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57.1. Bipolar Junction Transistor

The transistor was invented by ateam of three scientists at Bell Laboratories, USA in 1947.
Although the first transistor was not a bipolar junction device, yet it was the beginning of atechno-
logical revolution that is still continuing in the twenty first century. All of the complex electronic
devices and systems developed or in use today, are an outgrowth of early developments in
semiconductor transistors.

Therearetwo basic types of transistors: (1) the bipolar junction transistor (BJT) which wewill
study inthis chapter and thefield-effect transistor (FET) which iscovered in chapter 13. The bipolar
junction transistor is used in two broad areas of electronics : (1) as alinear amplifier to boost an
electrical signal and (2) as an electronic switch.

Basically, the bipolar junction transistor consists of two back-to-
back P-N junctions manufactured in a single piece of a semiconductor
crystal. These two junctions give rise to three regions called emitter,
base and collector. Asshownin Fig. 57.1 (&) junction transistor issim-
ply asandwich of onetype of semiconductor material between two lay-
ers of the other type. Fig. 57.1 (a) shows a layer of N-type material
sandwiched between two layers of P-type material. It is described as a
PNP transistor. Fig. 57.1 (b) shown an NPN — transistor consisting of a
layer of P-type material sandwiched between two layers of N-type mate-
rial.

The emitter, base and collector are provided with terminals which
are labelled as E, B and C. The two junctions are : emitter-base (E/B)
junction and collector-base (C/B) junction.

The symbolsemployed for PNP and

Bipolar junction transistor

NPN transistors are also shown in Fig. Structure
57.1. Thearrowhead isawaysat theemit- Emitier [~ 71" 7" 7] Collector E C
ter (not at the collector) andineachcase, g C

itsdirectionindicatesthe conventional di-
rection of current flow. For a PNP tran-
sistor, arrowhead points from emitter to (a)
base meaning that emitter ispositivewith

BJ’ Base B

respect to base (and also with respect to
collector)* For NPN transistor, it points o= N | P | N == E C
from base to emitter meaning that base Bl

(and collector aswell)* is positive with
respect to the emitter.

) B

1. Emitter ‘ oy

It is more heavily doped than any =
of the other regions because its main I | |
functionisto supply mgjority charge car- .
ries (either electronsor holes) to the base.
2. Base

It forms the middle section of the
transistor. It isvery thin (10°m) ascom-
pared to either the emitter or collector

(©

and isvery lightly-doped.
3. Collector

Its main function (as indicated by
itsname) isto collect majority charge carriers coming from the emitter and passing through the base.

* Inatransistor, for normal operation, collector and base have the same polarity with respect to the emitter

(Art. 57.3)

Fig. 57.1
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In most transistors, collector region ismade physically larger than the emitter region becauseit
has to dissipate much greater power. Because of this difference, thereis no possibility of inverting
thetransistor i.e. making its collector the emitter and its emitter the collector. Fig 57.1 (c), showsthe
picture of C1815 (front and the back view) transistor.

- - - I
57.2. Transistor Biasing PIN[P] le
For proper working of atransistor, itises- V.
sential to apply voltagesof correct polarity across T ™™ Yl = TVEE A b = Ve
its two junctions. It is worthwhile to remember =
that for normal operation; A
1. emitter-basejunctionisalwaysforward- )
biased and Ic'
2. collector-base junction is always re-
verse-biased. [ 1 I
This type of biasing is known as FR T T B Ve =
biasing.
In Fig. 57.2, two batteries respectively

provide the dc emitter supply voltage V. and
collector supply voltage V . for properly biasing
thetwo junctions of thetransistor. In Fig. 57.2 (a),

Positivetermina of V. isconnected to P-typeemit- .
ter in order to repel or Push holes into the base. ,J .
The negative terminal of V . is connected gg e
tothe collector so that it may attract or pull holes =
through the base. Similar considerations apply to §§ -
the NPN transistor of Fig. 57.2 (b). It must be é -
remembered that a transistor will never conduct T ¥
any current if its emitter-base junctionisnot for- &
ward-biased.* Alsorefer to the pictureshown in (©
Fig. 57.2 (c). Fig. 57.2

5§7.3. Important Biasing Rule

For a PNP transistor, both collector and base are negative with respect to the emmitter (the
letter N of Negative being the same as the middle letter of PNP). Of course, collector is more
negativethan base [Fig. 57.3 (a)]. Similarly, for NPN transistor, both collector and base are positive
with respect to the emitter (the letter P of Positive being the same as the middle letter of NPN).
Again, collector is more positive than the base as shown in Fig. 57.3 (b).

—_oC ++0o C
. I

PNP
Ve Efs % EF- +
B = PNP B /7 )NPN
Ves Vee  VBE Ve
Jr_ E JL _4E -oB +oB

+0

NPN C

Fig. 57.3 Fig. 57.4

There would be no current due to majority charge carriers. However, there would be an extremely small
current due to minority charge carriers which is called leakage current of the transistor (Art. 57.12).

®
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It may be noted that different potentials have been designated by double subscripts. The first
subscript always represents the point or terminal which is more positive (or less negative) than the
point or terminal represented by the second subscript. For example, in Fig. 57.3 (a), the potential
difference between emitter and baseiswritten asV ., (and not V) because emitter is positive with
respect to base. Now, between the base and collector themselves, collector is more negative than
base. Hence, their potential difference is written as V. and not as V. Same is the case with
voltages marked in Fig. 57.4.

57.4. Transistor Currents

The three primary currents which flow in a properly-biased transistor arel ., Igand .. In Fig.
57.5 (@) are shown the directions of flow aswell as relative magnitudes of these currents for a PNP
transistor connected in the common-base mode. It is seen that again,

le=lg+ I

It meansthat asmall part (about 1—2%) of emitter current goesto supply base current and the
remaining major part (98—99%) goes to supply collector current.

Moreover, | flowsinto the transistor whereas both | ; and | . flow out of it.

Fig. 57.5 (b) shows the flow of currents in the same transistor when connected in the com-
mon-emitter mode. Itisseenthat again, 1= 1+,

By normal convention, currents flowing into a transistor are taken as positive whereas those
flowing out of it are taken as negative. Hence, I is positive whereas both | ; and | . are negative.
Applying Kirchhoff's Current Law, we have

le+(Hg)+(H)=0 or le—lg—1.=0 or le=lg+ 1
P N P
| |
98%
100% Ig Ig IC>
el | U —>—IC oo PNP e
I
@ g I S E 98%
L Vee =
T Vee CC Ly Voo =
IB 2% T YEE IBV -
< < < <1
9§%
le
1| |p
Iy || PNP
< < 1 N I
® 2% "1 Voo == ‘ |
2% Vee 5=
— VBB k| |p
N — Vs
I, A 100%
I, A100%

A 4

Fig. 57.5
This statement is true regardless of transistor type or transistor configuration.
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Note. For the time being, we have not taken into account the leakage currentswhich existin a
transistor (Art. 57.12).

57.5. Summing Up

The four basic guideposts about all transistor circuits are :

1. conventional current flows along the arrow whereas electrons flow against it;
2. E/Bjunctionisalways forward-biased;

3. C/Bjunction isalways reverse-biased; 4 1= lg+ ..

57.6. Transistor Circuit Configurations

Basically, there are three types of circuit connections (called configurations) for operating a
transistor.

1. common-base (CB), 2. common-emitter (CE), 3. common-collector (CC).

The term ‘common’ is used to denote the electrode that is common to the input and output
circuits. Because the common electrode is generally grounded, these modes of operation are
frequently referred to as grounded-base, grounded-emitter and grounded-collector configurations
as shown in Fig. 57.6 for a PNP — transistor.

Since atransistor is a 3-terminal (and not a 4-terminal) device, one of its terminals has to be
common to the input and output circuits.

57.7. CB Configuration

In this configuration, emitter current I is the input current and collector current | is the
output current. Theinput signal is applied between the emitter and base whereas output istaken out
from the collector and base as shown in Fig. 57.6 (a).

The ratio of the collector current to the emitter current is called dc alpha (a,,) of atransistor.

—

o adc* = |_EC

Thenegative signisdueto thefact that current | _flowsinto the transistor whereas| - flows out
of it. Hence, I-istaken as positive and | . as negative.

o lc=—day.le

If we write adc simply as a**, then a =1/l

Itisalso called forward current transfer ratio (—h.g). In h.g, subscript F standsfor forward and
B for common-base. The subscript d.c. on asignifiesthat thisratio is defined from dc values of | .
and I ..

