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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 



ri 
24 

net collector of current, and is driven to its lower 
stable point, as previously dcscrib~~d. The unwritten 
targets 1, ~, and 4, are driven negative and then 
positivr again back to the lower stable point, by 
capacitive coupling to the collector, as the erase 
pulse goes negative and positive. 

When the erase pulse is applied to the collector, 
ttre written target's voltage drops (due to capacitive 
coupiing) below first crossover and the target 
charges negative to its lower stable point (due to 
flood-gun bombardment). The erase pulse couples to 
the unwritten targets causing unwritten targets to 
descend witty the erase pulse, to a voltage BELOW 
the lower stable point. At this time a strung 
negative field surrounds eactr unwritten target 
repelling flood-gun electrons. Unwritten targets 
then follow the erase pulse positive to the lower 
stable point. All targets at this time are at 
ttre lower stable point (erased). 

Ttre next step irr ttre structural evolution of a direct 
dielectric viewing storage tube is to substitute a single 
sheet large dielectric target for the individual metal 
tan_;et targets. Imagine increasing the number of rows 

and columns of metal targets indefinitely and at 
ttre same time decreasing the size of the targets 
and the space between them. Wtren the targets 

become much smaller than the beam, we substitute 

a dielectric material for each target, as well as 

for the vacuum which insulates each target from its 

neighbors. The result is that the target array is 

replaced by a single dieiectric sheet which is 
capable of having any area element of its surface 

written and held positive, or erased and held 
negative without effecting the adjacent area. 

In preceding tubes, each target was charged to the 
same potential over its whole surface, since the 

targets were conductors. With a dielectric target, 

indepc;ndent each small area of the target may be charged to 

targF_~fis either stable point independently of its surrounding 

areas, as if the target surface consisted of very 

many small metal targets, which are incapable of 

current flow between targets. 

TGe dielectric r;at_~rial may be a sheet of glass or 

mica, car of :per c:iclectric materials known to have a 
it i nth ~,. : ~rii- :~rv-~ ,ru r;SiUri ratio. 'these materials 
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often have secondary-emission ratios which reach a 
maximum in the range oft to S, and somecimes higher. 
With this change, the tube has evulved to the 
capability of writing, sturiug, and erasing a hig?~ 
resolution bistable two-dimensional charge-image. 
The next step will be to provide a visible image. 

When the preceding tube has a charge-image stored 
on its dielectric target, the written portions are 
being bombarded by flood electrons having much more 

visible 
energy than the few low-velocity electrons reaching 

l ight 
the unwritten portions. This energy may be used to 
produce a visible light image by using a fluorescent 

image 
material for the target dielectric. 

phosphor The target may consist of a phosphor layer coating 

dielectric a glass supporting plate, and the phosphor may be 

viewed through the glass plate from the side opposite 
the electron gun. Fig. 4-2 shows this tube. 

F LDOD GUtJ 

WHITING GUN 

-LkV 

I 

PHOSPFIOF. 

COLLLCTOk 

G ~ht.:, 
NLATL 

+:Dev 

I 
Fig. 4-2. Elementary direct-viewing bistable storage 

tube. 

:;DSF kY Eli 

BRA [ i'c _`~ 

_ ~_

WRITING 
PULSC 

A large aperture has been placed in the rear of the 
collector so that the image may be viewed from that 
side. 

The phosphor coating serves as a dielectric target, 
and has the same bistable storage properties 
exhibited in the previously described tine. Both 
the written and unwritten target areas are held at 
stable points which insure no r~et current flow to or 
i:rom the target surface. Even though the arriving 
au~l ~ecaudary currents are equal, can~_elling the 
transfer of charge to zero, there is a considerable 
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net transfer of energy to the target. The flood 
electrons bombard the written areas of ilre target 
at the potential of the upper stable point. The 
secundary electrons leave the target witic much lower 
energy. Some of the energy, which was largely 
dissipated as heat in preceding tubes, is now 
converted to visible light by the fluorescent 
phosphor target. In unwritten areas, ilce few flood 
electrons which reach the target (to maintain 
equilibrium with ion collection and leakage) arrive 

target with too little energy to cause much target 
filuvrescenc~ fluorescence or secondary emission. 

no :;ray 
scats or 
halttones 

Since all the target areas are charged to either one 
of two possible stable potentials, the resulting 
light output in any element of target area is either 
of two intensities; full brightness or minimum 
brightness. There is no gray scale or half tones of 
brightness. This is characteristic of bistable 
storage tubes, and limits their usefulness to 

applications for which tralftones are not essential, 
but 'infinite' persistence is desirable, such as in 
oscilloscopes. 

A tube of the type described was built and reported 

by A. Haeff in 1947. The tube is extremely 
interesting in comparison to the development of 

ear:y succeeding years. This early tube had the advantage 

tube of simple target construction, but suffered from low 

t imitati _ns brightness due to the relatively low energy of 

phosphor bombardment. It also had a very limited 

stable range of collector voltage, as evidenced 

by the tendency of the written image to spread over 

unwritten areas or erase into written areas. 

T'he brightness of the image formed by this tube may 
be increased, to a small extent, by raising the 
operating voltage of the collector. This increases 
the voltage of the target surface at the upper 
stable point, so that the more energetic primaries 

cause higher brightness of the written areas. 

col ic .tor 
volts to 
~:ri ti .al 

It has been found, however, that the collector 
voltage cannot be increased much before the image 

bec~umes badly degraded. The written areas cxparrd 
into the unwritter: areas as a result of motion of the 
Loundary which sc;,~arates the written and unwritten 

re as . 
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The opposite effect occurs when the collector 
voltage is low. Conductivity and other effects 
can lower the voltage in written areas near the 
boundary, and the boundary moves into the written 
areas. 

When operating conditions permit the boundary to 

move in either direction, the image is ultimately 

erased, either by the entire viewing screen fading 

to a darl~ condition or by "fading positive" to a 
fully written bright viewing screen. 

Since the collector voltage could not be raised 
enough to achieve high brightness in bistable tubes, 
other means were used, as described in the next 

section. 

NOTE --- The text to this point applies to storage 

cathode-ray tubes in general. 
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SIMPLIFIED BISTABLE STORAGE TUBES 

The suspended coated mesh type, or "current-
transmission" type of storage tube has been, and 
probabiy still is, the mainstay of the direct-viewing 
storage tube art. However, the recently developed 
Tektronix storage tubes achieve a simplicity of 
structure which justifies describing them as the 
beginnings of a "third generation" in storage tubes. 

The development of these tubes depends upon 
controlling the boundary migration of stored 
traces, without resorting to complex tube electrode 

image and target structures. image boundary migration 
boundary occurs in several types of bistable tubes particularly 
migration under unfavorable operating conditions. The exact 

cause of image boundary migration is subject to 
conjecture. 

A part of the target surface is held positive by the 
flood gun where it was written by a writing gun. This 
area charges to the collector potential. The adjacent 
area is unwritten and charges down to the vicinity of 
the flood-gun cathode potentiai. This results in a 
high voltage gradient across the boundary of the stored 

area. Since the target is nut a perfect insulator, r_he 

potential across the boundary must shaete gradually from 
one stable potential to the .ether, over- a finite 
distance. This leads to the result that, in a smoot~i 
uninterrupted target, there c.ust be transition areas, 
which are at the first crossover potential, where th~•re 

are no forces of bistability. If a charge is then 
delivered to this unstabilized area from some other 
source, it will shift in pot~•utial su that it is no 

luuger at first crossover. '''+'t~is results iu a s};ift _i 
location of the boundary of the stared image': 
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When considering the sources of charge into or out 
of this area, many possibilities come to mind. 

Izakaye Leakage currents are possible from the adjacent 
current target areas. Where a contacting backing plate or 
sources collector mesh is used, leakage currents from these 

electrodes can occur. Ion bombardment may also be 

present. 

With this conceptual background, the approach was 
to attempt to simplify target structure by combining 
the functions of the storage dielectric and the 
phosphor in a single layer., and to explore several 
types of interrupted target surfaces to prevent 
image spreading. 

(Througtrout this discussion, voltages will continue 
to be referenced to a grounded flood-gun cathode. 

Also, a flood gun and writing gun are, of course, 

assumed to be present, although they are not always 

shown iri the figure.) 

TARGET DOTS 

STOkAGt-
TARGET 

BACEPLATE 

FACEPLATE 

Fig. 5-1. Uot-pattern bistable direct-viewing 
storage tube. 

Tubes of the type shown in Fig. 5-1 were then 
constructed. In this tube, the storage dielectric 

consists of dots of phosphor deposited on a 

~t,~raye- conductive-coated faceplate. This conductive 
+~,rget coating will t;e called the storage-target backplate, 

• !:, w~l~te .,nd is the collector of secondary electrons. The 
uosphor was deposited in thicknesses typical of a 
~nveutional cathode-r.~y tube. It was found that 

,_,; t tee ~ >olat ion of. areas of t~hosphor in dots would serve 
he purpose of }preventing ,p reading of the :;torF~d 
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Ttie simplicity of the dot target was attractive, and 
ttre good performance of the tube made it seem likely 
that this would become the first product of this type. 

Then, a still simpler target was developed. 

A series of tubes of the type shown in Fig. S-2 were 
made, having no phosphor dots, but having increasing 
weights of phosphor deposited as scattered particles. 
It was anticipated that when enough phosphor was 
used so that the particles touched each other, 
forming a continuous layer, no storage would be 
obtained because of the apparently instantaneous 
migration of the stored image boundary across the 
target face. Fortunately, this was not the case. 
It was found possible to increase the weight of 

phosphor settled phosphor to amounts which result in targets 

particle having a thickness of more than one particle layer. 

targets This is the principal finding which makes this new 
tube possible. The increase in thickness resulted 
in a higher operating voltage which made an essential 
contribution to the brightness. 

STORAGE-
TARGEi 
BACKPLATE d ~'aaa_PQO

SCATTERED PHOSPHOR 
PARTICLES 

fACEPLATE 

Fig. 5-2. Scattered-particle tube. 

When still larger weights of phosphor were deposited, 
resulting in even tYiicker targets, a itrreshold was 
discovered above which storage could not be obtained. 

Since the predicted failure to store did occur, 

although at a greater thickness than was anticipated, 

it was felt that the conjecture concerning the need 

to prevent image spreading was again confirmed. IC 

is now believed that targets thicker than a single 

partiche layer, but thin enou;;li to sty re, are very 
porous in structure and also Have ver} little 



32 

Seml-

irontinuou5-
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1 umi n~•ce 

-•tr_, , 

CUlldilCtiVl.ty in a direction transverse to the tube 
axis across the face of the target. These targets 
may be ttrought of as semicvut.inu~t~a Luyera or loosely 
packed particles. The low transverse conductivity of 
tlTese loosely packed particles may be attributed not 
uuly to the low packing density of the phosphor 
particles but also to the irregular particle shape, 

which may reducr the area of contact between adjacent 

~Tarticles. 

The effect of varying thickness on the storage 
characteristics is shown, for the semicontinuous 
target, in Fig. 5-3. These curves also apply in 
general to the dot target previously described. 
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Fia. 5-:~. Performance versus target thickness. 

Referring to the curve showing luminance as a function 

of thickness, a general dome-shaped curve having a 

peak which corresponds to the thickness of a 

conventional aluminized cathode-ray tube can be seen. 

Above this point in ttrickr►ess, t1Te Lrigtrtness drops 

of.f because of absorption of light passing from the 

rear surface of the phosphor through the viewing 

screen to the faceplate. Above a thickness which is 

a storage threshold, storage Yras not been obtained 

using the seraicontinuuus type of target. 

Within the range of thicknesses in which the 

;eraicuntinuous trr.Yets will store, contrast varies as 

fur:ctiorT ul ih+ckues_: as shown- by the contrast curve. 
it is appa< -•ca trora tln curv•_s that. tl:e h y;hest 
t:rit;t mess :,Td contrast wlll be obtained by approachint; 

~:r~ ,. r ti,t- ~ ~:}~„!,I - ~ th i kr:es5 as c lo:;cly as 
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resolution Are approximate resolution curve is also shown in 
this figure. Phis curve is an estimate intended to 
depict the fact that in very thin storage layers, 
wk►ere phosphor particles are separated from each 
other by an expanse of emt,ty faceplate, tfie 
resolution is degraded since it is limited by the 
number of particles present on the faceplate. When 
enough phosphor is present to form a semicontinuous 
layer, there is no further improvement in resolution 
obtainable by increasing the thickness. 

The stable range curve requires a little more 
extensive explanation. Bistable targets have the 
ability to store over a range of voltage on the 
collector electrode, which is the storage-target 
backplate (STB) in this tube. A uniform target 
may store with the storage-target backplate at any 

stable voltage in the range from lUU to 2U0 volts, fur 
range example. This range is called the ctable rarye. 

If the STB voltage is lowered below this stable range 
a stored trace fades out. The voltage at wt►ich the 

retention trace fades out is called the retention thre~hoZd. 
threshold If the back plate is raised above the stable range, 

the whole target takes on the fully written brightne; 
fade level. This voltage is called the fade-positive 
positive voltage. The range between the fade-positive level 

and the retention threshold is called the stable rant 
(see Fig. 5-4). 
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l~ig. S ~. Stora-,e-target-backplate voltage ~~ersus 
elistzi►ce acros, screen. 



The existence of an adequate stable range of backplate 

voltage is of the greatest commercial importance. 
This range must accommodate power supply drift in the 
instrument using the tube, drift due to the aging of 
the targets, errors in measuring the stable range, 
which is difficult to measure, artd especially 
nonuniformiti.s in the stable range across the face 
of the target. The stable range versus thickness 
curve appears to peak at well over 100 volts, at a 
thickness clu:;e to the storage-threshold thickness. 

wri+ir.a 
thr~sho!d 

then the STB voltage is at retention threshold (RT) 

the tube will NOT store new information. If 
infurrtatiou has been stored (when STB was above R'I) 
it will still be present but new information cannot 
be stored. Fur a given set of operating conditions 
the lowest STB voltage at which a signal can be 
written and completely stored is called writing 
t%u~eslwld (WT). This is a few volts more positive 
than retention-threshold voltage. 

[ti~lten the STB is operated very close to the fade-

pusitive voltage, resolution of a stored trace 
upper` suffers. The highest STB voltage at which a signal 
wr~-;ng can be written and still maintain a given resolution 
, ; ,:iii under given conditions of operation is called the 

tcpper ;writing Zi~»it (tJWL) . The voltage range between 
:;~ratinG the writint threshold and the upper writing limit is 

.r,ue the o~eratzng range of the tube. 

An optimum adjustment of the STB voltage is typically 
in ttte middle of the operating range. 

