \êAUò ùcøkòK aò̂ ýûiùe @û]ûeòZö

A^bUòðõ @ûµäò̀ ûde :
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PòZâ _â[c ùcøkòK Kû~ðýlc @ûµäò̀ ûde aò̂ ýûi A^bUòðõ @ûµäò̀ ûdeKê \gðûGö Gjò iKòðUùe, A^_êUþ
iòM^ûfþ cû¤cùe (-) Ucòð̂ ûfùe _âùdûM Keû~ûG, ~ûjû cû¤cùe ù`eÉ [ûGö @û\gð Kû~ðýlc
@ûµäò`ûde MêY _âùdûM Keò Gjò iKòðUe aògòÁ ùa÷gòÁýMêWÿòKê ^òcÜfòLôZ bûaùe aòùgähY
Keû~ûA_ûeòaö
ù~ùjZê @ûµäò̀ ûdee @iúc fûb @Qò, Gjû gì̂ ý A^_êUþ ijòZ Gjûe @ûCU_êUþ ùbûfùURþ E0 aòKgòZ Keòaö
Wò̀ ùe è̂ò@ûfþ A^_êUþ ùjCQò Es i Kê (+) ùbûfùURþ ijòZ icû̂  (-) ùbûfùURþ PfûA gì̂ ý Keû~ûAQò GK
_âZòùeû]K R cû¤cùe bìcòKê iõù~ûM Keò, ùZYê _ì‰ð A^_êUþ ùbûfùURþ Ein ù\Lû~òaû CPòZ Rin Zò@ûeò
Kùe< : Iin =Ein /Rin

Gjû ijòZ, ù~ùjZê Is = 0  @iúc A^_êUþ _âZòaû]û ù~ûMêñ, A^þ_êUþ Kùe< Iin c¤ Rf  ùe _âaûjòZ ùjaû
CPòZ, ùZYê If =Iin

@ûCUþþ_êUþ ùbûfùURþ E0 Gaõ Rf  ùe ù\Lû~ûG Gaõ @ûµäò̀ ûdee iûA^þ A^bið̂  ù~ûMêñ EYûcôK
@ùUö E0 Gaõ Rf  g±eê @ûe¸ Keò,
~\ò  = - E0 / Rf

ù~ùjZê Iin icû^, @ûùc  Ein /Rin = -Eo/Rf         Ein / Eo =-Rf /Rin =AVo Kjò_ûeòaû
Gjû @û\gð A^bUòðõ @ûµþò̀ ûde _ûAñ fûb icúKeY ù\A[ûG, ~ûjû Rf Kò́ û Rin c¤eê 0 eê @^«
_~ðý« _eòa©òðZ ùjûA_ûùeö
ùUâ̂ e KòUþùe _âùdûM Kû~ðýKûeú Keòaû _ûAñ iKòðUþ WûGMâûc ̂ òcù« ̂ ò@û~òaû _âKâòdû :
1. C_ùe \gðû~ûA[ôaû _eò iKòðUþ PòZâ iõù~ûM Ke«ê,
2. ùUâ̂ eKê _ûIßûe Pûfê Ke«êö
3. 1v ùe iKòðUþ ùe A^_êUþ DC iòM^ûf _âùdûM Ke«êö (aûjý cfÖòcòUe iûjû~ýùe Gjò iòM^ûfKê

cû_ Ke«ê)ö
4. ùbûfUcòUeùe @ûCU_êUþ ùbûfùURþ ù\L«ê ~ûjû +Ve Gaõ -Ve _ûgßð Cbd _Xÿò_ûeòùaö
5. @ûùc GVûùe +Ve iòM^ûf _âùdûM KeòQê, ù\L«ê @ûCU_êUþ EYûcôK ùjaö
6. ùUaêùfi^þ É¸ùe A^_êUþ Gaõ @ûCUþ_êUþ ùbûfùURþ Cbdùe _V^ ùeKWð Ke«êö
7. fûb  Vout /Vin MY^û Ke«ê Gaõ Zû©ßòK fûb ijòZ Zêk^û Ke«êö ~ûjû Rf , R1 e cìfý eLô _âû¯

Keû~ûA_ûeòaö
8. _V^e aòbò̂ Ü ùiUþ _ûAñ _âKâòdû _ê̂ ü _âÉêZ Ke«êö

V in Vout Theoretical gain (Rf/R1) Practical gain (Vout/Vin)
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^ þ̂-A^bUòðõ @ûµäò̀ ûde :
@û\gð @_-@ûµe \ßòZúd ùcøkòK aò̂ ýûi ùjCQò ̂ ^þ-A^bUòðõ @ûµäò̀ ûde, ~ûjû PòZâùe \gðû~ûAQòö
Gjò iKòðUùe, ùbûfùURþ Ein Kê (+) A^_êUþùe _âùdûM Keû~ûG Gaõ @ûCU_êUþ iòM^ûfe GK @õg

Eo, Rf-Rin ùbûfùUR WòbûAWeþ eê (-) A^_êUþùe _âùdûM Keû~ûGö ù~ùjZê ùKøYiò A^_êUþ aûGiþ Kùe<
Cbd A^_êUþ Ucòð̂ ûfùe _âaûjòZ jêG ̂ ûjòñ (ù~ùjZê Ri @û\gð bûaùe @iúc), Gaõ Es = 0 ù~ùjZê,
ùbûfùURþ Ein, E ijòZ icû^ ùZYê

Rin*Bo-Ein(Rin+Rf)

Eo/Ein=1+Rf/Rin=AVo

Gjû @û\gð @Y-A^bUòðõ @ûµäò̀ ûde _ûAñ fûb icúKeY \òG, ~ûjû Rf Gaõ Rin e cògâY C_ùe
ò̂bðe Keò GKZûeê @iúc _~ðý« _eòa©òðZ jêGö

op-amp e _âùdûM :
@ûµäò̀ ûde :  Op-amps Gjûe _~ðýûdKê IfUûAaû icdùe GK A^_êUþ iòM^ûfKê aé¡ò Keò_ûeòaö
Gjò aò̂ ýûi @WòI _âKâòdûKeY Gaõ iòM^ûf KŠòi^òõùe aýû_K bûaùe aýajéZ jêGö
^ þ̂-A^bUòðõ @ûµäò̀ ûde : Gjò aò̂ ýûi A^_êUþ iòM^ûfê A^bUð ^Keò aé¡ò Keò[ûG, Cy A^_êUþ
_âZòùeû] Gaõ Kc @ûCU_êUþ _âZòùeû] _â\û^ Keò[ûG, GjûKê a`eòõ @û_äòùKi^ _ûAñ C_~êq Keò[ûGö

iõùl_ @ûµäò̀ ûde :
@_þ-@ûµè GKû]ôK A^_êUþ ùbûfùURþKê GKK @ûCU_êU ùbûfùURùe ù~ûM Keò_ûeòaûö Gjû @WòI
cògâY Gaõ iòM^ûf _âKâòdûKeY @û_äòùKi^ùe C_ù~ûMú ù~CñVûùe GKû]ôK iòM^ûfKê cògâY KeòaûKê
_Wÿò[ûGö