E

®) ©

Fig. 57.6
The a of atranistor isameasure of the quality of atransistor ; higher the value of a, better the
transistor in the sensethat collector current more closely equalsthe emitter current. Itsvalue ranges

lc -1
* More accurately, GdC:% WArt.57.12
E

** Negative sign has been omitted, since we are here concerned with only magnitudes of the currentsinvolved.

®
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from 0.95 to 0.999. Obviously, it applies only to CB configuration of a transistor. As seen from
above and Fig. 57.7.

lc=al. Now, Ig=l—al.=(1-0a)l
P N P
Ig Ig ol Ic=0lIg e @i&
» L Ll >
—v L= (Lol = Vce T Ve v = Vee
EE \ & ( —O() E IB:(]_(X)IE
Fig. 57.7

Incidentally, thereisalso an a.c. a for atransistor. It refersto the ratio of change in collector
current to the change in emitter current.

_ A
€ Alg
Itisalso, known as short-circuit gain of atransistor and iswritten as— h,,.. It may be noted that
upper case subscript ‘FB’ indicates dc value whereas lower case subscript ‘fb’ indicates ac value.
For all practical purposes, o= o= a.
Example 57.1. Following current readings are obtained in a transistor connected in CB
configuration : I.= 2mA and I; = 20 mA. Compute the values of o and | ..
(Electronics-11, Punjab Univ. 1992)
Solution. I =lg—l3=2x10°-20x 10°=1.98 mA
a =I1./1g=1.982=0.99

57.8. CE Configuration

Here, input signal is applied between the base and emitter and output signal is taken out from
the collector and emitter circuit. As seen from Fig. 57.6 (b), 15 isthe input current and | is the
output current.

The ratio of the d.c. collector current to dc !
base current is called dc beta (3,,) or just B of the PNP| €
transistor.

O B=-clHg=115 or Iy =
l=Blg — Fig. 57.8 (a)

Itisalso called common-emitter d.c. forward
transfer ratio and is written as h. It is possible 1
for 3 to have as high a value as 500. = =

While analysing ac operation of atransistor, (a) ®)
we use ac B whichisgiven by B .= Al ./ Alg. Fig. 57.8

Itisalsowritten ashy,.

Theflow of various currentsin a CE configuration both for PNP and NPN transistor is shown
in Fig. 57.8. Asseen

le=lg+1c=lg+Blg=(1+P) Iy
57.9. Relation Between a and 3

_lc _lc B_I :
_E and a=— [0 o 1a — only numerical value of a

®

O a
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— IC IC /1 E _ Qa
Now, lg=l.—I. ] B_&-JC_IEHE-ICHE or B=1"q
Cross-multiplying the above equation and simplifying it, we get
B@A-a=aorPB=a(l+p) or a=p/(1+pB)
It is seen from the about 2 equationsthat 1 —a = 1/(1+3)
57.10. CC Configuration I
NPN| E
Inthiscase, input signal is applied between
base and collector and output signal is taken out Iy 1
from emitter-collector circuit [Fig. 57.6 (c)]. Con- L e T
ventionally speaking, here I isthe input current Iy
and | is the output current as shown in +
Fig. 57.9. The current gain of the circuit is = =
(a) ®)

le_lelc _B_ B

s Iclg o piarp=- 1+B Fig. 57.9

Theflow paths of various currentsin a CC configuration are shown in Fig. 57.9. It is seen that
lg=lg+l=1+Blg=(1+B)lg
00 output current = (1 + 3) x input current.

57.11. Relations Between Transistor Currents

While deriving various equations, following definitions should be kept in mind.

_| _lc _ B _ a

“ioo P Ce P ag
i I —B|:a|—JL| (i) | =@=l5=@—®l

c ~ B E_1+B E B B 1+B E

B P o o
(iii) IE—FC—TIC—(1+[3)IB (1_‘30()
(iv) Thethreetransistor d.c. currents always bear the following ratio*
sl = 1:(1-0):a

Incidentally, it may be noted that for ac currents, small lettersi,, i, and i are used.

57.12. Leakage Currents in a P N
Transistor .
(a) CB Circuit f |
Consider the CB transistor circuit L, |
shown in Fig. 57.11. The emitter cur- FE NSy
rent (due to majority carriers) initiated
by the forward-biased emitter basejunc- 501_
tionis split into two parts (@)

(i) (1 —a) I which becomes base
current I ;in the external circuit and
(ii) al zwhich becomes collector current | . in the external circuit.

Fig. 57.10

* It reminds us of the power distribution relationship in an induction motor.
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As mentioned earlier (Art. 57.2), though C/B junction is reverse-biased for majority charge
carriers (i.e. holesin this case), it is forward-biased so far as thermally-generated minority charge
carriers (i.e. electronsin this case) are concerned. This current flows even when emitter is discon-
nected from its dc supply as shown in Fig. 57.10 (a) where switch, S, is open. It flowsin the same
direction* as the collector current of majority carriers. It is called leakage current | .5 ,. The sub-
scripts CBO stand for * Collector to Base with emitter Open.’ Very often, itissimply written as| .

P N P N P N
Ig Ig olg Ie IE IE olg
> > > > < | < <
Yoo AT -1~
| leo |} I Ico | |
A 1 | |
! 1 1 1
1 ! | = Ve 1 Y E = Vee
T Ve (-0l Vi : T Vee (-0l Al |
. Ico | L &O ]
< < > >
Ip=1-0)Ig-Icg Ig c
Iy = (1-00) T — Iy
(a) (b)

Fig. 57.11

It should be noted that
(1) 1goisexactly likethe reverse saturation current | jor |, of areverse-biased diode discussed

inArt. 57.1.

(i) 1550 is extremely temperature-dependent because it is made up of thermally-generated
minority carriers. As mentioned earlier, | .5, doubles for every 10°C rise in temperature for Ge and
6°C for S.

If we take into account the leakage current, the current distribution in a CB transistor circuit
becomes as shown in Fig. 57.11 both for PNP and NPN type transistors.

It is seen that total collector current is actually the sum of two components :

(i) current produced by normal transistor action i.e. component controlled by emitter current.
Itsvaueisalgand isdue to mgjority carriers.

(i) temperature-dependent leakage current | . due to minority carriers.

. Ic —|
O le= alg + lgg () O a:CI—ECO
Since |y« hencea Ol /I¢
(iii) Substituting the value of 1= (I, + 1) in Eq. (i) above, we get
lc=(c+1g) +lg or lc@-a)=alg+ 1
_ alg + lco

U e " 12a " 1-a
(iv) Eliminating |- from Eq. (i) above, we get
(Ie=lp)=al+1-4 or lg=(1-0a)lg=l
(b) CE Circuit
In Fig. 57.12 (&) is shown a common-emitter circuit of an NPN transistor whose base lead is

*  Actualy, electrons (which form minority charge carriers in collector) flow from negative terminal of
collector battery, to collector, then to base through C/B junction and finally, to positive terminal of V.
However, conventional current flows in the opposite direction as shown by dotted lien in Fig. 57.10 (a)

®
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open. Itisfound that despite | ;= 0, there is aleakage current from collector to emitter. It is called
| cgo » the subscripts CEO standing for * Collector to Emitter with base Open’.

Taking this leakage current into account, the current distribution through a CE circuit
becomes as shown in Fig. 57.12 (c).

lc = Blg+leeo=Blg+ (1+PB)lo=Blg+I/(1-0a)
: al I
0 0l T tia
g |[€C
fo/o—B
E v
VBB
[ v
(@) )
Fig. 57.12
Now, Blg = al.. Substituting this value above, we get,
lc=alg+ | o Also, Ig=1—1.

Substituting the value of 1. from above, we have
(i) lg =lg—alg=leo=(1—0a) lc=l g

57.13. Thermal Runaway

Asseen from Art. 57.12, for a CE circuit
lc=Blg+ (1 +PB)l

Theleakage current is extremely temperature-dependent. It almost doubles for every 6°C rise
in temperature in Ge and for every 10°C rise in S. Any increase in |, is magnified (1 + )
timesi.e. 300 to 500 times. Even aslightincreasein | ., will affect | . considerably. As| . increases,
collector power dissipation increases which raises the operating temperature that leads to
further increase in | .. If this succession of increases is allowed to continue, soon | - will increase
beyond safe operating value thereby damaging the transistor itself—a condition known as thermal
runaway. Hence, some form of stabilization is necessary to prevent thisthermal runaway.

Example 57.2. Thereverse saturation current of an NPN transistor in common-base circuitis
12.5 pA. For an emitter current of 2 mA, collector current is 1.97 mA. Determine the current gain
and base current. (Electronics-1, Gwalior Univ. 1988)

Solution. Given : |5 =12.5 pA; lg=2mA, 1c=197mA;a=7?1g="

0 as lc ~lego _ 197-125x10°°
le 2
lg=lg—I. =2-1.97=0.03 mA.
Example. 57.3. Derive an expression for forward current gain and leakage current of com-
mon-emitter configuration in terms of current gain and leakage current of common-base configu-
ration. If a= 0.98, | .5, = 5mA, calculate b and ICEO. (Electronics-I, Mysore Univ. 1990)

Solution. B=a/(1-a) =0.98/(1-0.98) =49

o= al+ g = 0.978

®
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I(:Eo =(1+pB) ICO =(1+49) x5 =250puA=0.25mA.
Example 57.4. For atransistor, |5 = 100 pA, a . = 0.98 and | ., = 5 pA. Find the values of
l.and ..
c E

) _alg | leo _0.98%x100 5 _
Solution. As seen from Art. 57.12, lc 1o T1oa = 1098 T1-09s _>15mA

lg=1.+15=5.15+ 100 x 10°%=5.25mA.

