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PART-2: Audio Circuitry
CIRCUIT BOARD LAYOUT: Power and Ground Distribution
Now that your power supply is functional, it’s time to think about how that power
will be used on the audio circuit board.
Align the perforated “perf” board as shown in Figure-1. Temporarily place the
three IC sockets as symmetrically as possible, both horizontally and vertically.
Since the Real Estate will be denser to the right, it’s ok to shift everything left by
one- or two-tenths of an inch (the grid spacing).
Notice the top center of Figure-1 has the IC pin-out. Pins 4 and 8 are the
negative and positive power inputs, respectively. Bend each enough to keep the
socket in place until it’s ready to be wired.

Figure-1: Red (upper) and Blue (lower) lines represent the power rails – plus
and minus 15-volts, respectively, and their relationship with the three ICs.

POWER RAILS
The power rails are in the middle of Figure-1, the horizontally colored lines, RED
(upper) for positive and BLUE (lower) for negative. They distribute +15-volts and
–15-volts to each of the three Integrated Circuits (ICs). Begin by threading bare
(solid), copper wire horizontally across the board, topside first until you get to
each socket, then thread to the underside, again as shown. When you’ve
reached the opposite side of the board, make loops at one end to connect the
power supply wires. (All external wiring will be done once the board is fully
populated.)
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FIGURE-2: 4.7Ω “power” resistors connect the
plus rail to pin-8 and the minus rail to pin-4.

POWER RESISTORS
In FIGURE-2, add a pair of 4.7-ohm resistors (yel-vio-gold-gold) from each IC’s
power input to its respective power rail (pin-8 to the positive rail, pin-4 to the
negative rail). Should one IC fail, these resistors will act as a fuse, isolating each
IC from the power rail. In a typical application these will be the metal oxide (nonflammable) type. We are using carbon resistors that will smoke if the IC fails.
Sometimes ICs have a tendency to oscillate and influence their neighbors. When
this happens, (bypass) capacitors are added from power inputs (pin-4 and pin-8)
to ground, to further localize each IC.

FIGURE-3: Ground distribution is added around the perimeter of
the circuit board as well as vertically between each IC. Examples
of component and wiring connections are also detailed.
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GROUND DISTRIBUTION
In FIGURE-3, the top and bottom black horizontal lines - along with the two
vertical black lines (between the two ICs) - allow the ground to be conveniently
located to any component or wire. Start by threading topside along the top or
bottom, but be sure to thread to the underside to make connection with the
vertical ground rails there.
The ground should be continuous on three of the four edges of the board, the
exception being the area where the power rails are connected. That is the place
where you want to place an eyelet to attach the power supply ground (along with
the power rails).
THREE EYE SEAS
Located far left is IC-1 and the two amplifiers within are designated IC-1a (pins
1,2 & 3) and IC-1b (pins 5, 6 & 7). Assuming a balanced line input amplifier, use
four 10kΩ (10,000 ohm) resistors as per the top-left area of the schematic
(FIGURE-xx) and as detailed in Figure-4.

FIGURE-4: For IC-1a, the correlation from left-to-right of reality, layout and schematic.
IC-1b buffers the Hi-Z attenuator so it can drive the Level and GR pots