ò̀fÖe  :
@_þ-@ûµè aòbò̂ Ü _âKûee _òfÖe Zò@ûeò KeòaûKê aýajéZ jêG, ù~Cñ[ôùe ùfû-_ûiþ, jûA-_ûi Gaõ
aýûŠ-Á_þ `òfÖe @«bêðqö Gjò `òfÖeMêWÿòK @WòI _âKâòdûKeY, ù~ûMûù~ûM _âYûkú Gaõ iòM^ûf
KŠòi^òõùe @ZýûagýKö

ZêkK :
@_þ-@ûµè ZêkK bûaùe Kû~ðý Keò_ûeòa, \êAUò A^_êUþ ùbûfùURþ Zêk^û Keò Gaõ ùKCñ A^_êUþ
@]ôK Zûjû iìPûA GK WòRòUûfþ @ûCU_êUþ _â\û^ Keò_ûùeö Gjò @û_äòùKi^þ @û^ûfMþ-Uê-WòRòUûf
K^bUðe (ADCs) Gaõ ù[âiùjûfØ PòjÜU iKòðUùe iû]ûeYö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  92  ]

ic ß̂d Gaõ _û[ðKý :
@_þ-@ûµè ic^ßd Gaõ _û[ðKý _eò MûYòZòK Kû~ðý Keò_ûeòa, ~ûjû ùicû^uê @û^ûfMþ KµêUòõ
@û_äòùKi^ùe C_ù~ûMú Keò[ûGö

fMûeò\còKþ @ûµäò̀ ûdið :
Gjò @_þ-@ûµèMêWÿòK fMûeò\còKþ iòM^ûf _âKâòdûKeY @ûagýK Keê[ôaû _âùdûMMêWÿòKùe aýajéZ jêG,
ù~_eòKò iòM^ûf iùwûP^ Gaõ WòKùµâi^ Gaõ gòÌ _âKâòdû ̂ òdªYùeö

ùbûfùURþ @ ê̂ieYKûeú :
a`e @ûµäò̀ ûdið bûaùe c¤ RYûgêYû, @_-@ûµèMWÿòKê _ìað _~ðýûd ùfûWþ ^Keò iKòðUe aòbò̂ Ü
_~ðýûeKê _é[K Keò Cy A^_êU _âZòùeû] Gaõ Kc @ûCU_êUþ _âZòùeû] _â\û^ KeòaûKê aò̂ ýûi
Keû~ûA_ûeòaö

@ ê̂ieY KeòaûKê [ôaû _âKâòdû  :
1. C_ùe \gðû~ûA[ôaû _eò iKòðUþ PòZâ iõù~ûM Ke«êö
2. ùUâ̂ eKê gqò Pûfê Ke«êö
3. 1v ùe iKòðUþ ùe A^_êUþ DC iòM^ûf _âùdûM Ke«êö (aûjý cfÖòcòUe iûjû~ýùe A^_êUþ

iòM^ûfKê cû_ Ke«ê)ö
4. ùbûfUcòUeùe @ûCU_êUþ ùbûfùURþ ù\L«ê ~ûjû +Ve Gaõ -Ve _ûgßð Cbd _Xÿò_ûeòùaö
5. @ûùc GVûùe +Ve iòM^ûf _âùdûM KeòQê Gaõ _~ðýùalY Keòaê ù~ @ûCU_êUþ EYûcôK ùjaö
6. ùUaêùfi^þ É¸ùe A^_êUþ Gaõ @ûCUþ_êUþ ùbûfùURþ Cbdùe _V^ ùeKWð Ke«êö
7. fûb  Vout /Vin MY^û Ke«ê Gaõ Zû©ßòK fûb ijòZ Zêk^û Ke«êö ~ûjû Rf , R1 e cìfý eLô _âû¯

Keû~ûA_ûeòaö
8. _V^e aòbò̂ Ü ùiUþ _ûAñ _âKâòdû _ê̂ ü _âÉêZ Ke«êö

V in Vout Theoretical gain (1+Rf/R1) Practical gain (Vout/Vin)

_eúlûe ùgh K[û :
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_eúlY ̂ õ. - 7
_eúlûe CùŸgý : @_-@ûµ ùK A^bUòðõ @ûeþ ̂ þ̂-A^bUòðõ Gµäò̀ ûdeþ jòiûùa aýajûe Keþcûö

Reêeú Rò̂ òhþ  :
_ûIßûe ù~ûMû þ̂ :

• Wê@ûfþ DC _ûIßûe i_äûG @ûAiò ^òdªòZþ  ±15Vdc, 150Maö
• DC _ûIßûe ù~ûMY IC ^òdªòZþ 0-12V DC, 150Ma ö
• cêLô@û _ûIßûe [ô _eòPûkòZþ 230V, 50Hz ±10%

^´e ù\Lûaûeþ còUe :
• ùbûfUþ còUe 20V

_ûù^fþ C_ùe fMû ùjA[ôaû Rò̂ òhMêWÿûK ùjCùQ :
• 741 IC (Op-amp)
• _âZòùeû]K
• Kýû_ûiòUe
• cfÖòcòUe

cìfþ K[û :
MêùU KûcþKeê[ôaûeþ Gµäò̀ ûdeþ ùjCùQ G«û Gµäò̀ ûdeþ, ù~ þ̂UûKeþ @]ôKû Lêfû fê_þ fûbþ, @]ôKû  A^_êUþ
_âZòùeû]þ, @ûCU_êUþ _âZòùeû] @ûC aWÿ ùaŠIßò[þ [ôiòö A \êAUû cêLô@û Gµäò̀ ûdeþ iKòðUþ ùK ~êùWA_ûeþiò;
1. A^bUòðwþ
2. ̂ ^þ-A^bUòðþwþ
_âûd iaê Kûcþ[ôaûeþ Gµäò̀ ûde iKòðUþ ùK A \êAUû cìfþ ùaaÉû C_ùe @û]ûe Keû~ûA@û]ûeòZö

A^bUòðõ Gµäò̀ ûde :
Zùk \ò@û~ûA[ôaûeþ iKòðUþ iaþKeþ̂ ê @]ôKû Kûcþ Keê[ôaûe Gµäò̀ ûde @ûGö A iKòðUþùe, A^_êUþ
iòM^ûfþ (-) Ucòð̂ ûfþùe ~êWÿû ùjAùQ, `òWþùaKþ Uû `òWþùaKþ UûKeþùe iõ~êq ùjA[ôiòö @bòGiÖþ
Kûc Keê[ôaûe Gµäò̀ ûdeþ ùK aýbûeþ KeòKò, A iKòðUþ e WòRûA þ̂ ùK Zùf ùfLû ~ûA[ôaû jòiûùa aòùgähY
Keû~ûA_ûeiòö
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ù~ùjZê Gµäò̀ ûdeþ ̂ ê @iúc fûbþ [ôiò, AUû Ròùeû A^_êUþ [ôùfaò AZûeþ @ûCU_êUþ ùbûfùURþ E0 aòKûgþ
Keþiòö Wò̀ ùe è̂ò@ûfþ A^_êUþ ùbûfùURþ Es (-) ùbûfùURþ ùK (+) ùbûfùURþ iùw icû̂ þ KeòKò MêùU
ùeRòÁeþ R Reò@û ̂ ê Zùf ~êWÿòKeò gì̂ þ Keû~ûCùQö ùj[ôeþ fûMò _êeû A þ̂_êUþ ùbûfþùURþ   Ein, Rin eùjaû
: Iin =Ein /Rin

