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Electronic Circuits - I 1. Biasing of Discrete BJT and MOSFET

UNIT I

BIASING OF DISCRETE BJT AND MOSFET

1.1. Introduction:

Transistor is a three terminal device: Base, emitter and collector, can be operated in
three configurations common base, common emitter and common collector. It is used in
amplifier and oscillator circuits, and as a switch in digital circuits. It has wide applications in
computers, satellites and other modern communication systems.

There are two types of transistors:

1. Unipolar junction transistor(UJT): The current conduction is only due to one type

of charge carriers, majority carriers.

2. Bipolar junction transistor(BJT): The current conduction is due to both the types

of charge carriers, holes and electrons.

There are two types of BJT:

1. PNP transistor: A thin layer of N-type silicon material is sandwiched between two

layers of P-type silicon.

2. NPN transistor: A layer of P-type material is sandwiched between two layers of

N-type material.

= c
a B
E E
(a) NPN transistor (b) PNP transistor

Fig 1.1. Standard transistor symbols
1.2. Need for biasing:

The transistor can be operated in three regions: cut-off, active and saturation. In order
to operate transistor in the desired region we have to apply external d.c. voltages of correct
polarity and magnitude to the two junction of the transistor. This is called as d.c. biasing of the

transistor.
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1.3. Operating point:

When we bias a transistor we establish a certain current & voltage condition for the
transistor. These conditions are known as d.c. operating point or quiescent point. The operating
point must be stable for proper operation of the transistor. The operating point shifts with

changes in transistor parameters such as 3, I, & V.

1.4. Stability factor:

Stability factor indicates degree of change in operating point due to variation in

temperature. Three stability factors are,

. a1,

i) S = —| Vgg, B constant
a1,

i g = e tant

ii) = Ve co, B constan

S" = oL Ico, Vi tant

i) =98 co, Vg constan

1.5. Various biasing methods for BJT:

1. Fixed bias circuit
2. Collector to base bias circuit

3. Voltage divider (or) self bias circuit

1.5.1. Fixed bias circuit:

input o—)|—

signal C,

Fig 1.2. Fixed bias circuit
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DC analysis:

For the d.c. analysis we can replace capacitor with an open circuit because the

1 1
—_— = = 00
27tfC 2m(0)C

reactance of a capacitor for d.c. is X, =

i) Base current:
Applying KVL to the base circuit we get,
Vec —IgRp — Ve = 0

IgRp = Vec — IgRp

VCC - VBE

I, =
B RB

ii) Collector current:
Applying KVL to the collector circuit,
Vec =IcRe = Vg = 0

IcRe = Ve — Veg

Vee — Ve

I. =
C RC

Vee = Vee — IcRe

The magnitude of the collector current is given by,
Ic = Bl
Input voltage: Vge= Vi
Output voltage: Vee= Ve
Advantages:
1. This is a simple circuit which uses very few components.
2. The operating point can be fixed anywhere in the active region of the characteristics by

simply changing the value of Rg. Thus, it provides maximum flexibility in the design.
Disadvantages:

1. The collector current increases with the rise in temperature. So the operating point is not
maintained.
Ic = Bl + Icro
2. Since I¢ = Blg and Iy is already fixed. I depends on § which changes unit to unit and shifts

the operating point.
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1.5.2. Collector to base bias circuit:

Fig 1.3. Collector to base bias circuit

DC analysis:
i) Base current:

Applying KVL to the circuit,
Vee — (¢ +Ig)Rc — IgRg — Vg = 0

Vee = IcRe — IgRe — IgRg — Vgg = 0
Vee — BlgRe — IgRc—IgRpg — Vgg = 0
Vee = IgRc(1 +B) —IgRg — Vgg =0

IgRc(1+ B) + IgRg = Vo — Vg

L= Vee — Vie
® “Rc(1+P) +Rg
Vee — Veg
If B> 1, Ig=—
b ® 7 BR¢ + Rg

ii) Collector Voltage:

Applying KVL to the collector circuit,
Vee = (Ie + Ip)Re — Vg = 0

Veg = Ve — (e + Ip)R¢
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1.5. 3. Voltage divider bias circuit:

Fig 1.4. Voltage divider bias circuit
In this circuit, the biasing is provided by three resistors:R;, R, & Rg. The resistors
R; & R, act as a potential divider giving a fixed voltage to point B. If collector current
increases due to the change in temperature, the emitter current also increases & voltage drop
across Rg increases, reducing the voltage difference between base and emitter (Vgg). Due to
reduction in Vg, I & I¢ also reduces. This reduction in collector current I compensate for the

original change in Ic.
DC analysis:
i) Base circuit:

Applying voltage divider theorem,

Vg = Rl XV,
PR+ +R(D T
F1>> 1y, Vg = —2—xy,
B B — Rl + RZ cc
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ii) Collector circuit:

Applying KVL to the collector circuit,
Vec =IcRe = Veg —I[gRg = 0
Vee = Voo — IcRe — IgRg

By Ohm’s law,

Vg =IgRg = Vg — Vgg

Vg — Vgg
Rg

IE:

Simplified circuit of voltage divider bias,

Fig 1.5. Thevenin’s equivalent circuit for voltage divider bias

Where, V1 -Thevenin’s voltage,

Rg =R; IR,
_Ri+R
® "R, +R,

Applying KVL to the base circuit,
Vr —IgRp — Vg —IgRg =0

VT = IBRB +VBE + IERE

VT = IBRB +VBE + IBRE + ICRE ~ IE = IB + IC
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VT = VBE + IB(RB + RE) + ICRE

Vge = Vr — Ig(Rg + Rg) — IcRg

Vgg = Vr — [g(Rg + Rg) — BIgRg

w o = Blg
Vge = Vr —Ig[Rp + (1 + B)Rg]
L = Vr — Vgg
B 7 Rg + (1 +B)Rg
1.6. Stability factors:
1.6.1. Fixed Bias:
Step 1: To calculate stability factor S
s al. 1+
B aIco a 1_6(%)
dl¢
We know that,
_ Voo — Vg
Iz =
Rg
Vee
IB = R_B ~ VBE = 07
0lg —0
dl¢
= S=1+8
Step 2: To calculate stability factor S’
.0l
e —
W. K. T, IC = BIB + ICEO
Ic = Blg + (1 + Blcpo vlg=1Ig +1c
Ig =1Ig +PBlg
Vee — Vge
Sub [g =——
u B RB
(Vee — Vi)
Ic = BR—B + (1 + B)lceo
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, 0l
g =—C —_ B

Step 3: To calculate stability factor S”

s = al.
=3¢
Vee — Vi
I = B% + (1 + B)lgpo

dl. (Ve — Vge)