The collector, called STB, contacts the viewing 
side of the storage layer. The collector and 

;; lector adjacent porous-target elements operate together, 
' _~~:m~nt permitting penetration of a high-gradient collection 

fi._ld from the faceplate side of the storage layer. 
Structural features combine as fire source of high-
storage stability, yielding a wide stable range. 
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G'HARACTERLSTICS 

Equal operating characteristics across the screen 

occur only with even flood-gun electron distribution 

and when flood-gun electron paths parallel tkie 

CRT axis. A collimation system, as shown in Fig. 
6-1, forms an electron lens which uniformly 

col l imation distributes flood-gun electrons over the storage 
system target area. 

Timely development of a practical ceramic cathode-
ceramic- ray tube envelope greatly facilitated design of the 

tube flood-current collimation system. The ceramic 
envelope envelope uses a flat glass faceplate which carries 

the conductive coating through the seal, out of the 
vacuum region, fur external contact. This 
configuration permits a minimum gap between wall 
coating and storage target. And it extends the 
viewing area to the full tube envelope diameter. 

i 
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Fig. b-1. Collvnation system. 
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The lc~rt;ses turzued by the rear collimation electrodes 
and the flood-gun anode plate converge the flood 
elections. The collimation electrodes closest to 
t}tc face{rlate provide fine adjustment of the floud-
current trajectories to cover the extreme rinr of the 
target and .rptimize uniformity of target coverage. 
The collimation electrodes in the center Crave a 
small affect on both of these characteristics. 

i?act.yround The amount of background illumination present on a 
i l tuminatic~n storage tube. may vary from zero (backplate voltage 

below retention threshold) to maximum with the 
entire screen written (backplate above fade-positive). 
Whert tare backplate is set midway between fade-positive 
and retention threshold there is some background 
illwninatiou and the average potentiai of the rear 
target surface is found to be above flood-gun cathode 
potential. 

_~u examination of the screen with a magnifying glass 
will show t}tat some target elements are written even 
when the backplate voltage is low and more become 
written as it is raised to its operating level. 
For these written target elements, the backplate 
is above their fade-positive potential and they are 
written and cannot be erased without lowering the 
backplate potential below the retention threshold 
potential for the majority of the screen. Because 
of this characteristic, when the backplate potential 
is at the operating point for most of the targets, it 
is above fade-positive for some target elements and 
a backgrvurrd illumination is present. 

ha;.kgnu~d Baeicground Zwninanee is the luminance of the storage 

lumi-i,;nce target when completely erased at a specified backplate 
operating voltage. Contrast ratio is the ratio of 

:_~~~~tr•~t stored luminance to background luminance at a given 
r:ri~ operating voltage. The contrast ratio improves with 

a lower backplate potential but the writing speed and 
written luminance also decrease• 

'?he dotted circle in Fig. 5-2 represents the outline 
,f a spot where the writing beam is bombarding the 
target. The writing beam is not deflected in this 
'figure, gut remzrins fixed in this spot while i is 
,;atee on and o;f. "he c~~rreut den:>ity is nut uniform 
in a:: ac~ :,al rritin;; bear , buc i.3 ,~oucentrated in 
the c:ent~r ans tapers ofi toward ti,e edge of the 
;pot. ~iJtren ti,e writing t ,-ram is gated on, the high 

I 
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, ~ 

Fig. 6-2. Beam-current distribution. 

current density at the center of the beam (point A) 
easily carries the target potential past the first 
crossover voltage and the target at point A becomes 
written quite early in the duration of the writing 
pulse (for some given beam current). Point B 
receives less beam-current density, since it is 

further away from the renter of the spot, and it 
charges positive mare slowly, crossing ,the first 
crossover point later in the duration of the writing 
pulse. It is not necessary that the writir►g beam 
charge the target all the way to the upper stable 
point by the time the writing beam is gated off. If 
the writing beam has carried the target over the 
first crossover and is then gated off, the flood-
gun current will carry the charging to the upper 
.stable point. 

s 

The beam-current density at point C is lower than at 
either point A or B and therefore the charging rate 
is much lower. If the writing gun is gated off before 
the target voltage at point C has passed first 
crossover, the flood-gun current will carry it dawn 
to tite lower stable point. 'The solid circle 
represents the outer boundary of the region in which 
all points have been charged at least to ttie first 
crossover before the writing gun is gated off. 

writing The "writing time" or "dwell time" may be defined as 
time the minimum time required fur some target area to be 

• written positive by a writing beam having a specific 
dwel l time' maxi:nuurcurrent density. if any area of the target 

is ~.ritten by the spot, it ;nay be convenient Co defi 
written spot thi_: :is a written spot. 
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Pig. b-3. Dot size versus dwell tune. 

Displayed dot size increases with dwell or writing 
time as graphically shown in Fig. 6-3. Minimum dot 
size then occurs when the time spent writing is no 
mvrr than required to achieve a stored image. 

A situation similar to that of Fig. 6-2 is shown in 
Fig. 6-4 which shows the path of a writing beam. 
Point A has been more than adequately written, point 
B has been written somewhat above the first crossover 
and point C leas been carried only part way toward 

firs crossover and will fall back to the lower 

stable point. Each of these points begins to receive 
writing current as the leading edge of ttie writing 
spot passes over the point, and continues to receive 
writing current until the trailing edge of the 
spot passes over this point. At the moment the 
trading edge of the writing spot passes over ally 
poiTft, the point has been written or not according 
to whether or not it has reached the first crossover. 

writing Wri~iru~ spec;d may be defined for a target as the 
speed higt►est spot velocity which will leave an unbroken 

stored trace of specified length, for a specified 
spot diameter and current. 

TARGET 

EO(:E ~f 
WRITING trf:AM 

F; ~. 6--1. 13eafn-current disiriF~ut.ion with i 
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Fig. 6-5. 'Trace width versus velocity. 

llecreasiug trace velocity below maximum writing speed 
yields au increase in stored trace width (Fig. 6-5). 
Additionally, decreasing beam current or increasing 

sweep speed reduces stored trace width. Minimum trace 

width then occurs just prior to a nonstored trace 

condition. 

Consider Fig. 6-4 wit'Ci a new set of criteria. The 

writing beam is moving so fast that point A is nut 

charged to first crossover before the trailing edge 

of the spot has passed. A single sweep of the writing 
beam will not write the target. After tire passing 
of the writing beam, the flood-gun current returns ttie 
charged target areas to their lower stable voltage. 
A second sweep of the writing beam would again charge 
some of the targets to a voltage below first 
crossover, and with its passage the flood-gun current 

would return these targets to their lower stable point 

A stored image of a number of repetitive traces, 
each of which would be too fast to store alone as 

integrate a single-sweep event, may be obtained by use of the 

mode integrate mode of operation. An increase of several 
orders of magnitude in writing speed of repetitive 
signals is obtained, compared to t1Le writing speed 
of a single-shut transient, by turning off the flood-

gun current between sweeps. 

The sequence of events is as follows. The flood-gun 

c:urrcut is turuc~d off (by opening the flood-gun 
~c~thodes). The writing beam .aeeps across the 
screen ~hargiu~, the targets to So+ile voltae below 
first crossover. 'The storage target .lemertts are 
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si+~.~le-
sweep 
writing-
spced 
e~n!~ancement 

rest 
potential 

good insulators ant, in the absence of the restoring 
flood-gun current, tt►e target potential for each 
eleauent will remain where it has been Set by ttxe 
passage of the writing beam. The next passage of 
the writing beam will charge the targets further 
toward first ~:rossover and subsequent sweeps will 
charge the target elements past first crossover. 
'ftxe flood-guru current is now turned on, returning all 
unwritten tar:;et elements below first crossover to the 
lower stat,le .quint, and charging all written targets 
above first crossover to the upper stable point. 

An increase in writing speed for a repetitive trace 
has been achieved. The brightness of the stored 
trace may exceed the brightness of the high-speed 
repetitive urt~tvrea trace, particularly wtxere the 
repetitive duty cycle is low. Using integrate may 
then serve as a brightness intensifier for direct 
viewing or photography. 

It has been seen that the writing speed of a storage 
tube may be improved for repetitive sweeps (Integrate) 
and now sic=gle-sweep writing-speed improvement-will 
be cxplorec. Single-sweep writing-speed enhancement 
may be achieved in two ways. In some oscilloscopes 
the flood-gun cathodes are pulsed negative, while in 
others tt►e backplate or coliector is pulsed positive. 
The latter method will be discussed first. 

Consider a group of targets in a ready-to-write 

state. Their average potential is somewhat above 
the flood-gun-cathode potential and this average 
potential is called the rest potential of the target. 
Tlxe targets are held at rest potential due to flood-
gun action. Fig. 6-6A shows the target element 
potential at the end of a single sweep of the writing 
kun versus distance across the target. Ttxe writing 
beam has charged some of the targets to a higher 
-voltage than rest potential. 1f nothing else happens, 
the flood-guc ~_urrent will restore these targets to 
rest potential and the sweep will not have written. 
Before this restoring can take pl:~ce, a positive pulse 

is applied to the backt~late, liftLng the potential of 
all the targets by some amount {See Fig. G-6B). The 
"ame;3nt" needed is such that the targets that have 
beer char€;ed by t}:e writing gun are now above fir ;t 
Croe:suver CrrtU tt►e large is not charF,ed by the writing 
gun are b~_low first crc.ysover. t'he targets <ibuve 
first crc>~;sov~ r charge positive• due to f Lood-gun 
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action and those below first crossover charge negative 
enhancement (see Fig. 6-6C). The enhancement pulse applied to the 
pulse backplate now steps negative to its original value 

and the target elements step negative as shown iu 
Fig. 6-6D. The targets that were charged positive by 
the writing gun are still above first crossover and 
will continue to be charged to the stored state by the 
action of the flood gun. The targets that were 
charged negative by the writing gun are below first 
crossover and will be charged back to rest potential. 
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The return of ttre enhancement pulse to its original 
level is needed because when it was pulsed positive 
it was above fade-positive potential. Fade-positive 
does not occur iustantaueously but leaving the 
backplate at this voltage fur too long a time would 
result in the entire screen becoming written. 

Both the amplitude and duration of the enhancement 
pulse are important. Ire some oscilloscopes the 
duration is set internally and the amplitude is a 
front panel control. Irr ottrers the amplitude is 
set internally and the duration is a front panel 
control. 

In some oscilloscopes, the enhancement pulse is a 
negative pulse applied to the flood-gun cathodes. 
The zff~ct is the same as pulsing the backplate 
positive; namely the difference between the target 
voltage and the flood-gun cathode voltage is such 

that those targets that were charged by the writing 

gun have a ci of more than 1 (above first crossover) 

and those not charged by the writing gun have a 6 
of less than 1 (below first crossover). 

Pulsing the flood-gun cathode enhances the entire 
screen. The errhancemerrt can be limited to either 

half of a split screen when the backplate is pulsed. 

However, more circuitry is required. 

Consider a storage tube where writing speed 

enhancement, as just presented, is being used. After 

tare backplate has stepped positive, some of the 

targets are charging positive and some are charging 

negative. Consider the targets that are charging 
negative. When the backplate steps down to its 
operating level these targets also step negative and 

may be below flood-gun cathode potential (see 

Fig. 6-6D). They repel flood electrons because they 
are below flood-gun potential. The background is 
completely dark and tt~e contrast ratio is excellent. 

The targets slowly restore their normal rest 

potential by the collection of positive ions or target 

~14rakage, which may take several seconds. During this 

~t;r:r, contrast improves or enhances since the written 

t, rgcis rcmai.~, at uorr,al uperatin ;; volta~;c and .f 
t,r igt;tness. 
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Consider again that the collimation system distributes 
flood-gun electrons uniformly aver the target area. 
Keeping this in mind, recall what occurs across the 
target area. Low-energy fioad electrons develop a 
negative target charge until target voltage equals 
flood-gun cathode potential. At this point, the 
low-energy flood electrons fail to reactr the target 

acid turn back. Flood electrons land only if the 
negative charge leaks out or suffers positive-charge 
neutralization. On the other hand, when flood 
electrons reach the target with enough energy to cause 
secondary emission greater than unity, targets become 
electron-depleted, and acquire a positive charge. 
Target potential increases until reaching-a positive 
value equal to storage-target-backplate voltage. 

near-
ta rget 
potential 

Written target elements, those charged to collector 
potential, cause collimation distortion. Collimating 

electrodes establish an electrostatic field across the 
CRT, perpendicular to the CRT axis. This forces flood 

electrons into a path paralleling the CRT axis. 
Collimating force lines gradate toward the unwritten 
target surface reaching target potential quite close 
to the rear target surface. Call this line nearest 
the target surface "near-target potential." 

Refer to Fig. 6-7. Assume the target charge 

represents flood-gun voltage. The near-target 
potential then occurs a fraction of a millimeter to 
the rear of ttre target surface. This figure 
also shows equipotential surfaces in ten-volt 
increments extending back into the tube. Assume the 
+40-volt line develops two centimeters from the 
target surface. As long as these lines remain as 
shown, a uniform distribution of flood electrons 
strike the rear target surface. 

vLak-~~~'.; 
i ~~. ~.. ~ .h. ~~ 
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Fit;. 6-7. Near target potential line. 
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Fig. 6-8. Near-target potential distorted by 
written charge. 

The near-target potential parallels the entire 
target surface during the period in which all target 
particles are equally cY>arged. What happens when 
some particles are written and the rest remain 
unwritten? Written storage particles assume a charge 
equal to the storage-target-backplate voltage. Fig. 
6-8 shows the resultant potential-surface distortion: 
The small written area presents a +150 volts to the 
near-target-potential surface, forcing it far back, 
forming a convergent lens to flood-gun electrons. 

To a viewer the lens creates a dark area surrounding 
the displayed waveform. (Fig. 6-9) Most of the 
unrar2:tten target area receives uniform flood-electron 
distribution, emitting therefore, normal background 
light. Flood electrons, at higher velocity, strike 
the written area center. Written area centers then 
emit light for maximum storage viewing brightness. 
Flood electrons traveling toward the outer edges of 
the written area converge, missing ttie outer edges. 
This failure to strike target elements causes the 
written area perimeter to appear darker than the 
uonwritten target area. 

o.-., ~:RU;T ra':~_ 

1 ! g , ~ . I race haaow i n~; . 
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Fig. 6-10. Ion-repeller fields. 

el iminating Two construction methods eliminate the problem of 
trace trace shadowing: (1) an ion-repeller mesh and, 
shadowing (2) exposed collector techniques. Both methods 

minimize the lens effect in the area of ttLe near-
target-potential surface to improve collimation. 

ion- Including an ion-repeller mestL in ttie storage tube 
repel ler eliminates trace shadowing. Une normally considers 
mesh an ion mesh as a protective device which repels 

positive ions damaging to the central target area. 
Tektronix includes an ion-repeller mesh, in direct-
viewing bistable storage tubes, to eliminate trace 
shadowing as well as preventing target bombardment 
by positive ions. 

