AN IMAGE -
ORTHICON CANMERA

PART 1

This article describes the deslgn and construction of 8 LE ineh Imege Opthicon camera

efiannel, the basle requirement bDeing sensitivity together wilth

!

ood definition snd opsretional

atabLlity. I da not expect snyone will wish to build s "carbon copy" but the design is presented
here in the belief that the reader will find some part interesting, I heve stiempted to make
the deslgn simple to operate snd free from externel conneections, only reguiring power and g

picture monitor connection. Some knowledge of the T.0. iz useful in obtaining the hest results;
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Fig. 1 illustrates the lnternal construction of the tube, snd tube controls. 4 full description
would occupy an issus of € @ - T V by itself!

Fig, 2 shews the block diasgram of the complete charnnel and is more or less self ex-
planatory. Figz. 3 is: the block diegram of the 5,P.G, The S.P.3. is simply constructed out of
four SWTLFD integrated circuits, ss shown in Pig, 4, A twice line Trequency cscillator is Ffed
inty 2 +2 and a +625 thus producing interlaced lihe and field rate signals, These are used to
genersts synocs, blanking and elamplng pulses, By dissbling the divide chain {removing +5v),
and feeding 1n external line and field drive pulses to peints A and B on Fig. 4, the camera
cgil be run from on external 85.FP.G. With careful adjustment of pulse timing, the channel ean
be made syne et & remote mixing point. The trensistore are malnly cheap PNP componenta salvaged
Trom ex—computer boards, Any REF transistor will de: slight adjustment of the bias potential
divider in sach of the Wnite monostsble multivibrators may be necessary in some cases,

Fig. L also shows the target bias and blenking generstor. Essentielly this consiasts
of a mixed blanking smplifier, and s clipper arranged to limit the positive peal to & meximum
of 5 volts, controlled by the de hisa on @t5. The back to back Zener dicdes across the putput
elip the negative excursion to -8.2v end limit the maxinmum positive excursion to 5.1v in the
event of component feilure in the clipper, The 1.0, can bs damaged by excessive target wvoltage.
A delay line id used to generste the Tront porch pericd and the clemp pulsss; monostables would
be egually suitshle, but would need to be high aspeed typss or sn IC such as SN74121, DNote that

the oufput pulses are not at the etandard lewvel,
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Fig. 5 shows the video emplifier. The ouiput of the I.0. is developed across Ria,
For uee in low llght conditlons s further flixed reslator, RIb, is ‘switched in by a reed relay,
Rlyl., This provides a higher output wvoltage at the cost of definitien., This loas of definition
can be compensated for to a ecsrtain extent provided a2 low neoise hepd-amplifisr is used, IF
RIs + RIb were in clreuilt 811 the time, the tube coutput would sesverely overlcosd the hesd smp
under normal conditions, @1 1s econnected as an zmitter follower to present the tube with =
high impedsance load, L1 separates the tube ocutput capacitance from ths head amp input cepacitsEnce.
@2 =5 gmplify the signal up to about 9.5v p-p, and epply hf correction using standerd high-
pesking technigues. The signal is fed to the clamping and sync mixing smplifier. Before
clamping the signel is raised to sbout 5v p-p by QI-3 on Fig. 6. QU is unity gain phasse
aplitter, 81 selects the required polarity, giving positive or negative plctures, The signal
iz coupled to Q5 wvia a O.luf capacitor. Clampln occours at the base of Q5. The ¢lamp pulses from
the 5.P.3. boasrd are raised to 24v p-p by @6 whizh is driven hard on by the clamp pulses. Q7
ig alsg derlven hard on during the elamping time and this reaults in the Base of G5 being returned
to the emitter voltage of Q7, which is itself set by the "1ift" control. Synes and blanking
gre added in the fTollowing two stages, and the composite cutput amplifier by 411, The hf resp-
onse 1& trimmed up in this stage, and métched te the cutput ceble by emitter follewer, Q12.

Po be continued in the next iseue of G @ — T V.