—t= I
B Ry + Iepo
a1,
a—B =1Ig + Igpo

I¢
S = IB = E

1.6.2. Collector to Base Bias:

Step 1: To calculate stability factor S

Vee = IcRe — IgRe — IgRg — Vgg = 0
Vee = IcRe + Ig(Rp + Re) + Vg
Ig(Rg + R¢) = Ve — IcRc—Vie

ol R¢
dl.  Rg +R

1+p
1**(‘%)
148

1+B(ﬁ)

S =

S =

Step 2: To calculate stability factor S’

;]
5 = Vi
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L= Vee — IcRc—Vig
s Rp + R¢

Ic Voo —IcRe—Vgg .
N — <o = Blg
B Rp + R

Ic ~ IcRc Vee—Vie

+ =
B Rg+Rc¢ Rg+Rg

. [RB + R¢ + BR¢ _ Vee— Ve
“l B(Rs +Re) Rg +R¢

I = B(Vec —Vae)
" Rg+Rc(1+B)

dl¢ §

S T T TR FR.ATPH

Step 3: To calculate stability factor S”

a1,

Sn=_

9B

_ B(Vec—Vge)
¢ 7 Rg +Re(1+B)

dlc _ [Rg +Rc(1+ B)][Vee — Vel — BlVee — VeeRc

B [Rs + Rc(1 + B)]2
du_ dv
E(E) _ Vit~ “ar
dt\v v2

_ 0lc_ [Rg + Re][Vee — Vi ]

"= —— =
98 [Rg+Rc(1+ P
g = Olc _ Ic [Rg + Re][Vee — Vi ]
B B [Rg+Rc(1+P)]
. IS
1+p)B
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1.6.3. Voltage divider bias:

Step 1: To calculate stability factor S
VT = IBRB +VBE + IERE

Vi —IgRg — Vgg —IgRg —[cRg = 0
Vr —Ig(Rg + Rg) — Vgg —IcRg =0

Ig(Rg + Rg) = Vp — Vg — IcRg

ol
E(RB +Rg) = —Rg
oy  —Rg

e (Rg +Rp)
1+
s-— P
E
1+ 8 (i)
Step 2: To calculate stability factor S’
)
S p—"
W.K.T, Ic = Blg + (1 + B)lceo

I e = (1 + Blcpo
=T

Vr — (—IC —a ;_ Blceo ) (Rg +Rg) = Vg —IcRg =0
(Rg + Rg)(1 + B)lcpo
B

I
VT_EC(RB+RE)+ _VBE_ICRE=0

Rg + (1 +B)R Rg + Rg)(1 + B)I
VT _ Ic [ B ( B) E] + ( B E)( B) CBO _ VBE =0
p §
Rg + (1 +B)R Rg + Rp)(1 + B)I
IC [ B ( B) E] - VT _ VBE + ( B E)( B) CBO
p p
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01, [RB +(1+ B)RE] _
Vg §
—B

L —
Rg + (1 + B)Rg

Step 3: To calculate stability factor S”

S = al,
~ 0B
I [RB + (1B+ B)RE] SV — Vg + (Rg + RE)[(; + B)lcpo

, Rg + Rp)(1 + B)I
Let us consider V :( B E)|(3 Blcro

_ B(Vp — Vgg +V)
T Rg+ (1 +P)Rg

% — [RB + (1 + B)RE][VT — VBE + V,] — B[VT — VBE + V’]RE
9B [Re + (1 + B)Rg]?

1. (Rp + Rg)(Vp = Vgg + V)

B [Rg+(1+P)Rg]?

dlc I (Rg +Rg)
9B BIRg + (1+P)Rg]

. IS
1+B)B
1.7. DC load line:
For fixed bias circuit,
Vee — Ve
g =———
R
= Vee _ Ver
©"Re Re
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Ic = (— ==
¢ (RC)VCE+RC

We know that equation of the straight line is,

y=mx+c
where, m = slope of the line
¢ = intercept on y-axis
DX axis: I =0 Veg = Ve (point A)
i)Y axis: Veg = 0 I = % (point B)

The line drawn between points A and B is called d.c. load line.

V
o= _CC le—  Active region = —1
RC : |
I
! DC load line :
I
c Ig=4 mA
==
© .0
85—
Ig=2mA
Ig=1mA
° — Ve

Ve =V,
Cut-off region &5 ¢

Fig 1.6. CE output characteristics with d.c. load line

1.8. Bias compensation:

The collector to base bias and voltage divider bias use negative feedback to do the
stabilization action. This negative feedback reduces the amplification of the signal. If this loss
in signal amplification is intolerable and extremely stable biasing conditions are required, then
it is necessary to use compensation techniques. Compensation techniques use temperature
sensitive devices such as diodes, thermistors ,transistors, etc. Compensation techniques are

used to maintain operating point constant.
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1.8.1. Diode compensation techniques:

i) Compensation for Vgg:

a) Diode in emitter circuit:

Fig 1.7. Diode compensation in emitter circuit
Separate supply Vpp is used to keep diode in forward biased condition. When Vgg
changes by dVgg with change in temperature, V changes by dV = dVgg, the changes tend to
cancel to each other.
Applying KVL to the base circuit,
Vp —IgRg = Vgg —IgRRg +Vp =0

Vr = IgRg + Vgg + (Ig + Ic)Rg — Vp
Vr =Ig(Rg + Rg) + Vgg + [cRg — Vp
Considering the leakage current,
Ic = Blg + (1 + Blego
Sub I = Bl
Blg = Blg + (1 + B)lcpo

I 1+ B)I
__c+( B)lceo

In =
"B B
I 1+ pB)I
VT = §C+%] (RB +RE) +VBE +ICRE _VD
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IEC(RB + Rg + BRg) + Vgg + (a+ B)ICB%(RB * Re) -V

VT =

_ B[Vr — Vgg + Vp] — (1 + B)Iggo (R + Rg)

Ie

Rg + (1 + B)Rg

b) Diode in voltage divider circuit:

Fig 1.8. Diode compensation in voltage divider bias circuit
Diode is connected in series with resistance R, in the voltage divider circuit & it is

forward biased condition.

W.K.T,
Vg — Vg
I = 22
Rg
Vg — Vg
lo ~ B8
Rg

When Vgg changes with temperature, Ic also changes. To cancel the change in I, one
diode is used in this circuit fo compensation.

VB = VRZ + VD
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- — ——— |

_ Vr2 + Vp — Vg

C R;
ii) Compensation for I¢o:
- Vee — Ve
Ry
I:IB+IO '-'IB:I—IO
V.
[~ e
Ry
Vee
I
e

I i VBE

Fig 1.9. Diode compensation
W.KT Ic = Blg + (1 + B)lcpo
Ic = BI = Blo + (1 + B)lcpo
Ic = BI = Blo + Blego B> 1
Now if Iy = Icgo we get,
Ic = BI

As 1 is constant, Ic remains constant.
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1.8.2. Thermistor compensation:

This method of transistor compensation uses temperature sensitive resistive elements,
thermistors rather than diodes or transistors. It has a negative temperature coefficient, its

resistance decreases exponentially with increasing temperature.
gl OR7
ope = ——
Pe= 5T

Temperature coefficient for thermistor & slope is negative. So we can say that

thermistor has negative temperature coefficient of resistance(NTC).