Assume for Fig. 6-10 the following: 

(1) Flood guns return to ground, thus nonwritten 
target elements sit at 0 volts. 

(2) The ion-repeller mesh operates as the must 
positive tube element, with a mesh fine 
enough to create a uniform field but 

coarse enough to intercept negligible 
quantities of writing-beam current. 

(3) The mesh is positioned about 5 millimeters 
back of the target surface. 

(4) 'Phe near-target-potential surface ~ ~.~ur 
some f rac l ion of .~ m_ Llimetr r frog: t iir 
target surface. 
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hider these conditions the ion-repeller field 

compresses the lens formed by the near-target-
potential surface. As shown, written targets present 
STB voltage to the near-target potential, warping the 
surface. However, this surface extends only a short 
distance before coming under the influence of an 
ion-repeller electrostatic field equal to the 
STB voltage. Flood electrons now converge much less 
than in meshless construction. An observer sees no 
trace shadowing. 

Creating afield, equal to storage-target-backplate 

voltage, less distant from the near-target-potential 

surface, flattens the lens caused by written target 
elements. The ion mesh as described lays about 1/4 
icich from the target surface. Moving mesh suspension 
much closer creates assembly problems. Therefore, 
construction methods were developed where the collector 

is exposed. This sets up afield close to the rear 
target surface equal to STB voltage. 

ex osed 
col lector 

dot 
target 

Exposed collector tubes are made in two basic 

configurations: dot target and raised-collector 

target. 

Fig. 6-11 shows dot-target construction. Laid on the 
faceplate, the collector forms a fence-fabric or 
beehive pattern. Phosphor dots fill the hexagonal 
area in the backplate mesh. 

Of ?AFY;ET 
iIONL Y/:OM'f 

~: ,i4 Y~If 
:Y:! TAPJ~Ci 

Pia,. f~-1 ! . U~~t target. 
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Fig. 6-12. Raised-collector cross section. 

Dot-target tubes suffer less trace shadowing than the 
semicontinuous layer type. When trace shadowing 
exists, suspending a field-forming mesh behind the 
target surface eliminates trace shadowing. 

raised 
col lector 

Fig. 6-12 represents a cutaway of the raised-collector 
CRT. The raised collector appears to punch through 
the target surface in a regular pattern. The 
equipotential surface across collector tips results 
from STB voltage, shown at +150 V. This surface 
occurs a very short distance from the rear of the 
target surface, creating a comparatively flat near-
target-potential surface. 

The lens formed between the written areas acid 
unwritten areas terminates on the exposed collectors. 
Since the lens aperture is restricted to the 
dimension between collector tips, flood-electron 
distribution remains uniform. Consider that electrons 
strike perpendicularly--no trace shadowing occurs. 

A storage system must include a provision for an 
operator to erase a stored presentation. Actuating 
the erase circuits drives all target elements below 
first crossover to be held at rest potential by flood-
gun action. Erase circuits apply pulses to the 
backplate, flood gun or both. 

backplate- Fig. 6-13 shows an erase-pulse shape for backplate 
erase application. The pulse capacitively couples to the 
pulse entire screen area, to each individual target particle 

i 
Y 

Pik. 6-1~. Iackplate raise i~uL•:~. 
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Erase-pulse geometry must write aZl targets, then 
drop ~xll targets below first crossover and terminate 
by ascending to the quiescent level. 

Screen make-up, of many small targets charged to 
different voltages, creates the necessity for a 
positive write step preceding negative erase 
excursion. [Single targets surrounded by a collector 
(backplate), such as the models shown in Chapter 3, 
erase without a write step.] 

A storage-tube screen consists of myriad target 

elements charged to one of two voltage levels. This 
electrostatic environment prevents a simple pulse 
erasure. Applying a simple negative-pulse shape 
to the backplate results in one of two conditions: 
(1) No erasure or (2) partial erasure, sometimes 
called "railroad tracks." 

Fig, b-14 represents a CRT presentation illustrating 
the first, or no-erasure condition. A single dot 

appears in the CRT center. This dot, greatly enlarged, 

represents a single illuminated stored target element. 

The stored target element, charged to a second-
crossover voltage, is surrounded by hundreds of 
target elements held below first-crossover voltage. 
A simple -negative pulse applied to the backplate fails 
to erase. The pulse couples across to all targets 
equally. During the negative excursion, the 
nonstored areas set up a strong electrostatic field 
completely shielding the small stored area from flood-
gun electrons. Each target element follows the erase 

pulse with fidelity, returning to its original voltage 

level. The pulse interrupts the display for a short 
time but fails to erase. 

Fig. ~~-i~. Single-stored target (net drawn to 
alc;. 
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Fig. 6-15. Partial erasure. 

Enlarging target area stored changes electrostatic 
environment to create the second or partial-erasure 

condition. Fig. 6-15 (before) shows one trace-width 

stored--a relatively large target area. The 

electrostatic field created in nonstored-target 

elements influences only adjacent stored-target 

elements. A simple erase pulse erases the trace 
center, but not the edges. Nonstored electrostatic 
fields shield edge-target elements forcing them to 
remain stored. With the passing of a simple erase 
pulse an illuminated trace outline remains. Fig. 
6-15 (after) illustrates this "railroad track" 
presentation. 

The more target areas stored, the higher the 

percentage of erasure. If all target elements are 

above second crossover, 100% erasure results from 
application of the simple erase pulse. 

The complex erase waveform, shown in Fig. 6-16, 
causes aZZ target elements to fade positive, or 
store, then erases the entire screen. Complex erase-
waveform geometry must meet certain criteria: 

1. Positive step amplitude must drive nonstored 

targets above first crossover. 
7, T, T„ ~~ _ . 

r ~ , 
~ ~ , 

o~ 

f~'ig. v-lt~. 1~u~ki,latL erase ~~avefoni~. 



2. Positive step duration allows completion of the 
fade-positive action of previously nonstored 
targets. 

3. The negative excursion should drive all targets 
below first crossover, but not below flood-gun 
cathode potential. 

4. Ascending ramp slope must remain shallow enough 
for flood-gun action to hold all targets below 
first crossover. 

Fig. 6-16 shows backplate voltage stepping positive 
at T1, from a preset operating level (UL). Backplate 
voltage remains at the more positive level between 
T1 and T2~ at which time the waveform assumes the 
shape of a simple erase waveform. 

The complex backplate waveform superimposed on the 
nonstored- and stored-target waveforms appears in 

Fig. 6-17. Consider the nonstored-target waveform in 
Fig. 6-17A: 

Tp - Target elements rest at a stable point 
below first crossover. 

TI - Target voltage steps above first crossover 

as a result of the backplate stepping 

positive. 

Since these target elements are now in an unstable 

portion of the charge curve above first crossover, 

they charge toward second crossover. Transition from 

one stable point to another takes time. The positive 

excursion must then last long enough for unstored-
target elements to reach storage-target-backplate 
voltage, completing fade-positive at or before . 

T„ - All targets are now stored. Refer to Fig. 

` 6-17B. All target elements descend to an 

equal voltage below first crossover. 
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Fig. 6-17. Composite target element erasure. 

T3 - Flood-gun current contains target potential 
below first crossover during backplate-
voltage ascension. The ramp slope remains 
within the device charging capability, 
holding target elements below first 
crossover. 

T4 - Erase waveform returns backplate to 
operating voltage level and target elements 
charge to a stable rest potential below 
first crossover. 

The positive ramp need not be linear as illustrated. 
Ramps can, and usually do, follow an I;C charge rate. 
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Fig. 6-18. Both flood gun and backplate erase 
pulsed. 

Erase waveforms may be applied to either flood gun, 
backplate or both. Fig. 6-18 illustrates portions 
of the erase waveform applied to both flood gun and 
backplate. The negative pulse applied to the 
flood guns causes all target elements to fade 
positive, or write. Following the write pulse, the 
negative erase pulse appears at the backplate driving 
ali targets below first crossover. 

NUTE: This technique negates split-screen operation. 
Flood-gun cathodes are common to the entire screen: 
Applying "write" pulses to the flood-gun cathodes 
writes the entire screen area. Split-screen displays 
require separate backplates, individually pulsed, 

for erasure. 

image Occasionally an image remains or appears to return 
rete~,t fon aftez- an erase cycle. The retained image usually 
buried results from allowing a bright display to remain 
~~aresr~ written for a long period. Written charges then 

penetrate deep into ttre target dielectric. Low-

energy flood electrons fail to either fully write 

or fully erase the buried charge. 

Ta:~et areas experiencing positive buried charges 

fair t~csitive at ter an erase cycle, displaying the 
E:re•~,uusl~ stored image. These arm called bri.ghG 

. _ sic;. 'm~z~,<: 
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dirk Target areas accumulating negative buried charges 

r~esidu~l repel flood electrons, displaying dark images similar 

images to trace shadowing. 

An operator suspecting image retention initiates 
repetitive erasure. He accomplishes this by actuatini 
the erase circuits in a fairly rapid series of five 
or more erasures. The buried charge, thus the 
residual image, appears to become more neutralized 
with each erasure. 

When repetitive erasure fails to deplete the 
residual charge, write the entire viewing area, let 
the screen remain fully written for a few minutes, 
then erase. This should neutralize any residual 
image. 

phosphor Users sometimes confuse phosphor damage with retained 
burns images. Multiple erasure corrects for retained image 

but has no effect upon phosphor burns. Hence, keying 
the erase switch might aid determination of the 
type of display discrepancy. 

200 Different characteristics can be obtained in a 
versus storage tube by varying the composition of the 
201 target. The tubes will have different writing speeds 
character-_ brightness, contrast ratios and life characteristics. 
istics The charts in Fig. 6-19 show the characteristics of 

two types of targets. The 200 has a better contrast 
ratio and is brighter, but changes with use. The 
201 has better writing speed, less brightness and 
less contrast ratio than the 200, but doesn't 
change as much with use. The 201 is usually 
selected where maximum writing speed is desired, 
while the 200 is used for general purpose. 
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TRANSMISSION 

STORAGE TUBES 

"Current transmission" type storage devices store 
nonvisible images in a mesh dielectric, suspended 
to the rear of the phosphor viewing screen. The 
storage mesh then gates current to luminesce the 
viewing phosphor. Transmission tubes divide into 
two basic categories: bistable and halftone. Storage 

principles presented in Chapters 1 through 4 apply 

to both types. 

Fig. 7-1 shows a target consisting of a dielectric 
sheet on which a charge image writes and stores. 
No visible target image results. In this figure the 
upper half of the target has been written positive 

perforated and the lower half held negative. The target has 
dielectric been modified, however, by using a dielectric sheet 
target which contains a great many small holes. 

Flood-gun emission approaching the holes in the 
written upper half of the target pass through a 
field having a potential not too different from 
the potential of the written surface of the target. 
Since this voltage may be two hundred volts positive, 
electrons pass through the holes at high velocity. 

TRANSPARENT 
CONDUCTOR 

+ZOOOV 

+20U'✓ 

Fig, 7-1. "Grid control" of current thrcugt: 
a perforated dielectric target. 
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Fluud emissionr approaching the unw>ritt~rt half of the 
target meets with a negative potential_ near the 
tiru~.rt•itt~rt target surface. Most of this emission is 
reflected in front of the holes, since most of these 
electrons du not have sufficient energy to penetrate 
the retarding field. 

The flood-gun current which passes through the target 
nhosph~r may be used to form a visible image by placing a 
viewing phosphor layer in its path. A phosphor viewing screen 
screen has been deposited on a separate conductive electrode 

behind the perforated target. Electrons bombard this 
layer with a high velocity resulting from this 
electrode's potential. We may increase the phosphor 
voltage substantially, independent of the collector 
voltage, to obtain much higher brightness. 

For exatrple, the collector could be operated at +200 
volts while the phosphor viewing screen is run at 
+2000 volts. After electrons pass the written area 
of the target, around +200 volts, they are accelerated 
to the much higher velocity of +2000 volts by the 
field between the target and the viewing screen and 
a visible image is formed on the viewing screen. 
This tube has the disadvantage of requiring a self-
supporting dielectric target sheet, pierced with a 
great many apertures. 

dielectric.- This difficulty is overcome by supporting a dielectric 
coated coating on a metal mesh, as shown in rig. 7-2. The 
rt:esh dielectric-surface bistable charge mechanism is the 

same a~ described before, since the surface may 
charge independent of the mesh potential, because 
the surface of the dielectric is insulated from the 
mesh by the body of the dielectric. 

m~:sh 
vo I taGc: 

In this structure, the field in the apertures is 

influenced by both the dielectric surface potential 
and the potential of the supporting mesh, which act 
together as a composite grid to control the passage 

of current through the target. The mesh is usually 

operated at zero volts, so that the field in the 

apertures of unwritten regions will remain cut off 

to flood current. Flood-gun emission easily passes 

throug<< fire fi.elci iri the apertures at written areas, 
rj~:c i~• t'tien accelerated to form the bright image 
u:. ttit view.ng screen icy a high potential on the 
~i : ilfi7 iii 1L lrlg . 
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Fig. 7-2. Target with coated mesh. 

This tube is the first tube in an evulutiorary 
sequence which writes, stores, displays, and erases 
a bistable image artd which uses a practically 
realizable storage target structure. 

During the development of the transmission-type 

bistable tube, it was discovered that improved 
contacting operation resulted when the collector mesh contacts 

col lector the surface of the dielectric (Fig. 7-3). In areas 

mesh where the collector is touching the dielectric, 
conductivity to the collector and the shadowing of 
flood-gun bombardment by ttre collector, appear to amt 
to some extent as barriers to migration of ttre 
boundary between written and unwritten areas. This 

extends the stable range of collector voltages over 

which the image does not become seriously degraded. 

The increase in stable range was quite an iwY~ortant 
development, since it had been marginal. Tli~~ pitch 
and orientation o£ the collector mesh and the mesh 
which supports the dielectric are made dissimilar. 
Observation of a magnified portion of the image shows 
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Fig. 7-3. Contacting collector mesh. 

that all of the dielectric which is exposed to the 
flood gun through one square opening of the collector 
mesh, acts together in charging to either stable 
point. The tube of Fig. 7-3, the Haeff "transmission"-
type bistable tube described here, typifies "second 
generation" storage tubes. 

Halftone storage CRT's develop from the bistable 
transmission storage tube. Bistable tubes have two 
brightness levels, maximum and minimum. Halftone 
tubes on the other hand display images in several 
discernable brightness levels (gray scale halftones) 
from dark to maximum brightness. 

Halftone and bistable transmission tubes exhibit 
similarities and differences. Consider first the 
similarities: 

(1) Ahigh-energy writing beam writes the 
targets positive by secondary emission. 

