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Display tube with ~eddced spot growth 

The invention relates to a method and a correction circuit for reducmg 

spot-growth when deflecting an electron beam in a display tube which bas a control electrode 

and a display screen, the method comprising the steps of: driving the control electrode for 

geneniting a modulated electron beam in the display tube in response to a picture signal, and 

S deflecting the modulated electron be.am for displaying the picture signal on the display 

10 

screen. 

Such a method and com:ction circuit for reducing the spot-growth may be 

used, inter a1ia in picture display apparatuses having a display tube for displaying picture 

information. 

Such a spot-growth reduction in a display tube is knc>wn from EP-A-

0,382,299. The color display tube descnDed in this document oomprises a display screen, an 

electron gun for geneniting a central etectron beam and two out.er electron beams which are 

coplanar. a deflection unit generating horizontal and vertical deflection fields for deflecting 

15 the electron beams, and a comction element for reducing a horizontal spot-growth factor. 

The three electron beams jointly -constitute a composite electron. beam. The image of the 

. composite ele.ctron beam on the display saeen is referred to as spot. The hori7.ontal spot­

growth factOr is the ratio between a horizontal dimension of the spot at a given position of 

the display screen and the horizontal dimension of the spot in the center of the display 

20 screen. The correction element is arranged between the electron gun and the display· screen 

for producing undercol'lvergence: ttie outer eiectron beams are deflected away from die 

~tral electron beam. The deflection unit is adapted to compensate the underconvergenc:e •. 

The overconverging deflection unit thus obtained generates at least a horizontal detlection 

field having a less pronounced astigmatic character. Consequently, the outer electron beams 

25 are deflected closer towards the central electron beam after they have successively traversed 

the underconverging and the overconverging field, and the horizontal spot-growth factor 

decreases. A magnetic four-pole is described u a possible correction element which can be 

controlled by means of currents synchronous to the line deflection and possibly also with 

currents related to the field deflection. The known measures yield a reduction of the 
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horizpntal spot-growth factor. However, for a large reduction of the homontal spot-growth 

factor, a large extent of under and overconvergence is necessary and side effects will also 

play an important role. Complicated and expensive circuit.a such as electronic convergence 

correction and/or dynamic north-south correction circuit.a are required for correcting the side 

5 effects. 

n is inter alia an object of the invention to provide a method, a display 

device and.a correction cin:uit for teducing the spot~gmwth when deflecting an electron 

beam, in which the horizontal spot-growth factor is considerably reduced without expensive 

_1.:,.-·. 10 comction circuits being required. 
To this end, a first aspect of the invention provides a method of spot-

growth reduction as defined in claim 1, and is cbaracterizecl in that the method comprises the 

further step of generating a correction waveform which influences the modulated electron 

beam for obtaining a corrected modulated electron beam which, from the center towards the 

15 edges of the display screen, comprises fewer electrons per second than the modulated 

electron beam. 

A second aspect of the invention provides a display device comprising 

spot-growth reduction means as defined in claim 7. 

A third ~ of the invention provides a correction circuit as defined in 

20 claim 9. 

Advantageous. embodiments of the invention am defined in the dependent 

claims. 

Reducing the spot-growth in this way is based on the recognition that the 

spot dimension is very much dependent on the number of electrons per second in an electron 

2S beam. The number of electrons per second in the electron beam is generally indicated as the 

~alue of a beam current. The picture signal influences the beam current for obtaining a 
JDodulated beam current for displaying the picture signal on the display screen. A correction 

wavefonn influences the Jit.odulated beam current for ob1aining a corrected modulated beam 

current which, towards the edges of the display screen; comprises fewer electrons per second 

30 than the modulated beam current. By reducing the modulated beam current towards the edges 

of the display screen, a growth of the spot dimensian (refetmt to as spot-growth) will be 

limited. 'lbe modulated beam current may be decreased, for example, by controlling the 

amplitude of the picture signal by means of a known conuast control, or by controlling a DC 

level of the picture signal by means. of a known brightness conuot. The spot-growth 
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reduction according to the invention is suitable for display tubes using one electron beam or 

a plurality of electron beams. In a color display tube having three separate electron beams 

which are each related to a phosphor in one of the three primary colors, the electron beam 

comprises an assembly of these three separate electron beams. Reducing the spot-growth in 

5 this manner is particularly interesting when there are large deflection angles. 

