
EP 0 425 205 B1 Description This invention relates to color picture tubes
having multibeam electron guns and, particularly, to an im- provement In
such guns to reduce the convergence drift of the electron beams during tube
warmup. 5      The most common multibeam electron gun presently used in
color picture tubes Is the inline electron gun. An inline electron gun is
one designed to generate or initiate preferably three electron beams In a
common plane and direct those beams along convergent paths In that plane,
to a point or small area of convergence at the tube screen. Most Inine
electron guns attain static convergence of the undeflected electron beams
by slightly distorting 10  the focus fields at the outer beams, so that the
outer beams are deflected toward the center beam to effect convergence of
the beams at the screen. One means of distorting the focus fields is to
offset one aperture in a focus electrode from Its associated aperture In a
facing focus electrode. A given static convergence at the screen of a tube
is established by a particular combination of aperture offsets throughout
the gun and beam position in the main lens. A problem, encountered in color
picture tubes having built-in static convergence, is 16  convergence drift
during tube warm-up. Convergence drift is caused by a change of beam
position in the main lens due to a relative change of horizontal aperture
positions of all the electrodes throughout the electron gun. The relative
aperture motion is due to different thermal expansions of the different
grids caused by a temper- ature gradient from the cathode to the main lens.
The convergence drift problem has been approached pre- viously by tailoring
the coefficient of expansion of each electrode, to match the thermal
gradient to keep con- 20 stant the relative horizontal positions of all
apertures throughout the gun. Such a modified electron gun is dis- closed
in U.S. Patent No. 4,631,442, issued to Reule et al. on December23, 1986.
As part of the present invention, itfirstwas determined thatsimply matching
the coefficients of expansion of the electrodes to the thermal gradient in
an electron gun does not always provide the desired reduction in
convergence drift. Instead, it was determined that a more detailed analysis
of the gun structure can be used 25  to attain an even greater reduction in
convergence drift. Acolor picture tube according to the invention includes
a screen and an improved inline gun forgenerating and directing three
Inline electron beams along separate paths toward the screen. The gun
Includes a plurality of cathodes and at least six electrodes longitudinally
spaced from the cathodes. The first, second and fourth electrodes from the
cathodes are of materials having lower coefficients of thermal expansion
than the coef- 30  ficients of thermal expansion of the materials of the
other electrodes. In the drawings: FIGURE 1 Is a plan view, partly in axial
section, of a shadow mask color picture tube embodying the in- vention.
FIGURE 2 is a side view of the electron gun shown In dashed lines in FIGURE
1. 36      FIGURE 3 is an axial section view of a simplified version of the
electron gun shown in FIGURE 2. FIGURE 4 is a graph showing convergence
drift versus time for a standard unmodified electron gun of the type shown
in FIGURE 2. FIGURE 5Is a graph of electrode temperature versus time during
tube warmup. FIGURE 6 is a graph of electron beam motion versus timefor
each electrodeofthe electron gun of FIGURE 40  2. FIGURE 7 is a graph,
similar to the graph of FIGURE 6. where the curves are normalized to
converge at the end of the tube warmup time period. FIGURE 8 Is a graph,
similar to the graph of FIGURE 7, showing the convergence drift between two
outer beams, red and blue. 45      FIGURE 9 Is a graph showing the combined
convergence drift between outer electron beams, red and blue, for all of
the electron gun electrodes. FIGURE 10 is a graph of the combined
convergence drift between outer electron beams for a standard unmodified
electron gun, a gun with a low expansion G2 electrode, a gun with a low
expansion G4 electrode and a gun with combined low expansion G2 and G4
electrodes. 50      FIGURES Ila, 1b and Ilc are graphs of convergence drift
curves for three different tubes having low expansion G2 electrodes.
