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57 ABSTRACT 

To erase the information on a storage screen of a dis 
play tube there must be applied to the tube sudden po 
tential variations which may have values of several hun 
dreds of volts. By using a low-voltage transistor in emit 
ter-follower connection in conjunction with transistor 
protective means and an appropriate RC time determi 
nation both the normal bias voltage and the sudden 
high-voltage potential variations may be applied to the 
tube. 

This erasing circuit 
oscilloscopes. 

may be used in storage 

5 Claims, 4 Drawing Figures 
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ERASING CIRCUIT FOR USE IN A DSPLAY TUBE 
PROVIDED WITH A STORAGE SCREEN 

The invention relates to an erasing circuit for use in 
a display tube provided with a storage screen, which 
circuit comprises a direct-voltage supply source con 
nected between the storage screen and the cathode cir 
cuit for storing information on the screen and a first ca 
pacitor one electrode of which is connected to a 
square-wave voltage supply source, the co-operation of 
the capacitor and of resistors producing an erasing volt 
age which is the differential of the square-wave voltage 
and is superposed on the voltage from the direct 
voltage supply source and which erases the information 
on the screen. 

It is known to use cathode ray tubes to display elec 
tric information. By deflecting an electron beam emit 
ted from a cathode charges may locally be stored on a 
display screen or the screen may be caused to emit 
light. In general, in oscilloscope and television technol 
ogy display tubes are used which have a display screen 
which emits light only when the electron beam strikes 
the screen, and in some cases a screen exhibiting after 
glow is used. However, if the oscillogram or the infor 
mation is to be stored for a prolonged period of time 
and hence the screen must exhibit after-flow for a very 
long period, a given type of storage screen may be used 
in conjunction with a special tube construction. 
A tube of such type may be provided with a writing 

gun, i.e., a system which provides the controllable writ 
ing beam, at least one holding gun capable of emitting 
a uniform stream of electrons to the entire screen, and 
a special screen comprising a glass plate which is 
coated with a thin conductive layer which in turn is 
coated with a dielectric layer of, for example, a phos 
phor. 
Depending upon the energy which the electrons have 

when striking the phosphor layer the secondary emis 
sion factor of the layer is smaller or greater than unity. 
This energy depends not only on the voltage between 
the cathodes and the conductive layer but also, owing 
to the insulating properties of the dielectric layer, on 
the charge present on the layer. If the emission factor 
is less than unity, a negative charge is collected on the 
screen which is supplied from the continuously spray 
ing holding guns, and the layer assumes cathode poten 
tial. The screen is dark, no light is emitted and hence 
information may be written in. For this purpose the 
writing gun provides a beam of high-energy electrons, 
for its cathode is at a high negative potential of several 
thousands of volts relative to the screen. At the points 
of impact on the screen the emission factor is greater 
than unity, so that a positive charge builds up. 
At these points the phosphor emits light, so that the 

oscillogram or the information becomes visible. 
The positive charge attracts stray electrons which are 

given an energy such that the emission factor still re 
mains greater than unity, so that after the collapse of 
the writing beam the information remains visible. Thus, 
a store in produced. 
To clear this store the local charge differences must 

be equalized or the charges must be discharged. 
It is known to use an erasing circuit for this purpose. 

One of the effects of the known erasing circuit is that 
the correct bias voltage between the spraying cathode 
and the conductive layer on the screen is adjusted and 
maintained. For this purpose a tube circuit is used 
which represents a direct voltage supply having a low 
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internal resistance and is generally referred to as cath 
ode follower. 
The anode of the tube used is connected to a supply 

source of a voltage of about 500 Volts, its grid is con 
nected through a resistor to a voltage divider having a 
range between 150 V and 250 V, and its cathode is 
connected through a resistor to the common lead to 
which the spraying cathode also is connected and on 
the other hand to the conductive layer on the screen. 
To enable the image on the screen to be erased the 

screen must be brought to a high positive potential for 
a given time so that the emission factor for the entire 
dielectric layer becomes greater than unity and hence 
the entire layer is given a positive charge and the entire 
screen emits light: equalization of the charge, after 
which this charge is removed, and a negative charge is 
applied to the layer in that the conductive layer is tem 
porarily brought to a low potential or to zero potential 
relative to the spraying cathode. 
The sudden positive- and negative-going voltage vari 

ations which may be superimposed on the bias voltage 
must be of sufficient duration to equalize the entire 
screen in respect of charges. For present-day storage 
tubes this time must be of the order of from 50 to 50 
milliseconds. 
The known circuit uses sudden voltage variations 

which decrease exponentially and are obtainable by 
differentiating a square-wave voltage via a capacitance 
resistance network. For this purpose one electrode of 
a capacitor is connected to the grid of the tube and the 
other electrode is connected to a change-over switch 
which has a rest position, in which it establishes a con 
nection to the common line, and an operative position, 
in which it etablishes a connection to a potential of, 
say, +250 V. The combination of the various resistors 
included in the grid circuit and the capacitor produces 
an RC time of a duration sufficient for the erasing pro 
CSS. 

