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WL-7228 FIVE INCH DIRECT VIEW STORAGE TUBE

The WL-7228 is a five-inch storage tube with selective
erasure, developed by Westinghouse, for applications which
require o bright disploy fres of scintillations. The WL-7228 can
be wused in fire control rador, weather rador, transient studies,
data tronsmission, half-tone storage, and visual disploys requiring
steady, narrow bandwidth transmission capoble of being corried
by telephone lines.

Performance chardcteristics of the tube include brightnesses
of up to 2000 foot-tamberts with 10,000 volts opplied to the
phosphor, good resclution of holf-tone displays. The writing
speed of from 10% 10 10° em/sec is capable of freezing high
frequency transients and, consequently, it provides sufficient

time to adequately saxamine and recerd them.

The tube contains alectrostatically focused and deflected
writing guns and @ flood gun. The writing gquns can be used
either for writing or selective erasure. In writing the beam
fands at such o velocity that the secondary emission ratio is
greater than unity and the storage grid is charged positively. |f
the velocity of the beam is further increased, the secondary
emission ratio goes below unity and the storage grid is charged
negotively, thereby erasing tha written charge pattern. The
writing and erasing operations cre dascribed in detail in the

"“Principles of Operation.”

The viewing or reading is accomplished by o wide-angle
beam of electrons which floods the electrodes controlling the
storage and brightness of the display.

The WL-722B is designed to be operated unpressurized
in airborne applications. The pin connections have been grouped
to separate high potentiol grodients over long externol paths to
eliminote eloctrical leakage ot high altitudes. The grouping
of the pin connections also incorporates improved deflection
characteristics by eliminating long inductive leads from the
bose to the deflecting electrodes. The deflection lends ore
breught out radially through the neck to minimize lead length

ond cross coupling.

PRINCIPLES OF OPERATION

The Viewing Operation

The flood gun, in cenjunction with its grids ~ the control
grid no. 1, the accelerating grid no. 2, the collimating grids
no. 3 and no. 4, o storuge grid capacitively couplad to a backing
electrods, o collector grid, and o highly-efficient phosphor screen —
comprise the viewing section.

The flood gun provides a low-energy, high-density, highly-
divergent beam which continuously floods the electrodes of the
viewing sectian. Grids no. 2, no. 3, and no. 4 act os the colli-
mating elements of the viewing section. These grids consist
in general of conductive coatings an the bulb wall. The cellimation
is necassory in order thot the low-velocity slectrons will approach

the storage grid in poths normol to the plane of the storage

grid. This requirement causes all of the efectrons of the viewing
beam to orrive at the storaga grid with equal energy camponents
in the direction normal to the storoge grid, thus causing any
potential pattern existing on the storoge grid to affect oll of
the electrons equally.

Electrically connected to the grid no. 4 is the collector
mesh. This mesh not only serves to collect the secondary
electrons from the storage grid and to vniformly accelerate the
flood electron, but it also repels any positive ions produced
by collisions of electrons with residual gas in the region between
the collector and the flood gun catheds. This action prevents
the ions from landing on the storage grid with resuitant neutral-
izotion of the written charge pottern and destruction of the signal,

The storage grid consists of a fine metal mesh, one side
of which is covared by a thin layer of insulating material. The
insuloter acts as o large number of individual storage elements
copacitively coupled to the mesh. The charge established on

the insulater by the writing beam modulates the viewing beam
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in much the same way as modulation is provided by the control
grid of a triode, The more positively charged regions of the
storage mesh allow higher currents to reach the phosphor, cor-
rosponding to o highlight signel. The less positively charged
otomonts ollow proportionately asmaller amounts of current to
reoch the phosphor, corresponding to half-tones. Thus, the
WL-7228 is able to disploy visual output complete with holf-tones.

