
WO 2004/017289 PCT/US2003/018855 Method and Apparatus
for providing a Dynamic Rotational  Alignment of a
Cathode Ray Tube Raster A. FIELD OF THE INVENTION The
invention relates to cathode ray tube displays. More
specifically, the  invention describes a method and
apparatus for generating a dynamic rotation field to
precisely align raster scan lines displayed on a
cathode ray tube. The invention is of  significant
interest in low and very low power sinusoidal, wide
and very wide angle  deflection systems, as well as
DTV, HDTV and VHDTV, and other high and very  high
resolution video displays. B. DEFINITIONS Align means
to cause a video image to be adjusted so that
distortion  characteristics are minimized and the
video image that is displayed on the cathode ray  tube
forms an image that is pleasing to the eye. Cathode
ray tube means the tube structure, the phosphor
screen, the neck of  the tube, the deflection and
control windings, including the yoke, rotation and
other  coils, and the electron guns. Coordinate
locations means the discrete physical locations on the
face of the  cathode ray tube, or a physical area on
the CRT screen. Correction and driver circuitry means
one or more of the following: digital to  analog
converters, interpolation engine, pulse width
modulators and pulse density  modulators, as well as
summing amplifiers, oscillators, op-amps, inverters
comparators or any other components necessary to
produce and condition correction  signals to
synchronously apply to control circuitry to generate
an aligned video  image. Correction control signals
means correction factor signals that have been
combined in a manner to be applied to either
horizontal control circuitry, vertical  control
circuitry, coils, or electron gun circuitry.
Correction factor data comprises the encoded digital
bytes or any other form  of data, such as term
multipliers that adjust standardized transformation
equations,  that are representative of the amount of
correction required to align a video signal at a
particular physical location on a cathode ray tube to
counteract distortion  characteristics at that
location. Correction factor data may include data from
the gain  



matrix table, data relating to electron gun
characteristics and/or data relating to  geometry
characteristics of the cathode ray tube. 1 z `za;gSuq
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Discrete locations may mean individual pixels on a
cathode ray tube screen or  may comprise a plurality
of pixels on a cathode ray tube screen. Distortion
characteristics means the amount of any particular
type of  distortion as indicated by the distortion
data measured at a number of different points  on the
cathode ray tube. Distortion data is a measure of the
amount of distortion that exists on a  cathode ray
tube with regard to the geometry characteristics of
the tube, and/or  electron gun characteristics of the
tube. For example, distortion data can be measured as
a result of misalignment of a video image or improper
amplitude or gain of a video  signal. Distortion data
can be a quantatative measure of the deviation of
correction  factor parameters from a desired
quantities value. Distortion data can be measured at
coordinate locations on the cathode ray tube. Driver
signals are the electrical signals that are used to
drive the deflection  and control windings, and
electron guns of the cathode ray tube. Internal to
raster means any part or section of a CRT raster as
defined by its  location on the raster. Memory
comprises any desired storage medium including, but
not limited to,  EEPROMs, RAM, EPROMs, PROMs, ROMs,
magnetic storage, magnetic floppies,  bar codes,
serial EEPROMs, flash memory, etc. Non-volatile
electronic storage device means an electrical memory
device  that is capable of storing data that does not
require a constant supply of power.  Pattern generator
means any type of video generator that is capable of
generating a video signal that allows measurement of
distortion data. Processor means a logic device
including, but not limited to state machines,
micro-processors, etc. Raster means all or part of the
horizontal traces produced on the face of a CRT.
Rotation coil means a coil or winding used to rotate
the raster in a CRT.  



