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INTRODUC TIUN 

An electrical event that occurs only once can be 
displayed on a conventional cathode-ray tube but the 

display is present only for a short period of time. 
This time may range from a few microseconds to sever: 
seconds. A storage cathode-ray tube allows a display 
to be retained for much longer periods of time (up t« 
an hour or more). 

The retention feature of a storage CRT is useful 
when displaying signals which occur only once or 
have low repetition rates. In the past many single-
shot events required that the display be photograptie 
Storage offers a convenient alternative. Signals 
having low repetition rates often cause a flickering 
of the display which is distracting. Storage allows 
these signals to be displayed at a constant light 
level. 

Storage cathode-ray tubes may be classified as eithi 
bistable or halftone tubes. The stored display on 
bistable tube has one level of brightness. A halft« 
tube has the capacity of displaying a stored signal 

different levels of brightness. The brightness of 
halftone tube is dependent on beam current and tare 
time Clre beam remains on a particular storage eleme~ 
A bistable tube, as the name implies, will either 
store or not store an event. All stored events tiav 
the same brightness. 

Storage cathode-ray tubes may also be classified as 

either direct-viewing or electrical-readout type to 

An electrical-readout type tube has an electrical 

input and output. Adirect-viewing type tube has a 

electrical input but a visual output. 
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This book deals primarily with direct-viewing bistable 

storage tubes and associated circuit concepts. Basic 
direct-viewing storage tube principles develop in a 
ste~~-by-step manner from a simple model to a 
fuc►ctioning tube. Also covered: the characteristics 
of bistable tubes and associated typical circuitry. 

A 
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BASIC PRINCIPLES OF 

DIRECT-VIEWING STORAGE TUBE5 

storage A storage target is a surface having the ability to 
target store information when bombarded by an electron bear, 

One of the key questions in analyzing storage target 
bombarding behavior is how much bombarding energy a beam of 
energy electrons has as it arrives at the storage target 

surface. The bombarding energy of an electron on a 
target is directly related to the potential differet 

between the voltage of the target and the voltage o. 

the electron's source (usually a thermionic cathode 

Consider Fig. 2-1 which shows a cathode, two 
accelerators, a decelerator and a target. Electron 
are emitted from the heated cathode at zero volts, 
accelerated to +1000 V, decelerated to +500 V, 
accelerated to +3000 V and then bombard a target wh 
voltage is +200 V. The electron potential at the 
target is 1200 V, because the high-speed electrons 
the +3000 V field must pass through a decelerating 

field immediately surrounding the target. 

CATHODE 

+)oocv 

+i000v 

+soov 

+500Y 

+3000V 

+3000Y 

Fib '-l. Electron ener~.;y at the target is equal 

target voltage - cathode voltage. 
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alec~ron 
potential 

s~cE:p i'•g 
potential 

This idea is emphasized at the outset, because more 
complex situations involving this principle will 

be discussed later. Remember, it is not necessary 

to know the whole History of an electron along its 

entire path in order to know its bombarding energy. 

If the voltage of the emitting source and the target 
is known, the electron potential can only be equal 
to the voltage difference. 

ELECTRON POTENTIAL = TARGET VOLTAGE - CATHODE VOLTAGE 

The above formula implies that an electron emitted 

from a cathode at zero volts would leave zero potential 

on arriving at a target Held at zero volts. The 

assumption has been made that electrons emitted from 

a hot cathode have no initial velocity. It has been 

found that electrons emitted from any source 
(thermionic cathode, photoemission, field emission, 

and secondary emission) have an energy of emission 

associated with them. Electrons emitted from a 

thermionic cathode will have a range o£ energies which 

can be measured by the retarding potential required to 

repel the electrons. A target with a voltage of -0.01 

-volts will repel only about lU% of the electrons 

emitted from a hot cathode at 850°C at zero volts. 

When the target voltage is -0.1 volts, about 66% of 

the electrons are repelled and when the target is at 

-1 volts, about 99% of the electrons are repelled. 