By changing over the switch to the operative position 
a sudden voltage variation of + 250 V is produced at 
the grid and hence at the cathode and at the screen. 
This voltage exponentially decreases to the initial 
screen bias voltage. 
By returning the switch to the rest position a nega 

tive-going voltage variation is produced. 
Because of the tendency to reduce the size, the 

weight and the power dissipation of apparatus semicon 
ductor elements will be employed at all points where 
their use is possible. Furthermore endeavors should be 
made to reduce the cost of the apparatus. 
A disadvantage of the known erasing circuit consists 

in the use of a tube, which is comparatively bulky, and 
together with its high voltage and filament-current sup 
ply devices is heavy and dissipates a considerable 
amount of power. 

Substituting a transistor for the tube does not remove 
all these disadvantages: it still requires a high-voltage 
supply and the cost of such a high-voltage transistor is 
considerable. 
The erasing circuit according to the invention obvi 

ates all these difficulties. Only one cheap low-voltage 
transistor is required, and the supply voltage may be 
halved, for example from 500 V to 250 V. 
For this purpose an erasing circuit according to the 

invention is characterized in that the direct-voltage 
supply source includes an emitter follower circuit the 
emitter circuit of which is connected between the stor 
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age screen and the cathode circuit and which includes 
at least one transistor the maximum permissible collec 
tor-emitter voltage of which is smaller than the sum of 
the direct voltage and the peak value of the erasing 
voltage. Means are provided to protect the emitter foll 
lower circuit against excessive voltages, while the point 
of the circuit to which the other electrode of the first 
capacitor is connected is chosen so that the resistors 
together with the capacitor and in conjunction with the 
said means provide the appropriate time constants. 
The various embodiments of the invention are based 

on the recognition that sudden voltage variations are 
obtainable by superposition on the bias direct voltage, 
without an amplifier element being required to be 
driven through the entire peak-to-peak voltage range, 
by capacitive coupling, the amplifier element being 
Switched off, being saturated or retaining a constant 
voltage and hence being protected against excessive 
voltages. 

It should be borne in mind that the positive-going and 
the negative-going sudden voltage variations must be 
associated with a given RC time constant to enable ade 
quate erasure. The time constants are to be determined 
for both polarities having regard to the protecting 
means, the adjusting resistors and the one fixed capaci 
tor. 

Embodiments of the invention will now be described, 
by way of example, with reference to the accompany 
ing diagrammatic drawings, in which: 
FIG. 1 shows schematically an easing circuit accord 

ing to the invention in which the collector-emitter volt 
age remain substantially constant, 
FIG. 2 shows such a circuit using a series arrange 

ment, 
FIG. 3 shows a circuit using blocking diodes and 

time-constant matching, and 
FIG. 4 shows a circuit using collector-base protec 

tion. 
Referring now to FIG. 1, a 250 V supply source is 

connected to terminals 1 and 2 of the erasing circuit, 
in which this voltage is converted to the bias voltage of 
from 130 V to 230 V by means of a voltage divider 
comprising resistors 3 and 4 and a potentiometer 5. 
To obtain an adjustable direct-voltage supply source 

having a low internal resistance a screen S of a display 
tube, not shown, is connected through a lead 6 to the 
emitter circuit of an emitter follower to which is also 
connected, through a lead 7, a cathode circuit K of the 
display tube. 
The emitter follower comprises a transistor 8 having 

an emitter resistor 9 and is biased, via a resistor 10 con 
nected to the base, by means of the slider of the poten 
tiometer 5. The collector is connected through a col 
lector resistor 11 to the positive terminal i, while the 
emitter is connected through an emitter resistor 9 and 
the lead 7 to the negative terminal 2. The transistor 8 
is of the npn type. 
The positive-going and negative-going sudden volt 

age variations used for erasing are produced by means 
of a change-over switch 12 which acts as a square-wave 
voltage supply source. For this purpose a rest contact 
5 is connected to the lead 7, a make contact 4 is con 

