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To get flow of current in a transistor,
the transistor should be biased.

So, understanding of biasing is the
basic.

Depending on biasing, the current will
flow through the transistor.



https://youtu.be/7ukDKVHnac4
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7.5 CURRENT COMPONENTS IN A TRANSISTOR

F?gure 7.6. shows the differe;nt current components flowing across the forward-
biased emitter-base junction (Jz) and the reverse-biased collector-base junction
(Jo) of a p-n-p transistor. The emitter current Ir is made up of the component
Ig(p) due to the holes injected from the emitter into the base and the component
I (n) due to the electrons crossing from the base into the emitter. Thus

lg = Ig(p) + Ig(n) (7.5)

As the emitier doping is much higher than the base doping in a commerciy
ansistor, I () >> 1e(n), so that the emitter current arises almost entirely from
the injected holes. All the currents in Eq. (7.5) are positive for a p-n-p transistor.

Most of the holes crossing the emitter junction Jg reach the collector junction
J producing a hole component I¢; (1?) of the collegtqr current. Th‘c remaining
holes recombine with the electrons in the base, giving a recombination hole

current 1g(p) = Ici(P)s leaving the base.
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Fig. 7.6 Current components in a p-n-p transistor

When the emitter-base junction is open-circuited and the collector-base Jjunc-
tion is reverse biased, then I = 0 and the collector current I¢ must be the reverse
saturation current /¢o of the reverse-based diode at J. This reverse current has
two components: (i) Igg(i) consisting of the electrons moving from the p-side to
the n-side across J¢, and (ii) Ico(p) due to the holes travelling from the n-side to
the p-side across J. With the chosen reference directions in Fig. 7.6, we write

~loo = Io (n) + Iy () (7.6)
The total collector current when the emitter is forward-based, is
Ic = I = Ic; (p). (7.7

Usually, Iy is in pA or less and /. is in mA, so that Iey < < Ic1 (P)-

. ligr_t_z;] p-n-p transistor, I is positive while both I and I¢ are negativ e, s
toetz:'lr;sl | z(ljtlthe ec(:ioLIector curfent in Fig. 7.6 actually flows in.the direction opposite.
Indicated by the arrowhead of /. i )
: - e curren
arereversed. ' —= “‘FQ-F .:in\n . ‘ri‘tranmitgru,_ff}fi -S




https://youtu.be/Kx5T2nYBJkO



5.6 Static characteristics of a transistor

A bipolar junction transistor is a non-linear deviee with two p-n junctions Jp 0 i

which can be biased by difforent methods. So. a transistor ean he operated iy ifforgy
of Ji and Je. ancl exact analytical relatio Detayrg,
* |

zones depending on the binsing
Iained. For this. we have to depoy

the current and voltage of a transistor cannot be o
age characteristic curves. known ag slalip

lationship among the diffoy ey,
The characteristies are

on the experimentally drawu enrrent-volt
characteristies of a transistor. The graphical form of re
currents and voltages are representec by these characteristics.
of two types :

(i) Input characteristics-- When the input current is plotted agaiust the inpy
voltage with the output voltage as parameter, the curves so obtained are knowy
input characteristics.

(ii) Output characteristics——The plot of ontput current versis ontput voltuge
with the input current as parameter is called outpul charucteristics.

The input characteristics and the output characteristics for a transistor in CLI and
CB node are very important for practical applications. We are therefore interested in
the characteristics of a transistor in CB and CE configurations only.

5.6.1 Common base characteristics

Fig. 5.10 shows the circuit arrangement for studying the static characteristics of anpn
transistor in CB mode. For a pnp transistor, the polarities of the hatterics and the
meters are to be reversed.
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Fig. 5.10 Circuit diagram for characterislics of a npn transistor in CB mode

(A) Input characteristics - For the CB ga
configuration of a transistor. the input current f»g é’/ é’
and input voltage are the emitter enrrent Iy i/
and the emitter-base voltage Vip. The ()utl)uL
voltage is the collector-base voltage Veg.  So
the input characteristic of CR3 coﬁﬁgnrution is
the graph between the 7 and Viep with Ve

as a parameter.  Fig, 5.11 shows the inl);:: s Py
characteristic curves of a typical npn transistor T
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13) Output characteristics— For common-hase confignration. the collector

current T and tlxo.collccl.(n'sl)ase .'"Oltag(‘ Ve are the output current and ontput voltage
rmpecti\'cl.\'. The input current is the emitter current [, So, the graph hetween the
collector cmrrent I versus the collector-hase voltage Ve with emitter current Ip; as
parameter is the CB ontput characteristic. Fig. 5.12 shows a typical set of outpnt
characteristics of a npn transistor in CI3 mode.
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Fig. 5.12 Output characteristics of a npn transistor in CB mode
The output characteristics can be divided into three distinet regions— active region.
saturation region and cui-off region. . . . . '
(i) Active region—The normal operating region ol a transistor is the active region
in which the emitter junction is forward biased and the collector junction is reverse
i I . LON % U r
hiased. The collector current I in CB mode is gven by

