A Simple Solid-State
Flying Spot Scanner

Ralph E. Taggart WBEDQT
4515 Oakwood Drive
Okemos MI 48864

For Slow-Scan Television

Q flying spot scanner 1S a device
which uses a raster on the face of a
cathode ray tube to produce high quality
television pictures from either photo-
graphic slides or prints and drawings. It is
usually more economical to build and
easier to adjust than a vidicon camera, a
factor which makes the flying spot scan-
ner (FSS) an ideal first camera construc-
tion project for the newcomer to SSTV.
The ease of operation and picture fidelity
of a well designed FSS unit also makes it
a valuable station accessory even when a
vidicon camera is available. Using the FSS
to televise most routine picture material
reduces the total operating time on the
SSTV camera vidicon, an important factor
considering the difficulty in obtaining the
special 7290 slow-scan vidicons.

The flying spot scanner which |
developed to take the load from my own
transistorized camera consists of three
separate units:

. The normal station SSTV moni-
tor, which, in addition to displaying the
picture output, provides both operating
and deflection voltages for the FSS scan-
ning module.

2. An SSTV test generator which
supplies a signal to trigger the sweep In
both the monitor and scanning module, a
sub-carrier oscillator which is modulated
by the scanning module output to pro-
duce the picture, and a variety of useful
test outputs which are completely inde-
pendent of the scanning module.

3. The scanning module which con-
sists of a scanning CRT whose deflection
plates are slaved to those of the monitor
CRT, a 931 photomultiplier, and an FET
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dc amplifier for boosting the photo-
multiplier output to a suitable level for
driving the test generator sub-carrier oscil-
lator.

How it Works

Figure 1 shows a block diagram of
the entire system. With no signal from the
scanning module, the test generator pro-
duces a composite slow-scan signal con-
sisting of one 30 ms vertical sync pulse of
1200 Hz repeated every eight seconds, 5
ms horizontal sync pulses of 1200 Hz at a
15 Hz rate, and a video tone (between
sync pulses) of 1500 Hz. The sync pulses
cause a square 120 line slow-scan raster to
be produced on the monitor screen which
is black due to the 1500 Hz video tone.
Since the scanning module CRT has its
plates slaved to the CRT in the monitor,
a raster is produced on this tube as well.
Since the scanning CRT is unaffected by
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Fig. 1. Block diagram of the solid-state flying
spot scanner system.
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Fig. 2. The SSTV test generator circuit from a circuit described by K7v2Z'

the video tone, it can be independently
set for a moderately bright raster. A
photographic slide is placed over the face
of the scanning CRT so that the light
from the raster, actually a fast-moving
spot of light, must pass through the slide
before reaching the 931 photomultiplier
tube. The 931 converts the varying light
intensity to a minute voltage which is
internally amplified by the photomulti-
plier to a level ranging from —.3V under
no illumination (black portions of the
picture) to —3.0V under full illumination
(white portions of the picture). A single
FET is used as a dc amplifier with an
adjustable output threshold, producing an
output signal ranging from approximately
6.5V (black) to 12.0V (white). This total
range, when applied to the test generator,
shifts the sub-carrier oscillator from black
(1500 Hz) to white (2300 Hz) in a linear
fashion, resulting in a replica of the
original slide being reproduced on the
monitor screen. This video information in
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no way affects the sync pulses, and since
there is no video interconnection between
the scanning CRT and the monitor, the
picture will remain until the slide is
removed from the scanning module CRT
face. The brightness control on the scan-
ning module CRT functions as the system
contrast control and can be varied to
produce the proper light level for good
contrast. A T or Y connector is used at
the SSTV output jack of the test gen-
erator to record the picture output for
later playback. The use of the monitor to
supply scanning and operating voltages for
the scanning CRT and 931 photomulti-
plier not only reduces cost, but simplifies
construction as well.

Construction
Monitor. Very little needs to be
done with the monitor to fit it into the

system. An auxilliary socket should be
installed on the rear apron to make
deflection and operating voltages avail-
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Fig. 3. Photograph of the vector circuit board
layout used by the author for the SSTV test
generator used in the FSS system.

able. Since the scanning unit should use a
CRT that is identical with the one used in
the monitor, all required voltages should
be available. In my case, I used a six pin
Cinch Jones socket for the vertical and
horizontal detlection lines (2+2), the
400V required for the astigmatism string,
and a ground line. Required high voltages,
approximately —1500V and perhaps
+1500V (depending on the type of CRT
used) are best brought out via standard
UHF coax connectors. Care should be
taken that the monitor CRT display 1s
completely linear, for the linearity of the
finished picture will be governed by this
factor since the two CRTs in the system
are ‘‘slaved’ during operation. Vertical
non-linearity i1s the most common type
and is usually caused by a faulty dis-
charge capacitor. If necessary, a number
of high-quality mylar units should be
paralleled to achieve the desired capacity
and discharge characteristics.