AZûeþ iùw, ù~ùjZê @iúcþ A^_êUþ _âZòùeû]þ @ùQ  Is = 0  A þ̂_êUþ Kùe< Iin bò Rf  ù\AKeò ~òaû @ûC
If =Iin

@ûCUþþ_êUþ ùbûfùURþ E0, Rf  ̂ ê eùjaû @ûC Gµäò̀ ûdeþ ùe iûA þ̂ A^bið̂  fûMò EYûcôKþ ùjAùQö E0 @ûC
Rf  ùe Ucð[ôeê @ûe¸ KeòKò If   = - E0 / Rf

ù~ùjZê Kùe<þ If = Iin, @ûùc  Ein /Rin = -Eo/Rf    Kjò_ûeþcû     Ein / Eo =-Rf /Rin =AVo
AUû A þ̂bUòðõ Gµäò̀ ûdeþ fûMò fûb AKêGi þ̂ ù\CùQ, ù~ þ̂Uû 0 [ô @ùgh ZKþ a\þùfA ùjA_ûeiòö

Kûcþ Keþaûeþ fûMò ùUâ̂ e KòUþ̂ ê iKòðUþ PòZâ:
_ûf þ̂ Keþaûeþ ZeòKû :
1. C_ùe \ò@û~ûA[ôaûeþ iKòðUþ PòZâ ùK ~êWê̂ þö
2. ùUâ̂ eþ̂ òùK fûA þ̂ ~êWê̂ þö
3. 1v A^_êUþ iòM^ûf ù\C þ̂ö (cfÖòcòUe [ô iòM^ûf ùK cû_ê̂ þ)ö
4. ùbûfUcòUeþ ̂ ê @ûCU_êUþ ùbûfùURþ ù\Lê̂ þ ù~ þ̂Uû +Ve @ûC -Ve \êjòUû _Xÿò_ûeþiòö
5. @ûùc AZûeþ bòZþùe +Ve iòM^ûfþ ù\AQê, ¤û þ̂ ù\aûùK _Wþaû ù~ @ûCU_êUþ EYûcôKþ ùjaûö
6. A^_êUþ @ûC @ûCUþ_êUþ ùbûfùURþ \êjòUûùK ùUaêfþ [ô ùfLê̂ þö
7. fûb aûjûeþ Keê̂ þ @ûC [ôIeòUòKûfþ fûbþ ijòZ Zêfþ̂ û Keê̂ þ, ù~ þ̂Uû Rf  @ûC R1 ̂ ê aûjûeþaûö
8. @fþMû @fþMû ùiUþ fûMò C_þeeþ ZeòKûùK @ûC[ùe Keê̂ þö

V in Vout Theoretical gain (Rf/R1) Practical gain (Vout/Vin)

^ þ̂-A^bUòðõ Gµäò̀ ûdeþ :
@û\gðþ @_-@ûµe \êiâû Kûcþ ùjCùQ ̂ þ̂-A^bUòðõ Gµäò̀ ûdeþ, ù~ þ̂Uû Kò PòZâùe ù\Lû~ûAùQö A iKòðUþ [ô,
ùbûfùURþ Ein ùK (+) A^_êUþùe fMû~ûAiò @ûC @ûCUþ_êUþ iòMþ̂ ûfþe MêùU @õg Eo, Rf-Rin ùbûfùURþ
WòbûAWeþ eê (-) A^_êUþ ̂ ê fMû~ûGiòö
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ù~«ûKò ùK þ̂iò A^_êUþ aûGiþ Kùe<þ \êjò A^_êUþ Ucòð̂ ûfþù^ ̂ ûAñ aùj (KûjóKò̂ û Ri @û\gð jòiûùa
@iúcþ), @ûC Es = 0 ù~«ûKò, ùbûfùURþ Ein, E iùw icû þ̂ ùi[ôeþfûMò

Rin*Bo-Ein(Rin+Rf)

Eo/Ein=1+Rf/Rin=AVo

AUû @û\gð ̂ þ̂-A^bUòðõ Gµäò̀ ûdeþ fûMò fûbþ icúKeY ù\iò, ~ûjû Rf @ûC Rin e cògâYþ C_þùe ̂ òbðe Keþiò
@ûC MêùU ̂ ê @iúcþ ZKþ a\fþiòö

op-amp e aýajûe :
Gµäò̀ ûdeþ :  Op-amps _~ðýûdùK CfþUûiò @ûeê A^þ_êUþ iòMþ̂ ûfþùK aùXÿA _ûeþiòö A aò̂ ýûiþ @WòI
KûcþKûeú @ûC iòMþ̂ ûfþ KŠòi ò̂õù^ ajêZ ùagò aýajûeþ ùjiòö

^ þ̂-A^bUòðõ Gµäò̀ ûdeþ : A aò̂ ýûi A^_êUþ iòMþ̂ ûfþùK A þ̂bUð ̂ ûAñ Keò Kò aXÿûiò, Cyû A þ̂_êUþ _âZòùeû]þ
@ûC Kcþ @ûCU_êUþ _âZòùeû]þ ù\iò, AUû a`eòõ @û_äòùKi þ̂ VòKþ aýajûe ùjA_ûeþiòö

iõùl_ Gµäò̀ ûdeþ :
@_þ-@ûµè GKû]ôKþ A^_êUþ ùbûfùURþùK MêùU iòwfþ @ûCU_êUþ ùbûfùURþù^ ù~ûMþ Keò_ûeþiòö
AUû @WòI cògâYþ @ûC iòMþ̂ ûfþ KûcþKûeú @û_äòùKi þ̂ù^ \eþKûeþ ù~ þ̂[ô GKû]ôKþ iòMþ̂ ûfþùK cògûaûùK _Wþÿiòö

ò̀fÖe  :
@_þ-@ûµè @fþMû @fþMû eKcþe _òfÖe a^ûaûùK aýajûeþ ùjiò, ù~^þ[ô ùfû-_ûiþ, jûA-_ûi @ûC
aýûŠ-Á_þ `òfÖe cògòKeò @ùQö A `òfÖeþMêWÿûK @WòI KûcþKûeú, ù~ûMûù~ûMþ iòÁcþ @ûC iòMþ̂ ûfþ
KŠòi ò̂õù^ ajêZþ Reêeú @û þ̂ö

Zêfþ̂ ûKeú :
@_þ-@ûµè Zêfþ̂ ûKeú jòiûùa Kûcþ Keò_ûeþiò, \êAUû A^_êUþ ùbûfùURþ Zêfþ̂ û Keò Gaõ ùK þ̂Uû ùagò ùiUû
ù\ùLA Keò WòRòUûfþ @ûCU_êUþ ù\A_ûeþiòö A Kûcþ G^ûfMþ-Uê-WòRòUûfþ K þ̂bUðeþ (ADCs) @ûC ù[âiùjûfØ
PòjÜUþ iKòðUþù^ iû]ûeYþ @ûGö

ic ß̂d @ûC @fþMû :
@_þ-@ûµè ic ß̂dþ @ûC @fþMû _eòò MûYòZòKþ Kûcþ Keò_ûeþiò, ù~ þ̂Uû Kò ùicû̂ þKê @û̂ ûfMþ KµêUòõ @û_äòùKi þ̂ù^
\eþKûeò Keûiòö
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fMûeò\còKþ Gµäò̀ ûdiþð :
A @_þ-@ûµèMêWÿûK fMûeò\còKþ iòMþ̂ ûfþ KûcþKûeú \eKûeþ Keê[ôaû Kûcþcû̂ þKê aýajûeþ ùjiò, ù~«ûKò iòMþ̂ ûfþ
iõKêP þ̂ @ûC WòKùµâi þ̂ @ûC gòÌ Kûcþ ̂ òdªYþù^ fûMþiòö

