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ransistor conjigurdation

On the basis of common terminal between input and output
* CB mode: Base is common between input and output
 CE Mode: Emitter is common between input and output
 CC mode: Collector is common between.input and output
On the basis of Biasing
* R-R Bias: Cut-off mode
Input/Ist Junction- Reverse Bias; Output/II"¥ Junction- Reverse Bias.
* F-R Bias: Active mode
Input/Ist Junction- Forward Bias; Outtput/II"® Junction- Reverse Bias.
* F-F Bias: Saturation mode

Input/Ist Junction- Forward Bias; Output/II" Junction- Forward Bias.
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Transistor Current and Voltage: Two-Port Network

Transistor as two

port or four
terminal network

I;: Input current I,: Output current

Vy: Input voltage V,: Output voltage

* Relation in Vand | provides: Four type of parameters
Impedance Z, Admittance Y, Hybrid h, Inverse-hybrid g

[Both currents and Both voltages can be related by four types]
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ransistor Current and Volitage: Two-Port Networ

1. Transistor V-l relation in terms of Impedance Parameters

4 N\N/r ] —y 1)
Vy =11y, 1)

Vi | [Zyg Zp || 1y
V2=f(|1,|2)) Vo || 4o Zoo || ]2

\_ —

\.
D Vi =Zyh + 20, IVZ = Zo1ly + Zply |

2. Transistor V-l relation in terms of Admittance Parameters

r Ty SR

L] [Yi Yo |[W
| [ Y1 Yoo || Vo

<
Il :f(V]JVZ)
|2=f(V1,V2)j

.

D= YV + Y\, I'z = Y1 Vi + Yoo\l
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ransistor Current and Volitage: Two-Port Networ

3. Transistor V-I relation in terms of hybrid Parameters

(v =f(,Vy) (V] [hag ho [T |
. |2=f(|1’V2))

o | [ho1 hyy || V5
B Vi =hyl +hp,V, I o= hatly +hpoVs |
4. Transistor V-l relation in terms of Inverse hybrid Parameters

r N (T S T T
I, =1T(V1, 1)

\_

| (911 92 | [V
szf(V1,|2)) Vo | 921 920 | 1o

\_ —

\_

D =01V +0pl IVZ = g1 Vi +02l))
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Transistor hybrid equivalent circuit

Transistor V-l relation in terms of hybrid Parameters
LV =F0,V,) | (V] [has b [ ]
=100 V2) (L2 ] [har ho | [ V2
»{ Vi=hpli+hpV =hilp+h Vv,

»{ I =hyyly +hpVo =hily +hoVs

Four characteristic curves, Four hybrid Parameters

\_

\

between V, and |, at constants V,. | h. — oy

: : : olq
h.: input impedance or resistance
\_ N J

" Input characteristic curve: Graph Y N
( ]AVZ =0
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Transistor hybrid equivalent circuit

" Reverse voltage transfer characteristic: Y Y. )
Graph between V, and V, at constants I,. h, = L_lj
Alp =0

oV,

h,: reverse voltage gain/ratio
\_

Graph between |, and |, at constants V,. he = ol

4 Forward current transfer characteristic : Y A
( ] AVo =0

h;: forward current gain/ratio
\ AN

4 Output characteristic: Graph between |, Y A
and V, at constants |,. h, = [ ol ]
Al =

h,: output admittance
. AN J
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Transistor hybrid equivalent circuit

1 h; I>
A A

Vl — hl Il + hrvz hiVs (‘}) Cl bl él
|2 = hf|1+hOV2
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Characteristic curves in CE mode

hie ~ kQ o
h~10%
h;, ~50-500
h,,~10° Q1
T Ve T
A le
w <
AVggp
Vg(volt)—
Input Characteristic

Al

Aly

I, (HA) —>

Forward Current transfer
Characteristic

saturation
\ region
I,=100 1A

I,=80 MA
I,=60 MA

I,=40 VA
I,=20 A
I,=0MA

cut off region
Ve (volts) —>

Output Characteristic
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Biasing of transistor

Biasing is the process by which a proper DC source (Vgg,
V.c)/potential difference can be provided to the input and

@ Vee

output circuit of the transistor.

