R s by

Ninevah University

2"d Class

Sgitt A2l

Ninevah University

College of Electronics Engineering
Department of Systems and Control

Electronic I

Lecture 1

VAT {;51
il
Ninevah Universpy

L 1
4
m=im :
a0\’

The Bipolar Junction Transistor
(BJT)

Rafal Raed Mahmood Alshaker



Outline of Presentation

e Basic Transistor Operation
e Transistor Currents

e Characteristics Curves

e DC Load Line




Introduction

e John Bardeen, William Shockley and Walter

Brattain at Bell Labs, 1948

* Transistor is a combination of transfer and

resistance. This is because it transfers the
resistance from one end of the device to the
other end

TRANSISTORS

PNP

NPN

FET

Y

JFET

MOSFET
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Transistor Structure

The term bipolar refers to the use of both holes and electrons as current carriers in the Transistor
Structure.

Emitter Base Collector

base region is lightly doped and very thin
emitter region  heavily doped n| P
collector regions moderate doped

C (collector) C

MelalizaIl contacts Oxide l

Base-Collector p
/ junction
i B e={l
(base) Base-Emitter
junction P
E (emitter) E
(a) Basic epitaxial planar structure (b) npn (c) pnp _4-




I“ Standard BJT . .
(bipolar junction

transistor) symbols 5
(a) npn (b) pnp




Transistor Configuration

A transistor is a three-terminal device, but we require four terminals (two for input and two for output) for
connecting it in a circuit.

Common Base Configuration

Common collector configuration(CC)
Emitter - E

Emitter - E
n ° -
Collector - C . . .
o— Common Emitter Configuration(CE) Base - B =
o
n n - s/ P 5
- 3 oCollector - C < P
= S /n 4 Collector - C
= P @] a
Base - B -
— 00— 3 Common Collector (CC) Configuration
v \ 4 " P e
S S
Base - B _2- . o
Common base (CB) Configuration M| Emitter - E

Common Emitter (CE) Configuration




Modes of BJT Operation

CE Junction

BE Junction Mode of Operation
Reverse Reverse Cut-off
Forward Reverse Inverted
Reverse Forward Active
Forward Forward Saturation




Basic Transistor Operation
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Transistor Currents

(a) npn

(b) pnp




The emitter current (I¢) 1s the sum of the collector current (/) and the base current (Ip):

IE — IC - IB Ses ses see sus see wue (1)

Usually, we assume I, = [, because I 1s very small compared to [ and I .

The dc current gain of a transistor 1s given:

Ic

Typically, values of . range from 20 to 200 or higher.

(apc) 1s less used parameter than () 1n transistor circuit:

Ic

Typically, values of ap - range from 0.95 to 0.99 or greater, but ap is always less than 1.



Example 1: Determine the dc current gain B, and the emitter current I

for a transistor where Iz = 50 yA and | = 3.65 mA.




Current and Voltage Analysis




Example 2: Determine g, I, Iz, Vge, Veg, and Vg in the circuit. Assume
Bpc = 150.

Vee
- 10V




Home Work: Determine Ig, I, g, Vgg, Vg, and Vg in the circuit. Assume By = 150.

L ReE g

.

VBB




SUMMARY

The BJT (bipolar junction transistor) is constructed with three regions: base, collector, and emitter.
¢ The BJT has two pn junctions, the base-emitter junction and the base-collector junction.
¢ Current in a BJT consists of both free electrons and holes, thus the term bipolar.
¢ The base region is very thin and lightly doped compared to the collector and emitter regions.
¢ The two types of bipolar junction transistor are the npn and the pnp.
Section
¢ To operate as an amplifier, the base-emitter junction must be forward-biased and the base-collector
junction must be reverse-biased. This is called forward-reverse bias.
¢ The three currents in the transistor are the base current (%), emitter current (/), and collector
current (k).
¢ [is very small compared to Zand £.
Section
¢ The dc current gain of a transistor is the ratio of £to kand is designated Boc. Values typically
range from less than 20 to several hundred.
@ Bocis usually referred to as A= on transistor datasheets.
¢ The ratio of kto kis called awc. Values typically range from 0.95 to 0.99.
¢ There 1s a variation in Bocover temperature and also from one transistor to another of the
same type.
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Current and Voltage Analysis




Example 2: Determine g, I, Iz, Vge, Veg, and Vg in the circuit. Assume
Bpc = 150.

Vee
- 10V




Home Work: Determine Ig, I, g, Vgg, Vg, and Vg in the circuit. Assume By = 150.

L ReE g
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Modes of BJT Operation

CE Junction

BE Junction Mode of Operation
Reverse Reverse Cut-off
Forward Reverse Inverted
Reverse Forward Active
Forward Forward Saturation




Modes of Transistor Operation

. . . “\ .l - )
Transistor operates in three regions: Vee Vo 4 Cutoff ='mods ! <= Saturation
| ' '
l‘ Vee +.\' );
| 0 P—————. ]
1. Cutoff :Iz= 0, (Vg <0.7) , I, = 0, AW
'\ :
Vee = Vec v
F 'Y
2. Active : Iz = average value, I = fpc. 15, t |1 Edge
: “: of Saturabhon
Veg = Vee — Ic.Re 03V l(/_
0 0.7V vj

. Vee-V :
3. Saturation : I = high value , Ip = I(506)= A RCE(sat), Vee(sar) = 0.2 (for most types of transistor).
c
I . — IC(sat)
B(min) Brc
o




Vee = Vee — Ic- Re

lr=0 | [ >0 |
Cutoff | _ CalculateVgg |
/ \
I.=0 J | Veg==02 . Vg >02 ]
RE . Saturation | [ Active }

[ Ic = I¢(sat J [ Ic = Bpc-Ip 1
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CHARACTERISTICS CURVES

R
| |E| Saturation region
e
I ( I, =100 pA
«——Active region —>\
Breakdown

4&_3 @)Hl i;‘_E—L Vee

| L
Vﬂﬂj'_é .

A

I >
VK \ VBR VCE
| Cut-off region




Example : Sketch an ideal family of collector curves for the circuit in Figure below , for
g = 5 A to 25 pA in 5 pA increments. Assume By: = 100 and that Vg does not

exceed breakdown




Solution:

I I
5 114 0.5mA
10 uA 1.0mA
15 14 1.5mAd
20 A 2.0mA
25 A 2.5mA

5 =20 LA

p=15uA

g=10pA




Cutoff




Load Line Analysis




DC Load Line Analysis and Operation Point

An output equation that relates the variables /- and Vx in the following manner:
A

VCE - VCC = ICRC ess wav see sas e (1)

The load line 1s determined by two points: Yec

1) By substituting /- = 0 mA into Eq. (1), we find that
VCE — VCC tes sss mae aus s (2) V 4

2) By substituting Vz = 0 mA into Eq. (1), we find that /

0= VCC = lcRc \\

VCC
I = R_c cret e kR 0 \// B Fa

I(=OmA

8o

___— Load line

By joining the two points defined by Egs. (2) and (3), the straight line can be drawn, which is called the load line.

o
The point at which the load line intersects a characteristic curve represents the operating point for that particular

value of I . It is also called the quiescent point (abbreviated Q-point).




Load Line Analysis

The end points of the line are : I, and V gcutoff
For load line analysis. use Vce = 0 for IcsaT, and Ic = 0 for VCEcutoft

_ .. NEE
ICsat° Icsat = I\'CE oV

Rc

V CEcutots: Vce = Vec ‘

Ic = OmA

Where IB intersects with the load line we have the Q point
Q-point 1s the particular operating point:

* Value of Ry

* Sets the value of I3

* Where I; and Load Line intersect

* Sets the values of V¢ and I...




Circuit values effect Q-point

=

CE




If the level of I is changed by varying the value of Rzor Vg, the Q-point moves up or down the load line as

shown in Figure for increasing values of /5.

Vop — V
A ’c I, BB BE




Circuit values effect Q-point (continued)
b




Example 1: For the transistor circuit shown in Figure. Determine the Q-points of each Re :
s
v

value of I3 =200 pnA, Iy= 300 pA and Iy = 400 pA. Also draw the dc load line. ; 5
B |
Ve e Vo
% T =0y

VBB—# 10 kQ2
Ov-5v A~ ﬁ=100




Solution:

1) Iz= 200 pA, Q, point is
Io = B.1z = (100)(200uA) = 20 mA

2) Iz=300 nA, Q, point is
I = B.1g = (100)(300uA) = 30 mA
Vee = Vee — Ic.Re = 10V — (30 mA)(22002) = 3.4V

3) Iz =400 pA, Q; point is
I = B.Izg = (100)(400uA) = 40 mA
Veg = Vee — Ic. R = 10V — (40 mA)(22002) = 1.2V

Qi ln"—"*‘(X)[lA
; () —Tu =300 uA
[ - B =00 u
— -~ — — - - — __?——
| | L), -
‘ =200 uA
_....:_.___.__l.__. __,_ ’B H

>ICBOE 0

2 3 4 5 6 7 8 9 10 Veg(V)




D.C. load line: In order to draw the dc load line, we need two end points.

VCE = VCE _ ',ERC

First, I,.= 0,
VCE — VCC - lOV

Second, V=0,

l‘cc ()
= R, =290 " 45.5 mA

Ic

OV-5V

Ic (mA)

A
60-
504
404 Ig =400 u A
N E Iy =300 uA
| P Iy =200 u A
10

0 ~—Icgo=0

1 2 3 4 5 6 7 8 9 10 Veg(V)



Circuit values effect Q-point (continued)




Example : Determine whether or not the transistor in Figure below
IS In saturation. Assume Vg

=02V

sat

1.0 kQ)

_ — Ve
Bpc =50 =10V




Example 7: Determine whether or not the transistor in Figure 21 is in saturation.
Assume Vcgqn = 0.2 V. pc=30.

VBB




Home work: Find Q-point when Vgg = 1V, 2 V and 3 V. And then

construct DC load line for this transistor. Assume Vg n = 0 V.

Re <= 1.0 ki

=5 - LC
]3]:": . f} e ”] v
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The DC Operation Point

Amplifier symbol

Vin Vour
Ve m 7 Ve tom)

{a) Linear operation: larger output has same shape as input
except that it is inverted

Ao o >

{c} Nonlinear operation: output voltage limited
{clipped) by saturation

A o> o

(b} Nonlinear operation: output voltage
limited (chipped) by cutoff

>al:§
(o

-point
/ Q-poin lBQ
\ __— Load line

0 I \[/ Veo Ve

l.=0mA




Linear Operation:

I (mA)
R =220 0)
2 )
Ry N
A @) Ll EE 50
10 k2 -T 10V _
Vin I i
B = 100 : e
+ S I
LBB : 319V

; Vg 07V _37V_-07V
BQO=" Ry 10Kl

Vero = Voo —logRe= 10V - (30 mA)(220 1) =34 V




Waveform Distortion:

1
V{'EQ
() Transistor is driven into saturation because the Q-point s {b) Transistor is driven into cutoff becanse the ()-point 1s
oo close to saturation for the given input signal. too close to cutoff for the given input signal.
Input
signal
Saturation
leg—————-

—————— - = Ve

Cutoff

Verg
(c) Transistor is driven into both saturation and cutoff because the
input signal 1s too large.