The ~:otential required to repel substantially all of 
the electrons from a particular cathode in a 

particular tube is often referred to as the stopping 

pvter:LiaZ for that tube. The idea of stopping 

potential is useful later to explain why the region 

between complete collection and substantial repulsion 

of emitted electrons by a target is a rounded curve 

rather than a sharp cutoff. 

~ sec.ntl~ry Most storage pubes use the phenomenon of secondary 

eroi :sion electron emission to build up and store eiectrostatic 

charges oa tl►e surface of an insulated target. An 

u[►cr•.rstanding of this concept is imperative to the 

une:rstauding of storage tubes. 

Whef: a target surface is L,o~nbarded by electrons, 

some of tl~e energy of the bombarding or primary 

electrons ~;epat:~te other electrons known as secondary 

--- ----- :. ~ • „ ~-~'~:cr• of the target. The 
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number of secondary electrons emitted depends on 

the number and velocity of the bombarding or primary 
electrons, tt~e target composition, surface condition, 
and ttce angle of bombardment. The amount of secondary 

secondary- emission is usually expressed as the ratio of 
emission secondary-emission current (number of electrons per 
ratio unit time) to the primary beam current and is termed 

the secondary-emission ratio or d (delta). 

Secondary- __
Emission Ratio, 8 

Secondary-Emission Current, IS

Primary Beam Current, I 
P 

An elementary but fundamental experiment with tYiis 
effect is the determination of how the secondary-
emission ratio changes when the bombarding primary 
electron beam eneigy is changed. 

• secondary- A typical experimental device for the measurement 

emission of tt►e secondary-emission ratios of a variety of 
measurement materials is shown in Fig. 2-2. 

SECONDARY 
CURRENT: I 

ELEGTRUIJ GUN 

1

PkIMARY 
CURRENT: I P 

TARGET 
VULTAGC ~~ 

i:ULIEC i GCE 

TAP.GFT 

1 

Fig. ~ ~'. Secondary-emission circuit for a conducti~r 

target. 
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Ttte target voltage relative to the cathode determines 
ttie primary electron potential. The plot (Fig. 2-3) 
shows secondary-emission ratio (d) vs target voltage. 

In this experiment, a primary electron gun forms 
an electron beam which bombards a metal target 

plate in a vacuum. The target voltage is the 

ictdependent variable for the curve to be plotted. 
A collector electrode surrounds the target, and it 
is held a few volts more positive than the target 
electrode by a voltage supply which is between 
the target and the collector. There will always 
be a strong enough field around the target electrode 
~o ir:sure collection of all the secondary electrons 
in this device. 

I 

Isi ~kos5ovtk 
I 

~-

TAkGL? VOLT AGL -~ 

U TARGfT 
CUKHENI 

fiig. 2-3. Typical secondary-emission yield curve. 

At some low positive target voltage, such as +20 

volts, a primary beam current of 10 uA may cause 
a secondary current of perhaps 5 uA to flow from the 

target to the collector. The secondary-emission ratio 

would be 5 uA/10 uA, or U.S. Notice that since the 

target is receiving 10 uA but is losing 5 uA of 

current by secondary emission, the net electron 

current collected by the target, and leaving the 

envelope through the target-lead wire, is only 5 yA. 

At some higher target voltage, such as +50 volts, ttie 
bombarding energy is higher and the secondary 

curr•~nt may rise to become equal to the primary-

bea~:. current. A 10 uA beam producing lU uA of 

secondary-emission current from the target to the 

cc . tc:utvr iL~a: r_- :~uft~- in a >ecur:dary-emission rat iu 
ui ~. :)lu~.~: tiu~ tart;: ~ i•.: collec•t.it:l; LO FAA and 

losing 10 uA, tkie net flow of current in the target 
- . --- = - _-_ frx,~l it i ons where the secondary-
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emission ratio is unity will later be seen to have 

a special importance. Since the secondary-emission 

curve crosses the ordinate lines of d = 1 at such 

points, these points are often called crossover 

points, and the point just described, which is the 
first Zo~est target voltage at r~hich this crossover occurs, 
crossover is usually referred to as the first crossover point. 