Example 57.5. A transistor operating in CB configuration has 1. = 2.98 mA, I = 3.00 mA
andl.,= 0.01 mA. What current will flow in the collector circuit of thistransistor when connected
in CE configuration with a base current of 30 pA.  (Electronics-11, M.S. Univ. Vadodra 1990)

Solution. For CE configuration, I .= Blg+ (1 + B) I o

Let usfind the value of B from data given for CB configuration. For such acircuit I = al+
loo0r298=ax3+0.01, a=099;p=oa/(1-a)=0.99(1-0.09) = 99.

0 For CEcircuit, 1.=99 x 0.03 + (1 + 99) x 0.01= 3.97 mA.

Example 57.6. For a certain trangstor, 1. = 5.505 mA, IB = 50 mA, I, = 5 mA. Determine
(i) values of a, B and I . (ii) the new level of I ; required to make .= 10 mA.

Solution. (i) I =Blg+ (1 + B) I, 0r 5.505 x 10°=B x50+ (1+B) x5 [J =100

Now, Ig=l.+15=5505+50x 10°=5555mA.

Also, I.=al+ Iy, 5.505=0a x 5,555 + 5 x 10°° Inj o = 5.500/5.555 = 0.99
(ii) Asseenfrom Art. 7.12, lc=Blg+ (1+B) Il

o 10=10015+ 101 x 5 x 107; Ig=0.09495 mA = 94.95 PA.

Example. 57.7. Discuss the operation of a PNP transistor.

The reverse saturation current in a PNP germanium transistor type OC 71 is 8 pA. If the
transistor common base current gain is 0.979, calculate the collector and emitter current for 40 UA
base current. What is the collector current when base current is zero ?

(Electronics-1, Gwalior Univ. 1986)

Solution. Given: I, =8 uA = 0.008 pA, a = 0.979 ; 1= 40 pA = 0.04 mA

InaCEcircuit: 1, =flg+1=Blg+I./(1-0).

Now, B =a/(l-a)=0.979/(1-0.979) = 46.6

o |c=46.6%x0.04+(1+46.6) x0.008=1.9mA ;I1_.=1.+1;=1.9+0.04=1.94mA

57.14. Transistor Static Characteristics

There are the curves
which represents relation-

E C
ship between different d.c. @—6 b—@—

currents and voltages of a Ig Ic
transistor. These are help- L =
ful in studying the opera- Ve 2%— @ Vg VCB@

tion of a transistor when
connected inacircuit. The
three important character- B
istics of atransistor are:
1. Input characteris- —
tic, 2. Output characteris-
tic, 3. Constant-current Fig. 57.13
transfer characteristic.
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57.15 Common Base Test Circuit

The static characteristics of an NPN transistor connected in common-base configuration can
be determined by the use of test circuit shown in Fig. 57.13. Milliammeters are
included in series with the emitter and collector circuits to measure | and | .. Similarly, voltmeters
are connected across E and B to measure voltage V. and ,
across C and B to measure V. Thetwo potentiometer resis- ™A Ge Si
tors R, and R, supply variable voltages from the collector
and emitter dc supplies respectively.

57.16. Common Base Static Characteristics
(@) Input Characteristic L2
It shows how I varies with Vg when voltage Vg is T 4
held constant. The method of determining this characteristic
isasfollows: 2 oV
First, voltage Vg is adjusted to a suitable value with BE
the help of R, (Fig. 57.13). Next, voltage Vg isincreased in O—T— T T 71T T T

)
I

o)
I

I

anumber of discrete steps and corresponding values of 1. 02 04 0.6 038V
are noted from the milliammeter connected for the purpose. —>VeE
When plotted, we get the input characteristic shown in Fig. Fig. 57.14

57.14, one for Ge and the other for S.. Both curves are ex-
actly similar to the forward characteristic of a P-N diode which, in essence, is what the emitter-base
junctionis.

This characteristic may be used to find the input resistance of the transistor. Itsvalue is given
by the reciprocal of its slope.

R,=AVge/ Al — Vg Constant.

Since the characteristic isinitially nonlinear, R  will vary with the point of measurement. Its
value over linear part of the characteristic isabout 50 Q but for low values of V., itis considerably
greater. This change in R, with change in Vg gives rise to distortion of signals handled by the
transistor.

This characteristic is hardly affected by changes either in Vg or temperature.

(b) Output Characteristic

It shows the way | varies with V; when I is held constant. The method of obtaining this
characteristic is as follows:

First, movable contact, on R, (Fig. 57.13) is changed to get a suitable value of Vg and hence
that of 1.. While keeping I constant at this value, V is increased from zero in a number of steps
and the corresponding collector current | . that flows is noted.

Next, Vg isreduced back to zero, I cisincreased to avalue alittle higher than before and the
whole procedureisrepeated. In thisway, whole family of curvesisobtained, atypical family being
shown in Fig. 57.15.

1. The reciprocal of the near horizontal part of the characteristic gives the output resistance
R, Of the transistor which it would offer to an input signal. Since the characteristic is linear over
most of itslength (meaning that | .isvirtually independent of V). R ,isvery high, atypical value
being 500 kQ.

Rou =75 /1AV B AAYCB

Cc CB Cc
2. Itisseenthat | .flowseven whenV 5= 0. For example, it hasavalue = 1.8 mA corresponding
to Vg =0for I =2mA asshown in Fig. 57.15. It is due to the fact that electrons are being
injected into the base under the action of forward-biased E/B junction and are being collected
by the collector due to the action of the internal junction voltage at the C/B junction (Art.

57.2). For reducing | - to zero, it is essential to neutralize this potential barrier by applying a

small forward bias ac-ross C/B junction.
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3. Another important feature of
the characteristic is that a
small amount of collector
current flows even when
emitter current 1.=0. Aswe
know (Art. 57.12), it is col-
lector leakage current | .

4. This characteristic may be
used to find a _of the tran-
sistor asshownin Fig. 57.15.

q. =Blc _ DE
©~Al. ~ BC
_62-43 _ o

5. Another point worth noting
is that although I . is practi-
cally independent of V.,
over the working range of
the transistor, yet if Vg is

@

Break Down
Region

IcBoO

1 1 1 1 1 1

-4 -2 —0
Saturation
Region

2 4 A ¢ 8 10 12V
—» Vs

Fig. 57.15

permitted to increase beyond a certain value, | . eventually increases rapidly due to avalanche
breakdown as shown in Fig. 57.15.
(c) Current Transfer Characteristic

It shows how I varies

with changesinl_whenV gis mA

held constant. For drawing this
characteridtic, first V gissettoa
convenient value and then I is
increased in steps and corre-

sponding values of | noted. A ke

typical transfer characteristic is
shown in Fig. 57.16 (a). Fig.
57.16 (b) shows amore detailed
view of the portion near the ori-
gin.

Asseen, a,.may befound
from the equation

a,=A0l /Al

6-

Vg Constant

ol Vg Constant

|:IIC
i .
0 5 1 10 mA 4 5 10 mA
> I —p1
@ ®
Fig. 57.16

Usually, o isfound from output characteristic than from this characteristic.
It may be noted in the end that CB connection israrely employed for audio-frequency circuits
because (i) itscurrent gain isless than unity and (ii) itsinput and output resistances are so different.

57.17. Common Emitter Test Circuit

The static characteristics of an NPN transistor connected in CE configuration may be deter-
mined by the use of circuit diagram shownin Fig. 57.17. A milliammeter (or amicroammeter in the
case of a low-power transistor) is connected in series with the base to measure I ;. Similarly, a
milliammeter isincluded in the collector circuit to measure | .. A voltmeter with atypical range of
0-1V isconnected across base and emitter terminals for measuring V5.

®



@

Bipolar Junction Transistor 2199

/LB Ic ’7

Ig

TR %g (D Vg Vor (0 R

Fig. 57.17

Potentiometer R, connected across dc supply Vggisusedtovary Igand Vge. A second voltme-
ter with atypical range of 0-20 V is connected across collector-emitter terminals to measure the
output collector-emitter voltage Vo

57.18. Common Emitter Static Characteristics

(@) Input Characteristic

It shows how I, varies with changesin Vg when V. is held constant at a particular value.

