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1977. The use of a line light source to form continuous phosphor
lines, however, has an inherent geometric problem that must be
solved, Because of the substantial curvatures of the shadow mask

‘25 and tube faceplate, the images of the line light source that pass
through the apertures off the major and minor axes of the mask
are angled or skewed relative to the intended straight lines. If

. uncorrected, such skewing of the line light source images results
" in the formation of phosphor lines that are relatively ragged.

30 : There have been several techniques suggested for
solving the light source image skew problem. One solution is
disclosed in U.S. Pat. No. 4,516,841, issued to Ragland on May 14,
1985. That patent teaches the use of a cylindrical-shaped lens

. located near a line light source during exposure of photosensitive

35 material on the faceplate. The longitudinal axis of the cylindrical
lens is oriented perpendicular to the longitudinal axis of the line
light source. Because of the presence of the lens, the images of the -
line light source, projected through the slits of thé mask onto the
photosensitive material, at locations off the major and minor axes
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' angle of plus 3. 5 degrees was noted at the top of the screen,
between the minor axis and the corner, and a skew angle of minus
0.9 degree was noted at the corner. The skew angle of 3.5 degrees
causes formation of wider phosphor lines, which results in a loss

25 of tolerance of about 35 micrometers. Furthermore, a large skew
angle also creates some amount of line necking which may be
visible and thus objectionable in a finished tube. Therefore, there
is a need to improve the deSi-gn of skew correction lenses to
‘reduce the amount of skew angle remaining during screening.

30 : SUMMARY OF THE INVENTION

' ‘The present invention is an improvement in a method
of screening a line screen slit mask color picture tube, that
“includes coating a faceplate panel of the tube with a
photosensitive material, inserting a slit shadow mask into the

35 panel, and exposing the photosensitive material by passing light

' from a line light source through a misregister correction lens and
through the slits of the mask. The improvement comprises
positioning a skew correction lens between the line light source
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20 present invention is used.
'FIG. 7 is a graph of the degrees of line hght source
image skew at various locations on a faceplate, using a pnor art
- cylindrical lens and a novel acylindrical lens. ‘
FIG. 8 is a faceplate showing the locations of the
25 various data points used for the graph of FIG. 7. o
" DETALLEDD N OF THE P EMBOD
FIG. 1 shows an exposure device, known as a
lighthouse 10, which is used.for screening a color picture tube.
The lighthouse 10 comprises a light box 12 and panel support 14
30 held in position with respect to one another, by bolts (tiot shown),
' on a base 16 which is supported at a desired angle by legs 18. A
line light source 20 (typically a mercury arc lamp) is supported
within the light box 12. An apertured plate 22 is positioned
" within the light box 12, above the line light source 20. An
35 aperture 24 within the plate 22 defines the effective length of the
' line light source 20 that is used during exposure. Just above the
aperture 24 is a novel skew correction lens 26, which is described
in greater detail below. A main correction lens assembly 28 is
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- within the light box 12. An apertured plate 22 is positioned .t

-~ the_light, box 12, ‘above the line light source 20. An 3 5_ aperRGAewgﬁp '
“within the plate 22 defines the effective length of the l'ine |ight

source 20 that,..l dyr [ ust o t rture 24 ié '
a novel ske c@(ﬁ#?e‘?ﬁ%gﬂ #ﬁgngﬁggic%&gwﬁgﬁl il\s%"degg?i %7213 Qgsemllalr}' Szr%:at er detail
bel ow. A nacompsisescai onisregistezscerrgetionslans 30, which refracts the light
4 - loc i B dhit : t heghd e 28
rom the | S t t & I * during
tube Opgi at k?ﬁch?Edn@éhbm foi _ethe: Vaﬁaﬁbnscixi dight lihesnsiy, inSvariobsch .
conpensat es_f or e.vari ations in,li.ght .int ity (i 9KS; ts o
the |ight hoB&ES © mﬁcbﬁj@f‘éﬂs&neﬁ g%%{]ﬁl%%ief sasﬁgﬁ@gd- 18 '%%m?%g anet
SFPpOrL é4. ofththep paniel amrppart y1434 Thel panel assembly 34ejncludesaael 36 agd a
slit shadow, 38 Ut i § hj h ' | 286 aRanshe The
nsi de. our 1 SAcepipee” pERED 56 did Y Yy g g 380 pioulteq) SitlRA" the
“phot osensi t peaekndbe biyaknown pneansy e inside fsusface Iﬁ’g theodaceplate i ve
T pasaes R el B B e o corr ot Fop. | ans. 26
: _ ured .., ate -t he _skew,correctron | ens 26,
the i1 ) ter Sotoching, dhe Bhotgsansitive wRaiCeial (A0, i xbesed 18y fight Front
' EIGG_S. 2 andtie ghmlltigletTlsiachéth aSmritepaﬂTesndhm@h' the apertuset i on | ens
In greate ehal e le . ] _ .1y Gy | yndri.caldey ped,
bei ng a sol pLat igge tB? ' ch(?néﬁé#‘f zlgﬁﬁggé’hg%{e filter dopl.{éog#&esg d(%r@gi P
~ surface andthe fshadoswr mask. 38he | ens 26 has ort hogonal X and Y axes.

