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The Product Data Book comprises ten bound volumes, made up as follows:

e IGNITRONS

RECTIFIERS

INDUSTRIAL THYRATRONS

VOLTAGE STABILIZERS

OTHER PRODUCTS

e TRIODES

e TETRODES AND PENTODE

e HYDROGEN THYRATRONS

PULSE AMPLIFIER TETRODES

e MAGNETRONS

e AMPLIFIER KLYSTRONS

e OSCILLATOR KLYSTRONS

TRAVELLING WAVE TUBES

BACKWARD WAVE OSCILLATORS

e DUPLEXER DEVICES

MONITOR DIODES

NOISE TUBES

e ELECTRO-OPTICAL DEVICES

Storage Cathode Ray Tubes

Television Camera Tubes

Image Intensifiers and Shutter Tubes

Glow Modulators

Flash Tubes

e VACUUM CAPACITORS

These bound volumes replace the previous loose-leaf books and will be

re-issued at intervals. When the most recent data are required for equipment

design purposes, the individual sheets should be obtained.
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QUICK REFERENCE

TABLES

ELECTRO-OPTICAL

DEVICES

STORAGE TUBES

Type Description Page no.

E702A

(CV5877)

Direct view storage tube for radar applications. Electro-

static deflection, useful screen area 4.0 inches (101.6mm)

diameter, typical! brightness 90Oft-lamberts.

47

E702B

(CV5987)

Direct view storage tube with ruggedized construction, for

radar applications under limited vibration and low pressure

conditions. Electrostatic deflection, useful screen area 4.0

inches (101.6mm) diameter, typical brightness 2150ft-

lamberts.

63

E702E Direct view storage tube for radar, medical and picture stor-

age applications. Similar to E702A but with improved

uniformity of erasure. Electrostatic deflection, useful

screen area 4.0 inches (101.6mm) diameter, typical bright-

ness 900ft-lamberts.

47

E712A Direct view storage tube for radar and data terminal

applications, allowing selective erasure by voltage switch-

ing. Magnetic deflection, useful screen area 9.0 inches

(228.6mm) diameter, typical brightness 1000ft-lamberts.

79

E713B

(cV9422)

Direct view storage tube for radar applications under

limited vibration conditions. Magnetic deflection, useful

screen area 4.0 inches (101.6mm) diameter, typical bright-

ness 1800ft-lamberts.

95

E714A Direct view storage tube with split-beam writing gun, for

oscilloscope applications. Normally used in half-tone mode,

but will also operate as a P.D.A. oscilloscope tube without

storage. Electrostatic deflection, useful screen area 10cm x

6cm rectangular, minimum brightness 9Oft-lamberts.

107

E714C Direct view storage oscilloscope tube with encapsulated

screen lead and internal graticule. Normally used in half-

tone mode, but will also operate as a P.D.A. oscilloscope

tube without storage. Electrostatic deflection, useful

screen area 10cm x 6cm rectangular, minimum brightness

90ft-lamberts.

119

Continued on page 6

December 1972
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STORAGE TUBES (Continued)

Type Description Page no.

E714D Direct view storage oscilloscope tube, similar to E714C but

wgthout encapsulation or internal graticule. Electrostatic

deflection, useful screen area 10cm x 6cm rectangular,

minimum brightness 9Oft-lamberts.

131

Mu
i}

E714G Direct view storage oscilloscope tube, similar to E714C

but without internal graticule. Electrostatic deflection,

useful screen area 10cm x 6cm rectangular, minimum

brightness 9Oft-lamberts.

143

E714H Direct view storage oscilloscope tube, shorter than other

E714 types with reduced deflection sensitivity and higher

writing speed. Normally used in half-tone mode, but will

also operate as a P.D.A. oscilloscope tube without storage.

Electrostatic deflection, useful screen area 10cm x 6cm

rectangular, minimum brightness 9Oft-lamberts.

153

E716A Direct view storage oscilloscope tube suitable for radar,

sonar, ultrasonic and medical applications. Normally used

in half-tone mode, but will also operate as a P.D.A. oscillo-

scope tube without storage. Electrostatic deflection, useful

screen area 10cm x 10cm square, minimum brightness

9Oft-lamberts.

163

E719A Direct view storage oscilloscope tube, similar to E714 but

with increased Y deflection sensitivity. Normally used in

half-tone mode, but will also operate as a P.D.A. oscillo-

scope tube without storage. Electrostatic deflection, useful

screen area 10cm x 6cm rectangular, minimum brightness

9Oft-lamberts.

173

E720A Direct view storage oscilloscope tube with encapsulated

screen lead and internai graticule. Normally used in half-

tone mode, but will also operate as a P.D.A. oscilloscope

tube without storage. Electrostatic deflection, useful

screen area 9cm x 7.2cm rectangular, minimum brightness

100ft-lamberts.

183

EP750 Single-gun electrical storage tube with silicon target, in

a modified vidicon envelope. Suitable for video storage,

scan conversion, image integration.

195

Electro-optical O.R.
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IMAGE ORTHICONS

All the Image Orthicons listed incorporate the ELCON target, (Brit. pat. no. 1048390).

The use of ELCON targets results in the virtual elimination of image retention (sticking)

and gives stability of sensitivity throughout tube life.

Type # Description Page no.

7295C 4%-inch tube for high quality studio and outdoor broad-

casts.

Medium target capacitance producing approximately half

power law gamma when operated one stop above the ‘knee’.

Unilateral! replacement for 7295B. Higher signal-to-noise

ratio and resolution than 3-inch tubes with similar target

spacing.

201

7389C AYs-inch tube for use in studios where accurate control of

lighting is possible. Recommended for use in cameras con-

taining gamma correction circuits.

It has a higher target capacitance than 7295C, giving

improved signal-to-noise ratio and extended linear transfer

characteristics. Minima! spurious signals, enabling pictures

of photographic quality to be produced. Unilateral replace-

ment for 7389B.

213

P858 A%-inch tube for use as the luminance tube in colour

cameras such as TK42/43. Target operates at up to 4V,

giving improved signal-to-noise ratio.

225

P874+ 3-inch tube for high quality studio and outdoor broadcast

applications, monochrome or colour.

Replaces 8093B and has improved signal-to-noise ratio.

227

P875+ 3-inch tube for high quality studio and outdoor broadcast

applications, monochrome or colour.

Similar to P874 but with lower target capacitance. Unilat-

erally replaces 7293B and 4415, and has improved signal-

to-noise ratio.

243

+ Incorporates an anti-ghost image section, field mesh and suppressor electrode.

Features resulting from the design include the elimination of dynode background in

the picture and improved signal-to-noise ratio.

Electro-optical Q.R.
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IMAGE ISOCONS

(Made to special order only)

Type Description Page no.

P850 tagh sensitivity 4%-inch tube with a curved faceplate,

intended for television pick-up from very low intensity

images on X-ray fluoroscopic screens, and similar appli-

cations at very low light levels. With fixed beam current it

reproduces scenes having a wide dynamic range, with good

tonal response and without excess beam noise of image

orthicons.

261

P880 High sensitivity 3-inch tube, externally similar to image

orthicon, intended for television pick-up at very low light

levels. [It can also be used in X-ray applications. Most

image orthicon cameras can readily be modified to accept

it. With fixed beam current it reproduces scenes having a

wide dynamic range, with good tonal response and without

excess beam noise of image orthicons.

269

P887 Similar to P880 with fibre-optic faceplate for coupling to

image intensifiers.

283

ps040t High sensitivity 55mm tube with plain glass faceplate. It is

particularly suitable where high performance from a small

camera is required. The tube can be supplied fitted with a

deflection yoke.

289

Ps041t High sensitivity 55mm tube, identical with P8040 but with

fibre-optic faceplate.

289

£ Test camera for this tube can be supplied to special order.

Electro-optical O.R.
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LEDDICONS

Photoconductive camera tubes with high sensitivity lead oxide target, for high definition

pick-up in monochrome and colour broadcast cameras. Features of these tubes include

very short lag, low dark current and unity gamma. Alli types have 6.3V, 95mA heaters.

Type ¢ Application Construction Page no.

P8000 Monochrome 30mm diameter, integral 305

P8000B Blue channel mesh

P8000G Green channel

P8000L Luminance channel

P8000R Red channel

P8001 Monochrome 30mm diameter, separate 313

P8001B Blue channel mesh

P8001G Green channel

PS8001L Luminance channel

P8001R Red channel

P8004 Monochrome 30mm diameter, integral 321

P8004B Blue channel mesh with light bias

P8004G Green channel

P8004L Luminance channel

P8004R Red channel

P8005 Monochrome 30mm diameter, separate 331

P8005B Blue channel mesh with light bias

P8005G Green channel

P8005L Luminance channel

P8005R Red channel

P8021 Monochrome Mechanically interchangeable 341

P8021B Blue channel with 1-inch separate mesh

P8021G Green channel vidicons

P8021L Luminance channel

P8021R Red channel

SIDICONS

1-inch diameter tube with silicon diode array target. Operates in vidicon cameras with
minor modifications.

Unaffected by extreme light overload and scan failure. No photoconductive lag. High

sensitivity including near infra-red. Resistant to mechanical! vibration.

Type Application Page no.

P8011A High quality industrial television 351

P8011B General purpose industrial

P8011C Surveillance

Electro-optical O.R.
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1-INCH VIDICONS

Class (see foot

Type Application of page 12) Page no.

7038 Telecine and caption scanning. IMAH 365

7262A Short tube for broadcast, educational IMBL 377

and industrial use.

7735 General purpose closed-circuit systems. IMBH 393

7735A Similar to 7735 but meets improved IMBH 393

specification.

7735B High quality broadcast, educational, IMBH 395

telecine and industrial use.

8134 Broadcast and industrial, compact SEBL 421

monochrome.

8134V1 Selected 8134 for use in red, blue or SEBL 435

green channels of colour cameras.

8507A Broadcast, educational and high quality SMBH 453

industrial use.

8541A Broadcast, educational and high quality SMBL 483

industrial use.

8572A Broadcast, telecine and caption scan- SMAH 499

ning.

8625 Broadcast, studio and educational. SMCH 515

8626 Broadcast, studio and educational. SMCL 515

P826/4478 Industrial. IMB/CH 531

P831 Military and industrial, involving severe SMBL 533

shock and vibration.

Continued on page 11

Electro-optical O.R.
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1-INCH VIDICONS (Continued)

Class (see foot

Type Application of page 12) Page no.

P844 » Broadcast, telecine and caption scan- SMAL 545

ning.

