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ABSTRACT

Thie report covers a new type of cathode ray tube which is capablie
of storing imeges over long periode of time. The tube was developed by Dr.
Krawinkel with the idea of eliminating flicker in televieion pictures. Thie
tube may alseo be ueed for recording snd storing lmpulses of short duration
for comparlson purpoees, The writing time 1s zbout 1 mm, in 5 x 10~8 seconds
and it is believed thet this can be increesed to 1 mm, in 5 x 10-10 geconds.
The first laboratory samples of this new type of cathode ray tube were com-
pleted in 1344,



INTRODUCTION

Obieetive

Work on the Xrawinkel tube wae begun in 1538 with ths view to over-
coming technical difficulties in the televisicn field.

It 18 well known that a flicker exists in televigion pictures due
to the fact that the light spot which produces the picture must traverse tha
whole screen and that a complete picture is produced only due to the inertia
of the aye and the persistance of ths screen., In order to avold thias flicker
it would be necessary to design a cathode ray tube 20 that 1t would store
each portion of the plcture produced by the point of light ae it paeses over
the screen until the sereen has been completely covered. This could not be
accomplished by the fluorescent screen because the flucrescent screen loses
its brilliance too fast.

With this in view in 1938 Dr. Krawinkel vproceeded to develop a
cathode ray tube on the principle that by an accumilation of electrical
charges produced by the signal current, other electric currents could be
modulated so as to produce the desired picture on the screen. In 1944 he
corpleted the first laboratory samples of such an image-storing tube.

Evalvatiop

This report covers the general principles of construction of an
image tube, which is at preeent only in the experimentsl stage. It is
believed, however, that this tube mey becone of great velue in television
and many other fielde for recording, storing, and comparing impulmses of very
short dquration. The information in this report is prepared from information
obtained from Dr. Krawinkel. The author has not seen the tube in operation,
as facilities for a demonstration were not available, but he has, however,
inspected samples of both the semi-completed tube and the completed tube.

DESCRIPTICN

The present Krawinkel tube is constructed along the lines outlined
in Figure 1. In this figure, (T) ie a glaese tube which contalns an elec-
tronic system (G} to produce, concentrate, and deflect a cethode ray (B) onto
the plate (P) which has the storage qualities desirsd.

This plate has on its surface a sensitive photoelectric layer (C)
(Pigure 2), which is connected to a potential outside of the tube, and on this
- layer (C) are many small quarts insulating islands (J) (Pigure 2). When the
cathode ray (B) comes in contact with the plate (P), the electrons of the
cathode ray produce a secondary electron emission. When the cathode ray
comes in contact with the photoelectric layer (C), it makes no change in
the surface potential of this layer, but when the ray comes in contact with
the 1alands Tg). by its secondary emiseion, it produces a charge on the
surface of this island the valus of which is dependent on the secondary
emission factor. Migure 3 shows the normal secondary emission factor curve.



Thig 1llustrates the proportion (s) of secondary emitied electrons {i,) to
the primary electrons of the cathode ray (18) plotted against the velocity
of the electrons of the cathode ray zeasured in electron-volts. The value

8= é! % ] 1s very important and thersfore has been indivated with a dotted
line ?n Figure 3,

When the surface of an insulating island (J) (Pigure 2) comes into
contact with the cathode ray (B) (Pigure 1) with & velocity of (E) (Figure 3),
at which the secondary emiesion factor is less thar one, the insulating
1sland (J) (Pigure 3) will become charged With a negative charge which is
oroportional to the value of (d) (Pigure 3), to the duration of the cathode
ray's contact with the insdlated island, and to the intenasity of the cathode
ray. Since the charge on the insulating island is negative with respect to
the photoelectric layer (C)(Figure 2), electrons emitted by thie photoelectric
layer cannot reach the surface of the insulating island and the insulating
island retsins its charge. In this manner a trace of the desired electrical
signal is produced on the plate (P) (Pigure 1) by the modulated and deflected
cathode ray.

