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(57) ABSTRACT 

The present invention relates to a method and poWer ampli 
?er for providing an audio current comprising a ?rst audio 
current and a second audio current to a split voice coil 
speaker having a ?rst coil and a second coil located in a 
magnetic ?eld. The ?rst coil and the second coil are Wired 
such that current can be provided to one coil Without 
providing current to the other coil. The ?rst audio current is 
provided to a ?rst branch connected to the ?rst coil. The 
second audio current is provided to a second branch con 
nected to the second coil. The ?rst audio current differs from 
the second audio current. The ?rst audio current in the ?rst 
coil and the second audio current in the second coil are 
oriented such that both the ?rst audio current and the second 
audio current constructively contribute to a force provided to 
the voice coil. 
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POWER AMPLIFIER AND METHOD FOR SPLIT 
VOICE COIL TRANSDUCER OR SPEAKER 

FIELD OF THE INVENTION 

[0001] This invention relates generally to audio power 
ampli?ers. More particularly, it relates to an audio poWer 
ampli?er for a split voice coil transducer or speaker. 

BACKGROUND OF THE INVENTION 

[0002] As the cone of an operating speaker moves in both 
directions, the force generated by the speaker voice coil has 
to have an alternating character. This is achieved in conven 
tional speakers by connecting an ampli?er that supplies 
alternative or bi-directional current to the voice coil of a 
single coil speaker. 

[0003] PoWer ampli?ers are built using poWer devices 
such as vacuum tubes or transistors. These devices control 
the amount of current that ?oWs from the poWer supply to 
the ampli?er output based on the applied input signal. The 
vacuum tube or transistor modulates current intensity but 
cannot change current polarity. One reason for this is that the 
vacuum tube or transistor is connected to the poWer supply, 
Which has constant polarity. The second reason comes from 
the fact that a vacuum tube or bipolar transistor can conduct 
current in one direction only. This is Why tWo such poWer 
devices are required to build an ampli?er. One poWer device 
is connected betWeen a positive poWer supply and the 
ampli?er output While the second poWer device is connected 
betWeen a negative poWer supply and the ampli?er output. 
The ampli?er output acts as a subtracting node Where signals 
from both devices meet. 

[0004] The control of the poWer devices is simpli?ed if 
they are connected in the same Way to the circuit ground, 
particularly if their cathodes, emitters or sources are con 
nected to the circuit ground. In this case, only one poWer 
supply, positive or negative, can be used, and an alternating 
current cannot be obtained (except When using a poWer 
audio transformer, Which is costly and does not Work at very 
loW frequencies or DC). If this con?guration is used to build 
a poWer ampli?er Without a poWer audio transformer, then 
some other mechanism must be provided to provide an 
alternating force in the speaker. 

[0005] The split coil speaker provides such a mechanism 
for providing an alternating force in the speaker. Both coils 
together, Work as subtracting device. That is, instead of 
subtracting currents one subtract forces With the same result 
for the speaker operation. In such speakers, each coil is 
placed in a magnetic ?eld created by a magnet and is 
energiZed With an electric current. Each conducting coil then 
experiences a force created by the magnetic ?eld of the 
magnet and the coil current. This force is used to drive a 
speaker cone to produce sound. 

[0006] US. Pat. No. 2,959,640 (Schultz) and US. Pat. No. 
4,130,725 (Nagel) disclose split coil transducers combined 
With class B ampli?ers. Class B, push-pull or other ampli 
?ers alternate the current betWeen coils by delivering a 
current to one coil at a time. That is, While the current is 
supplied to one coil, no current is supplied to the other coil. 
HoWever, for reasons that are discussed beloW, this reduces 
ef?ciency and increases heat dissipation in the transducer or 
speaker. It is possible to increase the density of the magnetic 
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?ux in the transducer to reduce heat dissipation; hoWever, 
this is expensive as it requires a much larger magnet. 