P848 Industrial and educational. SMB/CH 559 —

P848D Industrial. SMB/CH 573

P849 Industrial and educational. SMB/CL 559

P849D Industrial. SMB/CL 573

P863 Military and industrial, involving severe SMBL. 575

shock and vibration.

P866 Short tube for broadcast, educational SMBL 587

and high quality industrial use.

P893/4493 Red channel of 4-tube colour cameras. SEBL 589

P894/4494 Green channel of 4-tube colour ‘SEBL 589

cameras.

P895/4495 Blue channel of 4-tube colour cameras. SEBL 589

P8018A Very short, rugged tube with integral SMBL 597

focus and deflection coils, for military

and industrial applications.

P8018B Version of P8018A with signal lead SMBL 597

brought out at base end.

P8030 Broadcast, educational and high quality SMBJ -

industrial use.

P8031 industrial and educational. SMB/CJ -

P8034 Long lag tube for X-ray and radar IMDH 611

screen viewing.

P8034A Long lag tube for X-ray and radar SMDL 629

screen viewing.

Electro-optical O.R.
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1%-INCH VIDICONS

Class (see

Type Application foot of page) Page no.

8051 w Broadcast telecine and data trans- SMAH 407

__ mission.

— 8480 Colour or monochrome cameras, tele- SEAL 439
= cine and high grade industrial use.

8480V1 Selected 8480 for high quality colour SEAL 451

cameras.

8521 High resolution industrial. SMAH . 469

CLASS

Mesh Connection Focus Method Heater Current

S Separate mesh M Magnetic focus L 95mA

I Integral mesh E Electrostatic focus J 300mA

H 600mA

Vidicon Photosurfaces

Photosurface A The colour response peaks at the blue end of the spectrum pro-

viding panchromatic response when used with tungsten lighting.

This layer has a very rapid decay time (short lag) when used at high

light levels.

Photosurface B The colour response peaks in the green region and extends into the

near infra-red; near panchromatic response is obtained in daylight.

This photosurface provides higher sensitivity than type A and has

high sensitivity at both high and low light levels. It must not be

exposed to bright lights for long periods.

Photosurface C This photosurface is similar in sensitivity to type B but its colour

response peaks in the blue region. It provides panchromatic

response with tungsten illumination. It has extremely short lag

when used at light levels of 1—10 ft-candles incident on the

faceplate.

Photosurface D This photosurface has been specially designed with long lag

characteristic. It is intended for integrating repetitive light of low

level such as from X-ray image intensifier screens or c.r.t. displays.

Electro-optical O.R.
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IMAGE INTENSIFIERS AND SHUTTER TUBES

Type Application Page no.

P855* Tetrode image converter with electrostatic focus and deflec- 649

S tion, for high-speed photography in pulse and sweep modes.

P856* Triode image converter with electrostatic focus and deflec- 661 =—

tion, for high-speed photography in pulse and sweep modes. —

P896 3-stage, fibre-optic coupled image intensifier for night 669

vision applications, with a luminous gain of 1.1 x 10 cd/Im.

Encapsulated in silicone rubber complete with e.h.t. multi-

plier.

P896B Similar to P896, with luminous gain 6.5 x 10° cd/Im. 673

GLOW MODULATORS

Luminous

Luminance intensity Operating

min. £ min. £ voltage

Type (candeta/in?) (candela) max. £ (V) Page no.

1B59 110 0.3 150 679

XL601 550 0.27 150TT 683

XL602 137 0.375 150 687

XL603 137 0.375 150 691

XL627 Rugged version of XL601 in metal envelope 693

XL628 800 0.4 150 697

XL631 550 0.27 15077 699

XL632 550 0.11 150TT 701

* Suitable camera available from: £ At 30mA d.c.

John Hadland Ltd., +f At 20mA d.c.

Newhouse Laboratories,

Bovingdon, Herts.

Electro-optical O.R.
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FLASH TUBES

The XL615 and XL639 series of flash tubes are suitable for the excitation of ruby lasers.

Energy Typical operation

input per Arc

6 flash max. length Voltage Flash

Type (J) (inches) (kV) rate Page no.

XL615/4/2 250 2.0 2.5 1 per 30s 705

XL615/4/3 400 3.0 2.5 1 per 30s 707

XL615/7/1.75 300 1.75 2.5 1 per 15s 709

XL615/7/2 400 2.0 2.5 1 per 15s 711

XL615/7/3 600 3.0 2.5 1 per 15s 713

XL615/7/6 1200 6.0 2.5 1 per 15s 715

XL615/7/6.5 1300 6.5 2.5 1 per 15s 717

XL615/7-2/1.75TW 100 1.75 2.5 1 per 15s 719

XL615/9/4 1500 4.0 2.5 1 per 30s 721

XL615/9/10 3500 10 2.5 1 per 30s 723

XL615/10/5.5 3500 5.5 2.5 1 per 60s 725

XL615/10/6.5 5000 6.5 2.5 1 per 2 min. 727

XL615/10/12 9000 12 2.5 1 per 2 min. 729

XL615/10/40 20 000 40 3.0 1 per 2 min. 731

XL615/13/6.5 10 000 6.5 2.5 1 per 2 min. 733

XL615/13/9 12 500 9.0 2.5 1 per 2 min. 735

XL615/13/12 18 000 12 2.5 1 per 2 min. 737

XL630 Spiral flash tube for stroboscopic applications. 739

Average input power 40W max., operating fre-

quency 300Hz max.

XL639/4/1.75 250 1.75 2.5 1 per 30s 741

XL639/4/2.75 400 2.75 2.5 1 per 30s 743

Electro-optical O.R.
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EQUIVALENTS

INDEX

ELECTRO-OPTICAL

DEVICES

s

Type to be EEV Type to be EEV —
replaced replacement replaced replacement

1B59 1B59 5820A P874

1255FIM* 7038 P875

1255NOR* 7038 5820A/E P874

2255* 8626 P875

2255AMR* P849D 5820A/L P874

2255CG P849D P875

2255ED ‘P849 5960-00-082-4125 7262A

2255IND P8031 5960-00-800-0602 7038

2255IND* P849 5960-00-958-0083 7262A

2255SB 8b41A 5960-17-035-0700 P849

2255SV P849D 5960-99-037-2961 E702A

2700 8134 5960-99-037-3196 £702B

4415 P875 5960-99-037-4063 P831

4478 P826/4478 5960-99-037-4671 E713B

4493 P893/4493 5960-99-037-5321 8626

4494 P894/4494 5960-99-037-5879 P863

4495 P895/4495 5960-99-118-1616 P849

5820 P874 6198 7735A

P875 6240-99-996-4114 XL615/4/3

* Near equivalent

December 1972
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

6326 7038 8093B P874

6866* E702B 8134 8134

7038 7038 8134V1 8134V1

7262A 7262A 8134VB 8134V1

7293 P875 8480 8480

7293A P875 8480V 1 8480V 1

7293A/E P875 8507 8507A

7293B P875 8507A 8507A

7294 P874 8521 8521

7294/E P874 8541 8541A

7295 | 7295C 8541A 8541A

7295/E 7295C 8566 8626

7295B 7295C 8572 8572A

7295B/E 7295C “8572A 8572A

7295C 7295C 8604 P844

7389 7389C 8625 8625

7389/E 7389C 8626 8626

7389B 7389C 9549 P874

7389B/E 7389C P875

7389C 7389C 9564 7295C

7735 7735 9565 7389C

7735A 7735A 9677 8626

7735B 7735B 9677B 8541A

8051 8051 9677C P849

8093A P874 9677F 1 P844

8093A/E P874 9677F2 P844

* Near equivalent

Electro-optical Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

9677M P849D C9138A P8031

9677P" P849D CV5207 1B59

9677S1 8626 CV5877 E702A

967752 8541A CV5987 E7028

9812PA P849 CV8797 P831

9814PA P831 CV9422 E713B

9817PA 8626 E702A E702A

10667B* 7735B E702B £702B

10667F 7038 E702E E702E

10667G 7735A E712A E712A

55850* 7038 E713B E713B

55850F P844 E714A E714A

55850N P849 E714C E714C

55850S 8541A E714D E714D

55875 P8000 E714G E714G

55875B P8000B E714H E714H

55875G P8000G E716A E716A

55875L P8000L E719A E719A

55875R P8000R E720A E720A

C102A P8031 EP750 EP750

C103A P8030 FX38C-3 XL615/4/3

C932 7735A FX42C-3 XL615/7/3

C933 7038 FX47A XL615/13/6.5

C960 P874 FX47C-6.5 XL615/13/6.5

P875 ML6198 7735A

C962 P874 OS20F P874

* Near equivalent

Electro-optical Equivalents
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Type to be EEV ‘Type to be EEV

replaced replacement replaced replacement

OS20H P874 P848D P848D

OS40F P875 P849 P849

OS40H P875 P849D P849D

P807 P874 P850 P850

P807/E P874 P851 P875

P810 7735A P851/4415 P875

P811 7295C P855 P855

P811/E 7295C P856 P856

P813 7038 P858 P858

P816 P874 P863 P863

P875 P866 P866

P816/E P874 P874 P874

P875 P875 P875

P820 7038 P880 P880

P822 7389C P887 P887

P822/E 7389C P893/4493 P893/4493

P826 P826/4478 P894/4494 P894/4494

P826/4478 P826/4478 P895/4495 P895/4495

P831 P831 P896 P896

P841 8507A P896B P896B

P842 8541A P8000 P8000

P843 8572A P8000B P8000B

P844 P844 P8000G P8000G

P846 8625 P8000L P8000L

P847 8626 P8000R P8000R

P848 P848 P8001 P8001

Etectro-optical Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

P8001B P8001B P8040 P8040

Pg0016 P8001G P8041 P8041

P8001L P8001L R1130B 1B59

P8001R P8001R R1169 XL601

P8004 P8004 TH9700 P875

P8004B P8004B TH9701 P874

P8004G P8004G TH9804 7038

P8004L P8004L TH9806PA P849

P8004R P8004R TH9807PA P844

P8005 P8005 TH9808PA P849

P8005B P8005B TH9812PA P849

P8005G P8005G TH9814PA P831

P8005L P8005L TH9817PA 8626

P8005R P8005R TH9831 8480

P8011A P8011A XE1-3 XL615/4/3

P8011B P8011B XL601 XL601

P8011C P8011C XL602 XL602

P8018A P8018A XL603 XL603

P8018B P8018B XL604 XL615/10/5.5

P8021 P8021 XL605 XL615/10/6.5

P8021B P8021B XL606 XL615/13/6.5

P8021G P8021G XL608 XL615/9/4

P8021L P8021L XL611 XL615/7/3

P8021R P8021R XL615/4/2 XL615/4/2

P8034 P8034 XL615/4/3 XL615/4/3

P8034A P8034A XL615/7/1.75 XL615/7/1.75

”