The Writing Operation

The writing gun ia similar to that used in electiostaticolly
focused and doflectad osclllograph tubes. This gun is capable
of a high-density beam with very high resolution. The writing
gun is generally cperoted betwaen 1000-2000 wvolts. Ar this
patantial the electrons from the writing boom have sufficient
energy to cause ¢ sacondery emission ratic greatar than unity.
Thus, since more electrons ore leaving the storage grid then
The control grid
of the writing gun regulotes the amount of current falling on the
storage grid at ony particular instant, Therefors, the amount of
positiva chorga davelopad on o particular elemant of the storage
grid is proportienal to the magnitude of the writing beam at the
instant at which It is discharging thot elemant.

are arriving, @ net positive charge results.

If it were not
for the viewing electrons, the storogs grid would charge to o
potentiol near thot of the collector. However, whan the storoge
grid bscomes mare positive than the f(lood gun cathode, the
londing of the viewing beam will limit any further charging.
is possible, then, to establish on the storage grid a charga
corsasponding to any potenticl intermediate between the storage

grid cutoff voltage ond the viswing gun cathode surface potential.

The potential of ony particular element regulates the
amount of viewing beom current reaching the phosphor. The
visual output brightness of any element on the phaspher is
proportional to the density and velocity of the electrons landing
on tho element. Because the potentiol is constant, the brightness
is therofore directly proportional to the density of the viewing
currant which is in turn reguloted by the psotential on the storage
grid.

Erasing Operation — Fleod Gun Erasure

The stored pattern is erased by applying positive pulsea
to the backing eloctrode. Since the storoge grid is copocitively
coupled to the bocking electrode, its potential tends to follow
that of the bocking electrode. Therefore, the positive pulses
applied to the backing electrode cause the storage grid to shift
in the positive direction ond allow the flood electrons to land
until the storage grid is charged to cathode potential, Then, with
the pulse removed, the storage grid potential falls to o value
which {8 at or beyond cutoff. The magnitude and duration of
the pulse applied to the backing elsctrods determinss ths amount
which tho storage grid becomes nogative with respect to the
flood gun cathode with the pulse removed.

Erasing Operation ~ Selective Erasure

It is often cdvantogeous to erose o specific part of the
stored signal without erosing other parts. As the total electron-

LA

1 - VIEWING SCREEN

2 - BACKING ELECTRODE

3 - STORAGE GRID

4 - COLLECTOR GRID - GRID NO. 4
5+ GRID NO. 3

Figure No. 1

CE-A1384

6 - GRID NO. 2
7 - WRITING GUN

8. ERASE GUN
9 - FLOOD GUN
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SECONDARY EMISSION CHARACTERISTIC

FIRST CROSSOVER
POTENTIAL

SECOND CROSSOVER
POTENTIAL

(%)

—

RATIO OF SECONDARY ELECTRONS
T0 PRIMARY ELECTRONS

ACCELERATING YOLTAGE

SECONDARY EMISSION RATIO &c¢ = CURRENT AT COLLECTOR

PRIMARY BEAM CURRENT

The secondary emission curve shows the voarious modes
of operation in a direct view storage tubs. When the electrons
land between the first crossover and the second crossover, the
secondory emission rotio is grsater than wnity and the insulator
is charged positively, producing o written signal. If the primary

energy is increased above the second crossover, the insulator is

CE-A1385

charged negotivaly, erasing the written pottern.

The viewing is accomplished with electron potentials from
zero volts to some slight negative wvoltage.  Therefore, the

viewing electrens do not land and de net affect the stored signel.

Figwe No. 2

volt snergy of the beam increases from zero volts, the secondary
emission ratio first decreases then increoses to a maximum
value, substontially greater than unity. This maximum usually
occurs between 500 and 1000 volts for the WL-7228. In the
interest of better rasclution, operation of the writing gun ot
1500 volts is recommended. As the voltage of the elactron
beam increases furthes, the secondary emission ratic goes below
unity, ond it becomes possible to use the besom for selective
erasvre. With the WL-7228, selective erasure of reascnable
speed usvally occurs at a voltage of tha order of 3000 volts. This
high velocity erose mode has mony advantages. The erose
beam has high reselution resulting in much greater sslectivity.
The erase beam is alse copable of much greater density. The
greater beam density not only results in o faster erasing speed,
but alsc resclts in substantially less interaction between guns
used simultanecusly in tha write or erase modes.

