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Build this inexpensive color-bar test

generator and brush up on your video skills.

IF YOU'RE INVOLVED IN TV SERVICING
and repair, or just enjoy tinkering
around with video or amateur
television, you'll be interested in
this color-bar test generator. This
convenient device produces an
NTSC color-bar pattern that can
be used for video performance
testing and monitor adjust-
ments. For added flexibility, just
the encoder section can be used
to generate composite video from
your computer's RGB and sync
outputs. With a dedicated color-
bar generator, you can eliminate
the need for a test tape or your
camera—all for under $70!
Before we delve into the theory
behind the color-bar generator,

THOMAS GOULD WB6P

let’s briefly discuss the various
components that make up the
composite NTSC video signal:
synchronization, luminance,
and chrominance information.

The NTSC signal

A typical NTSC composite color
video signal is shown in Fig. 1-a.
(NTSC is the National Television
Systems Committee, who has set
the standards for color encoding
and decoding systems in the U.S.
since 1953.) The picture on a
color TV is formed by three elec-
tron beams of varying ampli-
tudes and phases: red, blue, and
green. Each of those beams are
scanned horizontally and ver-

tically over the screen. As the
beams scan, their currents and
amplitudes change to create the
light and dark areas on the pic-
ture-tube face and form the im-
age that you see displayed on the
screen.

The composite video signal is
made up of three basic compo-
nents: the scan control informa-
tion called the synchronizing
pulses (Fig. 1-b), the luminance
signal, which is the brightness
information and is often referred
to as the Y signal (Fig. 1-c), and
the color information called the
chrominance signal (Fig. 1-d).
Let’s briefly discuss each type of
video information.
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FIG. 1—A COMPOSITE VIDEO SIGNAL (a) includes sync pulses (b), black-and-white

information (¢), and the colorburst signal (d).

Synchronizing components

In order for a picture to be re-
produced properly, the TV re-
ceiver must scan its screen
exactly in step with the camera in
the studio. To make sure the
camera and the receiver are syn-
chronized, a series of pulses are

COMPOSITE "B
SYNG

sent to the camera telling it when
to start at the top of the screen
and when to begin a new line at
the left of the screen. Those same
pulses are sent to the receiver
along with the video informa-
tion. The signals that tell the
camera and receiver when to
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FIG. 2—A BLOCK DIAGRAM of the color-bar generator shows the main components of
the circuit: RCA's CD22402E sync generator and Motorola's MC1377P color encoder.

start at the top are called vertical
sync pulses, while those that
start scanning each line at the
left are known as horizontal sync
pulses.

In the NTSC system, each
frame, of complete video image,
contains 525 lines. That is ac-
complished by horizontally scan-
ning at approximately 15,750
lines per second, and vertically
scanning at 30 frames per sec-
ond. (The vertical scan rate is ac-
tually 60 Hz, but it takes two
trips. or fields, down the screen
to complete one frame.) The pro-
cess of returning to start a new
scan is called retrace or flyback.

Luminance

Black and white information is
contained in the Y or luminance
signal, which determines the in-
stantaneous brightness of the
electron beams as they scan over
the screen. In fact, it is all that is
used for the single electron beam
in a black-and-white TV set. A
negative-going video detector de-
tects a luminance signal in
which the negative signal ex-
tremes correspond to bright
areas of the picture. The wave-
form shown in Fig. 1-¢ would,
therefore, produce vertical bars
of decreasing brightness from
left to right. Note that the output
is black during retrace so the
electron beams will not be seen.

In the NTSC color system, the Y
signal is made from the red,
green, and blue cameras by an
additive technique: 30% of the
red signal, 59% of the green sig-
nal, and 11% of the blue signal
are added together to form the Y
signal. The luminance signal can
also be expressed as

Ey=.30Eg+.59Eg +.11Eg
where E,, E, and E; are the volt-
ages of the red, blue, and green
signals, respectively.

