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(57) Abrége/Abstract:
The invention concerns a class D amplifier in which a high-frequency reference signal (E) Is pulse width modulated by an input

sighal, such as an audio signal, and in which there are generated a pair of bipolar pulse drive signals (I, J), comprising an error
generator which forms a signal with an average value which corresponds to the DC component of the pulse drive signals, and
which Is fed back to the pulse width modulator for the adjustment of the modulator. The high-frequency reference signal (E) Is
generated from a first clock signal (A), and the individual pulses of the respective pulse drive signals are controlled via a second
clock signal (C) which is derived from the first clock signal (A).
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(8§7) Abstract

The invention concerns a class D amplifier in which a high—frequency reference signal (E) is pulse width modulated by an input
signal, such as an audio signal, and in which there are generated a pair of bipolar pulse drive signals (1, J), comprising an error generator
which forms a signal with an average value which corresponds to the DC component of the pulse drive signals, and which is fed back to
the pulse width modulator for the adjustment of the modulator. The high—frequency reference signal (E) is generated from a first clock
signal (A), and the individual pulses of the respective pulse drive signals are controlled via a second clock signal (C) which is derived from

the first clock signal (A).
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CLASS D AMPLIFIER

The invention concerns a class D amplifier.

Where a wide range of portable products within
telecommunication, video and audiometrics are concerned, as
well as hearing aids. and other mnmicro-electronics, the
weight and the physical dimensions of the equipment play an
important role for the equipment's field of application and
marketability.

The power consumption belongs typically among the important

factors which are determinative for precisely the weight
and the physical dimensions o0f the portable equipment.
Therefore, in many connections it is decisive that attempts
are made to reduce the power consumption as much as
possible.

The function of a class D amplifier involves pulse width
modulation of a constant, high-freguency signal by a
proper signal, e.g. an audio signal. The modulated signal
is dissipated across a load, such as a 1loudspeaker, and
since the high-frequency signal is of a considerablf higher
fregquency than the transfer range of the low-pass filter
which constitutes the load, the high-frequency modulation
componants are filtered out.

Class D amplifiers are characterized by being built up of =
small number of components and by consuming very little
current in comparison with, for example, class AB
amplifiers.

However, a typical problem with known class D amplifiers is
that a relatively high DC idling current flows through the
load when there is no signal.
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In patent publication no. US-A-5 352 986 there is disclosed
a class D amplifier where the idling current is minimized
by feeding back a signal which is derived from the average
respective pulse times of two high-frequency pulses of
opposite pclarity which are pulse width modulated and used
to drive the power stage for a coupled load. Compensation
is hereby made for the offset errors which can arise in
connection with the analog components in the pulse width
modulator, and which lead to undesired no-signal DC current
through the load.

However, the circuit according to US-A-5 352 986 is not considered to be able

to provide a sufficiently precise compensation for DC currents through the load.

It is a primary object of the above-mentioned invention to further reduce the DC

error in a class D amplifier with DC feedback.

According to the invention there is provided a class D amplifier for the
ampilification of an input signal, e.g. an audio signal, comprising a puise with
modulator in which a high frequency reference signal is pulse width modulated
by the input signhal, a difference generator in which there is generated a pair of
bipolar pulse drive signals with duty cycles corresponding to the magnitude of
the input signal for a given time, and an error generator which by the two pulse
drive signais forms a signal corresponding to the average DC component of the
pulse drive signals and which is fed back to the pulse width modulator for the
adjustment of the modulator, so that the amplified AC signal's average DC part
moves towards zero. The high-frequency reterence signal is generated from a
first clock signal and either the front flank or the rear flank of the individual
puises in the respective puise drive signails are controlied to occur synchronously

with a second clock signal derived from the first clock signal.



CA 02273210 2002-11-18

2a

Preferably, the use of the analog circuit elements is minimized, thereby reducing
the cost of the production of the coupling, e.g. by the implementation of ASIC
design in a large part of the circuit, reducing or compietely avoiding adjustment

and calibration of the coupling.

The class D ampilifier achieved herewith is one with particularly high efticiency

and low production costs.
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With the present coupling, there is achieved a DC error
current which 1is +typically 1less than 0.1 % of the peak

level.

The coupling requires no adjustment and 1is extremely

temperature stable.

Moreover, the coupling displays a very low degree of cross-
over distortion, which is normally most appreciable at low

signal levels.

For the known class D amplifiers, operation is typically
effected with a certain time overlap in order to reduce the
cross-over distortion. If the input signal is under a
certain limit, there are still generated signals which are
short and which are at both outputs simultaneously.
Otherwise there would be a dead band where a signal change
from no-signal to a certain lower signal level will cause a
stepped change in the output signal. The present coupling
makes it possible to reduce the time overlap by many powers
of 10, so that the no-signal current consumption is

correspondingly reduced.
Furthermore, there 1s also achieved a certain saving in

current 1in that the complexity of the error adjustment

circult is greatly reduced.