A serious drawback of & low velocity erase system is

the effect ol the collimating optics of the fleod gun on the
erase beam. Since the erose beam is of the same order of velocity
as the flood beam in this system, the collimating optics of the
flood gun converge not only the flood beam, but also the erose
beam., The erase bsom tends to be deflected toward the center
of the tube by the collimating lenses. Consequently, o low
velocity erase beam is very difficult 1o control and has serious

non-yniformities in deflection linearity.

Since the WL-7228 utilizes a selective erose system with
a high velocity beam, it is essentially free from distortions of
the type described above. Therefors, the WL-7228 is a completaly
flexible direct view storage tube. The WL-7228 may bs employed
as a direct view storage tube with two separately focused and
deflacted writing guns. Simply by raising the potential of one
of the writing guns, the tube becomes a direct view storage
tube with very high selectivity and speed of erasure.
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Write Through

It is often desirable to disploy non-stored information
simultanacusly with stored information, This mode of operation
or WRITE THROUGH is practical enly if the non-stored information
does not serfously disturb the charge pattarn established on
tho aterage grid. In arder not to detaricrate the charge pattern, a
sacondoty emission ratio of unity is necessary. The secondary
emisalon curve in Figure No. 2, indicates thor unity secondary
emission occurs at three primary eloctron beam energy levels, Twe
of those — the zero energy potential and the Ffirst crossover

potential — occur ot energy levels too low for a well defined
beam necessary for detailed information. The third unity second-
ary emission energy lovel accurs at the second crossaver patential
which is ot sufficiently high beam energy (opprox. 2500 to 3000
electran volts in the WL-7228) to be suitable for displaying
datoiled information without seriously affecting the stored signal.
By adjusting either tha erase gun or the write gun to the second
crossover potentiol, WRITE THROUGH - simultansouvs display
of stored and non-stored informotion — is possible for limited
periods with minimum impairment of the stored signal.

GEMERAL

Writing Section

Heater for Unipotential Cathode:

Selective

Erase Section Viewing Section

Voltage (ac or de) ... .. cae 6.31 5% 6.3t 5% 6.3 + 5% Volts
Currant. . - .. o i it e 0.6 0.6 Ampere
Cothode Heating Time (min):
Before other electroda voltages
oreapplied . . . ... . o0 -- -- 30 Seconds
Foeusing. . . ... . . ivviinon., Electrostatic Electrostotic None
Dofloction. . v .o vvivvennnnsos Electrostatic Electrostatic None
Phesphor . .. ... ..ot et e e High Visual Efficiency Typs, Aluminized
Fluoresconge .. ........ e e e i r et ey Yellow
Phosphorescence . . .. ...... e e e r e e Ca Yellow-Groen
Min, Useful Display Diameter . .. . ... . it it anann PN 4"
Mox, Overall Length .. ... .. e s e s et s e e i e s 16-1/2"
Seated Length .. . .............. e e e 15*
Greatest Bulb Digmeter ... .. ........ e e e e e 51+ 1/18"
Base . ... it e e e s e e . «. Small Button Thirtyfiver {JETEC E35-28)
Bulb Terminals (Four) . ... ... e e e s e e, «+.+. Recessed Small Ball Cop (JETEC J1-22)

MAXIMUM RATINGS
Absolute Values

Selective

Writing Section Erase Section Viewing Sectioné

Secreen Voltage. . . ... . .o - - 11000 max, VYolis
Backing Electrode Voltags . . . ... .. - - 35 max. Yolis
Equivalent Voltages

