


IF YOU'VE SEEN A RECENTLY PRODUCED

motion picture presented in a modem
theater, then you are undoubtedly
aware of the stunning realism and dra­
matic impact created by the use of the
Dolby-stereo surround-so und audio
process . The system was developed
by Dolby Laboratories for the mo­
tion-picture industry to literally sur­
round viewers with sound and place
them in the very midst of the action.

For anyone unfamili ar with the
concept, the Dolby-stereo surround­
sound process works to increase the
sensation of " being there " by re­
producing distinct sounds toward the
front, sides, and rear of the viewer. In
practice, it is accomplished by feed­
ing the primary stereo soundtrack to
speakers located behind the screen on
the left, the center, and the right side
of the theater.

Simultaneously, an additional au­
dio channel, decoded from within the
primary channels, is sent to a system
of smaller speakers located to the
sides and to the rear of the audience.
That additional surround channel is
used to re-create ambient sounds like
wind noise or "on location" street
sounds as well as spec ia l so und
effects intended to travel past the au­
dience from front to rear, or even to
seem to circle overhead.

Since the mid 1970's , over 1100
motion pictures have been produced
with surround-sound tracks. Because
the process encodes the surround in­
formation into a 2-channel stereo sig­
nal, when the movies are transferred
to video tapes and laser discs, the
encoded information remains intact.
However, in order to enjoy surround
sound at home, at the very minimum,
a stereo VCR; some type of decoder,
and additional surround speakers are
required .

The basic principle of all surround­
sound decoders, from the simplest to
the most expens ive, is the same. They
all reproduce the surround informa­
tion by recovering the (L - R) dif­
ference signal which is encoded into
the left and right channels of the
movie soundtrack. The decoder pre­
sented here goes beyond the ca ­
pabilities of a simple surround-sound
deco der. Besides the surround de­
coder circuit, additional circuitry is
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Our AFG will turn any livingroom into a
full-sized movie theater or concert hall.
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FIG. 1-THE AFG IS MADE UP OF 10 relatively simple circuit elements.

FIG. 2-THE CENTER-CHANNEL SPEECH FILTER is built by cascading a 3-kHz low-pass
filter with a 300-Hz high-pass filter to form a band-pass filter.

" Ac ousti c F ie ld Ge nerato r," but
we ' ll call it the AFG for short. This
ar ticle is not intended to provide an in­
depth tuto rial or techn ical description
o f th e s u rro u nd-s o und sys te m.
Rather, it is intended to show you how
to con stru ct and install a high-quality.
multichannel sound decoder for use in
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used to create w ide -left, ce nter-d i­
alogu e , wide -right , an d subwoofe r
s ig na ls. Pre senting th ose s ig na ls
through six properly arranged speak­
ers result s in the acou stic al illusion of
a large, almos t boundless, three-di ­
mensional li st ening en vironm ent,
even in a small room : henc e the nam e ,
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your home .
The AFG offers t wo differen t

mod es of operation; " matrix" and
" conc ert. " In the matr ix mode, the
(L - R) difference signal is recovered
from surro und-encoded source mate­
rial and is then passed throu gh a 2048­
stage bucket-brigade delay line . The
delay is con tinu ously adju stable from
about 5 to 35 mi lliseconds, and has a
bandpass of 50 Hz to 15 kHz . That
ena bles the acc urate decoding and
present at ion of the surro und-cha nne l
information present within the source
mater ial . The (L + R) sum signa l is
also recovered to be sent through the
delay section of the AFG when the
conce rt mode is se lected . That im­
part s the ambience and rea lism of a
live co nce rt-hall performance to mu­
sica l mat eria l played th rough the
AFG. In either mode . the output of
the decoder/de lay sec tion is sent to a
pair of 10- wa tt-per-ch an nel power
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PARTS LIST
amplifiers, included on the main cir­
cu it board, for driving a pair of sur­
round-channel speakers .

The AFG also provides a means of
great ly increasing the apparent sepa­
rat ion or "width " of the stereo image
presented by the front speakers . In an
ordi nary decoder, the left- and right­
channel signals are sent to the front
speakers unaltered, and the center
channel, if present at all, is fed a
simple sum of the left and right sig­
na ls. A ltho ugh that tec hnique pro­
vides a very solid fron t so unds tage, it
severely limits the sys tem 's abi lity to
convincingly present extreme-left 01' ­

right sound effects . And, because the
screen in most home-video syste ms is
re latively small, especially whe n
compared to the screen in a movie
theater, dialogue which sho uld be
confined to the screen, tends to appea r
off screen in the left and righ t speak­
ers-particularIy for viewers seated
off center.