ùbûfùURþ @ ê̂ieYþKûeú :
a`eþ Gµäò̀ ûdiðþ jòiûùa aò RYûgêYû, @_-@ûµèMWÿûK @ûM _~ðýûdþ ùfûWþ ̂ ûAñKeò iKòðUe @fþMû @fþMû
_~ðýûeùK @fþMû Keò Cyû A þ̂_êUþ _âZòùeû] @ûC Kcþ @ûCU_êUþ _âZòùeû] ù\aûùK aò̂ ýûi Keû~ûA_ûeþiòö

@ ê̂ieYþ KeþaûùK [ôaû ZeòKû  :
1. C_ùe \ò@û~ûA[ôaûeþ iKòðUþ aûMòeþ Zûeþcûù^ ù~ûMþ Keö
2. ùUâ̂ eKê gqò Pûfê Keê̂ þö
3. 1v  iKòðUþ ù^ A^_êUþ DC iòMþ̂ ûf ù\C þ̂ö (cfÖòcòUe [ô A^_êUþ  iòMþ̂ ûfþ ùK cû_ê̂ þ)ö
4. ùbûfUþcòUeù^ @ûCU_êUþ ùbûfùURþ ù\Lê̂ þ ù~ þ̂Uû +Ve @ûC -Ve ùjA_ûeþaûö
5. @ûùc GVûù^ +Ve iòMþ̂ ûfþ fùMAQêñ, @ûC ù\Lþcû ù~ @ûCUþ_êUþ aò EYûcôK ùjaûö
6. ùUaêfûeþþ É¸ù^ A^_êUþ @ûC @ûCUþ_êUþ ùbûfùURþ \êjòUûùK ùfLê̂ þö
7. fûb  Vout /Vin MY^û Keê̂ þ @ûC Zû©ßòKþ fûb iõùM Zêkþ̂ û Keê̂ þö ù~ þ̂Uû Rf , R1 e cìfý ùK ù^A

Keò ùjA_ûeþaûö
8. @fþMû @fþMû ùiUþ fûMò C_eeþ Kûcþ @ûC[ùe Keê̂ þö

V in Vout Theoretical gain (1+Rf/R1) Practical gain (Vout/Vin)

_eúlûeþ ùghþ K[û :
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Experiment No. : 8
DIGITAL AND ANALOG BREAD BOARD TRAINER

TRAINER : It is specially design for the doing experiments in digital electronics lab. Where integrated
circuits(ICs) are easily available. Students can easily perform experiments on this trainer. Various input
signal and output indicators are available on the trainer itself.

LOGIC INPUT SWITCHS
These switches are used to provide input to various logic gates. When the switch is brought towards 1 it
indicate high level which is represented as logical 1 and when the switch is brought towards 0, it indicates
low level (Ground Level) which is represented as Logical 0. That means from just on switch, you can get
either Logical () to 1 depending upon the position of the switch.

4 data input switches with 2 points to connect the output. From 2 mm socket of input logic switch you can
connect the 0/1 logic input of the circuit where the logic input 0/1 required.

OUTPUT INDICATOR
Here Seven Segment Display is used as logic level indicator to observer the output state of logic.

The logic output indicator can be used with TTL and CMOS logic with built in protection in the trainer
itself. The logic indicator need not to connect GND and external series resistor it is provided internally.
You just connect your logic output to the logic output indicator directly, it directly shows you the status
either low or high. O state no led with glow or 1 status indicates that LED will glow.

It is built in regulated power supplies, bread boards 2 nos. 4 logic input switches, and 2 output indicators

GATE:
A gate is defined as a logic circuit with one output and two (or) more logic inputs. The output signal occurs
only for combinations of input variables.

There are basically 3 logic gates
a.AND Gate,    b. OR Gate c. NOT Gate

These 3 gates are called as fundamental gates, because these gates form the building block for most
probably in all digital circuits. From these fundamental gates other three gates are derived. They are called
derived gates.
a.NAND Gate, b. NOR Gate c. XOR Gate

These logic gates are generally termed as decision making elements.

BASIC GATES:

AND GATE
An AND gate has two (or) more logic inputs and single output. Its output assumes ‘1’ state if and only if
all the input variables assume ‘1’ state. An AND gate is represented by the standard symbol as given
below.

(Symbol Of AND GATE)
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EXPERIMENT - i :

AIM : To construct and verify the truth table of the AND Gate.

Procedure:

•  Connect the Al and B1 (pin no. 1 and 2) to logic input using patch chord provided.
•  Connect the Y1 (pin No. 3) to logic output le. LED Indicators
•  Give the logic input low (or) high using SPDT switches and verify the output using LED Indicators

Result:
The AND-GATE is configured and the truth is verified.

OR GATE;
An OR gate has two (or) more logic inputs and single output its output assume ‘1’ state if one or more or
all the input variables assume “1' state. An OR gate is represented by the standard symbol as given below.

Symbolic diagram of OR GATE
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EXPERIMENT - ii:

AIM: To construct and verify the truth table of 2 input “OR’ Gate.

Procedure:

1. Connect the Al and B1 to logic input of low (or) high.

2. Connect the Y1 to logic output of LED indicator.

3. Give the logic input low (or) high and note the output through LED indicator.

4. Thus verify the truth table

(c) NOT GATE

NOT Gate has single input and single output. It output assumes ‘1’ state, if the input assumes O’ level state
or vice versa. It is also known as complementing circuit (or) inverter. The symbol of NOT Gate is given
below.

Thus verify the truth table.
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EXPERIMENT - iii :

AIM : To construct and verify the truth table of NOT Gate.

Procedure :

• Connect the A1( Pin no. 1) to the logic INPUT low (or) High 2. Connect B1 (Pin no. 2) to the
logic output of LED indicators.

• Give the logic input low (or) high and verify the truth table.

DERIVED GATE

(a) NAND GATE

NAND Gate has more than two inputs and single output. The combination of NOT gate and an AND gate
is called as NAND Gate. The symbol of NAND Gate is given below.
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EXPERIMENT - iv

Aim of the experiment:
To construct and verify the truth table of NAND Gate.

Procedure:
•   Connect the Al and B1 (pin land 2) to the logic INPUT high (or) low.
•   Connect the output Y1 (pin 3) (S61) to the output LED indicators.
•   Give the logic inputs and verify the truth table as mentioned above.

NOR Gate
The combination of OR Gate and NOT gate results NOR Gate. The symbol of NOR Gates is given.

EXPERIMENT - v

AIM : To construct and verify the truth table of NOR Gate.