To begin with, voltage V. is maintained constant at a convenient value and then V. is
increased in steps. Corresponding values of I are noted at each step. The procedure is then re-
peated for a different but constant value of V. A typical input characteristic is shown in Fig. 57.18.
Like CB connection, the overall shape resembles the forward characteristic of a P-N diode. The
reciprocal of the slope gives the input resistance R of the transistor.

1 _ AVge

R = AL 1oV ~ m
B BE B 75+
Due to initial non-linearity of the curve, R varies
considerably from a value of 4 kQ near the origin to a
value of 600 Q over the more linear part of the curve. Ig 507
(b) Output or Collector Characteristic T g
It indicates the way in which I . varies with changes ol .
in Ve When | is held constant. BE
For obtaining this characteristic, first I is set to a
convenient value and maintained constant and then V. is o ——
increased from zero in steps, | being noted at each step. 0.1 02 03 04V
Next, V¢ is reduced to zero and | increased to another —>VBE

convenient value and the whole procedure repeated. In this
way, afamily of curves (Fig. 57.19) is obtained.

Itis seen that as V. increases from zero, | . rapidly increases to a near saturation level for a
fixed valueof 1. Asshown, asmall amount of collector current flows even when ;= 0. Itiscalled
| cgo (Art. 57.12). Since main collector current is zero, the transistor is said to be cut-off.

It may be noted that if V. isallowed to increase too far, C/B junction completely breaks down
and due to this avalanche breakdown, | . increases rapidly and may cause damage to the transistor.

When V. has very low value (ideally zero), the transistor is said to be saturated and it oper-
atesin the saturation region of the characteristic. Here, changein I ; does not produce a correspond-
ing changein ..

This characteristic can be used to find B at a specific value of Igand V. Itisgivenby B,
=A 1 /Al

Fig. 57.18

®



@

2200 Electrical Technology
M . We may select any two points A and B
: on the I = 60 pA and 40 PA lines respec-

tively and measure corresponding values of
| fromthediagramfor finding Al .. SinceAl
= (60-40) = 20 uA, B,.can be easily found.

The value of output resistance
R (F AV /A1) over the near horizontal
part of the characteristic variesfrom 10 kQ to

50kQ.
(c) Current Transfer Characteristic

%ut-,Off It indicates how | . varies with changes
B in 1, when V. is held constant at a given

0 5 1045715 20 25V value.
Such a typical characteristic is shown

Fig. 57.19 in Fig. 57.20 (@). Its slope gives
By = Al /Al

FromFig.57.20 (b), itisseen
that asmall collector current flows .
. C
even when I, = 0. It is the com-

m,
mon-emitter leakage current | . T f

=(1+B) I Likel, itisaso Al

(o)}
Break Doy,

—>5
N

ST TTTIY

[ 8]
—

due to the flow of minority carri- mA 5 ¥ |
ers across the reverse-biased C/B B
junction. 0 Icro
—>1,(MA) X0 LA
57.19. Common Collector (@) ()
Static Characteristics -
ig. 57.20

Asshown in Fig. 57.21, in this case,
collector terminal iscommon carrier to both the input (CB) and output (CE) carriers circuits.

The output characteristic is I versus V . for several fixed values of 1. Since I O, this

characteristic is practically idential to that of the CE circuit and is shown in Fig. 57.22 (a).
Similarly, its current gain characteristic | .

@ o versus| for different values of V cissimilar to
- that of a CE circuit because | . Ol .
The CCinput characteristicisaplot of V.5
versus| g for different valuesof V . andisshown
Output i1 figure 57.22 (b). Itisquite different from those
for CB or CE circuit. This difference is due to
the fact that input voltage Vg is largely
+ determined by the value of CE voltage. Consider
_ © the input characteristic for I; = 100 A and
Fig. 57.21 VCE: 2V.
Veg=Vee—Vae=2-07=13V —for Si materia
Moreover, asV gisincreased, Vg isreduced thereby reducing | ;.
Now, consider the valuesV =4V and I;= 100 A
Veg=4-07=33V
Again, asV gincreases, | ;isdecreased.
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mA UA
6l Iy = 100uA 100
St 80 80
4|
60 s 6o
If 3r 40 T
4
2t 20 0
1 0 20
| | | | | G |
0 1 2 3 5 6V 6V
—» Ve
(@
Fig. 57.22

57.20. Different Ways of Drawing Transistor Circuits

InFig. 57.23 (a) isshown aCB transistor circuit which derivesitsvoltage and current require-
ments from two independent power sourcesi.e. two different batteries. Correct battery connections
can be done by remembering the transistor polarity rule (Art. 57.2) that in an NPN transistor, both

Fig. 57.23

VEE

+10V  Vge=-25V

collector and base have to be Posi-
tive with respect to the emitter. Of
course, collector isalittle bit more
positive than base which meansthat
between themselves, collector isat
adlightly higher positive potential
with the respect to the base. Con-
versely, baseisat alittle lower po-
tential with respect to the collector.

Putting it in a slightly differ-
ent way, we can say that collector
is positive w.r.t. base and con-
versely, base is negative w.r.t. col-
lector. That iswhy, potential differ-
ence between collector and basein
written as V g (and not V) be-

cause terminal at higher potential is mentioned first. Same reasoning appliesto V.. Fig. 57.23 (b)
shows another and more popular way of indicating power supply voltage. Only one terminal of the

battery is shown, the other ter-
minal is understood to be
grounded so as to provide a
complete path for the current.

For example, negative
terminal of V. and positive
terminal of V . are supposed to
be grounded (as is the base)
even though not shown as such
in the diagram.

Fig. 57.24 (&) shows an
NPN transistor connected in
CE configuration with volt-

+Vgp +Vee

Fig. 57.24
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agesand currents drawn from two independent power sources. As seen, battery con-nections and
voltage markings are as per therule given in Art. 57.2. Fig. 57.24 (b) shows the more popular way
of indicating power supply voltages.
Asseen, both collector and base are positive with respect to the common electrode i.e. emitter.
Hence, a single battery can be used to get proper voltages across the two as shown in Fig. 57.25.
V=20V

Fig. 57.25 Fig. 57.26

Fig. 57.26 (a) shows the CC configuration of an NPN transistor and Fig. 57.26 (b) showsthe
same circuit drawn differently.

57.21. Common Base Formulas

Let usfind the values of different voltages and currents for the circuit in Fig. 57.23 (b). Con-
sider the circuit MEBM. Applying Kirchhoff's voltage law and starting from point B (or ground)
upwards, we get

Vee -V,
(8  —Vge—lgRe+ Vgt =0 or lg =———25

where Vge =03V (for Ge) and 0.7 V (for S) R

Since, generally, Ve » Vg, wecansimplify theaboveto | OV /R.=10V/20K =0.5mA
(Fig. 57.23).

Taking Vg into account and assuming silicon transistor

Il =(10-0.7) V/20 K = 0.465 mA
(b) I =al.0I1-=0.5mA neglecting leakage current.
(c) From circuit NCBN, we get
Veg = Vee—1c O V= 1gR =25-05x10=20V (01 Oiy)
Example 57.8. Inthecircuit of Fig. 57.27 (a), what value of R causesV g =5V?
Solution. Iz OVge/Re=10V/1I0K =1 mA
lc =alg Olc=1mA
Now, Vi =ler +Veg
Vee ~Ves 20-5

0 RL:T = TmA - 15K

Example. 57.9. For the circuit shown in Fig. 57.27 (b), find the value of R. which causes
Vgc=10V.

*  Itistaken positive because we are going from the negative to the positive terminal of the emitter battery.

®
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Vgg= -10V Ve =20V 20V 20V _ Vee —Vac
Solution. lc=—5——
IE IC IE IC RL
20-10
10k R R = =0.5mA
Rg 20k = 20K 0.5
L | LN Now, Iz =lc/a Olc=05mA
T T If weneglect Vg, thenentire Vo
Veg= 5V Vis Vge= 10V = 20V hasto be dropped across R..

I i i I i o 05R. =20
L L or R. =20/0.5mA =40K
(@ ®)

b
Fig. 57.27

57.22. Common Emitter Formulas
Consider the CE circuit of Fig. 57.28. Taking the emitter-base circuit, we have

Iy _Ves ~Vee Ves. V=10V +Vge= 15V
Re R : I
Ic=Blg — neglecting leakage current | ., i ¢
Vee = Vee—Ic R Rp3 1M Ré 10k
Example 57.10. For thecircuit of Fig. 57.28, find (i) 15 (ii) 1 - (iii) I ¢
and (iv) V. Neglect V..
Sol. (i) s D\% = ﬁw—o = 10pA

(i) 1o =Blg =100x10pA =1mA

(i) 1g =lg+l; =1mA+ 10 yA=1.01 mA

(iV) Vee=Vee—lcre=15-1x10=5V
Example 57.11. Find the exact value of emitter current I in the Fig. 57.28

two-supply emitter bias circuit of Fig. 57.29.