Test Generator. The heart of the
entire system is a solid-state SSTV test
generator developed from a circuit de-
scribed by K7YZZ'. The changes incorpo-
rated in the circuit have been relatively
minor. The transistors originally specified
have been replaced by Motorola HEP and
RCA SK series general replacement ty pes.
These types are usually obtained fairly
easily. Some of the RC values have been
changed and the “dot-bar” and ‘‘sync”
test positions have been deleted, while the
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Depend on . . .

We supply crystals from
16 KH, to 100 MH, in
many types of holders.
Over 6 million crystals
in stock. We manufac-
ture crystals for almost
all model SCANNERS,
MONITORS, 2-WAY
RADIO, REPEATERS, ETC.
Inquire about special
quantity prices. Order
direct with check or

money order.

For first class mail add 15¢ per
crystal...for airmail add 20¢ ea.

DIVISION OF BOB
WHAN & SON

2400 Crystal Dr.
Fort Myers
Florida 33901
(813) 936-2397

Send 10¢ for new
catalog with
oscillator circuits
and lists of
thousands of
frequencies in
stock.

SPECIALS! CRYSTALS FOR:
Frequency Standards
100 KHz (HC13/U)
1000 KH: (HCG/U)
Almost All CB Sets, Trans. or Rec.
(CB Synthesizer Crystal on request)
Any Amateur Band in FT-243
(Except 80 meters)
B0 Meter Range in FT-243
Color TV 3579.545 KH: (wire leads)

$4.50
4.50
2.50

1.50
4 for 5.00
2.50
1.60
4 for 5.00

ELECTRONICS, INC.

SURPLUS ELECTRONICS
TUBES
PARTS

SEMICONDUCTORS
TEST EQUIPMENT

TOP QUALITY - LOWEST PRICES
new catalog - 8.25 handling

JEFF-TRONICS

4252 Pear! Rd., Cleveland, OH 44109

JEFF-TRONICS |

TV-16

ROBOT
ROBOT MODEL
26mm. 1.9 lens .

25mm. f1.4 lens
25mm. 1.4 Macro lens . . .. .. .

IMMEDIATE i
No one anywhere Eeats our deal!

AMATEUR—WHOLESALE ELECTRONICS

8817 S.W. 129 Terrace ® Miami ® FL ® 33156 ® US.A,

® Export Orders Our Speciality @

Phone: (305) 233-3631 ® Nights—weekends (305) 666-1347
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Ham-Quadri Antenna

For SUPERIOR, PROVEN PERFORMANCE
in: MARITIME MOBILE, PORTABLE, TRAIL-
ER PARK, or APARTMENT operation == T

| FSS video position has been added. The
unit was constructed in its own cabinet
with an internal power supply so that it
can be used independently as an SSTV
signal source, if required. Figure 2 shows
- the schematic, while Figs. 3 and 4 show
-~ __—| | the circuit board and completed unit. The
— | | unit is certainly much larger than required

F = | | and if miniaturization is your thing, it

“The CAT WHISKEHS” S could certainly be reduced considerably in

GET V DIPOLE PERFORMANCE on 10-15-20 size. In addition to its function in the
& 40 meter phone bands WITHIN 14ft SPAN! FSS system, the generator will also pro-

EASY INSTALLATION — NO GROUND- dL"ICE a black' raster, Whltl.?: raster, a raster
PLANE, 15 Ibs, SINGLE 50 ohm coax BALUN with a continuously variable grey level,
feed, NO TUNING, SINGLE MAST MOUNT and a stable bar pattern.

