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A Simple Solid -State

Flying Spot Scanner

For Slow- Scan Television

Fig. 1. Block diagram of the solid-state flying
spo t scanner sy stem .

dc amplifier for boosting the photo
multiplier o utput to a suitable level for
driving the test generator su b-carrier o scil
lator.

Ho w it Works

Figure I 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 o ne 30 ms vertical sync pulse of
1200 lIz repeated every eight seconds,S
ms horizontal sy nc pulses of 1200 Hz at a
15 Hz rate , and a video tone (between
sync pulses) of 1500 Hz. The sync pulses
cause a sq uare 120 line slow-scan raster to
be produced on t he mo nito r sc reen w hic h
is black due to the 1500 lI z video tone.
Since the scan ning module CRT has its
pla tes slaved to the CRT in the monitor,
a raster is produced o n this tube as well.
Since the scanning CRT is unaffec ted by
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A fly in g spot scanner is 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 avai lable . Using the FSS
to televise most routine pic ture material
reduces the total operating tim e on the
SST V ca me ra vidicon, an im portan t facto r
considering the d ifficu lty in obtaining the
special 7290 slow-sca n vidicons.

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

I . The normal station SSTV moni
tor, which , in addition to disp laying the
picture output, provides both operating
and deflection voltages for the FSS scan
ning m odule .

2. An SSTV test generator which
supplies a signal to trigger the sweep in
both the monitor and sca nning module , a
sub-carrier oscillator which is modulated
by the scanning module o u tput to pro
duce the picture, and a variety of useful
test outputs which are co mple tely inde
pendent o f 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 93 1 photomultiplier, and an FET
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test gen erator circuit from a circu it described by K 7Y Z ZI.

the video tone, it can be ind epend ently
set fo r a modera tely bright raster. A
photographic slide is placed ove r the face
of the scanning CRT so that th e light
from the raster, actua lly a fast-moving
spo t of light, mu st pass through the slide
before reaching the 93 1 pho tomultiplier
tub e. The 93 1 converts the varying light
intensity to a minute volt age which is
internally amplified by th e photomult i
plier to a level ranging from - .3V under
no il lum ina tion (b lack portions of the
picture ) to - 3.QV und er full illum ination
(white portions of tbe picture), A single,

FET is used as a de ampli fier with an
adjustable output threshold , producing an
outpu t signal rangi ng fro m a ppro ximate ly
6,SV (black) to 12,OV (w hite). Tli is to tal
range, when appli ed to the test generator,
shifts the sub-carrie r oscilla tor fro m black
(I SOO liz) to white (2 300 /l z) in a linear
fash ion , result ing in a replica of th e
original slide being reprodu ced on the
monit or screen. This video inform ation in
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no way affect s the sync pulses, and since
there is no video interconnection be tween
the scanning CRT and the monitor, the
picture will remain until th e slide is
removed from th e scanning module CRT
face . The brightness con trol on the scan
ning module CRT fun ct ion s as th e system
contrast control and can be varied to
produ ce the pro per light level fo r good
co ntras t. 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 o f th e monito r to
supply scanning and operat ing voltages for
the scan ning CRT and 93 1 photomulti
plier not only reduces cost, but simplifies
co nst ruction as wel l.

Construction

Monitor. Very little needs to be
done wi th the monitor to fit it in to the
sys te m. An au xilliary socke t should be
installed on the rear apron to make
deflect ion and operat ing voltages avail-
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Fig. 3. Photograph of the vector circuit board
layout used by the au thor for the SSTV test
generator used in the FSS system.

able . Since the scanning unit should use a
CRT that is ide ntical with the o ne use d in
th e monitor, all required voltages should
be available. In my case , I used a six pin
Cinch Jones socket for the vert ical and
h orizontal deflect ion lin es ( 2+2 ) , th e
400V requ ired for the astigmatism string,
and a gro und line . Required high voltages,
ap p rox ima tely - 1500V a nd perhaps
+ 1500 V (de pending o n the ty pe of CRT
used ) are best brought out via standard
UHF coax co nnectors . Care sho uld be
taken th at the m onitor CRT display is
co mplete ly linear, fo r the linearity o f the
finished picture will be governed by this
fac tor since the two CRTs in the system
are "slaved" during operat ion . Vertical
non-linearity is the most co mmon type
and is usually cause d by a faulty dis
charge capacitor. If necessary , a number
of high -quality m ylar units sho u ld be
paralleled to achieve the desired ca paci ty
and discharge charac teristics.