FIGURES 12a, 12b and 12c are graphs of convergence drift curves for three
different tubes having low expansion G4 electrodes. FIGURES 13a, 13b and
13c are graphs of convergence drift curves forthree different tubes having
com- 



56  bined low expansion G2 and G4 electrodes. FIGURE 14 is a composite
graph comparing the outer-to-outer beam convergence drift for tubes having
a standard unmodified gun, a gun with a low expansion G2, a gun with a low
expansion G4 and a gun with combined low expansion G2 and G4 electrodes. 2
EP 0 425 205 B1 FIGURE 1 is a plan view of a rectangular color picture tube
10 having a glass envelope comprising a rec- tangularfaceplate panel orcap
12 and a tubular neck 14 connected by a rectangularfunnel 16. The panel
com- prises a viewing faceplate 18 and a peripheral flange or sidewall 20
which is sealed to the funnel 16. A three- color phosphor screen 22 is
carried by the inner surface of the faceplate 18. The screen is preferably
a line 6   screen, with the phosphor lines extending substantially
perpendicular to the high-frequency raster line scan of the tube (normal to
the plane of FIGURE 1). A multi-apertured color-selection electrode or
shadow mask 24 is removably mounted in predetermined spaced relation to the
screen 22. An improved inline electron gun 26, shown schematically by
dotted lines In FIGURE 1, is centrally mounted within the neck 14, to
generate and direct three electron beams 28 along coplanar convergent paths
through the mask 24 to the screen 22. 10     The tube of FIGURE 1 is
designed to be used with an external magnetic deflection yoke, such as the
self- converging yoke 30 shown surrounding the neck 14 and funnel 18 In the
neighborhood of theirjunction. When activated, the yoke 30 subjects the
three beams 28 to vertical and horizontal magnetic flux which cause the
beams to scan horizontally and vertically, respectively, in a rectangular
raster over the screen 22. The initial plane of deflection (at zero
deflection) is shown by the line P-P in FIGURE 1 at about the middle of the
yoke 15  30. Because of fringe fields, the zone of deflection of the tube
extends axially, from the yoke 30 into the region of the electron gun 26.
For simplicity, the actual curvature of the deflected beam paths in the
deflection zone Is not shown in FIGURE 1. The details of the electron gun
28 are shown in FIGURES 2 and 3. The electron gun comprises two glass
supports rods 32 on which various electrodes are mounted. These electrodes
include three equally spaced 2o  coplanar cathodes 34 (one for each beam),
a GI grid electrode 36, a G2 grid electrode 38, a G3 electrode 40, a G4
electrode 42, a G5 electrode 44, and a GO electrode 46, spaced along the
glass rods 32 in the order named. Each of the electrodes following the
cathodes has three Inline apertures therein to permit passage of three
coplanar electron beams. The GI grid electrode 36 and the G2 grid electrode
38 are parallel flat plates that can include embossings therein for added
strength. Three Inline apertures 48 (one shown) are located in 25  the GI
grid electrode 38, and three apertures 54 (one shown) are located in the G2
grid electrode 38. The G3 electrode 40 is formed by the two cup-shaped
elements 60 and 82, each having apertured bottoms. The aper- tured bottom
of the element 60 faces the G2 grid electrode 38, and the open end of the
element 60 is attached to the open end of the element 62. The G4 electrode
421s a plate having three apertures 61 (one shown) there- in. The G5
electrode 44 is formed by two cup-shaped elements 68 and 70. Each of the
dosed ends of the 30  elements 68 and 70 includes three apertures, and the
open ends of the elements 68 and 70 are connected. The G6 electrode 46 also
includes two cup-shaped elements 72 and 73 having apertured bottoms. A
shield cup 75 is attached to the outside bottom of the element 73. The
facing closed ends of the G5 electrode 44 and the GO electrode 46, as shown
in FIGURE 3, have large recesses 76 and 78, respectively, therein. The
recesses 76 and 78 set back a portion of the closed end 36  of the G5
electrode 44 that contains three apertures 82 from a portion of the closed
end of the G6 electrode 46 that contains three apertures 88. The remaining
portions of the dosed ends of the G5 electrode 44 and the GB electrode 46
form rims 92 and 94, respectively, that extend peripherally around the
recesses 76 and 78. The rims 92 and 94 are the closest portions of the two
electrodes 44 and 46 to each other. The configuration of the recess 78 in
the GB electrode 46 is different from that of the recess 76 In the GB
electrode 44. The recess 40  78 is narrower at the center aperture than at
the side apertures, whereas the recess 76 is uniform in width at the three
apertures therein. The G4 electrode 42 is electrically connected to the G2
electrode 38 by a lead 96, and the G3 electrode 40 is electrically
connected to the G5 electrode 44 by a lead 98, as shown in FIGURE 3.