Rotational distortion characteristics means the amount
of rotational distortion as indicated by the
rotational distortion data measured at a number of
different points on a cathode ray tube. Rotational
distortion data is a measure of the amount of
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PCT/US2003/018855 horizontal retrace is used to refer
to the beam moving back to the left at the end of
each line, while the teen vertical retrace refers to
its movement from the bottom to the  top of the raster
106. However,. in what is referred to as a sinusoidal
or "zig-zag" raster scan, there  is no horizontal
retrace (or flyback) since the image is painted both
when the beam  scans both left to right as well as
right to left as shown in Fig. 2A. Ideally, for
example, the electron beam paints a line 202 going
from left to right and steps down  an interval "d" and
paints a next line 204 going from right to left.
Unfortunately,  conventional vertical amplifiers only
produce a linearly changing magnetic flux in the
vertical deflection coil, the resulting zig-zag raster
is more like that shown in Fig. 2B,  exhibiting a
distorted raster when compared to the ideal raster
scan of Fig. 2A. Prior art has proposed a solution to
make the scan lines parallel by using a  wide
bandwidth vertical amplifier driven with a stair
stepped drive waveform to move  the beam down the
screen only during the time "d" (now the new
horizontal blanking  time) between the end of line 202
and the beginning of line 204. These approaches  have
proved, due in part to the high inductance of the
vertical yoke, to be expensive,  slow (requiring long
horizontal blanking times), power hungry and unstable
(producing vertical ringing at the beginning of the
lines). However a vastly simpler solution presents
itself, when this downward tilting  of each line is
characterized as simple scan line rotational
distortion. SUMMARY OF THE INVENTION According to the
present invention, a method and apparatus for
dynamically  generating a rotational magnetic flux on
a line by line basis in a cathode ray tube is
described. In an embodiment of the invention, a
rotation coil is added to the deflection  



yoke assembly on a cathode ray tube. Accordingly,
magnetic flux generated by this  rotation or Line
Twist Coil (LTC) is set going in the left to right
direction but switches polarity when, going from the
right to left direction. It is this reverse twister
flux that combines with the vertical deflection flux
to step the scan line. Therefore,  the LTC produces an
additional flux field combining with the linear
vertical flux field  to produce the stepped line
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2004/017289 PCT/US2003/01885 5 FIG. 6B is a graphical
representation of a typical time variable rotation
driver  signal as applied synchronously to
independently rotate the top half of a CRT raster  as
depicted in FIG. 6A FIG. 7A schematically illustrates
the manner in which the present invention  can be used
to independently rotate the center of a CRT raster.
FIG. 7B is a graphical representation of a typical
time variable rotation driver  signal as applied
synchronously to independently rotate the center of a
CRT raster, as  depicted in FIG. 7B. FIG. 8
schematically illustrates the manner in which the
present invention  can be configured to align a
typically distorted CRT raster. FIG. 9 is a graphical
representation of the rotational effect of the flux
from  the Line Twist Coil. FIG. 10 is a graphical
representation of the resulting raster. FIG. 11 is a
graphical representation of the current in the Line
Twist Coil.  FIG. 12 is the schematic for the first
preferred embodiment and the current  path when
scanning left to right. FIG. 13 is the schematic for
the first preferred embodiment and the current  path
when scanning right to left. FIG. 14 is the schematic
for the second embodiment that can produce  currents
in either polarity. DESCRIPTION OF SELECTED
EMBODIMENTS OF THE INVENTION  Reference will. now be
made in detail to a particular embodiment of the
invention, an example of which is illustrated in the
accompanying drawings. While  the invention will be
described in conjunction with the particular
embodiment, it will  be understood that it is not
intended to limit the invention to the described
embodiment. To the contrary, it is intended to cover
alternatives, modifications, and  equivalents as may
be included within the spirit and scope of the
invention as defined  



by the appended claims. The description herein details
selected embodiments of the invention directed  at
providing a method and apparatus for dynamically
compensating the magnetic flux  generated by the
vertical deflection coil on a line by line basis. In
one embodiment, a  Line Twister Coil is used to
dynamically compensating for the magnetic flux
generated by the vertical deflection coil on a line by
line basis in a zig-zag raster type 7 8 lqm joj
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section of the CRT 300 for which the rotational
correction factor data has been  generated. These
rotation driver signals vary through one vertical scan
cycle as CRT  raster 302 is generated resulting in a
rotation driver signal that is a waveform that
changes as the CRT raster is scanned. This time
variable rotation driver signal  generated by the
monitor board circuitry 308 in response to the
rotational correction  factor data is then
synchronously applied to a CRT rotation coil 310 to
dynamically  align CRT raster 302. 