Example 1: Determine the Q-point and find the maximum peak value of the base current for linear operation.
Assume By = 200.

330 Q)

—== 20V




Example 1: Determine the Q-point and find the maximum peak value of the base current for linear operation.
Assume By = 200.

Solution:
The Q-pomnt i1s defined by 7. and V;
R
Ver =V, 1007 —0.7V C
fﬂ: ‘E‘ER BE _ 1770 Zlggﬂﬂzfﬂg 330 ()
’ R
4
Io = Brey =(200)(19814A)=39.6mAd = I, 5 — Ve
Vg = Vi — IR, = 20V —13.07 T 20V
| 47k
=6.9317 = VC’EQ VBB e —
10V~
" Ve Vergan Ve 20V
jq.safjl - o JTC[.safjl - -
R R. 330Q — — “—
$fCIcuthfj =0
_7 = _ _ Ic (mA)

fC[.safj irC’Q =60.6-39.6=21mA - [deal saturation

Top = Togontomry = 39-6 =0 = 39,674 60.6
S Q-point 15 n closer to saturation than the cutoff S I
" 21mA 1s the maximum peak variation (IC[mxj} of the collector curent

T I1mA [deal cutoff
"+ Lyt peatry = i’(}pmm = op 10uA___# — Ve (V)
o




H.W: Determine the Q-point values of |, and V¢ for the circuit in the Figure below
Find | san @nd Vg eut of, @nd then construct the load line and plot the Q-point.
** Assume I = I to find | s @nd Vg oyt off)

20V
&
EL 1ok
RIZ2TM 2
s Rl=2 < Re
|
y
A
RE=33k S

BDC = 100

|||—"




Transistor Biasing is the process of setting a
transistors DC operating voltage or current
conditions to the correct level so that AC input

signal can be amplified correctly by the
transistor.




DC Biasing

e Be able to determine the dc levels for the variety of important BJT
configurations.

e Understand how to measure the important voltage levels of a BJT
transistor configuration and use them to determine whether the

network is operating properly.

® Become aware of the saturation and cutoff conditions of a BJT
network and the expected voltage and current levels established by

each condition.

® Be able to perform a load-line analysis of the most common BJT

configurations.
e Become familiar with the design process for BJT amplifiers.




DC Biasing Types

1 Views Vee

! % " T,
Re Rc

e z’if'g‘f?:f ’ §L’_, I S— ) Jj_é(z_o '

o e

=
Fixed-Bias Emitter-Bias Voltage-Divider Bias
Configuration Configuration Configuration




Remember

Important basic relationships for a transistor

(1) Virrn = ONTaN/

I =1c + Ip

(2) Ic = Blp
Ig = plg + Ip

3) |Ig= (B + DIp = I¢




Fixed Bias

. _
+
|
Rg
+ l'_"
Ve ="
- T I,,___-__+
I Iy *
Vag
—

KVL Base emitter loop

ac
O output
signal

ac
input © )=
signal C,

For the DC analysis the network can be isolated from the indicated
AC levels by replacing the capacitor with an open circuit equivalent




Fixed Bias
The DC supply VCC can be separated into two supplies

e, _
+
|

Rg

+ I'_"

Vee =
ey I,,___-__+
I Iy *
I

KVL Base emitter loop

KVL collector emitter loop




Fixed Bias

Forward Bias of Base—Emitter

+
| i - +Vee — IgRp — Vg = 0
e | Vee — V.
.-:r:__—? & IB _ CC BE
| h'_.,-- RB‘
H
Fﬂi |
‘I?' -+ e = Big

KVL Base emitter loop




Collector—Emitter Loop

Ve + IeRe — Vee — 0O
+
Rc Ie Vere — Voo — IcRc
' i ey Vee = Ve — Vi

\() — Voo
: VCE VCE — VC




Example 2: Determine the following for the fixed-bias configuration

of Fig.

(a) heand L.
(b) Ves.

(c) Vsand V..

(d) Vs

ac

. o
input

VCC =<+12V
Rc

R 2.2 kL2

; I, C
240 k&2 ac

I o
+ output
)I Ve, B=50

10 pF /




Solution:

Vee — Var 12V =07V Vee = +12V
Ip = - = 47.08 pA
Bo Rs 240 kO -

Ic, = Bls, = (50)(47.08 uA) = 2.35 mA

Ver, = Vee = IcRe R 2.2 k€2

= 12V — (2.35 mA)(2.2 kQ) B 7 Cy

240 kQ ¢ ac
=683V I( © output
+
C] I'IH \ ]'U ”"F
VB — VBE =0.7V ac o )I ,
input Vee  [B=30

VC — VCE = 6,83V 10 “‘F

Vee = Vg — V=07V —6.83V

= —6.13V




Example 2 Given the load line of Figure below and the defined Q -point, determine the
required values of VC- R, and Ry for a fixed-bias configuration.

A I-(mA)
60 LA

— 50 uA

10
40 pA

30 uA

20 A

10 uA

Ip=0pA

Vee




Example 2 Given the load line of Figure below and the defined Q -point, determine
the required values of VC- R, and Ry for a fixed-bias configuration.

Solution:

VCE: VCCZZOVat]CZOmA

]C: VCC at VCEZOV
Rc
~ Vee 20V B
Re = I~ _lOmA_ZkQ
I, = VCC_VBE
£ R
B
VC’C’_ VBE 20V —-0.7V
RB: =

A

12

10

L [~ (mA)

60 pA

— 50 uA

_ 40 pA

30 uA

20 A

10 uA

Ip=0pA

I, 25 nA

= 772 k()




Emitter-Bias Configuration

The dc bias network of contains an emitter resistor to improve the stability level
over that of the fixed-bias configuration.

j Vee

b

Re

| v
lB Cg

o)

BJT bias circuit with emitter resistor



Emitter-Bias Configuration

The dc bias network of contains an emitter resistor to improve the stability level
over that of the fixed-bias configuration.

I Vee

ygu AUl Jsoadudd il 8l
PG Ug 8)iilus gosi Yl vy
R ole by wlpsi sl gl 3130

e _ b sl goss s i jlads
dlslJl 6Ll

Vi o I

il Jur giill 1520 juos wnill Lijall ool

BJT bias circuit with emitter resistor -22 -




The analysis of Emitter-Bias Configuration

Base—Emitter Loop .
Apply Kirchhoff’s voltage law Rp i Ip
_VCC == IBRB = VBE - IERE =0 —Q
" o
from (I = (B + )iy — Vec +
-T Y
—VCC + IBRB + VBE + (ﬂ + 1)IBRE = 0 () “+
R, ‘ g
IB(RB + (B -+ l)RE) - VCC -+ VBE = () i
Ig(Rg + (B + 1)RE) = Ve — Vag j,-

_ “Vee — Vae
% R+ (B+ DRg,




The analysis of Emitter-Bias Configuration

Collector—-Emitter Loop

The magnitude of the collector current I
Ic = Blp

BVee — VaE)
Ry + (B + 1)R;

Apply Kirchhoff’s voltage law to find V¢
+1ERE g5 VCE T ICRC - VCC = (

IC=

IE = IC
VCE = VCC < IC(RC + RE) =0

YeE = YooE IC(RC i RE)(




The voltage at the base Vj is the voltage
from Base to ground and is determine by

Ve = Vec — IpRp

or

VB=VBE+VE
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Emitter-Bias Configuration

The dc bias network of contains an emitter resistor to improve the stability level
over that of the fixed-bias configuration.

j Vee

b

Re

| v
lB Cg

o)

BJT bias circuit with emitter resistor



Emitter-Bias Configuration

The dc bias network of contains an emitter resistor to improve the stability level
over that of the fixed-bias configuration.

I Vee

ygu AUl Jsoadudd il 8l
PG Ug 8)iilus gosi Yl vy
R ole by wlpsi sl gl 3130

e _ b sl goss s i jlads
dlslJl 6Ll

Vi o I

il Jur giill 1520 juos wnill Lijall ool

BJT bias circuit with emitter resistor




The analysis of Emitter-Bias Configuration

Base—Emitter Loop .
Apply Kirchhoff’s voltage law Rp i Ip
_VCC == IBRB = VBE - IERE =0 —Q
" o
from (I = (B + )iy — Vec +
-T Y
—VCC + IBRB + VBE + (ﬂ + 1)IBRE = 0 () “+
R, ‘ g
IB(RB + (B -+ l)RE) - VCC -+ VBE = () i
Ig(Rg + (B + 1)RE) = Ve — Vag j,-

_ “Vee — Vae
% R+ (B+ DRg,




The analysis of Emitter-Bias Configuration

Collector—-Emitter Loop

The magnitude of the collector current I
Ic = Blp

BVee — VaE)
Ry + (B + 1)R;

Apply Kirchhoff’s voltage law to find V¢
+1ERE g5 VCE T ICRC - VCC = (

IC=

IE = IC
VCE = VCC < IC(RC + RE) =0

YeE = YooE IC(RC i RE)(




The voltage at the base Vj is the voltage
from Base to ground and is determine by

Ve = Vec — IpRp

or

VB=VBE+VE




The voltage V; is the voltage from
emitter to ground and is determine by

The voltage at the base Vg is the voltage Ve = IgRg or Vg = IgRg = I-Rg
from Base to ground and is determine by
The voltage from V. collector to ground
Vs = Voo — InRe can be determined from

or Ve = YeE T YE

VB a VBE £, VE or VC — VCC - ICRC




Determining I . for the Emitter-bias configuration

The collector saturation level or maximum
collector current for an emitter-bias
design can be determined by applying a
short circuit between the collector—

emitter terminals and the resulting
collector current

Determining I, for the



Load-Line Analysis for the Emitter-bias configuration

The load-line analysis of the emitter-bias Alc
network is only slightly different from that
encountered for the fixed-bias
configuration.

The level of I, as determined by

. Vee — VBE
Pa” Ry + (B + )R

The collector—emitter loop equation that
defines the load line is

Vce = Vee — Ic(Re + RE)



Load-Line Analysis for the Emitter-bias configuration

Vce = Vee — Id(Rc + RE) 1'e

Choosing I- = 0 mA gives Vec

Vee = Vee li.=oma

Choosing Ve =0V gives

__Vec

Ic

: . 0
Different levels of Iz, will move the Q - | V

point up or down the load line. Load line for the

amitter-hiac conficiiration



Voltage-Divider Bias Configuration

In the previous bias configurations the bias current I, and voltage V., were a
function of the current gain B of the transistor.

Fixed-Bias Configuration Emitter-Bias Configuration
I — B(Vee — VaE) L BWVee — Vgg)
¢ Rp T Rg+ (B + 1Rg
Vee = Vee — IcRe Vce = Vec — IdRc + Rg)

Because B is temperature sensitive, especially for silicon transistor.
Also, because the actual value of B is usually not well defined.