Separate leads (not shown) connect the G3 electrode 40, the G2 electrode
38, the GI electrode 36, the cathodes 34 and the cath- 46  ode heaters to a
base 100 (shown In FIGURE 1) of the tube 10, so that these components can
be electrically 



activated. Electrical activation of the GO electrode 46 is obtained by a
contact between the shield cup 75 and a conductive coating internal to the
tube which is electrically connected to an anode button extending through
the funnel 16. (The coating and anode button are not shown.) In the
electron gun 26, the cathodes 34, the GI electrode 36 and the G2 electrode
38 comprise the bean- 50  forming region of the gun. During tube operation,
modulated control voltages are applied to the cathodes 34, the GI electrode
36 is grounded, and a relatively low positive voltage (e.g., 800 to 1100
volts) is applied to the G2 electrode 38. The G3 electrode 40, the G4
electrode 42, and the facing portion of the G5 electrode 44 com- prise a
prefocusing lens portion of the electron gun 26. During tube operation, a
focus voltage is applied to both the G3 electrode 40 and to the G5
electrode 44. The facing portions of the G5 electrode 44 and the GB 56
electrode 46 comprise the main focus lens of the electron gun 26. During
tube operation, an anode voltage is applied to the GB electrode 46 so that
a bipotential focus lens is formed between the G5 and GO electrodes. Some
typical dimensions for the electron gun 26 of FIGURE 2 are presented in the
following table. 3    EP 0 425 205 91 TABLE External diameter of tube neck
29.00 mm. 5        Internal diameter of tube neck
24.00 mm. Spacing between G0  and G2 electrodes
0.18 mm. Spacing between G2 and G3 electrodes
1.19 mm. Spacing between G3 and G4 electrodes
1.27 mm. Spacing between G4 and G5 electrodes
1.27 mm. 10       Spacing between G5  and G6  electrodes
1.27 mm. Center-to-Center spacing between
5.08 mm. adjacent apertues in G5 electrode Diameter of Apertures in G5 and
G6                                  4.06 mm. electrodes 15       Depth  of
recess  in G5  electrode                                 2.03 mm. Thickness
of GI electrode                                           0.10 mm.
Thickness of G2 electrode                               0.25 to 0.50 mm.
Thickness of G3 electrode                                               7
mm. Length of G4 electrode                                  0.51 to 1.78
mm. 20       Length of G5  electrode
17.22 mm. Focus  voltage                                               7.8
to  9.5  kV __            Anode voltage
25 kV In the above-described electron gun 26, the GI electrode 36, the G2
electrode 38 and the G4 electrode 25   42 are constructed of a material
having a lowercoefficient of thermal expansion, less than 10 X 10-8 C-',
than do the materials used to construct the other electrodes. Preferably,
the G1 electrode 36, the G2 electrode 38 and the G4 electrode 42 are made
from 430 stainless steel, which is a magnetically permeable material having
a coefficient of thermal expansion of about 9 X 10-6 0C-1. The bottom
portion or G2-facing side of the G3 elec- trode 40 is made from a 52%
nickel alloywhich is also magnetically permeable and has a coefficient of
thermal 9o  expansion of about 9.5 X 10-6 'I-. The top portion of the G3
electrode 40, the G5 electrode 44 and the G6 electrode 46 are made from 305
stainless steel, which is nonmagnetic and has a coefficient of thermal
expan- sion of about 20 X 10-6 'ICA. The purpose and results of using these
materials of different coefficients of ther- mal expansion are discussed
below. 35   Design Method The convergence drift of a standard unmodified
electron gun of the same type as disclosed in FIGURE 2 is shown in FIGURE
4. The drift between the blue and red beams does not decrease to less than
0.1 mm until about 20 minutes. First, It is desirable to reduce the time
that It takes for the convergence drift to decrease 40   below 0.1 mm, but,
preferably, it is desirable to design an electron gun wherein the
convergence drift never exceeds 0.1 mm. The improved electron gun was
designed by analyzing the motion of each electrode in the gun during tube 



warmup and then by determining the sensitivity of electron beam motion to
the horizontal motion of the aper- tures in each electrode. Once this
sensitivity was established, It then was determined how to alterthe
aperture 45   motion of selected electrodes to reduce convergence drift
through the use of different thermal expansion ma- terials. In doing the
analysis, a computer program was used that simulated the electron beam
trajectories. After the analysis, actual tubes were built and tested to
verify the analytical results. 60   Electron Gun Analysis Utilizing the
computer program, the horizontal positions of the outer apertures In each
electrode were in- dependently changed in 0.002 inch (0.05 mm) Increments.