The AFG uses frequency-se lective
circ uitry to cancel some of the di­
alog ue from the left and righ t chan­
nels, but that creates a phanto m
"hole" in the center of the sound­
stage . So, the AFG also creates a cen­
ter dialogue channel to fill that hole
by summing the left and rig ht chan­
nels and passing them throug h a band­
pass filter with a res po nse curve
wh ich favors the range of frequenc ies
covered by the human voice . Feedi ng
the voice-only "dialogue" signal di­
rectly to the speakers in the video
moni tor locates the dialogue firmly
on the screen without des troying the
spatial effec ts of the front sou ndstage .

Finally, the AFG incl udes a 7S-Hz
act ive low-pass filter for dr iving a sub­
woofer setup. If you are not curre ntly
using a subwoofer as par t of your sys ­
tem, you are missing out on the dy­
namic impact and heightened level of
exci tement which is imparted by the
extreme low-freq uency sounds used
in motion pictures, primari ly as a spe ­
cia l audio effect. The subwoofer out­
put of the AFG has t ha t so nic
infor mation iso lated and ready to feed
to a power amplifier and speaker of
your choice. You may wis h to consult
wit h a local audio dealer for advice on
se lecting a proper subwoofer an d
power amplifier. Suffice it to say, that
a relatively high-power am plifier and
large subwoofer wi ll be required if
you intend to fill your roo m w ith
earth-shaking bass that goes far
beyond the capabi lities of mos t "full-

All resistors %-watt , 5%, except as
noted.

R1-1500 ohms
R2, R3, R54-22,000 ohms
R4, R5, R32, R33-1000 ohms
R6, R7, R61, R62, R74-20 ,000

ohms
R8, R9-1 ohm, Y2-watt, 5%
R10-R13, R19, R34, R35-47 ,000

ohms
R14-R17,R2D-R25,R47-R49,R55,

R56-1 00,000 ohms
R18, R57-330,000 ohms
R26-R31, R66, R70-150 ohms
R36-R43, R67-8060 ohms, 1%
R44-R46-16,000 ohms
R50, R51-5600 ohms
R52-2400 ohms .
R53-8200 ohms
R58-R60 , R63-R65, R71-R73-

10,000 ohms
R68-9530 ohms, %-watt, 1%
R69-1 02,000 ohms, %-watt, 1%
R75, R8Q-100,000 ohms,

potentiometer
R76-10,000 ohms, potentiometer
R77-50,000 ohms, PC-mount

potentiometer
R78, R79-1000 ohms, PC-mount

potentiometer
Capacitors
C1-C4-2200 fLF, 25 volts,

electrolytic
C5, C6-10 fLF, 35 volts, radial

electrolytic
C7-C12, C19-C22, C27, C28, C30,

C31, C45, C49, C58-0.1 fLF, 50
volts, metal film

C13,C14, C23, C24, C43-2.2 fLF, 50
volts , bi-polar radial electrolytic

C15, C16-22 fLF, 16 volts, bi-polar
radial electrolytic

C17, C18-0.22 fLF, metal film
C25, C26-0.047 fLF, metal film
C32-C34-3300 pF, polyester
C36, C37-2700 pF, polyester
C38-C41-270 pF, 5% ceramic disc
C42, C47-0.47 fL F, metal film
C44-120 pF, 5% ceramic disc
C46-0.56 fLF, metal film

range" speakers . It is preferable to
place the subwoofer toward the front
of the soundstage, although the exact
pos itio n is not cri tica l, due to the ear's
inability to accurately locate very low­
freq uency sound . Thus , many sub­
woofers are des igned to physically re­
sem ble an end table or other piece of
furn iture, so that they can aesthet­
ically blend into the other room decor.