(Electronics-1, Bangalore Univ. 1989)

Solution. Let usapply Kirchhoff “svoltagelaw to theloop containing R, Rz and V.. Starting
from emitter and going clock-wise, we get

—lgRe+ Ve —IgRg—Vge =0

or IR+ IRy = Ve — Vg (i) le
Now B=1 501/, O 1y 018 R,
Substituting thisvaluein Eg. (i) above, we get

|
IERE+ LBRB:VEE _VBE or
e = Vee ~Vee
Re +Rs /B
Since, in most cases, (R, /B) « Re ~VEE
[J lg = (Vge— Vge)/Re O Ve IR

Fig. 57.29

®
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Also, lg =1 /(L+B)DOI1/B
Example. 57.12. Inthecircuit of Fig. 57.30, find (i) I, (ii) I, (iii) I ;and (iv) V. Neglect Vg
and take 3 = 100.

Vee 30 ,
Nl = = 0
Sol. () e =R TR 7B 30+20/100 L MA
(i) 1, OI_/B =1/100 =001 mA
(iii) I =l.—1; =1-001 = 0.99 mA
(IV) Vge =Ve— IR =30-10% 0.99=20.1 V.

Vg = 30V

®)

Fig. 57.30 Fig. 57.31

57.23. Common Collector Formulas

The CC circuit with its proper d.c. biasing voltage sourcesis shown in Fig. 57.31 (a). Thetwo
circuitsgivenin Fig. 57.31 represent the same thing.

Another way of drawing the
¢ Vee  samecircuit is shown in Fig. 57.32
(a) where only one battery has been
used. It should be noted that load re-
sistor isnot in the collector lead but
in the emitter lead as shown.

Fig. 57.32 (b) makesthecircuit
connection quite clear. Input is be-
tween base and collector terminals
(@ ) whereas output is between emitter
and collector terminals.

It is seen that

Fig. 57.32

_ Vec ~Vee _Vee ~Vee
e "R +Ry /B’ Yoo Vet leRes = "R +PR. ' lcTPlg
Example 57.13. In the CC circuit of Fig. 57.33, find (@) 15, (b) I, (¢) V., (d) V¢ and
(€) Vg
Take 3 =49 and V= 0.7 V.

®
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Vee ~Vee ——oVece
Solution. (@) B 5T o vic 9V
RB +(1+ B) RE Rp 3 100K LO

_90-07 _ Ig T
T100+50 x 2 4LOHA

b)) lg =@+PB) I, =50x% 415 =2.075mA Vg Rpdac

(€ Ve =Vee—lgRe  =9-2075x2 =585V i g ji

(dVe =IRe =2.075x%2 =415V L

Vo =V..+I_R.  =07+41 =485V
(e) Vg et le Re 0 5 Fig.57.33

57.24. The Beta Rule

According to thisrule, resistance from one part of atransistor circuit can bereferred to another
of its parts (as we do with the primary and secondary winding impedances of a transformer). For
example, resistance R,_in the collector circuit can be referred to the base circuit and vice versa.
Similarly, R can be referred to the base circuit and, reciprocally, R; can be referred to the emitter
circuit. Since current through R is |- ( = B Ig), hence B-factor comes into the picture. Similarly,
current through R-is I whichis (1 + ) times |, hence (1 + 3) or approximately -factor comes
into the picture again, Use of this*B-rule’ makestransistor circuit cal culations quite quick and easy.
It makes the calculation of I quite simple.

The ‘B-rule’ may be stated as under :

1. When referring R_or R to the base circuit, multiply it by 3. When referring Ry to the

collector circuit, divideit by f.

2. When referring R to base circuit, multiply it by (1 + B) or just B (as aclose approximation).

3. Similarly, when referring R; to emitter circuit, divideit by (1 + B) or .

Before you apply thisrule to any circuit, you must remember one very important point other-
wiseyou are likely to get wrong answers. The point isthat only those resistances are transferred
which liein the path of the current being calculated. Not otherwise. The utility of thisrule will be
demonstrated by solving the following problems.

Example 57.14. Calculate the value of V. in the collector stabilisation circuit of Fig. 57.34.

Solution. We will use B-rule to find I in the following two ways.
(i) First Method
Here, we will transfer R, to the base circuit.

Vec 20
= = =10mA
e Rs +BR._ 1000 +100(10) 0
lc=PBlg=100x10=1000 mA = 1A
Vee OVee—IcR =20-1x10=10V
(i) Second Method
Now, we will refer Ry to collector circuit.

Vee  _ 20 _
lcUR ¥R, /B~ 10+1000/100) 1™
Vg =Vee— IR =10V — as above Fig. 57.34

It was asimple circuit because R. = 0 and R; was connected to
V¢ through R _and not directly (in which case, R would not lie in the path of I ;). Now, we will
consider the case when Rcis present and R_does not lie in the path of 1.

Example 57.15. Calculate the threetransistor currentsin the circuit of Fig. 57.35.

®
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Solution. (i) First Method
Since R liesin the path of 1
— VCC .
0o s "R +BR. — neglecting Vg

10 -
~ 100+200(05) 0-05mA
c = Blg=200%x0.05=10mA, I.=I5+1.=10.05mA
(ii) Second Method
Now, we will transfer R; to emitter circuit and find I directly.

VCC ]_0
- = =10mA _
= e =R +R,/B ~ 05+100/200 as before
Fig. 57.35 lg =1/ B 010/200 = 0.05 mA

Example 57.16. Calculate | - in the circuit of Fig. 57.36.
(Electronic & Commu., Ranchi Univ. 1990)

Solution. If we neglect Vg, then as seen from the circuit of Fig. 57.36.

VCC + 20V
_ Ve _ 10 _
e =R +Ry/B ~ 10+10/100 = 0-99 MA R, 3 5K
57.25. Importance of V.
B=100

ThevoltageVisvery important in checking whether thetransistor is
(a) defective, (b) working in cut-off, Ig
(c) insaturation or well into saturation (Example57.17and 57.18) Rp $10K RS 10K

When V. = V., the transistor is in cut-off i.e. it is turned OFF,
When V. = 0, the transistor is in saturation i.e. it is turned fully ON. = Veg — 10V
When V. islessthan zeroi.e. negative, the transistor is said to be well
Fig. 57.36

into saturation. In practice, both these conditions are avoided. For am-

plifier operation, v/ :chc i.e. transistor isoperated at approximately %ON. Inthisway, varia-

tionsin I ;in either direction will control | .in both directions. In other

Vee=10V words, when |5 increases or decreases, | also increases or decreases.

However, if I ;is OFF, | .isaso OFF. On the other hand, if collector has

been turned fully ON, maximum | . flows. Hence, no further increasein
Igcan bereflectedin | ..

Example57.17. For the CE circuit of Fig. 57.37, find the val ue of
Ve Take B = 100 and neglect V.. Isthe transistor working in cut-off
or saturation ?

Solution. 15 =10/100 =0.1A
c=Blg =100x0.1=10A
Ve =Vee—IcR =10-10x1=0
Fig. 57.37 Obviously, the transistor is operating just at saturation and not

well into saturation.

Example 57.18. Find out whether thetransistor of Fig. 57.38 isworking in saturation or well
into saturation. Neglect V.. (Basic Electronics, Bombay Univ.)

Solution. 15 =10/10 =1A
1.=100x 1=100 A

®
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Obviously, I . cannot be that large because its maximum value is

. 10V
given by V/R = 10/1 =10 A. However, let us assume that | - takes o
this value temporarily. Then, I L
— B C
VCE ‘Vcc_lcRL 19
=10-100x1=-90V Ry
It means that the transistor iswor king well into saturation. Zy
. . VCE
57.26. Cut-Off And Saturation Points - \
Consider the circuit of Fig. 57.39 (a). Asseen from Art 57.22,
. Vee = Vee—IcR-
Since, I =0, I I.=0. =
Hence, VCE = VCC Fig. 57.38
Under these conditions, the transistor is said to be cut-off for the
+Vpg +Vee simple reason that it does not conduct any
+Vee . . .
current. This value of V. is written as
Ve (autorry INcidentally, atransistor when

cut-off actslike an open switch.

If, in Fig. 57.39 (b), values of Ry and
R are such that V. comes out to be zero,
then transistor is said to be saturated. Put-

Menalce ting V. = 0 in the above equation, we get
0=V —IR
or lc=Vee IR '
Saturation It should be noted that a transistor,
) when saturated, acts as a closed switch of

Fig. 57.39 negligipler&dstance. '
It is obvious that under saturation

condition,

(i) whole of V. drops across R, .

(ii) collector current has maximum possible value called | - (sat).

Normal operation of atransistor lies between the above two extreme conditions of cut-off and
saturation.

