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[err] -1- STEREO:-EXPANSION CI RCU T SELECTI ON SW TCH This invention is
directed to a switching device for selectively actpatin _or‘deactuating t he
stereo expansion circuit of an audio system 5 24] o) Uistereo
expansion in audio systens is well known in the art and has been avail abl e
for ‘'many years. In such systens, the rréﬁt and |l eft channel signals are
processed in a manner which nakes it appear to the listener that the
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whi ch are avail abl e, When expanded stereo i s nqt ire the,smﬁtgp i s
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the audio processing system when expansion is not utilized
15 or through a stereo expansibn circuit when expansion is
utilized. This selection circuitry and switching circuitry
thérefore substantially adds to the complexity and cost of
the stereo receiver. Another difficulty with the prior art
expansion sYstem arises because the expansion circuitry
20 changes the impedance from the incoming circuitry. For
this reason, impedance matching devices must be added to
the expansion circuitry in order to optimize the operation
of the processing circuitry.
FIGURE 1 is a simplified block diagram showing
25 the selection of expanded stereo in a prior art system.
N The-rightl(R) and left (L) audio signalsjare received on
.input lines 1 and la respectively. A selection switch 2 is
shown as a double-pole double-throw switch for purposes of
illustration, in an actual stereo receiver the switch 2 is
30 an electronic switch, many types of which are available.
When expanded stereo is not desired the switch is coupled
‘to lines 1 and la and the R and L signals pass directly
through the switch 2 to output lines 8 and 9. The input
lines 1 and la are also coupled to a stereo expansion
35 circuit 3 having output lines 4 and 5. The expansion
circuit 3 processes the R and L audio signals in known
manner and the expanded audio signals L+X(L-R) and R+X(R-L)
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through the switch 2 to output lines 8 and 9. The I nput I-ines 1 and la are
al so coupled to a stereo expansion 35 <circuit 3 having output lines 4 and
5. The expansion circuit 3 processes the R and L audio signals in known
manner and t he expanded audi o signals L+X(L-R) and R+X(R-L) -2- are
avail able on output lines 4 and 5 of e expansion circuit 3. An inpedance
matching circuit 6 is arranged between the expansion circuit 3 and the
switch 2. e.LaRs e at chi lsrcujt, i t . L pedance- 5
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including stereophonic color television receivers, savings

15 in cost and complexity are of paramount importance. For
these reasons-thgre.is.a.need for a simple, inexpensive but
effective stereo expansion circuit selection switch. The
present invention fulfills these needs.

- In accordance with an aspect of the present -

20 invention a stereo expansion circuit has right and left
amplifying channels with the right énd left channels each
having a first input terminal for providing unexpanded
stereo signals. Each of said channels also has a second
input terminal. A selection device comprises switch means

25 cross coupling the second input terminals for providing
expanded stereo when the switch means is closed. [

In the accompanying drawings:
FIGURE 1 is a simplified diagram showing a prior
art stereo expansion selection system as already |

30 discussed;

FIGURE 2 is a simplified diagram of a stereo
expansion circuit incorporating the preferred-embodiment.

In FIGURE 2, a stereo expansion-circuitulo
includes two operational amplifiers (op amp) 11 and 12. A

35 left (L) channel signal is applied to the positive (non- .
inverting) input terminal of the_op_amp'll by way of an .
input line 13. A right (R) channel signal is applied to
the positive input terminal of the op amp 12 by an input



expanded stereo.when the switch neans is closed. In the acconpanying
drawings: FIGURE 1 is a sinplified diagramshowng a prior-art stereo
expansi on sel ection systemas already 30 discussed; FIGURE 2 is a
sinplified diagramof a stereo expansion circuit incorporating the
preferred enbodiment. In FIGURE 2, a stgreo expansion circuit 10 includes
two operational anplifiers (op anp) 11 and 12. A 35 left (L) channel

signal is applied to the positive (non- inverting):input termnal of the op
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voltage from the source 23 is selected on the basis of the
W characteristic of the transmission gate 21 and the bias of
line 17, to enable the transmission gate 21 to be fully
15 turned "on" (conductive) or "off" (nonconductive).