(2) Structurally each uses a writing gun, 
flood guns, dielectric targets, ion repeller 
and viewing screen. 

Collection of flood electrons erases tY)e 
image. 

(4) Flood-gun current produces the visible 
display. 

(3) 
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Now the differences: 

(1) Ttre halftone tube's sensitivity to flood-
beam collimation creates design problems. 

(2) The long-persistance bistable tube has no 

halftones; while the halftone tube with 

its gray scale has limited viewing tiRie. 

(3) Theoretically the halftone tube has higher 
writing-rate possibilities. 

(4) Halftone tubes have highest brightness, 
due to high-transmission target structure. 

The secondary-emission curve, Fig. 7-4, shows bistable 
storage characteristics. Targets rest at one of tw:, 
stable points. Flood-gun current drives targets below 

first crossover voltage to ttre lower stable point (Lj. 
Targets at this point repel flood electrons causing 
the effect of a unity secondary-emission ratio. 
Positive ions do charge target elements more positive 
but low-energy flood electrons then return these 
target elements to the lower stable point. 

• 

SECONDARY-
EMISSION 
RATIO d=1 

d-D-V 

FLOOU-GUN 
CATHODE 
VOLTAGE COLLECTOR 

40LTAGE 

TARGET VOLTAGE '~ 

Fig. 7-4. Secondary-emission curve. 

A voltage pulse or trigh-energy writing beam which 
raises a target above first crossover creates a 
rarite condition. Flood electrons strike target 
elements above first-crossover voltage witty enougtr 
energy to cause secondary emission greater ttran 1. 
This charging action continues until target and 
collector potential are equal. Secondary-emission 
ratio xow returns to unity at this, the secon.: (upper) 
stable point. 
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Fig. 7-5 shows that brightness varies little betweeu 
bistable first crossover and the upper stable point. One 
brightness might expect halftones to exist in the region between 

first crossover and the lower stable point; however, 
flood-gtrrr current drives target elements in this 
region toward the lower stable point. 

Notice that OY brightness occurs at target voltage 
more negative than the lower stable point. The 
background light at the lower stable point indicates 
that a minute quantity of flood electrons reach the 
phosphor viewing screen. Quantity and energy of 
lood electrons striking the phosphor determine 
brightness. 

halftone Halftone tubes are bistable devices operated with 
transmission target voltages more negative than flood-gun 
tubas potentials. The lower stable point represents 

maximum brig}tness. Cutoff, a few volts more 
negative, represents a dark screen or unwritten 
target. 

The brightness curve, Fig. 7-5, indicates 0% 
brightness occurs at target voltages more negative 
than the lower stable point. Consider the U% 
brightness point cutoff, the point of absolute 
secondary-emission ratio of 1. 

5h 

~ 
X~ 

-r ;v 

/ 
V

:'F,'1 

y, r 

UPPER 
s TAk3LE 
POINT 

TAH T SURFACE VOLTAGE —~ 

Fig. 7-5. Bistable brightness curve. 

In Fig. 7-6 the secondary-emission curve extends 
to cutoff (point C). Flood electrons drive target 
elements to t}re lower stable point L. Target mesh 
elements, acting as a grid, setting at the lower 
stable point, allow a wall quantity of flood 
electrons to reach the screen. Applying more 
negative voltages to t}~~~ target grid reduces this 
'urrcnt until, at point C, 10U~ repulsion or cutoff 
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Fig. 7-6. Secondary•-emission curve. 

~oo~ — 

BRIGHTNESS 

~OriE4 ~ ~7LE P~ I 
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-y I OV +V 

HALFTONE RANGE 

Fig. 7-7. Halftone storage brightness cu nee. 

Operating between target voltages C and L, and 
returning the phosphor to a high positive voltage, 
allows halftone storage displays. One realizes 
several discernible brightness levels -- seven in 
Fig. 7-7. These tubes display a written image at 
any one of the brightness levels and brightness 
extends from 0~ to just under 100y. (Assume, for 
now, that halftone tubes operate only between cutoff 
and the first-crossover target voltage.) 

halftone Halftone target constructioT>, lowers target gri3 
construction cutoff. The basic secondary-emission curve serves 

to explain both bistable and lTalitone storage. This 
leads one to think both transmission tube types are 
alike -- not so! Haeff tubes ~tvre in bistable ara;1 

' halftone modes. These tubes produce a visiblE- image 
in the bistable mode only. This is because halftone 
writing-takes place below target grid cutoff. 
Therefore too few flood electrons reach the ph~5phor. 
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Fig. 7-8. Halftone construction. 

Fig. 7-8 shows one type of half tune construction. 
The target dielectric is evaporated on the supporting 
mesh in a very thin dense layer. A ttrirrner dielectric 
reduces mesh aperture shielding, resulting in more 
positive mesh aperture fields. Aperture fields 
increase even more, lowering transmission cutoff, 
by operating the supporting mesh at a positive 
voltage (shown at +5 V). Enough flood electrons now 
reach the phosphor to produce an image at maximum 
brightness, when the target grid elements rest at 
the lower stable point. 

The collector need not contact the target surface 
and operating positive serves as an ion repeller. 
This simplifies halftone structure. Adjacent target 
elements charge to small voltage differences compared 
to bistable tubes. Flood emission creates no boundry 
migration, therefore a contacting collector becomes 
unnecessary. 

Applying a positive pulse causes the target to collect 
flood electrons, driving the target more negative. 
Assume the target rests at point L of Fig. 7-9. 
Further, point L is -3 V, C is -10 V, and VCRI is 
+4U .V. Nuw apply a +10-V pulse. The positive 
excursion elevates the target into an unstable region 
above flood-gun potential. Flood electrons charge 
the target negative, attempting to return it to the 
lower stable point. This charging action continues 
during; the positive erase pulse interval. Terminating 
the pL:lse drops the target to point C. Since point C 
represents cutoff, the target rests at the nonstored 
ur un;^-ritteu state and nu electrons reach the phosphor. 
Erase pulses must be large enough in amplitude to 
cause target coll~•ction of electrons, yet not su 
gr~rat that anv target element exceeds first-crossover 
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Fig. 7-9. Secondary-emission curve. 

voltage. Positive pulse duration fixes the quantity 
of target charge which must equal L-to-C voltage 
(7 volts for conditions assumed above). 

Halftone transmission tubes in use develop problems 
detrimental to a "clean" storage presentation. These 

effects are residual images, target elements charged 
to the upper stable point, and accumulation of 
positive ions in grid apertures. The complex erase 
pulse of Fig. 7-10 serves to eliminate these problem 

effects with each erasure. 

Une might consider Fig. 7-10 a combination of bistable 
and halftone erasure. The portion of the waveform 
occupying T~ through T3 is the bistable erasure; and 
that occurring from T3 through T4, the halftone 
portion. 

TD -- The mesh rests at quiescence, a few volts 
more positive than the lower stable point. 

T~ TI T~ T3

i 

T~ 

+15J1~ 

Fig. 7-lU. halftone cease cycle. 
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Actuating erase circuits applies a large 
pusitive excursion, driving target elements 
above first crossover. Target elements 
then charge toward the upper stable point. 
Writing-target elements bistably deplete 
buried target cYiarge (residual image) and 

allow erasure of target elements 

inadvertently written to the upper stable 

point. 

The negative pulse, lasting from T~ to T3, 
drives target elements below first 
crossover. Descending to a level below 
the lower crossover point, the pulse 
repels any positive ions occupying the 
aperture area. 

This positive excursion elevates target 
elements into an unstable region below 
first crossover. Flood electrons accumlate 
on target elements so that at: 

ilhen the erase pulse returns the collector 
to quiescence, target elements drop below 
the lower stable point to cutoff. All 
target elements are erased. 

i:omplex erasure waveforms such as the one explained, 

require as much as one-half second cycle time. 

hail'-one 
writ, -;q 

When the target is at cutoff the screen is dark. 
Arrival of a high-energy writing beam then charges 
target elements positive which in turn allows flood 
electrons to strike and luminesce the viewing screen. 
Electron quantity passing through the target mesh 
depends upon how far positive (toward the lower 
stable point) the target charges. Depending upon 
writing-beam density and dwell time, target elements 
charge to some increment between points C and L. 

Target areas charged to point 1 gate a small quantity 
of flood electrons for minimum image brightness. 
Point 7 represents maximum brightness. 

Target areas charge toward the lower stable point 
becc[uim; Cully written after several minutes. 
Coor:ioFr rn arci charged to increment 1 and another 
tv 1: C)r _ dim au~i one very bright image appe.•~rs on 
ti;• _.cry <<. Yu:;itive ions charge target elements 
tc~.; rd E~ ~int L. Area 7 becomes fully written followed 

a law mi;rutes later by area 1.. Both images are now 
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fully written. Unfortunately, the entire target area 
fades positive. Therefore, shortly aft~_r an area 
charged to increment 1 becomes fully written, the 
entire target area charges to paint L. The overall 
screen area is now at maximum brightness displaying 
no intelligence. The target must be erased for 
waveform monitoring. 

store 
A technique called More increases viewing time. 
Positive Bons, the cause of fade positive, result 
from the ionizing action of flood electrons. 
Reducing flood current then increases viewing time, 
accompanied by reduced brightness. 

Actuating the store circuits applies (actually or 
effectively) a train of pulses to the flood-gun anode 
or cathode. These pulses turn tyre flood guns on and 
off. Pulse train duty cycle establishes average 
flood-gun cathode current, thereby setting viewing 
time and brightness: If viewing time increases 
by 10, brightness decreases by lU since average flood 
current decreases by 10. 

Another application of a pulse train develops the 
• variable concept known as Variable persistance. The technique 

persistance partially erases the target area with a series of 
short-duration erase pulses. This maintains a goad 
contrast ratio between written areas and background 
illumination, eventually erasing the entire target 
surface. 

Applying short-duration fixed-amplitude erase pulses 
(usually to the flood guns) cause target elements to 
charge toward cutoff at the pulse rate. The viewer 
sees little if any flicker. 

To him the image merely fades into the background. 
Varying the "fast" erase-pulse duty cycle changes 
the rate of erasure. A front panel control allows 
operator control of erasure, or call it duty cycle 
or variable persistence. 

Variable persistence applies well to observations of 
repetitive signals superimpi~sed on raudo,u signals 
(noise). Random signals write at lower halftones 
than repetitive. Ttrt rando:. sigual~ exprien:_e 
~>.rrly erasure allowing one ~~ view a "clean" 
repetitive signal. 
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BASIC STORAGE CIRCUITS 

basic Some circuits that follow include waveforms, 
bistable voltages and component values. TYrese are not precise 
storage or absolute entries. They are approximate design-
circuits center calculations to aid conceptual descriptions. 

Further, the table at chapters end, Fig. 8-36 lists 
semiconductor considerations. 

block 
diagram 

Fig. 8-1 shows the block diagram of the storage 
circuitry needed by a typical storage tube. Ttre 
storage-target-backplate connection for the upper 
half of the screen is labeled STB1 and for the lower 
half, STB2. The STB voltage is set in the store, 
nonstore voltage circuit and coupled to the backplate 
througtr the operating level cathode followers. The 
erase pulse generator provides tt~e necessary waveform 

to erase the display, which is coupled througtr the 
operating level CF. The lower half of the screen has 
the same independent circuitry. DC voltages are 
provided for the wall bands or collimation electrodes 
CE3 is an adjustable I)C voltage for flood-gun electro 
coverage of the entire screen. The integrate 
circuitry affects just ttre flood-gun cathodes while 
the eghance circuitry provides a pulse to both the 
flood-k;un cathode and flood-gun grid. 
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Fig. 8-2 shows the circuitry that might be used to 
set the store and nonstore voltages ou the backplate. 
Slvl selects the voltage set by R2 when the backplate 
is to be operated in the. storage mode. R2 is set 
at a voltage that will allow the backplate to be in 
the middle of the operating range when half of 
the tube is to be operated i.n the storage mode. 
This voltage is about 1225 volts at the upper arm 
of R2 but will vary from tube to tube. C2 is a 
noise bypass cap for the pot. 

R4 sets the voltage for nonstore operation and is 
typicc[lly +120 at the upper end of the pot. 

ra'SV 

+It:-o 

SWt 

i N("r~T uRE ~-- r 

S IUhE 

EkASE 

OPLi:ATINC. 
LLVLL 
i:f 

E~'iASC 
bENERFTOR 

iT131 

Fil;. 8-~. Store, nonstore voltages circuit. 

When vhe switch (Fig. 8-3) is pressed to ERASE, a 
pusitive pulse is applied through C2 to the 
operating level CF. The input to the operating level 
CF steps positive and decays back to its quiescent 
volt;;ge or. a time _onstant determined by R2, and the 
par.,~l.le1 iombinati >n of R`~, 1?1. f)1 r_ortducts when the 
iup.~t tv the c:F st -=p; positive and is of:f when input 
is .! r~u ~,sce: : .r_ It .~cl. 
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Fig. 8-3. Erase pulse generator. 

When the switch is released it returns to the STORE 
position and a negative pulse is applied to the 
input of the CF. The pulse discharges to its 
quiescent level determined by ttie longer time 
constant R2 and R1 (Dl is biased off during negative 
step). 

The erase pulse is shown in Fig. 8-4. Section A is 
the time required to depress the DISPLAY switch to 
ERASE and release it for return to STORE position. 

Fig. S-4. Erase ,,ulse. 



70 

L_. 

6UL~'~ i 

1 

'~IYi • ~'~^ l 

I 

... ,,... __ .pl .. , 

. ,. RL ~~'J'-- ~~.. 'u .. _i ~ ~ 
1 5 

~. 

Kil 
A1U1 ! 

--►b 11+1 

.~ - 
(y, u  A ~.~ 

Fig. d-S. Erase multivibrator. 

Fig. 8-S.sliows a circuit that will allow the screen 

to be erased with a switch or by grounding the 

appropriate pin of a remote erase jack. The input 
to the erase multi is held at about +9 volts by 
Rl and R2. When the switcl► (SW1) is depressed to 
ERASE or a ground is applied to Piii A of J1, the 
monostable erase multivibrator will switch and 

= er .,5e generate the required input for the operating level 
multiviLr~tc:r GF. 

an erase multivibrator circuit is shown in Fig. 8-6. 

Quiescently~Vi is on and V2 is conducting slightly. 

When the junction of R1-R2 is grounded, a negative 
edge is applied to the grid of Vl. Vl cuts off, its 
plate goes positive, turns V2 on hard, producing a 

a~cunriNc 
LL VEL 
CF 

g, ~-6. L'rasc multi circuitry. 

~ mi 
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positive step at the cathode of V2. This stet, is 
coupled through R7 and C7 to the operating level 
CF and through R5 and C6 to the cathode of V1 Ewldiug 
it positive momentarily. As soon as C6 has time to 
discharge, Vl will again conduct and the multivibrator 
will return to its quiescent state, which then 
produces the trailing edge of the erase pulse at 
the cathode of V2. 