The AFG was designed to be co n­
nected into the pre-a mp /power-a mp
loop of your reg~lar home entertain-

C48-0.039 fLF, metal film
C5Q-0.012 fLF, metal film
C51 , C56-0.01 fLF, metal film
C52-1000 pF, 5% polyester
C53-C55-0.027 fLF, metal film
C57-5600 pF, 5% polyester
C58-4700 pF, 5% polyester
C59-470 pF, 5% ceramic disc
Semiconductors
01, 02-1 N5400 50 PIV3-amp diode
IC1-IC4-LF347 quad JFET
IC5-MN3008 2048-stage bucket

brigade device
IC6-MN3101 2-phase clock
IC7-7812T +12-volt regulator
IC8-7912T - 12-volt regulator
IC9, IC10-LM1875T audio amp
LE01-light emitting diode pilot lamp
Other components
T1-Power Transformer 25.2 Volt

Center Tapped 2 Amp.
F1-F3-1-amp fuse
J1-J8-8-pin RCA-style jack panel
J9-J12-4-position pushbutton

speaker-terminal panel
81, 82 , 85-8POT switch
83 , 84-0POT switch
Miscellaneous: speakers of your

choice, 5 14-pin IC sockets, 1 8-pin
IC socket, 1 heat sink (2 x 2 x 5%­
inch aluminum angle stock), 2
TO-220mica insulators with mount­
ing hardware, silicone grease, 3 in­
line fuse holders, 3 knobs, chassis,
linecord, solder, etc.

Note: The following items are
available from T3 Research, Inc .,
5329 N. Navajo Ave., Glendale,
Wisconsin 53217-5036: An
etched, drilled, and plated PC
board, $15.00; a basic parts kit
consisting of all semiconduc­
tors, resistors, and capacitors,
$55.00; a piece of aluminum
stock for the heat sink, $3.00.
Please include $2.50 for postage
and handling with your order.
Wisconsin residents please in­
clude appropriate sales tax.

ment sys tem. Co nsequently, all the
functions of the AFG may be switch­
ed to bypass and unity gain to effec­
tively remove it from the syste m, if
require d . We believe , however, that
once you experience the added sonic
dimension that the AFG adds to mu­
sic as well as movies, you' ll never
want to swi tch it off.

About the circuit
Whe n viewed as a whole, the AFG

circuitry is qui te co mplex. However,

<­»
z
c»
~

37



FIG. 3-AN ACTIVE CROSSOVER NETWORK for dri ving a high-power subwoofer system
is made from IC3-a and IC3-b.
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s wi tc h ing purpo se s. E lec tri c a l
cha rges corresponding to analog sig­
nals are tran sferred from one stage to
the next by a two-phase clock drive,
in the same manner that a fireman 's
bucket brigade tran sfer s a pa il of
water from one man to the next. A
signal presented at the input is trans ­
ferred down the line of buck ets toward
the output at a speed controlled by the
clock frequency. The more slowly the
clock runs, the longer it take s for the
signal to travel through the circuit.
(See discussion of BBD theory in the
October 1986 Radio-Electronics .)

The amount of del ay required in our
system varies bet ween appro ximately
5 and 35 milliseconds , so our first
con sideration must be to select the
proper range of clock frequenc y. The
delay time of a BBD is equal to the
number of stages div ided by twice the
clock frequency. So, based on man­
ufacturer's data for the MN310 I
clock-g enerator IC, value s were
chos en for R53, R54, R77 , and C44 ,
to produce a clock frequency, adjusta­
ble via R77, which varies from about
30 kHz to 130 kHz.

Our next consideration deals with
the property of delay lines known as
aliasing . If the frequency of the signal
app lied to the input of a delay line
becomes higher than one half of the
clock frequency, the time available to
store the sample of that signal in the
capacitor becomes too short. The am­
plitude of that sign al's frequency has a
value which changes during the time
of the sample , so the charge stored in
the capacitor is not an accurate repre ­
sentation of that instant of time . To
avoid the problem and the resulting
distortion , a filter is placed ahead of
the BBD which limits the input fre­
quenc y to one half of the lowest clock
frequen cy used . Given that we'd like
to run the cloc k at speeds as slow as 30
kHz, we must limit the maximum fre-
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The center-channel dial ogue filter,
or speech filter if you prefer (see Fig .
2), is built by cascading a 3-kH z low­
pass filter with a 300 -Hz high-pass
filter to form a band-pass filter. The
freq ue ncy ch ar acte ri stic s of th e
human voice fall predominantl y with­
in that range . As with all of the other
filters used in the AFG, those are of
the 3rd order Butterworth de sign .
That design was chosen because it
offers minimum peaking within the
passband . It has a sharp - 18 dBI
octave cutoff, a flat voltage and power
frequency response , and minimum
phase change within the passband .
The output of the bandpass filter is
routed to the high side of 53 . That
switch allows the center-channel out ­
put of the AFG to be switched be­
tween the dia logue filter and the by­
pass mode .