From this, the sensitivity of electron beam motion at the screen to the
aperture motion was determined for each electrode. The beam motion at the
screen caused 55   by the expansion of each electrode during tube warmup
was then determined by translating the temperature rise of each electrode,
as a function of time, into aperture motion, based on the thermal
coefficient of expansion of the electrode material. Using the transient
temperature rise of each electrode during warm-up, shown In FIGURE 5, and
the sensitivity of beam motion on the screen due to the 0.002 Inch (0.05
mm) change in hori- 4    EP 0 425 205 B1 zontal aperture position of each
electrode, the beam motion on the screen for each electrode during warm-up
was determined to be as shown in FIGURE 6. By normalizing these curves to
the steady-state converged beams, as shown in FIGURE 7, the contribution to
convergence drift of each electrode can be seen. Because the two outer
beams (rediblue) have equal but opposite motion during warm-up, the
red-to-blue convergence 5   drift is twice that of a single beam, as shown
in FIGURE 8. Summing the contributions of each grid at specific 7--
times resulted in the theoretical red-to-blue convergence drift shown in
FIGURE 9. Because the net peak convergence drift is +0.32 mm (FIGURE 9),
convergence drift can be reduced by reducing positive beam motion
components. Referring to FIGURE 8, this was achieved by making the G2 and
G4 electrodes from materials having substantially lower coefficients of
thermal expansion than the thermal 10  expansion coefficients of the G5 and
G6 electrode materials, e.g., about 9 X 10- eC'- versus about 20 X 10-6
0C-1. The theoretical results of using only a low expansion G2, only a low
expansion G4, and both a low expansion G2 and G4 (compared to a standard
electron gun having 305 stainless steel G2 and G4 electrodes) are shown in
FIGURE 10. From this figure, it can be seen that the increasing order of
improvement is, as ex- pected, with the low expansion G2, then the low
expansion G4, and then the combination low expansion G2 i5  and G4. With
the combination low expansion G2 and G4, settling of the convergence drift
to within 0.1 mm of the steady-state convergence value occurs within 1.5
minutes, as compared to 13 minutes for the standard electron gun. It should
be noted that convergence drift could also have been improved by using a
low expansion G5 top In place ofthe low expansion G4 (See FIGURE 8).
However, this would not be desirable, because low expansion 2o  materials
are usually magnetic. The G5 is located in the tube such that, If it were
magnetic, it would render other components, such as external beam benders
on the neck, less effective and would increase yoke drive requirements. The
bottom portion or G2-facing side of the G3 is made of a magnetically
permeable material, to act as a shield to prevent penetration of the
deflection fields into the beam-formning region of the electron gun. Such
25  magnetically permeable materials have lower coefficients of thermal
expansion and are used, even though the electron gun analysis indicates
that a higher coefficient of thermal expansion material would be preferable
from the beam convergence standpoint. Similarly, the GI is constructed of a
low expansion material, even though the analysis indicates that a high- er
expansion material should be used, because of its close proximity to the
cathodes. Large expansion of the 30  (1 may cause it to warp, because it Is
a thin flat electrode. Experimental Results Based on the theoretical
analysis of red-to-blue convergence drift in the electron gun, three guns
were 35  fabricated having low expansion G2 electrodes, three guns were
fabricated with low expansion G4 electrodes, and three guns were fabricated
having both low expansion G2 and G4 electrodes, e.g., about 9 X 106 O . The
convergence drift results of these electron gun configurations are shown In
FIGURES 11a-c 12a-c and 



13a-c, respectively. A comparative summary of the standard and the modified
guns, of FIGURES 11a-c, 12a- c and 13a-c, Is shown in FIGURE 14. As seen in
FIGURE 14, the relative convergence drift performance of 40  the
experimental tubes is the same as that calculated In the theoretical
analysis for low expansion G2 and G4 electrodes. The time to settle within
0.1 mm of the steady-state convergence is less than 2 minutes, as com-
pared to 18 minutes for the standard gun. Although the above method, of
determining which electrode or electrodes of an electron gun should be
constructed of a material having a lower coefficient of thermal expansion,
was described for an electron gun 45  having six electrodes and particular
electrical connections, the method also may be applied to other electron
guns having more than six electrodes and different electrical connections.