The combination of different
amplitudes of color signals is
what determines the various
shades of gray in a monochrome
receiver—white having a lumi-
nance of one, black a luminance
of zero. The ability of a receiver to
determine a corresponding level
of gray from color levels is an im-
portant feature in the com-
patibility of color and mono-
chrome TV's because the black-
and-white signals can be ob-
tained from the three primary
color signals.
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FIG. 3—SCHEMATIC OF THE COLOR-BAR GENERATOR. Sync generator IC5 provides the
composite-sync timing signals, color encoder IC6 takes the separate red, green, and blue
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video signals and composite sync to generate the composite video signal.

All resistors are Ys-watt, 5%, unless
otherwise indicated.

R1, R14, R15— 4700 ohms

R2—56,000 ohms

R3—6800 ohms

R4, R5—1200 ohms

R6—220 ohms

R7—75 ohms

R8-R10—5000-ohm potentiometer

R16—1 megohm

Capacitors ]

C1-C4, C10, C20, C24, C25—0.1 +F, bi-
polar electrolytic

C5, C8—1000 pF, mica

CB, C7—0.01 p.F, bi-polar electrolytic

C9, C18, C19—100 pF, mica

C11—47 pF, mica

C12—2-12 pF variable ceramic capacitor

C26—10 pF, mica

C13, C14—220 pF, mica

C15-C17—15 uF, electrolytic

Semiconductors

IC1—74L.S163 counter

1C2—74L02 quad NOR gate

IC3—74LS74 flip-flop

IC4—not used

IC5—CD22402 sync generator, BRCA

IC6—MC1377 color encoder,

Motorola

Other components

L1—400-ns delay line (TK1001)

L2—30 pH, 2.52-MHz transformer
(TK1603)

XTAL1—3.58-MHz colorburst crystal

XTAL2—503-kHz ceramic resonator

Miscellaneous: enclosure, stand-
offs for mounting circuit board, 4-
pin friction-lock connector for J1,
straight-header connector for J2,
2-pin friction-lock connector for J3,
four shorting jumpers, wire, solder,
etc.

Note: The following items are
available from Geko Labs, 13019
250th Place SE., Issaquah, WA
98027-6730, (206) 392-0638:
etched, drilled and plated-
through PC board $30.00; acom-
Eiete kit including all parts, PC

oard, and assembly instruc-
tions $80.00; a complete as-
sembied and tested unit $125.
Add $5.00 S & H with any order.
Washington residenis add 8.1%
sales tax.

B-Y CAP l_l_i_LK—cs1—' T

Chrominance

The color information, or chro-
minance, (which is ignored in a
black-and-white TV) is made up
of red, blue, and green signals re-
quired to drive the picture tube,
minus the luminance signal.
Those “color-difference” signals
are designated as R—Y (red
minus Y), and B-Y (blue minus
Y). Color-difference signals are
used solely for color reprodue-
tion. A special matrix circuit in
the receiver can extract a G-Y
(green minus Y) signal from the
B—Y and R—Y signals. The ad-
vantage of changing the color sig-
nals into color-difference signals
is the reduction of three color sig-
nals into two.

The R—Y. B—Y, and G-Y sig-
nals are decoded at the receiver
by adding the Y signal back to
each of the difference signals. A
3.58-MHz subcarrier is sent by
the transmitter and used in the
receiver to restore the original
color information.

The frequency and phase angle
of the 3.58-MHz subcarrier in the
receiver must be the same as that
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FIG. 4—OUTPUT SIGNALS of the color-
bar generator. The TTL signals are re-
duced to 1V p-p by R8, R9, and R10.

in the transmitter for proper
color reproduction. Syn-
chronization is performed by
transmitting a small sample of
the 3.58-MHz subcarrier during
the horizontal snyc pulse. That
color sync interval is also known
as the colorburst. The colorburst
signal is used as a reference to
synchronize the phase and am-
plitude of the color subcarrier.
The colorburst also determines
the tint and saturation of the
color that is displayed.