Procedure:

1. Connect the Al and B1 (pin no. 1 and 2) to the logic INPUT high (or) low.

2. Connect Y1 (pin 3) to the logic output LED indicator.

3. Give the logic inputs and verify the truth table.
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EXCLUSIVE OR GATE:

It has two (or) more inputs and single output. The output of exclusive OR gate stands ‘1’ state if odd
number of inputs stands at ‘l’ level. The symbolic representation of Exclusive-OR gate is given below

Symbol of XOR Gate

The XOR gate expressions can be represented as the truth table of XOR gate is given as

EXCLUSIVE NOR GATE:

It is nothing but Exclusive OR Gate followed by NOT gate. The output of the Exclusive NOR gate stands
at ‘1’ level if either even number of inputs stands at ‘1’ level or all the inputs stand at ‘0’ level.

The symbolic representation and truth table for the Ex-NOR is as shown below
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EXPERIMENT - vi

AIM : To construct and verify the truth table of EX-OR Gate.

Procedure:

1. Give the Connections of logic INPUT to A1 and B1 (pin no. 1 and 2).

2. Connect Y1 (pin 3) to the logic output LED indicator.

3. Give the logic input of high (or) low and verify the truth table.

Result:

Thus the truth table of EX-OR is verified.

Conclusion:
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_eúlY ^õ. - 8

WòRòUûf Gaõ @û^ûùfûM ùaâW ùaûWð _âgòlK
_âgòlK : Gjû WòRòUûf Aùfûp^òKè fýûae _eúlY Keòaû _ûAñ ÊZª bûaùe WòRûA^þ Keû~ûAQòö
ù~CñVûùe Aù<ùMâùUWþ iKòðUþ ijRùe C_f²ö QûZâcûù^ Gjò _âgòlKùe ijRùe _eúlY Keò_ûeòùaö
_âgòlKùe aòbò̂ Ü A^_êUþ  iòM^ûf Gaõ @ûCU_êUþ iìPK C_f²ö

fRòKþ A^_êUþ ÊòPþMêWÿòK :
Gjò ÊòPþMêWÿòK aòbò̂ Ü fRòKþ ùMUþMêWÿòKê A^_êUþ _â\û^ Keòaû _ûAñ aýajéZ jêGö ù~ùZùaùk ÊòPþKê 1
@ûWÿKê @Yû~ûG, Gjû Cy ÉeKê iìPòZ Kùe ~ûjû fRòKûfþ 1 bûaùe \gðû~ûG Gaõ ù~ùZùak
ÊòPþKê 0 @ûWÿKê @Yû~ûG, Gjû ^òcÜ Ée (bìcò Ée)Kê iìPòZ Kùe ~ûjû fRòKûfþ 0 bûaùe \gðû~ûGö
Gjûe @[ð ùjCQò ùKak ÊòPþeê, @û_Y ÊòPþe iÚòZò C_ùe ^òbðe Keò fRòKûfþ 0 eê 1 _~ðý«
_ûA_ûeòùaö

@ûCU_êUþ iõù~ûM Keòaû _ûAñ 2 _G< ijòZ 4Uò WûUû A^_êUþ ÊòPþö A þ̂_êUþ fRòKþ ÊòPþ e 2 mm iùKUeê
@û_Y iKòðUe 0/1 fRòKþ A þ̂_êUþ iõù~ûM Keò_ûeòùa ù~CñVûùe fRòKþ A^_êUþ 0/1 @ûagýKö

@ûCUþ_êUþ iìPK :
GVûùe fRòKe @ûCU_êUþ @aiÚû _~ðýùalY Keòaû _ûAñ fRòKþ Ée iìPK bûaùe ùiùb^þ ùiMùc<
Wòiþù_ä aýajûe Keû~ûGö

fRòKþ @ûCU_êUþ iìPKKê ùUâ̂ eùe [ôaû iêelû ijòZ TTL Gaõ CMOS fRòKþ ijòZ aýajûe
Keû~ûA_ûeòaö fRòKþ iìPKKê GND Gaõ aûjý iòeòRþ ùeRòÁeKê iõù~ûM Keòaû @ûagýK ̂ ûjó ~ûjû
@ûbý«eúY bûaùe _â\û^ Keû~ûAQòö @û_Y ùKak @û_Yue fRòKþ @ûCU_êUþ Kê fRòKþ @ûCU_êUþ
iìPK ijòZ iò]ûikL iõù~ûM Ke«ê, Gjû @û_Yuê iò]ûikL ̂ òcÜ Kò́ û Cy iÚòZò ù\LûGö 0 ùÁUþ ù^û
led ùMäû ijòZ Kò́ û 1 iÚòZò iìPûA[ûG ù~ LED PcKòaûö

Gjû ^òdªòZ _ûIßûe i_äûG, ùaâWþ ùaûWð 2 Uò 4Uò fRòKþ A^_êUþ ÊòPþ Gaõ 2Uò @ûCU_êUþ iìPKùe
^òcòðZö

ùMUþ :
ùMûUòG @ûCU_êUþ Gaõ \êAUò (Kò́ û) @]ôKûfRòKþ A^_êUþ ijòZ GK fRòKþ iKòðUþ bûaùe GK ùMUþ Kê
_eòbûhòZ Keû~ûGö @ûCU_êUþ iòM^ûfþ ùKak A^_êUþ ùbeòGafþ e cògâY _ûAñ ùjûA[ûGö

cìkZü 3Uò fRòKþ ùMUþ @Qò -
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K. GŠþ ùMUþ, L. @eþ ùMUþ M. ̂ Uþ ùMUþ

Gjò Zòù^ûUò \ßûeKê ùcøkòK \ßûe Kêjû~ûG, KûeY Gjò \ßûeMêWÿòK i¸aZü icÉ WòRòUûfþ iKòðUþ _ûAñ
^òcðûY aäKþ MV^ Ke«òö Gjò ùcøkòK \ßûeMêWÿòKeê @^ý Zòù^ûUò \ßûe C_ô̂ Ü jêGö ùicû^uê C_ô̂ Ü \ßûe
Kêjû~ûGö
K. ù^Šþ ùMUþ  L. ^eþ ùMUþ M. GKè@eþ ùMUþ
Gjò fRòKþ ùMUMêWÿòKê iû]ûeYZü ^ò¿ ò ù^aûe C_û\û^ bûaùe Kêjû~ûGö

ùcøkòK ùMUþ :
GŠ ùMUþ :
GK GŠþ ùMUþùe \êAUò (Kò́ û) @]ôK fRòKþ A^_êUþ Gaõ GKK @ûCU_êUþ [ûGö ~\ò icÉ A^_êUþ
ùbeòGafþ ‘1’ @aiÚû MâjY Ke«ò ùZùa Gjûe @ûCU_êUþ ‘1’ @aiÚû MâjY Kùeö GK GŠþ ùMUþKê
^òcÜùe \ò@û~ûA[ôaû cû^K _âZúK \ßûeû \gðû~ûA[ûGö

(GŠ ùMUþe _âZúK)
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_eúlY - i
flý : GŠþ ùMUþe iZý ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
_â\û^ Keû~ûA[ôaû _ýûPþ KWð aýajûe Keò  A1 Gaõ  B1 (_ò̂ þ ̂ ´e 1 Gaõ 2) Kê fRòKþ A^_êUþ ijòZ
iõù~ûM Ke«êö

