Crystal Oscillator



Crystal Oscillator

* Piezoelectric crystal (quartz)

* QOperates as a resonant circuit

* Shows great stability in oscillation frequency

* Piezoelectric effect : When mechanical stress is applied
accross one of its faces, a differential potential
developes accross the opposite faces

* Similarly, a voltage applied accross one set of faces of
crystal causes mechanical distortion in the crystal shape

Circuit
symbol




Crystal Osclllator

' * When alternating voltage is applied to a crystal,
R mechanical vibrations are set up
* These vibrations have a natural resonant frequency
dependent on the crystal
* The crystal action can be represented by an equivalent
electrical resonant circuit as shown in the figure




Crystal Osclllator

n

Such a crystal can have two resonant frequencies
One occurs when the reactances of the series RLC
leg are equal (and opposite)

For this condition, the series-resonant impedance
is very low (equal toR)

The other resonant condition occurs at a higher
frequency when the reactance of the series-
resonant leg equals the reactance of capacitor C,,
This is a parallel resonance or antiresonance
condition of the crystal

At this frequency, the crystal offers a very high
impedance to the external circuit as shown in the
figure on the right

(Series resonance)  (Antiresonance)



Crystal Osclllator

Vee * Figure on the left depicts Crystal-controlled oscillator using a crystal

(XTAL) in a series-feedback path
 The current fed back reaches its maximum when XTAL is at its
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Power Amplifiers

 We have seen linear amplifiers so far
* Signal amplitude is changed and a phase shift (delay in time domain) are introduced

For V; = 3V,_,, Ry = 1KQ and R; = 3KQ

" 3K
i , Vo=3x|1+]=12V,

The focus is on the amplification, not the power



Power Amplifiers

* In small-signal amplifiers, main factors are usually amplification linearity and magnitude of gain

* Since signal voltage and current are small, the amount of power-handling capacity and power
efficiency are of little concern

* Large-signal or power amplifiers, on the other hand, primarily provide sufficient power to an
output load to drive a speaker or other power device, typically a few watts to tens of watts

* Inthis lecture, we concentrate on amplifier circuits used to handle large-voltage signals at
moderate to high current levels

* The main features of a large-signal amplifier are the circuit’s power efficiency, the maximum
amount of power that the circuit is capable of handling, and the impedance matching to the
output device



Power Amplifiers
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Power
transistor

DC Operation

A dc load line is drawn using the values
of V.-and R,
The intersection of the dc bias value of
IB with the dc load line then determines
the operating point ( Q -point) for the
circuit
The quiescent-point values are those
calculated using
Vee — 0.7

Rp

Ic = Bl

Vee = Vee — IcRe

IB=

de load line

i {-point
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AC Operation

Power °

i— & —

transistor

When an input ac signal is applied to the
amplifier on the left, the output will
vary from its dc bias operating voltage
and current

A small input signal, as shown in Fig on
the right, will cause the base current to
vary above and below the dc bias point
This will then cause the collector current
(output) to vary from the dc bias point
set as well as the collector—emitter
voltage to vary around its dc bias value
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Vee AC Operation &
* Astheinput signal is made larger, the A f@?&
}mj output will vary further around the | i
R, le 4 RS established dc bias point until either the __‘;:_L:C/ \
c r current or the voltage reaches a limiting | <
\ : L Power condition ﬂ N /
| "o ransisior e For the current this limiting condition is - = / /
v, 0\ * zero current at the low end \/ ‘ ‘” %
1 V./R. at the high end of its swing / 7
- = * For the collector—emitter voltage, the _— | _ J N
limitis current swing 0 < Vee Ve
* 0V atthe low end 5‘ —
* the supply voltage, V. at the high — Outpus

end ' voltage swing
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I Jr & e When the signal amplitudes get larger, we y (’/
C . N
Rg ¢ are concerned more with the power than —— Rt
C I the amplification. a
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v,

Power Considerations

transistor

i— & —

The power into an amplifier is provided by
the supply voltage

With no input signal, the dc current drawn is
the collector bias current /,

The power then drawn from the supply is

Pr'[dl:} = F,,_*-['f['@

de load line

i {-point
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Power
transistor

Power Considerations

The output voltage and current varying
around the bias point provide ac power
This ac power is delivered to the load R,
The ac signal V; causes the base current
to vary around the dc bias current and
the collector current around its
quiescent level I,

The ac power delivered to the load (R,)
may be expressed using RMS values

P.lac) = Vp(rms)l-(rms)

P (ac) = I+(rms)R

.
(rms)

P .ﬂ{ﬂ': ) = R[‘
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Power Amplifiers

Root Mean Square (RMS)

* The RMS value is the square root of the arithmetic mean of the

square of the function that defines the continuous waveform.

