Building a solid-state
chroma keyer. ...

® Onec of the most useful and least
understood coler production acces-
sories is the chroma keyer. Its uses
are unlimited. This article describes
a chroma keyer that was designed
and built by the author at KRDO-
TV shortly after the purchase of live
color cameras. The unit described
cquals or exceeds the quality of the
average network chroma keyer. If
all new components are used, this
unit may be duplicated for approxi-
mately $150.00.

Chroma keyers are basically quite
simple. Fig. 1 shows a block dia-

*Engineering staff, KRDD, Colorade Springs at time
of writing.

Fig. 2 Coarse hue
control is at left,
fine hue is second
control from left
Balance adjust is
between fine hue
and gain controls.

Fig. 3 Top view of

keyer with paneis E

removed,

gram of the one built at KRDO-TV.
This unit consists of Darlington pair
input amplifiers driving a three in-
put, two output matrix. Here the
colors are added and subtracted to
derive a keying waveform corres-
ponding to any given color. This
keying signal is then further pro-
cessed in a high gain differential
amplifier, clamped, black clipped,
and delayed with a variable delay
line. The delay line is used to com-
pensate for encoder and cable de-
lays in the studic system.

A common base amplifier is used
to provide the necessary gain to
overcome circuit losses and to drive

the totem pole output state 1o 0.7
volt pp. Sync is applied to the unit
for clamping purposes. The sync en-
ters via a Darlington pair and is
amplified and inverted to drive the
clamp transistor,

The purpose of all this circuitry
is to develop a positive-going signal.
coincident in time with the camera's
scan of the particular color area to
be keyed. This positive signal (nor-
mally 0.7 V pp.) is applied to the
station’s special effects system via
an external key input. Thus a par-
ticular color tells the special effects
system when to switch.

Although blue is normally used
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Fig. 1 Chroma keyer block diagram.

as the keying color because it is the
least prevalent in flesh tones, any
color may be used. The primary
colors, (red, blue, and green) tend
to work the best. however.

Construction
The actual unit is assembled on
a 3%2 inch rack pancl and bathtub
chassis (see Fig. 2). The matrix and
delay line should be preassembied
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before mounting to the front panel.
The matrix, with the cxeeption of
the dual 200 ohm pot. is wired on
the switch. The dclay line is as-
sembled on the switch. except for
the termination resistors which are
mounted on the printed circuit
hoard.

The lettering on the author’s front
panel is letter press, which should
be available in your local art store.

After the lettering is applied, a few
coats of lacquer should be sprayed
over the panel tn prevent the letters
from rubbing off. Once the front
panel is assembled. it should be set
aside until the main chassis 1s [in-
ished.

The major portion of the circuit
is on a printed circuit (sce Fig. 3).
Fig. 4 is the schematic of the keyer
less matrix. power supply, and de-
lay hine. The omited circuits are
Figs. 5, 6. and 7). There arc six
IC’ and six transistors used in the
active circuits. 1C's one and two are
RCA CA 3036 dual Darlingtons.
These are used us matching and
isolation between the high impe-
dance loop through inputs and the
low impedance matrix. The second
half of IC 2 is biased a little dil-
ferently from the other Darlington
Pairs so that it will pass negative-
going sync instcad of positive-going
video. The outputs of these are fed
to the matriax via voltage dividers.
which will be used to provide an
effective return path to ground for
IC 3.

RIZ BALANCE

o

[
| BAL

i
=
RID

Rt

BLUE 1D
MATRIK

GREEN 10

MATRIX
Ra3
i o DEAY
v LINE
RUZ l
rmj B
o e

NOTE RS54 RS5 RS6 RST, RS, R, AR, 00, 04, 4 5 PiN !i! OR 12 AR
10V ZENER AND @2 CAP ARE NOT ON ' BOTTON VITWS. BASK DIAGRAMS N\ i
PRINTED CIRCULT BOARD 3 oo

@ @ ‘a o
\e
NS INXISE, 0017
W05, 2N %8

Fig. 4 Chroma keyer main schematic.
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The output of the matrix is fed
to IC 3 (RCA CA 3005- high gain
differential amplifier), via R-12 and
R-13 which are used to balance
out circuit tolerances. The output of
the differential amplifier contains
positive-going video corresponding
to the selected color. It also contains
negative-gomg video corresponding
to unwanted colors. The output of
IC 3 is clamped to ground by Q-1
during the horizontal sync period.
This allows IC 4 to clip off all of
the undesired portions of the signal
without DC drift. R-17. the clip pot,
is mounted on the front panel for
this purposc. After the video is
clipped. the remainder is amplitude
controlled by the front panel gain
control (R-20),

IC 6 is used as a delay line driver
and as an output driver. The IC is
an RCA CA 3018, a four transistor
array in which two of the transistors
arc internally wired as a Darlington
pair. Onc half of this IC feeds the
delay line via R-30. the sending end
termination. The other delay line
termination is R-33. The output of
the delay line is amplified by Q-2,
a common base amplifier which pro-
vides high gain with no signal in-
version.