Fig. 2-3 shows that the direction and amount of flow 
of current in or out of the secondary-emission target 
surface, and in the lead-wire to the target, depends 
on the secondary-emission ratio. An additional scale 
of ordinates has been added on the right side of 
the figure to show net current through the target 
surface. Tire current scale is in units such that 
one unit equals the total primary-beam current. 

When the secondary-emission ratio is one, there 
is no net flow of current to or from the target, 
and the current in the target lead-wire is labeled 
I = 0 in the figure. The current ordinate in Fig. 2-3 
is given a positive direction for current flow into 
the collector, since the target surface is losing 
negative charge or gaining positive charge. 

At some higher target voltage, such as +80 volts, 
the 10 uA of primary current may cause 13 uA of 
secondary current, resulting in a secondary-emission 
ratio of 1.3. The net flow of current at the target 
surface is now away from the target, since more 
current is emitted than is collected. An electron 
current of 3 uA now flows into the collector from 
the target lead-wire. At a higher target voltage, 
such as +700 volts, the secondary-emission ratio may 
reach a maximum, for example at d = 2. Above this 
voltage, fire secondary-emission ratio decreases 
until, at perhaps +2800 volts, the secondary-emission 
ratio may again equal 1. This is another crossover 
point of special interest, and is commonly called fire 

Second 3eeortd eroasover point. The drop in secondary emi<a io. 
crossover which occurs above the maximum point is believed tc; 

be the result of deeper penetration of the more 
energetic primary electrons into the target material, 
before collision witty the target atoms occurs. Large 
numbers of secondary electrons may be produced below 
the surface, but many are captured within the target 
before they reach the surface, and do not contribute 
to the Current leaving the target. 
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The preceding explanations have discussed the 
phenomena of secondary emission with the collector 
electrode always more positive than the target. 

constant Uther electron-optical effects take place when tl[E: 
col lector collector electrode voltage is held constant. 
voltage These effects provide the basis for tt[e study and 
effects understanding of bistable storage devices. 

Fig. 2-4 differs from Fig. 2-2 in that the collector 

electrode is held at a fixed +200 V. 'f his is the 

first of a series of changes to be considered in 
the step by step evolution of ttre understanding of 
a direct-viewing bistable storage tube. 

COLLECTOR 

Fig. 2-4. 

1 Fl I:GCT 

+200V 

TARGET 
VOLTAGE 

Secondary-emission circuit modified to 
show effects of fixed collector voltage. 

With the arrangement in Fig. 2-4, the secondary 
emission which occurs when the target is below +200 
volts is collected as before, because the collector 
is more positive than the target. This emission 
and collection is shown on the curve of Fig. 2-5, 
just below the fixed collector voltage point. 

'hen the target is well above the collector voltage, 

It +SOU volts for example, secondary-emission 

lectruns leave the target surface due to their 

energy of emission. The electrons are emitted into 

a retarding field caused by the lower collector 

voltage, wieich reflects must of them back to the 

target. under tiles+_ conditions, the net secondary-

erniss!on c.urrerrt is near zero, slnce essentially 

*: ~ secondary current reaches the cullecWr. The 
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tax-get is receiving the primary beam current, and is 

acting simply as a collector of current. Current 

measurements from outside the enveiope would show 

that the target current equals the primary beam 

current, S = U, and the collector current is zero. 

Ttrese are also the current conditions for a target 
material which is such a poor emitter of secondary 
electrons that no substantial emission current is 
collected. It can be seen that current measurements 
in this device cannot distinguish between the total 
return to the target of secondary electrons by the 
collector, and a true secondary-emission ratio of 
zero. 

effective Another important effect occurs in ttte vicinity of 
secondary zero volts, on the curve of Fig. 2-5. This effect 
emission results in a modified "effective" secondary-emission 

curve. 