Y1 (_ò̂  ^´e3) Kê fRòKþ @ûCU_êUþ LED iìPK ijòZ iõù~ûM Ke«êö

Giþ _ò Wò Wò ÊòPþ aýajûe Keò fRòKþ A^_êUþ Kê Kcþ (Kò́ û) Cy \ò@«ê Gaõ LED iìPK aýajûe Keò
@ûCU_êUþ ~û* Ke«êö

`kû`k :
 @eþ ùMUùe \êAUò (Kò́ û) @]ôK fRòKþ A^_êUþ [ûG Gaõ ùMûUòG @ûCU_êUþ ‘1’ @aiÚû ]eò[ûG ~\ò ùMûUòG
Kò́ û Kò́ û @]ôK Kò́ û icÉ A^_êUþ ùbeòGafþ ‘1’ @aiÚû ]eò[ûG GK OR ùMUþ ̂ òcÜùe \ò@û~ûA[ôaû cû̂ K
_âZúK \ßûeû _âZò̂ ò]ôZß Keû~ûGö

( OR ùMUþe _âZúK)
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_eúlY - ii
flý : \êAUû A^_êUþ “@eþ ùMU”e iZý iûeYú ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
1. A1 Gaõ  B1 Kê ̂ òcÜ (Kò́ û) Cye fRòKþ A^_êU ijòZ iõù~ûM Ke«êö

2. Y1 Kê LED iìPKe fRòKþ @ûCU_êUþ ijòZ iõù~ûM Ke«êö

3. fRòKþ A^_êUþ Kê ̂ òcÜ (Kò́ û) Cy \ò@«ê Gaõ LED iìPK cû¤cùe @ûCU_êUþ Uò®Yú Ke«êö

4. Gjò_eò iZý iûeYú ~û* Ke«êö

^Uþ ùMUþ :
^Uþ ùMUþùe GKK A^_êUþ Gaõ GKK @ûCU_êUþ @Qòö ~\ò A^_êUþ ‘0’ Éee iÚòZò MâjY Kùe Kò́ û aò_eúZ
jêG, ùZùa Gjû @ûCU_êUþ ‘1’ @aiÚû MâjY Kùeö GjûKê _eò_ìeK iKòðUþ (Kò́ û) A^bUðe bûaùe c¤
RYûgêYû ̂ Uþ ùMUþe _âZúK Zùk \ò@û~ûAQòö

ùZYê iZý iûeYú ~û* Ke«êö

_eúlY - iii
flý : ̂ Uþ ùMUe iZý iûeYú ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
• A1 (_ò̂ þ ^´e 1) Kê fRòKþ A^_êU ̂ òcÜ (Kò́ û) Cy ijòZ iõù~ûM Ke«êö 2.B1 (_ò̂ þ ̂ ´e) Kê

LED  iìPKMêWÿòKe fRòKþ @ûCU_êUþ ijòZ iõù~ûM Ke«êö

• fRòKþ A^_êUþ Kê Kcþ (Kò́ û) Cy \ò@«ê Gaõ iZý iûeYú ~û* Ke«êö
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C_ô̂ Ü ùMUþ
(K) ̂ ûõW ùMUþ

NAND ùMUþùe \êAUòeê @]ôK A^_êUþ Gaõ GKK @ûCU_êUþ @Qòö NOT ùMUþ Gaõ GK AND ùMUþ e
cògâYKê NAND ùMUþ Kêjû~ûGö

NAND ùMUþe _âZúK Zùk \ò@û~ûAQò

_eúlY - iv
flý : NAND ùMUe iZý iûeYú ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
• A1 Gaõ B1 (_ò̂ þ 1 Gaõ 2) Kê fRòKþ A^_êU Cy (Kò́ û) ^òcÜ ijòZ iõù~ûM Ke«êö

• @ûCU_êUþ  Y1 (_ò̂ þ 3) (S61) Kê @ûCU_êUþ LED  iìPK ijòZ iõù~ûM Ke«êö

• fRòKþ A^_êUþ \ò@«ê Gaõ C_ùe CùfäL Keû~ûA[ôaû iZý iûeYú ~û* Ke«êö

NOR ùMUþ
OR ùMUþ NOT ùMUþe cògâY NOR ùMUþ _eòYûc \òGö NOR ùMUþe _âZúK \ò@û~ûAQòö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  109  ]

_eúlY - v
flý : NOR ùMUe iZý iûeYú ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
1. A1 Gaõ B1 (_ò̂ þ ^´e 1 Gaõ 2) Kê fRòKþ A^_êU Cy (Kò́ û) ^òcÜ ijòZ iõù~ûM Ke«êö

2. Y1 (_ò̂ þ 3) Kê fRòKþ @ûCU_êUþ LED  iìPK ijòZ iõù~ûM Ke«êö

3. fRòKþ A^_êUþ \ò@«ê Gaõ iZý iûeYú ~û* Ke«êö

GKèKäëiòbþ Kò́ û ùMUþ :
G[ôùe \êAUò (Kò́ û) @]ôK A^_êUþ Gaõ GKK @ûCU_êUþ @Qòö ~\ò aòhc iõLýûe A^_êUþ ‘1’ Éee  ejò[ûG,
ùZùa GKèKäëiòbþ OR ùMUþe @ûCU_êUþ ‘1’ iÚòZòùe ejò[ûGö GKèKäëiòbþ OR  ùMUþe _âZúKûcôK _âZò̂ ò]ôZß

ò̂cÜùe \ò@û~ûAQòö

GKèKäëiòbþ NOR ùMUþ :
Gjû GKèKäëiòbþ OR ùMUþ _ùe NOT ùMUþ aýZúZ @ûC KòQò ̂ êùjñö ~\ò A^_êUþe ~êMà iõLýû ‘1’ Éeùe [ûG
Kò́ û icÉ A^_êUþ ‘0’ Éeùe [ûG, ùZùa GKèKäëiòbþ ù^ûeþ ùMUþe @ûCU_êUþ ‘1’ Éeùe [ûGö

XOR  ùMUþe iZý iûeYúKê Gjò_eò bûaùe \gðû~ûA_ûeòa
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Ex-NOR  _ûAñ iûùuZòK _âZò̂ ò]ôZß Gaõ iZý iûeYú ̂ òcÜùe \gðû~ûA[ôaû _eòö

_eúlY - vi
flý : EX-OR ùMUe iZý iûeYú ̂ òcðûY Gaõ ~û* Keòaûö

_âKâòdû :
1. A1 Gaõ B1 (_ò̂ þ ^´e 1 Gaõ 2) Kê fRòKþ A^_êUþe iõù~ûM Ke«êö

2. Y1 (_ò̂ þ 3) Kê fRòKþ @ûCU_êUþ LED  iìPK ijòZ iõù~ûM Ke«êö

3. Cy (Kò́ û) ̂ òcÜe fRòKþ A^_êUþ \ò@«ê Gaõ iZý iûeYú ~û* Ke«êö

`kû̀ k:
EX-OR e iZý iûeYú ~û* Ke«êö

ùgh K[û QûZâ/QûZâú ̂ òùR ùfLôùa:
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_eúlY ^õ. - 8

