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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 : Aresistor 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 resistorcan 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 : 4-Band-Code

2%, 5%, 10% I BEOk O £ 5%
e==a e —

15T BAND | 2'° BAND | 3% BAND | MULTIPLIER | TOLERANCE
o 40 0 10

0.1%, 0.25%, 0.5%, 1% O

Example : 5-Band-Code

Ifaresistor has Brwon, Green, Orange and Gold bands -
Br-1, G-5, O-10°, Gold - 5%
Value = 15 x 10 = 15kQ+5%

[1]
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Specification
. Resistors are available in power rating from 1/8W to 20W.
. Values are expressed in Q, kQ and MQ

(1kQ = 10°Q, 1 MQ = 10°Q)

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=¢A/d

where,

A=Areaof'the plates,

d = Distance between the plates,
€ = 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 10 pF = 1000 pF (i.e., 1 nF)

[2]
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Units:
IUF = 10°F
InF = 10°F
IpF = 10-"°F
Tolerance Code Table :
Code Tolerance
C +0.25 pF
D +0.5 pF
I 5%
+10%
M +20%
z +80% / —20%
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.

Cathode
-

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.

7

Anode (+) —Dl— Cathode ()

[3]
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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.

!iil !L
s e i
s sh A +
Anods 1 Cathode i o
i =

Cathode
11

(fig: zener diode as regulator)

|

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-

1=Emitter
2=Base .
3=Collector -

(@)

(b)

Identifying the base :

If one of the three terminals i.e. legs of the transistors is so chosen that conduction takes placein 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.

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.

[4]
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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.

SI. No.| Colour Code | Theoretical Value | Measured Value using DMM | Percentage of Error
1

2

3

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.

SI. No.|  Theoretical Value Measured Value using DMM Percentage of Error
1

2

3

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 (VQ).
* (+ve) such that the black one is in common an red probe is in (VQ) 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.
 Ifit conducts in one direction only, then the diode is in working order.
« Ifit conducts in both cases or does not conduct in both cases, then it is damaged.

S1. No. Diode type FB Voltage RB Voltage

[5]
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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(Q) such that

3.

the black on e is in common and red probe isn V (Q).

Connect any one of the legs ofthe transistor to the common and note the resistance value ofthe
multimeter by connecting the other lead (V(Q)) ofthe multimeter to the remaining two leads ofthe
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(Q)(+ve) of the multimeter.
Ifin 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(Q) 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.

. Ifthe 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 wth
the base is the collector.

(¢) 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.

S1. No. Transistor type V. Voltage V.. Voltage
1 NPN
2 PNP

Conclusion :

[6]
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A1 - €
QR QAR IRYFAR AUYD

QA : ALY AVRYC QUIRIPYPR - 60J0G 6QQRR (Resistor), 6@VIQS'R (Capacitor),
QIRBQ, (Diode), SIGRR (Transistor), LED 8 2@YIYR IQQL), Jo1R (Symbol), Q&1 Ie°
JBLIG IR AR @R |

QNS QAR =

. 60%Q

.6aJIAcR

. 21062 (21038 8 66X 62033
. SIPNQ

. PRSIR ARFISR

®» X 3 W0 ©

aeie :
0. 6QIYR Resistor : 6AINR 6R2RQ IR AERERIPG QUIRIR QIR KIF 6208 FQYE
IR JRIEG UIQIR PLRd @Rl Y9I Yae 8A (Q) 6 AUIAN | 648K
QIR Jal QP PR QIR G210 Y B TREQQ KSIKIN |

AL (Identification) :
1.  Colour Coded Resistor :

V@ JRI0Q 603060 Q& J6 QIR N2IR JRY, ARCING NQ° CREQQ 6N |
2.  Printer Resistor :

@ 90 10Q 62TR6R FRY RIIARS QUQER 6RE &N |

4-Band-Coda

Q&P 6@19, (Color Code) : 20, 5%, 10% M= 5500 & 5%
el = 1

§-Band-Code

[7]
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QRI2QE! : o 6T/ Brown, Green, Orange NQ° Gold J& 26@
Br- 1, G- 5, 0-10°, Gold - +5%

ARy =15 x 10° = 15kQ%5%

QAN :
. 69@%@@@@ 1/8W Q) 20W 0@@ @ YR QIR |
. Values are expressed in Q, kQ, MQ

. ARUEGR O, kQ, MQ 69 6RSICIN |
(1kQ = 10°Q, 1 MQ = 10°Q)

geqlel :
. QIR AR @8R! IR G RERERIAH IRTER QUL |

9. 6@AIAER (Capacitor) : 62TINCR 6268 1@ QUIRIP TI9I Ol6 AKH A6R |21 DCAUIRIR.
PoR RN AR ACURQIR J9I 69@EIN | Capacitance @ 0@ Farad (F)

60610 A=28R, d=90%|, € =0 IR IERRM SOV
AQQL :
PINEREM URE] ARQIEQ 6RAUITTR @GR IR IO -
PR, FAle@ !, 62QFe, Ife PR, EREBRNEER, SIKINA QGG |

\,‘
Ea

N

QYRR :
0. QEMERAIRRTR. RIPIR 8 QSR R 2lIN)
9. PP-RERCRIRRGR. (6IERIEIT CAIRIATER 8GR LIIN)
60 AIAC 04 PES) (Determining Capacitor Values)

Q212061 990 - 102K 661l & e 600IdceR 2F 6208
102K = 1,000 pF £10%

[8]
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6060 -
. 1st Significant Digit (QEF1 2T 2ARK) - 1
. 2nd Significant Digit (§61€ 2 2R) - 0
. Multiplier (QJ§l&) - 2 - 107
+  Tolerance (929 FI6Q) -K = +10%
69208, 661IS' @Y = 10 x 102 pF = 1000 pF (2115, 1 nF)

¥ee :
1UF = 10F
InF = 10°F
1pF = 10"°F

6C16REQYQ 6R1Q, QIQ&| (Tolerance Code Table) :
6019 (Code) I2Q A (Tolerance)

Code Tolerance
C +0.25 pF
D +0.5 pF
J +5%

+10%
M £20%
Z +80% / —20%

daediol

Q. QYR ARGER ?

9. ACURUR I A0 AR (Bypass capacitor) |
M. DCUIRIR AT IR AR (Blocking capacitor) |

M. 2IRBQ (Diode) : 9@ 6AFRLRR QLRIP QIR 1UIRIQ AR 6616° GFEQ A KRN |
92| P-N Junction QC6R 2RIAG | I6LIF! : 6QRPIAR ARGER |

Anode Cathode
{+) -

[9]
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¥.

LED (Light Emmitting Diode) : @139 U@ G668 Ja e QIQ| IRl JIY 626@ 26RIR
QLR F6Q | 6ARIAE 60 QY 6P| 2SR | ARG AFCEP @I1RBS, (LED) &
69FRERR 2RIRG 2ERIR 6416 | LED goq 26ea JREQ 9o@ @1 (indicator lamps)
QUEQ QUREE N I6° 6@ QEQ 2BRINIARE RIFER @ NG | QAR LED 9o
2I7 010010 QIR 2IERIN QLG FQIER, AQ URIPH QUYFR Q, ZRCIAIRBGERS' 3
QECLIEQG G QIURER QURR 2ITE I6° 2ORIA AERG! 60RdIE |

Anode (+)

660 9INBY, : 6RRR PIABY, YA F68N JRINR CIRBE 2] fed cRltRR LY
I (Q196 699 6QN0 IR CANEE'R A2IAN) 2AERF R6M QL A6aE IIEE 62Q1F,
2IRFIE G |1 921 6RURA, PARE ISR IR 6RTERR 6RINETH. 60 IR F6SITRIER

QYQLG N |

{fig: zener diode as regulator)

QIR (Transistor) : 2| @ 6O Y 6PN QLRI - I@-C-I@ (NPN) @R O-
@ -T (PNP) QSR 1 IQI Q& (amplification) 8 6 QI QUQ2E | G18RRG QRG @HAR,
QIRNBER NG IR FYD 96 RS 10 LIEQ ORISR, 6IL0IER FRIGIS QLK)
QIR3Q JIR ARIRE! &N | 6T6G6QEM “n” QR IR ARG 2N, 69606Q6M GIBRA p-n-
p ORIR 91 | 6IBREQER “p” ARIIQS! &I, 6I6GEQER 92| n-p-n S IBRAR 21 1 ARIRQISIBS
IE6Q BERIE 2PEI SN NG° 666 G6R IS STRIR A TIR &N - 606K Emitter, Collector

[10]
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(8 Base @RIN; 256 6P I6LGBR 6960w Source, Drain 3 Gate @2IKIN | @@AR QIREQ,
6RQM G121 forward-biased 626@ F1IE R6QE IQI2 R6Q | ¢ BRAQR 66106 JoTR G

. 5OR6961INIRG -
E
L N
| ;;Ezliectﬁi / o~ \
?c— B : )
i N
E e
EE ' PNP
. |

(@) 6@9Q (Base) 599 @8Q! : 08 ¢ IBRR 56016 STRIR (26, AIR) FRIQ 66110~ TG
QA6 AR RRICIN 69, FIRFTRR 692 096 STIRIR 8 2eY 9aG cHirIna 6A6RISIE
6615-1 926 YR AER QR AIFIRIER REPRR, (AIRE) F66, 656 692 086 SFRING.
6Q9q Q2N |

(§1) p-n-p @€ n-p-n9LF KA AR : LB AV FIFIRIER FRLYR AR 62Q| IR ARIRE]
TR IR (2816,.699) @ URILS (Positive) 86 Q@ @AQIQ U69, 636@ 698 ¢GRI
n-p-n 9RIAR 2 | 98 ARG AIIRIER AR IAQ 621 Al ARINE SHRIR (28,
6Q9Q) @ €lIge (Negative) Q26 YR @RI J6@, 666Q 92 GIBYRQ p-n-p IR QR
Q|

AQUY @< (Testing Procedure) :
0. 693%a (Resistor) :
- 600909 Q6° 6019 2RI ONY Fdd aeQ |
- Q91 67109 A0Q Ie* BIAR| Iad A0S |
* Q6L Q| CIm QQSQ% QOB 62Q1 AGQ |
J66UR 600RAR 67109 621R2R| IR 66f Q| BIRRI6R 6RSQ |

6610 62102 ARY

Qe e Q&P 6R19, QY I (DMM QIR1)

Q QUR, AR, &1, 9!
9 |QUR, aRl, 6aaR2, QA
q AR, AR, AQR, 9L

[11]
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S9él (Note) :

0. 600 62IdQl 6RQRIQ CRY N&° Q&F 6x1Q, QLI IRY 6NN SREQY, 6
FRIEQ <RI QGG |

9. EARGEIIYANTER 9nk MR 266R LAY PR, RIS ZINKIE SRING 6eRRIR 986 60RRA
6QQ%IQR Sl 6FRQA0R |

9. 6@dIQAFR (Capacitor) :
» Capacitor Q 6019 201 g4 $40 @Q |
« DMM (Digital Multimeter) 10 6710 Q @@ I GINe| I8 @ |
J604YR 60AITFAR (IR 62N IRY B6R Q| PN I6R 6REIQ |

@f el QLM @Y 6?161‘(6];\1\64?\1[@%22 );lq,uq Q'R dosle
R
9
n

M. QLBP (Diode) :
* MQERQ QI DMM (Digital Multimeter) @ Diode Testing Mode 62 646, @ |
29 Forward Bias Voltage 6¢10Q @ |
« 02NN PIRBPQ Forward NIG° Reverse Bias Voltage 66100 @@ \6° @12 6Qa0
g |
(@) Q3 ©Q 19 (Forward Bias Voltage)
* RIR(RED) 6419® Anode QJ6Q Q6! |
« @@ (BLACK) 69108 Cathode @I6Q §0102q \I6° G964 Q6" 6Reiq |
(§1) R QI 6RURESS. (Reverse Bias Voltage) :
* RIR(RED) 691 Cathode RU6Q Q61Q |
- @@ (BLACK) 69106, Anode Q060 8R02IQ \I6° 569 Q6° 6060 @Q |

Qe el QINGE, TGS Q191 6RINETR. | Aad Q1YY 6RINETR.
Q
9
q

¥. QI&R/R (Transistor) :
* MQERQ QI DMM (Digital Multimeter) @ Diode Testing Mode 62 646, @ |

[12]
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(@)

QIR 6QQ (Base) 09 @QQ! :

Q. 6IERNR 40 AIQLIQ @Q ARFISQR ohm (Q) 68 160 696 @ Q) |

9. ARASRER &l Common B V(Q) ST IRGGH. UG 601066 I8 @ | Black
probe @ Common “IQ° Black probe @ V(Q) 6Q @Gl |

M. SIPREQ G6L16' AR (legs) FARIQ 6611599 Common IEG FYR @Q B Y Q@6 AI@
QDG V(Q) Q. NERRIER TLR ANFTRR 6P AR AP 1 92 AR 66! |
J6Q Common MAR EUIRIGE IRGEAR, N2IR ARASAR V(Q)(+ve) D6 IR
AR IG° 6PQ QG° 221 U6 QIR Q@ TEAG FRIR 6I6RIST 661G~ 6
FRFICQ 66 AR FIFRIER Low 6961, 666@ 2IQAER 040 SRRl STRIm
Base 26G' | 927 FELISl ORIRER S IPWR p-n-p 26T, 6UR0IER G619 6L
JRQ6Q 92| n-p-n SIPVQ 24|

5. 98 Q6RIR QR AIFRIER 6RI6RE 6" Low 606N 912, 666@ G180 204 QRG
MQ FRIQ 6IERIEIT 66159 Common QISR 69Q Q014 R JP8aQ |

NAGQ (Emitter) 8 @6QQR (Collector) 096 @QAQ| : 26 RIJG 64, SIPIQRER

Emitter region & Colletor region GR@16Q 2ije 631 (heavily doped) 621R2IN 1 6Q2AIR

Emitter-Base @ PQ3IS 62GRQ Collector-Base Q) | 62@| 53, | ohm-meter (ARAC'QG.

