£

METHOD AND APPARATUS FOR CANCELLATI ON OF MO RE | NTERFERENCE | N COLOR
CATHODE RAY TUBE DI SPLAYS BACKGROUND OF THE | NVENTION 1. Field of the
I nvention: The present i nventi on-di scl oses’ a arat us and net hods for

reduci ng visual interfer enW@PaMDpAPM?AH@ RE L ay
devices. Mre 5 particul adi LR '”m‘”“ AYTUBE DI :I QaigRHesesapparat us
and nethods for visually cancel IB| gt L phenonena on

col or €RTs during i1.pRIdbfIRE Bwefiorzert ai n vi deo SI gnal s conpri sed of

al terrma™ ng pixel patterns. 2. Art Background: 10 A. Mire Background

Col or cathode ray tubedhe Presery inveptien diselpsehrpparatag apd mathods forgredyying,

d |

Color - red, " or en. Vi iled g AL b Chflogd M oS (URERBIRY FARE. RibidnrY
sel ectively ill&m patieularlyyabe present 1mmbmd1m¢seﬂdﬂ>satne&pbmblmes ﬁmlvdnuenly

phosphors (i.e., red, blue). Referri |

a CRT is shown wi tfrnﬁrlé%wgﬁmfﬁm&f Ao Wﬁwnﬁgﬂic&g gkjﬁ 63%%&‘ r&d%l
screen. The Shado%mﬁkmw?rdéé%’i@ilais)éoé\ ARdaRds altinatig fzﬂel%ﬁ@fn@us perforations
whi ch all ow the el ectron beam sourced by a particular el ectrode to

sel ectively strike its respective phosphor dot. The electron beamis
focused by nagneti g .| enses the CRT neck 20 into a small spot before the
el ectron beam reac%'és‘@%gg‘gum%ow mask. The el ectron beam fromthe green

cat hode is partipal |y o@cIMsieiBaekerbived shadow mask such that the el ectron
beamonly strikes the corres ondr n green hosphor after passin .through
the shadow mask. The b&RHAricat Peepraz ey (G éﬁretwarrn?%ugeﬁ‘éadwu #play

per ration size, @ﬂ%:ﬂgﬁ'ﬁ I ast S
| er shadow o %’%%%gﬁi I n arnéé()eﬁr)ret%lg’&geﬁalr Elecgll r$ed Bhggg]ﬁg%rﬁ f:bl o

p| tch or spacing, rdmgmmnd@}mcmt @ﬂmmsmsksmmnmkrtoaéechadd therr

correspondlng phos poS r e hi ghest

resol ution. For @E’é‘ﬁpgﬁf ngﬁliaxg %fb‘bﬁ%a‘&"‘r%gs‘ﬁ%cm F"&f{g}fﬂs% Pf (§69

ﬁenﬁr ally l'imted grerbalbifd). 2RdRrtihs BBABS © HGURE)1, h CRY-iSsHobnfwith @ t ypi cal
ig

placement of a shadow mask behind a phosphor-coated screen. The shadow
mask is usually a metal foil with numerous perforations which allow the |
electron beam sourced by a particular electrode to selectively strike its respective
. phosphor dot. The electron beam is focused by magnetic lenses in the CRT neck
20 into a small spot before the electron beam reaches the shadow mask. The
.electron beam from the green cathode is partially occluded by the shadow mask
such that the electron beam only strikes the corresponding green phosphor after
W passing through the shadow mask. The beam is typically larger than the
shadow mask perfo_ration size, so the shadow mask blocks part of the beam and

25  casts a smaller shadow of the original beam onto the desired phosphor.

The dot pitch, or spacing, between adjacent shadow mask perforations,
and their corresponding phosphor dots, must be as small as possible for the
highest resolution. For mechanical and economic reasons, the dot pitch is

30 generally limited to about 0.2 millimeters ("mm") to 0.3 mm for a typical high
resolution display CRT. As the electron beam traverses the screen, the shadow

mask induces a periodic illumination pattern depending on whether the beam
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resolution display CRT. As the electron beamtraverses the screen, the
shadow nmask i nduces a periodic illum nation pattern dependi ng on whet her
t he beam ei t her inpinges upon a perforation, and consequently the
phosphor, or strikes the netal foil of the shadow mask separating the
perforations. Because the sweep rate of the electron beamis known, an
-equi val ent feftheflinpinges apori & Perferativr, ki) coriseqienilyl thephotishof, Aratilaked, and is
referred to as the spatjal frequency of 5 the shadow mask, [err]. The.
shadow nmask g metabfoiligf dha shadow mask séparating the perforations. JBestise thevavef or 21 of
FIGURE 3, a ' ' i‘l:ﬁ@&r?". bl o | [ sion in
connecti on \I/}’\Aq’teﬁS Hte(ﬂ\%@%l?&@grllﬁ%&xgase t'r?g gig%)lfl}}?{egﬁ&o fc?ﬁtggdi spl ay, the
spot si ze ofresulting sirgisoid wan Bcalaulaget, pudhishrefanmeditests thecspatial dreqeersyef |  as

possi bl e.5 Ashd {Had6W Rk, AN beanTRimbdsi ffask spatifithiqich kg t o approach
t he di nensions of the phégﬁiﬁ r dot pitch, ?pr?e %unt@%gﬁgaﬁi cul ar

phosphor  t hafiugkStedGh Wakbiérnt B1 BOHGURE 3)@nl%Abé SxplaikddNf d? dehillapw vel | the
el ectron beam spot is aligned to the shadow mask aperture corresponding to
t he i nt endedhpdisassion in spmnectior withi FIGHRE 3.pe noted 15 that the el ectron
beam spot shape is not constant as the beamtraverses the CRT -screen. In
particul ar, the beam spot vari'es froma circular shape at small angles of
defl ection, e.g.Toinertsettheressiatiar ofcthe tisplagHhe syt eicd of thedratdeng nor e
eccentric or _ oval oird at hi gher angles of beam defl ection, e.g., near the
screen ptti r‘FLﬁ‘EP“ bgam mugt; heads as P’é‘?ﬁ a’bP“é’I%’*e A5dhs ﬁ%‘-“&ﬁ ?’6?’7' SB‘%OS phor s
("pixel s”) ispreGi RahaiSHhhd LRRREtPdpphdhch tHMiREXSdrS ofrelphBspreeas: t 0 be exact.ly
aligned with the shadow mask an(ftherefore‘vm | I havé uniform phosphor
bri ght ness adichdbe ameuntof 2 patisnianphespherrthativagiadly strugk by the feedmis a
nonuni f orm brd aht ne a. ence of m sal.i t n.glectron beam
and shadow- r?a‘_'é‘ﬂga’ﬁ‘@??‘ B‘Fvev?eq@ﬁég‘(rgéf)oé‘;tfef%gs}’glaitztalelgr%a? E}{?asggﬁsar%gﬁ‘f Sbri ght pixels
al so i s seemnpkAuleoftbspohdiug @-thelinteAded phdSphoti Morsovér, BGHEY G¥ nbRAr |

equi valent to half the pixel clock frequency, where one pixel clock cycle

turns on'® hehaighe elecrag h%h@ spehshaps iz apt %q"afe&y %5,lg beap fraversgs the GRI

screen. In particular, the beam spot varies from a circular shape at small angles

 of deflection, e.g., near the center of the CRT screen, becoming more eccentric or
ovaloid at higher angles of beam deflection, e.g., near the screen perimeter. If a
video pattern of alternating on-off phosphors (“pixels®) is displayed, some of
20 the pixels will be seen to be exactly aligned with the shadow mask and therefore
will have uniform phosphor brightness across the dot, whereas other
phosphors will exhibit a nonuniform brightness, a consequence of _ ~
misalignment between electron beam and shadow mask aperture. The
Tepeating pattern of varyingly bright pixels also is seen to be of sinusoidal form,
25 with a frequency v spot equivalent to half the pixel clock frequency, where one
pixel clock cycle turns on the spot, and the next pixel clock cycle turns off the
pixel. The pixel video and electron beam spot frequency is graphically
illustrated in waveform 32 of FIGURE 3, and will be explained in more detail

in the discussion in connection with FIGURE ‘3.
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pi'xel . The pixel video and el ectron beam spot frequency is graphically
illustrated in waveform 32 of FIGURE 3, and will be explained in nore
detail in the discussion in connection with FIGURE 3. 30 -2 - As the
spot size of the electron beamis reduced while viewng the on-off pattern,
a periodic visual interference:pattern known as Mire is produced in each
video |ine scanned acr assend dpdt §iklof th18edtfoRBeEN Y reliBédd] witife wFiE\ﬁinM!hé &n-off
interfgrence pattern is the difference between the spatial frequency of the
5 shadow mask [ epatlern, apgripdic vispaldnterferencefpattern kmowmt asdvioiptis ipredawed frerr ] |
or [ERR] The M r cealhi ¢ile6 iy sdafinddl 735 GRIART. I TheUfehtéicpey | N VTR Moire 33 of
FIGURE 3, and will also be explained in nore detail in f8%di scussion in
conpection W th Flictdilerence pditehd istthedifferenie leowien thespalial fidquandy dfehe | were

i dentical and ig- Moi r e ez Mok €
frequency of ze?opsih‘gaﬁ\g{ alglgg%ﬂaﬁé]ég;é‘? &ghqg%%ggg{lt%ﬁ%ﬁor ha tavb\s!’"*' of

correspondi ng shadow naﬁlaitgpevsi,%ﬁ-tvg%&ugh whi ch t-he correspondi ng el ectron
beamtravels. From a practical “standpoint, 15 however, the spot size
vari es as a funct i re Mbiré¢ frequehecis graphivellynilldefdtestini wavefomyl 38 cAFIGYRE s

voltage.. Therefore,, there may be a.significant. .vatiation of electr beam
spot size dependin do'ﬁﬂfﬂ%o bolegéél‘pgal’"e?% d%ltﬁig“bg‘g iad{‘slaésr‘?'ogfmtcﬁ'éneé 1%%¥v§l§n beam
on the screen. HengiguRE® | deal case typically cannot practicably be
realized. In fact, the closer .the spatial frequency and the spot :
frequencies ar&to 20 each other, the lower the Mire beat frequency [err],
and the nore visibl e affdhebjefrequendsd g hand/b] [ ¢ wierd idedtanbarceiniphbter e
beconmes. I n addition, ﬂgcause t he el e\g}ron bei\wms ot siz? vari es, C{OSS t he
face™df the CRT, t MO GAYANGY XMojre Would zero. A

case, where each phosphor has a corresponding shadow mask aperture. through

oiré frequency of zero is the idea

which the corresponding electron beam travels. From a practical standpoint,
15 however, the spot size varies as a function of the electron beam deflection aﬁgle
and focus voltage.. Therefore, there may be a significant variation of electron
beam spot size depending on the age of the CRT and position of the electron
beam on the screen. Hence, the ideal case typically cannot practicably be
realized. In fact, the closer the spatial frequency and the spot frequencies are to
20  each other, the lower the Moiré beat frequency vy, . <, and the more visible
and objectionable the Moiré interference pattern becomes. In addition, because
the electron beam spot size varies across the face of the CRT, the individually
o scanned video lines will each produce a slightly different Moiré interference,
and therefore the Moiré pattern itself varies as a function of electron beam

25 position.

