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AbstractThe unique characteristics of the Heliox 
Switch-Mode Power Amplifiers (SMPA) give one 
the ability to set-up a multi-channel system in a 
manner which can not be done with the majority of 
other class-D power amplifiers. 
A 2.1-channel system is described in which only two 
high-performance power amplifiers are used instead 
of three or four, as normally applied. This is 
possible by the load independency of the SMPA. 
Besides the audiophile music reproduction and 
measured high-performance audio figures, an 
outstanding price-performance ratio for the total 
system is achieved. 
 
Index TermsPower amplifier, class-D, multi-
channel, audio. 
 
 

I. INTRODUCTION 
 
Multi-channel audio systems have gained a 
substantial market share over the past years. The 
5.1-channel audio systems have found their 
application as the majority of the home theatre 
systems. 
A substantial part of the power amplifiers used in 
such systems are so called class-D audio power 
amplifiers. The class-D power amplifier or 
Switch-Mode Power Amplifier (SMPA) has 
gained much attention over their linear 
counterparts because of their attractive “green” 
feature of high power efficiency and thus low 
heat dissipation as well as their small physical 
dimensions. 
A noticeable market trend is where people spend 
more time at their personal computer working 
environment and listen to high-quality audio. This 
trend has increased the demand for high-quality 
2.1-channel audio systems. 
Since high-quality SMPAs are available on the 
market today [1], [2], a compact designed multi-
channel audio system with audiophile 
performance has become reality. At the other 
hand multi-channel high-quality audio systems 
also require multiple high-quality class-D 
amplifiers, and of course this has an adverse 
impact on the price of such a system. 
 
This paper proposes a 2.1-channel system with 
only two high-quality SMPAs, instead of three or 
four as normally used. 
 
In section II the normal bridge-tied-load (BTL) 
configuration for driving a low-frequency 
loudspeaker with two output stages is explained. 
In section III the three channel set-up of a 2.1-
channel system is discussed. 

In section IV the new 2.1-channel system with 
only two high-performance audio power 
amplifiers is presented. 
The system advantages are discussed and the 
requirements for the loudspeaker drivers and 
power amplifiers are given. 
 
 

II. BRIDGE TIED LOAD (BTL) CONNECTION OF 

THE LOW-FREQUENCY DRIVER 
 
In Fig. 1 the typical BTL [3], [4] connection of 
the low-frequency driver is given. 
Two power amplifiers, represented by the 
amplifier blocks with gain A, are used to drive the 
loudspeaker load. One power amplifier is 
connected in the non-inverting manner while the 
other is connected as an inverting power stage 
giving a 180 degrees phase shift.  The low-
frequency signal, LF, is applied to and is 
amplified by the two amplifiers. 
 
 

 
 
 
Fig. 1. The BTL output stage connection to the 
loudspeaker load. 
 
 
The signal at the low-frequency driver is thus 
given by: 
 

 )()( LFALFAS OUTPUTLF 
  (1) 

 
ALFS OUTPUTLF 2

   (2) 

 
The low-frequency signal LF is amplified by a 
factor of 2A. 
 
Although in principle one power amplifier can 
drive the low-frequency subwoofer, the two-
amplifier BTL set-up is often used for high-power 
class-D amplifiers. If only one half-bridge class-
D power amplifier is applied for low-frequency 
amplification, the rail voltages of the power 
supply can vary much, and is known as the so 
called “pump” effect caused by the class-D 
amplifier. 
For this reason the BTL or full-bridge class-D 
output stages are used for high-power 
applications [4]. 
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III. 2.1-CHANNEL AUDIO SYSTEM 
 
Fig. 2 shows the typical configuration of a 2.1-
channel system. 
The three-channels, left and right high-frequency 
signal HFL, HFR and the low-frequency signal LF, 
are amplified and applied to the drivers. 
 
 

 
 
 
Fig. 2. The typical configuration of the 2.1-channel 
system. 
 
 
The following three output signals at the drivers 
are obtained: 
 

ALFS OUTPUTLF 2
   (3) 

 

LLOUTPUTHF AHFS 
   (4) 

 

RROUTPUTHF ALFS 
   (5) 

 
Notice that the low-frequency part is a BTL 
configuration as described in section two. 
In total four power amplifiers are used. This gives 
maximal system flexibility, but it comes with a 
price. 
 
 
IV. 2.1-CHANNEL AUDIO SYSTEM WITH TWO 

SWITCH-MODE POWER AMPLIFERS 
 
In Fig. 3 the 2.1-channel configuration is given, 
using only two power amplifiers. 
Now the following two channel input signals can 
be applied to the left and right channel. 
 