R 6Q 696 @Q) QUQ2IQ @), 609 996 60 AER P3G 6REQ AR F 6QSIIN,

698 QG Emitter 9&° QI21 2R PRBIG 6QERQ 60611 698 @@, Collector 26T |

S8R OR QUAER I QR Q1@ AI% AAQ! : SRR 606a1ER QRE GFR IR AR

PABIE ARl Ged Q1QI96Q A8 6A16ID fEQE 621R2IN 626169 Emitter 3 Collector

2I0@ 1 96Q G019 ST InG, Base BI6Q &2 B PQG3IE QIQIF6Q CI% @R Base-Emitter (RIS

6mI 6QAIQ B Base-Collector FRIER 210 6QGRIQ 6961I0Q1 QOG, | 06 1@ AGEG 626K

P12, 6606@ SIPAR FIGAIR, (Damaged) 62108 |

Q61 el QIBaQ V_ 6QIRETR, V,. 6QURETR,

Q NPN

9 PNP

AR ALLLIQ :

[13]
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AUSE! - @
QRS QIR INYGRR AR

QA : 62999, 60dIACR, PIRER, SIBRR, 2R RIRNS. 2I6LS. (LED) 9R IR Q8R6Q06,
QURIPIGR SVLER QIR |

QAR IQERY

. 6229

. 60T

. 21932 (PN Q1032 8 600 60232
. SIPNQ

. PRSIR ARFISR

®» X 3 W0 ©

aeie :

0. 6099 Resistor : QIR CARER G6G AEMERIPH ATQ AR JIRIQ RIF62R6R
9GS Cosa G390, 621066 PR @Gl aglsa B2 (Q) 6a ACITNG | 6ed8a
IR 2 QLRG| APIQ AUER 29 62I0gR| QEMR I QIR 6Q¢RR 68 62 |

AL (Identification) :

1. Q&f6@I6ea, 6QQRR : QR Glsll, Glel 3 BQIGQSQG;] R @@II QIR %@@ CLNMEL |
2. Printer Resistor :

LR 6T : 21R FIEIR1 JAERQ IR RSNINIRES |
Q&P 6@19, (Color Code) :

4-Band-Codea
2%, 5%, 10% 560k O 5%

§-Band-Code

[14]



QLGSR Feasia| / LABORATORY MANUAL

QRI2QE! : IO CKIRER QIRR, AQR, 36 B PR QUIE 2IF -
QAR - 1, AQR- 5, B6QE-10°, PR - 5%

amy =15 x 10° = 15kQ+5%

QR4 (Specifications) :
. 6QTNR SIE 65° 69 1/8W Ol 20W I8 QRS 218 |
. R4 AL Q, kQ NG MQ 6Q 91813 |
(1kQ = 10°Q, 1 MQ = 10°Q)
964191 (Applications):
. 12/ 2600 QRFR AERERRR IRTER GGG 60 ORIERER PARE AERIRY
(REIR @QUANG |

9. 6aaITTQ (Capacitor) : 60VITTR P65 IR AEE 6021 FQR QI8 Aell 6 Q6d, &9
REQE 6@ @@ K0Q 2K YD RERE 660 JRIREe 604 | 2166 CPIQIS. Farad (F) Y@@6Q
AdIING |

PRl 2 C=eA/d
QOIER, A=6dC'EaQ IR (BSRTFR), d=6J600Q 900, € =PI Enam @R /I
AR :
QINERER 62 268 696 BB 6@ AT ARG ARG Q| @ 268 - IR, A,
620IAR, YRR TR, AERER/IRRER, SEURA IR |

QR QRAQ
0. QEMERAIRIRSR. (U] 2R @ e ) |

9. PP-RENERRNRETR, (602 EAIRATER QPEQ 696 O@RQ) |
BRI IR 602 @R QIR

F6PRQ, JES 60dIIT'R QTR “102K” 66! 268 FI6S 62! :
102K = 1,000 pF £10%

[15]



QLGSR Feasia| / LABORATORY MANUAL

60 -
. 1st Significant Digit (6@ 28 QI 2R) - 1
. 2nd Significant Digit (@I 28 QIR 2IR) - 0
. Multiplier (611 @S1) - 2 - 102
. Tolerance (929 Q) - K = +10%
@1 32169, Jal @16 = 10 x 10? pF = 1000 pF (FI6@ 1 nF)

¥ee :
1UF = 10F
InF = 10°F
1pF = 10"°F

6C16REQYQ 6R1Q, QIQ&| (Tolerance Code Table) :
6019 (Code) I2Q A (Tolerance)

Code Tolerance
C +0.25 pF
D +0.5 pF
J +5%
+10%
M £20%
Z +80% / —20%

QAR :
Q. QU ARG AR ?

9. A QREQEER LR 60 69QI RIS (QIR TIQ 60U |
M. 63 F60E 6@ 2SR QIR RIG (QF @ISR |

M. 2IRBY (Diode) : GES ERLRR KPS 6LQ UIQUER SR Q6T G6lg DRIRER 62 |
@G P-N Junction QI6Q 2R @3 | 816 : 6QRTIOR ARG F1I6Q |

Anode Cathode
{+) -

[16]
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¥.

LED (Light Emmitting Diode) : \IRQG 620168 Q10399 QJ6S 699 &9 640 IR
CI6M 2IR2 QIRIQ @0d | G166 6LIPRQIR 6AEM CUIRIRG IR QBIRIER J9T | RIS
QFCE 01033, (LED) 66 6afiagqn @~ @ 2lsniaa 69 | LED @i 260q 66306
QIR MY D6 QURLIR 624 IR 6@ IRl 6QQIR R IFEN @ OINESR | 26
IRRE YR @ QIR AN QIR QLI QYR 66 2GR Jele dgeal,
URCIQRBENG IR RPLIEQ PR @ FINER 2R QLG 609, AL @I 6268 |

8.

6009 FINGY, : 6RPR BIRBY.F6S 62U FINBB 6IR AR 6RIERE G6S' PG L
(QI2§ Zener Breakdown Voltage R6290) 2I5@6 @6@ 69 @604 J0I06e 663 1S
6QIERA, CRIERIAR ARCEIER FRREATERR 6AURES'R 60| RIE 64 6QRIR 623 |

{fig: zener diode as regulator)

QI&RQ (Transistor) : CIBRQ 62068 ES GR-IRI 6ARLRRN QLRIP - 6LQIR
NPN @8I PNP Q@R 62161 | 26166 AR @@1QIR (amplification) 2R Io0 @RIEQEM
6RQIR AQUTND | CIBROQ Q06| @FIAR, 2IRBER BRG| 08 JPI620dR GES'e IRRG
CIP@ 89I6Q 696I6QRIIER, IR0 FIRRIC 98 PIRBEE. MG ARINS 88 |6 I6CEQ6M
“n” Q8 QUG ARIQE! g9, 6IAEFEQEM SIFRR p-n-p URPRQ 624 | 2R 6LEFEQEM “p”
ARIQE &4, 6A6BEQEM @S| n-p-n GIBAR 624 | ARSI RIARQ GRS @S| &4 2
692RIG 506 SHRIR & 6611g &4 - RIS Emitter, Collector 2IIQ Base @21CINE ;

[17]
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UINR AR IR RO 6QRRENEH 696Q I Source, Drain 2R Gate @@ Q21T | G6S
FRAP R3S 6I6CEQEM forward-biased 624 6AEFEAEM IR QI2INEH 664 | ¢ IBROR
@ daPl (sybmol) G6@ SR Q¢ 6Q6ITIRES -

=]
A

//j\

s

b

i ¥

IE
Ic

PNP

—_—
B
L
o
T

| J

(@) 6@ (Base) 66@1 6F AIQAN : SIBNOQ 5281 STRIR (FIER AIQ) FEQ G666 Il
RIBQ 64, IRPTREH 69 a8l ST IR 2IR 2nel 908 SFRIRe 6903 66 A6
Jo6A Q8 AIFRIER FAR IR 2ILLIR #d, 692eRIt 69a agl SHrInes 6@9
QQ1ANG |

(61) p-n-p @ n-p-n6@QIGE AIQA : UG Q& AIFRIER ARM JAIQIQRIR AR 62Q1 RIG]
ARIQR, STRIR (FI6D 6@9) 66 URIQR (Positive) P66l JOIBR TG, 666@ 69@
SIBRR n-p-n 8QI6Q A1 96 Q8 FAINRIER AR AR 6291 RIGI AINE SFRIR
(Fll6e 6Q9) 6@ QSR (Negative) I66F JORQIER U9D, 666Q@ 69R CIBRR p-n-p
aaiee &a |

AQUY @< (Testing Procedure) :
0. 699%a (Resistor) :
* AU QAP 6R1Q 6R¢IAR IRY QIRIQ KR |
* GNANA (POGIR ARFSR) & AT 2IQ G IR IS 166 99 |
« AIQIRIRI LIS AQPEIRG | QEER 62N @l |
6261 G6M ZRIQ PN IQ IQ EAIVAR 6ARR AR QIFER @Gt |

6C1RQ 62021 QlF

Q1 el Q&P 6RIQ, QYR QI (DMIM 6Q)

Q QUR, AR, @RI, 9!
9  |QUR, aRl, 6aaR2, QA
q AR, UL, AQR, 9L

[18]
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S9él (Note) :

0. 6OREIRIQ QA FCICLRER 2IQ %k 66019 8B 60R QA Q2 IREE, 696 QIR
CREQQ, 6B VBN QBRI Pl |

9. EROEILAOMIEAER YRG! MBS 2660 PR UYR, FNER NN GFNERER 66ARIQ
A66F EOIVER EQTVQ FESIRAER 6ARRQACERR |

9. 6@dIQAFR (Capacitor) :
« 6RJIIERR 6219 60¢nR FIR QI QIR AR |
* GIANA (BP0 IR ARFCR) & I 8RS 2R FInE IOl @ 1 9Q 60 IR AIZRIR
QBN B6M QLRI FINR 6D ERE |

Qe el QIYER Q1A qu“\(%&i?%g')mq‘ Q%q gode
Q
9
N

M. QINEQ (Diode) :
* RIER QIR DMM (Digital Multimeter) 6@ Diode Testing Mode 69 646 @Q |
0 Forward Bias Voltage 6¢160'0 @Q |
* HYIVIRIQIRQPIRBYR Forward 215 Reverse Bias Voltage 67160Q @R 2R, 12166 6000
@ |
(@) e 0 Q I (Forward Bias Voltage) :
* @IR(RED) GI26@ Anode 6 Q1 |
* @@1 (BLACK) 9196& Cathode QU8R 821121 2R 56F Q6" G 6R¢t |
(§1) R QI 6RURESS. (Reverse Bias Voltage) :
« @IR(RED) @IQ6a Cathode @06 Q! |
- @@1 (BLACK) 1966 Anode Q6 8217 2ia 6° 60606 @Q |

Qe el QINGE, TGS Q191 6RINETR. | Aad Q1YY 6RINETR.
Q
9
q

¥. QI&R/R (Transistor) :
* MQEQ gl DMM (Digital Multimeter) 6@ Diode Testing Mode 6Q 646 @R |

[19]
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(@) IRV 64 (Base) GL¢ @€ :

Q.
9.

.

Y.