- The coftgured convex pH§ics fid tj‘%hb@”%@‘iinez?i"hi c8e20 Dind RRew
. pol ynom-al , - . ] =Al err] gerr + err] Xerr]
- y[err], coppestion lens 26 in greater detail.; ;Thelens: 20 1§ @SEF a pl ane

- tangent to hE¢liR@ricallydbRaped}ObBingora isbHd! pitce offeoptioal quairtzg thar &asel to
anot her pl ane c&nt ai ni ng Hés X a@d haatxgsl;f Th [err] is
a negative BoBPRICUTERCOMNEX JUFEFH #Q 4 Uriage yni ll\frd_ée% 26,,ba agi tt al
~var i_ ations bethogoaal ]X camdd¥saxes. The contoured convex surface of the lens
o 20 26 is defined by the polynomial,

i

Z is the sagittal drop from a plane tangent to the
25 highest point on the lens, the plane being parallel to another plane
containing the X and Y axes;
A1is a negative coefficient that determines the |
magnitude of the sagittal variations for Y2 changes;
| Ay is a positive coefficient that determines the
30 magnitude of the sagittal variations for X2 Y2 changes;
' X is the perpendicular distance from the Y axis; and
Y is the perpendicular distance from the X axis. .
| The line light source 20 is tubular in shape and may
be of the mercury arc type, such as the BH6 lamp manufactured:
35 by General Electric. Within the lighthouse 10, the lens 26 is
oriented with its X axis perpendicular to the longitudinal axis B-B
of the line light source 20. As shown in FIG. 3, the apertured plate
22 is positioned between the light source 20 and the skew

Z=A; Y2+ A X2 Y2,

where
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lens 26 can be seen by comparing FIGS. 5 and 6. FIG. 5 shows the
images 42 of a line light source cast on a faceplate panel 36', _
25 wherein no skew correction lens is used. In this figure, the images
off the major axis X-X and the minor axis Y-Y are tilted at varying
angles depending -on their distances from both axes. For purposes of
illustration, the image sizes and angles of tilt are greatly exaggerated
. in this drawing. FIG. 6 shows the resultant pattern formed by the
30 light source images which are skew-corrected by. the novel skew '
' correction lens 26. - As can be seen, smooth straight screen lines are
formed by the line light source images 44.
' ' neral .Consideration
' The coefficients A; and A in ‘the equation,
35 Z=A; Y2+ Ay X2 Y2, will be different for each tube type and are _
- determined as follows. First, the light rays are traced. from the ends of
the line light source, through a mlsreglster correction lens and through
‘a plurality of pinholes in the mask, onto the screen. This step can be
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| ens used igre hdetermingdesent nethod be of an ultraviolet U grade quartz
selected for its It is preferred that the skew correction lens used in the
" present. method be of an ultraviolet UV grade quartz selected for -its
25 solarization resistance. Transmission of the lens should exceed 90%
- after a 100 hour exposure to a 1IKW mercury arc lamp positioned
10 mm from one side of the lens. Furthermore, the X and Y _
components of the slopes of the generally cylindrical surface of the
- skew correction lens should not deviate more than 0.5 milliradian
30 from the specified values. The planar surface of each lens should be
' flat to within 5 uniform fringes, using a helium source. Both surfaces .
of each lens should be finished to an optical polish and clarity with no
‘observable haze. - - | .
"The following table gives dimensions for a specific
35 _acylindrical skew correction lens of design similar to that of the lems
26 of FIGS. 2 and 3. The quality zone mentioned in the table is the
effective area of the lens which is utilized during screening.
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25 sol ari zation resistance. Transm ssion of the |ens should exceed 90%
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ts o)

fromone -side of the |lens. Furthernore, the X and Y -conmponen
. slopes of the generally cylindrical surface of -the skew correction
¢ | ens should not deviate nore than 0. 5pABIEradian.3 0 from the specified
- values. The planar surface of each |ens should be flat to within 5
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screeni ng.
TABLE Digtange; fL@ngmh&a&r%seﬁwﬁesj 63.50m (2.50 in.) |