Type of Biasing

Fixed Bias or Base Bias

Collector to Base Bias

1
2
3. Emitter Bias or Self Bias
4

Potential Divider Bias

Correct Biasing
1. Q-point should not vary.

2. Stability factor should be minimum.

3. There should not be thermal runaway.
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Stability Factor and Thermal runaway

dic  1+B
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dlco 5 dlg S :Minimum; Stability: High
d Ic 1. B varies for same type/number of transistor
2. Temperature causes change in leakage current

lc =Blg +L+B)lco

. T:increases ; |o: Increases; I.: Increases

If 1. : increases then temp: increases and further |.:
Increases

I and Temp : continuously increases

Due to heating: the self destruction of unstabilized
transistor is known as thermal runaway.
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Q-point or operating point

The operating point of a device, also known as a bias point, quiescent
point or Q-point, is the steady-state DC voltage or current at a specified
terminal of an active device such as a transistor with no input signal
applied.

Q-point is an acronym for Quiescent point. Q-point is the operating point
of the transistor (lcq,Veeq) at which it is biased. The concept of Q-point is
used when transistor act as an amplifying device and hence is operated in
active region of input output characteristics. To operate the BJT at a point
it is necessary to provide voltages and currents through external sources.

Why stabilization of operating point is needed?

In practice the operating point varies shifts due to drift in temperature e.t.c. As
temperature increases |, B, V,. gets affected. The reverse saturation current
almost doubles for every 10 degree rise in collector junction temperature. The
base to emitter voltage decreases by 2.5 milli volts for every one degree rise in
temperature. Hence the operating point should be stabilized against the
variations in temperature so that it remains stable. To achieve this biasing circuits
are introduced.

27 May 2020 PPN College, Kanpur 12



Q-point or operating point : DC Load Line

1":_ When Vee=0

Yee

/

.

Vee = Vee +IcRe
lc = - Vee+ 5~ Vec
Rec Re

Best Q—pm{\/t position

\/~ = —CC
CE 2

AN
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Ic Saturation Regi
gion
(mA) (transistor “fully-ON")

Q-point
(active region)

R

Cut-off Region
(transistor “fully-OFF~)

Z

10 = Ie=0
Ves (V)

0 L1 2 3 4 5 6

1 ST
\ Vesisa When Ic = 0

V::'F_ =V CC

1. (V., 0) is cut off point where transistor

enters in to cut off region from active region
2. (0, V//R,) is saturation point where the
transistor enters saturation region. y
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Q-point or operating point : AC Load Line

It is straight line through the
quiescent operating point but
having slope corresponding to
AC load resistance. The AC load
seen by the amplifier is different
from the DC load, and so the
slope of AC load line is different.
The AC load line indicates the
maximum  possible  output-
voltage swing, called the peak-
to-peak output voltage (V) for a
given amplifier configuration.
This  maximum V_, is often
referred to as the compliance of
the amplifier.

NV [ - |

__4AC Load Line

DC Load Line]

I'I..||..IH-

16 Ve [Volts]
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Q-point or operating point : AC Load Line

When an a.c. signal causes the change in output voltage and current of
amplifier, the @-point shifts up and down along a line. This line is known as a.c.

load line.

27 May 2020

The cut-off point of a.c. load line is given by
VCE (cutoff) = VCEQ + ICQ Rac

where R, is the a.c. load resistance. Saturation pgints'given by

Verg

IC(sat - ICQ +

These points have been represented, by\C and D, respectively in fig.

whereas CQD represents the a.c. load hﬁe
The slope of a.c. load line is glveﬂlby

¥ ==

Rac

acQ,

Icq +

!

RcRy

Rac =RcIIR; =
Rc +Rq

Ie

pe -

Veeg 4 Vee

(VCEQ +IcQ Rac)
— VCE
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Potential Divider Biasing of Transitor

The voltage divider bias method is the most prominent method for of providing
biasing and stabilization. Here, two resistors R, and R, are employed, which are

connected to V.. and provide biasing. The resistor R, employed in the emitter
provides stabilization.