Accordingly, the CRT raster 302 can be statically
rotated clockwise or  counter-clockwise as shown in
Fig. 4A as rasters 402 and 404, respectively using the
rotation coil 310 by applying a non-time variable (DC)
signals (i, and i2) illustrated in  FIG. 4B to the CRT
rotation coil 310. This static method of raster
rotation is limited  in its usefulness as it does not
address distortion internal to the CRT raster. For
example, if the top and bottom traces of raster 302
are not parallel to one another, this  static method
of rotation offers no method of correcting internal
alignment of the  raster Accordingly, FIGS. 5 through
10 illustrate that any trace of a CRT raster  scanned
during a finite time can be rotated as necessary by
the synchronous  application of the required time
variable correction signal to a CRT rotation coil.
FIG. 5A discloses the manner in which the bottom half
of a raster 302 can be  rotated either clockwise 502
or anti-clockwise 504 by the application of time
variable  rotation driver signals 506 and 508,
respectively, as shown in FIG.  SB. The time  variable
rotation driver signals 506 and 508 begin at zero
magnitude and have no  effect until mid-way through
the vertical scan of the CRT. At this time, the time
variable rotation driver signals 506 and 508 increase
in magnitude smoothly until the  end of scan or the
bottom of the raster is reached. In this manner signal
506 will rotate  the bottom half of raster 302
clockwise when applied to the CRT rotation coil.
Likewise, signal 508 will rotate the bottom half of
raster 302 anti-clockwise when  applied to the CRT
rotation coil 310. Similarly, FIGS. 6A and 6B
discloses a method  for rotating the top half' of the
raster 302 either anti-clockwise 602 or clockwise 604
by the synchronous application of the time variable
rotation driver signals 606 and  608, respectively.
The time variable rotation driver signals 606 and 608
are at  maximum magnitude at the start of the raster
scan and smoothly change to zero at the  midpoint of
the raster. In this manner the rotation driver signal
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PCTIUS20031018855  in order to produce a stepped line
effect. This counter flux field, referred to as a
twister magnetic flux (D,rWIST  (shown in Fig. 9), has
a first component 1LR having a  magnitude FV when the
raster scans in the left to right direction and a
second  component ORL of opposite polarity (i.e., (DRL
= - OLR) but substantially the same  magnitude FV when
the raster scans in the right to left direction (i.e.,
abs((DRL)  



abs((I)LR )). Accordingly, each of the twister flux
components (cZ and I LR )  combines with a
corresponding component of the vertical deflection
flux ' J T  (having left to right component I RT.LRand
a right to left component OVERTt2I.) to  form a
resultant raster flux ate, shown in Fig. 10. In
particular, during the left to  right scan, the first
component 'La combines with the left to right
component 1VERTLR  while the second component (DRL
combines with the right to left component OvERT.RL to
form the resultant raster flux ctraster. In general
therefore, while the vertical field  monotonically
increases, the counter flux field (i.e., the twister
magnetic flux DTWIST)  provided by increases in the
reverse direction thereby maintaining the observed
line  substantially level and free of rotational
distortion during the left to right scan. During the
return right to left scan, the twister magnetic flux
TWIST completely  reverses and adds to right to left
component c' RT.xI. Therefore, the resultant flux
remains constant for each line, but jumps
incrementally at the end of each line  providing a
"stepped flux" field scan that is substantially free
of rotational distortions. In the described
embodiment, the Line Twister Coil 806 is typically a
low  inductance coil (on the order of approximately
500 micro-henries) formed of a few  turns
(approximately in the range of 30 turns, for example,
is typical). This  configuration is substantially
smaller than the larger rotation coil 805 that
typically  has a few hundreds of turns and a large
inductance of 10 milli-henries or more. In  this way,
the inventive :Line Twister Coil can be driven by a
high frequency signal  (see Fig. 11) in order to
provide the desired dynamic compensation on a line by
line  basis. Figs. 12 and 13 illustrate a twister
power circuit 900 for implementation of the  twister
coil 806 in the form of a self powered twister coil
902 wherein the self  powered twister coil 902 is
magnetically coupled directly with the horizontal
deflection coil, or otherwise closely coupled thereto.
In the case of the self powered  twister coil 902,
power to drive the twister coil 902 is derived
primarily from the  horizontal deflection coil 802 by
juxtaposing some turns of the twister coil 902 in 11
ZT 'suoi 7qons Ur SuMnlou! su poloidiolul 3q uoi
.1walp pomj oT jeqj popugiul  ojojo-mig si 11
molluoAu! luosoid oipjo sr4amddt, pue ssoooid oTp
iqloq 2uguouioldur!  jo skem oAnu-molp Xuloui am wo-qj
jvqj polou oq oqu plnoiqs II -uopumul  