From an operating standpoint, the Moiré interference phenomenon
poses a serious aesthetic problem, since the best electron beam focus and highest
image resolution results in unacceptably noticeable Moiré patterns if the video

30 signal being displayed includes alternating pixel patterns, which is a common
occurrence. From the prior art teachings, the Moiré interference problem has

been addressed in three ways. First, the shadow mask and phosphor dot pitch



scanned video |lines will each produce a slightly different Mire

i nterference, and therefore the Mdire pattern itself varies as a function
of electron beam 25 position. From an operating standpoint, the Mire

i nterference phenonenon poses a serious aesthetic problem since the best
el ectron beam focus and hi ghest image resolution results in unacceptably

noti ceabl e Mird Ko fealide8! WRich faided the\ckfel@e Fohtial Péquibrdy dIRhOORY| thatby ed i ncl udes
alternating pixel patterns, which is a common occurrence. From'the pyior

art teachi ngtaising theNtipirébeat frequenrysocthatiiyis lesevisihles Theaesulideithakined i n AT ee
ways. First, S K _.@a phaosphor | t -3 - can be reduced,
whi ch rai ses OH*%Z toe%? gg%g? oslﬁae?lg% mp ‘?’@8&"8&%‘;‘8&‘1 ﬁ%g&%ﬂusw'ueer eby rai sing
the Mire bedisplayédioies CRTSOhitBlinlerentl§ cApabRke of sighiflcantlyThighdresul t is that in
order to reduce the Mire effect, nuch |lower resolution i mages nmust be

di spl ayed Sonresolutionpreend, ithe eleptrop beam cancbe defacusedrsodhafiihe FROSH2P 9f hi gher 5
resol ution. ) 19 faﬁ@*ﬁ@& qpd hat the spot
size of the g&%%%%%g%$§§%c'r easéed, tﬁge?‘?%g‘% creas??ngéthe anpl i tude of
t he phosphor phodpbor lsmimationyivhich in turh reducescitie @awpliturde cfnthbeé phogpboof t he
phosphor spot_frequency.. The | ower | i t.ude,spot,. sinusoid results in a
decrease of th¥ f%?ﬁﬁ?ﬁ‘?-u&? E’a’r‘fﬁa’f‘ﬁ%‘?’gg%pgs’{}?sé’?‘%\%‘ﬁ?lw? OITRE YeLUl ting Wire
I nt er f er ence ampgfide, ankiGtherefcddd bisibility)tof KRGl Moité iiaedédhded AgaARY] | mage
quality are e.x-c.hang%ed for only noderate reduction in Miire interference. A
t hi rd opt%i0on siggificentzednconyinsreselysionand; image qyalitiatre exrhanssd foE PRt i ng pi xel or
phosphor il yy | t.eh ; Si & NEaisasHhi ant Mi.re
i nt erference%gg?%gérﬁgua rgr%ﬁtr\ﬁbgglé lglrc&f:*ﬁr{.?ce'lgr%lmé Jp%lo%.@tl.:?vgmr%ﬁl\ﬁhéi pliery\y
Backgr ound | wideomrsignals iwittaaltesnaging |pixelibt phwlspler silkmipation pattdrss, and to AC si gnal s
are applied to t I nput s_ang rrespondi ng outputs arge derived consisting
of signals \Aﬁ’(?gé;’,\??l‘é’d%eth% F?gﬁfgg\i‘f"sét‘&ﬁge'%% P§E j “ér‘lg‘eﬂi tﬁ?ye?céﬂ'be of the two

I nput

15 B._Hardware Multiplier Background

In conventional signal multipliers known in the art, AC signals are

applied to two inputs and corresponding outputs are derived consisting of
signals whose frequencies consist of the sum and difference of the two input
signals. For example, if one input were a 51 megahertz .("MHz“) sine wave and

20 the second input were a 50 MHz sine wave, the resulting output would be two
sine waves, one with frequency 101 MHz, and the other with frequency 1 MHz.
The phase of the output waveforms are directly related to the phases of the two o
input signals. For example, if the second input were shifted in phase by 45
degrees, the output signals would also shift by 45 degrees, even though the

25 periods of the input and output signals are vastly different. The phase-shifting
of input signals permits the introduction of a time-shift, or delay, in the output
signals. In the case of the _exemplary input frequencies given above, a 45 degree
phase shift in the 50 MHz signal correspbnds to a time shift of 2.5 nanoseconds.
The resulting 1 MHz output signal, also phase-shifted by 45 degrees, |

30 corresponds to a time shift of 12.5 microseconds, a four decade increase in time

delay. The phase-shifting "multiplier-effect" of AC multipliers can be used to



signals. For exanple, if one input were a 51 nmegahertz ("MHz") sine wave
and 20 the second input were a 50 MHz sine wave, the resulting output
woul d be two sine waves, one with frequency 101 MHz, and the other with
frequency 1 MHz. The phase of the output waveforns are directly related to
t he phases of the two input skghals. For exanple, if-the second input were
shifted in phase Rpodadeagizeasproldign lé}%!lﬁutﬁdtgiﬂaée%hmlﬁﬂsrﬁilﬁﬂifﬁﬁintés iRy 45
degreegg{even t hough the 2 periods of the input and output signals are
vast| y ™ fferent. iNpHE PA%se- shifting of input signals permts the
introduction of a tinme-shift, or delay, in the output signals. ln t he case
of the exenplary input frequencies given above, a 45 degree phage shift in
the,50 MHz signal corrasaihbisddscrited] theprasbrtfihventio? obernanessihe pnallem Dhe

resulting 1 MHz ouytput, signal,, al so phase-shifted by 45 degrees,. 30
corresponds toa ?’fﬁﬁé ‘é‘Fﬁ'fg‘Ee“S? ‘“1"2.?"5 ‘fﬁ@m@&&bﬁﬁggﬂﬁg feﬁﬂlt“t‘ﬂgc?ég’é‘%’i"r‘fﬁﬁsé’ése in
time delay. The phrs@sgibyddlimage. mul tiplier-effect” of AC multipliers can be
used to good advantage in producing | arge output phase shifts for snall
differences in input phase. As will be described, the present invention
overcones the problemof Mire interference in color CRTsS w thout
sacrificing resolution or brightness of the displayed i nrage. -5 -

SUMVARY OF THE | NVENTI ON The present invention provides apparatus and

met hods for visually 5 elimnating Mdire interference patterns on col or
cathode ray tube ("CRT") display devices by alternately shifting the phase
of the video horizontal sync signal. A video inage appearing on a CRT is
fornEg_of a sequence of video



scan lines, scanned across the CRT one |line at a tinme by an el ectron beam
A video sync phase del ay nodul e del ays the sync signal to alternating scan
lines 10 by up to one half of the video pixel clock period. The video sync
phase delay nodule is conprised of a digital counter and a two phase
shifters. The counter is a D-type flip-flop which is clocked by a Sync In
signal obtained fromthe el ectron beam sweep control electronics, which
Sync In signal is first inverted. The Q bar output of the flip-flop: s
coupled to the data-input SgUMMARYDFAHE ANVENTICNgI C States are | at chéd
into the input of the flip-flop on consecutive clock, i.e., sync, cycles.
The outputs Q and Q bar conprise essentially half-frequency sync signals,

i.e., signals of . | I ¥ i : cy of, the:
sync signal. The @ﬁ%ﬁ%ﬁﬁ%ﬁ@p r%vﬁ?eﬁt% Eaﬁ%%g%&}é@t}%&g&%g@gne of two
phase shi 6t i elimihatiny Myiiélisterférande pakiame o ltblok icatodictagtulpa*'ORTC| udes a

two-i nput NOR, 20 ate,  whose inputs are _the sync signal and, respectively,
Q bar and Q dta'n@ya%&'g@ yrltepalely heffing thenhasepfdhe ¥idae Rerirontal sync

resistor- capea%hhp_r AP@bko i\‘iﬂh&kpﬁl%ﬁorﬂ@bﬁﬁs foBed BMeqRdrndDaf vii&d ati ve to the
ot her phase shifting del ay path. e outputs of the phase shifting del ay
pat hs are subsadinentstapnedadsoss &k CRT eneNOR af attioneshsy an elesirgs bearli @i t al adder to

forma conposiie Del gyed ne t .Sl | .. \When. .su .25 the phase

Shi Tt ng_ aer SR aTTuRa ot afe B et tadd Wi Ras®ed Bisbnato

ei ther th® sppupbendhalf ¢fithd VidecSyiRd cloklgpériodd atha wiido Byndjthateodddfyf f a peri od
of the video pixel clock, i.e., shifted in phase by as much as 180 degrees.
One del ay pafPdiiais sempried of disital ouptsy and »bve phpse ghifierss pihecoynfee vari gg
froma mnim f : ; [ ofTele : y shifting the
timng, or %g,ty%ﬂmﬁ%gl%gsr ??%E?ggg\%ﬁé%%gm I ilﬁ?ﬁrqﬁgggnned across

t he CRT scr eeleclrayi beanvevaep conte! plecieardisnyhivch $yné Inmignal isdirst@nverted. phosphor s

