UNIT 4
BIASING AND STABILIZATION

TRANSISTOR BIASING:

To operate the transistor in the desired region, we have to apply external dec voltages of
correct polarity and magnitude to the two junctions of the transistor. This is known as biasing of
the transistor.

Since DC voltages are used to bias the transistor, it is called as DC biasing.

DC OPERATING POINT (OR) QUIESCENT POINT:

Application of DC voltages (bias) establishes a fixed level of current and voltage. For
transistor amplifiers the resulting DC current and voltage establish an operating point on the
characteristics that define the region that will be employed for amplification of the applied signal.
Since the operating point is a fixed point on the characteristics, it is called as Quiescent point (Q
- Point).

Note: Quiescent > Sitill inactive and quiet.

NEED FOR BIASING:
— To operate the transistor in the desired region.
— The DC sources supplies the power to the transistor circuit, to get the output signal
power greater than the input signal power.

LOAD LINE:
— lItis a straight line drawn on the characteristic curve with two end points A and B.
— It is used to fixed the operating point of a transistor.

TYPES OF LOAD LINE:
— DC load line
— AC load line



DC LOAD LINE:
Consider the common emitter amplifier circuit shown.




For that, Apply KVL to the collector circuit.
VCC = ICRC+VCE > 1

W k.t the equation for straight line is
y=mx+c

Here
y=I

From equation (1),
IcRe = Ve — Vg

Vee  Vee

_> 2
Rg Rg

II:':

To find A:
A is a point on X-axis
PutY =0, ie I = 0in equation 2

Voo Ve
0= ——-——
Rg Rg

Ve = Vecllc=oma

To find B:

B is a point of Y — axis

Put X =0, ie Vg = 0in equation 2

Ve
Ie= 7 [Vee=o
C

Finally plot the points A & B on the curve.
Step(4):

Select the I curve so as to find the Q — point.
To find Ig:

Apply KVL to base circuit.

Vee = IgRp + Vg

Vec— Vae

= =
B Rg

For silicon transistor Vgg = 0.7V

If Ve, Rg is known, the value of Iz can be found.



Example:

VEE = ZUV,RB =5K’IB = 3mA

Conclusion:
Thus the intersection of DC load line and Iz curve is called as Q — Point.

Problem:




Solution:
Step(i):

Remove the AC source and redraw the circuit.

Step(2):
To find A & B points:
To find A & B:

Apply KVL to collector circuit.
Vee = IcRe + Vg + IgRg
Vee = Ic(Re + Re) + Vg
From CKT,

IE = IB + 'IC

IE = Ic

Ir < I

_ FCC . VEE
Rc +RE Rc +RE

Ic

Since A is a point of X-axis,
Ic = D

VEE = VEE IIE:O (POlnt A)

Since B is a point of Y-axis,



Viee .
Ie = Re+Rg [Vee = O|(Point B)

Step (3):
To find I curve.

Apply KVL to base circuit.
Vcc = IBRB + VBE + IERE

Vee = Ig(Rg + (1 + B)Rg) + Ve

I Vee — Ve
B Ry +R:(14+P)

20 — Vg

5 x 107 4 100(1 +49)
20

I -
B 5K + 5000

I; = 2mA

Step (4):

SELECTION OF OPERATING POINT FOR A.C INPUT SIGNAL.:

The operating point can be selected at three different positions on the DC load line:
— Near saturation region
— Near cut-off region
— At the centre ie. Active region



Case (1):
NEAR SATURATION REGION:

If the biasing circuit is designed to fix the Q — point (P) very near to saturation region, the
collector current is clipped at the positive half cycle.
Thus because of the distortions present at the collector current, point P is not the suitable

operating point.

Case(ii):
NEAR CUT-OFF REGION:
If the biasing circuit is designed to fix the Q — point (R) near cut-off region, the collector current

is clipped at the negative half cycle.
Thus Q-point R is also not a suitable operating point.