It is desirable to develop a bias circuit that is less dependent on .



VOLTAGE-DIVIDER BIAS

There are two methods that can be applied to analyze the voltage

divider configuration.

1. The exact method R,

2. The approximate method




Voltage-Divider Bias Configuration

In the previous bias configurations the bias current I and voltage V¢, were a
function of the current gain B of the transistor.

¢ Vee

Fixed-Bias Configuration

_ B(Vee — Vae)
- o

Ic

0 output
signal

Vece = Vee — IcRc

ac
input © %}
G

signal




Voltage-Divider Bias Conﬂguratif)n

In the previous bias configurations the bias current |- and voltage Vo were a
function of the current gain B of the transistor.

Emitter-Bias Configuration

_ B(Vee — VBe)
R+ (B+1Rg

Vce = Vec — Ic(Rec + REg)

Ic




Voltage-Divider Bias Configuration

In the previous bias configurations the bias current I, and voltage V., were a
function of the current gain 3 of the transistor.

Fixed-Bias Configuration Emitter-Bias Configuration
I = BVee — Vae) - BWVee — Vgg)
. Rp C T Rg+ (B+ 1Rg
Vee = Vee — IcRe Vce = Veec — I(Rc + Rgp)

Because B is temperature sensitive, especially for silicon transistor.
Also, because the actual value of B is usually not well defined.

It is desirable to develop a bias circuit that is less dependent on 3.
The voltage-divider bias configuration is such a network.



Voltage-Divider Bias Configuration

If the circuit parameters are properly
chosen, the resulting levels of I.q and V¢q
can be almost totally independent of beta.

The level of Igq will change with the
change in B, but the operating point on
the characteristics defined by I and Vgq
can remain fixed.

Ico -- == 8o

Aic

-
-
o -

‘%

Vee

- - o - ——
&
=]

the Q-point for the voltage-divider

bias configuration



VOLTAGE-DIVIDER BIAS

There are two methods that can be applied to analyze the voltage

divider configuration.

1. The exact method R,

2. The approximate method




Exact Analysis:

Thévenin




Exact Analysis :

Base emitter loop

Base collector loop




VOLTAGE DIVIDER BIAS CIRCUIT

m 2" step:: Simplified circuit using Thevenin Theorem

From TheveninTheorem;
R, xR
R, =R //R, = 17"
R, + R,
R
V., = 2 V,
TH Rl 4 R2 CC

Simplified Circuit



VOLTAGE DIVIDER BIAS CIRCUIT

o 2Mdstep: Locate 2 main loops.

Vee BE Loop CE Loop




Analysis of Voltage-Divider Bias Configuration

lzq can be determined by first applying Kirchhoff’s

voltage law in the clockwise direction for the loop Ry
indicated: ‘V_\Q'
—Erh + IpRrp + Vg + I R =0 + Iy
Substituting Ir = (B + DI _% Em
;o= Em = Ve =
Z R, + (B + 1)Rg The Thevenin network

Once lg is known, the remaining quantities of the network can be found in the same
manner as developed for the emitter-bias configuration. That is,

[ = B(Vrh — Vsg) |
“ "Ry +(B+1DRg

and Vce = Vee — Ic(Re + Rg)

The remaining equations for V, V., and V; are also the same as obtained for the
emitter-bias configuration.



Example: Determine the DC bias voltage V. and the current | for the voltage divider configuration of
Figure 4.

Solution:

Ry = RIR,

_ (39kQ)(BIKD)
=39k +39k0 ki +22V

_ RoVee
"R+ Ry
(3.9k0)22 V)

= =2V

39k} + 3.9k} 39 kQ
— _ Em— Ve

Ry, + (B + DRg
3 2V —-07V B 13V
T 355kQ + (101)(1.5kQ) 355k + 151.¢
= 838 A Vi
Ic = Bl

= (100)(8.38 pA)

= 0.84 mA

Emy,

Ip

10 uF

f

3.9kQ

Vee = Vee — Ic(Re + Rg)
=22V = (0.84 mA)(10k) + 1.5k2)
=22V —-966V
= 1234V




Example:

Repeat the exact analysis of the previous example if 3 is reduced to 50 and

compare solutions for ICQ and VCEQ

+2fv
RTh - RI||R2
(39 k)(3.9k))
= = 3.55 k()
39k} + 3.9k() 39 kKO
R‘)VC(‘ 10 uF
Ewnw = = = i
™R+ R ==y~
_ _BGIk)@2V) _
T 39kQ + 39kQ 8




Solution:

I = Eth — Ve
27 Rm + (B + DR
B IV — 0.7V
3.55kQ + (B1)(1.5kQ)
= Ak = 16.24 A
355kQ + 76.5kQ K
Ic = Bly

= (50)(16.24 nA)[= 0.81 mA

Vce= Vcc — Ic(Rc + Rg)

=22V — (0.81 mA)(10kQ + 1.5k())

= 12.69V




Effect of [ variation on the response of the voltage-

divider configuration
B I, (mA) Vce, (V)
100 0.84 mA 12.34 V
50 0.81 mA 12.69 V

The results clearly show the relative insensitivity of the circuit to the change in [3.
Even though B is drastically cut in half, from 100 to 50, the levels of I and V¢
are essentially the same.




Approximate analysis:

)

é K Kivease looking in
at base ol transistor

|—-
Vu e |
I—|---
g R, § Rinease)




Example: Repeat the analysis of figure using the approximate technique and compare solutions for l.cq
and Vg

+22V

9 kQ

10 uF
—I—

3.9kQ




Example: Repeat the analysis of figure using the approximate technique and compare solutions for l.cq
and Veeq,

+22V
Solution: i
BRg = 10R,
(100} 1.5 k) = 10(3.9k(d) 10kQ
150 k) = 39 k(] (satisfied) 9 kQ I { 10 uF
I W
v RaVee + N )
B = 10 uF
RI, + RE Vi }} - VCE ﬂ:lOO
_ _(39kQ)22V)
39kl + 39k —
=2V 3.9kQ s
- S0 puF
kQ
Ve= Vg — Vge
=2V =07V =  —y
=13V compared to 0.84 mA with the exact analysis. Finally,
Vee, = Vec — IdRc + Rp)
Ve 13V = 22V — (0.867 mA)(10kV + 1.5kQ)
Ico = Ig = = 0.867 mA —
cQ £ RE 1.5k0 =22V -=997V

= 1203V



Home work: Determine V¢ and | in the voltage-divider biased transistor circuit. Assume

Boc=50and I = I+ 1.

1k

+200%

H2

Q2NZLLS




Collector feedback Bias




Collector feedback Bias

+Vix
Voo = Vpe T Vgt Vg :
= QR IRy TV
= PrelpReHgRe TIg Ry +Vep I+ JII-, ] H['
= (Bpc T DIgR +IpRp + Vg H]g ;
[ = _ VooV — AA—
Rp+(BpctDR, T l I

I = Prc (Vec-Vee) N
Ry +(Bpc TDR, '
Verg = Voo - Ueg )R |
= Veo-legRe 5 Bpe 771 —e

Vg 2 Ve — LR,




Example : Calculate the Q-point values (I and V) for this circuit

Vee
+10V

10 k)
Rp

AN ¢

100 k()
O

+
0.7V

=




Example : Calculate the Q-point values (l. and V) for this circuit

Solution:
Vee
at Q- point : -+ 1[} '||.||r
Voo = Ve 10-07
E TRy + (B R, _1u:m+(1nﬂ+1)_8'38"&9ﬂk
I. = Boc (Ve = Vie) =100 % 8.38 LA =0.838 mA RC

© Ry + (B +1R,
10 kL)

Veg = Ve — (Ic + I JR¢ =10 - (0.838 + 0.00838 )10

=1.536V
- Ry
S Q-pointisatI. =0.838mA and V., =1.536 V
Ztc:: oﬂ"znd sa(tilratlfn};mde: “:"j ki"!
8 Vop = Voo — U g )R _
" Bpe = 100

But we usually assume that I >> T} to find I, and Vg, om
Therefore Vg =~ V.. — IR, I:I ? l"h"

¥
E IC[sat:I =—£=1 mA

. R,
VCE[cutnffj = Ve =10V ——
=
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AC analysis of BJT



Outlines of Presentation

BJT Transistor Modeling

e Hybrid equivalent model
e re model

Important Parameters

Input Impedance Zi
Output Impedance Z,
Voltage gain A,:
current gain A,

Phase Relationship

THE re TRANSISTOR MODEL

e Common Base Configuration
¢ Common Emitter Configuration
 Common Collector Configuration




BJT Transistor Modeling D

A model is a combination of circuit elements, properly chosen, that best approximates
the actual behavior of a semiconductor device under specific operating conditions.

There are 2 models commonly used in small signal AC analysis of a transistor:
* Hybrid equivalent model
* re model




BJT Transistor
Modeling

The ac equivalent of a transistor
network is obtained by:

1.Setting all dc sources to zero and replacing
them by a short-circuit equivalent

2.Replacing all capacitors by a short-circuit
equivalent

3.Removing all elements bypassed by the short-
circuit equivalents introduced by steps 1 and 2

4.Redrawing the network in a more convenient

and logical form




[#]

Transistor small-signal
ac equivalent circunt

1 ©- _
/ 'f";‘s\ C I” +
—I> - e N a'V \' -
— + B ‘\L "ll
Z o R
Rl . /, R( \ 5
1}
+ ' R, I R, QE 9
. & _ -
+ + = + L




Defining the important parameters of any system.

—h..- -.q—
o— —_—0
-+ + "I.r < ’rf?
Vi — System ~— V, o | | 9
V4 Z, + — |+ + | -— +
o — 5 v, R; R, v,
- — -9 ?— [ — —
o 2
L I




Important Parameters

Z.7Z_ A, A are important parameters for the analysis of the AC characteristics of a
transistor circuit,

[1‘ ! 0
—_— ~—

O O
+ +
Zi SyStem Z,

o °




Input Impedance Z,

To determine |.. insert a “sensing resistor”

. A 'AA
/. = & —_— P +
i I. Sense
L. + | ‘i
Z: ‘ Two-port
% '\J Vi System
then calculate I.: _ ‘
Vs _Vi
==

SCIsC

The input impedance of a BJT transistor amplifier can vary from a few ohms to megohms.




Example: For the system of Figure 1 determine the level of input impedance.

REEI".-:-E
—0
Solution: 1kQ} Z
T —
, Two-port
N\, 2mV 7=12m\

System

‘ el I,




Example: For the system of Figure 1 determine the level of input impedance.

REE[LE-E
Solution: 1kQ} Z
+ —
N\, 2mV F=12mV

‘ ﬂ_

V.-V, 2mV-—12mV _ 08mV _
}-E B R'E.EII.‘E.E a 1' Hl a 1 ki! - [:]-E JJ-A
V, 12V

Z=7 = 0gpa - 15K

Two-port
System




Output Impedance Z,

The output impedance is determined at the output terminals looking back
Into the system with the applied signal set to zero.

n=0V

RE-EIIJIEE

Two-port
System

RSEEE
—o——— AN
T —
I, +
I, —— ‘ﬁ'u v

The output impedance of a BJT transistor amplifier is resistive in nature and depending on the

configuration and the placement of the resistive elements, Zo, can vary from a few ohms to a level that

can exceed 2 MQ.