nected to the terminal and the switch-over contact 3 
is capacitively coupled to the emitter follower. The 250 
V pulses are produced via a capacitor 16 connected be 
tween the base of the transistor 8 and the switch-over 
contact 3 and decay exponentially owing to the provi 
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4. 
sion of a base equivalent resistance comprising the re 
sistors of the voltage divider 3, 4 and 5, the base resis 
tor 10 and the input resistance of the transistor circuit. 
The peak-to-peak value of the sudden voltage varia 
tions is substantially 500 V. The transistor 8 has a maxi 
mum permissible collector-emitter voltage of, for ex 
ample, 180 V. To protect the transistor a capacitor 17 
is connected between the switch-over contact 13 and 
the collector of the transistor 8. The time constant of 
the base circuit, which constant is determined by the 
capacitor 16 and the base equivalent resistance, is 
made equal to, or slightly greater than, the time cons 
tant of the collector circuit. This latter constant is de 
termined by the capacitor 17 connected in parallel with 
the collector resistor 11, the emitter resistor 9 and the 
screen load. Thus there are produced at the three elec 
trodes of the transistor equal sudden voltage variations 
which decay exponentially at a substantially identical 
rate. Consequently, the voltages between the said elec 
trodes remain constant and there is no risk of the tran 
sistor limit voltages being exceeded. 

In the circuit diagram shown in FIG. 2 elements cor 
responding to those of FIG. are designated by the 
same reference numerals. In this circuit, however, the 
direct-voltage supply source is floating, because the 
emitter follower circuit is fed from a separate winding 
18 of a supply transformer, for example of a DC-AC in 
verter of a line voltage transformer, through a rectify 
ing circuit 19 which may also act as a voltage stabilizer. 
The terminal 2 and hence the common lead of the 

emitter follower circuit are separate from the lead 7 to 
the cathode K but are connected to it through a small 
resistor 2. 
The change-over switch 12 is fed from a separate 

source 22 of 250 V, the rest contact 15 being con 
nected to the lead 7 and the make contact 14 being 
connected to the -- 250 V terminal. The switch-over 
contact 13 is connected via the capacitor 16 to the 
emitter follower circuit, or strictly speaking to the said 
common lead thereof. 
When the switch 12 is thrown over, the desired eras 

ing voltages are produced across the resistor 21, the RC 
time constant being determined by the capacitor 16 
and the resistor 21. These sudden voltage variations are 
in series with the screen bias voltage as measured 
across the emitter resistor 9. The resistor 21 is given a 
small value because, seen from the display tube, it in 
creases the internal resistance of the direct-voltage 
source. Since because of the series arrangement the 
erasing current to the display tube must pass through 
the emitter follower circuit, it is ensured that this cur 
rent cannot produce a voltage drop which might dam 
age the transistor by giving the supply part a low inter 
nal resistance, for example by means of a buffer capaci 
tor 20. The current drive of the transistor 8 has a mag 
nitude such that the transistor is not cut off and the 
erasing current is permissible as a modulation of its bias 
Current, 

In the circuit shown in FIG. 3 the sudden voltage 
variation obtained by means of the switch 12 and the 
capacitor 16 is directly set up at the lead 6 to the screen 
S. 
For the negative-going pulse the capacitor 16 and the 

switch 2 form a load of the emitter follower. The latter 
will deliver a large current so that the transistor 8 is 
driven into saturation by the provision of the base resis 
tor 10, the voltage divider 3, 4 and 5 and the collector 
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resistor 11. In this circuit, the equivalent resistor used 
for determining the RC time must be constituted by the 
parallel arrangement of the said resistors with the emit 
ter resistor 9 and the screen load. 
The positive-going pulse causes a diode 23 included 

between the emitter of the transistor 8 and the emitter 
current to cut off, so that the transistor is shielded 
against the high voltage. Since the RC time for this 
pulse must be of the same order as for the negative 
going pulse, a parallel path is provided in the form of 10 
a resistor 25 and a diode 24 which ensures that the 
value of the resistor 25 is equal to the parallel resis 
tance of the resistors 10 and 11. 

In the circuit shown in FIG. 4 one electrode of the ca 
pacitor 16 is connected between the base resistor 10 
and the transistor 8. 
When the positive-going pulse appears the emitter 

follower follows the input voltage, but by the larger 
current it is driven into saturation owing to the collec 
tor resistor 11. As a result, a diode 26 connected be 
tween the base and the collector will be biassed in the 
forward direction, so that no high voltages are applied 
to the transistor electrodes. With respect to the RC 
time, account must be taken of the parallel arrange 
ment of the resistor 10 with the voltage divider 3, 4 and 
5 and further of the resistor 11, the resistor 9 and the 
screen load. 
The negative-going pulse is also passed by the emitter 

follower, causing the collector-emitter voltage of the 
transistor to rise to a value at which the diode 26 will 
break down in the reverse direction. This breakdown 
voltage is such that the maximum permissible voltages 
across the transistor are not exceeded. The diode 26 
may be a Zener diode of a particular type. 

