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(57) Abregée/Abstract:

A power amplifier designed for delivering high power to a load (LOAD) comprises an input stage (A1) that converts an input
voltage (u,) to a current signal (i, ) which Is applied to an end stage comprising a current amplifier stage (A3, PA1, PA2Z) and a

bypass-resistor (R). The output terminal (/) of the current amplifier stage Is connected to earth, and the current supply (

P51,

PS2) Is arranged floating relative to signal earth, so that the power current signal through the load (LOAD) also passes through
the current supply (PS1 or PS2). A correction amplifier (A2) is preferably connected so as to measure the voltage across the end

stage (A3, PA1, PAZ) and provide a correction current (I,
and remove the effect of non-linearities in the current amplifier stage.
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) to balance the voltage difference across the current amplifier stage
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(57) Abstract

A power amplifier designed for delivering high power to a load (LOAD) comprises an input stage (A1) that converts an input voltage |
(u1) to a current signal (ijn) which is applied to an end stage comprising a current amplifier stage (A3, PA1, PA2) and a bypass-resistor (R).
The output terminal (7) of the current amplifier stage is connected to earth, and the current supply (PS1, PS2) is arranged floating relative
to signal earth, so that the power current signal through the load (LOAD) also passes through the current supply (PS1 or PS2). A correction
amplifier (A2) is preferably connected so as to measure the voltage across the end stage (A3, PA1, PA2) and provide a correction current
(ikorr) to balance the voltage difference across the current amplifier stage and remove the effect of non-linearities in the current amplifier

stage.
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POWER AMPLIFIER

The present invention relates to a power amplifier of the type indicated in
the preamble of the appended patent claim 1. More particularly the invention is
primarily intended for use when delivering high output power in a frequency range
0 to 100 kHz, i.e. power without upper limit, however often in a range 50 to 2000
W, for driving resistive and reactive loads like loudspeakers, motors and other
transducer types.

Related art is known from US 3,808,545, US 4,611,180, US 5.179.352 and
GB 1,584,941. Among these, particularly US 5,179,352, however partially also
GB 1,584,941, relate to a signal correction technique similar to a technique which
s also utilized in embodiments of the present invention. US 3,808,545 relates to a
power amplifier which exhibits circuitry having features which are also utilized in
embodiments of the power amplifier in accordance with the present invention, with
a bridge connection and grounding of the output terminal of the output amplifier
stage.

The more usual power amplifier constructions consist of:

- An Input stage.
- A voltage amplifier stage.
- A current amplifier stage.

The task of the input stage is usually to change the operating point of the
signals from around ground to around one or both of the supply voltages.

The voltage amplifier stage is intended to increase the sighal voltage to a
level that can provide a full output from the current amplifier stage.

The current amplifier stage usually has a voltage gain somewhat iess than
1, and a current gain that is sufficient to isolate the ioad from the voltage amplifier
stage.

When high power is desirable, one should use a higher supply voltage for
the voltage amplifier stage than for the current amplifier stage, to be able to get
the highest possible power from the current supply for this stage. (The voltage
amplifier stage must be able to drive the current amplifier stage into saturation.)

This puts restrictions on the input stage, in which one either has to choose
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components in accordance with their ability to withstand voltage, instead of e.g.
their noise characteristics, or one has to increase complexity by e.g. connecting
components In series.

Great demands are also made on the voltage amplifier stage. The

transistors in this stage must stand up to the full supply voltage, and since this
stage Is critical as regards the linearity of the ampilifier, such a large current will
often run through it, that these transistors will heat up and require local cooling.
This may have the effect that the product is thermally more unstable, and it may

also have an unfortunate influence on the product lifetime.

The present invention has been conceived to remedy the above mentioned
drawbacks. This is achieved by providing a power amplifier of the type stated in
the preamble of claim 1, and which has the special characteristics stated in the
characterizing portion of claim 1. Further advantageous embodiments of the
power amplifier in accordance with the invention is achieved by adding the
features appearing in the attached dependent claims.

The invention provides the following advantages in comparison with
previously known power ampilifiers:

-~ A low supply voltage for all stages up to the current amplifier stage, has the
effect that all components may be selected in accordance with their small signal
characteristics, such as signal/noise ratio, bandwidth and temperature stability.

