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~ lite receivers or NICAM stereo
4 equipment, I have connected the

: audm ooutput to my hi-fi system. This

- gives a vast improvement in realism,
 particularly with films. However, by

| comparison to the cinema, there is still

- something missing! One thing that really

~ makes a visit to the cinema memorable is

the Dolby Stereo surround sound system.

- Nearly all new films are made with
Dolby Stereo sound. The surround sound

- information will often remain encoded

. into the stereo soundtrack when the film ;
s transnutted by satellite or in NICAM

 stereo, or released on video. The Sky
 Television film channels have a “Dolby

Surround” caption at the beginning of

_:..-_-ﬁleserﬁlms These are also indicated in

. some television listing guides by the
Jetters “SS”, but this does not seem to be
too accurate in the magazine [use.

There are some excellent Dolby li-

 censed decoders available for home use,

however these tend to be rather expen-
sive. The unit presented here is a “sound-

~ alike” circuit which, while not perform-
ing quite as well as the real thing, gives

~ superb results for a more affordable price.

- An 8-watt power amplifier is mcluded to

- drive the rear speakers. :

* Construction is straightforward, prob- 3 ;

~ ably the most difficult part is drillingand ~ When the syste

- preparing the case. The completed unit ~ most common ci

~ needs no setting up or alignment.

Paul Stenning
ushers us into the

- cinematic world of
surround sound

at home, with his
complete decoder.

- ike many owners of stereo satel-

~ Surround S
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has four channels, Left, nght
.necessary m a cmema, w ensu

rium do not m:ss the effect It éisd ﬁlls %
the gap caused by Ihe Laﬂ and R1ght

: j':_sb_und channels (the 70mm format now

commonly used in larger cinemas has

~ four sound channels). This presented
~ Dolby with the problem of encoding four
~ channels into two, in a way that could be
.' - replayed successfully on a two-channel

~ stereo system without a suitable decoder.

A basic form of the encoding system

~ isshown in Figure 1. The Centre channel
 is attenuated by 3dB and added equally to

~ both the Left and Right channels. The
- Surround channel is attenuated by 3dB

- = before passing through a filter circuit
- having a pass band of 100Hz to 8kHz.
~ The signal then passes through a pair of
- phase shift circuits, before being added to



—_— | Fig.2 Surround sound decoding
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~ home construction.

- Other Uses |
In this design the noise reduction and
delay circuits may be independently

the Left and Right channels, as shown.

If this is replayed on a stereo system
without a decoder (like the cinema in the
author’s home town, until last year), it
will sound fine. The Centre channel
sounds will come from the Left and

Right speakers equally, and will there-
fore appear in the Centre. The
Surround signals will also come
from both speakers. However,
the 180 degree phase shift be-
tween the two channels will
give this a very wide effect.
A basic decoding system is
shown in Figure 2. This is
based on the original Dolby
Surround system, used in
older cinemas and this
project. Most modern cin-
emas, and the more expen-
sive commercial home
decoders, use the Dolby
Pro-Logic system.

The Left and Right
signals pass unaffected
through the decoder. The presence of
the Centre and Surround information on
these causes no problems, for the reasons
described above. The Centre channel is
extracted by summing the Left and Right
signals. The resulting signal is amplified
by 3dB to counter the attenuation in the
decoding system. :

The Surround channel is extracted by
a subtraction (Left minus Right) net-
work. In this design an op-amp circuit is
used. The resulting signal is then ampli-
fied by 3dB. The signal then passes
through an audio delay circuit, with a
delay of between 10 and 30ms. On this
unit the delay may be switched to either
12 or 24ms. If sounds come from both

the front and surround speakers, those
from the rear will be regarded by the
brain as echoes and ignored. The delay
also gives the sound field greater depth.
Following this is a noise reduction
circuit. This will reduce any stray low

level high frequency

sounds, while allowing louder sounds to
pass unhindered. The delay and noise
reduction circuits may also contain filter-
ing components, to limit the bandwidth to
the 100Hz to 8KHz specification.