STORE 

Ef2A5t 

AUTO ERASE 

LkASE 
GENERATOR 

OPLkATiNG 
LEVEL 

AP.^?LIFICR 

Fig. 8-7. Erase generator. 

l 
EACK~!P.T E. 

erase Fig. 8-7 shows a different erase generator which 
yenerator may be driven by various inputs. The inputs will be 

negative-going pulses wtrich will cause an erase 
pulse to be applied to the operating level amplifier 
and therefore to the backplate. 

Q1 and Q2 (Fig. 8-8) form a mozostable multivibrator. 
Quiescently Q1 is saturated and Q2 is off. Q1's 
base is held positive through R2, D1, and R3 whi1P 
its emitter is tied to -12.4 V. Q1's collector is 
negative and biases Q2 off. 

A negative-going pulse applied to R1 will reverse-
bias D1. Q1's base will be tied to -12.4 volts 
through R2 and turns off, turning Q2 on. As Q2 
saturates, its collector drops and this negative 

kl 
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Fig. 8-8. Erase generator circuitr}~. 
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step is coupled through D4 and C3 back to the input 
holding U1 off and the multi in its unstable state 
until C3 discharges. When D1 becomes forward-biased 
Q1 turns on, Q2 turns off and the cycle is completed. 

The pulse output of Q2 must have a differentiated 
trailing edge before being applied to the storage 
target backplata. The coupling and control circuit 
limits ::he maximum swing of the waveform applied to 
the operating-level amplifier and differentiates 

the trailing edge. 

~~r:, ~;r 
u~5 i ~ ve 

a 

The negative edge of the erase generator is DC 
coupled through R8 and R9 to the operating-level 
amplifier (see Fig. 8-9). The maximum negative 
amplitude of the output is controlled by RZi through 

,~ ..~~os 

LY'GRAT I NG-
LEYEL 
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Q3 and D22. (The label of tl-iis control is reference 
to the output of the operating-level amplifier whit! 

inverts the output of the coupling and control 

circuit.) 

When the output of the erase generator is negative, 

D12 is forward-biased and C11 charges. U11 prevents 
the right side of C11 from going below ground. Whel 
the erase-generator output steps positive, U11 is 
reverse biased and C11 discharges. The top of R10 
steps ,positive and decays back to its quiescent levy 

erase The erase-negative control, R31, (referenced to 
negative output of operating level amplifier) limits the 

maximum positive level at the cathode of D12 through 
Q4 and D32. (Fig. 8-10) 

E1:11S[ 
NEGATING 

R31 

GF'Ef<ATiAG- I:_.ACKPi AT: 
lEVE!  ►- 

AhP~IFIER I
J

-I2.4V 

Fig. 8-10. Erase-negative circuitr~~. 
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It may be desirable to erase the display on a 
storage tube manually, after the sweep, or after 
some controllable fixed period of time. Fig. B-12 

auto shows an auto erase circuit. block diagram of such a 
erase system. 

In the AFTER SWEEP position of the AUTO ERASE switch, 
the auto Erase circuit uses the sweep unblanking 
pulse from either A sweep or B sweep depending on 
which time base is feeding the horizontal amplifier 
of the oscilloscope. The scope is operated in single 
sweep mode. The trailing edge of the unblanking 
pulse scaitches the auto erase multi to its unstable 
state. The duration of the unstable state is 

viewing controlled by a VIEWING TIME control on the front 
time panel of the oscilloscope. When the multi returns 
control to its stable state, the negative step at the multi 

output constitutes the auto erase pulse. This pulse 
is fed to eitYier the upper or lower erase generator. 
The auto erase multi also drives the lockout reset 
multi in the sweep generator with its negative 

reset output. The reset deZaz~ multi is switched to its 
delay unstabie state by the negative step of the output 
multi of the auto erase multi. When the reset delay multi 

returns to its stable state a positive step is fed 
to the sweep generators as the reset pulse. 

In the periodic position of the AUTO ERASE switch, 
the auto erase multi free runs at a rate controlled 
by the VIEWING TIME control. 

TRIGGERING 

Sv~EEP 

UNL~LANKi NG 

..̀uEEP tOGKOUT 

PULSE 10 
AU I'0 CRASE 

nur~- rRA~.f 
ouihur 

lU: hOUI 
1::: ̀ ;f T 

Fig. 8-12. Oscilloscope wavefornu when using 
auto erase. 
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auto erase Fig. 8-13 shows an auto erase multi. 41hen the AUTO 
multi ERASE switch is in -the AFTER SWEEP position, V1 and 

V2 form a monostable multi. Quiescently V1 is 
conducting and V2 is cut off because V1`s grid is 
returned to +100 V through R6 and R7 while V2's grid 
voltage is set by a divider composed of R8, Ry, and 
R10 between +100 and -i5U volts. 

The leading edge of either unblanking pulse will be 
shorted to ground by either D1 or D2. The trailing 
edge of the unblanking pulse is coupled through C1 
and C2 to the grid of V1. The multi switches to its 
unstable state (V1 off, V2 on). The positive step 
of the output (V1 plate) is coupled through C3 
and shorted to ground by D5. The time duration of 
the unstable state is determined by C6, R6 and R7 
and controllable by the VIEWING TIME control R7. 
There is no output from this circuit until C6 
discharges and V1 starts conducting and the multi 
returns to its stable state. When V1 turns on, the 
negative signal on its plate is coupled through C3 
to the output. 

When the AUTO ERASE switch is in the PERIODIC position 
the multi free-runs at a rate determined by C6, R6 and 
R7 (VIEWING TIME control). V2's grid return, to -150 
volts, is opened and the top of D4 is grounded 
preventing the unblanking-pulse trailing edge from 
reaching the multi. 

When the AUTO ERASE switch is in the OFF position, 
the multi is in its monostable state, but D4 is 
shorting all inputs to ground and ~tliere is no output 
from the multi. 

auto When the AUTO ERASE is in the AFTER -SWEEP position, 
erase the scope is operated in the single sweep mode. After 

the sweep, a reset pulse is needed to reset the 
reset delay lockout multi so the sweep may be triggered. The 

multi reset delay multi provides tY,is pulse. 

There are four methods of originating a reset pulse 
using this multi: namely, the ERASE button on the 
front panel of the scope may be depressed, a gr..+und 
may be applied to the remote-control input jack on 
the rear panel, switching t:he AUTO ERASE switch 
from ehe OFF position, or by an auto erase pulse 
from the auto era:;e multi. 
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Q1 and Q2 (Fig. 8-14) form a monostable multi with QI 

on and Q2 off in its stable state. Any negative-go ii 

sigc>al applied through C1 will cause the multi to 
switch to its unstable state. C2 and R2 determine tt 
duration of the unstable state. When the multi 
switches from stable to unstable the collector of Q2 
drops but D1 is off and there is no output. When 
the multi switches from its unstable to stable state 
the positive pulse output is coupled through C3 and 
D1 and on to the lockout multi as a reset pulse. 

operating- Fig. 8-15 shows an operating level cathode follower 
level circuit. This circuit provides a constant voltage 
cathode source for ttie storage target backplate. As the 
fol lower screen becomes increasingly written, the STB current 

increases slightly, but the STB voltage is held 
constant by the operating level CF. The voltage 
on the grid of V1 will depend on the store, nonstore 
circuit (about +12U V in nonstore, about +225 V in 
store). D1 prevents the grid of V1 from going 
negative during the trailing edge of the erase pulse. 

D2 is protection for V1 during warm-up. If V1 were 
slow to warm up, the grid could be at +225 volts and 
the cathode at ground, thereby exceeding the 

grid-cathode voltage specifications. 

STURE 
NUNSTURE 
VOLTAGE 

1 

E: RASE 
PULSE 

GENERATUF; 

D1 

D2 

Fig. 8-15. (~}e rating-level aEthode follower. 
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Fig. £3=16. Enlr~.uice generator. 

`. racy:- A trace-er,i~ance:aent circuit is shown in Fig. 8-16. 
ernhaneement This eircuit furnishes a negative pulse to the 

c:enen~ior flood-gun cathodes and grids for writing-speed 
enhancer:ter~t. The pulse occurs at the end of the 
sweep. Its am~~litude is an internal adjustment 

and its durati<..n a front panel control. 

At the cnd of the sweep, a negative-going pulse from 
` the sweep cirasit is applied through C1 and U1 to 

tFre bash of t1I. 1~ pulse may aisu be applied to this 
i :t~~:,{r,at b;se whE~t thc~ ?.~t`TEGI2ATE button is depressed ttrrough 

L:, k12, C1L, nd Dl. lll and U2 are both quiescently 
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reverse biased due to current from the -100-volt 
supply to ground through the base-emitter junction 

writing Ql, D3, R5, R6, and R7. SW4 is the WRITING RATE 
rate INCREASE switch. If this switch is UN, a ground is 
increase applied to Q1 collector and it is operative. If 

the switch is OFF the collector is open and incoming 
pulses have no effect on the circuit. 

When the switch is ON, Q1 is on and the drop across 
R2 holds Q2 off with its collector near ground. A 
negative pulse applied to the base of Q1 causes it 
to turn off, causing Q2 to turn orr. The large 
negative pulse from the collector of Q2 is applied 
to the pulse arnplitude network (R3, R4), and to the 
base of Q1 through C2. TYre regenerative feedback 
to the base of Q1 holds it off till the pulse decay: 
The decay time is determined by the time constant of 
C2, R5, R6, and R7 with K6 being adjusted from the 
front panel of the oscilloscope. As soon as the 
pulse has decayed, Q1 will turn on, turning Q2 off, 
ending the cycle. During The time Q2 is on, the 
flood-gun cathodes and grids have been held 
negative thus enhancing the writing rate. When the 
INTEGRATE button is depressed ttre flood-gun cathode; 
are opened and the grids are pulsed negative by the 
enhance generator to insure that no flood-gun 
electrons reach the screen to discharge the targets 

•The following circuits are from scopes which apply 
write pulses to flood-gun cathodes followed by eraa 
pulses to the storage target backplate. This 
technique eliminates split-screen capability but 
reduces power supply requirements. 

a 

storage Storage display units are circuit vehicles. These 
display specialized instruments store displays of combined 
units alphanumeric and graphic information from data 

transmission systems such as digital computers. 
Storage display units must include front panel 
and remote control of ERASE, NUNS'IURE and VIEW 
modes. Circuits initiating these modes are describ 
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}'ig. 8-17. Cathude pulsed to write, ST'B 
pulsed to erase. 

Circuits blocked in Fig. 8-17 generate flood-gun 
cathode (FGKj and STB waveforms and also provide for 
remote programming. 

Actuating the normally open ERASE switch flips the 
astable erase multivibrator, generating a 25-
millisecond negative pulse. Pulsed negative, flood 
guns "write" the target during negative-pulse 
time. Ttris pulse serves as the input to erase 

era~t' interrval and target-control blocks. Target-control 
i ri i er•~:~ I ar:,plifier circuits react to the positive -pulse 

excursion, developing STB "erase" waveforms upon 
tcrminatio~i of flood-gun "write" pulses. Negative-
write-pulse edges cause erase interval circuits to 

' initiate a negative output pulse, which terminates 

as the STB erase ramp approaches STB operating level. 

Erase-interval pulses, although slightly less in 
duration, represent erase cycle time. Routed to 

remote remote programming inputs, these pulses are buStJ. 
programming signals, preventing input intelligence during erasure. 

REMOTE ERASE and NONSTORE are inputs from remote 
program sources. Consider these lines either open 
or ground. Grounding remote erase flips the erase 

just as the local ERASE switch. Grounding nonstore 
loners STB voltage to an operating level below 
gr~~unc, preventint flood electrons from reaching 

th~~ target. 
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erase 

Erase and remote erase functions depend upon proper 
coupling. Consider first the erase action (Fig. 8-1 
Closing the ERASE switch grounds the junction of C1-
in effect, generating a negative pulse from +12.5 
volts to 0 volts. This pulse couples across C1 to 
flip the multi. 

R2 presents a resistance to the charge (or discharge 

current for C3. Assume a user holds the ERASE switc 
closed for a second or so. The input side of C1 is 
grounded during feedback time. If not for R2, C1 
then shunts C3 current to ground. Impulses do devei 
across R2 at a constant amplitude, insuring 
multi-switch time dependence on R3-C3 time constant. 

REMOTE ERASE merely parallels local manual ERASE: 
Dl may be on or off at quiescence but turns on hard 
during remote erase. Either active devices or a 
manual switch activates the remote erase line. Fig. 

remote 8-18 suggests a collector-loaded amplifier pulsed 

erase to saturation. This grounds C2-R5 connectior►, 
developing a negative lU-volt pulse. The pulse turn 
coupling diode U1 on hard, presenting a switching 
pulse to the erase multi. R2, R3, and C3 function 
as described above. 

"c RASE 

I' ~ 

-7 ~V 

~----~ ntnx~re eRAiE 

+ioov 

~~ 
750k C3 

ALL 3c:NtCO:~J?i~i^(7R.S LiL ~~Ba 

Fig. 8-18. Erase coupling circuits. 
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erase Fig. 8-19 shows the erase multi circuit. At 

-multi quiescence Q1 is on, Q2 is off. D2 conducts 
creating drops across R3 and R6. The drops ae:ross 
R6 forward-biases Q1, driving it to saturation. 
Saturated, Q1 holds Q2 cut off. 

Q"Z collector voltage sets about 6-volts positive. 
U3 is on, conducting through R8, D4, R9, R10, U5, 
and R11. C4 and C5 are electrolytics protected by 
D3 and D5. These diodes limit maximum positive 

levels applied to C4 and C5. Positive excursions 
to C4 cannot exceed the junction drop across D3, 
while D5 cuts off when positive collector excursions 
approach +12 volts. D4 also disconnects during 
positive excursions to prevent positive pulses 
across R9. 

Actuating the ERASE switch applies a negative pulse 
to ll2. D2 cuts off, reverse-biasing Q1. Ql collecto 
voltage now ascends toward -45 volts, turning Q2 on. 
Q2 saturates. Collector voltage drops to about 
-75 volts, appearing as a fast negative pulse to 
associated coupling circuits. C3 couples this 80-vol 
pulse to the anode of D2, driving this point to 
-155 volts. C3 must now discharge through R3 toward 
+1U0 volts. Time constant R3-C3 and applied voltage 
determine ramp slope at U2 (anode). 

When ramp voltage represents forward-bias for D2: 
D2 turns on, switching Q1 on which reverse-biases 
Q2--the pulse terminates. , , 

D5 acts as a short circuit allowing the 80-volt 
pulse to couple, via C5, to the flood-gun cathode. 
D4 couples the full pulse to R9. D3 disconnects, 
functioning as a high impedance during negative 
pulse time. R8 limits the quantity of charge current 
to C4. 