(see photo) — CLEAN, NON-OBSTRUCTING Scanning Module. This module con-

for TOP-OF-MAST RADIATION from MARI- . ‘ . .
its associate ontrol
TIME MOBILE — gists of the CRT and d ¢

_ circuits, the 931 photomultiplier, and the
COMMERCIAL QUALITY — First Class Rug- | | ppp gc amplifier. A piece of cobalt glass,
ged, Lightweight, Seaworthy & Weatherproof : . . i
Materials & Workmanship — 100% TESTED — available in most high school chemistry

SATISFACTION GUARANTEED $395 plus | | 12bS; IS positioned between the CRT and
tax, Prepaid or C.0.D., F.0.B. Los Angeles, 931 to filter out the long-persistence

California — yellow component of the P7 phosphor.
% (M Squared) ELECTRONICS, Without this precaution, the amplified
28627 Bridle Lane, Miraleste, CA. 90732 I phototube output would continuously

drive the sub-carrier oscillator to white
'l- - e Sey GENGOES D &0 (2300 HZ} due ‘tD the persistent }-"e”c}w
glow on the face of the CRT. My module

X/ 7-0 7- is built on a 6x17x2 in. chassis. A shorter
P CB Df?/L LS chassis could be used if mirrors were used

2N22224: NPN Silicon, Vg 75V, D.C. Beta
40Min. at.5A [, TO-18

. 2N2807A: PNP Silicon, Ves 60V, OC Beta
50Min. at.5A, 1y 200 MHZ
| 5K Q Bourns 3292 P- 502 (3/8°Square)

|A£_!_ ABOVE .50ea Write for qly. prices,
* Dumore 16-0ll PC.B. DRILL PRESS$100.,

REICH ASSOCIATES, INC.
PO BOX 73, PLANO, TEX. 75074
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SPACE-AGE TV CAMERA KITS & PLANS

BE A PIONEER IN HOME TELECASTING! Build your o
TV CAMERA.  Model XT-1A, Series D, $116.95 ;.,. e
State.  Step-by-step construction monwal,  High qual i

Connects to any TV without e :r on, ldedl for |':|rn
experimenters, education, wndustry, etc.

PHONE or WRITE for CATALOG,
DIAL 402-981-371T1

Many ofher kits, parts and plans ovailable n-r LH:|II'IJ:] Lot

o = kits, focus ‘defl. eoils, vidicon mbes, const. plans, et Fjg. 4, Interior view of the CﬂmpJEIEd h oy AT
1301 N. Broapway ATV Research pakora ciry. neer 6873 test generator. Front panel controls (not shown)
include power, function selector (S1), hori-
WE-PAY HIGHEST CASH PRICE zontal frequency, and the grey scale adjust
for Electron Tubes & Semiconductors (R1). The remaining pots are mounted on the
] diate Payment on Unused Tubes chassis between the circuit board and the front
o H gl Ia_ AESHSOCIATES | panel. The rear portion of the chassis contains
Elizabethport Industrial Park power supply components. The small circuit
Elizabeth, New Jersey 07206 board includes bridge rectifier diodes and a

(201) 351-4200 zener and requlating transistor.
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Fig. 5. Scanning module and interconnections with the monitor. The 3RP7A CRT is shown as an
example only, for in actual practice the scanning CRT should be of the same type as that used In
the monitor. Other CRTs will require .different values in the astigmatism and brightness-focus
networks and the monitor values should be duplicated. The —1500V is most easily carried via
coaxial cable and suitable connectors. If a high positive accelerator voltage is required for the CRT
used, it may be carried via a similar cable. Controls are: R6 — Horizontal Size; R8 — Vertical Size;
R11— Astigmatism; R5 — Brightness; R3 — Focus; and R25— Dc Level Adjust. Tl is a 6.3V 1.2A
filament transformer with secondary windings rated at 2 kV or better.

in the system, but the distance between
the CRT face and the photomultiplier
should be kept at least 4 or 5 in. if the
picture definition is not to be degraded
by parallax factors. The CRT should be
firmly mounted and some means incorpo-
rated to keep the photographic slides
pressed firmly against the tube face. Small
metal clips may be used or a slide holder
can be constructed and attached to the
tube face. If elegance or convenience are
no object, the slides can simply be taped
to the CRT screen! If you plan to use the
scanner in a lighted room, a black hood
or box assembly can be constructed so

that ‘the CRT and the 931 form a
light-tight system once the slide is in
place. The top of the chassis and the

inside of the hood should be painted flat
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black or faced with black construction
paper to eliminate stray reflections.

The schematic of the scanning mod-
ule and monitor interconnections, Fig. 5,
show values in the brightness, focus, and
astigmatism networks that are consistent
with the 3RP7A used in my own moni-
tor. If your monitor uses another tube,
simply substitute equivalent networks
from your own monitor circuit. In the
event of such a change, be sure to modify
the CRT socket connections as required.
The 931 requires a negative voltage of
some 600 or 700V for proper operation.
Alter the relative values of the resistors
following the focus pot In your own
circuit so that this voltage is available.