Claims 50 1. A color picture tube Including a screen and an inline electron
gun for generating and directing three inline electron beams along separate
paths toward said screen, said electron gun comprising a plurality of cath-
odes and at least six electrodes longitudinally spaced from said cathodes,
characterized by the first (36), second (38) and fourth (42) electrodes
from said cathodes (34) are of materials having lower coefficients 55
of thermal expansion than the coefficients of thermal expansion of the
materials of the other electrodes (40,44,46). 2. The tube as defined In
claim 1, characterized in that the first (36), second (38) and fourth (42)
electrodes 5    C   LM          * zontal aperture position of each
electrode, the beam motion on the screen for each electrode during warm-up
was determined to be as shown in FIGURE 6. By normalizing these curves to
the steady-state converged beams, as shown in FIGURE 7, the contribution to
convergence drift of each electrode can be seen. Because the two outer
beams (red/blue) have equal but opposite motion during warm-up, the
red-to-blue convergence 5   drift is twice that of a single beam, as shown
in FIGURE 8. Summing the contributions of each grid at specific times
resulted in the theoretical red-to-blue convergence drift shown in FIGURE
9. Because the net peak convergence drift is +0.32 mm (FIGURE 9),
convergence drift can be reduced by reducing positive beam motion
components. Referring to FIGURE 8, this was achieved by making the G2 and
G4 electrodes from materials having substantially lower coefficients of
thermal expansion than the thermal 10  expansion coefficients of the G5 and
GO electrode materials, e.g., about 9 X 10-6 'C-' versus about 20 X 10-
0e-I. The theoretical results of using only a low expansion G2, only a low
expansion G4, and both a low expansion G2 and G4 (compared to a standard
electron gun having 305 stainless steel G2 and G4 electrodes) are shown in
FIGURE 10. From this figure, it can be seen that the increasing order of
improvement is, as ex- pected, with the low expansion G2, then the low
expansion G4, and then the combination low expansion G2 15  and G4. With
the combination low expansion G2 and G4, settling of the convergence drift
to within 0.1 mm of the steady-state convergence value occurs within 1.5
minutes, as compared to 13 minutes for the standard electron gun. It should
be noted that convergence drift could also have been improved by using a
low expansion G5 top in place of the low expansion G4 (See FIGURE 8).
However, this would not be desirable, because low expansion 20  materials
are usually magnetic. The G5 is located in the tube such that, If it were
magnetic, It would render other components, such as external beam benders
on the neck, less effective and would increase yoke drive requirements. The
bottom portion or G2-facing side of the G3 Is made of a magnetically
permeable material, to act as a shield to prevent penetration of the
deflection fields into the beam-forming region of the electron gun. Such 25
magnetically permeable materials have lower coefficients of thermal
expansion and are used, even though the electron gun analysis indicates
that a higher coefficient of thermal expansion material would be preferable
from the beam convergence standpoint. Similarly, the GI is constructed of a
low expansion material, even though the analysis indicates that a high- er
expansion material should be used, because of its close proximity to the
cathodes. Large expansion of the 30  GI may cause it to warp, because It is
a thin flat electrode. Experimental Results 



Based on the theoretical analysis of red-to-blue convergence drift in the
electron gun, three guns were 35  fabricated having low expansion G2
electrodes, three guns were fabricated with low expansion G4 electrodes,
and three guns were fabricated having both low expansion G2 and G4
electrodes, e.g., about 9 X 10-6 @C-1. The convergence drift results of
these electron gun configurations are shown In FIGURES 11a-c 12a-c and
13a-c, respectively. Acomparative summary of the standard and the modified
guns, of FIGURES 11a-c, 12a- c and 13a-c, is shown in FIGURE 14. As seen in
FIGURE 14, the relative convergence drift performance of 40  the
experimental tubes is the same as that calculated In the theoretical
analysis for low expansion G2 and G4 electrodes. The time to settle within
0.1 mm of the steady-state convergence is less than 2 minutes, as com-
pared to 18 minutes for the standard gun. Although the above method, of
determining which electrode or electrodes of an electron gun should be
constructed of a material having a lower coefficient of thermal expansion,
was described for an electron gun 45  having six electrodes and particular
electrical connections, the method also may be applied to other electron
guns having more than six electrodes and different electrical connections.