Temp.;

Fig 1.10. Temperature Vs Ry resistance of thermistor

Vfc

Ic

ey Re l
1 ¥
Ve s
Ry Re llE
(RnTe)

i il

Fig 1.11. Thermistor compensation techniques
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T Ryis replaced by thermistors Ry in self bias circuit. With increase in temperature, Ry

decreases. Hence voltage drop across it also decreases. Hence, Vg decreases which reduces I.
Ic = Blg + (1 + B)lcro

Increase in [co & decreases in Iz keeps I almost constant.

1.8.3. Sensistor compensation:
It has positive temperature coefficient, its resistance increases exponentially with
increasing temperature.

Sloe = OR7
ope = —=

Temperature coefficient for sensistor & the slope is positive. So we can say that

thermistor has positive temperature coefficient of resistance(PTC).

Tl

Ry

=
Temperature —»

Fig 1.12. Temperature Vs Ry resistance of sensistor

R, is replaced by thermistors Ry in self bias circuit.As temperature increase, Ry
increases which decreases the current flowing through it. Hence current through R, decreases
which reduces the voltage drop across it. Hence, Vg decreases which decreases I. It means,
when Icpo increase with increase in temperature, Iz reduces due to reduction in Vg,

maintaining I¢ fairly constant.
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Fig 1.13. Sensistor compensation

1.9. Thermal stability:

The increase in the collector current increases the power dissipated at the collector
junction. This in turn further increases the temperature of the junction & hence increase in the
collector current. This process is referred to as self heating. The excess heat produced at the

collector base junction may even burn & destroy the transistor. This situation is called thermal

runaway of the transistor.

1.9.1. Thermal resistance:

The steady state temperature rise at the collector junction is proportional to the power

dissipated at the junction.
OT=T =Ty =0P .o e (1)
Where, Tj=junction temperature in °C
Ta=Ambient temperature in °C
Pp=Power in watts dissipated at the collector junction

0= Constant of proportionality thermal resistance

T —Ta
0= °C/watt ... oo ee v vee e (2)
D
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1.9.2. The condition for thermal stability:

It is necessary to avoid thermal stability. The required condition to avoid thermal is
that the rate at which heat is released at the collector junction must be exceed the rate at which

the heat can be dissipated.

It is given by,
dP. 0By
a_'I‘j a_’r] was mas mes owas o was o ws owas (3)
Differentiate (1) w.r.to Tj,
JP,
1=0—
T,
op 1 4
aT =3 .. (4)
Sub (4) in (3),
apy < 1 .
T g ..(5)

This condition must be satisfied to prevent thermal runaway.
For voltage divider bias circuit we can say that,
Pc =Heat generated at the collector junction

= d.c. power input to the circuit- the power lost as I’R in R¢ & Rg

Po = Ve X Ig = I2Rc — IZRg .o ov e v e .. (6)
W.K.T., Ic ~ I
Po = Ve XIg = IE(Rc + Rg) v oev e e v e e (7)

Differentiate (7) w.r.to I,

0P,
C

op. al; 1

<t (9)

Rewritting (5), LT <8
c j

ole _ 0l
3T = ST
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As the reverse saturation current increases about 7 percent per °C

o _ 0.071.5 11
3T =0.07Ic0.S o vv ve e e (11)
Sub (8) & (11) in (9),
1
As S,Ico & O are positive,
V
% <Ic(Rg + Rg) e oo e (13)

Fig 1.14. Voltage divider bias circuit
Applying KVL to the collector circuit,

Vee = Veg = Ic(Rg +Re) =0

IC(RE + Rc) = VCC - VCE (14)
Sub (14) in (13),
Vi
% < Vee — Vee
V
Vee < Vee —%
VCC
Vee <
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1.10. Biasing circuits for FET:

1. Fixed bias circuit
2. Voltage divider bias circuit

3. Self bias circuit

1.10.1. Fixed bias circuit

Fig 1.15. Fixed bias circuit

To make gate-source junction reverse biased, a separate supply Vg is connected such
that gate is more negative than the source.
DC analysis:
Step 1: To calculate Vg
Applying KVL to the input circuit,

Ve = Vs =0
Ves = =V
Step 2: To calculate Ipq
%
Ipg = Ipss (1 —_)

Step 3: To calculate Vpg
Applying KVL to the output side,

Vop —Ip Rp = Vps =0
Vbs = Vop —Ip

Drawback: It requires two power supplies.
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1.10.2. Voltage divider bias:

Fig 1.16. Voltage divider bias

The voltage at the source of the JFET must be more positive than the voltage at the

gate in order to keep the gate source junction reverse biased. The source voltage is,

Vs =1Ip Rs
DC analysis:
Step 1: Calculate Vg
Using voltage divider theorem,
\/ Ry,
= X
TR +R, PP

Step 2: To calculate Vg

Step 3: To calculate I
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—————— ————————————————————————
Step 4: To calculate Vpg
Vbp —Ip Rp —Vps —IpRs =0
Vbs = Vpp —Ip Rp —IpRs
Vps = Vpp —Ip (Rp +Rg)
1.10.3. Self bias:

Self bias is the most common type of JFET bias.

Fig 1.17. Self bias

DC analysis:

Step 1: Calculate Vg
Vs =Ig Rg =1Ip Rg

Step 2: Calculate Vg
VG_VGS _ID RS :0

VGS = ID RS v VG =0

Ponjesly College of Engineering Page 1- 23

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 1. Biasing of Discrete BJT and MOSFET

Step 3: Calculate I

Vs
Ipg = Ipss (1 ——)

IDQ = IDSS (1 + —
Step 4: Calculate Vg
Vop = Ip Rp = Vps —Ip Rg =0
Vbs = Vpp — Ip(Rp + Rg)
1.11. Biasing of MOSFET:

1.11.1. Biasing of EMOSFET common source circuit:

Applying voltage divider theorem,

R
2 )xVDD

Vo =os = (3,

Ip =K, (Vg — Vp)?