formng the GoRASGHERL ¥ B8 BT is LiiGied o' the BGa SR §8liraPoppothd ©SCC
15 logic states are latched into the input of the flip-flop on consecutive clock, i.e.,
sync, cycles. Thé outputs Q and Q-bar comprise essentially half-frequency sync
signals, i.e., signals of magnitude equal to, but with half the frequency of, the
sync signal. The Q and the Q-bar outputs are each coupled to one of two phase
shifting delay paths. Each phase shifting delay path includes a two-input NOR
20 gate, whose inputs are the sync signal and, respectively, Q-bar and Q. One phase
shifting delay path also contains a resistor-caf)acitor pair which phase delays the
input signal relative to the other phése shifting delay path. The outputs of the
phase shifting delay paths are subsequently combined in a NOR gate serving as
a digital adder to form a composite Delayed Sync Out signal. When summed,
25 the phase shifting delay paths together create logic pulses which correspond to
either the sync signal, or the sync signal delayed by up to half a period of the
video pixel clock, i.e., shifted in phase by as much as 180 degrees. One deléy
path may be adjusted to permit the degree of shift to be varied from a
minimum of 0 degrees to a maximum of 180 degrees.
30
By shifting the timing, or phase, of when a particular video scan ljne is

scanned across the CRT screen relative to the preceding scan line, the



wi‘th a periodic brightness opposite in phase to the inmedi ately preceding
scan line. The Mdire interference pattern associated with any given line is
al so shifted in phase relative to an unshifted scan |line. Consequently, as
a video 5 image is formed on the CRT of scan lines alternatively del ayed
and not del ayed, the resultant: .Mire pattern associated with the inmage is a
series of Mire i mp%ip@ub%%ﬁnib%!iﬁ‘écqn@&ﬁ@v&@b&aﬁnéd 1YRes QR B& ichiBed B RiAARR O
the precedi ng and succeeding ire interference lines. Persistence of

vi si on™ef the humawithapérindic brightriessopposite in iphaseriel the imaradiatelp pracedingérane
interferences to a;pet . interferenc i.t.,0 The. har. e

i npl ementati on may th_ Eé‘g@f%\‘&%g'h‘e’é?’% cgrpg{t?{g s(5)(r3i|9{z}%n g} thrg’f'ﬁneﬂ%égglﬁéal sync
signal s of a CRT, phifted iri phge vélatitelto annaiftedlt scanlind. Cdigeddenily; ab Btvideber ence
pattern on either a line-by-line or _on a field-by-field basis. Wen 15
cancel ling the Moi iBages frimer ondhe GRT phscan Hinesialtermpivaly delgyed; and pohdelmisd: « he
phase shift 0CCUTS i febiaAR MefHe phferhiaflotlal8d SRR i ER1NE derick BEIRIET .t he
opposi tely phased phosphor illumnation resulting-1n cancellation of the
Moi re pattern occuistexierendedines eechMdiedlihg oppositmio phesectorthe precéding ahd af t er
the first phase video line is_ scanned. .20 -7- . BRL EF. DESCRI PT| ON ‘THE
DRAW NGS The obj ectsgc,ce?cjé%ﬁ M"é’g "gﬁ'gerglbr\?é'r\‘?sag%e§s%fncf I?(kavﬁlroé‘s(g%g F‘hn{‘/ae“n?yi on wll
be apparent from t lfgndichdiBViui@ tie irdivi@chi dppesite Phaseiinterershides 6 a RetdefdRE 1
illustrates a cathode ray tube ("CRT") display containing a shadow mask.
FIGURE 2 is a bl®clintgrfergpegnsapdiione sync phase shift delay nodul e used 10
with line-by-line cancellation. :

St The hardware imﬁlementation may be used with either the horizontal or
the vertical sync signals of a CRT, permitting visual cancellation of the Moiré
interference pattern on either a line-by-line or on a field-by-field basis. When

15 cancelling the Moi;:é interference pattern by the field-by-field method, the phase
shift occurs after an entire field has been scanned. .Therefore, the oppositely
phased phosphor illumination resulting in cancellation of the Moiré pattern
occurs on the same video line, one screen, or field, after the first phase video
line is scanned.

20



FIGURE 3 illustrates shadow mask and vi deo waveforns, and resulting Mire
interference patterns with and w thout delayed sync signals. 15

FIGURE 4 is a schematic of the hardware used to inplenent the phase del ay
function. FIGURE 4a is a timng diagramof the conponents conprising the
phase delay nodule. FIGURE 5 is a schematic show ng the phases of phosphor
brightness in 20 video ig@ge ¥ ; giegdi nents of the present
i nvention. DETAI LED DESC ON' A video sync phagseg
del ay nmodul e and net hods of operation are disclosed. In the follomjﬁb4

description, for rgeses, of expl.anati.on ecific .nunbers. . times, signals,
signal timng, argﬁ? &’é ufeééfresqu'g.a%é{?’été%egf’??‘_5&’???1‘%“8‘3%8? “PB ~ provide a
t hor ough undedpphaneirof thé (IBRINY @SARE destviphén Mwhidkwever, it will be

apparent to one skilled in the art that the present invention may be
practiced ®ithout these specific details. In other instances, well known

circuits and devi grsy : i ! f i not to
obscure the present |%S#ﬁggﬁ&uélﬁaedg%&sagﬁ%g@g})ﬂg#gyr@ﬂ%f%ﬁ GURE 2, a
bl ock di agr anshgdew mgpskin over vi ew of a phase del ay nodul e conpri si ng present
invention is shown. A Sync In signal 5 is provided to the phase del ay
nodul e from a sweep control circuit (not shown) controlling. the cathode ray
tube ("CRT") el eCEHOUREDEHD blbdk diig%ax%ﬁh%rsf&q,h&shﬁ MBdlle ubtidt her the
conposite sync or a horizontal sync signal can be used as Sync In signal 5.
Sync | n 519s withpinedytlipe ganqelatioont al and Vertical Counter 10, a first Del ay
Path 11, and a second Delay Path 12. Horizontal and Vertical Counter 10.-has
two outputs, Select 10a and Sel ect 10b, respectively coupled to Delay Pgyh
11 and Del ay Pat hFIRURES! #astratéizhadev batleaid vidéd wieforms, mdwasuliing?0  del ay
path will function at any given the. l,n th preferred enbodi nent,

- Morré interference patterns with and without delayed sync signals.

15 FIGURE 4 is a schematic of the hardware used to implement the phase
delay function. FIGURE 4a is a timing diagram of the components comprising

~ the phase delay module.

FIGURE 5 is a schematic showing the phasés of phosphor brightness in

20 video images employing several embodiments of the present invention.



Sél ect 10a and Sel ect 10b are alternately chosen such that only Sel ect 10a
or Select 10b will be entitled at any tinme. As a result, either Delay Path
11 or Delay Path 12 will control the delay function, and thus the phase of
t he output signal. Delay Path 11 and Delay Path 12 each have an out put,

whi ch are each coupled to 25 = an Adder 13. In Adder 13, the signals

del ayed rel ative to one anoﬁh_?_%lﬁ_r[ﬁ?m?ﬁﬂ!b@ THEGRVENGIONNY! € Del ayed
Sync OQu signal 15, wherein alternating pulses are del aye The amount of

del ay s’ det ermi ned by vieo synapbasdalely movaiecand !bglh@blt)éypﬁatlm a® relative to

Delay Path 11. 30 n ow,t o F GURE resent.ative
wavelor ms for ¢ hedislangh e RO AP dipe toc Rieses of SR Bul g
Moi r e i nterfer encufibdrs, @inkks, sifraly, SiERkl figdig, SycRftedhirgs) lcSara ek fotthhin dedeadyed
sync signals. For purposes Lo of the Tollow ng discussion, electron
beam spot i nt eﬁS| P'i%r ety thoroughnunderstanding of thepresant ippsndipnr Howerpker itiwillt he
beamis either le Y, ors
illumnated by t he eéye n?%{l%neasr%elmsi ﬁlg\g\l% agltstmtetp %gk@é}ﬁ lhwegt?m{));‘]@ #,lagpg%ggﬁ
resul ting Mire i witbodtahesnspedftdetilas rasther instances, brellgdanncmcﬁits adiddi . In

| mai vi dal  phos prBPecen 5 Sttt blogk diseier PR Bier 86 D RATort RteBt a0
phosphor i |l um najjvemicitnk&eddhdilynd Moire interferences al so would have

Gaussi an responses. However, the Gau33| an distribution is shaped by the
partial bl ockilig of the shadow mask. Thus, the squarewave approximation is

o aopcurate Tor Der p%%E%I e or mIR?Cii OCL HﬁgJ&g{V\#gﬂg ER orva?Ol’ a%fra hase

i nterference problem S are

showr r epeat i ng wdélhy pRduRtonpFisihg @fe"sét&&mtdnﬁoﬁa’&hm eArSynTMIes ghalghis r egi on
represents the perforation wthin the shadow mask, and the "l ow' rel%i on
represents the mePEIVideditp thephasedelamodyls fiom Hsisep cqurol circuit (not show

controlling the cathode ray tube ("CRT") electron beam. In the preferred

15 embodiment, either the composite sync or a horizontal sync signal can be used
- as Sync In signai 5. SyncIn 5 is coupled to a Horizontal and Vertical Counter
10, a first Delay Path 11, and a second Delay Path 12. Horizontal and Vertical
Counter 10 has two outputs, Select 10a and Select 10b, respectively coupled to
Delay Path 11 and Delay Path 12. Select 10a and Select 10b determine which
20 delay path will function at any given time. In the preferred embodiment,
Select 10a and Select 10b are alternately chosen such that only Select 10a or
. Select 10b will be entitled at any time. As a result, either Delay Path 11 or Delay
o Path 12 will control the delay function, and thus the phase of the output signal.
Delay Path 11 and Delay Path 12 each have an output, which are each coupled to
25 an Adder 13. In Adder 13, the signals delayed relative to one another are
combined to create a single Delayed Sync Out signal 15, wherein alternating
pulses are delayed. The amount of delay is determined by_the phase delay
induced by Delay Path 12 relative to Delay Path 11.