NOTE: Be sure to leave at least TWO GRID ROWS between the IC and the
resistors to accommodate R-5, the 82kΩ resistor that runs horizontally in that
space. Also, when connecting resistors (or other components) to an IC socket
leg, you may find it easier to connect only one device per leg, and then connect
any additional device to whatever was connected first.
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Begin by wiring the feedback resistor from OUTPUT of pin-1 to the INVERTING
INPUT of pin-2. Then connect one resistor each that will be the input to pin-2
and pin-3. Now connect the last 10kΩ from the NON-INVERTING INPUT of pin3 to ground.
VOLTAGE DIVDER
Once the signal has been converted from balanced to unbalanced, it is ready to
feed the voltage divider consisting of a “standard” resistor and the photo resistor
(yellow circle). The 82kΩ resistor is connected horizontally (from pin-1) across
four grid columns to the right of IC-1 where the Orange-White wire connects to
pin-5 of IC-1a’s non-inverting input. AFTER all of the other components are in
place, one of the last things you will do is connect the photo-resistors. Both are
located on the underside of the PCB between IC-1 and IC-2 (actual audio gain
reduction) and well as between IC-2 and IC-3 (for metering or gain reduction).
As an option, you can use an OCTAL tube socket and wire the optical assembly
into light-seal case just like the T4 module in the LA-2 and LA-3.
BUFFER
IC-1b is a unity gain, non-inverting buffer designed to isolate the high impedance
divider network from the two level controls – Level (make-up gain) and Gain
Reduction (GR) are 10kΩ potentiometers, variable resistors or “pots.” Jumper
inverting input (pin-6) with the output (pin-7) leaving an eyelet to feed the “top” of
the two pots, which will be wired after all of the other components are in place.
OUTPUT AMP AND AUDIO RECTIFIER
The Level pot feeds IC-2a. Note on the schematic that the feedback resistor is
110kΩ while the resistor from the pot wiper (middle pin with arrow) is only 10kΩ.
The relationship between the two resistors is a 1:10 ratio, the resulting make-up
gain is 10 times (10x) the voltage (not dB).
The output of IC-2a is followed by another inverting amplifier, the two 10kΩ
resistors - feeding IC-2b and in the feedback loop have a 1:1 ration and therefore
the gain is UNITY. The outputs of IC-2a and IC-2b are identical but 180-degrees
out-of-phase – these two signals are the balanced outputs. And if you haven’t
figured it out, the signal path is that simple.
Each output amp – pin-1 of IC-2a and pin-7 of IC-2b – feeds a pair of resistors,
allowing each amp to drive two destinations – 47-Ω to the TRS (tip-ring-sleeve)
output jack and 100-Ω to the diode bridge. (The rectifier converts the AC audio
signal to DC and is used by the VU meter when in OUTPUT mode. A 1k-ohm
trim pot across the meter allows calibration. In the prototype the value was about
680-Ω.
Figure-5 details the parts layout for IC-2 and IC-3.
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FIGURE-5: Wiring IC-2 (output amp and meter driver) and IC-3 EL transformer
driver and Gain Reduction meter driver. (Basic mic preamp version is at lower
left.)
GR meter amp
Analog dynamics processors Like the LA-2, LA-3 and LA-4 each have an
electronic gain reduction (GR) Meter Zero adjustment. Now you can see exactly
what’s going on inside.
Look at the schematic and note that there are two photo-resistors, one is the
audio attenuator - for actual gain reduction – the “green” photo resistor is the DC
attenuator for the GR meter. A photo-resistor has high resistance in the dark
and low resistance when illuminated. So, when the photo-resistor is 82k-Ω, the
audio signal is divided in half, and we all know that’s 6dB of gain reduction.
On both the lower right portion of the schematic as well as the lower right portion
of the circuit board, is a 500-ohm trim pot. It is part of a DC voltage divider that
includes an 8k2-Ω resistor to “+V” on one side and a 470-Ω resistor to ground.
If you consider that the pot and the 470-Ω resistor are nearly 1k-Ω and that the
8k2-Ω resistor is nearly 10k-ohm, then you could expect the voltage divdier to
reduce the signal by approximately 10:1, or from 15-volts to 1.5 volts. That’s at
the top of the 500-ohm trim pot, divide that in half and get .75 volts at the bottom
of the trim pot. The goal of this circuit is for the trim pot to live as close to the