Description of the drawing

Fig. 1 shows @a class D amplifier according to the

invention, and

fig. 2 shows the signal seqguences for the c¢class D

amplifier according to the invention.
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Description of a preferred embodiment of the invention

An 1nput signal, in this case an audio signal, passes the
capacitor C8 and is fed to g preamplifier which contains

S the operational amplifier IC8BB, the gain of which is

offset level of which can be set by means of the wvoltage

Vbias which is applied +to the positive input of the
operational amplifier. The analog signal F amplified in the

10 operational amplifier IC8B is fed to a conventional pulse
width modulator which is mainly made up of the following
circuit elements: constant current generator I1/capacitor
C5, which forms a ramp generator, the comparator IC7B and
the OR circuit ICS5A.

15

20 clock signal A which is inverted in a buffer 1link, NAND
circuit IC3A.

The system clock signal A is converted by the circuit
elements IC3B, the ramp Treset timing circuit R8/Cl11/0R
25 circuit IC2A to the ramp reset signal D, whereby the 1link

R8/Cll determines the duration of the ramp reset pulse D.

zero across the electric switch IC6A, so that a saw-tooth-
shaped reference signal E of relatively high frequency is
30 generated. This saw-tooth reference signal E is compared
with the acoustically-derived signal F in the comparator
IC7B, the output signal of which forms the pulse modulated
output signal G. The pulse width modulated signal H is
generated from the signal G by the OR circuit ICS5A, the
35 duty cycle of which corresponds to the amplitude of the

analog input signal for a given time.
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A difference generator consisting of the OR circuit IC2C
and the NAND circuit IC3C converts the pulse width
modulated pulse train H to two bipolar pulse trains I and

J. These pulsed drive signals must now be directly

amplified and applied to a load such as a loudspeaker.

A signal, reference clock or ref clock C, is similarly
derived from the system clock signal A and is delayed in
relation to this through a buffer 1link, IC2B and IC2D, in
such a way that ref clock C is timewise offset from, but
otherwise occurs synchronously with, the ramp reset signal
D.

The ref clock signal C, by means of OR circuit IC2C,
controls that the rear flank of the individual pulses in
the pulse train I are practically almost coincident with a
positive change CO in the ref clock signal C. Similarly, by
means of NAND circuit IC3C, the ref clock signal C controls
that the leading edge of the individual pulses in the pulse
train J are practically almost coincident with a positive

change CO in the ref clock signal C.

A power stage IC1B ainplifies the signals I and J and is
coupled directly to the terminals for a load which, in this
example, 1is a loudspeaker. This power stage is provided
with slew-rate-limiting outputs to reduce high-frequency

radiation from the power stage.

The respective pulse drive signals I and J, across
respective inverters IC6A and IC6B, each drive an electric
switch, the outputs of which are joined in the connection
K. The signal I drives the switch IC4B, which generates
Pulses with a positive reference voltage, while the signal
J drives the switch IC4C which generates pulses with the

voltage 0. Information concerning DC errors can be derived
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directly from the signals I and J when no signal is applied
to the input of the amplifier, since the pulse length of
one of the signals I or J will directly express a phase
error which represents the DC error, and which depending on
tolerances for the analog components easily arises, among
other things due to offset errors and delays in the pulse

width modulation circuit.

arisen in the pulse width modulator. The signal, which is
also filtered for high-frequency composants by R2/C6, e.g.
"glitches", is fed back to the positive input of the

comparator IC8B, whereby offset is regulated to compensate

for the DC error which has arisen.

It will be seen from fig. 2 that the signals A, B and C,
all of which are derived from the system clock, are offset
1n relation to one another. This is done 1in order to
counteract the negative effect of "glitches" from the saw-
tooth generator. It is seen that the ref clock signal C is
delayed slightly in relation to the ramp reset pulse D and,
since this pulse D defines the saw-tooth pulse E, a period
Oof the reference clock signal C is of precisely the same
duration as, but slightly offset from, a period of the saw-
tooth pulse E.

The signals are shown corresponding to a period of the

signal A of around 32 us, which corresponds to a system
clock signal of 32 KkH:z.

IT is seen by the rising flank C. that ref clock C lies at

O
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the midpoint between the flanks of a saw-tooth pulse. This
point represents a reference polnt on each saw-tooth pulse.
The point does not necessarily constitute the precise
geometric midpoint between the flanks of the saw-tooth
pulse, but defines a point which has the same position on

each saw-tooth pulse.

In fig. 2, a number of signal values for the amplified and
offset-regulated, analog input signal F are shown overlying

the saw-tooth pulse E. Fh represents a high signal level,

Fi represents a signal level close to idling voltage and F

represents a low signal level.

1

The signal A is shown for a period corresponding to the 32

KHz system clock signal.

The signal seqguences, including the formation of the signal
drive pulses G, H, I and J for these three input levels are

shown with the notation h, i1 and 1 below the saw-tooth

pulse E in fig. 2.