By reducing the modulated beam cUrrmt. towards the edges of the display 

screen, the light output on the display screen will sUPdy decrease towards its edges. To 

inlu'bit this decrease, an embodiment of a method acCording to the invention, cbaracterized as 

defined in claim 2, the deflection is influenced for cansil'lg the deflection rate of the electron 

lO · beam to decrease towards the edges of the display screen so as to compensate the decreasing 

light output entirely or partly. In fact, a slower electron beam will cause more electrons to 

land at a given position on the display scrr.en ·so tbit_the light output increases. 

By influencing the deflection rate, the picture sipal will reach a slightly 

shifted position on the display screen. An embodiment of a method accmding to the 

lS invention, characteriml as defined in claim 3, has the advantage that, by influencing an. 

instant of occurrence of the picture sigaal, the shifted position as a result of the non-constant 

deflection rate is compensated entirely or partly. The shift in time of the position of 

occurrence of the picture signal can be achieved by means of known techiliques such as clock 

modulation or interpolation. In. clOck modulation, the picture signal is written, for example at 

20 a constant clock into a memory and read from the memory at a variable clock. In 

interpolation, a presented picture signal is processed by means of an interpolation algorithm 

into a picture signal which provides the correct information at a shifted instant. 

A correction circuit for improving the impression of sharpness of a picture 

signal OD a display screen of a display tube is known from BP-A-0,598,442. To this end, the 

2S known correction circuit arrangement has a comcti0n circuit for 1enerating a correction 

~gnal dePencient on the picture signil and dependent on display tu~ data. 1be correction 

~gnal is applied to a contrast control circuit, a velocity modulation circuit and a clock 

modulation circuit. In nsponse to the correction signal, the clock modulation circuit supplies 

a processed picture signal which is shifted in. time, and the velocity modulation. circuit 

30 influences the hori7.ontal deflection rate. The contrast control circuit receives the processed 

picture siarm:l and, in response to the correction signal, it supplies an amplitude-controlled 

control signal for display on the display screen. 
The correction signal known flOm EP-A-0,598,442 depends, at each 

position of the display screen on the prevailing value of the display tube data and OD the 
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properties of the pi~ ·lgnat appearing at these positiort.-ielevant properties of the picture 

signal are: a modulation frequency, an amplitude of this modulation, and a DC level on 

which this modulation is superimposed. Let it be assumed that, on the basis of the display 

tUbe data and the properties of the picture signal, the conection ciicuit computes that the 

pictuie signal occurring at that instant cannot be displayed with a sufficient resolution at 

thele p\reD positions of the display scieen because the· occurring spot siz.e =iders this 
-_ :.. ~.!\. - ·~;. 

impossible. Then, the amplitude of the picture signal is reduced by means of the a>rreetion 

signal via the contmst control cireuit at that instant and at that given position, and the spot 

dimenSion decreases. Consequently, the light output on the clisplay screen decreases which 
·:i;i! '- . . .. - . 

· · 10 can be compensated by a decrease of the horimntal deflection rat.e via the velocit;y 
<:trii '· . . 

;·_··. 

. ' ,_ 

modulation circuit. Before the deflection rat.e decreases, the position error of the picture 

signal on the display screen· is first precompensated by the deflection velocity modulation by 
- . 

stretcbin& the picture signal in time. 'Ibis known complex comction circuit genemtes a 

correCti.on sipal which depends on display tube properties and on the picture signal. The 

15 dimension of the spot is thus controlled by the correction circuit at each position of the 

display tube, dependent on the picture sipal. The known correction circuit therefore does 

not yield a uniform horimntal spot dimension throughout the display screen, but allows, for 

example a 1atge spot si7.e where there is little resolution in the picture signal and reduces the 

spot where there is a high JeSOlution in the picture signal. 