As shown in Fig . 3, IC3 -a and IC3­
b form an active crossover network for
driving a subwoofer. IC3-a sums sig­
nals from the left -and right-channel
buffer amps , it inverts the summed
sign al 180 degrees, and it provides a
low driving impedance for the follow­
ing filter stage . IC3-b and its associ ­
ated RC network form a 75-Hz , 3rd ­
order low-pass filter. Because the filter
inverts the signal another 180 de­
gree s, the signal that appears acros s
R79 (which is the output-level con­
trol) is back in phase with the original
input signal.

The delay section of the AFG ,
shown in Fig. 4, is built around the
MN3008 Bucket Brigade Device
(BBD) , made by Mat sushita (Pan­
asonic), and the MN310 1 two-phase
variable-frequency clock generator.
The BBD is a P-channel silicon-gate
MOS LSI circuit comprised of 2048
bucket-brigade stages fabricated on a
single chip. Each stage con sists of a
small capacitor that stores an electric
ch arge and a tetrode transistor for

referring to the simplified schematic
in Fig. I, you can see that the AFG is
reall y made up of 10 relatively simple
circuit elements . ICI-c and ICI-d are
configured as unity-gain non-invert ­
ing buffer amplifiers . They transform
the 47 -k ilohm input impedance,
which is set by RIO and RIl, to a low­
impedance source which drives all of
the AFG amplifiers , filters, and by­
pass outputs .

The summing (L + R) amplifier,
IC2-c, combines equal amounts of
the left and right signals, via RI4 and
R15, to develop a total composite sig­
nal. Left - and right-channel signals
are applied equally through RI3 and
RI2 to IC2-d , the difference (L - R)
decoder. Any signal that's common to
both channels is canceled by IC2-d,
thus forming one signal which con­
tains none of the common " mono"
information present in the original
stereo signal . Potentiometer R80 pro­
vides a means of exact ly balancing the
inverting and non -inverting gains of
the amp lifier for a perfect null.

The stereo width-enhancement cir­
cuit is made up from ICl-a and ICI -b .
It works similarly to the (L - R) de­
coder, except that C25 and C26 have
been added in the inverting inputs of
each op-amp. Consider, for the mo­
ment, just the " right wide" circuit of
ICl -a; C26 and R23 form a gently
sloping high-pass filter for the left­
channel signal onl y. Thus, the amount
of signa l cancellation is dependent on
frequency and the relative amplitude
between the two channels. In other
words, the more a signal is the same
in both channels , the more it is re­
moved from the output of the circuit;
the effect increases as the signal' s fre­
quency rise s. If, however, the input
sign al appears on ly in the right chan­
nel , no matter what its frequenc y or
amplitude , it doe s not cancel in the
difference amplifier and appear s at
the output unaffected.

ICl-b functions in the same way to
.develop the " left wide" signal be­
cau se its inverting and non-inverting
inputs are connected to the left and
right channels in a manner opposite
that of ICI-a. The net effect of all that

(j) is to increase the apparent separation
~z between the left and right channels by
~ eliminating some of the material com­o mon between them . The output of the
~ width-enhancement circuit is routed
6 to 54 , which se lec ts e it he r the
o " wide" or the bypas s signal for feed­
ri ing the front- channel amplifier.
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FIG. 4-THE DELAY SECTION OF THE AFG is built around the MN3008 bucket-brigade
device and the MN3101 two-phase variable-frequency clock generator.

FIG. 5-A 3rd-ORDER 7-kHz LOW-PASS FILTER is made from IC3-c and its associated RC
network.

the last even stage to reconstruct an
exact repli ca of the input signa l. The
purpose for doin g that is to self-cancel
any of the clock signal from the out­
put of the device ; R48 and R49 are the
source-- Ioad resistors for the last two
BBD stages and R50 and R51 sum the
two o utputs. The del ayed signa l is
next applied to another 3rd-o rder 15-­
kHz low-pass filter comprising IC4- c
and its associated RC network . TI1at
last filter is required to stop any re­
mainin g clock signa l from reach ing
the output of the c ircuit. Potent iome­
ter R78 is there to serve as the volume
control for the surround channels by
co ntrolling the am ount of delayed sig­
nal that is applied to the power ampli­
fier s.