. Overall Wdth (along Y axis) line to lens plahoPsurfade?. 42.7 'min @.50 in.) Length
of quality zone 31.8mm (1.25 in.) 03421 W dt h of

quality zone Ay coefficient 30.5mMm (1.20 in.) D stance from

|i ght dddirce centey coefficient i ne-lt(bIVéﬁs pI ano- sur f ace
12.7 mm (0.50 in.) : A[err] coef fi ci ent -0.3421
10 - - A2 coefficient +0. 1742

The excursion di st ancdheoexcnesionndissance fornthe ryimeronized meyementcpf ate

panel 36 anghd *ﬁceﬁgﬁe 2 l%lr B6Y aﬁdpﬂfé'rl@nﬁSZGGBﬂﬁﬁgnbeosureo fis | dépaiRientcal

di nensi ons of the or.tie rs tha

t, se erture :
i TRrons Ser Hil oBc sl imansians,of s etk WERE o tie hars. Uik, Searalece
- of the llsensewllaﬂtﬁtwhef foeithii ddwadpethﬂeewlumon In sonm¥ dhsnaneesothéhe

panel . FOEAEL O MEaidl R Und RO B Btherpne i B BrpBlon, vy
for both thdistamee fandtheepaneR0 However, for omel @ube havinggaahbemi (26¥
degree of 1y n'il’”raﬁeekl’lﬁﬂﬁon distalc¥ of 24:5Y53 hit S(D’Q'l'ltﬁn‘)rlw%ssfé‘gﬁtg' id” a

tube screeng prior art_ cylindrica l'ines 50 to
for a tube bgre@zn'e@pnmum for both the "panel and lens

20 FIG. 7 is a graph of the degree of light source image -
skew at various points on a screen for a tube screened with a
prior art cylindrical lens (lines 50 to 54), and for a tube screened
with the novel acylindrical lens of the present invention (lines 60
to 64). FIG. 8 shows the locations on a screen of the data points

25 used in FIG. 7. It can be seen that; at the top of the screen, line A,
the acylindrical lens was able to reduce the line light source image
‘skew from -3.5 degrees to -0.3 degree. The corresponding
reductions were: on line B, from -3.1 degrees to -1.2 degree; on

| line C, -2.0 degrees to -1.1 degree, and on line D, from -1.1 degree

30 to -0.75 degree.

This Sheet Has Been laced

|||I|| IIIIII I||I i I




3

W ; h the novel acylindrical |ens of the nvent i on (lines 60
64). FIG 8 shows the |-ocations ﬂiﬁ i! ¢ data point |n
FIG, 7. It can-be seen that, at m‘ reen, ('ZR sgﬁi‘r??g

7.1 li.ne A
acylindrical |ens was able to reduce the I|ne | i ght source inmage . skew
- from-3.5 degrees to -0.3 degree. T espondl ng reductions were:
online B, 'from-3.1 degrees to -1.2 line C, -2.0 d ees

E:E 1.1 degree: and ob.lind mxeﬂ:odmﬂsqre@@gee Boe sereen. slit maagkeg’
Al M5 che k-
LIS ol pister, i MBI LoRlngCRCRRcphug el o ST Hd s

of sai tube
with a phot Withhd tphn;oms;tlva| mﬂtﬁgékt F‘Pﬁf"ﬂngl F‘t sgﬁ O¥haskt Yios  g5i g

_galnlehea:?)?gﬁmas feb it POEIXiRGSsdidv mﬁnsmvbymeasalnwy passinght from

t hr,p '
the o 15 oligbhitaomsa. e didh; sphs d?%gpus 7 Siskégiste? "Sgmertioffens™. "oy
Correctl?n hﬂdIIStl(rBfi ghbthievestits gﬁlsixd mask; wharagierizedubye (20) and said
m sregi ster correctio Pé@
photosensitive mat.eri ﬁPL ‘1@ é %k@\g Quﬁéaogégé}géé[(?oz en &T? \?la}lg a
surface wi tlina lightrsourcee( )] ansll said imisregister SAEEELioN; hméspht ions from
the cyh 'd‘dfpﬁﬂhgs U3pBsErd U 'shid 'Fdmibnsitive apuel (M0)s daids ko

correction

characteri zé@f@?tmn lens having a %-Hif%F"sk‘%W‘cGr Sﬁﬁ‘iminoﬁ' ﬂ‘gl] @'@5‘)“%%9
- rect angul arsluipe, witls " atibay i froni vehel oplindricab shaget beinghdnt the dimirand

ort hogonal d Y,a Wt h d ort sides paralleling said Y axis
~and said corqe(;ﬁgog %‘%ﬁ‘r‘?n ?%VFﬁé’St ‘eiﬂx axis, said X axis of said skew
20 correction-lens belng orlented substantial |y perpendicular to the