[0007] It is very important for bi?lar speaker systems to 
include poWer ampli?ers capable of delivering high poWer at 
high ef?ciency, as reduced efficiency may impair cooling or 
increase cost due to the need to include large heat sinks. 
Accordingly, a high ef?ciency poWer ampli?er for a split 
voice coil transducer is desirable. 

SUMMARY OF THE INVENTION 

[0008] In accordance With a ?rst aspect of the present 
invention, there is provided a sWitching poWer ampli?er for 
connection to a split voice coil of a speaker. The split voice 
coil has a ?rst coil and a second coil located in a magnetic 
?eld, the ?rst coil and the second coil being Wired such that 
current can be provided to one coil Without providing 
current to the other coil. The poWer ampli?er comprises: a 
?rst branch for providing a ?rst audio current to the ?rst coil; 
a second branch for providing a second audio current to the 
second coil, Wherein the ?rst audio current differs from the 
second audio current; and a transformer for transferring 
energy betWeen the ?rst branch and the second branch such 
that both the ?rst audio current and the second audio current 
constructively contribute to a force provided to the voice 
coil. 

[0009] In accordance With a second aspect of the present 
invention, there is provided a method of providing an audio 
current comprising a ?rst audio current and a second audio 
current to a split voice coil speaker having a ?rst coil and a 
second coil located in a magnetic ?eld. The ?rst coil and the 
second coil are Wired such that current can be provided to 
one coil Without providing current to the other coil. The 
method comprises providing the ?rst audio current to a ?rst 
branch connected to the ?rst coil; providing the second 
audio current to a second branch connected to the second 
coil, Wherein the ?rst audio current differs from the second 
audio current; orienting the ?rst audio current in the ?rst coil 
and the second audio current in the second coil such that 
both the ?rst audio current and the second audio current 
constructively contribute to a force provided to the voice 
coil. 

[0010] In accordance With a third aspect of the present 
invention, there is provided a speaker comprising a split 
voice coil having a ?rst coil and a second coil located in a 
magnetic ?eld, the ?rst coil and the second coil being Wired 
such that current can be provided to one coil Without 
providing current to the other coil, and a poWer ampli?er. 
The poWer ampli?er comprises a ?rst branch for providing 
a ?rst audio current to the ?rst coil; a second branch for 
providing a second audio current to the second coil, Wherein 
the ?rst audio current differs from the second audio current; 
and a transformer for transferring energy betWeen the ?rst 
branch and the second branch such that both the ?rst audio 
current and the second audio current constructively contrib 
ute to a force provided to the voice coil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] A detailed description of the preferred embodi 
ments is provided herein beloW With reference to the fol 
loWing draWings in Which: 

[0012] FIG. 1, in a schematic vieW, illustrates a speaker 
With a split voice coil shoWing the polarity of applied 
voltages and currents; 
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[0013] FIG. 2 is a graph illustrating ratios of total power 
dissipated in the split voice coil of FIG. 1 under different 
conditions; 

[0014] FIG. 3a is a schematic vieW of a full bridge class 
D poWer ampli?er in accordance With the prior art; 

[0015] FIG. 3b is a schematic vieW of a half bridge class 
D poWer ampli?er in accordance With the prior art; 

[0016] FIG. 4, in a simpli?ed schematic diagram, illus 
trates a poWer ampli?er in accordance With the present 
invention; 

[0017] FIG. 5, in a graph, plots the poWer transistor 
currents in the ampli?er of FIG. 4 as a function of time; 

[0018] FIG. 6, in a graph, plots the normaliZed currents 
provided to the voice coils against a modulation coef?cient 
31; 

[0019] FIG. 7, in a graph, plots relative increase in the 
poWer dissipated as a function of the modulation coef?cient 

a; 

[0020] FIG. 8, in a functional schematic vieW, illustrates 
a poWer ampli?er in accordance With a further embodiment 
of the invention; 

[0021] FIG. 9, in a graph, plots the time each poWer 
transistor is on as a function of the modulation coef?cient a; 