To provide for increased high-fre-
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quency noi se reduct ion in the sur­
round channel and to more closely
comply with the Dolb y Laboratori es
standards for surround sound , a 3rd ­
order 700kHz low-pass filter is included
in the AFG design . As shown in Fig .
5 , IC3-c and its assoc iated RC net­
work form s the filter ; 52 then selects
bet ween the output of that filter and
the bypass mod e . If you refer back to
Fig . I , notice that the wiper of 52 is
connected to two circuits; it goes di­
rectly to the left surround power am­
plifier via R31, and to IC3-d , a unit yO.
ga in invert ing ampl ifier, via R32. The
output of IC3 -d dri ves the right sur­
round power amplifier via R30 . The
reason for driving the power ampli­
fiers out of phase will be explained
shortly.

R74
20K

R7S
10K

Rn
10K

R7l
10K

FROM
R78

quency that we apply to the BBD to 15
kH z .

If you refer back to Fig. I , 5 I se­
lects the sig nal to be delayed ; eith er
the differen ce signa l (L - R) fro m
IC2 -d in the matrix mode or the sum
signal (L + R) from IC2-c in the con­
cert mod e . The selec ted signal is fed
from 51 to the delay section (Fig. 4)
where IC4-d is configured as an inver-­
ting amplifier; R75 adju sts the gain
bet ween unity and x 3 . Integrated cir­
cuits IC4-a and IC4-b, along with
their associ ated RC net works , are
identical 3rd-order IS-kH z low-pass
filters. Cascading two filters produces
a very sharp cut off (- 36 dB per
octave) , which is con veni ent , as it
eliminates an y problem s th at may
arise with ali asing , while maint ainin g
a respec table IS-kHz band width for
the sectio n. Pot entiometer R7 6 is
used to adj us t the bias vo ltage re­
quired by the BBD to exactly one half
the supply voltage; a requirem ent of
the device . Notice that both the BBD
and the clo ck IC run off of the nega­
tive power-supply ra il.

Anothe r property of a BBD is that
clock ph ase I dri ves all the odd­
numb er stages of the device and clock
phase 2 drives all the even stages .
When the signal reaches the end of the
line , the out put of the last odd stage
must be combined wi th the output of
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FIG. 8- THE PROTOTYPE ACOUSTIC FIELD GENERATOR. It's a tight fit in this cabinet ,
but it makes for a neater finished unit.

The surround channel power ampli­
fiers of the AFG , shown in Fig . 6 , are
designed around a pai r of LMI875
monolithic po wer- amplifier IC 's .
Chos en primaril y because they re­
quire very few external parts to imple­
ment , and they also offer very low
distortion , fast slew rate , wide power
bandwidth , and the ab ility to deliver
up to 20 watts into an 8-ohm load; all
in a 5-pin TO -220 package . Because
of limited heat-sink space in the AFG ,
we are running the LMI875 at about
half of its power cap ability. The cir­
cuit configuration of the power amp is
essentially the same as that of any
ordinary op-amp operating in the in­
verting mode . Notice however, that
there are two separate ground-return
lines to the power supply. That is nec ­
essary because high currents flow
through the output ground-return
line. If a common ground-return line
were used for both the input and out­
put signal, those currents could de­
velop enough voltage across the
resistance of the return line itsel f to
effectively act as an input signalto the
amplifier, thus causing problems such
as high -frequency oscillations or dis­
tortion .

The power supply of the AFG ,
shown in Fig. 7, is of conventional
design. A 25-volt center-tapped trans­
former, along with diodes Dl and D2 ,
produces about ± 18-volts unregu­
lated DC. Two 2200-f.LF filter capaci­
tors are used in each leg of the supply
to provide ample energy storage to
meet the high -cu rrent demands of the
audio output ampli fier IC's during
high -output peaks. Integrated circuits
IC7 and IC8 regul ate the positi ve and
neg ati ve su pply rail s to plus and
minus 12 volts for use in the low signal
level circuits . The plu s and minu s 12­
and 18-vol t ra ils are b ypassed to
ground by O.I-f.LF capacitors dis ­
tributed throughout the entire AFG
circuitry. That keeps the impedance
of the supply rail s at audio frequen­
cies as low as possible , thus reducing
the interaction between the various
circuits .

That' s all we have room for 'this
tim e . We 've gi ven you the list of
parts, so that you can at least gather
all of them together. Next month we 'll
give you the foil pattern and part s­
placement diagram so you' ll be able
to bui ld your own AFG. You'll find
that more fun than j ust looking at ours
which , by the way, is shown in Fig . 8 .
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FIG. 7-THE POWER SUPPLY produces about e 18-volts unregulated DC.

FIG. 6-THE SURROUND CHANNEL POWER AMPLIFIERS are designed around a pair of
LM1875 monolith ic power-amplifier IC's.
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