AN IMAGE -
ORTHICON CAMERA

PART 2

Pig. 7 mhowe the field scan generstor., A surpriaing amount of sc¢annlng power l= re-
quired by an imsge-orthicon; spproasching the asmomnt required by 8 12" to 14" CRT. Refercing to
Fig. 7, Qt is s unil junction sawtooth osclllator, Dif field drive is fed to BY =

e, C1,. Cf throngh OF. &

threugh @7, the rate

trigzers the discharge of the 2ul capaci

-
=]
iy

imltter fTollwer Q2 isclmteg Q1 from

<]

c1t
charging being controlled by the veltsge on the baze of Q7.

the amplifisr =tages, §@3-4. G5 1s the ocutput stage, mnd a measure of the sutput wavelorm is

chtalned secross the emltter reslistor. Thie 1s emplified by Q& snd used to controcl §7, the

\ - s T "w
charging circait for C1. ‘Tne smount of bootatra

ing” thug cbtained iz set by the A COn=

trol in the emitter of Q5, and sdjusts the acan linearlty. The helght conkrel in the amitter

[

of g2 almpo af'fects linearlty ag thie latter control should Be adjusted firet, Sone yverlstion

in scan aize with heating off the scen coils does cccur: This could he reduced by placlng a

istor in parallsl with the golls. The maximum ocutput that can be cbtained frop thle circuilt
iz over twlece thet required to fully scen the target, } s well atabiiised power =apply.
Experiments ars being underteken toc rsduce this reguirement, malnly centering eround feeding
kack de voltege proportlonal to mean putput to the helght contrel lo such n way as ta stabllizae
scan amplltude .

This field scan circult glves epnough power to drive the scen cbll of 8 5 inch view
rindar, Tne Teed taken from the colleetor of the 2N3055 output trensistor to the 1,0, cells
ahould be teken through the viewflnder secen ceoll then through & S00uf S500vw ¢epacitoer to sarth,
Across the viewlinder coil wire m 22 ohm 1 watt reslastor in serles witk 8 25 ohm warisble ie sct
A3 a kelight contrel, Varying this control has lezss then 5% effect on the 1.7. scan poNED.
8hift velte are applied to the "eold" end of the I.0, coils.

The line scan circult producss meny problems, Verisus elrouits weres trised with little

and many burnt out ransisgtors. Thyristors were gl tried, slsoc unsuccessfully.

I decided to use valvea in the: output and driver 2tages, The circulit is thet veed in the Mer-
gani cameras, with modificetions to the sarly steges to use trasnsistors, and Ls shown in Fig. 8.

Q1 and 2 serve to clesn up the line drive inpuot, and Q34 mmplify 1t uwp to about LSv p-p, The

amount fed to V1 is set by the line drive control. Peedback from linz cutput tra aormer ls no
essential, but linearity is improved by its ineclnsion, It 1= possible to replace the efficiency

diode by 6 INLCOT sllicen power dicdes. 1 M5 resistors should be pleced in parallsl with sssh
to belaneca the lead evenly betweenthem, Moat line output transformers will werk to some extent

and will meteh inte most I0 ecolla, A gpuide to the constructicn of sdsntiing colls iz given laoter,



The I0 tube requires EHT suppliss of +1500v for the dynode chein, and 70Oy for the
imege section, A smell smount of line scan output is fed to V5, and the EHT is developed amcross
the ringing cdoil in ita enodsg,

Severe damage can occcur to the I0 tube if either or both scens should fail, Sone
form of protection mast thersfore be included preferebly of a "fall saefe" naturs. W®ig. 9 shows
g suiteble circult, Q1-2 form & eschmitt trigger producing no cutput unlsss the input rises
above & certaln threshold level, set by the sensitivity contrel., §3-4 is identieasl, and the com—
bined output is rectified by D3, The de voltage is amplifﬁeﬁ by @5, and uweed to hold off the
third schmitt trigger maede up of Q6-7. Relay RLY2 in the collsctor of Q7 is thus energlsed only
when both scgns are present. Failure of most components, the relsy, or the power supply to the
protection eircuit will stop the I0 tube opereting thus giving s measure of "fail sgafe”.