Square

fems = \/ﬁf; [f(£)]? dt %

Triangle

0.707a-

Sine with peak Vv, ﬁ Vo = |2 _ Vop Ver
\/7 rms \/E Zﬁ
Square with peak V, Vo Yo
Triangle with peak V, 13
V3
A 0 QIU lﬁlO 2% 360



Power Amplifiers

Power
transistor

Efficiency

The efficiency of an amplifier represents the
amount of ac power delivered (transferred)
from the dc source

Maximum Efficiency

Maximum efficiency can be determined
using the maximum voltage and current
swings
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Liad

Power
transistor

Efficiency

The efficiency of an amplifier represents the
amount of ac power delivered (transferred)
from the dc source

P,(ac)
Pdc)

x 100%

%en =

Maximum Efficiency

Maximum efficiency can be determined
using the maximum voltage and current
swings

VCEQ(max) = Vee

I _ Vee
CQ(max) — Z_RC
£ 1

P;(dc) = ﬁ =7 =7=025

de load line
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Efficiency

How can | increase efficiency?

Change operation point?

Amplifier Types:

Class A: Output varies for a full 360° of the input

Figure shows Q -point should be biased so that at least half the
signal swing of the output may vary up and down without going to
a high enough voltage to be limited by the supply voltage level or
too low to approach the lower supply level, or 0 V in this
description.

1_.'

Power supply
level

Class A
dec has
level

'

Full 3607 output swing

0V

(a)



Power Amplifiers

Amplifier Types:

Class B: Provides an output varying over one-half the input signal cycle, or
for 180° of signal

Figure shows DC bias point is at 0 V, with the output then varying from this
bias point for a half-cycle

Obviously, the output is not a faithful reproduction of the input if only one
half-cycle is present

Two class B operations—one to provide output on the positive-output half-
cycle and another to provide operation on the negative-output half-cycle—
are necessary

The combined half-cycles then provide an output for a full 360° of
operation. This type of connection is referred to as push—pull operation.

Class B
de h:iil'-r
level

LB07 output

/,/ swing

*,
A



Power Amplifiers

Amplifier Types:

Class AB: An amplifier may be biased at a dc level above the zero-base-current level of class B and above one-half the
supply voltage level of class A -> this bias condition is class AB

Class AB operation still requires a push—pull connection to achieve a full output cycle, but the dc bias level is usually
closer to the zero-base-current level for better power efficiency

For class AB operation, the output signal swing occurs between 180° and 360° and is neither class A nor class B
operation

Class C: The output of a class C amplifier is biased for operation at less than 180° of the cycle and will operate only with
a tuned (resonant) circuit, which provides a full cycle of operation for the tuned or resonant frequency

This operating class is therefore used in special areas of tuned circuits, such as radio or communications.

Class D: This operating class is a form of amplifier operation using pulse (digital) signals, which are on for a short
interval and off for a longer interval

Using digital techniques makes it possible to obtain a signal that varies over the full cycle (using sampleand- hold
circuitry) to recreate the output from many pieces of input signal

The major advantage of class D operation is that the amplifier is “on” (using power) only for short intervals and the
overall efficiency can practically be very high.



Power Amplifiers

Can we obtain better efficiency with an A-Class amplifier?

R,
Vy=V,
Vo, N I, Ny
= == & —_— = — —3
Vi Ny I, N,

Ry
Va
R I _
R, Vi
Iy

R, = a®*R, or R} =a®R,




Power Amplifiers

Can we obtain better efficiency with an A-Class amplifier?