RN L0 6QRIR AR FIRAC'RES ohm (Q) 68 160 696 @Q |

ARPTRER dRIQ Common 2R V(0) STRIRGSER B 6910901 6019 | Black
probe 6@ Common &lIQ Black probe 6@ V(Q) 6@ @l |

CIRRAR GRG' 69119 (legs) GO JESE@ Common A6 Y@ 2R AMG! QRS 6611
AlBK" V(Q) Rese e Ne| JPat ARFSR 60RRIQ AR If | @ AIPYRIER 6mét |
&1 96Q Common MBR 6UIRIES QORRRR, RS I66 ARFISAR V(Q)(+ve) Q6P LY
QRN QE° H | I QIR Q0G| JPIR LGB 6004 gESER ANFSQR Q6°
Q8 AIFRIER Low 6Q4(IRI, 666@ U62MI @8IQIRIR| SHRIM &' Base 211N | 62
2! JRltQ SIPRQ p-n-p TN, 6LR0I6L QG JQ! IRIER QG n-p-n SIPAQ
622 |

D6 QIER 92 AIFIRIER 6ARIQ Q6 Low 910 696610, 666@ SIPINR 2RG!|
Q06 ME LGB 60T JESER Common £9I6Q 6PRAR QR IR 6PQA |

NAGQ (Emitter) 2IQ @6QQQR (Collector) 929 @QFI : 2EA KIRG 64, SIPIRER
Emitter region G Colletor region Q2?16 6Q&1 61 (heavily doped) 62128 | 6L
Emitter-Base @ O°Q(§I@( 6@@%@1 Collector-Base Q @ 62Q| @2l | ohm-meter (FQFSQ6R
R6Q 696 @8) 6QRIR 88, 602 V66" 64 AER AR 6QFNQ Al A 696d, 69
@0, Emitter 2IQ 6906 65 FQBIE 6QGRQ 62¢1IQ 62 R, Collector 211N |

FIG8Q 0R, 2QI6@ AIF AQEE & QIR 60R AQF! : SIPRAR 6903 & QRS SFRIR
PE6R PRGBS & Aed QIR 98 600 AEeE PIR 620ad, 69AI6E Emitter 2IIQ)
Collector | 6@ @010 60IRE, Base 8216@ &2 2 FABIE QIR 606, AR -
Base-Emitter Q@069 6@l 6QE@RIR 2IQ Base-Collector GOEQ 21m 6QARIQ 66110
@l Q6 12| PIR 6Q6IORIR, 606@ SRR 611 (Damaged) 62268 |

Q61 el QIBaQ V_ 6QIRETR, V,. 6QURETR,

R

NPN

9

PNP

AN 651 @l -

[20]



J6LlIeSImI F6@dim| / LABORATORY MANUAL

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 anodeis
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
ofthese two deflections allows the beam to reach any portion of the flurescent screen.

BLOCK DIAGRAM :

AC voltage measurement

function o Digital
generator Multimeter

i - CRE)

DC voltage measurement

TPS Ll CRO

Frequency measurement

function o CRO

generator

[21]
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Cathode ray oscilloscope

!nput V’Bﬁ]ﬂai >
Amplifier [ -
/:l— ----- e
Electron
+ Gun
Ta Time
[Senerator V .
Low
Voltage
A

Procedure :

1. Measurement of frequency :- Connect the function generator to CRO vertical I/P terminal (Y 1/
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 FGi.e.  vimms 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

Input frequency No. of
S1. No.| fromAFG in division in Time / div (b)
Hz/KHz X-axis=a

Total F=1/T In % of
time = (a*b) Hz/KHz error

[22]
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Measurement of A.C. Voltage

AC voltage No. of Peak to peak 0
SLNo.| fromFG/AG | divisionin | Volt/divbin |voltage=(a*b)| K> volt. | % of
in Volts Y axis = (a) volts involts Vy/2v 2 error
Measurement of D.C. Voltage
Input voltage from No. of o
S1. No. TPS divisionin Volt / div (b) Total % oferror
in Volts. Y-axis =a voltage = (a*b)

Conclusion :

[23]
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AASE - ©

ARV QA : AP 6AFRI IG° 2IQ QYIZAI 96° 2IQE FINR| JIR TeP@ 7 QIR 669
AY16210, 6QQ BIERILAR SRIGL 96° QLI |

QR QIR
Q. I3

9. PRAR 6RERRS'R

. TONQ

¥ . D AREQFICR | FEMIgR @2 AR

e

. QYEIP-60 BIRIELI (A-2IR-83) 6268 Yo ARIRE RIBRIRESIEN UR 6J6ER TFEaQ
QJER 6RIMESR AEFER A0 A G QUILRIR FIID R IR RER 1 N2IQ SYARITG], ZRG|
I QIR 92001 21 \IR ARISE GEAEH RIBRIERES IR AURRE BIR6R AR RGN |
AUECIFER 626E AERRPR I GOR" Il RS AUBAIPER F6 e 6FI6RIEAE 0 206,
PoIe 621R2IN | AUIB2IR. G, 627 1) B8, NG ARNANEEEF I6R10 ATRR AERERR FIR.
RRIIN 1 2IQ B 6208 PEMERIR B R AR I IRIQ BRG] e UIRe HORE!
FOR| | AEMERIR, TR I6° 6 ERCALL IL FRIERQ Q@G JoIR dIg 616 N, 121 & QA
62QRLRESELRR I CEERIMESELRR JRIe @REIN | @ 6QCRR RAIRRQ Ie°
YR GECPQ 696 NURER QLIAN | @ Q@G GECLRRR 188 9N @ PERIERIEIL IR

ARERIR AIRICH KEQ |
02 QReee :
J 6RURESR A |
function .| Digital » CRO
generator Multimeter
DC voltage measurement
Sipe = CRO
Frequency measurement
function _ o CRO
generator

[24]
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@466, 6019 BAEMRIBLIY
— Verlical ~ Delay
Amplifier i > Line
v
YO, .9
Electron |
¢ Gun :
- Time
Tr?-gg«e?r = Base
Circuit |  sonerator el
Low
Voltage
a9l : ¥a g +ie
R. QAN :

PRAR 60696050 T2QBR AER IR KRS SFeIm 986 e 49 |
PHRAP EREREOE'AR. © KHZ ZIQEER 696 @0 NG TRIQG QU6 2QR 619 8@Qq |
RO KHz \96° § KHz 298 QIR 1t 6610 @ Qg |
9. QA 6RQUKRR AR :
PHIR 6R6REQSER YT 6RUERR, © VRMS 6@ 695 @ag \er 32I0fQ 6aIene, FI0e
]
EARQ 9V, BV G BV 6QIERE. i) AIKE @eg |
M. G 6QUERER AIAR :
SaNER OV, 90V & MOV 6RIERER 696 @0g e QRIIQBR FIRIFER 6.

A0, 60q |
QR AR
— [ AFGY | Xasen
ofie | % _ n
U |eagsRIRt | Gawe | _SA) | eamaad ) BTN loag v
S| HokHz) | aremi-a | 9G@R(D) | (@*b)
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.4, 6QI6RE Ale

A FG[AGQ | Y-296Q Jda-9-9a
afe ~ c@l NEA ~
| ACsasaR | Same | o ;%/ (| 691698, = RMS 6@, 1656 %
TM | (s@IRsn) | oremi= (@) . @) V2 2
5.9. 6@I6ae FIIa6
ofie | TPSRORER [ Y 2868 [saiq/saea-| 671
o EQIERER. ) @) | semas - | efav%
M (saiqsa) orel = (@) (@*ET)
AQNVER 6618 @2l
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AASE - ©

dUVER RYY : G’ a6l QY REIQ IR, QA AITAI RIS TePm GF QN 699
AY162Ie, 699 BIERILIR SRILR 2IQ UL |

UIQHUR QISR
Q. drIeas

9. PFRAR 6RERRASR

. TONQ

¥ . D AREQRACR | g @2 Alde,

e

0.  @UIBLIR-6Q BIBRIEIT (T-2IR-B) 6268 GJES ARIAR RIEQIBRES R AURRE] 6P
T6RQ QER 6RIMES'R A6FHER 0@ A 2UIQ IR AIIK 629 | IR ARG, LG |
IR @I REQIQ YRR QBN GBS RIS AEaEH RIBRIERES 0] IR QEIR Qe 80 |
QUIBLlIR 62G68 RERBRN YBS' QA BLRS| IR AUIBLISER GLUIR 2R 66 I,
26 QI | QUIEIR TR, 67 IR, A6 IR AN ISGE’ \6R10 FIPR REMERIR 6P,
RAND | QO I AERSH 6268 REMERIR GFQPIR1 2R RPN F1RGIER 2IIR) HINse FORE!
FOQ | QERERIR TP 2R BTIERUCIEL IR, QEER QPG JoIm g 696 4, 6006 @ QA
62 QR GELRP 2R CEERIM GETRR 60 | R 6CYPIR Y-ANRRQ QY Y-mA GELY
696, QIEQ Q2 IINT | @ Q2 GELRPR A A 6 6FIERICALLRER CagIQlen A1
el

QRY CQ :

3 6RINESR. FITQIR

function Digital
generator Multimeter

» CRO

A 4

DC voltage measurement

TTPS A 1

Frequency measurement

function _ o CRO
generator
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@466, 6019 BAEMRIBLIY
— Verlical ~ Delay
Amplifier i = Line
v
/3_____42—;2 _____
Electron ]
¢ Gun :
: Time
Tr?-gg«e?r = Base
Circuit Benerator el
Low
Voltage
AR QMY : Q84 +'£e

R. YUQAAIQIR :
PRAR 6R6P6RCER T2IQBR AE6 IR KRS STR IR AI6E TUR AR
PHRAP EREREOG'R 60 CKHz 2IQE6R 646 @R 216 SI0B QR 2IQR 616 @@
I8 KHz 2 § KHz 2lIQR RI6l Q61619 @Q@ |
9. YD 6RUERR AINRQIR :
PRAP 6RERACRR NG 6QIERER. ©V RMS & 696 @@ 2R JRIQE 60 6LU6RE,
AL |
RIRQ IV, BV 2IQ &V 6RIERE. G AR |
qN. G96QUERR AIYRIR :
SaNg @ OV, 90V 2IQ MOV 6QI6me, 696 @R 2ia J2IQEB FARIAZ QIR

AR |
QA AIYQIR
— [ AFGY | Xasen
ofie | % _ n
U |eagsRIRt | Gawe | _SA) | eamaad ) BTN loag v
S| HokHz) | aremi-a | 9G@R(D) | (@*b)
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1.4. 6QI6RR. FI9RIN

~~ | FG/AGQ | Y-286Q da-9-da
afie - 6@l NN )
| ACsasaR | Same | o ;%/ (| 691698, = RMS 6@, 1656 %
TM | (s@IRsn) | oremi= (@) . @) V2 2
5.9.6@I6RR FINRIR
ofie | TPSRORER [ Y 2868 [saiq/saea-| 671
o EQIERER. ) @) | semas - | efav%
M (saiqsa) ool = (&) (@*E)
AQNVER 6618 @2l
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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, whenthe
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.

[30]
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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 :

Cathode (K) +l(mA), Forward

Current

P s
Conventional Current Flow

Reverse
Breakdown

.y l\/altage

Reverse Voliage

Forward Yoltage

Leakage Current | 0.3v Germanium

“Zener” <20uA Silicon I 0.7v Silicon
Breakdown <B0uA Germanium

or Avalanche Reverse

Region Bias Reverse

-i{mA) “ Current

PROCEDURE :

Forward bias

I.

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. varythe applied voltage V in steps of 0.1V.

5. Note the corresponding Ammeter I, readings & voltage across the diode in forwad direction V in
the multimeters

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

Calculations :

1. Static Forward Resistance R P Vd/ 1 p

ii. Dynamic Forward Resistance R =AV, /AT,

iii. Cut-in voltage V,

KNEE
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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 Ir readings & voltage across the diode in forward direction
Vr in the table and Plot a graph between Vr & Ir.

Calculations :
1. Static Reverse Resistance R P Vd/ 1 p
ii. Dynamic Forward Resistance R =AV, /AT,

ii. Reverse Breakdown voltage V,

E dbi 1K N ‘:};\_
orward bias : i ( fr,/
E (0-2001A) .
Vs 7\ A I+ ¥
{0-30W) ag07 ¥ (v 020V)
+ K =
ke
Reverse bias: -
If
1K
WA A
(0-200mA) _
v, 7+ A +
(0-3(;‘.'} - [N4007 ﬁK C]f?mn\.{
L
TABULATION
Forwar Bias Reverser Bias
SL.No. | (ipvolt) | (V) 1) SL.No. | (ipvolt) | (V) @)
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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 KQ)

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 anormal 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 1s
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

[33]



J6LlIeSImI F6@dim| / LABORATORY MANUAL

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. Varythe 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.  Plotagraphbetween V & I, record the readings in tabular form.