Vbp
i
R, 0{2 Rp
p——0 V
C, Ve . o
| #41
Ves |~
V; R, =

Fig 1.18. NMOS common source circuit
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- — —— |

Applying KVL to the drain circuit,
Vpp —Ip Rp —Vps =0
Vbs = Vpp —Ip Rp

1. If Vpg > Vg (sat) = Vgs — Vr, then the MOSFET is biased inthe saturation region.
2. If Vpg < Vpg (sat)’ then the MOSFET is biased in the saturation region & the drain

current is given by,

Ip = Ky[2(Ves — Vr)Vps — Vis]
1.11.2. Common MOSFET configuration:

1.11.2.1. CS circuit with source resistor:

As IG =0
VG_(Rl+R2)VDD
I+VDD
R; IDl Ry
+
Vv
S - VDS
Vv — -
GS 1. o VS
R
2 Rg

Vssl

Fig 1.19. NMOS CS circuit with source resistor
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- — |

Applying KVL to input circuit,
Vo —Ves — V5 =0
Ves = Vg — IsRg
Ves = Vo —IpRs
Vpp —IpRp —Vps —IpRs =0
Vbs = Vpp —Ip(Rp +Rs)

1.11.3. Biasing circuit for DMOSFET:
Biasing circuits for depletion type MOSFET are quite similar to the circuits used for

JFET biasing. The only one difference is that Vg is positive for n-channel.

Vi
Fig 1.20. Biasing circuit for DMOSFET
Vo —=Ves = Vs =0
Ves = Vo — IpRg
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- — |

1.12. Rectifiers:

Rectifier is defined as an electronic device used for converting a.c. voltage into d.c.

voltage. Rectifiers are classified into three types. They are,
1. Half - wave rectifier
2. Full- wave rectifier

3. Bridge rectifier

1.12.1. Half wave rectifier:

It converts an a.c. voltage into a pulsating d.c. voltage using only one half of the
applied a.c. voltage. The rectifying diode conducts during one of the a.c. cycle only. Let V; be
the voltage to the primary of the transformer & given by the equation,

Vi =V, sin wt, Vin >V,
Where, V, —cut-in voltage of the diode

e

V= Pulsating
R, DC output
voltage

Fig 1.21. Basic structure of a half wave rectifier

VA
0 —> ot

"\/ o
¥ '

|
|
|
|
|
|
|
I
|
|
|
|

e

0 n 2r wt

Fig 1.22. Input & output waveforms of half-wave rectifier
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During the positive half cycle of the input, anode becomes more positive with respect
to the cathode & hence diode D conducts. For an ideal diode, the forward voltage drop is zero.
So the whole input voltage will appear across the load resistance, R;.

During negative half cycle of the input signal, the anode of the diode becomes negative
with respect to the cathode & hence diode D does not conduct. For an ideal diode, the
impedance offered by the diode is infinity. So th3 whole input voltage appears across diode D.

Hence, the voltage drop across Ry is zero.

i) Ripple factor(I'):
The ratio of rms value of ac component to the d.c. component in the output is known

as ripple factor(I").

_ rms value of ac component Vi

" dcvalue of component V.

where, Vi, s = [V — Vi
e (wm)z_l
Vdc

V. is the average or the d.c. content of the voltage across the load & is given by,

1 T
Vov = Vg = o [ f V,, sin wtd(mt)]
0

V
= ﬁ [— cos wt]f

Vin
=2[1+1
oL+l
V
Vaw = —
po=Yae_ Ym _Im il = Ym
de RL T[RL T com RL

RMS voltage at the load resistance can be calculated as,

1
("2 iz z
Vims = [Efo Vg sin ootd((ot)]
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1
1 (" 2 ) 1 — cos 2wt
=V, —f (1 = cos 2wt) d(wt) “ osin ot = ——
21 ), 2

1
Vin lj" sin 2wt\" |2
=2 (ot - )
2 |m 0 2 0
1

v, [1 (" 7y,

[V /2]
r= [Vm/ﬂ] 1

= /(g)z —1=121

From this expression it is clear that the amount of a.c. present in the output is 12% of
the d.c. voltage. So the half wave rectifier is not practically useful in converting a.c. into d.c.
ii) Efficiency:

The ratio of d.c. output power to a.c. input power is known as rectifier efficiency(n).

dc output power Py,

ac input power |

Vi /R Vn/M? 4
— 2dc/ L=(m/ )2:—2:0.406
Vi /R (Vn/2) s

n = 40.6%

The maximum efficiency of a half wave rectifier is 40.6%.
iii) Peak inverse voltage(PIV):

It is defined as the maximum reverse voltage that a diode can withstand without
destroying the junction. The peak inverse voltage across a diode is the peak of the negative half
cycle. For hail-wave rectifier, PIV is V..

iv) Transformation utilisation factor(TUF):

In the design of any power supply, the rating of the transformer should be determined.

This can be done with a knowledge of the d.c. power delivered to the load & the type of

rectifying circuit used.
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TUF = d. c. power delivered to the load Py
" a.c.rating of the transformer secondary ~ P,.rated

In the half wave rectifying circuit, the rated voltage of the transformer secondary is

V,, / V2, but the actual rms current flowing through the winding is only I,,/2,not I, / V2.

TUF = ——
Voo L

V202

Vi
_ xR W2 o
Vo V. oo O

EXZXRL

The TUF for a half wave rectifier is 0.287.
v) Form factor:

rms value
Form factor = ———
average value

V. /2
=‘“ =T 157
Vo /m 2

vi) Peak factor:

peak value
Peak factor = ——
rms value

1.12.2. Full wave rectifier:

It converts an a.c. voltage into a pulsating d.c. voltage using both half cycles of the
applied a.c. voltage.It uses two diodes of which one conducts during one half cycle while the
other diode conducts during the other half cycle of the applied a.c. voltage.

During positive half of the input signal, anode of diode D becomes positive & at the
same time the anode of diode D, becomes negative. Hence D; conducts & D, does not conduct.
The load current flows through D and the voltage drop across Ry will be equal to the input
voltage.

During the negative half cycle of the input, the anode of D; becomes negative & the

anode of D, becomes positive. Hence,D; does not conduct & D, conducts.
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!
L

B=mter tapped D
m=nsformer .

Pl

Fig 1.23. Basic structure of a full wave rectifier

Fig 1.24. Input & output waveforms of full wave rectifier
i) Ripple factor(I'):

r () o
Vdc
The average voltage or d.c. voltage available across the load resistance is,

1 i
Voy = Vg = = [ f V, sin wtd(wt)]
0

V
= ?m [— cos wt]§
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Vv,
=—[1+1]
T
2V,
Vor =
A 1 _ Vi
7R, T mR, M TR,

RMS voltage at the load resistance can be calculated as,

1
1 2
Vims = [— j V2 sin® u)td(u)t)]

T™Jo

L :
=V, [E-Io (1 — cos2wt) d(mt)]

1 — cos2wt
2

1
Vin [1 f“( . sinZwt)“r
= e— ] — (1) —
V2|, 2 0

_V_m[lfn( —o—0+0)]%
_\/7 TJo "

Vin

~ sin? wt =

V2
/vm/ﬁ2
= [ZVm/T[ -1

( T )2 1=10.482
vz o
ii) Efficiency:

The ratio of d.c. output power to a.c. input power is known as rectifier efficiency(n).

dc output power Py,
n= =

ac input power P,
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Vi /R 2V, /m? 8
_ dc/ L _( m/) - — —0.812

—Vrzms/RL_(Vm/\/E)z_m—

n = 81.2%.