Example. 57.19. In a simple amplifier circuit (Fig. 57.40) with base resistance, R;= 50 K,
Re= 2K, R.= 3K, V.= 10V, h. = 100, determine whether or not the silicon transistor isin the
saturation and find I;and I .. Explain the saturation region in common-emitter characteristics.
(Electronics, MS. Univ. Baroda,)

Solution. Whether the transistor is in satu-

ration or not will depend on the value of V. +Vgg  +Vce
10v
_Ves~Ver | Ves ™
" TRe+Re/B Re *Re /B wire U6 EH
B 5 _ Ry 3 50K
~2+50/100 -™ xg L 02100
T Ycc
lcOlc=2mA;I;=1./8 =2/100 SVTVBB
=0.02 mA 2K
Now, Ve =IcRo+ Vet IRe =
or Vee=10-(2x3) (2x2)=0 —
Obviously, the transistor has entered Fig. 57.40
saturation.
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§7.27. BJT Operating Regions

A BJT hastwo junctionsi.e. base-emitter and base-collector junctionseither of which could be
forward-biased or reverse-biased. With two junctions, there are four possible combinations of bias
condition.

(i) both junctions reverse-biased,
(i) both junctions forward-biased,
(iif) BE junction forward-biased, BC junction reverse-biased.
(iv) BE junction reverse-biased, BC junction forward-biased.
Since condition (iv) is generally not used, we will tabulate the remaining three conditions

bel ow.
Table No. 57.1: Trangstor Operation Regions
BE Jn BCJn Region
RB* RB cut-off
FB** FB saturation
FB RB active
* Reverse-biased, ** Forward-biased
(a) Cut-off
Thiscondition correspondsto reverse-biasfor both base-emitter and base- oC

collector junctions. In fact, both diodes act like open circuits under these condi-
tions as shown in Fig. 57.41, which is true for an ideal transistor. The revese =
leakage current (Art 57.12) has been neglected. As seen, the three transistor o—é
terminals are uncoupled from each other. In cut-off, V .=V .

(b) Saturation

This condition corresponds to forward-bias for both
base-emitter and base-collector junctions. The transistor OE
B becomes saturatedi.e. thereis perfect short-circuit for both Fig. 57.41
base-emitter and base-collector diodes. The ideal case is
shown in Fig. 57.42, where the three transistor terminals have been connected
together thereby acquiring equal potentials. In thiscase, V = 0.

(c) Active Region

This condition corresponds to forward-bias for base-emitter junction and
Fig. 57.42 reverse bias for base-collector junction. Inthis, V > 0.

57.28. Active Region DC Model of a BJT

Such a model is used for predicting
transistor operationin the activeregion. This
condition is shown in Fig. 57.43 both for a
PNP and an NPN transistor. A base-emitter
junction voltage of 0.7 V has been assumed
for silicon transistor. The BE junction isrep-
resented by a constant voltage source since
itisforward-biased. Asseen, inan NPN tran-
sistor, base is 0.7 V higher than the emitter
terminal. However, in aPNP transistor, base
is0.7 V lower than the emitter terminal.

To account for the effect of base con-
trol, a current source of {3l 5 is placed between collector and base terminals. It is called a dependent
or controlled source because it is a function of a variable in another circuit. It may be noted that

Ig=(l5+ 1) inboth cases.

/

oC

OE

Fig. 57.43
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57.29. BJT Switches

Very often, bipolar junction transistors are used as electronic switches. With the help of such
aswitch, agiven load can be turned ON or OFF by asmall control signal. This control signal might
be the one appearing at the output of a digital logic or a microprocessor. The power level of the
control signal isusually very small and, hence, it isincapable of switching the load directly. How-
ever, such acontrol signal is certainly capable of providing enough base drive to switch atransistor
ON or OFF and, hence, the transistor is made to switch the load.

When using BJT as a switch, usually two
levelsof control signal are employed. With one *Vee e ge O +Vee
level, thetransistor operatesin the cut-off region
(open) whereas with the other level, it operates
in the saturation region and acts as a short-
circuit. Fig. 57.44 (b) showsthe condition when 2
control signal v, = 0. Inthiscase, the BE junction
isreverse-biased and the transistor isopen and,

hence acts as an open switch. However, as V=0
shown in Fig. 57.44 (c) if v, equals a positive
voltage of sufficient magnitude to produce ®) ©
saturation i.e. if v, = v, the transistor acts as a _
Fig. 57.44

closed switch.
Fig. 57.45 showsaform of series switching circuit utilizing an NPN transistor with anegative

dc supply and a control signal voltage having
levels of zero and —v,.

Example57.20. Thecircuit of Fig. 57.46
is designed to produce nearly constant cur-
rent through the variable collector load re-

sistance. Anideal 6V sourceisused to estab- Vi [Load| [Load|
lish the current. Determine (a) value of | .and _L_ Vee Ve ngcc
Ve, (b) range of R over which the circuit will %) (b) V. © ViV,
function properly. Assume silicon transistor '

and a b large enough to justify the assump- Fig. 57.45

tions used.

(Applied Electronics-11, Punjab Univ. 1993)
Solution. (@) IcOlg=(6-0.7)/530 =10mA

Vg=6-530x% (10x10) =5.3V. e
This voltage will remain constant so long as transistor operation is con- 10 9c
fined to active region. R/%
(b) WhenR. =0 b
Ve =12-53=6.7V L+
It is certainly well within the active region. As R increases, its drop YCE
increases and hence, V . decreases. There will be some value of R at which +
active region operation ceases. ov Ve
Now, Ve =12-53-1.R. =6.7-1.R. L L
Value of Ry, can befound by puting V. = 0 _
O 0 =6.7=1cRgmy Fig. 57.46
Of Ry =6.7/1.=6.7/0.01=670Q

Hence, circuit will function as a constant current source so long as R isintherange 0 <R <
670 Q. When R exceeds 670 Q, the BJT becomes saturated.

®
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57.30. Normal DC Voltage Transistor Indications
For a transistor to operate as an am-

plifier, it is desirable that Vce :%Vcc. +Vee
However, in actua practice, widetolerances
arealowed. Generally, V. varies between
25% to 75% of V.. Any transistor ampli-
fier with V.= V. is either open or is op-
erating in cut-off. When operating with Vo
near cut-off, the amplifier causeslot of dis-
tortion. Sameisthe casewhen Visnearly
zero. Hence, any transistor amplifier with
Vg more than 75% V. or less than 25%
V¢ should be suspected of having a prob- (a)
lem and further investigated. _

In the circuit shown in Fig. 57.47 (a), Fig. 57.47
Ve should bein the range 25 —75% of V... Inthe circuit of Fig. 57.47 (b), V- may be normal but
either R or R_ could be shorted. Hence, V. and V. should be measured seperately. Moreover, V.
could be found by subtracting V¢ from V..

For the circuit of Fig. 57.47 (b), the normal voltmeter readings are

_1 _1 _3
Vee —EVcc : Ve —ZVcc : Ve —ZVcc
If instead of R , thereis alow-resistance coil in the circuit, then
V :lv . V :;V . V — V
CE 2 cc ] E 2 CE ) C_ cE

57.31. Transistor Fault Location

V oltage measurements are employed in the vast majority of trouble situations because current
measurements are comparatively difficult to make. Magnitude of V. isof great diagnostic valuein
finding and locating faultsin atransistor circuit. Following possibilities are considered :

(@ V=0
Possibilities are that the transistor is
1. shorted out, 2. operating in saturation, 3. disconnected from V.

1
(b) Vce ZEVCC

It showsthat the circuit is operating nor-
mally and is well-designed.

(©) Vee= Ve

Possibilities are that the transistor is

1. open-circuited,

2. operating in out-off

3. havingall resstorsinserieswith V.
shorted.

Example 57.21. Compute the value of
Ve for the CE circuit shown in Fig. 57.48.

Solution. Since the collector is discon-
nected from the supply due to ‘open’ in the Fig. 57.48 Fig. 57.49
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circuit, V¢ = 0. It represents fault condition No. (a) 3in Art. 57.31.
Example. 57.22. What is the value of V. in the CE circuit of Fig. 57.49.

Solution. Since Ry is shorted out, | 5, would increase and probably burn out the E/B junction.
But this burn out is not indicated in the question. Hence, with high base current, the transistor is
operating in saturation so that V.= 0.

Example 57.23. What isthe value of V. in the circuit of Fig. 57.50.

Solution. SinceR, istheonly resistor in series
with the transistor and is shorted out, it means that 20V

thereisno voltage drop anywhere. Hence, V= V. e
It representsfault No. (c) 3statedin Art. 7.31 above.

Example57.24. Find the possible value of Vi, Ry E Ry
Vand V for the circuit shown in Fig. 57.51. SRy - SR

—o0

Solution. In the circuit of Fig. 57.51, thereis
neither a short nor an open and the voltage polari- Ve Vcg
tiesare correct for an NPN transistor. It lookslike a
well-designed circuit operating normally. Hence,

according to Art. 57.30.