Electro-optical Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

XL615/7/2 XL615/7/2 XQ1020B* P8001B

XL615/7/3 . XL615/7/3 XQ1020G* P8001G

XL615/7/6 XL615/7/6 XQ17020L* P8001L

XL615/7/6.5 XL615/7/6.5 XO1020R* P8001R

XL615/7-2/1.75TW XL615/7-2/1.75TW XQ1030 7262A

XL615/9/4 XL615/9/4 XQ1031 7262A

XL615/9/10 XL615/9/10 XQ1032 7262A

XL615/10/5.5 XL615/10/5.5 XQ1040 P844

XL615/10/6.5 XL615/10/6.5 XQ1042 8541A

XL615/10/12 XL615/10/12 | XQ1043 P849

XL615/10/40 XL615/10/40 XQ1044 P849D

XL615/13/6.5 XL615/13/6.5 XQ1050* 8572A

XL615/13/9 XL615/13/9 XQ1052* 8507A

XL615/13/12 XL615/13/12 XQ1053* P848

XL627 XL627 XQ1070 P8021

XL628 XL628 XQ1070B P8021B

XL630 XL630 XQ1070G P8021G

XL631 XL631 XQ1070L P8021L

XL632 XL632 XQ1070R P8021R

XL639/4/1.75 XL639/4/1.75 XQ1240 8541A

XL639/4/2.75 XL639/4/2.75 XQ1241 P849

XQ1020* P8001

* Near equivalent

Electro-optical Equivalents ©
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PREAMBLE

STORAGE TUBES

INTRODUCTION

Although the conventional cathode ray tube can be adapted to a wide variety

of visual display applications, it is not as versatile as might be desired and is

far from ideal in many cases. The major limitation is the very short time

during which a single trace is visible and in many applications this must be

overcome by electronic storage circuitry, film photography or long persistence

phosphors, all of which have disadvantages of their own.

The mesh type direct view storage tube is able to display an image at very

high brightness levels with persistence variable during operation. By compari-

son with long persistence phosphors or the bistable phosphor storage tube it

offers longer life and higher brightness, in addition to the variable persistence.

The current range of EEV storage tubes is effectively divided between radar

and instrument tubes; enquiries are invited concerning modified or new types

for specific applications. The practice of manufacturing tubes with a range of

phosphors is not necessary when using storage tubes; all requirements can be

met with the two high efficiency, long life phosphors in current use and the

variable persistence of the tubes.

A selection from the EEV range of direct view storage tubes

August 1972
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Radar

Storage tubes developed for radar displays have round faces and may be

ruggedized for airborne operation. The screen luminance of up to

7000cd/m? (2000ft-lamberts) is high enough for operation without viewing

hoods in fulldaylight, in areas such as airfield control towers, aircraft cock-

pits and the bridges of ships. The image persistence can be adjusted by the

operator to suit different conditions, and the signal-integrating characteristic

of the storage tube can give a valuable improvement in overall system perfor-

mance by separating small echos from random noise.

Instrument

The rectangular tubes developed for use in oscilloscopes have good deflection

sensitivity and high writing speed using electrostatic deflection, and split-

beam writing guns in some types. Internal faceplate graticules can be pro-

vided and the phosphor is P31, which is well suited to photography for

permanent records. Oscilloscope service frequently calls for the display of

slow-moving spots, and the current EEV series of oscilloscope tubes use a

storage dielectric chosen for its ability to withstand this treatment without

damage. They can also be operated in a non-storage mode when required, so

that the storage oscilloscope can be used for routine waveform display in

addition to transient studies.

The storage oscilloscope is especially valuable for the display of transient

events, since a signal which may appear only once can be displayed long

enough for examination and measurement. If a permanent record is required

it can then be photographed. Successive traces can be displayed simultan-

eously for comparison, or the persistence can be reduced so that a slow

trace is erased at the right speed to leave the screen clear for the next sweep.

In the storage mode, fast repetitive traces can be integrated until a trace of

convenient brightness is produced.

Special Applications

The advantages of storage tubes can be applied to many specialized displays.

Sonar, ultrasonic testing and medical research are typical examples. In

computer graphic display terminals, the use of a storage tube eliminates both

the flickering of the display and the rapid refreshing needed for conventional

cathode ray tubes.
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PRINCIPLES OF OPERATION

The essential components of a typical storage tube are shown in Fig. 1. The

writing beam is the same as the electron beam of a conventional cathode ray

tube, but in addition to exciting the screen phosphor directly, it deposits a

charge pattern on the storage surface. Low velocity flood beam electrons con-

tinuously approach the entire surface area of the storage mesh but are

transmitted only where a charge has been deposited by the writing beam.

Flood electrons which are transmitted are then accelerated by the screen

voltage, and produce a visible, continuous image corresponding to the trace

of the writing beam. The image can be erased in less than a second, leaving

the screen clear, or a continuous train of short erase pulses may be used to

give variable persistence with repetitive writing.

The description given above is greatly simplified; more comprehensive

explanations of the behaviour of the storage mesh and the operation of

the tube are given below.
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Fig. 1. Electrode system of typical direct view storage tube
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The Storage Mesh

Direct view storage tubes manufactured by EEV rely for their operation on

the characteristics of the storage mesh, particularly the high leakage resistance

and secondary emission characteristics of the storage surface. Fig. 2 shows

the arrangemgnt of the storage section of the tube in schematic form. The

backing electrode is a fine metal mesh, typically having 250 or 500 lines per

inch and an optical transmission of 30 to 60%. On one side of this mesh,

facing the electron guns, is a thin layer of a high quality dielectric material.

The resistivity of this dielectric is very high, so that adjacent positive and

negative charges on the storage surface are effectively isolated.
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The storage mesh behaves as a control grid to the flood beam. The maximum

brightness of any area on the screen depends on the screen and flood gun

voltages but intermediate brightness values result from modulation of the

flood beam by local storage surface potentials (see Fig. 3).
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Fig. 3. Typical storage surface potential — screen luminance characteristic

Fig. 4 shows the secondary electron emission characteristic of the storage

surface; electrons which land with energies between the first and second

cross-over potentials result in the emission of secondary electrons in greater

numbers than those arriving. The secondary electrons are attracted to the
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collector mesh, leaving a net positive charge on the storage surface. Electrons

landing with energies below the first cross-over potential (i.e. the flood beam)

generate less secondary electrons and produce a net negative charge.

During operation, the potential on any part of the storage surface is deter-

mined by foug factors.

a) Flood beam charging An area which becomes positive with respect to the

flood gun cathode will attract flood beam electrons; provided the initial

positive voltage is below the first cross-over potential the flood beam will

charge it negatively, back to zero (cathode potential).

b) Writing beam operation The cathode of the writing gun is typically 1500V

negative, so that an area scanned by the writing beam is bombarded by

electrons with an energy above the first cross-over potential and driven

positive. The amount of positive charge deposited depends on the current

density of the writing beam and the speed with which it scans the storage

surface (writing speed). The charge increments from successive low-current

scans of the same point are integrated until the surface potential is limited by

flood beam charging.

c) Backing electrode voltage The storage surface, dielectric layer and backing

electrode form a capacitance, so that changes in the backing electrode voltage

are capacitively coupled to the whole of the storage surface. The steady-state

operating voltage of the backing electrode is typically +2V.

d) Positive ion charging Since the storage mesh is negative with respect to its

surroundings, it will attract positive ions produced by collision of electrons

with residual gas molecules within the tube. Only those ions produced

between the collector mesh and the screen can reach the storage surface, the

collector mesh repelling ions formed in the gun end of the tube.

This positive ion current is present whenever the electron beams are operating

and tends to drive the whole storage surface slowly positive.

When studying the action of the storage mesh, it is important to remember

that the ion and electron currents described above are not landing on a

conducting electrode, as in most types of electron tube, but on an insulator

surface where the local potential depends on the relative magnitudes and

energies of the currents landing. The backing electrode, in addition to

Providing structural support for the dielectric layer, is used to shift the range

of storage surface potential by capacitive coupling.
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The Writing Operation

The writing gun generates a high energy, narrow electron beam as in a con-

ventional cathode ray tube. This beam is focused to a spot on the storage

mesh and scanned over the surface of the mesh by electrostatic deflection

platess(the example shown in Fig. 1 is an oscilloscope tube; other types may

have magnetic deflection of the writing beam).

Although the writing spot is small enough for good resolution, it is con-

siderably larger than the apertures in the storage mesh. Where the writing

beam strikes the dielectric storage surface, the surface potential is driven ina

positive direction by secondary electron emission and that part of the mesh

becomes more transparent to the flood beam. The extent of this positive

charging is normally limited by the flood beam to flood gun cathode

potential and in most applications a single scan of the writing beam is

sufficient to drive the mesh to zero (fully bright), or intermediate half tone

levels. If a trace is written at very high writing speed, or slowly at a lower

level, successive positive charges may be integrated on the storage surface by

repeated scans.

The resistivity of the dielectric used is so high that leakage from adjacent

negatively charged areas or the backing electrode is not a significant factor in

the normal operation of the tube. A written trace can normally be stored,

with the tube switched off, for up to a week before being displayed.

Viewing

Once a trace has been written on the storage mesh, it is continuously

displayed on the screen by transmitted flood electrons until erased. The

time during which it can be clearly seen, however, is limited by the positive

ion current mentioned earlier. This current drives the whole storage surface

slowly towards zero, and this results in a gradually increasing background

illumination until the original trace is swamped and the whole screen is at

saturation brightness. An erasure operation is then necessary before another

trace can be written.

The viewing time can be extended if a reduction in brightness is accepted.

Since the positive ion current results almost entirely from flood gun opera-

tion, pulsing the flood beam increases the viewing time in inverse proportion

to the flood beam duty cycle. The viewing time can also be extended, at the

cost of a reduction in maximum writing speed, by erasing beyond black.
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Erasure

Erasure of the display may be carried out either in a single operation taking

less than one second and known as manual, or single pulse erasure, or over an

extended period by pulse train erasure (variable persistence).