The maximum efficiency of a half wave rectifier is 8§1.2%.
iii) Peak inverse voltage(PIV):

The peak inverse voltage for full-wave rectifier is 2V, because the entire secondary
voltage appears across the non-conducting device.
iv) Transformation utilisation factor(TUF):

The average TUF in a full wave rectifying circuit is determined by considering the
primary & secondary windings separately and it gives a value of 0.693.

_ primary of TUF + secondary of TUF
B 2

TUF of primary winding= 2X TUT of half wave circuit
=2x0.287=0.574

TUF

DC power to the load

TUF of Secondary = AC power rating of secondary =n= 0.812
0.574 + 0.812
F= — = 0.693

v) Form factor:

rms value
Form factor = —
average value

V.. /V2
= "‘N_zi=1.11
2V /Tt 22

vi) Peak factor:

peak value
Peak factor = ———
rms value

1.12.3. Bridge rectifier:

The need for a center tapped transformer in full wave rectifier is eliminated in the

bridge rectifier. The bridge rectifier has four diodes connected to form a bridge.
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ALy
input

Fig 1.25. Basic structure of a bridge rectifier

Vo4
A L
|
n (A 2” - 0‘

Fig 1.26. Input & output waveforms of bridge rectifier

The a.c. input is voltage is applied to the diagonally opposite ends of the bridge. The
load resistance is connected between the other two ends of the bridge.

For the positive half cycle of the input a.c. voltage, diodes D; & D; conduct, whereas
D, & D, do not conduct. The conductivity diodes will be in series through the load current
flows through R;.

During the negative half cycle of the input a.c. voltage, diodes D, & D, conduct,
whereas diodes D; & Ds; do not conduct. The conducting diode D, & D, will be series through

the load R & the current flows through RL in the same direction as in the previous half cycle.
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i) Ripple factor(I'):

e (Vrms )2 1
Vdc
The average voltage or d.c. voltage available across the load resistance is,

1 T
Vay = Vg = p U V,, sin u)td(u)t)]
0

?m [— cos wt]§

Vin
—I1+1
"y
2V,
Vo =
Va2V 21, oV
©~R, TR, m T

RMS voltage at the load resistance can be calculated as,
1
1 (" 2
Vims = [— f V2 sin® u)td(u)t)]
TJo

1
1 (r 2 ., 1 — cos2wt
=V, ﬂf (1 — cos2wt) d(wt) v osin® ot = ———
0

2
1
Vi [1 (™ sin 2wt\" |2
- ﬁ[ﬁfo (wt_ 2 )0]
1
Vin [1 (T z
:\/—i[Ef (1'[—0—0+0)]
0
Vin
V2
2
po /2]
|2V, /n
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T 2
= |[—=) —1=0482
<2ﬁ>

ii) Efficiency:

The ratio of d.c. output power to a.c. input power is known as rectifier efficiency(n).

_ dcoutput power Py

ac input power |

_ Vi /R @V/mt 8,
V1’2ms / Ry (Vm/\/i)z L .

n=81.2%
The maximum efficiency of a half wave rectifier is 8§1.2%.

iii) Peak inverse voltage (PIV):

The peak inverse voltage for bridge rectifier is V,,, because the entire secondary
voltage appears across the non-conducting device.
iv) Transformation utilisation factor(TUF):

The average TUF in a full wave rectifying circuit is determined by considering the
primary & secondary windings separately and it gives a value of 0.693.

__ primary of TUF + secondary of TUF

TUF
2

TUF of primary winding=2X TUT of half wave circuit
=2x0.287=0.574

DC power to the loa
AC power rating of secondary

TUF of secondary = = 1n=0.812

0.574 + 0.812
F= — 0.693

v) Form factor:

rms value
Form factor= —
average value

V.. /V2
= “‘N_zi=1.11
2V, /Tt 242
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vi) Peak factor:

peak value
Peak factor = ————
rms value
V.
-2
Vi /V2

Advantages:

1. No center tap is required in the transformer secondary. Hence, wherever possible, a.c. voltage
can directly be applied to the bridge.

2. The current in the secondary of the transformer is in opposite direction in two half cycles.
Hence net d.c. component flowing is zero which reduces the losses & danger of saturation.

3. Due to pure alternating current in secondary of transformer, the circuit is used for large
powers & high voltage applications.

Disadvantages:

The only disadvantage of bridge rectifier is the use of four diodes as compared to two
diodes in normal full wave rectifier. This reduces the output voltage.
1.13. Filters:

The output of a rectifier contains d.c. component as well as a.c. component. Filters are
used to minimize the undesirable a.c. i.e)ripple leaving only the d.c. component to appear at the
output. Some important filters are,

1. Inductor filter

2. Capacitor filter

3. LC filter (or) L section filter

4. CLC filter(or) m filter

1.13.1. Inductor filter

3

v, %m \1

@<

Fig 1.27. Inductor filter

Ponjesly College of Engineering Page 1- 37

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 1. Biasing of Discrete BJT and MOSFET

When the output of the rectifier passes through an inductor, it blocks the a.c.
component & allows only the d.c. component to reach the load. To analyse this filter for a full
wave, the Fourier series can be written as,

2V, 4v,r1

1 1
V, = = T Tn gcos 2wt+Ecos4wt+£cos 6wt + -

. 2Vy
The d. c. component is —

Assuming the third & higher terms contribute little output, the output voltage is,

2V, 4V, 1
V, = T T [gcos th]

T

The diode, choke & transformer resistance can be neglected since they are very small

Vi

as compared with Ry Therefore, the d.c. component of current I, = s
L

The impedance of series combination of L & Ry at 2w is,

Z= /Ri+(2mL)2
= /Ri+4w2L2

Vin
VRE 4+ 4w?1?
Therefore, the resulting current i is given by,

2V, 4V, N cos(2wt — @)

1= -

mR, 3m /Ri + 40212

Where, ® = tan™! (%)

The a.c. component is,

The ripple factor, which can be defined as the ratio of the rms value of the ripple to the d.c.

value of the wave is,

4V,
e 3mV2,/RE + 4?12 L = L
T, T R
T[RL
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2 Ry,
- L
3v2 /R + 40?12

I'= 2 X !
3v2 4212
I+—%e
L
__R | 4ell? o1
"~ 3v2wl - R

It shows that the ripple factor will decrease when L is increased & Ry is decreased.
Clearly, the inductor filter is more effective only when the load current is high(small Ry). The
large value of the inductor can reduce the ripple & at the same time the output d.c. voltage will
be lowered as the inductor has a higher d.c. resistance. The operation of the inductor filter
depends on its well known fundamental property to oppose any change of current passing

through it.