Example:

Determine the level of output impedance

Solution:
REEEIE-E
+ 20k0
Two-port - —
System Z
17, = 680 mV N, 7=1V

V=0V

- ‘




Example:

Determine the level of output impedance

Solution:
V-V, 1V-—680mV 320mV
o= = k0 20k0 o4

V, 680 mV
2= ~ 16 puA

= 42.5 k(1

Two-port
System

REEEIE-E-
+ 20k0
- -
Z,
17, = 680 mV N, 7=1V

- ‘




Voltage gain AV:

For the transistor amplifier, the no load voltage gain is greater than the loaded

voltage gain

REOIH'CE

P
|
e
+
~
. +
R
T~ + o




Example: For the BJT amplifier of Figure 2, determine

@V, "

(b) I.. V,=7.68V
(c) Z.

(d) Ay

Solution:




Example: For the BJT amplifier of Figure 2, determine

(a)V;
(b) ..
(c) Z.
(d) A
Solution:
v, V7, 7168V _
(a) 4y, = 7? and V; = 1. =30 24 mV
_Vi— Vi _ 40mV—24mV _
®) fi=—p—"= 12 kQ 13.33 pA
Vi _ 24mV _
() Z = FARBEELTTY 1.8 kQ
Z;
(d) Avs - ZJ’ + R,s A‘I’NL
1.8 k()

18kQ + 12 kq G20




current gain A




THE re TRANSISTOR
MODEL

* The re model employs a diode and
controlled current source to duplicate the
behavior of a transistor in the region of
interest. BJT transistor amplifiers are
referred to as current-controlled devices.

I, .

bo

I.=al,




Common Base Configuration

The ac resistance of a diode can be determined by the equation

Fe

_ 26 mV
==

Zi=re,

For the output impedance, if we set the signal to zero, then mean /=0 A and /=0

where /. =a .= a (OA) = OA resulting in an open-circuit equivalence at the output terminals.

I, [, ﬁ, _>l‘
£ o g _’ﬂC e o ‘ 0 C
! f I.=ol,
B ) 0B bo ' l ob
I £ I I
—r — =l <
E © o)
- -

o
ol
——— - ——
ol




Common Base Configuration

_ 26 mV , o(
Fe = Ir ZI=T€CB ZOE oo Q SR
c5 ot
Vo = _IORI = = (_IC)RI = afeR}S
Vi=1.2; = I, B 0— * -0 B
Vo aIeRI
A . = =
LN Lore
Lol I I I I
1 Ie Fe —— _€> —C> e
E o o
CB + | +
A; = ly _ —1. _ _al, iz & 1 Gt "0 7 :
S I, I, l
B o- o

CB




Example : For a common-base configuration of Figure below. with /£=4 mA, a=0.98, and an ac
signal of 2 mV applied between the base and emitter terminals:

(a) Determine the input impedance.

(b) Calculate the voltage gain if a load of 0.56 kQ is connected to the output terminals.

(c) Find the output impedance and current gain.

E o Lf o( 2

Bo + 0P B o- J S




Example : For a common-base configuration of Figure below. with /£=4 mA, a=0.98, and an ac

signal of 2 mV applied between the base and emitter terminals: L ke
Eo o(C
(a) Determine the input impedance. A
(b) Calculate the voltage gain if a load of 0.56 kQ is connected to the output terminals.
(c) Find the output impedance and current gain. ; -
o
Solution: _26mV._ 260V
(a) 7. I, Tma — 04 . L L /,.,
Vi 2mV E c>—> - = 2.0 Sl
(b) L:fe:z:m:m—f—@m - I -
L’a = I.._. RL = CEIERI_ = ([]98)(3(_]?69 pA)(Ojﬁ k.“.) \ —. r, f lc=al -—
= 168.86 mV i Z Zy, o
V, 168.86mV
and A, = 7. amv 84.43 2 J x
B o o)
_ aR  (0.98)(0.56 k()
4,=""5= =0 = 84.43
©) Zy= = ()
I,
A; = F AR 0.958




Common Base Configuration

/ i, I, I
—h— 4— 4— & I * P
- - 0 o ¢ o o
+ E c (4, + T | b, o+
— R R —— f -
. E e : ! R ol R \ Z
\ A | ¥4 - E r e [a i
i + {hﬂ - 1 is F
Z
- Veg — . _ l -
o 1= . [+ o N ) “
Zf . R || If - If
 — NE|Fe . —
I, = —al, = —al;
_ [,
i
Va = —lnRC = _(—IF)R( = aleRC
V; Phase Relationship The fact that A, is a positive number shows that V,, and V; are in
I, = e phase for the common-base configuration.
¢
V;
Vo= a(r—')R( Effect of r, For the common-base configuration, r, = 1/h,; is typically in the megohm
¢ range and sufficiently larger than the parallel resistance R¢ to permit the approximation
I‘,,"R( == R(‘.




Common Base Configuration

/
f I, [, € —‘ I _'... s
—— O O o e O
+ At B I I
{ ——
. — E.E RE‘ _.,‘_ || R E rt + ﬂ'. .f‘. R i .II .-'"r
Vi £ V. £, b d
+ - - -
= Vg - Ver o . o
o T= [+ o
|| I, = I
Z,' = R EIT,
f — e — e -
I, = —al, = —al;
0 C i~ =~ =
i
Va = —lnRC = _(—IF)R( = aleRC
V; Phase Relationship The fact that A, is a positive number shows that V,, and V; are in
I, = e phase for the common-base configuration.
¢
V;
Vo= a(r—')R( Effect of r, For the common-base configuration, r, = 1/h,; is typically in the megohm
¢ range and sufficiently larger than the parallel resistance R¢ to permit the approximation
V, aRe Re rolRc = Re.
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AC analysis of BJT



Outlines of Presentation

Common Emitter Configuration

® Input Impedance Zi

® Output Impedance Z_
®* Voltage gain A

® current gain A,

® Phase Relationship

®* Example

Common Collector Configuration

Voltage gain A,

Input Impedance Zi
Output Impedance Z_
current gain A,

Power again




Common-Emitter BJT Transistor

C 4
C +
‘rh
. ¢ B‘J! : B . v ﬁll
b Cr O
— +  + = |
—~ - ‘I’I" g ¥
— v Vv oF 1y ‘18
V. v, Z r, i b ]
S Yt "
-3 A L

ol
[ 2
o|




Common-emitter BJT transistor




Common-emitter BJT transistor

I€=IC+IZ?=BIZ?+IZ?

I. = bl .
C B b Ie — (B + l)jb I{ﬂ — BIE}
7. = E — _Vf?ﬁ'
F I.? If)
|
— — . o~ . I,
Vi=Vie = I = B-[bfe 7 # pl I I
. Ly b o | ;¢
+ <+ 1,
Z — Vb? ~ Blﬁre —- ‘ ﬁr ; ,BI
F Ib Ib 1’; H}E Fe '
Z] = Bre - = € o -l— l oe

CE =



The Input impedance for the common-emitter configuration

' If]‘ I
o — ———
+ + ,I,ff b | S B |
— &
1,;_ th Z_, I, ﬁrg ‘ ﬁfﬁ Br, ‘ B1, ¥
-3 co S e B [ |
7. = Vbe —_— 3157?@
f =
I, I,
Z; = Pr,

CE



The output impedance for the common-emitter configuration

¢ be f)C_F +DC b o 0 ¢
| 7 |
I.F:r Iy
o — Br.
+ + 'Pt, ‘ } Bl Br.  } Bl g
—> | |
i.f;. be Z_. F, € o -L o e e o « s + oe¢
T o
L, =T,
CE

For the common-emitter configuration, typical values of Z, are in the range of 40 to 50 kQ.



The voltage gain for the common-emitter configuration




The voltage gain for the common-emitter configuration

= —I,R; = —I.R; = —BI,R,

i = 1,Z; = I, pBr,
_ 0 __ BIbRI,
v i IbBre
_ Ry
v FE
CE.r, = ()



The Current gain for the common-emitter configuration

c _ bl
b b

Beie

|
~, |C.‘,':|

B s

CEr, = = ()




exampLE: Given [3= 120 and Iz =3.2 mA for a common-emitter configuration
with r,=c0() determine:

(@) £

(b) A, if a load of 2 kQ is applied.

(c) A with the 2 kQ load.

Solution:



exampLE: Given [3= 120 and Iz =3.2 mA for a common-emitter configuration
with r,=c0() determine:

(@) £

(b) A, if a load of 2 kQ is applied.

(c) A with the 2 kQ load.

: . o _26mV _ 26 mV _
Solution: (@) 7, = A o~ 51250

and Z, = Br, = (120)(8.125 Q) = 975 Q

R, 2KkQ

r, 81250

A4, = = —246.15

©) A;=%=B=120



Common-Collector Configuration.

* This is also known as the common-collector configuration.

 Theinputis applied to the base and the output is taken from the emitter.

* There is no phase shift between input and output

Vee
R” 0 (
I;
— B
V.o )I
G,
oV,
—_—
/.
<
Z

b

+ol

5

»—O Ilb

on

Z,
. 3

—
Z %

€

2 0
I:'%
-

‘ Bl
|
b,
-
Z,
‘I(.=([3+ 1)1,




Voltage gain:

A — V() — RE
Vo V., R, +r
i E e
A="ony
v I - Ry =>r ,Ry+r =R,

Current gain:

PRy

A ==
! R+ Z,

Current gain from voltage gain:

A=—- A Z
i v RE

= Te——

Zo
i I,=(B+ 1),




The voltage gain for the common-collector configuration

i

on

i I,
+ ; |

pr, { 51,




The voltage gain for the common-collector configuration

A=Vy/ Vi, ;

on

c_, I,
Vo= I Re =(1+B) I Re + ; |

Vin=lBre+ e Re Br, ‘ B1,
A= Re/(Re+r) l
—
Z .
Vi
Re > e T l
A= ;




The Input Resistance for the common-collector configuration




The Input Resistance for the common-collector configuration

on

I
o l Iy
Zin= Vin/ Iin 4 I

V. =1 -+ ILR Vi, = (I <+t (B+1)R
bB: B E (lbBret 1, (B+1)Re) Br. ‘ Bl,
in~— 'b
Zin=(Bret BRe) =B (re+ Rg)=BRe _/—> % |

If R >>r,’ then the input resistance at the base is

T +
l,

e o
simplified to B Rg S "
Ry Zo y

— "c=(ﬁ+l)lh —




Output Resistance (homework)

on




Current Gain A

on




Current Gain A

QO

A|= IO/Im ﬁr,

b=l =(1+B)l, =~ Bl = = |
V

lin =1y ’

€ 0
R,_%

b,

-
Zo
* I=(B+ 1),




Power Gain

The common-collector power gain is the product of the voltage gain and the current gain. For the emitter-
follower, the power gain is approximately equal to the current gain because the voltage gain is approximately 1.