In the case of the high signal level F the comparator

hl
IC/B will change from high to low when the saw-tooth pulse

E exceeds F,. This change defines +the rear flank of the

h
bipolar pulse drive signal I The leading flank of the

h

pulse driwve signal Ih is defined by the rising flank CO of
ref clock C.
In the case of the low signal level F it applies

ll
analogically that the comparator IC7B changes from high to

low when the saw-tooth pulse E exceeds F This change

1
defines the leading flank of the bipolar pulse drive signal
Il. The rear flank of the pulse drive signal I is defined

by the rising flank C. of ref clock C.

O

As explained above, the signal K represents a so-called
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compensate for DC errors.

In the case of the 1dling signal F , 1t 1is seen that the

comparator ICBB gives rise to a change in H from high to
low with a certain delay in relation to the clock signal
ref clock C. This means that J. goes down briefly, and that

i
a4 pulse train is herewith transmitted from +this output,

while the other output I is constant. This error signal

will give rise to a DC error current through the load.

These brief error pulses will, however, be integrated

across the integrator link R3/C4, the result being that the

voltage across C4, bias” Will regulate the offset of the

AC input signal via comparator ICBB, so that the above-
mentioned error pulses will be adjusted down to a

negligible value.

It follows immediately from the above example +that the
magnitude of the Vbias correction signal will depend on the

length of the pulse Ji Or, 1in other words, the length of
time for which the pulse Ji i1s delayed in relation to the

reference point defined by the positive flank C. of the ref

O
clock C signal.

values corresponding to CO of ref clock that will cause

bias to be regulated. When an AC signal is applied to the

input, a resulting DC error current will cause Vbias to be

regulated corresponding to +the DC error, since the AC

contributions are of opposite polarity and of equal
magnitude.
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CLAIMS

1. A class D amplifier for the amplification of an input

signal, e.g. an audio signal, comprising a pulse width

modulator in which a high-frequency reference signal (E) is

pulse width modulated by the 1input signal, a difference
generator 1in which there 1is generated a pair of bipolar
pulse drive signals (I, J) with duty cycles corresponding
to the magnitude of the input signal for a given time, and
an error generator which by the two pulse drive signals
forms a signal corresponding to the average DC component of
the pulse drive signals, and which is fed back to the pulse

width modulator for the adjustment o©f the modulator, soO

that average DC component of the pulse drive signals moves

towards zero, characterized in that

- the high-frequency reference signal 1is generated from a

first clock signal (A), and in that

- e@either the front flank or the rear flank of the
individual pulses in the respective pulse drive signals (I,
J) are contrelled to occur synchronously with a second

clock signal (C) derived from the first clock signal (A).

2. A class D amplifier according to claim 1, characterized

in that

-~ the pulse width modulator comprises a saw-tooth generator
(I1, C5, IC6A) which generates a saw-tooth-shaped, high-
frequency reference signal (E), and a comparator (IC7B) 1in
which an offset-regulated and amplified signal (F) of the
input signal is compared with the saw-tooth signal (E),
whereby the first clock signal (A) defines the saw-tooth
pulse (E), including the duration of said saw-tooth pulse
(E), and a reference time (CO) defined by the second clock

signal (C) 1lying between two declining flanks for a saw-
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tooth pulse (E), and in that

~ the individual pulses in each respective pulse train of
the pulse drive signals (I, J) have a flank which is

practically almost coincident with the above-mentioned

reference time (CO), whereby

~- the duration of the individual drive pulses is defined in

relation to this time (CO), sOo that

- the DC error of the pulse drive signals (I, J) gives rise
to the adjustment of the offset for the signal (F)

amplified from the input signal by comparison with the saw-

tooth reference signal (E) in relation to the delay of this

time (CO).

3. A class D amplifier according to claim 2, characterized
in that

- a third clock signal (D), which is derived from the first
clock signal (A) and which directly generates the saw-tooth
signal (E), is slightly offset in relation to the reference
clock signal (C), so that "glitches" which may arise in the
generation of the saw-tooth signal (E) do not have any
influence on the formation of the pulse drive signals (I,

J) controlled by the second clock signal (C).

4. A class D amplifier according to one of the foregoing

claims 2 - 3, characterized in that

- an output signal (G) from the comparator (IC/B), where
the derived input signal is compared with the saw-tooth
signal (E), is fed further to a first digital, basic, logic

operator (IC5A) which forms a signal (H), and in that

- the pulse drive signals (I, J) are formed from here via a
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second and third basic, logic operator (I1C2C, IC3C), which
function as buffers and which are triggered by the second
clock signal (C), from the output signal (H) of the first
basic, logic operator (IC52), in such a manner that the
individual pulses 1in the pulse drive signals (I, J) are
never active at the same time, but are adjacent to each
other for a time which is practically almost coincident

with Co.
5. A class D amplifier according to any one of claims 1 to 4, characterized in
that

- the first clock signal (A) is generated by a clock
generator built up around a quartz crystal.
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