30 Referring now to FIGURE 3, the representative waveforms for the
shadow mask and video are shown, as well as resulting Moiré interference

patterns with ordinary sync signals and with delayed sync signals. For purposes



As previously mentioned, the shadow mask spatial frequency is the

equi val ent frequency of perforations illum nated by the scanning el ectron
beam In waveform 32, the on-off pixel video signal turning on and off the
el ectron beamis shown. The pixel video signal shown in waveform 32 is 20
simlar to waveform 31, but with a slightly different period P The spot’

somewhat di f benRTblidMng QécisSiBh,AIREbR badin Spt Gritérticd @R BhoRAtas Sqdde Whi Ch i S
| arger than the shadow mask perforatlons but very close to the shadqw

mask' s spat i isifR} waveierays, wherein the bpamy s either fomn o5 'ff; £ Simdlaglyathet he el ot r on
beamis "on"; o0 ' Epresents
the el ectron %glz%%mggp%%hew*s ﬂlﬁmcf&ﬂﬁ S)yﬂggﬁgt?g(xglar w%%gél ecause of the
di fferent pef‘mﬂd:r(foﬂ“i, end tl&cmsﬂnmgeMotré&\tmfetaice\pladms as gittedr "Brighat bnes i s seen
to be nore ali.g %1 aﬂd a{ge?ﬁsher tinmes |es wi th the perforations
of the sh&do ‘F’a’s repiily. Hheielpciron densily ygthin, ecﬂ'ec ﬂ'é BT PR FPIEI8 i s i nduced
by el ectrons Wih&ERdRARR] bREPNSED hbd'§ GRRRRAWMidHRBULi0A PR ¥hitihE Widobidteline pi xel

video "on™ pulse. 30 As a result of the two different periods, and hence
frequenci es, phospopiiusmination anddesultingMpiné dntenfisrences plgn aoudd bave on beam

densi y{an cOLgh espoRbRS BORfer fhe PRl A FRLGRSARPBEVL A4 1 5 LDET by

created on the ors’ scanne on eam as shown in

wavef orm 33. phitiahbiseking of tBSshaldbe mébsk! &'hﬁﬂ&ﬁeﬁd’qﬁaﬂeﬁra@d sppraemﬁﬁhts as are the
shadow mask openi ngs and the pixel video S|o?nal but %éof a much | onger

peri od [ d0r] acqupate °’fPé'ER°595t?f§"m“iab‘“b‘é‘W{96 the loirginterfezence i nes | onger than
the shadow &leﬁﬁ rinoaa\[e%rfrﬂ:ﬂ' ﬂ\e sﬂé&)v@ﬂﬁ& émfatﬁfé gﬁ%ﬂo@t\ rbpaiRg esent

i nvention tu on, observa | n i xel €0 si gnau
for a current” QF@BEQ’ atial iaﬂgssvfb? gR{rSC’B"é‘ sﬂ]ef '@8 ’feﬁmfdg PrSHRLS tlhFel ative to
the previous p\éllffglggon wnt?\in tth hal\églwr t%a nc? tHe “io%" rtéglgn %lejlarrerzs%ms the Hetal

foil forming the shadow mask. .

15
As previdusly mentioned, the shadow mask spatial frequency is the
equivalent frequency of perforations illuminated by the scanning electron
beam. In waveform 32, the on-off pixel video signal turning on and off the -

_electron beam is shown. The pzxel video signal shown in waveform 32is

20  similar to waveform 31, but with a slightly dlfferent period P The

spot
somewhat different period represents an electron beam spot size which is larger

_ than the shadow mask perforations but very close to the shadow mask's spatial o

frequency v “high" region signifies that the electron beam is “on", o/

spatial’ A
and thus a pixel is "on", whereas a "low" region represents the electron beam is

25 off", and thus.the pixel is “off". Because of the different periodicities,
sometimes the pixel video signal sometimes is séen to be more aligned, and at
other times less aligned, with the perforations of the shadow mask. The actual
illumination of the phdsphor dots is induced by elecfrons which pass through
.the shadow mask opening during the pixel video "on" pulse.

30 _

_As a result of the two different periods, and hence frequendies, some

phosphors are illuminated by a higher electron beam density than other

-10 -



li'ne al so would be shifted in phase. In waveform 34, a pixel video signal
shifted by 180 degrees relative to pixel video in waveform 32, is shown.
When waveform 34 is inpressed on the shadow mask with periodicity [err]
illustrated in waveform 31, a "phase-shifted" Mire pattern is produced,
and is 15 shown in waveform85. The phase-shifted Mire interference of
waveform 35 i s of plosplaseA poinédnktefferende pastennciy dieveby ciéatedbart thedinsefn t o be

shi fted- 180 degrees i hase. veform 35, the Mbjre interference is
ot et be “bri grERoSp T siiaedb FE RsPE b af ARHB oo IS RERA OF m 33 | s
seen to be "dint. WheRorkl 54)atht MoiR kG alsd PEHRIIS ks ardLIHAASE mddk and 35
o et e hatnge S5 Feif D R0l i i lob rRfe Py
[err]. Due to both 1 Nipiré’

| um nescence of 5t hRcPHRNGIES pAdRKP, , 8. VisGeken i 165520 BRE REERASWIhAKCRT s
seen together with the previous arMml’%l | owi ng scanned |ines. Thus, the eye

vi sual | y averages pesed pgyli!eu\iﬂfa% Moire interference wavefornms, and the
interference is "visually" 25 cancelled. Al though the periodic Mire _
interference is still present in each |ine scanned, the present invention

constrains simlarly p | At ern : =14 : LHag ! l'i ne
on the CRT. Because a '? 5%?%§+&8§{"fﬁ ﬁﬁ%&@%ﬁ&n@r%ﬁ%}g‘nﬁg%yﬁgﬁgﬁggaﬁ?ﬁgs to
forma full-screenon-offigixel tideo sipnal fori tuzrehevidarsrsn lineweretode shifted ver se

phase nore than_ 120 tinmes, Thus, in a |arge- 30 [ea inage, .the eye wll
ot di st 1 ngut ROt Bt Sapuedg it pregiofin ey Bpe. e MEFE BrkB di e FiaGESt 1 v
to the opposite phmgeLalddib@ldibRisRitks it PRae.Oln WwHRIAHNEIA 9 PikeBVided SgtaD¥hifted SCan
i nes. In a conventional CRT, the position of the video on the screen

can BE shifted in bxBOsegtees Flativerto phxel videmis wavgfomm e shewnteWhwod, or the

digital sync signawavefbintb isimpeesbdasn te §Ha80WiIn3R withgjetib@RIte P, can, be
del ayed. In the preferred 5 errgodi ment, the digital sync si gn%ﬁa%igls

al ternately del ayeiflustigéd i wageforanat, @ "phdsb/siiftdd" Mois& pattend iscprodudeticanldds dwar e

conmponent s . . L
, 15 shown in waveform 35. The phase-shifted Moiré interference of waveform 35

is of the same period Py . . as waveform 33, but is seen to be shifted 180
degrees in phase. In waveform 35, the Moiré interference is noted to be
"bright" just where the Moiré interference in waveform 33 is seen to be “dim".
When visually “averaged” together, waveforms 33 and 35 result in a uniform

20 waveform with period equal to the shadow mask P spatial Due to both
persistence of vision in the human eye and the luminescence of the phosphor
dots, a video line scanned across the CRT is seen together with the previous

Nt and following scanned lines . Thus, the eye visually averages the opposite
phase Moiré interference waveforms, and the interference is "visually"

25 cancelled. Although the periodic Moiré interference is still present in each line
scanned, the present invention constrains similarly phased interference
patterns to every other scan liﬁe on the CRT. Because a typical CRT will scan
more than 240 hundred lines to form a full-screen image, the Moiré
interferences are caused to reverse phase more than 120 times. Thus, in a large-

30 area image, the eye will not distinguish the localized Moiré interference of one
scan line relative to the opposite phase Moiré interference of the previous and

following scan lines.

-11-



e n— T

conprising the phase delay nodule is shown. In FIGURE 4, an input video
Sync In 19 signal is obtained fromcircuitry controlling the deflection
coils of the 10 CRT (not shown). Sync In 19, is passed through both inputs
of a NOR gate 20, which serves to invert Sync In 19, form ng inverted Sync
In 19a. Inverted Sync In 19a is connected to the clock input of a

di vi de-by-2 counter 23. In the preferred enbodi nent, counter 23 is
constructed of a D-type flip-flop, with the Q bar output cougl ed to irhe
Data input. On eJB@yopyentipnal CRIgwhepositien of the viseo opdhe srreepicap e nput

provi ded by taes§ Eik ‘ | Sh ) i oggl e

bet ween | ogi gﬁhﬁ? gﬂ"woa‘gﬁsl g{s&éf‘ﬂeﬁgﬁ%&{%{éw‘?ﬁﬁg& tg{lg‘ggtﬁ‘%iuélyn\%vavef ormfrom
count er 23 wsighalpehichés useged a pesitivhel neferenced) edrf bef dedayad ninythe phfeereder , because
the flip-flo onpri si caounter .23 has two, 0 uts, Q and Q bar, counter
23 servesgt ogﬁ'ﬁﬁ%gt 1‘&%"‘5&5@?’%&?%‘% tﬁ'é'gt,elyd#@'%‘ne of which is logic

“high" at any 20 given tine. In essence then, counter 23 provides a pair
of select lines corresponding to Select 10a and Sel ect 10b di scussed in

connection with HefsUEs pow G URR 4. asshemptic of hedardware sompanentsf  t wo- i nput
NCOR gates 24 : ' w2 it . £ L Oom count er
23. In parti éﬁlﬁgrrl,é&ggg??ga%?eg g&%‘ya?e t WO %ﬁ?#gégégﬂ'%gﬁ Z’g&(;)n a

convent i onal Syyqia 194igRalgs abtaiNa@Rirom gixcuitvytchntooiling thedefladtion adits cf4hecoupl ed to
recei ve the r output fromcounter 23 d.one inpu ate 25 coupl ed
o recei Ot RETRropRD: S G parse Bronslibony PRt s NCK s v 25 T
coupl ed to ra@dnRrves tlRlvay Sphe I§_)19,Cf_ohﬂin? ixgieAbd P throa inberteddsyndef | ection
el ectronics. The "delayed Sync In signal 19b is obtained by passing Syngj n

through an RE193is egnnederbio the dodinputsnf stdividohy-dennderddcinbe 22, wherein the
L2 O onp Pl SR AR R 2l R YRR AT AT P ecent
enbodi ment, f-BAGuehuncogiédsioahe Data gl On everg tdadingredgd traraitibnaf 220 pi cof ar ad
15 clock input pr_ovidea by gate 20, the flip-flop comprising counter 23 will toggle
between logic "high” and logic "low" states. Thus, the output waveform from
counter 23 will be the input waveform at half-_frequency. Moreover, because
. the flip-flop comprising counter 23 has two outputs, Q and Q-bar, counter 23
serves to provide two alternative lines, only one of which is logic "high" at any
20 given time. In essence then, counter 23 provides a pair of select lines
corresponding to Select 10a and Select 10b discussed in connection with FIGURE

