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Overview

e Common Collector (Emitter Follower) Amplifier.
« Common Base Amplifier.

e (Cascaded Amplifier.

e Darlington Transistors (Pairs).

* Transistor as Constant Current Source.

* Current Mirror.

* Differential Amplifier.

* Phase Splitter.

* \Voltage Regulator.

 Switches and Logic Gates.



1. Common-Collector Amplifier T

Two changes from CE with feedback: ) $h

1. The output is now taken atthe =~ o—)—
emitter.

2. The collector resistor has been R,
removed. j

* The collector connected to positive supply which is at
ground for AC signals as there are no AC signals
between supply and ground.

* As the collector is at ground potential, for small signals,
itis common to both input and output circuits e.g.
hence called a common-collector amplifier.



1. Common-Collector Amplifier (cont.) T

If we use a small-signal model, we can again S

show that the input resistance is:

O

o

I 4
Tin = R1 | R !
The output resistance is given by the
: . § R,
parallel combination of Rr and the

resistance looking back into the emitter (r,). =

This value of 7, is typically very low (e.g. few ohms) and will
thus dominate.

As a result, the amplifier has a very low output impedance:

Tout ® Rg |l 7o



1. Common-Collector Amplifier (cont.)

 The small-signal voltage gain can be calculated by

considering the input signal is applied at the base of the
transistor so that:

Vi=V, =V, v

* Sothatvoltagegain4, = 1. T

*  We thus have a unit gain | .
amplifier (emitter follower) with . Ei + ﬁ7?
low output impedance.

e This results in a unity gain g R, § Re
buffer.




Example 1 — Common Collector BJT Circuit

For the common collector (emitter follower) circuit given
below, perform the following tasks:

7
V CcC

+5.5V

a. Determine the exact voltage ,\;& {
gain for the circuit when it is 10 kQ
unloaded. [8 marks]

.

b. What is the total input Vi o——4 g !? Puc = 100
resistance in the circuit? What " v
is the dc output voltage? R, Rg

[4 ks] 4.7 k() 1.0 k()
mar




Answer

a. The amplifier circuit employs a voltage divider biasing
configuration, so the voltage at the base is:

v, = (—22 . = +7 K 55V =176V
B7A\R,+R,) ““ \10kQ+47kQ)"" " 7

The current that flows in the emitter of the ampilifier

circuit is:

Ve —Vep _176V-07V _
E=" R, 1k W

The ac emitter resistance of the BJT is:

;L 25 mV 9360
e =T06mA -




The voltage gain of the amplifier circuit is:

R, 1kQ

A. = =
T Re+r, 1kQ+2360Q

= 0.977

. The total input resistance of the amplifier circuit is:

Rin =Ry I Ry I Bac(e + Rg) = Ry | Ry |l BacRE
=10kQ || 4.7kQ || 100 kQQ = 3.1 kQ

The output voltage of the amplifier circuit is:

R,
R+ R,

Vour = Vg — Vg = ( )VCC — VgE

- ( 4.7 kQ)

1OkQ+4.7kQ>5'5v_O'7V= 1.06V



. Common-Base Amplifier

The base is the common terminal and is at AC ground
because of capacitor C,.

The input signal is capacitively coupled to the emitter by
capacitor (;.

The output is capacitively coupled from the collector to a
load resistor by capacitor C,.

+Vee




2. Common Base Amplifier (cont.)

* The voltage gain from emitter to
collectoris (if R > 1,):

o
|||—
'--.....-':\ e

Like the common-emitter
amplifier, but with no phase
inversion from emitter to

collector.

* The input resistance, looking in at the emitter (e.g. if Ry >
1, ), is:

~ !/
Rin(emitter) ~ Te



. Common Base Amplifier (cont.)

Looking into the collector, the AC collector resistance,
appears in parallel with R, typically, much larger than R..

So, a good approximation for the output resistance is:
Rout ~ RC

Current gain is approximately 1, so the power gain is
approximately equal to the+\¢gltage gain.




Example 2 — Common Base BJT Circuit

Find R;;, (emitter), A,, 4;, and A, for the unloaded common
base BJT amplifier as shown in the figure below.

[12 marks]
({Il Bac = 200 ?{3
V. o & & oV, .
e ( “9‘ 0 o
10 uF R 10 uF
E
620 () Ke
=T [.2 k()
RE RI V.
—W—+—W\—-s OJﬁiv
10 k) 22 k() -
\|
o
/|
Gy

= |0uF



Answer

The voltage at the emitter is calculated from the following
equation.