The insulating ielands of a diammeter of from 50 4 to 100 4« |, in
samples of this tube, have retained thelr charges for a period of three weeks,
gnd 1t ie believed that they would retain their charges still longer; however,
no samples have been subjected %0 a test for a longer period of time,

When the surface (P) (Figure 1) is illuminated by a light source (L),
which has been filsered aso that only the invisible part reaches the surface
of (P), the photoelectric layer emits electrons which are guided to the
fluorescent screen (H) (Figure 1) by the magnetic lens {0) (Figure 1). The
entire screen is theredy illuminated except for that portion which corresponds
to that part of the plate (P), where the insulating islande are negatively
charged, Therefore the negative charges on the plate produce dark spote or
lines on the scresen (H)(Figure 1) which represent the electrical eignals
which modulate or deflect the cathode ray.

Since the efficiency of the tube is dependent on the retention of
negative charges on the insulating islends, it ie necessary to reduce the
number of positive lons within the tube to ms few as nossible, Such ions
produce a faster discharge of the ingulating i1slende than the islanda' con-
ductivity., The positlive lone are produced by the residue of zams in the tube
during tne illumination of the screen. With s residusl gas presesure of
about 5.10‘7 mm. mercury, a discharge of the insulating islands cccurred in
about 10 to 15 minutes. When it ie desired to erase this picture, it is only
necessary to pass the cathode ray over the entire plate but with its electron
velocity so charged that the factor of secondary emipsion of the insulating
1slande 18 greater than one. This can be accomplished with & voltege ks
(Figure 3)., Contacting the 1slands with the cathode ray with such an elec-
tron velocity produces vnositive changes on the islandasa,

Figure 4 is a picture of the first laboratory samnle of the
Erawinkel tube,



Figure 5 4s one of the first plctures recorded on the above-
pentioned tube and represents & signal whose duration was 10~6 geconds.
On the beseline of this oscillogram cen be noticed the effect of amplifica-
tion noise. The epeed of writing, in this instance, was about one milli-
meter in 5.10~F esec. It is expected that the writing time can be increased
to one millimeter in 5,10~11 sec,, enabling research to be performed on
signals of a duration of about 1011,

PLLTE COFSTRUCTION

Originally the plate wae made (as descrided) of a photoelectric
layer with irsuleting islande inserted in it, but this did not produce uni-
form layers so the process was reversed and the photoelectric layer was
placed on the quartrz in such a manner that insulating ielande were left 1n
the photoelectric layer in the followlng manner,

A quartz plate (Figure A) approximately 2} x 2* inches, on the
border of which 2 emall metal atrip (R) (Figure A) about one-eighth inch wide
has been vaporized, 1s now vaporized with disgonel metal atrips of sillver
or aluminum (S) (Figure B). Both the strips and the spacing between them are
‘about 100 or 1504+ in width. These stripe are the leads for the vhotoelectric
layer and part of the space between them will become the insulating islande,
Thia is then fastened in the center of a thin metal saucer about 4,5 inches
in diameter. A very fine mesh net, the width of the guartz plate, is then
fastened to and rolled on a roller of the varlety used for ordinary house-
hold window blinds. This roller must have a spring for rewinding the net.
The moesh of this net pust be of such a sige that the dlagonal of the opening
1s as large as the width of the inmsulating etrips between the silver stripe
{8) (Figure B). This roller 1s then fastened to the back of the metal sauser,
and the net is pulled through a large slit in the saucer above the gquartz
plate, It 1 then pulled over the plate and through another slit at the
bottom and fastened with two small wires to a terminal. This is arranged
so that when the net is no longer needed, the wires may be electrically burned
in two and the net will rewind itself on the roller and be out of the way.
This ie necessary as the photoelectric layer must be vaporized on the plate
under vacuum while the plate ie in the tube,

The screen allows the photoelectric layer to be vaporiged on the
plate where the openings are but not where the wires are, thus making tiny
ineulating ifslands (J) (Figure C) between the photoelectric layers (C)

(Mgure C)., 8ince the dimgonals of the openings in the net are as large

as the width of the insulating stripe between the metal etrips (8) (Figure G},
esach photoelectric sguare will touch one of the diagonal metal stripe, which
will gerve ag a conductor to the outmide.

FPor the vaporization of the photoelectric layer on the plate, it is
necessary to have sn electiric source in fromt of the screen, which aleo must
be removed after the vaporization is completed, This is accomplished in a
sonewhat gimilar manner as follows.