Claims 50 1. Acolor picture tube including a screen and an inline electron
gun for generating and directing three inline electron beams along separate
paths toward said screen, said electron gun comprising a plurality of cath-
odes and at least six electrodes longitudinally spaced from said cathodes,
characterized by the first (36), second (38) and fourth (42) electrodes
from said cathodes (34) are of materials having lower coefficients 55
of thermal expansion than the coefflcisnts of thermal expansion of the
materials of the other electrodes (40,44,46). 2. The tube as defined In
claim 1, characterized In that the first (36), second (38) and fourth (42)
electrodes 5    EP 0 425 205 B1I 1 1111111111 11111 11111 111111 LN   S
from said cathodes (34) are of magnetically permeable materials, and at
least two of the other electrodes (40,44,46) are of nonmagnetic materials.
3. The tube as defined in claim 1, characterized bythefourelectrodes
(36,38,40,42) closesttosaid cathodes s       (34) being of materials having
low coefficients of thermal expansion below 10 X I 04 OCA, and the re-
maining electrodes (44,46) being of materials having higher coefficients of
thermal expansion that are at least twice as large as the highest
coefficient of thermal expansion of the four electrodes closest to said
cathodes. 10  4.  The tube as defined in claim I or S, characterized In
that said second (38) and fourth (42) electrodes from said cathodes (34)
are electrically connected. 5. The tube as defined In claim 4,
characterized In that a third electrode (40) from said cathodes (34) is
elec- trically connected to a fifth electrode (44) from said cathodes. 15
6. The tube as defined in claim 3, characterized in that the first (36),
second (38), third (40) and fourth (42) electrodes from said cathodes (34)
are each at least partly made of magnetically permeable materials, and the
other electrodes (44,46) are of nonmagnetic materials. 20  7. The tube as
defined in claim 1, characterized by the second (38) and fourth (42)
electrodes from said cathodes (34) being electrically connected, the third
(40) and fifth (44) electrodes from said cathodes be- ing electrically
connected, the first (36), second (38) and fourth (42) electrodes from said
cathodes being of a material having a coefficlentof thermal expansion of
about9 X 10-" >-, and the remaining electrodes (40,44,46) being of
materials having higher coefficients of thermal expansion. 25 8. The tube
as defined in claim 7, characterized by the fifth (44) and sixth (46)
electrodes from said cathodes (34) are of materials having a coefficient of
thermal expansion of about 20 X 10 -001. 0.  The tube as defined In claim 7
or 8, characterized in that a portion (60) of the third electrode (40) from
30      said cathodes (34) that faces the second electrode (38) Is of a
material having a coefficient of thermal expansion of about 9.5 X 10-6
OC-1. 



10. The tube as defined in claim 7, 8 or 9, characterized In that a portion
(62) of the third electrode (40) from said cathodes (34) that faces the
fourth electrode (42) is of a material having a coefficient of thermal ex-
35      pansion of about 20 X 10  C-1. PatentansprUche 40  1.