R, 10 kQ
VE — Rl VCC — VBE — 24 V — 07 V

+ R, 22 kQ) + 10 kQ
=68V
Thus, the current that flows in the emitter is:
I =E=6'8—V= 10.97 mA
Ry 6200

Knowing the value of the current in the emitter, the resistance
at the emitter is calculated as:

o ., _25mV_ 25mV 2280
in(emitter) = Te = IE - 10.97 mA — 4




As a result, the voltage, current, and power gains of the
amplifier circuit are:

Voltage gain:

Current gain:

Power gain:

A, = AA, = (1)(526) = 526



3. Cascaded Amplifiers
* If more gain is required than can be supplied by a single gains
stage, several stages can be connected (cascaded) in series.
Ay tory = Ay1 X Ay
Where: Ay = Gain of stage 1 and Ay, = Gain of stage 2.

e

o
.
—_— d
—

B ]




3.1. Capacitively Coupled Multistage Amplifier

* Both stages are identical common-emitter amplifiers with the
output of the first stage capacitively coupled to the input of the
second stage.

e (Capacitive coupling prevents the DC bias of one stage from
affecting that of the other and allows the AC signal to pass.

I st stage 2nd stage

. : ‘
£ g




* To work out voltage gain of multistage amplifier, consider

the loading effect of the second stage.

* The coupling capacitor C5 effectively appears as a short at

the signal frequency.

* The total input resistance of the second stage presents an

AC load to the first stage.

Input resistance of second stage

3

§ Rr’n[buse 2)




Looking from the collector of 04, the two biasing resistors in
the second stage, R and Ry, appear in parallel with the
input resistance at the base of Q,.

In other words, the signal at the collector of ; “sees” R;,
Rs, Re, and Ry (pase2) Of the second stage all in parallel to
AC ground.

Thus, the effective AC collector resistance of (), is the total
of all these resistances in parallel.

Input resistance of second stage
oO—@ *

§RJ gRﬁ §Rﬁ gRr}z[buse 2}




* The voltage gain of the first stage is reduced by the loading
of the second stage

e This is because the effective AC collector resistance of the
first stage is less than the actual value of its collector
resistor, R5.

* Rememberthat A, = R_/7,.

Input resistance of second stage

* o o =
1@——@@1

§R_1 §Rﬁ §Rﬁ §Rm[bme 2)




Voltage Gain of the First Stage

 The AC collector resistance of the first stage is:
Rc1 = R3 Il Rs Il Rg Il Rin(pase2)

 Therefore, the base-to-collector voltage gain of the first
stage is:

RCl
Ay =

Te

[nput resistance of second stage

*e o e =
V, Q—O—@ Q,

gRJ §Rﬁ §Rﬁ ?Rr'mbuse 2)




Voltage Gain of the Second Stage

2nd stage

e The second stage has no
load resistor, so the AC 2k
collector resistance is R,
and the gain is:

R,
Ay = 7
Te

Overall Voltage Gain
 The overall amplifier gain with no load on the output is:

Av(total) = A4y,



3.2. Direct Coupled Multistage Amplifier

* Notice that there are no coupling or bypass capacitors in the
direct couple multistage amplifier circuit.

 The DC collector voltage of the first stage provides the base-

bias voltage for the second stage.

”éccf * 1ststage voltage gain:
R3
A =
§ R vi T'e’ + R4
e 2nd gtage voltage gain:
o L RS
A, =
§Rq ve Te’ + R6
* Overall gain:

= = = Av(total) = Ap14y



Due to direct coupling, it has a better low-frequency
response than the capacitively coupled type e.g. 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 as there are no capacitive reactance in the
circuit.

The disadvantage is that small changes in the DC bias
voltages from temperature effects or power-supply variation
are amplified by the succeeding stages e.g. can result in a
significant drift in the DC levels throughout the circuit



. Darlington Transistors (Pairs)
+Vc

This is a method to combine two transistors so
that the gain of the first transistoris , _
multiplied by the second transistor.

) Bcs

l I = BaciBaca i)

—

L =B.1p

So that it acts as a single transistor with

equal to the product of the two gains: iﬁ'f-
Bror = b1 X B =

Note that the voltage offset between base

emitter will now be 1.4 V. The basic Darlington

configuration.