Test Generator. The heart of the
entire system is a so li d-s ta te SSTV test
genera tor developed fro m a circuit de
scribed by K7YZZI . The changes incorp o
rat ed in th e circ uit have been relatively
minor. The transist ors originally specified
have been re placed by Motoro la H EP and
RCA SK series general re placem ent types.
These types are usually obtai ned fairly
easily. Some of the RC values have been
changed and the " do t-bar" and "sync"
test posi tions have been deleted , while th e
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FSS video position has been adde d. The
unit was co nst ructed in its own cabine t
with an in ternal power supply so that it
can be used independently as an SSTV
signal so u rce, if req uired. Figure 2 shows
the schematic , while Figs. 3 and 4 show
the circuit board and completed unit. T he
unit is ce rtainly much larger than required
and if miniaturization is your thing, it
could ce rta inly be reduced considerab ly in
size. In addit ion to its fun ction in the
FSS syste m, the genera tor wil l also pro
duce a black raster, white raster, a raster
with a con tin uously variable grey level,
and a stable bar patte rn.

Scanning Modu le. This module con
sists o f the CRT and its associated co ntrol
circuits, the 931 photomultiplier, and the
FET de amplifier. A piece of cobalt glass,
availabl e in most high school che mistry
labs, is positioned between the CRT and
93 1 to filter out th e long-persiste nce
yello w com po nen t o f the 1'7 phosphor,
Without this pr ecaution, the am plified
phototube o u tput would conti nuously
drive the sub-carrie r oscilla to r to whit e
(2300 li z) due to the persist en t ye llow
glow o n the face o f the CRT. My module
is built o n a 6x 17x2 in . chassis. A shorter
chassis co uld be used if mirrors were used

Fie. 4. In terior view of the completed SSTV
test generator. Fron t panel controls (no t shown )
include po wer, fun ction selector (SI), hori
zontal frequ ency, and the grey scale adjust
(R l ). Th e remaining pots are mounted on the
chassis be tween the circuit board and the front
panel. Th e rear portion of the chassis contains
power supply components. Th e small circuit
board includes bridge rectifier diodes and a
zener and regulating tra nsistor.
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Fig. S. Scann ing module an d interconnections with the monitor. The 3RP7A CR T is shown as an
example only, for in ac tual practice the scanning CR T should be of th e same type as that used in
the m onitor. O ther CR Ts will require. differen t values in the astigmatism and brightness-focus
networks an d the monitor values should be duplica ted. The - l SOOV is m o st easily carried via
coaxial cable an d suitable connectors. If a high positive accelera tor voltage is required fo r the CR T
used, it may be carried via a similar cable. Controls are: R6 - Horizontal Size; R8 - Vertical Size;
R ll - Astigmatism; R S -. Brigh tness; R3 - Focus; and R 2S-Dc Level Adjust. Tl is a 6.3V 1.2A
filamen t transformer with secondary windings rated a t 2 k V or better.

in the syste m, bu t th e d ist ance be tween
the C RT face and the photomult ip li er
should be kept a t least 4 or 5 in . if the
pic ture d efini tion is not to be degraded
by para llax factors. The CRT should be
firmly mounted and some mean s incorpo
rated to keep the photograph ic slides
pressed firmly against the tube fa ce . Small
metal clips may be used o r a slide hold er
can be constructed and attached to the
tu be face. If elega nce o r co nvenience are
no object , the slides can sim ply be taped
to the C RT sc reen! If you plan to use t he
scanner in a lighted room, a black hood
or box asse m bly ca n be const ructed so
that the C RT and the 93 1 fo rm a
light-tight system o nce the slide is In

place . The to p of the chass is and til e
insid e o f the hood shou ld be painted fla t

black or faced wit h bla ck const ruc tion
paper to eliminate stray re flec tio ns.

The schematic of the sca n ning mod
u le and mon it or in terconn ect ion s, Fig. 5.
show values in the b rightness. foc us , and
as tigma t ism networks that a rc consiste n t
with t he 3 RP7 A used in m y ow n moni
to r. If yo ur mon ito r uses an o ther tu be,
simply subst it ute equivalen t ne tw orks
from yo ur own mo nito r circuit. In the
eve n t of such a change, be sure to mod ify
the C RT socket con nect io ns as req uire d.
The 9 31 req uires a negat ive voltage of
some 600 or 700V for p roper o pe ration.
Alter the relative values of the resist o rs
foll o win g the foc us pot in yo u r ow n
circ uit so th a t th is vo ltage is avai lab le.