This system is relatively simple, and
the limitations are apparent. The delay
and noise reduction systems are present
to remove stray signals from the Sur-
round channel, caused by slight imbal-
ances and phase shifts in the replay
system. The more advanced Dolby Pro-
Logic system uses active signal channel-
ling technology to ensure that any par-

switched out of the signal path. This

may be useful for appreciating the effect - :

and limitations of these sections.
- With both sections switched out, the

 unit may be used to add surround effects
~ to music. The sound is similar to that
~ obtained from 1970s *‘quadraphonic™

music centres, with the rear speakers
connected in series between the positive
terminals of the front speakers. This
effect may not be to everyone’s taste!
The unit can even be used to record

Karaoke tapes, by adjusting the

balance to cancel out the vocals. Again the
delay and noise reduction should be
switched off. Some bass may also be lost,
but this probably won’t matter too much if
everyone is getting drunk!

PCB Construction

The circuit is constructed on a single
sided PCB, which is available from
Electronics in Action. The component

overlay is shown in figure 6.

ELECTRONICS in ACTION e JUNE 1994
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The voltage regulators and power
amplifier IC’s will become warm in
operation, and should be mounted on a
suitable heatsink or bracket. An 85mm
length of aluminium angle was used on
the prototype, as shown in the photo-
graphs, to transfer the heat to the rear
panel of the case. The closest readily
available bracket is the Maplin “15W
Amplifier Heatsink Bracket” (order code
YQ36P), although you will need to drill
two extra holes.

The mounting tabs of all three de-
vices are internally connected to 0V, so
insulation washers are unnecessary. This
;%& should be the only point where the OV
& rail connects to mains earth.
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Fit the 22 link wires first, using thin plify the interwiring.

(approx. 26SWG) tinned copper wire.
The components may then be fitted in
the usual size order. The non-polarised
capacitors should have a lead pitch of
0.2", to match the holes in the PCB.
Low cost ceramic or polyester devices
are ideal. Use terminal pins for the off-
board connections, since this will sim-

IC sockets may be used for the DIL
devices if you wish. Opinion on this
issue is varied, I feel sockets are unnec-
essary on single sided PCB’s, because
soldered IC’s can be readily removed
with a decent de-soldering tool. How-
ever, I would always use sockets in a
PCB with plated through holes.

Case

The prototype was constructed in an
aluminium case, 280mm x 155mm x
75mm. This is often listed as type WBS5.
Before removing the protective film,
check the panels are not scratched
(Maplin, please take note). Once you have
removed this film, you may not be able to

return a damaged case for replacement.

A suitable front panel overlay is
shown in figure 9. This may be photo-
copied (enlarge to 278mm x 75mm)
onto transparent film, and fixed to the
front of the box with clear self adhesive
vinyl. A second paper copy can be used
as a drilling template.

T
s $§§§§§m‘g$
-

e B . .

S i @ﬁwﬁfﬁﬁﬁé.
smss@wmmvms&wvgg@wswg R

S
mEe
i

S

. -
S -

JUNE 1994

Q1-
Q3-
Ic10
ZN448E
ek o P2 Do
390R 2 17
RS —40E D1 D1
— V- 4 3 sc p2 & D2
Delayin 12K imcrg Ro Uesc b3 f ~ D3
2200pF 10K —S{ okt D4 14 D4
a7 13
VRI D5 D5
R6 3
::1022 LB_ VRO D6 12 D6
fh i - Slvin o7 {1 o7
s p— 36
. c19 c20
. 2200pF -_—cno 5‘6‘2 [y
G S
§§39 s F”G
‘?§§ - — Al -av
- 7.5V
o A TO D CONVERTOR GND g Vee az-
R13 R15 |2_
. 100K & 390R o
- : o1 [
e EN D2 5
. D3
. Slva  pa f
e icod e
. LF347 R14 Zlyro  ps 12
E 12K + 12
- AN [I I.—i-mo D6
. 8 11
_§ 1 c23 ca2s AGD bz
— 4an7 10pF
. Delay Out s 1Ic11
. 327 ZN428E
- 1uF
c24
G

C26
. T4?pF TW
G &‘&cg

D TO A CONVERTOR GND

ELECTRONICS in ACTION




NOILOV Ul SOINOHLO3 13

66l INNr

T
S S R
o it
!