1 1
Vee :EVCC =10V; Ve :ZVCC =5V
Fig. 57.50 Fig. 57.51

Ve :%Vcc =15V

Example 57.25. Find the values of V., Vand Vcinthe circuit of Fig. 57.52.

Solution. Sincelgz=0, transistor is cut off.
Hence, Vp =0
Also V., =-20V
and Ve =—-20V
Example 57.26. What would be the val-
ues of V., Vg and V. for the circuit shown
in Fig. 57.53.

Solution. Since emitter isopen, no cur-
rent flowsin any part of thecircuit. Thetran-
sistor isessentially cut off. Without IR drops,
all points above the emitter areat 30 V.

1| g
@)
g=]
(e

s

0 Vg =30V;
V. =30V and -
Vee=0V Fig. 57.52 Fig. 57.53

57.32. Solving Universal

Stabilization Cir cuit

Such acircuitisshowninFig. 57.54 inwhich R_appearsto bein parallel with R,. But accord-
ing to the B-rule (Art 57.24), R, is actually in parallel with B R.. In a well-designed circuit, the
resistance B R.is much larger than R,. Hence, their combined resistance = R, || B R: TR,. On this
assumption as well as another that |, is practically zero, we can find voltage drop across R, by the
Proportional Voltage Formula. Since V. is applied across R, — R, potential divider circuit, drop

across R,
=Vee: RIR +R)
If we neglect Vg, then this drop equals V.

®
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R 15V
o Ve OVee m $
Ve R, 5K
and le DE VT
Having found I, other currents and e E
voltage drops can be easily found. R, $5K %
Vee =Vee — IR - TeRe 10K $Rg VE
Since, I Ol 1
0 Vee =Vee —leR —IgRe= —
Ve le(R+Re) Fig. 57.54 Fig. 57.55

Example 57.27. Find Vcand V. for the circuit shown in Fig. 57.55. Neglect V..
Solution.  Asexplained above

—\/ — Re _.=.5 _
Ve =V, =V m = 5x15 =5V
lc=Ve/R.=5V/10K  =05mA

lc01.=05MA, Ve = Vo= (R +R) =15-05x15=75V

57.33. Notation for Voltages and Currents

In order to avoid confusion while dealing with dc and ac voltages and currents, following
notation will be employed :

1. For d.c. or non-time-varying quantities

We will use capital letters with capital subscripts such as

I g I — for dc currents

Ve, Vg, Ve — for dc voltages to ground

Vaer Vesr Ve — for dc potential differences
Vee Voo Vs — for dc source or supply voltages

2. For ac quantities
We will use the following symbols:

g i, iy — for instantaneous values of ac currents

[ P N — for r.m.s values of a.c. currents

Vg Vi Vo — for instantaneous values of a.c. voltages to ground
Voo Ve Vee — for a.c. voltage differences

3. Total ac and dc voltages and currents

Inthiscase, wewill use ahybrid notation. For example,
iz will be used to represent the total emitter current,i.e. sum 5 /f\ /\_I_Ie
of dc and ac currents in the emitter. § le i
Fig. 57.56 illustrates the notation discussed above. 5 T w
. =R
57.34. Increase/Decrease Notation 5 E it
Thisnotationisvery helpful in analysing transistor op- , J,
eration when ac signal is applied to it. It issimply this: Time

T meansincreases and | means decrease. )
Fig. 57.56
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Asanillustration, consider thetransistor circuit of Fig. 57.57.

If Vggwereincreased (1 ), I;wouldincrease( 1). Thiswould
increase | ( 1 ) because it equals B I ;. The drop IR would in-
crease (| ) and, hence, V. will decrease ( | ) because V=V .-
I-R.
“r Using increase/decrease notation, the above sequence of
changes can be written as

Vgt o lgt et IcR T Vet

At onelook, we can straight away say that asinput voltageis

increased, output voltage is decreased.

57.35. Applying AC to a DC Biased Transistor Fig. 57.57

Suppose we want to apply an ac signal to the input emitter-base circuit of a properly-biased
transistor shown in Fig. 57.58. If we apply the a.c. source directly across the EBJ as shown in Fig.
57.58 (a), it will upset thed.c. bias. It should be kept in mind that most ac signal sourcesarenearly
ashort to dc. Hence, nearly whole of | ;would pass through a.c. source rather than the base thereby
spoiling the transistor bias.

In order to connect the ac source and at the same time not upset the d.c. bias, the ac sourceis
connected viaa coupling capacitor C asshownin Fig. 57.58 (b). This capacitor actsasan ‘open’ for
dc but almost a short for ac source provided it is of sufficiently large capacitance.

Ry Ry
C
Ve = Ve
Vs
()

Fig. 57.58

57.36. Transistor AC/DC Analysis

InFig. 57.59isshown a CE amplifier circuit having an ac signal voltagev,.* applied acrossits
E/Bjunction. Thisvoltage will be added to the dc voltage V. asif the two were connected in series.
The resultant voltage is shown in Fig. 57.59 (b) which shows ac voltage riding the d.c. level. The
variations in the resultant output voltage V. [Fig. 57.59 (b)] can be expressed in terms of the in-
crease/decrease notation. It will be assumed that Vg issuch astobiasV . at V. whennoa.c. signal
isapplied.

(i) First Quarter Cycle

Inthefirst quarter-cycle of theinput signal, both Vg and Vg increase thereby giving riseto the
following sequence of changes:

Vee t,ig 1, ic T, icR T V!
Hence, output voltage decreases as shown in Fig. 57.59 (c)
(ii) Second Quarter Cycle
Here, V, aswell as V. decrease. Hence,

* Normally, we will use the notation u; or cin or ¢; while discussing amplifiers.
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U

Ve 1
A

|
I

0

_IE TCC

@

Fig. 57.59
Again, V does the opposite
of Vge.

-

VceA

20V 10V
0

Same changes will happenin
third quarter cycle as happened in
thefirst quarter-cycle and so on. It
isseenfrom Fig. 57.60 (c) that out- C
put ac voltage is 180° out of phase
with the input voltage.

Example 57.28. Calculate
thevalueof Vinthecircuit of Fig.
57.60 (a) if a.c. signal voltage is
sinusoidal with a peak value of 0.01
V. Take voltage gain A of the cir-
cuit as100 and B = 100. Depict the @
waveform of the output voltage

Separately.

| _Vec _ 20 _
g = —= = =

R, 200
l.=Blz=100x 0.1=10A

Solution.

20V Veg g,

Ve =0
R; $7000Ri$2€2 0 t

C VCSV
| =100 T 0 - e

A,=100 P

VBE
5V
VcE

(@) )
Fig. 57.61

- 10V

o——»

200Q %19 t

10V
VCE
B =100 T 0
A, =100 -10v| !

Vi 20V

®)

Fig. 57.60

Ve =Vge—IcR =20-10x1=10V;
Veg = A Vge = 100 x 0.01=10V

The combined output voltage v
is the sum of v and v and is shown
graphically in Fig. 57.60 (b). It is seen
that 100 timesamplified ac signal rides
the dc voltage.

Example 57.29. Findvcinthe
circuit of Fig. 57.61 (a) and sketch its
waveform. Take A, = 100 and 3 = 100
and peak input signal voltage as
0.05V.

Solution. I3=20/200=0.1A; I,
=100x0.1=10A;V,=20—-(10x2)

®
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Obviously, the transistor has been biased at saturation as shown in Fig. 57.61 (b).

The addition of vand v, is shown graphically in Fig. 57.61 (b). During the positive half-
cycle of the signal, the transistor comes out of saturation and lets pass the half-cycle. However,
during the negative half-cycle of input signal, transistor is further driven into saturation. Sinceit is
aready biased at V .."s most negative limit (0 volt), it cannot further go negative. Hence, the nega-
tive half-cycle of the signal islost in saturation.