- A low power dissipation in the same components leads to increased
reliability and thermal stability.

- A lower distortion is achieved, since there are no transistors with a large
voltage swing in the stages up to the current amplifier stage. (These will result in
distortion due to voltage dependent capacitances.)

- Fewer components result in a lower error rate and improved reliability.

- It is possible to use a standardized solution: All stages up to the current
amplifier stage are the same, independent of the output power, and this simplifies
storage and service operations.

- In most cases it is possible to ground the cooled electrode of all or half of
the output transistors, which simplifies the mounting thereof, lowers the risk of

errors and improves the cooling effect.
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According to an aspect of the present invention, a power amplifier comprises
current supply circuitry (PS1, PS2), an input stage (A1) and an output stage (A3,
PA1, PA2) for delivering power to a load (LOAD) connected to the output of the
output stage by a proximal load terminal (7), and additionally has a distal load
terminal (6),
characterized in that

the input stage is terminated by a transconductance amplifier (A1) for
converting an input signal voltage (U,) to a current signal (1,,) to the signal input (3)
of the output stage,

a bypass resistor (R) is connected between the signal input (3) of the output
stage (A3, PA1, PA2) and the distal load terminal (6),

the proximal load terminal (7) is signal grounded,

the output stage is constituted by a current amplifier (A3, PA1, PA2) for
delivering a power current signal to the load (LOAD), the bypass resistor (R)
converting the current signal (1,,) to a voltage signal (V) which substantially
constitutes the power voltage signal for the load, the output stage and the bypass
resistor thus constituting a combined current amplification and voltage amplification
stage, and that

the current supply circuitry (PS1, PS2) for the output stage is arranged as a
floating supply and between the distal load terminal (6) and the output stage (A3,
PA1, PA2) so that the power current signal passes through the current supply
circuitry (PS1, PS2).
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The invention shall now be explained in closer detail by going through

embodiment examples, and at the same time referring to the appended drawings,

where

fig. 1 shows a first embodiment of a power amplifier in accordance with the
invention, in a simplified circuit diagram, and

fig. 2 shows a second embodiment of a power amplifier in accordance with
the invention.

In fig. 1, A1 and A2 are amplifier circuits with voltage input signals and
current output signals. In itself A1 may represent a complete input stage, or a last
amplifier stage in a more comprehensive input stage, where only this last amplifier
A1is shown in the figure. Thus, the input voltage U, results in an output signal
from amplifier A1 which is the signal current |, in position 3 in the circuit diagram.
In principle it is possibie to utilize the circuit without the correction amplifier A2, but
this will require that the end stage consisting of A3, PA1 and PA2, is "perfect" in
the sense that the voltage drop between position 3 and position 7 in the circuit
diagram is equal to zero. In a practical case, there will be a voltage difference
between positions 3 and 7, and the task of the amplifier A2 is to make corrections
In this respect.

A3 is an amplifier having unity voltage gain, high input impedance and low
output impedance. The high input impedance of A3 causes the current signal |, ,
possibly supplemented with a correction current signal |, ., from amplifier A2, to
flow through resistor R (bypass resistor), voitage V being developed across this
resistor.

PA1 and PA2 are power converters, possibly consisting of three or more
power transistors (or tubes), and they require an input signal between 0,5 and 12
volts peak voltage to provide maximum output current, all depending on what

configuration and which kind of transistors is used.

PS1 and PS2 are similar voltage supplies arranged floatingly in relation to
signal earth.

A voltage signal U, on input terminals 1, 2 of A1 will provide a current signal
l» which will set up a voltage signal V across the bypass resistor R (using the non-

grounded terminal 6 of the load as a zero point). This leads to an input voltage for
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A3 and a current in PA1 or PA2. This current will pass through current supply
PS1 or PS2, to the load LOAD and flow therethrough. This current will provide a
voltage across the load which is equal to the voltage V across resistor R, except
for the input voltage of PA1 and PA2. Since this voltage varies in a non-linear
manner with the output current, distortion will be caused. In order to compensate
for this effect, the voltage signal is measured at the input of A3 by means of the
correction amplifier A2. The correction amplifier A2 delivers a current signal |, to
the resistor R, which establishes a voltage thereacross equal to the input voltage
present at any moment for A3 (which input voltage is equal to the voltage input to
PA1 and PA2). In order to make this work, the correction ampilifier A2 must have
a transconductance g equal to the inverse of the resistance of bypass resistor R.
(It shall be noted that the transconductance g is defined as the ratio of the
amplifier output current and its input voltage.) The total voltage signal across
resistor R will then be that which is caused by the input signal plus the A3 input
signal. (The voltage across the resistor is the sum of the currents therethrough
multiplied by the resistor resistance.)