L

e e 2 S 0”«4» &G&’@w&@ww§-§®%~&
EQ.Q or éﬁméé;%ﬁﬁ:&;
$*8€§8W&0®

- .

e &5‘&:&«988‘&‘329 i

ééﬁim three of whic @ﬁﬁiﬁ%ﬁﬁf&&@z »‘?5&?;

at-
Q2-
D1
D3
D4
D5
D6
D7

i s
Seoas

Fig.5a Logic

.
z»xagg»qa

- When Q1 goes high, the A-

e s-»@wsswsmw

%ﬁﬁ*l@i@%@iﬁ@&% “z::::* ;

g@ﬁag%@%g@%“@mﬁ@%ﬁg%z
cony -

& ss @»mssw-ws&&msx.w = s gssee
L e e i

=

o R

e = azswwww =

store ‘sv ss
&&&@ﬁ@%ggw&vwmywwg m&@% ;Q% e
- i 3&3

.
=
-

S
o
=

i

i
i

R R =
I [
e e
S Semn
. o S

e i
x
hip to be used to either 512 .
&@wﬁ W”ﬁ&‘&” & WW‘&‘& & mw&é&&w&v %@@Wi G gzgg
g& This sets &.ﬁ %né;
& s B EE

m«.wm» S

&&&«&G ‘9&%” gg S 38’9892&&‘&5&& g m‘&w ”&%‘&@3&&
or 24m$S.. ﬁﬁh a 2K RAM chip .

i
e o G

S
& v@xss&@wwv aws‘sf e «s:mses;v e G
e o
o o
i
=

wm

S S i B &8882”\98886*& 88‘82@88
faavﬁiaii& w&e& Q%

.
i m»aw@&&w%ywe&wﬁ &‘&m&b&@w‘&‘& i :
awsss «msssms .asmw L
s% e

L S
o ew»x »wm»m&w@ Ws S e
L s swwssw

IC5 4001

IC5 4001

IC5 4001

IC4

e &s&ﬁ&@w&&\%‘& S
ﬁé@ﬁi %@e&i? ﬁa?ﬁ swas
S i
8"95 &@»‘&ﬁw&&ss A S e e
&5& w&c‘» 8? S g e ‘&ms‘ms
@ » g =- ‘3@ S S
vv&’xaw&ww&%wa& S #w&&xw%‘»\»w‘& =
~ Stat m“@é“ %ﬁé"“”@&ﬁ” d data

S S R

 normally be connected | ﬁ**é&**@é&e”zem“

ﬁ@éﬁ@éﬁ%@@éﬁﬁ@ﬁﬁwﬁéﬁﬁ ritheread

w»@»ﬁ.w& e S

s\xs‘ a@ -
G
G

‘When copying onto clear film, please
make sure the film you use is suitable
for photocopiers. The correct material is
normally sold as photocopier overhead
transparency film, and has a sheet of
thin paper behind it, attached by one
edge. Other types of clear plastic will
probably melt in the copier, which won't
make you very popular with whoever
has to pay the repair bills! If in doubt,
get the job done at a local photocopying
and printing firm.

Five holes are required in the front
panel for the pots and switches, these
should be 10mm in diameter. The stops
on the Power and NR switches should
be set to give two positions, and the stop
on the Delay switch should be set for
three positions. Please use a proper
double pole mains rated component for
the Power switch, and not.the type fitted
into the prototype! The knobs used on
the prototype are black plastic with
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chrome inserts, and are often listed as

types M3 (small) and M4 (large). Mount problems. The internal photograph of the
the transformer in the base of the case, prototype should make all this clear!
The rear panel can now be prepared,
lid fixing screw will not foul on it. I with a hole for the mains cable clamp,
used a 60V A torroidal transformer on and appropriate holes for the audio
the prototype because it was to hand, connectors. Remove the PCB and trans-
however any torroidal or conventional former when drilling the holes.
Phone connectors were used for the
or greater will be suitable. audio inputs on the prototype. Use
Mount the PCB to the right of the case insulated sockets to prevent earth loops,
on 10mm spacers, with the heatsink bracket the cheap phono sockets mounted on
secured to the rear panel. Again check that insulated paxolin panels are ideal. To
the lid fixing screw does not cause any simplify installing the unit into your

towards the left side. Check that the case

transformer rated at 20VA (1.3A at 15V)

home entertainment system, it may be
useful to fit two pairs of sockets, con-
nected in parallel. T used a pair of termi-
nal posts for the loudspeaker connec-
tions on the prototype, again you could
use whatever suits your installation.