+V
OC

@ +Vcc T

. < -

Z Rc ' N Il R ¢
1= 4 }\ EE R 1
5 R: Cc<

Ce
Voutput *>

o—}
= R=
Rz ) = IF. l
Vinput l R,

Re Ce
I 1
= = :

——— — - DC equivalent of Potential
Potential Divider biasing of transistor . . .. .
Divider biasing of transistor
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Potential Divider Biasing of Transitor

+V

Voltage across R, =V,=V,

_ VCC
V (Rl TR, YR,
Applying KVL in base emitter junction
Vo = Vge + VW
V; = Vge +1gREg
I = V2 — VBg
E- —
Rg
I — Vo — Vg Since Ig = I,
c=-2 YBE
Ry

I

¥

;!

Fa

CC
R(

: R,

-—

From the above expression, it is evident that I. doesn’t depend upon B. Vg is
very small that I. does not get affected by Vg, at all. Thus I. in this circuit is
almost independent of transistor parameters and hence good stabilization is

achieved. Stability factor =1

27 May 2020 PPN College, Kanpur

17



Potential Divider Biasing: Numerical

Example. Find the operating point for the bias circuit shown in fig. if
Vg =05V and B = 40. T .

10K
R; = 40KQ

Cof

o—it >
Cc

R: - -H\Sl §

O

| SKGS ¢
XS 1.
ﬁig.
Solution : Open circuit voltagf across the terminals A, B
= Rh2 Via
Rl + R2
3
= 4x10 - x 22=2 volt
(40 + 4) x 10°
Therefore; eollector current
I = Voc = Vag _ 2-05 <Lk
Rg 15x103
Voltage across collector and emitter
VCE :'VCC -IC(RC + RE)
=22-1x1073(10 +1.5) x 103
=105V

oc
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Potential Divider Biasing: Numerical

Example: Convert this previous emitter-bias example to voltage divider bias.

Given that-

B=100 |E~|C-1mA Vcc-1ov VBB'15V RE-—47OQ

B=100 lexly=1mA V=10V Vgg=15V R =470Q

Ry = [—V-BE—V-B-E--RE] 100[ 15'0'7-47o]=33g'f

0.001

)

R1= SSK% = 220k

Vgg = Vth=1.5V P I 1
Rg = Rth = 33k R2 . Rth R
Vee \ UL 1
RY = Rth —- R2 33k 220K
R2 = 38.8k

27 May 2020
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CE amplifier

R
[AV PR R,
in In
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CE amplifier: Numerical

ample. 3. In a single state transistor amplifier, when the signal changes
by 0.02 V, the base current changes by 10 pA and collector current by 1 mA. If
collector load Rc =2 kQ and Ry, = 10 kQ, Calculate : (i) Current Gain (ii) Input

impedance, (iii) Effective a.c. load, (iv) Voltage gain and ( v&

Solution :
(i) Current Gain B = ai

%
= 100. P :“\-

(iv) Voltage gain ‘
A, —px Bac _100x166_
R;, 2
(v) Power gain, A p = current gain X voltage gain
=100 x 83 = 8300.
PPN College, Kanpur
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CE amplifier

. — xEC1
Common-Emitter Amplifier _vee
15w % Exl Trag|
1
A 8 -
A
B
R1 10k l
Kay=a 190 1
12K0 c2
Koo, 100 s\, e Vout
< K ai -
104F 100 %
C1 & |J I'-’.EI;=A
[
Al
10uF 100 %
_ FNIFERA U1
2 Key=A Rel -m:: 10MOhm
R2
Ski1 .
Hay=4&
AG | 10MSHm T e Re2 3
woR
T 5k Bl 10 100 %
HEFA'?E- g =T Kay=LJ
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CE amplifier

262.1m 52

< 171.4m 34
> 9
2 >
Ju 80.6m - - 1.6 =
> -
< -101m --2029m ¥
| <
= o
€ -100.9m | 20 O
e o
O -191.7m | 38 S

-282.4m 56

38.49m 3851m 38.52m
Time (5}

" Channel A S ChemdB W T T T ST T T T ST "
| v i % |
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CE amplifier : Hybrid equivalent circuit

(Rl and R,: Biasing resistance

which forms potential divider to
provide source (V,=V;,=Vgg) to

>input circuit. )