7. Find the dynamic resistance r=AV/Al.

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. Varythe 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 = AV/Al

8 Find the reverse voltage V_at1 -15mA.

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

Tabulation
Forward bias :

SI. No. Input Voltage Diode Current (1) Voltage across Zener diode (V)

Forward bias :

S1. No. Input Voltage Diode Current (1) Voltage across Zener diode (V)

Conclusion :
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e

BRPRPI6AIQ G669l Q16K 2N ARG IR ARIQE p-n @FRIR 216 O 2IGER SIRT |
QNG| QIR AGES PER EANETRER O IR | HER CAIMETR 6RPR Br6 6ANEER.
R | 60PN PIBLPER 6QS! 601 FQUAIRID | 62JMIG B1Q TLAR QP @26 dEM
620 | 00 R 626M AS| AFERINETRER & L GoBR OINUIRE 6900 GI6LIR FRHOS ERINESR
ERERLR RIG QR IR RRQUFT, 6IPE R ELUNES'R. 60 Io QFIAT 666 RIS 6QIMEE'S &
6P PEQIEQ QARIAQ |

606G6Q6R G6S 6ARQ PBARER FPABE QIR MEIRT p AREER IRIRIER IR n-AIRFER
PRIQTR ) RS 6% ARSI BELIR QTR IRD IR UL 0.7 V 60 @60 2| 624 | QAR
60606Q6M QG166 EE QLR REIRT (-0 R IRUTR \I&° p-Jlg] PR IQIER TEamI T6a
CERR ML 60D | RIMESH QREM FLRIR SRPER REMER PR @263 2Ia S AR 6
Or6l 0RQ 66 0250 | 9 6R0R PI6LIE GBS 90 QR AEQE AABRR CIRG G20 6RINESH SR
Q62T | @ Y6 ERIMECRER 6RPR CRURCTR (V,) Q2164 |

RPN QIR QR IR IR 66 62T : (9 ) 8RR 66l 2R (9) ARNIE Gl

0. 6RO GG : A EEINETHER 62T (ARINEIE S V Q af) 2Ia @6 QIE S8 @ @It 6ad |

9. 2R GG : 6QF 6RINETRER 624 2l QFIIRG IBRIRERAR RIG 62K |
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6RPQPBLIOR CAINESA V-1 G3RG| 926 66l GRIRG : PRI cn R 2R QL 6Re | PedIe
PR6Q QS| ARIRE 6LIE ARIRSIRT IR T 0.7 VA6 @560 | Hod QRR6R 6QINESa.
QEEM GBS’ AIBKE 66 623 2 REQE 8RS QLHT, 0 g ERINES'R. IR 2621 | @ JE RIGI 8RR
QIBLIP CEINETR ERERG'R QTR 6QEIR 624 |

JBAITR RUER 699 66 6RIE AJER GO QITIIER MEIRT, 6IRT| 6RINETRER
0 Q8@ 1 98 QRYC. 6EINEER. @EHT, 606Q 60X I6LIR 6QE MERE OEAR ERIRESHRER
ARG QBT IO 6RQIRESE @FIGd, 686Q 2| KF AEQE PEAR A @ 69X ERAINETR. 6a
Qs@ 1 @ GO AU 699K PIBAIP ERARESH, 6ASRGR, EANCT'R, 6REFAQ 2R a6

6dI66RAR 60 Q2G RIFER AND |

Ae@E 62RI 6RPR PI6LlIR FJ6S 604 601 Al p-n @FAQ U121 QS 66l ARRER RIF
AR Q6% G 6RINES'R 6T | @ Gl RIS G Q6 Q6SIF A 2IQEa QIR UE Q.
REMEREE ARG QIR 624 |

o9&l :

CPRBIS @1YIQ

0. JAGER GULIRIQICPES| ZRIIER GRGIER 6419 |

9. dQ6LIgI0Rn 62REE A R 6AHERA ZIR AR AYIQ ALOIE JIEPER 6aLIR CRACPIR

@ |

M. dIBIR AYR 6@ Q| QORI 6L GRFISAER JG © ERQRER 6" 62Al, ! N 6QUR,
o |

¥, J62RIQ UIFSR 628 Y00 6a FIRER| 6REEQ RBIEN | 6I6CEQEM REQE, @ IND R
FCRQEREER QORIR 6 |

8. 6EPQ RIS QIR EARNESE 2 A6 IFSRER QG 6REIBRA |
BRIRESR V 2R I QE6Q GlICP 2G| 2R Q15166 65'QREN 6RGAl |
0. QRPN EAEUQ P @Y r, =AV /ATl

N

eI :

0. JAG GRICINARI QICIRIF 2RaEe OR QI6Q 6419 ||

9. 9QREPAIR ANRIER QPI621R68 & PIR, AUIQ ASIE JIBS CRSPIR A |

TN.  dIBIR Y6 QLRIQ ERRFITR 60 IG 1 6QIR.6Q Q& 661l |

¥,  JPORIER RS IR0 60 FIntal 2IFCR 6018 60 06l | IO @6 QLUIRER, F1626@ Fm
URCQENBEN QAR 626 |

8. 60PQ PP AUER dAl 6RINESR, 2R UIFSR QG° 6RSIEREI 2R QIR 2 |
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9. 9Q5ErEm 65QMER 690G Aagll |

. FIRRIFR 6QFNUQ FIA AREI T =AV,/ ALl
¢. QEdR6aLER G2INIRARI 68 0IR IR 2R Rsm 9610 6@ @R SRAIRT |

ARENERE :
CPRBIS @1IQ

ofm FEll| Q0o 6RImESa. G6I0.a60E (I) | 0o 6RUmEsa, (V)
— <
dedelgiQ

ofm Fell| Qg 6RIMESa. G6I0.060& (I) | 0o 6RURESA (V)

AN 651 @l -
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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:

Arectifier 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 ofall 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 ofthe 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 halfofthe
incoming AC power supply as shown below.

Step Down
Transformer 1

o

' Dixe::ian of 3
flow of current PN Junction
% Diode
2s
KT
Cb “ g;_@ s Rl L""%

B Low Voltage
High Voltage Low Voltage
AL Supply AC Supply DC Supply

During each “positive” half cycle ofthe 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 1s 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. Thenin 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 ofthe 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 1s about 0.637Vmax of the peak voltage, assuming no losses.

Vdc=(2Vmax/m)=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.

Di

Qv . Pl

AC
inpul

Center tapped
tramsformer

PROCEDURE:

Test your transformer: Give 230V, 50Hz source to the primary coil of the transformer and observe the AC
waveform ofrated value without any distortion at the secondary ofthe 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:

VdcVnv/n (half wave)

Vdc=2Vm/x (full wave)
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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.

Prodoust Code:
AL-E03M

&

VOLTMETER
AC

1N4007

FHTER CigrinT
=

10K

{Ry in OHMS)

LOAD
RESISTOR
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RECTIFIER EXPERIMENT CALCULATIONS
1. Calculate
Vac using the relation: Vrms? = Vac? + Vdc?
2. (Half wave) Vrms =Vm /2
3. Vrms =Vm/ V2 (Full wave)
4. Calculate the Ripple Factor from given formula : Y=Vac /Vdc

TABULATION

Input
Case Voltage (V) Vm (V) Vrms (V) Vac (V) Vde (V) |y=Vac/Vde

HWR

FWR

Conclusion :
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NSNS - o

AQFIRQ QEREY :
AR PRR QR Q1P 8 PR 63PN QAP IR (Half wave @ Full wave Rectifiers) @ SRIGE
8R! | 9P QT (Waveforms) 6906 @0Q1 986 2IQI21Q SRY (Average value) @EI-EIR-AANIR.
(RMS value) \96° @G@\U"LHG%@ (Ripple factor) I @G |

Qe ARAIG :

Q. CRO (0-20 MHz) @168I186Q 2I36RIQ8R1]
9.6606 6QI0

. NS 6@1G FELIS B1R

dele

Q. I 6BQ EARTERAR :

CRATTIOR 6268 Y@ 9A¢ Q2! 1.4. (AC) AeJs §@5 &.9. (DC) 2IREYs 986Q
AR @6 | EJE SI& 6QIGNIS Y@ 6CPQ. (Single-phase) @RI @@ 6CP@. (Multi-phase)
62IQQI6Q | AT ERFPINR ARCEAIRS FRIEQ AQ0IQ IR 6268 21 63R 6QRLIAR |
QI 636 6QEAT AR TR Q| AIBIQ B16E, (Power Diode) 1.9, QTS AR I6GUS
aeld AIae QPR FIQ 6516 2r8l (28)q, 260 ad 6.9, AQIY6a JGEIe a6 | 9@
JRI0Q 9RTR, “QIEr 638 6QRFIAN " 6QIR 21T, AR 92| AeQs .4, @ AIg 28
2reiq JIa fAQIR. 620N, I2IR §6f)e 6a6a 9adiG |

Step Down
Transformer 1

e

Direction of
flow of current

PN lunction '&

Diode

H13 . ‘h notE. OO0 toad é

High Voltage Low Voltage Low Voltage
AC Supply ACSupply DC Supply
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21 630 6QFFERINR Q1A QElR! :

JBOUR “URILR” U AINCAR G690, 1.9, Qe CAEPER 2136 PaBIS @19IQ 8, AR
E6R 2IBRIB, RIBIB OIQ ARITR Q6L | 21 PRER Q18R FARIFIER dI9e 622l UIRl
QIREIN |

60626 8.9. 6RIB S 60/ 26 (UL 6268 6B R), 6546 6MIR 608 AIRIFEQ JIREQ
IR 6QIERER, A2 AAQUITR 266G | I@UR, 6RIP 6QTRR QU6 gl 6REME 6208 AL
6QIERR (Vs) (FIRRY 0133, 6QU6RRA, 2 (V) 92 AR | 6646, DA 28 ARERR AR 6RIG,
Q06Q FRAQ| 6.9. 6RI6RM AR I6AIRR IR QTER Q62 , 213, Vout = Vs |

ISR “6R6SITR” AR AINEAR F6R, 9130 ARd Q1919 29, FIRE IE6R ZI6RIR Qg
Q62 Q162G 986 BRRI6R | I8 AATER 6RIIT IRl 3188, el AFE ARIFER QRIS 8
QIQ |

6RESITR 21 AINCARER ST YEIRT

AQICR 6966106 AR AIREAR, ATAER, P30 QT Q1LY IR 6RIG, 6QTAR FIRIAER
6163 IRl GRIZS 2IRIT, I 12| QTR 6RIEIT 6RAURETR TR (@ | 634, Vout =091 |
6.9, AIER a1 IRl 68@R 66115~ TR AQIFE 2, II21Q PRER IR & eIl 2|
60 6658 G136 016006 6EF AREIN - URIR 28 FaEP - A4 6aIR - URIR 2B aEr
- JOY 6RUR DA ORI | I8 2IAF GRPR ARAQ S Q. ORY (Equivalent DC Value) 690G -
0.318xVmax (96 ARERIARGIN O0ERa AT Sat) G 0.45 x Vims (RO0F AREREARGIR,
CAWPRERY) |

9. PR 3G 6ARLFIYR ARE! -

IR 636 60T NN IRTER @R AI3Ia 2138, (D1 8 D2) I6* 66115~ 6RIS, 6038a (R1)
FELIRE 2N | 6BYR D130 R6F1 6RIRR LRI 6TGIRIN | 60666Q6R SIRTPINR TN A, ANE
C 0Ig UL IR &N, 696G6@6M @138, D1 CPQGIS Q1YY 6217 IRl JoIe @6R (G1a 966
6R6INIRIQ DFI6R) | 106X, AINERRR 6RELITE 6N, 6IEGEQ6H ANE B, A& COIQ)
URICR 9, 69666@6M @136 D2 PAGIS QIYIY62R IR JRIR AR | \@ 9@ 26, 6RIS,
6Q38Q RERIFBR QI QAG 28 AREaR IR AFIQ GO6Q 90 1E6 91160624 6mI0 6628a
QIER 2RI 2IRS'YE BRIERER, 906 00ERR 6P AANRIR Q64 FRAIN, 6AIN I8 IR I0R XM,
63R6QRPINN IR “@IN-6CrR ARG 6QIR FRl GRICIN |

TB0YR 9130 QI A0R 621RERI J6RYR AS-EREF FRIER 20l SIRIZREHR 2y G166 ORE6R,
604 6MIQ 6QIRR AUEQ IR AQUAR G .4. 6RQUERR, 6 6611 Q1L 636, 6QRLFIYN
ERQUERARR YRGS 6N | OB 6@ 16IE 2112 IR PN 6QIR UQIIIN, 666 12| IR 6RQUERER,
Vmax Q 0.637 QJ6ll 621N |

Vdc=(2Vmax/m) =0.637Vmax = 0.9Vrms
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60BN :

VMAX 6268 G016 60 MM 0 66115~ 28 AIREaae 96 16 T anY |

VRMS 6268 RMS IR |

2IRGYS REPe TR QISR 21T 63R6QRT IR Il D2IgE AN, QI6 : 121 AAER, I8
FIQErFan 9RF 28 66 IARA RMS 6@16R8. AR QAR &N |

Center tapped
transformer

daal :

Q.

® X 3

2IeTaRRN QI@@&Q@GQ@I aq : EI@@?T(QQ Jiefie 60 1Rm & 230V, 50Hz696 92ig 6°
QP11 6 IRM QUER AC OB 6QETA, MY H3aE Q96 0LGIg |

—~< < —~ —~< —
2I06IFR ARGR IR G019 SFIRIR 986 TEAIRE FaQ |
CRO § 6Q10, Q960 TR GaQ |
CROZQR, SIS 6611069 Q61g I&° 2060 I4IR RAINRE X-axis 996 AU RQQ |

CRO 908, DC 6€1186Q @0Q I6° 9Qer 6061 |
2R AIFSYL, (Vm) e YNGR IR0 694 QEIRIR 986 6meIq |

. Vdc IRl @Qq 92856 98 QIR -

e Half wave : VdcVm/=n
e Fullwave: Vdc=2Vm/n=n

. 908 66106Q AaQ Q" OQEF 69¢Iq |

2R AIFSYL, (Vm) e YNGR IR0 694 QEIRIR 986 6meIq |
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! Prodouct Code:

AL-E031

&

VOLTMETER
AC

ABPOWER
SQURC

12v

o500
1K
10K
(R, in OHMS)
LCAD
RESISTOR
5
2 3
{4
iy

GQ@@IQQ AQNA| 61| :

R.V_ac QIR @QQq :
ARG 9Q : Vac
Vrms? = Vac? + Vdc?