FiXEO 
CULLECTuF 
VOLTAGE 

SLCONDARY-
EMISSION 
RATIO b-i 

d-0 
0 +~OOV 

TARGET VOLTAGE 

Fig. 2-5. Secondary-emission curve modified by fixed 
collector voltage. 

At some point G which is substantially below zero 

volts (e.g., -S V), the target is surrounded by a 

negative (repelling) field, whictx reflects all 

primary electrons to the collector. External 
current measurement shows that the collector current 

equals the primary current, and the target current 

is zero. These are the same current measurements 
which occur at the crossover points, where the 

secondary-emission ratio is one. At this voltage 

the target has an apparent or net effective 

secondary-emission ratio of one. The current 

me:~;;urcuients cannot distinguish between the total 

reelection of primary electrons, and the physical 

eii.•ct of a true secondary-emission ratio of unity. 
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As target voltage is increased, approaching zeru 

vvlts from the negative side, it leaves the region 

of reflection of primary el~~ctruus :nrd enters the 
region of actual ta~.get boml,urdmeul and true 
secondary emission. 

Tire region around zero target volts is of particular 
interest since both halftone and bistable storage 
targets operate partially in this region. 

appar:~tus The results of these two "apparatus effects" is the 

effects r,ctt secondary-emission curve of Fig. 2-5. This is 

t,lte important curve for bistable devices, and will 

be used ofteu. 

To  summarize: Ttre curve differs from the physical 
effect of secondary emission at both ends of the 
curve; near zero volts and near collector voltage. 
It differs fur the same reason in eactr case; 
reflection of electrons by amore negative 
electrode. Reflective of primary electrons by the 

target occurs below zeru volts; reflection of 

secondary electrons Ly the collector occurs above 

the collector voltage. 
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CHARGING AND BISTABILITY 

At this point, another itnportant change in the 
experimental tube will be discussed which will result 
in a device which is capable of simple storage 
effects. This effect will be accomplished by the use 

floating of a floating target instead of a target whose 

target voltage is externally controlled. 

CGLLECTOf? 

ELECTRON GUN IS~ 
TARGET 

TARGET LEAD SWITCH 

+2UUV 

Fig. 3-1. Secondary-emission circuit modified to 
allotia floating target. 

The device shown in Fig. 3-1 can be used to determinF 
floating experimentally in which direction thr potential ou 
target the floating target changes due to target charging, 
potential for any particular initial target voltage. With 
change the switch closed, the target supply may be adjusted 

to any starting condition, and then the switch 
opened and the changing target voltage measured. 
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When the target is set at some low voltage such as 

+20 volts, a secondary-emission ratio of about U.5 

may typically result, as shown at point D in tare 

curve of Fig. 3-2. For every unit of primary current 

collected by the target, U.5 unit of secondary current 
flows back into the vacuum, so the net collection 
effect is 0.5 unit of electron current, which flows 
out of tite envelope on the Target lead-in wire. 

v 

~.. ~.!r1 
w~;; 

~~wi.::~Ar:~ 
-Lan s~ wr, 

rvli I J 

V~= ZUOV 

TARGET VOLTAGE -~ 

Fig. 3-2. Secondary-emission curve - fined collector 
voltage. 

If the switch irr the target lead is now opened, the 

current in the target lead-in wire is interrupted, 
and the target starts to charge in a negative 
direction, due to the net collection of electrons. 
The target voltage then shifts downward from 
point U. 

The curve of Fig. 3-2 is the result of opening the 

switch in the target circuit at many different 

target voltages, to determine its charge direction 

as a function of target voltage, as shown by the 

direction of the arrows. As the target charges more 

negative from point U, its voltage decreases 
sequentially to ttEe voltage at points E, F, and G 
on the curve. The secondary-emission ratio changes 
as ttie target voltage changes, but it remains below 
one, between points A and G, su the direction of 

target charging remains negative, although the 

chargint; rate varies. 