1.13.2. Capacitor filter (or) C filter:

' 1

Full-wave _L
rectified input
V, c

Y

Gf

R,

i
:

Fig 1.28. Capacitor filter

An inexpensive filter for light loads is found in the capacitor filter which is connected
directly across the load. The property of a capacitor is that it allows a.c. component & blocks
the d.c. component. The operation of a capacitor filter is to short the ripple to ground but leave
the d.c. to appear at the output when it is connected across a pulsating d.c. voltage.

During the positive half cycle, the capacitor charges up to the peak value of the
transformer secondary voltage, V,, and will try to maintain this value as the full wave input
drops to zero. The capacitor will discharge through Ry slowly until the transformer secondary

voltage again increases to a value greater than the capacitor voltage.
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Voltage

oo ! * DC. output with
ripple

Cut-out point

Vo, ivr, p-p

\ Full-wave
\, Rectified input

ot

Fig 1.29. Ripple voltage triangular waveform

"The diode conducts for a period which depends on the capacitor voltage. The diode
will conduct when the transformer secondary voltage becomes more than the diode voltage.
This is called cut-in voltage. The diode stops conducting when the transformer voltage becomes
less than the diode voltage. This is called cut-out voltage. The ripple voltage waveform can be
assumed as triangular. From the cut-in point to the cut-out point, whatever charge the capacitor
acquires is equal to the charge the capacitor has lost during the period of conduction i.e.)from

cut-out point to the next cut-in point.
The charge it has acquired=V, X C
'pp

The charge it has lost=I3. X T,

~ Ve XC=1Ig XT,
PP

If the value of the capacitor is fairly large, or the value of the load resistance is very
large, then it can be assumed that the time T, is equal to half the periodic time of the waveform.
T 1 I4c

T,=-== ,thenV, =-%
2T Tt “pp 2fc

With the assumptions made, the ripple waveform will be triangular in nature and the

rms value of the ripple is given by,
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Idc
Vv =
IS 44/3fC
Vdc Vdc
= —_— (X | dc = —=—
44/3fCR|, Ry

Vi
- Ripple, [ = ——
Vdc

1
[=—r-——
44/3fCR,
The ripple may be decreased by increasing C (or) Ry (or both) with a resulting increase

in d.c. output voltage.

1.13.3. LC filter:
L
Full-wave _E j
rectified input CH R Vo
Vi

Fig 1.30. LC filter

The ripple factor is directly proportional to the load resistance Ry in the inductor filter
and inversely proportional to Ry in the capacitor filter. Therefore, if these two filters are

combined as LC filter (or) L-section filter, the ripple factor will be independent of Ry

If the value of the inductance is increased, it will increase the time of conduction. At
some critical value of inductance, one diode, either D1 or D2 in full-wave rectifier will always

be conducting.

From Fourier series, the output voltage can be expressed as,

2V, 4V, 1
V, = - = [— cos Zwt]
i m I3
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The d.c. output voltage,
2V,
Vae ==
4V, 1

e = — X —
rms 31_[\/? XL

VZ v
_ve, Ve
37X,

The current flowing through X creates the ripple voltage in the output.

2 Xc
Vr,rms = Irms X XC = ? X Vdc X X_L
The ripple factor,
l" = Vr'ﬂ = E X X_C
Ve 3 X,
V2 1 1
l=—Xx—— v Xe =——,X;, = 2wl
3 " 20iCL CT 200 LT A0

1.13.4. CLC filter (or) T -section filter:

Full-wave
rectified input

!

Fig 1.30. LC filter

The CLC (or) m -type filter which basically consists of a capacitor filter followed by an
LC section. This filter offers a fairly smooth output, and is characterised by a highly peaked
diode currents & poor regulation.

Output of the capacitor filter,

v — Idc — Idc =T[Idc
PP 260 g x % xC, G
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_ T[Vdc o1 :E
(,l)ClRL " e RL

V,
'.pp

Vr,rms = T[\/i

_ T[Vdc
wCRy, x /2

_ \/ivdc
"~ 20CRy,

» multiplying v2 in both numerator & denominator

IEATEN X Xe = ——
) c1 € =340
Output of the L-section,
, V, X Xc2
Vi s r)(r:ns_ Xe, *+ Using voltage division rule
Vr rms VF rms 1
= 2 = - A X = 2 L’X = —_—
X, 20Lx2wCZ-1 L= 20 A =500
Xc2
Vl“ rms
- _5 )
= TorLG, s 4w°LCy, > 1
’ XCZ
Vl“ ms X_ X VF rms
I'.rms
r=_%
Vdc
' Xcz _ V2Vg
Vr,rms = X—LX RL X XC1
Xep  V2Vy
- X, X R, X Xc1
Vdc
Xc2 _ Xe1
F=vVZx—=x—
X, Ry
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SOLVED EXAMPLES:

1. For the circuit shown in fig calculate Ig, I, Vcg, Vg, Ve and Vg Assume Vg=0.7V and

B = 50.
Vee
+10V
ple
Re 1.2kQ
220 K§ Rg
L 1
C2
I
V| B
Vi @ 71 +
C1
Solution:

ls = Ry  220x 103 42.27uA

Ic = Blg =50 x 42.27 X 107° = 2.1135mA
Veg = Vee — IcRe = 10 — 2.1135 X 1073 x 1.2 X 10° = 7.4638V
Vg = Vgg = 0.7V
Ve = Vg = 74638V
Ve = Vg — Vo = 0.7 — 7.4638 = —6.7638

The negative voltage Vpc indicates that base-collector junction is reverse biased.
2. Design a fixed bias circuit to have operating point of (10V,3mA). The circuit is supplied
with 20V and uses a silicon transistor of h;=250.

Solution:
Applying KVL to collector circuit we get,

Vee = Veg —IcRc =0
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Vee-Veg  20-—-10
¢ Ic 3ma >33
L= Ic 3mA 12
BT B 250 HA

Now, applying KVL to base circuit we get,
Vec —IgRg = Vg =0

 Ve—Vgg 2007

Rg TR = 1.6MQ
Vec=20V
+IC=3mA
Rg Re
he = 250
VE=10V

1|

3. The circuit of BJT amplifier is shown in fig. Draw d.c. load lines. Also find the Q-point.
Assume Vgp=0.7 Volts.

otVec=12V

?
220K TK

CC
i s

Sk
V

.\|~_<
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Solution:

Step 1 : Obtain I¢q, Vcgg, point A and point B
Applying KVL to the base circuit we have

Vee — IgRg —Vgg =0

Vee = Vgg 1207
I = = = 1_
B Ry 220k oL36KA

Ioq = Blg = 100 X 51.36pA = 5.136mA

Applying KVL to the collector circuit we have
Vee = IcRg — Vegg =0

VCEQ = VCC - ICRC =12 —-5.136 x 10_3 X 1000 = 6.864V

Thus Q-point is Igq, Vegg = 3.424mA, 6.864V
Step-2: Mark axes intersection points

Point A:
VCE = VCC = 12Vatlc =0

Point B:
Vee Voo 12

=€ 2 12maA
¢ R, R, 1K "

Step 3: Draw dc load line

Ic(mA)

20

15

b '/ Q (Igq =3.424 mA, Ve = 6.864 V)
5
d.c. load line —>
0 ’ i — Vee (V)
2 4 6 8 10 12
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4. Calculate the Q point values (Ic and V¢g) for the circuit in Fig.