Theory of operation

Figure 2 shows a block di-
agram, and Fig. 3 a schematic of
our video generator. Sync gener-
ator IC5 is used to provide the
composite-sync timing signals.
The outputs are composite sync,
composite blanking, and a buff-
ered output of the sync oscillator.
The sync generator uses a 503-
kHz ceramic resonator (XTAL2)
as a base oscillator. The 503-kHz
frequency is divided by 32 for the
horizontal sync, and is further
divided to derive the vertical
sync-timing signals. Those sig-
nals are all combined into the
composite-sync signal which is
sent to the MC131377 color en-
coder (IC6). The color encoder
takes the separate red, green,
and blue video signals and com-
posite sync to generate the com-
posite-video signal.
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FIG. 5—PARTS PLACEMENT DIAGRAM of the color-bar generator.

The 3.58-MHz colorburst crys-
tal, XTALI, is the reference os-
cillator for the chroma informa-
tion. Capacitor C12 allows fine
tuning of the reference oscillator
to be exactly 3.579545 MHz. The
combination of R2 and C5 set the
timing for the insertion of the
colorburst signal on the back
porch of the composite video sig-
nal. The values used for R2 and
C5 set the burst timing to ap-
proximately 0.4 ps after sync,
and a burst width of 0.6 ps. The
network of L2, C9, R6, C8, Cl11,
and R3 provide bandpass filter-
ing for the chroma component. A
delay for the luminance channel
(—Y) is provided by R4, L1, and
R5 to compensate for the internal
delay of the chroma signal.

RGB generators IC1, IC2, and
IC3 make up the red, green, and
blue video signals that drive the
video encoder section to make
the color bars. One half of IC1 is
used as a divide-by-2 counter,
which generates the 252-kHz
clock for the four-bit counter IC1.
The non-inverted blue, red, and
green signals are the divide-by-4,
-8, and -16 outputs of IC1, respec-
tively. The blue, red, and green
signals are inverted, and blank-
ing is added by IC2. The TTL level
is reduced to 1 volt p-p by R8, R9,
and R10, as shown in Fig. 4.

Construction

The video generator uses a
double-sided PC board that is
available from the source men-
tioned in the parts list. We recom-
mend that you use a PC board for
this project because the frequen-
cies involved require a large
ground plane. Both the compo-
nent and the solder side of the PC

board are shown in the article if
you wish to make it yourself.

Construction is fairly straight-
forward. Install all components
according to the parts placement
diagram shown in Fig. 5. Make
sure C15-C17 are inserted into
the board with correct polarities.
Install all IC’ last, observing cor-
rect orientation. Since the IC's
are static sensitive, make sure
you follow the manufacturer's
recommendations for proper
handling.

Checkout

The measurements listed in
this section will help to make
sure the video generator is work-
ing properly. The power on tests
should be made with the +12-
and +5-V power sources on. Set
R8. R9, and R10 to mid range. If
you are the impatient type you
can go right to the video output
test point TP12 and see what you
get. If you're lucky you'll have a
video signal that probably needs
some adjustments. If thats the
case you can proceed directly to
the video adjustments section. If
not, proceed slowly through the
following steps to isolate the
problem and verify each of the
listed voltages, frequencies and
waveforms. Keep in mind that
you will need an oscilloscope for
the video level adjustments.
® Pin 2 of J1 and +5 V—> 2000
ohms (power off)
® Pin 4 of J1 and +12 V—> 1
megohm (power off)
Power-on Tests
® +12-V supply—57 mA
® +5-V supply—29 mA
@ ICl pin 16—+5V
® IC2 pin 14—+5V
® IC3 pin 14—+5V
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FOIL PATTERN OF THE SOLDER SIDE of the PC board.