Grid Mo. 4 Yoltage . . ..... v+ ... 3000 max.§ 150 mox.s 3500 mox.s 150 mox. s 300 mox. Volts
Grid Mo, 3 Yoltage . . .. ... oo a0 1000 max. § 1250 mox. a 300 max. Velts
Grid No. 2 Voltege . .« . v ou v v v v 3000 max. § -3500 max. a 150 max. Yolts
Cathode Voltage. . . . ........... <3000 max. s Volts
Grid No. 1 Yoltage:

Negotive Bios Value . . .. ... ... 200 mox. § 200 max. 200 mox. Volis

Posltive Bios Yalue .. ... . 0 max. § 0 mox. 0 max. Volts

Positive Peak Valua . . ... ... .. 0 max. 0 max. 0 max. VYolts
Pesak Deflection Yoltage:

Betwoen G4 and any Deflection

Electrode . .. .. v oo vv v v . 500 max. 600 max. - Volts
Heatar-Cathode Yoltage:

MNegative Heater Voltage .. ... .. 125 mox. & 125 max. 125 max. Volts

Positive Heater Voltage . ...... 125 max. ¢ 125 max. 125 mox. Volts
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TYPICAL OPERATING YALUES
Viewing Sections

Screen Yoltage. . ... . oo L. 10000 10000 5000 Yolis
Bocking Electrode . ... ...... ... 5 to 20 510 20 51020 Velts
Grid No. d ¥Wolts. . . ... .. .. ..... 200 1o 250 150 to 200 150 to 200 Yolts
Grid No. 3 Volts. . . .. e e e 50 10 150 25 to 125 25t0 125 Volrs
Grid No. 2 Voltso. .. . ... ... .. .. 70 to 105 50 to 80O 50 to 80 Volts
Geid No. | Volts. . .. ..o 0to-70 0to -50 0 to -50 Velts
Max. Screen Current . .. . ... ..... 700 400 400 vamps
Max. Grid No. 2 Current . . . . ... ... 3 2 2 Ma.
Mox. Geid No. 3 Current . . . . ... ... 2 1.5 1.5 Ma.
Max, Grid No. 4 Current . . . . .. .. .. 3 2 2 Ma.
Mox. Backing Electrode Cuirent. . . . . 2 1.5 1.5 Ma.
Mox. Cathade Current. . . . .. e 5 3.5 3.5 Ma,
Resclutione. . . .. ... .o, ... 250 250 250 lines/dia.
Number of Half-Tones + . . ... ... .. 4-5 4-5 4-5

Viewing Duratiene . .. .......... 20 40 40 Sec.
Brightness¢. . . . ... .. . 0. 2800 1500 300 ft-1.
Erasing Speedt . .. ... ... .. ... 10000 10000 10000 cm/sec.

Selective

Ranges for Electrode Supplies:§ Writing Section Erase Section

RESOLUTION: MNumber of total lines resolved by shrinking
raster methed with Grids No. 2 and 4 at 1000 volts with
respect to the writing gun cathede.

NUMBER OF HALF-TONES: Observed with video signal
from EIA test pattern as signal.

VIEWING DURATION: Measured as the time required for
the background brightness to increase from zero brightness
and with screen ot indicated voltoge.

BRIGHTNESS: Measured as the maximum average brightness
with the entire storage grid written to maximum brightness
and with screen ot indicated voltage.

ERASING SPEED: Meosured os the time to selectively
erase from saturated brightness to black level with zero
bias en erese gun and grids Ne. 2 and 4 of the erase fun
at 3000 volts with respact to the erase gun cathode.

Grid No. 4 Yoltage . ... ... ... v 500 to 30003 500 1o 3500 a Volis
Geid Mo. 3 Voltage . .. .. ..o v iin v, 12 10 30% of E, 12t 30% of E_, Volts
Grid No. 2 Voltage . . ... i vt ve v v nean 500 to 3000 500 to 3500 Valts
Deflaction Factors:
Dy « Dy« e 28-38 Vdc/in/KV of E_,  28-38 Vdc/in/KV of E_,
. T 28-38 Vde/in/KV of E,  28-38 Vde/in/KV of E,
Writing Speedm. . .. . . 0 i i i e e 100000 em/sec.