Produce a device (single package) with very high gain and
high input resistance.

Commonly used for high-gain power transistors.



Example 3 — Multistage BJT Amplifiers

For a multistage amplifier circuit with pair of Darlington transistors

in the figure below, determine the following: TECV
+

R, o)

—W\v o
r . 33 kO B -
\| 0 DC1 = Bac1 = 19
|V rms /1 ! = Bpcz = Bacz = 100

10 uF @ 0,
R,

22 k() _

R
1.5 k()




. The Q1 and Q, DC terminal voltages.

. The overall .

c. The r, for each transistor.

d

e

. Total input resistance.

. Find the overall current gain 4;.

(8 marks)
2 marks)

(8 marks]

4 marks]

12 marks]



Answer

a. The Q1 and Q, DC terminal voltages of the Darlington pair BJT

amplifier circuit are calculated as follows. TECV
+
The First Transistor Q: R,
For the first transistor, its collector voltage is: g}g} o
C 3:
V. =10V Vin \|
1 Ve Y 1
Its base voltage is: 10 uF To 0,
= = 1350
R, R, g Boct = Bact
Va: = 1% 22 kQ)
B1 <R1 n R2> cC
22 kO 10V=4V
- \33kQ+ 22k0 a
The voltage at its emitter is: e

VEl :VBl_VBE :4‘V_07V:33V



b.

Vee

The Second Transistor Q: +1§ A
For the second transistor, its collector --—¢
voltage is:
Vero =10V Bpca = Bacz = 100

From @,
Its base voltage is: - &)

VBZ — VEl — 33 V

The voltage at its emitter is:

R
Vi, = Vo — Vpg 1.E5 L0
=33V—-0.7V=26V

The overall AC gain of the Darlington pair BJT amplifier
circuit, 5, is calculated as:

Boc = BpciBpcz = (150)(100) = 15,000




C.

The AC emitter resistance, 7, for each transistor in the

Darlington pair BJT amplifier circuit is calculated as follows.

Ve
The First Transistor Q: +10V
R
The current that flows in its emitter is: M o
33 k()
[ = Vg1 — Ve " S;I
i Bpc2RE |V rms © /I ! ¢
33V-07V _ s oe
— — ] = = 150
(100)(151(.(2) IJ' l;; o § BDCI Bacl
And
, 25mV  25mV
Top = = = 1.45 kQ

I;; 173 pA




The Second Transistor Q,:

The current that flows in its emitter is:

Vea 2.6V

o = —=
27 R, 15kQ

= 1.73 mA

And

, 25mV 25 mV _ 115 q
T2 =T T T 173mA

. Total input resistance of the Darlington pair
BJT amplifier is calculated from the following
equation:

R, = Ry || R, Il Ry, (basel)

Bocz = Bacz = 100

From Q, @
Q>

- O .'r
1' ol

Rg
1.5 kQ)




As a result, the input resistance at the base is:
Rin(basel) = Pac1Bac2Re = (150)(100)(1-5 kQ) = 22.5 M

Thus, the total input resistance of the amplifier is:
R, = 33kQ || 22 kQ || 22.5 MQ = 13.2 k()

For finding the overall current gain A; of the Darlington pair BJT
amplifier circuit, we need to determine the currents that flow in
the input and the output.

The resistance at the base of the amplifier circuit is:
Rin(base) = Bac1Bac2Re = (150)(100)(1-5 kQ) = 22.5 M
The total input resistance of the amplifier circuit is:

Rin = Ry | Ry Il Ringpasey = 22 kQ [ 33 kQ || 22.5 MQ = 13.2 kQ



Thus, the AC current that flows in the input of the amplifier circuit
iS:

, Vi _1V(rms)_758
n =R T132kq S wA(ms)

The AC current in the base of the transistor Q is:

1 R/ 1V (rms)
in(basel) — Rin(basel) - 22.5MQ

= 44.4 nA (rms)

The AC current in the emitter (output) of the amplifier is:
Ie — ﬁaclﬁaczlin(basel) - (150)(100)(44-4‘ nA) = 667 UA (rms)
As a result, the current gain of the amplifier circuit is:

I, 667pA
;= = = 8.8
Iin 758 I,I.A




5. Transistor as a Constant-Current Source

Voo
2 e
e The constant current Jj

through the base will R, Load | ! 1
also ensure a constant
emitter voltage, which o

will ensure a constant
current through the load %2 Rg
e.g. current sink/current

source.
Current Sink Current Source

 We can improve circuit by using a Zener diode in the place
of R, to ensure a constant emitter voltage.