The erase multi provides a negative pulse of 8U volts 
output for 25 milliseconds to output coupling circuits. 
coupl ing Coupling circuits route this pulse to three circuit 

areas: Flood guns, erase inierval, ar:d target control 
amplifier. Fig. 8-2U shows ihec;e circuits 
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Consider flood-gun circuits first. The negative pull 
disconnects Db driving flood-gun cathodes below -150 
volts, creating sufficient enerl;y to write target 
elements. Cathode pulses remain fairly rectangular. 
Write pulses also couple to the flood-gun grids, via 
C6, maintaining electron quantity constant. One 
initially adjusts R14 for proper operating bias. 
Applying write pulses to both cathode and grid 
maintains static bias during negative pulse time. 

erase Negative excursions at D4 initiate erase-interval 
interval pulses. • Quiescently zener diode D7 regulates Q3 

base voltage at +lU volts. Emitter follower Q3 
then develops +9.4-volt output level. R15 serves 
as a load for D7, although a small current from 
D4 also flows through R15. Q4 turned off, contribute 
no drop across R15 at quiescence. Write pulses 
1'uru ll7 off, Q3 off, and Uli un. Current through 
D4 increases with the negative-pulse excursion, 
increasing the drop across P.15. Q3 base voltage 
descends to about one-half volt below ground. D7 
and Q3 cut off. D8, forward-biased, maintains 
output voltage at about 0 volts. This condition 
lash fur the negative-multi pulse duration. 
Terminating the multi pulse would also terminate 
the erase-interval pulse--but, Q4 turns on with 
the positive-write pulse excursion. Q4 collector 
current holds Q3 reverse-biased. Output therefore 
remains at U volts until interruption of Q4 
-collection current. 

Active devices D9 and Q4 with associated passive 
components terminate erase-interval pulses and 
generate erase waveforms following write pulses. 
D9 clamps the input prior to and during negative-
multi pulse time. The positive excursion however, 
turns D9 off. 

A positive vultaUe, about 72 volts, develops at the 
,junction of C4, Ri9, R2U, R1II, and D9. Q4 saturates, 
lroldiuP; Q3 in reverse-bias. C4 must discharge 
through resistive components fonniug the erase 
waveforr. ills limits the ac~ruunt of Q4 base current 
wntributin~ to capacitive discharge. Discharge 
current then flows urrly through R19, R2U, and the 
equivalent -input resistance of the target-control 
amplifier. C4 discharges toward D9's turn=on bias. 
14U milliseconds represents circuit recovery time anti 
the ST12 erase waveform interval. This waveform is 
applied to the inverting, fedback, target-control 
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target-
control 
ampl ifier 

Q5 and Q6, of Fig. 8-21, develop open-loop gain for 
the fedback target-control amplifier. This inverting 
amplifier establishes the STB operating level and 
erase waveform amplitude. Q7, normally off, presents 
an additional input to the target-control amplifier 
during (remotely programmed) nonstore. Activating 
Q7 drops STB operating level below ground. 

To simplify the circuit for amplifier analysis, 
determine the components to eliminate. D10 clamps 
R23 return voltage equal to Q5 base voltage. This 
prevents quiescent bias current flow through R22 and 
R23. D10 cathode sets at -75 volts and the anode 
returns to ground through R24. -75 volts less the 
drop across UlU develops across R24 as the negative 
return for R23: -74.4 volts. R22 also returns to 
-74.4 volts since the emitter-base junction of Q5 
also drops 0.6 volts. 

D11 protects Q5 by preventing reverse breakdown. 
Negative base voltages approaching -76 volts turn 
D11 on, clamping at this level. 

R27 is a large collector load to develop high-open 
loop gain. Emitter-follower Q6 preserves open-loop 
gain by isolating R27 from output loading. D12 
speeds follower action. NPN emitter followers follow 
negative excursions mare slowly than positive. D12 
turns ou fast during negative excursions, acting as 
an additional current source, then turns off during 
positive excursions allowing normal follower action. 
R25 closes the feedback loop from amplifier output 
to null point, at the base of Q5. 

R 
Assume the formulaR v= ~ expresses amplifier voltag, 

gain. V~= 
Diu ( R ~ then expresses output voltage, 

cz 
reicreuced to Q5 base voltage: -74.4 volts. 

I:GS i:; R~'. I? t anti VL;r are not quite as simple. 
Current wuiel; ustablisiies 5 t1 operating level flows 
through It19, iiZU, R1.3, and RGl. This complex network 
res~1.~<-s to ;~~~ e~uivraleut resistance value dependent 
uy~~i ttic. sett iu„ a P.,'2. auv lug the tiaiper to the R23 
cutute~ t.ivn of 1:1:' u~t; uia::.Eutaw resistance at 
a},1~L~.:iuiat. [fir t+ i• .. ~.,ljusti:~g 12LL to the other 
extre~,_e reclu`~•;~ ~ .,uivalerit T . si:;t.auce by about 60U 
obut~ . 
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Adjusting R22 sets Ra, therefore setting amplifier 

gain. Changing R22 also changes the equivalent 
voltage to which Ra returns. Vin is maximum when 
RQ is minimum and minimum with Ra set to maximum. 

Setting STB operating level hardly requires such a 
complex network. This arrangement allows 
proportioning of erase-pulse amplitude to operating 
level, and utilizes the low output impedance of the 
fedback amplifier as the STB voltage source. 

Fig. 8-22, the simplified target-control amplifier 
illustration, shows Ra and Vin values with R22 set 
to midrange. Input voltage across Ra creates a 
current demand which flows tYrrougti R f. T'he voltage 
drop across R establishes STB operating level and 
collimation-e~ectrode 3 and 4 voltage. Arrival of 
a differentiated waveform changes the voltage across 
Rte, thus current demand through Rf. The STB waveforr 
results. 

One empirically sets R26 for optimum collimation. 
Collimation electrodes collect some flood current. 
This circuit makes use of ttie current to maintain 
optimum potential between target elements and the 
nearest two collimation electrodes. Collimation 
electrodes more removed from the rear target surface 
affect collimation (during erasure] very little. 
These electrodes return to a low-impedance voltage 
source. 

Although called secondary-emission current, some 
of the current consists of flood electrons repelled 
by unwritten target element. Flood electrons turne< 
back from the rear target surface travel toward 
positive tube elements. CE3 and CE4, nearest the 
rear target surface, collect many of these electrons. 

Secondary emission accounts for most of the current 
when target elements charge toward the upper stable 
point. This causes the positive pulse preceding 
CE3 and CE4 erase wavefur~a. During the "write" 
interval, target elements repel fewer flood electron: 
Collimation electrodes thus receive fewer electrons, 
decreasing the current through R26. 

Negative erasure excursi: ~~~ drive target elements 
6eluw first crossover, wG~~r~ ;;e t~ondary c~iission is 
less than unity. Flood cl~~~.tr.:us flawing in R26 
waintain collimation potential. 
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Switching (~7 into conduction removes CRT storage 
capability. With the remote NUNSTURE switch open, 
(j7 is cut off. Voltage divider R3U-R31-R32 reverse-
biases Q7. Di3 clamps this potential at one junction 
above emitter return voltage. Closing the NUNSTURE 
switch drops Q`1 voltage, driving it into saturation. 
+12.5 wits now appear at the collector of q7. This 
additional amplifier current demand drops the STB 
voltage enough negative that only writing beam 
electrons strike with sufficient force to energize 
the phosphor. The display is that of a "normal" 
CRT. 

Besides remote-programming capabilities and applying 
erase waveform to both flood-gun cathode and storage 
target backplate, the next circuit reduces average 
flood current, increasing apparent CRT storage life. 
The circuit gates flood electrons at 10% duty cycle 
after about 1.5 minutes viewing time. Sufficient 
flood electrons strike the target elements to retain 
a nonvisible stored image. Stored images again 
become visible images upon recall. Recali occurs 
by activation of "view" circuits, either local or 
remote, or by the arrival of new information. 

A block diagram of the circuits appear in Fig. 8-23. 
Four amplifiers drive the CRT storage elements. 
Four circuits function as amplifier inputs: nonstore, 
operating level adjust, tivld multi and erase multi. 

c;F:<'r'a i i ng VaryinU the operating level input to the fixed-gain 
eve! ST, driver amplifier varies the STB operating level 

ad~ustr~en? (OL). User access to the Operating Level Adjustment 
allows him to reset OL during tube aging. 

Boating a portion of the operating level input to the 
CE driver amplifier, via the STB driver amplifier, 
causes collimation electrode voltage tv change with 
the o~eratiug level. Maintaining UL and CE voltages 
proportionally insures even hood-electron 
distribution across the target area. 

Grounding the remote nonstore line actuates the 
nonstore circuit. An input froi~i nonstore drives the 
STB voltage to the flood-gun cathucie potential. Unly 
the writing beam strikes the phosphor and uu stored 

image results. 
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Fig. ~-23. Data-display storage block diagram. 

Multivihrators initiate the remaining two inputs. 
Two multiviUrators, view and erase, are single shot 

flip -hops. 

The hold multi free-runs aC . 

cycle. The hold-tituiti outpus 

driver a«Iplifier, drives t:hc~ 
U~3eratln~ U1.aS tU C:lltUff ti t .. 

t ;ie era~~l.r or vine„ multi, or 

"1.Uc.~ oit" tits lwld tttult:i, 
storage display. 

kHz with lUI duty 
via the anode 

flood-gun anode from 
1-i.liz rate. >iiithe_r 
to i.li•ioT~. S7i;ld swi~ch 
ilv~aing ~. z~i~i~Zc 
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view 
multi. 

The view multi prevents hold-multi switching. Closing 

the view switch or the arrival of Z-axis (writing 
gun) modulation triggers the view multi. A negative 

pulse of about 1.5-minutes duration results. 

remote Remote-vies prograraninc~, represented by a switch, 

viem~ curtails trold--multi cycling for the duration of a 

programming grounded line condition. 

Both methods of locking out hold-multi switching 
allow full flood-current flow for visual display of 
arty stored images. Erasure also requires full 
flood current, therefore, one erase multi output 
prevents hold-multi switching. Closing either 
ERASE or REAIUTE ERASE triggers the erase multi which 
then generates pulses lasting about 45U milliseconds. 
Besides preventing hold-multi switching, these 
pulses function as an erase-interval driver-amplifier 
input, and one of two collimation-electrode-amplifier 
inputs. 

erase 
interval 

Erase intervar. pulses act as busy signals, signaling 

remote sources to hold new data during erasure. 

During the first 50 milliseconds of an erase cycle, 

the driver amplifier output develops as a negative 

output pulse. This pulse is routed to flood-gun 

;~n;ue- cathodes and the anode-driver amplifier. The 

driver flood-gun pulses increase cathode-to-backpiate 

infic~r~~~i voltage, writing all target elements to crossover. 

The anode-driver amplifier receives a replica of the 

flood-gun cathode pulse. it routes this pulse to 

flood-gun anodes, collimation-electrode amplifier, 

and storage-target-backpiate amplifier. 

Pulsing flood-gun anodes causes these elements to 

follow flood-gun cathodes, thereby maintaining 

correct bias during erasure. 



coi i imation-
electrode 
driver 
ampl ifier 

STB 
driver 
ampl ifier 

Accepting a negative anode-driver pulse and a 
positive erase-interval poise, the collimation-
electrode driver amplifier sums the~~ inputs, 
developing a complex output wa-veforri. This waveforn 
applied to the collimation electrodes, optimizes 
collimation during the write and erase portions 
of an erase cycle. 

Storage-target-bacY,pZate driver-amp~r:fier input 
circuits differentiate the trailing edge of the 
anode pulse. This signal, amplified and inverted, 
develops at the STB as an erase waveform. 

A brief summary: Allowing the 1zoZd multi to free-ru 
maintains target elements in their previously 
established stable state. Stored images are not 
visible. Triggering the viet~ multi shuts off the 
hold multi. Stored images now become visible and 
new data may be written. 

Erase-multi switching also interrupts the hold multi 
Erase-multi pulses, via appropriate amplifier circui 
initiate flood-gun cathode, flood-gun anode, 
collimation electrode, and storage-target-backplate 
erase waveforms 

Flood-gun cathode waveforms u~rit~: all target element 
to the upper stable point followed by STB erase 
waveforms, which drive all target elements to the 
lower stable point. Turing erasure the flood-gun 
anode follows the flood-gurc cathode for proper erase 
bias. Flood-gun cathode pulses slFm;ned with erase-
irlterval pulses cause CE1 and CE2 waveforms. These 
complex waveforms maintain optimum erase collimation 

T~ianstore nerE:ly drops STB operating level to flood-
~;un catb~de potE.utial, elizinating bistabie storage. 

li;~~ hold Iuultiviurator fr~~~~-runs exc4pt duriu 
:~W lit II LI!& tiC.if.: Ut tll C: E. r':1:;C Inilltl ~;I v1~.W i:lu1L1 Ur 

uutEi, ur dot ing closure of the KL'a0i'~: VP~W •witch. 
lliis rliulti is called a 71L gate or tee-sr{uared 
logic gate. 
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Fig. 8-24 includes hold-multi circuitry and associat 
input and output waveforms. £:rase-rzulti and view-
multi inputs assume one of two levels: 20 volts or 
U volts. Hold-multi output also reaches twa voltage 
levels: +13U volts and -1Fi volts. 

Between T~ and TZ the hold multi free-runs, gerierati 
flood-gun anode pulses. These pul~c gate flood 
current at a lU~ duty cycle. At T© ~ erase and view 
inputs set at +2U volts. Hold output pulses result. 
These 300-microsecond pulses occur every millisecond 
Arrival, at T1, of an erase-multi pulse stops hold-
multi switching. Hold-multi output now remains at 
"normal" flood-gun anode bias, +13U volts. Upon 
erase-pulse termination, TL, the hold multi again 
free-runs. The view-multi switching pulse arrives 
at T3 preventing hold-multi free-run during view-
multi switch duration. L'losing the REMOTE VIEW 
switch creates a zero-volt input, again preventing 
hold-multi oscillation. Free-run resumes only wY►en 
the REMOTE VIEW switch opens and multi inputs set at 
+20 volts. 

Hold-multi free-run charactAristics are conventional 
Time constants C1-R6, C2-R7 and applied voltage 
determine switching rate. 

TTL 
TTL circuit configuration to allow luck-out may be 
unfamiliar. Cascoding Ql and Q2 provides an 
additional input terminal. Both Q1 and Q2 must 
turn on to maintain oscillation. Interrupting 
conduction of either .develops a "high" multi output. 