'The rate of charging decreases as the target voltage 

clu~ely upproach~s voltage G, since the secundary-

emi:.siun ratio appr .~ac}.us 1. 4lhen the target reac•hc:s 
puii:t G, the riet ct;3rgii,g ratE_ becomes zero and Lh~re 

_ __ - ------ - 
---a Ca r'Y.E'-t VUltak,e. 
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If ttte target circuit is opened when the target is 
between point G and J there is no net charging 
by secondary emission. Positive ion bombardment and 
conductivity across the insulating target support 
structure will cause the target to charge slowly in 
a positive direction, until point G is reached. The 

curve above point J shows that ttris effect results 
in a positive direction of charge, just as if the 

secondary-emission ratio were greater than one. 

A target's voltage becomes „table when it arrives 
at point G. The charging effects balance to zero 
at this point, whether the target has been dropping 
in voltage from a higher voltage or charging positive 
from a lower voltage. 

if a target at point G is temporarily disturbed from 
its rest position by a small voltage shift, in either 
direction, the net charging effect is riu longer zero. 

A charge arises having a direction which restores the 

target to the voltage of point G. Since there is a 
restoring force on a target in the vicinity of point 
G, this point is a stable point as long as the 

erase primary electron beam is present to preserve tYiis 
stability. A target at this point on ttte curve is 

lower referred to as being erased or unwritten. To "erase" 
stable a target in this device means to change the voltage 
point to the lower stable point of the curve. 

write 

upper 
stable 
point 

The curve segment P-W has a net charging direction 

which is negative over the whole segment. When the 

target circuit is opened at the voltage of point W, 

for example, the target charges in a negative 

direction toward point P because d<1. As point P 
is approached, the charging ratio decreases because 
the secondary-emission ratio is approaching one, 
and ttte net target current is approaching zero. 
At point P, tt~e target voltage stops dropping and 
becomes stable, the net charging rate is zero 
because S = 1. A target at this point on ttte curve 
is referred to as being "written." To "write" a 
target iu this device tneans to change its voltage 
to the upper stable point on the curve. 

The segment A-P of the curve lies entire'..y above a 
secondary-emission ratio of unity, so at every 
E~oint. on the segme~~t, the net current is away from 

the tartErt. 'This .loss of negative charge- drives the 
tart;ct more positive. When the switch is open, a 
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target at point K increases in voltage until it 
reaches the voltage of point F, the rate of charge 
dropping to zero as it approaches. 

When a target has charged to the voltage of point P, 
either from a higher or lower voltage, it has reached 
a voltage wl►iclr is stable. A small disturbance of 
the target voltage will be corrected by restoring 
forges that return the voltage to point P, as Zvng 
as :.he ~;rimury hewn i:s present to preserve stability. 

Stab Ir; 
~UIntS 

unstable 
.point 

;t.Ul ~ I ~ y 

Notice that at the two stable points G and P, the 
curve of Fig. 3-2 crosses the line I = U with a 
negative slope. Astable point in a floating target 
voltage occurs wherever the curve of net charging 

current crosses I = U with a negative slope. 

At point A, the net charging current is also zero, 
bu!_ a small change in target charge from any "noise" 
so~irce will send the target charging up or down to 
point P or G, depending on which way the voltage 
is first shifted by noise. Point A is a uniquely 
unstable point, and it should be noted that an 
unstable point in the voltage of a floating target 

occurs wherever the curve of net target charging 

current crosses I = U with a positive slope. 

Since the target now .has two stable points, G and 

P, at which its voltage will be held by restoring 

forces, (which point depends on its history before 
the switch in the target circuit was opened) we 
see that this device is an elementary bistable 
storage tube. This tube may be interrogated by 
measuring the target voltage. The measurement will 

tell whether the voltage supply was above or below 

the voltage of point A at the time that the switch 

was opened. The information is present in the form 

of a voltage at the target lead-wire, but there is 
no image displayed. This tube is an electrical 
readout tube (of one-bit capacity) as opposed to a 
direct-viewing storage tube. Bistable storage is 
frequently referred to as having "infinite" 
persistence, sire e the tube will retain its stored 

iccformatiun indc-rinitely. 