-

Single Pulse Erasure To erase the display completely in one operation, a

positive pulse of about 4V amplitude and one second duration is applied to

the backing electrode. This pulse is capacitively coupled to the storage

surface, where it produces an instantaneous 4V increase in potential (see

Fig. 5). This enables flood beam electrons to land, charging the entire

surface to zero, so that when the backing electrode returns to +2V at the

end of the erase pulse the storage surface is driven uniformly to —4V which

cuts off the flood beam. The screen will be at maximum brightness during

the erase pulse, unless the screen voltage is simultaneously removed; switching

off the screen voltage makes more of the flood beam electrons available to

stabilize the storage surface and speeds up the erasing process.
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The erase time can also be reduced by using a pulse of greater amplitude and

controlled duration. In this case the pulse duration determines the storage

surface potential after erasure (see Fig. 6).
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Pulse Train Erasure A train of positive pulses above visible flicker frequency

applied to the backing electrode has a cumulative erasure effect on the

written areas of the storage surface, causing them to be erased in discrete

steps. The small amount of ion charging between erase pulses is cancelled out
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during the pulse (see Fig. 7). The unwritten areas can be held below cut off

if required, by increasing the amplitude of the erase pulse train.
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If the screen voltage is maintained, there will be a corresponding train of

pulses of light output at maximum brightness being averaged by the eye to

give an apparent background illumination; if the screen voltage is removed

during the erase pulse the rate of erasure is increased and contrast improved.

In either case a pulse repetition rate of 200 to 1000p.p.s. will avoid visible

flickering of the display.

The rate of erasure is determined by the duration, amplitude and repetition

rate of the erase pulses; control of persistence is normally achieved by varying

the pulse duration. Fig. 8 shows a typical set of erase curves with various

duty cycles. The pulse amplitude also controls the potential of unwritten

areas but must be limited to avoid runaway charging.
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Clearance

In some circumstances, usually as a result of incorrect operation, the normal

erase methods may be ineffective and a procedure known as clearance

becomes necessary. The conditions which lead to ineffective erasure may

be as follows*

a) An excessively high writing beam intensity can cause electrons to penetrate

the storage surface and build up charges within the dielectric layer. The

low velocity flood beam electrons cannot neutralize these charges and

after normal erasure has been carried out the image may still be visible

at certain levels of background illumination.

b) It is possible for an area of the storage surface to be driven to a positive

potential above the first crossover of the secondary emission characteristic,

when the flood beam will add to the positive charge instead of cancelling

it. Once this happens the affected area will be charged up to collector

mesh potential; this creates a high potential difference between the

affected area and the surrounding surface, and damage due to spark dis-

charges can occur if the fault is not quickly corrected. This effect is

known as runaway charging and produces very bright images on the screen,

which are not removed by normal erasure. It can be caused by a transient

pulse exceeding 20V applied to the backing electrode, or by writing a

stationary spot or line, or writing with the flood beam cut off.

c) Pulse train erasure to well below cut off may leave unwritten areas at a

potential which cannot be normalized by manual erasure.

Clearance is achieved by disconnecting the backing electrode from its normal

supply and connecting it to the collector mesh via a protective resistor for a

period of 100ms. This short pulse is sufficient to charge the entire storage

surface up to the collector potential by the secondary emission process; the

collector mesh attracts the secondary electrons until the storage surface

reaches collector mesh potential but prevents any further positive excursion.

When the backing electrode is returned to +2V the storage surface follows

and is then returned to zero by the flood beam. Normal manual erasure then

prepares the tube for operation. For some types of tube it is necessary to

remove the screen voltage during the clearance operation. The clearance

procedure may be carried out automatically prior to each erasure if required.
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DEFINITIONS OF TERMS

Collimation The process by which the flood beam is made to approach the

storage mesh at right angles to the surface and with uniform current density

over the viewing area.

*

Erasure Removal from the storage mesh of a charge pattern, leaving the

entire storage surface at the same potential (normally cut off), ready for

further writing.

Half-tones Display brightness levels, each related to a different input level

and visually distinguishable from each other.

Runaway Charging When a part of the storage surface is driven excessively

positive, so that flood beam electrons land at a potential above the first

cross-over and drive the surface still more positive. This produces a very

bright image which is not removed by normal erasure.

Saturation luminance The screen luminance obtained with the storage

surface stabilized at flood gun cathode potential.

Viewing time (Storage time) The time during which the tube presents a

visible image, corresponding to the stored information. In EEV data sheets,

viewing time is defined as the time taken for an area of specified size any-

where on the screen to reach 10% of saturation following erasure to just

black.

Writing speed The linear speed across the storage surface of the writing beam.

OPERATING NOTES

Screen Brightness

In a storage tube the image on the screen results from continuous excitation

of the phosphor by a steady stream of flood electrons, unlike other types of

display tube which use a high intensity scanning spot and rely on afterglow in

the phosphor and persistence of vision to give an apparently continuous

image. This enables the storage tube to give a very high screen luminance and

simultaneously a longer life, since the peak power dissipated in the phosphor

is far below that necessary in a scanning display. The maximum, or saturated,

luminance of the screen is determined by the screen and flood gun voltages

whilst modulations of brightness below saturation are controlled by the
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charge pattern on the storage mesh. Fig. 9 shows a typical screen voltage-

luminance characteristic. The saturated luminance may be adjusted to suit

ambient lighting conditions by variation of the screen voltage or flood beam

duty cycle.
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Phosphor Characteristics

The rectangular tubes developed for use in oscilloscopes have a P31 phosphor,

which is well suited to photography for permanent records (see Fig. 10). The

radar tubes have round faces with a P20 phosphor (see Fig. 11); this can give

a pictwire bright enough for operation in full daylight without viewing hoods,

in areas such as airfield control towers, aircraft cockpits and ships’ bridges.

These phosphors are of medium short persistence, but the variable persistence

characteristic of the storage section allows a range of viewing times far

exceeding the capabilities of long persistence phosphors in conventional tubes.
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Writing Speed

The maximum writing speed for a single trace to be visible varies with the

writing beam current and the potential to which the storage surface has been

erased. A typical value for a current oscilloscope tube is 0.2cm/us with the

screen erased to just black. This may be increased to 1.0cm/ys approxi-

mately by not erasing to cut off, in which case the trace will appear initially
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against a faint background and the viewing time is correspondingly reduced.

There is a wide range of possible compromise between maximum writing

speed and viewing time.

A suitable method of achieving this is to fix the erase pulse level with respect

to fl@od gun cathode potential, and vary the backing electrode d.c. voltage.

This method has the advantage that, if a trace written at high speed is found

to be of low brightness, the backing electrode voltage can be increased as

necessary.

Erase Pulse Shape

Application of a rectangular pulse train results in the erasure of all parts of

the charge pattern at a similar rate, so that bright areas remain visible for

longer than half tones. A more uniform persistence can be achieved by using

sawtooth pulses, which allow the flood beam to land on the brightest (more

positive) areas for a greater proportion of the pulse duration than on the

darker tone areas (see Fig. 12). Asimilar effect can be achieved by using two

pulse levels, for example one pulse in ten at 10V and the remainder at 6V.
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Extended Viewing Time

The basic viewing time for a single trace is typically 2 minutes, but this can be

extended up to 1 hour. by suitable operating modes. As described briefly

under ‘Principles of Operation — Viewing’, the flood beam can be interrupted

at a frequenc¥ high enough to prevent flicker, giving extended viewing time at

reduced brightness. A pulse frequency in the range 200 to 1000p.p.s. should

be used. The maximum luminance of direct view storage tubes is so high that

in many applications the viewing time can be extended by a factor of ten or

more while retaining adequate brightness.

The deflection sensitivity of the writing beam changes in the absence of the

flood beam. Either the writing beam modulation circuits should include an

interlock to cut off the writing beam when this mode of extended viewing is

in use, or deflection correction will be required.

lf pulse operation of the flood gun is used with pulse train erasure the erase

pulses, to be effective, must occur when the flood beam is on.

The viewing time of a single trace can also be extended 1; the tube is

previously erased to beyond cut-off potential by increasing the amplitude of

the erase pulse. This increases the time taken for positive ion charging to

produce a visible background, but also reduces the maximum writing speed

for the same reason.

Long term retention of a trace, without viewing, for up to one week may be

achieved simply by switching off the electron guns as soon as the trace has

been written. When the flood gun is switched on again the trace will appear

and can be displayed for the normal viewing time.

Noise Suppression

The signal integrating characteristic of the storage tube can be used to

improve the signal to noise ratio of repetitive signals such as radar scans. By

increasing the amplitude of the erase pulse train above that needed to reach

storage mesh cut off, the potential of the storage surface can be driven to a

level such that a single scan of the writing beam will not produce a visible

image. Fixed echos in the signal will be written at each scan and integrated

until visible, but noise is randomly distributed over the storage surface and

therefore not displayed.
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Increasing the erase pulse amplitude will reduce the image persistence unless

the duty cycle is reduced appropriately; the display may be optimized by

successive adjustment of pulse amplitude and duty cycle.

To avoid runaway charging, the range of adjustment of the erase pulse ampli-

tude *nust not permit the use of pulses exceeding the maximum backing

electrode voltage given in the tube data.

Non-Storage Operation

EEV instrument tubes, because of their robust storage dielectric, can be used

in a non-storage (normal) mode of operation. The backing electrode is

switched to —50V, preventing passage of the flood beam to the screen. The

tube then behaves as a conventional cathode ray tube with front mesh p.d.a.

Commissioning a Tube after Shelf Storage

lf a tube is installed after a long period of shelf storage, the viewing time may

be temporarily reduced. This is caused by a deterioration of the vacuum

within the tube and does not necessarily indicate any fault; normal operation

of the tube should quickly restore its full performance. The duration of the

‘conditioning’ period necessary may be an hour or more, depending on tube

type and shelf storage time. If a tube cannot be made operational by con-

ditioning, it should be returned to EEV with the warranty form completed.

During the conditioning period, magnified images of minute particles may be

seen moving across the screen; these are not important and will quickly

disappear.

Handling Precautions

Whenever storage tubes are handled for any reason they should be kept

screen upwards if possible, or horizontal. |n the screen downwards position,

any minute loose particles within the tube might fall onto the meshes and

cause spots in the display. Care must also be taken not to damage glass to

metal seals or scratch the glass, particularly the faceplate.

Simple safety precautions are also necessary for the person handling any

large, evacuated glass envelope. The minimum recommended protection

consists of industrial safety goggles.
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POWER SUPPLIES

Power supply requirements naturally vary from type to type and data sheets

should be consulted for specific voltage and current values, but there are

some common features. Detailed information for equipment design can be

obtained frorf EEV.

Heater Supplies

The writing and flood guns require separate heater supplies, principally

because the writing gun cathode is at a high negative voltage. The writing

gun heater transformer must have an adequate voltage insulation rating.