+12V
10kQ
100 kQ
{jdc =100
Solution:
I Ve —Vae
B

N Rg + (1 + B)R¢

B 12 -0.7
"~ 100 x 103 4 [(1 4 100) x 10 x 103]

=10.18pA

Ic =Bl =100 x 10.18pA = 1.018mA
Vee = Vee — (g + IR
=12—(10.18 X 107 + 1.018 X 1073) x 10 x 103 = 1.7182V
5. For the circuit shown in Fig, p= 100 for the silicon transistor. Calculate V¢ and Ic.

+10°V
°

Ponjesly College of Engineering Page 1- 47

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 1. Biasing of Discrete BJT and MOSFET

Solution:

R, 5x 103

Vigy & ————— Ve = X 10 = 3.33V
™ZR,+R, “© 10x10% +5x 103

10 x5

B =7 = 333K

Appling KVL to base circuit we have,
Vry —IgRg — Vgg — (1 + B)IgRg = 0

I = Vry — Vg 3.33-0.7 _ 4886
BT Rg+(1+PB)Rg 3.33x 103+ (101)500 HA

IC = BIB = 100 x 48.86pA = 4.886mA
I[g =g + [ = 4.935mA
Appling KVL to collector circuit we have,
Vee = Voo — IcRe — IgRg
=10 —4.886 x 1 —4.935 x 0.5 = 2.6465V

6. For the transistor circuit in fig find the Q-point Vo = 15V and 8 = 100, Vg = 0.7V.

+Ecc
100 K 43K
100 K 6.8 K
Solution:
Vo = —2_y
TH = m cc
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~ 100 x 103 y
" 100 x 103 + 100 x 103

15 =7.5V

R = 100K||100K = 50K

Appling KVL to base circuit we have,
Vry — IgRp — Vgg — (1 + B)IgRg = 0

I — VTH - VBE
® TRg + (1 +B)Re

B 7.5 —-0.7
"~ 50 103 4 (101)6.8 x 103

=9.23uA

Ic = Bl = 100 X 9.23pA = 0.923mA
Ig = Iz + Ic = 0.932mA

Appling KVL to collector circuit we have,
Vee = Voo — IcRe — IgRg
=15-0.923 X 4.3 —0.923 X 6.8 = 4.6935V

Therefore, Q-point: Icq=0.923mA and Vpq=4.6935V.
7. For the circuit shown in the Fig., calculate

a)Vagsq b)Ino

©)Vpsq d)Vp
8V

1kQ

Ipgg = 10 mA
Vp = -4V

2V

VGG—l—-

Ponjesly College of Engineering Page 1- 49

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 1. Biasing of Discrete BJT and MOSFET
- — |
Solution:

a) Vesq—= —Voe = —2V

b) Ing = Ipss ( —VVL:)Z =10x 1073 (1 _%\\:)2
=10x1073(1 —0.5)%> = 10 x 1073(0.25) = 2.5mA

C) Vbsq = Vop —IpgRp =8V —2.5%x1073(1 x 10%) = 5.5V

d) Vp = Vps + Vs =55+0=55V

8. Determine Ipg, Vgsq,Vn,Vs,Vps and Vi for the network of Fig.

016V
2.4 kQ
(
5 uF 1t ° Vo
H 10 uF
V. } ]DSS =8 mA, Vp =4V

270 kQ

Solution:
Step 1: Calculate Vg

v = VooRy _ 16X270K
© "R, +R, 21M+270K

Step 2: Obtain expression for Vg
VGS = 1823 _IDRS = 1823 - 15 X 10_3ID
Step 3: Calculate I,

Vos )’
Ih =1 (1 — —)
D DSS VP
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(1.823 — I x 1.5 x 103))2
)

=8x1073 (1

=8x 1073[1 — (—0.456 + 375I))]
=8x 1073(1.456 — 375I))
I, = 0.01696 — 8.7361, + 112513
112513 —9.7361, + 0.01696 = 0

Solving quadratic equation using formula,

—b +Vb?% — 4ac
2a

we get,

_ —(—9.736) +/(=9.736)? — 4 x 1125 x 0.01696
N 2 x 1125

_9.7361 + 4.2976
T 2x1125

= 6.237mA or 2.417mA

If we calculate value of Vpg taking I5=6.237mA we get,

Practically, the value of Vg must be positive, hence
Ip = 6.237mA is invalid
Ip = 2.417mA

Step 4: Calculate Vg, Vgs, Vs, Vp and Vg

Vps = Vop — Ip(Rp + Rs) = 16 — 2.417 x 107%(2.4K + 1.5K) = —6.5737V
Vgs = 1.823 — IyRg = 1.823 — (2.417 x 1073 x 1.5 x 10%) = —1.8025V
Vs = IpRs = 2.417 x 1073 x 1.5 x 103 = 3.6255V
Vp = Vpp — IpRp = 16 — (2.417 x 1073 x 1.5 x 10%) = 10.2V
Vpg = Vp — Vg = 10.2 — 1.823 = 8.377V
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9. For the circuit shown in the Fig, calculate Vsq, Ing, Vs, Vs, Vb-

+12V
Rp
2.2 kQ
D
G Ipss = 8 mA
Vp=- a4V
S
1 MQ 1kQ
Solution:
Step 1: Obtain expression for Vgg
Ves =-IpRs

Step 2: Calculate I, and values of Vgg and Vg

IpRs\?
o = s (1 289)
D DSS VP

Ip x 1 x 10%\°
—4

Ip =8><10_3(1+
=8x 1073(1 — 2501p)?
I, = 8% 1073 (1 — 5001, + 6250013)
I, = 8x 1073 — 41 + 50013
50013 — 51, +8x 1073 =0
Solving quadratic equation using formula,

—b + Vb2 — 4ac

2a

we get,
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_ 4+5+/(—5)2—4x500x8x 1073
- 2 x 500

_+5+V25-16  +5++9
B 1000 1000

+5+3
1000

Ip = 8mA or 2ZmA

Ipq cannot have value 8mA because maximum value of Ip, Ipgs is given as 8mA at Vs=0 and

hence Ipq is taken as 2mA.
Vesg =-IpRs =-2 %1073 x 1 x 103 =-2V
Ves =-IpRg =-2%x 1073 x 1 x 103 =-2V
Vo= IpRs=2x103x1x10%=2V
Step 3: Calculate Vg
Vbs = Vpp —Ip(Rp + Rs)
=12-2%x103(22x 103+ 1x103) =12 — 6.4 = 5.6V
Step 4: Calculate Vy
Vp =Vps + Vs = 5.6 +2 = 7.6V

10. Design a JFET circuit with a voltage divider bias shown in fig. JFET parameters are
Ipss=8mA, Vp=-4V. Assume R;+R,=200KQ and Rg=500K€Q. Design to circuit such that the

dc drain current is [p=4mA and the dc drain to source voltage is Vps=5V.