Wiring

The internal wiring is shown in figure 8.
The terminals on the PCB and controls
are identified with letters, simply con-
nect ‘A’ to ‘A’, ‘B’ to ‘B’, etc. If you
intend to form all the wiring into a tidy
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loom, you may need to use screened
cable for the signal connections, due to
the extra length and the nearness of the
cables. No problems were experienced
using ribbon cable for the short point to
point on the prototype.
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two primary windings must be wired in
series for 240V operation. The mains
input should be connected between the
brown and blue transformer tails, and
the grey and mauve wires should be
connected together (check the label on
the transformer first). On the prototype
this was done on a pin of an unused
section of the power switch. However
since you will be using the correct type
of switch (please), you will need to
solder the two tails together and cover
the joint with insulation sleeves.

C45 must be a Class X rated compo-
nent, suitable for direct connection
across the mains. If you use any other
type of capacitor, it will probably ex-
plode sooner rather than later. Mount the
capacitor on the switch terminals, in
parallel with the transformer primary.

Connect the earth core of the mains

flex securely to the metal case. No mains
fuse was used on the prototype, a 3A fuse
was fitted in the 13A mains plug. There is
space on the rear panel to fit a fuse holder
you wish. I would suggest a 250mA anti-
surge fuse (T-250mA), since the initial
current surge of a torroidal transformer
will blow a fast-blow fuse.

The transformer used in the proto-
type had four tails for the secondary
windings. Connect both the red and
orange wires to the centre pin on the
PCB (0V). The yellow wire is then
connected to one of the outer pins, and
the black wire to the other. Again, check
the label on the transformer first.

Initial Testing

If you have a test meter, it would be a
good idea to check the following
voltages, before finally installing and
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testing the unit. Connect the negative
terminal of the meter to the case of the
unit, and check the following voltages
with the positive probe. Don’t worry if
any of the readings are a little outside
the tolerance given, however if a reading
is a long way out it should be investi-
gated. The values were measured with a
digital test meter, and some may be a
little lower if an analogue meter is used.
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Cathode of D3 or D4 22V +/- 2V of IC12 (LF347) 7.5V +/- 0.5V
Pin 3 of IC3 (7815) 16V +/- 0.5V Pin 8 of IC12 (LF347) 3.75V +/- 0.5V
Pin 3 of IC6 (7805) 5V +/- 0.25V Pin 6 of IC13 (CA3088) 7.5V +/- 0.5V
Pin 4 of IC14 (LM383) 11V +/- 1V Pin 5 of IC13 (CA3088) 0.65V +/- 0.1V
Pin 6 of IC8 (741) 7.5V +/- 0.5V Cathode of D7 (2V7 Zener) 3.1V +/- 0.5V

Pin 7 of IC10 (ZN448)
Pin 7 of IC11 (ZN428)
Pins1,7,8 and 14

of IC9 (LF347)

Pins 1, 7 and 14

2.56Y +/- 0.05V
2.58V +/- 0.05V

7.5V +/- 0.5V

Upper pin of R16 (68K)

-3.8V +/- 0.5V

If all these voltages are correct you can
be confident that most of the unit is
working correctly. The digital section
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cannot be checked easily, but you will
know soon enough if any of this is faulty.

Check that the heatsink is not getting
too hot - it should be barely warm. A hot
LM383 is a sign of instability - this is very
unlikely but worth checking. If it is unsta-
ble, replace C41 and C42 with polyester
capacitors, and thicken the tracks between
€39, C41, C42 and the LM383 by solder-
ing tinned copper wire along them.