Closing the REMUTE VZEW switch reverse-biases Q1. 
Prior to closing the REMOTE VIEW switch, voltage-
divider R1-R2-R3 develops forward bias for Q1 and D2 
ll2 clamps at Q1 forward bias reducing Q1 base- 
current demand. Voltage division and clamping also 
apply about 17 volts tci the anode of D1. Closing 
the REMOTE VIEW switch applies zero volts, plus the 
drop across U1, at connective R2-R3. Q1 base vvltag~ 
then drops 2 volts below e~aitter return voltage. 
Boni Q1 and U2 turn off. Interrupting Q1 collector 
current removes Q2 emitter current, allowing Q2 
collector voltage to reactr ,~:atiiraum positive level. 
Q2 collector. voltage remairr~: at this level during 
REP'[U'IE VIEW switch closure. 
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t~ .iir.~ct-cuu}±les to the anode-driver amplifier 
w}io~ae. circuity estaLlish maximum positive (Ql) 
collector voi~.al;e. Partial circuit I:~il, R4L, acrd 
Q11 repre.;ents the anode-driver input. Assume 
this circuit yrovide; +•130-volt collector return. 

ll~+ cathode voltage is co«:~aun to Q2 collector voltage. 
ll5 clamps ll4 ar:ode to +20 volts. D4 then disconnects 
during Q2 off time, ren•.oving the output-shunting 
effects of C1 during this interval. 

C~ 

VI~'W 
rnuiti 

D~ turns on when Q2 conducts, connecting multi 
coupling circuits to the collector of Q2. Turned on, 
Q1 and Q2 drop about 2 volts. D4 turns on, allowing 
negative collector pulses to develop across R5, Cl 
and K6. 

Consider the REPIUTE VIEW switch normally open. Q1 
then remains forward-biased, functioning as an 
emitter-current source for Q2. Base circuit 
components satisfy DC turn-on requirements for Q2. 
Conduction through R4, D3, and R7 turn Q2 on. D7 
clamps connection D$-R7 one diode junction above 
ground. Zener diode D8 then elevates this voltage 
by 20 volts. Diodes D9 and D1U may or may not 
quiescently. conduct. Both the anodes and cathodes 
return to approximatelz~ +20 volts. R11 and C3, 
shunting U7, filter hold-multi pulses. This filter 
prevents hold pulses from feeding through to the 
erase multi. These pulses could trigger the erase 
multi causing random erasure. 

Zero-volts input from view or erasure turns Q2 off. 
D9 or D10 coupie the negative signai to D8. D8 
drives the anode of D7 20-volts negative. R7 then 
returns to -20 volts. D3 and Q2 turn off. When 
D9 and D1D cathode inputs return to +20 volts, 
D7, D3 and Q2 turn on. The hold multi again 
free-runs. 

U3 causes Q2 to switch more quickly and isolates 
the base of Q2 from input components. D6 functions 
in the same manner for Q3 base circuitry, 

lliode D9 connects to the view-multi output. Fig. 
tS-25 sh<;ws tI►e monostable view-multi circuits. Q5 
c:onductr, and Q4 remains cut off under stable 
onditi,,ns. Closing the VIEW switch develops a 
0-volt negative pulse which couples via C5 
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triggering multi switching. The discharge of C5 

through R14 establishes about 1.5-minute recovery 

"time. _ _, 

1)11 couples a trigger, switching the view multi, 

during Z-axis modulation. Connecter as a single-shc 
flip-flop, QG and Q7 furrctiou as a low-impedance 
trigger source. C9(i0 and R9U0 represent Z-axis 

output impedance. Connected directly, this circuit 
provides too little current to trigger the view 
multi. However, Z-axis voltage applied to Q7 turns 
Q6 and Q7 orr, driving the view multi as a trigger 

current source. 

Quiescently, Q6 and Q7 are uf.f. VcltaY;e'-divider 
R22-lllz-R21 develops revti: ~ h.ias fvC Q7. I)13 cla-aF 
base voltage Dire diode ~un< Li~in ubawe c.iCttr.r 
p~r<errtial. 2~ailure of Q7-~~slh.~t~rr current fling 
thrqugir R23 anti R24 reverst—bi:~~~s i6. 
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Arrival ofL-a:.ie r.~odulati.on turns Q7 on, which in 
turn forcrard-biases; Q~. Q6 saturate. Dll connects, 
allowing Q6-cohectar current to cLarge C5. The 
resultnu~ nc~ative tri;gar turns Q~ cc~tc~ Q7 off, 
initiating vie~v-iaulti (and terminaticig QG-Q7) 
s;Yit~hi:.~ . Thy negative pulse appears at the gate 
c;f Q5 u.r.3 couY;l~s across C7, disconnecting ll12. 
ij13 cvnciucts, reverse-biasing Q7, which reiiioves 
Q6 forward bias. 3)11 disconnects, isolating view-
multi time constants C5-R14. 

View-multi switching consumes about 1.5 minutes 
while ttie erase monostable multi switches in about 
450 milliseconds. 

Closing local or remote switches generates negative 
triggers, toggling the erase multi. 

ERASE switch circuits appear in Fig. 8-26. R25 and 
R26 apply +10 volts to the anode of D14. An equal 
voltage develops across R28. Closing either the 
REMOTE };RASE or ERASE switch creates a negative 
pulse. This trigger develops, via capacitive 
coupling, across R31 to initiate erase-multi 
switching. C9, R31, and Q8 represent input circuits 
of the erase multi. 
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;. 
erase Fig. 8-`l7, the erase-multi schematic, includes C9, 
multi R31, and Q8 but not the preceding switch circuits. 

Diode UlU appeared earlier in Fig. 7-24 as the 
erase-multi coupling diode. 

lluring the stable made Q9 saturates bolding Q8 off. 
Some diodes are on and some off. "Un" diodes are 
D19, D20, and U22. "Uff" diodes include D1U, U15, 
D16, ll17, D18, and L21. 

Q9 rema}ns on due to base current flow through D20, 
R35, and R32. The D20-Q9 configuration speeds 
switching and isolates the base of Q9 during "off" 
time. D21 performs the same function for Q8. 

U16 protects C1U. C1U breaks down at about 25 volts. 
Interruption of Q9 conduction, such as removal from 
the circuit, allows C1U to charge, through R32, 
toward +1U0 volts. U16, however, clamps at +2U 
volts holding C10 to a moderate charge. Q9 base 
current normally develops +2 volts at the anode 
of D16. 

D19 couples Q9 collector voltage to the waveform 
generator, shown as an equivalent input circuit. 
lliode D22 couples to the driver amplifier. D22. 
R36, C12, and R37 are portions of this amplifier's 
input circuitry. One collimation-electrode driver 
amplifier input connects directly. 

Two outputs are also taken from the collector of 
Q8. D15 couples Q8 collector voltage to external 
pYogramming. - This diode disconnects during Q8 
off time for collector isolation. Q8 collector 
waveforms also couple through D10, providing hoZd-
multi lock-out. 

Negative triggers couple, via C9 and C10, to the 
anode of D2U. D2U turns off. Q9 turns off. D19 
disconnects as Q9 collector voltage rises. This 
removes the shunting effects of C11 and the waveform-
generator Rijl. U17 and D18 turn on, clamping Q9 
collector voltage at about +lU volts. Ihes~. diodes 
uuw provide a positive return fur D21. D21 turns 
ull. Q8 saturates. UlU and U15 cuniiecc to couple 
negative erase-interval pules. 

The ~rus~ niuZ~i recovers iu ;~bau: 4`U ,alli:;.::cuuds, 
detertni.ned by R3L-C1U grid tl« apl~li~d voltal;e. 
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driver Driver and anode-driver amplifiers function together 

ampl ifier so are on the same block illustration, Fig. 8-l8. 

This figure also includes pertinent waveforms. 
anode-driver Assume here the view multi is stable, allowing the 
ampl ifier hold multi to free-run. 

Waveforms of Fig. 8-28 indicate tYrat at: 

T~ - The erase multi iii its stuole moue allows 
the driver amplifier to maintain a sli€htl 
positive output voltage. It also allo~;s 
the fold multi to free-run, which waveform 
the anode driver reproduces. Note: +13U 
volts is a nominal level set at the anode-
driver input. 

T1 - The erase multi switches. The driver-
amplifier output drops to -lUU volts and 
anode-driver output rises to +13U volts. 
Anode voltage remains high because of 
erase-multi lock-out of the hold multi. 

TZ - All outputs, except tkie driver amplifier, 
remain unchanged. The driver amplifier 
returns flood-gun cathode voltage to 
quiescence. 

T3 - Erase pulse terminates. Ttie hold multi 
again free-runs creating wuvefo rn~s 
reproduced by the anode-driver amplifier. 
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Fig. 8-29. Driver amplifier. 

The circuits for these amplifiers appear in Fig. 
8-29. 

QlU-base circuit components cause Q10 saturation 
during the first 5U milliseconds of the erase pulse. 
Driving flood-gun cathodes negative creates sufficient 
cathode-to-STB potential to write all target elements. 
The negative cathode pulse also couples to the anode 
driver amplifier, collimation-electrode driver 
amplifier, and storage-target-backplate driver 
amplifier. Prior to an erase pulse: D22 is on; 
U23 and Q1U are off; and I)29 is on. D22 conduction 
charges the R36 side of C12 to about zero volts. 
G.~rrent through R37 charges the uther side of C12 
to -lU0 volts. U23 and Q1U lack fur ward bias. Flood-
g.~n cat~ode current turns U29 un, which provides 
m:,st of the flood current. 
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Positive erase excursions turn U22 off and G12 chart 

toward +lUU volts. Charging current develops on 

bias, across R37, for D23 and Q10. Q10 saturates, 
turning D29 off. Q10 via D23 now provides C12 
charging current. C12 reaches a charge equal to 
turn-on for D22 at an interval determined by time 
constant: C12-R36. 

Write pulses terminate with D22 turn-on. Turning 
D22 on stops C12 charging. Eliminating charge 
current turns D23, thus Q10, off. Q10 collector 
ascends, clamped to zero volts by D29. 

D23 improves Q10 switching time and protects the 
base. The negative portion of an erase pulse 
develops a 20-volt pulse across R37. D23 prevents 
the appearance of this pulse at the base of Q1U. 

Refer to Fig. 8-3U. Anode-driver-amplifier coupling 
circuits allow one to adjust R39 without ciauging 
anode write-pulse amplitude. Adjusting R39 sets 
flood-gun operating bias and V~~ for the output Yralf 
of the hold multi. 

D25, quiescently on, establishes l0U volts across 
Zener diode D24 and at one end of R39. D2G regulate. 
the drop across R39. Une therefore sets Q11 base 
voltage between +100 and +156 volts. Q11 Lase 
voltage also functions as V~~ for Q2 in the hold 
multi. 

An 80-volt write pulse appears at the flood-gua anode 
When Q10 collector voltage descends 20 volts, D24 
turns on, disconnecting D25. U24 remains on until 
Q10 collector voltage rises to -20 volts. D25 then 
realizes forward-bias clamping at the +100 volts. 

An 80-volt pulse develops at the anode of D25. D~6 
regulates the drop across F.39. Equal-amplitude pulse 
then develop at the wiper of R39. Ute changes anode 
write-pulse UC level but nut amplitude with adjusrmen 
of R39. 

ll27 isolates R39 and associated components during 
hold-multi free-run. Negative hold pulses discunrect 
ll27 preventing hold-current flow through P.39. 

R42 and R43 combat negative-resistance input 
characteristics of emitter-follower Q11. Suppress,~r 
R42 loads the input to damp oscillations. 
Additionally, degenerative signals developed acro: 
collector load R43, couple via "Miller" capacitauc _ 
to the base. 

~/ 
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ll2~3 spe•~ds ljll follower action. NPN emitter followers 
charge .output capacitance more rapidly during positive 
excursi<~us than negative. Large-amplitude negative 
e~ccursi.~ns may even reverse-bias an NPN emitter 
folluwe~. In this event ll28 turns on reproducing 
negative waveforms. 

Flood-gtr~i catk►ode wrii~; pulses develop across 
voltage-divider P.44-R45 as input signals to the 
collimation-electrode driver amplifier, and the 
storage-target backplate driver amplifier. 

~3ecause of STB driver-input shunting, 40 volts of the 
100-volt write pulses develop across R45. Of course 
the l0U-jolt write-pulse amplitude develops as an 
input to the CE driver amplifier. 
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col l imation- Fig. 8-31, a simplified block of the collimation-
electrode electrode amplifier includes time-related inputs. 
ampl ifier This inverting fedback amplifier accepts four input 

voltages, amplifying and summing to develop 
collimation-electrode voltage. 

inverting Since the collimation-electrode driver amplifier 
fedback functions as a fedback amplifier, all signal current 

ampl ifier appears to flow in the passive feedback devices. 
A null point exists at the amplifier input terminal. 
Input voltages across associated input resistances 
create current demand of individual quantity and 
polarity. Summing individual input currents 
establishes total input current. The amplifier outpL 
serves as a source for total input current which 
then flows through feedback resistance. Resulting 
voltage drops across Rf represent output voltage. 
Accept tt►is statement as long as amplifier open-loop 
gain (AUL) remains high. 

The summary above sets conditions for a fairly simple 
method of determining output voltage. Assign Rf to 
the feedback resistance and Ra to input resistance. 
Numerical suffixes identify individual resistance 
legs. Label input voltage Vin, adding numbers 
agreeing with associated input resistance. Observe 
polarities and since the amplifier inverts, assign 
Rf a negative value. For Fig. 8-31: 

-R f  -Rf  -R~ . -RT

out zn1 Rxl Zn2 Rat Ln3 Rai ~~n4 R~4

Four input voltages of differing amplitudes and 
polarities cause a complex output waveform (Fig. 8-31 
Operating level (UL) and collimation (CE) voltages 
remain cor►stant Duce set. Erase multi and uriver 
voltages change with each erasure. One cart change 
Rad gain contribution but not. the input voltage of 
ttris leg. 

Inserting UL prevents in-use collimation ad;ustrieuts 
with STB changes. UL adjust.:.eut is basically an 
STB setting. However, a portiuu of the t3L .gives 
collimation electrodes with ~I'i; adjustait:uts (teiiuired 
as the tube ages). Urigiruil calibrativa ;;e. the 
CE adjust for optimum flv~+,i - 1e~ Lruai cv111i.:. 4: i~ti. 
Adding the OL input to ih~ ~ ~itavE:r maintnr:i~, St'ii-
tu-CE-voltage relationship, CcillUJlll~ tho requirement 
for CL adjustment with each uL change. 
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Waveforms of Fig. 8-31 show time-related input and 

output waveforms: 

TD - OL and CE inputs create additive 
outputs of positive polarity. Erase-
multi voltage contributes nothing. 
However, driver voltage forces the 
output voltage negative, in oppositic 
to OL and CE effects. The resultant 
output voltage rests at +70 volts. 