Case(iii):
AT ACTIVE REGION:

If the Q — point is fixed at the centre of the active region, the output signal is sinusoidal
waveform without any distortion. Thus the point Q is the best operating point.

Bias stabilization:

While designing the biasing circuit, case should be taken so that the operating point will not shift
into an undesirable region (ie into cut-off or saturation region)

Factors to be considered while designing the basing circuit:

— Temperature dependent factors (I-q,Vsg)
— [f|hfe — Transistor current gain

.I,cn:

The flow of current in the circuit produces heat at the junctions. This heat increases the
temperature at the junctions.

Since the minority carriers are temperature dependent (I, gets doubled for energy 10°C
raise in temperature), they increase with the temperature.
This in turn increase the I- and hence Q — point gets shifted

FBE:

— Vgg changes with temperature at the rate of 2.5mv°/c
~ Iz depends on Vg

. I
Since — =
Ig

I = PBlg, increasein I

Increase I This in turn changes the operation point.



Transistor current gain g:

The transistor parameters among different units of same type, same number changes.
le. If we take two transistor units of same type (ie. Same number, construction, parameter
specified etc.) and we them in the circuit, there is change in the § value in actual practice.

The biasing circuit is designed according to the required £ value.

Since S changes, the operating point also shifts.

REQUIREMENTS OF A BIASING CIRCUIT:

— The emitter-base junction must be forward biased and collector-base junction must be
reversed biased. le. The transistors should be operated in the active region.

— The circuit design should provide a degree of temperature stability.

— The operating point should be made independent of transistor parameters (like f)

— Techniques used to maintain the Q — point stable:

STABILIZATION TECHNIQUE:

This refers to the use of resistive biasing circuits which allow I to vary so as to keep I-
Relatively constant with variations in I,/ and Vgg

COMPENSATION TECHNIQUE:

This refers to the use of temperature sensitive devices such as diodes, transistors,
thermistors, etc, which provide compensating voltages and current to maintain the operating
point stable.

STABILITY FACTORS:

— The stability factor is a measure of stability provided by the biasing circuit.

— Stability factor indicates the degree of change in operating point due to variation in
temperature.

— Since there are 3 temperature dependent variables, there are 3 stability factors.

B Al
5= 8lra IVBE-'JB constant (Or) 5= Al IVBE,JE' constant



EIC "ﬁ'IC

P S.r —
S Vg I co .B constant (OI') AVgg I co .ff constant
a1 Al
"o C "o C
ST = IVBE Irp constant (Or) 5 I BE,Irg constant
Note:

— ldeally, stability factor should be perfectly zero to keep the operating point stable.
— Practically stability factor should have the value as minimum as possible.

EXPRESSION FOR STABILITY FACTOR S:
For a common emitter configuration collector current is given by
qu.‘ = IC[majarizyj + ICED{majaﬂ'zy'j

WKT
Icgo

[rpr =
cE0 = T _ o

Iego = (14 B) Iepo

Ie = Blg + (L + ) Iepo
When

I-5n changes by Al-zq

Iz changes by Al

I-changes by Al-

afc - ﬁafs + [:1 +ﬁ:}a ICBC"

+ by a1

1= ﬁﬁf.: +[1+ﬁ) f”c

aly
1- f—=(1
al, ( +‘€) afc

al
d Icgo (1 ‘8)_&

o, (1+8)

IfS =<

8lcro

, A-pIE

s (1+,|5’}

__a+p)
A-BFE




TYPES OF BIASING CIRCUIT:

— Fixed bias circuit
— Collector to base bias circuit
— Voltage divider or self bias circuit.