Farbbildr8hre mit einem Schirm und einer Inline-Elektronenkanone, um drel
in Reihe liegende Elektro- nenstrahlen zu erzeugen und entlang getrennber
Wege auf den Schirm zu richten, wobei die Elektronen- kanone eine Vlelzahl
von Kathoden und wenigstens sechs In LAngsrlchtung elnen Abstand von den
Ka- thoden aufweisende Elektroden umfaelt, dadurch aekennzeichnet, daB von
den Kathoden (34) aus die erste (36), die zweite (38) und die vlerte (42)
Elektrode aus Materialien bestehon, die niedrigere thermi- 45      ache
Ausdehnungskoeffizienten haben als die Materialien der anderen Eleitroden
(40,44, 46). 2. RMhre nach Anspruch 1, dadurch oekennzeichnet, daB von den
Kathoden (34) aus die erste (36), die zwei- te (38) und die vlerte (42)
Elektrode aus magnetisch pormeablen Materialien bestehen und wenigetens
zwel der anderen Elektroden (40, 44,46) aus nicht-magnetischen Materialien
bestshen. 50 3. RMhre nach Anspruch 1, dadurch askennzeichnet, daB die vier
den Kathoden (34) am nichaten Ilegen Elektroden (36, 38, 40, 42) aus
Materialien mit niedrigen thermischen Ausdehnungskoeffizienten unter 10 x
10- 'C-l bestehen, und dall die ubrigen Elektroden (44,46) aus Materialien
mit h8heren thermischen Ausdehnungskoefflzienten bestshen, die wenigetens
zwelmal so groB wie der h6chste thermische Aus- 55
dehnungskoeffizient der vier den Kathoden am nichsten liegenden Elektroden
let. 4.  RMhre nach Anspruch I oder 3, dadurch aekennzeichnet, daa von den
Kathoden (34) aus die zweite (38) und vierte (42) Eleitrode elektrisch
miteinander verbunden sind. S    EP 0 425 205 BI             | |||||||
1111|| 1|||| 11111 || |||| *C   L  M   S* 5.  R8hre nach Anspruch 4,
dadurch gekennzeichnet, daS von den Kathoden aus sine dritte Elektrode (40)
mit einer von den Kathoden (34) aus fflnften Elektrode (44) verbunder ist.
6.  R8hre nach Anspruch 3, dadurch gekennzelchnot, daB die erste (36),
zwelte (38), dritte (40) und vierte s       (42) Elektrode der Kathoden
(34) jewells wenigatens tbliwelse aus magnetisch permeablem Material und
die anderen Elektroden (44, 46) aus nichtmagnetlechem Material sind. 7.
R6hre nach Anspruch 1, dadurch gokennzolchnot, daB die zwelte (38) und die
vierte (42) Elektrode be- sagter Kathoden (34) ele-trisch miteinander
verbunden sind, dal die dritte (40) und die ffunftb (44) Elek- 10
trode der Kathoden miteinander elektrisch verbunden sind, dall die erste
(36), die zweite (38) und die vier- to (42) Elektrode besagter Kathoden aus
einem Material bestehen, das elnen thermischen Auadehnungs- koeffizienten
von ungefahr 9 x 10- 6t'C- hat, und daB die verbielbenden Elektroden
(40,44,46) aus elnem Material bestohen, das einen hoheren
Ausdehnungskoeffkzienten hat. 15  8.  R8hre nach Anspruch 7, dadurch
gekennzelchnot, dal die fulnfte (44) und sechste (46) Elektrode der
Kathoden (34) aus Matbrialien sind, die elnen Ausdehnungskoeffizientbn von
ungefshr 20 x 1 0-C-1 ha- ben. 9.  R8hre nach Anspruch 7 odor 8, dadurch
gokonnzelchnet, daB sin Teil (60) der dritten Elektrode (40) 20      der
Kathoden (34), der der zweiten Elektrode (38) zugewandt ist% aus elnem
Material lst, das oinen Aus- dehnungskoeffizienten von ungeoahr 9,5 x 10- v
C-1 hat 10. Rohre nach Anspruch 7, 8 oder 9, dadurch gekennzelchnet, daB
ein Teil (42) der drittbn Elektrode (40) der Kathoden (34), der der vierten
Elektrode (42) zugewandt iot, aus elnem Material ist, das elnen Aus- 25
dehnungskoeffizienten von ungefahr 20 x 10- 6C-1 hat. Revendlcatlons 30  1.