Djo odoas oig un p1m. Iluj juM sluoluAlnbo puu
'suop-elnuuod Isuo4violp axe o-yoql  '~muqpoqtuo
pomajoid u jo s=ol uq paqposgp uoQq suq uoi A su UT p
oluM  Ruo -sjuoj,oAjnbo  jo odoos llrg ~qoup ql!m,
Buolu smm o popuoddt, otp jo odoos otp urql!m
po-glpoui oq  Ama Inq 'upiolq UOAIS SI-Tolop oip ol
paipull oq ol jou si uoiluoAu! ova pu7a 'oAqoMsoj  jou
puu oAT pu4slill! su po.Toplsuoo oq ol Qm soldu-mxo
luosoad oqj -uoi  .jugmr!  juasaid oiDjo adoos oqj jo
jMds oiql tuoggunmdop inolpm suuoj ogloodsigTo Xurm uT
po!poquiio oq XpTu iuopuom! luosaid oqj juqj
poolsiopun oq plnoqs 1! 'pQqposop  uooq PAt,-q uoi
guaitu luosaid oqljo sluom!poquio zAaj u Aluo
qgrio-qllV .Qux4 ou-q otp'-Ru~mp fq~mjod jaqljo jo
luo-uno uol.4rloi ouq Xlddns ol pgs-n  si joljqdure uu
ojoilm uonuoAuT oqljo luoum sasoloslp j~j -.Dlq I
poquio puooos t  VS-'j luouno JOISW puwas eip puu "n
juaimo jaisLY4 lsz j aq4 op!Aoid ol sv.Kum  U lqOng U!
PO-SULMU tlAkS If,3nOlTp JAJS SJUMU010 2UWIYAS 01
OSTIOCISO-T UT SOSJOAQJ UmS  jo -aojjoo-T!p oqj su
xprd jimam-a ojqujjo4uooaip ol luouno otpAjpow ol t,(j
uj2nojiqj I(I  sopot .p,gtqjools juauno s!ozll4n 006
posp oTP'XjSu!pjoooV -oloAotp ul smiojoAam  U014001loo
joj4uoo ol so!uo4oglo I'moildo su 119M Su Z06
ITOO.IQISLV4 OIR UTU  qm
olt,081!oouoi4oaUopl'eluioz!-ToqoTpjoinoiatAodSu-illnd
souT 0300611UMPiomod  JOISLV4 OT lu=09ULUM sug trl
1706 lqltd ~uoxmo olqLIloAuoo otp qIYA pollawoo  oq
uro Z06 UO3 JOISTA'14 IMP U! IuO-unOJO lunoure OTTI
113,14 111 olqlello4uoo AllvoFauufp pur po-iomod-jios
sy 006 I!no.Tlo iomod -iolsLv M4 I V lc . 4 oqj
(poonpp olqj sso o o~? IloA  v Fuionpul jouwojsm4 13
su spu j!ooiojsis4 oTp jtj?nojEp xnU a2u3mol
TBluozljoT[ gT[j)  t08 1!oo uonoaUop Tolitozuolq Qlqj
wo4 poApp:iomod SuTsn XE[ -IR2~i ol 3jol stAoU -as'l
~UQIMO JQjS!M4 PUOOQ-3 V UQTP PUE Ijol ol IqSlj Wo-U
SMOU"'n luojjno jglspw Isig  