FIXED BIAS CIRCUIT:

ac
output
signal

ac
input ©
signal

7

Apply KVL to the base circuit,

Vee = IgRg + Ve

Vee— Ves
IB = RB 1
— Yoc
Ig= Bo
Ve << Vir

Ver = 0.7for si
V- 2>fixed, Rg = fixed and hence Iz is fixed and the circuit is called as fixed bias circuit.
TO f|nd VE'E:

Apply KVL to the Collector circuit,

Vee = IeRe + Vg

VCE= VCC+ICRC —_—>2

To find I:



From equation (2),

[ = Vee— Vg
c= Re —> 3

To find §:

WKT

T aep

o al
(1 -5k

E”B_

E—U

@+
ST a=po

S= (1+8]—> 4

To find §":

al,

§' =
aVBE

WKT,

Ie = Ictmajoricyy T Iceo (majoriey
Ie = Blg + Icpo

Ie = Blg + (1 + B) Iz

Sub I in above equation,

Ver — W
Ie=p (CCR—BBE) + (1 +B)icro

[ = BVec  BVes
.= —
Rg Rg

+ (1 + f)cpo

Diff. I WRT t0 Vgg

ol ]

Ve  Rp

S‘r p— _—ﬁﬁ 5
Rg



To find §'";
al-
= o8

Ie =Bz +(1+ B) Icgo

SH’

Ie = Blg + Icgo + Blepo

Diff I WRT to
al- ; ;
— = I+

aﬁ B CBOQ

To obtain §' in terms of S
Multiply and divided by (1 + ), 5§’
, —bF (1+p)
5 = ®
Rg (1+5)
! _.85

= Rp(1+h) !

To find relation between S and §”
We have

SH’ — I_C
ﬁﬁ
§ = —
RB

Multiply and divided by (1 + £),8"
e (1+B)
g (1+p)

" IC 5
B(1+)

SH’ —




ADVANTAGES OF FIXED BIAS CIRCUIT:
— Circuit is simple
— The operating point can be fixed anywhere in the active region by varying the value of
Rz Thus if provides maximum flexibility.
DISADVANTAGES:
— Thermal stability is not provide by the circuit and so the Q —point varies
Ie = Blg + Iepo

Since I~ Q —point varies
— Circuit depends on £

Problem

Design a fixed bias circuit using a silicon transistor having £ value of 100, V- = 10V and
DC bias condition are to be V- = 5V and I- = 5m4

Solution:
Given:

5 = 100
Vee = 10V
Vep = 5V
I = 5mA
To find:
Rg =7
R-=7

IB:?



To find RB-:
Applying KVL to collector circuit,
Vee = IcRe + Vg

10 = 5% 1073R.+ 5
5

— =R
5x 10~3 ¢

R.=1Kn0

To find I5:

1
WKT == B
Ig

Iz =

le
B

bm
100

I; = 50u4

To find Rg:
Applying KVL to input circuit,
Vee = IgRp + Vge

10 — 0.7 R
50u B

R = 1861 Kn?

Design:




COLLECTOR TO BASE BIAS CIRCUIT:

Since the Rgresistor is connected between the collector and base, it is called as collector to
base bias circuit.

To find I5:

Applying KVL to input circuit,

Vee = (g +1g)Rc + IgRg + Vg
Vee = IcRe + Ig(Re + Rp) + Ve

Vee— IcRe—Ver
Ip=—7"7""—" "> 1
B RC+RH

To find Vieg:

Applying KVL to output circuit,

Vee = (Ig +1z)Rc + Vg

Vee = Ve — IR —IzgR—> 2
To find I-:

Applying KVL to collector circuit,

Vee = (g +1g)Rc + Ve

Vee = IR + IgRe + Vg

_ Vee—Ver—IgRe
Re

WKT the basic equation for I-is



Ie = Blg + Icpo
Ie =Bz + (14 B) Icgo

To find S:
L a+p
o dl
_ <k
a-P5E
dlg . .
TR obtained by diff. I; WRT Ig
C
= Vee — IcRe — Vg
5 Rc +Rg
8l _ _—Rc N
8l  Rp+Rg 4
1+
s GrD
Ay —C
Q=P r &,
(1+5)
— Re 5
A+ro%