I = alp +leso
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(iif) Cut-off region—The region to the right of Vo = 0 and baloy, | )
cut-off region. In this region, both the emitter junction and the collectoy j"”;; 1 the
reverse binsed, +iton e

'5.6.2 Common emitter characteristics

The circuit diagram for studying the static characteristics of a npn transig
mode is shown in Fig. 5.13. For a pnp transistor, the polarities of the batteri
meters are simply to be reversed.
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Flg. 5.13 Circult diagram for CE characteristics of an npn transistor

(A) Input characteristics—For CE configuration, base current I'p and emitter.
base voltage Vpp are the input current and the input voltage respectively and
collector-emitter voltage Vop is the output .
voltage. So, the plot of Iz against Vpg

o

with Vor as a parameter represents the CE .\d/’l ZT’\ /,;\
input characteristics. Fig. 5.14 shows a set g o «
of typical CE input characteristics of a npn £
Si-transistor. The input characteristic curves
are similar to that of a forward biased p-n
junction diode.

With increase in magnitude of Vg, the
effective base width and hence the recombi-
nation base-current is reduced due to early ST
effect. So, for a constant value of Ve, Ip ==Yl
decreases with increase in the magnitude of Fig. 5.14 CE Input characteristics
Veg. of an npn transistor

(B) Output Chara(':teristics—When the output current I¢ is plotted agaiUSt.thc
Putput voltage Vi taking the input current I as parameter, the graph s obtain®
is called .thfa oulput characteristics for the CE mode, A set of typical CE Out_pl?t
characternst}x)cs of a npn transistor are shown in Fig. 5.15. The output charact?®
curves can be divided into three regiong—¢ e Tt ogion ol
saturation region. : he active region, the cut-off e
(i) Active region— : : ; . . d the

glon—In this region, the emitter junction is forward biased 3 o)

collector junction is reverse biased. In Fig, 5.15, the active region is above Ig=
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Fig.5.15 CE output ch istics of a mpn

to the right of Veg = (VeE)sat- In this region, the collector current I increases with
the increase in Veg according to the relation I¢ = g1 + (1 + B)Icpo. So, the curves
are almost equispaced straight lines having significant upward slope.

(ii) Cut-off region : In CE configuration of a transistor, the collector-current
Je = (14 B)Icso = Iceo with Iy = 0. So, the transistor is not cut-off with Ip = 0.
Since Icko is the collector to emitter current due to minority carriers with base open,
the emitter junction must be reverse biased slightly to cut-off the transistor when
Iz = 0. For Ge transistor the reverse-bias voltage ~ 0.1 volt and that for Si-transistor
0 volt. The cut-off region is shown in Fig. 5.15 below the curve Ig = 0.

(iii) Saturation region—The region where both the emitter junction and the
wllector junction are forward biased by at least cut-in voltage is called the saturation
region. The saturation region is very close to the zero voltage axis where all the curves

coincide,

5.7 Common collector (CC) cot_mection

When the collector terminal of a transistor is common to both the input and the o.ul.pm.
circuit, the mode of circuit connection is called the common collccto.r can:ﬁgumhon or
CC mode. Fig. 5.16 shows the circuit arrangement of a npn transistor in CC mode
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Fig. 5.16 Common collectof

npn wansistor circull

such that the input is applied between the base ard the collector while (he Ontpny i
obtained between the emitter and the collector. '

Since CC circuit has very high input resistance (~ 750 k) compared to the Ol g
resistance (~ 25 Q). the voltage gain is less than 1 and henee this civeuit is not suip,

for the purpose of amplification.




https://youtu.be/jTifbBriS-o

https://youtu.be/GlcLxRZkydY

https://youtu.be/GVv2uTgB2sA



vl Transistor having ¢, =
rf:mumcc is4.5k Q and th
find the volt

0.99 is used in a common-base amplifier. If the load

: e dynamic resistance of the emitter junction is 50°Q,
age gain and the power gain.

Ans. The voltage gain is

'hmQ=09Q&;45k9=%MHLmdn=wQ.

Hence Ay = 099 x % = §9.1.

The power gain is

Ap = current gain X voltage gain
=0.99 x 89.1 = 88.2.