2 above. o _ -

Following counter 23, a pair of two-input NOR gates 24 and 25 each
25 receive one of the two outputs from counter 23. In particular, gates 24 and 25
are two of the four gates on a conventional type 7402 quad NOR chip, with one
_input of gate 24 coupled to receive the Q-bar output from counter 23, and one
input of gate 25 coupled to receive the Q output. The remaining input of each
gate 24 and 25 is coupled to receive a "delayed” Sync In signal 19b from the
30 deflection electronics. The "delayed” Sync In signal 19b is obtained by passing
Syn_c In through an RC filter comprised of resistor 21 and capacitor 22, w'herein

the time constant of the RC combination retards Sync In such that the flip-flop

-12-



capacitor is used for capacitor 22. 5 As stated above, gates 24 and
25 are configured such that either one or the other is "sel ected" by
counter 23 at any given tinme. That result is obtained fromthe | ogical
operation of a two-input NOR gate, wherein a logic "high" is output only
when both inputs are logic "lQw' and the output is "|low' under all other
condi tions, nanely cdneprisingecouitieti23 harsaffixidnh 8meltowiitéigHn the pragenow, or 10

hi gh/ hi gh. Both gates, 24 and her eby operaje such _that output. is

obt ai ne¥f r om each FRPEIBHRL2 i?g’é’}‘?‘ hiani '%S??F@h"ﬁesﬁﬂjﬁéd a“fg“,aﬁp HEFPPaF%d, every
ot her clock cycle oéapggwgsq{se@;%,cgﬁga{ogﬁ.ng gate 25, a variable delay RC
circuit 26 is forned by variable rfesistor 26a and capacitor 26b. Together,

variabl e resistor 26a and capacitor 26b permt the output signal of gate 25

to be delayed r eé ative t sEali'e% ajbgve ga(\)tgs%%d’lo %'idngg r??éa }:ogdiéxgr’r%d %gﬁﬁﬁqiselﬂgfrg%;or}g?e 1

resi stance chosen. In thé preferré a

kil ohmis chosen f osthetis"RikcRdT BStouhk 28 8Parg jfived i AThat pRGR iDdbtadRed from
pi cofarad is chosen fqr ,capacitor 26b form ng RC delay circuit 26. In

addi tion, a fixed dBed9sitahRREALAT &3 rp-inpRthiER Bpteawhersing lggic Shighls pusput
capacitor 27b may b&ug%ﬂ{éntbem%baex atd ¥ ﬁquanafthaeﬁt§u&~é &P Rl GRerl0
the particul ar hardware used to I npl en%nt the present 1nvention. Laboratory
experi ence w th thecqnditions,dairely wibohuthe ingfuts ire etherslewt’ highvldgh f/low, eruggest s

val ues of 100 oh or resistor 27a and 22 pf for .capacitor 27b may. bhe
tried to obt ai n1§r3eé'13{‘(]3§%| ?‘é‘ﬁ g1‘—‘F"h§l 3’\9,%5ttﬁeéal¥e‘?p§§aéﬂs‘%ﬁﬂbﬁf§ °f’$pb'.ﬁfsd§faé%3d24 :
and 25 are coupl ed {remidaeh gdiPoHlp eftiy BthePSHRN bighdAd, thit if,\WPerly DBE R CERL €
28. te 28 25 serves to conblne,” or "add", the outputs from

al terfiati vel y sel ecticoupiar 23 Following gats 25, pvariable deley B dystib26is fargyeddyone

si ngl e Del ayed Sync : | ed to
drive the scan"c0ntY%%gﬁg%ﬁérgg%tg@?ag?gk?é?%@ ggg}e 'e%‘tliﬁ)genge%%t%{]gl aglg
Attention is direct egpatitor 26b perinit the &Pt sighal vfigatecisito e telayedgeldtiegtoadhe f or

t he several co nent a}grts of éhe yhase del ay nodul e i %_Eown. I£ FI GURE
4a, the Sync | n'PnpBttPibef@rs2th qependingan the resistanre chosglyy dn thedirefsliptig gat e

20, -13- _ embodiment, a nominal resistance of 1 kilohm is chosen for variable resistor
26a and a capacitance of 33 picofarad is chosen for capacitor 26b forming RC
delay circuit 26. In addition, a fixed delay combination 27 formed by a resistor
27a and a capacitor 27b may be used to delay the output of gate 24 depending on

20  the particular hardware used to implement the present invention. - Laborétbry
experience with the phase delay module of the present invention suggests
values of 100 ohms for resistor 27a and 22 pf for capacitor 27b may be tried to

N obtain ideal results. Finally, the delayed outputs from gates 24 and 25 are
. coupled to the inputs of an adder formed by two-input NOR gate 28. Gate 28 |

25  serves to combine, or "add”, the outputs from alternatively selected gates 24 and
25. The output of gate 28 forms one single Delayed Sync Out waveform 29.
Delayed Sync Out 29 is then used to drive the scan control electronics for the

CRT deflection coils.

30 - Attention is directed briefly to FIGURE 4a, wherein a timing diagram for
the several component parts of the phase delay module is shown. In FIGURE

4a, the Sync In input waveform is shown as a square wave. Following gate 20,

-13-



Sync Inis inverted, formng the clock input signal of counter 23. Because
counter 23 toggles only on |l eading edge transitions, the outputs Q and

Q bar of counter 23 are half the frequency of the clock input signal.

Mor eover, because gates 24 and 25 only produce an out put when both input

are logical "low', the 5 outputs of gates 24 and 25 are each seen to be
active only @y &fiNvedlel Sor5 itld d61GRbNSidna P bhhN2 R BdchiGeCl OCK i nput .
The adder i Igmantle‘{j y gat e§28 sums ?ﬂ%xéonut puts of gates 54 and 257knto a

si ngl e Del ayesn®y 2% toggles eily naleadidig edge aarditiogs, ftivr owtputs Qoantd @iber of f ect “Hf RC
delay circuit 26 he .c I ned Del gyed . Sync Qut siqnal is seen to be the
same as the SYRE a’§i}’§'ﬁgllt‘)e é‘;\?ﬂuﬁﬁqu)ﬁ‘.‘f ﬂ?‘ryﬁ"“’?- é‘&“ﬁipg\go%"efﬁcﬂﬁﬁse del ay
nmodul e.  \Wiengdels 2d@ha¥s ehly Produce &n biitpub whek!Bsth idfia a&%gu;x "RfwJideC 25 15

del ayed rel ative to the output of gate 24 by an amount of the RC tinme
const ant . 5 Theutpws of gates4and 25 ereeadysepu to heartiveonly pr evergather 25 arrives at

he i f ' f
1o LUPUL fpleteo i 68 b ARG B g L0 021

24. Further,” beca duce out n 15

al ter nati ng dmsithe odtpais ofigaresd24ant 26 intd & citighdiktdyed Sinte Gt signapr i ses an

I nterl eaved convol ution of the individual waveforns. \Wen, the output from
gate 25is dé!sﬁﬁé’d"}gef%? ppmeptthe ﬁ&e‘(’aﬂg B&l‘.’e’PY grswtAsethe sombinefle action of RC

del ay_cormbi npjifia S gﬁjﬂ%ﬁvm %@M@A@ﬁ%&%ﬂ%&& WHi@m gate 28 forns

a wavef orm of nonuni spaced pul ses. Thus, "D Sync Qut will cause
20 the #9eclormnthednpntito thevphese detayonedulae WBRT RCadelryrircuis 26 isni f or m

I nterval s, but, gt.alternatel ase-shifted intervals. Referring briefly to
FoRe 5o, cieedta TR rlib g ol eile AP Gefiag) rorllre Wb iufor e AL oo 'Y
l'i ne- by- i nealirit@f GRRE tilndichRstardS TheBésaITENthache\outgie wAbefof/fidm enbodi nent
as shown, wherein the phase of alternately scanned |ines is delayed by 180

degrees. Li n@AtRRY ¥rizes i the inpuof 2ddsr isaisRB Jaterthafuils wrdehyrd ARUUAPRY i s shown -
to be illum {?g:?\f'g‘Jte%. ?‘uﬂhdéégdeféﬂsgﬁﬁessiﬂ?: l25 ozﬁﬂé‘@ﬁ@gfs%%téx{‘e N+l is the

i mredi atel y oW ng Vi I ne“scanned. Successi or
" "screenf 05 s" altarmting dasis, ithe pemsgElenttputdrom edder gaie 28lvemprgernal ong t he
“fields interleaved convolution of the individual waveforms. When the output from
gate 25 is delayed relative to the output from gate 24 by the action of RC delay
combination 26, the summed Delayed Sync Out output from gate 28 forms a
waveform of nonuniformly spaced pulses. Thus, Delajred Sync Out will cause
20  the electron beam to sweep across the CRT face not at uniform intervals, but at

alternately phase-shifted intervals.