~longit nal axis (B- ) of oyr dpgai d
generallid%veral | cylindrfj cal ape wbgglag"?:‘ Eg CaTa&ﬁgt)r? ztégdl %al axis
~ paralleling said X axsaid SBSW ‘correction "leng ((2 l%t%ﬁﬂa‘!ﬁ“ ar aifm- 1,

?2?{ gﬁt ﬁlr;fﬁ'lli'a havmrg two long s1d§§“4hd5 s ghortesidesnahdnerthagonileDog
ort hoggna| Y axes, ‘Wit safd 'short ‘SRaesCpirallelity 3018 $axi8%dd Saftfs and
' long sides paralleling said X axis, said X axis of said skew
20 correction lens being oriented substantially perpendicular to the
longitudinal axis (B-B) of said line light source (20), and said .
- general overall cylindrical shape having ‘a central longitudinal axis.
paralleling said X axis. '

25 ' 3. The method of claim 1, characterized by
said skew correction lens (26) being rectangular in

shape, having two long sides and two short sides and orthogonal X
and Y axes, with said short sides paralleling said Y axis and said
long sides paralleling said X axis, said X axis of said skew

30 correction lens being oriented substantially perpendicular to the

; longltudmal axis (B-B) of said line light source (20), and said skew
correction lens surface having a greater radius of curvature at the |
sides of the skew correction lens that parallel the Y. axis than at
the Y axis.
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and Y axes' with said short sides paralleling said Y axis. and said -

-long sides paralleling said X axis, said X axis of said skew ﬁsﬂgrrqe?gflon
| ens, being oriented substantially perpend| cular to the gr

- axis (B-B) of said line |light source (20), and said skew correction

. lens. surface having a grea atur sides of the
' skew correction lens t :)[g're qggﬁi‘%?hgkﬁghlﬁstlt hchr??é?{epfzed PHe Y axis.

9 _ said skew rmrmmm lensi (26)1 beingreectangulan imy

sal d skew Congsel h havhdgrt g@agbﬁ Rwuhaﬂ sides andsaﬁ oAV DG t WO

| ong sides an axe th said

or 0

short si desaﬂﬁrXI Flé¢$,n§’1§hlsal s % agelglg s%ysﬁ’ﬂﬁ 814 e/ i ng
Saiodt X f§<' lsllo Bfisides §’§!ﬂleﬁn %hﬂi %Q&ls saidc W akiy blﬁrsalldémkehﬁgng ori enéed -
subst anti a nal .axi ai
substant| al Ly RetRENdel! i diifnted soySBiatf) WrpBiinfohls o Ghes!
sulrfage oprﬂmegitudlnahlahst(tﬁl-m of salduhﬁadeghtasou@w(%)qesaifi skew al |b

’ t

e et GPRRRBon 1ty RViRE' 87l Hiite 'dipdad 3 LA cBfARP e ng an
and sai d gesurfaceohaving a genergl ioxeralacylindpicah shapg, awithhtdeyations

I ongi t ydpnalfrgini thead fd(ﬁ’léa{lg sﬁﬁ%@ being )‘(nai‘ﬂc&easéd Etluckness in the 5. A

. nmethod o greenl n i ne scr [t mas icture tube

“incl udi ng ‘c8A¥F P ers, of p5aid. s SWeImWC%“d le%eam? sa‘ﬁ‘npgﬁn“? noYeREhsi ti ve
material ,; i gytindrical astedpe avingvwa neetrahtlongitudinali dxjsaparalleling xsaidi ng

said photos sitive material by passing light froma line |ight source’
- through a m &l ster correction lens 2 0 and through the slits of said
mask, characteri'zed by positioning an acylindrical lens -

- (26) bgtgeen said "”? Al in3fod V' Q@réeﬂ gnﬁ?"sérégnsrsﬁg faSk
correctlon | ens” (30) during exposure o ot 0s nSItIV terial
r%ﬂgsalaatem n%fe