It is also advisable to operate the flood gun heater from a d.c. supply, to

prevent deflection of the writing beam by an alternating magnetic field.

When switching tubes on or off, the writing gun should be biased so that

heavy writing which might damage the mesh or screen cannot occur.

Flood Gun

The voltages of the flood beam collimating electrodes, including the collector

mesh, should be stabilized to maintain the uniformity of brightness and

persistence achieved on setting up the tube. Electrode potentials are normally

specified with respect to flood gun cathode, but the mean potential of the

writing gun deflection system is usually tied to one of the flood gun

electrodes, so that if direct-coupled deflection amplifiers are used it will be

necessary to shift the flood gun voltages with respect to earth. In either case

the potential of the backing electrode relative to flood gun cathode is critical

and must be closely controlled at all times. Most of the flood gun electrode

voltages are normally adjustable for optimum collimation.

For some tube types, generally those developed for radar rather than oscillo-

scope service, the flood beam must be operating before the writing gun

voltages are applied. Failure to observe this precaution can lead to runaway

charging.

Writing Gun

The cathode supply should be free from ripple, to prevent modulation of the

writing beam; stabilization of this voltage is desirable to prevent changes in

deflection sensitivity. For tubes other than instrument types with robust

storage dielectric, an interlock should cut off the writing beam in the event

of scan failure.

Storage Tube Preamble, page 20
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Screen

A normal e.h.t. supply is required for the screen, variable if brightness contro!

is required. High voltage pulse control will be necessary if the screen voltage

is to be pulsed for improved contrast during pulse train erasure. The screen

supply impedance should lie within the range given in the individual data

sheets; this provides sufficient current limiting in the event of a flashover and

prevents excessive changes in screen voltage during erasure.

Other Supplies

According to the application, one or more erase pulse supplies will be

necessary, and should be designed so that the pulse amplitude cannot exceed

the maximum value given in the tube data sheet. If pulse train erasure is used

then controls will be required for pulse duration and possibly pulse amplitude

and repetition rate.

For rectangular oscilloscope tubes, an alignment coil must be fitted around

the envelope and this will require a variable, low voltage d.c. supply.

ENVIRONMENTAL REQUIREMENTS

Mechanical

Storage tubes built in glass envelopes must be protected from shock and

mechanical impact. They have complex internal structures which may be

damaged by excessive vibration. The mounting and shelf storage arrange-

ments must provide adequate protection at all times. Sockets in equipment

must not be used to support the tube and must be free to move with flexible

leads.

Magnetic

The electrons in the flood beam travel at relatively low velocities and are

easily deflected by external magnetic fields, resulting in a non-uniform

display. A magnetic shield is necessary for the whole of the viewing section

and it is advisable to shield the writing gun also. Details of suitable shields for

individual tubes are available from EEV.

lf parts of the tube should become magnetized this will have a similar effect,

visible as a non-uniform background which may be irregular or eccentric in

outline. In such cases the tube must be demagnetized by passing it slowly

through a coil carrying a.c. current. Further details of suitable coils and

procedures can be supplied on request.

Storage Tube Preamble, page 22
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Pressure

The tube envelope is able to withstand a wide range of pressures, but if

operation at high altitudes is required then special precautions may be

necessary to prevent voltage breakdown at the screen connection.

*&

Temperature

Extremes of temperature should be avoided during operation and shelf

storage; a range of 0 to +35°C is acceptable for all types. Severe thermal

shocks which could cause cracking of the envelope or seals must be avoided.

Storage tubes do not dissipate large amounts of power and forced cooling is

not normally required. Some provision should be made for natural convec-

tion currents, particularly in the region of the flood gun cathode of larger

tubes.

Shelf Storage Conditions

Tubes should preferably be stored in their original packing, either hori-

zontally or screen upwards. The temperature should be in the range O to

+35°C and the tube must be shielded from strong sunlight.

Inflammabie materials, acids etc., which may have harmful effects on the

_ tubes, must not be located in the vicinity. It is particularly important that

storage tubes are not kept near strong magnetic fields, for example packaged

magnetrons.

When tubes are transported they should be kept screen upwards if possible, or

horizontal, but never with the screen downwards, or minute loose particles

may fall onto the mesh and cause spots on the display.

Storage Tube Preamble, page 23
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E7O2A

E/0O2E

DIRECT VIEW

STORAGE TUBES

Service Type CV5877 (E702A)

The data should be read in conjunction with the Storage Tube Preamble.

INTRODUCTION

The E702A and E7OZ2E are direct view storage tubes with a useful viewing

screen diameter of 4 inches (102mm). They are designed to provide very

bright displays of information ranging from single transients and recurrent

waveforms to half-tone pictures. The writing gun beam is electrostatically

deflected, and high stored writing speeds, 1.0 inch per microsecond, can be

achieved.

The two types are of the same construction but the E702E is selected for

improved uniformity of erasure.

The tubes have two electron guns, one for writing the signal on to the storage

surface and the other, the flood gun, for displaying written information on

the viewing screen. The writing gun is similar to that in a conventional

cathode ray tube, except that it need only be operated fora single trace. In

writing, a charge pattern is deposited on the storage surface, which consists

of an insulator coating on a metal mesh (the backing electrode). Low

velocity electrons from the flood gun approach the storage mesh normally

and at constant current density over the useful area. They penetrate ‘the

mesh in those areas where a charge pattern has been written, the number

doing so being determined by the amount of charge deposited, and are then

accelerated to the viewing screen where they produce an image.

Since the flood gun is normally continuously operative, the image on the

viewing screen persists without deterioration for one to two minutes, and is

visible for periods up to ten minutes. The charge pattern written on the

storage surface can be retained for extended periods by switching off the

flood beam until viewing is required, provided that no writing takes place

while the flood gun is inoperative. The image can be completely erased ina

fraction of a second by applying a small positive pulse to the back ing

electrode; controlled persistence can be obtained by varying the duration

of shorter repetitive pulses.

May 1972
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GENERAL

Electrical and General

Cathodes, indirectly heated, oxide coated

Heater voltage

Heater current .

Cathode heating time (minimum)
Inter-electrode capacitances:

cathode to all other electrodes

grid 1 to all other electrodes .

X1 plate to all other electrodes

X2 plate to all other electrodes

Y1 plate to all other electrodes

Y2 plate to all other electrodes

X1 to X2 plates*

Y1 to Y2 plates* .

writing gun grid 1 to writing gun cathode*
backing electrode to all other electrodes

screen to all other electrodes .

Focus method

Deflection method

Phosphor .

Fluorescent colour (see spectral
characteristic).

Mechanical

Overall length

Overall diameter (excluding
flexible lead)

Bulb diameter.

Useful viewing screen diameter
Net weight

Mounting position

Base .

Bulb cavity caps (six)

Viewing screen connection

* With all other electrodes earthed

Writing Gun Flood Gun

one one

6.3 6.3 V

0.6 0.6 A

see note 1 45 S

4.0 — pF

7.0 24 pF

11.5 — pF

11.5 — pF

6.5 — pF

9.5 _ pF

2.0 — pF

2.0 — pF

1.5 — pF

— 74 pF

Loe 32 pF

electrostatic electrostatic

electrostatic none

— aluminised P20

yellow-green

. 15.500 inches (393.7mm) max

5.437 inches (138.1mm) max

5.312 inches (134.9mm) max

4.000 inches (101.6mm) min

2% pounds (1.15kg) approx

any

31-pin small button thirty-fivar

(JEDEC no. E31-36)

. . B.S.448-CT8

(JEDEC no. J1-21)

flexible lead

E702A/E, page 2
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MAXIMUM AND MINIMUM RATINGS (Absolute values)

No individual rating should be exceeded

All voltages are with respect to the flood gun cathode unless otherwise stated

Writing Gun

Heater voltage

Grid 4 voltage

Grid 3 voltage (negative value)
Grid 2 voltage

Grid 1 voltage:

negative bias*

positive peak*. .

Cathode voltage (negative value)
Peak heater to cathode voltage:

heater positive with respect to cathode

heater negative with respect to cathode

Cathode current (peak)

Grid to cathode circuit impedance .

Deflection plate circuit impedance .

Flood Gun

Heater voltage

Viewing screen voltage

Backing electrode voltage (peak) (see note 3)
Grid 4 (collector mesh) voltage

Grid 3 voltage

Grid 2 voltage (see note 2)
Grid 1 voltage:

negative bias (never positive) .

Peak heater to cathode voltage:

heater positive with respect to cathode

heater negative with respect to cathode

Cathode current (mean)

Viewing screen dissipation

Backing electrode supply impedance
Grid to cathode circuit impedance .

Viewing screen supply impedance (see note 4)

* With respect to Writing Gun Cathode.

Min

6.0

Min

2500

Max

6.6 V

. see note 2
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TYPICAL OPERATION

All voltages are with respect to the flood gun cathode unless otherwise stated

WRITING GUN

Operational Conditions

Grid 4 voltage
Grid 3 voltage (usual range for focus) * . . . 850 to 850
Grid2 voltage . . 0

Grid 1 voltage (range for writing beam cut -off)*. —60 to —140
Cathode voltage . . . . . . 2. en —2300

Typical Performance

Writing beam current (50V

modulation) (see note5) . . . . . . 41

Cathode current (50V modulation) Coe ke "550
Deflection factor, X plates . . . . . ...~. 110

Deflection factor, Y plates . . . . . . 105

Stored writing speed (seenote5) . . . ....~. 1

FLOOD GUN

Operational Conditions

Screen voltage 7.0

Backing electrode d.c. voltage 2.0
Erase pulse amplitude for screen

cut-off (seenotes6and7) . ..... ... 3.3

Grid 4 (collector mesh) voltage . . . 2. 1. 1 210

Grid 3 voltage (see note8) . . . ..... i, 85

Grid 2 voltage . . Coe ee 105
Grid 1 voltage (see note 8) neLo)
Grid 1 voltage (cut-off). . . 2. 2. 2. . . 2. . >. = ~—100

Cathode voltage . . . . ..... OO

Typical Performance

Screen current for fullbrigntness . . . . . . . .) 0.3

Cathode current . . . Coe ee 1.0

Screen luminance (see note 9) we kk ee " 900
3087

Viewing time (see note 10) . . .... . =. =. =. 60

Resolution (seenote 11) . . . . . 100

Erase uniformity (see note 12):

* With respect to Writing Gun Cathode.

see note 2

<
<
<
<

UA

HA

V/inch

V/inch

inch/us

<
<
<
<
c
c
c
c
 

6 
<
<

mA

mA

ft-lamberts

cd/m?
s min

lines/inch

max

max
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NOTES

1.