Referring briefly to FIGURE 5a, successively scanned video lines are
shown. In FIGURE 5a, line-by-line Moiré cancellation as implemented by the
25 first embodiment as shown, wherein the phase of alternately scanned lines is
delayed by 180 degrees. Line N is an arbitrary horizontal video scah line which
is shown to be illuminated by a pixel video signal of square form. Line N+1 is
the immediately following video line scanned. Successive fields, or '
"screenfuls” are shown in perspective view into the paper along the "fields”
30 axis. Note that line N+1 is opposite in phase, or shifted by 180 degrees relative

to video line N.
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30 axis. Note that line N+1 is opposite in phase, or shifted by 180
degrees relative to video line N. -14 - The result is, as discussed
above, that any localized Mire interference pattern which may be forned in
a scanned video line is constrained to one scan |ine only, because the
phase- del ayed Del ayed Sync Qut:-;causes the subsequent-;scan |ine to produce a
Moire of shifted, or wsuleis, mgusseﬂfaqu that M)hbcﬂbﬂ MO'!fé intarfeneficer ence

ef fect wvani shes due nat of wmisig stence "int.e t| n

"aver agbng” the a|¥é{ﬁﬁ“a¥".p“r‘f3 ™ al%ergm?ﬁd e %’E‘%ﬁ °t1 {Rg o %n%{n?l g%a

uni form nonvaryi nlgtddiﬂ)ebédahséthéhhiswghyma@eaayﬁebha&duﬁé% thésdbesduenien the
alternating video patterns are shifted exactly one-hal f_ pixel, or, 180

degrees, there is $pyhing tockipducg addpiré ‘EffSthfFlr‘é' appasitey phase- oﬁ’sé%lyn theMpir¢ he 10
phase shift is !Sesiﬁter yené%éfffetd: g%ﬁﬁ?d%ﬁ?ﬁe(ﬂfahfrp f&k%ﬁge)éis%@e on a

| i ne-by-1ine basis, ase Ire |nter erencée on horizontal |ine
N, say, is O degre‘&hstegxaﬂng"tdre’ammmhe hlternatingt piasdsi of shd\scannesi 186 itegnees.

Because the two video sGan nes are i.n ¢close p r.o, t he human
eye averages the tiRp8eAxY &'I‘“Et"éﬂc@mﬂ’éﬁ"ég ng'lsﬁljet%'zwué‘ﬁ‘g‘“é%‘éﬁ“ﬁ?ﬁH& " b ocess
can be nmat hemat i canbésywﬂ.é‘ ﬁ@ﬁh&ﬁ@ﬁﬁ@da@& itﬁﬂts%blé%}ﬁfted MPe MRS RCKEE pigdldr =
[err] and [err] {perr , Where [err] is of identical frequency

[err] and anplitud Oslegrasp shese | eSeSlsrn "ii‘ﬁh%'@mﬂfé of Mqiné capeeliption evemwheRdhe, hoy e
di scussi on pregyme ats?a;ﬁttxpﬁ "b&%ﬁtifﬂa&eﬁﬂaﬁ%ﬁﬁlga%%laaiYneZt;}'-hﬂ@du' e

conprising the preSent | nvent I's t ori zont sync signal . "However,

CRT devi ces typi cabdsis, thephase dfthdMairé bﬂermncabn Aodzontal dine NG ady, yythéegseeg.nal )

' as an al ternat IarYdethg %%gsrédof ﬁonzoo(rjxlta ine N+t1 18\6?{etgrlegsa | BecX nsg tl?eI lgv%awlndeo scI nput
lines are in close physical proximity, the human eye averages the two

interference patterns together. The averaging process can be mathematically
15  represented as the sum of two waveforms W = ¢,sin(cw, B, and W, =
¢2sin(m2t), where
Wsurﬁ" ¢ sin{oqt t) + ¢25m(w2t)
If W, is of identical frequency ® and amplitude but opposite in phase to
W_l, then,
20 0y = Wy and ¢, =- ¢1, so that
W m= sin(o;t) + (-sinfw, 1), or

Weoum=0

The above discussion presumes that the input Sync In to the phase delay
25 module comprising the present invention is the horizontal sync signal.
However, CRT devices typically supply both a horizontal and a vertical sync
signal. If, as an alternative second embodiment, the vertical sync signal is input
to the phase delay module, the CRT screen will be scanned from top to bottom
in one phase, after which the electron beam is moved back to the top of the CRT
30 screen and the image scanned delayed in phase one-half the pixel period. In

such a field-by-field implementation, the phase of all horizontal lines in
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to the phase delay nodule, the CRT screen will be scanned fromtop to
bottomin one phase, after which the electron beamis noved back to the top
of the CRT 30 screen and the image scanned del ayed in phase one-half the
pi xel period. In such a field-by-field inplenentation, the phase of all
horizontal lines in -15 - vertical field Mis O degrees and the phase
of all the hovprtisaigld Mllheéesrﬁewmﬁl\eaha*Pé?lhthmmr%ntalsmeas@ree@@l Ref erri ng

briefly to F:T?eﬁﬁwg)ﬁ 1808 éée@l d-by-field cancellation 5 i mpl enent ed by

the second e iment IS I n FI GURE 5b, successive video |ines™vare
seen to have the sane phase video signal, but successive fields are of

opposi te phase. essi ve sho n_t ectlve axis into
t he paper. Again, Li%gﬁ’g?%?'éeﬁ& Eﬁﬁ{}f@b fwﬂ’rﬁxﬁﬂa ﬂg’ﬁﬁ? B average the
alternatel g pﬁ&ﬁﬁﬁﬁeﬁ@a b tIRAeb R emBbditdagt 15 8Bt Ghi FIQORE 51, sitgestiVe S€qUeENt i al

vertical fields ' to 10 a sum zero interference. Phase shifts of |less than
180 degrees wvideodinesare seen tg hayeothe ame phase videmsigpal Nt successivefielslsence. I n

et a thitd | Rl SIA e WEaiAHHI0 hrd G Ble i R8N 2! Lo Ty

reversed on bo ine and-on-a asi' s n.this 15

third enbodi nﬂmpaphhmgahapasﬁknéem vishnlierdied apéxeroaveﬁgemefmrmw al line N
Is O degrees in vertical field iaé:?eaﬁ;q and 180 degrees in vertical field

Mr1. Conver self’fl‘asefi%mbén%@@"b?f the G@’b‘a’slf't'frfﬁlse‘l‘lﬁf‘“ﬂd‘ief%m%‘ﬂs ®ine N*1 is

180 degreqgp i g s\iﬁ{iek&ﬁalterfeké?\'céi Mas@mhsweﬂsgﬂﬁﬂaso Begt&h Wifl Mdsuftip£h d MFL. In
this enbodi nent, visual elimnation of the Mire interference is again

achi eved by 2@maﬂtrl‘red@qt105@prglxé interferapfe.al t ernating Moire interferences,
and vi sion persistence between sequential fields causing the human eye W
see no visible interference. This enbodi nent further has the advantage that

there is | ess visilalyet skifd iniplenidneatich,3Ré phasélof/the pixebeidasiash ! t ernat e phases
of the pixel video are shifted between vertical fields. As shown in Fl GURE
5c, the conbi RHEAILY rerrEseshon bofba linpbyriing aad on a ﬁeld-by-ﬁeld basis. In this

15  third embodiment, the phase of the Moiré interference on horizontal line N is
0 degrees in vertical ﬁeld M, say, and 180 degrees in.ve'_rﬁcal field M+1.
Conversely, the phase of pixel Qideo signal for horizontal line N+1 is 180
degrees in vertical field M, and 0 degrees in vertical field M+1. In this
embodiment, visual elimination of the Moiré interference is again achieved by
20 the close proximity of alternating Moiré interferences, and vision persistence
between sequential fields causing the human eye to see no visible interference.
This embodiment further has the advantagé that there is less visible shift in the .
displayed video because alternate phases of the pixel video are shifted between | L
vertical fields. As shown in FIGURE 5S¢, the combination line-by-line and field-
25  by-field cancellation produces oppositely phased video scans every other line of
every field, or screen, and wherein each scan line is alternatively shifted in

phase relative to the phase of the same line scanned one field earlier.

In a fourth embodiment, the phase of the pixel video, and thﬁs the
30 resulting Moiré interference may be shifted in a more gradual manner, rather
than a full 180 degrees in a single line. Instead, the phase may be shifted by
smaller steps in each scanned line, thereby effecting the visual cancell;tion over

-16-



25' by-field cancel |l ation produces oppositely phased video scans every
other Fine of every field, or screen, and wherein each scan line is
alternatively shifted in phase relative to the phase of the sane line
scanned one field earlier. In a fourth enbodi nent, the phase of the pixel

vi deo, and thus the 30 resulting Moire interference may be shifted in a
nore gradual manner ., {348 bf fifRN This iddffectheRBE ARMbIRS éatﬁa'rﬁl‘éﬂ e dah@fled is

| nst ead;* the phase may be shifted by smaller steps in each scanned |1 ne,

t her eby=ef f ecti ng t lerelatizelplow frequentyaphemomenay disttiduted over alargrearenf The nes.
This is effective because {h i,re.patiern b apgel lL.ed g, a relatively
| ow frequency pheno?%%(%e’a%’% "rnf%u}{aégg) eo?/‘%adr?m?i'a*t %nﬁgt %P gg’.e ﬁeé) #@h?f’h‘me s
enbqdi ment has the asléeh lesothah obenehbddiinbrts bedatsevihel phaselshifi fopeschllinegs 8 S even
| ess than ot her enbadi nents bhecause the phase shift for each line is a 5
fraction of a piRel fReHoLYf.2 RixelReliqd-ne appreci ated by the practitioner that
a tangential benefit of a shadow mask CRT is that small shifts in video
position are not visible because the el ectron beam nust be noved to
essentially an”adj acent kpevill be giprerintdd bynthe pla@titioner that o tangerdial berafit afra f or
any intensity change

t he previous perfor é{‘%‘ O?"%ﬁ{Jgh‘Féstfg% S%ﬁ’#‘[c}és,{\ ﬁ?ﬁ%gbﬁ%ﬁ R i qﬂ?qu%g“ilsgget °

detected. As a resulthe elefbnSehMmisd bE imoVed Yo Ei8EntRANG bh 2BfAceRS pOForaticirith th
the present invention is greatly mnimzed, a benefit achieved fromthe

same sour ce causithg Rredowtperioration &rfanydniensifyghargerfo oraw irriie PrgFiglsi ng has
described four e”bOgJé\ ? dof co@reFfanaﬁxé' tﬁﬁtﬁ{ I::%Li%ﬂ&ﬁer?&gﬁ&{' dsO8hdlf {ri ih
S n. tenp

and @ssoci ated neth or cancelT atl I'sS co ated that changes

and nodi ficati ons nigadagositide wily netibe defected diAnarysudtkanyt error it Ipixehvitleo pagitivhe

materials and arrangenent of_ elenents of the, res?nt i,nvegti en \fvitq‘out 20
: t y , a benefit achieved