20 An embodiment of a method according 1D the invention, cba:racterlzed as 
.I _.; 

defiried in claim 4, has the advantage that a maximum dimension of the spot in a pven 

c11~ direction is eonstant throughout the display screen. The maximum spot dimension 

occurs at a maximum amplitude of the picture signal. Consequently, the spot dimensions on 

the display screen will become more uniform upon modulation of the beam current by the 

25 pictum signal, and there is no or a less hazy impression of picture information at the edges 

of tbe display screen. 1be cmrectiori wavefonn may be generated, for example by means of 

~waveform generator which is synchronized with the line and/or field deflection, or the 

correction waveform may be derived from line and field deflection currents. 

An embodiment of a method according to the invention, chaiacterb:ed as 

30 _ defined in cJaim·s, has the advantage that the decrease of the brightness towards the edges of 

the display screen is eliminaf:ed as a result of reducing the modulated beam current: towards , 

the edges of the display screen. 

An embodiment of a method according to the invention, charactemed as 

defined in claim 6, has the advantage that not only the decrease of brightness towards the 
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edges of the display screen as a result of reducing the modulated beam current towards the 

edges of the display screen is eliminated_, but also a decrease of light on the display screen 

upon control by means of a constant beam current. Upon control by means of a constant 

beam current, there is a decrease of light on the display screen which is caused, inter alia by 

S the thiclcness of the display screen glass increasing from the •center of the diSplay screen. 

This decrease of light becomea more and more manifest now that a transmission of the glass . 

becomes increasingly smaller for. improving the black level on the display screen. 
An embodiment of a display deviCe acc:orcling to the invmtion, 

characterized as defined in claim 8, is based on the recognition that an improvement of the 

10 spot uniformity is possible in many display tubes by means of a puabo1ic correction of the. 

modulated beam current. To compensate for the decrease of light, this correction of th~ 

modulated beam current requires a pmbolic· deciease of the horizontal deflection rate 

. towards the edges of the display scieen. Such a decrease of the horizontal deflection rate can 

be realised in a simple manner by giving the 8-correcti.on Capacitor in series with the relevant 
15 deflection coil a suitable, too small value. 

20 

These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments clescribecl hereinafter. 

In the drawjngs: 

F •• 1 sho'ws an embodiment of a display device according to the 

invention; 

Fig. 2 shows a simple embodiment of a display device according to the 

invention, and 

Fig. 3 shows some wavefonns to explain the operation of the display 

2S clevice of Fig. 2. 

Fig. 1 shows a display device according to the invention. A color display 

tube 1 comprises control electrodes 11, 12, 13 aiid a display scn:ea 10. The display screen 

10 is provided with phosphors (not shown) in the three primary colors. The control signals 

30 Vcl, Vc2, Vc3, which are derived from a picture signal Pi, drive the control electrodes 11,. 

12, 13 for modulating the number of eledrmlS in separate electron beams. F.ach modulated 

electron beam is related to one of the phosphors. 1be separate modulated electron beams 

constitute a modulated composite electron beam. 1be number of electrons per second in this 

modulated compoSite electron beam determines a light output on the display scr=i 10. A 
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deflection circuit S coffiPflses field and a line deflection coil Lv, Lh, and a detlection 

· contrtn circUlt SO fol" ·driving the field and line deflection coils Lv, Lh. The deflection control 

circUit ·so tieeives vertical Vs and horizontal Rs synchronizing information which is derived 

·from' me· pietbre signal Pi by a synchIOnizing circuit 6 for perating sawtooth-shaped field 
1 

S and 1ifie dilciion torrents Iv, lh in the field and line deflection coils Lv, Lh, in 

's~Bmnisrit-With the picture signal Pi. 