- 1 Vv
# -
&)
R, Rs
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Solution:
Assume the JFET is biased in the saturation region

Step 1: Determine the Vg

Vos |2
=i (1-55)
p = Ipsg Ve
Vas \*
4 =8 (1 — )
(-4
Ve = —1.17V

Step 2: Calculate Vg and Vg
VS = IDRS = 4 X 10_3 X 500 = 2V

Ve =Vgs + Vs = —1.17 + 2 = 0.83V

Step 3: Calculate R; and R,

V.= —t2_y
7R, +R, PP
083 =— "2y 10
77200 x 103
R, = 16.6KQ

R; = 200K — 16.6K = 183.4KQ

Step 4: Calculate Ry
Vbs = Vpp —IpRp —IpRs

Ip B 4

Rp = = 750KQ

Step 5: Check assumption
To confirm that JFET is biased in the saturation region

Vbs > Vgs — Vp

This shows that the JFET is indeed biased in the saturation region, as initially assumed.
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11. For the circuit shown in fig, assume that R;=30K2, R,=10K2, Rp=40K2, Vpp=10V,
V=1V, Vs=2V and K=0.1mA/V>. Find I and Vpg,

Vpp =10V

R,=10kQ

Solution:

Step 1: Calculate Vg
From the circuit shown in fig and equation we have,

R,
Vo =Vgs = mVDD

= (L) (10) = 2.5V
10 + 30
Step 2: Calculate Iy,
Assuming the MOSFET is biased in the saturation region, the drain current is,
Ip = K,(Vgs — Vr)? = (0.1)(2 — 1)? = 0.1mA
Step 3: Calculate Vg
Vps = Vpp — IpRp = 10 — (0.1)(40) = 6V

Validity of assumption:

Since Vpg = 6V > Vg . = Vg —Vpr = 2 — 1 = 1V, the MOSFET is indeed biased in

the saturation region and our calculations are correct.
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12. For the circuit shown in fig. Calculate Vg, Iy, Vgs and V.

40V

I
22 MQ yo
3 kQ
D
Vesrn)=oV=Vy
ID(ON, =3 mA
atVggion) =10V
|
18 MQ Vi

820 Q

Solution:

Step 1: Calculate Vg

Ve = Voo Ry _ 40 x 18 P
R;+R, 18+22
Step 2: Obtain expression for Vs
Vos = Vg -IpRs = 18 — IpRg
=18-8201p
Step 3: Calculate K,
Ipcon) _3x107°

Kn = =
(Vescony)-Vesrny) 2 (10 =5)

2=0.12x1073A/V?

Step 4: Obtain the value of I
Assuming that the gate to source voltage is greater than V1 and transistor is biased in the
saturation region.

We have, I, =K, (Vg — Vp)?
Substituting value of Vg we get, I = 0.12 X 1073(18 — 8201, — 5)?
Ip = 0.02028 — 2.5584 I, + 80.688I}2

80.688I,% — 3.55841, + 0.02028 = 0
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Solving quadratic equation using formula

—b + Vb2 — 4ac
2a

we get,

_ —(-3.5584) +./(—3.5584)? — 4(80.688)(0.02028)
B 2(80.688)

= 37.38mA or6.725mA
If we calculate value of Vg taking I, =37.38mA we get,
Vps = Vpp — Ip(Rp + Rg) = 40 — 37.38 x 1073(3 x 10° + 820)
=—102.8V
For Iy = 6.725mA, Vps = 40 — 6.725 x 1073(3 x 10° + 820)
= 14.31V

Because Vps = 14.31V > Vpg(sar) = Vgs — VT = 10 — 5 = 5V, the transistor is indeed biased
in the saturation region and our calculation are valid with,

Vps = 14.31V and hence valid I, = 6.725mA
Vgs = Vg — IpRg = 18 — 6.725 x 1073(820) = 12.4855V
13. For the circuit shown in fig. Calculate Iy, Vs, Vg and V.

0

>
OV
(o2 Q@ ‘ t
_—

>

Solution:
_ VppR,  12x10
Ve TRy +R, 10+30 >
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Applying KVL to the input circuit we get,
VG - VGS - Vs =0

Ves = V6 - Vs
=3- ISRS o VS = IsRs
:3_IDRS o ID:lS

We have,
Vos |
o = s (12 2)
p = lpss Vo

Substituting value of Vggin above equation we get,

o p (1B BRIV
D DSS VP
3—1, x 1.2 x 103)\
=20><10-3<1—( D_6 ))

=20 x 1073(1 — [(=0.5) + 2001,])?
=20 x 1073(1.5 — 2001,)?
=20 X 1073(2.25 — 6001, + 4000013)
Ip = 0.045 — 121 + 80013
80013 — 131y + 0.045 =0

Solving quadratic equation using formula

—b + Vb2 — 4ac
2a

we get,

_ —(=13) +/(13)2 — 4(800)(0.045)
B 2(800)

_ 13 £V169 — 144
N 1600
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_13i\/25_13i5_5 Aor 11.25mA
T 71600 1600 o Orihem

If we calculate value of Vpg taking I, =11.25mA we get,
Vps = Vpp — Ip(Rp + Rg) = 12 — 11.25 x 1073(500 + 1.2 x 10%)

=12 —-19.125 = -7.125
Practically, the value of Vg must be positive, hence Ip=11.25mA is invalid.

Now calculating value of Vpg taking [5=5mA,

Vps = Vpp — Ip(Rp + Rg) =12 —5x 1073(500 + 1.2 x 10%)
=12-85=35V
Ves =3—IpRg =3—-5%x103x12%x103=3-6=-3V
Vs =IpRg=5%x103x12x 1073 =6V

TWO MARK QUESTIONS AND ANSWERS
1. Give the circuit that offers stabilization of operating point by means of self bias & diode

compensation technique.

2. What is thermal runaway?

The increase in collector current increases the power dissipated at the collector
junction. This in turn further increases the temperature of the junction and hence increase in
collector current. The process is cumulative and referred as self heating. The excess heat
produced at the collector base junction may even burn and destroy the transistor. This situation

is called Thermal Runaway of transistors.
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