departing from the SetsRiegrwiththepresertinveipn iz psatly minimize

from the same source causing the Moiré interference pattern.
15
The foregoing has described four embodiments of a Moiré interference
cancellation circuit, and associated methods for cancellation. It is cbntemplated
that changes and modifications may be made by one of ordinary skill in the art,

to the materials and arrangement of elements of the present invention without

20 departing from the scope of the preseﬁt invention.
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1. A circuit to visually reduce Mire interference in a video inage

di spl ayed on a col or cathode ray tube ("CRT")—sereen—satd—iage i ncl udi ng

ab plurality of video scan lines, said circuit conprising: receiving
means coupled to said CRT for receiving a vi deﬁlMH mﬂ j’ id video
sync signal controlling the scanning of an el ebt " J #hted from an
el ectron gun in said CRT; and 10 gﬁ@s’“ ng means coupled to said
receiving means for shifting the phase of said video sync signal sugh:that
t he phase of each video scan line is shifted relative to the phase oM-each
I mmedi atel y preceedi ng ,vi.deo, scan,lin .d .Moire interference being
thereby visually r&ducéd® ’gt ‘.”s"a“fﬁ%‘ﬁ{ff*S&ﬂﬁgt’“tﬁgﬂ&wﬁi‘ﬂéd"&ﬁ B1P8f m 1,
+ wherein the phiigflayell odlal@loh adtRod¢iraleibs CTRT!)isBR8n, IBY iMEgaiadbdRgY shifted
fromO to 180 degrees. 3. The cirtcuit as clainmed in claim1, wherein said
i mage furt Her plorality of videgescandines, shid cirowit rammprisingof a screenful of said video
scan |ines, wherejn. ' ' L D rnate, fi.el ds may
be variably shi ft‘é%‘*‘?fr;‘g%P%gﬁs%“ﬁ%SY%%Sé’ggﬁ&#e%%O%’?# St sl 1o
claim1, wherein thadahgme sighalabitfolixgy the 3tanningiof @an eleigoh bdafies in al ternate
fields may be variably shifted fromO tqg 18 rees. 5. The circuit as
claimed in claim 1,8SHRefdifPm an gecteangup iR §aifERTs i ncl udes a D-type
flip-flop. 30 and 6. The circuit as clained in claimb5, wherein said

D-type flip-flop produces two oppositely phased sel ect signals.
10 shifting means coupled to said receiving means for shifting the phase of

said video sync signal such that the phase of each video scan line is
shifted relative to the phase of each immediately preceeding video scan
line, .
said Moiré interference being thereby visually reduced.
15
2. The circuit as claimed in claim 1, wherein the phase of alternate

video scan lines may be variably shifted from 0 to 180 degrees.

3. The circuit as claimed in claim 1, wherein said image further
20 includes a field consisting of a screenful of said video scan lines, wherein the
phase of video scan lines in alternate fields may be variably shifted from 0 to

180 degrees.

4. The circuit as claimed in daim 1, wherein the phase of alternate

25  video scan lines in alternate fields may be variably shifted from 0 to 180 degrees.

5. The circuit as claimed in claim 1, wherein said receiving means

includes a D-type flip-flop.

30 6. The circuit as claimed in claim 5, wherein said D-type flip-flop
produces two oppositely phased select signals.
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7. The circuit as clained in claim1, wherein said shiftj _
includes a first and second NOR gates. 8. The circuit asl“i\mm‘“m‘mmm]
1, wherein said shifting nmeans 5 further includes a resistOr<capacstor *

pair. 9. A nethod of visually. reducing Mire interference in a video
i mge di spl ayed on a col df caThotiEcuitas daimed jrv daim §, whereimrsaidsshiiftingmeans

including.a pluralit ' i Sg ai d nethod conprised of the 10
fol | ow ng_st eps: recgnlc\i/qdr%hgﬁé\?iag'gg&gbﬁc SI éntgﬁ' fromthe CRT, said video

sync signal having a phase; and alternately shifting the phase of said
video sync signal such that the phase 15 . .. of each video scan |ine
is shifted relative to tHe phibecipitasdrimadiintlaineywhereinesait] shiftingoweanscan
line, said Mire pat ek ng thereby visually- -reduced. 10. The met hod
as claimed in cl algm gﬁ‘%@?‘%‘f nstaﬁgl%%?é’aérm ﬁ}cétessi ve 20 vi deo scan
lines may be alternately variably shifted fromO to 180 degrees. 11. The

method as clainmed in claim9, wherein said inmage further includes a field
consi sting of a screenful®of Adnethod @byisydlinredpeing Majifécintarierence ippaddecof

said video scan |ineg. ] si.ve hie . Y, Lably 25
shifted fromO to 188“%%9@%2%&%1[{? @ ®l$r1‘!r§g‘%dnﬁn?¥ro@g%%qusr%r}ee§hﬁ Sr?}/%{!%aﬁgr% 9,
wherein said i mage f inchithrg &pmrurﬁzs)faiaebebﬁ Kxe8,Sdafd indhodfcompsiséonfhel  of
sai d video scan |ines, wherein the phase of successive video scan lines in
successi ve fi el dd0nmfollowing stepsiat el y variably shifted from0 to 180

degrees. 30 -19 - réceiving a video sync signal from the CRT, said video sync signal having

— a phase;
and
alternately shifting the phase of said video sync signal such that the phase
15 of each video scan line is shifted relative to the phase of each
immediately preceeding video scan line,

said Moiré pattern being thereby visually reduced.

10. The method as claimed in claim 9, wherein the phase of successive

20  video scan lines may be alternately. variably shifted from 0 to 180 degrees.

11.  The method as claimed in claim 9, wherein said image further
includes a field consisting of a screenful of said video scan lines, wherein the
phase of said video scan lines in successi_ve fields may be alternately variably

25  shifted from 0 to 180 degrees.

14

12, The method as claimed in claim 9, wherein said image further
includes a field consisting of a screenful of said video scan lines,
vherein the phase of successive video scan lines in successive fields .
may be alternately variably shifted from O to 180 degrees.

30
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-20- 13. A  phase del ay circuit to alternately phase-delay a-~
sequence of video lines scanned across a col or cathode ray tube ("CRT")
screen to reduce Miire interference in a video i mage di spl ayed on said

col or CRT screen, said phase delay circuit conprising: counter neans
coupled to receive a pixel video sync signal for alternately producing
output first and second sel ect signals; delay neans for producing first and
second del ay conponents each having_a phase, said delay neans coupl ed.to
receive said first and second seléb@osrgnals, said delay neans furt
coupled to receive said pixel video sync signal sai d del ay neans shifting
t he pha of said se del a onent tiveg to s el ay
corrpone%IeJ and, ngde?)%%%aens céﬁiggg to&'rreé(’:liea%'@e sgf’d fi Qi eﬂ‘ gond del ay
corrponernrsase-cﬂnlsaﬂ dad@tmeofsa{meadoﬂemmaﬁgasnm rag:msu &irst and

second &)y CoaRARaRt sréydtqﬁo%dug*@mﬁﬁ QutRdh s erriRley phese- del ayed

pi xel video sync signal o0 said CRT; said alternately

phase- dél fsate vined Cifeo sinage digrlaved Han #aid octeR SRYuence of
vi deo | igtifeant) asdid f}ﬁu&@ée&@l@ﬂrt@:[f@iﬂk Byethdg n phase 14. The
circuit as clained |€ claim13, Qﬂﬁié?n sa se uence aIt rnately
phase- del ayed \FULE-ST PERIS mﬁﬁ%ﬂ%@ fPernately

phase- deaymedslignad |ﬁmer&étenna!;eﬂ.yr rprruglua::Mg reupputerfrlrstS and The
circuit Angl@iderbld &lghgids wherein said
delay means for produc1ng first and second delay
components each having a phase, said delay means coupled ()
to receive said first and second select sigﬁals, said
delay means further coupled to receive said pixel video
sync signgl; said delay meahs shifting the phase of said
second delay component relative to said first delay
component; and, ' 1 .
adder means coupled to receive said first and
second delay components from said delay means, said adder
means sumning said flrst and second delay components and
produ01ng an output alternately phase-delayed pixel video
sync signal, coupled to said CRT;
said alternately phase-delayed pixel video sync
signal causing the CRT to scan sequence of video lines
across the screen alternately delayed in phase.

14. The circuit as claimed in claim 13, wherein said
sequence of alternately phase-delayed video lines
produce an image comprising alternately phase-delayed

Moiré interferences forming a Moiré pattern.

5. The circuit as claimed in claim 13, wherein said
alternately phase-delayed pixel video sync signal produce
alternately phase-delayed video lines, said alternately
phase-delayed video 1lines further producing an‘ image
comprising alternately phase-delayed Moiré interferences



alkernately phase- del ayed pi xel video sync signal produaﬁ_éLLQLﬂéLﬁtx___
phase-del ayed video lines, said alternately phase-del ayed video I NES

further producing an image conprising alternately ph j
i nterferences - 21 - such that said inage results |ﬁ' ml@ﬁ ’ &iﬁ
@ p of

pattern. 16. The circuit as clained in claim 13, wheredntt
alternate video scan lines may be variably shifted fromO to 180 degrees.
17. “The circuit as clained in cIainL1§1 wherein said i mage further

includes”a field consisting of -a screenful of said video scan |ines,

hi fed from OO Mo gt Vel fod LTAS fish® Mol BReERERT 2

wherein said image further includes a field consisting of a screenful of

sai d video sc | i nes, eL e pe_ph | §.er ViqGeo LN in
alternate fieleicrjgs' may t?‘eﬂ%a‘f’%ﬁ?%‘h'sﬁugt ?:Z%ﬁecfn %ﬁt,gg%glg &%gr e@g@‘%}%. the The
circuit as cl #ase i @Il alkerpateheVifAosFRR oSS n¥@Ys E8npVREEILAY

Dtype flip fld3.fed8 from lhesiTgdide &sained in claim 19, wherein said
D-type flip-flop produces two oppositely phased sel ect signals. 21. The
circuit as clainmed in claim13, wherein said delay neans includes a first
anq second NOR7gates. e circdile asrclafimed dnaiciedm /) armed8inwbaidi n
said image further includes a field consisting of a screenful
of said video scan lines, wherein the phase of video
scan lines in alternate fields may be variably shifted

from 0 to 180 degrees.