The electrical element is fastened to a stiff wire which has bsen
bent in a 90° arc with a radius of approximately four inches. At the oppo-
slte end from the element the wire is bent to a radiaml position and is Tassed
through two holes in two small pieces of metal. Treses have been fastened to
the edge of the flat part of the bsck of the metal ssucer perpendicular to
the bottom of the ssucer at a point oprosite to the middle of one of the
sides of the quartz plate. These two pieces of metal serve as a vivot for
the entire unit. After passing the wire through them, it is bent agsin at
right angles to itself and at an angle of 45% to the plane of the are. A
spring 1s fastened to this end 0 as to hold the mechanism in Plaece and pull
the parts back into place after vaporisation is completed. The element ie
then pulled through a slit cut in the side of the saucer to its position in
front of the plate and fastened there with ancther small wire which will be
burned through when the vaporization is complsted. The above mssembly is
now placed in the tube and after the tube is sealed snd gittering is com-
pPleted, the vhotoeloctric layer is vaporized in m normal manner through the
net on the plate. Then the vaporizing equipment is removed ae explained
above and the tube is complete.

Pictures 1, 2, and 3 show the Krawinksel tube assembled before the
Plete has been vaporized with the photoelectric layér. In Pictures ! and 2
the net and electric source can be seen in front of the quartz plate. In
Picture 3 the empty curtain roller, on which the net will be rolled, can be
seen clearly on the left, and above this the taut spring to the end of the
vire which supports the electric source for vaporizing the photoelectric
loyer on the plate. This wire can also be seen passing upward through the
metal plates that support it and then bending forward directly away from the
camera. The teut spring will pull the wire and electrical gource awey from
in front of the plate when the thin wire (which ecannot be seen in any of
the pictures) is electrically burnt in two.

Picture 4 shows the completed tube with the net and electrical
source for vaporizing the photoelectric layer removed and should be com-
Pared with Picture 2, which is the corresponding view of the unfinished tube.

Pictures 2 and 4 aleo show a good view of the metal saucer, to
which the quartz plate ig fastened.

Picture 5 showe the completed tube with the net wound up on the
roller on the left (being pointed to with the light pencil). This ehould be
compared with the erpty roller in Picture 3. Above this roller in Pilecture 5
the spring can be seen in its normsl position, the electrical acurce having
been drawn (being Pointed to with the dark penpil) behind the metel saucer.
This should slso be compared with Picture 3. Between the two pencils in
Picture 5 can be seen the gittering device. Thie is 2leo vigidle in Picture3.

Picture 6 shows a good view of ths fluorescent screen.

Picturs 7 shows the inventor, Dr. Krawinksl, holding a completed
model of his tubve.



SITTERING

The usual method of "gittering® of melt-off tubes, which consiete
of depositing a barium or strontium layer on & part of the tube, is usually
unsatiefactory; therefore a gittering method was developed and used as
follows,

This gittering device was built similar to a three-electrods-tube
(amplifier-tube), as 1s shown in Figure D, and conaists of an eleotron emit-
ting heating filament (k), around which 1s a coarse meshed grid (g), which
is connected to a positive voltage (approximately 200 volts). The vhole
thing is surrounded by a metal casing (a), on the inside of which is a
"gltter® layer (b), which 1s connected to the negative voltage.

The electrons emerging from (k) (Figure D) are accelerated by the
positive voltage on the grid (g) (Figure D) and on their way from (k) to {g)
lonize the residual ges molecules., The resulting positive ions are acceler-
ated to (a) by the potential drop betwesn (k) and (a) and are shot intoc the
gitter layer (b) at a much higher velocity thanm normal.

This gittering device 1s installed in a convenient place in the
tube in order to produce the necessary vacuum.




Figure 1.

Picture 1.
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FIG.l: THE KRAWINKEL TUBE.
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FIG2:ENLARGEMENT OF SECTION OF THE STORAGE
PLATE.
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FIG3: NORMAL SECONDARY EMISSION FACTOR
CURVE.
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Figure 4
Tre First Erawinkel Tube

PIAT FIFAL PFFORT HO. 1027

Figure 5 - One of the First
Pictures Recorded on the Tube
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FIG.A: PLATE AND METAL BORDER.
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Picture 1 - Krawinkel Tube Before
Plate is Sensitized, Gun on Left
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Picture 3 - Krawinikel Tube Before
Plate is Sensitized, Gun in Back
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Picture 7 = Dr. Irawinkel
Holding one of the Krawinkel Tubes
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FIG.D: CROSS SECTIONAL SKETCH OF GITTER -
ING DEVICE.
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