Stability is dependent on the presence of a restoring 

force. 'i ris iundameutal idea can ;~e made more 

fami~iar ~ comparison to a mechanical model. 
-~ _ ~,~,. ~ ,i <;urface with a small ball 
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resting un it, under the influence of gravity. The 
ball will remain indefinitely in either of the 
stable positions G or P, if once placed in either 
of these positions. These sections of the model are 
comparable to the stability of tt►e storage target 
just described, which will remain at either of its 
two stable voltages indefinitely. 

W RECTIUN TAk~CT 
OF FUR(;E ~UF2REtJi 

R I=+i 

1 
F=0 I=0 

L I=-I 
V CULLECTCR 

I 

I 
I 
I 

Fig. 3-3. Mechanical stability model and secondary-
emission curve. 

If the ball at point G is displaced to the right, to 
point E, it experiences a strong restoring force 
whictr returns it to point G; in fact, the surface 
at point E is the steepest slope on this portion of 
the model. This section of the model is comparable 
to a target at point E which is restored to stable 
point G, and has the highest negative charging rate 
on this part of the curve, at point E, where the 
effective secondary-emission ratio is low. 

If the ball is placed at point A on the mechanical 

model it is unstable, and will drop to point G or 
P at the slightest disturbance, just as a target at 
point it on its curve is unstable and will shift to 
G or P at the slightest disturbance. 
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Notice that points E, N, and W on the target 
charging curve are points of highest charging rate, 
and corrt~spond to points of maximum slope on the 
mechanical model. Points G, A, and P have zero 
charging rate on the charging curve and zero slope 
on ttte model. 

the slope of the surface of the mechanical model is 
such that. a graph of the forces on the ball at any 
point on the model's surface has the shape of the 
b curve. The graph and the arrows on it show the 
amount of force on the ball, and the direction of 
force, which is to the left where the curve is below 
the line F = U. An ordinate scale may be added on 
the left side of the graph showing ttris force. This 
one graph now shows effective secondary-emission 
ratio of a target, the amount and direction of target 
charging, the amount and direction of force on the 
ball, and the stable points for both the ball and 
the target. 

Important :Dote--

-- The text to tiris point is applicable to storage 
cathode-ray tubes in general. The material on the 
uex~_ few pa;;es should not be interpreted as 
nec~_ssarily applying to Tektronix storage tubes 
but as part of the historical evolution of storage 

CRT's. After the evolution of storage in general 

is ompleted, the construction characteristics and 
operation of Tektronix storage tubes is covered 
starting with Chapter S. 

. , ~_,: p 

It is possible to change the voltage of a target in 
either direction by shifting the cathode voltage of 
a single bombarding electron gun, to obtain a high-
energy or low-energy beam at the target. Eittrer a 
trfgtr or low secondary-emission ratio cart be obtained, 
making ttre target charge up or down to the opposite 
stable point. Ire practical storage tubes, 
however, the cathode of a primary beam is generally 
Wert shifted iu voltage, because the bias, focus, anode, 
;.:d deflf rtion ;ultagc , would all have to be shifted 
ith iL to uu~in± in tie beau size, location and 
urre:a. It hr. been found much more practical to 

;se two guns t:a ing tt:eir cathodes f fi xed at different 
-voltages, and to keep must of the gun electrodes 
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Accordingly, a step in the series of modifications 

of the previous simple devices, evolving toward the 

complete storage tube, can now be made. The next 

change will be to add a second electron gun, 

providing a second beam of primary electrons. 

mesh 

flood 

gun 

writing 
yon 

-z000v 

i 

FLO!1u CUtI 

1 
WRITING GUN 

GGI i:CiGR 
Slt 

~ 1~ 
i 
I 

I 

CGLLECTOk 
ELECT{wGE 

Fig. 3-4. Floating target control with two guns. 