WòRòUûfþ @ûC G^ûfMþ ùaâWþ ùaûWð _âgòlKþ
_âgòlKþ : AUû WòRòUûfþ Aùfûp ò̂Kè fýûaþe _eúlYþ Keþaûeþ fûMò WòRûA þ̂ Keû~ûAùQö ù~ þ̂[ôùe Aù<ùMâùUWþ
iKòðUþ (ICs)  ijùR còfò~ûGiòö QûZâ/QûZâúcûù^ A _âgòlKþ [ô ijùR _eúlYþ Keò_ûeþùaö _âgòlKþ [ô @fþMû
@fþMû A þ̂_êUþ  iòMþ̂ ûfþ @ûC @ûCUþ_êUþ iòMþ̂ ûfþ aò @ùQö

fRòKþ A þ̂_êUþ ÊòPþcûù^ :
A iêAPþcûù^ @fþMû @fþMû fRòKþ ùMUþ ùK A þ̂_êUþ ù\aûeþ fûMò aýajéZ Keû ùjiòö ù~ùZùaùf iêAPþùK
iìPòZ Ke Keþiò ù~^þUû fRòKûfþ 1 afò  R^û~ûGiò, @ûC ù~ùZùaf iêAPþ ùK 0 @ûWþùK @^û~ûGiò,
ùiUû ̂ òcÜ Ée (bìcò Ée) ùK iìPòZ Keþiòö ù~ þ̂Uû fRòKûeþ 0 afò R^û~ûGiòö AZûeþ cûù^ ùjCùQ ùKafþ
MêùU iêAPþ ̂ ê Zùc fRòKûfþ 0 Kò́ û 1 _ûA_ûeþa, ù~^þUû iêAPþe ù_ûRòi^þ C_þùe ̂ òbðeþ Keþiòö

@ûCU_êUþ ~êWþaûeþ fûMò 2 _G<þ iùw 4Uû WûUû A þ̂_êUþ iêAPþ @ùQö A þ̂_êUþ fRòKþ iêAPþ e 2còcò iùKUþ
[ô iKòðUþe 0/1 fRòKþ A þ̂_êUþ ùK ~êWÿò_ûeþa ù~ þ̂Vûù^ fRòKþ A^_êUþ 0/1 \eKûeþ _Wþiòö

@ûCUþ_êUþ iìPK :
AVûù^ ùiùb þ̂ ùiMþùc<þ Wòiþù_ä fRòKþ ùfùafþ ù\Lûaûeþ fûMò ùabûeþ Keû~ûCùQ, ù~«û fRòKþeþ
@aiÚûùK Rû̂ òùjiòö

fRòKþ @ûCU_êUþ iìPK ùK ùUâ̂ e bòZþùe [ôaûeþ iêelû iûùw TTL @ûeþ CMOS fRòKþ iûùw aýajûeþ
Keû~ûA_ûeþiòö A fRòKþ iìPKùK MâûCŠþ @ûeþ aûjûeþ iòeòRþ ùeRòÁe iõùM ~êWþaûeþ \eþKûeþ ̂ ûAñ, AUû
bòZþùe jó [ôiòö Zêùc Lûfò Zêceþ fRòKþ @ûCU_êUþ ùK fRòKþ @ûCU_êUþ iìPKþ ijòZ iò]ûikLþ ~êWÿ, ùiUû
ZêcþùK ÁûUiþ iò]û ù\Lûaû ù~ ̂ òyû @ùQ Kò Cyû @ùQö 0 ÁûUiþ [ôùf ùK^iò LED Rfþaû ù^Añ @ûC 1
ÁûUiþ LED RfûaûùK iìPûiòö

A[ôeþ ̂ òdªòZþ _ûIßûe i_äûG @ùQ, 2 Uû ùaâWþ ùaûWð @ùQ, 4Uû fRòKþ A^_êUþ iêAPþ @ùQ @ûC 2Uû
@ûCU_êUþ iìPKþ @ùQö

ùMUþ :
ùMUþ ùjfû MêùU fRòKþ iKòðUþ, ù~^þ[ôùe MêùU @ûCU_êUþ @ûC \êAUû (Kò́ û) @]ôKû fRòKþ A^þ_êUþ [ôiòö
@ûCU_êUþ iòM^ûfþ A^_êUþ ùbeòGafþe cògâY fûMò jòñ ùjiòö
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(GŠþ ùMUþe PòjÜ)

cìkZü 3Uû fRòKþ ùMUþ @ùQ -
K. GŠþ ùMUþ, L. @eþ ùMUþ, M. ^Uþ ùMUþ

A Zò̂ þUû ùMUþ cìfþ ùMUþ afò Kêjû~ûGiò, A[ôeþfûMò Kò A ùMUþcûù^ iaê WòRòUûf iKòðUþùK MXÿþaûeþ
cìfþ @û@^þö A cìfþ ùMUþ ̂ ê @ûC Zò̂ þUû ùMUþ aûjûeþ Keû~ûGiòö ùicû^þùK C_ô̂ þ ùMUþ afò Kùji þ̂ö

K. ù^Šþ ùMUþ  L. ^eþ ùMUþ M. GKè@eþ ùMUþ

A fRòKþ ùMUcû^þùK ̂ ò¿©ò ù^aûeþ Rò̂ òh afò Kêjû~ûGiòö

ùcøkòKþ ùMUþ :
GŠþ ùMUþ :
MêùU GŠþ ùMUþùe \êAUû Kò́ û @]ôKû fRòKþ A^_êUþ [ôiò @ûC MêùU @ûCU_êUþ [ôiòö A[ôeþ @ûCU_êUþ
‘1’ ùjaûeþ fûMò iaê A^þ_êUþ ùbeòGafþ ‘1’ ùjaû Reêeúö MêùU GŠþ ùMUþùK Zùf \ò@û~ûA[ôaûeþ
PòjÜ[ô ù\Lû~ûGiòö
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_eúlY - i
flý : GŠþ ùMUþe iZý iûeYú Zò@ûeþ Keþaûeþ @ûeþ Zûeþ ~û*þ Keþaûeþö

ZeòKû :
• A1 @ûC  B1 (_ò̂ þ ̂ ´e 1 @ûC 2) ùK ù_Pþ KWð [ô fRòKþ A^þ_êUþ ùK ~êWÿê̂ þö

• Y1 (_ò̂  ̂ ´e 3) ùK fRòKþ @ûCUþ_êUþ LED iìPKþ iùw ~êWêÿ̂ þö

• SPDT iêAPþ aýajûeþ Keò fRòKþ A^þ_êUþ ùK ^òyû Kò́ û Cyû ÉeþùK Keê̂ þ, @ûC LED iìPKþe
iûjûù~ý @ûCU_êUþ ù\Lê̂ þö

`kû`k :
GŠ ùMUþ aò̂ ýûiòZþ ùjAùQ @ûeþ Zûeþ iZý iûeYú ùK ~û*þ KeûMfûö

@eþ ùMUf :
@eþ ùMUþe \êAUû Kò @]ôKû fRòKþ A^_êUþ [ôiò @ûC MêùU iò̂ þMfþ @ûCUþ_êUþ [ôiòö ~\ò ùK^þiò MêùU
A^þ_êUþ ùbeòafþ ‘1’ ùÁUùK ~ûAiò, ùZùa AZûeþ @ûCU_êUþ ‘1’ ùK @ûiò~ûGiòö @eþ ùMUþùK
Zùf \ò@û~ûA[ôaû ÁûŠûWð cû̂ Kþ PòjÜû \ßûeû ù\Lû~ûGiòö