10.

To prevent the occurrence of transients when switching on or off, the

writing gun heater voltage may be applied simultaneously with, or after,

the other writing gun voltages, and switched off before these voltages

¥re removed, provided the writing gun is biased to beyond cut-off.

Grid 4 (writing gun) is internally connected to grid 2 (flood gun).

Except when the faults mentioned under Pulse Erasure, part (c), of the

General Instructions on page 7 are being corrected.

The viewing screen supply impedance should be less than 5M&2Q to pre-

vent excessive changes in screen voltage during erasure.

Writing is a charge deposition process and the current required for a

given brightness level is proportional to the writing speed and inversely

proportional to the number of times the information is written in one

place.

With manual erasure (approximately 1 second) and the screen voltage

simultaneously removed.

Maximum screen brightness is obtained when the storage mesh surface

has stabilized at approximately zero potential, i.e. flood gun cathode

potential. The application of a positive manual erase pulse to the back-

ing electrode produces a corresponding positive increase in the storage

mesh surface potential. This surface potential is reduced to near flood

gun cathode potential by flood beam electrons. When the erase pulse is

removed the surface acquires a negative potential relative to that at full

brightness and equal in value to the erase pulse amplitude.

To achieve collimation of the flood beam, the voltages applied to the

flood gun grids 2, 3 and 4 should be preset to the fixed values given on

page 4. The voltage of grid 1 should then be adjusted to just give maxi-

mum uniform display over the screen. The voltage of grid 3 should

then be adjusted to give the most uniform erasure when a train of eras-

ing pulses is applied to the backing electrode. Slight readjustment of

grid 1 voltage may assist in obtaining the most uniform erasure.

The meter used for measuring screen luminance has been corrected to

the frequency response of the human eye.

Time for background to rise from cut-off to 10% of maximum bright-

ness. An increase in viewing time can be obtained by switching off the

E702A/E, page 5
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flood beam by pulses at a frequency sufficiently high to prevent

flicker, the apparent brightness of the display being proportionately

reduced.

11. Using a test card C pattern produced from a monoscope generator and

written#or one frame only at a level to display all five half-tones.

12. With the screen at uniform full brightness a train of erase pulses is

applied such that all parts of the screen are just black in 10 seconds

(t2). The screen is then returned to full brightness and with the same

train of erase pulses applied, the time (t;) for the first part of the

screen larger than a circle of 0.500 inch (12.7mm) diameter to become

black is noted. From this the erase uniformity is calculated as follows:—

te —-—t

t2

It should be noted that with perfect erase uniformity the value obtained

would be zero; lower grades of uniformity give values approaching

unity.

Erase uniformity =

- GENERAL INSTRUCTIONS

Handling

The tube should be transported screen upwards to prevent particles falling on

the storage elements. It should be handled with care to avoid damage to the

metal seals and the encapsulated screen lead.

Magnetic Shielding

Because of the low voltage of the flood gun beam, it is essential to shield the

whole of the viewing section from magnetic fields; shielding of the writing

gun is also advisable. Details of suitable Mumetal shields are available from

English Electric Valve Company Ltd.

Demagnetization

The tube may become magnetized during transportation and this will cause

non-uniform illumination under full brightness conditions. In this event, a

degaussing coil should be drawn slowly over the tube taking one minute for

the operation. Such a coil may be made up of 900 turns of no. 16 s.w.g.

enamelled wire wound on a 6%-inch diameter former 2 inches long. The coil

supply voltage should be 115 volts 50 to GOHza.c. Stronger fields should not

be used.

E702A/E, page 6
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Pulse Erasure

(a) The speed of erasure is controlled by the adjustment of the pulse duration

in conjunction with the pulse repetition rate, which should be sufficiently

high to prevent flicker, and preferably in the range between 100 and 2000

pulse® per second. By increasing the pulse duration or the pulse repetition

rate, the erasure time may be reduced proportionately. The pulse amplitude

also alters the erase rate but primarily determines the final potential to which

the storage mesh is driven in the absence of writing (see pages 11 and 12).

Normally a pulse amplitude two to three times the manual erase value is

applied, which gives an approximately uniform rate of erasure for visible

signals but tends to suppress small non-integrating signals such as noise. A

much lower pulse amplitude must be used if the grey scale is to be preserved

with no loss of information.

(b) If it can be conveniently arranged for the screen h.t. to be switched off

simultaneously with either manual or pulse train erase then two advantages

will ensue:

(i) Contrast during pulse train erase will improve.

(ii) The time taken for erasure will decrease.

(c) The normal erasure procedure may be inadequate or ineffective under the

following conditions:

(i) When writing beam electrons have penetrated the surface of the storage

insulator and have built up charges within it. Low velocity flood beam

electrons cannot neutralize these charges and after the normal erasure

procedure has been carried out the original screen image may still be

faintly visible as the background illumination increases.

(ii) When parts of the storage mesh surface are driven so positive that the

number of secondary electrons produced by the flood beam exceeds

those arriving at the surface. This condition is known as runaway

charging and can occur when a pulse exceeding 20 volts in amplitude

is applied to the backing electrode. !t can also occur when an excess-

ively high writing charge is deposited, e.g. with a stationary spot or line

and particularly when writing takes place in the absence of flood beam

current. Damage may be done to the storage mesh if this fault is not

quickly corrected.

Both faults can be corrected by operating a switch to disconnect the backing

electrode from its supply and connecting it to the flood gun grid 4 through

a protective resistor; this switch must make and break quickly and need

E7O2A/E, page 7
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be operated once only. The screen should then be at uniform full brilliance

and normal erasure will prepare the tube for operation. Care should be taken

to ensure that this switch cannot be left in the ‘on’ condition. The above

procedure is known as ‘clearance’.

Flood Gun

The flood gun supplies must be held relatively stable. The flood gun grid 2 is

internally connected to the writing gun grid 4 and the potential of this point

relative to earth is normally fixed by the mean potential of the deflecting

system (see Deflection Supplies below).

To prevent the occurrence of runaway charging, the flood gun beam must

always be operative before the writing gun supplies are switched on.

Writing Gun

The writing gun cathode is operated at a potential in the region of —1.5 to

—2.8kV; consequently the heater supply should be adequately insulated. The

cathode supply must be. free from ripple to prevent modulation of the writing

beam and have good stability to maintain constant modulation depth and

focus.

_ Care should be taken to prevent heavy transient writing beam currents when

switching on. The writing beam should be adjusted so that the highlight

brightness of the display is not saturated as this will result in a rapid deter-

ioration in resolution.

Deflection Supplies

The mean potentials of the deflecting plates should be held very close to the

writing gun grid 4 voltage, and astigmatism of the writing beam may be

minimized by small adjustments of the potential differences between them.

The undeflected writing beam will normally focus to a spot at the centre of

the storage mesh. To compensate for variations between individual tubes,

however, an adjustable and reversible supply to the deflection plates should

be provided for centring the writing beam spot.

Any failure of the deflection drive that may result in the production of a

stationary spot or line may cause runaway charging, even with the flood beam

on. Provision should be made for automatically cutting off the writing gun

beam in the event of any such failure.

E702A/E, page 8
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CATHODE CURRENT IN MICROAMPERES

TYPICAL WRITING GUN CHARACTERISTIC
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TYPICAL SCREEN BRIGHTNESS CHARACTERISTIC
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TYPICAL RELATIVE BRIGHTNESS CHARACTERISTICS

Obtained by applying repetitive erase pulses
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TYPICAL STORAGE MESH CHARACTERISTIC

Obtained by applying manual erase pulses
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brightness for the purpose of this graph.
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TYPICAL SPECTRAL OUTPUT CHARACTERISTIC FOR P20 PHOSPHOR
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OUTLINE

PHOSPHOR

2521 ? ° / —» (Kk)

DIA.
| | |

4 4 rs ra | = ft WT A

je Or eit
a LO j°°(b) t 6" 1 6

1
i ; i

CAVITY CAPS

JEDEC J1-21

(B.S.448-CT8) (N)
® |

at (E)DIA. |

FLEXIBLE LEAD

SCREEN

CONNECTION

(P)LONG

SMALL BUTTON '

THIRTYFIVAR BASE

JEDEC E31-36 ;

Ref Inches Millimetres Ref Inches Millimetres

A 15.250+0.250 387.4+6.4 K 0.625 max 15.88 max

B 5.312 max 134.9 max L 0.563 max 14.30 max

Cc 7.000 max 177.8 max M 0.062 1.58

D 5.750 max 146.1 max N 14.125+0.250 358.8+6.4

E 3.094 max 78.59 max P 22.5 571.5

F 2.188 + 0.125 55.58 + 3.18 Q 0.062 max 1.58 max

G 3.500 + 0.125 88.90 + 3.18 R 0.625 max 15.88 max

H 1.125 + 0.125 28.58 + 3.18 S 5.437 max 138.1 max

J 0.250 + 0.025 6.35 + 0.64

Millimetre dimensions have been derived from inches.

E702A/E, page 14
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OUTLINE

Y DEFLECTION

ae AXIS SEE NOTE 2

|> 120°.

2522A

Outline Notes

1. Tolerance on angles +7°.

2. The centre line passing through base pins 3 and 14 and the Y-deflection

axis are in line within 10°.

3. Cavity cap 4 is on the same plane as cavity caps 2, 3 and 5.

Cavity Cap Connections

Cap Element Cap Element

1 Grid 3 (flood gun) 4 Grid 4 (flood gun)

2 Grid 4 (flood gun) 5 Backing electrode

3 Grid 4 (flood gun) 6 Grid 3 (flood gun)

E702A/E, page 15
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Base Connections

Pin Element Pin Element

1 No connection 19 No connection

2 No connection 20 Internal connection.

3 Deflection plate X1 Do not use

4 Deflection plate X2 21 No connection

5 No connection 22 Heater (flood gun)

6 Grid 3 (writing gun) 23 Omitted

7 Internal connection. 24 Omitted

Do not use 25 No connection

8 Heater (writing gun) 26 Internal connection.

9 Heater (writing gun) Do not use

10 Grid 1 (writing gun) 27 Cathode (writing gun)

11 No connection 28 Internal connection.

12 No connection Do not use

13 Deflection plate Y 1 29 No connection

14 Deflection plate Y2 30 Omitted

15 Grid 2 (writing gun) 31 Omitted

16 No connection 32 Grid 1 (flood gun)

17 Grid 2 (flood gun) and 33 Cathode (flood gun)

grid 4 (writing gun) 34 No connection

18 No connection 35 Heater (flood gun)

E7O2A/E, page 16
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E/02B

DIRECT VIEW

STORAGE TUBE

Service Type CV5987

The data should be read in conjunction with the Storage Tube Preamble.