© (40); said &elon pietugel tube, lm&lnbnsawagnsr%
axi s of sai Quikleng ﬁﬁbﬁ&eaﬁnw I:ﬁﬂieeﬁlstihséﬂmg al Ishtpehmwl mds&r i t he

g o kafi patbland oxGuitoi. JRie, SRoRBHHCe HilpRE I HRke T,
of distancelightnfromda line lighiisousceiatheouginda dnisregistert iconrection Yeni s
squar e §i Meggt Wfrough the slits of said mask, characterized by
| positioning an acylindrical  lens (26) between said line
light source (20) and said misregister correction lens (30) during
exposure of said photosensitive material (40), said acylindrical
lens having orthogonal X and Y axes, the X axis of said lens being
25 oriented substantially perpendicular to the longitudinal axis of
said line light source, and said acylindrical lens having a surface
defined by a polynomial (Z) that is a function of distance from said
X axis squared and distance from said Y axis. squared times the
distance from. said X ax1s squared
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di stance fromsaid X axis squared. :

10 : 6. The met hod of claimb5, char acteri ze . said
surface being defined by the pol ynom al, ) ﬁCOX 86,691
Z=Alerr]Y[err]+Alerr] X err] Y[err], 5 wher e Z.is the

sagittal drop fromplane t ent to.the hi.ghest .. Qi n the |ens
(26), the plane bei ngg'para ImFBh%o‘fr}ﬁé’fal ! e"har‘a@a‘z\&gian the X and Y
axes; 1 0 said surface beihgr definedabyedhe i pelynomiifalci ent that deternmines the
magni tude of the sagittal variations for Y[err] changes;

Alerr] is a positive coefficient that gdeterpngs the magni t ude of the
sagittal variations for X err] ZfFeAﬂ] ﬁa’ﬁg&; %i’ ° X is the
per pendgcul ar di stance fromthe Y axis; and 1 5 Yis the
per pendi cul ar di stance fromthe X axis. . 7. A met hod of
screeni ng a¥Bi&¥& screen slit mask - color picture tube, .including

coating a faC]ep| ate pZnis thé sagirial drep from vplahe atangenvtonthe ihighestt eri al |
~inserting a.slit 0 { N 3y a d,ex ' '
phot osensi tl?‘?/‘@k n%'?gﬁla‘#\é@?zgg'sm%%mg Wb‘%t ?’%%l?#lat‘ﬁi neé#'lgghﬁﬁggur ce
through a néontaifiing ethecXr andt ¥oaxessins and through the slits of said
‘mask, glgaracterized bX,is a negative coeffitiént Ithat rdetéfimirfed itheri cal |ens
(26) between sajd |[i ng i glilt sQur ce (fZO)- Qnd sai d m sregister
correct i on Magnitude) ofj thensagittal vanaions for Y% ghange%sensiti ve materi al
(40), fsai d 3c|yl i nd[)i CAlpis a pb@i_thrdW&:deﬁﬁthtlgamdbtenm'nds dtheares, thth‘
axi s of sai ens ,bei .arjented. su Y. ndi cular to the
.| ongi t udi na‘lnagﬂﬂ d?Bg%qhe saglﬁpi Y qﬂ'ﬁe%ﬁgﬁagm at%u?lgag{&zsai d acylindrical
| ens having a surfaceX is thehperpeadicular alistance from d¢beaY axisjgasdid Y
axis, yiggh a first ragh 0, - . | S tal ly circul ar
s Y5 die perbonikutd Hifand frofn MeCKedas Y |

at the des of the |lén axi s, a second
radi us of curvature that is greater than said first radius of
curvature. ' 7. A method of screening a line screen slit mask

color picture tube, including coating a faceplate panel of said tube
 with a photosensitive material, inserting a slit shadow mask into
20 said panel and exposing said photosensitiv:e material by passing
- light from a line light source thrdugh a misregister correction lens
and through the slits of said mask, characterized by
positioning an acylindrical lens (26) between said line
light source (20) and said misregister correction lens (30) during
25 ‘exposure of said photosensitive material (40), said acylindrical
lens having orthogonal X and Y axes, the X axis of said lens being
oriented substantially perpendicular to the longitudinal axis (B-B)
of said line light source, said acylindrical lens having a surface
that is substantially circular along said Y axis, with a first radius
30 of curvature, and is substantially circular at the sides of the lens
' that parallel said Y axis, with a second radius of curvature that is
greater than said first radius of curvature.
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