This has the effect that the portion of the voltage signhal V across bypass
resistor R which has been caused by the input signal, exactly corresponds to the
voltage across the ioad. The non-linearities in PA1 and PA2 are cancelled.

It is to be specially noted that the output terminal 7 from the end stage A3,
PA1, PA2 is grounded. This requires that the voltage supply must be arranged as
a floating voltage supply. This is no problem in mains-operated equipment,
position 6 may e.g. represent a center position on the secondary side of a mains
transformer.

One result of the feature that the end stage output 7 is grounded, is that a
lower voltage swing is achieved in position 3 in the circuit diagram. If instead
position 6, 1.e. the other load terminal, were grounded in a conventional manner,
the voltage swing in position 3, that is on the end stage input, would be the same
as, or somewhat larger than the voltage swing across the load LOAD. This would
make great demands on the input stage A1, since the voltage swing across the
load may be more than 100 volts for large power values. (At the outset this

iInvolves power amplifiers for delivery of high power, as mentioned in the
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introduction.) An exemplary amplifier delivering 400 W in an 8 ohm load, gives a
peak voltage of 80 volts. Then, in the conventional case, the input stage A1 would
have to deliver +/- 80 volts, plus margins and saturation voltages. Amplifiers using
such an input stage with voltage supplies of +/- 120 volts are previously known
and In use.

If instead position 7 is grounded, such as in the present invention, only a
standard +/- 12 volts or +/- 15 volts current supply is required for the input stage
A1, irrespective of output power. This lessens the demands for component
selection in the input amplifier A1, the reliability thereof will increase due to less
heat development, etc.

The end stage amplifier A3 is in practice a voltage controlled current
amplifier. Depending on the design of that amplifier, it will require from 2 to 10
volts voitage difference between positions 3 and 7 in the circuit diagram to deliver
full current. This voltage will add to the voltage in position 7, and make demands
on the voltage swing out from input stage A1. It is important that the bias current
iInto A3 is so small that it will be of no importance relative to .. The error
correction provided by correction amplifier A2 provides for equalizing the position
3 voltage to the position 7 voltage.

A special further effect of the amplifier circuit is the combination of current
gain and voltage gain in one and the same end stage, by amplifying voltage via
resistor R, while A3, PA1 and PA2 attend to the current amplification. Thus, in
principle the input signal U, is converted to a current which in its turn is converted
to a voltage across a resistor having the non-grounded terminal of the load as an
end point/reference. In principle, the current amplifier stage output is also
grounded, and the current through the load is controlled via the current supply.
An important effect that is achieved, is that the current amplifier stage exhibits a
minimum voltage swing on its input side.

It is now referred to fig. 2. Fig. 2 is similar to fig. 1 except from the current
supply layout, i.e. the right hand side of the diagram. The circuit solution involving
A1, A2, A3, PA1 and PA2, remains unchanged. However, instead of connecting
the non-grounded terminal 6 of the load to the mid-point between two identical.

floating voltages, it is connected to the output from a slave amplifier A4, PA3.
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PA4. The slave amplifier has the task to utilize the full voitage potential of the
current supply unit PS3. Itis organized as a very simple feedback amplifier with a
voltage amplifier stage A4 and power stages PA3 and PA4, configured almost like
a mirror image of the end stage A3, PA1, PA2. The slave amplifier input is
eferred to the half of the voltage across the current supply unit PS3, by means of

wwo identical resistors, R3 and R4. The gain is given by the resistance of resistors

R1 and R2, according to the formulia

A =1+ R2/R1.