Tutorial Problems No. 57.1

1. A CB-connected transistor hasa = 0.96 and I.=2 mA. Findits | and I ;. [1.92 mA, 80 pA]
2. A CB-connected transistor has I, = 20 A and I =2 mA. Compute the value of o and I ..
[0.99, 1.98 mA]
3. A CE-connected transistor has a = 100 and I; = 50 pA. Compute the values of a, I . and I ..
[0.99; 5mA ; 5.05 mA]

4. Thefollowing quantities are measured in a CE transistor : | .=5mA ; I, =100 pA. Determine 3 and
Ie. [0.98; 50 ; 51 mA]

5. Atransistor hasa = 0.98, | .5, = 5 HA and I = 100 pA. Find the values of | and I ..
[5.15 mA ; 5.25 mA]

6. Following measurements are made in atransistor ; I.=5.202 mA, |, =50 mA, | ;=2 mA. Com-
pute the values of a, B and I .. [0.99; 100 ; 5.252 mA]

7. Following measurements were made in a certain transistor :
[c=5202mA; I;=50mA ; | g =2mA.
Determine (i) a, B and I (i) new value of I required to make | .= 10 mA.
[() 0.99 ; 100 ; 5.252 mA (ii) 97.98 A]
For the CB circuit of Fig. 57.62, find the value of V.. Neglect junction voltage V 5. [5V]
. Inthe CB circuit of Fig. 57.63, what value of R causes V.= 10 V? Neglect V.. [5K]
10. For the CE circuit of Fig. 57.64, calculate the values of I, I, Icand V .. Take 3 = 50 and neglect
Ve [100 pA, 5mA, 5.1 mA, 7.5V]
11 Inthecircuit of Fig. 57.65, calculate I, I, Icand V .. Take transistor 3 = 50 and neglect V...
[100 pA, 5mA, 5.1 mA, 5V]

-10V 10 V +5V 15V 20V 15V 25V 20V
20K 10K gRE IOKE 200K 1.5K 200K 32K
Vie=10V
= = = SV=
Fig. 57.62 Fig. 57.63 Fig. 57.64 Fig. 57.65

12. In the CC circuit of Fig. 57.66, compute the values of I, I 5, I.and V .. Neglect V..

[0.25mA, 2.48 YA, 0.248 mA, 5 V]
13. Inthe CCcircuit of Fig. 57.67, find IE, I, I.and V .. Neglect V..

[0.25 mA, 2.48 YA, 0.248 mA, 5 V]
14. In the circuit of Fig. 57.68, find the drop across R, . The transistor 3 = 100. [5V]

®
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20V
-10V 10V
2US 20K 10K
-5V 15V
B=100 B=100
= 20V
Fig. 57.66 Fig. 57.67 Fig. 57.68 Fig. 57.69

15. Find the value of V . for the universal stabilization circuit of Fig. 57.69.
[13.5V]
16. (i) Thereversesaturation current for the Getransistor in Fig. 57.70 is2u A at room temperature (25°C)
and increases by afactor of 2 for each temperature increase of 10°C. Bias voltage Vg = 5V. Find
the maximum allowable value for Ry if the transistor is to remain cutoff at atemperature of 75°C.

RB
l WWV \
Vs - IV
T]_
Fig. 57.70
(if) If Vgg = 1.0V and Ry = 50 k-ohm, how high may the temperature increase before the transistor
comes out of cut-off (Electronic Devices and Circuits Nagpur University Summer, 2004)

17. Calculate the exact value of emitter current and V ¢ in the circuit shown in Fig. 57.71 Assume
transistor to be silicon and 3= 100.

(Electronic Devices of Circuits, Nagpur University Summer, 2004)

V=15V
1kQ
10 kQ
5 kQ 2 kQ
Fig. 57.71
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OBJECTIVETESTS - 57

The emitter of atransistor is generally doped

the heaviest because it

(a) hasto dissipate maximum power

(b) hasto supply the charge carriers

(c) isthefirst region of the transistor

(d) must possess low resistance.

For current working of an NPN bipolar junction

transistor, the different electrodes should have the

following polarities with respect to emitter.

(a) collector +ve, base —ve

(b) collector —ve, base + ve

(c) collector — ve, base —ve

(d) collector + ve, base +ve

Select the CORRECT alternative.

In abipolar transistor

(a) emitter region is of low/high resistivity
matterial whichislightly/ heavily-doped.

(b) collector region is of lower/higher conduc-
tivity than emitter region

(c) base region is of high/low resistivity
material whichisonly lightly/ heavily doped.

Inaproperly-biased NPN transistor, most of the

electrons from the emitter

(a) recombine with holes in the base

(b) recombine in the emitter itself

(c) pass through the base to the collector

(d) are stopped by the junction barrier.

The following relationships between a and 3

are correct EXCEPT

@ B=r2g (0) a=1%5

_ b 1

© %714 1+B

The value of total collector current in a CB
circuitis

@ I, = alg () 1= alg+lg
© g =alg=lyg (@) Io =alg.

In a junction transistor, the collector cut off
current | . s reduces considerably by doping the
(a) emitter with high level of impurity

(b) emitter with low level of impurity

(c) collector with high level of impurity

(d) collector with low level of impurity

In atransistor amplifier, the reverse saturation
current |

(a) doublesfor every 10°C rise in temperature
(b) doublesfor every 1°C rise in temperature
(c) increaseslinearly with the temperature

(d) doublesfor every 5°C rise in temperature
In the case of abipolar transistor, a is

(a) positiveand >1

@ 1-a=

10.

11.

12.

13.

14.

15.

16.

17.

18.

(b) positiveand <1

(c) negativeand >1

(d) negativeand < 1.

The EBJ of agiven transistor isforward- biased
and its CBJ reverse-biased. If the base current
isincreased, then its

(@) I, will decrease

() Vgwillincrease

(c) I will increase

(d) Vcwillincrease.

The collector characteristics of a CE - connected
transistor may be used to find its

(a) input resistance

(b) base current

(c) output resistance

(d) voltage gain.

Which of the following approximationsis often
used in electronic circuits ?

(@ I Ol () 1g Ol¢

(© lg Ol (d 1g Olg+lg
When atransistor isfully switched ON, it issaid
to be

(a) shorted (b) saturated

(c) open (d) cut-off

If a change in base current does not change the
collector current, the transistor amplifier issaid
to be

(a) saturated (b) cut-off

(c) critica (d) complemented.
When an NPN transistor is saturated, itsV
(a) iszeroand I iszero

(b) islow and1.ishigh

(c) equalsV .andl.iszero

(d) equalsV candl.ishigh.

When an NPN transistor is cut-off, itsV o

(a) equalsV candl.ishigh

(b) equalsV candl.iszero

(c) islowand I ishigh

(d) ishighand I islow.

If, inabipolar junction transistor, I; = 100 pA
and 1. =10 mA, in what range does the val ue of
itsbetalie?

(@ 0.1to 1.0 (b) 1.01to 10

(c) 10.1to 100 (d) 100.1 to 1000.
InaBJT, largest current flow occurs

(a) inthe emitter (b) in the collector

(¢) inthe base

(d) through CB junction.
Inaproperly-connected BJT, anincreasein base
current causes increase in

(a) 1conly (b) Izonly

(c) bothl.and I (d) leakage current.

®
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20. When aBJT operates in cut-off
(@) V=0
(b) V=V,
(€) Vghasnegativevaue
(d) I ismaximum.
21. WhenaBJT isin saturation
(@ 1.=0
(b) Igcontrolsl
(€) V=0
(d) Vghaspositivevalue.
22. The best approximation for V., in the circuit
shownin Fig. 54.72 will be (assume 3 to be high)
(@) 4V (b) 6.8V
(c) 87V (d) 10.7V

Electrical Technology

24.

V.

in

Fig. 57.72

23. Assume =0.7V and =50for thetransistor in
the circuit shown in Fig. 57.73. For = 2V, the
valueof Ryis

+12V

27.
R, § Re
S5k
C
T
® Vee
B
E
Fig.57.73_
(a) 200 Q (b) 242 Q
(c) 283Q (d) 300 Q
ANSWERS
1. @ 2 (d 3. (alow, heavily (b) lower (c) high, lightly 4. (c)
8. @ 9 (d 10. (c) 11. (¢
19. (¢) 20. (b) 21. (c) 22. (d) 23. (d) 24. (b) 25. (@) 26. (¢

o—W—K{

@

In the circuit shown in Fig. 57.74,if R = R.=
KQ , then the value of V, will be

+Vee =35V

Ry

|

Fig. 57.74
(@ 455V (b) 25V
() 1V (d) zero

A transistor isoperated asanon-saturated switch

to eliminate

(a) storagetime

(b) turn-off time

(¢) turn-ontime

(d) delay time

Early-effect in BJT refersto

(a) avalanche break down

(b) thermal break down

(c) base narrowing

(d) zener break-down

(UPSC Engg. Services 2002)

(Hint. Early effect al so called base-width modu-

lation) is the variation of effective base width

by the collector voltage)

A bipolar junction transistor (BJT) is used as

power control switch by biasing it in the cut-off

region (OFF state) or in the saturation region

(ON state). In the ON state, for the BJT.

(@) both the base-emitter junction and base-
collector junctions are reverse biased

(b) the base-emitter is reverse biased, and the
base-collector junction is forward biased

(c) thebase-emitter junctionisforward biased,
and the base-collector junction is reverse
biased

(d) both the base-emitter and base-collector
junctions are forward biased.

5 () 6 (b) 7. (d)

12. (@ 13. (b) 14. (@ 15. (b) 16. (b) 17. (b) 18. (a)

27. (d)
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