Ag= AT A g 2 111» | °
AV z1 ﬁre ‘ Blb
As=A e |

i i *

T +
eo 11
s .
R} Zo |
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Outline of Presentation

e The Common-collector Amplifier
e Example

Common Base Configuration

e Example




The Common-collector Amplifier

B The common-collector (CC) amplifier 1s usually referred to as an emitter-follower (EF). The
input 1s applied to the base through a coupling capacitor, and the output 1s at the emitter (no
phase change between input and output). The voltage gain of a CC amplifier 1s approximately
1, and its main advantages are its high input resistance and current gain. The high input
resistance is very useful to minimize the loading effect specially when circuit is driving a low-

resistance load—> CC amplifier is used as a Buffer.

i
+LCC




Example: - For the emitter-follower T

network of Fig.below, determine:

220 kQ
(a)r,. 10 uF
(b) Z, 7o B =100.7,== 0

A 10 pF
(C) ZO' r * I{ 0 ]_r
(d)A, i,
(&) A = 3.3kQ
(f) Repeat parts (b) through (e) .
Z,

with r,=25 kQ and compare results.



Solution
F::*::* o F.'ELE‘

@ = r B+ DR:
12V -07V
~ 220 kQ + (101)3.3 kO

= 2042 pA

Ig=(B+ 1);
= (101)(20.42 pA) = 2.062 mA

26 mV 26 mV

L~ 06 ma 1261 0

Fe

(b) Zp = Br. + (B + 1)Rg
= (100)(12.61 £2) + (101)(3.3 k(})
= 1.261 K + 3333 ki)

— 334.56 k() = BR;
Z. = Rg|\Z, = 220 k()|334.56 k()
— 132.72 kO

(©) Z, = Relre = 33 k)[12.61 £
=12.56 Q =r,



Vo Rg 3.3 ki)

d -‘i'p'_ o o —
< Vi Retre 33kQ+12610 —099%=1
BR.. (100)(220 k) _
©) A= " p 7 T T0k0 + 33456k 0
£ 0 006 13272 lc!l) 10,06
Ai = "“"RE_ (0 }( 33k ) T



Home work: For the network of Fig below:
(a) Determine the type of configuration.

(b) Determine r, and Br,.

(c) Find £ and Z,,

(d) Calculate A and A.

6V




The Common-Base Amplifier
B The common-base (CB) amplifier provides high voltage gain with a

maximum current gain of 1. Since 1t has a low input resistance.

B A typical common-base amplifier is shown in figure below. The base 1s
the common terminal and is at ac ground because of capacitor C,. The
input signal is capacitively coupled to the emitter. The output 1s
capacitively coupled from the collector to a load resistor.

— T

a) Complete circuit with load I,
(a p Ver — Vee

™

—
g ——



The Common-Base Amplifier characteristic

curve

L [ (mA)

|

d_ﬂ_-—'.-"'l.r'lju' JI,;_H

]

0.2

.4

e 08

Vae (V)

|

Saturation region

|

imA)

—

Active region (unshaded area)

T mA

i mA

5 mA

4 mA

I mA

2 mA

fg=1mA

Ie = 0mA |

10
CutofT region

15 20

Fen (V)




Example:
For the network of Figure below, determine:

g;)) TZ 10 uF L
(c) Z. +— J

(d) A. " 1 kQ
(e) A. Vo

2V

+0

o |

Q|



Example:
For the network of Figure below, determine:

(a) r. | |
02 oL i
i 5 )I I(
(©) Z. +— L/ Ao,
(d) A. 1 kQ o= 0.98 5 kQ
(e) A. o 7 r,=1MQ -~
| 2V 8V
Solution: ; T T
Ve —Vegeg 2V —0.7V 13V
(@) Ip=—7~ kO 1k 1SmA
26 mV 26 mV >0 O
Fe ™ T 13mA

IE

+0

o |




(b) Z, = Rllr, = 1 kQ|20 Q
=19.61 Q =7,

L=

(¢) Z,=Rc=5kQ

R~ 5kQ 250
o 200

e

(d) 4, =

(€) 4, = —0.98 = —1

On




Home Work

* For the common-base configuration of Figure
below +6V 10V

* (a) Determine re.
* (b) Find Z/and Zo.
* (c) Calculate Avand A




Home Work

For the network of Figure
below, determine Avand A

8V
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Small-Signal Analysis of
Common Emitter Configuration

by
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Outlines of Presentation

Common Emitter Fixed bias
configuration

® Example

VOLTAGE-DIVIDER BIAS

- Example

CE Emitter-Bias Configuration (Unbypassed)
e EXAMPLE:

Collector Feedback Configuration
* EXAMPLE:




Common Emitter Fixed bias configuration

Vee

K
Ry ‘ l,
H
I ¢ | o
— i G
C; Z,
-
V4 E



Common Emitter Fixed bias configuration

K-
Ry ‘ [
I
I C It oV
— i G
C, Zy
.
V4 E

=0

C 0V
H.
B
Y S
Ry E
I
P —
- RS




EXAMPLE.

: 3kQ
For the network of Fig. 1010 4 |
o ’ )

. II' I‘ © IL;-
(a) Determine .. 10 uF
(b) Find Z; (with r, =c0 Q). V.0 )| —
(c) Calculate Z, (with r,= Q). 10 nF p =100 Zo

r,= 50 kQ

(d) Determine A, (with r = 00Q). 7

(e) Find A; (with ry=c0 Q).
(f) Repeat parts (c) through (e) including r, = 50 kQ in all
calculations and compare results.



EXAMPLE.

For the network of Fig

(a) DC analysis:

VC'C‘ - I)/BE 12 V - 07 V
Iy = o = —oq - 2404 pA

Iz = (B + DIz = (101)(24.04 pA) = 2.428 mA

B 26 mV _ 26 mV
e T T T 2428 mA

(b) Br. = (100)(10.71 Q) = 1.071 k()
Z; = Rg||Br. = 470 kQ1.071 kQ = 1.069 kQ
(¢) Z,=Rc=3 k()
Re 3 k() B
(d) 4, = — - BT TR —280.11
(¢) Since Rz = 10Br,(470 k) > 10.71 k()
A;= B =100

= 10.71 Q

470 k€

o

3kQ
%
| S
10 uF
i
B =100 Z,
r,=50kQ



EXAMPLE.

Solution: 08

() Z, = ro|Re = 50 kO3 kQ = 2.83 kQ vs. 3 k)
, — _TelRe _ 283 k0
v ro 10.71 Q
BRsr, (100)(470 kQ)(50 kQ)
A= G F RORs + Bra) (30 KQ + 3 kKO)(E70 kQ + 1.071 kQ)
= 94.13 vs. 100

= —264.24 vs. —280.11

As a check:
Z; —(—264.24)(1.069 k)

A= —dpo= 3K

= 94.16

which differs slightly only due to the accuracy carried through the calculations.




Common emitter voltage divider Configuration

r. model requires you to determine B, r,, and r,,

o ’ ’ g hy o—sp o
+ — j T ! .
y 4 R, R, Br.  § BL 2, Re \
° = - . 3 i °
=T
Input impedance: Current gain:
R'=R;||R; A Jo _ BR'r,
Z; =R ||pr, '"" I, (r, + Rc)R'+Pre)
Output impedance: | BR’
Zo=Rc||r, Aj=—= r, 210R
_ Ii R'+ Bl’e e c
Z,= RC|r0210RC I
: 0~
Voltage gain: Aj= T =P r,210R,R'210Br,
Vo _—Rclirg !
A, = = . .
T re Current gain from voltage gain:
V, R Z;
Ao S0 A; =-A, —
¥ =y, - r210Rc i \ Re




EXAMPLE:

For the network of Fig, determine:

(a) re
56 kQ
(b) Z
(c) Z, (W|th r.= oo ’ Oﬁ’i‘P
(d) A, (with r,= c0Q) I
(e) A, (with r,= c0Q - §8'2k9 |
(f) The parameters of parts (b) through (e) if r, = 50 kQ and compare
results.
+ 3 c

a £ ﬂ'ﬁ: . O

T | T ,- +

I : Rl R_" ﬂrt' + .ﬂfnl.r ro E.: '

l
il i i |
‘l‘ e ‘l‘



EXAMPLE:

22V
a. DC: Testing SR = 10R-, [
(9O (1.5 k) = 10(8.2 k(D) ,’JG
135 kL) = 82 ki) (satisfied) 6.8 kQ
Using the approximate approach, we obtain 56k 10 uF
.
R; (8.2k1)(22 V) ¢
VH_ e — Fr_'{' = = 281V 10 uF -
Ry + R, 56 k{} + B.2k(} A | _ Z,
i 1 B =90
Ve=Vg — Vg =281V —-07V =211V 7'*
; Ve 211V 141 mA
= —= = 1411 .
E R 15k — §8-2k9
6mV 26 mV Zi 15k0 20 UF
26m 26m
re = = = 18.44 (2 I
I 1.41 mA —_
- - - -

b. R' = R;|R, = (56 k0)|(8.2kQ) = 7.15kQ
Z; = R'|Br. = 7.15kQ(90)(18.44 Q) = 7.15kQ | 1.66 kO

= 1.35kQ
¢. Z, = Rec = 6.3kQ I
) o 8k — b
d. A‘.=——‘:—-68m = —368.76 o . — o
re 18.44 Q . —
e. Z; = 135k l z X X
Z, = Re|r, = 68kQ[50kQ = 598k vs. 6.8 kO ' '
oo KRelro _ 59BKQ . oo - e
g = = — = - vs. —368. " N “
T 18.44 Q) - T

There was a measurable difference in the results for Z, and A,, t
r, = 10R¢ was not satisfied.



