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building
vour own
control

board

By Ronald Pesha

You can build a eomplele control board,
achleve excellent sound quality and good
appearance, and save money. Modern 108
have made the job encrmously simpler
than in the days of vacuum tubes or even
the days ol discrete transistors. | know; |
Rmave bullt boards since the days of tubes.

My early alttempis were embarrassing
digasters, but then | had no instructions.
The suggestions in this aricle should get
you started, and keep you going withoul
too many pitfalls, Study the basic design,
then modify it to meet the unigue needs of
your own stathon,

During seventeen years In commercial
broadcasting | bullt numerous control
boards, including two full-size storec
beards for a high power FM station. | also
desjayed al stations ranging from the very
gmall to a leading siation in the nation’s
second markat, so | know how a board
should “lesl.” This s Impartant; if you are
ngt an ennouncer, getl input from those
whao are, | am now broadcast instructor &t a
small college, and our len-watter uses twid
boards of the design suggested in this
article,

Basic Deslgn

Basically a control beard consists of a

large number of (nputs, each with a pot,

mixed together on a common wire called a
“mixing buss” and fesding & program
+ amplifier, Reler 1o the Overall Schematic,
{Figure 1) which shows one microphona
input, one fumntable input and one “high
level” input. Preamplifiers for micrephone

tha input i% swiiched to feed a cus am-
plitler via a common “cue buss." (Figure
2). As a cue amplifler nead be neither high
power nor high fidetity, a small amplifier is
buill_inte the control board. It3 oulput
feetls a4 small speaker which can be

are buill into the control board, but fuf- s mMounied extarnally.

niable or phono preampliflers are external .
Tne “high lewel" inputs reguire no
preamplilication; these inputs are usad for
various types of tapé players, telephone
lines, elc.

All pots except the microphone pols are
provided with cug positions. When in cue,

Using a Conventional Pot Switch
as a Cue Swilch
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Figura 2

© The main microphang Switch shors the
microphone preamp output when off, and
shorts the audio to the monitor amplifier
when on, This mutes the monitos.,
Additional comtacts can control a warning
light.

It is easy to labricate a very smgll
“remaote™ amplifier by simply providing a

& [ow microphone preamplifiers feeding pots

“Wwhich mix via a mixing buss and feed a
program amplifier. Such an amplifier may
be built in a véry small case, provided with
& suitable headphone output, and powaerned
with flashlight cells. The LM385 IC am-
plifier which is suggested lor use in a large
control board s ideally suited for this
application, as it will function fine on six
wolts (four flashlight cells). Six volts will
nol allow asufficlent output to drive a
speaker for a cueamplitier, bul is adequate
for program-level output {a few milliwatts)
in a remote mplitier.

—— ] g
Overall i Microphone Preamplifier
N =¥ e
Schamatic . I_ .
I-l:’:"_ H _!‘_. e O B I =
*“E | . =
. | 1E e .
- L] "
-:. * | :::'-J 3
-—— i‘ — # ]
b -
(e
[ W M -_I._.m‘__
- R T
= L
— = L] A _'!l"-
e = ——
R = |
e I. s
B rmnavmn s g 1 R 1R
A E—— CF Mk 1h Y O DI
ookt [SEEIPrp—
Figura i Figure 3

Cue Amplifier
Headphone Amplitier
Program Amplifier
Menitor Amplitier
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The Ampliflers

‘While this control board may be bullt
with opamp type 1Cs for superior per-
formance, | recommend using the LM 386
(Figures 3 and 4). It's cheap, versatile,
simple, and readily available at Radio
Shack stores (no, | have ng connection
with Aadio Shack), In the control board in
the photographs, the 3856 is used for
microphong  preamplitier, program  am-
plitier, cue amplifier, headphone amplifier,
and even low power monitor amplifier
purposas, Using a single-ended 12-volt
power supply, this IC needs a minkimum of
parts and provides sufficient ouiput 10
drive B-ohm speakers and headphonas
directly.