_ (1 +B)(R;+ Rp)
~ Rc+Ry+ PR,

s_ (1+B)(Rc+ Rp)
Rg + f_ﬁ+1)RC

To find §":
o Ok

VCC - VCE - IBRC
RC

Iz =

As there is nol/gg term in the above equation

WKT,
Ie = ﬁfs

Sub I in above equation,



I =B (Vcc_ ICRC_VBE)
.=
R-+ Rg
_ ﬁ[VCC_VBE)_ BlcR¢
¢ Rc + Rp Rc +Rp
BIcR¢ _ B(Vec — Viae)
© " R;+Rg Rc + Rg

IcRg + IcRp + BIcRe = B(Vee — Vag)

_ BVec-VeE)
IC o HC+H.E'+IEHC % 51

I = B(Vcc—VgE) 6
C 7 Rp+(1+B)Rc >
Vg Rg
-8B
ro__
S = RprahRe !
To find §'";
o aﬁ
ap
From equation (6),
_ B (Ve — Vae)
¢ R-+Rz+ SR,
o aﬁ
ap

_ (Rc+ R+ PRc)(Vec —Vae) — F(Vee — Vae)(Re)
- (Rc + Rp + BR¢)?

g1 — (Vcc—Vee)(RctRp) S
(Re+(1+B)R¢)?

To find relation between s and §'

. —f
Rg+ (1 + f)R,

Multiply and divided by (1 + ) ,R. + Ry



r_ —B (1+B)Rc+Rp -
~ Rp+(1+B)Rc X (1+8)Rc+Rp 8.1

From equation (5),
(1+ ;5’}
Q=B g Tk, RC —|— RB

(1 +ﬁ’)

[1+‘8)RC—|—RB

(1+5)(Rc+ Rp)
Rc+ Rg + PR

_ (1+B)(RctRp)
~ Rp+(B+1)R¢

—> 9

By combining equation (9) & (8.1),

ro_ —B5
3= (14+B)Rc+Rp 10

To find relation between S and §”

We have

" _ (Vcc — Vee)(Rc +Rp)
(Rs + (1 + FIR.)?

Multiply and divided by (1 + £) we have

v (Vec —Vae)(Re + Rg) o (1+5)
(R + (1+PB)Rc)*  (1+P)

" [Vcc - VBE)S
(1+ B)(Rg+ (1 + BIRc)
mo IS o
— B(14B)
ADVANTAGES:

— Circuit is flexible to fix the operating point at the centre of an active region.
— Circuit is simple

— § =1+ > Fixed bias



(1+5)

= ——— R~ For collector to base bias
{1+£}RC+RB

Thus S is small for collector to base bias circuit, hence this provides better stability than fixed
bias circuit.

Q- Point is stable:

Ic = Blg + Igg

If 8, I-gpincreases

I-increases

Drop across R:increases

Veg decrease [Vor = Ve — I-R- + [gR(]

Vee— Vr;'E_fr;'RE.']

Iz decrease [ [z = a2
B

I- decrease [ I, = [l ]

Thus the original increase is compensated and Q — Point remains stable.



VOLTAGE- DIVIDER BIAS CIRCUIT:
[OR]
SELF - BIAS (OR) EMITTER BIAS CIRCUIT.

To find Ig:

Consider the closed loop shown in the circuit.

Vg = Vgg + Vg

Vg = Vge + IgRg

Vg —Vpr
Rp

TO flnd FI'.'E:
Applying KVL to the collector circuit.

fo = I[.'Rf + VEE + 'IERE



VEE = Vcc — IERE — 'IERE —_— 2

TO f|nd FBE:

Redrawing the original circuit as follow,

B
AN N o
R,
T — VCC Rz §R
E
* |
Thévenin

To find thevenin’s equivalent circuit:-

Tofind R, (R}):




To find Vo (V,):

VeeRz

Ve =
T ™ Ry+R,

4

By voltage divided rule.