T1 - The write pulse. OL and CE inputs 
remain unchanged. Erase-multi volta€ 
steps positive 20 volts, attempting 
to force the output negative by gain-
times-input voltage. Driver voltage 
opposes this change by stepping 
negative 100 volts. As a result, 
collimation electrodes ascend to 

+250 volts. 

:. TI-T2 represents the write interval 
--when all target elements charge 
to second crossover. The entire 
rear screen Surface charges to STt3 
potential. Collimation electrodes 
must present a proportional voltage 
increase to maintain straight-line 
electron-paths into the target area. 

T2 - Terminating the driver pulse returns 

all inputs except erase to quiescence 
The positive erase-multi level causes 
output voltage to descend below 
quiescence, sho-.on as +55 volts. This 
condition lasts until the erase-multi 
pulse ends, at T3. 

Between T2 and T3 target elements 
drop below first crossover, charginj 
toward the lower stable point. A~;ai: 
collimation electrodes assu,ae u 
voltage, in relation to target 
elements, for optiriva coliir.~atiun. 
The negative CE wavef:?r-~a-~rup below 
quiescence e:ivals tarr,~et-ele.ieuc 
descent belu.~ first ~ru=;_,:ever. Thi__; 
voltage vnri~s fruei cs .<: Ck to 
another--thus, the i:_~_c.<- ~'~~~li~n~t~c, 
ad,justmerct. 
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Collimation driver amplifier schematic, Fig. $-32 

contains circuit details. 

input 
summing 

AOL 

R51, in series with network R58, R59, and STB 
amplifier input resistance, constitutes OL input 
circuitry. CE input results from the equivalent 
values of R48, R49, and R50. UL and CE adjustment 
R49 and R58, change both input resistance and volt 
Erase-multi pulses appear across R47A and R47B. 
Adjusting erase collimation changes only the 
resistance of this input leg. The last input circ 
has rfeither resistance nor voltage adjustments. 
Driver-amplifier output voltage develops across 
R44 and R45 as an input signal. Fixed resistor 
R46 then functions as the fedback-amplifier input 
resistance. 

A null point occurs at the base of Q12. All input 
circuits connect at the amplifier input terminal 
-- the base of Q12. Q12, Q13, and Q14 develop and 
preserve open-loop gain (AOL), and R56 closes the 
feedback loop. Feedback current through R56 
maintains a voltage null at the base of Q12. 

Emitter-follower Q12 coupJ.es input signals to Q13. 
This arrangement allows zero-volt input terminal 
and Q13 emitter return voltage. Collector-loaded 
amplifier Q13 develops open-loop gain and phase 
inversion. Q14 preserves open-loop gain by 
isolating the collector circuit of Q13 from output 
circuit loading. Q14 also causes very low amplifi 
output impedance. 

D28 protects'Q14 against base-collector breakdown. 
D28 prevents Q13 collector voltage rise above +275 
volts, the collector return for Q14. Removing D28 
and opening Q13 applies +420 volts, through R55, 
to the base of Q14--catastrophic: 

D29 acts as an additional current patty should Q14 
unable to follow the high-amplitude negative 
waveform portions. It also protects Q14 by limiti 
reverse-bias amplitude. 

Placing R54, R55, and C13 in this circuit damps Q1 
oscillation. All followers have rt~gative inc:ut 
resistartee characteristics. Followers driven by 
high-amplitude pulses therefore ring. Degenerative 
feedback and selective in~~ut l~~,diug co~~ibat e~nitte 
follower oscillatory teuci~r~~~Le~: ,, 



Collector ~i~uals devt~lup Miller-effect degciicrutiuu. 
tint-af-phase sil;uals ac-toss R54 couple, viii i•ullcctur-
tu-Lase capacitance, to the base of Q14, supplewenting 
c;i3-Rj5 loading effects. 

Network C13-K~5, with {~ruper time constants, appears 
a regenerative current source. Negative input 
resistance characteristics create a regenerative 
current. The regenerative entreat adds to Q13 
collector signal current flowing in the collector 
lead. Oscillation would result but Ci3-R55 shunting 
equals the negative input characteristic of Q14. 

Fig. 8-32 omits the anode driver amplifier in the 
interest of clarity. It does include the storage-
target-backplate driver amplifier, indicating 
sy~ubulically another inverting fedback amplifier. 

Fig. 8-33 shows the STB driver cvnplifier with 
appropriate time-related waveforms. Notice first 
the waveforms. There are two inputs and a single 
output. The flood-gun cathode poise initiates 
input D32 and is therefore included. Input OL, 
once set, remains fixed. The voltage at U32 
quiescently sits 0.6 volts below ground. Coincident 
with flood-gun cathode pulse termination, D32 steps 
4D units positive, decaying toward quiescence at an 
R(: rate. S'IB voltage resulting rests at UL, descends 
to zero volts, remains here for az>. interval, finally 
ascending to GL at a rate determined by D32 voltage. 
The STB "erase" waveform properly begins following 
the flood-gun cathode "write" pulse. 

STB waveform shape indicates nonlinear amplification. 
D32 voltage drive purposely exceeds AUL capabilities. 
of the STB delver amplifier. This technique 
eliminates wave~tiape adju;;tiaent with each UL change. 
Decreasing the UL increases waveform dwelt-tine at 
zero units. Increasing the UL decreases zero=volt 
dwell-brae, perhaps falttifully reproducing tl~e input 
w::•✓eform. In any case this wa-vefurm di-- fives ail target 
e!.ements below first crossover then reuuvcrs slowly 
er.t,ugh to avoid fade-positive. 

Tt.e .amplifier blink ~huws three uclju~i.iac:ut~: 
U}aerating Level, Amplitude and Recover. 1lacicplate OL 
results from the product of UL adjustment voltage 

R. 
a~ d -= Changing eitt.er Rol , input voltage or both 

R, y . 
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varies backplate OL. The two remaining adjustrnent~. 
are more complex. 

U32 clamps one diode junction below ground at 
quiescence. Here, input voltage .times ratio 

adds a -few volts to the operating level. U32 
Rat 
functions mainly as a timing switch initiating the 
erase waveform portion after the write pulse. The 
anode driver side of the 9-pF capacitor charges to 
about 40x of the flood-gun cathode voltage during 
negative pulse time. D32 remains on during 
quiescent and negative pulse time. However, 
termination of the flood-gun cathode pulse couples 
across the RC network turning D32 off. Recovery 
now depends upon capacitive and resistive component 
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NamE: tags ~U~t~Citu.lc: and Nc~L~.,rt;.~1> identify exclusive 
functi4~us. Buti► adjustn►e►Lts :Lffu.c:t rate of ci►arge. 
the rl[nplitude adjustment rurLtrols amplifier gain 
white Recover affects only rate of charge. Recover 
also returns to a negative voltage giving it greatest 
control of recovery. 

Keeping in mind adjustment interaction, one sets 
AuLplitude for nominal erase waveform negative 
dwell-time. He then adjusts Recover for proper 
erase ramp slope. Recovery time is a compromise: 
Lang enough to pre=vent fade-positive, yet short 
enough for reasonable erase cycle time. 

iemvtely programmed, the nonstore input grounds the 
amplifier input. This drives STB voltage below 
the operating level required for bistable storage. 

Fig. 8-34 details the storage-target-backplate 
"nrpZi ficr. 

stE~r~ge- adjusting R58 sets input voltage and to a degree, 
#.3 rCliYt- lLiput resistance. The equivalent resistance of R58-
backplare R59 added to R6G and R61 establishes input resistance 
ampl i#ter of the OL circuit. R51, a part of the coliimation 

driver amplifier, connects to R58 wiper but presents 
negligible shunting. Consider Q19 for now an open 
circuit and therefore no load on OL input resistance. 

R►;4 and R65 make up input resistance for erase-
waveform inputs. R66 is Rf. Feedback current through 
this device maintains a signal null at the base of 
Q15 as long as AOL remains high. Keep in mind that 
AOL deteriorates during maximum erase excursions. 

Q15-Q16 confi,uration allows both the base of Q15 
arid the emitt~.r of Q16 to operate at zero volts. 
Q1E, develops open-loop gain preserved by emitter-
followcr Q17. U33 aids negative waveform emitter-
fuilow~r action acid protects L17 emitter base 
juncti~•.i. G14-R7i darap oscillations due to Q17 
negatives-resistance input characteristics. 

(,11-Q1~ lli.tE:tl:~tl aS .irl EtillttE:L' iVll(iWE'.C. Cunt Slid 
;:race ,..~vir~s uet~rml►iEd r~11-(21L ca wdinf~. 

Lip:+it~atE:d pa:~~r uivides c•lually ac:ru:.. Ql1 Writ! (~18. 
r, ., ~ agi _ trari:~isit;r capable u% dissii~u+. iu,; th:;; 
l ov;,,r ~o:,ts swer.,l titres arora Brun (11 ~ ain:i 12; :.5 
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coauined. Further, heat ::;inks and l►igti-voltage 

resistors required for the single-transistor 
configuration consume space. 

D34 protects Qi8 against excessive emitter-base 
reverse-bias. 

R44, R45, RbL, R63, R64, R65, D32 and C13 all 
function to generate the STS erase waveform. At 
quiescence and during the negative portion of a flood-
gun cathode tvmite-pulse D32 conducts. C13 then 
bypasses R45. C13 charges to about 4D volts during 
the 50-millisecond write-pulse interval. The 
positive write-pulse excursion turns D32 off, so a 
positive 40-volt pulse develops here. C13 then 
discharges establishing the STB erase waveform 
shape. 

a 

C13 discharge current flows through R64 and R65 
paralleled by R62 and R63. It also flows through 
the equivalent resistance of R44 and R45. 

Under new tube conditions, initial positive pulses 
overdrive the STB amplifier for several milliseconds. 
Q15 turns off, Q16 saturates and STB voltage 
appro~cimates zero volts. After perhaps 10 to 20 
milliseconds, C13 discharges sufficiently for the 
STB amplifier to amplify the differentiated input 
waveform. 
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Remotely prograr.-,:aing NUNSTG?r terns Q19 in. Ttiis 
added current demand through R66 drips SiB vintage 
to about zero volts. Fig. 8-35 details Q19 switchint 
circuits. The NONSTURE snitch represents a r~:~ote 
program circuit which griunds the li>►e of D37. 
Consider this swatch open. L35 clamys at one diode 
junction above _ground, reverse-biasing Q19. Turned 
off, Q19 appears an open circuit to the fedback STB 
amplifier. 

Closing the NONSTORE switch saturates Q19. Actuatin4 
NONSTOR~ turns D37 on. R76 now returns to +0.6 volt) 
From Q19 base, R76, D36, R75 and R74 appears as an 
equivalent resistance of 7 kS2 returned to -30 volts. 
D35 turns off and Q19 saturates, creating a current 
demand which then drops STB voltage below storage 
requirements. Flood electrons cannot generate 
sufficient velocity to luminesce the phosphor. This 
does not prevent the writing beam from energizing 
the phosphor for a "normal" CRT presentation. 

FORWARD-BIASED JUNCTION 
VLE (SAT) 

ACTIVE CUT-IN/CUT-OFF SAT 

Si 0.6 0.5 0.6 0.2 

Ge 0.2 0.1 0.2 0.1 

Fig. 8-36. Semiconductor operating voltages. 
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INIJEX 

Aluminized tubes, 32, 57 
Apparatus effects, lU 
Automatic erase, 75-87 
Background illumisiation, 3b 
Background luminance, 36 
Backplate erase, 47-52, 116 
Beam current density, 36-40 
Bombarding energy, 36-40 
Boundary migration, 29 
Ceramic envelope, 35 
Collector, 5-34 
contacting mesh, 58 
exposed, 46 
layer placement, 34 
raised, 47 
voltage, 26-27 

Collimation system, 35-36, 43-47 
Contrast, 32-43 
enhancement, 41 
ratio, 36 

Crossover, 7-65 
Delta (6), see Secondary 

Emission Ratio 
Dielectric coated mesh, 55-65 
Dielectric sheet target, 22, 55 
llot pattern target, 30-31, 46-47 
Dwell time, 37 
Enhancement pulse, 41, 80 
Erase, 20, 47-53, 68-87, 

100-103 
automatic, 75-87 
backplate, 47-52 
generator, 71-87 
halftone, 62-63 
interval, 87, 94 
multivibrator, 70-87, i00-103 
negative, 73 
partial, 48-49 
positive, 72 
pulse, 47 
pulse generator, 68-87 
waveform, 2U, 49-53 

Exposed collector, 46 
Fade positive, 27, 33, 42 
Floating target, 11-27 
Flood gun, 17-65 

Fluorescence, 26 
Cray scale, 26 
Halftone, 1, 10, 26, 5~-6~ 
Image boundary migration, 29 
Integrate, 39, 8O 
Ion repeller mesh, 45-46 
Leakage current, 30 
Luminance, 32,36 
background, 36 

Mechanical stability model, 14-16 
Mesh, 17, 45-46, 55-65 

dielectric coated, 55-65 
ion repeller, 45-46 
voltage, 56 

Migration, image boundary, 29 
Near-target potential, 43-46 
Operating range, 34 
Phosphor, 25, 31, 53-56 

dielectric, 25 
particle target, 31 
viewing screen, 53-56 

Raised collector, 47 
Remote programming, 82-83, 94 
Repeller mesh, ion, 45-46 
Residual images, 52-53 
Resolution, 33 
Rest potentiai, 40 
Retention threshold, 33 
Secondary emission, 4-65 
"effective," 9 
measurement, 4-5 
ratio, 4-5, 59-63 

Semiconductor operating voltages, 
119 

Semicontic►uous layer targets, 34 
Shadowing, trace, 34 
Stability model, mechanical, 

14-16 
Stable points, 13-53 
Stable range, 33-34 
Stopping potential, 4 
Storage target, c~~ Targets 
Store, nonstore voltages, 68 
Target, 

backplute, 30-fi5 
characteristics, 43 
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:rget (c~utiuued) 
charging, 19 
control amilifier, d9-92 
control with twig guns, 24 
crossover voltage, 7 
deposition, 31 
dielectric, 22-28, 55-65 
dot pattern, 30-31~ 46 
floating, 11-65 
fluorescence, 26 
independent, 24 
multiple, 23 
perforated dielectric, 55 
phosphor particle, 31 
semicontinuous layer, 32-46 
voltage, 6 
ace enhancement, 41, 80 
ace shadowing, 44 
~., 97 
;table point, 14 
~~er writing limit, 34 
riable gersistance, 65 

.wing time control, 75, 94 
tlting, 13-65 
.imit, upper, 34 
;un, 17-65 
alftone, 64-65 
ate increase, 81 
,peed, 38-40 
peed enhancement, 4U-43 
pot, 37 
hreshold, 34 
ime, 37 
tten spat, 37 
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