Fig. 10 gives the circuit of the 300 power supply, and the foous current stabiliser.
The HT supply does not reguire atabllieation as the line sgan amplifier is relatively unaffected
by HT supply varistions, and the focus supply hes to be current stebilised. The I0 tubse reguires
en axial magnetic fisld strength of 120 gauss for the image section and 70 gauss for the scanning
gection (4" tube). With the standard focus coils used by camere manufacturers asnd aveilsble
to amateurs, & foocus current of125ma is required., This current must be stsbilised or beem and
Image focus will very considerably as the foous coil werms up. It is not good enough to stebil-
iee the veltege across the eoil as the current will f81]1 when the ¢oil heats up and 1ts registo-
nee prlses, In fig 10, the current is stabilised by measuring the voltage scross & reslster in
geriea with the coll, and arranging for this to be Kept constant. The voltege scross the
resistor (1000 ) should be 12.5v for the correct focus current to be flowing, and a proportion
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is tspped off end fed to the emitter of Q1. The bese of Q1 is Tixed at 3.3v by m Zener diode.
Tous say difference betwsen the base end emitter will couae Q1 to conduct (a=ssuming the baae is
mope positive), The smplified error is fed to Vg, end after Torther amplification, used to
eontrol ¥2, the sepies stebiliser, A 60RO, with both trlode m=ctions conaected in peralisl,
can nsndle 125ma. By varying the amount tapped off the 1004 the foeds current cal be set,

The two Zsner dicdes in the signal pmth serve to step down the stending dc voltage withouot
laaingMsiznal" level,

Almo ineluded in Pig. 10 i 8 simple stebllised -150v supoly For the beam cureent
circuit, ‘An HT delay circult is elsp incloded; +this conslste of & schmitt trigger driven
from 8 cepacitor chepging through & resistor, When the voltage reaches the trigsering point
of the schmitt trigger, Q1 ceases to conduct, QF conducts and the relsy contects clese, Should
8 supply fallure oceccur, the wvolisges on the +3 snd —9 linss fall td zerd, snd & very low
resiatancs appesrs betwszn the lines (the two 200 elignment pots are scross the lines). Taere-
fore the cathode of D10 ie effectlvely connected te the nagatlve termingl of the timl g capsoitor,
and, 8 the anode iz mlresdy connected to the positive terminal, tle capacitor ls rapldly dis-
charged, This protects the high voltage c¢ircults from sudlen surges.

The low voltsge power supply 1s very cooventional, the only unususl festure is ths
half weve wvolisge doubling rsetifier, If = centrs tapped 50v trassforosr were avallable, 5 full
wave circuit ecould be used., Tnrae transistors srs psed to smplify the diffTerence betwsen a
reflerence voltages end & prepartion of the sutput voltsge,

The capsra ¢an be constructed In & nosber of dAif erent waya, Howaver, B number of
peints should ba borne in mind. For example, plses the power transformer as far away Troa the
tube =8 possible to reduce hum pickup. Decide om the method of optical focusslng to bs used;
commercisl scanning yokea will almost certainly heve some methed of moving the carrisge on sode
form of runner. If 8 home—msade yoke 18 used it msy be easlap to efrfect focue by adjustinz the
lens itseif (it should be noted thot ordinsry phetogrsphie 35mm lenses will glve perfestly =ad-
eguate resultas althoupgh lenses computed for telsvieion work wlll naturslly glve better results).
Other poimts worthy of note include Keeping the line aesn clissale well away [ron the slghal
chazsiz and enaure thet the camsra 18 salldly construeted. 1 built the frame out of 1ins
aluninium alloy "angle" mounted on a bugeplete made of § ins. allsy, snd I have had no trouble
mechani=ally. The head-smp {emiiter follower) and pre-smp wsre bullt ia small diecest boxes
mounted in a large box, together with the tube bas= componanta, Car:s should bs t-kea to sveid
eartn loops, aa iu eny low level amplifier, Feilure to do 8o csn result in plnginz and ewven
pacillation. Other precsutiens sre moinly common senss, ond will be cbvious to snyonz cspahle
of constructing an Imoge Orihleoan cemers,