O Voo

. : )
Rc : Biasing resistance to
provide approgriate source to

Soutput circuit. ) @

R : Stabilization resistance. Vin
4 N

C; : Base capacitor which - ©
forward only ac voltage of input - N
_signal for the amplification. C. : Collector capacitor which
[(;E : By pass capacitor which forwards only amplified ac
bypasses ac voltage through it _ voltage in output. y
to reduce the potential drop r V. : Power dc source )
\_through R¢. ) X )
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CE amplifier hybrid equivalent circuit : Working

when Wz = 0 (saturation) %
Eaaly
-
O Load ""-?f
/'_—'”E L I. = 100uA
-
- ™ .~ Iz = 90uA
AN e
P b I= = B0UA
I Sl e
-
{ef% ;...-/.« I. = 60UA
(ffaff I= = S0uA
2 Iz =40uA
—pofrlt [ -
Igl= 468 -:5-‘-:5:-'! Iz = 30uA
"‘?}H’
| o I = 20uA
N Iz = 10uA
B

In put and out put .
voltage are  in| "S5 & Il

opposite phase. | | y

27 May 2020 PPN College, Kanpur 25




CE amplifier hybrid equivalent circuit : Working

ic

h'e
—> i - -

Vin=Veb hreib @ (* heéip 1/ h Re  Vou

Ve ‘ =
—

Since h,, and h,, has very small yghles therefore they can be
neglected. So, simplified hybridréquivalent circuit becomes as

- - O -

by shi P
VWW— O+
z ¢

Vin=Ven thih R Vout
Ve ¢
L L J—
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CE amplifier hybrid equivalent circuit : Working

Inputimpedance
o B
Input impedance. Z, = h,, — — T
h, +—
J4

In actual practice, the second term in this expression is very
small as compared to the first term.

Z, = h, .. approximate formula
In the above circuit, r,=R %

If load resistance R, is connected ;lcﬁ)ss output then r=R, Il R..
Similarly In case of potential divider blasmg, The input |mpedance of
input circuit = h_ Il Ry ; where Rg=R; Il R,.

Output impedance

Output impedance of transistor.,  Z_ = T,

aut
h — fe re

oe h

... approximate formula

The output impedance of transistor amplifier
= Z _llr, where*r,=R_.|[ R,

aut
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CE amplifier hybrid equivalent circuit : Working

Current gain

. hfg
Current gam. 4, = 77 hor,

In actual practice, i, r, 1s very small as compared to 1.

S A = h, ... approximate formula
Voltage gain @
: ’_fj;:fé
Voltage gain. 4 = »
Z:.F: kﬂ? + i
"L
\ “he

Z, (h,rn +1)

Now approximate formula for Z is h.,. Also &, r, 1s very small as compared to 1.

j?fg 7
h,

e

... approximate formula
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Numerical
Example 24.9. For the circuit shown in Fig. 24.13, use approximate hybrid formulas fo deter-
and hg = 71.

mine (i) the inpuf impedance (ii) voltage gain. The h parameters of the transisior are h, = 1.94 k2

12 k2

R

Solution.

ac. collectorload, r; = R || Ry =12k82][15L2=6.67kL2
(f) Transistor input impedance 1s
Zin (base) — Mg = 1.941kL2
Circuit input impedance

Zin tpase) || By || Ry
= 194k 5002 || 5k0=1.35 K02
hett  71x6.67 kO
. : _ gy . B
Wolta = = =144
) oltage gam. 4, = —- 1.01 kO
27 May 2020 PPN College, Kanpur
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Numerical

Example 14.11. The following quaniities are measured in a CE amplifier circuii :
(@) With output a.c. short-circuited (i.e. I, = 0)
= 10pd; I = Imd; V,, = 10mF
(b) With input a.c. open-circuited (i.e. I, = 0)
e = 06imlTI = 60ud; T,

Determine all the four h parameters. PN
I'.-"
Solution. Ry, = = M =/1 %ﬂ
L 10x10®, b g
I 1x1o7 )
he = = xﬂf— 100
Iy 1010
- -3
h o= Jay 0610 _ 46507
T 1
I -
h s cd = 800 oo ymho
Ve 1
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Numerical

Example 24.5. A iransistor used in CE connection has the following set of h parameters when
the d.c. operating pointis Fpp = Jvoltsand I = 1 mA :

My = 170062 hy = 1L3x107 hy = 38 hy, = 6x10°0

Ifthe a.c. load vy seen by the transistor is 2 k{2, find (i) the inpuf impedance (ii) current gain and
(iii) veltage gain.