® [C5 pin 19—+5V

® [C5 pin 6 (TP2)—2.504-kHz, 5-
V p-p (TTL level) square wave

® IC5 pin 5 (TP1)—TTL-level
composite-sync signal

® [C5 pin 13 (TP4)—TTL-level
blanking signal

® [C3 pin 5 (TP5)—252-kHz
signal

e [C1 pins 11-13 (TP6, 7, 8)—D1-
vided down signals

Sync Generator

e IC5 pin 19—+5V

® [C5 pin 5 (TP1)—TTL-level
composite-sync signal

® IC5 pin 6 (TP2)—504-kHz, 5-V
p-p TTL-level square wave

® IC5 pin 13 (TP4)—TTL-level
blanking signal

RGB Generator

® [Cl pin16—+5V

e [C2pin14—+5V

® |[C3 pin 14—+5V

® IC3 pin 5 (TP5)—252-kHz
signal

® IC1 pins 11-13 (TP6, 7 and 8)—
Divided down signals as shown
in Fig. 4

Color Encoder

e IC6 pin 14—+12V

® [C6 pin 2—TTL-level com-
posite-sync signal (Fig. 1-b)

Amateur Television Quarterly

This article originally appeared in ATVQ
magazine. ATVQ is a quarterly publication
featuring technical articles on subjects re-
lated to ham radio, including VHF, UHF,
amateur TV (ATV), computer programs,
and repeater projects. ATVQ is enjoyed by
hams of all levels, from beginner to Extra
class. A subscription to this magazine is
available for $15 per year, $4.00 for a sam-
ple copy (Visa and Mastercard are accept-
ed). For more information contact

Amateur Television Quarterly
1545 Lee St. #73

Des Plaines, IL 60018

(708) 298-2269

® [C6 pins 3—5—1 V p-p signal

® IC6 pins 17 and 18—3.58-MHz

oscillator signal

® [C6 pin 16—8.2 VDC

® IC6 pin 1—Ramp signal

@ [C6 pins 10 and 13—Chroma

signal (Fig. 1-d)

® IC6 pins 6 and 8—Luminance

signal (Fig. 1-c)

@ IC6 pin 9—2 V p-p (Fig. 1-a

signal)

Video Level Adjustments

® [C6 pin 4 (J2C)—AdjustR8to 1

Vpp

® IC6 pin 3 (J2B)—Adjust R10 to

1Vp-p

® IC6pin 5 (J2D)—Adjust R9to 1

Vpp

® J3 pin 1—Terminate into a 75-

ohm connector

® Video Output (TP12)—Com-

posite 1-V p-p signal. If you can't

get this signal, adjust R8 for the

proper peak level and null out the
continued on page 79
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BP271—Includes PC overview, memory
upgrades, adding a hard disc, adding
floppy drives, display adapters and
monitors, installing a co-processor,
preventive maintenance, repairs, do it
yourself PCs and more. To order your
copy send $7.75 plus $2.00 for
shipping in the U.S. to Electronic
Technology Today Inc., P.0. Box 240,
Massapequa Park, NY 11762-0240.

SECRETS OF THE
COMMODORE 64

Secrets of the
COMMODORE 64

BP135—A beginners guide
to the Commodore 64 pre-
sents masses of useful data
and programming tips, as
well as describing how to
get the best from the

powerful sound and graph-
ics facilities. We look at how the memory is
organized, random numbers and ways of
generating them, graphics-color-and sim-
ple animation, and even a chapter on ma-
chine code. Get your copy today. Send
$5.00 plus $1.25 for shipping in the U.S.
to Electronic Techology ﬁlda Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.
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4M Board for hp LJ's w2MB $148.00
aMxa 80 ns 190.00

1Mx9 60 ns

Mxg B0 ns

4Mx1 BOns

1Mxd 80 ns

IIT 3CB7-25

370 CYRIX 5440 5425

iMx1 B0 ns
256Kx1 100 ns
256Kx1 120 ns
256Kx4 100 NS

B80387-33

4464

27C4001 s512kx8 150 ns
D28F010 128Kkx8 150 ns
27C1000 128Kkx8 150 ns
27C512 pakxe 120 ns
27128 16kx8 250 ns

STATIC RAM
1 Mbit

= 128Kxe 100 ns
Rl G2256LP azkxe 100 ns

B4Kx4 100 ns
EPROM

B0B7-2 BO2B7-8 BO387-16 BO387-25
$12000 521000 BO3B7-20 BO3BT-33

SAT DEL ON

RECEIVED BY:
T 2 Wi
M ST
COD AVAMILABLE | 5»

CIRCLE 61 ON FREE INFORMATION CARD

this environment; as the premier sup-
plier of object-oriented programming
tools, this is exciting news.