' In operation, when stereo expansion is not
utilized in the receiver, the output of the voltage
responsive device 23 is low and transmission gate 21 is
nonconductive. The input lead 13 of the OP amp 11 receives

20 the left channel (L) signal. The audio signal is amplified
by the amplifier 11 and applied to the output line 15 as a
pure left channel signal. Similarly, the input line 14 of
the OP amp 12 receives the pure R signal to apply an |
amplified pure right channel (R) signal to the output line

25 18. Accordingly, the stereo signals pass directly through

- the amplifiers 11 and 12 to the demodulating and other
circuitry of the stereo system.
When stereo expan51on is to be utilized in the
system, the voltage responsive device 23 receives a

30 positive input, which the listener initiates by a selection
key available on the receiver, to render the transmission
gate 21 conductive. When the transmission gate 21 is
conductive the negative input lines 17 and 20 of the op
amps 11 and 12 are coupled through the filter 22. The

35 right and left channel signals are fed back by the
resistors 16 and 19 and the differential cross channel
coupling causes each channel output to affect the output of
the other channel. Accordingly, the output signal on the
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responsi ve device 23 is low and transm’'ssion gate 21 is nonconductive. The
i nput [ead 13 of the OP anp 11 receives 20 the left channel (L) signal.
The audio signal is anplified by the anplifier 11 and applied to the output
line 15 as a pure left channel signal. Simlarly, the input line 14 of the
OP anmp 12 receives the pure R signal_hg apply an anplified pure right
channel (R) signal to the output |ine™25 18. Accordingly, the stereo
signals pass directly through the amplifiers 11 and 12 to the denodul ati ng
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capacitor 24 and a resistor 25. The exact values tQr the capacitor 24 and
apparent separation of the speakers also increases. The
parameters of resistor 25 and capacitor 24 establish the v/
cross coupling of filter 22. As the value of resistor 25
i5 increases the cross coupling decreases because the current
flow decreases. Capacitor 24 determines the frequencies at
which coupling occurs. The value of capacitor 24 is
selected to cause very little coupling at low frequencies,
as the frequency increases to about 150 Hz or 200 Hz
20 coupling begins and is full at about 1 KHz to 3 KHz, and
then begins to decrease and is virtually zero at 5 KHz.
A high impedance means 26, such as a resistor
having a high resistance, such as 10 megaohms, is shunted
across the drain-source electrodes of transmission gate 21.
25 The high impedance 26 is used to prevent audible “pops"
from being generated when the transmission gate 21 is
turned on and off, and the impedance is sufficiently high
to prevent cross channel coupling when the transmission
gate 21 is non-conductive. :




10 resi stor 25.are dependent upon the anmount.of cross coupling desired.
As the coupling coefficient increases the apparent separation of the
speakers al so increases. The paraneters of resistor 25 and capacitor 24
establish the cross coupling of filter 22. As the value of resistor 25 15

i ncreases the cross coupling decreases B&Cause the current flow decreases.
Capacitor 24 determ nes the frequencies at which coupling occurs. The val ue
of capacitor 24 is selected to cause very little coupling at |ow
frequepci es, as the frequency increases to about 150 Hz or 200 Hz 20
coupling begthsIM8&d is full at about 1 [err] to 3 [err], and then begins to
decrease and is virtually zero at 5 KHz. A high i.npedance neans 26, such as
a resistor having a high resistance, such as 10 negaohns, is shunted across
the drain-source el ect tede¥nof steneni exbensdsie circwit hawingiyhoht
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means is open.
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2. The improvement of claim 1 wherein said
amplifier means are operational amplifiers. '

_ 3. The improvement of claim 2 wherein said
switch means is a transmission gate.

4. The improvement of claim 3 further including
filter means arranged between said transmission gate and
said amplifiers.

5. The improvement of claim 4 wherein said

N\ filter means is a series R-C filter.

6. The improvement of claim 5 further including
high impedance shunting said transmission gate.

7. The improvement of claim 6 wherein said high.
impedance means is a resistor.

8. The improvement of claim 3 further including
high impedance means shunting said transmission gate.

9. The improvement of claim 8 wherein said high
impedance means is a resistor. —

o
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2. The inprovenent of claim 1l wherein said anplifier nmeans are operational
anplifiers. 3. The inprovenent of claim2.wherein said switch neans is a
transm ssion gate. 4. The inprovenent of claim3 further including filter
means arranged between said transm ssion gate and said anplifiers. 5. The
i mprovenent of claim4 wherein said filter neans is a series RRC filter. 6.
The i nprovenent of claim5 further including high inpedance shunting said
transm ssion gate. 7. The inprovenent of claim®6 wherein said high -

i npedance neans is a resistor. 8. The inprovenent of claim3 further

i ncl udi ng hi gh i npedance neans shunting said transm ssion gate. 9. The

i nprovenent of claim8 wherein said high i npedance neans is a resistor.
[err] 10. A stereo _expansion circuit substgntially as herejnbefore

described with referéfce PoSERYEPeeXPANSINR LA NVTURSIAR G HLLY [3F 1] *

C L M Shefeinbefore described with reference to Figure 2 of the
accompanying drawing.
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