CE Emitter-Bias Configuration (Unbypassed)

I;
— b
O Ib 5 O
+ ‘ —
B { 8L
Z ff
— S ‘ ¢
Z, ' Z
v RB§ §Rc~ 7 I
¢ il
io—l
=+ :
Cy
RE
O é o] L
- Zj

Vee
Re
Ry " i
(.
Gy
—efff—
Rg



CE Emitter-Bias Configuration (Unbypassed)

EXAMPLE:

For the network shown in the figure below , without C. (unbypassed), determine:
(@) re.
(b) Z.
(€) Zo.
(d) A,
(e) A

20V

. ———
7 0.56 kQ - Cg
10 uF




CE Emitter-Bias Configuration (Unbypassed)

EXAMPLE:

For the network shown in the figure below , without C. (unbypassed), determine:
(@) re.
(b) Z.
(©) Z,. T
(d) A,. J

’ b c 22 kQ
(e) A, © }I‘" g
+ 10
§470 kQ

-+ o

0.56 kQ

i
o
Il
)
=
+
=
)
AN

-
Zy ' Z, ?,{l
V. Rg Re T, G -
e

—
-—

B =120, r, =40 kQ

= C;
10 uF




CE Emitter-Bias Configuration (Unbypassed)

Solution:

a. DC:
_ Vee—Vee 20V -0V
 Rg+ (B+ DR 470k + (121)0.56 k)
I = (B + Dig = (121)(35.89 pA) = 434 mA

_ 26mV _ 26mV
I 43mA

Ig

= 599 Q

and re

b. Testing the condition r, = 10(R- + Ry), we obtain
40k} = 1022k + 0.56 kL)
40k} = 10(2.76 k(1) = 27.6 k(] (satisfied)

Therefore,
Zyp = Blr, + Rp) = 120(5.99 O + 560 ()
= 67.92k0)
and Z; = Rp|Z, = 470k ]67.92 k()
= 50.34 k0

c. £, = R-=22k0}
d. r, = 10R 1s satisfied. Therefore,
Va BRr  (120)(2.2 kL)

A, =-2=_E€

V; Z 67.92 kQ)
—3.89

— 35.80 A

I
#— b
O Ib
+
B A
Z; ‘t I
— —_— ’
Z, * Z,
v, Rg § g Re 7T
e
J, L=(B+ 1),
RE
° —



Home Work

Repeat the analysis of the previous example with CE in place.

Solution

(a) The dc analysis 1s the same, and r, = 5.99 ().
(b) Rg 1s “‘shorted out” by Cx for the ac analysis. Therefore,

7. = Rgl|Z, = R5|Br. = 470 kQJ|(120)(5.99 Q)
= 470 kQ)|718.8 Q = 717.70 Q
(©) Z, = Re = 2.2 kQ

R
(d) 4, = — f
2.2 kO o .
= "3000 —367.28 (a significant increase)
R 120)(470 k()
@) A = BRz (120 )

Rs+ Z, 470kQ + 718.8 O
= 119.82



Input impedance:

Collector Feedback Configuration

This is a variation of the

S
€= 1 R common-emitter fixed-bias
B + Ry i configuration
* Input is applied to the base
Output impedance: I * Output is taken from the
e
Z,=R¢ ||Rp o—J— e collector
C, “. =« There is a 180° phase shift
Noltize nin: — between input and output
Z
A, = Yol iR
Vi Te
- Ry + A
. o o AAA—O Y o
Current gain: + J . ‘ y +
b I C
Ai = Io = BRF VI ﬂrr ‘ Blh gR( </— \
I; Rgp+BR¢
A. — Io — RF . —-—
1 — ——— - ——




Collector Feedback Configuration

EXAMPLE:

For the network of Fig. , determine:
(a) re.

(b) Zi.

(€) £,

(d) A,

(e) A

9OV

2.7 kQ
180 kO ‘H’
.
L 10 uF
\l
Vo 1 B =200.r,=cQ
10 UF -
= Z.;;\



Collector Feedback Configuration .

Soluti
oution 27 kO
,_ Vee = Ve OV —07V ,
a) Iy = = , o
(@) Is = 23 BR— = 180 kO + (200)2.7 kO 180 kQ 'lr .
= 11.53 pA . 10 uF
I = (B + DIy = (201)(11.53 pA) = 2.32 mA —
26mV 26mV Vio— B =200.7,=2Q
= T3 3aa - 11210 10 uF -~
= a
r 11.21 Q 11.21 Q Z.
(b) Z; = - = - :
1 R I, 27k0 0005+ 0015 =
B R 200 180 kQ
A —_ + I
1121 Q B Rp C
=~ = 50(11.21 Q) = 5605 O 0 o AAA— \Iﬂ
- + * T
(¢) Z,=RRr= 2.7 k|180 kQ = 2.66 kQ I; 'lfb = L’c
R 27 k() . -
(d) 4, = —=—"—"""—-240.86 Vi — pre ‘.’ B Re Z,
r, 1121 Q 7
BR- (200)(180 k€2) '
(©) 4= 2T BR. T 130 kQ + (200)(2.7 KQ) —
- - -

= 50



Collector Feedback Configuration

EXAMPLE:
: : 12V
For the network of Fig. , determine:
(a) re.
3 kQ

(b) Z.. .

120 kQ 68 kQ * 0
(©) Z, — AW AW,
(d) A, 10 UF

== 0.01 uF
() A ‘
/; — Z,
=>4 =
vio—i—* B =140, r, =30 kQ
10 uF



Solution:

(a) DC:

I, = Vee = Vae
® Rp+ BRc
12V —-0.7V

T (120 kQ + 68 kQ) + (140)3 kQ

113V
~ sk | OOkA

Iy = (B + DIz = (141)(18.6ud)
— 2.62 mA

_26mV _ 26 mV

I  2.62mA 9.92 )

7,



(b) Br, = (140)(9.92 )) = 1.39 k()
The AC equivalent network appears in figure below

Z, = Ry,||Br. = 120 kQJ|1.39 kQ

= 1.37 kQ)
g } '
-
\ }-
. Ji ,
120 kO pre ‘, B, "o 68 kQ 3 kQ
v, 1.395 kQ 140 1 30 kQ
—
A

+0



Zo = RC’
= 2.87 k)

Ry, = 3 k|68 kQ

(d) r, = 10R, therefore,
RelRe 68 kKO3 kO

—

v r 9.92 ()
2.87 kQ
9.92 ()

—289.3

Il

. ] ,
pre Bl "o 68 kO
1.395 kQ J- 140 7;, 30 kQ

+0



(e) Since the condition Rz, => PBr, 1s satistied,

e 3 140 140 140
f=1+ R, _1+ 3kQ 0 1+014 114
7R, 30 kQJ[68 kO
= 122.8

68 k(2

+0o



TABLE 8.1 Relative Levels for the Important Parameters of the CE, CE, and CC Transistor Amplifiers

+

Configuration Z Z, A A
Fined-hias: Medim (1 k(1) Meadiun (2 k(1) High (—200) High (100)
Vo
s T | T | [ | [
" b0 - re T | fra # RI(RE + Br)
Ry = 10fr) = 108 =| =
Te = 10Rc,
r. = 10R) Rg = 108r,)
Volmgedivider [ T—°Fir Medinm (1 k(1) Meadiun (2 k(1) High (—200) High (50)
bizs: R
© o a$ § ° =| RiRen -| & _| 2. ,
-I: T (r, + EMR R, + Br.)
. =[]
LR 51 (. = 1082) = —% - e
Ry ; Cp - RR, + Br,
j_‘_A] r, = 108g)
(r, = 10R)
Unbypassed Fer Hizh (100 k(1) Medium (2 k() Low (—5) Hish (50)
amitter biss: ;Rr'
R . = =
L S = =
Z,= By, + R (amy level it Bt 2
of r)
[r] =
Re (Re 35 1) Es
(R == r.)
Emitter-
P J Foe Hizh (100 k(1) Low (20 £1) Low(=1) High (—50)
R
. - T Rg + 2
Zo = Bir. + R} El
Ry =| Rl (R =50 1) = EI
E=r)
;Lm_ o Low (20 {1) Medium (2 k(}) High (200) Low (—1)
= | & | = | O
ER+. Eﬂc =5
- Fix - Fee =
' (Be 55 1)
f;’;;fg oF, Medium (1 k(1) Medium (2 k() High (—200) High (50)
Ry §RC _ Te =| Rc|lRe | B _ BRg
b e 1 & - = 109 I Re+ BR
{ B R T (o = 1085
ro = 10RS) fr s B =
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Effect of R, and the R

by
2"d Class Rafal Raed Mahmood Alshaker



Outline of Presentation

Effect of R, and the Rg

The Effectof R L and Rs in
Emitter-Follower Configuration (CC)




Effect of R, and the R

with Ry with Ry and R;

VO
A= Y,

(a) (b) (c)



Z,
Rp pr, # Bl To Re Ry ¥
| 3
= T T w -
Ry=r,IR-IR,=RCIR,
Z, = Rclr
Vi T -4 00 &
[ e




EXAMPLE.

For the network of Fig

(a) DC analysis:

VC'C‘ - I)/BE 12 V - 07 V
Iy = o = —oq - 2404 pA

Iz = (B + DIz = (101)(24.04 pA) = 2.428 mA

B 26 mV _ 26 mV
e T T T 2428 mA

(b) Br. = (100)(10.71 Q) = 1.071 k()
Z; = Rg||Br. = 470 kQ1.071 kQ = 1.069 kQ
(¢) Z,=Rc=3 k()
Re 3 k() B
(d) 4, = — - BT TR —280.11
(¢) Since Rz = 10Br,(470 k) > 10.71 k()
A;= B =100

= 10.71 Q

470 k€

o

3kQ
%
| S
10 uF
i
B =100 Z,
r,=50kQ



EXAMPLE:

Using the parameter values for the fixed-bias configuration of the previous
example with an applied load of 4.7 kQ) and a source resistance of 0.3 k Q
determine the following and compare to the no-load values:

a.A,.
b. A .
A —_—
c..Z;. Vio "
d.Z,. 10 uF
#-—

012V
3kQ
470 kQ "' ,
: { .
10 uF
. —

B =100 Z,
r,= 50 kQ



EXAMPLE:

Using the parameter values for the fixed-bias configuration of the previous
example with an applied load of 4.7 kQ) and a source resistance of 0.3 k Q
determine the following and compare to the no-load values:

a.A,.

I
b. A, .
c..Z;. v,0—|
d. Z,. 10k

#-—

Z:
Solution: '

o (5730 A — _RC||RL B _3 k(4.7 kQ _ 1831 kQ 170.98

2. BQ. .79 Ay, = = 7 = 10710  1071Q '

which is significantly less than the no-load gain of —280.11.

b. Eq.(5.76): A, = ———A,
q ( ) Vg ZI + RS VL
With Z; = 1.07 k{) from Example 5.1, we have
A, = 107 k2 (—170.98) = —133.54
s T 107kQ + 03kQ 29 = ‘

which again is significantly less than A, or A,,.

Z; = 1.07 k) as obtained for the no-load situation.

d. Z, = Rc = 3 k() as obtained for the no-load situation.
The example clearly demonstrates that A, > A, > A,.

o

VNL

012V
3kQ
470 kQ ‘H’
| —
10 uF
. —
B =100 Z,
r,= 50 kQ



The Effectof R, and Rsin Emitter-Follower Configuration (CC)

Z; = Rg|z,

Zy = B(RE|Ry)

o0

#-— b
— A0 ]fb ‘
+

- § pr, Vs




The Effectof R. and Rsin Two Port Network

o—— — 0
Z Z
! AVNL 1r
o II_E
Thévenin
Two-port system.

II "rr.:-
o — q—ﬂ-
+ +] R, +
Vi R; {\I Ayg Vi *"?_ Vo
o l 5

=

Vo = AFNL

Z, =R,

ZI' = R.i




I, I,
- et
o I—N O
+ + Rﬂ, + A — f_g o _VGJJRL . Vo Z!
LT LT vz, T ViR,
I i/ [ L
ILII RI % AlNL RL 1
Z;
_1 AEIL == _APLR—L

o |
.'—.
o !