In the tube of Fig. 3-4, the entrance aperture in 

the collector has been enlarged to admit two 

electron beams. The resulting reduction of the 

strong collecting field in front of the target has 

been corrected by placing a mesh across the entrance 

aperture. The mesh maintains substantially the same 

field that would be there if a solid part of the 

collector occupied that position. A transparent 

high-transmission mesh is used for this purpose, 

to pass most of the primary electrons. 

The upper gun will be called the flood gun and the 
lower gun the tvritirig gun, in anticipation of later 
usage. For the present, the distinguishing feature 
of the flood gun is that it will flood the target 
at all times, not just intermittently as the 
writing gun does. Assume for the moment that the 
lower gun, the writing gun, has been biased to 
cut off, and is riot bombarding the target. The tube 
cannot be written or erased by an external target 
voltage supply, because there is no connection to 
the floating target. This tube also cannot be 
written or erased with ttie single-gun effects of 
:;lriftir►g cathode voltage, because we have fixed 
the cathode voltait;e instead of providing a s=ar ~ ably 
voltage supply. 
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Since the flood-gun cathode is at zero volts, the 
target voltage ir► the charging-current curves may 
be read directly as the voltage difference from 
cathode to target. This is not the case fo>: tl►e 
writing gun, as the writing-gun cathode is fixed at 
-2000 volts relative to the flood-gun cathode. 

writing Writing is accomplished by gating on the writing 
beam with tite writing-gun grid. 

The combined effect of two beams hitting the same 
target surface is simply the sum of the individual 
effects that each beam would have alone. The 
secondary-emission ratio due to one beam is not known 
to be affected by tare presence of a second beam having 
a different bombarding energy. (See Fig. 3-5.) 

Fig. 3-5. Secondary emission. 

When t1-re target is at its lower stable point and the 

writing gun is gated on, electrons arrive at the 

target with a potential of about +2000 volts. The 

high secondary-emission ratio of t}re target fur 

+20~JU volts causes a Ytigh positive charging rate 

anu the target voltage immediately starts to increase. 

As the tarl;et voltage leaves the lower stable point, 
re:.toring ;urce:-, Begin to oppose the writing effect of 
thy. writing; gun, aue t.r the stabilizing effect of the 
f I:: ud c;un. 
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target 
charging 

erasing 

if itie effect of the writing-gun current is greater 

tt►an ttie effect of the flood-gun current, the target 
will charge up to the first crossover point and 
higher. After the target voltage exceeds the first 
crossover point for flood-gun emission, the flood 
guu is no longer opposing the writing effect, but is 

aiding it. It is only necessary for the writing 

gun to be gated on long enough to carry the target 

just past the first crossover. Flood currents alone 

will carry the target the rest of the way to the 
upper stable point. When the writing-gun beam is 
gated on for too short a period to carry the target 
past first crossover, the flood beam will return the 
target to the lower stable point after the writing 
beam is biased off, and storage will not occur. 

lluring writing, the target shifts over the range from 
the lower stable point, slightly below zero volts, 

to the upper stable point, at about +200 volts. The 
writing-beam potential shifts from +2000 volts to 
+2200 volts because of the target voltage change. 

This represents a little change in secondary-emission 
ratio for the writing beam, and, for any particular 
beam current, we may regard the writing beam as a 
nearly constant source of positive charge (via 
loss of secondaries) being delivered to the target, 
which overcomes the stabilizing current due to the 
flood gun. 

The above explains how writing and storing are 
accomplished without shifting cathode voltages, 
by using two guns. Restoring the target to the 
lower stable point is carried out by pulsing the 
collector negative. 