This low-impadance culput is also used
1o drive “500 ohm" program lings. Naw tha
subject of "impedance maiching” is often
misunderstood, and a full discussion
would require much Space, In this instance
we arg using the contemporary approach
of teeding relatively high impedance loads
with a low impedance source. The 500 ohm
pragram  line is eflectively meraly
“bridging"” the IC output, al such a higher
impedanca thaf its characteristics have no
significant effect an the 1C output.

Transformers often fail to  function
properly If the impedances are not closely
matched, bul we usea no transiormers here,
For short runs, they aren’t necessary, If the
control board feeds nearby tape recorders,
etc., just use single conductor shielded
canle, If you do have a long audic run,
such as to a carrier-curieént transmitier in
another building, you will need & frans-
farmer. In this case, you can use a 500
ohm to 8 ohm tranaformer with the 8 ochm
gide wired across the control board's
outpul.

The 386 Is also recommended for
microphone préamplitier service. While
not designed as a low level device, | find
that iis hiss lewel |8 inaudible when used
as an announcer's microphone preames
plitier with the usual close talking. Nole
that the high input impedance of the 188 is
bridged across the microphena’s output,
with no transformer. Again, if you have no
microphone runs over 30 or 40 feet, you
will probably experience no difficulty in
using single conductor shielded
micraphone cable. The 388 wired in this
manner can handle microphones from a
wiery low impedance up to at least 10,000
chms impedancea.

| find that the overall distortion of the
coniral board at program-leval output (the
milliwatt range) i3 well under 0.5% .

Using Opamp Amplifiers

i you prefer o use conventional
opamps, | am Including suggested am-
plilier designs (Figures § and &) using a
type 301 or T48 1C. Again, the very nigh
impedance  input  merely  bridges &
microphone outpul and wses no inpul
transformer, The output impedance of this
type of amplilier is considerably highar
than the output impedance of the 386, bul

it can also feed a program line directly
withoul use of a transformer, If & tran-

* glarmer is necessary, lor feeding a long

audic ling, use a 1:1 ratio transformer,
rated at 500 to 500 ahms or 600 to 60O
ohms.

An opamp requires a dual pawer Supply.
ofien called a split or center tapped power
supply. | have found regulated power
supplies unnecessary for this application,
although It is often necessary 1o connesl a
large walug non-glecirolytic capacitor 1o
ground from the + and — terminals of
each 1G. .05 wl or 0.1 uf capacitors are
suggested.

Suggested amplifier designs include a
necessary bypass capacitor, which should
be as small in value as possibla without
resulling  in oscillallon or  instabllity.
Typical values range from about 4.7 pf 1o
aboul 30 pf.

Tha Etehed Circult Board

The major hobbyisi-type electronics
parts dealers sell etched-circuit or printed-
gircuit boards which match DIP ICs swch
as the 388 and the 301/ 748 opamp. These
boards include copper pads for meunting
components. As each amplifier i5 s0
simple, with so few companents, this
approach I far easier than etching your
own boards,

I mount the components on the same
side of the board with the etched copper
“wiring.” This allpws me to mount the
board flat in the bottom of 1he case rather
fhan on edge, and i1 makes for easy cirowit
tracing. | drlll holes through the copper
pads al ground points so that the 4-36 or 4-
40 size machine screws used to secure the
etched chrouit boards in place also make
the ground connections. | include intesnal
tooth lockwashers under the nuts to be
sure of a solid ground, Obscure problems
have been traced to high-resistance
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grounds. In one case, an apparently tight
and secure nul was loosened to reveal
corrasion beneath. Once this bad ground
was eliminated, the eguipment funclioned

properly.

The Mixing Pols

Il you're building a board, you're
probably  doing™ it o save money.
Expensive consfant  impedance  at-
penuators aré out, uniess a commercial
stalion has glven you an ancient vacuum-
tube board with tar leaking frem irans-
formers but good pots. | salvaged pots
from such a board and junkiéd the rest (the
case could have been stripped and
repainted, but it was just too large). At
other times | have used ordinary carbon
pots, even when building boards for small
commerclal stations, Trua, they wear oul
rapidly. But they are cheap 1o replace and,
it the board has been fabricated in an
accessible manner, easy to replace.