RV,
o Ry + R,
VG RL
A, = V, Ry + ij

Because the ratio R. /(R.+ R.) is always less than 1,

the loaded voltage gain of an amplifier is always
less than the no-load level.



T'he parameters Z;and A,
tance of the applied source.

of a two-port system are unaffected by the internal resis-

I [ I,
—e — e
.ﬂ ﬂ
+ ‘ R, + 4 ‘ R, -
n, v R, f\, A, Vi - v
— ‘ Z N
The output impedance may be affected by the magnitude of R s . V, = AvNLLVs
- Rj T Rs
- RV Vo = AFNLV
: Ri + RS RIVS A — Vl_‘? — Rl
¥

A
V. = . _ v
I RI _|_ RS VS RI + RS NL




O
+
+ | Ry 4 ‘ R, ‘
Vi N ‘/1 R‘ ,\I A“ ‘/' L V,
. } Z"I e J
L RI + RS o RL —I— RG VNL " L
Vj R, A — Vr:} — RLAV]}.;L _ RL
Vi R+ R “ V, R, +R, R_+R,"™




N R; N A
qp-- _
_ ‘ 7z - l
Vo Ry, |
V' A; —_ — = —_— R + R i L\JL
_E_E'_I . Vf RL+RU L 0
WTY TV,
RV,
TR TR,
Vs, R, Ry







EXAMPLE 5.13 Given the packaged (no-entry-possible)
amplifier of figure below
a. Determine the gain A..and compare it to the no-load value
with R.=1.2 k.
b. Repeat part (a) with R.= 5.6 k and compare solutions.
c. Determine A.with R.= 1.2 k.

1

I
d. Find the current gain A; = I_G - I_G with R; = 5.6 k()|
i s
[ R,
. R, . n 0.2 kQ
R+ R, ™ AV

1.2 k() —
— (—480) = (0.375)(—480) ‘

1.2 k) + 2 k()
<+
—180 X

o |

A

b = —480
NL

Z; = 4kQ
Z,=2kQ

}-

Ry




EXAMPLE Given the packaged (no-entry-possible) amplifier of figure below
a. Determine the gain A..and compare it to the no-load value with R.=1.2 k.
b. Repeat part (a) with R.= 5.6 k and compare solutions.

c. Determine A.with R.=1.2 k.

¥

I

I
d. Find the current gain A; = — = —with R, = 5.6 kQ)|
II IS R !! ‘!{?
Sy
oo R, hWom e = .
L R +R, ™ + - A, ~=-480
= 0K g0y = 0.737)-480) v Vi Zi = 4k RV,
5.6kQ + 2kQ o —‘ Z, = 2kQ
= —353.76 o -
=
A = R; Ry A
" Ri+ Ry RL+R, ™ (Ao s, D
d A, == F=—4 —
B 4kQ 1.2kQ (—480) i I Ry
- ) - 4 k()
ARl 02140 12K+ 2 k0 = —<—353.76>(S 6kﬂ) = —(~353.76)(0.714)

= (0.952)(0.375)(—480)
= —171.36

= 252.6



AVL: L AVNL
| RL-\-Z:.-:
A‘\- = -AVL_z';\
S e RO
/\VS: = AVL Re L
2R
A;ﬁ = “‘AVS _%_L"_'_E—S-
K
Avs: 2L Ay &
Vg = V
: Z1 s A

RU =Avd],

Avs f-"’A\/g, T

Re § —Av
RU T Avpr

AVNL > AVL Y g“’s
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Frequency Response

by
2"d Class Rafal Raed Mahmood Alshaker



Low-Frequency
Range




Typical Frequency Response

V
A= Vi’
B Bandwidth > (Parasitic capacitances
of network and active
(Cc Cylor Cp) devices and frequency
Aymig ‘ dependence of the gain of

0'707Avmi . th}transistor, FET, or tube)
Low- = High-frequency
frequency | | \

10 fi 100 1000 10,000 100,000 fy 1 MHz 10 MHz ;(log scale)



Low-Frequency Range

|
Variation in X = ﬁ with frequency for a 1-uF
7jc

capacitor

J Xc

10 Hz 15.91 k)
100 Hz 1.59 k() Range of possible
1 kHz 159 Q effect
10 kHz 159 Q
100 kHz 1.59 Q Range of lesser
I MHz  0.159 () concern
IOMHz 159 mQ [ (= short-circuit
[00MHz 1.59 m{) ) equivalence)

the larger capacitors of a system will have an important impact on the response of a
system in the low-frequency range and can be ignored for the high-frequency region.



High-Frequency Range

Variation in X¢ = with frequency for a

2mfC
5 pF capacitor

f Xc

10 Hz 3,183 M) Y\ Range of lesser
100 Hz 318.3 M) | concern
1 kHz  31.83 M) ( (= open-circuit
10kHz  3.183 M{) ) equivalent)
100 kHz  318.3 k()
I MHz  31.83 k() Range of possible
10 MHz  3.183 k() effect
100 MHz  318.3 ()

the smaller capacitors of a system will have an important impact on the response of a
system in the high-frequency range and can be ignored for the low-frequency region.



Mid-Frequency Range

the effect of the capacitive elements in an amplifier are ignored for the mid-frequency
range when important quantities such as the gain and impedance levels are determined.



Typical Frequency Response

V
A= Vi’
B Bandwidth > (Parasitic capacitances
of network and active
(Cc Cylor Cp) devices and frequency
Aymig ‘ dependence of the gain of

0'707Avmi . th}transistor, FET, or tube)
Low- = High-frequency
frequency | | \

10 fi 100 1000 10,000 100,000 fy 1 MHz 10 MHz ;(log scale)



Typical Frequency Response

_ ‘Vg‘ _ ‘Avmjdvf‘z
Omid R, o R,

and at the half-power frequencies,

0.707 A, V|2 Ay Vil?
PGHPF e R — 05 R
0 Q
P, = 05P,

-

The multiplier 0.707 was chosen because at this level the output power is half the
midband power output, that is, at midfrequencies

bandwidth (BW) = fy — f1




LOW-FREQUENCY ANALYSIS—BODE PLOT

At high frequencies, the reactance of the capacitor of

0 oy

H = network




OO0 0
+ +
| R V
o °

OO O O
+ +
‘I R ‘u
O O

RC circuit at Zero frequency

Xce=——=00Q
2mfC
VA, =V, IV,
0707 f—=———————— e mm .
|
|
|
|
|
|
0 : -
I f
Low-frequency response for the RC circuit .
1 1
X =

" 2fC 270)C



5. LOW-FREQUENCY ANALYSIS—BODE PLOT

Z; = R; = Ry||R:|| Bre

- - network

FIG. 9.15 FIG. 9.16
Voltage-divider bias configuration. Equivalent input circuit for the
network of Fig. 9.15.




LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R

The capacitors C's, C¢, and C »will determine the low-frequency response

ol
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Q
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V.o I
' (“: + System
R; —_ V, R;=R, \Rz”,ﬁr
R;
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LOW-FREQUENCY RESPONSE—BIJT AMPLIFIER WITH R

The capacitors C's, C¢, and C »will determine the low-frequency response

4 cc

Re
R, Ce
Ti - ye
| oV,
C
\
n T
R, Rﬂ§
+ Vi &Ry
R Cr
Vs E E
-‘- - _



Cs

Since C:1s normally connected between the applied source and the active device, the general form of the R-C

LOW-FREQUENCY RESPONSE—BIJT AMPLIFIER WITH R

configuration is established by the network of Figure below

The total resistance is now R, R, and the cutoff frequency 1is

4 cc

[

-
O™

— I
‘ Jis = 27 (R, + R)C,

I} 'I:'-"'
V— _ ﬁf; s
flmia R+ R,
Cc
1 ’
It ! °Vo f
: -
-
R.S‘
R § + — ] System
L R,
7, N\,
I -




LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R

I

+ s
—AAA—
+
o
S
~J

I;' Rz | | RZ 'I?}-E - ﬁf”e + #‘

System




C LOW-FREQUENCY RESPONSE—BIJT AMPLIFIER WITH R
C

Since the coupling capacitor is normally connected between the output of the active device and the applied load,
the R-C configuration that determines the low cutoff frequency due to Crappears in figure below, the total series
resistance 1s now R, +R:.and the cutoff frequency due to Cris determined by

f, =
O 2w (R, ¥ R)Ce

C |

A + I

~C C. +
] rd 4
o Ve§ERe Ry 7, System — R; V,
Rﬂ
_ R, _ < _
L5 L5 -
Thévenm

Ignoring the effects of Ciand Cx, the output voltage Vowill be 70.7% of its midband value at 7. , the ac
equivalent network for the output section with Vi =0 V . The resulting value for R,

R, =R

I,




LOW-FREQUENCY RESPONSE—BIJT AMPLIFIER WITH R

C

To determine 7, the network “seen” by C: must be determined as shown in Figure below
Once the level of R.is established, the cutoff frequency due to C:can be determined using the following

equation:
_ 1
Sz = TaR.C; R
f AL
: —NVWWN—
Rﬂ
Rg —
System ~f— —
R,
R’
R. = RE||(—6 + ;)
4 = —R¢ :
o Ve + RE

where R! = R_||R;||R-.

by ”



EXAMPLE:
Determine the lower cutoff frequency for the network of figure below using the following parameters:

C, = 10 uF. Cg = 20 uF. Ce=1puF

R.=1kQ. R, =40kQ. R,=10kQ. Rr=2kQ. R-.=4kQ.
R, =22 k0

B=100, r,=»Q,  Vee=20V

Vee

*—0




Solution
(a) Determining r, for dc conditions:

BRz = (100)(2 k2) = 200 k{2 > 10R, = 100 k()
The result 1s:

_ RiVee 10 k()20 V) 200V _

=R FR T I0KQ+40KkQ . 50 YV
. Vg 4V -07V 33V
with Ir = R, 5 KO =50 1.65 mA
‘ . 26mV.__
so that Fe = 165 mA = 15.76 ()
and Br. = 100(15.76 ) = 1576 ) = 1.576 k{2
Midband Gain
V —R||R 4 k(2.2 kO
4,=-2= ’f-' r_ GO ) = 9

v, re 15.76 Q

The input impedance

L; =R, = R1||R2”13?'e
= 40 kQJ[10 kQ[[1.576 k)
= 1.32 k()



RV

K:m+& .
Vi R; 1.32 kQ)
V., - =0.5
7 T R4R 132k + 1k 00
V. V. V-
=7 = 7 = (790)05
4, VT T (—90)(0.569)
= —51.21

R; = Ry||R>||Br, = 40 kQ||10 kQ[1.576 k) = 1.32 k()
£ = 1 _ 1
Ls 27 (R, + R)C,  (6.28)(1 kQ + 1.32 kQ)(10 uF)
f1.= 6.86 Hz




f = 1
Jhe 2m(R- + R;)Ce

B 1
T (6.28)(4 kQ + 2.2 kQ)(1 uF)
= 25.68 Hz

Cr
R! = RJJ|Ry||Ry = 1 k|40 kQJ|10 kQ = 0.889 kO
R, '0.889 k()
- ) = 5
R =R, ( ; +r€) 21<QH( S 1576 Q)

=2 k0)[(8.89 Q + 15.76 Q) = 2 kQ|[24.65 QO = 2435 Q)

S = RO, T (6.28)(2435 O)(20 uF) 305836 21 HZ
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Cascaded System

The two-port systems approach is particularly useful for cascaded systems such as that appearing in Figure below ,

where A,, A,, A, and so on, are the voltage gains of each stage under loaded conditions. The total gain of the system
1s then determined by the product of the individual gains as follows:

Av :Alq'A' 'Avg””

T

and the total current gain is given by




Cascaded System
Multistage Amplifiers
B Two or more amplifiers can be connected in a cascaded arrangement with the output of one
amplifier driving the input of the next. The basic purpose of a multistage arrangement is to increase the

overall voltage gain
B The overall voltage gain, of cascaded amplifieA,,as shown in the figure, is the product of the

individual voltage gains.