* Transformer winding resistance determines the dc load line

* Typically, this dc resistance is small (ideally 0 ()

e AO0Qdcloadline is a straight vertical line

* There is no dc voltage drop across the 0 Q) dc load
resistance, and the load line is drawn straight vertically
from the voltage point, Vo = V¢

* Qpoint can be obtained at the point of intersection of the
dc load line and the base current set by the circuit

* For ac analysis, calculate ac load resistance “seen” looking
into the primary side of the transformer (R;’)

* Draw the ac load line so that it passes through the
operating point and has a slope equal to —1/R;’

* Notice that the ac load line shows that the output signal
swing can exceed the value of V!

Collector \

current signal

0.5

.45

Lfr (A)

_.. / [le.:l ;jl___..-"#

ac load line de load line

12 ma
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Values of the peak-to-peak signal swings are
Vee(@ —p) = VeE gy = VeEin
Ic(p —p) = Ie, ... — Ve, .

Veg  — Veg_ W — Ic

)

.P“{HC} — E min

Voltage delivered to the load for an ideal transformer:

N, VZ(rms)
Vy=V,=—V, = P =—7——
L=V2 =y L R,
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Power Amplifiers

Efficiency:

e So far we have considered calculating the ac power delivered to the load

 We next consider the input power from the battery, power losses in the amplifier,
and the overall power efficiency of the transformer-coupled class A amplifier

* The input (dc) power obtained from the supply is calculated from the supply dc
voltage and the average power drawn from the supply:

P;(dc) = Vecleg

* For the transformer-coupled amplifier, the power dissipated by the transformer is
small (due to the small dc resistance of a coil) and will be ignored

* Power loss considered is that dissipated by the power transistor

Py = P;(dc) — B,(ac)

Maximum Theoretical Efficiency: For a class A transformer-coupled amplifier, the
maximum theoretical efficiency goes up to 50%. Based on the signals obtained using
the amplifier, the efficiency can be expressed as

Vet — Veg,m \
0 — 50 max min 0
/0 77 (VCEmax + VCETniTL A)

Max

- T

- ¥



Power Amplifiers

Example:
Calculate the ac power delivered to the 8-Q speaker for the circuit. The

circuit component values result in a dc base current of 6 mA, and the
input signal (V;) results in a peak base current swing of 4 mA.

o
J!i =fHma

Due o V)
{ boesk — 4 mA



Power Amplifiers

Example:

Calculate the ac power delivered to the 8-Q speaker for the circuit. The
circuit component values result in a dc base current of 6 mA, and the

input signal (V,) results in a peak base current swing of 4 mA.

Solution: The dc load line is drawn vertically from the voltage point:
Veeq = Vec=10V

For I; = 6 mA, the operating point is

Veeq =10V and /.5 = 140 mA

dc load line
|4 mA

12 mA

line (R =7211)
) 10 mA

8 mA

Operating point
& mA

ey 4 mA

e

. Ig=2mA

I s I

10 15 20 25

Vg, =183V

1'“!._' ':_"r'.'l



Power Amplifiers

Solution: The effective ac resistance seen at the primary is
LAY
RL=<N—2> R, =720
The ac load line can then be drawn of slope -1/72 going through the

indicated operating point Ao (mA) de load line
To help draw the load line, consider the following procedure: 14 mA
Mark point A for a current swing of
Ve 10V 12 mA
Ic = R, - 720" 139mA ac load line (R, =720
m
Icpg + I = 140 mA + 139 mA = 279 mA along the y-axis Copan .
: . . . A
Connect point A through the Q -point to obtain the ac load line Operating pot —
For the given base current swing of 4 mA peak, the max. and min. T 6mA
collector current and collector—emitter voltage obtained from the 4 mA
figure are, respectively, ; . - Iy=2mA
Veg, .. = L7V Ie, . = 25mA Copig = 20 M | | " | N
Veg,, = 183V Ic, = 255mA of [ 5 10 15 [0 25 vgw




Power Amplifiers

Solution: Connect point A through the Q -point to obtain the ac load
line

For the given base current swing of 4 mA peak, the max. and min.
collector current and collector—emitter voltage obtained from the
figure are, respectively,