··io 

A waveform-generating circuit 4 xcceives the horiZontal and vertical 

s)iticbtoniziril informatic>n Hs, Hv and applies a first ·correetion waveform Cl to a beam 

current comction circuit 2, and a second correction waveform C2 to a time COITeCtion 

clreuit 3 a.lid the deflection drive circuit SO. The time correction dfcuit 3 further receives the 

pictUte sigiilt Pi and supplies a time-shifted pictme signal Pd. The quantity of time shi~ is 
-determined 'by the second correction waveform C2. The beam current correction circuit 2 

further receives the time-shifted picture signal Pd and supplies the control voltages Vet, 

-Vc2. ·vc3. The number of electrons per second in the modulated composite electron ~ 
15 (furtli'er referred to as a value of the beam current) is also determined by the first correction 

signal Cl. Iii the embodiment cteScrlbed, the line deflectlon current Di is influenced by the 

second coriection signal C2 for causing a hm:imntal deflection rate to decrease towards the 

edges of the display sCreen 10. 
In this embodiment, the shape of the first correction waveform Cl is 

20 chosen to be such that the bea,nl current is decreased towards the edges of the display screen 

10 (the number of electroris per second in the modulated composite electron beam is reduced 
. . 

towards the edges of the disp1ay screen 10) ror reducing or preventing h~ntal spot-~ 

towards the edges of the display screen 10. The shape of the second correction wavefonn C2 

is chosen for delaying the horir.Ontll clefiection rate towards the edges of the display screen 

2S 10 so IS to reduce or compensate the decreasJ.ng light output on the display screen. The 

position er.rOr of the picture signai Pi, caused by the influence of the horizontal deflection 

rate. on the display screen 10 is conipensated by means of the second correction waveform 

C2 via the time correction circuit 3. 

The value of the beam current may be influenced, for example by means 

30 of an adapted contrast control: ~ time-shifted picture signal Pd is multiplied by the first 

correction signal Cl. The contrast control may be combined with an existing contrast control 

in a picture display device, or may be included as an extra feature. As already previously 

stated, the-time correction may be realised by means of, for example clock modulation or 

interpolation. 

f 
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Fil- 2 shows a simple embodiment of a display device according to the 

invention. In princip~ this. COl'l'eCtion circuit shown in Fig. 2 is identical to the correction 

circuit shown in Fig. 1. However, a first difference is tbat the cleflection circuit S has an S­

correction capacitor Cs which is arranged in series with the line deflection coil Lh. In known 

S circuits, the value of the S-correction capacitor Cs is chosen to be such that i. deciase of the 

voltage across the homontal deflection coil Lb is producecl towards the vertical edges of the 

display screen 10 so as to compensate a too high deflection rate 1:1:>wards the edges of the 

display screen 10 as much as possiole. This too high' deflection rate occurs as a result of the 

substantial planeness of the display screen 10. In the invention, the value of the 8-correction 
10 capacitor Cs is chosen to.be too small, thereby causing the horizontal deflection rate to 

decrease towards the edges of the display screen 10. A further difference is that the 

waveform-generating circuit 4 now does not apply any correction waveform to the deflection 

control circuit SO; the second correction waveform C2 is only presented to the time 

correction circuit 3. The value of the too small 8-correction capacitor Cs is chosen to be 

lS such that the extent of the decrease of the deflection rate towards the edges of the display 

screen 10 .results in an increase of the light output which can be entirely or partly 

compensated by means of a first correction waveform Cl having a .variation for causing the 

beam current to decrease towards the edges of the display screen 10 so as to reduce the 

horizontal spot-growth. The position error of the picture signal Pi, caused by the too small S-

20 correctibn capacitor, on the display screen 10 can be compensated by means of the second 

correction waveform C2 via the time conection circuit 3. If the correction waveform C2 for 
causing the beam current to decrease towards the edges of the display screen 10 corresponds 
reasonably well with the shape of the conection of the bori7.ontal cleflection rate, it will be 

possible to piesent the same correction waveform to both the time correction circuit 3 arid 
2S the beam current correction circuit 2. However, this applies exclusively if the time correction 

is achieved by clock modulation and· the influence of a gamma of the display tube is not 

compensated. The gamma of the display tube can be compensated by dividing in the second 

correction waveform C2 by this gamma. 