A related development is Unicode,
a consortium of leading computer
vendors (IBM, Apple, Microsoft,
Sun, Next, Novell, and others) that
has begun the process of defining the
successor to the ASCIl character
set. ASCllis a seven-bit code, limited
to 128 characters. By contrast, Uni-
code is a 16-bit code, allowing 64K
characters, enough to represent all
western languages unambiguously,
and a good start on eastern lan-
guages as well.

News bits

Recession? What reces-
sion? After hitting an all-time low in
November of 1990, semiconductor
sales are on the rise again. The first
two months of 1991 set an all-time
record, and the Semiconductor In-
dustry Association is optimistic that
the industry could grow by about 10%
this year. MacClones? Apple's

continually shrinking market share
has finally forced Sculley and crew to
understand that they're in business
to sell computers, not religion. The
company recently acknowledged in-
terest in licensing the Mac operating
system to vendors of other hardware
platforms, most likely including some
flavor of Intel chips. With the rapidly
increasing popularity of the 386/486,
technical problems should be few, as
the advanced Intel processors over
come the limitations of earlier pro-
cessors that used to make the
Motorola family attractive. PolyGlot
PostScript. Adobe Systems is ex-
pected to announce a PostScript-
based utility that allows transparent
data sharing across multiple plat-
forms. OS Soup. IBM will try to
ease skepticism about OS/2 with a
marketing blitz designed to promote
understanding of the operating sys-
tem, applications for it, DOS and
Windows compatibility, and futures.
Watch for OS/2 2.0 to sweep the
industry just like Windows 3.0 has.

486 blues

Just when 386-based systems
start to become affordable, the 486
moves in as the new high-end option.
However, the 486 may penetrate the
market much quicker than did the
386. Intel is poised to release several
updated 486's, a 50-MHz unit, and a
“crippled” or de-featured unit (vari-
ously called the P23 and the 486SX)
that comes without the math
coprocessor, and that runs slower
(20 MH2) than a full 486. Remember
that even running at the same clock
speed, a 486 is about twice as fast as
a 386. Several vendors have already
announced P23 systems priced un-
der $3000.

The P23 isn't stopping American
Micro Devices, which is shipping 40-
MHz versions of its 386 clone. Also,
Chips & Technologies and Cyrix have
introduced system logic and math
coprocessors, respectively, that sup-
port the new device. Intel's not
scared, however; the company has
shown a 486 running at 100 MHz. R-E

COLOR BAR GENERATOR

continued from page 45

chroma on the white bar (the first
bar after horizontal sync) with
R10 and R9.
Adjustment with Monitor

If you have a monitor, hook up
the video output of the video gen-
erator to the monitors video in-

put and do all the adjustments
looking at the white color bar on
the left side of the screen. If the
red, green, and blue video levels
are set up properly the white bar
should be full brightness and
white. If it is not, adjust R8 for
the overall brightness and then
adjust R10 and R9 for a pure
white bar.

We hope you've learned some-

thing about color video from this
project. Everything is neatly
broken into fairly simple blocks
so you can be assured of success.
If you have an IBM Clone comput-
er with a CGA board (or other vid-
eo card with NTSC-compatible
sync) you can use just the en-
coder section to generate NTSC-
compatible sync and RGB video
outputs. R-E

Rates: Ads are 2V4" % 2/4". One Insertion $995 each. Six insertions $950 each. Twelve
insertions $925 each. Closing date same as regular rate card. Send order with remittance to
Computer Admart, Radio-Electronics Magazine, 500-B Bi-County Blvd., Farmingdale, NY
11735. Direct telephone Inguiries to Arline Fishman, area code-1-516-293-3000. FAX
1-516-293-3115. Only 100% Computer ads are accepted for this Admart,
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