High voltage wire should be used
where appropriate and the brightness and

QUTPUT TO

GENERATOR
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Fig. 6. Diagrams of the mechanical layout for two basic approaches to FSS design. (A) shows the
transmitted light system, suitable for photographic slides and other transparencies, used by the author. (B)
shows a more complex arrangement, suitable for televising photograph prints and drawings, as used by
K7YZZ". The arrows indicate the orientation of the key in the 931 sockets so that the light sensitive area
of the tube faces in the proper direction.

focus pots should be insulated from
ground and equipped with insulated shaft
extensions. The focus, astigmatism, and
dc¢ output level can be placed anywhere
that is convenient as they are rarely
adjusted after initial setup. The brightness
control is the system contrast control and
should be placed for convenient adjust-
ment when the scanner is in operation.
There are actually two options avail-
able in constructing the scanning unit. My
own unit i1s built to handle photographic
slides and transparencies and the general
layout is diagrammed i1n Fig. 6a. It iIs also
possible to set the scanner up to transmit
pictures from photographic prints and
drawings. The somewhat more compli- % -
cated mechanical layout is diagrammed in | %
big. 6b. Here a lens 1s used to focus an ol
image of the scanning raster onto the | é

Adjustment and Use

The test generator should be aligned
first. The generator output should be
connected to a frequency counter or
some other setup for determining the

frequency of the audio output. The base
of Q8 should be grounded with a test
lead and the sync frequency control ad-
justed for 1200 Hz output.

Remove the

photographic subject. The light reflected
from the subject is picked up by two 931
photomultipliers. This approach was used
by K7YZZ in his tube FSS circuit? and
anyone contemplating this approach is
urged to consult this article for details of
mechanical layout.
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Fig. 7. A photograph of the author’s scanning
module. The CRT is enclosed in an alloy shield
to eliminate the effect of external magnetic
fields. The 931 on the far left has been painted
black except for the photosensitive ‘“‘window”
while the chassis enclosure has been lined with
dark felt. A felt lined cover is placed over the
top of the unit after the slide is in place.
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test lead and switch S1 to the ‘“black”
position, adjusting the black frequency
control for 1500 Hz output. Switch S1 to
the ““white” position and adjust the white
frequency control for 2300 Hz output.
This series of adjustments should be re-
peated several times as there is some
interaction between the various frequency
controls. The generator should then be
connected to the monitor and Sl
switched to the bars position. The hori-
zontal frequency should be adjusted for a
stable display of four vertical white bars
and the vertical frequency should be
adjusted for an eight sec. frame time. At
this point, without plugging the scanning
module into the test generator, the fol-
lowing monitor displays should occur at
each setting of S1:

BARS — four vertical white bars on a
black background.

BLACK — a pure black raster.

WHITE — a pure white raster.

GREY — a raster whose intensity can
be varied from black to white using R1.

FESS VIDEO — a black raster.

Turn out all of the room lights or
cover the 931 photomultiplier. Plug the
video line from the scanning module into
the generator and apply power to the
scanning unit. The dc level control should
be adjusted to the point where the sub-
carrier output just begins to rise above
1500 Hz. Turning on the room lights or
removing the cover on the 931 should
immediately cause the raster on the moni-
tor to go from black to white. Turn out
the room lights and adjust the scanning
module brightness, focus, and astigmatism
controls for a moderately bright, well-
focused raster. The respective size con-
trols should be adjusted for a square
raster of a size appropriate for the slides
being used. Very small adjustments in
centering can be made using the monitor
centering controls. Put a slide in place
and adjust the scanning module brightness
control for the best picture contrast when
viewed on the station monitor.

Photographic slides, either color or
black and white, may be used directly in
the system. Call signs and other printed
material can be prepared on clear acetate
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Fig. 8. Typical picture output as viewed on the
author's SSTV monitor.

using dry ftransfer lettering. “Instant”
slides can be made on acetate using india
ink, wax marking pencils, or many of the
felt tip pens available on the market.
Various portions of the slide may be
cropped or enlarged, within the resolution
limits of the CRT, by changing the size
and position of the scanning raster. Figure
8 shows some typical output from the
system. Building a system of this sort is
certainly one of the easiest and least
expensive ways to produce high quality
SSTV pictures.
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