2. An n-p-n transistor with o. = 0.98 is operated in the CB configuration. If the
emitter current is 3 mA and the reverse saturation current is /¢y = 10 pA, what
are the base current and the collector current?
Ans. The collector current /¢ for an emitter current I is given by ;. o1

Ic = —aIE+[a) Iﬁ:ﬂs"\A
Ita < \'-',’“’-A y

For an n-p-n transistor, /g is negative. Therefore,
Ic=0lg + I
Since o = 0.98, Iz - 3 mA, and Ip = 10 L A =10 x 10~ mA, we have
Io = 098 x 3+107
=295 mA. ™

Also, from Kirchhoff’s current law,
@+k+h=0

For an n-p-n transistor, [z i negative. Hence

- Ilg+ Ic+ Ip= 0

3-2.95=0.05mA = 50 pA. -

[B=IE"IC_




4. A transistor is operating in the CE mode (Fig. 7.16). Calculate Vo if B = 125
assuming Ve = 0.6 V., (ct;.‘C.U, 1991):

Ans. When Ve = 0.6 V, the base current is v +20V

10-Vee  10-06
I = e .
5= 30k 310 ™A

= (0.0303 mA

Now, B = 125. Therefore, Ir =B I, = 125 x
0.0303 mA

!
__J'..-

=379 mA =3.79 x 107 A.

Fig. 7.16. Figure for

Again Vep=20-1-%x5%x 10° V
Problem 4

=20-379%x5=105V.




currents and the region of operation of the transistor. What happens if the

. - ; ) resistance Rc is indefinitely i sed? (cf. C.U. 1994)
5. A silicon n-p-n transistor having B = 100 and I, = 22nA is operated in the ¢ i

CE configuration (Fig. 7.17). Assuming Vz; = 0.7 V, determine the transistor

Ans. Since the base is forward-biased, the transistor is not cutoff. So it is either
in the active region or in the saturation region.

Let us assume that the transistor is in the active region. Application of
Kirchhoff’s voltage law to the base circuit gives

Ip Rg + Ve = Vg

Ves—Ver  5-07
> Iz = ———% _ 2.1 = A
or. B R 220 mA = 0.0195m

=195 A.
Here Ig < < I3. Therefore,

Ic = Blg = 100% 19.5% 10> mA = 1.95 mA.

To justify the assumption that the transistor operates in the active region, we

must show that the collector junction is reverse-biased. Applying Kirchhoff’s
voltage law to the collector circuit, we get

Fig. 7.17 Figure for Problem 5

Ic Rc+ Vg + Vg = Ve
or, Ves = Vee = Ic Re = Vg
=12-195%x33-07
=486V.

A positive value of Vg implies that for the n-p-n transistor, the collector
junction is reverse-biased. Therefore, the transistor is actually in the active region.

The emitter current is
Ig =— (Ic +Ip) = - (1.95 + 0.0195) mA
=— 1.97 mA.

The negative sigh indicates that I actually flows in the directi

on opposite to
the arrowhead shown in Fig. 7.17.

In the active region, /5 and I do not depend on the collector circuit resistance
Rc. So, if R¢ is gradually increased, we see from the collector circuit equation
that at one stage V- becomes negative. The transistor is then no longer in the
active region; it goes over to the saturation region.



4. A silicon n-p-n transistor with o = 0.995 and I¢p = 15 nA, operates in the
CE configuration. What is the collector current for a base current of

20 pA? (Ans. 3.983 mA)

7 - - ¢
A, Ap-n-p transistor working in the CB mode has an input dynamic resistance

of S0Q. The current gain on the amplifier is 0.98 and the load resistance

in the collector circuit is 3 k Q. Calculate the voltage gain and the power
gain. (¢f. C.U. 1993) (Ans. 58.8, 57.6)

/92/ Consider an n-p-n transistor in the CE configuration with negligible {co.
Given: B =50, Vgg =4V. Rp = 100k , Rc =4 kQ and Vcc = 10V. Draw
the circuit diagram. Calculate the currents Ig and I, assuming Ve = 0.7

WV in the active region. Find the value of Rc¢ for which the transistor will

no longer be in the active region. (C . 1991)
Ans. 331A, 1.65 mA, 5.64 kL2)




‘ )6. Draw the circuit diagram of a common-emitter n-p-n transistor with the

following parameters: Vpg =5 V,Rp =100kQ, Re=1kQ, Vec= 10V,

Vge = 0.7 V, I =0, and hpp = 100. Find Ig and I¢. Is the transistor
operating in the saturation region?

(C.U. 1993) (Ans. 43 A, 4.3 mA, NoJ)

y./ In the circuit of Fig. 7.18, Vg =3V, R| = 7k Q, R =500, R2 = 3k€2
fmc'i Vee= 10V. Assume B =iz = 100. (i) Determine if the Si transistor
is in cutoff, saturation or in the active region. (ii) Calculate the voltage