After amplification, the signal
passes through the second half of
IC 6. This is wired as a Darlington
pair and served as the original out-
put stage. It proved unsatisfactory,
so it is now used as a driver for
the totem pole output stage. This is
the rcason the output stage is not
mounted on the printed circuit
board.

e QUTPUT 01

\ BLUE INPUT GREEN INPUT

R?

| "
| 4 1
" —

™ {

Y——TPul 22

SWITCH 15 3 BDLE 12 POSITION (CENTRALAB PA-2009 OR EQUIVALENTI
RI, R2, 3, R4, RS, fo, R7, RS * 1000 1% 172 WATI

RSA AND RSE - DUAL 2000 POT W) TH CENTER TAP (RCA #94911L

THIS MAY 3t ORDERED FROM: RCA PARTS AND ACCESSORIES

P. 0. BOX 100 DEPTFORD, NEV JERSEY (00

Fig. S Chroma Keyer matrix.
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IC 5 (RCA CA3001) is used as
a variable gain, sync inverting am-
plifier to drive Q1, the c¢lamp tran-
sistor. It was planned to also take
the negative output of this IC and,
by resistive mixing, make one out-
put composite. This caused some
problems in the output circuits and
was later deleted. The gain of IC §
is controlled by the pot labeled
“Clamp Null.”

The totem pole output stage con-
sists of a pair of series connected
2N708 transistors biased so that the
common emitter-collector point is at
0.00 volts DC—thus no output ca-
pacitor is required.

The power supply, input and out-
put BNC connectors, clamp null
pot, and DC balance pot are all
mounted on the bathtub chassis. The
power supply is all “hard wired.”
It could be assembled on a PC
board if desired.

The power supply is actually two
supplies derived from one trans-
former, The regulators are a simple
zener diode reference series circuit
that seem to do an excellent job of
removing all ripple. It is strongly
recommended that the supply volt-
ages not be varied from a nominal
plus and minus 6 volts (=¥ volt)
because of IC limitations. The volt-
age will vary a little, however, due
to zener tolerances.

The matrix schematic shows a
switch with three wipers. This is
actually a three deck switch inter-
wired so that the wipers are 120
degrees apart. The photographs of
the keyer that show the matrix show
a four section switch. This was an
older design and since has been re-
placed.

The printed circuit board may be
duplicated if desired, however, the
keyer works just as well built upon
Vectorboard as did the prototype.
The printed circuit board is set up
for Y4 watt resistors and normal
small size transistor capacitors
mounted on end. The ultra sub-min-
iature tantalum capacitors were not
used due to excessive cost. It should
be noted that three resistors were
mounted on the foil side of the
board due to wiring complications.
These are R-27, R-28, and R-29.
They may be seen in the lower left
corner of the bottom view in Fig. 3.

Keyer Setup
After the keyer is built and all
obvious errors are removed, discon-

nect the plus and minus 6-volt lines
from the power supply. Load each
regulator with a 2.7 K ohm resistor
and apply power. The regulator out-
puts should be plus 6.2 volts and
minus 6.2 volts =12 volt and should
show little, if any, ripple on an
oscilloscope. When the power sup-
plies are operating correctly, they
may be reconnected to the rest of
the circuits. Apply standard stair-
step to the red. blue, and green
inputs. These should be looped from
one feed and terminated at the last
input. With the oscilloscope attached
to the hot end of the gain pot, ad-
just the balance pot (R-12) for video
cancellation of the entire stairstep.
This pot is then locked in place. R
55 is now adjusted for 00C volts
DC at the keyer output wizh the
gain control set a minimum. The
only remaining adjustments are for
the delay line.

With the oscilloscope connected
to the output of the keyer, the
stairstep applied to only one input
(red, blue or green), and sync ap-
plied to the sync input, adjust the
gain and clip controls so that only
the last step remains which 1s 0.7
volt pp. The matrix switch may have
to be rotated ro achieve positive-
going video under these conditions.
R-30 and R-33 are alternately ad-
justed for the flatest top and sharp-
est fall on the trailing edge of the
observed pulse. The delay line
should be set to maximum delay for
this adjustment. It should be pos-
sible to adjust the terminations so
that the delay line will pass the sig-
nal with only shght distortion, if
any.

Keyer Checkout

The final checkout is subjective.
Apply the red, blue and green color
bar drives to the appropriate inputs
and terminate the looping connec-
tions. One of the keyer outputs is
applied to the external key input of
the station effects unit. With en-
coded color bars applied to one of
the cffects’ inputs, adjust the coarse
hue, fine hue, gain, and clip con-
trols for a clean keying-out of the
desired hue or bar. The delay line
is now adjusted to exactly pos:tion
the key-out area under the replaced
video.

If everything is working to com-
plete satisfaction. the keyer is now
ready to be mounted in one of the
live cameras. The red, blue and
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green inputs should be supplied with
processed video of approximately
0.7 volts pp. If the sccond keyer
output is applicd to a video moni-
tor, the keying signal will be view-
able as a whitc-on-black picture,
with the white arcas corresponding

to the keying color. This is very
useful in initial setup and any later
color changes. This chroma keyer
has proven reliable and should run
for weeks without any adjusting.
Having only onc chroma keyer
is almost the same as having only
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one VTR machine. With this in
mind, you might want to build one
for cach color camera or cven in-
stall an input transfer switch so that
onc keyer may be used with more
than one camera. The possibilitics
for modifications arc cndless. A
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