If it is assumed that the capacitance from the 
collector to the target is at least equal to the 
capacitance from the target to all other electrodes 
(which is a very conservative assumption in this 
tube), then half of tt►e collector voltage change 
appears on the target. If the collector voltage is 
suddenly dropped by 150 volts, from +200 volts to 

negative the first crossover point at about +5U volts, two 
target effects occur which tend to charge the target 
charying negative. Une of these is the capacitive coupling 

of the collector signal to the target, which 
inuuediately drops the target voltage by 75 volts 
(in this example) to a new target voltage of +125 
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volts. The ether effect i5 t}~e negative charging 

of the target by prirnary collection. The collector 
cannot collect secondaries from the target when the 
collector is far more negative ihau t}ie tarbvt, su, 
the secondaries are reflected buck to the target, 
the effective scwudary-emiasiou ratio is below one, 
and the target collects flood-gun primaries and 
charges negative. This continues until the target 
reaches tt~e lower stable paint just below 0 volts. 

:rra_;~ 
.,:~~ ve t :: rm 

The collector cannot now be suddenly returned to 

+200 volts without changing the target voltage, 

bt:cause the target would be pulled above the first 
crossover by capacitive coupling, and be written 

again by the flour bea~;i. Instead, the collector may 
be returned to its voltage of +2UU, if desired, by 
a series of steps of voltage, each step small enough 
so that the target is not driven above first crossover, 
and each step followed by a delay lung enough for the 
target to charge back down to the lower stable point 
from which it was displaced by capacitive coupling. 

A more practical method is to raise the collector 

voltage continuously, but at a rate slow enough t}~at 

the negative-charging restoring forces un the target, 
near the lower stable point, are able to overcome the 
capacitively coupled positive charging effect enough 
to keep t}►e target below first crossover and that the 
target doesn't charge positive to the upper stable 
point. Atypical erase waveform that could be applied 
to the collector is shown in Fig. 3-6. 

The recovery tune needed for the collector voltage 

depecids on the particular tube design and the 

flood current. 

o0 

;r_ar•rni ~r: 
nCfCHNA7IVC 

Fib. ~-r~. ras: wavef~_jun for ~;ucc;ndaiy-uraiss~n 
i rcr, t . 
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It teas been seen, in this section, that a floating 
target with nu access to external supply voltages 
can be put in either. stable t,usitiun by control of 
the primary beam energy, or by control of the 
collector voltage. This is the first tune in the 
sequence which writes, stores, and erases a 
floating target with guns at fixed voltages. 
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BISTABILITY IN MULTIF~LE TARGETS 
AND DIELECTRIC TARGETS 

multiple 
targets 

T1►e next step in the structural evolution of a 
bistable storage tube (shown in Fig. 4-1) is to 
increase the number of targets within the tube. 

In this tube, the flood-gun spot size has been very 
greatly enlarged to extend over all of the targets. 
This can be done with a relatively simple short gun, 

having no need for deflection plates. The writing 

gun still emits a focused, directed beam, and all of 
the writing beam current is directed toward one 
target at a time, such as target 3 in Fig. 4-1. 

C^LLECTG 
FIWD GUN 

i ~ l 
_~ 
~\ ~ I2 

WRITING GUN 

-zoLwv i 

I WRITING 
I'i LSE 

_~ I j3 

\ I ~ 

TkRGE (S 

EHT';E PL'L ̀ -f 

<OOv 

Fig. 4-1. Control of multiple targets with two guns. 

Initially, the writing gun is biased off, the flood-
gun cathode is grounded, the collector is fixed at 
+200 volts, and all targets are at their lower stable 
point. The restoring forces of bistability are 
present for all of the targets, and the flood gun 
is able to hold each target independently at either 
of its two stable points, once they are written or 
erased to those points. 

When the writing beam is gated on and bombards target 
3, fur i><istance, this target charges positive and is 
written to its upper stable point. Target 3 is then 
held at its upper stable point, while the other targets 
remain held at their lower stable point by the flood 
gun. 

hihen the erase pulse in Fig. 4-1 is applied to the 
cullector, the written target is made to act as a 