INTRODUCTION

The E702B is a direct view storage tube with a useful viewing screen diameter

of 4 inches (102mm). It is designed to provide very bright displays of infor-

mation ranging from single transients and recurrent waveforms to half-tone

pictures. The writing gun beam is electrostatically deflected, and high stored

writing speeds, 1.0 inch per microsecond, can be achieved. The tube is of

ruggedized construction and is recommended for airborne and other radar

applications where vibration and low pressure conditions may be encountered.

The tube has two electron guns, one for writing the signal on to the storage

surface and the other, the flood gun, for displaying written information on

the viewing screen. The writing gun is similar to that in a conventional

cathode ray tube, except that it need only be operated for a single trace. In

writing, a charge pattern is deposited on the storage surface, which consists

of an insulator coating on a metal mesh (the backing electrode). Low

velocity electrons from the flood gun approach the storage mesh normally

and at constant current density over the useful area. They penetrate the

mesh in those areas where a charge pattern has been written, the number

doing so being determined by the amount of charge deposited, and are then

accelerated to the viewing screen where they produce an image.

Since the flood gun is normally continuously operative, the image on the

viewing screen persists without deterioration for one to two minutes, and is

visible for periods up to ten minutes. The charge pattern written on the

storage surface can be retained for extended periods by switching off the

flood beam until viewing is required, provided that no writing takes place

while the flood gun is inoperative. The image can be completely erased ina

fraction of a second by applying a small positive pulse to the backing

electrode; controlled persistence can be obtained by varying the duration

of shorter repetitive pulses.

June 1972

63



GENERAL

Electrical and General

Cathodes, indirectly heated, oxide coated

Heater voltage

Heater current .

Cathode heating time (minimum)
Inter-electrode capacitances:

cathode to all other electrodes

grid 1 to all other electrodes .

X1 plate to all other electrodes

X2 plate to all other electrodes

Y1 plate to all other electrodes

Y2 plate to all other electrodes

X1 to X2 plates*

Y1 to Y2 plates*

writing gun grid 1 to writing gun cathode*
backing electrode to all other electrodes

screen to all other electrodes .

Focus method

Deflection method

Phosphor .

Fluorescent colour (see spectral
characteristic).

Mechanical

Overall length.

Overall diameter (excluding
flexible lead)

Bulb diameter.

Useful viewing screen diameter
Net weight .

Mounting position

Base .

Bulb cavity caps (six)

Viewing screen connection

* With all other electrodes earthed

Writing Gun Flood Gun

one one

6.3 6.3 V

0.6 0.6 A

see note 1 45 S

4.0 — pF

7.0 24 pF

11.5 — pF

11.5 _ pF

6.5 — pF

9.5 — pF

2.0 — pF

2.0 — pF

1.5 — pF

— 74 pF

— 32 pF

electrostatic electrostatic

electrostatic none

= aluminized P20

. yellow-green

. 15.500 inches (393.7mm) max

5.437 inches (138.1mm) max

5.312 inches (134.9mm) max

4.000 inches (101.6mm) min

. 2% pounds (1.15kg) approx

. any

-31-pin small button thirty-fivar
(JEDEC no. E31-36)

. B.S.448-CT8

(JEDEC no. J1-21)

flexible lead
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MAXIMUM AND MINIMUM RATINGS (Absolute values)

No individual rating should be exceeded

All voltages are with respect to the flood gun cathode unless otherwise stated

Writing Gun

Min Max

Heater voltage . ........ . 6.0 6.6 V

Grid 4 voltage Loe Loe ee ee we ee ee SEO NOTE 2

Grid 3 voltage (negative value) a 2500 V
Grid 2 voltage Ce 200 V

Grid 1 voltage:

negative bias* . . . . . . ..hh)CUO 200 V

positive peak*. .. Coe a 2.0 V

Cathode voltage (negative value) Coe ee 2800 V
Peak heater to cathode voltage:

heater positive with respect to cathode . — 125 V

heater negative with respect to cathode . — 125 V

Cathode current (peak) . . 2... OF 1.0 mA

Grid to cathode circuit impedance . . . . — 1.0 MQ

Deflection plate circuit impedance . . . . — 0.1 MQ

Flood Gun

Min Max

Heater voltage . ........ +. ~ 6.0 6.6 V

Viewing screen voltage . — 12 kV

Backing electrode voltage (peak) (see note 3) — 20 V
Grid 4 (collector mesh) voltage . . . . . = 300 V

Grid3voltage .. Coe ee 300 V

Grid 2 voltage (see note 2) Boe ee 200 V
Grid 1 voltage:

negative bias (never positive). . . . . 2.0 150 V

Peak heater to cathode voltage:

heater positive with respect to cathode . — 125 V

heater negative with respect to cathode . — 125 V

Cathode current (mean) . . . . . . . = 2.0 mA

Viewing screen dissipation . . Coe 6.0 W

Backing electrode supply impedance toe 5000 Q
Grid to cathode circuit impedance . . . — 0.5 MQ

Viewing screen supply impedance (see note 4) 1.0 5.0 MQ

* With respect to Writing Gun Cathode.
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TYPICAL OPERATION

All voltages are with respect to the flood gun cathode unless otherwise stated

WRITING GUN

Operational Gonditions

Grid 4 voltage

Grid 3 voltage (usual range for focus) *
Grid 2 voltage

‘450 to 650
0

Grid 1 voltage (range for wrwriting beam cut--off)* _45 to “| 10
Cathode voltage

Typical Performance

Writing beam current (bOV

modulation) (see note 5)

Cathode current (50V modulation) _
Deflection factor, X plates

Deflection factor, Y plates

Stored writing speed (see note 5)

FLOOD GUN

Operational Conditions

Screen voltage

Backing electrode d.c. voltage
Erase pulse amplitude for screen

cut-off (see notes 6 and 7)

Grid 4 (collector mesh) voltage

Grid 3 voltage (see note 8)

Grid 2 voltage.

Grid 1 voltage (see note 8)
Cathode voltage

Typical Performance

Screen current for full brightness

Cathode current .

Screen luminance (see note 9)

Viewing time (see note 10):

minimum

typical

Resolution (see note 11)

* With respect to Writing Gun Cathode.

—1800

49

~ 700
90

87

10

2.0

3.9

"225
90

"150
—35

0.48

1.3

2150
7375

30

60

~ 100

see note 2

<
<
<
c
c

LA

HA

V/inch

V/inch

inch/ps

<
<
<
<
<
<
c
 
<
<

mA

mA

ft-lamberts

cd/m?

S

S

lines/inch
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NOTES

1. To prevent the occurrence of transients when switching on or off, the

writing gun heater voltage may be applied simultaneously with, or after,

the other writing gun voltages, and switched off before these voltages

are removed, provided the writing gun is biased to beyond cut-off.

Grid 4 (writing gun) is internally connected to grid 2 (flood gun).

Except when the faults mentioned under Pulse Erasure, part (c), of the

General Instructions on page 7 are being corrected.

The viewing screen supply impedance should be less than 5MQ to pre-

vent excessive changes in screen voltage during erasure.

Writing is a charge deposition process and the current required for a

given brightness level is proportional to the writing speed and inversely

proportional to the number of times the information is written in one

place.

With manual erasure (approximately 1 second) and the screen voltage

simultaneously removed.

Maximum screen brightness is obtained when the storage mesh surface

has stabilized at approximately zero potential, i.e. flood gun cathode

potential. The application of a positive manual erase pulse to the back-

ing electrode produces a corresponding positive increase in the storage

mesh surface potential. This surface potential is reduced to near flood

gun cathode potential by flood beam electrons. When the erase pulse is

removed the surface acquires a negative potential relative to that at full

brightness and equal in value to the erase pulse amplitude.

To achieve collimation of the flood beam, the voltages applied to the

flood gun grids 2, 3 and 4 should be preset to the fixed values given on

page 4. The voltage of grid 1 should then be adjusted to just give maxi-

mum uniform display over the screen. The voltage of grid 3 should

then be adjusted to give the most uniform erasure when a train of eras-

ing pulses is applied to the backing electrode. Slight readjustment of

grid 1 voltage may assist in obtaining the most uniform erasure.

The meter used for measuring screen luminance has been corrected to

the frequency response of the human eye.
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10. Time for background to rise from cut-off to 10% of maximum bright-

ness. An increase in viewing time can be obtained by switching off the

flood beam by pulses at a frequency sufficiently high to prevent

flicker, the apparent brightness of the display being proportionately

reduced.

11. Using a test card C pattern produced from a monoscope generator and
written for one frame only at a level to display all five half-tones.

GENERAL INSTRUCTIONS

Handling

The tube should be transported screen upwards to prevent particles falling on

the storage elements. It should be handled with care to avoid damage to the

metal seals and the encapsulated screen lead.

Magnetic Shielding

Because of the low voltage of the flood gun beam, it is essential to shield the

whole of the viewing section from magnetic fields; shielding of the writing

gun is also advisable. Details of suitable Mumetal shields are available from

English Electric Valve Company Lid.

Demagnetization

The tube may become magnetized during transportation and this will cause

non-uniform illumination under full brightness conditions. In this event, a

degaussing coil should be drawn slowly over the tube taking one minute for

the operation. Such a coil may be made up of 900 turns of no. 16 s.w.g.

enamelled wire wound on a 6%-inch diameter former 2 inches long. The coil

supply voltage should be 115 volts 50 to 6GOHZ a.c. Stronger fields should not

be used.

Pulse Erasure

(a) The speed of erasure is controlled by the adjustment of the pulse duration

in conjunction with the pulse repetition rate, which should be sufficiently

high to prevent flicker, and preferably in the range between 100 and 2000

pulses per second. By increasing the pulse duration or the pulse repetition

rate, the erasure time may be reduced proportionately. The pulse amplitude

also alters the erase rate but primarily determines the final potential to which

the storage mesh is driven in the absence of writing (see pages 11 and 12).
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Normally a pulse amplitude two to three times the manual erase value is

applied, which gives an approximately uniform rate of erasure for visible

signals but tends to suppress small non-integrating signals such as noise. A

much lower pulse amplitude must be used if the grey scale is to be preserved

with n@ loss of information.

(b) {tf it can be conveniently arranged for the screen h.t. to be switched off

simultaneously with either manual or pulse train erase then two advantages

will ensue:

(i) Contrast during pulse train erase will improve.