So that the circuit becomes,

Thus,
VBE — VT - IBRB + VBE + IERE
= IgRg +Vge + (Iz + Ic)Rg



Vo= Ig(Rg + Rg) + Vgg + I-R:

Vgg = Vo —Ig(Rg + Rg)+I.Rg —> 5
To find Ig:

From equation (5)

_ Vp—Vgg—IcRg
I =
Ep+RE

_— 6
To find 5:
Ie =Bz + (14 B) Icgo

Ie=(1+5) Icpo

IH — ﬁ 7
WKT
0l;  —Rg
dI- Ry +R;
oo (1 +ﬁ)
(1-B) e r Rs + RE

_ G +ﬁ)

Q=P r,+r, RB + RE

(1 +5)(Rg + Rg)
Rg+ Rg + PBRg

__ (1+B)(RptRE)
~ Rp+(B+1)Rg

To find§':

a1,

From equation (7),
VBE == VT + !B[RB + RE) - ICRE
Sub equation (7),

Ie = (1+5) Icgo
B

VEE=VT+ [RB+RE}_ICRE



(1+ 5) Icgo

I
Vg = Vr+ —(Rg + Rz) + (Rg + Rg) —IcR;

B B

I 1+ ) Igo(Rg + Rg) IR
VBE=VT+EC[RB+RE)+[ £) c? B E _c;ﬁ
Vo = Vo + IC[RB"‘;E[I-I_JE:}J_'_[]- +5) fc?leJrREJ

Let

_ (1 + B) Icgo(Rg + Rg)

r

B
Ic(Rg + Re(1+ ) N

Ve =Vr +
B
I-(Re + R-(14+ 8))
c(Rg +Rz(1+f) VvV
B
_ Blvr—Vee+V'] o
¢ Rp+ (B+1)RE
I aIC _ _.8
S8 = dVgr Rp+(B+1)Rg ” 10
To find §'':
o aﬁ
ap

Differentiating equation (9), WRT g

o RE+ RE[:]'-I_JB}[VT_ VBE"""’”]_ ﬁ[VT_ VBE"""’”]RE

r

[Rs + Rz(1 +f)]°

_ (Rg+ Rg)lVy — Vg + V']
- [Rg+ Rez(1+ B)]?

L

Now multiply and divide by (1 + )

_ (Rg+ Rp)[Vp — Vg + V'] y (1+p)
~ [Re+ R0+ PP (1+p)

r

Sl — Ve +V')
T (1+ PRz + R(1+pB)

o Irs
B+

r

by equation (9) ——> 11



Relation between S and &'

(1 +B)(Rg +Rg)

"~ Rg+ (B+1)Rg
¢ — —F

Rg+ (B + 1)Rg

Multiply and divide by (1 + )(Rz + Rg)

G B A+PR+R
Rg+ (F+1)Ry (14 B)(Rg + Rg)
g — _
(1+5)(R5+Rg) 12

Relation between S and &'

o IS
O B(148)

by equation (11)

BIAS COMPENSATION:

Compensation techniques use temperature sensitive devices such as diode, transistors,
thermistors, sensistors etc. to maintain operating point constant.

THERMISTOR COMPENSATION:

Thermistors have a negative temperature co-efficient ie. Its resistance decrease
exponentially with increase in temperature as shown below.

_ dRy
Slope of this curve = e

R - .
Where ET -> temperature coefficient for thermistor.

It is negative.

Therefore, thermistors are said to have negative temperature coefficient of resistance (NTC).



FIRST TYPE:
COMPENSATION TECHNIQUE:

Consider the circuit shown below.

Here in the circuit, R ; is B ( Thermistor resistor), which has NTC.

When temperature increase

|
! l

Rr decreases lc increases

l

Vg decreases (drop across Ry)

l

Vae decreases (Vg =Vas +Ve)

l

|z decreases

l

lc decreases since lc=6lb

I = ﬁfﬂ

Thus the original increase in I-is compensated and Q- Point is made stable.



SECOND TYPE:

Explanation:

When temperature increases

! !

Rr decreases I increases

l

|z increases

l

Ve increases

l

Ve decreases (Vs-Ve =Ves)

l

I EdEC reases

l

| decreases

Thus the original increase in I-is compensated and Q- Point is maintain.