You can now install the unit and test
it, as detailed below.

Installation and Use

To set-up your viewing area, place one
speaker either side of your television
and two speakers behind your head,
towards the rear corners of the room (if
only one speaker is used its position will
be heard). The effect may be a little
better if the rear speaker(s) are further

from the viewer than the front speakers.

The rear speakers do not have to be of
hi-fi quality, since the rear channel band-
width is only 100Hz to 8kHz. On the other
hand though, don’t use the nasty plastic or
hardboard cased offerings that are sup-
plied with many cheaper stereo systems. I
am using a pair of solid wooden cased
speakers that came with a defunct
Ferguson stereo music centre from a local
car boot sale, and these sound superb.

A similar comment applies to the
cable for the rear speakers. The unit
certainly does not need specialist hi-fi
speaker cable, costing several pounds
per metre. However since the cable run
is likely to be fairly long it would be a
good idea to choose something heavier
than doorbell wire. SA twin mains flex
is a sensible choice, and was used suc-
cessfully with the prototype. Connect

the audio input to your home entertain-
ment equipment. Note that the Audio
Out from the satellite receiver or VCR
needs to connect to both the decoder and
your main amplifier, this is the reason
for the suggestion of paired sockets.
Alternatively the unit could be con-
nected to the Tape Out connections on
the amplifier, and the tape deck con-
nected to the second pair of sockets.

Set the Balance control to the centre
position and the Volume control to
minimum. The Delay and NR switches
should be in the off positions. Set the
main amplifier volume to minimum for
now, and switch on the surround sound
decoder and the satellite receiver or
stereo video recorder.

Choose a mono program (if you have
satellite try Sky News or CNN), and
advance the volume control to about the
10 O’clock position. If you adjust the
balance control towards either end, you
should hear the sound from the rear speak-
ers. When the balance control is adjusted
towards the centre there should be virtu-
ally no sound from the rear speakers.

Leave the balance control at this
position, and select a stereo film channel
(Sky Movies or The Movie Channel). If
the film is in Dolby Stereo, you should
get a significant amount of sound (but not
speech) from the rear channel. If you
can’t get this to work, check your satellite
receiver is set to the main stereo audio
channel (AU1 on Amstrad receivers), and
check the film is really in Dolby Stereo.

Now switch the NR on. You should
notice a significant drop in the treble on
quieter sounds, while louder sounds will
be unaffected.

Switch the Delay to 12ms. You may
notice a slight drop in the treble response,
due to the filter circuits. Switching to 24ms
should cause no noticeable effects. The full
effect of the delay will not be evident until
the front amplifier is turned up.

Set the volume on the main amplifier
to your usual listening level. Now adjust
the level of the rear channel to a level
where the rear sounds contribute to the
complete sound, without intruding.

'ELECTRONICS IN ACTION.

DELAY
OFF 12mS 24mS

VOLUME

BALANCE
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Speech should still appear to come from
the front, while crowds, music and dra-
matic sound effects should fill the room.
The effect of the delay switch will
now be more apparent. With no delay
the sound will seem a bit flat, and the
rear channel may be distracting. Switch-
ing to 12ms will give the sound more
depth, and you may want to turn the
surround volume up a bit more! Switch-
ing to 24ms will add more depth - this will
probably give a slight distracting echo
effect unless you have a large lounge.

S

In most normal sized modern sitting
rooms, the 12ms setting will be appropri-
ate. However if your room is larger than
average or has a high ceiling you may
prefer the added depth of the 24ms setting.

You may need some practice to get the
best results from the unit, it’s really a matter of
trial and error, but it’s worth the effort! The
results from this unit can be stunning. It really
does add a new dimension to home entertain-
ment, the effect on some modern films is
dramatic. It almost makes the Sky film chan-
nel subscription charges seem good value!
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Legal Acknowledgement
Various words and phrases used in this
article may be trademarks of Dolby
Laboratories Licensing Corporation, or
other organisations. The mention of an
organisation, product or service in this
article does not imply an endorsement
by the author.

This project is based on readily
available published information. Conse-
quently we believe that none of Dolby’s
patents have been infringed.
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