5

midway position as possible and that this would put the GR meter at 0VU. If this
is not the case with your version, the 8k2-resistor can be made larger or smaller
as necessary.
The wiper of the 500-Ω pot then feeds a 300k-Ω trim pot, which along with the
“green” photo resistor comprises the DC attenuator network. If for example, the
EL panel is lit enough so that the audio opto is 82k-Ω - and therefore attenuating
the signal by 6dB - THEN the 300k-Ω trim pot would be adjusted so that the
meter reads 6dB of GR. Keep in mind that the VU meter 1k-Ω output cal trim pot
must be adjusted first. Also note the 470-Ω resistor at the output of IC-3a. There
is always a resistor feeding the meter and its purpose is meter ballistics
(response time). The typical value is 3k6-Ω, the value in our circuit is not typical,
but then, neither is our meter.
EL Panel Driver
Turning the EL panel on is a bit of a challenge. Electro-Luminescent (EL) panels
predate the LED by almost 40 years and first found use in the aircraft industry as
an instrument back-light. EL panels are electrically like capacitors and require a
high voltage to turn on. Now they are used to back light LCD displays and as a
night-lite (they’re connected directly to the 120-volt line). They have a life span,
but failure tends to be gradual.
The LA-2A circuit uses a vacuum tube to drive the EL panel, so the high voltage
is easy to come by. In the LA-3, a step-up transformer is used. Look at the
lower left area of the schematic (or the upper right area of the circuit board).
Opamp 3b drives a pair of transistors in order to increase the output drive current
required by the transformer. (The opamp alone would overheat.) The opamp
power supply is bipolar 15 volts or 30 volts peak to peak. The transformer triples
this amount enough for the panel to light.
The circuit is very simple. The two transistors are complimentary – the TIP-31 is
an NPN and the TIP-32 is a PNP - They are biased Class “AB,” by the two
diodes and the 4k7-Ω resistor to –V in conjunction with the 12-Ω resistors. Audio
amplifiers require this bias class so that there is no signal interruption as the sine
wave passes from one transistor to another. (In Class “B” mode, only one
transistor is on at a time. In Class “A,” the transistor conducts through the full
wave cycle. In Class “AB,” there is overlap at the zero crossing.)
OPTO OPTIONS
Once the circuit board is complete, it’s time to mount the Photo-Resistors, unless
you have chosen to build a T4 module. The photo resistors mount on the
underside of the board, the audio attenuator is between IC-1 and IC-2 and the
DC attenuator is between IC-2 and IC-3.
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If you plan to build the T4 optical assembly as per the original LA-2 and LA-3,
then mount the 8-pin octal socket and step-up transformer as per Eddie’s 2nd
prototype. It will be necessary to use the hole punch and the nibbler.
Inside the T4 box there are several pins for ground, but note that each photo
resistor has its own ground return. This is to minimize accidental feedback or
interaction with the EL panel.
BUILDING THE BOX
If you choose to mount the EL panel in the box, it will go lengthwise down the
center. The holes for the step-up transformer wiring must be routed on either
side of the EL panel so it can lay flat on the inside top of the plastic box. The EL
panel can be mounted AFTER all of the other holes are drilled.
AFTER mounting the transformer, solder wires to the EL panel before securing it
to the box. Keep in mind that while plastic and rubber are insulators, they are
very prone to melting with the typical amount of heat required for soldering, so
the wires and the EL panel should not be “stressed’ or curved when solder is
applied. BAD is when the insulation peels off or the EL panel connectors pop off
the panel.
MOUNTING POTS, METER and CONNECTORS
Keep all parts close to the “top” plastic so that it won’t interfere with the Circuit
Board. The Input / Output jacks should be wired before mounting using a
three-conductor strip of ribbon wire where the center conductor is ground. These
jacks are Tip-Ring-Sleeve. The one “normal” connection should be oriented to
face the top of the box since it is not necessary in our application. Pay close
attention to locating the correct relationship between T-R-S and their terminals.
The Level and GR pots should also be as close to the top as possible, with the
terminals facing each other and toward the meter. If symmetry is important to
you – that is, the distance of the knobs on either side of the meter - watch out for
the one plastic post that supports the circuit board. The pots will be wired with
three-conductor ribbon cable, using the center conductor as ground.
Mount the Meter as close to the top as possible. Use the nibbler to square out
the hole. The meter is wired to a double-pole double-throw switch so that it can
read Signal Output or Gain Reduction.
FINAL CONNECTIONS and TESTING
Once the “external” component wiring is complete, Power distribution will be the
last connection to make. AFTER the unit is completely tested, it will be
necessary to secure the power harness.
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Power up the audio board and confirm that there is no smoke and that the ICs
and power transistors are not hot. Confirm that there is –15V at pin-4 of all ICs
and +15V at pin-8 of all ICs. If yes, then measure all outputs with a voltmeter,
that’s pin-1 and pin-7 of each amplifier and IC. Connect headphones to the
output jack. If a loud click is heard, there is DC on the output. Confirm with
voltmeter. Proceed if nothing is heard.
Connect an oscillator to an RCA female to quarter-inch adapter to the input jack.
If the unit is partially assembled so that light does not get in, then it should be
possible to hear audio through the headphones as the input pot is turned
clockwise.
At this point, the signal is being routed to the non-inverting “+” input - pin-3 of IC1a – measure the output at pin-1 of IC-1a with an oscilloscope. As an
alternative, wiring a headphone jack with test probes or clip leads can allow
headphones to be the “test equipment.” Most of the time the signal is large
enough and the amplifiers robust enough to drive headphones to high levels.
If there is no signal, re-confirm that the correct power is getting to pin-4 and pin-7
(as well as ground). Also check that there is signal at pin-3 and that it is about
half of the signal being applied at the input jack.
Once the signal is confirmed, check pin-7, the output of IC-1b. This is the
buffered output of the attenuator, so either disconnect one side of the photo
resistor or do this test in near darkness.
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