[0022] FIG. 10, in a graph, plots the switching frequency 
betWeen the poWer transistors as a function of the modula 
tion coef?cient a for tWo different values of bias currents 
expressed by their normaliZed values ab; 

[0023] FIG. 11, in a graph, plots the relationship betWeen 
duty cycle and the modulation coef?cient a; 

[0024] FIG. 12, in a graph, illustrates the polarities and 
relationships betWeen the poWer transistor threshold cur 
rents and the modulation coef?cient a; 

[0025] FIG. 13, in a graph, plots poWer transistor drain 
voltages as a function of time; 

[0026] FIG. 14, in a graph, plots a ratio of maXimum drain 
voltage to supply voltage as a function of the modulation 
coef?cient a; 

[0027] FIG. 15, in a graph, plots eXamples of Waveforms 
of speaker voice coil currents assuming a sinusoidal input 
signal; 

[0028] FIG. 16, in a graph, illustrates the phenomena of 
cross-over distortions; 

[0029] FIG. 17, in a graph, illustrates a method of com 
pensating for cross-over distortions; 

[0030] FIG. 18, in a functional schematic vieW, illustrates 
a poWer ampli?er employing a circuit for cross-over distor 
tion compensation in accordance With a further embodiment 
of the invention; 

[0031] FIG. 19, in a detailed schematic vieW, illustrates 
the poWer ampli?er of FIG. 18; 

[0032] FIG. 20, in a graph, plots the poWer transistor drain 
voltages and shoWs voltage spikes caused by parasitic 
inductances of a sWitching transformer; 
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[0033] FIG. 21, in a graph, illustrates an eXample of 
control Waveforms in the poWer ampli?er of FIGS. 22 and 
25; 
[0034] FIG. 22, in a functional schematic vieW, illustrates 
a poWer ampli?er class “A” in accordance With an embodi 
ment of the invention; 

[0035] FIG. 23, in a graph, illustrates the time on for each 
poWer transistor in the poWer ampli?er of FIGS. 22 and 25 
as a function of the modulation coefficient a; 

[0036] FIG. 24, in a graph, plots an eXample of sWitching 
frequency in the poWer ampli?er of FIGS. 22 and 25 as a 
function of the modulation coef?cient a; and, 

[0037] FIG. 25, in a detailed schematic vieW, illustrates 
the poWer ampli?er of class “A” of FIG. 22. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0038] Referring to FIG. 1, there is illustrated in a sche 
matic vieW, a speaker 100 With a dual split voice coil 102 in 
accordance With the prior art. Voltages U1 and U2 are applied 
to the extreme terminals 104, 106 of voice coil 102, While 
voltage E is applied to common terminal 103. The resulting 
currents i211 and i212 ?oW through the voice coil 102, Which 
sits in a magnetic ?uX created by a magnet (not shoWn) 
Within speaker 100. The current ?oWing through the voice 
coil 102 causes a force to act on the voice coil 102 according 
to the equation F=Bli Where F is the force, B is the magnetic 
?uX in Which the Wire is placed, 1 is the length of the Wire 
and i is the current running through the Wire (this equation 
assumes that the Wire is perpendicular to the magnetic ?ux). 
The means by Which the force F can be used to create sound 
are Well knoWn in the art. 

[0039] The split voice coil 102 is in fact composed of tWo 
coils 108, 110. These coils may be split, dual, overlay or 
bi?lar voice coils. The forces created by coils 108 and 110 
respectively are given as: 

F2=B2'l2' (-1.32) (2) 

[0040] Where B1 and B2 are the densities of magnetic ?uX 
Within Which each of the coils 108 and 110 is placed 
respectively, 11 and 12 are the lengths of the Wires or con 
ductors of each of the coils, and i211 and i212 are the currents 
through each of the coils. The second current is indicated as 
negative given that, as shoWn in FIG. 1, it is opposite in 
direction to the ?rst current. 