The correction waveforms may be chosen to be equal for each line 

30 throughout the height of the display screen 10. 'lbe correction waveforms may also be 

dependent on the vertical position on the display screen 10 so as to reduce or prevent 

possible extra horimntal spot-growth towardS the comers of the display screen 10. 

Possible unwanted effects on a vertical spot dimension due to influencing 

the horizontal spot dimension in accordance with the aspect of the invention described 

I 
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hereinbefore can be c&'iffensated by means of known d~y controlled focusing 

(dynamic astigmatism focusing). 

Fig. 3 shows some waveforms to illustrate the operation of the display 

device of Pig. 2. Each time, a perlod tO, tl is shown which corresponds to a horizontal time 

S interval in which a horizontal line is written on the display screen 10. Fig. 3a shows in a 

broken line a horitontal deflection current Iho in accoidance with the prior art, having an 
.• ··-6'· ' . 

amount of korrection for writing on the display screen 10 at a (substantially) constant 

horii.Ontat deflection rate. A corrected horimntal detiection cum:nt Ihc having a too large S­

corredion due to an S-correction capacitor Cs chosen, in accordance with the invention, to 
t :. '?. 0 

I 
~ • • 

10 be deliberately too small, is shown as a solid .. Jine curve. In Fig. 3b the horizontal deflection 

rate vh is shown, the broken line shows the constant horizontal de11ecti.on rate vho as509iated 

with ·tiie horizontal deflection current lho in accordance with the pd.or art. The solid-line 

· curve Shows that the corrected horizontal deflection rate vhc according to the invention 

· sllghtly htCieases in a center of the display screen 10 arid dccrcases towards the edges of the 

1S display screen 10. Fig. 3c shows the maximum horizontal spot dimension els. 'lbe broken­

llne curve dso shows, on a given. vertical position of the display screen 10, the spot-growth 

towanls the edges of the display sc.reen 10 occurring at a constant horimntal deflect.ion rat.e 

vho in accordanc:C with the prior art. Solid line else shows the CODBtaDt maximum horimntal 
_: . .., 

spot dimension occurring at the (fully) corrected hmimntal deflection rate vhc. The 

20 waveforms shown in Fig. 3 are only given by way of example, and simple waveforms, for 

example consisting of a combination of line sections is suitable for spot-growth reduction. 

It is to be noted that the embodiments mentioned above elucidate rather 

than limit the invention and that those skilled in the art will be able to conceive many 

alternative embodiments without departing from the scope of the appendant claims. Reference 

2S signs between brackets in the claims should not be construecl as limiting the claims. The 

invention, and notably the waveform~generating circuit 4, the time conection circuit 3 and 

t!te beam current correction circuit 2 may bC implemented in hardware with various elements 

or in an integrated circuit and/or by means of a suitably progxamm.ed processor, both 

implementations being within the scope of the invention. The invention may be used for 

30 maintaininJ the horimntal dimensions of the spot upon horimntal deflection as const.ant as 

_possible, or for maintaining the vertical dimension of the spot upon vertical deflection as 

constant as possible. The invention is applicable to the conventional deflection, in which lines 

obtained by a horl1.ontal deflection succeed each other vertically, and in transposed scanning. 

in which vertical columns obtained by vertical deflection succeed each other horimntally. 