High voltage wire should be used
where ap pro pria te and the brightness and
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Fig . 6 . Diagrams o f th e 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 au thor. (B)
sho ws a more com plex arrangement, suitable for televising photograph prints and drawings, as used by
K7YZ Z2. The arrows indicate the orien unicn o f the key in the 931 socke ts so that the light sensitive area
of the tube fac es in the p roper direction.

focu s po ts should be insula ted fro m
gro und and eq uippe d with insulated shaft
ex tensions. T he focus, ast igma t ism, an d
de o utput level ca n be placed any where
that is co nvenient as they arc rarely
adj usted afte r initia l se tup . The brigh tness
co nt ro l is the system co nt rast con tro l and
sho uld be placed for convenient adjust
ment when the scan ne r is in operation .

There are actually two options avail
able in cons t ruc t ing the scanning unit. My
own unit is built to handle photographic
slides and transparencies and the general
layout is diagrammed in Fig. 6a . It is also
possible to se t the scanner up to transmi t
pictures fr om photograph ic prints and
d rawings. The somewhat more co m pli 
ca ted mecha nical layo u t is d iagram med in
Fig. 6b. Here a lens is used to focus an
image of the sca nn ing raste r onto the
pho tographi c subjec t. T he li ght ref lected
from the subject is picked up by two 931
photomultipliers. Th is a ppro ach was used
by K7YZZ in his lube FSS circ uit ? and
anyo ne con te m plat ing this approach is
urged to consult this art icle for details o f
mechanical layout.

Adjust men t and Use

T he test generator sh o uld be a ligned
firs t. The generator out put sho uld be
co nnec ted to a frequ en cy counter o r
some other setup for det ermin ing the
fre q uency of th e audio output. The base
of Q8 should be grounded with a lest
lead and the sync frequen cy co nt rol ad
justed for 120 0 Hz output. Remove the

~.

Fig. 7. A pho tograph of the author 's scanning
m odule. The CRT is enclosed in an alloy shield
to eliminate the e f fec t of external magnetic
fields. The 931 o n the far left has been painted
black ex cep t for the photosensitive "window"
while the chassis enclosure has been lined with
dark felt . A felt lined cover is placed over th e
top of the uni t after the slide is in place.
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Fig. 8. Typical picture output as viewed on the
author's SST V m onitor.
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using dry transfer lettering. " Instan t"
slides can be m ade o n acetate using ind ia
ink , wax marking pen cils, or many of the
fel t tip pens available on the market.
Variou s portions o f the slide may be
cro ppe d o r en larged, within the resolution
limits o f the CRT, by changing the size
and position of the scanning raster. Figure
8 sho ws some typical output from the
system. Building a system of this so rt is
certain ly o ne of the easies t and least
expensive ways to produce high quality
SSTV pictures.

test lead and switch SI to the "black "
posit ion , adjusting the black frequency
con trol for 1500 Hz ou tpu t. Swit ch S I to
the " white " position and adjust the white
freq ue ncy con trol for 23 00 Hz o u tput.
This series of adj us tmen ts sho uld be re
peated severa l tim es as there is so me
interac t ion between the various frequency
con trols. The genera tor should then be
co n nected to the monitor and Sl
switched to the bars posit io n. The hori
zon tal frequen cy should be adju sted for a
sta ble display of fo ur ver t ical white bars
and the vert ical frequency should be
adjusted for an eigh t sec. fram e time . At
th is point, wi-t h o ut plugging the sc an ning
module into the test genera tor , the fol
lo win g monitor displays should occur a t
each setting of S I :

BARS - f our vertical white bars o n a
black backgr ound .

BLA CK - a pure bla ck raster.
WHITE - a pure white raster.
G REY - a raster wh ose intensity can

be varied from black to white using RI .
FSS VIDEO - a black raster.
Turn o u t all o f the room lights o r

cover the 93 1 photomultiplier. Plug th e
video line from the scann ing module in to
the genera to r and apply power to th e
sca nn ing unit. T he de level con trol should
be adj us ted to the point where the sub
carrier o u tput just begins to rise above
1500 Hz . T urning o n the room lights o r
removing the cover o n the 93 1 sh ould
immediat ely cause the raster o n the moni
tor to go from black to white . Turn o u t
the room lights and adjust the sca nning
module b righ tness, focus, and astigmatism
con trols for a moderately bright, well
focuse d raster. The resp ective size con
trols should be adjusted for a sq uare
raster of a size appropria te for the slides
being used . Very small adjustm en ts in
cen tering ca n be made using the monitor
cen tering controls . Put a slide in place
and adjust the scanning module brigh tness
cont rol fo r the best picture con trast when
viewed o n the sta t io n monitor.

Photographic slides, ei t her colo r or
black and white, may be used directly in
the syste m. Call signs and other printed
mat erial ca n be prepared o n clear acetate
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