( OR ùMUþe _âZúK)
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_eúlY - ii
flý : \êAUû A^_êUþ “@eþ ùMU”e iZý iûeYú Zò@ûeþ Keþaûeþ @ûeþ Zûeþ ~û*þ Keþaûeþö

ZeòKû :
1. A1 Gaõ  B1 ùK ̂ òyû Kò Cyûe fRòKþ A^þ_êU iûùw ~êWÿê̂ þö

2. Y1 ùK LED iìPKþe fRòKþ @ûCU_êUþ iûùw ~êWê̂ þö

3. fRòKþ A þ̂_êUþ ùfû ̂ ûAùjùf jûA @ûC LED iìPKþ [ô @ûCUþ_êUþUûùK ̂ Reþ eLê̂ þö

4. G«û jó iZý iûeYú ùK ~û*þ Keê̂ þö

(M) ^Uþ ùMUþ :
^Uþ ùMUþ̂ ê MêùU A þ̂_êUþ @ûeþ MêùU @ûCU_êUþ [ôiòòö ~\ò A þ̂_êUþ ‘0’ ùfafþ ù^iò, ùiUûùjùf @ûCUþ_êUþ ‘1’
@aiÚû ù^iòö ~\ò A þ̂_êUþ ‘1’ ùfafþ ù^iò, ùiUûùjùf @ûCUþ_êUþ ‘0’ @aiÚû ù^iòö AUûùK _eò_ìeKþ iKòðUþ
^ûAùjùf A^bUðeþ afò aò Kêjû~ûGiòö ̂ Uþ ùMUþ e PòjÜ Zùf \ò@û ùjAùQö

ùj[ôeþ fûMò iZþ iûeYú ùK ~û*þ Keê̂ þö

_eúlY - iii
flý : ̂ Uþ ùMUþe iZþ iûeYú Zò@ûeþ Keþcû @ûC ~û*þ Keþcûö

ZeòKû :
• A1 (_ò̂ þ ^´e 1) ùK fRòKþ A^_êU ̂ òcÜ ̂ ûAñùjùf Cyû iûùw ~êWÿö 2.B1 (_ò̂ þ ̂ ´e 2) ùK

LED  iìPKþMêWÿûKeþ fRòKþ @ûCU_êUþ iûùw ~êWê̂ þö

• fRòKþ A^_êUþ ùK ̂ òcÜ ̂ ûAñùjùf Cyû @ûeþ iZþ iûeYú ~û*þ Keê̂ þö
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C_ô̂ Ü ùMUþ
(K) ^ûõWþ ùMUþ

NAND ùMUþù^ \êAUûeê @]ôKû A^_êUþ @ûeþ MêùU @ûCUþ_êUþ @ùQö NOT ùMUþ @ûeþ AND ùMUþ
cògòKeò NAND ùMUþ a^þiòö

NAND ùMUþe PòjÜû Zùf \ò@û~ûAùQö

_eúlY - iv
flý : NAND ùMUþe iZþ iûeYú Zò@ûeþ Keþ @ûeþ Zûeþ ~û* Keþcûö

ZeòKû :
• A1 @ûC B1 (_ò̂ þ 1 Gaõ 2) ùK fRòKþ A^þ_êUþ Cyû ̂ ûAñùjùf ̂ òcÜ iûùw ~êWê̂ þö

• @ûCUþ_êUþ  Y1 (_ò̂ þ 3) (S61) ùK @ûCUþ_êUþ LED  iìPKþ iûùw ~êWê̂ þö

• fRòKþ A þ̂_êUþ \ò@ @ûeþ C_þùe ùfLû ùjA[ôaû iZþ iûeYú ~û*þ Keê̂ þö

NOR ùMUþ
OR ùMUþ @ûeþ NOT ùMUþ cògòKeò NOR ùMUþ a þ̂iòö NOR ùMUþe PòjÜû \ò@û~ûAùQö



_âùdûMgûkû ̂ òùŸðgòKû / LABORATORY MANUAL

[  116  ]

_eúlY - v
flý : NOR ùMUþe iZþ iûeþYú Zò@ûeþ Keþcû @ûeþ Zûeþ ~û*þ Keþcûö

ZeòKû :
1. A1 @ûC B1 (_ò̂ þ ̂ ´e 1 @ûC 2) ùK fRòKþ A þ̂_êUþ Cyû ̂ ûAñùjùf ̂ òcÜ iûùw ~êWê̂ þö

2. Y1 (_ò̂ þ 3) ùK fRòKþ @ûCUþ_êUþ LED  iìPKþ iûùw ~êWê̂ þö

3. fRòKþ A^_êUþ \ò@ @ûC iZþ iûeþYú ~û*þ Keê̂ þö

GKèKäëiòbþ Kò́ û ùMUþ :
G[ô \êAUû ̂ ûAñùjùf @]ôKû A þ̂_êUþ @ûC MêùU @ûCUþ_êUþ [ôiòö ~\ò aòhc iõLýûeþ A þ̂_êUþ ‘1’ Ée[ô  eùjiò,
Zûùjùf GKèKäëiòbþ OR ùMUþe @ûCUþ_êUþ ‘1’ iÚòZò[ô eùjiòö GKèKäëiòbþ OR  ùMUþe _âZúKûcôKþ _âZò̂ ò]ôZß Zùk
\ò@û~ûAùQö

GKèKäëiòbþ NOR ùMUþ :
AUû MêùU GKèKäëiòbþ OR ùMUþ _ùe NOT ùMUþ fMûùf ~ûjû ùjaû ùiZû @ûGö ~\ò A þ̂_êUþe ~êMà iõLýûùe
‘1’ [ôiò ̂ ûAñùjùf iaê A þ̂_êUþ ‘0’ [ôiò, Zûùjùf GKèKäëiòbþ NOR ùMUþe @ûCUþ_êUþ ‘1’ ùjiòö

XOR  ùMUþe iZþ iûeþYúùK G«û bûùa \gðû~ûA_ûeþiò
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Ex-NOR fûMò iûùuZòKþ PòjÜ @ûeþ iZþ iûeþYú Zùk ù\Lû~ûA[ôaû jòiûùa ùjiòö

_eúlY - vi
flý : EX-OR ùMUþe iZþ iûeþYú Zò@ûeþ Keþcû @ûeþ Zûeþ ~û* Keþcûö

ZeòKû :
1. A1 @ûC B1 (_ò̂ þ ̂ ´e 1 @ûC 2) ùK fRòKþ A þ̂_êUþe iûùw ~êWê̂ þö

2. Y1 (_ò̂ þ 3) ùK fRòKþ @ûCUþ_êUþ LED  iìPKþ iûùw ~êWê̂ þö

3. Cyû ̂ ûAñùjùf ̂ òcÜ fRòKþ A þ̂_êUþ \ò@ @ûeþ iZþ iûeþYú ~û*þ Keê̂ þö

`kû̀ k:
EX-OR e iZþ iûeYú ~û*þ KeûMfûö

_eúlûeþ ùghþ K[û:




