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INTROD UC'TION 

A demand aroke for a small, high resolution camera tube capable 
of operating under severe environmental conditions. Several successful 
ruggedized 1-in. vidicons have been developed such as the RCA 6263, 
and it was decided to develop a similai~ Q-in. tube. Half-inch tubes 
have previously been made such as Types ETW 135 and RCA 4427, 
but these have relatively poor resolution.1.2 To meet the resolution 
requirement it was necessary to incorporate a separate field mesh, which 
has proved so successful in tlie 1-in.  vidicon^.^ 

TUBE CONSTRUCTION 
Preliminary experiments with a hybrid tube having a conventional 

1-in. gun and a short &-in. diameter scanning section incorporating 
a separate mesh structure, as seen in Fig. 1, gave very promising results. 
One of the major problems, therefore, was to develop a rugged electron 
gun to fit into a bore of less than 10 mm. Related experience in similar 
problems for small klystrons led to the use of a brazed ceramic and 
metal construction. The gun consists of the various electrodes fabri- 
cated from sheet titanium and separated by precision-ground sintered 
aluminium oxide ceramic collars. 'The various parts are assembled on 
a locating jig with thin copper shims between the alumina and the 
titanium electrodes. By heating the whole assembly in a vacuum to 
95O"C, the electrodes are brazed to the ceramic collars, arid a very 
strong structure results. The various gun parts and a completed gun 
are seen in Fig. 2. The gun is held firmly in the tube by its base mount- 
ing seal and a stiff molybdenum spring member a t  the top. It was 
found possible to employ the low heater-power cathode assembly, 
previously used in the larger vidicon, which requires only 0.6 W. 

The wall anode C:, is an evaporated hard chromium layer on the 
inner wall of the precision-bore glass envelope. With the envelope wall 
forming tlie C:, cylinder, it ie not possible to bring a separate high 
potential mesh conrtexiori to the tube base pins inside this without 
severe electron-optical distortion, and therefore the mesh C:, is mounted 
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FIG. I .  Hybrid &-in. vidicon. 

Fro. 2. Electron gun parts and completed gun for $- in .  vidicon. 
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on a ring for external eonnexioii at the window end of the tuhc. The 
opt,ical face platc window has a prefabricated photoconductive target 
previously prepared in a demountable processing system. The window 
is sealed to the envelope by means of a rold press indium seal, and 
caonnecbtion to the transparent signal plate is by means of a serond 
ring. As t,his sealing technique is quite reliable, the separate mesh 
franir is also rigidly held in a similar indium seal and separated from 
the target by means of a glass collar. A high transparency copper 

Fit:. 3. Completotl & - i n .  vidivoii. 

mesh of 1,500 nieshcsjin. is used and. by cmeful stretching tcchniqucs, 
i t  ran lw made sufficiently taut  to avoid ally microphony at the 
vibration lcvcls required. The tube is pumped through the glass base 
tubulation. and the high vacuum processing is quite conventional. 
A rompleted tube is shown in Fig. 3. 

T U B E  C!HAltACTEt<lSTlC'S 

The tube was developed to  be used in ronjunction with c.ommercially 
available magnetic focus and deflexion coils.? I t  was found that ,  with 
the tube positioned in the coils for optimum geometry, the minimum 
beam landing crror on the target was given when the mesh potential 
was approximatcly 1.6 times that  of the wall anode. It was found that  
500 V was the maximum potential tha t  could be utilized without 
risk of electrical breakdown. Accordingly, all subsequent characteris- 
tics were measured with potentials of 500 V on the mesh and 890 V 
on the wall anode and with an axial magnetic focusing field of BO G. 
Under these conditions, i t  was  found possible to  increase the size of 

t Clcvolaiitl Electronics Inc., C'lc,veland, Ohio, U.S.A., Focus Coil 5VF-225. 
Deflexion Yoke 5VY-216. 
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the scanned raster from that in previously developed tubes to a scanned 
area 0.260 in. x 0.195 in. while still maintaining good picture geometry. 

Tubes have been made witfh various photoconductive targets having 
differing spectral responses. These included Sb,Se,, Sb,S, and AsSe, 
to give infra-red, panchromatic and ultra-violet responses, respectively. 
The majority have the now widely used porousfsolid Sb,S, target. 
The layer is made thinner than that of the 1-in. tube in order to increase 
the capacitance of the smaller target employed and thereby increase 
the maximum signal current available. All the subsequent measure- 
ments were made on tubes of this type. 

The variation of signal with target potential is given in Fig. 4. The 

Target p o t e n t i a l  ( v ) 

FIG. 4. Signal current a i  a funct#ion of target potential for various levels of 
iiluminstion. 

signal current i varies with target potential V as approximately 
i = KV1" where K is a constant. The dark current varies approxi- 
mately as the sixth power of the target potential. I n  practice one 
cannot go much above 0.05 pA dark current because of the increasingly 
grainy appearance of the target. For equal target illumination and 
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Modulat ion i n  the centre of the p i c t u r e  

FIG. 6. Resolution of :-in. vidicon with 0.15 p.4 signal current output. 
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dark current, the small tube gives about half the signal current, output 
compared with a similar 1-in. vidicon. Because of the higher specific 
loading that can be applied to the small target, the loss is rather less 
than would be expected from the smaller area of target employed. 
In  a camera, for similar angles of view and equal focal depths, the 
smaller tube is actually slightly more sensitive. 

The variation of signal with incident illumination is given in Fig. 5 .  
The signal i varies with illumination 1 as i = k P ,  where the value of 
y ranges between 0-6 and 0.75. 

The variation of modulation with frequency for this tube is shown 
in Fig. 6. It was measured for a 0.15 pA signal current using a series of 
precision square-wave optical grids in conjunction with a light box 
and a high-quality Vidital lens working at f 14. The resolution is seen 
to be remarkably good, and even better than in the older 1-in. vidi- 
con without a separate mesh. 

The tube will withstand considerable mechanical shock without 
damage, and i t  has been operated in a severe vibration environment. 
It will give a picture without noticeable degradation when subjected 
to random vibration a t  a spectral density level of 0.04 g2 per cis over 
the frequency range 30-2000 c/s. 

CONCLUSION 
A high resolution, miniature vidicon has been described suitable for 

operation in a severe vibration environment and where a very small 
camera is necessary. A camera has been developed with an overall 
diameter less than 43 mm for use in internal pipe-inspection as in 
Fig. 7.  The tube can be used to observe aircraft and rocket components 
in actual flight operation. 

Fro. 7. Miniaturized camem employing $-in. vidicon for internal examination of pipes. 



A HIOH-HESOLUTION RUOGE1)IZED HALF-INCH VIDICON 217 

ACKNOWLEDGMENTS 

The author wutild Iikt. t o  thank the Dii.cbctnt.s of Elcsctric: & illctsicul Iiitliistries 
Ltd. for pcwntssion to I)iiblish and Dr. H. ( i .  Litbszynski tniiler whose direction 
the de\ elopnerit, was dotie. Thanks are tilsci due t o  colleagues, It. L). K. <;ilclen, 
H. Jepson, P. W. Jttckson, M. J. King, 1%. Hohinson and S .  'rayloi. f o r  assi~tan(w 
(luring the woik. 

REPERl!3CES 

1. SpqgA, K. F., Mect,ou.  Runtlschnu 11, 261 (1957). 

3. Lnbszyiiski, H. (i. itii(1 \Vartllc.y, .I ., 1 ~ s t t ~ .  E lec t .  B.'rigrs C'onf. R e p .  S c r .  
2. copt3, A. rj., rx-4 Rrv. 17, 460 (1956). 

5 ,  59 (1963). 

I)Isc!ussloN 
\'. NOZAWA: Have you tC.att:(l t,hc t i i l w  under  comt~inc:tl conclitiorrs of' low 

tompei*at~circ~ antl racinim? 
J. WARDLEY:  No. 
w. HEIMANN: The tub(. you hti,vt, roportcbtl lias inagrirt,ie focusing antl deflc~xion. 

I)o yoti ha.ve any idea how milch t,he resolution will decrease when yoii use nn 
vlcctrostatic lens for focusing? C'lzn you givcb this a s  a percentage? 

J. w A R n L E Y :  Elect,rostat,ic focusing systtXms have not, yet givon as good ii 

perfornmncc as magnetic focusing in 1 -in. vidicons. An electrostatic system for 
t i  $.-in. tube woul(1 hc qiiit)c tlifficiilt, to tlovclop ant1 it,s performance rlifficnlt, to 
pcdict . 

E: 1s it. not u Lwt, that, f'iutht.r rtduction in t,hc sizv of'thct vitlicwn 
\voultl rediice sensitivit,y becaust! tlie f-niniihc-r remains the stimp and the area 
(lecresses ? 

J. WARDLEY: With the smaller tubes, one is already limited by the ava,ilability 
of' snitn.ble lenses. For equal focal depths, a grent,er aper'i.ure is poasiblc thus 
regaining the scnsitivit,y loss dric t,o t)he amallrr photoconductive t,arget used. 
Howwvcr t,he lenses with large apertures innst bc corrected for t,he effect of the 
vidicon uindow thickness for optimuni ptxrfortnancc and one cannot easily 
obtain Ions itpertiires great,er than f / l  . 
w. P. WRUI,ANI):  \?;hat, is the r'csonanec fi~c~c~~ic.ncy of the mesh in yorir ruggdizt~tl 

tulle? 
J .  WARi)LEY:  me resontinw freriutwcy of t i  w e ~ l  trhec-I ~ w s h  a p p w s  to be 

I)ct,wtvn 2 rind 3 kc/s. 