9.V rms6ol€iQl
Half Wave : Vims =Vm /2
Full Wave : Vrms =Vm /\V 2

[55]




J6LlIeSImI F6@dim| / LABORATORY MANUAL

M. QAR QR IR QQ :
Y=Vac /Vdc

QIQ& | (TABULATION)

aRe
60 |salsqm(v)| VMM | Vrms(V) | Vae(V) | Vde(V) |y=Vae/Vde
HWR
FWR
— — <
anIge Gad :
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AVSE - ©

ALY IQ AE@ENY :
QICP 663X, LM BN INR AR 6@ FPREEQ TR 1 N69E, 2R, R4 2R QO
YRR OISR 2R 63REPET 66 FICE |

QR IR AR :
Q. CRO (0-20 MHz)
9.696" 6Ql0

M. 600 8¢

aeie :

Q. I 6BQ EARTERAR :

6RRPINR 62668 QS A6 60RIR 2RABPTER .. (AC) RPJS JIBIRER @1REQR. AR,
@.Q. (DC) TRG'Y' AIFER QRERRED | 26! ABIQ AIN GFS' IPR-E6PR @ - 6TPe AN
62R06Q, 990 996 ALY ERRET IR IRG BRER 2ICLERE EAREFIAIN F6% | 21 63RERRET IO
ARGER DGR 2160, (Power Diode) \1.9. AR J6S VRS &.9. AYIYERQ QAERARI6E
2608 90 A0 63EER 2RI AIY AT |  IRTER “2IEF, 63Q 6QFLFINR” 6QFFITR R
6296 | ZORIT @ 6R Q6 609R 2IYARIR 1.8, AIGIRAINR 2RI A @D |

Step Down
Transformer i

Y
g Direction of

PN lunction
Diode

il g RO GLOM Load

flow of current

&
3
il
High Voltage Low Voltage Low Volitage
AC Supply AC Supply DC Supply
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21 630 6QRFER IR Q1A QElIRT :

1.3, 9Iee 630R 9Q “ARTR” 2RI AREAR EQ6R, @60 FRBIS Q1919 689, @ NARIG
Q6@ BRI, K62 AP IER IRTE 2D | 8RNI @IBLIR, GO REQE QBAING |
662G DCERIQ 6QARE (6RERR, R) TN, 6RIG 6260WRER JIQQ IR R6RE 6QINES'S QIS%
RGBT (BAR P 2IN, ZIQERIR ERERR EAINETR, AR 6RQURES'R, Vs (IR Vi) AISeP
AR 62Q1, 210, 6RIBER “DC” 6RAINETR 60 J62MI AREAM RIG AIRRANSIR 21N Vout
= Vs | ACAIRQNSIR @RYS 63RFHa J66Ya “606016R” 2RIl ARERRER 6803 21I6Q10.
QUIBSIR 2IP6R 69660 R IR @6 QR QITIQ 627 | 6280mIE BLIE & IR 60R 60T
PEQE PR N | AC ARG IR ART6 BBRFFIR 260% “Negative” AREAMER, 6RIR 0GR
D09 6L Pl 962 691 & B1 ATER EARESR 1R &N, 6ILRQ R Vout =0 | 966 @ DC
PG, 60 FERE IR G6RRPER 623 60 @ IRTER JRPIRERYR IR ARA F6IIOR ERIF.
60GRR VRCRAIC 63PN, F6RI 6RIRIFCR LI 6BRCPE, F6Q 6RIRFIEE A ACRRRIR
6RURETRR IR RRJE ARAIBIR EBRACPE 2 0.318xVmax AR QLYS ARG IR 63RTEI
0.45 x Vrms Q 6 QIRES'S QISsP AP 629 |

9. PR 3G 6ARLFIYR ARS! -

IR 636 QR ICR IRTER 9R6' AIBIR 216410 69029R G866 6RIG 6028 (R1) A6
2R QPG| AR QR A6 6RIFER REQL 6QRAIR | 6TEBERER SIRTIRR TIEL A, & CGRPK
AGCQ T, 6I606Q6R 21641 DI 2IcEa @60 JRIR QUK 69651 | 66066 T4 B,
GG A (ARRRR 6RECIR 2RIER) INE C GRPI6Q 216G D2 2lIce @6Q€ JIQ Q<
62651, 2R 6RERR R CHQ MERE Q@ 2RI ARERR MG GES @0 Q2K | 60 In 6RERR
RQ2IQAIR 6202RIR 2RSS 6RIREEH 62668 Q@S| 63RFIR FSIKI PR, @ ORI PREER
EERFIINARTER “QIR-6CPQ” 9R6 OfR & R2IaNG |

6902 2I6R QIR GURELRILIQ IS 2hII-6ER FEER LRIQR G IEQ 2IRGI FIBS JRS| 62
JIRR IR RG], BRIG QR0 6B 2IERERE DC 2IRG'YS QIMESR N6Q 696 6% 2RlI-
630 6QRFINN 95T R I6Q QRS 62 JIREE 68RT S @la 626m 6951 IR 6RIRESTAR
Q61! 0.637Vmax A |

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

Q069 : VMAX 62668 626a9I01 GInefa 966 260 99Q @9 T @int 2l VRMS 6268 RMS

1
bl
v, ,\“" .M__,.fwx.ﬁ,m- i
1 Oy
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QIR 1 YIRS 63RCP IR 6QIERE. SIS’ 2RI-63RERRLPINR AT 2IBIR60RI 2RI 691 @ &,
QB SIQCPFIRR OB BRIBR 96 RMS 6@16m@. 24 |

QAR -

0. FIREFIRR ANISI KR, : SIRCPIRA JICFa 6RIRRER 230V, 50HZ62IJ 621 2IQ SIRCPFae
66PN 6REER. InUR ACEBRTITER G0 6600 RG6R 608 |

9. QIR ARIER QTR 626a9IR1 FHRIRFINER FAQ |
BFIQ CRO 68 6R13, QAR Y34 |

CRO RO QIO 6£1136Q 60 2R 206K IR RIRQER 66! RGI6e X 2 & IR0 |

» X 3

CRO 6@ DC6£1IB6Q IRQ QR IR 63RTFISER 6260 | 96 1R 2BRYS, (Vm) 2R FaQ
dOQ 00 QI @R AR 6RYR |
9. OEM BRI AE QIR AR Vde O :

e Half wave : VdcVm/=n
e Fullwave: Vdc=2Vm/=n

9. CRO 6@ AC 661069 900 AQR 2R 63RTAISER 6960 | A5Ia TGS, (Vm) 2R
FANG 4oQ 012 IR AQ @R SRR |

(R, in OHNS)

LOAD
RESISTOR

il TER BT

e
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+
Ov = _ y 3=
Rechfied O utput Waveform

GQQSPIQQ ge4lol clsia| :
Q. Vac Q@ @ :

ARD QLR IB :

Vrms? = Vac? + Vdc?
9. VrmsGléIQ|

Half Wave : Vims =Vm /2
Full Wave : Virms =Vm / V2

a. @GQ\QP‘HQ,Q olell 9Q :

Y=Vac /Vdc
IR :
60'Yq 6@?6%%3‘(\7) Vm (V) Vrms (V) Vac (V) Vdc (V) |y=Vac/Vde
HWR
FWR
ANAIR 61 @2l :
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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-transstor.
Defusing a p-type material in between n-type semiconductor forms NPN-transistor.

MMEN Transisbor Construction

Freanil Bam:

B ol o iy
.

2.
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 s
called PNP transistor.

*g--u-
g
=+« -
88 —_—

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

I.

A o

10.

I1.
12.

13.
14.

15.

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.

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

Verify the connection using the multimeter.

Please show your connection to the instructor or teacher for verification

Now after verification of each connection, first make all variable potentiometer to initial zero position
Switch on the power to the instrument.

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 SL.100 which is NPN transistor made of Silicon). The voltage across the collector emitter
junction is calledas V CE .

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.

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.

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

Now increase the voltage and see the corresponding reading ofbase current in the 250 A Range.

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.

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

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

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):

I.

2
3.
4

Connection will be same as above.
Now after verification of each connection, first make all variable potentiometer to initial zero position.
Switch on the power to the instrument.

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.

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

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- I1

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

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

Records the readings in the observation table-1l at each step of input voltage.

10. Repeat the procedure for the another value of fixed current la at 20uA, 30uA respectively and follow

I1.

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.

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

Observation Table-I (Input characteristics (NPN):

Sl V=1V V=2V V=3V Vce=4V V=15V

Vee (V) [Is (MA) | Vee (V) [Is (BA) | Vee (V)| Is (LA)| Vee (V)] Is (BA)| Vee (V) |18 (1A)
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Observation Table-I1 (Output characteristics (NPN):

I\SI:;. =10 pA Is=20 pA Is=30 pA Is=40 pA Is=50 pA
Vee (V) [Ic(mA) | Vee (V) | Ie(mA) | Vee (V) | Ie(mA) | Vee (V) | Ie (mA) | Vee (V) [ Ic (mA)
1
2
3
4
5
B (A} T 8 SATURATION REGION
00— | 1 VCE = 10V % (_ ta:ao:,&lm
50 }— VCE = 20V 1 18.=70 uA
il i 18 = 60 uA
70 | s_// 1B=50 uA
60 — ; / 18 = 40 uhs
50 | 4/’:(;\:;1;‘;:’ l8-30uA
40 |~ “// 1B = 20 uA
20 _; B = 10uA
10— '
e ! i T —1B=0uA
0 02 04 06 08 10 s 10 15 20 Ve v)
CUTOFF REGION
INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS

Conclusion :
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AAISE &G°. - 8

QA : Q@ T @ CIBNAR da GRYIAQ PRICE @R |

0q : AP ANER 6210 621RAA| AFARRIRT QI FRIER GORIG 6210 621RAI 2EIRRIR]
A9IR 2R8Y0P @8 Y@ SIBRe SAIE @QUAN | P-deie dIFg AIER n-gRIe QA
21282100 @QRI QIR 69 T @ O- SIBRQ 9] 941 9@ - IRIQ 2SARRIL1 QI FRIER P-
JRIR QAL 2R8YIHe KRl QIR Y@ d 9P IBNQ Q& 2|

MEN Transisbor Construction

Frunil Ba=i:

Q6018 508 9@ 62 ¥R -0-90 ¢8R 6IRRIeE SIS Q5IEE | 208 6946
68 J-9RIR ARQR G 69 YR-Ja IR QIFIG FRIEQ 2R8YIIR @QUAIRE | QIF 2PSI NS + QIR
950 62108 JI2IR 2 6268 2R UBRIA 601 621RAI YP-JRIQ QAT | 8 Y@
6010 621R2Q! 2PaIR AR @2IAN | AI2| 2SI &8 Q12| ¢ BRes I @G| AR
TGN Q26 6IGIREN | 212161 A6 FRIF 6010 62 1RAR! IR-JR R AIFGN 28 Q191G
PERRR KAIAN | G 2r8l PIER QIR FFe 621RdR| e PR QIR IR FARIQ. AP
6202Q| FHIERNOIR Q126 TTR A6R | 1l 28ne T-QI0l 966 ARITIRE AIeg! 2 T-0rIR
2GR0 QDG 691062108 | Q64161 02 IOIRAIN 641 921 2IR@| 6QI 62108 | Fikl 28Re 699
2N NG 1B 2ERT IR 6616 QIR6R @I R6Q), \FROR FRRINIR Ol 0RIR6 SOREIR6R |
6Q9Q 601 YL IR 6@ Q@EIFIFS! | U@ oo SIBROER, 609Q 99 @26 Jon! | S8R
6716 I 6Q9R I 26081 © 8O G162 | 69000 QIR IR @I 6 62Rde J28ne R
QP CRIFI 6010 621RIR1 IR 2IER FRIER 2IR8ITR @6 2I6Fl G190 S IBaas I aQ) |

Circuit to determine CE static characteristics
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SBRG 9RG 286 G6r 16 G ARUIYER FeIF ARINIRAIRE el TR, 86 e 8d | Ia daYIg
6268 ATRIA QUOLE FRYIA FIRYI 21 YRS 260 2R AIR TP F6Q | IR RIF GRS
P18 SBRNS FITR QeQs G- JIREYS 986 IR ARIRE | 2@QS TEIRIR 692 N FsR
FRIBR 6D AN NG 2RSS POIRR IR e AR ARIBR FRIIKIN | IR @RYIQe SIS
ACR QRUIA I QLICIN 1 MY NM QOO0 (M@ & \@), M9 66 00 (399 d) 669 IR
QYO MIERG |

JR9l (RQYS 6@SW (NPN)) : CE 66116, QIR

Q.

®» X 3 0

N

RO.

N
R9.

QT
RY.