[0041] Typically, magnetic ?uX is not uniformly distrib 
uted along the voice coil. One Way of dealing With this is to 
have B1 and B2 represent the average densities of magnetic 
?uX along the length of the coil. Another Way of dealing With 
this is to assume non-uniform values of magnetic ?uX 
density B1 and B2 and de?ne each of 11 and 12 to be the 
effective length of its respective coil. 

[0042] Symmetrical coils can be provided by tWo identical 
voice coils being positioned side-by-side, one coil being 
Wound on top of another coil (overlay) or both coils made 
simultaneously using bi?lar coils. Bi?lar coils assure almost 
identical coils, but methods in Which one coil is overlaid on 
top of another give very similar results. 
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[0043] For the case of tWo coils that are symmetrically 
positioned With respect to a magnetic ?eld created by the 
magnet in the voice coil gap, the folloWing relationships 
hold: 

l (4) 

[0044] Thus, the total force resulting from both coils is 

[0045] The voice coils must deliver the force required to 
move the speaker components. This force can be generated 
by one coil at a time, or by both simultaneously. That is, the 
force generated by the coils can result from an equal 
distribution of current betWeen the tWo coils, by an uneven 
distribution of current betWeen the tWo coils, or, in the 
extreme, by current being provided to only one coil at a time. 
The tWo extreme cases are considered beloW. In the ?rst 

case, current is only provided to the ?rst coil, such that ia2=0. 
In the second case, the coils are equally active as equal 
amounts of current are supplied to each: ia1=—ia2=ic, Where 
iC is a hypothetical current through both currents simulta 
neously that provides the same force as the sum of the forces 
generated by the actual component currents i211 and iaz. In 
both cases, the force F must be the same to get the same 

sound from the speaker. Thus, in the ?rst case ia1=2~ic. 

[0046] Current ?oWing through the coils’ resistances dis 
sipates heat. Each coil has a resistance equal to R/2. Thus, 
the poWer P1 dissipated in the ?rst coil can be expressed as 
folloWs: 

[0047] Where equal currents are provided to each coil, the 
total poWer PC dissipated can be calculated as folloWs: 

[0048] Combining these tWo equation yields 

P1=2Pc (8) 

[0049] From this equation, it is apparent that When a 
current is provided to only one coil, as opposed to being 
divided equally betWeen both coils, the poWer dissipated is 
doubled. HoWever, to complete this analysis, it is necessary 
to consider cases in Which ia1#0 and ia2#0 Speci?cally, in 
these cases, 
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R . . (9) 

P1+P2 = 5 4151 +152) 

[0050] As current ia2 ?oWs in the opposite direction to 
current ial, 

[0051] 
PER-1'02 (11) 

[0052] Combining equations (9) and (11) gives 

current iC dissipates poWer PC 

P, 2-13 

[0053] Combining equations (10) and (12) yields 

P1+ P2 ial ial 2 (13) 

T =Z-ZIZHZ) 

[0054] FIG. 2, in a graph, illustrates a normaliZed plot 112 
of the ratio of the total poWer dissipated in both coils to the 
poWer dissipated by current iC as a function of the ratio of the 
current through coil 110 to the current ?oWing through both 
coils, according to equation (13). The plot 112 indicates that 
the point of a minimum poWer dissipation is, as expected, at 

[0055] For example, 

if [ii =05 Orif [ii = 1.5, 
[C [C 

[0056] in Which case ia1/ia2=1/3 or ia1/ia2=3 respectively, 
then one Will need 25% more poWer for the same force. 
Thus, in general, the more uniform the current distribution 
betWeen the coils is, the higher the ef?ciency. High ef? 
ciency is particularly important in high poWer systems, 
Where even a small decrease in efficiency translates to a 
large amount of dissipated heat. 

[0057] US. Pat. No. 2,959,640 (SchultZ) and US. Pat. No. 
4,130,725 (Nagel) disclose the use of class B ampli?ers for 
split coil transducers. Class B, push pull or other ampli?ers 
alternate the current betWeen coils at audio frequencies by 
delivering the current to half of the coils at a time With the 
other half being left inactive. According to the foregoing 
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