The slave amplifier input signal is the movement of the current supply unit In
-elation to earth. measured via R3 and R4. The slave stage gain is often adjusted
to somewhat above 2, as it is desirable that this stage is saturated only for large
signal amplitudes, to utilize as well as possible the voltage of the current supply
unit. Voltage clipping or harmonic distortion in the slave stage will not result In
increased distortion of the output signal, since this lies outside the reference for
the main amplifier A3, PA1, PA2, namely the interconnection point 6 between the
resistor R and the load LOAD, and position 7 which is connected to the inverting
input of AZ.

The assembly of the current supply unit PS3, the four resistors R1-R4, the
voltage amplifier A4 and the slave power stages PA3 and PA4 constitute an
embodiment of a current supply circuitry in analogy with the current supply
circuitry PS1, PS2 of fig. 1.




CA 02261145 2001-09-13

CLAIMS:

1. . Power amplifier comprising current supply circuitry (PS1, PS2), aninput

stage (A1) and an output stage (A3, PA1, PA2) for delivering power to a load
(LOAD) connected to the output of said output stage by a proximal load
terminal (7), and additionally has a distal load terminal (6), wherein
- said input stage is terminated by a transconductance amplifier (A1) for
converting an input signal voltage (U;) to a current signal (lin) to the
signal input (3) of said output stage,
- a bypass resistor (R) I1s connected between the signal input (3) of said
~ output stage (A3, PA1, PA2) and said distal load terminal (6),
- said proximal load terminal (7) is signal grounded, N
- said output stage Is constituted by a current amplifier (A3, PA1, PA2) for
delivering a power current signal to said load (LOAD), said bypass
resistor (R) converting the current signal (li,) to a voltage signal (V)
which substantially constitutes the power voltage signal for the load,
sald output stage and said bypass resistor thus constituting a combined
current amplification and voltage amplification stage, and that
-~ sald current supply circuitry (PS1, PS2) for the output stage is arranged
as a floating supply and between the distal load terminal (6) and the
~output stage (A3, PA1, PA2) so that the power current signal passes

~ through said current supply circuitry (PS1, PS2).

2. The power amplifier of claim 1, wherein second transconductance
amplifier (A2) is arranged to sense the signal voltage différence (BAU) between
the output (7) of said output stage and the input (3) thereof, and to deliver a-
correction current signal (lor) that is proportional to said signal voltage
difference, to be added to said current signal (lin) to bring about correction of
the power voltage signal (V) across said bypass resistor (R) for a deviation
from the load vbltagesignal due to a voltage difference between the input (3)

and the output (7) of said output stage, said second transconductance amplifier

transfer function g = lkern/Au having such a value that g *R = 1, R being the
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resistance of said bypass resistor.

3. The power amplifier of claim 2, wherein said output stage comprises
- a current amplifier (A3) having unity voitage gain, hxgh input lmpedanoe
and low output impedance, and thereafter
- two parallel power converters (PA1, PA2) receiving the same si.gnal |
“from said current amplifier (A3) and being connected in a push/pull
“ configuration, with interconnected output constituting the output (7) of

said output stage,

4. The power amplifier of claim 3, wherein each converter (PA1, PA2) has
. supply of power from respectlve and 1dentical voltage supplies (PS1, PS2),

both voltage supplles having the distal load terminal (6) as a zero point.

5. The power amplifier of claim 3, wherein

s an output sléve stage (A4, PA3, PA4) is connected with its output to the
distal load terminal (6) said slave stage including two power converters
(PAS, PA4) and a first amplifier (A4), wherein a first amplifier (A4) is a
voltage amplifier which uses as its input signal the difference between a

- mid-potential for a current supply unit (PS3) for the power oonverters‘of

sald output stage and said slave stage (PA1-PA4), and the potential of
the junction point between two resistors (R1, R2) which provide a
selectable voltage divider ratio for the voltage across said load (LOAD),
and that

- the current 'supply unit (PS3) for the power converters (PA1-PA4) is
connected parallel to the series connection of the two power converters
(PA1, PA2) in the output stage, and additionally parallel to the series
connection of the two power converters (PA3, PA4) in the slave stage,
two identical and series connected resistors (R3, R4) inserted parallel to
said current supply (PS1) providing said mid-potential for the current

supply (PS1), which therefore is floating relative to earth.
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