Q06RIa FeCIel 536 601NN 08 AFTE 696210 AR | RS 6GTWLPR ARt
reIel 50 698 NG K0P 6615 6615~ @R 60 @R |

QR ERINGTITR (QVI&° ROV) 2GRS QIe6Q TR (3R 608 IRl O<IRE) |
ARG MRLIQ K FEAIG DIE K |
QI8 AR 2R OEISS ARl SsaE 966 60461 |

oY TEAICIR TIE T6Q, Q26 AFY IRQAR SR 6QI6546Hc0e JIRfa SIeY S66a
fRQ.

el dIGIRQ @l @ |

60 NG IAG'Q FRIER YD 6QURESR 6AIGIEIR NOIBR Vs QLI 8 REQRRM 9&°
ACQ FRIBR LR ERURES'R 6AISIEIR Vee Q21N @608 Q121 T QIR 6@ NQ° 609
IPC'R AFIR ISR 6QUIRESH. J6QS @QR QIR Ver @2IAN | Anae, S8R el
(2BF 0I6Q CIBYR Y R P00 QULLIQ Aldm KR IRRRER GG NPN
SIERR) | QAR AT AFAR FRIER ERQRET'R @ Ve Q21N |

QPBFIBTIBTRBRCR (CIR| AURQSIR @215 AIKER Q6IKIReIN) &9 (°-OVIRReERSIR

BRINESR) @ A8 IR 6QIMEE'R SRR 0V ARl CVEQ QB! |

6@ O. 0V OB 6T6SABTTQ P (QUREIR QIf AKEQ SlIdIngal) JIRfe SieY
O] O VAR 0RQeR 609 |

P @ 6066 EBFIcRE 0.0 VIGReR @6 609 QT 6RIREE'R 695 £aQ \I&* 2IFER 169
609 6L 6061, 12| SIPY 62Q | 96m 6RSHITIRARI ATHEREE ARST-16Q SN KRG |

6Q 6RIMESR Q8 @G N 9 GOUA 6QEEQ 6@ REQE IR Q6° 6a6ig |

QEF1 61 6L 6RINES'R QB TIRE, 66¢] 27 JQAIKIR @EQE QEQ | 0.8V &R 0.9V
AR REQE Q6 CIGER QB AN |

ARG 6EINEERR IR AHIDER ARSI ARSTER ACHHR 6966 FeQ |
90 6QIRESR, Ve 24 e gy ikl DElIREE1 2V, 4V6Q Jadl 9RIQE! e Q@9 Ve
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& I50104 695 IR 6000 @QQ| IR IR 69 ¢ Q © 9 6 I8 260 2QIRE faQ 6
695f6R HERSE ARSTER- 16006 @0 |

Q8. X2S6Q Vee IS y 2S6R 990G GIICPER 6Q5IR4G0 2R |

IRl (FIRSYS 66 (MR 8 9Q)) :

C.

LIS QIER Q1 IR AR 69Q |

6o TELICIR LI T6R, YEIEF AAY IRRARSIR 6065 ABHcRR JIefie 04 Zaee
Q|

el dIGIRQ @lq @ |

6QIBSASTTR (QID1 QRS QI TKER OSITIREIN) PR (0- 0 V) @ A8 OSFISER Ohea
RO, JI21 QIR 698 6@ @6 I8 AIFICRER €O LABRR |

6@ 665 ABHSR P2 (QORRKIQ 21215 AR QIR § JFR Se4 FRue 10V
AR 1VARES06R CoRer @09 |

P2(QORREIR Q12141 CIE]) 6TI6TEBFICRR. 1V ERIRESRER IRQGr 08 f6RaR QI
ERIRESRR 66 @G N UFIT'R I 60 @ERQR MEREL 661, 2| JIRAER S04 62Q| ~er
78 gRU6R Za 621ade (066 92l 2RIy Q8 AIRJER) | 96@ 6aIIRAQI IS
AIRET-11 6Q OUGR 6RSIIQ |

I6Q 6RIMES'R, @RI IS S0mA 6QZER RERRA FEREL Q 2IRQd (EE 626IQ |

2SS 6QERR 64 78 CRINESH. J6Q RERE g Q@M | 204 \Ia 646 IR FOIRR G6QER
IR 99 62Q |

PIRCYE 6QIMES AR U66YR QMR AHERSE ARSTER AI01ER 6906 @g |

RO. R A6RE IR 2RY 90 gAY Alie! CIIREE1 20LA, 30LLAGR Oad PR @eQ NIS* Q6K

Ve & IcQI0Y 696 JIR 60606 @6ial JIR 984 62 ¢ § © 9 @ Q81 &6 2RI Q.
IG° 696166 ATHEQ SIS ARSIER-TT 6000 @QQ |

0 Q. XZSTBR VeeI6* y AS6Q [c DG QPR 6Q3IR4go0 2R |
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AdUEQ S QIR -1 (ROYS 6SFW (NPN)) :

I\SI:) V=1V V=2V V=3V V=4V V=15V
Ve (V) [Is (11A) | Vie (V) [ Is (BA) | Ve (V)] Ts (BA) | Vae (V)] Ts (1A) [ Vee (V) [ 15 (11A)

1

2

3

4

5

AUEQ S AIREI -1 (2IRSYS 6SERM (NPN)) :

I\SI:) Is=10 pA Is =20 A Is=30 DA Is =40 DA Is =50 DA

Vee (V) [Ic(mA) | Vee (V) | Ie(mA) | Vee (V) | Ie(mA) [ Vee (V) | Ie (mA) [ Vee (V) [ Ic (mA)
1
2
3
4
5
B (uA) VEES 1Y 8] (,— SATURATION REGION

ao | VCE = 20V . _;.//%/ B ]7::.:;} "

40— : //r/ 18~ 20 A

30|~ A r.’-—--—"""""

20 1 B =10uA

i | ST O | | | : (-_—_ —lB-0us

o[ 027 04 06 08 10 Veew) 5 s fw 5 BVaw
RAYS 6QEIRY UIRGYS 6QSW

ANNJ6] 691D @2l -
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AAISE &G°. - 8

QA : 99 J 9@ B da 2IQ I8 SRYIAR RICE @E! |

0Q : IR VIER 601062 IRSRIR AEITRIRT 01 SBER FONIB 6210 621Rdel 2I8IRRIR T lE
AR H690 A9 Yo G BRUR Q@627 | -deIQ 6P & NR-IRI G0 FEIe @6m 69 TR,
3- CIBRR 93 | 99, - JR IR AEARRIR1 JQIE @06 J-0a 1R £59 5690 A6m 9 J e,
chaaead |

MEN Transisbor Construction

Frunil Ba=i:

QIR OLC 62mI TI9-J CIBROQ | 26 62¢1AIRER 64 MR -0-IQ G0 RS,
QR6 3-0pIe 609 Grsa MIEBE 62068 | 818 A6 6010 6208 S-URIQ A6 & |
QBIQ 603 6010 62RIAI FIREE FITR K2IANG, 6ARCIR ATAGQ DR IR 6IRS
CIBRQ 6@ ORIQIQ RIS U Q26 609 | QRE AIES! AR 691 622! IR -JIeQ)
REY 66 268 6006 & @ERAR ALQINT | QR IR AT R Q21| 2IQ FILRINER
QIR AQQIRIE AR 620l PN QI8 Qlee 6@ a1 AP AkRS| 3-@21aNd
RO @G T-9RIRQ AR APEGI 610 62068 | (-) 021 QR IH 64 QOIR 6% @ 6010 62R6S |
ARLIGIEE 6@ KLITNG, 2IQ ROIQ R RGNS 666G 6616 QTR @A @Y, AR QG2
Qe JQI26a FCRs @l | 6Q9R 62T FUALRINIR SR QSIFPS 2N | 6% ¢ IBaeR
6QAQ 99 @26, oMl | 18RS Il I 6@9dQ 99 26981 © 80 glé 624 | 691 Q6% @6
6010 622! T-LIFI6e ARl 2IQ FRIF 621K 62RIQR| NP -JIG @E0IR, 2@8gldR @&
e O99-0 1B’ @14 |

Circuit to determine CE static characteristics
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SIBRR 96S Al6ar 095 2nel GRUILER 626 AUARAIRT, 6006 & da, 96 2ie 83 | 9a
QRYIY 62G6E AQ0IR, 6QE] 6QEIR AU RIS PG| AR OIR 68 RIR 66! | I RIF
GRINIR6E A0S CBRER FIRAeds 2IQ 2RSS 9hs Rt kIR | s Sepmeag 2IIQ
FICR 60 6QI0IR SRITINGD 21 IS PoRe el 2IQ PR 6a PRAIND | TR QRYIER S
ACQEAPYIQ Q@ QAIINE 19 R 00 (ML J99), 9 6@ 00 (499 &) 6G8IR RIG
MR IREUANG |

JdRgl (YS! 6QSIRY (NPN)) : CE 66118, QIF

Q.

O Y B X 30

RO.

N
R9.

QT
RY.

R&.

Q60 G2ICIRIQ ARGER 69620 AQR | 5066 60¢ @R UG /G FIPER 666 §66
AR QYR |

Q8 6RINGTIC'R (QV 2IQCOV) QORI QIEQ 62R6S |

ARAC'R @8 @Q AId |

AICRIQ RIG @RS U89S & F9ag 0IRAG AR 69¢IReR |

AQ FELIFR FICRI U6Q, TE2RI IQ VRRERSIR 6TIEEABFTRER (O) AQR.|
QURAEERUBR IR KR |

609 2R NACR FIPEQ LYR EQIRES'R 6LIGIEIER RER Vs RELAP 2R @6RaR Q)
A AIPEQ YR 6RINES'R BAIGISBR Ve 6290 @60l JIR1 I8 2161 6QQ 2R 6@
YOG 0RAD LQOEQR ELRINES'H J6QS! @68 IRIte Ver Q21N | IRER SIS
QIS (21661 QOIBR SIBRR Y R 00 QURLIR @RdM 6926 @ IREPER GaIR
NPN GIBRQ) | @6maR NACQ @FIR S06Q 6QINESREa Ver @21aNG |

2RI 6TESLBTTRTI (9~ OVIRQERSIR 6RIREE'R) 6@ A& IR 6RINEEH 60RSR
0V @IEREM O VEQ Qe |

QRIBE 0.0V ISR 6USISTTRP € I IRIQ OV om 2R |

P Q 66 6UIECABACR QO. 0V 0r UIPRR 609 QI 6QINES'RER 696, @R 2IQ) 2IIFIT'R
360 6@ AEQEL 6AYR, 2| G 62R | B6M 6RP 6TQM GUINIRES 62560 6mS! |

PR EUNECRREAR 2R 9 BOUA 6QEER 60 REQER & 6% |

Q61 6061Q 6 6QAIRETR Q68 , 62IQ G @ ISR RERELRBQ | 0.8V RIREA6M
0.9V BTG K6 6051 @4 |

QRIS 6RIRETRER AQ FII @R 66! |

IR BRINESR Ve QRS i RIGT JZIREE1 2V, 4VEQ JRlEe 2R 260 @1l IR QR

Q2R Vi & 15 TI0Y 695 QIF 6900 AQQIQ R 69 ¢ | © 96@ 2R 269 60,
2IQ ABI66 ATUEQES AIRSIE-1 6060 AQR |
XS & Veedlay 28R & 13 QI66° QI RIS |
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IRl (FIRSYS 6QTERM (MR 8 9Q)) :
0. eS| AUER ARl QPR AR 629 |

9. QQELIFR A, B2MI AQ VRQERSIIR 6QI6SABTCRER S0 & Q& |

T, AIRWR JBIR QIR AQE |

Y. 6UBSEBHR (D121 QARSI QIR TIKES SIIIRER) P R (0- 0 V)66 68 ORFISI Iteew
RAR, 6P QUG 69 6@ K6 I5 UFG'RER € O LA ELQ |

8. Q2R EACCIBHTR P2 6@ JIRHR §9.0RY 2 10Vea 1V aQ@ |

9. P2 (Q0RQER 9RO TSl 6TIESABHCRER 1V6RIRESRER IR AR FERaR QICIEP
ERINESRER 696, @R 2R 2IFIT'R Ic 60 MERQR @EQEL 6, REIQELRIQ Sk 69
2lia &8 gaud 2196 S0l 1 (U638 @S ANIPY T60 @FTIBR) | 96R 609268 AERSE
AIQEST-IT 6Q AIOHAIPER ERSE |

9. QREPEUNCTRAPIRR 2R SO Al 6N PEMaR @R, 9 AU Qe a6 |

M. 2dé686Q 64 @8 RINES'R, J6Q @EQE, IR 62QING | 2l GJ66' 696 RIG! raliae
REQERQQ I RGN 62Q |

. RGIS EURECHRR AQ FRIPM 6SQLWER EMEGIA |

RO. IR @6Q IBQ ZRGI G6S gy RIS HZIREF1 20 LA, 30LASR Oadll 2R d6Q @ IR Vek
& IcAIOUGRAR RGN 696 RIEI 6000 RORIRRIFI IR GQ ¢ Q © 9 66 2R 260 2RI
POF1I 210 69GRI66 ARSI ARLIER-T1 60 6066 Ao |

Q0. XU VeI y 2SR Ic A6RF 6STIE1R 2R @R |

AdUEQ S QIR -1 (REYS 6GFW (NPN)) :

SL
No.

Vee=1V Vee=2V Vee=3V Vee=4V Vee=15V
Vee (V) [Is (BA) | Vee (V) [Is (BA) | Vee (V)| I8 (BA) | Ve (V)| Is (BA)| Vee (V) I8 (1A)

DNl | LWV BN
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AUEQ S AIREI -1 (2IRSYS 6SERM (NPN)) :

I\Sli) =10 pA Is=20 pA Is=30 pA Is=40 pA Is=50 pA
Vee (V) [Ic(mA) | Vee (V) | Ie(mA) | Vee (V) | Ie (mA) [ Vee (V) | Ic (mA) [ Vee (V) [ Ic (mA)
1
2
3
4
5
QIer ¢
HIB (uA) T 8 (/—-fmukmewmms
106 | VCE = 10V a2 Bn00k
96 — V/CE = 20V | / 18="70uA
% 5 _/ 1B = 60 uA
80 — .
- st / I8 = 50 uA
70 _ ,
60 — N / 18 - 40 uA
50— " /’ﬁ\m’—- IB-30uA
40 : / IB=20ua
30— 2 V‘_’d—'—‘-—‘
20 |- - 8= 10uA
10— tie
4] 02 04 0.6 0.8 1.0 V/BE {V) 0 i 5 1 i35 2 Ve v
CUTOFF REGION
RAYS 6QEIRY UIRGYS 6QSW

AR 6519 @2l
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Experiment No. : 6

AIM OF THE EXPERIMENT:
To draw the drain and transfer characteristics ofa given FET.
* To find the drain resistance (ra), amplification factor (i) and tans-conductance (gm) ofthe 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 Vps.
with increases in Ip 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 Vpsos at this instant is
called “pinch of voltage”.