6. Current Mirror

* A current mirror can be considered as a constant current
source in which the current produced is equal to some
input current.

* |t can create equal currents in a circuit.

fos
e Current that flows in the load is J

equal to the current that flows 5 J
in R.

e Setvalue of R, so you could

r———"
e —— 1

determine the amount of 0, 0,
current that flows in the load. y



Example 4 — BJT Current Mirror Circuit

Calculate the mirrored current I in the circuit shown in the

figure below. [5 marks]

+12V
Answer

For a current mirror circuit, the

current I in the circuit must be -0 2

equal to I,y tro01, SO:

I = Icontrol

Thus <
VCC—VBE_12V—O.7V

R 1.1 kQ
= 10.27 mA

| =




. Differential Amplifier

Differential amplifiers
produce an output signal
that is proportional to
the difference between
two input signals.

This circuit ignores the
signal component that is
common to both signals.

Output ] O——®

Input 1 D—@
Q

§ Res

®——0 Qutput 2

(E—O [nput 2
0,

The two transistors share the current that flows through the

single emitter resistor.

With perfectly matched transistors, resistors and equal input

voltages, the outputs (v3 and v,) will be equal (i.e. zero

differential voltage).



7. Differential Amplifier (cont.)

If the input voltage on v, +Vec
now rises, the current T

through Rg will be split S e 2 Res

unevenly with more of
Output | 0——® &—O Output 2

the current going
through T;. e Q—&@) @l—@ e

This will lead to a voltage
JJ;‘.E
difference between v,

—Veg

and v,.

This forms the principle of operation for bipolar operational
amplifiers (op amps).



7.1. Differential Amplifier - Single-Ended Differential Input

* One of the inputs is grounded and the signal voltage is
applied only to the other input.

e Signal voltage is applied to input 1, and an inverted and
amplified signal voltage appears at output 1.

+Vee

]
oW



 The signal is applied to input 2 with input 1 grounded,
and an inverted and amplified signal voltage appears
at output 2.

+Vee




7.2. Differential Amplifier - Double-Ended Differential Input

* Two opposite-polarity (out-of-phase) signals are applied to

the inputs.
+'*frc."
Re
Q) O
N\
.




* The output signals due to the signal on input 1 acting
alone as a single-ended input.

7
+LCC

Rc




The output signals due to the signal on input 2 acting alone
as a single-ended input.

Notice that the signals on output 1 and output 2 are of the
same polarity.




* By applying the superposition theorem and summing
both output 1 signals and both output 2 signals, you get
the total output signals.

W +Vee




7.3. Differential Amplifier - Common Mode Inputs

 Two signal voltages of the same phase, frequency, and
amplitude are applied to the two inputs.

+Vee




* The output signals due to the signal on only input 1.

+Vee

=
|||



* The output signals due to the signal on only input 2.

* Notice that the corresponding signals on output 1 are of
the opposite polarity, and so are the ones on output 2.

+Vece




When the input signals are applied to both inputs, the
outputs are superimposed and they cancel, resulting in a
zero-output voltage.

+Vee




This action is commonly termed as common-mode rejection.

The common-mode rejection means that this unwanted
signal will not appear on the outputs and distort the desired
signal e.g. radiated energy on the input lines from adjacent
lines, the 60 Hz power line, or other sources.

|deal differential amplifiers - a very high gain for desired
signals (single-ended or differential) and zero gain for
common-mode signals.

Practical differential amplifiers - a very small common-mode
gain (usually much less than 1), while providing a high
differential voltage gain (usually several thousand).



 The higher the differential gain with respect to the common-
mode gain, the better the performance of the differential
amplifier in terms of rejection of common-mode signals.