Tube Image coulour comportant un 6cran et un canon 6lectronique en ligne
pour generer et diriger trois faisceaux electroniques en ligne Is long de
trajectoires s6par6es vers ledit 6cran, ledit canon 6lectronique comprenant
une pluralite de cathodes at au molns six hlectrodes longtudlnalement
espacees desdites cathodes, caracterise on ce quo lea premiere (36),
seconde (38) et quatrieme (42) 6lectrodes desdites cathodes (34) sont en
des materiaux presentant des coefficients de dilatation thermique
Inferieurs aux 35      coefficients de dilatation thermique des materiaux
des autres electrodes (40,44,46). 



2. Tube tel quo d6fini dans la revendication 1, caract6ris6 en ce quo la
premiere (36), la seconds (38) et la quatrieme 6lectrodes desdites cathodes
(34) sont en des mat6riaux magn6tiquement permeables et au moins deux des
autres electrodes (40, 44, 46) sont en materlaux non magnetiques. 40 3.
Tube tel quo d6finl dans la revendication 1, caractris6 en ce quo les
quatre dlectrodes (36, 38,40, 42) lea plus proches desdites cathodes (34)
sont en des matirlaux presentant de faibles coefficients de di- latation
thenmique 1nferleursa A 10 X 10-0C-1 ties ealectrodes restantes (44, 46)
sont en des materlaux presentant des coefficient de dilatation thermique
plus dleves, qui sont au moins deux fois plus Important 45      quo Is
ooefficient de dilatation thermique Is plus eIev6 des quatre electrodes les
plus proches deadites cathodes. 4. Tube tbl quo defini dons Ia
revendication 1 ou 3, caracterise on ce quo ladit seconde (38) et la
quatrieme (42) electrodes desdites cathodes (34) sont alectriquement
connecties. 50 5. Tube tbl quo defini dans la revendication 4, caractdrise
en ce qu'une troisieme 6lectrode (40) desdites cathodes (34) est
6lectriquement connectee a une cinquleme 6lectrode (44) desdites cathodes.
6. Tube tbl quo defini dana la revendlcation 3, caract6rIshe en ce quo la
premibre (36), la seconde (38), la 55      troisibme et la quatribme (42)
electrodes desdies cathodes (34) sont chacune constltu6e, au moins par-
tiellement, de mat6riaux magnetiquement perm6ables, et les autres
6lectrodes (44,48) sont en materiaux non magnetiques. 7    *1111111111
HlHE1111111111 INII EP 0 425 20581             11             7. Tube tel
qua defini dane la revendication 1, caractoris6 en co quo les seconde (38)
et quatribme (42) 6leco trodes desditas cathodes (34) sont 6lectriquement
connect6es, les trolsilme (40) ot cinquieme (44) lo- trodes desdites
cathodes sont electriquement connectees, les premibre (36), seconde (38) et
quatriime (42) olectrodes desdites cathodes sont en materiau presentant un
coeff icent de dilatation thermique d'en- 5       viron 9 X 10-6 'IC-, at
les electrodes restants (40, 44, 46) sont en des mat6efaux presentant des
coeffi- cients de dilatation thermique plus elev6s. 8. Tube tel qua defini
dans la revandication 7, caracteris6 en ce qua la cinquibme (44) et la
sixibme (46) electrodes desdites cathodes (34) sont en des mateiiaux
presentantun coefficient de dilatation thermique 10      d'environ 20 X
10-6C-1. 9. Tube tel qua d6fini dans la revendication 7 ou 8, caracters6 en
co qu'une portion (60) de la trobsibme electrode (40) desdites cathodes
(34) qui fait face a la seconde electrode (38) est an un materiau pr*
sentant un coefficient de dilatation thermique d'environ 9,5 X 10-8 1 . 15
10. Tube tel que definl dans les revendications 7, 8 ou 9 caract6rls6 on ce
qu'une portion (62) de la troisibme electrode (40) desdites cathodes (34)
qui fait face A la quatribme 6lectrode (42) est en un mateirau pr6- sentant
un coefficient de dilatation thermlque d'environ 20 X 1I0-C-1. 20 25 30 35
40 45 50 55 8    