Left-channel input-signal:  
 

LL HFLF      (6) 

 
Right-channel input-signal:  
 

RR HFLF      (7) 

 

These left and right signals represent the normal 
stereo signals which are used in two-channel 
systems. 
 
 

 
 
 
Fig. 3. The proposed configuration of the 2.1-channel 
system with only two power amplifiers. 
 
 
The signal at the low-frequency driver output is 
given by: 
 

 )()( RRLLOUTPUTLF HFLFAHFLFAS 
 

 
)( RLRL HFHFLFLFA   (8) 

 
with, 
 

LFLFLF RL      (9) 

 
This can be rewritten to: 
 

)2( RLOUTPUTLF HFHFLFAS 
  (10) 

 
or, 
 

)(2 RLOUTPUTLF HFHFAALFS 
  (11) 

 
Because the subwoofer is not able to produce the 
high-frequency information, the acoustical output 
reduces to: 
 

ALFS OUTPUTLF 2
   (12) 

 
Which expression is the same as for a subwoofer 
driven in the BTL mode as described in section 2. 
The output signals at the left and right channels 
are as follows: 
 

LLLOUTPUTHF AHFALFS 
  (13) 

 

RRRRROUTPUTHF AHFALFALFALFS  )(

     (14) 
 

A A
AHFL AHFR

HFL

_

+ +

_

HFR

A -A
ALF -ALF

2ALF

_+LF

A -A
AHFL AHFR

LFL+HFL

_

+ +

_

A(LFL+HFL ) -A(LFR+HFR )

2ALF+A(HFL+HFR )

2ALF

_+

LFR+HFR



  
  

 

   

Author: R. Jonkman 
 

HR-RJ09-001 3 of 3 

 

The right channel is amplified by an inverting 
amplifier, represented by gain –A. Because the 
HF-driver is connected with reverse polarity, the 
output is in phase with the input signal. 
 
The responses of the high-frequency drivers, 
including their acoustical enclosures, are not able 
to produce the low-frequency signal content. 
Therefore their output responses reduce to: 
 

LLOUTPUTHF AHFS 
   (15) 

 

RROUTPUTHF AHFS 
   (16) 

 
Notice that these responses are exactly the same 
as those from the 2.1-channel system in section 
III. 
 
 

IV.I AMPLIFIER REQUIREMENTS 
 
The SMPA need to possess dedicated properties 
in order to be able to use it in this 2.1-channel 
configuration. 
The output impedance of the SMPA need to be 
low, because parallel load impedances need to be 
driven, while no interaction between these 
impedances is allowed. Also the load impedances 
should not interact with the output filter of the 
SMPA. Therefore an SMPA with negative 
feedback NFB [3], [5] applied after the 
amplifier’s output filter is inevitable. By carefully 
applied NFB, the output impedance of the power 
amplifier can be made so low over its audio 
frequency range that the amplifier shows to be 
load independent [1], [2]. 
 
 

IV.II LOUDSPEAKER REQUIREMENTS 
 
The HF-drivers and LF-driver should be matched 
in acoustic output level (SPL) and sensitivity. The 
acoustic output response is dependent on and 
controlled by a proper acoustic design of the 
enclosure. 
 
The impedances of the drivers should preferably 
be high. The paralleled impedances show a low 
load to the SMPAs and therefore 8 Ohm drivers 
are preferred over 4 Ohm drivers. 
The power handling capability of the HF-drivers 
should match the power amplifiers used. As also 
the low-frequency signal content is applied to the 
HF-drivers. 
 
 
 
 

IV.III SYSTEM ADVANTAGES 
 
No signal processing is applied, and therefore no 
digital artifacts can be introduced by the digital 
sound processing system. Simply the left and 
right stereo channel information can be applied. 
 
Only two power amplifiers are needed, and so the 
total price-performance ratio of the system can be 
optimized. 
 
Left and right channels are processed by exactly 
the same power amplifier for the low- as well as 
for the high-frequency. 
 
All signals are evenly delayed by the specific 
group delay of the power amplifier electronics, 
and arrive at the output in the exact time 
relationship. 
Because of the low output impedance of the 
SMPA also a simple high-pass filter might be 
applied to reduce the power handling capability 
requirement for the HF-driver. 
 
 
V. CONCLUSION 

 
A 2.1-channel system is described in which only 
two high-performance power amplifiers are used 
instead of three or four, as normally applied. The 
proposed set-up is possible by the load 
independency of the SMPA. Besides the 
audiophile music reproduction and measured 
high-performance audio figures, an outstanding 
price-performance ratio for the total system is 
achieved. 
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