,. 
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CLAIMS: 

111111111111111111111111111111. 
* C L M S * 

1. A method of reducing spot-growth when defleccing an electron beam in a 

display tube (1), which display tube (1) has a control electrode (11, 12, 13) aiid a display 

screen (10), the method comprising the steps of: driving (2, 3) the control electrode (11, 12, 

13) for generating a modulated electron beam in the display tube (1) in response to a picture 

S signal (Pi), and deflecting (S) the modulated electron beam for displaying the picture signal 

(Pi) on the display scieen (10), chmcterized in that ~ method comprises the further step of 

generating (4) a correction waveform (Cl) which influences the modulated electron beam (2) 

for obtaining a corrected modulated electron beam which, from the center towards the edges 

of the display screen ·(10), comprises fewer electrons per second than the modulated electron 

10 beam. 

2. · A method of reducing spot-growth as claimed in Claim 1, cbaracterized in 

that the method comprises the further step of influencing (C2; Cs) the deflection (S) for 

causing a deflection rate of the electron beam to decrease from the center towards the edges 

of the display screen (10). 

15 3. A method of reducing spot-growth as claimed in Claim 2, chmcterized in 

that the method co~prises the further step of influencing (3) an instant of occurrence of the 

picture signal (Pi) for compensating a position error on the display screen (10). 

4. A method of reducing spot-growth as claimed in Claim 1, cbiracteriz.ed in 

that the correction waveform (Cl) is suitable for imdering a maximum dimension, occurring 

20 in a chosen direction, of an image of the electron beam on the display screen (10) 

s~bstantially uniform throupout the display screen (10). . 

s.. A method of reducing spot-growth as claimed in Claim 2, characterim1 in 

that the deflection rate from the center towards the edges of the display screen (10) is 

decreased in such a manner that a decrease of a maximum light output on the display screen 

25 (10) towards the edges as a result of the reduced number of electrons per second in the 

corrected modulated electron beam from the center towards the edges of the display screen 

(10), is substantially compen~. 

6. A method of reducing spot-growth as cJaimed in Claim 2, characteriml in 

that the deflection rate is decreased in such a manner that a maximum light output· throughout 

' . 
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the display screen (10) is tendered constant. 

7. A display device provided with means for reducing spot-growth when 
deflecting an electron beam, said display device comprising: 

a display tube (1) provided with a control electrode (11, 12, 13) and a 
5 display screen (10), 

control means (2, 3) for driving the ·control electrode (11, 12, 13) for 
genemting a modulated electron beam in the display tube (1) in response to a picture signal 
(Pi), and 

· means (S) for deflectinl the modulat.ed electron beam for displaying the 
10 picture signal (Pi) on the display screen (10), cbaracterized in that the display deviee further 

comprises correcnon means (4) which are coupled to the control means (2, 3) for S1JPPlying a 
correction waveform (Cl) which influences the inodulated electron beam for obtaining a 
corrected modulated electron beam which, from the center towards the edges of the display 
screen (10), comprises fewer electrons per second than the modulated electron beam. 

15 8. A display device as c1aimt.d in Claim 7, characteri7.ed in that the 
deflection means (5) include an S- correction capacitor (Cs) which is manged in series with 
a deflection coil (Lb), the S-conecdon capacitor (Cs) havina a smaller value than a nominal 
value for causing the ~on rate of the electron beam to decrease from the cent.er towards 
the edges of the display screen (10), said nominal value being associated with a substantially . . 

20 constant deflection rate. 

9. A c:orrecti.on circUit for reducing spot-growth when deflecting an electron 
beam, which correction circuit comprlses means (2, 3) for driving a control electrode (11, 
12, 13) of a display tube (1) having a display screen (10), chamcterlzed in that the correction 
circuit further comprises conection means (4) for applying a correction signal (Cl) to the 

2S control means (2, 3) for obtaining a correct.eel modulated electron beam which, from the 
center towards the edges of the display screen (10), comprises fewer electrons per second 
than the modulated electron beam. 
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