Ifthe gate to source voltage (Vas) 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.
* Ip=Ipss (1-Vas/Vp)?

CIRCUIT DIAGRAM :
e R
(=—
0-60)mA
|
24 RPS
Yos ) .20 = {030V
O30 7
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PROCEDURE :

1. Allthe 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. Varythe Vpp and observe the values of Vbs and Ip.(don’t vary the voltage Vbp more than 20V since

A S A4

12.

13.

FET is low voltage device)

Repeat the above steps 2,3 for different values of Vass at 0.5V to 3V.
All the reading are tabulated.

To plot the transfer characteristics, keep Vbs constant at 3'V.

Vary Vas and observe the values of Vs and Ib.

Repeat steps 6 and 7 for different values of Vps at 5V and 7.5V.

. Thereadings are tabulated.

. Fromdrain characteristics, calculate the values of dynamic resistance (ra) by using the formula r«

=/AVps/\Ip

From transfer characteristics, calculate the value of trans-conductance (gn) by using the formula Gm
= Ald/AVds. gn = Alp / AVbs

Amplification factor p =AVps/AVc

CONNECTION DIAGRAM FOR FET CHARACTERISTICS:

+
AMMETER

FET BFW10
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DRAIN CHARACTERISTICS :
Serial
Ves = 0V Vs =1V Vos =2V
Number
Vs (V) Ip(mA) Vs (V) Ip(mA) Vs (V) Ip (mA)
1
2
3
TRANSFER CHARACTERISTICS :
Serial Number Vpos = 0.5V Vps = -5V Vpos = 0.5V Vps =-10V
Ves (V) | Ip(mA) | Vas (V) | Ip(mA) | Ves (V) | In(mA) | Vs (V) | Ip(mA)
MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

Infma)

Transfer
characteristics

Dreain

characteristics

Ves=0

Veg=1v

Ves=2v

Ves=3v

VGs=qv

JEET Transfer Characteristics from Drain Characteristics
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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 ((7), amplification factor (i) and transconductance ((g») ofthe given FET
are calculated.

Conclusion:
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AUNSE G°. - ©
AV QEREN :
FET Q V-1 (6Q818G000 2RSS )
1@ G2QIRAR| FET Q drain 9G6Q1 (r,) @8 Q618 (1) B Sleg-08qi0d (g,) @ and f4a
AR |

QR QIR :
* FET (BFW-10) |
- OLRE dIBI AL |
« 6QIRFSQ (O-9 6QIR)
* A FGQ (O-ROOFN)
« PELIG RQAULIRE IR |

ARV

Ia FET 6268 9@ 6600 sFrin 601ag, I9IR 65519 6268 66 0eJs afeI 8 &9,
@& | FETQ Gate 3 Source FRIEQ F@ 9001 QL Q1N &1 | Drain Q) Source A4Q 6816
B 6BINETHR VR, 1910 QIR PER| IFEARIA AR RIH HEQ G 602 GEQ Vbs
AR 61 QUQER QB AN | I1p Q8 UIRQ| AGG Source 3 Channel FRIGQ Rl B2FIR EQIMES'R @<,
YRR 2AUe QLA QMY AR I IR IRR| YG @ Channel &' o Q@RI 2IIQA @6Q 1 9@
F266Q Vs fnla, “CE-2Ir 6QIR6SR,” 6Q1R QRICIN

Q6 92 6615 B 64 FRIBQ 6RAANESR. (Vas) RIg| @QUAN LRI 2RI QRCS QIS &, §g-2IcP
BRUNESRR 21 @QUN |

\ o=

2IBCPIOR O6QIGI6Q, FETR, C8-2ICP, Q12160 Q) 22R6Q 9001 QUQ21Q @QUTN |
* Ip=Ipss (1-Vas/Vp)?

—<
Qa9 LINGIA : = SRR L
(In) |
©50)mA
inilerh
@1 P il 12 ppe
~ (Vm' ) @20v i o
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CONNECTION DIAGRAM FOR FET CHARACTERISTICS:

+ —
VOLTMETER

\

)

OUTPUT-4

‘‘‘‘‘‘‘

0-3v

l SETVOLTS

d@ql :

R9.
QT

ALY PEAIGIYER FELIS e IRG, GBI ARILISE |

FeLofon 900 A0g, AL EIEER A0 62Q1 QR | m @R Sk FEAICIRR Q0 &
AoIER |

6%, characteristics 6@SRMGIGR I @QQIQ Vas 0VEQLQ Q6! |

VppQ QR MR QERIQ G° VpsB Ip Q RIGeR 6961g | (Vop® 20V Q 2RISR QORIg,
@@ Q1R8I FET & 6f 6QIR66'R, 0a1agd)

QOBRIR VDT 296 3 Q. Voss@ S8R gRY (0.57Q) 37 AIR) IR JRUQR 6Q |
ALY AORPEIR CUIRERE 2R IR6R JL6 AAUNIRE |

SIQrQ 6QEWGR IS @QAQIR. Vps § 3VEQ IR Qi |

Ves QIR QORIQ NS Ves B I Q IaU6oq 6961q |

VpsQ Q@ FURY (5V N&° 7.5V) IRl 90684 6 9e° 76 J8I26Q @0Q |

. JORPEIR SUIRERES'S Zin IR6Q OF6 ARUUIRR |
. 69 6QTHR rs =AVps/AIp YR QORI AR CIFENR OS] | 600 QURIFR JEERQWR (1)

R4 S8R Q) |
g, = Alp/AVbs90 QIQ2I0 @1 S IQ-0€aR (g,) QIR 6601 Q9 |
ABPE@AR PUIQR 1 = AVbs/ AV
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DRAIN CHARACTERISTICS :
ek Ves = OV Vos = 1V Ves = 2V
<Pl
Vs (V) Ip(mA) Vs (V) Ip(mA) Vs (V) Ip (mA)
1
2
3
TRANSFER CHARACTERISTICS :
Qe P Vps = 0.5V Vps = -5V Vps = 0.5V Vps =-10V

Ves (V) | Ip(mA) | Vas (V) | Ip(mA) | Ves (V) | Io(mA)

Ves (V) | Ip(mA)

MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

Inma)
Drain
%ansffr 5 characteristics
characteristics Ves=0
Veg=1v
Ves=2v
Ves=3v
VGs=qv
Vosmn

JEET Transfer Characteristics from Drain Characteristics
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QAIQUINT :
- FETQ G616 6Fi0IR 960 09a 996 696 6241 @Qa |

- QUE2IRRIRI 22IR6R FET QI6Q1E 6FIR IR, UI0s @6, 1216 6914, 68@), 6616, AQ68G'
RLIAN |

. 619 E° AQYIS' U6 ART 62Q1 QOA.|

- FETQERUIOR 2000 @Qdel 6RIn6SR J6TI6 @a1dQ| 06 @69 |

rRICrE :

«  GRUKIRYRI FET @ 622 6° SIQCPe 00e9e 2@ @aldieg |

- GUKIRZQI FET Q @lo@fe, IG6Q (r,), amplification PYQR (L) \I6° S IRLHEQ4YQR
(gn) SR @RQUAN |

AR ALLLIQ :
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AQSE G°. - O
AQSIQ RAY :
GPITAIRIQI FET @ 622 S 1R @ Qa8 2w @l |
Q2HIRARQI FET @ 629, Jo61 (r,) Q8 Qe (1) 8 SI0Q-a8a)ed (g,) §aad Q210
@ |

R COFAER :
« FET (BFW-10) |
- OLRE ABIQ QYN |
« 6QIRFSQ (O-9 6QIR)
« A FISQ (O-00ONEIN)
- JORIR 2R |

eQq

G6S FET 62668 605 SFip IR AR-091ag, JI2IR 6562668 68 RJs afIeIR 2R @
@& | FETQ Gate @ Source @@ 9660 Q@< @1NQ &3 | Drain § Source 6@ @2/IQIRIAR!
6216 66| 6RINES'RR IGRIER, n-61Rd QIR PR JGEQRIR AR RIF K& 2R
620 @6Q Vs I6sk OIRE QIR IG QI 628 | I @R AI6&P Source 2R Channel 2E@,
ARIRE 6 RRESR 2R 6L QIR HE IR Channel @261 IR Q623 | @ AATER Vos6a “0s-
TP BRINES'R” 6QIMRERAR |

A6 @ 6616’ B 621 AIPEQ AMCER, (Vas) 2EQR Qed 0led 600l Gose Gallag,
666@ T8-2ICP 6QIMESH @FIR! |

QJ6S AFPIIQP B, FET 92 6518 A8 -2IP 28R6Q QUQ2IQ @0QR |
* Ip=Ipss (1-Vas/Vp)?

<
Qa9 LINGIA : = SRR L
(o
©50)mA
D
@1 P e S +:__ZE ppe
_ A (v ) i A= 30V
RES =~ 2
-30) 57 )
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CONNECTION DIAGRAM FOR FET CHARACTERISTICS:

+ —
VOLTMETER

\

)

OUTPUT-4

‘‘‘‘‘‘‘

0-3v

l SETVOLTS

Q4! :

R9.
R,

AQ FEAIGGQIER TEAIG 2R ARG, 53 BB ARITIREE |

LGN 966 @R, 9906 A0 62 AN 2N | @R & &R LG IR
QR U @QARQ! |

694 characteristics 6ASWMGR IR U FRRIER Vs 0V 60 I Q1@ |

Vo0 Q B2 B9 IRUER QLRI 2IQ Vpsella In @ RIGRI6R 6@ | (Von6a 20V Q)
2RI 1R QLRRIAR | RIQS| FET Q66 @f 6QIREE'R, 2Id 2IN)

QIR U682 2R 3 6@ Vs Q @@ @@ AR ( 0.5V Q 3Vea) RIGl 2IRC6R @@ |
AQ JORFSIER SHIRERE. 2R INER SR KRUIIRES |

SIREPR QTP ¢S @RQIER Vs 6@ 3V 60 I QR |

VesQ IRU6e QORI 2R Ves IR InQ IRUGS R 6262 |

VpsQ @2 @@ gRY (5V 2R 7.5V) QU6 68 6 IR 7 6@ 2IR6R @@ |

. JORPSIER SHIQEMES'R. IR INER G2UIR AQUAIRES |
. 692 6QEMQ ra =AVps/AIDIR 6QRR A QIRAIRIGERNR | 609 QURIFR AGEQUR

(ro)Q gRY SEIR| @QQ |
g, = Alp/AVps9B 6QQIQ 9 SIR-09aR (g,) @ IRY ¥R @QR |
AFPERAR PUGR u = AVps/ AVe
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DRAIN CHARACTERISTICS :
ek Ves = OV Vos = 1V Ves = 2V
<Pl
Vs (V) Ip(mA) Vs (V) Ip (mA) Vs (V) Ip(mA)
1
2
3
TRANSFER CHARACTERISTICS :
Qe P Vps = 0.5V Vps = -5V Vps = 0.5V Vps =-10V

Ves (V) | In(mA) | Vas (V) | Ip(mA) [ Ves (V) | Io(mA)

Ves (V) | Io(mA)

MODEL DESIGN :

TRANSFER CHARACTERISTICS AND DRAIN CHARACTERISTICS

Infma)

Transfer
characteristics

Dreain

characteristics

Ves=0

Veg=1v

Ves=2v

Ves=3v

VGs=qv

JEET Transfer Characteristics from Drain Characteristics
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AIQUIRT :

. FETQGSf0IR qo1e U@ @6 626 aafll |

- FET6Q0QIRGI STRIR, dIed @08, Q1216a 6214, 600, 6616, I062S K629 |

. 6919 26 9QUS 6815 AFS ARl |

- FETQ6Q0% Q 2RI 6QIR6SR. 9620 @QUdQIQ AC6R 191 268 |

A€l :

- Q6C PRI0G, FET Q 6@ 2R 6 1RPegs 94101068 |

« Q| QUIKIRIR! FET @ @@, A6k (1), amplification SPYIQQ (1) ~Q°
SIPRIRIR (g.) BAIQ AQUAIRES |

AR ALLLIQ :
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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, S0Hz +10%

Digital meter:
* Voltmeter 20V

Components mounted on panels:

« 741 1C (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:

o (¥
RS M

—  (Figurel)

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 REF, 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 Eo 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, lin must also flow in Rf, thus Iy=Iin

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

If=(- Eo)/R¢
Since lin 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 O to infinity either Rror
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.

[98)

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

See the output voltage in the voltmeter which can read both +Ve and - Ve side.
We hereby applied the +ve signal, observe output will be the negative.