By wsing inexpensivé carbon pola, you
can salect a convenient mixing résistance.
I suggest 10,000 ohm pots. This value is
high enough not to “load™ mast sources 10
excess, but low enough to keep noise
pickup low. You may locale the higher
quality Ohmite “AB" brand pots at a
bargain price on the surplus market, If only
lingar-taper pots are available, they can bé
converted to audio taper by connecting a
resistor from wiper to ground. This resistor
should he about 15 to 20 per cent of tha
resiztance of the pot.

Pot Spacing and Knob Size
By all means, space the pots widely and
usa large knobs, Dlsc jockeys cannot work
gasily with tiny, close-spaced knobs.
Furthedmons, excassivaly small and narrow
control  boards  with  tiny knobs ook

{Continued on Page 16)
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Use of IC Opamp Type 301 or 748
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building your
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(Continuad from Page 8)
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tovlike, Really large knobs on  a
dramatically wide board will make your
project look very impressme.

Large knobs are not commaonly available
from the usual electronics Supply houses.
The knobs used on some commercial
control boards such as Harris (Gates) are
avallable as replacement parts from the
manufacturer. The knobs shown on the
control board in the photographs are 2-1/8
inches in diametar and feature an attraciive
chrome inseri and two &t screws. These
were purchased for $1.32 plus shipping
from Mational Radio Corporation, B9
Washington, Melrose, Massachusetis.
They are avallable in elther black of gray,
and are known as “HRT” knobs.

Siereo Mixing Pots

If you're bullding a stereo baard, you will
nead “ganged” pots, two pols on a single
shall. Inexpensive carbon dual pots suffer
from poor “tracking.” That Is, resistances
do not change exactly the same from
saction to section. The rasult is changing
balance in the sterec scund as the pot is
furned up and down.

To aveid this problem with inexpensive
dual pots, follow the suggestion about

wiring a fixed resistor from wiper lo
ground. The exact value of tha resistor is
not impofant, but use an chmmeter (o
choose two resistors which maflch as
closely as possible, and wira thesa from
wipers to ground on a dual pot. Maiched
resistors of 20 per cent or less of the
resiatance of the pot sectiona will tend 10
“swamp oul”  warlatiens in the pol
“tracking” and greally improve the
balance. This works best with linear-laper
pots, Perhaps you can lecale dual Ohmite
“ABR" brand pots (which come only in
limear taper) of suitable resistance, Jusi be
sura the resistance of each section is tha
sama.
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critical use that opamps Such as ihe
LM30 do not require a regulated supply.
They do reguire tha usual dual oF Split
supply, but a single transformer, bridge
rectifier, and two langa filler capacitors are
adequale. See Figure 7. It may bDe
necessary 10 wire capacitors of about 0.1
uF walue direcily from the + and — inpuis
of ®mach amplifier 1o ground to avold
oscillation, but this is a characleristic of
the opamp rather than a fault of the power
supply.

Opamps are generally rated al plus or
minus 18 volis maximum. & powers frans=
former rafed ab 24 volis or more Oinbirs
tapped is too high. Though harder to

Power Supply for a Board Using Opamps

Reciilied

3> +15V
v

T
-1
I

batiar

Esmitmr

Transformer: 20 wolt cenar-lapped, 100 mA of
RBectifiesr: Brioge rectifber, 100 PIV a1 100 mA of
Capacitors; 1000 uF at 25 volts of belier

Figure 7
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Tha Power Supply
A simple conirol board desarvas a
simpla power supply. | have found for non-

Two standard jacks are mountad below tha
VU meater. The “output” jack feeds aar-
phones, and the “input” Jack allows direct
pccess to the miging buss for patching in &

poriable casselte recorder lor playback.
Ramoving the iop exposes components
and wiring for maintenance and servica.

locate, iry 10 use a transformer rated at 20
volts center-lapped.