Faor the beneflt of snyone who may be using an I0 for the fifst time I shull give &
"pun down" @n how beat to obhisin a plctupe, Before installing the tubs check that the voltages
on the fuobe base ape pbout those Indicated on the circuit di-gram, Alss ch2eX the voltages golng
inte the five pin imege section connector, especislly the torgst voltszs, Placing a scresdriver
on the basg of §1 in the hesd suwp should prodoce heavy patterainz on the monitor screen. Bn-
sure the scans are present snd the acan protection pelay le ensrgiesd. Adjust the scun amplitaie
for msximum scens, and sdjust thes mlignment and shift controls to mid range. If all is well,
swlteh off', place the tube in the camern, and switech on., After the HT has come on, sdjust t.e
1% control untlil a "grey" level appears, snd sdvance the gein te mid range, Turn up tos bean



current (coapsze, if fitted) until some evidence of beam is esen., By adiusting Beam, Image end
Dynode l[ortho or persuasder) Pocus, and cptical focus, & reagonably good picture should be obtained,
Alingment egntrols are adjusted as in a vidicon, i.e! for minimam mevement of pieinre at centre
off frame when adjusting team Tocus. Allgnment control setbinge have a cponsiderabls ef'fsct on
gheding g3 well-as resslution, patternineg ete. The seceleprator and degelerstor gontrals are
adiunsted for best picutre geometry, in particular streightrnese of horizontal and verticsl llines,
and shading sigrhale. Scéps #re set ar in g vidieon. l.ei Just avoiding corner cuotting: after
setting the scans the two scan proteactlion senalsivity centrols are sat 8o that any apprecisble
reduction in smplitude of either scosn will cause the relay to trip out., Several settings of
the Beam Fogus control will produce beam foeus {unlike & vidicon where only ane "node" éccurs);
a node near mlid-range shouold prove satisfactory. Imege Foous can also give more then odne node;
provided the picture is satisfactory use the node nesrest the high potential end as this will
give tie maximam sccelerating potentisl and therefore the maximum (neise free) imsge gain, I
found thst correct setting up gave wvery little shading, si I decided not to include sheding
coprectors, Bxposure is sdjusted to give meximum gutput consistsnt with minimum "throw off"
i.8, bleck "halea" asround highlighte. Wnen tHe tube is correctly expoged tlie b2am current is
reduced to the point at which Deam limiting cceurs and then sdvenced s very little, Exgessgive
n=e of vesn will result in 8 poor signsl to noise ratio as unused beam finding its way into the
dynode ghain, end thus into the signsl system, sppears &8 paise,