Sensistor compensation technique:

Sensistors have a positive temperature co-efficient ie. Its resistance increase with increase in
temperature as shown.



ART -
Where S temperature co-efficient

= is positive

Temperature increases

! !

R increases Iz increases

l

| + |z decreases
lz decreases

l

lc decreases

Thus the variation in I-is compensated.



DIODE COMPENSATION FOR Vgg:

Temperature increases

b b
Vaz increases lc increases [Iz= Blg + lzo(1 + B)]
l By 2.5 m\v/*C

Vo +VWeg as itis forward biased

Thus the variation in Vg is cancelled due to Vy, (Reverse polarity)
VBEz V+IBRB+VE+VD

V:IBRB—I_VE_VD



DIODE COMPENSATION FOR Ip:

Vee — Vee
Ry

I=

v,
I= % [Vgr = 0.2 for Ge]
i

Ip=1+1,
WKT,

Ie = flg + (1 + ) Icgo

Ie =pFI—1Ip) +(1+ ) Icpo

Ic = BI — Blg) + Blcgo + Icgo

FET BIASING:

The general relationship that can be applied to the DC analysis of all FET amplifiers are

I, =04
ID IS

For JFETS and depletion —type MOSFETS shockley’s equation is applied to relate the input and
output quantities:

VI‘SS ?
Iy=1 (1——)
o nss VP

For enchancement — type MOSFET'’S the following equation is applied:



Ip = K((Vss - V'r}z )

Where
I p — Reverse saturation current
Vp — Pinch of voltage

FIXED BIAS CONFIGURATION

Consider the configuration shown below which includes the AC levels v; and Vo and the
coupling capacitors (C; and C,).

1
For DC analysis, capacitors acts like open circuit ie. At DC , f = 0, capacitance = ot =
For AC analysis, capacitors acts like short circuits.

The resistors Rg is to ensure that V;appears at the input to the FET amplifier for AC analysis.

For dc analysis,
I, = 04

Vag=IR;=10

Replace R by short circuit in the circuit.




To find Vs
Apply KVL to gate circuit,
—Vie = Vs

Ves= Vg —> 1

Since Vs fixed DC supply the voltage Vi is fixed in magnitude, resulting in the notation “fixed
bias configuration”.

To find Ip:

I is controlled by shockley’s equation,

VI‘SS ?
Iy=1 (1——)
o nss VP



SELF BIAS CONFIGURATION

This eliminates the need for two DC suppliers.

DC analysis:

For DC analysis, capacitors are replaced by ‘open circuits’ and the resistors Rg replaced by
short — circuit since Ig = OA.

Therefore the circuit reduce to,

To find Vgs:
apply KVL to gate circuit,

Ves+ Vps=10

Vs = —Vis



= [cR;

VGS = _IDRS —_— 1

Vs — Function of I and not fixed as in fixed bias.

by shockley’s equation,
Vs ?
In=1 ( 1——— )
D D55 Vs
—IpR; ?
Ip = IDSS(]-_ v )
F
IpRs \?
Iﬂ=1ﬂ55(1+_) o 2
Vp
To find Vps:
Apply KVL to output circuit,

Vpp = IpRp — Vps + I5R;

I =1,

Vpp = IpRp — Vps + IpRs

Vop = Ip(Rp + Rs) + Vps

Vps = Vpp — Ip(Rp + Rsg) —> 3
VOLTAGE - DIVIDER BIASING:

Consider the circuit shown.




DC analysis:
— Remove the AC source
— 0O.C all the capacitors.

So that the circuit reduce to

From the circuit,

__ VppHR2
Ry+R,

1

G

By voltage divider sub
To find Vgs:

apply KVL to gate circuit,
Ve = Vgs + Vps

Ve = Vgs + IcR¢

VG = Vss +IDRS

Ves = Vg —IpRs —> 2
To find Vps:

Apply KVL to drain circuit,
Vpp = IpRp — Vps + I5R;
Vop = Ip(Rp + Rs) + Vps
Ip = I

Vps = Vpp — Ip(Rp + R5) —> 3