Solution. (1) The input impedance looking mto the base of transistor 15

h 1.3%107 %38
zZ, = hk_h"—ﬁ i@?‘m— —=1600Q2
- +<Ef 6x10 " + 3000
h
| | % 38 38
(i1} Current gain, 4. = = = ——=37.6
o lahgr o 146x107 k2000 1012

— h — 38

(iif) Voltage gain, A, = L - =444
1690 (62 1077 +
Zi [hmr + E] ( zn-un]
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Numerical
Example 24.7. Find the value of curvent gain for the circuit shown in Fig. 24.12. The h-
parameter values of the transisior are given alongside the figure.

B, =1k0
4
c, lln._=2.53-clﬂ_
h FIJ.E=5[F
|
B, =25 S
—wj?.f.r—vo—]
100 &2 R, = 10kQ
—=C,

Fig. 24.12

Solution. The current gain 4, for the circuit 15 given by ;
Lt
! I+ h,

Here 1, = R,|R;=47kQ|10kQ=32k0
50
= 46.3

T 1+ (25x100 5 (32 %109

Note that current gain of the circuit i3 very close to the value kg, The reason for this is that

hog ¥y == 1. Since this is normally the case, 4; = hg

32

PPN College, Kanpur
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Numerical

Example 24.6. Fig. 24.11 shows the transistor amplifier in CE arrangement. The h parameters

af fransistor arve as under ;
=]

hy, = 150082 hy = 50; h, = 4 xlﬂ_“; hye = 3x1070

Find (i) a.c. input impedance of the amplifier (ii) voltage gain and (iii) output impedance.

Solution. The a.c. load ; seen by the transistor is equivalent of the parallel combination of R
(=10kL}) and R; (=30 kL) ie

RC RI. _ 1030
rpo= fetR 10430 s9500< 5000

10 kG2
BO k{2 3. I

K ¢
’ a
\\_ mm% Vous

smm@- A0 kY . = |
> [ 11
Fig. 24.11
(i) The input impedance looking into the base of transistor 13 given by :
Zy = hy——2E _ 1500- 4"1_';_4“50 - 13900
F:m+E 3x10 * =00

This 13 cnly the input impedance looking mto the base of transistor. The a.c. input impedance of
the entire stage will be Z;, in parallel with bias resistors i.e.
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Numerical

Input impedance of stage = 80 x 10° |40 x 10°]| 1390 = 13200

—h _
(if) Voltage gain, 4, = i = ¥ ] =196

1 TR 1
'Eiﬂ[hﬂi'-i_a] 139{][5 10 +Tiﬂ'ﬂ

The negative sign indicates phase reversal. The magnitude of zamn 15 196.
(iif) Output impedance of transistor is

1
EI.::iu# - ,i]-! ,F: &.Q'

hﬁli'_ ‘ﬁ. ¢

- & — L =27270Q=2727kQ
510" _ 30 x4x10

1500
Output impedance of the stage
= Zow || By || Bg

= 2727k |30k || 10K =588 k0
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Numerical

Example 24.4. 4 transistor used in CE arrangement has the following set of h parameters when
the d_c. operafing pointis Vpp = 10volts and I, = 1 md -

hiy = 200062 hy, =107 mho; h, = 107°; hy = 50

Determine (i) input impedance (i) currvent gain and (iii) veltage gain. The a.c. load seen by the
transistor is r; = 600 £2 What will be approximate values using reasonable approximations?

Solution. (7) Input impedance 1s given by :

-3 y
Zy = h,— e e — IMD—M weee ()
! hy + - wt Pl
" 500

= 2000-28 = 19720 -
The second term 1n eq. (1) 15 quite small as czmga}ed to the first.

h
(i) Current gain, 4; = & Sl = 47

1+h, xr - 1+ (600 %107
If hyory << 1. then A; = hy = 50

—h i
(iif) Voltage gain, A, = e _ o0 - ==144

1 ., 1
gm{;,wg] 19?2(1{: +EDD]

The negative sign indicates that there 1s 180" phase shift between input and output. The magni-
tude of gamn 1s 14 4. In other words, the output signal 1s 14 4 times greater than the input and 1t 13 180°
out of phase with the nput.
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Numerical
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