(ii) The time taken for erasure will decrease.

(c) The normal erasure procedure may be inadequate or ineffective under the

following conditions:

(i) When writing beam electrons have penetrated the surface of the storage

insulator and have built up charges within it. Low velocity flood beam

electrons cannot neutralize these charges and after the normal erasure

procedure has been carried out the original screen image may still be

faintly visible as the background illumination increases.

(ii) When parts of the storage mesh surface are driven so positive that the

number of secondary electrons produced by the flood beam exceeds

those arriving at the surface. This condition is known as runaway

charging and can occur when a pulse exceeding 20 volts in amplitude

is applied to the backing electrode. It can also occur when an excess-

ively high writing charge is deposited, e.g. with a stationary spot or line

and particularly when writing takes place in the absence of flood beam

current. Damage may be done to the storage mesh if this fault is not

quickly corrected.

Both faults can be corrected by operating a switch to disconnect the backing

electrode from its supply and connecting it to the flood gun grid 4 through

a protective resistor; this switch must make and break quickly and need

be operated once only. The screen should then be at uniform full brightness

and normal erasure will prepare the tube for operation. Care should be taken

to ensure that this switch cannot be left in the ‘on’ condition. The above

procedure is known as ‘clearance’.
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Flood Gun

The flood gun supplies must be held relatively stable. The flood gun grid 2 is

internally connected to the writing gun grid 4 and the potential of this point

relative to earth is normally fixed by the mean potential of the deflecting

system (see [Seflection Supplies below).

To prevent the occurrence of runaway charging, the flood gun beam must

always be operative before the writing gun supplies are switched on.

Writing Gun

The writing gun cathode is operated at a potential in the region of —1.5 to

—2.8kV; consequently the heater supply should be adequately insulated. The

cathode supply must be free from ripple to prevent modulation of the writing

beam and have good stability to maintain constant modulation depth and

focus.

Care should be taken to prevent heavy transient writing beam currents when

switching on. The writing beam should be adjusted so that the highlight

brightness of the display is not saturated as this will result in a rapid deter-

ioration in resolution.

Deflection Supplies

The mean potentials of the deflecting plates should be held very close to the

writing gun grid 4 voltage, and astigmatism of the writing beam may be

minimized by small adjustments of the potential differences between them.

The undeflected writing beam will normally focus to a spot at the centre of

the storage mesh. To compensatefor variations between individual tubes,

however, an adjustable and reversible supply to the deflection plates should

be provided for centring the writing beam spot.

Any failure of the deflection drive that may result in the production ofa

stationary spot or line may cause runaway charging, even with the flood beam

on. Provision should be made for automatically cutting off the writing gun

beam in the event of any such failure.
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CATHODE CURRENT IN MICROAMPERES

TYPICAL WRITING GUN CHARACTERISTIC ol-oz-oe~ov-os-09-OL-08-0 
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TYPICAL SCREEN BRIGHTNESS CHARACTERISTIC
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TYPICAL RELATIVE BRIGHTNESS CHARACTERISTICS

Obtained by applying repetitive erase pulses

« (Pet ERASE PULSE LENGTH 10ys
REPETITION RATE 220 pps

AMPLITUDE AS ON CURVES
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TYPICAL STORAGE MESH CHARACTERISTIC

Obtained by applying manual erase pulses

2525 ERASE PULSE LENGTH 3s

AMPLITUDE VARIABLE

SCREEN VOLTAGE OFF
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RELATIVE STORAGE MESH SURFACE VOLTAGE IN VOLTS

The storage mesh surface potential is arbitrarily considered zero at full

brightness for the purpose of this graph.
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TYPICAL SPECTRAL OUTPUT CHARACTERISTIC FOR P20 PHOSPHOR

® [2527 COLOUR C.LE. COORDINATES
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OUTLINE

2521 PHOSPHOR _.

itt Pal

CAVITY CAPS

JEDEC J1-21

(B.S.448-CT8)

<—(E)pi

FLEXIBLE LEAD

SCREEN

CONNECTION

(P)LONG

SMALL BUTTON '
THIRTYFIVAR BASE

JEDEC E31-36v W

Ref Inches Millimetres Ref Inches Millimetres

A 15.250+0.250 387.4+6.4 K 0.625 max 15.88 max

B 5.312 max 134.9 max L 0.563 max 14.30 max

Cc 7.000 max 177.8 max M 0.062 1.58
D 5.750 max 146.1 max N 14.125+0.250 358.84+6.4

E 3.094 max 78.59 max P 22.5 571.5

F 2.188 + 0.125 55.58 + 3.18 Q 0.062 max 1.58 max

G 3.500 + 0.125 88.90 + 3.18 R 0.625 max 15.88 max

H 1.125 + 0.125 28.58 + 3.18 S 5.437 max 138.1 max

J 0.250+ 0.025 6.35 + 0.64

Millimetre dimensions have been derived from inches.
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OUTLINE

2522A

Y DEFLECTION

Outline Notes

1. Tolerance on angles +7°.

a AXIS SEE NOTE 2

2. The centre line passing through base pins 3 and 14 and the Y-deflection

axis are in line within 10°.

3. Cavity cap 4 is on the same plane as cavity caps 2, 3 and 5.

Cavity Cap Connections

Cap Element

1 Grid 3 (flood gun)

2 Grid 4 (flood gun)

3 Grid 4 (flood gun)

Cap Element

4 Grid 4 (flood gun)
5 Backing electrode

6 Grid 3 (flood gun)

E702B, page 15

77



Base Connections

Pin Element Pin Element

1 No connection 19 No connection

2 No connection 20 Internal connection.

3 Deflection plate X1 Do not use

4 Deflection plate X2 21 No connection

5 No connection 22 Heater (flood gun)

6 Grid 3 (writing gun) 23 Omitted

7 Internal connection. 24 Omitted

Do not use 25 No connection

8 Heater (writing gun) 26 Internal connection.

9 Heater (writing gun) Do not use

10 Grid 1 (writing gun) 27 Cathode (writing gun)

11 No connection 28 Internal connection.

12 No connection Do not use

13 Deflection plate Y1 29 No connection

14 Deflection plate Y2 30 Omitted

15 Grid 2 (writing gun) 31 Omitted

16 No connection 32 Grid 1 (flood gun)

17 Grid 2 (flood gun) and 33 Cathode (flood gun)

grid 4 (writing gun) 34 No connection

18 No connection 35 Heater (flood gun)
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E/712A

DIRECT VIEW

STORAGE TUBE

The data should be read in conjunction with the Storage Tube Preamble.

INTRODUCTION

The E712A is an 11 inch (279mm) direct view storage tube designed to

provide very bright displays of information ranging from single transients and

recurrent waveforms to half tone pictures. The useful viewing screen

diameter is 9 inches (228.6mm), making the tube particularly suitable for the

daylight-viewing of displays in radar, medical, television and tabular display

applications.

The tube has two electron guns, one for writing the signal on to the storage

surface and the other, the flood gun, for displaying written information on

the viewing screen. The writing gun is similar to that in a conventional

cathode ray tube, except that it need only be operative for a single trace, and

is coaxial with the viewing screen so that relatively simple deflection circuits

may be used. !n writing, a charge pattern is deposited on the storage surface,

which consists of an insulator coating on a metal mesh (the backing elec-

trode). Low velocity electrons from the flood gun approach the storage mesh

normally and at constant current density over the useful area. They penetrate

the mesh in those areas where a charge pattern has been written, the number

doing so being determined by the amount of charge deposited, and are then

accelerated to the viewing screen where they produce an image.

Since the flood gun is normally continuously operative, the image on the

viewing screen persists without deterioration for one to two minutes, and is

visible for periods up to ten minutes. Extended storage periods may be

obtained by switching off the flood beam until viewing is required, provided

that no writing takes place while the flood gun is inoperative. The image can

be completely erased in a fraction of a second by applying a small positive

pulse to the backing electrode and controlled persistence can be obtained by

varying the duration of shorter repetitive pulses.

Selective erasure is possible by electronic switching of appropriate electrode

voltages.

June 1972
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GENERAL DATA

Electrical

Cathodes, ingirectly heated,

oxide coated

Heater voltage (see note 1)

Heater current

Cathode heating time (minimum)

(see note 2)

Inter-electrode capacitances:

cathode to all other electrodes

grid 1 to all other electrodes .

grid 1A to all other electrodes

grid 1 to cathode, all other

electrodes earthed

backing electrode to all

other electrodes

screen to all other electrodes

Focus method

Deflection method

Phosphor ee

Fluorescent colour (see spectral

output characteristic on page 12)

Mechanical

Overall length .

Overall diameter .

Useful viewing screen diameter

Net weight .

Mounting position

Base... .

Bulb connectors .

Writing Gun Flood Gun

one one

6.3 32 V

0.3 1.2 A

45 120 S

8.0 — pF

10 — pF

— 90 pF

5.0 — pF

— 250 pF

— 110 pF

electrostatic electrostatic

magnetic none

aluminized P20

. yellow

575mm (22.64 inches) max

. 284mm (11.18 inches) max

228.6mm (9 inches) min

11 pounds (5kg) approx

any, except with base up

and with tube axis at an angle

less than 20° from vertical

Lone B.S.448-B12A

12 B.S.448-CT8 cavity caps

(JEDEC no. J1-21) and

2 special caps (see page 14)
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MAXIMUM AND MINIMUM RATINGS (Absolute values)

No individual rating should be exceeded

All voltages are with respect to the flood gun cathode unless otherwise stated

Writirlg Gun

Heater voltage

Grid 4 voltage Lo

Grid 3 voltage (negative value)

Grid 2 voltage

Grid 1 voltage:

negative bias* .

positive peak* . .

Cathode voltage (negative value)

Peak heater to cathode voltage

Cathode current (peak} ,

Grid to cathode circuit impedance .

Flood Gun

Heater voltage Lo

Viewing screen voltage (see note 4)

Backing electrode voltage (peak) (see note 5)

Grid 4 (collector mesh) voltage

Grid 3 voltage

Grid 3A voltage

Grid 2 voltage

Grid 2A voltage

Grid 1 voltage

Grid 1A voltage toe ee

Grid shield voltage (negative value) .

Heater to cathode voltage (see note 1)

* With respect to Writing Gun Cathode.

Min

6.0

Min

28

Max

6.6

6.0

250

2.0

6.0

125

1.0

1.0

Max

32

12

20

300

300

300

200

200

50

10

15

V

. see note 3

kV

. see note 3

V

V

kV

V

mA

MQ

<
<

<
<
<
 
<
<
c
c
c
c
c
c
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