Voltages ore shown with respect to the cathcde of the
writing gun.

Voltogas are shown with respect to the cathode of the
viewing gun.

Voltages are shown with respect to the cathoda of the
arase gun.

Grid No. 2 of viewing gun connected internally to Grid No. 4
of writing gun. (Grid Na. 2 of writing guns vsually connected
sxternally te Grid MNo. 4 of writing guns.)

WRITING SPEED: Measured as the time required to write
from zero to 90% of moximum brightness with zero grid
bias on the writing gun and Grids Mo. 2 and 4 of writing
gun at 1000 volts with respect to the writing gun cathode.
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BOTTOM VIEW CE-A1383
SOCKETS
1 - No connection 12 - No connaction. Do not use. DJ - Deflecting Electrode
2 - No connection 13 - No connection, Do not use. W - Writing Gun
3 . Grid No. 1 of wrlting gun 14 - Grid No, | of erase gun V- Viewing Gun
E . Erasing Gun
4 - Heater of writing gun 15 - Cathode of erase gun
S - Heater of writing gun 16 - Heater of erase gun
6 - Cothode of writing gun 17 - Heater of erose gun
7 - Grid No. 3 of writing gun 18 - Grid No. 3 of erase gun
8 - Internal connections. De not vse. 19 - Internal connection. Do not use.

9

10 - No connection.

- No connection. Do not use.
Do not use.

11 - No connection. Do not use.

MECK CONNECTIONS

I« Heater of viewing gun

2 - Cathods of viawing gun

3 - DJ3 of writing gun

4 . DJ, of writing gun

5 - DJ; of writing gun

6 - Grid No. 4 of writing gun, Grid No. 4 of
orase gun and Grid No. 2 of viewing gun

7 - BJy of writing gun
FLEX!{BLE LEAD - Scraen Connection

RECESSED CAYITY CAPS - See Outline Drawing

20 - No connection.
21 - No connection,

22 1o 35 - No cannection.

B8 - Grid No. | of viewing gun
9 - DI, of erase gun
10 - Grid Na. 2 of writing gun, and

Grid No. 2 of erase gun
11 - BJ, of srase gun
12.
13 -
14 .

DJ, of erase gun
DJ, of arase gun

Heater of viewing gun
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{SCREEN)
ENCAPSULATED
HIGH VOLTAGE

Gg - VIEWING GUN
[COLLECTOR}

G5~ VIEWING GUN
{STOKAGE GRID}

DJI - DJ2
DEFLECTION
PATH

(5) RECESSED SMalL
CAVITY CAPS
JETEC NQ Ji-2|

13 .
3“3
=
T8 Max
KSULMED CABLE
18° MIN, LENGTH
{14} CAPS
JETEC NR2CI-)
Center line of bulb will not deviate more than 3° in any

direction from perpendiculor erected at centsr of face plote.

The plane through the tube axis and sach of the follawing
items may vary from the DJ1 — DJz deflection paths by these

BOTTOM VIEW

SMALL BUTTON
35 PIN BASE
JETEC NREJIS-28

CE-B-1382

ongular tolerances (measured obout the tube axis): encapsulated
connection (screen), 30° + 5°; index pin of base, +10°; fifteanth
{vacant} position of Cl-1 cops on tube neck, + 10°; DJs - Dl
deflection paths, 90° + 3°. |ndex pin of bose and fifteenth cap

pasition are on sama side of tube os encapsulated connection.

WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DIVISION, ELMIRA, NEW YORK

WL-7228



WL-7228 Westin ghOUS€

WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DIiVi510N, ELMIRA, NEW YORK



	7228_1
	7228_2
	7228_3
	7228_4
	7228_5
	7228_6
	7228_7
	7228_8