AN IMAGE -~
ORTHICON CANMERA

PART 3

CONSTRUCTION OF SCANNING AND FOCUS COILS SFEE FIG. 11

Thie is not en operation to be underptaken lightly. Professionally constructed colls
gost sevérsal hundred pounds, so there is obvilpusly & Tair bit of work involved. Heowever the
principsals are the same as for asny other type of scan coil, e.g. vidicon: If an I.0. is aveil-
gble, construction can be made s lgt sEsisr. Firetly meke a tube or former 3.2 ins. in dismeter
gnd about 13 ina. leng cut of stiff cerdboard hardened with lequer or plenty of wvarnish to mgive
it =trength. The coils are mede by winding wire on 8 frame or block of wood 1C ine, x § ins,
gach winding producing one teil; two coils are reguired for line and two f'or frame, The line
pdils are made of sbout 24swxg enamelled copper wire, using sbout £0 = 70 turns for each coil, and
the frame coils mse sbout 308we; shout 120130 turns ghould do, Wien they are ready the line
colls are put on the former opposite each other as scocurately as posslble, Wind several turnsa
of waxed paper or insulating tspe over the colls, then plaze the Frame cails on the former et
right angles to the line pgile, and wind some more paper orf tepe ovér them. The dccuracy with
whizh the coils gre plsced on the former hes = very great =fTect on the geometry of the reproduced
pleturs. The coils should be fitted to within L1 ins of one end of the former. The slignment
eplls are made up in an tdentical manner, wound out of 2lswg wire, on 8 frame or block of wood
ghout 2 ins x 5 ins. PFour goils are required, mounted in the same way as the scan coils, but
8t tne other end of & formepr., Ancther gerdbosrd tube is now made up of zuffliecient inside die-
seter to slip asmuotlly over the colls, snd sbout 10 ins. long., Two cardboard discs are now made
up , f ins, 1ln diameter, with 8 hole eut cut In the centre of sufficient diameter to be & tight
#it with'the urnused former, and they sre glued to sither end of the former. This forms the frame
o8 whicno 1s wound the bulk of the focus eell. A field strength of 70 gauge is reguired: if the
former is nearly f1lled with 32-34awg wire; suffieient Tisld strength should be cbiained.

Another former 4.6 ine. in diemeter and 6.5 inse long with cheeks 7 ins. in diameter ia mede up
in 8 similer manner to the focus coil, and filled with 32 or 34yswe wire, A faceplate coil is
8lso reguired; this i= wound on enother former § ins long end with cheeks of the same size as
the focus coll except thst the central hole is 4.8 ins. in diameter, i,e. only 2 littis Iapgsr
then the photocathode. An -arrangement to fix this fececoil in place af'ter the tube is installed
lg made of cligpe which ean conveniently céarey the focus currant, On the inaide of the 1mage
section coil former are fitted five strips of metal, =.3. phosphor-bronge spring contacts from
a vhf turret—tuner, These Bprings ere to cponneéct wlth the contacts argund the tube neck, sno
lead-out wires ere soldered to them; the contacts are as “ollows: (looking at the tube from the
base end snd the keyway facing down, readling clockwise (1); Tield mesh

(2); photocathede
{3): G6 accelerator
(4); 65 decelerator
(5): Target
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Fig 11 Scanning and focus coil assembly




If 8 tube isto hand the positioning of
the contscts is simple, if no tube is avail-
able fitting the contscts and final assembly
will have to walt. To complete assembly, glus
the two larger focus coils together with a
pardboard dise 7ins. in dismeter, and with &
central hole 3,.3ins in dismeter. This sllows
the tubs %o go in as fer &5 the imege section,
tut preventa the scanning zeils running oo
far up end hitting the glass of the tube.
Finelly, ensure the rgoils sre conmected in
phese., If possible wind s aingle length of
wire or copper tspe on top of the scan coils,
and on & Turmer before the coils are mounted
in the firat place, & reductien of =stray
pickup, especislly line scan ringing, will
peeur (the screen is esrthed). Some comm-
epeial colils incorporate s terget heater, and
it desired to inelude one, procesd s follows,
A hesting element such ss sold by Woolwertha
ete, using sbout &ft, but best determined
by experiment, The chosen length 1s wound
gn the imege sgection fogus former before
winding the coil. The heater mist be wound
on the end with the imsge section comnectoors,
mnd take care to insulste it thermally Bs
well as electrically from the focus coil. A
thermistor is scometimes ineluded as wellj
this can be put 2-3ins, away from the hester
cn the =sme former.

It ie important to make various fTormers
atrong, as they will esrry & fair apount of
wire and will cerry the tube. IT it is poss-
ible to meke the formere ont of sluminium or
copper & much stronger Bssenbly will result,
The focus colls are connected in serles; it

ia unlikely that s focus current of 125mA will
glve the correct field strength, but ifthes

enrrent ia sdjneted until threa beam Toens
nodes are obtsined (using the component
yalues shown in the foeus cirmit in Fig. 1}
the current will be sbout right, The
current also has a marked effect on the scan
aize and with the correct current the line
scan clreult is capable of sbout 5-10% over-
goen gt maximum cutput.