The power supply diagram for & control
board wsing the suggested LM38E am-
plifier includes a 3-terminal 12-volt voltage
regulator. (Figura B). Such regulators are
cheap and easy 1o uwse, and the power
supply remains simple. Furihermore, the
gingle-ended 386 i3 more sensitive to
power-supply hum than opamps and
require betier filtering.

Be sure 1o include a fuse of suitabla
current rating im the primary of the power
translormer. In the unlikely event of a
failure, you don't want to blow the circult
breaker for the whole Student Center,

Hormally, | wire all componenis of the
power supply inside thé control boards
case, except for the power transformer
Mounting it exiernally avolds possible
magnetic hum problems, and it also keaps
the 117 volis A.C. completely out of the
board itself, However, with care it is
possible te mount the transformer in-
ternally and fabricate a fully sell-contained
control board

| do not use & power switch, I's ancther
contrel for disc jockeys 1o lorget o
operate. The integrated circuils wse very
little power when idiing. &n old tube-type
board which draws upwards of 200 watis
continuously when on is a differant matter,
but a small modern 1S board. certainly
requiras no power Switch ol its own
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Phono Preamplifiers

Tradiiionally, the turniable preamplitier
has been external from the control board
and mounted near the furflable (tselt.
While | have bullt solid-state preamps with
proper equalization inside contral boards,
it is dilficult to beat the price and con-
venlenca of the plug-in-to-the-wall phong
preamps sold by dealers such as Radio
Shack and Lafayette, These units are very
inexpensive and while they may nol have
equalization as precise or naise level as
low as a commercial broadcast-guality
preamp, ramembar that we're doing this all
af & tiny budgat.

Ramember, (0o, that broadcast-quality
preamps usually come with expensive
output translormers and suilicient power
po fead into a B00-chm (or even 150-0hm)
load, ftraditional for old-time control
boards. On our board, the preamp fesds
into the much lighter load of the 10,000

ohm pot.
Miote  that these consumer-grade
preamps  are sterse unhs, and the

separation betwesn channels may not be
sufficient for two different turntables in a
mang contral raam. Howeser, They are sHill
inexpansive if only one channal isused.

The Casa

Tha small 5-pot production board shown
in the photographs was built inside a
standard aluminum chasgsis, 17" = 13" x 37
nigh, with the top cpen rather than the
wottom., This results in a low contrel boand
with great accessibility. Just it off the top
and all of the wiring is exposed.

For the front panel | used 1/8" thick
aluminum In the form of a standard 1597
wide relay rack panel. Both the rack panel
and the largs chassis are available Irom the
large electronics parts houses, Bé sure to
get aluminum, not steel, The heavy front
panel gives a solid look and feel 1o the
project,

| cut pieces of wood to fit the ends of the
chassis, stained them, and secured them
with wood screws driven from ingide the
case, A sheet of wood cut to fit the top
finizhes the control board, while retalning
the accessibility. The combination of
woodan casea and alumlnum front panel
résults in a control board as atiraciive as it
is functional, Il you need a control board
wider than 17 inches, mount twa chassis
side by side. A long low control board,
three fest wide but only Inches high, can
b very impressive in appearance.

Or you can have a suitable case made 10
arder. Virually any community has sheet
maial shops, While they specialize in
ductwork for heating and alr conditiening,
mast will have the necessary shearing
maching and sheal metal bending brake to
fabricale a case for you, Oraw the case
indicating the dimensions, and in-
sorporate a sloping front panel if you like, |
suggesi keeping it anly a few inches high
but wide enough lor all your pots and a VU
migter.