Vebmim = L7V ey, = 25mA e o lIm|4 mA
VCEmax = 18.3V ICmax = 255 mA
The ac power delivered to the load can then be calculated as 12 mA
PO (ac) _ (VCEmax - VCEmig)(ICmax — ICmin) I ac load line (R} =72 “}[]m,ﬂ.
Cy
(183V —1.7V)(255mA — 25 mA) 8 mA
= = 0477 W Operatine poi
38 perating point
6 mA
4 mA
e 50 . Ig=2mA
Crnin = m | | | | -
0| 510 15 20 25 V()
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Example: Calculate the dc input power, power dissipated by the
transistor, and efficiency of the circuit for the input signal

o
J!i =fHma

Due o V)
{ boesk — 4 mA



Power Amplifiers

Example: Calculate the dc input power, power dissipated by the

transistor, and efficiency of the circuit for the input signal
Solution:

Py(dc) = Pi(dc) — P,(dc) = 1.4W — 0.477W = 0.92 W
The efficiency of the amplifier is: v
K (ac) 0477 W "

%n = X 100% = ————— x 100% = 34.19 ¢
o1 = P(do) = Taw & & by =6 mA

Due o V)
{ boesk — 4 mA
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Class B Amplifiers: Class B operation is provided

when the dc bias leaves the transistor biased just
off, the transistor turning on when the ac signal
is applied

This is essentially no bias, transistor conducts
current for only one-half of the signal cycle
To obtain output for full cycle, use two
transistors, have each conduct on opposite
half-cycles

Combined operation provides full cycle
output

Since one part of the circuit pushes the signal
high during one half-cycle and the other part
pulls the signal low during the other half-
cycle, circuit is called a push—pull circuit
Figure shows a diagram for push—pull
operation

A\

One-half
clrcuit

T

+Viee
t

One-halt I
circuit

L Cine-half

circuit

T
_l,'{_:.
fa)

Oine-half

Cifcuit

e

]
e

+Veo
&

] Ome=half

circuit

S

| One-half Load

circuin

I

i)

Connection of push—pull amplifier to load: (a) using two voltage supplies; (b) using one voltage supply.
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Class B Amplifiers — Input (DC) Power One-half ’/\—’
The amount of this input power can be calculated as [ circuit |
Pi(de) = Veclae A\
where [, is the average or dc current drawn from the Yi \// ' Load
power supplies and can be expressed as et |
2 _ 1'!:'.- 1.| |
I — _I Circul

dc T (p) _\//_
| (p) : peak value of the output current.
Then +Vee +Vec

2 f 1
Pi (dC) = VCC El(p) Cmne-hal Cne-half

Output (AC) Power [ et /\ [ circuit
VEGrms) _ Vi@ =p) Vi) LA - e

P,(ac) =

R, 8R, 2R, L =
One-half | One-half Lead
circuit circuin
: I
_I"I{_[_ - =
fa) (b}

Connection of push—pull amplifier to load: (a) using two voltage supplies; (b) using one voltage supply.
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Class B Amplifiers — Efficiency
%n = Fo(ac) X 100%
P;(dc)
_ VZ(p)/2R,
- VCC[(Z#?I)(P)]
TV \p
=7 Voo X 100%

using I(p) = V,(p)/R,

X 100%

The larger the peak voltage, the higher the efficiency,
up to a maximum value when V,(p) = V, this
maximum efficiency then being

~ One-half
clrcuit

g
One-half

e . .
CIrcul

+Vee
!

One-halt I
circuit

maximum ef ficiency = — X 100%
= 78.5%

-
o B | i

\ L
L Onc-half

circuit

T
Ve
ia)

+Vee
i

] Ome=half

circuit

-

| One-half Load
circuin
(b}

Connection of push—pull amplifier to load: (a) using two voltage supplies; (b) using one voltage supply.
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Class B Amplifiers — Push-Pull Signhals /\\/ -
~ Onehalf
circuit I
/'\ | Push—pull
V, signals

\-/ Lo

One-half |
circuit

Push—pull
input signals

To push—pull

" circuit
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Class B Amplifiers — Push-Pull Signhals

¥,

A\

\V/

One-half
circuit

Oine-half
circuit

L.oad