In the circuit shown in FIG. 4 it is desirable for the 
RC time for negative-going and positive-going sudden 
voltage variations to be mainly determined by the resis 
tor 10 and the voltage divider 3, 4 and 5. Owing to the 
parallel connection of the resistors 11 and 9 and the 
screen load the time thus obtained for the positive 
going voltage variation will be slightly shorter than that 
obtained for the negative-going variation, which at the 
beginning of the pulse has the same RC time as long as 
the diode 26 is operated in the breakdown direction. 

It has been found, however, that writing on the 
screen by means of the positive-going voltage pulse is 
not as critical as erasure by means of the negative-going 
pulse, so that the proportions of the circuit must be 
matched to the latter erasing stage. 
What is claimed is: 
1. An erasing circuit for use in a display tube pro 

vided with a storage screen and a cathode circuit, com 
prising a DC voltage source, a potentiometer con 
nected in parallel with the DC voltage source, a transis 
tor having a base, an emitter and a collector, means 
connecting the potentiometer to the base of the transis 
tor, a resistor, means connecting the emitter of the 
transistor to the DC voltage source through the resis 
tor, means connecting the cathode circuit of the display 
tube to the side of the DC voltage supply connected to 
the emitter of the transistor, means connecting the col 
lector of the transistor to a side of the DC voltage sup 
ply remote from the emitter of the transistor, a square 
wave voltage supply, a capacitor, means connecting the 
square wave voltage supply to the base of the transistor 
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6 
through the capacitor, whereby the capacitor and the 
potentiometer provide a circuit for applying the differ 
ential of the square wave to the base of the transistor 
thereby superimposing the differential of the square 
wave voltage on the potential from the DC voltage 
source, the maximum permissible collector-emitter 
voltage of the transistor being smaller than the sum of 
the direct voltage from the DC voltage source and the 
peak value of the differentiated square wave, means 
connected to the collector of the transistor for protect 
ing the transistor against excessive voltages, and means 
connecting the emitter of the transistor to the storage 
screen of the display tube. 

2. An erasing circuit as claimed in claim 1, wherein 
the capacitor is directly connected to the base of the 
transistor, wherein the means connecting the collector 
of the transistor to the DC voltage supply comprises a 
resistor, and wherein the protection means comprises 
a second capacitor having one electrode connected to 
the collector of the transistor and having the other elec 
trode connected to the square wave voltage supply, the 
time constant of the first capacitor and the associated 
resistors being at least equal to the time constant of the 
second capacitor and the parallel combination of the 
emitter circuit equivalent resistors and the resistor con 
nected between the collector and the DC voltage 
SOC, 

3. An erasing circuit as claimed in claim 1, wherein 
the means connecting the cathode circuit of the display 
tube to the DC supply comprises a second resistor, 
wherein the square wave voltage source is connected to 
the base of the transistor through the capacitor and the 
potentiometer, and wherein the means for protecting 
the transistor comprises a low internal resistance of the 
DC voltage source. 

4. An erasing circuit as claimed in claim , wherein 
the protection means comprises a second resistor con 
necting the emitter of the transistor to the DC voltage 
source, a third resistor connecting the base of the tran 
sistor to the potentiometer, a diode connecting the 
emitter of the transistor to the first resistor and having 
a low resistance conduction path in the direction of 
conduction through the emitter of the transistor, a 
fourth resistor, a second diode connected in series with 
the fourth resistor, means connecting the side of the 
diode remote from the fourth resistor to the side of the 
third resistor remote from the base of the transistor, 
and means connecting the side of the fourth resistor re 
mote from the diode to the side of the first diode re 
mote from the emitter of the transistor. 

5. An erasing circuit as claimed in claim 1, wherein 
the protection means comprises a second resistor con 
necting the collector of the transistor to the DC voltage 
source, a diode connected in parallel with the base 
collector path of the transistor, the diode having the 
same forward direction of conduction as the base 
collector diode of the transistor and having a reverse 
breakdown voltage below the maximum permissable 
base-collector voltage of the transistor, the means con 
necting the base of the transistor to the potentiometer 
comprising a third resistor, and wherein the side of the 
capacitor remote from the square wave voltage supply 
is connected to the side of the third resistor remote 
from the potentiometer. 
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