18. The circuit as claimed in claim 13, wherein said
image further includes a field consisting of a screenful
of said video scan lines, wherein the phase of alternate
video scan 1lines in alternate fields may be variably
shifted from 0 to 180 degrees. '

19. The circuit as claimed in claim 13, wherein said
counter means comprises a D-type flip flop..

20. The circuit as claimed in claim'lg, wherein said
L D-type flip-flop produces two oppositely phased select
signals. '

21. The circuit as claimed in claim 13, wherein said
delay means includes a first and second NOR gates.

22. The circuit as claimed in claim 13, wherein said
delay means further includes a resistor-capacitor pair.

23. '~ The circuit as claimed in claim 22, wherein said
resistor-capacitor pair delays phase of said second delay
component relative to said first delay component.



del ay nmeans further includes a resistor-capacitor pair. 23. The circuit’
as clainmed in claim?22, wherein said resistor-capacitor pair delays phase
of said second, delay conponent relative to said first delay conponent.

22 24. A phase delay circuit to alternately delay a video sync signal
to a color cathode ray tube ("CRT") electron gun sweep control «circuit
to reduce Mire interference in a video image displayed on a CRT screen,
sai d phase delay circuit conprising: a counter coupled to receive saigdy-

vi deo sync signal and having a first2and a second output, said countb?
alternately producing out put first and second select signals; d first sync

del ay pat}y COUp|3g|?%ES%Fe algléé&§$ aﬁ%eﬁhﬁ@ﬁﬁgﬂel Oﬁbiﬁxd gounter,

said first sync ath her cou 0 receive s Vi deo sync

signal atdleqr 8YDE| lﬁglgrlﬁfl ‘éBt |§utc°1©¥stcat@é’lda/ ’é%erG’h’é’Wt PéCB'E%bnd sync

del ay patdy gctisdred &re@@é Stk 58T ONéli ek Bt &gn@éaﬁé@mﬁaiﬁecount er,
rther coupl.ed.to r.eceive |er vi deo

Z;hg ifgqn%ﬁﬁﬁgide ﬁgéhﬁggﬁ?pﬁFagﬁc A§ParEd °n(ﬁ) eﬁ %ﬁfd second
del ay commirkndhaisd ajelhy rcidtasit redmbr deing:
a counter coupled tp' receive said video sync
signal and having a fifst and a second output, said
counter alternately produc1ng output first and second
select signals;
a first sync delay path coupled to recelve said o’
first select signal from said counter, said first sync
delay path further coupled to receive sald pixel wvideo
sync signal and producing an output first delay
component; '
' a second sync delay path coupled to recelve said
second select signal from said counter, said second sync
delay path further coupled to receive said pixel video
syhc signal and producing an output second delay



said first delay conponent; and, an adder coupled to regej i nd
second del ay conponents from5 said first and gmﬁﬁjwi“ﬁ”ﬂimﬂ
pat hs, said adder sunming said first and second delay c *
produci ng an out put alternately phase- del ayed pi xel video sync signal
coupled to said electron gun sweep control circuit, said alternately

phase- del ayed vi deo synccahgpneht, SidiSécdad téley ednfonetieBied FVRIBe ddhtiveGont 1 Ol
to sweep-the el ectron gun across the CRT alternately del ayed in phase. 25.
The cifeuit as claimed iﬁ“@ﬁ&*ﬁﬂ2ﬂ$mﬁH§F§Vn sai d al t:ernatel y phase- del ayed
pi xel video sync signalaggproduce alternately phase-del ayed video lines,
said alternately phase-del ayed video |ines further producing an i mage 15

conpri si ng alternat el y apladder-cdapled exirehdiver the first end sacadodelayf compionentsifrivini 1 e
pattern. 26. The circuit,as.clained in claim?24,., ein the alternately
phase- del ayed plgxel vi dgad E‘ifﬁ%"@feﬁm syf"ééﬂ?’f %aﬂlgsnéa&’f*\%ﬁ{ﬁf sympng spid fira ands
said Mire 20  pattern. setdnd delfiEcdihponbhth aRd pfodatinesh bitpel Aiefaddly philer ei n
the counter conprises a D-type flip-flop. 25 28. The circuit as
clained in claim24, whePelp¥pdinbel videa synspignalsaypled to5rid elasphy gus sWeqROR gat e.
29. The circuit of claighgéﬂcﬁgggein the second sync delay path includes a
NOR gate. 30 30. The circuit of ¢laim29, wherein the second sync del ay
pat h further incl udssd alterpatelg pbaseaiefpged tideo siak aignaicawsirigithe electish gun swegpe

circuit of cl M coznAt'r’ol to"‘f“?el;? Ithne el(—:scitirlorc\i gul(;jl gggsrs the CRT alternately delayed in phase.

25.  The drcuit as claimed in claim 24, wherein said alternately phase-
delayed pixel video sync signals produce alternately phase-delayed video lines,
said alternately phase-delayed video lines further producing an image

15  comprising alternately phase-délayed Moiré interferences forming a Moiré

pattern.

26.  The circuit as claimed in claim 24, wherein the alternately phase-
delayed pixel video sync signal results in visual cancellation of said Moiré

20 pattern.

27.  The circuit as claimed in claim 24, wherein the counter comprises

N a D-type flip-flop.

25 28.  The circuit as claimed in claim 24, wherein the first sync delay path

includes a NOR gate.

29.  The dircuit of claim 24, wherein the second sync delay path
includes a NOR gate.
30
30.  The circuit of claim 29, wherein the second sync delay pat'h further

includes a resistor-capacitor delay circuit.

23,



conprises a NOR gate. 32. A met hod of a#ternate#y‘phase—d€1aying a

sequence of video scan |ines scanned across | 0 ay tube
"(CRT") screen to reduce Mire interference "u , FEB di spl ayed
on said color CRT screen, by alternatel vi deo sync

signal to the electron gun sweep control CIrCUIt sald met hod

i ncluding the following steps: producing froma sync-in input signal a
first and a second sel ect signals, ?&*q first and second sel ect signals,
having a logic "high" and logic " states, the phase of said firstef

sel ect sjgnal opposite to ithe phase of sajd second.sel ect, si

al ternatety sel ed¢ nFH 415t ‘%:d cg'as’é"bor?(f"delw rﬁd’t’hss\ﬁ’réln gaaﬁffi rst and
second ssimgmtisesgraml BOROyPtese, respectively, a logic "low' state;
producing in said first and a second del ay paths, when sel ected by said

sel ect signals, a first and second del ayed conponents; and summ ng said
first aﬁﬂieecondhd@¢©@@@ @5npbhenn@tebyfphnsandaﬂaﬁinqtel9eqéeayed pi xel

Vi deo syi¥e- 9iiiesi @din Stfhed Nakbahbe ! £G4 FURAMRCR-LONGAL! ralr Ccui t
al ter nat el dela§ scanni ng the el ectron ﬁun across the CRT screéen, said

al t er nat@Rfe| ¢ ERTE anPFFRePr JRUCFRYUGH i c&ﬁﬁ?FgﬁﬂeBFea3§quence of
al t er nateldedphastage delidp NRfed 3dn salmedmrdiodm ckereeds, wgerein each

video NG GAUALIFI del 32 SEIETUT OF14bgC%rd 815" Yo the
electron gun sweep control c;rcult, said method
including the following steps: _
producing from a sync-in input signal a first and o/
a second select-signals, ' _
said first.and second select signals having a
logic "high" and 1logic "low" states, the phase of said
first select signal.opposite to the phase of said second
select signal;
alternately selecting a first and a second delay
paths when said first and second select’ 51gnals comprise,
respectively, a loglc "low" state;
producing in said first and a second delay paths,
when selected by said select signals, a first and second
delayed components; and
summing said first and second delayed components LJ
to form an alternately delayed pixel video sync-out
signal such that the electron gun sweep control circuit
alternately delays scanning'the electron gun across the
CRT screen,
said alternate delayed scanning producing an
image comprised of a sequence of alternately phase video
lines.

33. The method of claim 32, wherein each video line
contained in said sequence of video lines further
comprises a Moiré interference having a phase, said Moiré
interferences comprising a Moiré pattern.
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conprises a Mdire interference having a phase, said V\ﬁlm [ S
conprising a Mdire pattern. 35. The circuit as ”mtnlmmq:,m?i
wherein said alternately phase-del ayed pi xel video synt &igral *preaduce
alternately phase-del ayed video |ines, said alternately phase-del ayed vi deo

|l ines further produci an [ mage conprising alternately phase-del ayed Mire .
i nterfences such that ggai d MHragEcitas teimed foclain d41 vRaseit spidh aldprately.

The method of cl ai m 3@hasetieleed phal dvidéd eymeasighal plodee- alébargtaly PphaseMbdlaged
interferences, by persidebenag; Waid abicPRbtelyeoibsh-delbytd: Gifth QALC ehdtd S ing
said Mire pattern toag i %V‘éer r?g'i'sallg rpatel SZné e'e‘de(iI re%l'plotirét? te) Pelflxg'lsl duch t
reduce Mire interferen_ce_% N & Vi d"épa I rage Hipspﬁ,ayeay on a col 6f cat hode |h5§/
tube ("CRT") screen, &aiddinagagesuitfciruae wisual potneabattsfrof vi deo scan |ines
substantially as herei nbefore described with reference to the acconpanyi ng

drawi ngs. 38. A nethod3ef wheutiod dfethingi 3gwhbieltsdid aRérnRic8Rask-Belysd 00
i mage di spl ayed on a color cathode ray tube ("CRT" )screen, said image

i ncludi ng a pl 8r aM@ige iter{arenses. by persistenss of isioaw sesultdn Wsuab canseliationef or e
descri bed. said Moiré pattern to a viewer of said CRT.

37. A circuit to visually reduce Moire interference in
a video image displayed on a color cathode ray tube ("CRT")
\;; screen, said image including a plurality of video §can lines
substantially as hereinbefore described with reference to the

accompaunying drawings.

38. A method of visually reducing Moiré interference in
a video image displayed on a- color cathode ray tube ("CRT" )screen,
said image including a plurality of video scan lines, substantially

as hereinbefore described.