Sheel metal workers customarily work

with galvanizad iron. Y ou Mmay have 10 wait
whilé a shop obtains shest aluminum,
While you're at it, ask the shop o gel a
plece of 1/8™ thick aluminum for the front
panel, cutl 1o exact size. Get a guate frsl,

You'll mesd an alactric drill 10 prepara
front panel holes for the pots (use a 3/87
drill Bit] and to prapare the rear panel for
the necessary exiemnal connections . . .
jacks, barrier strips, etc. You'll need a
large round hale (o mount most VYU
meters, | mark the hole, drill a series of
small holes inside the mark, and finish
with a coarae hali-round file. It's slow, but
chaap,

The Manitor Amplifier

| always wuse a monitor amplifier
separate from the control board itself. To
fepd the control room  speakiers, any
amplifier of reasonable quality and a faw
watts output should be satislaciary, If you
need to feed speakers in other studios,
oifice, etc., use a separale amplifler, The
manitor amplifier for the contral room
should be dedicated 1o that purpose, as its
Ievel and muting arg controlled within the
contral board, Place this amplifier in am
inaccessible location, satting its volumie
contral for a reasonable range on the
contral board’s monitor level contral.

‘Warning Lighis

The microphone switch should provide
contacts 1o control a warning light, Do not
wira 110 volts a.c. directly to this awitch! If
it controls a relay, use d.c, Tor the relay,
and don't ground the relay powar supply to
ihe board of you will have clicks in your
audie. | have used a flashing LED mounted
at eye level as a warning light, and found
that It attracted mora atiention than a 100
wall red bulb burning steadily over a dodr.

Headphonas

| use a saparate 386 inlegraled circuit
amplifier to drive headphones. An opamp
amplifier may alse ba used. This makas it
gasy to provide a level control for head-
phonas, wiring it &t the input to the
headphone amplifier,

The cutput of the headphone amplifier |8
wirad in parallel to both sides of a three-
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way jack. Thus, standard h:n.w.l-irn::mu:lanl:er"|L
steren headphones may e plugged In
without alteration, Operalors may bring
thiir own headphonas. In fact, to avaid the
problem of excessive wear and pilferage,
my Station now no jonger provides
headphones, but allows operators O use
their own. This has reduced strain on the
budgai.

The 388 IC makes a fine headphona
amplifier used by itsell, lor any location in
your station whede you nesd 1o fead low
impedance headphonas. Just bulld one
386 eircuit and provide a leval control and a
power supply. For power, oblain one of
those transisior radio or cassetie recarder
“pattery eliminator” power supplies, add at
wast 1000 wuf of additional filtesing
capacitance across the cutput, and you're
all set. & volts is adequate, OF you can usa
Sar 12 volt units.

Keep It Simple

Fabrigating your own control board is a
phg project, but it can be handled if you
ke it simpla. Don't get carried away and
make it as complicated as possibla, which
may delight technical people but will
confuse  Inexperienced  non-technical
announcers. Build the facilitles you need,
and no more. You don't need L0 allow exira
contrals “for the fulure.” The fulure is
nearly always different from expected, but
a home-labricated confrol  board s
inexpansive enough io wammant a new
control board in a few years, Conversaly, a
commergial control  board may  alsa
become outdated in this era of high
tachnology, but its thousands of dollars of
capital investment make it difficult to
replace.

By all means, build a single-output
poard . . . al least tor your first board. Tha
possibilities of crosstalk in a board
designed 1o handle two differant programs
simultansously are astrenomical. You will
have bugs. no matier how carslully you
plan, so keep it simple and allow plenty of
time. And if you have specilic questions,
please write to me: Mr. Ronald Pasha,
Adirondack Communily College, Glens
Falls, NY 12801,
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Rectilisr

Figure 8

Power Supply for a Board Using LM386 Amplitiers

Ragulalar

c2

Tramsfarmes 12, 8-vad, 100 mA or balbier

Boctifier: Bridge rectiler, 100 PIY at 100 mA or
bt e

Regulaior 13wal three-terminal reguiater, 100
md or batter |usuwally avallabie in1-Amp size}

517 500 uF at 25 volls or beiier

CZx: 0.1 uF
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