u IUPWPOqMQ POTIOSOP OT Ul 706 HOO MISM4 Qql ul TuaimO
jo lumoum atp o2upqo  ol pasn oq treo V06 TRUdluonno
QTqvjjoquoa 73 IluomTpoquuo pgq!josop ouD uj ,Alqumssu
jouuojsuun u jo s@u!l  OT 3uole ima Amssoaou oT#
oplAoid Z06 U03 -'Qls!A`4 QTRJO suim oiql pue ZOS I!oo
uopoouop lumo2liaq ap Aq popmouo2 plog opouSum orp
uooAgoq osuqd pue sog,33Fq xnU oqQa'UUU 'SBAkSH 'ZOS
1103 UoT Iuoz!jotf oq~ 01A4Pji!xojd osolo  RUI joQUop
it SSSRIO/fOozsfl/ljd 68ZLTO/VOOZ OM WO 2004/017289
PCT/US2003/0188 55 permutations, and equivalents as
fall within the true spirit and scope of the present
invention. 13 17l `ueos gaj of lusu lxau t, suunp
`uejod 1sig t, pue apn4r uar lsig u Sutnpq 1uouodtuoo
xnU opou&cu uouoauoo Istg t,  `usos 1gsu o} 1301 a
guunp  `optnozd o1 paSueuu oJoi oqp of pajdua jioo
1ajsp t, :Sutsuduioo  aaggj `jtoo uot2oaj;ap jsluozuoq
u pue `jioo uogoagap juop1zaA 13 2uuu nluoa  `axoA
uotjoa1Jap t, Sut q ogn4 Asx opogpuo s ut u1OS.101sea
t, 3o uo!IIolstp jt,uot1e101  `sissq ouuj Aq omj .e uo
`Sugoauoo Ajjsonut,u1cp aoj sn4t,zsdde uy g soutj ag1
a eaedos AjuuoJlun 1 outtl ouuj oql wimp palsnIps  si
xnU o11ou2eut Iuuijnsai oqj utaiogw `j uunjo ui
pa.toat su poglout v 'S suou1.uolstp Isuor1e1ot JO a04
Sjjuquulsgns u  st xnU 011au2euz;uuljnsai atj .
utazagA. `Z mlejo ut palioax ss poTpaur V .p kuu:jod
puooas aq1 Wo4 asegd3o lno saa&p 081 Ajojututxoxddt,
si X.ut,jod 1si.g otp uuaaagm `j tuiejo uu pa1to01 ss
poglaut V E 1ag1o goes 1 jenbo  Aja1suuxosdde ate 1?""
xnU ou4auoum u0113azt03 puooas aqj PUB apn4ru2uut
3!1auU1ut uot1aa1to3 isaii atR uta104A& `j LU[t,jo ut
pa11301 5e po4Iam V z ouzq jsaa ut juauodumoo  xnU
0t10auut uotloagap 1s311.OA. puooas t, 1 xn J ogau213W
uopoa oo puooas  age uxppu hq U 3110112stu uogoaUap
jeogtQA 1uu1jnsau s 2uperouas 



put, `. uujod puooas t, pine opnlm2euu puooas  t,
SunAeq 1uauodutoo xng otpn2sm uoipoauoo puooos t,
2Ltc4t, 01102 `ut,os gaj 14gsu 4xou t, 2uunp `atuul
jean ui 4uouodtuoo xnjj o11au2euz  UOIIoagap
jt,3!1.TOA 4SJf E o4 xnU ogaauut uopoauoo }sub' aip
2utppt, :r4tteiod;szg u pus apn4 utu  Iszg t, 2utneq
4uouodmoo xnU ogau2uuz uolloomoo 4s1g u 2ut1elauo2
`usos 4g2u o4 1301 u suunp :Dutsudumo `aqn4 Atz
apog4.eo s ut uuos aa}sua t,3a uolpolstp  It,uoz4s1ox
`sist,q ouq Aq oaurj t,uo `2ut1oauoa &jjsotuzt,u1cp Jo
pog4auz V  1 S98810/OOZSf1/13d 68ZLTO/tOOZ OM WO
2004/017289 PCT/tJS2003/018855  a second correction
magnetic flux component having a second  magnitude and
a second polarity, wherein a resultant vertical
deflection magnetic flux  is provided by adding the
second correction magnetic flux to a second vertical
deflection magnetic flux component in real time. 7. An
apparatus as recited in claim 6, wherein the twister
coil is  magnetically linked to the horizontal
deflection coil. 8. .An apparatus as recited in claim
7, wherein the twister coil is  powered by the
horizontal deflection coil by way of the magnetic
linkage. 9. An apparatus as recited in claim 6,
wherein the resultant  magnetic flux is a
substantially free of rotational distortions. 10. An
apparatus as recited in claim 6, wherein the resultant
magnetic flux is adjusted during the line time to
uniformly separate the lines. 11. A rotational
distortion correction circuit arranged to correct
rotational distortion in a raster scan displayed on a
cathode ray tube (CRT) coupled  thereto having a
deflection yoke, comprising: a line twister coil
arranged to provide  during a left to right scan, a
first correction magnetic flux component having a
first magnitude  and a first polarity, during a next
right to left scan, a second correction magnetic flux
component having a second  magnitude and a second
polarity, wherein a resultant vertical deflection
magnetic flux  



is provided by adding the second correction magnetic
flux to a second vertical  deflection magnetic flux
component in real time; and a current amplifier
coupled to the line twister coil arranged to provide
a controlled current to the line twister coil. 12. .A
circuit as recited in claim 11, wherein the line
twister coil is  magnetically coupled to the
horizontal deflection coil. 13. .A circuit as recited
in claim 12, wherein the line twister coil is  a self
powered line twister coil since the power used to
drive the line twister coil is  derived substantially
all from the purposely magnetically coupled horizontal
deflection coil. 15 91 .Souq ialsui oT solumdos
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