* The ratio between differential mode gain (4,4,,,) and common

mode gain (A,y,) is termed the common-mode rejection ratio,
CMRR:

dm

CMRR =

cm

* The higher the CMRR, the better. A high CMRR means that the
differential gain A,,, is high and the common-mode gain A,
is low. The CMRR is often expressed in decibels (dB) as:

A
CMRR = 20log ( A‘“")

cm



Example 5 — BJT Differential Amplifier

For the differential amplifier circuit given below, considering
identical transistors used in the circuit, the DC gain of the BJT is

BQ]_ — ,BQZ = 100 and VBE =0.7 V.
Vee = 10V Veer = 10V

Due to high DC gain of
the transistors, Re=1kQ R.=1kQ

assume that currents — [4—o

Vyp =-10V

Icp = Iy = Igg = .




Calculate the following circuit parameters of the differential
amplifier:

a. The input impedance (Z;,) if terminal voltage V; = 25 mV.
[8 marks]

b. The AC output voltage if the output is taken across the
terminals v-1 and v,,. [6 marks]



Answer
a. For the given differential amplifier circuit, the tail current is:

Vee 10V
Rr 5kQ
Assuming identical transistors, the current that flows in the
emitter is:

IT= ZmA

[+ 2mA
IE1=IE2=2= 2 =1mA

If terminal voltage, V; = 25 mV, the AC emitter internal
resistance is:
, 25mV_ 25mV

— 250
e T T T 1maA




The input impedance of the differential amplifier is:
Zi, = 2Br, = 2(100)(25 Q) = 5KkQ

b. As currents I, = I, the voltage at the collector is:
Ve =Vee — IR =10V —-(1mA)(1kQ) =9V
For the given common emitter leg of the circuit, the AC
voltage gain is:
4 = R,C _ 1 kQ _
., 250
Considering V;,, =5 mV, the AC output voltage is:
Vour = A,V = 40(5 mV) = 200 mV

40



8. Phase Splitter

e Circuit below produce twopputput signals that are inverted
: cc
with respect to each other. T

Non-inverting
input




* By taking

outputs from
both emitter

and collector, R, C,

we have |( oV, \/\

combined an I; Inverting input

inverting =\ Vio " *

amplifier and €1 C,

a non- [ oV, /\/

inverting e <—  Non-inverting
Z R, input

amplifier into
a single stage.

* Make Rr = R, = R to give a voltage gain of -1 for inverting output
e.g. two signals are of identical amplitude but opposite in phase.



9. Voltage Regulator I

* The emitter follower (common- Ry oC
I

—
discussed before produces a Vi© !I
1

voltage that is determined by y
its input voltage (-0.7 V offset)._ 1 .

collector amplifier) as

O oy

* |t also has alow output resistahce, so that it G
will not be significantly affected by the load
connected to it.

"'1
* |t can then be used as voltage

regulator e.g. use of a Zener

diode, or on input which together

with resistor forms a voltage reference

for the base input.



9. Voltage Regulator (cont.)

In practice, with op amp
as error detector
amplifier, there are two
types of series voltage
regulator:

e Series voltage
regulator.

* Shunt voltage
regulator.

Two examples of basic voltage regulators
using a NPN transistor: series (left) and
shunt (right) voltage regulators

Control element
N Py ol
Q
VRE
] R,
Error detector =
“A D Sample
circuit
R;
h— —
AWy ’ . o
R]
R"\ -
- l'.l'l'k"l' '{.lﬂ."ll\.‘l\.‘lk" I .
Control
element
) Q)
Rs
Sample
circuit
R-i




10. Switches and Logic Gates T
* Use of BJT as a switch already discussed earlier. X
C
e Use cut-off and saturation regions of operation.
C
° o . Ir
A simple inverter Ry &
circuiti.e. BJT as Vio—)F—WW—o
a common- -
emitter amplifier Q
circuit. A simple inverter -

* The inversion of common-emitter configuration makes V, as
the amplified and inverted version of V;.



10. Switches and Logic Gates (cont.)

* A more realistic NAND gate.




10. Switches and Logic Gates (cont.)
Input stage:

* Both input signals are “High” voltage -> T; is on.
* If only one of input is “High” or both are “Low” -> T} is off.

* Dy and D, - pull-up diode for preventing any negative voltages.

Buffer stage:

Ty ison->T, is off and T; is off.

T, isoff -> T3 ison and T, is off.

= (=[O0 |D>
= O|Rr [ O
Ol |k | X

Output stage:

* T, ison->both of T3 and T, are on.

* D5 is biasing diode e.g. when T, is on, only T, is on, not both
of T3 and T, and when T, is off, only T5 is on whereas T, is off.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60