Av — AI*IAFEAFE' . *Avn

i.r_c O

Input o— Output

B Also amplifier voltage gain is often expressed in decibels (dB) as follows:
Av(dB) = 20 l(]g Av

This 1s particularly useful in multistage systems because the overall
voltage gain in dB 1s the sum of the individual voltage gains in dB.

' _
v(dB) — Av]{dBJ + AL’ZMB} Sl Avnde}



Example: A given amplifier arrangement has the following voltage gains.
A, 1=10, A,=20 and A,;=40. What is the overall gain? Also express each

gain in dB and determine the total dB voltage gain.

Solution:

Given: A, =10; A, =20and A, =40
Overall voltage gain
We know that the overall voltage gain,
A, = A XA XA =10x 20 x40 = 8000 Ans.

Total dB voltage gain
We know that dB voltage gain of the first stage

G, = 20log,, A, =20log,, 10=20dB

Similarly, G,, = 20log,, A,, =20log,,20= 2‘& dB
and G,, = 20log,, A, =20log,, 40=32dB
Total dB voltage gain,

G, = G, +G, +G, =20+26+32dB =78dB Ans.
Note: Check G, = 20log,, A, =20 log,, 8000 = 78 dB.

v



Example: Three amplifier stages are working in cascade with 0.05v peak
to peak input providing 150v peak-to-peak output. If the vpltage gain of
the first stage i1s 20and input to the third stage 1s 15v peak-to-peak.

Determine:

L. The overall voltage gain.
ii.  Voltage gain of 2™ and 3" stages.

iii.  Input voltage of the 2™ stage.



Gives : No. of amplifier stages = 3. Input to the first stage, Vig, = 0.05 V,,; _ 4 Output of the final
stage (V)3 = 150 V, _ . Voltage gain of the first stage A, = 20; Input to the third stage v, =
15 V. _ - Refer to Fig. 26.2 for clear explanation.

(Vou)s

p!
|
-
|

V) |



(i) Overall Voltage gain
We know that overall voltage gain,

(Vo )3 150
= = 3000 Ans.
& L) 005
(ii) Voltage gain of 2nd and 3rd stage

We know that voltage gain of the 3rd stage,

(v o)y 150
= =—=10 A
“ (v.), 15 -
Let A, = Gain of the 2nd stage,

We know that the overall voltage gain (A ),
3000 = A\'..sz.&’=20xszx10=2mAv2



Multistage Amplifiers:

Example

A certain cascaded amplifier arrangement has the following voltage gains: A,; = 10,
A,» = 15,and A,3 = 20. What i1s the overall voltage gain? Also express each gain in

decibels (dB) and determine the total voltage gain in dB.

Solution:

AL = A, ApA; = (10)(15)(20) = 3000
Ayiap) = 201log 10 = 20.0 dB
Ayap) = 20log 15 = 23.5dB
Ayap) = 201log 20 = 26.0 dB

Lap) = 20.0dB + 23.5dB + 26.0dB = 69.5dB




R-C Coupled BJT Amplifiers

As shown in figure below the collector output of the first stage is fed directly into the base of the next
stage using coupling capacitor (Cc). Capacitive coupling prevents the dc bias of one stage from affecting that
of the other but allows the ac signal to pass without attenuation because Xc=0 at the frequency of operation.
The same coupling can be used between any combinations of networks. Substituting an open circuit equivalent
for CC and other capacitors of the network will result in fwo voltage divider biasing networks so the
introduced methods of analysis can be used.

Loading Effects: It means the effect | 7 |

of Zi of the second stage on the gain .

where the total input impedance of the ke, Rs §’fr_. ]

second stage is present as Load to the first §H' ¥, | 72

stage. a v J v o
Vo | [i 0 —I: 0,




R-C Coupled BJT Amplifiers

——

Input impedance, first stage: Hee
Z,=Z; =R,|IR,|Ipr, § T
) R, ‘;{: |
Output impedance, second stage: . ) |: 0, — e
Z =R
0 C2 §H + §;¢_,
. Ry = Cy Ry
Voltage gain: ; ’ ‘ §
A =_Rc1 1Z;, _ Rq, [|R;[|R, || Br, _ ] _ ’
Vi1
rel rel
R —
A,=-—"% Z, =R, || R, |[Pr,
l‘e2
Ay =Ay Ay,

il

III‘



Example :

Two-stage capacitively coupled amplifier 1s shown in Figure below.
Notice that both stages are identical common-emitter amplifiers with the
output of the first stage capacitively coupled to the input of the second
stage. Capacitive coupling prevents the dc bias of one stage from affecting
that of the other. Find overall voltage gain

Vee
[st stage +I%V 2nd stage
Ry
47kQ) .,
[ |
¢ (W
V. o )I . 1 uF

1 uF

R, R, e R Rg
10 kQ 1.0kQ “[ 100 uF 10 kO 1.OKQ “[ 100uF

Bpc = Bye = 150 for Oy and O,

The DC biasing 1s same for both stages and 1s identical for common
emitter dc biasing discussed before ( Vg, Vi, Vi, &g, &g, I, and Vig)



Solution:

DC Voltages in the Capacitively Coupled Multistage Amplifier
Since both stages in Figure are identical, the dc voltages for Q.
and (:are the same. Since f R4>> 10 R2 and B R8 > 10 R6
and the dc base voltage for Qand Qs

R, 10 k()

= | —————— |V =
(Rl + Rg) «C (STkil

Vi )l{}\f'= 1.75V

[st stage +TSCV 2nd stage
Vo=V - 07V =105V !
VE [0SV Ry R;
= = = IOSI“A 47 kQ) 4.7 k)
TR LOKQ o
C I\
‘(C = IE = .05 mA V. o )I . 0, | uF
Vo =Vee = IcRy = 10V = (1.05mA)(4.7kQ) = 507V L 4F
R, R, I e R¢ Rg 1 g
10 kQ 1.0kQ ~[ 100 uF 10 kQ 1.0kQ ~ [ 100uF

Bpc = By = 150 for Q; and O,



Solution:
Voltage Gain of the First Stage The ac collector resistance of the first stage is
Rci = R3| Rs| Re | Ringpase2)

Remember that lowercase italic subscripts denote ac quantities such as for R,..
You can verify that [p = 1.05 mA, r, = 23.80). and Rjy(pase2) = 3.57 k(). The effective
ac collector resistance of the first stage is as follows:

R = 47kQ [47kQ [ 10kQ [|3.57kQ = 1.63kQ

Therefore, the base-to-collector voltage gain of the first stage 1s

R  1.63kQ
= = = -5
Avi v, 2380 o8

Voltage Gain of the Second Stage The second stage has no load resistor, so the ac col-
lector resistance is Ry, and the gain is

Ry 47kQ
. 2380

Ay = = 197

Compare this to the gain of the first stage, and notice how much the loading from the sec-
ond stage reduced the gain.

Overall Voltage Gain The overall amplifier gain with no load on the output is
A, = A, 1A,, = (68.5)(197) = 13,495

If an input signal of 100 pV, for example, is applied to the first stage and if there is no atten-
uation in the input base circuit due to the source resistance. an output from the second stage
of (100 uV)(13.495) = 1.35V will result. The overall voltage gain can be expressed in dB
as follows:

A‘:?(dB) = 20 I'Ug ( 13-495] = §2.6dB



Direct-Coupled Multistage Amplifiers

A basic two-stage, the direct-coupled amplifier is shown in Figure. Notice that there are no
coupling or bypass capacitors in this circuit. The dc collector voltage of the first stage
provides the base-bias voltage for the second stage. Because of the direct coupling, this type
of amplifier has a better /ow-frequency response than the capacitively coupled type in which
the reactance of coupling and bypass capacitors at very low frequencies may become
excessive. The increased reactance of capacitors at lower frequencies produces gain
reduction in capacitively coupled amplifiers.

Direct-coupled amplifiers can be used to amplify low frequencies all the way down to dc

(0 Hz) without loss of voltage gain because there are no capacitive reactance in the circuit.
The disadvantage of direct-coupled amplifiers, on the other hand, is that small changes in
the dc bias voltages from temperature effects or power-supply variation are amplified by the
succeeding stages, which can result in a significant drift in the dc levels throughout the
circuit.




Example:

Figure below shows a direct-coupled (that is, with no coupling capacitors between stages)
two-stage amplifier. The dc bias of the first stage sets the dc bias of the second. Determine all
dc voltages for both stages and the overall ac voltage gain.

PA oVec=+12V
R, R, R5
100 k) 22 k() 10 k€2
oV,
* 0, )
g R, R, —_ C, R o C,
22 k() 4.7 kQ) 10 uF 10 k€2 10 uF

— ____ —__— Bm‘ BDC

Il
)
tn



Solution:

VB|=[ Ry ]sz(zszlzv =216V

R+R 122 kQ
VEi=Ve1—0.7V=146V
I = Iy = Vel - 146V =0.311 mA
R, 47kQ

Ver = Vee — IRy = 12V — (0.311 mA)(22kQ) =
Ve =V =516V
Veo=Vp—-07V=516V-07V=446YV

Vip 446V
R, 10kQ
Ver = Vee — IcaRs = 12 V — (0.446 mA)(10 kQ) =
, _25mV. _ 25mV — 560

= 0.446 mA

Ioo=Ip=

I

1-';-” O

RI
100 k€

reE -
Igy 0.446 mA
Riny= Potiy = (125)(56 Q) = 7kQ
, _25mV _ 25mV

Fel = -
Ig 0.311 mA
R R 22kQ|7kQ
o 80.4 Q
Rs _ 10kQ =179
ng 56 Q
Al =A, A, = (66)(179) = 11,814

=804 Q

66

Avl

Ap =

R
22 k()

O,

Ry
4.7 kQ

\|

e

RS
10 k(2

Q>

oVec=+12V

oV,

Rg

10 uF S 10kQ

110 uF

T_ Bar: BD

[

]
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