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

NS ok

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

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

Vin Vout Theoretical gain (Re/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 s applied to the (+)input, and a fraction of the output signal

§, KA

Can
%, S
JR— S o %, i
‘ . w4 i Owmpat 4
; ot e You
L ‘ !
2y - 12V
s N

= Lenen -

- A% R —

Eo, is applied to the (-) mput from the Ri-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+R¢Rin=AVo

The gives the gain equation for ideal Non-inverting amplifier, which varies fromunity 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 mixingand
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 mput 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.

[87]



J6LlIeSImI F6@dim| / LABORATORY MANUAL

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 ofa 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 ['V. (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.
Vin Vout Theoretical gain (1+R#R1) Practical gain (Vout/Vin)

Conclusion:
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AASE G°. - D
AQUSEIQ REY : QG I @@\—@9@6’ ?Jlgfp" I QIRER 221 e LG |

QR QARQE! :

AlgIQ 6IGNIEI
* @2Im DC JIBIQ 62IGI8! IC LIRS +15Vde, 150Mall
* DC JIBIQ 6KIG181 IC SRS 0-12V DC, 150Ma |
« F61 DIBIR 230V, 50Hz £10%QI6R IR

OecIR fioa :
* 6QIRG. TR 20V

AlgIQ 6IGNIEl
* 741 1C (Op-amp)
- JEEQRIE
« YIAITSR
« ARAGC'R

eQ

8 @IS 2IBCPIOR 6268 9@ AFFINN, JI2IQ A6 66IRl AT A1V, 996 A8 ARYS
JEERN), @26 @ 2RSS IGERI N @9 QUISBRE 2R | 921q 906 6(1Ra 2IFPIOR
AFSEQ TS AQINRAIRS ;

Q. AG®

9. PP-QRG®

Q1968 2RY Y RIS AFCPIIR 956 8 Q@S 661R6 SRYIAER 2ARIAG |

QAT 2IFerige :

\/;5\ ’

»

oy (;\5
BMS Bom AG

S (Figara-1)
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66 gaf 6610 QNS AIBCPIAR GRUIY QG IEINns A6 | 98 9566Q, ReQs.
TR IR FIRIFBR () CTRIMER TBLIE @QUAIN, Q2| ARITER 6CPQg N | 2IsT @IS
2P IR Q6 U6QIG @G I8 AFTQ FIY 6STWEFR. FIRNUS AR G6ESE
AQUVRIIR |

60623 2Rr IR 2 AR 2R, 2| S Q@ 06 210 2IRG'J6 6 QIMES'R E0 R Se @6 |
PIERM RO, 6208 Esiq (+) 6QIMESH 926 QAR (-) 6RIRES'R ORIR g @QIIR: i@
JGEQRIA RARIER 2FiR FECI0 @6, 66¢] Ol QRS 6RINES'R Ein 69611501 260 Rin 521K
n6QE! : lin =Ein /Rin

91996, 60694 Is =0 A QRS G 6015], @96 @6QEL Iin F1tl Ry 60 JQRG 624
QG 60¢] I;=lin

2IRSYS 6QURESR. E0 IG° Ry 6Q 6061ICN I&° 2FFIN0Q 900 @@ ade 6416 aligs
216G | E0 \IQ° Ry §10Q) 2IQFl @@,

QY =-FEo/R¢

60693 Tin AAI@, 2II6F1 Ein /Rin=-Eo/Rf  Ein/Eo =-Rf/Rin =AVo @@JIQQ

21 210¢] QPG AIFCION I AIR ARSI 69REN, T2 RfGaI Rin FRIQ 0 Q 29Q
AR 0FRGE 621RJBR |

6900 FE6Q 96916 AITUR IR @8R | Ail ATE @ 1NGlIF FF6e GaIfR! 9R4l :

0. QU AN IR ARS §6 FEIC KeQ,

9. 650eR JBIR QIR AR |

TN, 1v6Q 966 6Q @Js DC IR IR J64I6l @ | (24 ARFITR ARICusa 8 TR Ing.
Ad @Q) |

6QNCTITREQ QSIS 6RANESR 6Q6IQ A1 +Ve NIG° -Ve AIg] @@ AFAIGES |
2lIBE 0IBR +Ve AGIR IR J6Llel @68, 6961] UIRS'Ys QdlIge 62Q |

65QEMIR YABR ARYS IG° ZIRG'YS BAIMESTR ARIER JOR 6000 09 |

QUL Vout /Vin GEIR| @2Q 6° 018 QIR 986 @a@l @q | JI2IRf, R1 Q R4 ¢ Q19
AQAURAIQQ |

M. 099 Aeg 696 JIn Jadl Je8 996 /a9 |

2 v »

Vin Vout Theoretical gain (Re/R1) Practical gain (Vout/Vin)
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QO-RQQF BN
204 20-2IFQ G610 661a GRUId 6268 PR-RREE° 2IFTIAR, 121 6369 @SIQIRE |
1@ 9RS6Q, 6RIRESH. Ein @) (+) R@Qesa J62I6l @RIAN 6° 2IRSYs. A010IR @ 2P4

i, = LS

Eo, R-Rin6QIRESH 62004 (-) R@UeEQ 66l @QUKIN | 60620 60100 Q@06 QN @60
Q90 QRYS SHRIREQ 0 @e 2 PIF (662G Ri2IRE QUAER 2IAIF1), \IG° Es =0 60623,
BGIMESR, Ein, EQRG QAR 63¢]
Rin*Bo-Ein(RintRy¢)
Eo/Ein=1+R¢/Rin=AVo

21 2Ie¢T 2-AeeG" AIFCPIAN I AR AARQS G, D121 RF NE° Rin @ 98 Q6
R OR IR0IR 2R AR CeREE 9 |

op-amp Q J6LI6] :

2AIFEPIYR : Op-amps 210 AR BRSIAR| AATER I8 A6 JORIRG Q8 GGG |
@ QY UGB JRLPQE NQ® IR IR REAGER QYR QIRER QILRLG 2 |
QR-AR@E AFEFIYN : 98 GeUId AeJs RIR APES PAR QF AN, A8 APJS.
JOBRII I&* @F1 2IRS'YS OGN IR IR @RI, 215 QCPE! IEade i QUYS @QEIN |

eI 2IFrIYR

-2 QR QRIS 6RIMESRR AR ZIRG'JC ERIMESRER AIC @QUIQR! | 92| 263
F1961 96* AOIR IR JaIRQE] 2ITERARER QUBLIGN 660IBR e ke A610 IR Y8 @Q@IR.
AZEIN |

AR :

20-2lY QOQ IR dRR 2R AAQIR AIQLE 29, 6KRA6R 6RI-AIY, QIR-AIY &
UIg-90 FAR 2298 | Y@ PRRES 266 RN, 6QIGIEAIG TSR e ATRIR
REAG6R ARYIQSE |

QR :

2I0-2lIE] BRe ARER fIdY @GR, QA6 APJS. 6RINESH. BRR| A8 \I&° 606 ARG,
AU G121 IOIR IR PRGN IRSYS. JRIP @QAIER | Y& 2LHERIR IR ING-S-Gas IR
PEVSQ (ADCs) \I6* 629621Q 526 ATER AN |
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AAQEY &” QTR :
2I0-2IF A4 e Aiday R iR @Y @AAIRe, Q21 627IRF 2IRIRG| ARG
2IIERAPER QUBLIGT @QEIN |

QeIGede 2I8crIad :
@ 212 IFRee REIRefia d0RIm RIS 2IQsie @QIQl JELCIPRER QIQQE 9,
6000 JOIR IR B IOR IG° GR6HAR I6° §ig Jadll PRSI |

6QINEER AQAAEIR IR :

QPR AFrIAT QAR FRI REIGAI, 2T-2IFERR e AU 6RIG, Pad IGTR d8Q
AR, Qe A8 a8 ARJS AG6RRI I&° @fl 2IRGYS. Gl JRIP RAQIR GRYId
AQURAIRQQ |

QLS @RI U1 IRL|

Q.

Q6 @IIIRIQI I6 986 53 FedIs faQ |

9. 65PN I8 QIR AQ |
TN, 1v6eQ 986 6Q Ads DC dopia J64Iel @ | (124 ARASR IRIAUER ARYS!
R IR, I @) |
Y. 6RRCHTR6R ARSI 6RINESR 6Q6IQ QD] +Ve \IG° -Ve JIg] @@ AGFAIGES |
8. 2BA0I6Q +Ve TEIRIR J6CY6 @GE \I6° AT @61Q 64 YIRS'YS QIR 624 |
9. 65Q96MAR AR ARYS G IRG'E 6RINETH QARAER JOP 6006 AQQ |
9. QIR Vout/Vin G619 9QQ I&° G G0 QIR 996 0l @q | JI2IRe, R @ R4 Q¢ dIg
AQAURAIQ |
M. 098 Aeg 696 JIn Jadl Je8 996 /a9 |
Vin Vout Theoretical gain (1+R#R1) Practical gain (Vout/Vin)
AR 661 @2l :
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AN &P, - ©
AQITIQ AEREN : 2T-2UI 66 APEE' IR PR-ARBE BEF IR 2R U2 IQ Gl |

QA GOY :

AlBIR 6L, :
- @2 DC IR QYN 2IRd FLRG, £15Vde, 150Ma |
« DC JIBIQ 641611 IC @YRG. 0-12V DC, 150Ma |
« IR AIBIQ & TRRIRG, 230V, 50HZ +10%

QAR 6261QIRQ AT :
* 6QIRG. FITQ 20V

AIEOR AUEQ RO 620UV FEVGQ IR 62RES :
* 741 1C (Op-amp)
- JEEQAIR
- YICIGG'R
« ARAGC'R

a@ el
J6S RINRQARIR IEP IO 62068 I ECPILR), 6IRS AR 2R Siml R RIS, 2R RPYS.
Qe6aI), 2IRS'YS JG6aR 2R 9F 6983 281 | @ QR R NECPIOR 966 66 ORI ;
R =mang

9.00-QRACE

JI9 98 RIFERIQ MEFIIR 956 66 @ QA6 I 6909 AT6R 2RIQ FRIVIRIRIGS |

AR Eeriaa

06m GRINIRIQIR 9RG ACRAE. 2RIA| AIF HQRARIR ETFIOR 2N | @ IRCER, RS,
JORIR (-) SFRIRER I 62068, Fasam, o1 PEERR, 6IRAEa IR 62023 | AEIT,
RIFl RN BIPIOR 66 QIR NG, @ 976 Q BRI 67 G6M Al AIRSAI 26Q F6STE
AUJRAICE |

\/;5\ ’

»

oy (;\5
BMS Bom AG

S (Figara-1)
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60620 EPIOR Q. A QIR L, RS FEQI REYC. ZERE 8 1R 2IRS'IS EQUMES'R EoQa 8]
200 | GO IR RIS EQRETR Es (-) QIRESR 6@ (+) 6QRETR 6%k AR @8 6%
AR R AR R G6M o IR @QULIRES 16240 NIl Iol @@t 6QImES'®. Ein, Rin Q62Q
: Iin =Ein /Rin

QIR AEHP, 6ICLQ 2 ARG, JGERR|AER Is =0 RIS, REQE! Iin @ R 6200 TR 2R

Is=Iin

PIGSEE 6QIRESR Eo, Rr @ 9624 2l BLPICR 60 900 ae 090 A6 94lIgm 62068 | E02IR
Rf 69 6EEQ QA @8& I =-Eo/ Ry
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Experiment No. : 8

DIGITALAND 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 ndicates
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 oflogic.

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 gateis 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 ifand only if
all the input variables assume ‘1’ state. An AND gate is represented by the standard symbol as given
below.

(Symbol OfAND GATE) A
B—

_
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Input |Output
A B Y
0 3} 0
0 1 o
1 0 0
1 1 1

2 @—‘ 1
T LT oI LT LT oI T
1A 1B Iy 2A 2 2Y GND

EXPERIMENT -i:
AIM : To construct and verify the truth table of the AND Gate.
Procedure:
* Connect the Aland B1 (pinno. 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 nput 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 givenbelow.

Symbolic diagram of OR GATE
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| Output
Y=AB
0 0 0
0 1 0
1 0 0
1 1 1
Vee

1] {2 [s] [a] [s] Le] [z

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, ifthe 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.

2 input NOT gate
A A
A A R
X o©

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( Pinno. 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 1s given below.

g :NAND,{}W Q

= O O | >
= O~ O |
O = = = O
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EXPERIMENT -iv

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

Procedure:
* Connect the Aland 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.

A
& ¥
Symbol of NOR Gate
INPUT INPUT CuTPUT

A B : Y
0 0 1
I o 0
0 1 0
: | i 0

EXPERIMENT -v

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

Procedure:

1. Connect the Aland B1 (pinno. 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 ‘I’ 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

R RO >
= O o W
L= T T~ T

74886 Quad 2-input EXOR Gates

Voo 4B 4A 4Y 2B ZA 3Y

=

1 4 5 6 7
1A 1B 1Y 2A 2B 2Y GND

Pin diagram Quad two input EX-OR gate (7485)

EXCLUSIVE NOR GATE:

It is nothing but Exclusive OR Gate followed by NOT gate. The output ofthe 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

m
-

Ll s = I - T I
OO R O

oo R
i
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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 Al and B1 (pinno. 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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